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S U M  M A R Y

In this thesis, single crystal X-ray diffraction techniques have 
been used to determine the crystal and molecular structures of 
ten compounds* The contents are presented in four Parts, the 
first of which is a brief discussion on some theoretical aspects 
of these techniques, with special emphasis being placed on the 
Direct Methods of structure determination used predominantly in 
this research*

In Part 2, X-ray analysis has been used to study the molecular 
structures and conformations of five similar compounds of interest 
in the treatment of certain heart disorders* In particular, the 
compound Inderal (l-(2-Hydroxy-3-isopropylamino-propoxy)- 
naphthalene) is used extensively as a p-adrenergic receptor 
blocking agent, and in order to investigate possible characteristic 
conformational differences and/or similarities between active and 
inactive p-blocking agents and their relationship to the 
conformationally-restricted anti-depressant Vivalan (2-(2-Ethoxy- 
phenoxymethyl)morpholine), the crystal-structures of the five 
compounds, (+) l-(2-Hydroxy-3-isopropylaminopropoxy)-naphthalene 
hydrochloride, (-) l-(2-Eydroxy-3-isopropylaminopropoxy)- 
naphthalene hydrochloride, (-) l-(4-Acetamidophenoxy)-3- 
isopropylaminopropan-2-ol perchlorate, (-) 2-(2-Ethoxyphenoxy- 
methyl)morpholine oxalate and (-) l-(2,6-Dichlorophenoxy)-3- 
isopropylaminopropan-2-ol hydrochloride have been determined and 
appropriate comparisons have been made* In addition, since the 

conformations of flexible molecules in the solid state need not
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necessarily correspond with the conformations which pertain in 
solution, the solid-state study has "been matched by spectroscopic 
studies and by theoretical predictions of the free molecule 
conformation (both undertaken elsewhere). To date, neither of 

these latter projects have been completed, but where possible the 
solid state conformations heave been compared with the conformations 
indicated by the other techniques.

Part 3 is concerned with the elucidation of the molecular structures 

of the similar compounds, 6 |3-(l-Ethyl-l-hydroxypropyl)-5dv-phenyl-
2.3.5.6-tetrahydroimidazo thiazole and 5,5-Diphenyl-6-oxo-

2.3.5.6-tetrahydroimidazo O ’1-*] thiazole. In the former case, 
the method of synthesis may feasibly result in either of the two 
isomers, 6 p-(l-Ethyl-l-hydroxypropyl)-5ck-phenyl-2,3,4,5-tetra- 
hydroimidazo [2,1-b] thiazole or 5 |3- (l-Ethy 1-1-hydroxy propyl) - 
6 dv-phenyl-2,3,5,6-tetrahydroimidazo 0.!-*] thiazole and since 
conventional spectroscopic techniques were unable to differentiate 
between these possibilities an X-ray analysis has been carried out. 

Spectroscopic studies of the minor product of the reaction of 

ethylene dibromide with 5»5-diphenyl-2-thiohydantoin showed 
apparent anomalies from expected results and in order to confirm 

the detailed molecular structure of 5,5”f>iphenyl-6-oxo-2,3,5,6-
tetrahydroimidazo thiazole, an X-ray analysis has been
carried out.

The contents of Part 4 include a brief discussion of the various 
modes of TT bonding postulated for second-row ylides and since 
N-dichlorophosphinoyl-l-triphenylphosphazene and N-diphenylphos-
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phazene may both be regarded as belonging; to this class of 

compound, the crystal-structure analyses of both these ylides have 
been carried out in order to obtain further information regarding 
the bonding systems and conformations exhibited by second-row ylides. 
These results have also been compared with the known dimensions of 
similar bonding systems and appropriate comparisons have been made. 
Also included in Part 4 is "the X-ray analysis of the final product 
obtained from rea.cting a methanolic solution of methyl 6 |3-phenyl- 
acetamido-penicillanate with chloramine T, at room temperature•
The spectroscopic analysis of this product revealed three possible 

structures and since one possibility was an unusual ylide, and since 
comparison of this compound with other ylide systems was thought 
to afford the opportunity for detailed investigations of bonding 
and conformational patterns within second-row ylide systems, the 

crystal structure analysis has been carried out and the compound 
characteri sed•
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1.1. X-RAY T)IFrnACTION

The wave-nature of X-rays and tl:e triperiodicity of the internal 

structures of crystals vere first demonstrated in 1912 hy the 

researches of T, Friedrich and P. Knipping'*’ arising from a 

suggestion by Tax von Laue, that a crystal might act as a three- 
dimensional diffraction-grating for X-rays. Von Lauefs inter

pretation of the observed diffraction pattern indicated that

the conditions for diffraction maxima may he expressed in terms
2of a set of mat' ematical equations,

(a. 2 Sin 9 ) / X  -  h

(b.2 Sin©)/> = k  (l)
(c. 2 Sin 9 )/X = 1

where a, b, c are the unit cell dimensions
0 is the diffraction angle of the X-ray beam,
X is the X-ray wavelength,

h, k, 1 are integers.
These equations 0) are known as the Laue equations and when

they are simultaneously satisfied a diffracted beam of maximum
3intensity is produced. V/. L. Bragg identified the arbitrary 

integers h, k and 1 with the Miller indices of the crystal lattice 
planes responsible for diffraction of the X-ray beam and by 
treating diffraction as reflection from planes in the lattice he 
deduced that the conditions for diffraction maxima may be 
represented by the simple equation,

n X  = 2d(hkl)Sin © , (2)

where 0 is the angle of incident and reflected rays from a crystal 

plane, d is the interplanar spacing for the set of planes (hkl)
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and n is an integer#

That reflection in the above sense is not analogous to true 

reflection from a mirror plane is seen from the restrictions set 

by the integer values for n.

From a consideration of Bragg’s law (equation (2)) in the form,

Sin 0 = -j--(j )
it is seen that Sin 0 is inversely proportional to the .interplanar 

spacing d. The interpretation of X-ray diffraction patterns may 

thus be facilitated by construction of a ’reciprocal lattice’ bas ed 

on l/d, a quantity which vares directly as Sin 0 • This 

construction is obtained by considering normals to all possible 

direct lattice planes (hkl) to radiate from some lattice point 

taken as the origin and to terminate at a point a distance 

l/c$ik]) from this origin. The set of points thus determined 

constitutes the reciprocal lattice which provides a convenient 

method in crystallography for discussing X-ray diffraction patterns,

1.2. DIFFRACTION DATA COLLECTION

The main problem of crystallographic diffraction data collection 

may be best considered in two parts: (i) Geometry of diffraction;

which includes the calculation of the size, shape and symmetry of 

the reciprocal and direct lattices, usually by utilisation of 

photographic methods involving oscillation, Vfeissenberg and 

Precession photographs. (2) Assignment of an observed intensity 

to every point in the reciprocal lattice so that the diffraction 

pattern may ultimately be related to the distribution of 

diffracting electrons in the unit cell. In Parts 2, 3 and 4 of 

this thesis, the intensity data have been collected by counter



measurement on a computer-controlled four-circle diffractometer,

the quantity measured by this instrument being the ’integrated

intensity’ which may adequately be defined as ’a measure of the

total number of photons of the characteristic wavelength being

used v.iiich are diffracted in the x^oper direction by a reciprocal

lattice point passing from the outside to the inside of the

sphere of reflection or vice versa1. (The sphere of reflection

defines that region of space where Bragg’s Law is satisfied). An

adequate discussion on the use of four-circle diffractometers in

intensity data collection is given in standard text-books such as

those written by G. H. Stout and L. H. Jensen^, and U. W. Arndt
5and B. T. I,'. Willis •

1.3. DATA REDUCTION

The intensity data thus represent all the information available 

from physical measurements and in order that a complete crystal- 

structure solution might be carried out, this information must be 

reduced to a more usable form involving the quantity F 

which is the amplitude of the wave diffracted from the set of 

planes (hkl) within the crystal. This structure amplitude,

^(hkl) * can re -̂a^e<̂  to the experimentally observed intensity, 

I(hki)j by the expression, ^

v d  ■ ( ^ 4  (3)
where
(i) p is the polarisation factor which compensates for partial 
polarisation of the diffracted beam. When the radiation used has 
been monochromatised by prereflection from a crystal, and the 
original., prereflected and scattered beams are coplanar, the
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polarisation factor is expressed as, 

p = 1 + Cos 2 9 m Cos22 © (4a)
21 + Cos 2 O n

where is the "Bragg angle of the monochromator crystal.

However, in the absence of a monochromator crystal, this 

expression reduces to the more commonly expressed form, 

p = 1 + Cos 2 e
2 (4b)

(ii) L is the Lorentz factor which allows for the varying times 

required for reciprocal lattice points to pass tlirough the sphere 

of reflection, depending on their position in reciprocal space 

and their direction of approach to the sphere. The expression 

for this factor is dependent on the method of data collection, 

but for four-circle diffractometer data, it may be written as,
s 1

L = Sin 2 0 (5)
(iii) K is a scale factor required to place the set of observed 

structure amplitudes on a correct absolute scale but since it is of 

importance only when the absolute magnitudes of the | | s

are required, it is frequently given the value of unity and the 

set of structure amplitudes thus obtained are known as relative 

structure amplitudes, |F q j » and are on an arbitrary scale.

These | s may be defined by,

| q el| - k '  If°| = ( i (hki >/ L p ) 4

The scaling between |̂ req| an(l |̂ °| is usually obtained at a 
later stage by comparison of the |^req|s with the |Fc{ values 
obtained on the basis of the structure found.

In recent years, the increased use of Direct Methods (see 1.6.b)



in structure solution has necessitated the placing of intensity 

data, on an absolute scale, and one method commonly used to obtain 

the necessary scale fac'.or employs the application of a ’vrilson-plot

In addition to Lorentz and polarisation factors, the observed 
intensities and hence structure amplitudes are affected by the 
physical phenomena of extinction and absorption, extinction, 
which is dependent on the physical perfection and size of the 
crystal, results in attenuation of the incident beam especially 
when the crystal is in a diffracting position, and thus reduces 
the intensity of the diffracted beam. Since many crystals used 
in X-ray diffraction studies are small and imperfect, this effect 
is often ignored.

as described by Tilson (1942) ̂  • This plot derives from the

expression,

In
(7)

where '̂ne observed intensity on an arbitrary scale,

N is the number of atoms in the unit cell,

fo. is the scattering factor for each atom,1 ° *
B is related to the mean square amplitude (U) of atomic

vibration by the expression B = 8 TT U;

C is related to the scale constant k, needed to convert

I Preil to |Pabg| by k = C 2' where |FabJ  = k|p.

The intensity of radiation passing through a crystal is also 
reduced by absorption, which is a function of the. material 
constitution of the crystal and of the path-length of the X-ray



berm through the crystal. Absorption is therefore dependent 

upon the sizes and shapes of crystals, and correction hence 

becomes difficult for all but spherical and cylindrical crystals. 

However, if crystals are small and the linear absorption 

coefficient (/O is not high, the error due to absorption 

becomes small and is often ignored.

SCATTYIhG FACTORS

The X-ray scattering factor fo is defined as the ratio of the 
amplitude of the radiation scattered by the atom at rest, to the 

amplitude scattered under the same conditions by an electron.

Since the electrons in an atom occupy a finite volume whose linear 
dimensions are comparable with the wavelength of X-ray radiation, 
phase differences between waves scattered by different parts of 
the atom must be considered in the evaluation of fo. At low 
angles of diffraction, such differences are small and fo assumes 

a value equal to the total number of electrons in the atom or 
ion ( z ) ,  whilst at higher values of these angles (9) the 
scattering amplitude is reduced by interference effects. The value 
of fo is thus a function of SinO/^ and results obtained from 
the calculation of X-ray scattering factors of different atoms or 
ions are usually presented in the form of tables giving fo at 
fixed intervals of Sin©/^ , e.g. . However the reliability of 
calculated scattering factors is dependent on the accuracy of 
the total wave function used to represent the electron density and 
only in the case of the hydrogen atom is the exact form of such 
wave functions known. In addition, fo’s are usually calculated 

on the basis of a stationary atom and since atoms in crystals 
vibrate about their lattice position, this motion must affect the
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atomic scattering factor. Since the magnitude of vibration 

generally increases with temperature, it is often referred to as 

thermal motion and has the effect of smearing the electron cloud, 

thus decreasing the scattering power of the real atom. The 

scattering factor corrected for isotropic thermal motion can be 

expressed as

f = fo exp _ .Sin2© -3 l--a (8)
where the Debye factor B can be rela.tr-d to the mean square 

amplitude (V ) of atomic vibration by the expression,

B = 8 77 h  (9)

However, in many cases thermal motion occurs via anisotropic 

modes of vibration and Cruickshank has expressed the scattering
Q

factor in such situations as *-

f = fo exp [- 2TT2 (Un h2a*2 + U ^ l V 2 + U33l2c*2 + 2U12hka*b*
+ 2IJ13lha*c* + 2U23klb*c*) ] . (lO)

* * *where a , b and c are the reciprocal cell translations and Th ̂ 
are thermal parameters expressed in terms of mean-square 

amplitudes of vibration, i and j being with reference to the

reciprocal axes a , b and c •

1.4. THE STRUCTURE FACTOR

The structure factor rnay considered as the resultant of
j waves scattered in the direction of the reflection hkl by the j 
atoms in the unit cell. Each of these waves has an amplitude 
proportional to f . (the scattering factor of atom j) and a phase, 

with respect to a wave scattered by hypothetical electrons at 
the origin of the cell. For the general plane (hkl) the phase 

change from the origin to the point x^ y^ is
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2 77 (hx./a + l:y • A  + Iz./c) and the resultant vector is given 3 3 3
hy the expression, M

p(hkl) = E  fj exp [2TTi (hXj + kyj + lzatlJ ** I
where the sum. nation is taken over all the a.tons in the unit cell

and x.y.z. are the fractional coordinates of these atoms referred 3 3 3
to the direct cell axes a, b and c.

The structure factor is thus a complex quantity characterised by 

an amplitude|?| and a phase constant which can be evaluated by 

means of the equations,

I P(hkl)l “ Abkl2 + 3hkl2 <12)
^(hkl) = tan Bhkl

Ahkl (13)

where N
Ahkl = z  f ̂ Cos 2 7T (hx̂ . + ky.. + lz^) (14)

Bhkl = { . . * 3  Sin 2 "  {taj + kyJ + lz0} (15)
These equations can be further simplified by the presence of

symmetry e.g. when the cell origin is chosen as a centre of symmetry,

the resultant vector can be obtained by summing the cosine terms

alone since B,. _ becomes zero* hkl

Derivation of equation (n) assumes that all the scattering matter
in the unit cell is concentrated into a number of spherically
symmetrical atoms situated at known points (x.y.z.)* In the actual3 J 0
crystal it is unlikely that this will be the case and a more general 
definition is required in order to dispense with the idea of separate 
atoms and electrons at individual sites in the crystal* If y«>(xyz) 
is assumed to be the electron density at a point (xyz), the amount 
of scattering matter in the volume element Vdxdydz is yjVdxdydz,



where V is the volume of the unit cell. The structure factor

equation for each volume element may thus he written as,»»»
?(hkl) = v j  j / >(xyz) exP 2 TT i (hx + ky + lz) dxdydz , (15)

O O O
an expression which more closely represents the situation within

the crystal.

1 .3 . aioCTKON DHHB1TY

Since the internal structure of a crystal is triperiodic, the 

electron density, p  a.t a point (x, y, z) can he represented hy a 
three-dimensional Fourier series such a.s

p (xy'z) = £  y  Z  c rv,»vn o  exp 27T* (h ’ x + k ,y  + l t z )h' k' f  ̂ '
where h 1, k f, lf are integers between - and -f Cv°

It can be shovm that, when equation (16) is substituted in equation
(15), the integral over one period is zero for all terms except 
that one for which h = -h',’k = -k1, 1 = -l1 i.e. when,

C(hkl) = V F(hkl) (17)
Hence the Fourier coefficients, ^ ^ * 1*) are directly related to 
the corresponding structure factors and the electron density may be 

represented as a Fourier transform of the structure.factors, 

expressed by, ^

/>(xyz) - v Y -  F(hki) exp + ky + lz)J (18)
h k I— cO

Equation (18) thus gives the basic form of Fourier summation as used 
in crystal-structure analysis. As previously mentioned (I.4O  the 
structure factor is a complex quantity of which only the
structure amplitude may be derived from experimental data (1.3.), 

From equation (18) it is seen that for elucidation of electron 

density within a crystal structure, a knowledge of the phase angle
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is reouired. The fundamental problem in X-ray crystall- 

o ,raphy is thus to determine the phase angles appropriate to the 

observed structure amplitudes and tv.o methods of overcoming 

this phase T>roblem are descri’’ ed in the following section.

1.6. PHASE bOTOrihATION

(a) The Patterson Hethod.

V/hereas a triple Fourier series using as coefficients yields

a map of atomic positions, Patterson demonstrated that a. function 
9of the form,> c*2>

p(uvw) - T  T I L  lp(hkl)l 2 e* p [ 2*i (hu + kv + lv)] , (19)
employing I V ^ l . as coefficients^would give an interatomic vector 

representation of the crystal structure. A peak in this function

P(uvw) P°̂ -n  ̂-*-n sPace (^2. vi wî  corresponds to an inter

atomic distance in the crys.tal, defined by a vector whose 

components are and , the value of the function being

proportional to the product of the scattering factors of the two 

atoms involved. The structure amplitudes are derived directly from 

the observed intensity data and the Patterson synthesis (19) may 

thus be calculated directly*

For a molecule containing N atoms in a unit cell, there are N(N-l) 
discrete interatomic vectors in the cell, resulting in poor 
resolution due to the more densely packed arrangement and the 
greater intrinsic breadth of Patterson peaks as compared to Fourier 
peaks* The latter problem may be greatly reduced by a process 
known as sharpening, in which the scattering power of all atoms is 

considered as being concentrated at the nucleus, i.e. point atoms,



but, for even a moderately complicated structure it is very 

difficult to obtain the atomic coordinates of all atoms by 

inspection of the Patterson synthesis alone. However, the 

presence of an atom of high scattering power in the structure, 

i.e., a heavy atom, alleviates this problem since vector peaks 

involving such atoms will have considerably greater peak heights 

than those involving only lighter atoms.

An additional tool in the solution of the Patterson function was

introduced by Parker in 1936,^when he indicated that in cases where

certain symmetry elements are present in the crystal many of the

useful heavy-atom peaks are concentrated in particular lines and

sections of the P/ \ function. Thus the position of a heavy (uwt; j

atom can be obtained from a Patterson function and the appropriate 

phases calculated. If the scattering power of this atom dominates 

the structure factor, then, a first approximation to the phasing 

has been obtained and an electron-density distribution can be 

computed which may reveal the positions of some of the light atoms. 

Including these atoms in a subsequent structure-factor calculation 

will yield improved phase angles and a closer representation of the 

true electron density results. Through several cycles of such 

calculations, it is normally possible to elucidate a complete 

structure. The main disadvantage of this heavy atom method is that, 

for a very heavy atom the dominance in the structure factor 

becomes too great, and uncertainty in light-atom coordinates 

increases until, in extreme cases the light atoms may not be located. 

This method is most successful when the sum of the squares of the 

atomic numbers of the heavy atoms is equal to that of the lighter 

atoms^
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nifficulties also arise in structure elucidation when the heavy 

atoms are situated in or close to a- special position in the unit 

cell so that their symmetry is higher than that of whole molecules. 

This may lead to heavy atom contribution to only a certain class 

of reflection while for the other reflections its contributions 

are reduced. A fourier map computed on the heavy atom alone 

therefore displays additional false symmetry (pseudosymmetry), 

because the systematic omission of a class of reflection imposes 

a higher symmetry on the entire structure. There possible this 

problem is solved by selecting a chemically reasonable part of 

the molecular framework from the pseudosymmetrically rela.ted 

peaks. Inclusion of these atoms along with the heavy-atom position 

in subsequent structure-factor and electron-density calculations 

is often sufficient to remove the pseudosymmetry.

oo Direct methods

The term 1 direct* is usually reserved for those methods which 

attempt to derive the phases of the structure factors directly 

by mathematical means from the measured X-ray intensities.

Ideally, direct methods reduce the phase problem to an objective 
procedure in which any decisions are of a purely mathematical 
nature, the physical basis of these methods being the 
assumptions that,
(a) electron-density is everywhere positive
(b) electron density consists of discrete spherically-symmetric 

at oms.



In order to ir̂.ke use of assumption (b), in direct methods, it 
is advantageous to convert the observed structure factors to 

eit’ner unitary or normalised structure factors.

The unitary structure factor is defined

V)= P(hkl) (21)!\J

0̂ 1
and represents the structure factor expressed as a fraction of 

its maximum possible value, whilst the normalised structure factor 

is defined by,

E( h k i ) l 2 ■ l? t e n l 2 (22>

where £  is a number which corrects for space group extinctions.
Fost formulae in direct methods are now expressed in terms of the 
normalised structure-factor.

.1!Tsrly attempts by Iiarker and Kasper (1948) an& subsequently Karle 
/ \12and Hauptman (1950) showed that application of classical 

inequalities to the formulae for F^^i) ^eaĉ  relationships 
between the magnitudes of some an(̂  the signs a.nd phases
of some others. These relationships are in the form of inequalities 

which vary with the symmetry of the crystal under consideration 
and are dependent on the positivity of electron density. Phase 
information however, is restricted to those reflections with 
large intensities and as the complexity of the crystal increases, 
other relationships between structure factors must be utilised.
The next stage in the development of direct methods was initiated 
by Sayre (1952) ^  who showed that for a structure containing
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equal and resolved atoms, the structure factors are inter-related 

by precise equations of the form,

J?’(h) - * h l  p(k)*p(h-k) (23)
k

where is a calculable scale term, and ?h = Fk = F(h»k'll).

Further extension of oayre’s vro.7?k by Cochran (1952)"^ and
15Zachariasen (1952) indicated that for cenirosymmetric crystals 

the sign relationship^

S (h) • S (k) • S (h+k) ~  1 (24)

(where S means sign of)

is probably true, especially when the structure factors are large.

A qualitative estimate of the associated probability has been
16-20

attempted by several authors e.g.

16 ,In 1953$ Karle and Hauptman suggested a similar formula (utilising
the normalised structure factor) might be of use in obtaining phase
information and expressed the relationship,

I  h k r V k )  (25)k
which they termed the £  ̂  relationship relating to centrosymmetric

S E(h)-  S ^  q k)-qh-k) 
k

crystals. Although these authors also derived a probability

function, P (h) which determined the probability that the sign of
+ 21 be positive, subsequent work has shown that this quantity might

N17be better applied in the form given by Vfoolfson (1954) and
18

Cochran and Yfoolfson (1955) »
P+(h)s i + * tank *3 CT -3/2 |B(h)| £  B(fc) .B(h_k) (26)

w- ^  nwne re o = \ Z.n L  j
, 22In the case of non-centrosymmetric crystals, J. Karle and I. L. Karle 

(1956) have shown that an analogous H  „ relationship between phases
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of the structure factors night be represented by the expression

^ \  + \ - k )  k (27)

and in addition they derived the relationship,

/ -t \ I Sin (fy + 1 )
an is. = h Y j h k V h ;(k)-r,(h-k) I Cos \ + V k )

by which the probable pha.se ^  nay be obtained from a knowledge 

of those pkia.ses ^  and ^  The reliability with which this 

phase ^ nay be determined using the tangent formula (28) and the 

variance of ^  for a given set of and ^  ) have been related

to the quantity defined by Karle and Karle ^  as

< - I  Khk c° s + v J 2 + 1  Kwcsin + w
k  K

where = 2 e g c 2 3/2 | g hp ( k)3 (h_k) | . (29)

Equation (28) is based on the premise that all phases inserted in 
the equation are correct. However, in structure determination, 

these phases are themselves uncertain and have an associated 

variance* More recent work (l97l)^ has suggested that the use 

of a weighted tangent formula for phase determination might be 

more useful, in which each phase is accompanied by an associated 

weight. Such an expression has been derived and is of the form,

tan = h

where,

7 W hh-k
k V r V k ) ! Sin (h + h - k ) ■ Th

I  W k  i v r v J  cos (h + \ - k >  -  Bh
K

T7, = tanh h V 3 cq-3/2 !(h)l K  + Bh) (30)

Phase determination procedures utilising equations such as
21

(25) - (30) have been described by Karle and Karle (1966) ^or
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both centresymmetrie end non-cenirosymnetric crystals. Both 

procedures require respective £ listings involving all 

reflections with js lvalues greater than a fixed limit (this 

limit is arbitrary and is frequently chosen ss E j, 1.4)* In 

this way relationships between the phases of the structure- 

factors are set up, and by obtaining a knowledge of a small set 

of phases, further phase determination may be possible via these 

relationships.

A structure invariant is a single structure factor or linear 

combination of structu2?e factors whose phase is independent of 

unit-cell origin position in any space group, whilst a structure 

seminvariant ms.y be described as a single structure factor or 

linear combination of structure factors whose phase is invariant 

v/ith the shift of origin, provided the origin is restricted to 

points in the unit cell with identical point group symmetry. As 

the observed structure amplitudes are independent of origin 

position and choice of enantiomorph (in the non-centrosymmetric 

case) they can only define the absolute value of the phases of 

structure invariants and seminvariants, hence in order to obtain 

explicit values for individual phases, both the enantiomorph (non- 

centrosymmetric case) and origin position must be defined. In 

order to fix an origin, certain linearly independent reflections 

whose phases are dependent on the choice of origin, (i.e. non- 

semi nvariants) must be chosen, the required number of these 

reflections being dependent on the space group, e.g. three linearly 

independent, non-seminvariant reflections are required for origin 

definition in space group Pl^ whilst only one is required in the 

case of space group R3. A complete description of the theory of
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structure-invariants and origin definition is given in a series
VL6,22»24

of papers by Hauptman and Karle (1953» 195°» 1959; art(̂ Karle 

and Hauptman (1961) .

In choosing reflections required for origin definition, preference 

is given to those reflections with the largest values which

can enter into large numbers of combinations required by formulae 

(25) or (27). The unit cell origin is thus uniquely defined by 

assigning phases arbitrarily (within the limits set by phase 

restrictions imposed by space group symmetry) to a properly chosen 

set of reflections. These phase assignments hence constitute a 
starting set of phases from which further phase information may be 

derived.

In the case of centrosymmetric structures,phase determination may
proceed by means of the ’Symbolic Addition* method in which some
additional symbols are assigned, as required^to other large

^(hkl) re^lec^i°ns which appear to enter into many combinations
consistent with formula (25)• 3y accepting new phase values thus

determined with a probability greater than a specified value
21

(e.g, Karle and Karle (1966) suggest a probability value greater 

than 0,97), it is possible to obtain the phases of many of the 
remaining large reflections in terms of phase specific
ations and the unknown symbols. Phase determination is also 
enhanced by the fact that when the sign of a reflection is known, 
the signs of all the symmetry-related reflections are also 

known. If p unknovm symbols are assigned, then by giving these 
symbols all possible combinations of the signs + and -, 2^
Fourier maps, with the determined ^ ^ ^ * 8  as coefficients, can be
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calculated and the structure may be obtained from the correct

A non-centrosynmetric space group ma.y exist as one of two 

enantiomorphs and hence in order to determine explicit phases 

for reflections, both the origin defining reflections and an 

enantiomorph defining reflection must be determined. The 

enantiomorph may be defined by specifying that the sign of the 

phase of a particular structure invariant should lie between 

0 andTT rather than between T'v and 2T\ ,

After the phase values of the origin and enantiomorph defining 

reflections have been specified, some additional symbols may be 

assigned (as needed) to other reflections with large values of 

| which enter into many combinations as required by formula

(27). By assigning p unknown symbols every possible combination 

of the values - Tl /4 and -  3 TT/4, starting sets of phases can 

be utilised in formula (28) or (30) and 4P Fourier-rnaps with the 

determined ®^kl),s as coe^ i cien^s can he calculated*

It is advantageous to have some figure of merit to associate with

each set of phases in order to judge their relative plausibilities.

One such figure which could be used is the *R index1 figure of
0*1

merit described by Karle and Karle (1966) ,

map (termed E-map)*

hi
(31)

where computed from the sum' of the squares of

subsequently scaled by equating
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and [ K J  calc Ihi3 indicator is not absolute and

will vary from structure to structure but however, solution sets 

of highest R-value have much less probability of being correct#

asymmetric unit should be used in the calculation of an 31-map.

On those occasions in v/hich only partial determination of the 

correct structure is obtained, those phases appropriate to the 

observed fragment may be further utilised in the tangent formula

complete structure determination.

In cases where an incorrect solution has been obtained, the peaks 

in the E-raap generally do not make good chemical sense, although 

sometimes partial structures can be found v/hich are incorrectly 

orientated in the unit cell. Under such circumstances it is 

usually best to choose a different basic set of phases.

Several completely automatic computer programs have been developed

which will carry out the E-generation,listing, symbolic addition
26and solution procedures. In the X-ray '72 suite of programs , used 

extensively in the structure determinations reported in parts 

2, 3 and 4» some relevant programs are;

(i) 1TQR1SF - calculates normalised structure factors.

(ii) SING-EN - develops ̂  structure invariant relationships, i.e.

finds reflections which have indices satisfying the conditions,

^  + hg + II3 *= 0 

ki + kg + k3 = 0

Iderlly, a ratio of approximately 10 E/ \ values per atom in the

(28) or (30) to generate the remaining phases necessary for
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(iii) PHASE - is designed to oi tain a set of phases for the 

solution of. centrosymmetrie structures and treats the out

put of the Singen program by a direct solution of product 

equations using a symbolic addition technique. Two kinds 

of product equations are used.

(a) g equations e.g. S(h^) .S(h^) = +

00 Equations which are produced by elimination of a single 
phase between two different relationships e.g.

S (h1) CS(h2) .S(h-̂ ) = + and S(h^) .S(h5) .S(h3) = - hence 

sOip.cOxp.sth^.sOij) = -  .

These relationships practically always make it possible to produce 

a sufficient number of product equations to reduce a chosen number 

of ’generator1 reflections to be expressed in terms of those 

reflections with highest values which are suitable for

origin definition. Origin definition is automatically carried out, 

in this program, by arbitrary assignment of signs to these origin- 

defining reflections, thus enabling phase determination of all 

’generator* reflections which are then substituted into all ^"2 

relationships involving those reflections with values

greater than a specified limit. In this way phase determination is 

obtained for the required number of reflections and an E-map can 

be computed. Details of the actual procedure are given in 

reference (27).

(iv) TAI’GSN - applies a weighted tangent formula (30) to a small 

set of starting phases to produce a sufficient number of 

phases to permit structure solution. In this program, phase 

refinement is also carried out by repeated tangent iteration.
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Outwith the X-ray !72 suite of programs, the computer program

11JLTAN (multiple-tangent-formula method) has been used for

structure determination in Parts 2, 3 and 4* This program utilises

a multisolution method, first described by Germain and Toolfson 
?8(1968) and differs from pure symbolic audition methods since, 

instead of representing unknown phases by symbols, it assigns them 
explicit values, whenever possible, the program defines the origin, 
using reflections with restricted phases but when this is not 
feasible general reflections are used. The considerations relating 
to using general reflections are as follows - initially a ^hase 
may be in any of the quadrants 1, 2, 3 or 4 (where quadrant 1 is 
the range of values between 0 and TT/2, quadrant 2 is the range 
between TT/2 and TT, quadrant 3 is between TV and - TV / , and 
quadrant 4 is between 0 and - TT /2). By shifting an origin, a 
phase in quadrant 1 may be changed to quadrant 2 while a phase in 
quadrant 4 may Be changed to quadrant 2. Hence restricting the 
phase to quadrants 1 and 4» fixes the origin. However, a phase in 
quadrant 4 roay Be changed to quadrant 1 by change of enantiomorph 
(in non-centrosymmetric cases) and thus restricting a phase to 
quadrant 1 fixes the origin and enantiomorph simultaneously. In 
MULTAN this corresponds to fixing the phase as TT /4* I f  general 
reflections are to be used in origin definition, then the first 
may be made equal to TT /4 to fix the origin and enantiomorph 
whilst each of the remaining general reflections must Be allowed two 

possible values - TT/4 in order to complete the origin fixing.

Since a knowledge of the phases of just one or two reflections at 
an early stage of phase determination is very valuable, the program 

includes a formula which determines phases from the values of
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j El | ̂ alone. This formula is taken as a special case of a 
relationship in which two reflections are the same i.e.

1 J (32)
where 6  is a resultant phase shift due to translational symmetry 

and must belong to a structure seminvariant with a restricted

phase. The program thus recognises which reflections are centric 

structure invariants and deduces pha.se relationships of the type

specified value are hence included in the starting sets of phases.

To increase the efficiency of phase-determining procedures, a 
specified number of general reflections can be assigned all possible

and the starting sets of phases thus obtained are subjected to 

the tangent formula. I'ultan is thus a multisolution method of 
phase determination since each set of starting phases will generate 
a full set of phases, the correct solution being obtained from 
examination of the ’figure of merit* and/or by trial and error.

1.7. ACCURACY AIuD LEAST-SQUARES hEFITTT.'SKT— * ---------  ...-- _ U ... . . -- .--- -

Y/hen a model of the structure has been found, its accuracy may be 
estimated by comparison between observed and calculated structure 
factors. This estimation is usually expressed in terms of the R- 
factor or ’residual index* defined as

i

( 2 2 ) . Phase determinations with a probability greater than a

combinations of the phase values - Ti/4 and - 3 TT /4 (thus giving a 
maximum error of 45° and a mean error of 22.5° for any reflection)

(33)

where k is a scaling constant.

Least-squares is applied to crystal structure refinement by
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minimising some function of the differences between observed and 

calculated structure amplitudes with respect to the atomic para

meters. The function most commonly minimised is

rkl W(|F°I - Ir'ol)2 = (34)
where the summation is taken over all independent structure 

amplitudes and w is the weight associated with each term. Ideally 

each w should equal the inverse square of the standard deviation 

of the corresponding observation, but, in practice it is usually 

necessary to apply a more flexible weighting scheme in which several 

parameters can be varied to give approximately the same average 

w/\F for systematic groups of the data, obtained by batching them 

according to jFoJ and Sin

If the atomic parameters which determine |Fc| are, P^P2------- Pn»
then the condition that the function (34) approaches a minimum is,

—  = h k l w( lFol "  lPcl ) • ^  H  “  0

^ Ps b|pa| (35)

for s = 1 to n.

hhen the set of parameters, pg, used in this refinement procedure 
approximates reasonably to the true values,^ F i.e. ( |Fo| - |Fc|) 
may be expanded as a first order Taylor Series involving the set 
of parameters, p, and parameter changes, A  p, i.e.

Af(p +Ap) =Af(p) - A p 1.^|fc|---------- A p n • b(Fcl

bPl * P n (36)

Substituting equation (36) into equation (23) yields the set of 
n normal equations of least-squares for s = 1 to n, i.e.
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r=l
hkl

- I w ^ F  i|Po

hkl b P«
(37)

These equations can be solved to give the set of parameters shifts 

to be applied to the initial parameters. In matrix notation, 

the n normal equations can be expressed as,

M A p  = N (38)

and the set of parameter sets may thus be written as

tav = M*"1!! (39)
where M  ̂is the inverse matrix of M, such that M = 1. Since 

the least-squares normal-equation matrix is symmetrical, |m(n+l) 

elements on and above the leading diagonal must be stored by the 

appropriate computer program and as the complexity of the structure 

increases it is frequently necessary to make approximations because 

of limited computer storage, (in Parts 2, 3 and 4 aH  least-squares 

refinement was carried out via the CRYLSQ program of the X-ray 

'72 suite of programs).

Because of the omission of higher terms in the Taylor Series, it 

is usually necessary to compute several cycles of least-squares 

refinement before a minimum is obtained and the course of such 

refinement may be followed by examination of the values

R - £ > M  - |Fc|)

7  t e M )
(33)

R' =y\(k|Fo| - |Fc|): 

^ w k 2 |Fo| 2
(40)

calculated after each cycle of refinement* The refinement process
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L-r.y be assumed complete v/hen the calculated shifts (Ap) are 

considerably less than the estimated standard deviations for the 

c orr espondi ng parameters,

It is customary to test the refined model, obtained by least- 

squares methods, by calculating a Difference Fourier summation 

with (|Fo| — Jpc|) as coefficients. This ’Difference map’ thus 

indicates any significant departure of the calculated model from 

the true crystal structure,

1.8. ESTJl-'ATSD STAFDADD DFVIATIOFS

The least-squares method of refinement allows the calculation of 

new parameters but, to assess their precision, it is necessary to 

have knowledge of the corresponding estimated standard deviations.

The estimated standard deviation in a parameter p^ may be expressed
as,

6  (p< ) =i N ( hkl wAp2) /m_n (41)
•“1 "tVl ""Iwhere M. . is the i diagonal element of the inverse matrix M ,

m is the number of observations,
n is the number of parameters,
w is the weight of the appropriate A F.

Of special importance are the estimated standard deviations of atomic 

positional parameters which can be used in the calculation of bond- 
length and bond-angle standard deviations, necessary for assess
ment of the reliability of determined molecular dimensions*

Bond-length standard deviations for example may be used to assess 

whether a particular bond length in a molecule is significantly
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different from a similar bond or a theoretical value. If two

bonds 1^ and 1̂ , with estimated standard deviations (T (l-̂ ) and

<r(i2) respectively, are found to differ experimentally by  ̂1,

the possible significance of this difference can be estimated

by using a set of numerical significance levels suggested by 
on

Cruickshank (1953) • he expressed the standard deviation of
6 1 as,

cr = er( i p 2 + < r ( l2) 2 (42)

and defined P as the probability that the two bonds could differ 

by S 1 by chance. Hence it is possible to assess the significance 

level of differences in bond lengths a„s follows

If 6 1.6454*, then P ̂  yfc i.e. insignificant difference.

If 2.327 <T )> 1*645 & t then yfo'y P^ ljo i.e. possibly significant
difference.

If 3.090 <5* y  y  2.327CT, then 1^>P>0.1$& i.e. significant 
difference.
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I N T R O D U C T I O N

In 1962, the compound Alderlin (i) was found to block specifically
cardiac and other p-adrenergic receptors in laboratory animals but

1 2was also found to be carcinogenic* Subsequent investigations of
non-carcinogenic compounds with p-blocking activities revealed that
racemic Inderal (IV) is about ten times more potent than racemic
Alderlin and also that the (-) isomer of Inderal is 60-100 times
more active than the (+) isomer whose efficiency as a p-blocker is
similar to that of compound II which has neither hydroxyl group nor
chiral centre. Easson and Stedman (1933) had previously suggested
that efficient attachment to a specific receptor site requires the
presence of amino, phenyl and p-hydroxyl groups, and the above
results indicate that the stereospecificity of the receptor site is
such that the hydroxyl group of the (+) isomer is unable to bind
efficiently to it. The absolute configuration of the chiral centre
in (-) Inderal has been characterised as S by synthetic methods^

5and experiments have shown that of the compounds listed in Table 
2(a), only the 2,6-dichloro-derivative (VIl) is totally inactive as 
a p-blocking agent. This inactivity of the 2,6-dichloro compound 
is common to all 2,6-disubstituted derivatives with the exception of 
the 2,6-difluoro compound, which suggests that the steric influence 
of large substituents at these positions prevents efficient attach
ment to the receptor sites*

Vivalan (Vi), a well-known anti-depressant, is also totally inactive 
as a p-blocking agent but in view of the previously mentioned activity 
of compound II, it is unlikely that this inactivity can be attributed
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solely to the lack of a hydroxyl group and it is plausible that the 

conformational differences caused by the restrictions of the 

morpholine ring may also contribute to the absence of p-blocking 

effects. However, some side-effects of Inderal are similar to the 

effects of Vivalan on the central nervous system, thus suggesting 

that Inderal may be able to adopt not only the conformation required 

for activity at a p-adrenergic receptor site, but may also be able 

to adopt that conformation pertinent to Vivalan-like central- 

nervous-system effects.

In order to investigate the possible characteristic conformational 
differences and/or similarities between active and inactive p- 
blocking agents, and their relationship to the conformationally- 
restricted anti-depressant Vivalan, X-ray analyses of the series of 
compounds (+) Inderal hydrochloride (ill), (-) Inderal hydrochloride 
(IV), (-) Eraldin perchlorate (v), (-) Vivalan oxalate (Vl) and 
(-) 2,6-dichloro derivative (VIl) have been carried out. All the 
compounds have been studied as salts (the exact nature of each salt 
being determined largely by the availability of suitable crystals 
for X-ray work) because biogenic monamines are thought to exist in 
the cationic (quaternery ammonium) form under physiological conditions. 
Separate analyses of (+) Inderal hydrochloride and of (-) Inderal 
hydrochloride were undertaken to investigate the possible effects of 
different crystal environments on the same molecule. Moreover, since 
the conformations of flexible molecules in the solid state need not 

necessarily correspond with the conformation which pertain in 
solution, the solid-state study was matched by spectroscopic studies^ 
aimed at determining the solution conformations and also by
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7theoretical predictions of the free molecule conformation. To 

date, neither of those latter projects have been completed, but 

v.'here possible the solid state conformations have been compared 

with the conformations indicated the other techniques*
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S E C T I O N  2.1o

THE CRYSTAL AND HOLHCULAR STRUCTURES 0?
(+) INDERAL HYDROCHLORIDE j(+)l-(2-Hydroxy-
3-isopropylaminopropoxy)-naphthalene Hydrochloride

and

(-) INDERAL HYDROCHLORIDE j(±)l-(2-Hydroxy-
3-isopropylarainopropoxy)-naphthalene Hydrochloride
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E X P E R I M E N T A L

(+ ) INDERAL HYDROCHLORIDE

(+) l-(2-Kydroxy-3~isopropylaminopropoxy)-naphthalene Hydrochloride 

CRYSTAL DATA

C16H22N02C1; m=295.8; Monoclinic, a=12.431?, b=9.728?, 0=6.884?, 
13=93.99°; U=830.53?3; D =1.19 g.cm."3; D =1.21 g.cm#”3; z=2;C lu
P00o=3l6; Space group P2.^,L =2.46 cm, Mo-Kd X-rays; X =0*7107?.

CRYSTALLOGRAPHIC I^ASURECTTTS

Unit cell parameters were initially determined from Weissehberg 

and oscillation photographs, taken with Cu-Kck (X =1.5418?) 
radiation, and from precession photographs, taken with Mo-KcA 
(A =0.7107?) radiation, and were subsequently refined by least- 
squares calculations before data collection. The space group P2^ 
was indicated both by systematic absences and by optical activity.

Intensity measurements were made on a Hilger and Watts Y290 four- 
circle diffractometer, by exposing a small crystal (0,1 x 0.4 x 
0,2 mm,) rotating about b, to graphite-monochromated Mo radiation 
(Mo-KoA )̂ and by using the G,U scan technique (in the range 
0<29^54°) to collect 1183 independent reflections with 
(<£ =Jl+B^+Bg), Appropriate corrections for Lorentz and polarisation 
factors were made but absorption effects were considered small and 
no corrections were applied,

STRUCTURE DETERMINATION

The position of the chlorine atom was determined from the Patterson
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function, the y-coordinate being arbitrarily assigned the value, 

0.2500, to define the origin in space group P2^* This value was 

held constant throughout subsequent refinement.

Initial attempts at structure determination were hindered by the 

inevitable presence of pseudo-symmetry resulting from the arbitrary 
choice of the chlorine y-coordinate. An electron-density 
calculation, based on those phases appropriate to the chlorine 
atom, revealed several plausible atomic sites. Careful choice of 
atomic positions from the range of pseudo-symmetrically related 
peaks, and their inclusion in a subsequent round of structure- 
factor and electron-density calculations, reduced the extent of 
the pseudo-symmetry. It hence proved possible to determine all 
non-hydrogen atomic positions after several rounds of structure- 
factor and electron-density calculations in which all non-hydrogen 
atoms had been assigned an arbitrary isotropic temperature factor 
uiso=°. 05 J2. After each calculation the data were placed on an 
approximate absolute scale by equating kX|Fo| and £|Fc|*

STRUCTURE REFINEMENT

Refinement of positional, vibrational and scale parameters by full- 
matrix least-squares calculations converged after 9 cycles when R 
was 0,054 and R* was 0.007* Details of the refinement are given 
in Table 2.1.1.

Positions of the carbon and nitrogen-bonded hydrogen atoms were 
obtained by calculation, staggered conformations being assumed for 
all methyl groups, while the hydroxyl hydrogen-atom position was



obtained from a difference synthesis« Contributions from the

were included in all structure-factor calculations, but their 
positions were not refined.

An appropriate weighting scheme was chosen by examination of a

The most suitable values for A, B and C were found to be 0,5,
0,5 and 7*0 respectively.

At the conclusion of refinement, difference syntheses and electron- 
density calculations revealed no errors in the structure. In all 
structure factor calculations, the atomic scattering factors used 
were those given in reference (35)• Observed and calculated 
structure-factors are listed in Appendix 1, Positional and 
vibrational parameters with estimated standard deviations are 
given in Table 2,1,2, The values of e.s.d.s are derived from the 
inverse of the least-squares normal equation matrix and should be 
regarded as minimum values.

2hydrogen atoms, with arbitrary temperature factors U. =0.03a ,

series of bivariate ( and ) analyses of observed and
calculated structure-factors. The scheme is of the form;

If A jFo|> |Fc |, W=10"9,
otherwise W=X.Y,
with X=1 if SinG>B, else X=
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E X P E R I M E N T A L

(-) IRDERAL HYDROCHLORIDE

(-) l-(2-TTydroxy-3-isopropylaminopropoxy)-naphthalene Hydrochloride 

CRYSTAL RATA

^l6H22^2C^  ^-=295.8; Monoclinic, a=13*984^» h=8.289?, c=13»9748, 
p=98.49°; U=l602.032^;' I>c=1.23 g.cm.~3; Dm=1.24 g.cm."3, Z=4; 

Pooo"632; ^Pace &COVL'P ^2^/n;/-! =2.46 cm. Mo-Ko( X-rays;
X =0.71078.

CRYSTALLOGRAPHIC MEASUREMENTS

Unit cell parameters were initially determined from V/eissenberg 
and oscillation photographs, taken with Cu-Kd (A =1.54188) 
radiation, and from precession photographs, taken with M0-K0L 
(A =0.71078) radiation, and were subsequently refined by least- 
squares calculations before data collection. The space group 
P2^/n was indicated by systematic.absences.

Intensity measurements were made on a Hilger and Y/atts Y290 four- 
circle diffractometer. Data were collected by exposing a small 
crystal (0.2 x 0.3 x 0.2 mm.), rotating about b, to graphite- 
monochromated Mo radiation (Mo-KdL ̂ ) and by using the 9^ scan 

technique (in the range 0<29^50°) to collect 1535 independent 
reflections with (c f sjl+B^+I^) • Appropriate corrections
for Lorentz and polarisation factors were made but absorption 
effects were considered small and no corrections were applied.
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STRUCTURE determination

The structure was determined by centro-symmetric Direct Methods 

using the computer programs, DATRDN, NORMSF, PHASE, POURR, Fc 

and CRYLSQ, contained in the X-ray '72 suite of programs.

Phase determination was initiated by assigning phases to those 80 

reflections with highest Je | values. Each phase was either assigned 

directly or was expressed, via relationships, in terms of the 

three linearly independent non-structure-seminvariant reflections 

given in Table 2.1.3.

The unit-cell origin was defined by assigning each of these 

reflections an arbitrary phase value of 360°, and the phases of 

the above 80 reflections were then used in a series of sigma-2 

relationships from which phase values for all 204 reflections with 

EJ,1.4 were assigned.

An E-map based on these 204 reflections revealed 19 possible atomic 
sites. Subsequent structure-factor and electron-density calculations 

revealed plausible positions for all non-hydrogen atoms. Each atom 

was assigned an arbitrary temperature factor U^go=0 .05^^ and least- 

squares refinement was initiated.

After one cycle of full-matrix calculations, the isotropic temperature 
factor of the hydroxy1-oxygen atom increased to a value U^so=0.1lS^.
To investigate this phenomenon, contributions from this atom were 
omitted and an electron-density difference synthesis was calculated, 
which indicated that two sites with approximate equal electron 
densities were stereochemically acceptable for the hydroxyl group.
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However, since each molecule contains only one hydroxyl group, it 

was concluded that each crystallographic molecular site is statistic

ally occupied by molecules of (+) and (-) absolute stereochemistry.

Each of the two disordered atomic sites was initially assigned a 

population parameter of 0.5 with respect to the electron density of 
one oxygen atom. Refinement of these population parameters in 

subsequent least-squares calculations indicated that this assignment 

had been correct. After each of the above calculations, the data 

were placed on an approximate absolute scale by equating k I N  

and ^  |Fc| •

STRUCTURE REFINEMENT

Refinement of positional, vibrational, electron-density population 
and scale parameters converged after 12 cycles of full-matrix least- 
squares calculations when R was 0.060 and R* was 0.005* Details of 
the refinement are given in Table 2.1.4*

Vibrational parameters of the disordered oxygen atoms were not 
refined until after the population parameters had been satisfactor
ily refined. 15 hydrogen-atom positions were selected from a 
difference synthesis and their positional parameters were refined in 

cycles 9"10* The remaining hydrogen-atom positions were calculated 
and included in subsequent calculations but were not refined. A 

fixed isotropic temperature factor U^so=0.03&^ was arbitrarily 
assigned to all hydrogen atoms.

An appropriate weighting scheme was chosen by examination of a series 

of bivariate ( Fo and ) analyses of observed and calculated
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structure-factors. The scheme was of the form; 

If A |Fo|> |fc|, W=10“9 
otherwise W=X.Y,
with X=1 if Sin9> B, else X=

The most suitable values for A, B and C were found to be 0.75»

0.4 and 9*8 respectively. At the conclusion of refinement, a 
difference synthesis and electron-density distribution revealed 

no errors in the structure.

In all structure-factor calculations, the atomic scattering 
factors used are given in reference (35). Observed and calculated 

structure-factors are listed in Appendix 2. Positional and 
vibrational parameters with estimated standard deviations, are 

given in Table 2.1.5. Values of e.s.d.s are derived from the 
inverse of the least-squares normal-equation matrix and should be 
regarded as minimum values#
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(+) IND3RAL AND (±) IND3RAL HY DR PC HLORI DBS 

D I S C U S S I O N

Diagrammatic representations of the (+) and (-) compounds are 
shown in Figures 2.1.1, and 2.1.2. respectively. In both 
diagrams, the hydrogen atoms are omitted, for clarity, but for 
the purposes of discussion are numbered as the atoms to which 
they are bonded. Details of bond lengths, bond angles, torsion 
angles, least-squares planes, intra-ionic non-bonding distances 
and inter-ionic distances are given in Tables 2.1.6. to 2.1.10.

Both compounds exist as hydrochloride salts in which the proton- 
ated-nitrogen atom bears the cationic charge and, as would be 
expected, there are no statistically-significant differences 

between the corresponding bond lengths and endo-cyclic valency 
angles of these compounds.

The naphthalene-ring system in both compounds is close to planar, 
with the maximum deviation from the least-squares plane through the 
rings being 0.027? in the (+) compound and 0.020^ in the (-) 
compounds, and in addition, atoms 0(l) and C(6) lie close to the 
aforementioned planes, their respective distances being -0.020 and 

0.192? in the (+) compounds and -0.043 and 0.239? in ihe (“) 
compound. These approximately coplanar arrangements of atoms result 
in steric crowding. In particular, deformation of the bond angles 

0(1)C(7)C(8) [l24.5(7)0 and 124.6(6)° for the (+) and (±) 
compounds respectivelyJ and 0(l)c(7)c(l5) [ll3.8(6)° and 
114.8(4)°J may be a result of possible steric interactions e.g.



40

C(8)**‘C(6) \ 2 . e 2  and 2.83?], H(8)— H(6) [2.32 and 2.20?] 

and H(8)‘*•* K(6') [2.22 and 2.20?). The non-bonded distances 

C(14)*--0(1) [2.75? in both compounds^] and 11(14)* ‘ ’ 0(l) [2.4O and 

2.452] also suggest some steric interactions betv.een these atoms but, 

within the limits of experimental error, no corresponding distort

ions are obvious. The remaining dimensions of the naphthalene

rings are, within experiemental error, similar to those reported
8—12 12for other naphthalene systems , including Naphthalene itself •

In both compounds, the values observed for bond angle C(3)N(l)c(4)

[ 116. 4(6) and 117.6(4)] are larger than might otherwise be expected 

for a tetrahedral valency angle and similar values for the corres

ponding angle in compounds such as Isoprenaline 13 [114.7(5) and 
115.5(6) •] suggest that this may be a genuine effect. Bond lengths 

c(5) - C(6) [1.489(10) and 1.485(7)?], C(2) - C(3) jl.502(l5) and 
1.485(9)?] and C(l) - C(3) [l.477(15) and 1.523(9)2]| appear shorter
than might be expected for C(sp^) - C(sp^) bonds but are similar to

13-21values reported for many compounds containing an alkyl chain

bonded to an aromatic system e.g. a C(sp^) - C(sp^) bond length of

1*493(8)2 has been reported by E. M. Gopalakrishna and L. Cartz

(1972)19. It is possible that such apparent shortening may be due
largely to the effects of thermal librational motions of the 

22molecules •

Those dimensions not previously discussed are typical of accepted 

literature values, with the exception of those concerning atom 
positions 0(20) and 0(2l) of the (-) Inderal Hydrochloride, whose 
apparently anomalous values e.g. 0(2l) - C(5) [1.375(9)?] and
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0(20) - C(5) [l.332(8)£J , are probably the result of the dis
ordering effect peculiar to this compound.

(+) INiSr’AL HYDROCHLORIDE

The alkoxy chain is  in  a fu lly -e x te n d e d  conformation [ to r s io n  angles

0(5)0(6)0(1)0(7)175.4(6)°, 0(4)0(5)0(6)0(1)173.8(6)°, i:(l)c(4)
C(5)C(6) -163.7(6)° and C(3)5.T(l)c(4)c(5) ^-170.2(6)°J in

which the hydroxyl group is gauche with respect to atoms N(l) and

0(1) jjl(l) 0(4) 0(5) 0(21) 77.4(7)° and o(2l) c(5) c(6) 0(1)
-65.0(7) Newman Projections illustrating the apjropriate conform

ations about bonds 0(4) - 0(5) and c(5) - 0(6) are given in Figure 

2.1.3.

Atoms N(l) and 0(2l) are almost equidistant from the chloride ion, 

the dimensions, N(l)*‘rCl [3.14X] , Hep!!)**' Cl [2.182]; angle N(l) 

H(2N) Cl [l66.1°] , 0(21)-- Cl (J3.I3S] , H(02l)‘ • • Cl [2.15?] and 

angle 0(2l) H(02l) Cl [l66.1°] , suggesting hydrogen bonding of 

the types,-^N+ - H***C1 and -0-H*“Cl (it is noted however, that 

atom position H(2N) is calculated, assuming tetrahedral geometry 

at atom N(l) ). The distortion of torsion angle N(2) C(4) C(5)

0(21) [77.4(7)^ from the ideal staggered conformation value, may 
be interpreted as an effect of the hydrogen-bonding arrangements, 
since the corresponding value in several similar compounds, e.g. 

Thll65(a) 14 [j47.8(4)°| , is less than 60°, possibly due to electro
static interactions between atoms N(l) and -0(h).

A diagram representing the crystal-packing arrangements is given 

in Figure 2*1*4*
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(-) INS5RAL HYi ivOCHLORIDS

As previously noted, (see Experimental) both (+) and (-) cations 

equally occupy equivalent crystallographic sites and as a result, 

the conformations of both enantioiners, at equivalent sites, are 

identical except for those changes induced by the differing config

urations at the chiral centre. Figure 2,1.5, illustrates the 
alternative configurations and c<. nformations about bonds C (4) - c(5) 
and C(5) - C(6), demonstrating that atom N(l) is gauche with respect 

to both alternative hydroxyl positions jjtorsion angles N(1)C(4)

C(5)0(2l)49.4(6)°/and,N(l)c(4)c(5)0(20) -50.4(6)°] , while 

the inter-atomic non-bonded distances N(l)*tf0(2l) ĵ 2.89?J and N(l) 

**‘0(20) 2,82X1 suggest possible electrostatic interactions between

these pairs of atoms (hydrogen bonds of the type~N+ - H*“ 0-R, are 
unlikely, relevant dimensions being I^IN)-'10(2l) 2.95?» H(1N)"-0(20) 

2.4lX, H(2N)«- 0(21) 3.94? and H(2N)— 0(20) 3.67X).

Space-group symmetry requires that both the (+) and (-) enantioiners, 
occupying equivalent crystallographic sites (a), have eentrosymmetric- 
ally-related enantiomers occupying equivalent sites (b), and it follows 
that the (+) enantiomer at a site (a) has a different conformation 
from the (+) enantiomer at a site (b), a similar phenomenon occurring 
in the case of the (-) enantiomer. The crystal hence contains two 
closely-related conformations of the Inderal cation and also the 
inverse images of these conformations, all of which are apparently 
present to the same extent. Although uncommon, this type of packing 
disorder is not unique, a similar phenomenon having been reported 
in the X-ray analysis of l-p-Bromobenzenesulphonyloxymethyl-5- 

methylbicyclo j~3|3»l] nonan-9*-ol
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o hydroxy1-hydrogen atoms could be located from difference syntheses

and hence no accurate assessment of possible hydrogen-bond geometries 

of the type, -0-K*'*Cl , can be made, although inter-ionic distances,

hydrogen bonding involving these pairs of atoms, while dimensions

ammonium group and two chloride ions. A diagram illustrating the 

crystal-packing arrangements is given in Figure 2.1.6, and 

demonstrates that, in the present compound, atom N(l) can hydrogen bond 

to two chloride ions, whilst atoms 0(2l) or 0(20) can equally hydrogen 

bond to one anion which is however, at a different equivalent position 

from that chloride ion hydrogen-bonded to the aforementioned atom,

and a possible rationalisation of these observed deviations 

from the sterically more-favoured fully-extended conformation may be 

obtained by consideration of the geometries required for efficient 

hydrogen bonding. Figure 2.1.7- illustrates the differing conformations 

about both bonds C(6) - C(5) and c(4) - N(l) in the (+) and (-) 

compounds. It is thus plausible that the respective positions of the 

cations relative to the anions may be a factor in the determination of 

these adopted conformations.

suggest strong hydrogen-bonds, of the form-N+ - H-“ Cl”, between the

N(l).

In contrast to the (+) Inderal Hydrochloride, the alkoxy chain of the 

(-) compound does not adopt a fully-extended conformation ^torsion 

angles C(3)N(l)c(4)c(5) -81.6(5)° and C(4)c(5)c(6)o(l)

torsion
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It is noted that the crystal structure of (-) Inderal Hydrochloride
0 Ahas been reported, but although corresponding dimensions of both 

determinations are similar within experimental error, no packing 

disorder was reported despite anomalies in the published atomic 

parameters and in particular, in the values of 3k ̂ observed for the 

hydroxy1-oxygen atom. These anomalies are similar to those which 

led to the suspicion of disorder in the present crystal, and which 

have been successfully accounted for, via a disordered model*

In a d d itio n , a recent p u b lic a tio n  (1975) has confirmed the c ry s ta l 

and m olecular s tru c tu re  o f (+ ) In d e ra l Hydrochloride to  be e xp e ri

m en ta lly  id e n t ic a l  w ith  the an a lys is  described in  th is  th e s is .



T.AFL3 2c1.1.

CCOoE OF REFUTE;'SET

?anameters Refined

x » y» 55. h'. fo r  a l l  non- 9 J 9 9 iso
hydrogen atoms; o v e ra ll  scale  

fa c to r; u n it  w eights .

As above except E -p o s itio n s  in  

c a lc u la tio n  but not re fin e d  

and w eighting scheme a p p lie d .

x, y, z, ih ̂ (i, j = l, 2, 3)
fo r a l l  non-hydrogen atoms; 

o v e ra ll scale  fa c to r ;  H atoms 

included but not re f in e d ;  

w eighting scheme a p p lie d .

Cycles F in a l R

1 - 3  0.120

4 - 5  0.103

6 - 9  O.054

F in a l R*

0.014

0.021

0.007



TABLE 2.1.2.

(a) Atomic Fractional Coordinates and B.S.Ls of (+) Inderal

Hydrochloride

ato:: x/a r/h

S i
C(.3) 
C(4) 
C(5 
C(6) 
C(7) 
C(8)c(:
c d o :
ii' 
12 ' 

13* 
14 .

C(16
0(1)
0(21)
IT(1)
Cl(l)

1 . 2324( 7)
1.2444(7)
1.2200(6)
1.0590(6)
0 . 9478( 6)
0.8916(6
0.7200(6
0 .7461(6
0.6724(7 
0.5772(7 
0.4510(7
0 .4250(7
0 . 4982(7 
0 . 5930(6
0.6214
0.5477 
0.7Q42 
0.9553 
1.1031 
1.0555

0 .4566 (15 )
0 .5903(12)
0 .5605 (10 )
0 .5076 (8 )
0 .44 04 (8 )
0 .46 70 (8 )
0 .4 2 02 (8 )
0.4385(9)
0 . 4852( 11)
0 .4216 (11 )
0 .2750 (10 )
0 .2 0 46 (9 )
0 .20 51 (1 0 )
0.2744(9)
0.3495(7)
0 . 3485( 8)
0 . 4155( 7 )
0 .29 59 (6 )
0 .5 1 7 3 (6 )
0 .2 5 0 0 ( - )

-0.2132(17]
-0.5150(17]
-0 .3086(14
-0.1140(10,
-0 .1309(9 )
0 .0495 (10 )
0 .1 7 2 2 (9 )
0 .3451 (10 )
0 .4899 (10 )
0 .4652 (10 )
0 .2567 (12 )
0 .0091 (12 )

-0 .0595(11)
-0 . 0353( 9 )
0 . 1333( 9)
0 .2394 (10 )
0 .0 1 90 (6 )

-0 .1529(7)
-0 .3065(0 )
-0 . 5534( 3)



T/3LE 2.1.2. (Cont.)

w  Hydrogen-atom Fractional Coordinates for (+) Inderal

Hydrochloride

ATOM x/a

H C1 ) 1 .2815
h (i 1 ) 1-3673
h( 1 1 1 ) 1.2714
H(2) 1.3184
H( 21 ) 1.1959
H(2'') 1-2337
H(3) 1.2357
H(1N) 1.0571
H(2N) 1.0958
H(4) 1.1080
H(4‘) 1.0565
H(5) O .9051
H(6) 0.9314
H(6‘) 0.8907
H(8) 0.8162
H(9) 0.6934
Hp°) O .5282
k( 115 O.3988
H(12) 0.3573
H(13) 0.4797
H(14) 0.6456
H(021) 1 .0000

y/h z/c

0.3647 -0.2818
0.4760 -0.2052
0.4354 -0.0765
0.6173 -0.5289
O .6565 -0.5794
0.5014 -0.5963
0.6506 -0.2383
0.5827 -0.3844
0.4276 -0.3706
0.4486 -0.0266
0.5971 -0.0511
0.4752 -0.2471
O .4246 0.1633
O .5685 0.0792
0.5386 0.3608
0.5323 0.6181
0.4249 0.5703
0.2780 0.3642
0.1550 0.0725
0.1541 —0.1823
0.2759 -0.1408
0.2781 -0.2675



TAELS 2.1.2. (Cont.)

(c) Anisotropic Temperature Factors and E.S.Ds of 

(+) Inderal Hydrochloride (i^)

ATOM U11 U22 U33 U12 U13 U23

C(1) 0.051 0.136 0.116 0.017 -0.001 0.002
C(2) 0.064 0.098 0.115 -0.007 0.019 0.019C(3) 0.047 0.068 O.O99 -0.010 0.001 -0.009C(4) 0.055 0.054 0.057 0.001 -0.002 -0.011c(5) 0.064 O.052 0.049 -0.009 -0.002 0.006
C(6) 0.061 0.062 0.053 -0.008 -0.002 -0.001
C(7) 0.066 0.049 0.047 0.001 0.003 0.005
C(8 ) 0.071 O.O64 0.056 0.01 2 -0.001 -0.010
C(9) O 0O80 O.094 0.053 0.006 -0.002 —0.01 6
C(10) 0.083 O.O84 0.048 0.018 0.016 0.003
C(11) 0.072 O .078 0.073 0.002 0.018 0.010
C(12) 0.073 O.O64 0.083 -0.012 0.005 0.009
C(1 3) 0.081 0.073 0.067 -O.OI3 -0.006 -0.002C( 14) 0.070 0.063 0.049 0.003 0.004 0.002C(15) 0.061 0.048 0.047 0.004 0.002 0.006
C(16) 0.068 O .058 0.054 0.006 0.005 0.010
0 1) 0.063 O.O85 0.048 —0.016 0.007 -0.005
0(21) 0.107 O .056 O.O63 -0.014 0.021 0.000N(1 ) 0.044 0.040 0.066 -O.OO3 0.001 -0.004
C1(1) 0.081 0.052 0.068 -O.OO9 -0.001 -0.018

Average Estimated Standard Deviations

Cl 0.001 0.001 0.001 0.001 0.001 0.001
N 0.003 0.003 0.003 0.002 0.002 0.003
0 0.004 0.004 0.003 0.003 0.002 0.002
c 0.005 0.005 0.004 0.004 0.003 0.004



TABLE 2,1.3

h k

0

-1

-1

“5

-4

-3

-5

-3

-1

3.22

3.00

2.98



TABIS 2.1.4.

courts of hcriismT

Z f m :: 'i± e r s_Re fined

x» y» z» f°r adl non-hydrogen
atons: U. of all non-hydrogen. i s o  J 0
atoms except 0(20) and 0(2l); 
P.P. of 0(20) and 0(21); H- 

atoms in calculation but not 
refined; scale factor; unit 
weights.

x, y, z, of all non-hydrogen

atoms; U.. of non-hydrogen J
atoms except 0(20) and 0(2l); 
P.P. of 0(20) and 0(21), scale 

factor; unit weights; H-atoms 
in calc, but not refined.

x* y» z» °f adl non- 
hydrogen atoms; P.P. of 0(20) 
and 0(2l) constant; H-atoms in 
calc, but not refined.

x» y t z» °f atoms except 
calculated positions; P.P. of 
0(20) and 0(2l) constant; soale 
factor; unit weights.

Cycle Final R

1 - 4  0.145

5 - 6  0.080

7 - 8  0.07

9 - 1 0  0.066

0.018

0.007

0.006

0.005



Table 2.1.4. (Cont.)

Far-anetors aefi nea Cycles Final R

x, y, z, IT. . of all non- ’  ̂J 5 i J
hydrogen atoms; P.P. of 0(20)

11 -  12 0.060
and 0(2l) constant; scale 

factor; weighting scheme adjusted.

Final R*

0.005



TABLE 2.1.5.

(a) Atomic Fractional Coordinates and E.S.Ds of (-) Inderal
Hydrochloride (with Population Parameters)

ATOP x /a  y/b z /c  P.P.

-0.1067(6)
-0.2769(5)
-0.1735(4)
-0.0633(4)
-0.0520(3)
0.0418(3)
0.2113(3)
0.2374(4)
0.3337(4)
0 .4042 (4 )
0.4501(4)
0.4239(5)
0.3289(5)
0.2577(4)
0.2820(3)
0.3789(3)
0.1183(2)

-0 .0768(6)
-0 .1256(4)
-0.1594(3)
-0 .1 5 1 2 ( l )

0.1539(9)
0.2487(3) 
0.2691(5) 
0.2960(5) 
0 .4764 (5 )  
0.51no
0.4704(5
0.5520(5)
0.5579(6)
0.4831(6)
0.3135(3)
0.2319(8)
0.2277(7
0.3063(5
0.3912(5
0.3976(5
0.4567(3
0.5704(9
0.5409(7)
0 .2529 (4 )

-0 .1065(1)

0.5199(5)
0.4654(4)
0.4562(4)
0 .3 2 7 0 (4 )
0 .3 1 4 2 (3 )
0 .2 8 1 3 (4 )
0.333l(3)
0 .2 5 6 5 (4 )
0 .2 4 3 0 (4 )
0.3037(4)
0.4496(5'
0 .5263(5!
0.5430(4,
0.4820(3,
0.4002C3
0.3849(3,
0.3525(2.
0 ,3 8 7 0 (6 )
0.2552(5)
0.3523(3)
0.2882(l)

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1 .0
1 .0
0 .5
0.5
1.0 
1 .0



TABLE 2.1.5. (Cont.)

0>) Hydrogen-atom Fractional Coordinates and E.S.Ds of (-)
Inderal Hydrochloride (with Population Parameters)

ATOM x/a y A z/c P.P

H(1) -0.1294(-) 0.0374(-) 0.5204(-) 1 .0
H(1>) -0.081 Of—3 0.1876(-) 0-5861 (-) 1 .0
H(1 ' ') -0.0539(-) 0.1769(-) 0.5000(-) 1 .0
H(2) -0.2912(35) 0.2581(63) 0-5347(34) 1 .0
H(2') -0 .3179(35) 0.2986(64) 0-4165(35) 1 .0
H(2’') -0 .2930(35) 0.1547(63) 0.4466(35) 1 .0
H(3) -0 .1534(34) 0.3870(61) 0-4735(33) 1.0
H(1N) -0 .2162(35) 0 .3200(62) 0.3085(33) 1 .0
H(2N) -0 .1731(35) 0.1285(62) 0.3317(34) 1 .0
h (4)
H(4')

-0 .0113(35)
-0 .0553(35)

0.2636(60) 
0.2592(61)

0.3804(33)
0.2604(33)

1 .0 
1 .0

H(5) -0 .1040M 0.4918(-) 0 -2577(—) 0.5
H(5') -0 .0517(-) 0.5246(-) 0-3794(- 0.5
H(6) 0.0450(-) 0-4592(-) O.2167(-) 1 oO
H(6') 0.0476(-) 0.6337(-) O.2712(-) 1.0
H(8) 0 .1843(34) 0.5829(60) 0.2169(33) 1 .0
H(9) 0 .3547(35) 0.6026(61) 0.1844(34) 1 .0
H(10) 0 .4791(35) 0.4862(60) 0.2959(34) 1 .0
H(11 ) 0 .5210(35) 0.3183(60) 0.4245(34) 1.0
H(12) 0 .4836(35) 0.1798(59) 0.5709(34) 1.0
H(13) 0.3028(35) 0 .1662(59) 0.6045(33) 1 .0
H(14) 0 .1879(35) 0.3006(61) 0.4943(33) 1 .0O

O
O

O
O

O
O

O
O

v
n

u
i

O
O

O
O

O
O

O
O

O
O

O



TAELS 2f1.5. (Cont.)

A nisotrop ic  Temperature Factors and E.S.Ds of ( - )  In d e ra l  

Ily d:c o chi o r i  d e (X2)

II11 U
22 U33 U.12 U.

13
u

23

Cl
IT
0
C

0.104 0.098 0.073 -0 .0 0 6 -0 .01 5 0.002
0.092 0.077 0.033 -0 .01 7 0.026 -0 .015
0.073 0.042 0.073 -0 .003 0.012 -0 .01 7
0.053 0.039 0.031 0.005 0.011 0.001
0.055 0.033 0 .070 0.001 0.004 -0 .00 6
0.061 0.041 0.071 0.003 -0 .0 0 0 -0 .0 0 0
0.053 0.033 0.053 -0 .0 0 4 0.007 -0 .00 5
0.053 0.050 0.073 -0 .00 2 0.009 0.010
0.083 0.057 0.075 -0 .0 0 6 0.020 0.011
0.062 0.056 0.091 -0 .0 0 5 0.019 .0 .0 0 2
0.061 0.087 0 .093 0.006 -0 .00 2 0.003
0 .089 0 .096 0 .085 0.011 -0 .0 1 8 0.022
0 .090 0 .077 0 .066 0.002 -0 .0 0 4 0.009
0.071 0 .048 0 .055 -0 .0 0 4 0.002 -0 .00 3
0 .058 0.035 0.052 -0 .0 0 5 0.003 -0 .0 0 4
0 .054 0.046 0.071 -0 .0 0 3 0.003 -0 .0 0 6
0.052 0.052 0.058 -0 .00 1 0.005 0.006
O.O94 0.050 0 .089 0.002 0.018 -0 .0 0 5
O.O44 0.033 0.092 0.002 -0 .0 2 0 - 0.000
0.053 0.03c 0.070 0.000 f' 9Q/u -0 .007
0.0864 0.0369 0.0952 -0 .0002 0.0C35 -0 .0150

;timated Standard L jv ia t io n s

0.0009 0.0005 0.0008 0.00C5 0 * 0006 0.0005
0.002 0.001 0.002 0.001 0.002 0.001
0.003 0.002 0.003 0.002 0.003 0.002
0.003 0.003 0.003 0.002 0.002 0.002



TABLE 2,1.6,

Intramolecular Bonded Distances and E.S.Ds (X)

ATOM A ATOM B (+) Inderal HG1 (--) Inder

C(1) -- C(3) 1 -477(15) 1-523(9)
C(2) — C(3) 1-502(15) 1 -485(9)
C(3) — - N(1 ) 1-512(9) 1.508(6)
N(1) .- C(4) 1 -472(9) 1.476(6)
0(4) --- c(5) 1o526(11) 1.518(6)
0(5) C(6) 1 -489(10) 1-485(7)
C(5 — - 0(21) 1.418(10) 1 -375(9)
0(5) ■ — 0(20) - 1-332(8)
C(6 — 0(1) 1.428(9) 1 -429(6)
0(1) — - C(7) 1 - 367(8) 1.371(5)
0(7) — C(8) 1.382(10) 1 -361(6)
0(7) c(15) 1.409(10) 1.419(6)
0(8) --- c(9) 1.400(11) 1.388(8)
o(9) C(10) 1.336(13) 1.352(8)
C(10) — C(16) 1.429(11) 1-426(7)
c(i1)--- C(12) 1.359(12) 1.362(9)
C(11) --- C(1 6) 1.403(12) 1 -425(8)
C(12J-- C(1 3) 1.409(12) 1 -383(10)
C(13) — C(14} 1.358(12) 1 -375(8)
c 14 — c 0 5 1 -426(9) 1.425(6)
0(15) — C(16) 1 -433(9) 1.403(6)



TABLE 2,1.7,

Valency Angles and E.S.Ds ( in  DEGREES)

ATOM A ATOM B ATOM C ( + ) In d e ra l  HC1 ( ± )  In d e ra l HC1

113. 3 ( 8 )
111,4(8)
1 0 8 .6 m
116,4(6)
310. 6( 5)
109. 7 ( 6)
111.3(6)
107.6(6)

307.7(6; 
117. 7 ( 5,
121.H
124. 5< 
113.81 
118. 4 * 
122.5! 
120. 7 * 
118.11 
123. 8 ( 7 ) 
118. 2 ( 7) 
122,5(8) 
119.6(8) 
120. 4 ( 7 ) 
121. 4 ( 6) 
123. 4 ( 6) 
118. 1 ( 6) 
118. 5 ( 6)

H2o5(5>
1 1 0 .4 (4 ,
109.5(4;
117. 6(4
1 1 2 .6 (4
1 1 1 .4 (4 ,
115. 3 ( 5 ,
1 1 2 .4 (4 ,
115. 9 ( 5 , 
111.21 
108.81 
118. 1 ! 
120.6! 
124 .6 ! 
114.81 
120.1! 
122.1! 
118. 9 < 
119. 9 * 
121.0! 
119 .0 ! 
119.91 , 
121.5(6) 
120. 6 ( 5) 
119 . 6 ( 5) 
122 . 2 ( 4) 
119. 4 ( 4 ) 
118. 4 ( 4 )

>4-
A]
,3 ,
>4<
>4<
A<

Ai
,5 ,
>4,
,5)



TABLE 2*1.8.

Selected Torsion Angles and E.S.Ds (°)

(+) Inderal HC1 (i) Inderal HCl

C (l) c (3 - ( 1) 0 (4 ) 64. 8 ( 9) -63 .5 (5 )
C(2 ) 0(3 N (l) 0 (4 ) - 169. 7 (7) 172.2(4)
H ( l) 0(4 0 ( 5) 0 ( 6) - 163. 7 ( 6) -175.9(4 )
K ( l ) Cf 4 0 ( 5) 0 ( 21) 77.4(7) ' 49.4(6)
i i ( i ) > c(A 0 (5 ) 0 ( 20) — -50 .4 (6 )
C(5) 0(4 1T(1) 0 ( 3 ) -170.2(6) -31 .6 (5 )
0 ( 4 ) 0(5 G 6 0 ( 1) 173.2(6) -59 .3 (5 )
0 ( 21) 0(5

0(5
0 ( 6) 0(1) -65 .0 (7 ) 75.1(6)

0 C20) 0 ( 6) 0(1) — 174.5(4)
c 5) 0(6 0(1) 0 (7) 175.4(6) 175.6(4)
0 1) 0(7

C(7
0 ( 3) 0 ( 9) 179.0(7) -179.7(4 )

0 1 0 (15)
0 (15)

0 (14) 3.1(10) -0 .9 (6 )
0 (1 ) 0(7 0 (16) -179 .0 (6 ) ■ 179.2(4)
c(s) 0 7 0 (1) 0 ( 6) 9 .6(10) 7 .0 (6 )
C(15) 0(7 0 (1) 0 ( 6) -171.4(6 ) -172.1(4)



TABLS 2.1.9*

lola-ctod least-squares planes in the fora, IX1 + mY* + nZ1 =d,
.here X 1, Y 1 and Z* represent an orthogonal:1sed -set of axes.

A. (a )  In d e ra l  Hydrochloride.

(a)_ Plane Jle-qat:Iqn: =

0 . 41048X 1 -  0 . 82375Y* + 0 . 39107Z* = 0 . 73S38

L A . Deviationjq atoms _Pr;9:rl.j2.V±--de.X^rqiAHed atoms define _the_ plane)

-0 .0 0 4 (8 )
0 .0 1 3 (8 )
0 . 023(10)

-0 .0 1 4 (1 0 )
-0.002(9)
0.016(9)
O.OI219)
0.000(8)

-0 .0 2 7 (7 )
-0 .0 1 7 (8 )

C ( l )
C(2)

1 .666(13 )  
-0 .4 0 1 (1 1 )

C (3) 0 .2 2 7 (9 )
N ( l ) -0 .0 2 2 (6 )
0 ( 4 ) 0 . 313( 8 )
c ( 5 ) 0 . 243( 8 )
0 (21 ) 1 . 387( 6 )
C 6) 0 .1 9 2 (8 )
0 (1 ) -0 .0 2 0 (6 )
0 1 (1 ) 1 .2 6 6 (1 )



TABJiB 2.1.9* (Cont.)

B, (i) Inderal Hydrochloride.

(a) PI ane Equation;-

0. C6022X1 + 0.829001* + 0.55599Z* = 5.9-4 548

(b) Deviations (&) of atoms from the plane (stax.eed atoms define 
 the plane)  ______ ________________________ _____

C(l) -1.047(7)
0(2) -0.993(6)
C(3) -0.789(5)
Nil) -1.679(3)
0(4) -1.493(4)
0(5) -0.340(4)
0(2].) 0.841(8)
0(20) -0.405(6)
0 6 -0.239(4)
0(1) -0.043(3)
Cl(l) -4,626(1)

° M *  -0.017(4)
c(s)* -0.014(5)
C19) * 0.006(5)
c(io)* 0.010(5)
c(ll)* -0.013(7)
C(12) -0.016(7)
C(13)* 0.001(6)
0(14)* 0.020(5)
c(15)* 0.006(4)
0(16; 0.016(4)



T ft "BIB 2.1.10.

(a) (+) Inderal Hydrochloride.

Tatra ionic non-bonding distances <  3.6X 

Atom A Atom B

c m
C (6)
C(.14)
0(1)
0(21)

« (4 )
C(8)
od)
0(21)N(l)

I n t c- r 1 o) i i c d i y t an cos 3.82.

I
II
II
III 
III 
III 
III 
III 
III 
III 
III 
III

3.07
2„82
2.75
2o77
3c07

3.77
3.13
3.14
3.72 
3 .55 
3 .64  
3 .34
3.73 
3 .40  
3 .54  
3.63
3.73
3.78 
3.51 
3.75 
2 .18  
2e15

where the position of atom B is given by,

I  = x ,  y ,  1+z
I I  = 1+x, y ,  z
III = 1- x ,  J+y, z



TAILS 2*1.10. (Cpnt.)

(b) (-) Indoral Hydrochloride

I n i  ?;;■ o criic i i~bc.ndinr distances ( 3 . 6$ 

item A Atom B

0(21)
Inter-ionic distances < 3.80X

Cl 
Cl 
Cl
cii: 
ci^ 
ci o(i) 
0(21) 
0(7)

3
21' 

21 
0(21 
Gin 
0(20, 
Cl 
Clc(15)
C(l6)
c(7) C(15) 0(1) 
Cl

I
I
I
II 
II 
II 
II 
II 
II 
II 
II
II
III
IV
V
VI 
VI 
VI 
VI 
VI
VI
VII

3.08
3.29
3.06
2.85
2.83
2.75
3.55
3.00
2.82
2.89
2.41
3.67
2 .95
3 .94

3.57
3.12 
2 .08
3.72 
2 .99
3.12 
3 70 
3^3 
3 .70
3 .58
3 .74  
3 .50  
3 .48
3.773.723.59 3.693.783.79 3.553.72 
3.613.65
3.663.75



TABLE 2.1.10.

Inter-ionic distances Cont.

Atom A Atom B &

0(20) C(2) VII 3.59
0(20) N(l) VII 3.61
0(20) 01 VII 3.32
N(l) Cl VII 3.27
H(IN) Cl VII 20 21

srh the position of atom B is given "by

I — x, 1+y, z
II = -x, 1 y, 1-z
III ra 1-x, 1-y, 1-z
IY - h-y, !+z
V - |-y, (£+z)-l
VI = | -x, |+y, £-z
VII = (J-x)-l, |+y, |-z



V R
2 .1 , 1.

Liagracmiatic repre.ventat5.on of 
(.+) IBBEPA T HYDROCHLORIDE



& c r

C (13)

CI12)



Diagrammatic representation of 
(-) IWDEl-lAL HYrROCELORIDB



0(20)
C ( 4 ) V k ' c ( 5 )

C (13)

C (12)



(+) IHDERAL HYDROCHLORIDE 

Conformations stout bonds 
C(4) - C(5) and



v

C(6)

0(1)

C(A)

0(21)

H



F I G U R E  2,1,4.

Crystal-packing arrangements for 

(+) IFUSRAL HYjDHOCHLOFIDE





F I G U R E  2,1.5.

Alternative configurations and 
confonsetions about bonds
C(4) - C(5) and c(5) “ c(6) in
(-) INDERAL HYDROCHLORIDE



N(1)
0(21) 0 (20)

H

C(6)

H

0(4)

0(21) ° ^ 2 0 ^

0 (1)
0(4)



F I G U R E 2.1.6.

Crystal-packing arrangement's for 

(-) Il'IDERAL HIjuROCHLORII'E





F I G U R E  2.1,7.

Relative conformations about bonds

C(6) - G(5) and 0(4) - N(l) in 
(+) and (») IRDERAL HYDROCHLGRIDS



0 (1)

(+ ) H3i)rJt7AL KYRi t0CHL0R1DH

0(1)

C(4)

H

0 (2 1 )

Hi
I

*0(20).....

(i) INDERAL HYDROCHLORIDE



0(3]

H(1N]

H

(+) Iir.OlTR-AL HYDROCHLORIDE

C(5)

H(2N)

c r

(i) DTDSRAL HYDROCHLORIDE



THE CRYSTAL /Aj I‘0i;3QT!L\R STRUCTURE OF

(-) ERA LLIIT F EP.CL70RATS

Aoetamiuoph^noxy ) -3-i sopvoi.-ylr'.Kiirjopropf'ii-2-ol
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3 X P S R  I M E N T A L

(-) UAAIUIN E3?CHLORATE

(-) 1 •(4-Acot.mmidophenoxy)~3“isopropylarainoprop&n--2--ol Perchlorate

Cnlvth 1-ATA

C]4^22N2°7C1; iIIe0K> *’'=381.9; Triclinic, a=10.686X, b-lO.9138, 
c-8.936?, d-100.15°, p-84.960, |=77.70o; U=993.58.?; D =1.28 g.cm."3;

D =1.30 g.cm. 3; Z-2; P000--4O4 ; Space group Pl;yU-2.36 cm. T'o- 

K* X -ra y s ; \  =0 . 71078.

CPY^AIPOGRAPHIC MEAS UThLlAENTS

Unit ce'Jl paran-eters were initially determined from Vfeissenberg and 

oscillation photographs, taken v/ith Cu-Kol (\ =1.54182) radiation 

and from precession photographs, taken with Mo-KdL ( X =0.71072) radia

tion and were subsequently refined by least-squares calculations 

before data collection. The space group PI was suggested by photo
graphic evidence, density measuremen ts (by flotation with ethyl 

benzoate/carbon tetrachloride) and the racemic nature of the 

compound, and was subsequently confirmed by structure refinement.

Intensity measurements were made on a Hilger and Watts Y290 four- 

circle diffractometer by exposing a small crystal (0.2 x 0.4 x 0.2ram.), 

rotating about b, to graphite-monochromated Mo radiation (Mo-Kc*,) and 

by using the 9,u> scan technique (in the range 0 < 20^ 50°) to collect 

1306 independent reflections with 1^ 2Cf[ (o' = J I+B^+Bg). Appropriate 

corrections for Lorentz and polarisation factors were made but 

absorption effects were considered small and no corrections were 

applied.
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SihrCTURE DEffRiqiCATION

The structure was determined by centro-symmetric Direct Methods 

ustng t' ? computer program MULTAN and appropriate programs 

contained in the X-ray ’72 suite of computer programs*

Phase determination was initiated by choosing six reflections, three 

of which defined the unit-cell origin and were given phase values of 

360°, and three of which were selected because of their ability to 

form a large number of sigma-2 phase relationships. Since the phases 

of the three non-origin-dofining reflections were unknown, they were 

given all possible combinations of the values ^>60° and 180° to 

initiate a series of calculations utilising the weighted tangent 

formula of Direct I.'ethods (the correct starting set being given in 

Table 2.2.1.), from which the phases of 154 reflections with E ^

1.4 were assigned.

An E-map based on these 154 reflections, revealed 22 plausible atomic

positions and subsequent structure-factor and electron-density

calculations confirmed all non-hydrogen atomic positions, with the

exception of those positions associated with possible perchlorate-

oxygen atoms. The electron-density distribution attributed to such

atoms indicated a high degree of disorder which was subsequently

investigated by a series of electron-density calculations and

difference syntheses. Six stereochemically-acceptable atomic sites
were finally selected as possible perchlorate-oxygen atomic
positions and each was assigned a population parameter related by
ratio to its observed electron density, the total population parameter
over all six positions being equivalent to the electron-density 
population of four oxygen atoms.
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The foregoing series of calculations also revealed the presence of 

a third moiety in the unit cell but accurate assignment of individ

ual atomic positions was hindered by disorder* Stereochemical and 

space-group symmetry considerate ons indicated that the moiety was not 

a molecule of the solvent of crystallisation (ethanol) and at tern pts 

to characterise it by i.r. spectroscopy pi'oved unsuccessful*

Careful selection of possible atomic sites, during initial structure 

refinement, showed that the observed electron density could best be 

attributed to a molecule of methanol, statistically distributed 

between two centrosymnetrically-related crystallograph! c-molecular 

sites, and in a l l  subsequent calculations the carbon and oxygen atoms 

of the methanol molecule were assigned population parameters of 0*50*

An a rb it ra ry  tem perature fa c to r  IL go= 0 .0 5 ^  was assigned to  each non

hydrogen atom and a f te r  each c a lc u la t io n , the data were placed on an 

approximate absolute scale by equating |Fo| and I  ho | .

STRUCTURE REFINEMENT

Computing lim ita t io n s  forced  the use o f an a rb it ra ry  b locking  

strategy in  which the parameters o f groups o f atoms were re fin e d  

sim ultaneously (cons idering  a l l  o ff-d ia g o n a l elements w ith in  the  

group), w h ile  the rem aining parameters were held  constant* D e ta ils  

o f the refinem ent are  g iven in  Table 2.2.2. and show convergence 

o f p o s it io n a l, v ib ra t io n a l and scale parameters a f t e r  20 cycles o f  

least-squares  c a lc u la t io n s , when R was 0.073 and R* was 0.007* No 
refinem ent o f popu lation  parameters was c a rr ie d  ou t.

Uhere p o ssib le , hydrogen-atora p o s itio n s  were selected  from d iffe re n c e
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syntheses or were calculated (staggered conformations being assumed

for all methyl groups) and were assigned arbitrary temperature
2

footers, U. -0#03a in subsequent calculations, no refinement of iso
positional or vibrational parameters being; carried out.

An appropriate weighting scheme was chosen by examination of 

bivariate ( |Po| and analyses of observed and calculated

structure-factors. The scheme was of the form;

If A |fo|> |Fc| ,vA=10“  ̂

otherwise W-X.Yj

with X=1 if Sin&>B, else X= ? ~ -B
and Y=1 if l?o| < C, else Y~

' |Fo|
The most suitable values for A, B and C were found to be 0.75» 0.45 

and 9*08 respectively. At the conclusion of refinement difference 

syntheses and electron-density calculations revealed no gross errors 

in the structure.

In all structure-factor calculations, the atomic scattering factors 

used are given in reference (35). Observed and calculated structure- 

factors are given in -Appendix 3> while positional and vibration 

parameters, with estimated standard deviations are shown in Table 2.2.3* 

The values of e.s.d.s. are derived from the inverse of the least- 

squares normal-equation matrix and should be regarded as minimum 

values.
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L1 p h rch lo ra te

D I S C U S S I O N

A die.grc: u u tic  r  e pre sent a t 5. on o f th is  compound is  g iven in  

Figure 2 , 2 . 1 . ,  hydrogen atoms being om itted fo r  c la r i t y  b u t, fo r  

the purposes o f d iscussion, numbered as the atoms to  which they  

are bonded. D e ta ils  o f bond lengths, bond angles, to rs io n  

angles, leas t-sq u ares  planes, in t r a - io n ic  non-bonding distances  

and in te j io n ic  distances are l is te d  in  Tables 2 ,2 .4 *  to  2 .2 .8 .

The high degree o f d isorder in  the p erch lo rate  anion prevents  

accurate assessment o f  i t s  dimensions, and those p o s itio n s  quoted 

as oxygcn-atom p o s itions  may best be regarded as having an 

increased p ro b a b ility  o f occupation by an oxygen atom. S im ila r ly ,  

the dii. nsions o f  the methanol molecule are in fluenced  by the  

p a r t ia l  occupancy o f i t s  atomic s ite s  and by possible d is o rd er, 

and the ap p aren tly  long c ( l 5 ) - 0 ( l 5 )  jjl.6 4 (4 )^ Q  bond is  probably  

a re s u lt o f  these e f fe c ts .

The S ra ld in  c a tio n  shows no evidence o f d iso rd er, w ith  the la rg e s t 

observed v ib ra t io n a l parameter being U ^ = 0 .1 2 3 , in  the case o f 

atom C (2 ). Those hydrogen atom pos itions  (H (lN ) and H (2N )) 

bonded to  atom N(l) were c a lc u la te d , assuming te tra h e d ra l n itro g e n - 

atom geometry, w h ile  H(N2) was selected  from a d iffe re n c e  synthesis .

The phenyl ring is planar, within experimental error, with atoms 
0(l) and N(2) respectively, 0.012 and -0.0168 distant from the 
least-squares plane through the ring atoms. The least-squares plane 
through atoms 0(3), N(2), C(l3) and C(l4) confirms the planarity
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of the acetamide group, the dihedral angle [20.40] "between the

foregoing planes, being similar to the corresponding value

[17.6°] observed in Acetanilide^. This value, which is less than

the angle of (j 0 °  required for minimum steric interactions j^C(ll)*'*

C(13)30/jS and 0(3)* ‘c C(ll)2.S6.? J , suggests possib' e IT -electron

CO'.:.rrr’cat?.on betv.een the acetamide and aromatic system. The

remaining dimensions of the aceta.nil.ide portion of trie present
25compound are similar to those reported for Acetani!ide and 

other similar systems*^.

The alkoxy chain has a fully-extended conformation ^torsion angles

c(7)o(l)c(6)c(5) - 176.7(5)°, 0(l)c(6)c(5)c(4)l66.5(5)°, c(6)c(5) 
C(4)N (1) 177. 4(5) °  and c(5)c(4)n(l)c(3)l74.l(5)°J , in  which the

hydroxyl group is gauche with respect to atoms N ( l )  and 0(l)

jjtorsion angles H(1)C(4)C(5)0(2) 54-7(7)° and 0(2)c(5)c(6)0(l)
-71.9(6)°] . Figure 2.2.2. illustrates the conform?:tions about

bonds 0(4) - C(5) and C(5) - C(6). The interatomic distance N ( l )

•••0(2) [2 •82$J suggests possible electrostatic interactions

between these atoms although hydrogen bonding of the form 
H  f

hU-H-. o-R, seems unlikely In(lN) • - 0(2) 3.02? and H(2H) - ■ 0(2)

2.53?].

The d is to rtio n s  o f  to rs io n  angles C(l)c(3)N(l)c(4) ^-75.5(7)°] 
and C(2)C(3)N(1)C(4) [161.9(6)] from the id e a l staggered- 

conforraation values may be la rg e ly  due to  in t r a - io n ic  [c(D-"
C(4) 3.13?]) and inter-ionic [c(l)” -0(22) 3.28? and c(4)---0(ll) 
3.32?] steric interactions, while interionic distances such as 

C(9)‘•• 0(17) [3.45?] and C(ll)“ -N(2) [3. 53?] suggest that possible 
steric interactions between these pairs of atoms may contribute to



51

the deviation of torsion angle C(6)o(l)c(7)c(8) [-22.2(10)° 

from the approximately-eclipsed conformations found in similar 

systems e.g. the corresponding torsion-angle values for (+)

Jn.deral Kydroc' loride and (-) Inderal Hydrochloride are respect

ively, 9.6(10)° and 7.8(6)°.

A diagram representing the crystal-packing arrangements of 

this compound is given in Figure 2.2.3. and shows that each cation 

may be associated with two perchlorate anions and, where possible, 

with a molecule of methanol. The disorder in the perchlorate 

anion and the partial occupancy of the methanol molecule, prevent 

accurate assessment of the dimensions of possible hydrogen bonds, 

but inter-ionic d.ist ances, N(2)*-0(l7) [2.96?], I?(l)--0(l3) 

[2.94̂ ] , 0(15)--0(23) [2.828] and .0(2)**• 0(l5) [2.618], suggest 
interactions between these pairs of atoms.

Bond lengths c(5) - C(6) [l.504(l0)S] , C(l) - C(3) [l.
appear shorter than might be expected

for C(sp^) - C(sp^) bonds but, as previously noted, in the cases of

(+) Inderal hydrochloride and (-) Inderal hydrochloride, these

apparently anomalous values may be a result of thermal libretional
22motion of the cations • The remaining dimensions of the present 

compound agree with those of accepted literature values for similar 
bonding systems.

and C(2) - C(3) [l.523(l3)X]



TABLE 2.2.1.

h k Phi

-1

1

7

-3

1

1

-1

-2

2

6

-2

3

3.23

2.54

2.11

2.69

2.87

360

360c

360c

180

Origin
Defining
Deflections



TABTE 2.2.2*

? -re.intoes D efined Cvcles F in a l R

x, y, z, and U. of s.ll non- » * » * ISO
hydrogen a= oms, except Hethanol 

atoms; scale factor,; unit weights,

1 - 4  0.170

is in  cycles 1 - 4  plus hydrogen- 

atom co n trib u tio n s  but n ith  no 

refinem ent o f hydrogen a lows 5 

scale fa c to r ; u n it weights.

5 - 6  0.152

x> y» z> (i,j = 1, 2, 3) of
p erch lo ra te  atom p o s itio n s ; x, y,

z. U. o f lie than o l C and 0 atoms; * iso

s tru  ct u re- fac t  or c o n trib u tio n s  

from a l l  o ther atoms but w ith  no 

refinem ent o f these atoms; scale  

fa c to r; u n it  w eights*

7 - 1 1  0.112

x, y, z, U.. of non-hydrogen atoms  ̂0
o f cation; structure-factor 

contributions from all other atoms 

but with no refinement of these 

atoms; scale factor, unit weights.

12 - 14 0.079

x» y» z» tl. . of perchlorate atoms and  ̂J
of Hethanol C and 0 atoms; structure- 

factor contributions from all other

F in a l R1

0.036

0.024

0.013

0.008



TABLE) 2.2.2. (Cont.)

Pe "are ters Hofired Cycles Final R

atoms but w ith  no refinem ent of 

these atoms; scale fa c to r ;  

weight ing  s cheme ad just e d .

x > y 5 z » th j  o f non-hydrogen ca tio n  

atoms; s tru c tu re -fa c to r  c o n tr i

butions from a l l  o ther atoms but 

w ith  no fu r th e r  refinem ent o f  

these atoms; scale fa c to r ;  

w eighting scheme adjusted.

15 - 17 0.075

13 - 20 0.073

Final R'

0.003

0.007



TABIS 2.2.3.

(a)

ATOM

C(l)
C(2)
G 3) 
C(4) 
G(5) 
0 ( 6 )  
C(7) 
C(o)
C 9) 
c ( i o )  
0 ( 1 1 )  
C(12) 
G(13) 
0(14) 
0(1) 
0(2) 
0(3)
N(l)
N(2)
CU5)
0(15)
o n
0(13)
° ( 16)
° ( 17)0(22)
0(23)
01(1)

Atomic Fractional Coordinates and E.S.Ds for Compound V 
(v;ith Population Parameters)

x/a y/b z/c P.P.

1.3839(10) 
1.3399(10) 
1.2.819(7' 
1.1079(7! 
1.0407(6 
0.9422(7' 
0.8193(6) 
0.7384(8) 
0.5433(8)
0.6530(6)
Oo7326(6)
0.8175(7)0.5698(6)
0.4649(7)
0.9048(5'
0.9832(4, 
0.6540(5( 
1.2013(5. 
0.5651(5) 
0.9459(34) 0.9808(14) 
1,1632(23) 
1.2516(13) 
1.1667(34) 
1.3702(11) 
1.3181(59) 
1.2397(25) 1.2586(2)

0.4735(8)
0.5876(11)
0.5389(6)
0.4247(7)
0.3223(6)
0.3064(6)
0.1541(6)
0.2316(7)
0.1845(6)
0.0556(6)
-0.0228(6)
0.0238(6)
-0.1065(7)-0.1212(7)
0.1907(4)
0.3569(4)
-0.1977(4)
0.4481(5)
0.0146(5)
0.0463(32;
0.1873(12
0.3572(30,
0.3748(12
0.2952(57,
0.2394(14;
0.4063(46,
0.1915(21,
0.3028(2)

0.6714(12)
0.9453(13)
0.8031(9; 
0.7369(8,
0.776l(8( 
0.6682(8 
0.5895(8) 
0.5197(11) 
0.4265(10) 
0.4060(7) 
0.4793(7; 
0.5712(8, 
0.2350(7, 
0.1407(8! 
0.6850(6, 
0.9322(5. 0.2488(6) 
0.8440(6) 
0.3094(7)
1.0688(50)
1.1043(10;
1.3568(17,
1.1375(11,
1.3253(53,
1.2671(16,
1.3186(76,
1.1370(29,
1.2397(3)

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0 
1.0
1.0
1.0
1.0
1.0
1.0
1.0 
0.45 
0.45 
0.56 
1.00 
0.76 
1.00 
0.25
0.431.00



TABLE 2,2.3.

(b) Hyd.

ATOM

K(l)
H(l')
H(l")
H(2)
H(2')
11(2")
H(3)
h (i w)
H(2H)
H(4)
H(4‘)
H(5)
H(6)
H(6')
H(8)
H(9)
H(ll)
H 12
H(14)
H(14')
H(14")
H(02)
H(H2)

n-atom Fractional Coordinates

x/a y /b z/c

lc4347 0.3903 0.6892
1.3391 0*4492 0.5739
1.4276 0.9179 O.65I8
lo3971 0.9089 0.9779
1.3959 0.6476 0.9226
lo 2720 0.6308 1.0311
lc2263 0.6129 0.7730
1.2613 0.3641 0.8510
1.1927 0.4.867 O.95O8
1.1999 0.3919 0.6279
1.0486 0.9000 0.7118
1.1073 0.2377 0.7645
0.9827 0.2977 O.556O
0.8662 0.3820 0.6885
0.7170 0.3408 0.5399
0.9976 0.2497 0.3650
O.7298 -0.1153 0.4667
0.9091 -0.0419 0.6088
0.3809 -0.0894 0.2097
O.468O -0.0668 0.0619
O.4684 -0.2103 0.0860
1.0486 0.3907 0.9286
0.9203 O.O697 0.2873



TA3LT3 2.2.3. (Cont.)

(c) Anisotropic Temperature Factors and E. S.Ds for Compound V (?2)

iTOM IT.11 U22 U33 u.12 U13 u23

OollO 
0.093 
0.055
0.057
0o05i
0.065 
0.051 
0C 081 
0.080 
0.043 
0.063 
0.062 
0.050 
0.057 
O.O67 
0.073 
0.073 
0.045 0.048 
0.15(4, 
0.121 
0.18! 
0.24! 
0.21! 
0.l6(l) 
0.29(6) 
0.19(2) 
0.077(1)

0.062
0.117
0.039
0.059
0.042
0.048
0.051
0.044
0.040
0.036
0.036
0.040
0.047
0.060
0.052
0.049
0.037
0.044
0.033
0.13(3;
0.06(1

0.18

0.22
0.12
0.063(1)

0.112 
0o 123
O.O76
0.050
0.056
0o072
0.060
0.314
0.112
0.059
0.0540.060
0.057
0o06l
0.055
0.080
0.092
0.0530.089
0.30(5)
0.13(1)
0.04(1)
0.13(1)
0.40(5)
0.25(1)
0.42(7)
0.18(2)
0.071(1)

-0.037 
-O.O69 
-0.016 
-0.013 
-0.013 
- 0.022 
-0.015 
-0.019 
-0.019 
-0.007 
-0.012 
-0.008 
-0.014 
-0.014 
-0.027 
-0.025 
- 0.002 
-0.014 
-0.005 -0.06(2) 
-0.05(l' 
0.14(2 
0.06(1 
-0.18(5 
0.07(l 
-0.18(5) -0.10(2)

0.044
- 0.011
-0,003
- 0.016
-0.005
-0.017
- 0.016
-0.047
-0.045
- 0.011 
- 0.010 
- 0.012
-0,008
- 0.016
0.003
-0.027
-0.027
- 0.011
- 0.026
-0.07(3)
-0.05(l)
0.051
0.02
-0.041
-0.05!
-0.281
0.05'

0.004(1) -0.002(l)

-0.003 
0.005 
0.006 
0.012 

-0.002 
0.014 
0.004 
0.011 
0.022 
0.003 
0.004 
0.008 
0.005 
0.005 
-0.004 
0.013 
-0.000 
0.005 
0.007 
0.132(3) 0.06(l) 
0.05 
0.10(1. 
0.26(6, 
0.1l(l 
0.17(5! 
-0.08(2) 
0.024(1)

Average E.S.Ds for the Eraldin Cation

0.003
0.003
0.005

0.003
0.003
0.004

0.003
0.004
0.005

0.002
0.002
0.004

0.003
0.003
0.004

0.002
0.003
0.004



TABLE 2.2.4.

--tramolecular Bonded Distances end S.S-.Ds ( in  £)

ATOIi B

0(2,
0(1

1.493(1?)
n.523(13)

1-472(8,

!ip)

3.376'
3-349'



Valency Angles and E.S.Ds (in DEGREES) 

ATOM A ATOM B ATOM C



TABLE 2.2.6.

Selected Torsion Angles (°) and S.S^Ds for Compound V

0(1) o(3) .1(1)
0(2) c(3) N(1 )
0(3) N(1) 0(4)
?i(l) 0(4) 0(5)
K(1) 0(4) 0(5)
0(4)
0(2)

0(5)
0(5)

0(6)
0(6)

0(5 0(6) 0(1)
0 (1 ) 0(7 ) 0(8)
0(1 0(7 ) 0(12)
0(6) 0 (1 ) c(7)
0(6) 0(1) 0(7 )
i:(2) 0(10) 0(1 1)
c(9) 0(1 0) N(2)
0(11) 0(1 0) N(2)
0(14) 0(1 3) H(2)
o(3) 0(13) N(2)

c(4) . -75*5(7)
0(4) 161-9(6)
C(5) 174-1(5)
c(6) 177-4(5)
0(2) 54-7(7)
0(1) 1 6 6 . 5)
0(1) -71-9(6)
C(7) -176.7(5)
0(9) -179-2(7)
c(11) 178.8(6)
c(8) -22.2(10)
0(12) 159-9(6)
0(12) 179-3(6)
0(1 3) 158.9(7 )
0(13) -22-0(10)
C(1o) -179-7(6)
c(io) 2.1(10)



TABLE 2.2.7.

Selected lersi~e?uares planes in the form, IX1 + mY1 + n Z f = d, 

v.l.ere X ’, Y f and Z* represent an orthogonalised set of axes.

(a) Plane Eg-nations : -A.

Plane 1 ~0o5396X’ - 0.2959Y* + 0.7882Z1 = -I.I67I

Plane 2 •-OoSOYlX* + 0.0513Y1 4- 0.7930Z ’ - -I.699O

(b) Deviations (?) of atoms from the pianos (starred atoms define 
the plane)

Plane 1 : K(2)* 003( 6) ,  0 ( 3) *  0 . 003( 5) ,  C(13) *  - 0 . 009(7) ,  C ( l4) *  

0 . 003(7) ,  c ( io ) -0 .011(6 ), c (7) -0 .124(7), o ( l )  - 0 . 112(5)

Plane 2:

C(l 
C(2 
0(3 
C(4 
c(5 c(6 
C(7 
C(8 
C
c
/ <* 
[10)*

-3.428(10}
-1.502(11)
-1.986(7)
-1.179(7)
-0.405(7)
-0.438(7)
-0.003(7)
0.007(9}
0.001(9)
-0.009(6)

c m *C(12; 
0 ( 1 3  
CC14, 
0(1'
0(2
°(3< 
n (i,
IT(2,

0.008(7'0.000(7
-0.414(7;
-0.319(7.
0.012(5
0.928(4
-0.794(5.
-1.125(5.-0.016(6,

(c) Dihedral angle between planes 1 and 2 is 20.4̂



TABLE 2.2.8*

(a) Intramolecular Ron-lorling Distances <3^6 

ArtOM A ATOM B

0 (4)
0(8)
0( 3)
Op 3)
0 (3)
0(2) 
0(2)

(b) Interionic non-bonding distances <3.82

C 11

I
I
I
I
I
II 
II 
II 
II
II
III 
III 
III 
III 
III 
III 
III

where the position of atom B is given by,

I - y> z-i
II = x-1, y, z-1
III « 1-x, -y, 1-z

2

3.13
2.84
2.87
3.04
2.86
2.90
2.82

3.57
2.61
2.82
3.75
3.37
3.77 
3.56 
2.94 
3.28
3.65 
3.32
3.69 
3.68 
3.45
3.69 
3.74
3.78 
2*96 
3.71 
3.59 
3o78 
3.73 
3.53 
3.63
3.66



.r &■* -S’ p p

V->-
-io

( "J }*>._



0 ( l 7 ) s ~ \  0 (22 ) C(1)

0(23)

^ C (

0(15)
0 (161C ( 5 , ^ W >

0(2)
C(15h j ^ ^ p C(6)

C ( 7 ) . - V ^ 0 ( 1 )

C (12)

0 (11) P
c w 5



F I G U R E  2,2.2»

(-) EftALDIN PERCHLORATE 

Conformations about bonds

C(4) - c(5) and c(5) - C(6)



N(1)
0(2)

0(1)

0(4)



F I G U R E  2.2,3.

C rysta l--packing arrangements for 

(±) ERALDIN PERCHLORATE





S E C T I O N

TrE CRYSTAL AND I70LSCULAR STRUCTURE OF
(-) VIVA LAN OXALATE 

morphol irie Oxalate

(-)2- (2-EthoxypL.enoxp-jettj l)
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E X P E R I M E N T A L  

(-) VIVALAN OXALATE

(-) 2~(2-Ethoxyphenoxymethyl)morpholine Oxalate

CiiYSTAL LATA.

^15^20^7’ ^“326.3; Monoclinic, a~11.583ft, b=5*896$, c=22,447^» 
p-112.4970; U-1416.3223; D =1.54 g.em."3; L =1.55 g.cm."1; Z=4;C ID # • »

Fooo^ 00; Space group P2 /c;/t=1.31 cm."1; Mo-Kd X-rays; X =0.7107?.

CRY STAI iLOGR A PI TIC ME A S UWEIhdK'TS

Unit cell parameters v.’ere initially determined from Yfeissenberg 

and oscillation photographs taken with Cu-Kd (X=1.5438^) radiation, 

and from precession photographs taken with Mo-Kd (X=0»7107&) 

radiation, and were subsequently refined by least-squares 

calculations before data collection. The space group P2^/c was 

indicated by systematic absences.

Intensity measurements were made on a Hilger and Y/atts Y290 four- 

circle diffractometer, exposing a small crystal (0.3 x 0.4 x 0.2 mm.) 

rotating about b, to graphite -mono chromated Mo radiation (Mo-Kd-^) 

and by using the 9,u; scan technique (in the range 0<20^54°) to 

collect 1363 independent reflections with 1^2 0; (<J[ sJI+B^+Bg)* 

Appropriate corrections for Lorentz and polarisation factors were 

made but absorption effects were considered small and no corrections 

were applied.

STRUCTURE DETERMINATION

The structure was determined by centrosymraetric Direct-Methods
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using computer programs, DATRDN, NORMS F, SINGEN, TANGEN, Fc and 
FOUKR, from the X-ray *72 suite of programs*

Phase determination was initiated assigning phases to five 

reflections, three of which adequately defined the unit-cell 

origin and were given phases of 360°, and two of wMch were chosen 

on the basis of their ability to form a la.rge number of ̂  phase 

relationships* Since the phases of the latter two reflections 

were u-b.nown, they were given all possible combinations of the 

phases _60 and 180° to initiate a series of calculations utilising 

the Tangent formula of Direct Methods, the correct starting set 

proving to be that shown in Table 2*3.1*, from which the phases 

of 165 reflections with E ^  1.4 were assigned*

An E-map based on these 165 reflections revealed the positions of 
all non-hydrogen atoms in the cationic moiety, subsequent structure- 
factor and electron-density calculations revealing the complete 
structure* Each non-hydrogen atom was assigned an arbitrary 
temperature factor, th = 0.05^  and after each round of calculations 
the data were placed on an approximate absolute scale by equating 

fc. Y  |Fo| and Y  |Fcl •

STRUCTURE REFINEMENT

Refinement of positional, vibrational and scale parameters by full- 
matrix least-squares calculations converged after 10 cycles, when R 
was O.O46 and R* was 0.003* Details of the refinement are given in 
Table 2*3.2.

Hydrogen-atom positions were selected from an electron-density 
difference synthesis and were included in all subsequent structure-
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factor calculations, a temperature factor TLso=0.03&^ having been 

arbitrarily assigned, !To refinement of hydrogen-atom positional 

or vibrat:'onal parameters was carried out#

An appropriate weighting scheme was chosen by examination of a series

of bivariate ( |?o| and—™-) analyses of observed and calculated

structure-factors, The scheme was of the form;

If A |Fo|> |Fc|, v: 10“9,

otherv/i se V.VX.Y,

with X=1 if Sint^B, else

and Y=1 if |Fo| < C, else Y=* —
r °|

The most suitable values for A, B and C were found to be 0.75* 0,50 

and 20,0 respectively.

At the conclusion of refinement, a difference synthesis and electron- 

density distribution revealed no errors in the structure. In all 

structure-factor calculations, the atomic scattering factors used 

were those given in reference (35)• Observed and calculated 

structure-factors are listed in Appendix 4> a d̂. positional and 

vibrational parameters, with estimated standard deviations are 

given in Table 2,3,3# Values of e.s.d.s, are derived from the 

inverse of the least-squares normal-equation matrix and should be 

regarded as minimum values#
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.Gil VI-VAT AN OXALATE 

D I S C U S S I O N

A diagrammatic representation of this compound is given in Figure

2.3.1., hydrogen atoms ;oeing omitted, for clarity, but for the 

purposes of discussion, numbered as the atoms to which they are 

bonded. Details of bond lengths, bond angles, torsion angles, 

least-squares planes, intra-ionic non-bonding distances and inter- 

ionic di: tances are given in Tables 2.3.4. i° 2.3.8.

In the Vivalan moiety, the quaternary nitrogen atom N(l) bears the

cationic charge, while delocalisation of the anionic charge on the

oxalate ion is demonstrated by bond lengths 0(4) - C(15) j_1.248(4)
Xj and 0(5) - C(15) [l.237(4)Xj.

The morphollne ring adopts a chair conformation in which atoms C(2), 
C(3), C(4) and C (5) are coplanar, within experimental error, with 

atoms 0(2) and N(l) respectively -0,655 &nd 0.662£ distant from this 
plane. In the present compound, torsion angle N(l)c(4)c(5)o(2) 
[-57.6(4) •] is determined by the chair conformation of the inorpholine 

ring, in contrast to the corresponding angles in compounds III, IV 
and V, which may be influenced by possible electrostatic interactions 
and hydrogen-bond effects.

The equatorial orientation of the 2-ethoxy phenoxy substituent is 
demonstrated by torsion angles N(l)c(4)c(5)c(6) j-176.6(3)°j and 

C(2)o(2)c(5)c(6) |l78.8(3)°] , while the staggered conformation of 
the substituents about bond C(5) - C(6) is shown by torsion angles 

C(4)C(5)C(6)0(1) [166.4(3)°] and o(2)c(5)c(6)G(l) |73.9(3)°J (see 
Figure 2.5,2*), whose deviations from ideal values may arise from
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s te r ic  in te ra c tio n s , e .g .  0(2)***0(l) ĵ2.90?| .

The approximate planarity of the 2-ethoxyphenoxymethyl substituent 

is shown by the perpendicular distances of atoms 0(1) [-0.057?] , 

c (6 ) [ - 0 . 213.?], 0 (3 )  [-0  .020 ? ]  . 0 (13 ) [- 0 .0 0 5 $ j and C (14)

-0 ,012?  from the least-squares plane tlirough the phenyl ring 

atoms, the maximum deviation of a ring atom from this plane being 

0*015$. This arrangement of atoms results in several interatomic 

non-bonded distances shorter than the sum of the appropriate Van 

der Waal’s radii e.g. C ( 8 ) * ‘ C(6)  |j2.79$J t C(ll)c ■4 C(l3) jj? .8 2$ j 

and 0(3)-" 0(1) [2.61?} and possible steric interactions between 

such pairs of atoms may contribute to deformations of the external 

bond angles of the phenyl ring e.g. 0(l)c(7)c(l2) jll5.6(3)°] 

0(1)C(7)C(8) [124.6(4)̂ ] , C(7)c(l2)0(3) [.16.7(3)°] and C(ll) 

0(12)0(3) [l24.8(4)°] and may also contribute to the slight 

deviations of the phenyl-ring atoms from planarity.

The oxalate ion is sited on a crystallographic centre of inversion 

and has dimensions typical of reported literature values"^

The crystal packing is dominated by hydrogen bonding of the type 
' + °x*^N -H • • '§ > /—, with each Vivalan cation capable of associating with 

two oxalate anions, and each anion capable of accepting a hydrogen 
bond from four cations. The direction of the possible hydrogen 

bonding is along the crystallographic b axis, the possible 
dimensions being; N(l)* • • 0(4) [2.728], H(12J)' • • 0(4) [ 1.74?] , angle 

H(l) H(1H) 0(4) [l62.2°] , N(l)"-0(5) [2.70X], H(2N)-” 0(5)

[1.65?] and angle N(l)H(2N)0(5) [l57.7J • Figures 2.3.3. and 2.3.4. 
illustrate these crystal packing arrangements.



TABLE 2i3*l.

h k 1 I Phi

6 3 -17 3.40 360°

-5 3 -7 3.30 360°

l 1 “4 3.16 360°

4 2 -9 2.47 180°

l 1 -2 2 022 180°

O rig in
Defining
Reflections

Variable
Reflections



TABIE 2.3.2.

COTPOB 0? TiB P IlP lE P T

Pa v- e i e t e i* s Refined

x, y, IT. of C IT 0 atoms;iso
scale factor; unit weights,

x» y» z, U. of C N 0 atoms:iso
E-atoms in calculation but not 

refined; s c a le  factor; unit weights,

x> y» Z, IE ̂ (i» j = 1, 2, 3) of
C N 0 atoms; Il-atoms in 

calculation but not refined; scale 

factor, unit weights,

y, z, 3 = !» 2» 3) of

C IT 0 atoms; H-atoras in 

calculation but not refined; scale 

factor; weighting scheme adjusted.

Cycle Pinal R 

1 - 3  0,126

4 - 5  0.111

6 - 8  O.O46

9 - 1 0  O.O46

Pinal R*

0.015

0.011

0.002

0.003



TAB IE 2.3.3-.

(a) Atonic Fractional Coordinates and E.S.Ds of Compound VI 

ATOM x/a y/b z/c

C(2) 0.4564(3} 0.3477(7) 0.7006(2'
C(3) 0.4151(3) 0.5026(6) 0.6424(2̂
0(4) 0.6238(3) 0.4625(6) 0.6411(2|
0(5) 0.6589(3) 0.3079(6) 0.7001(1!
0(6) 0.7946(4) 0.3375(8) 0.7405(2,
C m  0.9525(3) 0.1690(8) 0.8318(2,
c(8) 1.0398(4) 0.3316(8) 0.8320(2!
0(9) 1.1583(4) 0.3398(10) 0.8819(2!
c(io) 1.1892(4) 0.1795(10) 0.9300(2,
c m )  1.1047(4) 0.0117(9) 0.9292(2!
C(12) 0.9851(4) 0.0043(8) 0.8808(2!
c m )  0.9275(4) -0.3214(9) 0.9271(2!
c 14) 0.8178(4) -0.4727(9) 0.9137(2!
0(1) 0.8327(2) 0.1554(5) 0.7866(1,
0(2) 0.5879(2) 0.3683(4) 0.7375(1,
0(3) 0.8947(2) -0.1518(6) 0.8773(1
n (i) 0.4880(3) 0.4467(5) 0.6023(1,
0(15) 0.4775(3) 0.9207(5) 0.5211(1,
0(1) 0.4775(3) 0.9971(4) 0.5729(1,
0(5) 0.4454(3) 0.7260(4) 0.5010(1,



TABJ.3 2.3.3- (Cont.)

(b) Hydrogen-atom Fractional Coordinates

ATOM x /a y/b z/c

H(2) 0.4445 0.1771 O.69II
H(2!) 0.4088 0.4042 0.7275
H(3) 0.4427 0.6763 O.6614
H(3’) 0.3175 0.5000 0.6121
E(4) 0.6527 0.6344 0 6598
H(4') 0.6638 0.3969 0.6171
H(5) O.6416 0.1310 0.6805
H(6) 0.8395 O.3230 0.7100
H(6') 0.8051 0.5000 0.7567
H(8) 1.0000 0.4539 0.7928
H(9) 1.2490 0.3889 0.8862
H(10) 1.2853 0.1374 0.9689
H f i i ) 1.1303 -0.3 243 0.9571
HC13) 1.0000 -0.4439 0.9286
H(13’) 0.9353 -0.2333 0.9701
HC14) 0.7526 -0.4367 0.9230
H(14')
Hfl4‘1 ) 0.7875 -0.5556 0.8729

0.8215 -O.6136 0.9346
h (i n) 0.4494 0.5647 0.5619
H(2N) 0.4676 0.2871 0.5846



TABLS 2.3*3. (ContO

2
(c) Anisotropic Temperature Factors (A )

ATOM U11 U22 U33 no U13 u23

0.050 O.O46 0.038 0.001 0.021 0.006
0.053 0o042 0.036 O0OO5 0.021 0.002
0C052 0.047 0.035 -0C003 0.019 OoOOO
0.048 O.O46 0.032 0.001 0.014 0.001
0.051 0.058 0.049 -0.001 0.014 0.007
0.044 0„066 0.047 0.009 0.013 -0.004
0.053 0.068 0.063 0.004 0.019 -0.000
0.043 0.091 0.075 0.007 0.021 -0.011
0.043 0.098 0.063 -.010 0.019 -0.015
0.053 0.085 0.049 0.020 0.018 0.004
0.048 0.068 0.044 0.012 0.017 0.000
0.057 0.075 0.046 0.021 0.016 0.012
0.067 0.075 0.062 0.010 0.025 0.018
0.051 0.066 0.052 0.002 0.007 0.010
0.050 0.052 0.027 -0.002 0.014 0.001
0.053 O.O76 0.049 0.010 0.012 0.015
0.050 0.032 0.028 -0.003 0.014 0.002
0.046 0.030 0.029 0.007 0.013 0.002
0.099 0.037 0.046 -0.012 0.044 -0.007
0.103 0.031 0.040 0.008 0.034 0.001

S.Ds

0.002 0.002 0.001 0.001 0.001 0.001
0.002 0.001 0.001 0.001 0.001 0.001
0.002 0.003 0.002 0.002 0.002 0.002



TABIE 2.3.4.

In tram o lecu lar Bonded Distances and E.S.Ds ( in  a ) 

ATOM A Atom B %

C(2) 0 ( 3 )  1.514(5)
C(2) 0(2) 1.429(4)
C(3) H(l) 1.485(5)
C(4) C(5) 1.529(5)
CU) N(l) 1.476(5)
c(5) C(6) 1.489(5)
C(5) 0(2) 1.424(4)
C(6) 0(1) ■ 1.438(5)
0(7) c(s) 1.389(6)
0(7) C(l2) 1.406(6)
c (7) 0(1) 1.369(4)
0(8) 0(9) 1.398(6)
0(9) c(lO) 1.375(7)
c(io) c m )  1.384(7)
c 11) 0(12) . 1.392(5)
0(12) 0(3) 1.371(5)
0(13) 0(14) 1.482(6)
c(l3) 0(3) 1.438(5)
0(15) 0(15) 1.556(5)
0(15) 0(4) 1.248(4)
0(15) 0(5) 1.237(4)



TABLE 2.3.5#

Valency Angles and E.S.Ds 

ATOM A ATOM B

0\ in ;

ATOM C



TABLE 2.3.6.

Selected Torsion Angles and E.S.Ds ( in  ° )

0(2 )  C(2)
C(3) 0 (2 )
c(2) ct3)
M l )  C(4)
11(1) C (4)
0(5 )  C(4)
G(4) C(5)
0(2 )  0(5)
c 4 C(5)
C 6 CC5)
0(5; c(6)
0(1} c (7)
0(8) 0(7)
0 1  c m
0 1 ) c m
0(8 )  0 (7 )
C(12) C(7)
Clio) C(ll)
C(7) C(12)
G(ll) C(12)
0(14) C(13)

0(3) N(l)
0(2} C(5)
N(l) C4)
0(5) 0(6)
0(5) 0(2)
N 1 c(3)
0(6) 0(1)
0(6) 0(1)
0(2) C(2)
0(2) C(2)
0(1) 0(7)
0(8) C(9)
C(12) 0(3)
C(12) C(ll)
C(12) 0(3)
0(1) 0(6)
0(1) 0(6)
C(12) 0(3)
0(3) 0(13)
0(3) 0(13)
0(3) C(l2)

57.8(4)
-60.7(3)
-55.9(4)
■176.6(3)
-57.6(4)
56.3(4)

■166.4(3)
73.9(3)
59.6(3)

178.8(3)
■174.0(3)
176.8(4)
■179.5(4)
■178.5(4)

0.9(5)
-6.0(5)
173.5(3)
-178.2(4)
179.7(3)-0.9(6)
■179.4(3)



TABLE 2.3.7*

Selected least-squares planes, in the form, IX* + mY1 + nZ1 = d,
where X*, Y1 and Z1 represent an orthogonalised set of axes.

.(a) Plane Equations:-

Plane 1 0.59816X1 - 0.59695Y1 - 0.53465Z’ = -7.5-624

Plane 2 -0.08340X' - 0.79485Y1 - 0.60105Z* = -10.30079

Plane 3 0.59169X1 - 0.59311Y* - 0.54600Z 1 = -7.75395

(l>) Deviations (*) of atoms from the plane (starred atoms define
 the plane)____________ ___________________________________ ___
Plane 1

*
C(2) -1.936(4) c(10)* -0.008(5)
C(3) -1.822(3) C(n )* 0.012(4)
C(4) -0.219(4) C(12J -0.002(4'
0(5) -0.390(3) C(13) -0.005(4,
C(6)# -0.213(4) 0(14) -0.012(5.
c(7)* -0.012(4) o(l) -0.057(3,
C(8)* 0.015(4) 0(2) -1.699(2
C(9) -0.005(5) 0(3) -0.020(3,

N(l) -0.471(3.

Plane 2: 0(2)* 0.001(4), 0(3)* -0.001(4), 0(4)* 0.001(4),
C(5)* -0.001(3), C(6) -0.745(4), N(l) 0.662(3), 0(2) -0.655(2)

Plane 3: 0(3)* -0.000(3), C(l3)* 0.000(4), C(l4)* 0.000(5)
C(12) 0.014(4), 0(1) -0.010(3)

(c) Dihedral angles between planes:-

(l) - (2) 41.8°, (l) - (3) 0.8°, (2) - (3) 41.4°



TABLE 2.3.8.

Intramolecular Von-tonding distances ^  3.6^

ATOM A ATOM B

c(s) 0(6) 2.79c(ii) 0(13) 2,82
0 1) 0(2) 2o90
0(1) 0(3) 2.61
0(2) N(l) 2.84

Interionic Distances ^ 3.8$.

I

3.73
3.31
3.51
3.63
3.30
3.58
3.40
2.70
3.76

I 3.53
I 3.54
I 3.80
I 3.77
I 3.65
II 3.58
II 2.72
III 3.18
III 3.66
III 2.89
III 2.96
IV 3.59
IV 3.73
IV 3.49
IV 3.75
IV 3.75
IV 3.46
IV 3.55
V 3.54
VI 3.66

where the position of atom B is given by,
I = x, 1+y, z IV 1-x, h + y f (J-z)+l
II = x, y-1, z V 1-x, (i+y)+l, (J-z)+l
III =* l-x, 1-y, 1-z VI » 1+x, g-y, J+z



F I G U R E  2.3.1.

Diagrammatic re p res e n ta tio n  o f  

(~ ) VIVALA1T OXALATE



r v r \  C(13)

c (14)

C{5 )KmJ  O c(2)

c (3)

&



F I G U R E  2.3.2.

(±) VTVALAlf OXALATE 

Conformations about bonds

C(4) - C(5) and C (5) - C(6)



0(2)

H

C(6)

C(A)



F I G U R E  2.3.3.

Possible hydrogen-bonding arrangements 

in  the c ry s ta l la t t ic e  o f  

( i )  VIYALAN OXALATE



V  /  
— ^ N /\

H

H

0

\
-  ' O

• /
0

H
A + /



F I G U R E  2.3-4.

Crystal-packing arrangements fo r  

(-) VIVALAN OXALATE



o 8 / \ > 8 ° o / b o

•vj

a  ,♦ w U ,

« &  V  . . c X s
O 9



S E C T I O N  2.4

THE CRYSTAL AND HOLECTJLAR STRUCTURE OF 

(-) 2.6~I)IQHLC'RO DERIVATIVE (-) 1-(2,6- 

Lich lorophenoxy)-3- is o p ro p y ]r minopropan~2~ol 

Hydrochloride
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E X P E R I M E N T A L  

(-) 2,6-DICELORO derivative
(-) l-(2,6-I:ichlorophenoxy)-3-isopropylajninopropan-2-ol Hydrochloride

CRYSTAL DATA

^12^18^^2^^3* ^-314*6; Orthorhombic, a=10.288$; b=»5*l^l?, c=28.421$; 
U-1503.13?3; D =1.40 g.cm”3, Dm=1.41 g.cm.”3; Z=4; F000=^56; Space 

group P2̂ 2̂ 2̂ ;yU. =6.04 cm, Mo-Kd X-rays; X=0*7107$«

CRYST A LLOGRA PHI C IIDASTIREL'EilTS

Unit cell parameters were initially determined from Weissenberg and 

oscillation photographs, taken with Cu-Kck (X=l*5418&) radiation, 
and from precession photographs, taken with Mo-Ktk (X =0.7107$) 
radiation, and were subsequently refined by least-squares calcul
ations before data collection. The space group p2^2^2^ was 
indicated by systematic absences, despite the racemic nature of 
the sample•

Intensity measurements were made on a Hilger and Watts Y290 four- 
circle diffractometer, by exposing a small crystal (0.2 x 0,4 x 3 mm.) 
rotating about b, to graphite-monochromated Mo-radiation (l.'o-K )
and using the 9 ,10 scan technique (in the range 0<2 4 60°) to 
collect 949 independent reflections with I^  2 0̂  (o' •
Appropriate corrections for Lorentz and polarisation factors were 
applied but absorption effects were considered small and no 
corrections were made.

STRUCTURE DETERMINATION

The structure was determined by non-centrosymmetric Direct Methods
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using the computer program, MULTAN, and appropriate programs contained  

in  the X -ray yrJ2 s u ite  o f programs.

Phase determ ination was in i t i a t e d  by assigning phases to  those 

re fle c tio n s  shown in  Table 2,4*1* u t i l is in g  them in  a series  of 

c a lc u la tio n s , based on the  weighted tangent formula o f D ire c t I'cthods, 

from which phases were assigned to  those 200 re f le c tio n s  w ith  

E ^ 1 .1 8 .

An E-map based on these 200 re f le c t io n s  revealed  the positions o f  

the three ch lo rin e  atoms and subsequent s tru c tu re -fa c to r  and e le c tro n -  

density c a lcu la tio n s  revea led  p la u s ib le  atomic s ite s  fo r  a l l  non

hydrogen atoms. An a r b it r a r y  tem perature fa c to r  U. =0, o5X2 wasJL 5 O

given to each atom and leas t-sq u ares  refinem ent was in i t ia t e d .

After one cycle of full-matrix calculations, the isotropic temperature 
factor of the hydroxy 1-oxygen atom increased to a value U^sq=0,1oX^,
To investigate this phenomenon contributions from this atom were 
omitted and an electron-density difference synthesis was calculated, 
which indicated that two sites with approximate equal electron- 
densities were stereochemically acceptable as the hydroxyl group. 
However, since each molecule contains only one hydroxyl group, it 
was concluded that each crystallographic-molecular site is 
statistically occupied by molecules of (+) and (-) absolute stereo
chemistry.

Since the sample is racemic, the (+) and (-) molecules were assumed 
to be equally numerous in the crystal and each site was correspondingly 
given a fixed population parameter (P,P,) of 0,50 with respect to the 

electron density of one oxygen atom. After each calculation, the
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data were placed on an approximate absolute scale by equating 

| Fo| and £  | Fc |•

SmTCTURfl RFl^NRt'SNT

Refinement of positional, vibrational and scale parameters converged 

after 10 cycles of full-matrix least-squares calculations, when R 

was 0.051 and R 1 was 0.003. Details of the refinement are given in 

Table 2.4*2.

Positions of the carbon and nitrogen-bonded hydrogen atoms were

obtained by calculation, staggered conformations being assumed for

all methyl groups, but the positions of the alternative hydroxy1-

hydrogen atoms could not be calculated and were omitted.

Contributions from the hydrogen atoms, with arbitrary temperature

factors U. =0.03&*h were included in all structure-factor iso *
calculations but the values were not refined.

An appropriate weighting scheme was chosen by examination of a 

series of bivariate ( |po| and^^-) analyses of observed and 

calculated structure factors. The scheme is of the form;

The most suitable values for A, B and C were found to be 0.75 > 0.30 
and 20.0 respectively.

At the conclusion of refinement, a difference synthesis and electron- 
density distribution revealed no errors in the structure. In all 

structure-factor calculations, the atomic scattering factors used

If A

otherwise W=X.Y,

with X=1 if Sin ©> B, else X= 15

and Y=*1 if | Fo| < C, else Y=
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were those given in reference (35)* Observed and calculated structure- 

factors are listed in Appendix 5* Positional and vibrational 

parameters with estimated standard deviations are given in Table 

2.4.3. The values of the e.s.d.s are derived from the inverse of 

the least-squares normal-equation matrix and should be regarded as 

minimum values.
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2,6-DICHLORO D3RIV.ATIVS 

D I S C U S S I O N

A diagrammatic representation of this compound is given in Figure

2.4,1., hydrogen atoms being omitted, for clarity, but for the 

purposes of discussion, numbered as the atoms to which they are 

bonded. Details of bond lengths, bond angles, torsion angles, intra

ionic non-bonding distances and inter-ionic distances are given in 

Tables 2.4.4. 2.4.8,

The present compound exists as the hydrochloride salt in which the 

quaternary nitrogen atom bears the cationic charge. The phenyl ring 

is planar, within experimental error, with atoms Cl(2), Cl(3) and 

0(l) respectively 0.022, -0,012 and O.O34S distant from the least- 

squares plane through the ring atoms. In the similar compounds,
III - VI, atom C(6) is approximately coplanar with the aromatic 

system but in the present compound, steric interactions between atoms 

Cl(2), Cl(3) and c(6) [ci(2)'"C(6) 3-40$ and Cl(3)‘-‘C(6) 3.62$] 

result in displacement of atom C(6) so that it is positioned 

-1.246$ distant from the least-squares plane through the phenyl-ring 
atoms.

The alkoxy chain is in a fully-extended conformation |torsion angles

C(3)N(1)C(4)C(5) - 163.2(6)°, N(1)C(4)C(5)C(6) - 172.2(6), 0(4) 
C(5)C(6)0(1) - 171.2(6)° and c(5)c(6)0(l)c(7) - 171.3(6)°'] and since 
both (+) and (-) enantiomers occupy equivalent crystallographic sites, 
their respective conformations axe identical except for those changes 
induced by differing configurations at the chiral centre. The atom 
positions 0(2l) and 0(20) hence represent the hydroxy1-oxygen atoms
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of the (+) and (-) isomers respectively and Figure 2.4#2. illustrates

the alternative configurations and conformations about bonds C (4)-

C(5) and C(5) - C(6). In both enantiomers, the quaternary nitrogen

atom is gauche with respect to the hydroxyl group £torsion angles

0(21)C(5)C(4)N(1) 84.9(8) and 0(20)c(5)c(4)N(l) - 61.7(8)°] and, as
in similar compounds (e.g. HI, IV and V), interatomic non-bonding
distances N (l)•— 0(2l) [3.0X8] and K (l)---0(20) [2.85 «] suggest possible
weak electrostatic interactions between these pairs of atoms, although

H  p
hydrogen bonding of the type, ~N -H--- 0-H, is unlikely I H(lN)* * *
0(21) 2.6 4 8, H(u0'«• 0(20) 2.968, H (2N )—  0 (2 1 ) 3.688 and H(2N) ' * •
0(20) 2.558, where atom positions H(1N) and H(2N) were calculated,

assuming tetrahedral geometry at atom N(l) .

because of the aforementioned (see Experimental) packing disorder, no 
hydroxy1-hydrogen atoms could be located and hence no assessment of 
possible hydrogen-bond dimensions of the type, R-0-H-**Cl , can be 
made. Inter-ionic distances, 0(2l)*♦«Cl(l) ĵ 3«24 and 3« ltf] and 
0(20)‘«• Cl(l) |̂ 3*188j however, suggest interactions between these 
pairs of atoms, while the dimensions N(l)H(lN)ci(l) £l72.2°]f 
H(2N)‘ •' Cl(l) [2.I4S] and angle N(l)H(2N)ci(l) [l80.0^| indicate 
possible hydrogen bonding of the type Cl , between the cation
and two chloride ions. This arrangement of crystal packing, in 
which both the (+) and (-) enantiomers equally occupy equivalent 
sites in a crystal of acentric space group, is uncommon and in the 
present compound, restricted rotation about bond 0(l) - C(7) may 
be a factor contributing towards this phenomenon. Figure 2.4*3* 
illustrates the crystal-packing arrangements of this compound.

Distortions of torsion angles C(3)N(l)c(4)c(5) |j"l63*2(6)°J and



63

0(2l)c(5)C(4)N(l) [64.9(8)°] from their respective ideal values, may
be influenced by the aforementioned hydrogen-bonding arrangements, 

while the deviations of torsion angles 0(2l)c(5)c(6)0(l) 
and 0(20)c(5)c(6)0(l) [j7.2(8)^ from ideal st aggered-conformation 

values, may be a result of steric interactions (e.g. 0(2l)***0(l) 
2.79^ an<i 0(20)*««0(l) 2.92X) and possible hydrogen-bond effects.

The apparently anomalous geometries of the bonds involving 0(21) 

and 0(20) e.g. C(5) - 0(21) 1.633(14)-? and C(5) - 0(20) 1.503(14)? 

are probably a result of the disordering effects, peculiar to this
o *>

compound, while the apparently short C(sp ) - C(sp ) bonds, 0(5) -

c(6) |x.488(11)2] , c(4) - c(5) jl.475(ll)?| , c(l) - c(3)
[1.512(12)?] and C(2) - 0(3) [l.496(11)?], may be an effect of

22thermal librational motion of the cation , similar to that 

postulated in compounds III, IV and V. The remaining dimensions 

of the alkoxy chain are similar to those observed in compounds III, 

IV and V, while those dimensions of the phenyl ring which have not 
been discussed are typical of accepted literature values.

[-70.0(8)°J



TABLE 2.4<1.

The phase values of the three origin-defining reflections were 

arbitrarily assigned within the limits of si^ce-group-symmetry 

restrictions, but the phase of the 0 2 2 reflection was 

determined by application of the appropriate formula

to all reflection data with E^l.13. The criteria for using 

reflections 2 1 1  and 6 2 12 in the starting set of phases 

v.ere their ability to form large numbers of phase relation

ships and their ability to satisfy the requirements of enantio- 

morph definition (the enantiomorph was defined by reflection 2 1 1 ). 

Since the values of phases a, and b were unknown they were given 

all possible combinations of the values - Tf/4 and - 3 Y\/4» the 
correct values proving to be 315° and 45° respectively.

h k 1 I Phi

2 0 13 1.95 90° ) 
o }

Origin
Defining

5 0 5 1.94 90° S Reflections

2 1 0 1.67 360° )

0 2 2 2.21 180°

2 1 1 2.96 (a)

6 2 12 2.81 00



2.4.2*

COURSE OF REFIIml'ShT

Parsne t ers Re fined

x« y, z, U. of all non- * -* ’ iso
hydrogen otoms; scale factor; 

unit weights.

As in cycles 1 - 2  with 

coi tributions from calculated 

hyu rogen-atom positions; no 

refinement of hydrogen-atom 

positions.

x» y» z» (i» 3 = i» 2, 3)
of all non-hydrogen atoms; 

contributions from hydrogen 

atoms but with no refinement; 

scale fa-ctor; unit weights.

As in cycles 5 - 6  with the 

weighting scheme adjusted.

Cycle Final R

1 - 2  0,116

3 - 4  0.108

5 - 6  0.052

7 - 8  0.051

Final R*

0.013

0.012

0.003

0.003



TABLE 2.A.3.

(a) Atomic Fractional Coordinates and E.S.Ds of Compound VII
(with Population Parameters)

ATOM ■/*x/a y A z/c P.P.

c(i)
C(2)
0(3)
c(4)
0(5)0(6)
oS
0(9) d o )  
c hi)
C(12)
0(1)
0(21)0(20)N(l)

01(3)

0.1647(8' 
0.3221(9^
0.2333(7, 
0.2413(7, 
0.3197(8, 
0.2533(7, 
O.2902C8)
0.3553(8) 
0.3197(10) 
0.2197(11) 
0.1526C10) 
0,1881(7) 
0.3285(5) 
0.2910(12) 
0.4369(10) 
0.3142(5)
0.0069(2)
0.1052(2)
0.4827(2)

-0.0129(17)
0.2992(18)
0.2455(16)
0.2277(19)
0.307l(l6)
0.2537(19)
0.3126(17)
0.1245(18)
0.0668(20)
0.1932(23)
0.3838(20,
0.4422(17]
0.3744(11,0.6187(21
0.1076(24)
0.2477(12)
0.2507(4)
0.6824(5)
-0.0405(6)

-0.0889(3) -0.1238(3) -0.0832(2) 
0.0060(3] 
0.0471(3, 
0.0926(3. 
Od743(3, 
0.2003(3, 
0.2456(3) 
0.2663(3] 
0.24221 
O.I9661 
0.12961 
0.04291 
0.0478I 
-0.03851 
O.459OI 
0.1663* 
0.1732(1)

1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
0.5
0.5
1.0
1.0
1.0 
1.0



TABLE 2.4.3. (Cont.)

(b)

ATOM

HI) 
Hfl* 
HQ* 
H(2) 
Hi 2 1 
H(2! 
H(3) 
HUN 
Hf 2N 
H(4) 
H 4’ 
h(5) 
H(5* 
H( 6) 
H(6' 
H 9) 
HflO 
H(ll

Hydrogen-atom Fractional Coordinates and Population Parameters

l / ' cx/a y/b z/c P.P.

0.2330 -0.1579 -0.0924 1.0
0.1069 -0.0525 -0.0631 1.0
0.1134 -O.OI77 -0.1201 1.0
0.3720 O.468I -0.1209 1.0
0.3948 0.1552 -0.1262 1.0
0.2755 0.2963 -0.1545 1.0
0.1653 0.3871 -0.0810 1.0
0.3682 0.4106 -0.0372 1.0
0.3769 0.0937 -0.0394 1.0
0.2055 0.0448 0.0113 1.0
0.1597 0.3467 O.OO46 1.0
0.3543 0.4899 0.0462 0.5
O.4171 0.2722 0.0499 0.5
0.2455 0.0608 0.0997 1.0
0.1622 0.3289 0.0935 1.0
0.3667 -0.0640 0.2652 1.0
0.1934 0.1404 0.3002 1.0
0.0801 0.4852 0.2588 1.0



TABLE 2,4-3* (Cont.)

(c) Anisotropic Temperature Factors of Compound VII (X2)

ATOM Uu  U22 U33 U12 u13 U23

S i
C(3)
C 4) 
c(5! 
C(6 
C(7<
C 8
0(9.C 10) 
C(ll) 
C(12) 
0(1) 
0(21) 
0(20) 
N(l)
G1M01(2)
01(3)

Cl
0
N
C

0.058 0.047 0.086 0.001 -0.003 0.001
0.073 0.058 0.050 -0.001 0.002 -0.012
0.051 0.035 0.043 0.008 -0.006 -0.001
0.043 0.053 0.041 -0.001 0.004 0.007
0.062 0.053 0.052 -0.023 0.003 -0.010
0.047 0.063 0.045 -0.012 0.008 0.003
0.049 0.058 0.044 -0.016 -0.003 -0.000
0.059 0.062 0.049 -0.007 -0.009 0.000
0.074 0.075 0.061 -0.006 -0.025 0.010
0.095 0.083 0.045 -0.008 0.003 0.011
0.074 O.O76 0.050 -0.011 0.015 -0.005
0.049 0.060 0.049 -0.013 -0.005 0.003
0.053 0.070 0.038 -0.019 0.001 -0.004
0.085 O.O44 0.068 0.007 0.017 0.001
0.047 0.072 0.048 0.012 0.001 -0.007
0.040 0.034 0.042 -0*005 0.008 -0.001
0.047 0.041 0.117 -0.003 0.012 -0.021
0.068 0.063 O.O67 0.004 0.003 0.007
0.073 O.O96 0.109 0.024 0.008 0.007
, S.ds

0.001 0.001 0.002 0.001 0.001 0.001
0.006 0.006 0.005 0.005 0.005 0.005
0.003 0.003 0.003 0.003 0.003 0.003
0.005 0.005 0.005 0.005 0.004 0.004



TABLE 2.4*4*

Intramolecular Bonded Distances and E. S.Ds (in 2)

ATOM A ATOM B 2

$
:3
4)
:§i
6
i
j-
j)
>8)
>e)
i°'
n
.12.

c 3) 1.512(12)
C 3) 1.496(11)
N(l) 1.520(9)
C 4 1.475(9)
C(5) 1.475(11)
C(6) 1.488(11)
°(21} 1.633(14)0(20) 1.583(14)
0 1 1*446(9)
c(7) 1.369(9)
C(8) 1.389(12)
C(l2) 1.396(11)
c(9) 1.368(12)
Cl(3) 1.742(9)
C(lOJ 1.352(15)c(n) 1.381(15)
C(12) 1.377(11)
Cl(2) 1.732(8)



TABLE 2.4.5.

Valency Angles and E.S.Ds (in DEGREES)

ATOM A ATOM B ATOM G

;s)
,3
3
1)

A )
,5
,5
,5
,5
,5
,6
[ l
,7
,7
,7
>8)
>8}
►8)
,9)
,10
| l l
12
>12.12

114(7) 110.5(6) 
108.0(6) 
116.0(5) 
112.41 
112.6!
9 6.6! 

104.3(7, 
99.2(7, 

102.61 
107.9'
115.01 
121.1' 
121.9!
117.01 
121.4(8; 
117.8(6; 
120.81 
120.61 
120.3(8, 
119.3(9. 
119.6(7) 
119.0(5; 
121.5(8,



TAB IE 2.4*6,

Selected Torsion Angles and E.S.Ds for Compound VTI

C(12)

N(lC
C
C
C
C
C
C
Ccccccccc

G(12
C(l2

-64.6(8 
173.3(6 
-172.2(6 

84.9(8 
-61.7(8 
-163.2(6 
-171.2(6 
-70.0(8 
77.2(8

-171.3 
178.2 

- 2.8 
-178.1 

1.6 
99.5

-83.3

*
11)
8)
10)
I:



TABLE 2.4.7.

Least-squares plane for the phenyl ring, in the form, IX* + mY*

+ nZ1 = d, where X ’, Y* and Z1 represent an orthogonalised

set of axes.
(a) Plane Equation:-

0.63677*' + 0.69222Y’ + 0.33963Z* = 4.70104

(b) Deviations (X) of atom from the plane (starred atoms define 
 the plane)___________________ ____________________________



TABLE 2.4.8,

Intramolecular Non-bonding Distances ( 3. Gl

ATOM A ATOM B X

3.07
3.31
3.40
3.62
3.18
2.92
2.79
2.98
2.93
2.85
3.01

Interionic Distances <3.8

I 3.16
I 3.18
I I 3.24
I I 3.17
I I I 3.75
I I I 3.62
I I I 3.34
I I I 3.55
I I I 3.58
I I I 2.93
I I I 3.76
I I I 3.57
I I I 3.72
IV 3.72
IV 3.35
IV 3.30
IV 3.59
V 3.14
V 3.76
V I 3.68
V I I 3.68
V I I 3.77

where the position of atom B is given by,

L  - h-x, -y, (4*0-1 v - -x, 4+y,
= i-x, l-y, (4+z)-i vi - -x, (4+y)-i, 4-z

w  " 7 ’ 1+7* z VII - 1—X, 4+y, 4-2iv = a+x, 4-y, -z



G n s

Diagrammatic representation of 
(-) 2,6-DICHLORO derivative



c u d  C (9)

C(10)



F I G U R E  2.4.2.

(-) 2,6-DICHLORO DERIVATIVE 

Alternative configurations and 

conformations about bonds 

C(4) - c(5) and C(5) - C(6)



0 (20]
0(21]

H H

0(21] 0 (20 )



F I G U R E  2.4.3.

Crystal-packing arrangements for 

(-) 2,6-DICHLORO DERIVATIVE
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OVERALL DISCUSSION

The crystal structure of the compound Alprenalol (VTIl) has been 

reported*^ and in view of its partial-agonistic effects on the J3- 

adrenergic nerves, a comparison between the conformations of this 

compound and of compounds III-VII is of interest* From examination 

of the torsion angles listed in Table 2.5.1*, it is seen that, in 

al] compounds (iII-VIIl), the methyl groups are staggered with 

respect to atom C(4) but that the conformations of the respective 

side chains differ considerably, with the sterically-favoured 

fully-extended conformation (torsion angles (f), (c), (g), and (j) 

close to 180°) being observed in only three compounds (ill, V and 

VIl). In compound VI, the deviation from a fully-extended 

conformation is determined by the conformation of the morpholine 

ring, but in compounds IV and VIII no such restriction exists and 

the conformations could.be interpreted as possibly resulting from 

the crystal-packing arrangements.

A numbering scheme for each possible staggered conformation about 

bonds c(4) - C(5) and C(5) - C(6) is given in Figure 2.5.1* and the 

relative conformations about these bonds may be described by a two- 

numbered system e.g* the conformation of the (+) Inderal cation 

may be described as, , with the conformation about bond

c(4) - C(5) = 3 and the conformation about bond C(5) - C(6) = 6. 

Table 2.5*2. lists the appropriate conformations for compounds 

III - VIII and shows that, in the crystal structure, conformation 

[j3,6j is the most common, while conformations j~3,4j and [3,5] are 
also observed*
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As yet, little information about the conformations of compounds

III - VIII, in solution, has become available but n.m.r. studies of

several similar compounds have been carried out and the percentage

population of each of the conformers 1 - 6  has been calculated •

Table 2.5.3, summarises the available information and shows that

those compounds containing a quaternary nitrogen atom have a major

conformation of D.4] in solution, while the [3.*] conformation is

also a significant contributor. Theoretical calculations have also 
7been carried out which suggest that for the p-propanolamine system, 

in r'solated space, the major conformation is with [3,5] as

a minor contributor.

Although conformer jj3*j is the sterically most-favoured conformation, 

its dominance in both solid state and solution suggests that electro

static interactions between the hydroxyl group and the quaternary 

nitrogen atom may also be important factors in maintaining this 

conformation. Further evidence supporting this suggestion derives 

from the predominance of this conformation in similar systems.

Table 2.5.4« lists the relevant torsion-angle values and 

N(l)«..o(H) interatomic distances for several of these compounds, 
showing that, in most cases, the atomic separation distance is less 

than the sum of the Van der Waal*s covalent radii (2.90X)* The 

variations in the values of torsion angle N(l) C(4) C(5) 0(h )

[-47.8(4) to 84.9(8) °] and in the non-bonding interatomic distances 
U(1)*-0(H) [2.64 to 3.O7X] however, suggest that strong interactions 
e.g. hydrogen bonding at a receptor site^ might be sufficient to 
overcome these electrostatic influences and that the conformation 

required for activity could well differ from C3].
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The presence of the [4]* [_ 5 J and {̂6 j conformers in the solid state, 

suggests that the energy barriers between these conformations are 

small enough to be overcome by the crystal-packing arrangements 

and similarly, the large contributions from both |̂ 4̂  and ̂ 5 "j 

conformers, in solution, suggest relatively free rotation about 

the C(5) - C(6) bond.

Diagrams illustrating the orientation of the aromatic system with 

respect to atoms 0(1), C(5) and C(6) are given in Figure 2.5*2. and 

it is noted that in all compounds, with the exception of the 

biologically inactive compound VII, the aromatic system is approx

imately orientated along the direction of the 0(l) - C(6) bond, 

while the aryloxy group is trans with respect to atom C(5) (the 

apparent deviation observed in the case of Eraldin (V) has previously 

been noted as a possible result of inter-ionic interactions). This 

approximately coplanar arrangement of the aromatic ring atoms 

0(!)» C(5) and C(6) is best demonstrated by Figure 2.5*3* which shows 

the orientations of the 2-hydroxy 3“isopropylaminopropoxy chain 

relative to the aromatic systems and permits comparisons of compound 

VII with compounds III - VI. In compounds III - VI, atoms 0(l), C(5) 

and C(6) lie close to the plane of the aromatic system but in compound 

VII, the steric influences of the chlorine substituents prevent this 

arrangement of atoms. As previously noted (see Introduction), the 

2,6-difluoro derivative (IX) is an active p-blocker and it is 

feasible that the steric influences of the fluorine atoms are smaller 

than those of the chlorine atoms and could permit a greater degree 

of rotation about bond 0(l) - C(7)* This being the case, it is 

possible that at least one requirement of the receptor site may be
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the ability of the compound to adopt an arrangement of atoms in which 

atoms 0(l), C(5) and C(6) lie close to the plane of the aromatic 

system.

Compound VI (Vivalan) is able to adopt this near-planar arrangement 

of atoms and although it contains no hydroxyl group, by analogy 

with compound II some J3-blocking activity might therefore be expected. 

The lack of any such activity for Vivalan, hence suggests that the 

conformation of the morpholine ring hinders attachment to the )3- 

adrenergic receptor site. Moreover, the apparent flexibility of the 

Inderal cation is demonstrated by the presence of the three

case, effects on the central nervous sytem in addition to p-blocking 
activity, may derive from an ability to mimic the conformations of 
Vivalan, associated with central-nervous-system activity.

Prom these studies it would appear that the geometry of the J3- 
adrenergic receptor site is such that, approximate coplanarity of 
the aromatic ring atoms with atoms 0(l), C(5) and C(6) is required 
for p-blocking activity, along with conformations about bonds,
C(4) “ C(5) and C(5) - C(6), which differ from those permitted by 
the constraints of a morpholine ring (as in Vivalan) and which are 
consistent with having an absolute configuration (s) at the chiral 
centre.

A recent review entitled *Molecular Characteristics of Biogenic 
Monamines and their Analogs* (1973)^ summarises the results of 
crystal-structure analyses, solution n.m.r. studies and theoretical 

studies of a number of amines, known to stimulate the sympathetic

conformations 3,6 I in the solid state, and in this
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nervous system (sympathomimetic amines). The actions of several 

of these compounds e.g. Isoprenaline are blocked by the actions of 

the p-blockers and since both classes of compound are active at a 

p-adrenergic receptor site, comparisons between their respective 

conformations may be of interest.

In general, it has been found that compounds such as Isoprenaline, 

which exhibit strong direct sympathomimetic activities, have the 

following structural features

a) An aromatic six-membered ring system.

b) An extended ethylamine side chain approximately perpendicular 

to the ring system.

c) A positively charged tetravalent nitrogen atom.

d) A hydrophilic and hydrophobic side i.e. the hydroxyl group on 

the p-carbon atom is cis with respect to the meta-phenolic 

hydroxyl group.

e) An R configuration at the p-carbon atom.

Comparison of the R configuration of e.g. (-) Isoprenaline with the 

S configuration of (-) Inderal (Figure 2.5*4*) shows that both 

stereochemistries are identical at the chiral centre, as might be 

expected from their respective attachment to the same receptor sites. 

The main differences between the conformations of the sympathomimetic 

compounds and the p-blocking compounds appear to be the relative 

orientations of the aromatic systems with respect to the appropriate 

side chains, with the aforementioned near-planar arrangement of the 

aromatic ring atoms with atoms 0(l), C(5) and C(6) being dominant in

the p-blocking compounds, and the perpendicular arrangement of side
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chain and aromatic system being observed predominantly in the 

sympathomimetic amines. Although it has been suggested^ that in the 

case of the (-) Isoprenaline and analogous systems, the barrier to 

rotation about the bond linking the ethanolamine chain to the 

aromatic system, is quite large, there is as yet, little unambiguous 

information as to the magnitude of this barrier and hence it is 

difficult to assess the significance of the aforementioned 

differences in terms of possible hydrogen bonding at a receptor site.

In conclusion, it is becoming apparent that for the most part, 

conformational studies of biologically-active flexible molecules using 

solid-state or solution data, are unlikely to yield unambiguous 

information regarding the geometries of biological receptor sites.

The present analyses and resulting comparisons suggest a range of 

conformational possibilities which are probably influenced by 

specific hydrogen-bonding arrangements. Hence it seems likely that 

the energy involved in binding (possibly via hydrogen bonds) to a 

receptor site, will be sufficient to allow adoption of what might 

otherwise be considered a sterically unfavourable conformation by 

the active molecule.

It is probable that further studies of the conformations of p- 

blocking agents in relation to their detailed biological activities, 

should be carried out on more rigid molecules. In such cases the 

solid-state conformations will be more pertinent to the conformation 

adopted by the molecule at a receptor site.
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TABLS 2.5.2

Compound Conformation in the Crystal

h i  [3,6]

IV [3,5] [3,4]

V [3,6]

VI [3,6]
VII [3,6] [3,6]

VIII [3,5]

TABLE 2.5.3..

£ Population of Rotamers in Aqueous Solution

1 2 3 4 5 6

- Inderal 12.7 15.4 71.9 30.9 32.6 36.5
- Inderal HC1 2.5 3.8 93.7 50.4 9.1 40.5
- Eraldin HC1 3.3 6.6 90.1 47.4 12.2 4O.4
Roradrenaline HC1 10 14 76 - - -

Adrenaline HC1 6 17 77 - - -

Isoprenaline HC1 6 11 83 - —



TABLE 2.5.4*

Compound Reference V N(l)«

Salbut&jraol 15 -59*9 2.82
Alupent ( a ) 17 55.5 2.78
Alupent (b) 17 68.0 2.8 6
Thll65(a) 14 -47.8 2.77
Thll79 16 52.1 2.74
Noradrenaline 31 -64 2.85
Ephedrine 32 -70 2.88
Isoprenaline (a ) 13 -62 2.82
Isoprenaline (b ) 13 -50 2.64
Alprenolol 24 -75 2.95
III - 77*4 3.07
IV ) - 49*4 2.89
1Y ) - -50.4 2.82
V - 54*7 2.82
VI - -57*5 2.84
VII ) - 84.9 3.01
VII ) -61.7 2.85

vhere,

^ 1° =  Torsion Angle N(l) C(4) C(5) 0(h)

and, N(i)***0(h) is the interatomic distance in X

N O T E

'0(H)

Thll65(a) and Thll79 are diastereomers of the compound
dl-N- [ 2 (4-Hydroxyphenyl)] l-methylethyl-2 (3,5-dihydroxyphenyl) -
2-hydroxyethylamine Hydrobromide.



F I G U R E  2.5*1.

Numbering scheme for conformations 

about bonds 0(4) - C(5) and 
C(5) - c(6)
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F I G U R E  2.5.2.

Orientation of the aromatic system with 

respect to atoms 0(l), C(5) and C(6)



C(4)
(+) INDERAL HC1.

N
\

'0(1)
H 0(2)

H

(±) ERALDH? Per.

I
\
\

0 (2)

(-) VIVALAN Ox.



0(21) 0 (20)
H

H

m

(i) INDERAL HC1.

" 0(1) _

0 (21) 0 (20)H

H

C(4)

(i) 2,6-DICHLQRO DERIVATIVE



F I G U R E  2,5*3.

Orientation of the 2-hydroxy 
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THE X-RAY INVESTIGATION OP TT/O 

HIIDAZO [2,1-bl THIAZOLB DERIVATIVES
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I N T R O D U C T I O N

The synthetic route illustrated in Scheme 1 has "been used in the 

preparation of a compound which is known to have an imidazo 

2̂, 1-bj thiazoline nucleus, but whose detailed molecular structure 

could not be unambiguously determined by spectroscopic methods •

Since the direction of the condensation reaction (i) could not be 

predicted with absolute certainty, the products of this reaction 

may be represented by either structure (i) or structure (2)• In 

addition, the non-hydrogen ring substituents may be either cis or 

trans with respect to each other and because of the non-specificity 

of reaction (i) both isomers were formed. Reaction of this mixture 

with NaH (ii) results in the thermodynamically more stable trans 

isomer (l1 or 2*) being formed exclusively, with the final 

compound 3 or 4 being produced after alkylation (iii) by EtMgBr.

The trans stereochemistry of the ring substituents was confirmed 

by n.m.r. evidence but the individual assignment of the imidazoline 

ring protons was not made with complete certainty and it was not 

possible to determine which of the structures (3) or (4) represented 

the true reaction product.

In order to resolve this ambiguity an X-ray analysis of the final 

product (3 or 4) has been carried out and has shown the compound 
to have the structure (3)*

In addition to the analysis of (3), an X-ray analysis of the 

analogous compound (6) has also been carried out. This compound is 

the minor product of the reaction of ethylene dibromide with
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25,5-dipheny1-2-thiohydantoin which, in a manner analogous to 

Scheme 1, produces the isomers (5) or (6). Whilst the major 

product (5) has been fully characterised by conventional spectro

scopic methods^ and the minor product is expected to have the 

molecular structure (6), certain spectroscopic features of 

compound (6) have proven inconsistent with the spectra observed 

for similar conjugated systems^, Details of the infra-red 

vibrational frequencies V a n d  V o f  six similar compounds 

(5) - (10) are given in Table 3*0.1«, which suggest that the 

conjugative system in (6) is not analogous to those in compounds 

(®)» (9) and (10)* The v a l u e o b s e r v e d  for compound (6) is 

comparable to the value observed for compound (5) and is 

consequently higher than is common in conjugated systems. In 

contrast, the value ofV^,_^ is lower in compound (6) than in the 

other five compounds, which suggests a greater decrease in bond 

order than is usual in a conjugated system. Furthermore, the 

n.m.r, spectrum suggests deshielding effects on the carbon 

atom of the ^  C=1T and \}=0 bonds of compound (6) relative to 

compound (5)*

In an attempt to rationalise the apparently anomalous spectro

scopic results, the compound has been studied by X-ray analysis 

and the molecular structure (6) has been established.
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TA3L13 3.0.1.

Compound ^  C=0^Cn!'  ̂ ^C=N^Cm*  ̂ ^C~0^ ^

(5) 1728 1608 166.5 176.8

( 0 1725 1495 190.6 190.1
(7) 1684 1554 - -

(8) 1644 1525 - -

(9) 1658 1536 - -

(10) 1676 1542 - -



S E C T I O N  3.1.

THE CRYSTAL AND HO I EC UTAH STRUCTURE OP 

6p- ( 1-ETHYL-I-HYDROXYPROPYL) -5 -PHEHYL- 

2,3,5,6-TETRAHYUPOIHIUAZO [2,1-bl THIAZOLE
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e x p e r i m e n t a l

Sp-(l-3 thy1-1-hydroxypropyl)-5 ̂  -phenyl-2, 3,5 > 6-t etrahydroimidazo 
{2',1-bJ thiazole

CRYSTAL LATA

^16^22^2^* M=290«42; Orthorhorabic, a=13*695?f b=10.58lS, c=11.26l8, 

U=l631.79S3; 3) =1.19 g.cm.~3; \~1.20 g. cm.“3; Z=4; Fqoo=624;

Space Group P 2 ^ 2 ^ 2 JU =1*99 cm. Mo-K* X-rays; X  =0.7107?.

CRYSTALLOGRAPHIC MEASUREMENTS

Unit cell parameters were initially determined from \7eissenberg and 

oscillation photographs taken with Cu-KcA. (\ =1.5418^) radiation and 

from precession photographs taken with Mo-K°l (X  =0.7107^) radiation, 

and were subsequently refined by least-squares calculations before 

data collection. The space group was indicated by systematic

absences.

Intensity measurements were made on a Hilger and Watts Y290 four- 

circle diffractometer, by exposing a small crystal (0 ,2  x 0 .4  x 0.3inm.) 

rotating about a , to graphite-monochromated Mo-radiation (Mo-Kc^), 

and using the0,u) scan technique ( in the range 0<[2Q^60 ) to 

collect 1563 independent reflections with I^2<T j (<^= I+B^+Bg)* 

Appropriate corrections for Lorentz and polarisation factors were 
Applied but absorption effects were considered small and no correct
ions were made.

§MCTURE LETrnmirruftmTnw

The structure was determined by non-centrosymmetric Direct Methods 

using the computer program MUI/TAN and appropriate programs contained
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in the X-ray *72 suite of computer programs.

Phase determination was initiated by assigning phases to those

reflections shown in Table 2,1,1, and utilising them in a series of

calculations based on the weighted tangent formula, of Direct Methods

from which phases were assigned to those 200 reflections with

|e |>1.35. An E-map based on these 200 reflections revealed

plausible atomic sites for 15 non-hydrogen atoms and subsequent

structure-factor and electron-density calculations indicated the

positions of all non-hydrogen atoms. Each atom was assigned an
2

arbitrary temperature factor Thgo=0.05A and after each round of 

calculations the data we re pla.ced on an approximate absolute 

scale by equating k^j?o| and I N  •

STRUCTURE REFINEMENT

Refinement of positional, vibrational and scale parameters 
converged after 14 cycles of full-matrix least-squares calculations 
when R was 0,058 and R* was 0,005* Details of the refinement are 
given in Table 3.1.2,

16 Hydrogen-atom positions were located from difference-syntheses 
and their positional parameters were refined in cycles 11-12, The 

remaining hydrogen-atom positions were calculated and included in 

subsequent calculations but were not refined. A fixed temperature 
factor ̂ so=r0.038^ was arbitrarily assigned to all hydrogen atoms.

An appropriate weighting shceme was chosen by examination of a 
series of bivariate ( |Po| and^p-) analyses of observed and 

calculated structure-factors. The scheme was of the forms
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If A |Fo|> |fc|, W=10~9,
otherwise W=X.Yj

with X=1 if Sin9> B, else X=

and Y=1 if I f o I  / C, else Y= ^ -|F.|
The most suitable values for A, B and C were found to be 0.75»

0.50 and 10.00 respectively. At the conclusion of refinement, a 

difference synthesis and electron-density distribution revealed no 

errors in the structure*

In all structure-factor calculations, the atomic scattering 

factors used are given in reference (ll)* Observed and calculated 

structure-factors are given in Appendix 6. Positional and 
vibrational parameters with estimated standard deviations are 
given in Table 3.1*3* Values of e.s.d.s are derived from the inverse 

of the least-squares normal- equation matrix and should be regarded 
as minimum values*
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DISCUSSION ON THE MOLECULAR AND CRYSTAL STRUCTURE OF COMPOUND (3)

Crystal structure analysis has shown the final reaction product 

to he compound (3) and a diagrammatic representation of this 

molecule is shown in Figure 3.1.1*, giving the numbering scheme 

for all non-hydrogen atoms. To avoid extensive atomic overlap, 

all hydrogen atoms are omitted from Figure 3.1.1.9 but, for the 

purposes of discussion, are numbered as the atoms to which they are 

bonded. Details of bond lengths, bond angles, torsion angles, 

least-squares planes, intramolecular non-bonding distances and 

intermolecular distances are given in Tables 3.1.4* “ 3*1.8*

Atoms N(l), N(2), S(l), C(5) and C(3) are coplanar, within experi

mental error, with atoms C(l), C(2) and C(4) respectively -O.I46, 

-0.355 and -0.143$ distant from this plane. The dihedral angle 

between the foregoing plane and the least-squares plane through the 

phenyl ring is 9^*7°, while the orientation of the phenyl ring, 

with respect to its immediate neighbours, is given by appropriate 

torsion angles (e.g. c(l2)c(ll)c(l)c(4)-132.2(5)° and C(l2)c(ll)
C(1)N(1)114.4(5)°).

The relevant torsion angles about the C(l) - C(4) hond H(l)c(l) 

c(4)c(6)-3.6(25), C(11)C(1)C(4)H(4)4.5(26)° and N(l)c(l)c(4)N(2) 

**0.3(4) indicate an eclipsed conformation for the substituents 
on atoms c(l) and C(4), with the phenyl and 1-ethyl, 1-hydroxy- 
Pr°pyl substituents trans with respect to each other. In contrast, 

the substituents about bonds C(4) - C(6), C(6) - C(7) and C(6)
"̂ (9) adopt the sterically more-favoured staggered conformations,

*8 shown in Figure 3.1.2. Several of these interatomic distances, 

such as C(8)>>-0(l) [3.2oi] C(8)-'-C(9) , C(l0)*” 0(l)
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[ 2.94X and C(4)-” c(io) [3.07XJ are shorter than the sum of the
appropriate Van der Y,raalfs covalent radii and the values observed

in valency angles, 0(l)c(6)c(7) [ll3»3(4) J » 0(l)c(6)c(4)
[ 102.9(4)°] . C(10)C(9)C(6) £ll7-0(5)^] and C(8)C(7)G(6)

|̂ 117.7(5)̂ | , may be rationalised by consideration of possible

steric interactions between these pairs of atoms.

The endocyclic valency angles of the imidazo [2, i-b] thiazoline 

system are typical of those reported for the similar compounds (ll)^ 

and (12)5.

Of the C(sp^) - C(sp^) bonds in the present molecule, the shortest 

values are observed for C(2) - C(3) [l»490(9)Xj and C (9) - C(10) 
[l.493(ll)s] . In the case of bond C(2) - C(3), similar values 

[l.502(ll) and 1.491(l6)Sj have been reported for corresponding
r  ^

bonds in the heterocyclic systems (12) and (13) respectively, 

whilst the effects of possible thermal librational motion have 

been noted in Part 2 (compounds III, IV, V and VIl) and may account 

for the apparently short C(?) - C(lO) bond length. The longest 

C(sp̂ ) - C(sp^) bond in the present molecule (C(l) - C(4) 1*570(6)2) 

may perhaps be correlated with the eclipsing of substituents on 

atoms C(l) and C(4), bond extension having been previously noted 

under similar conditions, e.g. in some bicyclo [2.2.1!] heptyl 

derivatives^. Vfrdlst bond lengths C(l) - N(l) [l.460(7)Xj » N(l) - 

0(2) [l.434(7)S] and c(4) - N(2) [1.483(6)2] are within a range of 
values acceptable for C - N single bonds, bond lengths, c(5) - N(2) 
[l*283(6)Xj and c(5) - N(l) [l.358(6)Xj are both significantly 

shorter, the value of C(5) - N(2) being comparable to that of a 
formal C«sN bond^. Lelocalisation of the electron lone pair on N(l)
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is suggested by the value of bond length C(5) - N(l) and by the 

sum of the valency angles around this atom ["355.2(6) . Bond

lengths C(5) - S(l) [*1.744(4)?] and c(3) - S(l) [l.834(6)2 are 
unequal and agree with reported values for similar compounds,

(e.g. compound (ll)^ has corresponding values of 1.752(4) ar*d 
1.834(6)-?) suggesting delocalisation of an electron lone pair, 
on S(l), into the bonding system of the molecule. These results 

hence suggest some delocalisation of electron lone pairs over 
atoms N(2), C(5), N(l) and S(l).

The dimensions of the phenyl-ring substituent do not differ, by 
more than the experimental error, from accepted literature values 

for this system and similarly, other molecular dimensions which 

have not been previously discussed are not significantly different 
from expected values*

Examination of the crystal-packing arrangements reveals the 

possibility of hydrogen bonding of the form Jr -O-H-*- N(2)] and the 

crystal structure consists of two independent and unlinked helices 

extending in the direction of the crystallographic c axis. The 

possible hydrogen-bond dimensions are; 0(1)*•• N(2) [2.8oX3 ,
N(2)*** H(0l) [1 . 94X ] and angle O '- H- N(2) ĵ l62.0(̂J • A diagram 

representing the crystal packing is given in Figure 3.1.3#



TA3LE 3.1*1.

h k 1 E ?hi

6 5 6 2.62 45°

3 3 7 2.46 a

3 4 2 2.36 b

0 8 4 2.35 180*

6 7 5 2.41 c

5 5 7 2.05 d

Origin
Defining
Reflections

The phase value of 0 8 4 was determined "by application of the
y formula to all 200 reflections with E^1.35* while the inclusion 
L~ \

of the remaining five reflections, in the starting set, was based 

on their high Je | values, ability to form large numbers of 

phase relationships and their ability to adequately define a unit 

cell origin and enantioraorph. The enantiomorph was defined by 

assigning the phase value 45° to reflection 6 5 6, while unknown 
phases a, b, c and d were systematically given all possible 

combinations of the values ± T T /4  and i  3 T T /4 i the correct

values proving to be 225°, 315°, 315° and 315° respectively.



TA3L5 3.1.2.

COURSE OF R5FIM3I SI?T

Parameters Refined

x. y, z. U. for all non- * 1 iso
hydrogen atoms; scjale factor, 

unit weights.

xi Yi z. U. for all non- 
J ’ iso

hydrogen atoms; contributions

from hydrogen atoms but with

no refinement; scale factor; 
unit weights,

X, y, Z, ui3 (i, j = l, 2, 3)
of all non-hydrogen atoms. H- 

atoms in calculation but not 
refined; scale factor; unit 
weights.

x» y, z of hydrogen atoms; all 

other atoms in calculation 

hut not refined; scale factor 
unit weights.

Cycle Final R

1 - 3  0.116

4 - 5  0.103

6 - 1 0  0.065

11 -  12 0.062

Final R f

0.014

0.010

0.005

0.004



TABLE 3.1.2. (Cont.)

Parameters Refined

y, z» Uj, (i, j = 1, 2,
3) of non-hydrogen atoms; 

hydrogen atoms in calculation 

hut not refined; scale factor; 

weighting scheme adjusted.

Cycle Final R

13 - 14 0.058

Final R 1

0.005



TABLE 3.1.3.

(a) Atomic Fractional Coordinates and E.S.Ds for Compound (3) 

ATOM x/a y/b z/c

S(l) 0.00790(9) 0.31120(12) 0.79885(11)
N(l) 0.1118(3) 0.2476(4) 0.6179(4;
N(2) 0.1824(3) - 0.4083(3) 0.7194(3
0(l) 0.3143(3) 0.4763(4) 0.4431(3,
c(i) 0.1941(4) 0.2779(4) 0.5406(4.
C(2) 0.0207(4) 0.1867(6) 0.5919(5)
C(3) -0.0367(4) 0.1826(6) 0.7042(6)
C(4) 0.2428(3) 0.3889(4) 0.6116(4)
C(5) 0.1113(3) 0.3300(4) 0.7103(6)
C(6) 0.2537(4) 0.513l(5) 0.5400(4)
C 7) 0.1526(4) 0.5622(5) 0.5008(5)
C(8) 0.1485(6) 0.689l(8) 0.4373(7)
C(9) 0.3069(5) 0.6125(5) 0.6158(6)
C(lO) 0.4075(6) 0.5804(7) 0.6571(8
C(ll) 0.2593(4) 0.1638(4) 0.5228(4.
0(l2J 0.2683(5) 0.1082(6) 0.4104(6)
C(l3) 0.3271(5) 0.0030(7) 0.3965(7)
tyv 0.3767(5) -0.0475(6) 0.4916(9;
C(15) 0.3679(5) 0.0050(6) 0.6018(7,
°(16) 0.3095(5) 0.1109(5) 0.6178(5.



TABLE 3.1.3.

(b) Hydrogen-atom Fractional Coordinates and E. S.Ds for Compound (3) 

ATOM x/a y/b z/c

H(l) 0.1746(29) 0.3063(39) 0.4639(37)
H(20) 0.0309(29) 0.1236(39) 0.5304(36)
H(21) -0.0078(32) - 0.2425(38) 0.5251(34)
HI 30) -0.1091(-) Ot1985(-) 0.68381-)
H 31) -0.0024(39) 0.0944(35) 0.7441(36;
HU) 0.3122(30) 0.3678(38) 0.6282(37
H(70) 0.1230(29) 0.4964(41) 0.4526(36)
H(71) 0.1012(30) 0.5524(39) 0.5701(37.
H(80) 0.0762(30) 0.7097(40) 0.4069(40)
H(81) 0.1698(-) O.757OI-) 0.4934(-)
H(82) 0.1936(-) 0.68691-) 0.3675(-)
2(90) 0.3128(-) ‘ 0.6932C-) 0.5643C-)
H 91) 0.2722(29) 0.6337(37) 0.7001(38
H(lOl) 0.4369(28) 0.6590(38) 0.6990(38
H 102) 0.4081(28) 0.5111(40) 0.7147(37
H(l03) 0.4481(28) 0.5372(39) 0.6053(37;
2 01 0.3048(29) 0.5000(38) 0.3682(37
H\12) 0.2346(29) 0.1518(39) 0.3386(35,
H 13) 0.33611-) -0.0394C-) o.3155(-;
2(14) 0.4223(-) -0.1247(-) 0.4806(-
2 15) 0.4059(-) -0.034l(-) 0.6728(-
2(16) 0.3225(28) 0.1646(38) 0.6888(37)



TABLE 3.1.3.

o2(o) Anisotropic Temperature Factors (X ) for Compound (3)
ATOM U.U11 U22 *33 *12 *13 *23

0.0569 0.0593 0.0555 -0.0091 0.0089 0.0090
0.0457 0.0629 0.0654 -0o0090 0.0016 -0.0254
0.0562 0.0485 0.0321 -0.0103 0.0015 0.0004
0.0732 0.0867 0.0546 0.0195 0.0224 0.0129
0.0638 0.0496 0.0392 0.0029 -0.0035 -0.0066
O.O696 0.0752 0.0646 -0.0198 -0.0081 -0.0124
0.0489 0.0660 0.0951 -0.0127 -0.0018 -0.0002
O.O467 0.0442 0.0404 -0.0029 0.0055 0.U013
0.0430 0.0405 0.0419 0.0005 0.0004 0.0064
0.0556 0.0472 0.0494 0.0068 0.0174 0.0077
0.0624 0.0573 0.0613 0.0137 0.0105 0.0131
0.0884 0.1068 0.0945 0.0369 0,0227 O.O526
0.0731 0.0512 0.0866 -0.0165 0,0173 0.0084
0.0943 0.0801 0.1039 -0.0259 -0.0087 0.0042
0.0581 0.0427 0.0528 -0.0029 0.0153 -0.0095
0.0753 0.0672 0.0680 -0.0132 0.0139 -0.0168
0.0850 0.0933 0.1057 -0.0094 0.0297 -0.0467
0.0691 0.0562 0.1474 -0.0016 0.0280 -0.0222
0.0804 0.0633 0.1027 0.0163 0.0038 0.0016
0.0894 0.0545 0.0641 0.0117 0.0012 0.0004
Istimated Standard Deviations (X^)
0.0007 0.0006 0.0006 0.0006 0.0006 0.0006
0.0020 0.0020 0.0020 0.0018 0.0017 0.0018
0.0025 0.0026 0.0019 0.0022 0.0018 0.0020
0.0032 0.0030 0.0032 0.0028 0.0030 0.0030

11
3
1)
2]
3
4
5 6;
7)

;i
10)n
12 J
13 14J
■15<16



TABLE 3.1.4.

Intramolecular Bonded Distances and E.S.Ds (in a ) for Compound (3) 

ATOM A ATOM B 2

0(1) H(l) 1.460(7)
c m  c(4) 1.570(6)
Cl c(ll) 1.515(7)
Mil) c(5) 1.358(6)
Nl) 0(2) 1.434(7)
0(2) c(3) 1.490(9)
0(3) s(l) 1.834(6)
SI 0(5) 1.744(4)
0(5) H(2) 1.283(6)
H(2) 0(4) 1.483(6)
0(4) c(6) 1.549(7)
0(6) C m  1.543(8)
0(7) 0(8) 1.522(10)
0 6) 0(9) 1.538(8)
0(9) c(io) 1.493(11)
0(6) o(l) 1.425(6)
0(11) C(12) 1.401(8)
0(12) C(l3) 1.383(lO)
0(13) 0(14) 1.376(12)
0(14) C(l5) 1.365(12)
0(15) c(l6) 1.388(9)
0(11) c(l6) 1.389(8)



TABLE 3olo5.

Valency Angles (°) and E.S.Ds for Compound (3) 

ATOM A ATOM B ATOM C



TABLE 3.1.6.

Selected Torsion Angles (°) and E. S.Ds for Compound (3)

C(2

Hi) 
N l )  
C 11 
C 11 
H 1) 
* U)

C(ll
C(ll
C(ll
C(ll

m
N(2 
N(2 
H 2

0(1

C(ll
C(ll

C(12
C(l6



TABLE 3.1.7.

Least-squares planes for various portions of the molecular frame
work in the form, IX1 + mY* + nZ1 = d, where X*, Y T and Z1

represent an orthogonalised set of axes.

(a) Plane Equations

Plane (l) = 0.78173X1 + 0.59226Y' - O.I9525Z1 = 2.65023 

Plane (2) = 0.49408X* - O.66198Y 1 + O.56362Z1 = 2.94412

Deviations (A ) of Atoms from Planes (Starred Atoms Define Plane)

Plane (l) = C(ll)* 0.003(5), C(l2>* -0.002(7), C(l3)* -0.001(7), 
C(i4)* 0.004(7), 0(15)* -0.003(7), C(l6)* -0.000(6), C(l) -0.019

Plane (2) = 0(3)* -0.002(6), 0(5)* 0.006(4), N(l)* -0.000(4)

H(2)* -0.004(4), S(l)* 0.000(1), C(l) -0.146(5), 0(2) -0.355(6) 

c(4) -0.143

(c) Dihedral Angles (°) between Planes

(!) - (2) 96.7°



Intramolecular Non-bonding Distances ^3.62

ATOM A ATOM B X

0(2) C(ll)
N(2) c 7)
N(2) 0(9)N(2) c(ll)
0 5 0(6)
0 5) 0(7)
0(5) 0(11)
Ml) 0(6)
0(1) 0(10)
N(l) CM2)
11 0(16)
Cl 0(7)c m 0 h )
0 4) c(io)
0(4) 0(16)
0(8) 0(9)C 8) 0(1)
0(1) c(ii)
Interraolecular Distances ^ 3.8X

SM
H(2 
N(2
c 5]
0(14) Cl
0(1) Qj
0(ly ni
Cl?) Cl
m  ci

3.37
2.98
2.99
3.56
3.35
3.45
3.41
3.53
2.94
3.50
3.07 
3.09 
2.89
3.07
3.08 
3.07 
3.20
3.51

,1) I 3.69
8) I 3.53
1) I 2.80
1) I 3.48
,7) II 3.78
3) II 3.12
2) II 3.33
3) II 3.70
3) III 3.63

*here the position of atom B is given by,



F I G U R E  3.1.1.

Diagrammatic representation of 

Compound (3)



0 ^

o w r \  i  N
NC(6)



F I G U R E  3.1.2.

Conformations about bonds C(4) - C(6), 

C(6) - C(7) and C(6) - C($>)



0(1)

C(1)

c (7)

C(A)

C(8)

C(A)

0 (1)

H(92)



F I G U R E  3*1.3.

Crystal-packing arrangements for 

Compound (3)





S E C T I O N  3.2.

THE CRYSTAL AND MOLECULAR STRUCTURE OR

5,5-DIPHElTfL-6-OXO-2,3,5,6-TETRAnYLROIMILAZO 

|~2,1-bl TILLAZOLE
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E X P E R I M E N T A L

5,5-Diphenyl-6-oxo-2,3,5* 6-tetrahydroimidazo [2,1-t] thiazole 

CRYSTAL LATA

C,~H, .NoS0; M=294.26; Monoclinic, a=9»289?» b=14.754^, c=10.945-?,17 14 2

p=103. 48°; TJ=1452. 59S3; Dc=1.34 g.cm."3; \ - l -35 g.cm." ; Z=4 ;

Pooo=6l6; Space group P2^/c;/t=2.23 cm* ; Mo-Kd, X-rays; ,\ = 0.7107^*

CRYSTALLOGRAHIIC MEASUREMENTS

Unit cell parameters were initially determined from Weisseriberg 

and oscillation photographs taken with Cu-KpL (X=1.5418&) radiation and 

from precession photographs taken with Mo—KsA. (X =0.7107^) radiation 

and were subsequently refined by least squares calculations before 

data collection. The space group 1P2j / c was indicated by systematic 
absences.

Intensity measurements were made on a Hilger and TTatts Y290 four- 

circle diffractometer, by exposing a small crystal (0.3 x 0.4 x 0*2 mm.) 
rotating about c, to graphite—monochromated Mo-radiation (Mo—Kd|) and 
using the 0, U) scan technique ( in the range 0 4 20 ̂  60 ) to 

collect 2579 independent reflections with I ̂  2 <j\ ( <S\ -  Jl+B^+Bg)* 
Appropriate corrections for Lorentz and polarisation factors were 
applied but absorption effects were considered small and no 
corrections were made.

SSHgTUHE LETERMTN ATT DN

structure was determined by centrosymmetric Direct Methods using 

the computer programs DATRDN, NORMSF, SINGEN, PHASE, Pc, FOTJRR and 

contained in the X-ray *72 suite of programs.
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Phase determination was initiated by assigning phases to those 100 

reflections with highest |e I values. Each phase was either assigned 
directly or was expressed, via ^  phase relationships, in terms of 
the three linearly independent non-structure seminvariant reflect

ions given in Table 3.2.1.

The unit-cell origin was defined by assigning each of the reflections 

shown in Table 3.2.1., an arbitrary phase value of 360° and the 

phases of the above 100 reflections were then included in a series of 

]T phase relationships from which phase values of 315 reflections 

withE^1.4 were assigned.

An E-map based on these 315 reflections revealed plausible atomic
positions for all non-hydrogen atoms. Subsequent structure factor

and electron-density calculations verified these positions. Each

non-hydrogen atom was assigned an arbitrary temperature factor
U. *0,05$î  and after each of the above calculations, the data were ISO
placed on an approximate absolute scale by equating k^|Fo| and J Fc | •

STRUCTURE REFINEMENT

Refinement of positional, vibrational and scale parameters converged 
after 13 cycles of full-matrix least-squares calculations when R 

was O.O45 and R* was 0.003. Details of the refinement are given in
Tatle 3.2.2.

All hydrogen-atom positions were selected from difference syntheses 

ahd each atom was assigned an arbitrary temperature factor ^ so“

°*°3X2 in all subsequent calculations. Positional parameters of these 

hydrogen atoms were refined in cycles 10-11, but no refinement of 
vibrational parameters was carried out*
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An appropriate weighting scheme was chosen by examination of a 

series of bivariate ( |Fo| and ) analyses of observed and

calculated structure-factors. The scheme was of the forms- 

If A |Fo|> |Fc|, V=10“9, 

otherwise 77=X.Yj 

with X=1 if SinB> B, else X= 

and Y=1 if |?o| C, else Y = -j— r
I ° I

The most suitable values for A, B and C were found to be 0.75»

0,45, and 10,00 respectively. At the conclusion of refinement, 

difference synthesis and electron-density revealed no errors in the 

structure•

In all structure-factor calculations, the atomic scattering factors 

used are given in reference (ll). Observed and calculated structure- 

factors are listed in Appendix 7* Positional and vibrational 

parameters with standard deviations are given in Table 3,2.3, Values 

of estimated standard deviations are derived from the inverse of the 

least-squares normal-equation matrix and should be regarded as 

minimum values*
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DISCUSSION ON THE MOLECULAR AND CRYSTAL STRUCTURE OF COMPOUND (6 )

A diagrammatic representation of this molecule is shown in Figure 

3.2.1. and gives the numbering scheme for all non-hydrogen atoms, 

hydrogen atoms being omitted to avoid extensive atomic overlap, but, 

for the purposes of discussion, numbered as the atoms to which they 

are bonded. Details of bond lengths, bond angles, torsion angles, 

least-squares planes, intra-molecular non-bonding distances and 

intermolecular distances are given in Tables 3*2.4* to 3*2.8.

Atoms N(l), N(2), C(5) and S (i) are copla.nar, within experimental

error, with atoms C(4) and 0(l) respectively 0.084 and O.O46X distant

from this plane. The resulting deviations (torsion angle 0 ( l ) c ( 4)N (2)

C(5) - 175*8(2)0) from the planar geometry, ideal for conjugation,

are small and would not be expected to have a gross effect on possible

conjugation. The endocyclic bond angles of the imidazo ĵ 2, 1-bJ

thiazoline system of the present molecule are similar to the

corresponding angles of compound (3), although bond angles N(l)c(l)
c(4) [98.l(l)°j and C(4)N(2)c(5) [l04*4(2)^] are significantly smaller

than in compound (3), the corresponding values being 100.9(4)° and

105.6(3)0 respectively. In addition, atom 0(4) of compound (6) is 
2

8P hybridised and it is plausible that the bond angle C(l)c(4)N(2)

18 relatively more strained than in compound (3), and hence that the 
degree of bond angle strain is greater in the imidazoline system of, 
compound (6), than of compound (3).

Possible steric interactions between atoms of the phenyl rings and 
atom 0(1) are suggested by interatomic distances such as C(l2)’# *

° W  [ l l a l j  , C(l3)--- 0(l) [ l . i e l ]  and C ( 6 ) - " 0 (l) ["2.998]] and may
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perhaps contribute towards the observed deviations from planarity 

of the proposed conjugated system# Further possible steric inter

actions between the pairs of atoms C(13) '  • ■ N(l) [3.42-S] .
C(17) [3.21S] , c(7)‘--c(12) [2.93S] , c(ll)-• • C(4) f3.26?j , c(4)
•••C(13) [2.98Sj and c ( 2> * - C ( l 7) (^3-24^] are also noted and may 
largely determine the orientations of the phenyl rings with respect 

to the imidazo- thiazoline system and with respect to each
other, the dihedral angle between the planes of the phenyl rings 

being 72.5°.

Bond length C(l) - 0(4) [l.577(3)Xj is longer than might otherwise
■3 2be expected for a C(sp ) - C(sp ) bond (e.g. a corresponding bond 

length in the similar heterocyclic compound (14)^ is 1.542(8)2), 

and this may be a genuine effect since the corresponding bond in 

compound (3) also appears to be slightly extended, and in addition, 

the apparent increase of endocyclic bond-angle strain in the 

imidazoline system of the present molecule has already been noted. 

It is also noted that bond length C(2) - C(3) j]l. 525(3)2^ is 

significantly longer than the corresponding bond in compound (3)
>490(9)2].

The presence of conjugation within this molecule is indicated by the 

shortening of bond N(2) - c(4) and by the lengthening of bond c(5) 
(̂2) with respect to the corresponding values in compounds (3) and 
fa)̂ ", while increased delocalisation of the N(l) and S(l) electron 
ione pairs is suggested by the shortening of bonds C(5) N(l) and 
c(5) - S(l), relative to those values observed in compounds (3) and 

fa), relevant values being given in Table 3*2.9. These results 

thus demonstrate the expected delocalisation of electrons over atoms
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0(l), c(4), N(2), c(5), N(l) and S(l). It is noted however, that in 

the present molecule, bond length N(2) - C(4) [l.383(3)X] is 
significantly longer than the corresponding bonds in similar* 

conjugated systems such as compounds (14)9 [l.353(6)8] and (15)^ 
[1.340(9)8] , whilst bond length C(4) - 0(l) is> within experimental 

error, identical in all three compounds (respective values for the 

present molecule and compounds (14) and (15) being 1.213(3),

1.225(4) and 1.223(8)X.

A possible rationalisation of these results and of the spectroscopic 

data may be made by consideration of canonical structures (a) - (g).

Fh
Fh N

0

(a)

Fh
Ph. -N

- o A j A j /

00
Fh

Fh

N i / ^ s

(c)

Fh

Fh

H S

(d)

Fh

.N ____  Ph

0 S

(e)

Fh
Fh +

N.

0 * \

Fh
Ph N.

°\/\y
<«)
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Bond-angle strain, in the imidazoline ring of (6), has already been 

noted, particularly in the case of bond angle C(4)n(2)c(5) [ 104.4(2)̂ )

whose value is grossly distorted from the ideal value associated with
2 2an sp hybridised atom. Canonical structures (a) - (d) require sp

hybridisation of atom N(2) and are consequently subject to consider

able bond-angle strain with respect to the value of 104.4(2)° 

observed for angle C(4)N(2)c(5)• In contrast, however, canonical 

structures (c) - (g) suggest sp^ hybridisation of atom N(2), the 

ideal valency angles of which are closer to the observed value for 

angle C(4)N(2)C(5). It is thus conceivable that such factors are 

sufficient to permit a significant contribution of forms (c) - (g) to 

the overall structure. The corresponding bond angle in six- 

membered heterocyclic compounds such as (8), (9) and (10) however, 

could plausibly assume a value approaching 120° and the major 

contributions to compounds such as (9) may be represented by the 

canonical forms (h) - (k).
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Comparison of canonical forms (a) - (g) and (h) - (k) suggests 

that the major contribution to the structure of compound (6) may 

derive from those forms containing localised carbonyl bonds, whilst 

in compounds such as (9)* there is relatively an increased contri

bution from canonical forms requiring delocalised carbonyl bonds.

The infra-red vibrational frequencies VI ^ may reflect theseu=u
differences and similarly, the differences observed in the V^_^. 

vibrational frequencies of compounds (6), (8), (9) and (lO) may 

indicate the relative importance of the respective contributions 

made by those forms containing formal C=N double bonds. (The possible 

importance of canonical forms (a), (e), (f) and (g) in the structure 

of the present molecule may also be demonstrated by the previously 

noted lengthening of the N(2) - C(4) bond relative to the correspond
ing bonds in the delocalised heterocyclic systems of compounds (14) 

and (15).) In addition, the C^n.m.r. spectra suggest that, in the 
present molecule, the carbon atoms of the ^C=0 and ^C=N groups are 

deshielded with respect to the corresponding atoms in the non
conjugated compound (5)* The crystal structure of compound (5) has 
not been reported but, by analogy, with compounds (3) and (6), it 

is feasible that canonical forms (m) and (n) may contribute 

significantly to the overall structure of compound (5)«

(a) (n)
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The C^n.m.r. spectra may perhaps he correlated with possible 

contributions made by canonical structures such as (m) and (n), 

to the overall structure of compound (5) and with the relative 
importance of forms such as (e) in the structure of compound (6),

With the exception of those dimensions previously discussed, the 

remaining features of the molecule agree well with accepted 

literature values for similar bonding systems*

A diagram representing the crystal-packing arrangements is shown 

in Figure 3.2.2. and examination of intermolecular non-bonding 

distances reveals no abnormally short contacts suggesting that 

molecular packing within the crystal is determined by Van der Waal's 

forces.



TABLE 3.2.1.

h k 1 E

-7 5 -2 3 .52

6 3 -7 3.37
3 14 0 3.08



TABLE 3.2.2.

COURSE OF REFIFET.ENT

Parameters R e f in e d

Parameters i n  c a lc u la t i o n ;

y* z* U. o f  a l l  n o n -  ' 9 iso

hydrogen a to m s ; s c a le  

fa c to r ;  u n i t  w e ig h ts .

x, y , z. U. o f  a l l  n o n -  
9 ’ * iso

hydrogen a tom s; H -a tom s in  

c a lc u la t io n  b u t  n o t  r e f in e d ;  

scale f a c t o r ;  u n i t  w e ig h ts .

x> y> *» ( i, 3 = i, 2,
3) of all non-hydrogen atoms; 

H-atoms in calculation but 

not refined; scale factors; 

unit weights.

x> y, z, o f  H -a to m s ; s c a le  

fa c to r; u n i t  w e ig h ts .

y» z» (i, 3 = 1, 2,
3) of a l l  non-hydrogen atoms; 

H-atoms in  c a lc u la tio n  but 

hot refined; scale fa c to r;  

lig h tin g  scheme adjusted.

C y c le  F in a l  R

1 - 4  0.122

5 - 6  0.108

7 - 9  0.052

10 - 11 0.049

12 - 13 0.045

Final R 1

0.015

0.010

0.004

0.004

0.003



TABLE 3.2.3.

(a) Atomic Fractional Coordinates and E.S.Bs for Compound (6) 

ATOM x/a y/b z/c

S(l) 0.00345(6) 0.34992(4) -0.14384(6)
Nil) 0.2479(2) 0.3808(1) 0.0167(1)
N(2) 0.1462(2) 0.2466(1) 0.0564(2'
o(l) 0.3238(2) 0.2057(l) 0.234H
ci) 0.3415(2) 0.3553(1) 0.1393
C(2) 0.2229(2) 0.4672(1) -O.O4781
C(3) 0.1124(3) 0.4471(2) -0.1714*
C 4) 0.2716(2) 0.2593(l) O.15171
CC5) 0.1390(2) 0.3195(1) -0.0141
cto 0.503l(2) 0.3436(l) 0.1348(2)
C7) 0.6l4l(2) 0.3507(2) 0.2443(2;
c(a) 0.7606(2) 0.3342(2) 0.2418(2
0(9) 0.798l(2) 0.3103(2) 0.1314(2,
c 10) 0.6878(3) 0.3033(2) 0.0218(2;
c 111) 0.5407(2) 0.3194(1) 0.0231(2;
C(12) 0.3179(2) 0.421l(l) 0.2408(2(
C(l3) 0.2350(3) 0.3975(2) 0.3260(2,
C(14) 0.210l(3) 0.4608(2) 0.4139(2,
c(l5) 0.2662(4) 0.5470(2) 0.4513(2,
° 16) 0.3502(3) 0.5713(2) 0.3308(3,
CU7) 0.3767(3) 0.5086(2) 0.2443(2,



TABLE 3.2.3. (Cont.)

(b) Hydrogen-atom Fractional Coordinates and E. S.Ds for 
Compound 6

ATOM x/a y/b z/c

HC20J 0.1828(23,
H(21) 0.3095(23,
HHO) 0.1580(23,
H 31) 0.0494(23.
H(7) 0.5876(23]
H 8) 0.8396(23,
H(9) 0.902l(23,
h(io) 0.7128(23,
H(ll) 0.4626(23.
H(13) 0.1963(24)
H 14) 0.1439(23)
H(15) 0.2405(23
Hl6) 0.3997(24
H(17) 0.4404(23)

0.5100(;!5) -0.0037*]20)
0.4888( -O.0617*

0 • 4̂ ro O >15) -0.2272*20)
0.496K>15) -0.2034* 20)
0.3684* 14) 0.3211*PO
0.3400(^4) 0.3156* 20)
0.2944( 0.1317* 20)
0.2859*[ 15 ) -0.0558* 20)
0.31261 -0.0531*20)
0.34091 0.3307*2°)
0.4379*I 1 * ) 0.4690*2°)
0.5925* 0.4803*
0.6351* 15) 0.3298*2 0 )
0.5239*!l5) 0.1910*,20)



TABLE 3.2.3, (Cont.)
2(c) Anisotropic Temperature Factors (a ) for Compound (6)

ATOM TJ.U11 U22 U33 U12 U13 U23

0.0391 0.0612 0.0500 -0.0068 -O.OO56 -0.0035
0.0341 0.0317 0.0328 -0.0028 0.0022 0.0017
0.0452 0.0356 0.0491 -0.0080 0.0119 -0.0022
0.0653 0.0405 0.0536 0.0001 0.0137 0.0140
0.0340 0.0300 0.0315 -0.0006 0.0059 0.0011
0.0460 0.0354 0.0426 -0.0020 0.0018 0.0055
0.0535 0.0511 0.0399 0.0060 0.0002 0.0052
0.0431 0.0332 0.0399 -0.0029 0.0157 -0.0002
0.0334 0.0383 0.0400 -0.0017 0.0079 -0.0077
0.0349 0.0303 0.0331 0.0002 0.0062 0.0027
0.0394 0.0494 0.0340 0.0021 0.0048 0.0019
0.0381 0.0555 0.0462 0.0038 0.0013 0.0077
0.0391 0.0450 0.0611 0.0063 0.0161 0.0102
0.0500 0.0418 0.0489 0.0019 0.0211 -0.0014
0.0438 0.0387 0.0354 -0.0007 0.0100 -0.0026
0.0377 0.0347 0.0320 0.0025 0.0043 -0.0016
0.0546 0.0461 0.0413 0.0018 0.0151 -0.0008
O.O774 O.O679 0.0477 0.0088 0.0260 -0.0073
0.0828 0.0653 0.0457 0.0142 0.0084 -0.0187
0.0720 0.0429 0.0575 0.0022 -0.0010 -0.0130
0.0541 0.0388 0.0484 -0.0026 0.0102 -0.0051

stimated Standard Deviations (a  )

0.0003 0.0004 0.0003 0.0002 0.0002 0.0003
0.0008 0.0008 0.0008 0.0006 0.0006 0.0006
0.0010 0.0008 0.0009 0.0007 0.0007 0.0007
0.0010 0.0010 0.0010 0.0009 0.0008 0.0009

1 
1 
2 t 
l )
1 
2 
3 
6
5, 
6)
8
9j 
i°; 
11 12

Hi
1516)
17)



Intramolecular Bonded Distances and E. S.Ds (in X)
ATOM A ATOM B X



TABLE 3.2.5.

Valency Angles and E. S.Ds (in DEGREES) 

ATOM A ATOM B ATOM C

N 
H 
N 
C
C(4 
C
N(1 
C 
C 
S(1sCi

12)

n 1( C(1' 
C
oil]
C(l)
c(1i
C(2

S(1-

0( 5,

0(3;
S(1
0 ( 5 .

N(

98.1
112.2
110.2
112.1
109.3 
113.9 
105.0 
107.0
90.8

113.3 
128.6



TABLE 3.2.6.

Selected Torsion Angles (°) and E. S.Ds for Compound (6)

C 12 
0 6) 
0 6)

01 N 1 
0 2

0(1
Cl

C 12 
0(12

N 1
Cl

Cl

C(12 
C(12 
C( 12 
C( 12 
C(12 
C(12

Nl

C(10
c ( l lC(10)



TABLE 3.2.6. (Cont.)

C(9)
C 10 
C 11

C(ll)

«
C(6)
0(7)0(8)

0.6(3)
-0.4(3)
-0.6(3)



TABLE 3.2.7.

Least-squares planes for various portions of the molecular frame

work in the form, IX* + mY* + nZ1 = d, where X1, Y* and Z* represent

an orthogonalised set of axes.

(a) Plane Equations

Plane (l) = -0.1689X' - O.9657Y 1 + 0.1972Z' = -5.3426

Plane (2) = O.6985X 1 - 0.3012Y* + 0.6491Z1 = 1.4305

Plane (3) = -0.6563X' + 0.4719Y' + 0.5887Z' = I.2715

(b) Deviations (8) of Atoms from Planes (Starred Atoms Define Plane)

Plane (l) = C(6)* -0.001(2), C(7)* 0.00l(2), 0(8)* -0.00l(3),

c(9)* 0.002(2), c ( io ) *  -0 .0 0 3 (2 ), c ( n ) *  0 .0 0 2 (2 ), 0 (1 ) 0.097(2)

Plane (2) = C(l2)* -0.005(2), C(l3)* -0.001(2), C(l4)* 0.006(2) 

c(l5)* -0.006(3), C(l6)* -0.001(3), C(17)* 0.006(2), C(l) -0.079

(3) « N(l)* 0.002(2), N(2)* 0.002(2), C(5)* -0.006(2), S(l)* 

0.002(1), C(l) 0.227(2), C(2) 0.243(2), C(3) -0.205(2), C(4) 0.084(2), 

0(1) 0.046(2)

— dihedral Angles (°) between Planes

W  - (2) 72.50 (1) _ (3) 103.2° (2) - (3) 102.6°



TABLE 3.2.8.

Intramolecular Non-bonding Distances 3.62

ATOM A ATOM B 2

0(6} 
C(5)
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl
Cl

12,
13.
7)
11
13]
17.
6)
12)h 6) 
11 
12'

17.
4)
12)
17)
13)

Intermolecular Non-bonding Distances ^ 3.82
I
II 
II
II
III 
III 
III 
III
III
IV 
IV 
IV 
IV 
IV 
IV 
IV

2.99
3.31
3.18
3.18
3.42 
2.85
3.42 
3.13 
3.52
3.43 
3.26
3.41 
3.26
3.42 
3.61 
3.15 
3.24 3.06 
3.39 
2.93 
3.21 
2.87

3.64
3.73
3.63
3.76
3.58 
3.68
3.64 
3.40 
3.48 
3.57
3.59 
3.63 
3.31
3.76 
3.35 
3.54



ATOM A ATOM B s

Interaoleculax Non-bonding Distances ^ 3.8&

c(5) S(l) v 3.57
C(9) S(l) V 3.62

where,the position of atom B is given by,



TABLE 3.2.9«

Bond Compound (3) Compound (6) Compound (ll)

C(5) - IT(1) 1.358(6) 1.340(2) 1.381(6)
C(5) - H(2) 1.282(5) 1.317(3) 1.267(6)
0(5) - S(1) 1.744(4) 1.723(2) 1.752(4)■*3"01~̂NCM 1.483(6) 1.383(3) 1.497(7)
c(4) - 0(1) - 1.213(3) -



F I G U R E  3.2.1.

Diagrammatic representation of Compound (6)



F I G U R E  3.2.2.

Crystal-packing arrangements for Compound (6)



A
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X-RAY STUDIES OP THREE YLIDES



90

I N T R O D U C T I O N

The term 'ylide' which was devised by Wittig, in 1944^* and referred 
to compounds of the type (X+-C ̂  ) has now come to represent a 
complete series of (X+-Y ) compounds# An extensive coverage of the 
reactions, preparations and physical properties of ylides in general 
was published in a monograph by Johnson in 19^6 and has since been 
updated, in a review on the chemistry of ylides, by Hudson#^

The chemical stability of ylides relative to reactive anionic species 
suggests that the presence of the •onium residue (-X+) adjacent to 
the negative Y atom must afford some degree of stabilisation within 
the compound. In addition to such stabilisation effects, almost all 
stable compounds of this type have an electron-withdrawing group 
attached to the Y portion of the molecule, which will enhance the 
stabilisation of the negative atom by virtue of its ability to 
delocalise the negative charge# It would thus appear that the 
stability of ylides is dependent on the effectiveness of the 
stabilising group, the electronegativity of the negative atom Y 
(governing the ability of the atom to successfully bear a negative 
charge), and also the stabilising effect resulting from the involve
ment of the ,onium residue X+#

It has been observed^* ̂ that, in general, second-row ylides (X=S,P) 
818» by far, more stable than first-row ylides (X»0,N), suggesting 
that stabilisation of the negative Y atom by the ’onium residue may, 
in S0cond-row ylides be attributed to some involvement other than 
the simple coulombic intractions available to first-row compounds# 
HavinS suggested that 3d-orbitals in second-row elements would be
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too diffuse to contribute to molecular binding unless modified
4sufficiently by molecular environment, Craig et al. proposed

that the presence of a formal positive charge on the second-row atom,
or the attachment of very electronegative ligands could result in
contraction of the 3d-orbitals such that overlap with suitably
orientated p-orbitals on an adjacent atom might be feasible* In
1969, Mitchell"* reviewed the evidence for and against 3d-orbital
involvement in bonding, and it would appear that proposals of
d-orbital involvement are justified providing a favourable molecular
environment exists* Since the d” —bond framework in second-row ylides
can he formed without utilising the 3d-orbitals of the fonium residue,
the type of interaction involving the d-orbitals can be assumed to
be IT in nature* For those second-row ylides in which Y=N-, the 'TT

6—10-bonding arrangements may be likened to those postulated by 
Craig and Paddock11 for cyclic phosphonitrilic compounds and to those 
suggested by Cruickshank12 for P-O-P bridged systems, and may best be 
Ascribed by consideration of two equivalent nitrogen-electron lone- 
pairs interacting with suitable combination of d-orbitals on the 
’onium residue, thus forming bonding-overlaps which may theoretically 
te resolved into two mutually—perpendicular components named,
(i)̂  in the plane of the cT-bond framework and, (ii)TT perpendicular 
to the plane of the d*- framework* It is also feasible that similar 

—d TT interactions may occur between the nitrogen lone-pairs of 
electrons and an adjacent second—row atom in the stabilising group, 
Provided the remaining substituents of the stabilising group are 
sufficiently electronegative to induce the aforementioned contraction 
°f the 3d-orbitals necessary for efficient pTT — dTT overlap. Under



92

these conditions, it is possible that the bonding situation may be 
regarded as the appropriate 3d-orbitals on the 'onium and stabilising 
group competing to delocalise the lone pairs of the nitrogen atom 
and it may be that the availability of the orbitals in the stabilising 
group will have a marked effect on the X+-N bond and may also affect 
the conformations of the systems.

In order to obtain further information regarding the bonding system 
and conformations exhibited by second-row ylides containing the 
further possibility of pTT -dTT bonding with the stabilising group, 
the crystal-structure analyses of three such ylides have been carried 
out and the appropriate dimensions compared with those of other known 
systems. Section 4*1* concerns the crystal-structure analyses of two 
phosphonium imines (I and II) whilst section 4*2* investigates the 
structure of an unusual sulphonium imine (IX).



S E C T I O N  4.I0

TEE CRYSTAL AND MOLECULAR STRUCTURES OF 

U-LICELOROPHOSPHIUOYL-P-TRIPKENYLPHOSPHAZENE

and

U-UIPHElUfLPHOSPKIUOYL-P-TRIPHEHYLPHOSPHAZEKE
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INTRODUCTION

The two compounds I and II may best be regarded as tr ip h e n y l phos- 

phonium-imine y lid e s  (x+=Ph^P+- , Y=N-), which may a ffo rd  opport

unities fo r  d e lo c a lis a tio n  o f  the  lone p a irs  o f  e le c tro n s  on the  

nitrogen atom in to  vacant 3 d -o rb ita ls  o f  s u ita b le  energy on the  

phosphorous atoms o f both  the  s ta b i l is in g  and f onium groups. In  

order to in v e s tig a te  the bonding p a tte rn s  and conform ational 

properties w ith in  these molecules and to  compare the  p o ssib le  

effects o f d i f fe r in g  s ta b i l is in g  groups on the  X+-Y bond, X -ra y  

analyses o f both compounds have been c a r r ie d  out»



- +
Cl0P(o)-N-PPh.

(I)

“ +
Ph0P(0)-N-FPh.

(ii)

(h i) Reference

+ -
(a) Ph3P-K-CgH4-T)Br
M  

M

+ "
(b) Ph^P-N-SO^^-pMe

NO,

NO, NO,

to V  " N " ?h2 
- m 2

- -K

Cl

M  + " ^N-P(ci0)(e) PhuP-N-p 2 ^
^ k o i 2 ) ^  

(f) KcĤ ITH) 2P - N - P(NH,),'1
nh2

(g) [ph3$ . 5 .

3 3

PPh.

9

16
19

18

17

20

21

(IV)

W MeP(0)ci2 
(b) (MeO)3p(0)

28

28



M ’eference

(a) (Cl)2P(0)-N(Ph)-P(s)(Cl)2 29

(b) (Cl)gP(0)-K=C=0 28

(VI)

(a) Fh2P(0)-UH-CH2-CH2-Ph 30

(2 raolecules/asymetric unit)
(b) Ph2F(0)-E(l,5e)-CH -CH2-Ph 30

(VII)

(a) Fh,P-C(Cl)-C(0)-Fh
+ ~

(b) Et2S-N-C(0)-CHCl2

(c) Ue^N-N-C(o)Ph

35

8
36, 37

38

+ -
(e) IJê lT-lT-NOg 36, 37

(f) 39

O I IT (ivle)-CH-C(0)Ph
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e x p e r i m e n t a l

N-dichlorophosphinoyl-P-triphenylphosphazene.

CRYSTAL LATA

C18H15P2N0G12 ; m=394.2; Monoclinic, a=9.2188, b=10.2848, c=19.4568,
p«=91.18°; U=1843.998^; D =1.43 g.cm, 5̂ D =1.45 g.cm. Z=4;0 in
FOOo=808; Space group P2^/c;/x =5«32 cm. Mo-Kk X -ra y s ; X =0.71078;
JtA-48.62 cm. Cu-Kd X-rays; A =1.54198,

CRYSTALLOGRAPHIC MEASUREMENTS

Unit cell parameters were initially determined from Weisseriberg and 

oscillation photographs, taken with Cu-Kd (X =1.54198) radiation and 

from precession photographs taken with Mo-Kd. (X =0.71078) radiation, 

and were subsequently refined by least-squares calculations before 

data collection. The space group P2^/c was indicated by systematic 
absences.

Intensity measurements were made on a Hilger and Watts Y290 four-

circle diffractometer,by exposing a small crystal (0,2 x 0,3 x 0,2 mm,)

rotating about a, to graphite-monochromated Cu radiation (Cu-K<

and by using the 9,U) scan technique ( in the range 0< 2 0^136°) to

collect 3012 independent reflections with I ̂  2 ($"

Appropriate corrections for Lorentz and polarisation factors were made
but ^sorption effects were considered small and no corrections were 
aPplied.

SSjUCTIJRE DETERMTN ATI ON

structure was determined by centrosymmetric Direct Methods, using 
th® comPUter programs DATRDN, NORMSF, SINGEN, TANGEN, FOTJRR, Fc and
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CRYISQ, contained in the X-ray '72 suite of programs.

Phase determination was initiated by assigning phases to five 

reflections, three of which defined the unit cell origin and were 

given phase values of 360° and two of which were chosen because of 

their ability to form a large number of phase relationships.

Since the phases of the two non-origin defining reflections were 

unknown, they were given all possible combinations of the values 

360° and 180° to initiate a series of calculations utilising the 

tangent formula of Direct ATethods, the correct starting set 

proving to be that shown in Table 4»1*1»» from which the phases of 

458 reflections with E>1,4 were assigned.

An E-map based on these 458 reflections revealed the positions of

all non-hydrogen atoms and subsequent structure-factor and electron-

density calculations confirmed these positions. An arbitrary

temperature factor U. was assigned to each atom and after eachiso
calculation the data were placed on an approximate absolute scale 

by equating kJ|Fo| and £ |fc|,

STRUCTURE REFINEMENT

Since full—matrix least-squares refinement of the total structure was

hindered by the limitations of the computer program (CRYLSQ), the

structure was defined in terms of two groups of atoms, and the

positional and vibrational parameters of one group were refined by

least-squares calculations (utilising structure-factor contributions

from all atoms) before refinement of the second group by similar

calculations. Details of the refinement are given in Table 4*3-*2* (&)

which shows convergence of positional, vibrational and scale 
Parameters after 13 cycles of least-squares refinement when R was
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0.116 and R 1 was 0.017.
<

Hydrogen-atom positions could not be adequately determined by 

examination of difference syntheses but each position was calculated 

and assigned a fixed isotropic temperature factor ^ SO=0#03X^* 

Structure-factor contributions from these atoms were included in 

subsequent calculations but no refinement of positional or vibrational 

parameters was carried out*

The degree of refinement thus obtained was insufficient for meaning

ful interpretation of the relevant geometries and it was suspected 

that a fault in the diffractometer may have rendered some of the data 

to be. of doubtful value. The data were thus recollected from the 

same crystal by exposing it to graphite-monochromated Mo-radiation 

(Mo-Kol,) and using the 9, U) scan technique (in the range 0<29^54°) 

to collect 2838 independent reflections with 1^ 2^  (
Appropriate corrections for Lorentz and polarisation factors were 
applied but absorption effects were considered small and no corrections 

were made before using the data for subsequent structure refinement*

Refinement of positional, vibrational and scale parameters converged 

after 9 cycles of least-squares calculations when R was 0.043 and R f 

was O.OO4. Retails of refinement are given in Table 4*l*2*(b),

An appropriate weighting scheme was chosen by examination of a series 

°f bivariate ( |Po| and^J'') analyses of observed and calculated 

Btructure factors. The scheme was of the form;
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If A |Fo| > Fc, W=icf9 , 
otherwise W=X.Y. 

with X=1 if Sin 9 > B, else X= 

and Y=1 if | Fo| > C, else Y= ~
I & I

The most suitable values for A, B and C were found to be 0.75» 0.6 

and 10.0 respectively. At the conclusion of refinement, difference 

syntheses and electron-density calculations revealed no errors in 

the structure.

In all structure-factor calculations, the atomic scattering factors 

used are given in reference (52). Observed and calculated structure 

factors are listed in Appendix 8. Positional and vibrational 

parameters with e.s.d.s are given in Table Values of e.s.d.s

derived from the inverse of the least-squares normal-equation matrix 

and should be regarded as minimum values.

are
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e x p e r i m e n t a l

N-dipheny lpho s phi noy 1-P-t r i  pheny lpho s phazene 

CRYSTAL DATA

C30H25P2NO; M=477*46j Orthorhombic, a=17*755S, b=15.325?, c=8.973?; 

U=2441.33?3; Lc=1.30 g.cm.-3; D =1*31 g.cm.-3, Z=4; Fooq=1000;
Space group Pna2^;/x.=2.07 cm. ^; Mo-Kdk X-rays;X =0.7107?;
//-=17*78 cm. Cu-Kot X-rays; X =1.5418?.

CRYSTALLOORAPHIC MEASUREMENTS

Unit cell parameters were initially determined from Weissenberg and 

oscillation photographs taken with Cu-K^ (X =1.5418?) radiation, 
and from precession photographs, taken with Mo-Kct (X =0.7107?) 
radiation, and were subsequently refined by least-squares calculations 

before data collection. The space groups Pna.2̂  or Pnma were 

indicated by systematic absences but subsequent structure solution 

sod refinement verified the space group to be Pna2^.

Intensity measurements were made on a Hilger and Watts Y290 four-

circle diffractometer, by exposing a small crystal ( 0.3 x 0.4 x 0.2 mm.)
rotating about c, to graphite-monochromated Cu radiation (Cu-K<*,)

atl<* using the 0,to scan technique (in the range 0 < 20^ 136°) to collect
2274 independent reflections with IX 2 ( <rL sJl+B^+B^) • Appropriate

corrections for Lorentz and polarisation factors were made but

absorption effects were considered small and no corrections were applied.

LETERMTTJAmiQN

Positions of both phosphorous atoms were determined from the
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Patterson function, the z-coordinate of one being arbitrarily assigned 

the value 0.5000 to define the origin in space group Pna2^. Thid 

value was held constant throughout subsequent refinement.

Initial attempts at structure determination were hindered by the 

inevitable presence of pseudo-symmetry resulting from the arbitrary 

choice of the phosphorous z-coordinate. An electron-density calculation > 

hased on those phases appropriate to the phosphorous atoms, revealed 

several plausible atomic sites. Careful choice of atomic positions 

from the range of pseudo-symmetrically related peaks? and their 

inclusion in a subsequent round of structure-factor and electron- 

density calculations, reduced the extent of the pseudo-symmetry* It 

hence proved possible to determine all non-hydrogen atomic positions 

after several rounds of structure-factor and electron-density 

calculations in which all non-hydrogen atoms had been assigned an 

arbitrary isotropic temperature-factor U^go*0.05X^ After each 

calculation the data were placed on an approximate absolute scale by 

equating kY|po| and £  |Pc|.

STRUCTURE REFINEMENT

Since full-matrix least-squares refinement of the total structure was 

hindered by the limitations of the computer program (CRYLSQ), the 

structure was defined in terms of two groups of atoms, the positional 

end vibrational parameters of one group being refined by least-squares 

calculations (utilising structure-factor contributions from all atoms) 

before refinement of the second group, by similar calculations, 

details of initial refinement are given in Table which

Bhows the degree of refinement after 11 cycles of least-squares 

calculations when R was 0.143 and R* was 0*163.
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The degree of refinement thus obtained was insufficient for meaning

ful interpretation of the relevant geometries and it was suspected 

that a fault in the diffractometer may have rendered some of the 

data to be of doubtful value. The data were thus recollected from 

the same crystal by exposing it to graphite-monochromated Mo-radiation 

(Mo-Kc*m) and using the 9 , ^  scan technique (in the range 0 < 2 8 ^  60°) 

to collect 2952 independent reflections with ( d' = •

Appropriate corrections for Lorentz and polarisation factors were 

applied but absorption effects were considered small and no 

corrections were made before using this data in subsequent structure 

refinement in which positional and vibrational parameters converged 

after 10 cycles of least-squares calculations, when R was O.O42 and 

R* was 0,003, Details of this refinement are given in Table 4.1.9*(b).

Difference syntheses revealed atomic positions for all hydrogen atoms
2which were arbitrarily assigned temperature factors ^ so=^*^3a and 

included in all subsequent calculations.

An appropriate weighting scheme was chosen by examination of a series 

of bivariate ( |Fo| and ) analyses of observed and calculated

structure-factors. The scheme was of the form;

If a|Fo|> Pc, W=10~9, 

otherwise W=X.Y. 

with X«1 if Sin&> B, else X= 
and Y=1 if Fo C, else Y«

Nhe most suitable values for A, B and C were found to be 0.75» 0.60

ahd 10,00 respectively. At the conclusion of refinement, difference
8yntheses and electron-density calculations revealed no errors in the 
8tructure.
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In all structure-factor calculations, the atomic scattering factors 

used are given in reference (52)• Observed and calculated structure- 

factors are listed in Appendix 9* Positional and vibrational 

parameters with e.s.d.s are given in Table 4«1«10. Values of e.s.d.s 

are derived from the inverse of the least-squares normal-equation 

matrix and should be regarded as minimum values.
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COMPOUNDS I  AND I I  

D I S C U S S I O N

Diagrammatic representations of both molecules (i and II) are given 

in Figures 4*1*1* and 4*1*2. respectively, hydrogen atoms being 

omitted for clarity. Details of bond lengths, bond angles, torsion 

angles, least-squares planes, intramolecular non-bonding distances 

and intermolecular distances are shown in Tables 4«1«4* to 4*1«8. 

and Tables 4*l*H.to 4»l*15*for compounds I  and I I  respectively.

In both compounds, the stereochemistry at atoms P(l) and P(2) is 

approximately tetrahedral, observed distortions from ideal 

tetrahedral valency angles at atom P(2) ^Cl(l)P(2)Cl(2)l00.9(l)°/ 

N(l)P(2)0(l)ll7.6(l)°, C(20)P(2)C(26)102.8(2) and N(l)p(2)0(l) 
120.1(1)°] being perhaps attributable to electrostatic repulsions 

between multiple bonds [p (2) —  0(l) and P(2) —  N(l)] and to the 

decrease in bond angle associated with the presence of bonded 

electronegative substituents^.

A significant degree of pTT-dTT bonding is suggested by bond 
lengths p(l) - £l.582(2) and 1.556(2)2 respectively for

compounds I  and II] and P(2) - N(l) ^1.557(2) and 1.605(2)2"] which 
^e considerably shorter than those values usually associated with 
P-N single bonds [l.80 from Pauling1 s covalent radii^ and 1.77(2)2 

In sodium phosphoramide^] but are comparable with corresponding 
P N bond-distances reported for compounds, such as (ill a-g)^*^ ^  

[values rang, from 1.54(2) - 1.58(1)2] and several cyclic 

Pbosphonitrilic compounds (e.g. the average P-N bond length in
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(C12FN)422 is> 1.57°2 ) . In addition, bond angles P(l)N(l)p(2)

[l39«7(2) and 146.0(2)° respectively for compounds I and I]^ are
2larger than might otherwise be expected at an sp hybridised 

nitrogen atom, but agree well with those values reported for
18—21 rcompounds such as (ill d-g) ■ Lvalues range from qa 129 -

147°] and are similar to corresponding values reported in several

cyclic phosphonitrilic compounds whose ring size is sufficiently

large that the angle is not unduly restricted by requirements

of ring geometry e.g* (Cl^PN)^22, (P^PN)^2^ and (C^PN)^ ^ have

average P-N-P angles in the range 131*3 - 148*6°. Although it has 
25been postulated that large angles between bonds linking first and 

second-row elements may be related to a partial back-donation of 

electronic charge from a lone-pair orbital of the first-row atom 

into appropriate 3d orbitals of the second-row atom, and that the 

large value of the bond angle may be considered as a means of 

optimising TT -type bonding, it is difficult to differentiate between 

this effect and the expected bond-angle enlargement resulting from 

electrostatic repulsions between electron-densities in multiple 

bonds and possible steric interactions between substituents bonded 

to the respective P(l) and P(2) atoms. The effects of such steric 

interactions may be reflected in the increased value of the P-N-P 

angle in compound II, relative to compound I, the P(2)-bonded phenyl 

substituents in (il), being perhaps more bulky than the corresponding 

chlorine atoms in (I).

Ihat electronegative ligands may induce contraction of 3 d orbitals, 
thus enabling possible pTf -dTT overlap>has previously been noted 
(see Introduction) and it follows that the greater electronegativity 
the chlorine ligands with respect to phenyl ligands may result
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in more efficient pTT -dTT [p(2)1 orbital overlap in compound I
relative to II# These effects combined with the greater inductive

effect of chlorine ligands may thus afford an explanation for the

significantly smaller P(2) - 0(l) and p(2) - N(l) bond lengths
observed in compound I [ l . 459(2) and 1-557(2)2 respectively] relative

to compound II [l.489(3) and 1.605(2)?]. That the P(l) - N(l) bond
length in I [l.582(2)X] is significantly larger than the corresponding
value in II, [i .556(2)?^] suggests that p7T[n (i)] - d7l[p(l)] bonding

may be weaker in compound I than in II and that the apparently
increased pTT [n(i)] - dTT[p(2)] bonding in I relative to II may occur
at the expense of pT\ &(l)] - dll [p(l)] bonding in the former
compound* These results thus appear to indicate that both the

phosphorus atoms of the stabilising and *onium groups are competing

for delocalisation of the lon§ -pairs of electrons on the nitrogen
atom into their respective vacant 3d-orbitals, and that the
efficiency of subsequent delocalisation over the P(l) - N(l) - P(2)
system is dependent on the availability of the 3d orbitals on the
appropriate atom in the stabilising group# Moreover, it has been 

26calculated that a P-N bond length which results from maximum 
pTT -dTT overlap for the formation of one p H - dTT bond in 
addition to the normal bond, has a value of ca 1.635& and although 
such a value may be dependent on the electronegativity of the 
phosphorus-atom substituents, it is reasonable to assume that the 
significantly shorter P-N bond lengths observed in compounds I and II 
may be due to involvement of more than one such pTT - dTT interaction 
resulting from delocalisation of both lone-pairs of electrons on 
the bitrogen atom over the P(l) - N(l) - P(2) system.

Similar p7T - dTT bonding between atoms P(2) and 0(l) is also
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suggested by bond lengths P(2) - 0(l) [l.459(2) and 1.489(3)2 

for compounds I and II respectively] which are substantially shorter 

than might be expected for single bonds [[single bonds in phosphates 

are usually in the range 1.55 - 1. 64225, the largest known being 

1.68(3)2 in sodium triphosphate*^] but which are typical of 

corresponding values reported for compounds such as IV (a)

[l,448(5)X28] and IV(fc) [l.477(6)£28] . Investigations of P(2)

- 0(l) bond-lengthening resulting from possible dTT - pTi conjugation 

between this bond and the previously discussed P(l) - N(l) - P(2) 

system, may be carried out by comparisons of the corresponding P=0 

bond lengths in compounds, I [l.459(2)2][jV(a) (jL.449(6)2 and V(b) 

[l.455(io)X28] ,  and II ["1.489(3)8}, VI(a) [l.48H4)8, 1.478(4)83°J 

ana VI (b) [l.489(l)S3°], which indicate that any such effects are 

small.

Table 4* 1*16, summarises relevant structural features in several 

reported cyclic phosphonitrilic compounds^ ^4 >31 34 an(j ©nables 

comparisons to be made between the geometries of the 0(l)p(2)N(l)p(l) 

system in compounds I and II and the FNPN portion of the cyclic 

phosphonitrilic compounds. Similarities in corresponding valency 

angles and P - N bond lengths suggests that d TT - pTT bonding in 

the aforementioned portion of the compounds I and II may be 

analogous to that postulated for cyclic phosphonitrilic compounds > 

*ith two lone-pairs of electrons on both the nitrogen and oxygen 

atoms being delocalised into approximately-orientated 3d orbitals 

in the phosphorus atoms, in such a way as to form pTT - d 11 bonds 

(^ and tt') in mutually perpendicular planes. While TT -bonding 

(in-plane) is maximised in planar cyclic molecules e.g.
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(ClgPN)̂  an<* ( ^ P N ) i t  has been suggested^ that the availability

of several different d-orbitals at phosphorus is such that the

total p TT - d TT overlap changes only slowly with distortions

from planarity, and Craig and Paddock^ have calculated that

while TT1 overlap is lost in going from a planar to a tub
configuration (in cyclic molecules), some IT-bon ding is subsequently

gained, with the result that such systems may be flexible without
gross loss of overall T7 -bonding efficiency* It would thus seem
that the conformations required for such pTT - dTT conjugation are
less stringently controlled than in the analogous situation of

p7T - p 77 conjugation which imposes a planar requirement for

efficient orbital overlap, e.g, benzene. Similarly, it is feasible

that, while TT1 bonding may be maximised in a planar arrangement

of atoms P(l)N(l)p(2) and 0(l), loss of such bonding due to
deviations from planarity may be accompanied by an increase in TT-

bonding resulting from overlap between nitrogen electron lone-

pairs and suitable combinations of 3d-orbitals outwith the plane

of the cr framework* Hence, although the maximum amount of TT

and 77/ bonding may occur in a planar conformation, the loss of

TT- energy due to distortions from this ideal arrangement may be

less than in pTT - p77 conjugated systems. Evidence supporting

the suggestion may derive from consideration of the relevant
torsion angles in compounds (VII a-f8,^ ~ ^ )  which show that in
those ylides in which only pTT - dTT interactions are possible
between the negatively charged Y atom and the stabilising group,

+
the X - y  - z = 0 system is approximately planar [torsion angle 
values range from 0° - 8*3°], whilst the torsion angles P(l)N(l) 

p(2)0(l) |l70.i(2) and -25*3(4)° for I and II respectively] in the
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present molecules show a greater deviation from this range of

atoms with respect to each other^ in compounds I  and I I  respectively, 

may possibly be attributed to differing non-bonding interactions 

in the two compounds. Figure 4*1»3* illustrates the conformations 

of the substituents about bonds P(2) - N(l) in both compounds.

The conformation thus adopted by compound I may perhaps be rational

ised by consideration of possible electrostatic interactions 

between the electronegative chlorine ligands and the phosphonium 

atom P(l) [ Cl(l)- •' P(l)3.70£, Cl(2)‘«• P(l) 3.852 and possible steric 

interactions e.g. Cl(2)’• • 0 (7)3*69X 1 Cl(2)•• *C(8)3«6lS, whilst in 

II, the cisoid conformation of atoms P(l) and 0(l) with respect 

to each other may represent the minimisation of steric interactions 

between the phosphonium-bonded phenyl groups and the phenyl ligands

Although there are no P(l)-carbon- • *P(2)-carbon contact distances 

less than 3*7&, the enlargement of bond angle P(l)N(l)P(2) 

relative to I has previously been noted. It would thus appear 

that the conformation adopted by compounds such as I and II may 

provide a balance between maximum pTT - d TT orbital overlap and 

non-bonding interactions, and that the range of conformational 

possibilities arising from pTT - dTT conjugation may be greater 

than is possible in the analogous pTT - pTT conjugated systems.

In both compounds, the phosphonium-bonded phenyl groups, which are 

Planar, within experimental error, are arranged in the familiar 

"propeller” conformation (interplanar angles are 81.7» 9^*2 and 

117.6° in i and 85.8, 98.1 and 79*9° in H)» with the PhosPhoruB 

atom lying slightly out of plane relative to each ring, as has

values. The transoid and cisoid nature of the P(l) and 0(l)

of the stabilising group, and between atoms
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been reported for various triphenylphosphine derivatives,9*10,40 43 

Similarly, those phenyl groups bonded to atom P(2), in II, are 

planar within experimental error, their orientation with respect 

to each other being defined by the dihedral angle 

between their planes. Examination of the previously undiscussed 

dimensions of compounds I and II, in particular the P - C(phenyl) 

[mean 1.797(5) and 1.817(4) respectivelyj, P(l)-bonded phenyl 

C - C jjnean 1.387(8) and 1.390(8)2 respectively^, P(2)-bonded 

phenyl C - C [mean 1.389(5)2^} bonds and endocyclic phenyl valency 

angles jjjnean 120.0 in all phenyl groups^ , reveals values which 

do not differ significantly from accepted values^-.

The absence of short intermolecular contacts in both compounds 

implies that the crystal-packing arrangements are dominated by 
Van der Waal’s forces. Diagrams illustrating these crystal- 
packing arrangements are given in Figures 4* 1*4* atl̂  4* 1*5»
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tabls 4.1.1,

E Phi

1 2 -14 3.45 360° Origin
2 9 1 3.18 360°  ̂ Reflections
1. 8 1 3.14 360°

0 1 11 2.49 180°

4 2 4 2.39 180°



TABLE 4.1.2.(a)

COURSE OF KEFIlPIMEIiT

Parameters Refined.

x, v. z. U. of all non-' * 9 * ISO
hydrogen atoms; scale 
parameter; unit v,'eights.

xi y» z t (i» 0 = if f̂
3) of C atoms only; all other 
atoms were included in the 
calculation but were not 
refined; scale parameter; 
unit weights.

x» Yf z, U.^ (i, j = 1, 2,
3) of P N 0 Cl atoms only;
all other atoms were 
included in the calculation 
hut were not refined; scale 
parameter; unit weights.

Cycle Final R

1 - 4  0.184

5 - 8  0.147

9 - 1 3  0.116

Final Rf

0.037

0.029

0.017



TABLE 4.1.2. (b)

COURSE OF REFII^EFSKT

Parameters R efined

Scale parameter; all atoms 
were included in the 
calculation but were not 
refined; unit weights;

x» y» z, ^  (i, j = 1, 2,

3) of P N 0 and Cl atoms;
H and C atoms in calculation 
but not refined; scale 
parameter; unit weights.

xi y, z, (i, j = 1, 2,
3) of C atoms; all other 
atoms in calculation but 
not refined; scale parameter; 
unit weights.

*. y, u.. (i, j = 1, 2,
3) of P H 0 and Cl atoms;
H and C atoms in calculation 
but not refined; scale 
parameter; weighting scheme 
adjusted.

Cycle Final R

1 0.099

2 - 3  0.064

4 - 5  0.051

6 - 7  0.045

Final R!

0.013

0.007

0.004

0.003



TABLE 4*1*2. (b) (Cont.)

Parameters Refined

X, y, Z, U (i, j = 1, 2,“*• J
3) of C atoms; all other atoms 
in calculation but not 
refined; scale parameter; 
weighting scheme adjusted.

Cycle Final R

8 - 9  0.043

Final R'

0.004



TABLE 4.1.3.

(a) Atomic Fractional Coordinates and E.S.Ds of Compound (i) 

ATOM x/a y/b z/c

P(1 
P(2 
N(1 
0(1

Cl) 
23
4 
>5 6
7

C 
C 
C 
C 
C 
C 
C
0(9 
C(lO 
C 11
12
W14
.16
l<(18

0.67681(6) 
0.67082(7) 
0.7170(3) 
0.7615(3) 
0.64863(11) 
0.46370(9) 
0.7716(5) 0.8243(6) 
0.9034< 
0.9276I 
0.8751' 0.7953(6)
0.4860(5)
0.3971’ 
0.24881 
0.19261 
0.27961 
0.42841
0.7383' O.67291 
0.72541 0.84821 
0.91711

X>5,
6

3,

Si

0.28504(6)
0.51012(6)
0.4212(2)
0.6228(2)
0.40044(9)
0.56988(9)
0.2768(5)

0.8641(5)

0.3894 0.3821 
0.2645 
0.1522 
0.1571 . 
0.2594(5) 
0.2317(6) 
0.2149 
0.2262 
0.2553 
0.2720 
0.1509 
0.0305 
-0.0734 
-0.0556 
0.0643 0.1678(6)

6]
>7.
7.6(
>5,
>5,6!

0.08953(3)
0.18314(4)0.1226(1)
0.1991(1)
0.26876(4)
0.16679(5) 
0.0097(2 
-0.0188 
-0.0796 
- 0.1100 
-0.0820 
- 0.0216 
0.0725 
0.1279 
0.1161 
0.0505 
-0.0047 
0.0066 
0.1409 
0.1383 
0.1765 
0.2180 
0.2203 
0.1823



TABLE 4.1.3.

(b) Hydrogen-atom F ra c t io n a l C oordinates

ATOM x /a y /b z /c

H(2) 0.8076 O.4768 -0.0036
H3) 0.9420 0.4647 -0.1010
H4 0.9848 0.2585 -0.1527
H5 0.8930 0.0668 -0.1048
H 6) 0.7556 0.0753 -0.0012
H8 0.4384 0.2240 0.1756
H(9) 0.1836 0.1943 0.1550
H 10) 0.0858 0.2128 0.0422
H(ll) 0.2364 0.2644 -0.0518
H(l2) 0.4924 0.2923 -0.0327Hl4 O.5844 0.0175 0.1080
Hi5 0.6777 -0.1598 0.1743H(16) 0.8864 -0.1287 0.2469
S 17 1.0061 0.0756 0.2498H(l8) 0.9152 0.2538 0.1839



TABLE 4.1*3.

(c) Anisotropic Temperature Factors and E.S.Ds a 2)

U11 U22 U13 U12 U13 n23

0.0272 0.0385 0.0371 -0.0016 0.0043 0.0005
0.0378 0.0363 0.0434 0.0006 0.0017 -0.0008
0.042(1) 0.046(1) 0.048(1) -0.006(1) 0.011(1) -0.003(1)
0.06l(l) 0.045(1) 0.085(2) -0.006(1) -0.002(1) -0.013(1)
0.0800 0.0679 0.0439 0.0154 0.0097 0.0107
0.0453 0.0720 0.0736 0.0192 0.0026 0.0052
0.027 0.053 0.039 -0.001 0.003 -0.001
0.051 0.052 0.056 0.001 0.013 0.005
O.O63 0.073 0.054 -0.003 0.019 0.013
0.052 0.088 O.O46 0.005 0.014 -0.001
0,066 0.073 0.052 0.004 0.014 -0.015
0.053 0.057 0.050 -0.007 0.009 -0.006
0,028 0.045 0.049 0.001 0.002 0.002
0.033 0.066 0.053 -0.007 0.005 0.004
0.029 0.077 0.077 -0.006 0.010 0.0030.028 0.077 0.092 -0.001 -0.006 -0.003
0.041 0.094 0.070 0.008 -0.018 0.001
0.035 0.074 0.053 0.004 -0.001 0.006
0.030 0.046 0.040 0.003 0.005 0.001
0.040 0.047 0.062 0.001 0.001 0.001
0.060 0.054 0.080 0.009 0.021 0.011
0.070 0.073 0.060 0.037 0.016 0.016
0.048 0.092 0.057 0.029 -0.007 -0.004
0.036 0.061 0.057 0.008 -0.002 -0.005

E.S.Ds
0.0003 0.0003 0.0003 0.0003 0.0002 0.0003
0.0005 0.0005 0.0005 0.0004 0.0004 0.00040.003 0.003 0.004 0.003 0.002 0.003

pi
P(2
m  
0(1, 
01(1) 
01(2) 
ci; 
02 °3 
¥
C(6)
0 7) 
08 0(9)c i°;
c m  
c 12 
013 C(14 
c(l5 C16 
CQ7 
C18

P
Cl
C



TABLE 4.1.4.

Intramolecular Bonded Distances and E.S.Ds (2) f o r  Compound (i) 

ATOM A ATOM B %



TABLE 4.1*5.

Yalency Angles and E.S.Ds ( in  DEGREES) 

ATOM A ATOM B ATOM C



TABLE 4.1.6.

Selected Torsion Angles (°) and E.S.Ds



TABLE 4.1.7.

Selected least-squares planes in the form, IX* + mY* + NZ1 = d,

inhere X*, Y 1 and Z1 represent an orthogonalised set of axes.

(a) Plane Equations

Plane (l) - -0.83582X* + 0.10402Y1 - 0.53906Z' = -5.7438I 
Plane (2) - -0.14793X' + 0.97734Y1 + 0.15138Z* = 2.16745 
Plane (3) - 0.58873X1 - 0.26720Y* - O.76289Z1 = 1.47859

(b) Deviations (2) of Atoms from Plane (Starred Atoms Define Plane)

Plane (l) = C(l)* -0.004(4), C(2)* 0.001(6), C(3)* 0.002(6), C(4)* 
-0.001(6), C(5)* -0.002(6), C(6)* 0.004(6), P(l) -0.076(1)

plane (2) = 0(7)* -0.005(5), C(8)* 0.004(6), 0(9)* 0.002(6), C(io)* 
-0.005(7), C(ll)* 0.003(7), C(12) 0.002(6), P(l) 0.043(1)

Plane (3) = C(l3)* -0.009(4), C(l4)* 0.006(5), C(l5)* 0.001(6), C(l6)* 
-0.006(6), 0(17)* 0.004(6), C(18)* 0.004(6), P(l) 0.063(1)

lc) Dihedral Angles (°) between Planes

M  - (2) 81.7° (1) - (3) 96.2° (2) - (3) 117.6°



TABLE 4.1.8.

(a) Intra-molecular Non-bonding Distances <(* 4«oX 

ATOM A ATOM B X

p(i
P(i
Pf2
m )  
p 2; 
p 2: 
A;
N(1
II
n(i 
n(i‘ 
ci(
Cl(
ci(
Cl(
ci(
CWc(i) 
ci 
C(2) 
0(2) 
C 6) 
C 6) 
C 6 
0 6)
0 7
C(8)
C(8)

a s
c (7 )  
8) 
13) 18) 
2) 
6) 
8) 
12 
18 
8) 
13) 
18)
7)
8) 
12 
14 18 
12
:?i
>12(
»13(
M i  14(
>13< 14,

3.70
3.85 
3.75
3.95 
3.84
3.95
2.96
3.98
3.54 
3.78
3.15
3.96 
3.68
3.55
3.69 
3.61
3.16
3.69
3.63 
3.88
3.86
3.58
3.63 
3.22
3.58
3.17 
3.26 
3.28



TABLE 4,1.8. (Cont.)

(b) Intermolecular Distances < 3.82 

ATOM A ATOM B 2

01 C(l5) I 3*17
0(1) C(16) II 3.42
01(1) C(5) II 3.58
0(17) C(4) II 3.74
01(2) C(3) III 3.79
0(1) C(9) IV 3.72
Cll) c(u) IV 3.75
011 0(15) IV 3.64Cl(2) Cl(l) IV 3.78

where the position of atom B is given by,
x, 1+y, z 
x, £-y, i+z 
1-x, 1-y, -z 
1-x, J+y, irz

I
II
III 
17



TABLE 4.1.9* (a)

COURSE OF REjTMjSin?

Parameters R efined  Cycle F in a l R

x, y, z. U. of all non- * * iso
hydrogen atoms; scale 1 - 6  0.157
factor; unit weights*

X, y, Z, TLj (i, j = 1, 2, 3) 
of atoms in group (l)i Z
coordinate of atom P(2) not 7 “ 9 O.I46
refined; scale factor; unit
weights.

x» y» Z, (i, j = l f 2, 3) 
of atoms in group (2); all other
non-hydrogen atoms in calcul- 10 - 11 0.143
ation hut not refined; scale 
factor; unit weights.

POTE

Group (l) contains atoms P(l), P(2), IT(l)» 0(l), C(20) 
Group (2) contains atoms C(l) - C(l8) and P(l)

F in a l R 1

0.031

0.029

0.027

C(31)



TABLE 4.1.9* 0>)

COURSE OF RSFIREI'ERT 

Parameters R e fin ed

Scale factor;

x, y, z, (if 0 = lf 2, 3) 
of atoms in group (2); all other 
atoms including H-atoms in 
calculation but not refined; 
scale factor; unit weights.

x» y» Zf (if j = If 2, 3)
of atoms in group (l); z 
coordinate of P(2) not refined; 
all other atoms in calculation 
but not refined; scale factor; 
unit weights.

As in cycles 2 - 3  except 
weighting scheme adjusted.

As in cycles 4 ~ 6 except 
weighting scheme adjusted.

Cycle Final R

1 0.100

2 - 3  0.081

4 - 6  O.O45

7 - 8  0.042

9 - 1 0  0.042

Final Rf 

0.010

0.006

0.003

0.003

0.003



TABLE 4*!•!&•

Atomic Fractional Coordinates and E.S.Ds (2) of Compound (il) 

ATOM x/a y/b z/c

P(l) 
P(2j 
1 
1 
1 
2> 
3!
45,

siio; 
n  
12 

0(13] 
c U] 
c 15 
c 16 c(17 
018 
0(20 
C 21 
C(22 
C 23 
C 24 
C(25 
C 26 
Cl 27, 
C(28) 
C(29) 
0 30) 
C(31)

0.22725(3)
0.08537(3)
0.1571(1)0.0858(l) 
0.2812 
0.2879 
0.3290 
0.3615 
0.3546 
0.3141 
0.2914 
0.2623 
0.3105 
0.3870 
0.4161 
0.3687
0.2075 
0.2587 
0.2410 
0.1710(4 
0.1211(3) 
0.1393 
0.0709 
0.0317 0.0160 
0.0389 
0.0781 
0.0939 0.0032 

- 0.0032 
- 0.0681 
-0.1266 
-0.1219 
-O.O569

0.05094(4) 
0.15967(4) 
0.1014(2) 
0.2117(2) 
O.OI561 
O.O7291 
0.0481 
-0.03361 
-0.0914(3) 
-0.0672(3; 
0.1152(3, 
0.1791(3,

0.48578(11)
0.50000(-)

0.2262 
0.2078 
0.1447 
0.0978 -0.0467 
-0.0791 
-0.1533 
-0.1943 
- 0.1636 -0.0892 
0.2312 
0.3086 
0.3632(2) 
0.3408(3) 
0.2626(3) 
0.2090 
0.0901 
0.0216 
-0.0297 -0.0112 
0.0574(3) 
0.1081(2)

O.544O 
0.3599 
O.6467 
0.7654 0.8908 
0.8967 
0.7808 
0.6534 
0.3715 0.2810 
0.1868 
0.1857 
0.2771 
0.3711 0.3780 
0.2723 
0.1915 0.2156 
0.3206 
0.4027 
0.6597 
0.6374 
0.7585 
0.9002 
0.9231 
0.8028 
0.5051 
0.6063 
0.6106 
0.5148 
0.4157(5 
0.4102(4



TABLE

(b) Hydrogen-atom Fractional Coordinates 

ATOM x/a y/b z/c

0,2615 0.1332 0.7769
0.3302 0.0974 0.9613
0.3812 -0.0596 0.9890
0.3741 -0.1490 0.7763
0.3132 -0.1130 0.56550.2021 0.2051 0.2813
0.3051 0.2910 0.1525
0.4176 0.2370 0.1179
0.4716 0.1092 0.2535
0.3890 0.0522 0.4338
0.3114 -0.0559 0.2551
0.2810 -0.1828 O.0968
0.1606 -0.2457 0.1440
0.0662 -0.1939 0.3476
0.1027 -0.0569 0.4818
0.0000 0.3221 0.5361
-0.0200 0.4167 0.7402
0.0240 0.3793 1.0000
0.1054 0.2599 1.0156
0.1212 O.1524 0.8194
0.0413 0.0071 0.6795
-0.0725 -0.0796 0.6837
-0.1715 -0.0446 0.5241
-0.1636 0.0773 0.3424
-0.0524 0.1721 0.3505

H(2
h(2 
H4 
H 5
H(6
H(8 H 9] 
h 10: 
m i ,
H(12(H(u
H(15
H(16
H ^  HIS 
H(21 
H22 
H(23 
H 24 
H 25 H 2? 
H( 28 
H129 
H(30 
H(31



TABLE 4* 1.10.

r\0(c) Anisotropic Temperature Factors and E.S.Ds (X )

U11 U22 *33 U12 U13 U23

0.0267 0.0336 0.0399 0.0003 -0.0007 0.0031
0.0302 0.0334 0.0412 0.0019 0.0018 0.0045
0.031(1;) 0.0450L) 0.057(1) 0.006(i;) 0.002(1) 0.004(1)
0.048(1,) 0.043(]L) 0.047(1) 0.00l(l,) 0.003(l) O.Oll(l)
0.028 0.041 0.037 -0.001 0.000 0.004
0.042 0.045 0.049 -0.002 -0.002 -0.004
0.054 0.072 0.050 -0.002 -0.010 -0.012
0.047 0.080 0.047 0.003 -0.010 0.015
0.048 0.049 0.058 0.006 -0.008 0.013
0.040 0.043 0.048 0.005 -0.002 0.003
0.034 0.042 0.042 -0.007 0.004 -0.004
0.051 0.045 0.061 0.006 0.017 0.012
0.081 O.O46 O.O64 0.003 0.027 0.011
0.062 0.062 0.054 -0.024 0.021 -0.007
0.039 0.091 0.052 -0.016 0.007 -0.003
0.033 0.074 0.053 -0.007 -0.000 0.007
0.036 0.038 0.044 -0.000 -0.009 0.001
0.045 0.058 0.053 0.002 -0.002 -0.010
O.O65 0.058 0.062 0.011 -0.007 -0.018
0.087 0.040 O.O65 0.003 -0.033 -0.003
0.055 0.044 0.072 -0.008 -0.017 0.004
0.043 0.042 0,058 -0.006 -0.003 0.002
0.032 0.038 0.050 -0.002 0.005 -0.002
0.048 0.044 O.O65 0.006 0.009 -0.001
0.067 0.048 0.088 0.003 0.021 -0.011
O.O69 0.061 0.075 -0.017 0.020 -0.025
O.O65 0.089 0.053 -0.022 -0.000 -0.013
0.048 0.055 0.056 -0.003 -0.005 -0.003
0.031 0.038 0.040 0.002 0.003 -0.002
0.040 0.049 0.047 -0.004 0.001 ■ 0.008
0.055 0.051 0.053 -0.014 0.012 -0.002
0.041 0.068 0.063 -0.013 0.009 -0.018
0.039 0.075 0.063 0.000 -0.012 -0.015
0.039 0.054 0.051 0.004 -0.007 -0.002
stimated Standard Deviations
0.0002 0.0002 0.0003 0.0002 0.0003 0.0003
0.002 0.002 0.002 0.001 0.002 0.002

%
n(i; 
0(1
°(1 
0(2*

0 (3;C 4 
0 (5,eta
0 Vi 
08 C 9;c i°;
c 11; 
0(12; 
0 13 CQ4
CU5 
c 16 c 17 
c(iq; 
ct 20) 
C(21) 
Cf 22' 
c(23 
0(24 
c(25
C(26
C(27
c 20;
c 29; 
C 30 
C(31



TABLE 4.1.11.

Intramolecular Bonded Distances and E.S.Ds (X) for Compound II 

ATOM A ATOM B X

.556(2
•815(4<.822(4,
.816(5!
.405(2,
•489(3,
.822(3,.808(2
•385(7.•398(6) 
.394(8 .380(8 
.371(8 
.400(7 
.373(7 
.398(5 .403(8 
.387(8 
.369(8 
.391(8 
.404(7 
.393(5 
.385(8 
.409(9 
.376 
.395 
.390 
.390 
.399 
.378 
.401 
.385 
.393 
.393 
.395 
.378 
.379 
.392

ji,56
J6
’6
!5
,4
,5
3
6



TABIE 4.1.12.

Valency Angles and E.S.Ds ( in  DECREES) 

ATOM A ATOM B ATOM C



TABLE 4.1# 12. (Cont.)

ATOM A ATOM B ATOM C



TABLE 4.1.13.

Selected Torsion Angles (°) and E.S.Ds



TABIE 4.1.14.

Selected least-squares planes in the form, IX* + mY1 + nZ* - d, where

X1, Y f and Z1 represent an orthogonalised set of axes.

fa) Plane Equations

Plane (l) = 0.83499X1 + 0.36900Y* - 0.40820Z1 = 1.88366
Plane (2) = 0.14020X1 + O.67905Y* + 0.72058Z* = 4.33139
Plane (3) = 0.42611X* - 0.57206Y1 + O.7OO84Z1 = 4.36302
Plane (4) = -0.86452X* - 0.48090Y* + O.I4609Z1 = -I.927IO
Plane (5) = 0.39138X1 - 0.61816Y1 - 0.68169Z1 = -3.92779

ft) Deviations (X) of Atoms from Plane (Starred Atoms Define the Plane)

Plane (l) = C(l)* 0.005(4), 0(2)* -0.007(5), C(3)* 0.003(6), C(4)*
0.002(6), C(5)* -0.003(5), C(6)* -0.000(4), P(l) -0.006(1)

Plane (2) - C(7)* -0.005(5), C(8)* 0.002(5), 0(9)* 0.003(6), C(l0)* 
-0.005(6), C(ll)* 0.002(6), C(l2)* 0.003(6), P(l) -0.095(1)

H-ane (3) - C(l3)* -0.007(4), 0(14)* -0.000(5), C(l5)* 0.008(6), C(l6)* 
-0.010(6), C(l7)* 0.005(5), 0(16)* 0.003(6), P(l) -0.036(1)

Plane (4) = C(20)* -0.000(3), C(2l)* 0.002(4), 0(22)* -0.001(4), 0(23)*
-0.002(5), 0(24)* 0.003(4), 0(25)* -0.002(3), P(2) 0.095(1)

5 me (5) - 0(26)* 0.007(3), 0(27)* -0.008(3), 0(28)* 0.001(3), 0(29)* 
0.005(4), C(3o)* -0.006(4), 0(31)* -0.000(3), P(2) -0.0497(4)

— Dihedral Angle (°) between Planes

(1) ' (2) 85.8° (1) - (3) 98.1° (2) - (3) 79.9° (4) - (5) 98.1°



TABLE 4* 1*1*5•

(a) Intramolecular Non-bonding Distances < 4*oX

ATOM A ATOM B X

P(l) 0(1) 3.69
Nil) C(2l) 3.97
Nil) C(25) 3.06
N1 C(27) 3.15
Nil) CC31) 3.99
N(l) C( 2) 3.09
Nil) C(6) 3.93
Nil) Cl 8) 3.24
Nil) Ci 18) 3.20
P 2) Cl 7) 3.90
n2) Cl 8) 3.71
*(2) C113) 3.99
0(1) C( 21) 3.05
0(11 0(25) 3.98
0(l) C(27) 3.98
Ol) C(31) 3.02
0 1 C(7) 3.94
0(1) C(8) 3.25
0 20) C127) 3.50
0 20) ci 31) 3.70
0 21) C(26) 3.59
0 25) C(26) 3.61
0(25) 0(27) 3.79
0 26) C(17) 3.77
0(27) c(l7) 3.55



TABLE! 4.1.15. (Cont.)

(b) Intermolecular Distances < 3.8S

ATOM A ATOM B &

C(3) Cfio) I 3.74
C(25) C(29) II 3.63
0(263 0(17) II 3.76
0(27) C(30) II 3.76
0(27) C(31) II 3.54
0(27) c(18) 11 3.740(27) C(17) II 3.58
0(28) 0(1) II 3.59
0(28) C(3l) II 3.69
C128) C(13J II 3.64
0(28) C(18) II 3.43
C(28j C(17) II 3.63
C(29) Ci 13} II 3.67
C(29J CC14) II 3.57
C(29) C(15) II 3.60
C(29) C(l6) II 3.71
C(30) c(l5) II 3.57
C(30) C(16) II 3.52
C(3l) C(l6) II 3.65
C(2) c(29) II 3.76
C(23) C (6) III 3.73
C(25) C(15) III 3.75
C(2) C(16) III 3.66
°(l) C(5) IV 3.28
C(21) C(4) IV 3.76
c(3) C(22) V 3.78
°(10) C(3l) V 3.61

where the position of atom B is given byt
I * x, y, 1+z
ttt = TX>ii1 = r*. f+y* ¥ z
F  ' l~x> by, I+2-1
T * bx, bv, 2



TABIE 4.1#16.
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F I G U R E  4.1.1.

Diagrammatic representation of Compound I
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F I G U R E  4.1.2.

Diagrammatic representation of Compound II
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F I G U R E  4.1.3.

Conformations about bond P(2) - N(l) 
in Compounds I and II



P(1)

C l

0(1)

Cl(2)
TORSION ANGLES

0(1) P(2) N(l) P(l) 170.1(2)
Cl(l) P(2) Nfl) P(l) 44.5(3)
Cl(2) P(2) N(l) P(l) -64.9(3)

COMPOUND I

C(20) C(26)
TORSION ANCLES

-25.3(4
-149.4(3
101.7(3;

COMPOUND II



F I G U R E  4*1»4*

Crystal-packing arrangements for Compound I



<--------X



F I G U R E  4.1.5.

Crystal-packing arrangements for 
Compound II





S E C T I O N  4.2.

THE CRYSTAL AND MOLECULAR STRUCTURE OP

AN YLIDE COMPOUND DERIVED PROM

METHYL 6p-PHENYL-ACETOAI^IDO-PENICILLANATE
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INTRODUCTION

As part of an investigation of the reaction of chloramine T with 
p e n i c i l l i n s with the objective of chemically modifying the 

thiazolidine ring and forming p-lactams with possible antibiotic 

activity, a methanolic solution of methyl 6}3-phenyl-acetoamido- 

penicillanate(l) was reacted at room temperature with chloramine T

(2) (2 mol. equiv.) in methanol, to yield white crystals. The 

i.r. spectrum indicated a p-lactam ring (1790 cm.~^) and possibly 

the functional group (3) (1360, 1168, 1150 and 990 cm. whilst 

the n.m.r. spectrum indicated a bicyclic system containing gem- 
dimethyl, two tosyl units and trans-p-lactam protons. On the 
"basis of elemental analysis and spectroscopic data, three closely- 

related structures were plausible (VIH, IX and X) for this 
crystalline product, but these could not be unambiguously disting
uished. Since one of the possible structures was the unusual 

ylide (IX) and since comparison of this compound with similar ylide 

systems was thought to afford the opportunity for detailed 

investigations of bonding and conformational patterns within second- 

row ylide systems, a crystal structure analysis has been carried 

°ut, which has confirmed the structure (lX)«



PhCR^OMT

C02Me

Me'
Me
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R H
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e x p e r i m e n t a l

CRYSTAL DATA

C^H^N^O^; M=686.8; Monoclinic, a=15.6l3®, b=7.951®, c=13.84oX,

P=108.98°j U=l624*7®^J I) =1*41 g.cm. D =1,40 g.cm. Z=2;c m
PoOo=720; Space group P2^; MoKd radiation; X “0.7107?;/<- (Mo-KcA ) =

2.94 cm* \

CRYSTALLOGRAPHIC MEASUREMENTS

Unit cell parameters were initially determined from oscillation and 

Weissenberg photographs taken with CuK4. (A =1.5418®) radiation and 

from precession photographs taken with MoKk (A =0.7107®) radiation, 
and were subsequently refined by least-squares calculations before 

data collection. The space group P2^ was indicated by systematic 
absences.

Intensity measurements were made on a Hilger and Watts Y290 four- 
circle diffractometer, by exposing a crystal (0.3 x 0.6 x 0.2 mm.) 
rotating about the unique axis b, to graphite-monochromated Mo- 

radiation (Mo-Koi,), and using the scan technique (in the range 

O<20^54°) to collect 3105 independent reflections (1 ^ 2 ^, ĉ  = 

| ^ V ^ 2)# Appropriate corrections for Lorentz and polarisation 
factors were applied but absorption effects were considered small and 
oo corrections were made.

SMCTURE rnnrm rrwypiQN

8tructure was determined by non-centrosymmetric Direct Methods, 
using the computer program, MULTAN and appropriate programs contained
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in the X-ray '72 suite of computer programs.

Phase determination was initiated by assigning phases to those 

reflections shown in Table 4*2.1. and utilising them in a series of 
calculations based on the weighted-tangent formula of Direct Methods, 

from which phases were assigned to those 397 reflections with 

E ^ 1.4* An initial E-map, based on these reflections, yielded 

the positions of the three sulphur atoms. The phases appropriate 

to these atomic positions were subjected to a phase-refinement 

procedure (program 'Tangen1 of the X-ray *72 system) and from the 

subsequent E-map based on the same set of reflections, 36 of the 

non-hydrogen atoms were clearly located. The remaining non-hydrogen 
atomic positions were revealed by conventional structure-factor and 

electron-density calculations. Each atom was assigned an arbitrary 
temperature factor TJj,so=0,05^  and after each round of calculations, 
the data were placed on an approximate absolute scale by equating

STRUCTURE REFINEMENT

The refinement of positional, vibrational and overall-scale para

meters by least-squares calculations converged after 20 cycles when 

R was 0,048 and R* was 0.005. Computing limitations forced the use 

of an arbitrary blocking strategy in which the parameters of groups 

of atoms were refined simultaneously (considering all off-diagonal 

elements within the group), while the remaining parameters were held 

constant. Details of the refinement are given in Table 4*2.2.
uru possible, hydrogen-atom positions were located from difference 

yntheses and each atom was assigned an arbitrary temperature



112

factor = 0*03^ before inclusion in all subsequent structure -
factor calculations, no refinement of these positional and 

vibrational parameters being carried out#

An appropriate weighting scheme was chosen by examination of a 

series of bivariate ( |Fo| and — ) anaylses of observed andA
calculated structure factors. The scheme was of the form;

If |Fo|4 7.5, then ¥=1, 
else W= (7.5/Fo)2 

On convergance of the refinement, calculations of an electron- 

density distribution and difference synthesis revealed no errors 
in the structure. In all structure-factor calculations, the 

atomic scattering factors used are given in reference (52),
Observed and calculated structure factors are given in Appendix 10, 

whilst positional and vibrational parameters, with e.s.d.s, are 

given in Table 4*2* 3* Values of e,s,d,s are derived from the 

inverse of the least-squares normal-equation matrix and should be 

regarded as minimum values.
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D I S C U S S I O N

A diagrammatic representation of this molecule is given in Figure

illustrated in Figure 4*2.2*, hydrogen atoms being omitted for 

clarity. Details of bond lengths, bond angles, torsion angles, 

least-squares planes, intramolecular non-bonding distances and 

intermolecular distances are shown in Tables 4*2.4* to 4*2*8#

The detailed geometry of the S(l)-N(l)-S(2) ylide moiety of 

compound IX may be compared directly with the geometries of the 

similar molecules (XI a - d)^*^*^ ^ *  Whereas the S(l) - N(l) 

and S(2) - N(l) bond lengths in the latter four molecules lie in 

the range 1.620(7) - 1.633(9)2 an<l 1*581(10) - 1.618(7)2 
respectively, the value observed for the S(l) - N(l) [l.592(5)S] 
bond of IX is comparable with the upper limit of the range for 
(XI a - d ). The length of the S(l) - N(l) bond in IX is inter

mediate between the values observed in (XI a - d) and the values 

observed for the corresponding bonds [1.521, 1.524s] of the double- 
ylide (XIl)49 and indeed, (IX) may be regarded as an S-alkylated, 

mono-N-alkylated derivative of the ylide system of (XIl)* In

'4*2.1* whilst the numbering scheme for all non-hydrogen atoms is

addition, bond angle S(l)N(l)s(2)

the range of values observed for the corresponding angles in
th

compounds

identical to one of the two corresponding angles in compound X U

It has previously been argued*6 and 125.2° , It has previously been argued that the S(l) -
N(l) and S(2) - N(l) dimensions of compounds (XI a - d) and the 

corresponding dimensions of XII are consistent with significant 

levels of sulphur d-orbital participation in delocalised bonding 

^thin the ylide systems, and insofar as such arguements are
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considered valid, the aforementioned dimensions of the 

S(l)N(l)S(£) system of IX are compatible with a similar pattern of 
bonding.

The S(l)fl(2)s(3) system of IX is quite different from the 
S(l)N(l)s(2) system, and may be compared with the N-alkylated 

derivative XIII • The S(l) - N(2) [l.702(4)X] bond of IX is 
significantly longer than the corresponding bond [1.644(5)8) of 
XIII., although the S(3) - N(2) bond lengths of the two molecules, 
respectively 1.676(5) and 1.681(5)8, are not only experimentally 

equal, but are also very similar to the values observed for the 

corresponding bonds [l.683, 1.686^J of XII. The value of 

1.702(4)2 for the S(l) - N(2) bond length of IX is intermediate 

between the values observed in molecules such as (XI a - d) and 

(XIl), and the value observed for sulphamic acid [1.772(1)8)51, 

a feature which suggests minimal double-bond character for the S(l) 

-N(2) bond in IX. Although the S(l)N(2)S(3) valency angle 
[121.0(2)°] is considerably larger than the corresponding angle 

in XIII, the sum of the three valency angles at N(2) 

and the corresponding sum in XIII [356.0°], indicate that 
in each case the alkylated nitrogen atoms adopt almost planar 

configurations. The S(3) - 0 bond lengths [mean 1.430(4)8] are 
not significantly different from those values observed for the S(2) • 
0 bond length [mean 1.447(8)8 ), both sets of values being comparable 
*ith corresponding dimensions reported in compounds (XI a - d)

[mean -values range from 1.432 - I.446X], and compound (XII)

C"»W I.427X]. Whilst the apparent differences between the observed 

(̂3) - 0 bond lengths in the present compound ĵ mean 1.430(4)8^) and 

ibe corresponding values reported for the analogous compound (XIIl)

114.5°

357.7'
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jmean 1.411(5)8]> may be significant, it is noted that both 
lengths N(2) - S(3) £1.676(5) and 1.681(5)8 for IX and XIII 
respectively and S(3) - C(phenyl) £1.724(6) and 1.746(5)8 

respectively are identical within the limits of experimental 
accuracy. In the present compound, bond lengths S(2) - C(l4) 
[l.764(5)X] and S(3) - C(2l) [l.724(6)?J are significantly 
different, the latter value perhaps suggesting increased pTT -
dTl interactions between the phenyl group and the 3d-orbitals of

r 2atom S(3) [the theoretical S(vi) - C(sp ) value, calculated from
atomic radii and electronegativities is 1.758]f although possible
phenyl-ring distortions resulting from such increased d7T - pTT
interactions are not observed within the limits of experimental
accuracy jjnean C - C bond length 1.390(1^)8, mean C - C - C
valency angle 120.0(5)°] .

Although the differing oxidation states of atoms S(l) £rv] and 
S(2) M  render difficult any direct comparisons between bond 
lengths S(l) - N(l) [l.592(5)i] and N(l) - S(2) [l.6l3(4)5U , 
it is noted that bond S(l) - N(l) is significantly shorter than 
bond N(l) - S(2), a feature which differs from that reported for 
compounds (XI a - c), in which the S(lY) - N bond lengths are 
significantly longer than the S("7l) - N bonds, but which is in 
s-greement with reported values in compound XII []s(iv) - N 1.521, 
I.524X and S(Vl) - N 1.683, 1.6868]] . A contributory factor 
towards these apparent anomalies may be the greater electro- 
flegativitfc of the nitrogen atoms bonded to S(iv) in compounds IX 
and XII, relative to the corresponding substituent's in the other 
sported compounds (XI a - c).
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The pyramidal stereochemistry of atom S(l) is shown in Figure 4*2.3* 

which illustrates the conformation of substituents about the N(l) - 

S(l) bond and indicates the approximate position of the orbital 

occupied by the lone-pair of electrons on atom S(l). This orbital 
lies approximately on the S(l)N(l)s(2) plane, possibly 

destabilising the in-plane d-orbitals of the S(l) atom, as has 

been suggested in the analogous cases of (S - N)^cyclic compounds •

It is thus feasible that delocalisation of the lone-pairs of 

electrons on atom N(l), into the in-plane 3d-orbitals of S(l)

(TT1- bonding), may be adversely affected by such destabilisation 

effects, and that the observed S(l) - N(l) bond may contain a 

greater contribution from IT -bonding than from 77 -bonding, resulting 
from delocalisation of the appropriate lone-pairs of electrons on 

the nitrogen atom into those 3d-orbitals on atom S(l) which are 
least affected by the aforementioned destabilisation i,e, those 3d- 

orbitals perpendicular to the S(l)N(l)s(2) plane. Support for this 

suggestion may be derived from a comparison of the relevant S(lV) —
N and N - sulphonyl bonds in compounds IX, XI (a - d) and XIII

(Table 4*2.9») It is seen that N-sulphonyl bond lengths in

those systems containing two lone-pairs of electrons on the nitrogen

atom, appear to lie in the range 1.581(10) - l.*6l8(7)$» whilst the

corresponding bond lengths in those systems containing only one

lone pair of electrons on the nitrogen atom, are 1.676(5) 6-nd 1.681(5)$

compounds IX and XIII respectively i.e. removal of one lone-pair

electrons from the nitrogen atom appears to have a considerable
+  —

bond-lengthening effect on N - sulphonyl bonds. The S - N bond 

lengths in compounds XI (a - d) and XIII however, do not show the 

8a®e variation with N-alkylation but range from 1.620 - 1.644$, the
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+  “
shorter S - N bond length in IX having been previously noted# These

results may possibly be rationalised by consideration of the planar
50geometry of the N-alkylated systems , in which the electron lone-

pair orbital is perpendicular to the S - N - S plane and is thus

suitably orientated for TT -bonding, but not Tl'-bonding. The
+  —

apparently small increase in the S - N bond resulting from N-

alkylation may thus imply that TT -bonding is dominant in this bond,

whilst the bond lengthening observed in the IT-sulphonyl bond may
\possibly reflect the importance of \ \ -bonding in this bond.

Figure 4*2»4» shows that, whilst the S(l) electron lone-pair orbital 

lies close to the S(l)N(2)s(3) plane, the TT(2) electron lone-pair 
orbital is approximately perpendicular to this plane, thus allowing 

the possibility of pTT -dTT interactions of the type postulated for 
the S(l) - N(l) bond (i.e# TT -bonding in the plane perpendicular 
to the S - N - S system). It may therefore be, that both N(l) and 

N(2) lone-pairs of electrons are competing for delocalisation into 

the same combination of 3-d orbitals on atom S(l), with the (previously 

noted), minimal double-bond character in the S(l) - N(2) bond

perhaps suggesting that delocalisation of lone pairs 
of electrons from the negatively-charged N(l) atom into the 3d- 

orbitals of atom S(l), occurs at the expense of similar delocalisation 
from atom N(2).

[l*702(4)2]

It has previously been noted^ that the S(lV) - N - S(Vl) = 0 (cis) 

torsion angles of (XI a - c) lie within a relatively narrow range 

" 37°], the subsequent analysis of (XI d ) ^  revealing a value of 

35#3 which is in accord with this observation, and it has been 

8uggested that the value of this torsion angle may be character

istic of such ylide systems. However the corresponding
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S(lV)~N~S(Vl)= O(cis) angle in (ix) is -5*3(4)°» such that this 
grouping of atoms deviates little from coplanarity. Moreover, 
whereas a value of ca 50° is observed for the S(iy)-N-S(VT) = 0 
(cis) torsion angle of XIII , the corresponding angle in the 
present molecule [-9.2(3)°] again shows a near planar arrangement 
for this grouping of atoms. (Figure 4*2.5* shows the relevant 
conformations about bonds S(2) - N(l) and S(3) - N(2)). Further 
examination of the relevant torsion angles (Table 4*2*10-*) in 
compounds such as (XI a - d) shows that the value of torsion angle 
S(iv)-N-S(vi) = 0 (trans) does not differ grossly from 180° 
jca 160° - 180°] , thus revealing a possible tendency towards 
coplanarity in the S(iv)-N-S(vi) = 0 system of such ylides, the 
cis or trans nature of the relevant oxygen atom perhaps being 
determined by other factors such as non-bonding interactions. In 
addition, Figure 4.2.6, demonstrates the differing orientation of 
the respective phenyl groups relative to the N(l) - S(2) - Og - R 

and R(2) -  S (3 ) -  Og - R systems. Y/hilst atom 0(4) is approximately 
coplanar with the S(3) - bonded phenyl ring [̂ torsion angle 
(̂4)s(3)c(2l)c(26)l.l(6)̂j, neither atom 0(l) nor 0(2) is 
approximately coplanar with the S(2) - bonded phenyl ring ^torsion
angles 0( i )s (2 )c (14)c ( 15)32.5(6)°, 0 (2 )s (2 )c ( l4 )c ( l5 )-9 5 .l(6 )° l .

Examination of the relevant conformations of compounds (XI a - d) 
and XIII(Table 4*2*10,) reveals that, *he conformation of the 

s(lV)-N-S(Vl)- 0 gAr portion is analogous to that of the S(l)N(2) 

(̂3)0(3 and 4) Ar moiety of the present molecule, in that one of
the oxygen atoms of the -SOg group is approximately coplanar with
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the S - N - S system, whilst the other is approximately coplanar 

with the phenyl ring* The predominance of this conformation may 

imply that pTT - dTT conjugation is thus maximised and that this 

is the preferred conformation in the absence of other unfavourable 

factors, such as steric interactions* In seeking an explanation 

for the apparently anomalous orientation of the S(2) - bonded 
phenyl ring, it is noted that the overall conformation of the 
molecule is such that the S(2) and the S(3) - bonded phenyl rings 
come into close proximity, both within the molecule and also 
between screw-axis related molecules, resulting in possible steric 

interactions between atoms such as C(l6)*4 • C(23) ^3*55$]5C(l7)'"  

0(23)^3.67?] , C(15)--‘C(22) [3.72S] , C(l5)"' C(23) [3.66? and 
3.54?] and C(14)“ - C(22) [*3.57 » ] •  It is thus feasible that such 
interactions may contribute towards the observed orientation of 

the S(2) - bonded phenyl ring.

Other aspects of the geometry of IX compare well with literature 

values for similar bonding systems* The heterocyclic six-membered 

ring adopts a chair conformation in which S(l) and N(3) are 

respectively -0*965 and 0*500$ distant from the plane of atoms 
°(1), C(2), C(5) and N(2)* The pseudo-axial and pseudo-equatorial 

orientations of the S(l) - N(l) and N(2) - S(3) bonds respectively, 
av°id serious interactions between adjacent ring*"bonded atoms*
The four-membered ring is significantly non-planar, with an average 

endocyclic torsion-angle modulus of 11* 5° •

Thtermolecular distance, 0(5)-*-F(4) [2.88$] , suggests possible 

interactions between these atoms but since the hydrogen atom bonded 
to atom N(4) could not be located from difference syntheses no
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accurate assessment of possible hydrogen bonding can be made. A 
diagram representing the crystal-packing arrangements of compound 
IX is given in Figure 4*2.7*



FhCH2CONH

Me
Me

S  N   S

0=S = 0

~  f,

(IX)

R„

(XI)

0
S(l) N(l) S(2) —  R.

0

(a) R^=R2=R3=Me

(b) R1=R2=Fh, R3
(c) R1=R2=Me, R^
(d) R]L=Ph, r 2=c3: 

R3=p-tolyl

N
+
S
+

N- o tie

(XII)

S(l)--

=p-tolyl

=p-tolyl

V

(XIII)



TABLE 4*2#1.

h k

13 1

3 0
16 0

3 1
2 1

The choice of the above five reflections was based on their 
high |E | values, ability to form a considerable number of 
phase relationships and their ability to adequately define a 
unit cell origin and enantiomorph. V/hile the origin-defining 
reflections were arbitrarily assigned phase values of 360°, 
the unknown phases a and b were respectively assigned values of 
n /4, 3 rr/4 and (±) rr/4, (±) 37T/4, (the enantiomorph being 
defined by the 3 1 0  reflection) and the correct set of 
starting phases was found to require values of 135° and 45° 
respectively for phases a and b#

1 E Phi

■6 2.64 360°
4 2.29 360
■13 2.26 360°
0 2.75 a
1 2.77 b

Origin 
o  ̂ Defining

Reflections



TABLE 4*2*2.

COURSE OF REFHTSMSKT

Parameters R e f in e d

x, y, z, TJ. of all non-hydrogenISO
atoms; scale factor; unit weights.

x. y. z. U. of all non- 9 9 iso
hydrogen atoms; hydrogen atoms in 
structure-factor calculations 
hut not refined; scale factor; 
unit weights.

x» y» z, U (i, j = 1, 2, 3) 
for all non-hydrogen atoms in 
group (l); all other atoms 
fixed but included in structure - 
factor calculations; scale 
factor; unit weights.

x» 7, z, U.. (i, J - 1, 2, 3)
for all non-hydrogen atoms in 
group (2); all other atoms 
fixed but included in structure- 
factor calculations; scale 
factor; unit weights.

X» y. 2. a, 0 = 1 , 2, 3)
°̂r non-hydrogen atoms in

Cycle Final R

1 - 3  0.126

4 - 5  0.124

6 - 8  0.087

9 - 1 1  0.073

Final R1

0.014

0.015

0.009

0.007



TABIE 4.2.2. (Cont.)

Parameters R e fin ed Cycle Final R Final R*

group (3); nil other atoms 
fixed but included in structure- 
factor calculations; scale 
factor; unit weights.

x» y» z» ̂  U* 0 = 1 t 2, 3)
for non-hydrogen atoms in group
(1); all other atoms fixed but 
included in structure-factor 
calculations; scale factor; 
weighting scheme adjusted.

y» z t (i» j 6 i| 2, 3)
for non-hydrogen atoms in group
(2); all other atoms fixed but 
included in structure-factor 
calculations; scale factor; 
weighting scheme adjusted.

x> z» (i, 0 = if 2, 3)
for non-hydrogen atoms in group
(3); all other atoms fixed but 
included in structure-factor 
c&lculations; scale factor; 
lighting scheme adjusted.

12 - 14 0.066 0.006

15 - 16 0.063 0.009

17 - 18 0.054 0.007

19 - 20 O.O48 0.005



TABLE 4.2.2, (Cont.)

ATOLLS ITT GROUP ill ATOMS ITT GROUP I2l ATOMS ITT GROUP (3)

C(14

C(18
C(20
CC21
C(22

CC28
C(29

o i l !
c(30) 
0f8) 
C(3l) 
tt(4;
6 
6 ( 
7,8
9, 10: 
n  
12 
13



TABIE 4*2.3.

(a) Atomic Fractional Coordinates and E. S.Ds

ATOM x/a y/b z/c

1
2
3 
1 
2) 
3)
45
6]
?!
81

N 2 
*3

08 
8 9)
10)
11'

12
13
14
15 16)Cfl7

C 18 C 19 
C(20 
C 21 
C 22) 
0 23 C(24 
C25) 
c(26)

0.11300(7 
0.01079(8) 
0.21765(7 -0.0378(3) 
-0.03881 
0.1292' 
0.2952 
0.4549' 
0.41191 0.32381 
0.23331 
0.0993' 
0.213H 
0.30081 
0.44021 
0.15301 
0.23281 
0.3943' 
0.3875' 
0.2834< 
0.44901 
0.51231 
0.4921'
O.42481 
O.41301 
O.4692 
0.5335’ 
0.5457' .. 
0.0555(4)
0.0069(4) 
0.0388 
0.1185 
0.1656 
0.1359(5)
0.1503(7)
0.2360(4) 
0.1707(4) 
0.1874 0.2684(6 
0.3326(5. 
0.3170(4)

-0.23955(19) -0.09498(26) -0.53880(-) 
-0.2508(9) 
0.0613(10) 
-0.5997(5 -0.6056(6
-0.0389(6 
0.0104(5 
0.0059(6 
0.2200(4) 
-0.0868(7) 
-0.3337(6 
-0.1023 
-0.2604 
-0.1267 
-0.0059 
-0.1139 -0.2620 
-0.2116 
-0.1224 
-0.1492 
-0.0385 
-0.0706(10 
0.0327(12 
0.1647(12 
0.2038(11 
0.1044(9) -0.0881(9) 
-0.1646(10) 
-0.1625(10 
-0.0787(lO 
O.OOOO(lO) 
-0.0037(lO 
-0.0747(14 
-0.5434(8) 
-0.4820(lO) 
-0.4800(11) 
-0.5409(ll -0.6069(12 
-0.6093(lO

0.43001(8'
0.25161(9, 
0.41281(9 
0.2450(3) 
0.2462(4) 
0.4030(4] 
0.48981 
0.61821 
0.36931 
0.73211 
0.66201 
0.3521'
0.4385(3) 
0.52801 
0.41631 
0.55421 
0.5545' 
0.55801 
0.48381 
0.4394< 
0.36331 
0.3007' 
0.20911
0.1l66( 
0.03111 
0.0379< 
0.1270< 
0.21341 O.1498I 
0.0596(5) 
-0.0223(5] -O.OI661 
0.0733' 
0.15731 -0.10921 
0.29651 
O.21051 
0.1176' 
0.11121 
0.1957' 
0.2904I

>5,6]
>5,6]

.5,
6
5,



TABIB 4.2.3. (Cont.)

ATOM x/a y/b z/c

cf27) 0.2835(9) -0.5325(18) 0.0084(7)
0(28) 0.0708(3) - 0 . 0245(10) 0 . 5569(5)
0 29) 0.1795(4) -0.2634(9) 0.6355(4)
0(30) 0.2710(3) 0 . 0708( 6) 0.6611(3)
C(3l) 0 .257l(4) 0.3103(8) 0 . 7606(4 )



TABLE 4.2.3.

(b) Hydrogen-Atom Fractional Coordinates 

ATOM x/a y/i> z/c

0.2057 0.0795 0.5102
0.3916 -0.3722 0.5281
0.2717 -0.1522 0.3685
0.5433 -0.2500 0.3084
0.3874 -0.1765 0.1177
0.3746 0.0000 -0.03340.4628 0.2352 -0.0254
0.5879 0.2917 0.1357
0.5936 0.1667 0.2757-0.0428 -0.2061 O.0523
0.0117 -O.2044 -0.0811
O.2278 0.0514 0.0904
0.1585 0.0738 0.2119
0.1088 -0.0833 -0.1763
0.1877 0.0244 -0.1051
0.1909 -0.1809 -0.1028
0.1153 -0.4489 0.2199
0.1432 -O .43O 0.0548
0.3902 -O.659I 0.1934
0.3659 -0.6483 0.3434
0.2850 -0.6514 -0.0221
0.2286 -0.4748 -0.0454
0.0173 -O.0998 0.5404
0.0857 0.0180 0.6288
0.0470 0.0833 0.5123
0.1852 -0.2083 0.7062
0.1331 -0.3576 0.6223
0.2334 -0.3333 0.6431
0.2283 0.2500 0.8064
0.3127 0.2917 0.8004
0.2264 0.4005 0.7503

H(2)
H 4 
H 5 H 7)
H 9)H 10) 
H(ll' 
H(12 
H 13 
h(15,H 16'
H(18 hi9;
H(20)
H(20!)
H(20")
H(22'
H 23;
E(25' 
H(26 
H(27; 
H(27») 
H(28) 
Hf28!) 
HC 28 *1) 
H 29) 
H 2 9») 
h(29«») 
B 31) 
H31f) 
H(32«»)



TABLE 4.2*3.

2(c) Anisotropic Temperature Factors (a )

U22 U33 U12 U13 U23

0.0332 0.0533 0.0488 -0.0039 0.0188 -0.0059
0.0369 O.0929 0.0473 0.0063 0.0122 -0.0015
0.0497 0.0420 0.0692 -0.0063 0.0291 -0.0042
0.050 0.143 0.062 -0.038 0.016 -0.004
0.074 0.157 0.066 0.061 0.024 0.003
0.063 0.058 0.129 -0.024 O.O56 0.017
0.069 0.054 O.O67 0.007 0.025 0.014
0.039 0.068 0.071 -0.015 0.018 -0.005
0.096 0.057 0.118 0.023 0.078 0.025
0.070 0.086 0.049 0.021 0.003 -0.006
0.066 0.049 0.050 0.002 0.026 -0.006
0.049 0.063 0.049 -0.000 0.011 -0.000
0.040 0.043 0.067 -0.007 0.027 -0.010
0.032 0.044 0.052 -0.004 0.019 -0.009
0.047 0.051 0.073 0.002 0.036 0.001
0.037 0.058 0.049 -0.004 0.025 -0.006
0.035 0.047 0.039 0.004 0.018 -0.003
0.035 O.O46 0.066 -0.001 0.027 0.004
0.037 0.047 0.063 -0.002 0.028 -0.001
0*040 0.046 0.055 -0.005 0.031 -0.005
0.054 0.053 0.079 0.008 0.042 0.007
0.069 0.084 0.086 0.029 0.057 0.024
0.047 O.O69 0.063 0.004 0.031 -0.004
0.059 0.094 0.101 -0.008 0.026 -0.023
0.082 0.120 0.058 0.021 0.001 -0.013
0.087 0.111 0.082 0.010 0.042 0.015
0.086 0.104 0.093 -0.007 0.039 0.013
O.O67 0.087 0.061 -0.013 0.023 -0.006
0.044 0.059 0.044 0.003 0.016 0.002
O.O43 O.O65 0.055 -0.005 0.009 -0.003
O.O64 O.O64 0.050 -0.003 0.018 -0.003
0.073 0.057 0.062 0.007 0.029 0.011
0.062 0.062 0.071 -0.008 0.029 0.005
O.O59 O.O65 0.056 -0.011 0.015 -0.012
0.100 0.100 O.O69 -0.006 0.047 -0.014
0.041 0.045 0.063 0.002 0.017 -0.014
0.051 0.0 69 0.063 0.016 0.012 -0.009
0.068 0.075 0.062 0.025 0.011 -0.006
0.083 O.O64 0.058 0.003 0.023 -0.019
O.O65 0.085 0.072 0.010 0.031 -0.019
0.048 0.069 0.064 0.018 0.017 -0.003
O.I76 0.122 0.061 0.035 0.061 0.002
0.038 0.081 0.080 0.004 0.026 -0.023

15!s 
ssh) oi] 
0(2) 
°3) 
°4
0 5 
0(6] 
0(7;ofN I] 
N(2] 
N 3
m
01 0(2 
0 3] 
°4 
0(5 C 6
0(7!C 8 
0(9]C 10) 
c n ;  
012 C 13 
c 14 
C !5 
0 16 
c 17 
c 18]
019; 
0(20) 
Cfel 
C 22) 
C23)
C 24)
C25
C26
C 27)
0(28)



TABLE 4*2.3. (Cont.)

ATOM U11 U22 U33 U12 U13 U23

0(29) 0.057 0.069 0.060 -0.008 0.031 0.010
0(30) 0.043 0.057 0.047 -0.003 0.022 -0.000
0(31) 0.068 0.070 0.055 -0.007 0.027 -0.016

Average Estimated Standard Deviations
S 0.0005 0.0007 0.0006 0.0005 0.0005 0.000<
0 0.002 0.003 0.002 0.002 0.002 0.003
H 0.002 0.002 0.002 0.002 0.002 0.002
C 0.004 0.004 0.003 0.003 0.003 o ;o o3



table 4.2.4.

Intramolecular Bonded Distances 

ATOM A ATOM B 1

¥si

s 2 
s 2 C(14)

C(2l)

C(lO
c(ll
C(l2
C(13

5)
4;
5.
4,

.592 

.702 

.858 

.613 

.440 

.453(8 

.764(5

.676(5

.428(4 

.431(4 

.724 

.462 

.450 

.385 

.454 

.432 

.351 

.573 

.530(8 

.522(8 .528(6 

.543 

.197 

.591 

.525 

.220

.491(8) 

.392(8) 

.402(11 

.35l(l2 
•35l(H« 
.394(10, 
.401(9; 
•374(8 
.377(9, 
.392(10. 
.517(11, 
.373(10, 
.384(10) 
.398(9) 
.382(9) 
.392(10; 
.384(11, 
.517(12. 
.374(11, .408(10,



TABIE 4.2,4* (Cont.)

atom a  a to m  b  X



TABLE 4*2.5.

Valency Angles ( ° )  and E.S*Ds



TABLE 4,2.6.

Selected Torsion Angles (°)

(a) Ylide Moiety

(b) Six-membered Ring

Zour-membered TH ng
c(5)
C2)
H(3)
°5)
°3)>4)°4)
N(2)

3
3
3
3
4 
4)5 5

!
Cl
c
c
Cl
C l
c
N
N

■139.6(3)
119.4(3)
-5.3(4)

126.3(4)
■121.8(3)
151.7(5)
-30.4(6) 
32.5(6) 

■149.6(5) 
-95.1(6) 
82.8(6) 

•123.3(3) 
-9.2(3) 

■137.3(3) 
46.6(6) 

■133.5(5)
•178.9(5)1.1(6)

59.2(3)
67.4(4)■173.3(4) 
-52.9(4) 

72.1(5) 
-56.3(5) 
5!.2(5)
-20.4(7)-54.0(6)
11.9(4)
61.5(4)
-38.5(6)
-64.1(4)
■123.3(3)

-12.3(4)-3.0(10)
11.2(3)
-49.5(8)
-10.7(3)
117.3(5)
11.9(4)
-54.0(6)

fildocyclic Values



TABLE 4.2*7.

Least-squares planes for various portions of the molecular framework
in the form IX* + mY1 + nZ* = d, where X*, Y! and Z1 represent an
orthogonalised set of axes,

(a) Plane Equations

Plane (l) = 0.4345X1 - 0.8422Y' + O.3193Z' = 1.2933 
Plane (2) = -0.3644X1 - 0.9072Y* - 0.2104Z1 = 2.2615
Plane (3) = -0.7756X* + 0.5706Y* + 0.2700Z* = -4.6486

Plane (4) = 0.3626X* - 0.4468Y* + 0.8179Z* = 6.3563

(b) Deviations of Atoms from Planes (Starred Atoms Define the Plane)

Plane (l) = C(l4)* 0.006, C(l5)* -0.011, C(l6)* -0.008, C(l7)* 0.001, 
C(l8) -0.007, C(19) 0.004, C(20) -0.016, S(2) -0.025

Plane (2) = C(2l)* -0.015, C(22)* 0.010, 0(23)* 0.003, C(24)* -0.011,
c(25) 0.006, C(26) 0.007, 0(27) -0.044, S(3) -0.073

nane (3) = C(8)* -0.017, C(9)* 0.004, C(lO)* 0.015, C(ll)* -0.019, 
c(l2)* 0.005, 0(13)* 0.013, 0(7) -0.119

plane (4) , c(l)* -0.013, C(2)* 0.013, C(5)* -0.014, N(l)* 0.014 
SW -O.965, N(3) 0.500



TABIE r4*2.8#

Relevant Intramolecular Non-bonding Distances ($.)

ATOM A ATOM B X

S(l 
S(1 
0 6 
0 6 
0(6 
0 7 
07 
C 14 
015 
015 
0 16 
0(17

0(5 )
Ci22

Intermolecular Distances (£) ̂  3 ,6oX

C(26)

015
0(20

C(29)
0 28' 
031

012)
N(4)

I
I
I
I
II 
II
II
III 
III
III
IV 
IV 
IV 
IV 
IV 
IV

êre.the position of atom B is given by,
I
n a x> i+y» z
m = ~x» h+y, -z
IY 53 -x, £+y, 1-z

= I - * ,  J+y, 1-z

2.864
2.910
2.888
3.058
3.313
3.081
2.982
3.574
3.716
3.661
3.549
3.673

3.39  
3.17
3.53  
3.57  
3 .59
3.54  
3.33
3.43
3.40
3.43  
3.28 
3.52
3.42  
3.45
3.42 
2.88



TABLE 4*2.9. •

Compound Ref. - N - -N - S02 - s+ ?S - K -/
R
-N - S02 -

IX 1.592(5) 1.613(4) 1.702(4) 1.676(5)
XI (a) 6 1.639(9) 1.581(10) - -
H(b) 7 1.628(7) 1.598(8) -
n(c) 47 1.636(8) 1.591(8) - -
n(a) 48 1.620(7) 1.618(7) - -
n u 50 - - 1.644(5) 1.681(5)

table 4.2.10.

Compound Ref. cy O 
cis

n-'O
trans r °' $}-S=0

TT -5.3 32.51A - -9.2 - 1.1
6 31.7 160.5 -

n(b) 7 34.9 163.9 14.3
xi(c) 47 36.8 167.2 11.2
n(a) 48 35.3 163.7 -15.4
XIII 50 -50.9 180 0.6

° +
*nere = Torsion Angle X - N - Z «= 0 (cis)

*  CIS
cv "*I trans = Torsion Angle X - N - Z = 0 (trans)

-S=0 = Torsion Angle ^  - S - 0 (cis)



F I G TJ R E 4.2.1.

Diagrammatic representation of Compound IX



p o
<3 P  y o

c
«



F I G U R E  4.2.2.

Numbering scheme fo r  Compound IX



NJ CO



/ \
Electron lo n e -^  '

S W " " 1 S B ;
TORSION ANGLES

w
S(2) N(l) S(l) C(l) -139.6(3) 
S(2) Nil; S(l) N(2) 119.4(3)

F I G U R E  4.2.3.

Electron lone- 
pair orbital on 
5(2)

Electron lone- 
pair orbital on 
S(l)

-123.3(3] 
132.8(3 
39.7(4 

—64*l(4i

F I G U R E ,  -4*2.4.



TORSION ANGLES

0(2)

C(21)
C (5)

^ S f l )

0(3)0(A)



C(19
N(1)

C ( 1 5 )

0 (1)

TORSION ANGLES

-95.1

-149.6
131.7
-30,4

C126)

0(3)
C(22)

O M

0
0
0)
01
N'
N

F I G U R E  4.2.6.



F I G U R E  4.2.7.

C ry s ta l-p a c k in g  arrangem ents fo r  Compound IX
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A P P E N D I X  1

CALCULATED AND OBSERVED STRUCTURE FACTORS FOR 

(+) INDERAL HYDROCHLORIDE



14,2, t • 4 24 18 2 9,0, L

m2 12 14 170 11,2,L -1 9 0 180
•2 33 30 180

14,5, I • I 18 21 115 • 3 130 130 0
• 2 66 64 78 *4 61 62 0

*1 11 14 199 «*3 34 35 1 »5 21 17 180
-2 22 13 340 .5 13 18 7

9,1, L
13,0, L 11,3, L

•I 34 36 17
-4 25 18 0 -1 53 49 1 -2 37 38 333

m2 47 44 130 • 3 114 112 157
13,1, I -3 65 66 13 • 4 60 59 319

•5 32 33 115
■5 14 9 238 10,0,I ■*6 25 21 6

13,4, L *1 120 121 0 9,2, L
*2 68 68 0

«4 9 11 45 " 3 81 84 0 •I 48 46 188
"4 20 14 0 -2 139 138 333

12,0,L m7 34 29 180 •3 89 90 304
• 4 64 60 323

•1 52 51 180 10,1,I • 5 31 33 329
•2 71 73 0
■4 25 21 0 -1 65 66 188 9,3, L
•5 22 24 180 m2 163 164 63

*3 60 57 92 •1 11 18 318
12,1,L • 4 41 41 28 ■»2 98 98 133

m5 43 49 179 ■•3 104 106 66
■i 68 67 159 • 4 17 7 281
■2 29 24 338 10,2,L ■•6 24 28 166
*5 10 18 19 7 -7 25 22 297

-1 79 79 216
12,2#I m2 69 69 239 9,4, L

• 1
• 3 33 33 122

87 88 145 m7 14 15 60 • 1 60 53 330
-2 92 95 233

12,3, L 10,3, L • 3 6 8 216
• 5 33 35 244

■ 1 61 59 60 m 1 41 42 332
•5 24 20 19 m2 34 37 85 9,5, L

■3 77 74 340
11,0,L .5 31 33 25 • 1 13 9 326

•1
*2 50 52 30

54 54 180 10,4, I mA 40 38 326
*2 126 125 180■3 13 12 0 • I 39 35 303 9,6, t

•2 20 18 207
11,1#I -1 64 80 196

•1
10,5, L

86 84 67•2 95 97 49 -1 5 3 255



8,0,L 7,0, L ■ A 51 50 177
■ 5 43 41 199

•2 50 47 180 " 1 166 163 0 •6 22 21 36
.3 150 148 0 -2 135 133 180 -7 7 15 186
■4 71 69 0 ■* 3 50 49 0
*5 30 32 0 -4 7 2 180 7,6, L
-6 18 21 0 • 6 42 42 180

-1 42 58 205
8,1,L 7,1, L -2 40 50 344

• 3 41 45 300
-1 16 16 319 -1 86 85 334
•2 43 41 14 -2 27 31 273 7,7, L
*3 93 90 151 *3 36 32 216

37 37 255 *4 26 27 134 -1 27 43 234
•5 92 92 220 • 5 76 75 238 -2 14 20 25
■6 35 35 32 «6 32 32 306 «5 31 31 43

• 7 24 20 135
8,2,L 6,0,L

7,2, L
■ t 107 101 178 -1 171 171 0
-2 23 23 207 -1 U 3 111 150 -2 77 75 180
■3 40 46 248 «2 28 28 329 • 3 41 42 0
*4 89 89 8 -3 109 107 201 • 4 98 93 180
•5 21 25 283 ■» 4 123 121 5 • 5 47 45 0

• 5 43 44 75 • 6 49 47 180
8,3, I ■*6 41 38 15

• 7 25 19 37 6,1,L
•1 33 32 265 •*8 16 19 139
•2 77 79 270 •1 181 178 41

55 57 137 7,3, I -2 72 71 158
•4 68 69 171 •3 60 59 193
■5 25 23 350 -1 50 48 193 •4 48 49 99
.6 25 23 164 •2 60 63 109 *5 37 33 164

•»3 75 74 44 «6 54 52 1
8,4, I <«4 85 84 149 «-e 50 44 27

•*5 26 26 325
•1 92 79 28 ■*6 58 60 185 6,2,L
•2 52 51 180 • 7 37 32 4
•3 160 157 334 -l 73 71 221
•4 16 19 267 7,4, L m2 133 131 2
•5 38 38 292 ■3 168 168 171

»1 181 171 18 • 4 98 96 1
8,5, L -2 132 127 152 »5 44 40 92

*3 49 48 25 • 6 23 22 65
• 1 63 70 85 •» 4 30 29 53•2 33 38 87 *•5 48 44 343 6,3, I•3 104 112 123 m 6 21 19 243■4 55 55 23 • 1 110 99 228

7,5, I -2 136 135 332
8,6,I -3 38 40 12

*1 39 46 330 • 4 16 26 114
40 43 128 m2 46 43 324■2 54 53 288 •3 73 75 216



6,3, L • 2 136 125 255 -3 73 86 102
• 3 79 66 24

•5 30 28 325 ■•4 33 31 277 5,8 ,L
•6 52 53 243 *5 32 32 97

■ 6 51 50 5 «• 1 29 47 46
6,4, L -2 42 64 165

5,2, L
• 1 45 43 313 4,0 ,L
*2 22 26 196 * 1 337 316 196
-3 40 40 336 «2 205 194 292 ■ 1 85 91 180

13 12 185 *3 106 108 203 -2 218 2l6 180
*5 35 35 39 ■* 4 84 79 356 -3 82 90 0
•6 14 10 55 • 5 41 42 107 m4 108 110 180

• 6 26 26 340 •5 62 57 0
6,5, I »6 67 67 180

5,3, L *7 45 43 0
•1 23 33 351
-2 45 44 209 •*1 128 126 159 4,1 , L
•3 26 29 14 m2 89 87 337
■4 36 34 13 m 3 51 51 142 -1 235 239 1
•7 21 24 128 »4 37 38 36 -2 384 376 202

»5 51 53 57 -3 190 180 228
6,6, I *7 41 40 356 • 4 104 105 185

•5 24 27 305
•1 46 61 188 5,4, L m6 47 47 51
-2 50 59 323 ••8 30 28 13
*3 126 136 194 mi 114 130 38
•4 118 119 9 m2 90 99 192 4,2,1
*5 50 53 74 • 3 35 34 323

•4 117 U 6 220 M 174 159 223
6,7, I •5 115 115 3 m2 40 44 47

»6 44 43 154 m3 146 142 239
•i 48 70 213 -4 84 84 351
•2 15 28 303 5,5, L •5 49 44 300
•3 49 58 192 •6 82 84 22

• 1 71 93 10 -7 27 31 209
6,8, t m2 77 94 223 m8 24 18 354

• 3 65 63 249
•1 7 23 12 .4 78 78 213 4,3 , L

m 5 58 59 284
5,0, L •6 32 35 351 •1 107 1 U 157

■2 149 148 7
•1 105 101 0 5,6, L -3 105 105 174
•2 166 160 0 m A 16 18 140
■3 176 171 0 • 1 48 68 211 • 5 95 92 252•4 129 130 180 -2 33 44 322 *6 28 33 294•5 74 69 0 *3 87 99 183•6 38 35 180 .4 19 23 200 4,4 , L■8 29 26 0

5,7, I • 1 87 94 201
5,1, I -2 113 116 164

ml 25 54 196 •3 52 47 311
•1 236 233 36 m2 19 27 344



4,4 ,1 3,2, I 3,8 , C
•4 184 189 176 mi 159 140 227 ml 55 86 145
*5 69 69 281 *2 68 65 180 m2 45 47 133

*3 270 269 156 m3 33 30 17
4,5,L *4 123 128 64

•5 154 154 167 2,0 ,L
-1 110 147 358 •6 67 62 309
•2 117 125 184 -7 58 56 185 ml 168 155 0
•3 46 39 327 •2 36 36 0
•4 129 128 119 3,3, I m3 142 138 180
•5 55 58 162 ■  A 381 371 180
•6 28 27 57 *1 204 222 173 m 5 106 104 180

m2 97 98 t mfi 186 185 180
4,6 ,1 m3 184 182 192 m 7 60 59 0

m4 92 90 109
• 1 28 45 157 -5 142 145 146 2,1 , L
•2 34 39 358 • 6 70 69 221
*3 73 70 183 -1 313 324 34
■4 70 68 63 3,4, I •2 480 480 190
••5 56 57 137 m3 133 137 301
•7 36 34 179 ml 45 48 91 m 4 117 H 5 168

m2 41 41 89 »5 172 171 56
4,7, 1» m3 16 19 21 *6 80 75 198

• 4 60 62 209 m 7 39 35 209
-1 44 73 181 m5 74 75 52
-2 64 75 27 -6 35 32 169 2,2 ,1
•3 56 62 180

3,5, U -1 48 47 49
4,8 , L m2 22 33 340

"1 104 153 51 -3 89 87 150
•1 23 53 155 m2 92 106 187 -4 93 84 146
•2 31 36 168 m3 54 54 336 -5 119 114 105

m4 54 53 165 m 6 70 74 71
3,0it m§ 65 65 69 •7 31 28 218

• 1 156 150 0 3,6, L 2,3 ,•2 99 89 0
•3 304 284 180 ml 92 140 236 -1 120 124 137
*4 202 185 180 m2 19 19 233 m2 239 234 30
*5 26 23 0 m3 42 41 152 m3 26 24 26
•6 55 54 0 -4 39 38 51 - 4 119 121 316
•7 45 40 0 •5 56 57 131 M 5 27 30 85

m6 48 45 7 m 6 18 16 321
3,1 ,1

3,7, L 2,4 , LM 222 235 325
•2 204 208 193 mi 50 79 160 m 1 82 96 146
•3 286 277 305 m2 52 54 11 -2 46 43 335
•4 121 U 8 177 m3 76 77 151 m3 69 68 131
•5 72 73 281 m4 42 38 27 m 4 97 97 159
•6 54 61 310 -5 51 54 114

m6 29 23 306



2,4, L 1,1
•5 72 74 51 -1 157
•6 49 48 129 -2 253
-7 39 37 18 m 3 186
•8 28 29 150 • 4 31

-5 159
2,5, L «6 168

» 7 55
•1 139 157 324
•2 219 210 189 1,2
-3 121 U S 323
•4 132 131 182 * 1 210

76 74 59 •2 126
•6 38 40 107 *3 201

• 4 80
2,6, L ~5 101

■ 6 30
•1 134 149 336 p 7 69
m2 39 40 109
•3 14 17 146 1,3
•4 60 58 43
■5 31 34 156 -1 123
■•6 54 56 21 ■ 2 284

n 3 209
2,7, I m4 146

-5 90
• 1 50 51 178 -6 85
»2 147 143 53
•3 69 68 159 1,4
«4 48 47 342
*6 27 26 311 • 1 145

"2 130
2,8, I -3 56

«4 127
•1 85 104 235 •5 29
•2 31 25 196 ~6 42■3 24 22 11 ,•7 55•5 43 40 16
■6 21 20 137 1,5

2,9, L «1 237
•2 56

•1 73 87 327 •3 145
• 4 24

1,0, L «5 59
*7 32•1 552 589 180•2 51 47 0 1,5•3 22 4 180•4 225 221 180 -1 160

*5 65 66 0 •2 32■6 14 13 180 «3 47

L »4 57 58 96
■ 5 23 2l 136

155 243 "6 51 53 43
263 133
190 355 1,7, I
34 180
158 31 -1 115 109 229
168 60 •2 16 20 331
59 357 • 3 71 70 173• 4 67 68 319

L •5 49 53 201
•6 29 26 353

219 325
129 165 1,8, L
199 25
76 156 -1 79 78 165
100 188 -2 63 65 323
29 144 -3 10 8 134
73 152

1,9, L
L

-1 56 55 349
125 228 mi 6 27 29 159
297 33
211 187 0,0, L
149 2
90 170 1 123 112 0
89 12 2 305 301 0

3 138 135 180
I 4 54 54 0

5 97 89 180
148 178 6 54 51 0
126 42 7 57 53 0
55 214
125 223 0,1, I
29 108
45 lit 1 297 304 148
53 16 2 279 281 19

3 118 127 240
L 4 85 84 27

5 113 113 211
232 307 6 96 93 334
57 178 7 56 58 256
149 8
19 279 0,2, L
61 342
32 315 0 503 490 290

1 247 256 268
L 2 137 136 153

3 142 134 31
159 288 4 16 13 182
25 204
45 61



16
340
229
351
88

244
337

352
245
53
22
135
6

178
322

16
201
236
210
30

201
274
317
214

25
1M
43

240
23

215
341
215

222
333
191

12
91
196

0,2# L

61 60
93 93
63 64

0,3, I
215 213
175 175
100 92
151 149
62 66
89 88
57 55

0,4, I

494 463
199 206
228 223
43 44
42 39
38 39
32 32
37 35

0,5, I
106 105
238 235
75 74
69 70
79 76
25 33
45 44
0,6, L
176 158
105 91
161 160
92 86
60 61
76 79
28 21
0,7, L

52 43
39 34
62 58
115 109

5 54 54
7 12 14

221
329 0 ,8, L
233

0 50 46
1 126 118
2 52 51

107 3 14 17
181 5 42 42
295
168 0,9,L
352
219 1 71 61
215 3 44 46

6 37 34

0 ,10, L
346
234 1 56 50
294 5 20 17
99

277 0,1*, I
221
199 4 41 39
103

0,12, L
0 47 46

114
41 1,0, L
158
335 0 126 163
191 1 325 316
298 2 117 125
147 3 167 174

4 14 9
5 29 26
6 25 22

211 7 82 81
339
187 1,1, L
37
186 0 336 333
219 1 612 648
179 2 365 361

3 186 186
4 52 57
5 124 124

294 6 42 41
239 7 36 32
345

44 1,2,L
334

0 244 245
1 940 1079
2 241 236

22 3 342 341
175 4 96 89
320 5 55 58
99 7 32 33
105

0
1,3

437
, I*
475

175 1 269 268
174 2 59 57
343 3 172 166

4 72 71
5 64 64
6 15 16

3 7 71 71
257

0
1,4

298
,1
3 U

173 1 194 187
2 43 42
3 156 151
4 30 25

42 5 65 69
6 41 46
7 52 55
8 40 43

0
0 1,5, L
0

180 0 67 63
180 1 34 30
180 2 140 135
0 3 55 58
0 4 34 37

5 92 9l
6 62 65
7 54 53

38
55 1,6,1
46
177 0 126 128
353 1 159 146
188 2 114 115
311 3 81 73
187 4 80 7 8

6 20 24



1,7, I 0 301
1 392

1 80 65 252 2 141
2 60 53 235 3 188
3 80 78 21 4 49
4 77 74 161 5 98
6 38 38 193 6 68

1,8, I 2,2
0 77 82 36 0 705
1 79 76 175 t 558
2 101 89 332 2 240
3 18 22 215 3 123
4 64 66 312 4 78
5 16 31 196 5 15
6 32 30 199 6 67

1,9, t 2,3
0 24 21 171 0 164
1 30 27 193 1 360
5 48 45 173 2 61

3 128
1,10, I 4 40

5 56
0 36 31 150 6 54
1 47 42 19
2 83 75 181 2,4

M l # I 0 260
I 219

1 30 27 185 3 117
3 25 32 38 4 137

5 «11,12,1 7 39
0 22 25 347 2,5
2 37 35 356

0 74
2,0, L 1 193

2 97
0 322 324 0 3 39
1 115 114 0 4 51
2 123 118 0 5 963 144 147 180 6 374 22l 215 05 49 47 180 2,6
6 It 11 07 31 32 0 0 26

1 188
2,1, L 2 119

3 102

243 4 43 39 171
62 5 52 55 295
46 6 U 14 223
76
2

172
339

7 40
2,7,

38

L
292

0 132 143 332
1 21 18 289
2 36 34 243

187 3 58 50 46
63 4 63 62 142
142 5 57 55 66
37 6 34 35 198
192
134
217

7 26
2,8,

31
I

307

0 48 50 10
1 44 39 186

9 2 76 68 345
68 3 53 54 224

308
U
132
32

4 54
2,9,

50

I

6

226 0 38 43 204
1 33 30 182
2 44 39 199

16
40
196

4 48 46 

2,10,L

44

358 1 92 82 349
117 2 36 31 208
58 3 42

2,11,
40

L
337

302
359
209
256

0 66

2,12,

59

L

351

18
188
321

1 41
3,0,

35
I

178

0 177 188 0
1 406 401 180

207 3 409 403 180
10 4 11 6 0

160
2

5 35 34 180

285
397
140
177
45
97
69

L
750
565
244
128
75
18
68
L
174
342
64

122
38
57
58

L

276
200
U  7
140
69
36

L

73
175
101
39
49
96
38

L

28
174
113
90



3,0 ,1 4 32 27 42 0 238 239 0
5 53 51 135 1 81 75 180

6 6 12 0 7 37 34 181 2
3

131
103

120 
101

0
180

3,1 ,1 3,6, I 4
5

125
11

129
6

0
180

0 229 225 139 0 107 111 252 6 81 86 0
1 350 354 6 1 204 191 24
2 201 199 119 2 33 27 24 4,1 , L
3 150 150 223 3 66 67 353
4 65 62 89 4 17 23 201 0 180 17® 214
5 44 47 191 5 39 36 314 1 338 331 340
6 43 43 348 2 134 133 140
8 25 25 9 3,7, L 3

4
63
114

64
106

272
213

3,2 , L 0 169 175 331 5 50 47 166
1 24 15 234 7 40 43 215

0 158 155 258 2 79 79 285
1 219 222 358 3 31 33 174 4,2 91
2 161 156 114 5 51 47 78
3 186 186 40 6 27 24 192 0 49 42 125
4 44 47 125 1 164 154 353
5 87 93 352 3,8, L 2 116 111 116
6 50 49 155 3 104 110 16
8 21 18 45 0 49 44 11 4 162 163 177

1 5 4 276 5 56 60 340
3,3,L 2

3
149
34

139
36

344
186

6 41 42 236
0 331 340 300 4 64 60 343 4,3 9I
1 215 210 204 5 53 54 184
2 110 102 111 0 24 33 22
3 55 48 134 3,9, L 1 187 182 212
4 21 16 99 2 161 156 56
5 41 36 64 0 44 49 278 3 111 111 131
8 74 7« 199 1 73 66 8 4 62 79 137
7 42 45 319 2 75 67 117 5 75 75 58

4 45 39 51 6 32 33 140
3,4,

3,10, L 4,4,L
0 141 140 15
1 290 274 141 0 24 23 191 0 66 56 224
2 267 257 45 1 39 32 66 1 221 205 279
3 132 134 165 2 69 66 212 2 61 61 335
4 115 114 352 3 31 31 335 3 111 107 180
5 48 49 184 4 29 28 156 4 71 68 25
6 49

3,5
49

, L

325
3,11, L

5
6

10
29

14
32

183
293

0
0 64 54 314 4,5 ,t

125 124 185 1 39 29 244
1 322 299 55 0 47 48 1532 167 156 64 4,0, L 1 157 148 310
3 13 J3 250



4/5/ L 5/0/ L 1 171 161 346
2 32 34 121

2 180 177 144 0 93 95 180 3 89 81 61
3 19 24 278 1 27 25 0 4 67 62 160
4 23 24 143 2 49 47 0 5 41 36 91
6 36 31 54 3 82 80 180 6 49 51 48

4 121 127 0
4/6/ L 5 43 37 180 5/6, L

6 59 59 0
0 100 103 188 0 62 64 173
1 46 44 66 5/1/ L 1 88 82 60
2 127 122 122 2 83 82 182
3 167 160 30 0 64 60 155 3 30 27 235
4 54 55 172 1 93 106 351 4 65 66 187
5 60 61 325 2 144 142 180 5 46 49 358
6 63 64 206 3 64 58 69 6 43 46 195
7 22 28 270 4 45 50 187

5 24 29 90 5,7, I
4/7/ L 6 64 66 46

0 90 99 328
0 132 142 336 5,2, t. 1 157 149 247
1 46 38 236 2 91 90 263
2 202 188 50 0 242 215 189 3 76 78 113
3 80 71 91 1 126 116 343 5 27 27 89
5 54 53 79 2 46 43 289

3 110 107 359 5/8, I
4/8/ I 4 59 59 214

5 65 62 324 0 38 37 131
0 39 39 148 6 47 49 197 1 39 37 6
i 60 57 112 7 31 38 310 2 103 102 59
2 68 66 358 3 43 43 122
3 7 2 72 245 5/3, L 4 43 44 32
4 41 39 0 5 28 30 167
5 40 38 166 0 382 368 347

1 201 198 210 5/9, I
4/9/ I 2 146 143 348

3 78 78 135 0 88 74 190
0 65 59 203 4 64 66 308 1 55 51 347
1 83 76 301 5 44 50 148 2 76 78 159
3 40 40 315 3 71 71 18
4 21 20 40 5,4, L 5 12 12 343

4/10|-L 0 188 172 142 5/10, L
1

1 65 60 161
78 71 37 2 55 54 320 0 25 2 4 2573 24 27 340 3 57 54 212 3 41 41 34 25 27 174 4 60 62 33

5 61 66 177 6,0, I
4/11,,L 6 27 29 333

0
0 443 428 180

67 62 350 5,5, L 1 128 126 180
2 16 16 180

0 41 43 176 3 80 85 180



6,0,I 2
3

165
107

162
105

224
321

7,1, L
4 90 89 0 4 12 7 207 0 113 1U 158
5 23 20 180 5 40 39 277 1 186 174 285
7 54

6,1,

60

I

180
6,6,I

2
3
4

151
52
77

144
50
78

185
333
158

0 67 65 U 5 21 20 344
0 63 72 10 1 107 97 108 6 43 46 95
1 343 333 8 2 149 142 37
2 97 97 204 3 75 77 66 7,2, L
3 77 76 12 4 46 43 199
4 45 50 197 6 24 27 180 0 61 57 274
5 34 42 30 1 174 168 138
6 33 38 96 6,7, L 2 123 121 65
7 30 30 80 3 75 77 133

0 63 58 330 4 111 113 207
6,2,L 1 57 50 219 5 52 52 354

2 42 38 350 6 41 40 184
0 114 100 139 3 82 80 165
1 198 187 113 6 15 14 41 7,3, L
2 22 21 58
3 21 24 346 6,8,I 0 39 34 359
4 16 16 200 1 79 81 260
5 54 54 8 0 25 20 199 2 108 106 338
6 45 42 187 1 29 29 321 3 93 92 228

2 69 69 358 4 101 104 346
6,3, I 3

5
36
42

40
39

223
151 7,4, L

0 149 136 335
1 109 107 233 6,9, L 0 69 66 210
2 112 110 345 1 32 31 53
3 103 102 114 0 67 62 176 2 86 8l 47
4 62 57 43 1 49 49 345 3 81 84 54
5 16 24 115 2 69 68 210 4 46 46 90
6 27 29 63 4 32 33 133 7 26 27 164
7 40 41 24

6,10, I 7,5, L
6,4, L

1 7 6 223 0 106 104 190
0 102 102 176 3 41 42 64 1 87 84 356
1 89 82 118 2 89 89 196
2 58 52 61 7,0, U 3 29 29 184
3 132 132 192 4 55 54 171
4 62 64 338 0 169 167 180 5 32 38 350
5 37 37 199 I 162 154 180
6 19 21 344 2 104 107 180 7,6, I7 36 36 180 3 55 55 180

4 40 43 0 0 44 39 310
6,5, I 5 24 22 0 1 45 48 146

0 7 38 40 180 2 42 40 27
33 32 137 3 48 50 18

1 157 149 330 4 34 35 229



7,6. L 8,2, L 8,10, L
5 34 34 11 0 115 106 30 1 34 29 184
6 29 29 192 1 110 109 212

2 45 51 11 9,0, L
7,7, L 3 67 70 22

4 54 55 121 0 41 36 180
0 19 20 0 1 32 33 180
1 46 44 194 8,3, L 2 29 32 180
2 50 49 341 3 137 139 0
3 85 88 171 0 75 67 186 4 102 104 0

1 145 139 211
7,8, L 2 34 25 297 9,1, L

3 135 134 161
0 34 31 162 4 24 27 222 0 19 19 35
i 49 46 308 5 32 33 199 1 44 40 152
2 36 41 64 2 142 143 240
3 40 37 353 8,4, L 3 25 29 302

4 103 105 195
7,9, L 0 86 76 166 5 32 33 252

1 81 83 280
0 57 54 193 2 70 67 137 9,2, L
3 39 32 343 3 65 64 340
4 29 26 145 0 123 121 15

8,5, L 1 88 92 176
7.10, L 2 88 90 333

0 43 41 146 3 41 40 285
i 26 21 203 1 29 35 31 4 67 70 304

2 60 54 230 5 24 23 160
7.11, I 3 30 33 358

4 66 65 186 9,3, I
0 14 10 59

8,6, I 0 28 26 91
8,0, L 1 40 4l 161

0 74 70 11 2 97 94 306
0 Hi 131 180 1 55 55 195 3 51 50 231
l 14 8 0 2 27 26 U 4 22 21 35
2 24 23 180 3 31 33 27
3 39 42 0 9,4, t
4 83 66 180 8,7, L
5 18 18 180 0 62 54 1526 25 26 0 0 45 41 245 1 38 40 304
7 40 42 180 1 55 54 193 2 92 9l 218

2 49 50 16 3 36 38 344
8,1, L 3 51 52 162 6 26 29 12

0 37 34 137 8,8, L 9,5, I1 154 151 310
2 170 168 241 0 36 31 221 0 30 2 7 1283 71 70 292 1 32 30 2144 54 58 237 8,9, t 2 67 63 2155 78 81 4

3 24 20 19



9,5, I
4 55 60 163

9,6, I

0 51 50 24
1 34 35 170
3 22 27 133

9,7, L

0 40 48 73
1 22 25 193

9,8, I

1 44 42 320
2 34 35 190

9,9, t
3 33 31 5

10,0,L
0 43 41 180
i 69 64 0
2 79 82 180
3 67 71 0
4 33 35 0
5 51 54 0

10,1,L
0 35 33 24
i 50 53 88
2 21 24 245
3 64 66 303
4 40 39 60
5 49 54 357

10,2,I
0 72 71 11 56 54 1532 24 25 2644 74 73 3415 37 38 293

10,3, I

1 40 40 147
2 22 21 2
3 43 45 246
5 49 47 201

0 43 44 232
1 47 46 10
2 34 38 193
3 41 41 335
5 21 24 258

10,5, L
0 62 58 18
1 32 35 104
3 42 41 304

10,6,L
0 37 30 42
1 50 52 179
2 43 43 313

10,8,L
1 28 26 340

11,0,I
0 68 67 180
1 57 62 0
2 71 72 180
3 36 33 0
5 21 22 0

11,1,I
0 53 47 345
1 28 23 134
2 19 25 144
4 24 31 196

11,2,I
0 38 40 315
1 14 3 245
2 37 36 358
3 32 31 185
4 23 22 12

11,3, L

0 46 43 212
1 53 54 41
3 21 27 303

11,4, I
0 50 47 175
2 56 56 199
3 32 29 344

11,6,I
0 41 43 13

11,7, L

2 16 13 69

11,8,I
2 36 36 211

12,0,L
0 52 52 180
2 9 7 0
4 7 6 180

12,1,I
1 25 20 212

12,2,I
0 48 53 87
1 50 52 174
3 33 35 208
5 16 19 174

12,3, L
0 24 28 172
1 18 26 321
3 5 9 295

12,4, I
3 31 32 346

0 29 30 49



12,7,i L 13,2,L 0 8 5 165

1 26 18 84 3 15 16 223 14,1,,1

13,0,i L 13,3,L 0 15 23 310

0 10 16 180 0 52 49 147 14,4,t L
2 52 53 180

28 2423 15 16 0 13,5,1, 0 28

13,1,fl 0 37 38 40 15,1,rL

1 40 41 185 13,7,L 1 16 16 221

\



A P P E N D I X  2

CALCULATED AND OBSERVED STRUCTURE FACTORS FOR 

(± ) INDERAL HYDROCHLORIDE



15#0#l 13# •4 # L U #-l#L 10# 0# L

•5 51 •47 -6 29 • 16 • 1 70 ■ 63 -2 54 58
-7 63 -65 •3 83 79 -4 39 • 46

15 #•1# L -8 73 65 -5 57 • 44 • 8 116 .-114
• 6 69 • 69 • 10 43 37

•4 41 • 36 13# •5# L • 7 105 • 99 • 12 77 74
• 8 29 36

14,0,L -2 70 65 • 10 73 •70 10# •1,1
- u 52 -47

•4 87 ■• 105 12# 0 # L -1 82 • 80
11 # -2# L •3 81 • 82

14#•l#l •2 90 -92 -5 88 85
•4 169 173 • 1 104 105 • 6 136 129

*5 84 •79 • 2 147 140 •7 7l • 69
12, •1 #L *4 123 *•117 -8 209 -• 202

14#

CM■ • 5 47 54 -10 74 -69
-1 29 • 26 • 9 55 -59 -It 52 60

-1 58 57 •4 84 • 73
.9 58 • 45 •8 48 46 11 # -3# L 10# -2# L

•11 36 32
14#•5#L • 13 45 •34 • 1 98 • 99 -1 119 ■-125

•3 43 35 • 3 43 39
49 • 45 12# •2# L • 6 58 60 •4 74 -73

•5 38 33 •7 65 67 • 6 145 137
-2 23 24 •11 60 • 60

13,0,L m 3 125 ■■123 11 #-4#l -13 62 61
•5 139 129

•1 68 51 •6 90 • 87 • 2 110 107 10# •3# t
*3 60 • 65 • 4 56 •47
•5 32 37 12#«*3#L •5 105 •88 •2 84 82
•7 73 65 • 6 51 55 • 4 140 • 141
•11 38 25 • 2 55 •62 • 7 89 87 •6 142 137

• 10 44 •38 •7 101 93
13# 11#-5#l •8 69 •65

12# •4# L -9 84 •7 8
• 1 26 25 •2 79 • 82 • 10 59 54
•2 125 •-127 •1 80 •82 • 3 106 108
13#

•2 102 100 • 4 151 •• 160 10# •4 # L
-2#t • 3 71 • 66 • 5 125 «• 129

-4 48 • 4g •6 78 76 •I 60 63
•3 117 --120 • 6 66 52 -2 199 • 196
*5 49 58 • 10 30 24 11#-6#L • 8 75 •72••6 115 '• 105 •11 55 •46
•8 77 68 12, •5# L • 2 77 86
•10 38 •35 • 6 86 -77 10# -5#L
13#

•2 59 • 53*3,L ■ 3 52 49 11#«7#L •1 1 41 • 156
•1

• 5 56 • 51
118 125 11 #0#U • 3 69 80 • 6 104 98•8 35 •43 • 5 100 -98 •7 52 59

- I  2 H  212 
-3 123 -125



10/•6/ L 9#-4# L -13 86 83 8#-7#l
■3 174 i OD -1 64 59 8,-2, L -5 59 —56

-4 131 137
10#*7, L -5 173 176 -2 70 -70 8 9-8# L

-6 64 71 -3 169 171
•4 59 ••65 -8 78 -83 -4 76 -74 -4 60 —64

• 9 64 -64 -5 266 -265
9#0#L -10 53 50 —6 43 -43 7 90,L-10 173 -170

• 1 71 78 9#-5* L -11 117 109 -1 605 -629
•5 159 164 -3 349 -346
• 7 166 -157 -1 121 134 8#-3,1 -7 65 -77
•9 234 229 -2 169 -177 -9 150 -155

•3 93 -90 — 1 146 138 -11 61 64
9#"1 / L • 4 212 218 -3 47 -54

-5 155 163 -4 115 116 7,-1 # L
*1 92 63 -6 237 -230
•2 240 242 9,-6# L -8 42 44 -1 154 157
•3 171 157 -11 36 — 44 -2 481 -504
•4 125 -112 -4 36 -36 -12 65 -62 -3 395 -418
■5 47 -47 •5 64 58 -13 61 63 -4 184 207
•6 59 56 -10 54 -53 -5 86 -92
•7 120 121 8 9-4,L -6 U 6 126
■8 136 -132 9,-7#L -7 151 163
•9 86 94 -1 51 49 -8 107 -99
•10 241 224 -3 206 -214 -2 68 67 -9 122 -116
•12 70 •75 • 4 52 45 —3 212 222
*13 45 58 •5 107 118 ■ 4 110 110 7,-2#L

•7 68 -67 -5 145 -152
9#•2,1 .6 212 -222 -1 228 223

8,0#L -8 197 201 -2 199 • 198
*1 85 •90 -10 74 -70 -3 83 84
*2 74 -74 •2 101 108 -12 44 41 -4 62 74
*3 55 61 -4 152 -155 -5 164 161
•7 303 •299 -6 115 118 8#-5,L • 6 75 —84
*8 147 -159 •8 349 340 -7 88 83
•9 148 135 • 10 32 39 -1 96 99 -8 192 186
•10 62 57 • 12 49 —56 -4 115 114 -10 51 -62
•13 57 •63 -14 58 47 .6 132 -142

— 8 63 60 71-3# I
9#-3,L 8#•1#L

8,-6, U -1 155 156
•1 115 -113 -1 111 •122 -3 121 -123
•2 101 • 103 -2 195 -198 -1 131 -132 -4 67 67
*4 109 105 -4 211 197 mA 104 114 -5 67 —69
*6 -102 -5 168 -181 —6 94 -91 -6 69 —70
•7 162 -169 • 6 169 -177 -7 87 -84 -7 149 139
*8 109 -113 -7 130 134 —8 44 36 -11 54 55
*9 81 -81 -9 140 149 m 9 57 66 -13 87 •8 7
• 10 87 92 -10 206 213 -10 80 -77•12 94 •90 -11 201 -201•14 29 24 -12 38 50



7t•41L -5 328 -361 • 3 215 221 -10 89 — 96
• 6 132 -151 -4 72 -79 -12 74 71

•3 231 -246 -7 228 224 • 5 66 -70 -13 38 31
■5 186 185 -8 153 139 • 10 50 52
*7 252 -249 -9 144 -151 5#•3# L
*8 83 84 -12 42 • 48 6,-7# L

33 • 33 -1 149 152
'11 102 100 6,•2* I • 6 44 47 -2 106 124

• 8 158 -165 -3 194 --213
7t•5, L -2 87 105 • 10 83 80 •4 234 -239

• 3 217 -243 -5 229 236
•2 57 53 -4 323 331 6, 00i -7 90 • 96
"3 115 -113 -5 114 111 -8 44 • 52
■4 25 -22 -6 153 -147 • 1 91 • 103 -9 100 96
•7 66 67 -7 114 "113 • 2 77 • 84 -10 45 • 48
•9 77 •70 -8 130 121 • 3 75 77 -11 139 -140
-12 50 51 • 10 53 56 • 5 77 • 80 • 12 6l —62

-13 84 • 88 -15 40 33
7 9•6, L 6#-9,1

6#-3# L •4* L
■1 126 143 -2 45 45
■2 77 92 -1 199 -233 -1 I94 -198
«3 58 • 63 -2 62 55 5,0a -2 137 138
■4 109 -120 •3 117 117 -3 1 81 183
■5 107 110 -4 73 74 • 1 683 766 -9 U 8 ill
■6 144 136 -5 136 -135 • 3 59 • 67 -It 107 -113
.7 55 • 56 •8 21 30 • 5 280 280 -12 57 • 49
■8 45 • 63 -9 52 46 • 7 113 101

-11 60 58 -5# L
7*«7,L 6,•4# t -13 64 •69

• 15 54 48 -2 106 104
■3 49 46 •t 133 130 -3 62 56

-2 245 264 5,-1 # U •4 59 •51
7t•8,L -4 262 -254 • 6 209 204

-5 79 76 -1 241 -247 -7 30 •29
•1 76 -87 • 10 88 -77 •2 235 -281 -8 57 • 44
•4 44 • 53 •11 51 50 • 3 363 -397 • 10 109 109
•8 77 79 -14 49 -47 -4 137 162 -12 24 •28

• 5 203 201
6*0*1. 6#•5#L • 6 65 -64 5, -6* L

-7 195 • 204
•2 174 • 193 •1 79 -75 • 8 141 160 -1 102 • }00
•4 164 173 • 2 137 156 -10 45 -41 -2 269 -271•6 310 -301 •3 77 75 -14 63 63 •3 109 113•8 80 98 • 8 69 -67 -9 37 34
•10 165 -164 • 9 144 145 5,-2, L -10 77 74
■14 64 60 -10 63 80

-11 65 • 60 •2 53 81 s, •7# I
6i•1,L •3 389 • 419

6#•6*1 • 4 162 • 163 *1 31 • 38
■1 229 -215 •6 84 88 -2 7* 66•2 183 206 -1 186 -200 -8 90 88 -5 U 6 -U7■3 580 593 • 2 119 120 • 9 75 •60



5*-7,1 4* -3* L • 6
•7

62
73

• 58 
70

-7
•8

96
89

-96
82

•6 62 •63 -1 265 -268 • 9 47 • 37 -9 43 -36
•7 87 87 •2 316 336 • 1 0 96 86

•3 86 94 4/-9,1 -11 74 •74
5#•8, L • 4 329 «"339 -12 52 46

• 5 240 <"238 • 3 137 -148 • 14 49 45
•1 94 92 •8 70 • 69
•2 89 •94 -9 77 • 70 3*0* L 3*•4*1
•4 131 129 • 15 48 • 47
■5 68 • 68 • 1 113 -135 •1 81 80

4# -4*L • 3 90 -87 -2 163 175
5*-9,L • 5 384 446 -4 222 -203

•1 81 • 93 -7 107 113 -5 299 -277
■3 51 55 -2 44 29 -11 106 -104 -7 225 225
•4 82 77 •3 26 • 44 -13 39 -37 -8 152 -147

-4 20 • 12 -15 31 32 • 9 157 -149
4*0*L -5 55 • 51 -10 58 59

•6 164 156 3* -1*1 -11 53 55
■2 556 597 • 7 48 •38 -12 60 • 50
•6 130 • 163 • 8 126 -"127 • 1 196 -197
■8 54 62 • 1 0 55 50 • 2 419 465 3, •5*1-
■10 160 -141 "11 60 • 58 • 3 241 270
•12 138 143 • 4 404 • 472 -1 55 39
•I4 99 -91 4#-5*L •5 75 41 -2 I38 -135
■16 47 -45 • 6 236 249 -4 172 167

•1 22 32 •7 271 266 •5 5l •43
4*"1,L •3 262 252 • 8 35 • 33 • 6 U 8 -119

• 5 224 •217 • 9 204 196 -8 85 -77
•1 417 493 •7 212 204 • 10 135 • 128 -12 85 • 80
•2 192 196 •9 66 • 73 -14 50 •51
■4 177 • 195 • 10 70 •59 -15 34 •31 3*-6* L

146 186 -13 69 65■6 266 298 3*•2, L -1 73 85
31 33 4#-6f L -2 133 129

*11 58 61 •2 90 79 • 3 108 104
•12 71 65 -3 92 86 •4 186 • 188 • 4 1 30 134

•4 90 • 80 •5 146 -150 -5 83 -87
4*"2,L •5 82 • 87 •6 447 453 -9 62 •60

•6 71 72 -7 99 108 -11 73 75
•1 202 -216 •7 106 97 • 8 184 • 173
•2 175 192 • 10 160 147 3* -7* L•3 156 165 4*•7* L -11 34 29
•4 212 -218 -12 47 -42 -1 209 234
■6 66 •66 •2 64 • 71 • 3 92 •90
■7 104 • 120 • 4 176 172 3*-3,1 -4 S4 • 54
■8 39 20 •6 151 • 145 -5 155 148•9 163 148 -7 74 72 -1 375 -389 -7 43 •53
•10 45 -47 • 8 135 132 •2 92 •99 -9 65 -61
"11 84 •77 •3 321 352 •11 60 59
•12 71 68 4# -8* L -4 169 • 147•13 74 71

-2 71 • 69
• 5
• 6

139
116

• 118
100



3*-8, L •4 153 129 • 5 43 31 -11 23 -24
•5 162 160 • 6 48 -43 -12 42 -39

■3 83 -87 • 6 278 261 • 7 36 • 50
•5 102 102 •7 118 •113 • 8 144 141 1#-3*L

97 • 99 •8 76 72 -10 138 -132
■8 27 30 -9 28 -19 -1 64 33

• 10 61 -62 2* -8, L -2 142 118
3*• 9, L -12 51 • 46 -3 720 642

•1 132 130 -4 223 • 204
?1 59 63 21-4 * L -2 60 53 -5 98 84
m2 115 123 —3 92 -90 • 6 72 -76

-2 450 -433 • 5 89 92 -7 41 40
2*0*L • 3 257 •254 • 7 42 -37 • 8 104 86

• 4 54 34 -9 63 -53
•2 406 474 •5 30 • 30 2#-9,t • 10 97 -107
•4 754 ■•854 •6 186 •178 -11 161 165
•6 229 204 • 7 141 133 • 1 85 -81
*8 481 • 487 -8 125 117 —3 83 90 1*•4*1
• 10 109 105 •9 94 • 85

• 10 43 46 1*0*L -1 107 107
2#•1,1 • 13 29 35 -2 108 • 99

-1 138 -252 • 3 285 •247
■1 67 63 2*•5* L • 3 873 935 -4 477 428
?2 870 • 963 -5 739 -708 • 5 1U 108
•3 56 *23 •t 308 280 -7 393 -375 •6 191 -171
•4 177 • 188 •2 128 •122 -11 41 -41 •7 126 -116
•5 468 460 •3 352 •327 -13 61 58 -9 82 — 80
•6 218 -217 • 4 37 • 29 -12 38 45
m7 329 • 312 • 5 93 103 1*-l#L -13 67 • 67
•8 128 • 120 •6 106 • 98 • 15 46 42
•9 70 77 •7 142 132 • 1 122 -118
•12 58 •56 •8 85 84 •2 922 932 1t -5* L
•13 73 77 •9 88 • 83 •3 38 28

-10 64 •6 i -4 133 • 135 •1 138 -107
2?-2#L • 11 61 54 •5 188 179 -2 U 2 116

• 12 73 77 -7 34 •39 -3 86 -57
• 1 119 • 130 • 8 101 -106 • 4 78 51
•2 108 99 2#•6* L —9 286 -294 -5 89 73
•3 279 301 — 10 155 152 -6 84 —70
•4 275 268 •1 252 255 -11 63 53 -7 197 •185
•5 151 • 167 • 2 259 -237 • 12 53 • 58 -8 227 222
•6 405 377 •3 222 -211 -10 57 •56
•7 429 407 • 4 146 139 1*-2,1
■8 264 •272 • 5 42 35 1* -6*L
•9 69 •70 •6 34 -32 -1 488 463
•10 112 107 -7 56 -58 • 2 807 • 762 •1 175 159
•11 68 •70 •8 30 41 -3 149 141 -2 66 55

-10 108 •99 • 4 877 846 -3 63 —66
2«•3,L • 5 142 • 114 • 4 28 -13

2,•7*1 -6 338 -331 •5 78 65
•1 182 204 -7 280 275 -7 123 115
•2 456 • 440 -2 183 174 -8 200 • 191 • 8 66 -71
■3 406 -377 •4 98 -99 •9 135 140



If•6, L 0#-2*L — 8 166 154 -1 103 75
-10 36 -35 -2 463 -483

•9 59 55 0 154 124 -3 152 -138
-1 857 792 0, -6, L -4 527 564

If-7, L •2 1815- 1752 -5 273 271
•3 465 413 0 283 -253 -6 179 -177

• 1 159 -146 -4 102 — 85 -1 124 -109 -7 3l3 -307
•2 104 94 •5 36 -29 -3 232 234 -8 31 33
•4 92 • 83 •6 274 •254 -5 200 -188 -9 8l 75
-5 94 97 -7 305 293 —6 113 108 -11 104 107
•6 54 62 -8 109 109 -7 279 282 • 13 48 -48
•7 172 -169 -9 80 -82 — 8 96 -96
-9 161 169 -10 93 101 -9 49 49 -1 #-2f I

-11 165 167 •11 65 -73
If•8, L -12 68 65 -1 111 6—1084

0# -7, L -2 7 68 749
•1 116 -114 0#•3*1. -3 278 -278
<2 89 84 -1 71 -75 -4 96 -65
•3 67 69 •1 169 165 -2 89 81 -5 23 -28
*4 132 -128 -2 97 -106 -4 242 -239 -6 46 —50
•5 114 — 115 •3 554 -491 — 5 56 52 -7 81 -91
•6 53 4 8 -4 229 195 -6 207 201 -8 94 81
•9 56 • 75 • 5 407 384 -7 58 -68 -9 182 -172

-6 341 -319 -9 41 40 -11 162 156
If•9,1 •7 67 -60 -12 69 65

• 8 100 93 0# -8, L -14 52 -49
•4 64 •64 •9 33 35
•5 33 33 *10 118 •114 0 116 109 -1 # -3 f L

• 12 55 58 •1 150 -143
0f 0#l -3 71 69 0 532 -518

0#•4*1. —5 153 -158 -1 1012 951
•2 525 -545 -7 64 77 -2 77 76
«4 754 743 0 475 441 —8 72 -76 •3 650 —603
•6 223 194 •1 58 -67 -4 130 131
*8 57 51 •2 54 59 0f-9,U -5 166 165
•10 62 *60 •3 51 -46 -6 112 123
•12 82 •79 •4 66 59 -2 68 68 -7 79 -77
•i® 58 •51 -5 456 -421 ~4 72 -70 - B 127 -120

•6 257 241 -5 92 -90 -9 73 74
0f•1,L *8 57 -55 -10 68 74

•9 141 -124 m1,0, L -11 60 59
•i 766 720 -10 226 •225 -12 84 80
•2 734 717 • 13 68 — 64 -1 229 -264
•3 807 -792 -14 30 -27 —3 929 983 -1 # -4 # L
■4 Hi 91 -5 240 -239
*5 192 -208 0, -5# L -7 228 219 -1 175 -161
*6 231 •229 -9 131 -143 -2 94 89
m7 196 193 •1 156 125 -11 83 84 -3 702 647
*8 278 270 •2 304 270 -13 207 -206 -4 441 •433
*9 98 •94 •3 346 •320 -5 238 230
M8 94 *86 *4 275 -262 -1 ,-1, t -6 47 24
Ml 53 53 •5 521 492 -7 109 -107

-7 205 •205 0 123 -156



•l»•4, L -1 i -9* L -2# -3, L -2 #-7r I
•8 132 -136 0 61 54 0 934 -961 -1 68 66
•9 163 165 •1 75 -77 -1 42 28 -2 92 -91
•12 30 33 -2 122 -121 -2 319 327 -4 245 236

-3 81 -82 -3 543 513 -5 78 73
■if•5,1 -6 56 -64 -4 225 -204 -6 54 *45

«6 111 105 -8 82 ■*85
0 418 -378 m2,0# L ml 89 85 -10 76 85
•1 213 • 188 m 8 84 91
•2 424 388 0 511 -553 m9 253 255 -2 , -8# L
<3 154 -136 -2 811 -828 — 1 0 198 201
•4 180 -171 -4 338 324 -14 25 -32 0 34 -31
■5 42 41 -6 55 -72 -2 134 -144
ml 99 -96 -8 184 197 -2 ,-4,t -3 99 95
•8 183 -186 -10 79 73 -4 180 174
-9 81 -80 -12 89 -68 0 127 114 -8 49 58

-14 102 108 -1 47 -34
•1#-6,L -16 30 38 -2 129 -127 -2 #-9# I

-3 68 -71
0 108 102 -2# -1 #L mA 61 -42 0 43 45
•1 151 -139 -5 254 246 -1 56 55
•2 181 -166 0 683 751 ml 163 -168 -2 57 —56
•3 60 -60 •1 35 0 m 8 187 -184 -3 160 -169
•5 8t -73 -2 619 602 -9 211 217 -4 63 63
•6 282 291 -3 550 -580 -10 225 231 -5 126 136
•7 167 -173 -4 332 -334 -12 26 -27
•8 131 -132 •6 187 183 m3,0,1
*10 105 108 •7 79 -94 -2#-5,L
•11 58 • 62 -8 113 -102 -1 594 620

-10 175 -176 0 34 -30 •3 644 -656
■1/•7,1 -11 83 —89 -1 264 -256 •5 406 422

-12 70 -67 m3 149 136 -7 77 -77
0 67 70 -13 118 -122 m5 224 -217 •9 54 -52
•I 79 -76 -14 100 -102 *6 60 58 -11 111 -117
•3 121 121 -15 100 105 ml 239 -233 -13 191 200
■5 72 67 ■8 177 -182
•6 78 70 •2,-2#l .9 50 41 -3#-1 tl
•7 163 171 -12 48 -47
•9 52 -61 0 254 286 0 503 •594
*10 49 53 -2 419 418 -2#-6,L -2 441 460

-3 528 -541 -3 401 406
•if•8,1 -4 130 -131 0 240 242 -4 71 •60

-5 243 263 -1 47 35 -5 83 -82
0 153 154 -6 120 -102 m2 74 72 -6 104 107
■1 112 107 •7 281 -287 -3 47 38 -7 49 38•2 108 -101 -8 117 126 m6 59 • 62 -8 66 73■6 129 136 •9 174 172 ml 60 -47 -9 135 122•7 100 110 -11 105 -112 m 8 87 -91 -10 233 -231
•8 110 -120 -12 195 -200 *9 106 -108 -11 201 -210

-13 37 -42 • 10 68 78 -12 149 151
-14 57 52 -12 51 -55 -13 54 ■56



•3#•2rU 0
-1

57
116

54
-120

• 5
• 6

436
382

446
384

-4 ,-5#l
•1 59 *30 *2 84 -77 -7 385 -394 •2 258 -241
■2 198 228 *3 171 170 •8 69 -63 -3 44 49
<4 282 • 288 -4 123 122 -9 159 170 -4 150 150
■5 250 242 -5 203 -208 m 1 0 127 131 -7 87 84
■6 229 235 -6 296 -299 -12 75 85 -11 65 63
.7 99 -107 -7 105 105 -13 74 -77
■8 66 65 -8 99 103 -4 ,-2,L
•9 32 •23 -10 57 • 58 -4 ,-6f L
• 10 25 -24 0 234 -251
•H 67 -71 -3,-7,1 -I 459 -483 0 180 200
*15 72 *74 • 2 176 -180 -1 174 181

0 62 -58 -3 146 154 -2 212 -210
•3#*3,1. •I 101 103 -4 90 78 -3 271 -274

-2 75 -74 • 5 37 -27 •4 9l 89
0 127 127 -3 72 -78 -6 58 61 -5 177 179
■ 1 457 -437 -5 99 -94 m 8 156 -167 *7 54 -60

275 -274 -6 45 •» 4 9 -9 148 -162 -9 38 *■46
■3 356 • 335 -8 82 76 -11 53 -57 -11 70 77

104 *97 *9 60 -66 -12 32 -32
•5 169 -164 -13 43 50 4,*7 fl
•6 55 56 m 3,-8,L -14 32 -30
,•9 84 87 0 96 101■ 10 29 *29 0 77 80 -4 i*3, L *3 55 -53
•11 107 -111 -4 107 111 -10 43 -50
*13 70 83 *6 107 -109 0 242 222

•8 78 90 *1 224 -208 -4,*8f I
•3f*4,t —2 295 -287

•3 9,L -3 98 -87 0 80 -87
0 260 275 —4 49 -40 •I 144 146
•3 38 28 0 114 *125 -5 32 -34 -2 121 110
*4 162 -165 •1 77 84 —6 116 117 •3 129 -138
*8 59 59 -2 105 112 —8 185 -185 -4 69 —64
•7 277 286 •4 26 11 -12 39 -42 -5 100 106
■8 132 131 -13 29 -28 •7 43 •» 4 6
•13 79 80 m 4,0,1

•4 ,-4,L m 5,0,1
•3i*5,L 0 676 *713

376
-2 313 312 0 157 157 -I 235 -227

0 371 •4 100 81 -1 229 -214 -3 443 428
•1 358 346 -6 56 —62 -2 276 -251 •5 553 -532
•2 68 *59 -8 174 -179 —3 84 75 •7 49 51
*3 168 183 *10 190 198 — 4 322 322 -13 64 70
•4 58 -47 -12 45 50 • 5 101 97
■5 91 *93 ■6 140 -133 -5,*1 *L•6 35 •34 -4, -1 • L -7 44 44
•7 125 131 —8 54 58 -1 137 116•8 55 52 0 326 361 • 9 52 -51 -2 180 189
•9 78 89 •1 282 -285 • 10 130 134 •3 274 255

-2 55 -38 -12 75 -85 -4 346 -346
•3i•6, U -3

*4
155
464

137
453

-5
-6

178
133

-176
-124



•51• 1, L

•7 185 185
■8 76 63
•9 81 • 90
M0 52 •57

•5#•2, L
0 346 391
• 1 80 •91
•2 55 31
■3 404 382
•4 250 246
■5 284 <• 276
■6 52 • 36
•7 214 215
•8 20 •41
*9 72 77
•10 69 73
-12 47 •52
•14 39 50

•5i•3,1
-1 205 <• 199
-2 139 122
•3 314 311
•4 257 244
-5 282 -276
•6 92 •91
•7 82 79
■8 201 211
,-9 94 •99
*10 56 *57
•11 60 58
•13 55 •60
•5f«4,L
0 85 • 81
-2 221 -229
.3 106 •96
•4 50 • 48
•5 47 -30
•6 50 •39
•7 67 68•9 109 -106
-10 65 71
•5#•5,L
0 89 -93

-1 66 -52
•2 77 -70
-5 42 -47
-6 140 -148
-7 61 66
• 8 121 125

• 10 111 -122
-5, *6,1
0 173 -184

•t 114 119
*2 262 268
•4 66 •55
•7 42 4 4
•8 47 41
-5,•7,1
0 67 -75

•3 67 60
•7 79 -87
•9 76 80

•5,*8#l
0 166 •182

•1 141 • 145
-2 87 92
•3 68 71
•4 58 •60
•5 31 32
•7 28 • 34
•5 ,*9#t
0 29 •30

•2 47 41
•6,0, L

-2 298 •302
•4 123 -116
-8 207 •229

• 12 99 -104
-6f-ifL

0 285 2«9
•1 169 -181
•2 191 •188
• 3 137 142
• 4 154 154

• 6 183 -181
• 10 27 12

•6f-2,L
0 167 -163

• 1 245 244
*2 66 55
-3 53 -36
—4 148 147
-5 56 47
-6 133 131
• 9 103 -110
-10 61 73
•11 28 25

•6 ,-3,L
0 224 237

-1 222 215
-2 396 -384
-3 136 • 128
—4 241 222
-5 170 172
•6 114 • 101
-8 42 50

— 10 31 -26

•6f-4,L
0 128 •124

-2 204 191
—3 9i •91
• 4 59 •58
•8 81 83
— 10 77 -78

•6#-5# L
0 71 67

-1 114 113
-3 193 — 190
-5 68 59
•6 27 -34
-7 139 • 140
•8 53 52
-9 29 34

•6#-6,1
0 185 -193

-1 63 •62
—4 80 • 75

-5 123 125
-6 71 -73
•7 09 • 89
-9 50 49
-6, •7 ft
0 47 45

-1 62 54
-6 56 59
•8 64 -74
•9 34 37
• 6, -8ft
0 il4 119

•1 55 —65
•2 42 40
• 6 78 85

•7 ,0ft

•3 I58 148
-5 278 ••259
-7 237 224

•11 U 7 122
-7, -1 f U
0 331 338

•2 108 ■ 114
•3 90 -98
•6 76 -67
-7 78 •65
•9 58 •60

-7 ,•2ft
0 4j5 •418

-1 174 150
-2 74 -75
-3 62 52
-5 127 •125
-6 139 ■131
-7 52 64
• 8 70 62
-9 99 —94

-10 93 -99
-7, •3ft

•1 112 116



•7t-3,1 -8,-1, L -8,-7, L 0 92 90
-2 67 • 6 7

-2 195 190 -1 127 143 0 90 94 -5 34 46
•3 63 • 59 -2 118 126 -2 106 -107 -6 68 71

82 -74 -4 28 -20 -8 94 -91
•5 123 120 -5 32 -18 -8, i CD r*

•7 48 38 -9 53 -50 -9, -6,1
-11 73 69 -2 44 -37

-7#"4,1 0 84 83
-8,-2, L -9,0,1 -1 96 -100

0 114 -115 -2 68 — 66
•2 101 88 0 221 249 -1 185 177 -3 46 59
•3 85 -86 -1 107 116 -3 357 -343 •4 57 53
■4 130 U 8 -2 77 82 -7 111 -112
•7 87 -53 -3 48 -45 -9, -7* I
•9 62 59 -4 75 78 -9, -1,L«5 129 128 -3 77 -77
■7#•5, L -7 107 -91 -1 139 143

-2 68 65 -9, •8,1
,0 90 -98 —8,•3, L —3 94 92
•1 167 -164 —5 96 93 -1 117 107
«2 105 106 0 336 -345 -9 100 93 -2 95 -101
•3 87 88 "1 88 -93 -10 39 40
•4 165 -157 -2 215 214 -10 , 0, L
•5 32 • 15 -4 93 -97 -9, -2,L
•6 125 120 -6 37 -42 0 272 -263

0 86 -96 -2 281 277
•7f•6,1 - 8 , -4 , L -2 215 213 -4 297 -307

-3 60 52 -8 99 98
0 103 -109 0 158 -161 —4 105 -100 -10 30 -32
•2 95 90 -1 93 92 —5 86 85
•3 94 -83 -2 87 -83 —7 46 -43 -10 , -1, L•4 141 -128 -4 134 -115 — 8 78 -74
•5 59 68 •  5 118 112 -9 63 66 0 125 -122

-10 26 17 -1 119 109
•7#•7,1 -9, -3,1 -3 158 -156

-8,-5,1 -4 103 -99
•3 136 138 0 78 -73 -5 48 —45
•5 149 -155 0 156 167 -3 78 -71 -6 68 —66
.7 52 47 -1 175 -171 -5 85 86 -7 43 39

-2 75 72 -6 56 46 -8 52 —50
•7#•8, L •3 62 62 -7 158 -161 — 10 75 72

-6 68 71 -8 63 -66
•2 83 80 -9 70 67 -10 ,-2,L
■3 72 68 -9, -4, L

-8,-6, L -2 107 109
*0,1 0 152 -145 -3 9l 86

•2
-1 78 -74 -1 72 —69 -4 132 -122

265 -269 - 2 111 H I —3 94 86 -5 1*4 -106
•4 137 134 -5 130 -134 -5 32 -1* - 6 U 0 105
•6 184 -178 -6 71 80 -7 61 —68
•8 56 52 -9, -5, L -9 9l 90
■12 55 50



•1®# *3# L -2 269 -271 -11 # -6#L -13 # 0 9 L
-3 179 -182

0 194 198 -4 96 90 -1 73 69 -3 197 191
• 1 139 150 ■ 5 196 -187 — 2 27 -11
*2 220 214 •6 120 110 -13 9 -19 L
•3 ®3 73 -11 9 m7 9 L
•4 8 7 -91 -11 # -2,I 0 104 100
-5 39 • 44 0 31 39 •2 72 • 68
•7 60 58 0 227 228 —2 44 24 •5 47 49

-1 68 68
• 10,-4r I -2 126 -121 -12 #0,1 -13 9 -2# L

"3 80 -80
•5 49 -53 -4 77 -69 -2 166 161 •5 52 CM«c1

•6 44 -39 -5 157 159
-9 29 40 -12 #-1#L -13 9 -4 9 L

•10,*5,I
-11 #-31L -1 135 • 129 -5 50 48

0 122 -129 -2 55 • 53
•3 97 99 0 214 206 -3 200 201 •14 # 0 # L
•5 99 • 96 • 2 135 -129 -5 81 •77
•7 77 63 •3 144 142 — 6 47 • 40 •2 57 • 47

-4 106 103
•10#-6# I • 5 65 -66 -12 #-2#l -14 9 -2# L

-6 65 -61
0 53 57 •7 138 143 0 165 • 162 •1 50 46
•1 43 33 -8 49 —49 -1 120 -115
•5 43 36 • 6 69 •68 • 14# -3# L

-11 ,-4, I • 7 71 62
■i0#*7#l •4 43 47

0 133 144 -12 #-3#L
-3 26 •26 -1 38 32 •14 # -5# L
•4 61 64 •3 85 —89 0 68 64

-5 54 55 —2 163 -164 0 50 55
•ll#0,L •7 72 -74 -6 90 83

-8 61 60 • 15#•2# L
• 1 294 •285 -12 #-4# L
•3 26i -249 - U ,-5, L 0 56 00 

'«■1

•5 288 285 -8 67 • 66
•7 143 -147 0 106 105 • 16# • 19 L

-2 143 -145 -12 # "5, L
•ii#-i#L • 3 64 -64 0 62 -45

-4 92 94 0 49 • 43
0 94 93 •6 62 -65 -1 84 82
•1 96 • 85 •7 59 60



A P P E N D I X  3

CALCULATED AND OBSERVED STRUCTURE FACTORS FOR 

( - )  ERALDIN PERCHLORATE



11»-1 ,L 8,0, L 5 126 --126 7, _
»

C
O1

4 130 141
1 109 •-107 -1 58 56 3 97 -U4 1 43 -43

0 112 -107
11,-2,1 8,-1, L -1 80 -74 6,, 0 * L

-4 73 -69
2 56 60 3 101 -95 -6 81 56 -1 24 -21
1 66 -63 1 108 119 -2 146 152

-1 112 -113 71r —2 , L -4 105 -106
10,0,L -5 77 81

8,-2,1 5 169 -177 -7 35 26
33 -4 4 4 242 749 -8 34 -34

-2 56 50 6 37 47 3 191 207
4 113 -106 2 109 -112 61r-l,L10,-2,L -4 41 -44 1 159 -158

0 70 61 7 99 94
•2 63 -66 8 # -3, L -1 165 155 4 86 79

-2 121 -126 2 182 -174
10,-3,L 6 50 -45 -3 39 -47 1 117 -1174 69 -74 -1 73 83
3 78 •77 -1 60 59 7,» —3, L -3 120 -113
10,-5,L 8, i r~ -2 91 -90 6 ir -2, L

-4 59 56 -
4 33 29 8 46 39 5 64 -67

7 53 — 46 7 <r -4, L 3 82 80
M # L 5 115 108 -2 92 -93

4 101 108 0 95 -102
•1 88 77 3 141 -145 -2 40 45 r -3, L
*2 6 7 68 2 109 -115
■5 33 -11 0 99 98 7,r -5, L 8 64 -62

-1 65 -70 7 98 -104
9,-l,L 7 76 71 6 218 213

8,-5,L 5 142 -141 5 133 135
3 154 158 4 68 -56 4 214 -215
2 202 -197 5 50 -44 3 53 50 3 157 -1660 80 75 2 77 74 2 113 122 2 94 104

-1 40 31 1 85 83
9,-2,L 8,•6 # U -4 72 -73 0 134 -124

-3 136 130
4 69 -60 1 44 -52 7 1,-6,L -5 75 -72
3 85 93 -2 42 28

4 84 100 6,, -4,L
9,-3,L 7, 0,1 2 71 -68

-3 95 90 0 174 -178
2 83 85 -1 74 -71 -1 92 101
0 99 *102 -2 68 -59 7,r "7, L•Z 68 74 • 3 101 93 61r -5, L

-4 63 83 3 87 -92
9,-4,L 1 90 97 6 83 -79

7,•1, L -2 65 — 70 5 69 76
1 33 34 -3 44 53 4 78 69

6 132 128



6,•5f L 4 65 -66 -3 79 -78 3 42 38
2 208 204 2 107 -121

2 J08 -111 -1 387 -393 5#-8,L 1 225 -217
0 127 126 • 3 161 174 0 230 237
-2 82 • 84 -4 110 -103 5 57 71 -4 122 131

-5 56 -45 3 68 -71
6#-6,L 2 72 -71 4,-4,L

5f -3# L 1 74 68
5 63 71 0 109 110 8 33 -34
3 65 • 50 5 60 -47 -1 136 -136 6 92 94
■I 79 -82 4 39 17 -3 59 59 5 144 131
-3 76 85 3 50 56 3 198 -211

2 44 -39 49 0 9 L 2 149 115
"7* U 1 173 -164 1 175 -177

0 116 103 -1 246 246 -2 83 -86
-1 07 88 -2 120 122 -2 90 78 -3 43 -35

-3 439 -454 -4 124 119
6i•8f L 5f -4 # L -4 227 234

-5 54 -61 4,-5,L
3 80 77 8 95 99 -6 54 -51
•1 101 96 6 127 -118 8 63 -55

5 83 -89 49 "1 /L 6 157 155
6,•9,L 4 133 132 4 123 -133

3 48 45 8 71 04 3 50 70
3 46 -52 2 146 -139 3 67 -85 2 265 274

1 49 -53 2 112 99 1 33 -8
5,0,L 0 168 175 1 174 154 0 209 -201

-2 223 -217 0 192 -187 -I 68 -77
•1 170 181 -3 135 -125 -1 231 -211 -2 173 166
•2 147 141 -4 101 101 -4 183 180 -3 59 61•3 26 36 •5 103 95 -7 63 67 -4 78 -67•4 74 -87 -7 49 -30 -5 122 -118
•5 66 70 4f -2f I,•7 45 -41 5f *5f L 4,-6,L

9 70 -67
5f"If L 5 96 103 8 89 -63 5 75 -96
6 3 60 -72 7 117 106 2 66 -71

280 -258 -2 110 116 6 163 162 0 100 101
5 184 189 -4 79 -89 3 162 174 -1 82 824 311 275 1 129 -143 -2 110 -1053 108 -122 5f -6/ L -1 80 02 -4 102 1052 161 -170 -2 105 1011 77 74 7 94 91 -3 133 -133 49-7,1•1 118 -114 4 171 -190 -4 195 -198•3 38 -53 2 132 146 -5 58 -43 5 111 173•5 95 93 -1 98 -91 -6 76 78 4 139 151•6 83 -76 -2 141 134 2 82 — 84

4,-3, t 0 87 91
-2rL 5f-7f L -1 94 -89

0 119 - 7 38 37 -2 99 -958 109 6 55 -63 6 90 -78 -4 54 607* 89 94 1 133 -130 5 131 -125S 92 75 -2 69 68 4 97 96



h -8,L -5 123 119 3,-7 / L 0 98 119
-7 60 -59 -1 1147 1126

2 113 105 -9 43 36 6 91 92 -2 124 -96
0 77 89 5 104 115 -3 350 -364

3,-3, L 4 107 -114 -4 204 -206
h -9,L 1 133 110 -5 229 239

7 100 -91 0 266 -259 -6 95 92
4 72 -70 5 61 77 -2 66 68 -7 75 -73
3 60 60 1 507 507
1 177 -174 -1 230 -221 3,-8, L 2, -21L
0 64 60 -2 205 -213

-3 162 161 7 84 82 9 33 30
10,L -4 174 168 5 94 -96 7 32 -28

-6 91 -83 3 142 134 5 74 71
0 65 63 0 189 -183 4 177 193
>2 42 -47 3,-4,1 -1 58 55 1 247 225

-2 133 132 0 239 -235
3,0iL 6 105 114 -4 83 -81 -1 374 -353

5 69 66 -2 100 -109
•1 248 -240 4 103 -122 3,-9, L -3 70 81
•2 41 49 2 128 -120 -5 125 -130
•3 182 180 1 160 -157 4 49 56 -6 81 -71
•4 188 171 0 111 -124 2 114 -100 -8 52 49
•5 181 -191 -2 102 113 -1 44 -34
•6 108 -112 -4 137 -136 -3 53 52 2,-3,L
3i-lfU 3,-5, L
9 92 -89 8 71 71
8 109 106 7 61 62
2 110 106 6 75 -71
1 169 -191 5 148 -155
0 422 -440 4 72 70
•1 203 -199 3 87 103-3 144 -138 1 96 99•4 157 152 0 118 109•5 85 87 -1 74 88•6 37 36 -2 49 -46

-3 167 -154
3i-2#L

3,-6, L9 72 -72
8 66 62 8 62 585 53 •32 5 45 424 194 193 4 98 943 297 285 2 208 -1992 296 -281 1 40 431 210 205 0 54 38(3 182 -168 -1 97 84•I 74 • 55 -3 70 -66•2 394 368 -4 62 76•3 217 -228•4 223 -215

3,-10,1 8 87 -78
5 96 100

5 72 63 4 93 -106
3 90 -95 2 263 -276
1 67 60 1 204 202

0 210 230
3,-11, L -3 272 264
2 57 50 2,-4,t}

-1 63 61
7 116 119

2,0,L 4 121 -112
3 372 365

-1 752 758 2 223 -192
-2 543 -565 1 391 -303
-3 547 570 0 125 -107
-4 50 1? -1 146 134
—5 126 -129 -2 122 -120

-3 98 94
2,*1, L -4 101 -101

7 134 118 2,r-5, L
6 66 54
5 103 -08 6 110 -102
4 140 -119 3 117 130
3 69 74 2 26 -33
1 428 -462 I 1C6 108



-5,L

-2 223 -227

2,-6, L

8 107 "106
7 76 -79
6 122 121
5 86 99
4 184 -188
2 177 174
0 29 -14
•3 214 210

2,m7 f L
5 41 -33
2 79 71
0 99 -92

2,•8, L
9 52 -44
6 85 -78
4 89 83
3 102 1112 213 -215
i 81 89
0 112 103
•t 45 25
•2 70 -60
2#
4 59 -53
2 198 -•206
1 142 128•1 65 -56

*#■•10,L
4 93 -96•I 34 32
2i"•11,L
1 69 -68•2 58 54

•l 347 269

-3 78 70
-7 102 -102
-8 56 -56

1f -1 9 L
7 117 -107
6 79 -81
4 73 70
3 102 -131
2 311 -397
0 81 6

-I 600 535
-2 468 -444
-4 146 178
-5 62 55
-8 89 89

1,-2,L
7 40 -43
5 176 174
4 361 334
3 323 -347
2 762 693
1 1261 1235
0 871 -800

-1 692 -631
-2 235 -186
-4 117 110
-5 90 -99

Ir "3, L
5 150 -157
3 73 -83
2 68 44
1 392 -370
0 190 186

-1 251 256
-2 203 228
-3 143 -156
-4 74 -70
-5 70 86
-6 97 101
-7 74 -8G

1, — 41L
9 61 66
8 100 93
6 80 -83
5 82 -78

4 111 129
3 86 -71
0 60 -12

-3 177 -176
-4 118 121
-5 150 140

1,-5,L
6 54 54
5 131 138
3 94 -87
1 129 15?

-3 83 8?
-4 87 -89
-5 158 -153

1,-6,1
8 55 -51
4 108 -120
3 74 -84
2 87 94

-1 208 194
-3 39 42
-7 60 -55

1,-7,L
8 80 8?
4 222 218
1 215 -204

-1 159 135
-2 146 -141
-3 93 -99
-5 30 40

1 _icc1

7 52 -46
4 145 159
3 165 -162
2 121 128
0 73 -85
-6 38 -26

1,-9,L
6 74 71
5 63 -65
4 104 -98
3 67 -60
2 135 122

1 49 47
0 110 -104
1 82 -75
2 83 90
3 70 71

1,-1*5,L
1 97 -105

1,-11,L
1 69 68

1*-12,L
3 64 -75
0,0,L

2 638 -706
4 107 120
5 26 -35
6 130 -120
0, -11L

4 51 -52
2 515 395
1 358 -536
1 499 -543
2 198 190
3 41 -26
4 76 70
6 64 -70
7 128 132
0,-2,L

9 92 -91
7 120 120
6 99 100
4 71 -78
3 183 160
2 369 326
1 234 -285
0 225 -209
1 293 275
•2 271 306
3 193 -189
4 253 -249
6 92 94



0i-3,L 0r -7, L

5 119 -137 7 64 -58
4 165 135 5 121 115
3 232 198 0 63 35
2 56 -82 -I 53 -51
i 250 -262 -2 134 -132
0 181 153
-1 178 189 0, -8, L
•2 195 169
■6 88 -95 6 101 100
•7 ill -110 3 78 -72

2 214 211
0#-4, L 1 130 129

0 169 -162
4 239 233 -1 85 -75
3 231 -236 -2 92 100
2 252 -275 -4 88 -77
1 31 -21 -5 61 -57
0 110 76
•1 651 -613 0/ -9, L
-2 91 84
•3 234 233 5 113 -1 09
■5 51 -48 4 125 126
•6 83 81 3 153 -168
•7 70 68 2 85 — 84
-8 49 -50

-10,L0*-5,L
4 180 183

9 89 • 90 2 138 -137
8 52 -52 0 65 71
7 67 71 -2 77 -86
6 144 141
5 76 -79 e, -lift*2 146 159
0 233 182 6 33 36
■1 220 -185
-2 179 166 -1,0,L•4 95 -89
*5 114 -115 -2 318 276

-3 140 134
0f-6, L -4 121 -128

-5 39 • 4 46 77 -85
5 190 -197 -1 , — 1, L3 240 253
I 70 -71 8 60 -570 267 247 7 66 55
•1 57 -47 6 106 97*3 62 -66 5 112 -105•5 105 110 4 344 -354

3 164 1 59

2 1199 1237 0 231 •-253
1 40H — 4 94 -1 261 231
0 719 -820 -2 42 43

-2 540 527 -3 46 • 49
-3 95 94 -4 123 -117
-4 70 -83 -6 66 65
-5 122 124 -7 90 105
-6 135 130
-8 153 -146 -1 ,-5,L
10 44 45

5 95 -103
-1 3

2
160
74

172
41

8 74 71 1 93 -99
7 38 42 -1 235 242
6 75 -66 -3 234 -223
5 210 185 -5 80 80
3 80 -83
2 405 397 -1 ,-6, L
1 448 -48?
0 282 223 7 86 -84

-1 168 150 0 321 290
-2 455 -485 -1 42 -47
-3 254 -277 -3 84 78
-4 78 -80 -4 53 64
-6 127 -127 -6 90 -85
-7 111 122

-1 , "7, L
-1 , -3, L

8 45 -42
9 77 89 5 173 171
7 135 -127 4 92 -94
6 130 -136 1 211 -202
5 164 176 -1 94 -88
4 50 58 -3 53 56
3 174 -175 -7 80 76
2 108 -139
1 783 697 -1 —1€01

0 456 381
-1 163 -187 4 134 -127
-2 127 -133 3 169 161
-3 239 233 2 20? 210
-4 175 174 1 85 -77
-5 117 121 0 98 -82
-6 182 -174 -3 41 -50
-8 40 33 -5

-6
43
68

46
-77

-1 f — 4, L
-1 ,-9,L

6 68 63
5 121 11? 6 110 -106
4 182 -186 4 100 109
3 223 -222



■If-9,L 2 429 -400 -2, -6,L 0 77 78
1 442 403

2 186 -187 0 437 385 8 83 -76 -3,0,L
0 80 76 -1 283 -320 3 190 -175
-1 53 52 -2 290 -297 2 217 -211 0 309 333
-3 55 -53 -3 71 76 1 550 527 -1 509 513
•5 74 70 -4 236 227 0 103 91 -3 184 -188

-5 200 -203 -1 166 -169 -4 126 134
•1/-10, L -6 194 -195 -2 109 90 -5 231 222

-8 104 114 -3 149 144 -6 65 -64
6 55 62 -5 110 -115 -7 246 -232
4 77 -88 -2,-3,L -6 77 84
2 59 67 -3, -1,L
0 63 -58 4 54 -64 -2, -7, L
■I 53 -46 3 55 60 8 68 84

2 124 106 7 76 77 4 151 -156
•1#-11, L 1 78 -109 5 143 -138 2 210 -201

0 273 -303 3 271 264 1 80 83
0 52 -60 -1 123 55 2 67 66 0 147 151

-2 253 22H 1 200 -193 -2 119 -129
■i.-12, I -3 42 -32 0 80 -59 -3 109 -104

-4 85 -75 -3 47 -44 -4 68 -64
4 42 -25 -5 108 100 -6 74 83 -5 68 -53

-7 73 -73 -6 107 112
•2>0,L -2, -8, L -7 70 60

-2,-4,L
0 483 -511 5 98 98 -3, "2,L
•I 58 -114 7 168 156 3 55 -55
-2 600 601 6 53 -47 1 35 42 8 67 -67
•*3 174 166 5 105 -105 0 65 61 7 61 -58
•4 204 -223 4 56 -44 -2 70 -75 6 176 178
•5 175 -184 3 99 119 -3 85 -82 5 75 76

2 99 -109 4 332 -342
•2,-1#L 1 60 -89 *2, -9, L 3 308 350

0 265 -298 2 324 330
4 141 -138 -1 267 244 6 71 -69 0 288 -260
3 107 121 -2 242 223 5 118 121 -1 164 -184
2 918 -921 -4 105 -101 3 106 — 94 -3 167 -130
1 76 -85 —5 119 124 1 55 62 -4 195 1840 465 396 -6 121 113 -1 68 -73 -5 141 -143
•1 712 652 -2 83 90 -7 73 69-2 238 -288 -2 , -5, L -3 74 79
*4 246 234 -3, -3, L
"5 62 -66 6 115 -124 -2, -10, L■6 161 158 5 38 34 7 48 48•8 69 -66 4 123 132 7 73 61 5 70 -79

3 218 190 -1 112 -99 4 168 -157*2,-2,L 1 361 310 -2 66 71 2 311 290
n 244 -218 1 159 1437 54 -61 -1 192 -181 -2, -11, L -1 222 2255 171 174 -2 123 -135 -2 367 3754 240 257 -5 77 -74 6 58 -66 -3 374 -3493 138 157 4 64 69



•3,-3,1 -3, -8, L -2
-3

166
708

173
695

-4
-5

?09
99

-226
95

■4 52 •60 7 140 -134 -4 234 -195 -6 58 64
•6 78 73 6 88 87 -5 244 -217
•9 54 •53 5

1
117
75

122
63

-6 90 96 -4, -6, L

•3#-4,L • 3 56 -61 -4, -2, L 8 69 61
-4 90 99 6 178 -167

6 89 78 -5 156 -152 5 61 -58 5 133 -137
7 59 -69 4 229 2 M 4 187 186
3 134 -129 -3, -9,L 1 95 -52 2 1P5 105
2 246 -232 0 270 -268 0 42 53
1 400 -379 8 31 20 -1 137 -131 -1 143 165
0 246 236 5 67 -61 -2 341 -290 -2 43 34
-2 147 -167 4 60 -57 -4 70 -66 -4 151 -162
■3 98 90 2 90 91 -5 36 36 -5 120 116
*4 242 224 0 113 -112

-4 116 119 -4 i -3, t -4, -7, L
•3,-5, L

-3, -10, L 6 122 -125 3 136 -129
7 47 -46 4 220 217 2 68 -62
6 86 94 1 89 -83 3 56 -57 1 133 133
5 153 156 -3 53 -55 2 288 -282 0 55 61
3 207 -199 -4 45 -39 1 148 162 -1 171 •180
2 237 208 0 412 41? -2 105 -115
i 346 315 -3, -11# L -1 50 67 -3 105 104
•l 72 • 88 -2 65 -70 -4 125 -114
-3 66 72 0 64 65 -4 175 177 -6 67 73
•5 99 •104 -5 74 64
•6 94 •98 -3, -12, L -6

-7
77
75

-73
-74

-4, -8,L
-3,"6,L -2 39 39

-4 , -4, L
4
2

45
150

-48
140

5 91 -94 -4 ,0,1 0 75 -69
3 102 89 4 55 55 -5 110 -113
2 264 -260 0 133 119 1 332 -294
0 143 U 3 -1 277 255 0 175 -170 -4, -9,L
•1 170 170 • 2 155 136 -1 84 -69
-2 124 129 -3 200 -189 -4 106 99 2 67 -62■3 74 -73 -4 181 -171 -5 66 64 -1 89 93
*31 • 5 90 99 -3 120 -1?1

■•7ft -7
-8

160
59

-153
60

•4 ,-5,1
-4 ,-10, L5 131 -123 9 49 -46

3 256 253 -4 ,"1ft 6 118 107 2 83 -82
2 51 -46 4 80 -74 0 97 -102
1 160 -147 7 73 -75 3 181 -157 -2 71 78•2 56 -53 6 128 I4n 2 270 264
•3 126 -143 5 68 -73 1 101 89 -4, "11, L•4 181 176 3 270 -269 0 108 -127•5 30 -25 2 177 193 -1 61 68 1 124 131•6 72 71 1

-1
103 
271

103
-282

-2
-3

109
106

130
-107



-5 1 63 -57
0 177 -180

•1 46 -52 -1 105 9?
•3 76 -64 -2 148 173
•4 133 -107 -3 150 161
■5 45 -26 -4 67 -60
■6 66 -56 -6 52 61
•7 65 59 -7 03 82
"5#■1 -5, -5,1

5 133 -142 5 120 125
4 40 •19 2 29 -41
3 55 41 1 62 -63
1 121 -121 -1 67 85

47 -44 -3 83 -82
■3 160 152 -5 94 -98
.5 34 42 -7 47 50
•6 78 67

-5, -6, L
-5,•2, L

6 102 -110
5 116 -127 4 108 118
4 128 129 3 121 -103
3 112 109 2 65 -58
2 45 -46 1 210 213
0 102 106 0 127 128
*1 268 254 -1 65 -73
*2 431 -373 -2 93 -103
•3 188 -161 -3 139 150
■4 50 -27 -4 122 130
*5 51 50 -6 88 -96
•5,-3,L -5 f-7,L
7 92 -87 8 60 -61
5 69 64 6 70 69
3 40 -40 1 46 -45
2 57 • 48 0 64 -69
1 41 -46 -2 102 -94
«1 309 286 • 3 149 157•2 151 -137 -4 118 -124•3 115 116 -6 47 48•5 67 -63
•5 -5 r CO1

f-4 # L
7 5 80 -80

68 79 4 57 586
5 159 159 3 126 123126 -134 1 82 -754
3

281 -279 0 33 -33
110 116 -1 58 602 122 121 -2 239 -249

-3 131 125 2 84 86
1 91 86

-5, -9,L -1 147 -148
-2 124 121

1 53 -37 -3 108 102
0 69 80 -4 63 -50

-1 162 168 -5 69 -47

-5, -10, L -6, -4,L
6 33 17 4 99 -109

-1 83 -85 2 97 -100
1 53 -56

-5, -11, I -2 100 -96
-3 67 -63

5 39 -29 -5 124 120
3 62 64

-1 38 35 -61-5, L
-6 ,0, L 8 40 46

6 102 -102
0 81 -83 5 120 121

-1 81 74 4 105 98
-2 318 320 1 69 61
-4 219 -221 0 53 49
-5 54 56 -2 75 -69
-6 85 -90 -4 97 93

-6 104 -112
-6 9-1, L

-6, -6, L
7 75 77
6 102 -109 4 126 -128
2 130 -131 3 31 -36
1 99 -87 2 64 71

-1 86 -73 1 51 46
-2 196 179 0 68 61
-4. 67 -71 -2 119 134
-5 179 169 -3 253 -247

-5 101 96
-6, -2,1 -6, -7, L
5 206 208
3 175 -177 1 76 -76
1 79 64 0 102 -91
0 30 21 -1 63 -23

-1 214 -211 -2 293 319
-2 30 25 -4 93 -97
-6, -3# L -61-8,L
6 53 —56 0 98 104
4 48 55 -2 107 -114
3 75 74



•6#•9# L 3 52 -47
2 103 -10 6

3 93 -92 1 159 -153
0 99 -96 0 95 91
*1 83 88 -1 45 36

-2 41 41
•6,• 10 , L -5 66 -58

0 67 -62 -7 i U1 «—
•7,0,L 6 71 68

4 70 -70
•1 129 133 2 82 76
••2 43 40 -1 105 -113
«3 164 -162 -2 73 -64
•4 75 70 -3 138 148
•6 27 33 -4 63 63
-7 59 -68 -5 98 -97
*7,•1 , L -7, -6, L
5 35 -32 4 38 -17
4 41 •46 2 81 93
3 63 -67 -1 158 176
1 89 89 -2 140 145
0 128 110 -3 75 -74
■2 68 -72 -4 70 -69
■3 41 20
•4 71 64 -7 ,-7,1
•7#-2,1 2 53 — 54

-1 286 -286
6 41 30 -3 71 75
5 87 90
3 74 •72 -7, *8 , L•1 148 -149
■4 109 -109 0 216 216
■5 81 -74 -1 161 -170

-7,•3,L -7, -9, L
7 67 72 1 66 — 66
5 137 -136 0 72 813 145 135
2 51 52 -7,-10, L1 143 -1380 222 214 2 32 -32•2 37 17•6 46 53 -8,0,L
•7,•4,1 •3 65 -74

76
-4 114 1264 73 -5 113 -110

-8, -1, L -8, L
6 62 63 0 59 -62
4 90 -94
3 98 -97 -8, -9,L
1 115 111
0 124 -lb5 1 73 -75

-2 149 139
-4 72 68 -9 ,0,1
-8, -2,L -2 109 ■-121

-3 97 100
3 120 113 -7 40 30
0 145 -153

-3 56 -49 -9, -1,L
-5 51 47

1 54 -52
-8, -3,1 -1 86 87
1 70 70 -9, -2,L

-2 79 -75
-3 90 -103 2 67 -66
-5 74 80 0 39 39

-1 42 -37
-8, -4, L -2 76 -71

-7 30 -3
3 50 -58
0 73 -76 -9, -3, L

-1 112 -102
-2 130 125 2 72 -77
-3 158 152 1 80 78
-5 50 -48 -2 37 30

-4 101 -102
-8, -5, L

~9, •4, L
-2 149 -156
-3 100 -10? 4 62 -76

0 95 -86
-8, -6, L -1 74 -79

-3 138 145
6 28 -30
3 27 3? -9, -5,L

-1 236 238
-3 70 -74 3 84 83
— 4 59 56 2 109 -104

1 84 — 80
-8, -7, L 0 126 120

-1 69 62
2 35 -30 -2 77 -73
1 123 118
0 73 -68

-5 32 31



•9, "7, L

1 108 97
0 99 -98
-2 77 75

*9,-8, L

2 48 -50
1 98 93
0 60 -54

•9,-9,L

2 79 -81
1 88 90

-10,0,L
0 59 -62
■1 114 114
■4 55 -54

-1P,-1, L
1 28 -41
P 67 -62

-1 93 88
-3 67 61
-in,-2,L
3 63 -67

- 2 100 -1 1 2

-1P,-3,L
2 113 1P5
0 06 -85

-1 43 40
-2 78 80
-1n f»41l
3 30 -26

-2 44 -37

-10,-5,L 
-2 67 -67
-10,-6,L 
2 77 88

-10,-7,L 
1 85 -85

-11 ,0 ,L

0 84 74

-11,-1,L
1 62 60
0 39 48

-1 90 -85
-3 49 53

- 1 1 , - 2 / L

-1 29 30

-11,-4# L
-2 56 50

— 11, — 5 j L
-1 78 -79
-11,-5,L
3 40 32



A P P E N D I X  4

CALCULATED AND OBSERVED STRUCTURE FACTORS FOR 
(±) 7IYALAN OXALATE



14, 2, L • 14 70 63
•17 38 50

*9 39 8 •18 28 34
•19 42 46

14, 1, L
0

• 20 52 49
■ 5 58 44 12,0,L
*14 81 82
• 16 67 • 66 • 4 65 • 67

• 6 193 •195
13,3,L • 10 165 138

• 16 82 • 81
*5 76 -71

11 , 5, L
13, 2, L

• 6 46 45
• 16 29 36

11, 4, L
13, 1,1

• 12 65 60
• 4 50 53 •15 94 87
• 5 42 • 33
•7 47 • 45 11 , 3, L
• 9 40 42
■10 93 • 82 • 6 52 45
•11 65 61 •13 51 62
•12 66 • 65 • 15 108 •104
• 15 40 • 39 • 16 59 67
• 17 68 • 66

11 ,2,L
13,0,1

•1 118 •121
• 10 119 117 • 5 62 • 61
•12 46 •58 •7 79 81
•16 32 31 • 8 54 • 54

• 9 64 • 69
12,3,1 • 10 48 • 38

•11 47 49*6 54 • 50 • 18 63 54
•8 32 •26 •21 69 73
12,2, L 11, 1, L

•1 38 •27 0 39 • 34
•5 42 33 •2 74 76
•11 40 23 • 4 60 • 60•14 31 • 38 • 6 62 • 55•15 71 • 68 • 6 103 104
•17 75 • 70 • 9 46 • 56

12
• 10 113 •110

, 1 ,L -It 54 52
•12 79 84•9 100 97 •14 71 -70

*17 67 • 67 10 ,1,L
• 18 44 • 4 6
•25 41 41 0 52 48

* 1 38 90
11, 0, L -2 81 72

• 3 105 101
0 47 39 *4 32 •41

• 2 101 110 • 5 179 *174
• 6 136 -140 *6 177 *183
-8 93 *100 • 7 58 67

• 10 208 214 *9 103 103
•12 94 99 • 10 83 82
*14 74 71 • 11 117 *122
*20 45 44 *14 91 92

*15 65 64
10,5,1 • 16 91 • 99

• 17 195 199
• 1 44 44 *18 34 41

*10 31 19 • 20 47 33
•11 91 • 86 -22 39 *35
• 12 33 35 *23 42 -47

10,4,L 10,0,1
*3 65 66 0 42 43
• 4 115 *113 •2 39 42

*10 91 87 *4 74 •70
*6 463 -470

10,3,L • 8 279 283
* 10 58 • 55

*1 92 90 -14 153 -150
• 3 57 •72 *18 86 *86
• 5 63 53 -20 93 *93
• 6 62 • 63
• 8 41 *32 9, 5,1

*11 80 85
*13 77 • 85 0 33 26
• 15 104 98 • 2 132 *135
*22 41 37 • 8 63 62

• 10 49 • 46
10,2,L • 11 56 54

• 13 55 57
0 138 143

• 4 151 *150 9, 4,1
*5 85 87
• 7 78 • 76 •1 146 -150
• 9 87 80 *4 78 81

• 10 142 148 • 10 39 • 52
*13 71 66 • 11 91 • 86
*14 34 -34 * 18 85 90
*15 90 • 87 • 22 66 • 69
•23 31 • 36



9,3, L

-3 63 68
*6 101 102
• 7 95 -96
*9 96 '-92
• 11 150 155
• 13 91 89
• 15 87 -93

9,2,1

• 1 77 77
*3 12? -121
*4 44 40
•7 116 116
-8 123 -118
• 9 156 -153
•10 87 -85
•11 58 61
■12 71 71
■ 13 112 -121
• 15 85 79
*18 122 112
•19 49 52
•22 102 -104
•24 49 -45

9, 1,L
•1 148 151
•e 256 265
■4 194 -190
•6 79 86
*7 147 -150
•8 137 -138
•9 79 -62
• 10 82 60
•19 42 -27
•21 70 • 64
■24 42 • 43
•25 its 112

9,0,1
0 61 -62•4 170 161•6 173 189
•8 69 -78
•10 96 90•12 72 -76•14 116 126■16 136 130

-18 116 118
-20 111 109
-24 47 -43
-26 110 103

8,6, L
0 50 -40

-3 43 40
-5 41 -44

• 10 47 45
8 /5,1

-1 93 86
-4 56 -56

-11 70 -71
-13 68 -62
• 15 29 -26

8, 4,1

-3 65 68
-6 63 •72
-7 35 *33
• 9 76 73

•11 78 81
• 13 60 53
-14 31 *26
-17 55 • 51
-19 67 *82
• 20 54 • 54
-21 58 55

8, 3, L
0 34 39

-5 61 67
*6 104 -101
-7 112 *104
• 9 113 119

-17 114 122
• 20 61 60
-24 44 38

8,2,1
0 205 217

-1 168 176
-2 103 101
-6 140 • 131
-8 51 45
• 9 84 81

• 10 88 88
*13 49 -51
*16 51 54
*18 53 49
-21 67 *65
*22 40 -49
• 27 91 *87

8, 1, L
0 48 49

• 1 170 171
*3 55 56
• 5 221 -219
*6 179 *173
*7 163 154

*10 44 • 46
-13 129 *131
-14 42 37
*15 89 83
*16 54 • 58
-17 92 101
•19 107 105
• 22 45 *34
*24 57 55
• 25 56 • 60

8,0,1
0 138 • 146

*4 352 •358
• 6 56 63
•8 165 165

-10 67 *74
-12 281 *293
•14 163 • 160
• 18 160 • 158

7, 6, L
-5 51 49

*12 81 •81
-14 34 • 42

7,5,1
m 4 64 91
-5 88 *92
*7 69 65

-11 60 59
• 16 63 60

7, 4, L

*1 lib -122
*2 126 127
*3 85 • 85
m 4 104 101
*6 26 0
• 8 40 34
*9 71 *64

-10 73 *70
*18 83 94
• 19 62 *63

7, 3,1

•1 57 *57
*5 84 *75
*6 106 99
*9 53 45

*11 53 45
*13 110 *109
*15 35 *51
*17 53 52
• 20 99 •89
• 22 48 • 54

7,2,1
• 2 134 134
• 3 180 *182
*4 174 168
*6 50 -55
*7 73 71
-8 168 • 168

*10 181 *175
• 11 102 • 98
*12 90 •91
*13 47 *43
•16 93 86
-17 89 82
•19 110 109
*21 109 *110
*22 70 • 60
• 23 76 77

7, 1#L
0 70 71

-1 184 180
• 2 99 -97
• 3 72 *68
• 6 160 153
-8 221 221



7, 1, L -14 106 "111
"15 60 62

• 10 55 50 "17 65 "68
• 11 50 "46
• 12 101 -103 6, 3,L
• 13 75 '72
• 14 53 133 0 92 104
• 17 100 "103 "5 110 118
•18 86 84 • 6 113 • 106
• 19 99 "99 • 7 122 119
•25 43 52 • 9 109 95

• 10 74 -73
7,0,L "12 90 82

• 13 283 "288
0 79 "80 -14 66 66
• 2 37 37 -15 224 "223
•4 191 182 -16 44 39
•6 405 394 "17 349 352
• 8 103 75 • 20 77 74
•12 192 *189 •21 77 78
• 14 199 201 • 23 77 •78
• 16 168 165 ■ 24 65 54
• 18 118 117
•22 118 116 6, 2,L

6,6,1 0 96 95
"I 45 38

■1 62 62 • 2 192 205
•3 39 *42 •4 86 • 85
•7 42 •34 -6 85 -83

• 7 124 124
6,5,1 "9 62 -57

• 10 123 132
0 63 "62 •11 68 64
•2 93 101 •12 154 152
*4 60 "67 *13 55 50
•5 46 42 • 14 125 "125
•6 49 "44 •18 85 84
•8 134 -131 -19 69 • 73
•13 69 -74 • 20 63 -60
• 16 75 • 75 • 26 91 95

• 27 95 -93
6,4,1

•1
6,1,1-

62 61•3 129 146 0 109 106
•4 56 • 58 "1 234 • 249
•6 105 • 113 -2 508 -505
•9 109 101 • 4 201 • 198
•10 60 61 • 5 66 94
•11 65 62 • 6 148 -154
•12 94 90 • 7 168 189
•13 72 75 ■ 8 177 169

-9 59 53 -4 145 "141
• 10 163 -173 -5 47 -49
-13 167 •164 • 6 160 159
"14 174 -170 -7 91 -92
"18 235 «231 -8 74 74
"19 354 350 -10 63 64
-24 41 38 "11 68 »64

-12 208 -205
6, 0, L "13 271 -277

"15 71 67
0 231 229

• 2 244 -241 5,3,1
m 6 233 -238
-8 170 -179 0 33 -30

"10 358 329 -3 63 -67
"12 187 -177 -7 50 57
"14 48 -45 • 9 141 141
"16 255 -257 -10 90 -88
"22 231 -230 -12 118 -116
• 24 63 61 -13 213 -211
-26 44 -46 -15 159 152

-17 63 -65
5,7,1 • 20 123 -122

-21 90 -90
— 3 35 -35 -22 69 -67

-23 107 107
5, 61L

5, 2, L
0 59 51

*3 31 34 0 67 -56
-7 56 53 -2 53 -45

• 12 29 • 37 -3 252 -248
• 14 86 -91 — 4 157 -146

-5 63 52
5,5,L -6 86 78

-7 45 51
-1 77 93 — 8 291 271
•2 59 62 -9 134 -130
-3 85 -88 -11 206 -192
• 4 121 119 • 12 327 -325
• 5 121 -121 -13 296 302
• 6 59 64 -14 61 53
-7 57 58 -15 166 -166

"10 82 73 -17 216 223
• 15 65 67 -19 89 -86
"16 112 115 -22 86 85
• 20 41 44 -23 56 61

• 24 52 48
5,4,1 -26 85 -76

-27 48 40
• 1 120 -122
-2 108 122
-3 93 -88



5,1,1. -16 124 -128
• 19 45 41

"1 176 161
■ 3 44 55 4,4,1
-4 71 • 74
-5 93 '•98 0 111 109
"6 222 223 • 2 110 -100
■7 179 168 ■ 3 205 202
-8 552 531 • 4 130 • 126
• 9 53 • 46 • 5 78 70
• 11 293 -293 • 6 72 -72
• 12 181 190 •7 71 79
• 13 228 218 • 8 84 74
• 14 152 153 • 9 180 182
■15 54 49 • 10 96 89
•17 71 • 65 •12 118 114
• 18 193 182 • 13 75 75
• 19 270 • 267 •14 84 -91
• 20 153 -158 -15 55 -62
• 22 170 173 • 16 76 68

•21 62 73
5,0,1

4, 3, L
0 236 224
• 4 345 359 • 1 113 • 106
• 8 411 397 • 2 146 140
• 10 467 -456 • 3 49 -44
• 12 177 172 • 5 137 134
• 14 125 • 112 •6 71 79
•16 235 248 •7 52 51
• 18 38 31 • 8 98 • 92
•20 142 143 • 9 67 -59
•22 178 176 *11 212 212
•24 60 • 63 • 12 124 118

• 13 329 • 335
4,6,1 • 17 100 106

•19 31 38
•6 52 • 48 • 20 92 93
•7 95 • 94 • 24 50 48
•12 55 50
•15 70 • 57 4,2,1

4,5,1 0 190 202
•2 242 -225

•2 66 • 55 • 3 39 -26
-3 87 86 • 4 482 • 470
• 6 184 • 185 • 5 142 133
•7 48 43 • 6 186 • 186
•9 33 39 • 7 129 115
• 10 105 • 104 • 8 62 57
•11 46 • 46 • 9 557 • 561
•12 47 49 •10 392 397
•15 95 • 98 •11 277 273

12 94 82 3 /6, L
13 42 49
14 241 • 234 * 1 54 61
15 199 205 -2 99 94
17 174 -171 -6 83 77
18 68 • 69 -7 92 93
22 87 -90 -14 86 -82
26 77 75 -15 87 78

4,1,L 3,5,1
0 319 -340 0 88 95

-I 207 • 208 -1 76 71
• 2 193 • 218 • 3 142 *140
• 3 125 125 -4 53 -58
•4 369 -388 *5 144 • 140
• 5 98 93 -6 95 97
-7 37 • 47 -7 81 -84
-8 631 -623 • 8 179 174
• 9 289 287 -9 86 91
10 51 45 • 10 53 52
12 188 -186 • 14 85 83
13 51 -44 -16 82 60
14 115 -108
15 269 -280 3, 4,1
16 54 -49
17 137 137 -1 148 *147
18 195 -197 -2 157 • 166
19 268 271 -3 81 -86
20 37 39 • 5 116 -111
26 61 • 56 -7 46 -31

• 8 119 119
4, 0, L • 9 110 113

•11 245 -250
0 103 • 81 -12 291 • 294

•2 189 169 * 13 119 -131
• 4 404 389
• 6 423 • 403 3,3, L
• 8 133 • 127
10 415 412 • 1 148 148
12 135 133 • 2 160 *152
14 170 -161 • 3 184 -169
16 442 • 443 • 4 25 -21
18 353 348 • 5 84 84
20 64 • 70 -7 282 *283
22 100 • 102 *8 137 135
24 70 -69 • 9 116 115

• 10 92 • 101
3,7,1 •11 60 -47

-12 106 • 102
-1 53 47 -13 181 186
• 5 116 *118 • 15 159 155



3, 3,L
-19 133 • 137
.20 63 • 55
•21 59 • 60
•23 83 • 90

3, 2, L
0 115 • 95
•1 43 48
•2 261 •269
• 3 241 • 236
• 4 57 • 55
• 9 187 184
-6 133 137
•7 120 104
-8 469 453
• 9 383 • 393
• 10 58 66
•11 116 •115
•12 169 -175
•14 62 67
•16 80 76
•22 83 89

3, 1, L
■ i 473 493
•2 262 239
•4 597 575
■9 800 •772
•6 474 473
• 7 223 236
•10 130 129
•11 172 177
•12 207 201
•13 51 52•14 54 •53
•16 181 182
•17 131 • 135
• 18 82 86
•19 201 • 207
■20 113 119
•21 53 • 58
•22 73 75
•26 83 80

3*0rl
0 1054«• 1068
•4 173 • 184•6 758 797

• 10 345 -337
•14 370 • 368
• 16 138 130
• 18 31 36
• 20 138 135

2, 7,1
• 4 83 77

2, 6,L
•1 52 • 4 8
• 3 85 84
• 4 122 •119
•7 76 • 73
•8 108 • 102

• 15 54 • 60

2, 5,1
0 36 •47

• 4 76 •72
• 6 167 • 174
• 7 232 234

• 10 77 • 74
•14 60 • 49
•16 77 • 66

2, A,I
0 146 159

•1 69 68
• 3 206 202
• 5 76 78
• 6 80 -80
• 8 100 109
• 9 83 80
•11 101 107
•12 125 127
• 13 91 101
• 14 72 69
-16 94 95
•21 39 41

2, 3, U
• 1 311 • 325
•2 140 150
•3 115 • 102
•7 72 82
• 8 211 •208

• 10 162 174

•11 187 • 189
-16 88 • 89
-20 64 51

2, 2, L
0 293 311

•1 239 229
-2 103 • 107
• 3 49 • 48
• 4 281 • 268
• 5 315 323
-6 613 • 612
• 7 143 • 120
• 9 138 •146

• 11 312 306
•12 90 • 90
•14 67 66
• 16 83 • 89
•17 117 •117
• 18 86 • 92
•19 66 65
-20 99 -98
• 22 87 • 89
• 23 52 60

2, 1, L
0 706 • 738
•1 405 399
• 2 211 • 204
•3 808 • 832
• 4 589 590
•5 723 • 759
• 6 114 94
• 7 184 200
• 8 694 -724
• 9 665 668

• 10 53 61
• 11 218 233
•12 163 -162
• 13 218 • 207
• 14 215 -207
• 15 195 • 183
• 16 168 • 165
•19 157 152
•21 103 108
• 26 83 • 89

2,0,1
0 1253 1303

•2 708 726

• 4 761 -782
• 6 428 421
-8 199 •194

-10 494 496
•12 242 234
• 16 47 48
-18 69 77
• 20 116 • 109
• 22 89 • 90
• 24 29 • 29
• 26 87 88

1,7,1
• 1 61 62
• 2 89 • 85
• 4 41 27
•5 78 • 82

1, 6, L
0 80 81

• 2 89 81
•3 129 • 120
•7 53 42

• 15 44 38
1,5,L

-1 70 •63
• 2 93 86
• 3 58 • 54
• 4 196 • 206
• 5 172 •177
• 6 246 256
•7 149 •146
• 8 62 67

1, 4, L
0 182 •175

-1 37 •41
• 2 147 • 128
• 3 139 • 137
• 4 160 176
• 5 82 • 96
• 6 128 • 133
• 7 177 173
• 9 225 • 223

• 11 90 -85
• 12 84 • 87
• 13 94 • 93



1# 4 # L • 7 106 -82 -13 58 58 -19 79 77
•8 320 301 -14 146 162 -20 153 -161

• 14 79 •79 • 9 80 •79 -15 91 100 -21 120 124
•16 74 • 74 • 1 0 166 143 • 16 48 39 • 22 110 111
•19 55 •48 -11 361 358 -24 99 • 95
•20 59 -•58 • 13 132 -126 0, 3 # L

• 15 50 46 0,0,L
1,3# L •18 80 74 -1 138 •147

-20 110 106 -2 164 142 • 4 550 • 577
•1 132 114 •21 242 • 243 • 5 441 -433 • 6 566 • 589
•2 191 • 188 • 25 57 51 • 6 194 -183 • 8 227 216
•4 78 81 • 7 429 433 • 10 233 236
•5 258 261 1,0,1 • 8 160 -155 -12 156 159
•7 286 • 265 • 9 181 • 167 -14 305 303
•8 180 180 0 251 • 305 • 13 94 -95 • 16 204 213
•10 165 • 164 • 4 738 • 754 -16 98 -91 • 22 134 •137
■12 58 66 • 6 337 -360 • 20 51 • 52
• 13 152 151 • 8 451 • 452 1,6, L
■ 15 57 65 • 10 211 •218 0# 2,1
• 16 60 57 • 12 69 • 67 *6 68 64
•17 124 134 •14 164 -162 0 212 214 • 9 34 29
• 19 94 • 104 • 16 116 122 -1 589 612
•23 43 • 45 • 18 85 88 •2 342 354 m1,5,1

• 20 187 • 188 • 3 159 •141
1*2,1 -22 177 • 175 • 4 712 • 702 • 2 108 -109

•24 218 217 • 5 60 • 69 • 6 80 69
0 395 • 391 <■* 6 487 -491 • 7 129 -138
•1 317 • 309 0# 611* • 7 388 -392 • 9 112 • 109
•2 171 184 • 8 65 39 -17 66 63
•3 133 • 138 0 202 194 • 9 390 384
•4 541 527 •2 126 • 126 -10 181 • 178 m1,4, L
•5 172 ■ 175 • 4 102 • 101 ■11 278 274
•6 190 157 • 5 62 • 59 ■13 137 129 ■ 2 165 • 166
•7 184 ■ 193 ■11 50 52 • 15 173 • 175 • 3 228 •222
•9 352 341 • 12 29 • 17 • 16 89 -92 • 4 90 83
•10 261 243 • 18 116 • 120 ■ 5 217 210
•11 100 • 93 0,5,1 • 19 70 -72 • 13 106 •112
•13 56 47 • 21 63 65 -14 153 • 154
• 15 201 • 203 • 1 92 95 -24 111 • 109
•16 106 118 • 2 73 78 •1,3, L
•18 70 75 • 5 128 132 0# 1,1
•24 55 64 • 6 99 • 91 •1 249 244
•26 87 89 • 7 150 154 • 1 357 371 • 3 335 333

• 10 59 • 68 -2 77 55 • 5 114 • 106
1, 1, L -15 74 76 • 3 878 • 938 -6 104 98

• 18 75 • 78 • 7 206 198 • 7 253 • 258
0 159 173 • 8 423 -416 • 8 93 93
•1 69 • 94 0# 4# L -9 437 423 • 9 86 • 89
•2 1038* 1069 • 10 186 189 • 10 79 85
*3 298 304 ■2 368 354 • 11 378 • 380 ■ 11 221 221
•4 1377 1497 •3 174 158 -13 69 •74 •12 72 77
•5 590 • 604 ■ 4 185 • 183 • 14 123 •119 • 15 126 127
•6 133 • 127 ■12 87 93 -17 77 71



—1*3,L *8 209 -196 *1 209 196 -8 70 60
* 10 202 -192 -2 171 162 -9 91 -86

*16 98 89 *12 228 • 228 -3 107 94 • 13 58 -62
*■18 48 47 -14 113 -104 ■ 4 203 -196
*21 83 ■ 78 -18 244 239 -5 52 -45 m3,4,L# -20 275 -278 -6 173 -174

•1*2*1 -7 149 156 66 63
•2*7,L *11 57 37 -12 84 -82

"1 480 ■490 -12 156 -165 -15 66 -59
*2 127 • 142 *7 46 44 -15 99 117
• 3 374 391 * 16 56 50 «*3 * 3 * L
*4 346 332 m2,6*L -17 57 62
■ 5 615 *598 -19 49 -52 *1 382 364
*6 111 115 *4 79 -80 -21 91 89 • 2 45 46
*7 172 173 *6 37 -27 -22 70 -65 *5 82 -85
■ 8 208 210 • 10 59 -64 -6 102 104
•10 255 251 *13 37 40 m2,1, L *7 38 -19
*11 71 62 -8 136 143
•12 59 *57 •2,5*L "1 120 ■110 • 10 179 182
• 13 158 -151 -2 500 533 -13 81 84
• 15 73 -79 «*5 80 98 ■ 3 120 -117 *14 53 52
•16 116 117 -7 102 104 ■ 5 97 -114 -16 61 65
*18 62 60 -9 105 100 -6 22 -30 * 18 92 96
•20 85 78 *14 83 86 -7 275 257
•21 87 -82 •16 104 -101 -8 86 -82 m3*2* L
•24 99 96 * 10 80 82

•2,4*L •11 165 -159 -1 90 *85
•1 * 1 * L -13 95 -99 • 3 172 *186

*2 234 232 -14 71 -74 • 4 105 121
• 1 271 281 • 4 39 -36 -16 208 212 -5 52 -49
•2 223 231 -7 57 -66 *17 75 75 • 6 22 4 210
•3 658 665 -12 72 -74 -21 75 78 «»7 153 156
*5 414 414 • 13 141 139 • 8 203 205
•6 361 • 354 -14 98 97 2, 0* L • 10 101 -105
•7 188 *173 *16 42 37 *11 89 -87
*6 92 92 -18 72 70 -2 234 200 *12 177 *176
•9 193 -196 -4 165 183 -13 303 -308
• 10 39 37 •2,3*L • 6 262 284 -15 125 132
•11 247 -247 • 8 262 257 • 16 96 98
•15 140 137 •1 412 399 -10 122 *125 • 18 85 76
•16 135 130 -3 176 • 164 -12 226 212 *21 35 • 40
• 17 183 191 ■ 4 210 -204 *16 65 64
• 18 81 80 -5 239 -209 ■ 18 56 53 —3*1,L
•10 108 • 108 -6 160 -165
•20 85 -87 -7 129 • 126 m3*6,L -1 144 134
•21 218 -212 -8 70 -64 *4 243 -242
•22 51 •52 •9 88 91 — 6 99 100 *5 182 171

*15 46 -50 • 10 31 23 -6 53 36
■1 # 0* L -16 83 -84 -7 211 195

• 18 85 ■ 84 «•3*5*1 *8 247 • 234
•2 161 *187 -9 94 -92
•4 755 -791 *2,2*1 *1 44 -43 • 10 108 98
•6 102 • 116 ■ 3 31 -41



«•3,1/1 -1 8 79 • 76 m5,5,1 -11 131 -136
-19 68 56 -12 151 -158

*11 150 -140 •4 65 -66 -13 109 104
•12 160 -171 P*4, 2, L -i0 68 -68 -14 154 158
• 14 86 -82 -16 87 -83
■ 15 96 '100 **1 136 -120 m5, 4, L -20 41 -26
• 16 143 140 -2 332 336
•19 71 -75 -3 23 -14 -1 88 87 w5,0,1

-4 246 249 -4 143 -144
*3/0/L • 5 94 100 -5 107 -107 -2 991 *973

-6 202 -203 -6 122 128 -4 98 91
• 2 908 -920 -7 120 113 -7 150 150 -6 40 -4
-4 332 -325 -9 117 122 -8 82 82 -8 101 92
«6 712 678 -11 144 -142 -15 44 -51 -10 132 -130
• 8 87 -77 -12 174 -181 -14 104 106
• 10 278 -271 -13 99 101 —5, 3, L -16 93 -95
■ 12 130 -134 -17 43 38
*16 54 -61 -18 89 82 -3 154 -158 *■6,6,1
*22 72 67 -20 39 -36 -5 61 -70

-21 69 70 -6 130 134 • 5 53 52
*4, 6, L -7 412 422

•94,1,1 • 8 107 114 m6,5, L
• 3 71 70 -9 102 -109

•1 370 -380 -11 83 -80 -2 49 54
•4/5,L • 2 138 -148 -14 62 64 -4 73 77

-4 413 398 -15 57 57 -5 72 69
•2 80 102 *5 250 -234 m 1 6 58 50
*3 31 27 -7 99 118 •18 81 77 m6,4,1
• 6 66 79 -6 144 140
•9 70 75 -10 82 -91 m5,2,1 • 2 63 *61
•13 43 -42 •11 228 236 -3 92 -85

• 12 85 90 •2 171 • 172 • 5 57 58
•4,4,1 • 13 286 -286 -3 297 • 287 •6 109 -106

-4 204 • 198 -7 50 -52
•2 98 102 —4,0, L -5 174 171 -8 48 42
•6 163 -175 • 6 205 206
•7 108 *115 •2 534 520 -7 129 -126 m6/3,L
-9 155 -156 -4 143 • 123 -8 64 65
■ 11 127 132 -6 299 271 -9 245 263 •1 150 -153
•12 82 -79 -8 131 -125 • 10 122 -112 • 4 83 83
•13 67 65 -10 80 82 -11 214 -215 -5 199 -200
•18 78 81 -12 254 252 -13 71 -77 -7 246 243

m I 4 168 -169 *15 37 37 -9 114 113
•4,3, L -16 130 132 *17 77 -78 • 10 67 -72

• 18 112 -100 *15 55 -61
•2 141 -137 «•5,1/1■3 148 -153 —5,6, L m6,2,1
■5 39 -34 -1 133 -114
*9 331 343 •1 39 -43 *2 548 -538 * 1 230 --232
■ 10 123 -137 • 2 66 -66 -3 85 *98 *2 161 146
•11 192 • 186 • 3 50 • 49 -5 397 364 • 3 338 330
"14 67 • 68 • 5 63 -61 • 8 184 -183
*16 116 -114 • 8 62 64 -10 128 129



w6,2,L *97 , 3, L -3 77 •79 -9 , 1, L
*5 135 -135 "1 114 110 m8, 3, L -4 70 -78
•6 90 -89 •2 89 -90 -5 103 -95
•7 58 59 •3 149 ••147 • 1 94 81 -7 53 60
*8 130 126 • 6 73 74 -2 83 94 • 9 70 58
*■10 69 58 • 7 108 112 • 3 110 -108 •  13 62 -49
•u 31 36 • 9 40 -35 - 13 51 39

• 9, 0 , U-6/1 # U m7,2, L *»8,2,1.
• 4 35 -20

•2 94 100 m2 267 «• 262 • 1 74 -71 -6 80 -83
• 3 78 "74 m3 141 143 -3 230 228 -8 79 70
-5 33 "29 • 4 172 -157 • 6 81 73
-7 169 "189 -11 56 -58 -9 81 •77 -10 , 3, L
-9 77 81 -12 58 51
• 10 76 • 7 8 m7,1, L • 2 60 57
*11 68 75 8,1, L
• 12 140 147 "1 75 • 62 • 10,2,1
"13 124 "123 • 2 81 -82 -2 146 146

• 3 104 107 -3 115 -117 • 7 59 -53
*6,0,L • 5 93 89 • 5 135 •140 • 9 56 48

• 6 71 • 69 •14 42 • 25
-2 254 232 • 10 62 • 70 • 10, 1, L
•4 170 "155 • 12 37 39 m8,0,1
•8 107 • 106 • 13 52 47 • 3 129 «»128
"10 310 309 •15 47 37 • 2 149 147
"12 99 • 104 • 8 101 111 • 10,0*1

m7,0,1 • 1 0 60 58
" 7,5, L -10 78 -66

m2 202 •-198 m9,5, L
"10 29 11 •  6 88 •  97 • 11 , 2, L

•  8 199 201 •1 30 29
•7,4,1 •  12 82 •  82 • t 62 58

•18 61 38 «•9,3,1
*2 57 • 51 -11 , 1, L
•3 197 • 200 «•8,5,L •  1 69 75
• 4 124 •125 • 2 71 • 72 • 5 38 40
-5 61 59 •1 68 •71 •11 72 • 62
"6 135 133 • 1 2 , 3, L
•7 90 88 •

**CO m9,2,1
• 1 30 2 2

• 2 126 «123 -I 89 83



#

A P P E N D I X  5

CALCULATED AND OBSERVED STRUCTURE FACTORS FOR

(±) 1- (2, 6-dichlorophenoxy) -3-ISOPROPI laminopropan- 

2-0L HYDROCHLORIDE



0,6 / L 0,2 t L -6 375 417 0
8 603 632 180

0 122 99 180 3 910 858 1 00 -10 701 727 IRC)
-2 126 135 180 -1 94 83 0 -12 189 197 0
•6 49 57 0 -2 854 804 180 -14 915 946 ioy
-12 79 91 0 -4 179 154 180 -1 8 88 91 0

-5 159 161 0 -22 284 280 0
0,5 H •6 86 75 180 -24 557 557 0

-7 133 133 0 — 28 134 130 180
-2 85 72 90 •8 73 83 0 -30 117 125 0
•9 66 74 90 -10 316 320 0
• 10 91 97 270 -11 56 57 180 -1,7, L
•11 103 108 90 -12 214 200 0
-13 109 109 90 -13 84 82 0 .4 70 52 24
• 14 99 107 90 -14 148 143 0

-15 118 111 0 -1,6, I
0,4 / L -16 246 254 0

-17 168 172 180 -5 110 114 90
0 29n 305 0 -18 115 107 180 -7 68 78 59
-1 213 207 180 -21 137 110 0 -8 58 59 192
-2 313 337 0 -22 156 161 180 -13 61 51 332
-3 94 111 0 -23 83 95 180
•4 73 65 0 -24 187 196 180 — 1,5, L
-5 254 265 0 -27 62 61 0
-7 140 138 180 -3 58 67 27
-8 135 141 180 3,1 #L — 4 194 190 195
-13 134 133 180 -6 138 125 142
•14 116 124 180 -I 553 569 90 — 10 125 110 202
-16 140 129 180 -2 238 179 90 -21 77 83 313
-19 120 112 180 m 3 102 126 90
-22 115 113 0 -4 307 311 90 -1/4, I
-23 92 77 0 -5 502 514 270
-26 66 50 0 -6 97 43 270 0 128 123 270

-7 65 75 270 -2 170 166 9
0,3 t L -8 161 155 270 -3 179 178 293

-9 699 755 90 —4 84 75 2
-2 379 392 270 -10 219 194 90 — 5 246 236 253
-3 45 23 90 -11 134 132 90 -6 77 73 325
-4 345 339 90 -12 130 141 270 -7 184 169 255
-5 180 172 90 -13 126 119 270 -9 173 175 289
•6 82 52 270 -15 508 521 90 — 1 0 73 71 44
•7 74 72 270 -16 91 89 90 -11 173 100 226
-8 385 373 270 -17 86 88 270 -13 121 127 111
•10 162 143 90 -18 52 64 270 -15 94 94 100
-11 336 353 270 -19 162 159 270 -17 69 77 61
•13 171 180 270 —20 105 109 270 -19 112 106 114
-14 243 231 270 -21 209 202 90 -20 78 87 172
•16 303 316 90 -26 73 68 90 -21 53 64 45
■ 18 104 105 273 -33 75 67 90 -22 104 86 155
-22 124 125 90 -31 53 40 217
-23 105 101 270 0,0# L•25 48 43 90
•28 85 84 90 -4 71 92 0



-1,3 A -1,1 ,L ccCM1 120 128 0
-1 244 242 280 0 187 194 90 -2,6, t
-2 262 265 354 -1 446 433 239
*4 264 254 77 -2 623 595 182 -10 95 81 31-6 316 307 343 -3 813 799 33
-8 2 87 284 6 -4 315 296 236 -2,5, I• 10 214 '202 116 -5 797 703 206
-12 97 113 298 -6 679 663 145 0 82 57 0
-13 119 113 19 -7 352 365 93 -1 223 234 280
-14 150 141 69 -8 573 543 185 -3 105 121 301
•15 123 128 147 -9 483 478 6 — 5 113 115 205
• 16 197 195 173 -10 187 109 283 -6 81 94 342
-17 135 130 239 -11 327 334 205 -10 71 68 75-18 87 95 230 -12 239 231 290 -13 83 86 64
-19 82 96 61 -14 62 53 292 -15 90 86 68
-20 93 87 113 -15 248 257 15
-22 76 68 205 -16 248 255 17 -2,4, L
•23 146 139 136 -17 252 252 236
-24 120 113 281 -18 163 170 11 0 120 122 0
•26 91 79 81 -19 75 88 112 -1 95 90 196

-20 65 77 270 -2 127 112 84
-1,2 11* -21 124 122 295 -4 147 152 305

-22 82 92 10 -6 126 124 41
0 242 234 90 -23 213 226 268 -7 143 134 168
•1 635 594 99 -26 109 102 182 -8 144 154 120
-2 161* 168 293 -27 64 53 15 — 10 216 209 206
•3 419 370 59 -29 62 60 150 -11 114 92 329
-4 411 390 261 -34 71 58 324 -12 179 179 184
-5 203 193 22 -13 161 157 173
•6 525 497 104 -1,0 t L -14 149 144 162
-7 660 652 90 -15 91 104 279
•8 77 85 343 -2 615 704 180 -16 89 102 285
-9 262 265 139 •3 140 219 270 -17 57 66 29
-10 313 317 195 -4 879 883 0 -21 59 43 352
-11 181 188 306 -5 440 442 270 -23 63 45 325
-12 228 222 68 -6 359 313 180
•13 244 245 80 -7 213 182 270 -2, 3, L
-14 193 193 335 -8 528 524 180
-15 206 202 242 -9 598 622 270 0 111 119 0
-16 92 95 242 -10 282 259 0 -1 508 506 100
•17 266 262 252 -11 99 129 270 -2 75 89 241
-18 149 15n 100 -12 202 209 180 -3 515 486 80
•19 191 195 8 -14 98 103 0 • 4 196 203 88
-20 262 251 334 -16 157 159 0 -5 208 211 341
•21 136 149 249 -17 242 228 90 — 6 138 143 28
■23 88 87 254 -19 92 79 90 -7 177 174 221
•24 178 179 22 -20 129 151 180 -8 120 117 209
-25 97 82 74 -22 97 90 180 -9 141 135 273
-28 59 47 196 -23 137 160 90 •  10 142 135 113
•30 68 50 82 -24 140 142 180 -11 198 194 304

-26 170 169 180 -12 146 132 296
-27 70 62 270 -13 180 184 232



-2, 3i L -12 190 174 32B -20 57 49 4
-13 360 348 35

1* 151 140 212 -14 190 197 12 “3,4, L
15 132 134 250 -15 103 179 1 30
16 69 61 241 -16 208 217 82 n 301 294 90
17 142 140 336 -18 173 179 202 -1 83 92 158
18 71 76 344 -20 124 127 46 -2 130 119 272
19 112 ' 1H8 143 -21 104 122 341 -3 219 221 332
20 66 71 250 -22 60 57 74 — 5 227 228 255
21 110 122 124 -23 275 269 253 -8 103 107 273
23 164 173 59 -24 215 213 201 -9 163 161 344

-25 117 127 286 -10 69 81 279
-2,2 , L -26 77 73 323 -11 66 70 131

-27 56 31 46 -12 58 70 70
0 369 356 O -13 73 58 211
-1 193 201 254 -2,0 r L -14 92 87 293
-2 351 346 234 -15 145 152 358
•3 248 246 291 0 610 871 180 -17 99 102 133
-4 284 275 151 -1 449 423 90 -19 68 71 101
-5 158 156 125 -3 343 336 90 -21 66 65 357•6 316 324 65 -6 642 848 0
-7 209 195 71 -8 708 700 180 -3,3, I
-6 375 356 271 -9 89 92 90-9 163 170 278 -10 533 546 180 0 158 150 270
10 328 327 44 -11 002 802 270 -2 239 246 31
11 191 191 78 -12 135 134 180 -3 169 165 12
12 410 408 3 -13 654 672 270 -4 146 142 23
13 230 226 109 -14 319 294 180 -5 95 94 185
14 145 146 285 -15 216 210 90 -6 188 205 317
15 84 90 263 -16 145 137 180 -7 78 80 1
16 119 113 64 -18 308 300 0 -8 280 264 3
17 103 93 83 -19 118 117 270 -9 104 89 2
18 92 97 336 -20 115 118 180 -10 177 172 11
19 62 66 98 -21 128 136 90 -11 201 213 177
20 170 174 225 -22 96 98 180 -12 206 204 281
21 124 110 258 -23 91 112 93 -13 138 136 189
22 197 215 60 -26 46 42 180 -14 102 101 183
24 100 106 290 -28 64 76 0 -15 121 119 359

-16 113 104 151
-2,1 / L -3,6 #L -18 107 114 239

-19 48 63 229
0 924 923 180 -7 49 41 94 -20 71 75 153
•1 1544 1558 296 -22 110 113 159
-2 656 665 270 -3,5 ,L-3 262 304 194 -3,2, L
•4 593 579 33 0 98 99 90
-5 189 102 310 -2 81 93 188 O 45 43 90
*6 590 595 209 -4 136 115 179 -1 203 212 46
-7 101 105 301 -6 150 153 156 -2 254 239 308
•8 307 292 316 -8 98 109 195 -3 327 343 159
•9 376 380 118 -10 101 98 191 -4 344 333 106
•10 403 398 39 m 1 4 83 79 357 -5 140 134 31
■11 231 243 201 -18 96 96 24



-3,2 -3 60 1 65 4 770 -t 183 1 48 102
-4 4 or* 5r,l 0 -2 1 °f) prn 175

• 6 115 1 05 277 -5 7R7 792 270 -3 200 293 104
576 572 89 -6 1 0 6 49 180 -4 132 122 180

•8 125 127 276 -7 177 160 90 -6 87 101 272
•9 182 173 194 -8 226 215 180 -7 128 138 199
10 141 150 115 -9 170 163 270 — 8 159 157 44
12 198 ' 203 127 -10 342 333 0 -9 88 05 263
14 97 107 306 -11 161 161 270 -11 314 307 204
15 187 197 240 -12 251 229 0 -12 222 232 334
17 102 104 298 -13 404 397 90 -13 201 202 263
18 135 131 273 -14 222 218 180 -14 77 95 10
20 X 1C 126 91 -16 230 236 n -16 73 61 322
22 131 115 230 -19 286 290 90 -17 96 94 329
24 96 92 203 -20 60 84 180 -20 106 1H9 133
26 66 44 31 -22 3 20 130 0
27 64 73 180 -24 88 95 Cl -4,2 ,L

-26 95 102 180
-3,1 i L 0 290 299 180

-4,6 t L -1 333 349 126
0 149 130 270 -2 521 527 109
-1 667 670 133 0 122 133 180 -3 249 244 273
-2 128 135 300 -2 81 84 195 -4 402 403 137
-3 291 286 315 -16 64 44 352 -5 324 323 24
•4 825 819 176 -6 467 461 346
-5 518 514 293 -4,5 , L -7 319 327 184
-6 421 410 191 -fl 92 102 161
-7 293 301 155 0 81 74 0 -9 280 271 321
»8 364 360 137 -1 77 79 287 -10 118 105 10O-9 276 273 346 -3 69 00 190 -11 124 134 4
10 447 444 181 -5 102 96 274 -12 182 192 349
11 230 230 255 -7 63 58 338 -13 152 142 221
12 228 240 107 -9 157 156 89 -14 137 127 250
13 390 391 79 -13 84 94 69 -15 133 133 278
14 180 185 11 -14 75 82 178 -16 91 94 27
15 112 117 18 -16 59 53 149 -17 129 120 31
16 101 106 327 -19 57 33 283 -18 161 154 0
17 175 168 221 -19 96 96 171
18 208 216 6 -4,4 t L -20 152 142 195
12 233 232 74 -22 137 137 195
20 151 148 358 0 329 323 0 -23 97 88 44
21 89 99 24 -2 115 114 6 -25 76 63 141
22 76 59 268 -5 71 65 200 -26 91 97 206
23 224 232 174 -6 94 105 287 -33 56 33 307
24 70 77 3 -8 73 69 203
25 131 139 51 -10 45 52 150 -4,1 #128 93 94 1»1 -11 92 91 15429 86 81 286 -14 68 70 143 0 257 233 0

-15 ’ 53 52 109 -1 125 132 287
*3,0 1 -2 436 405 295

— 4,3 i L -3 423 428 302
•1 265 287 90 -4 283 283 118
-2 388 410 180 0 94 82 180



• t L
-5 2 3 4 ri9
*•6 120 rr>
•*7 4 03 411

212 225
165 161

-10 303 '307
-it 661 657
-12 334 332
- i 3 437 437
-14 216 226
-15 91 62
-16 165 167
-17 166 161
-19 1*2 135
-20 &7 33
-21 174 168
-22 97 92
-24 7S 94

-4,0 r !•
0 439 426
-1 209 226
-2 594 577
-3 256 244
-4 272 262
-7 284 268
-8 269 205
-9 94 103
-10 75 63
-11 457 442
-13 177 171
-14 181 174
•15 85 76
*16 110 112
-17 135 136
*21 80 05
-22 282 255
-23 114 102

-5,6 t L
-7 133 128
-17 73 69

-5,5 #L
-9 96 90
*11 83 73

2 ' 9 "2 5 6
1 9 - 3 M l
31 - 5 1 77

2 05 -6 133
354 -7 155
139 -8 93
99 -9 203
184 -in 63
97 -11 79

230 -12 102
1°3 - 13 95
74 -15 57
172 -1 6 64
33 -17 1 0 I

2)9 -10 106
n  - ry 
C. t -21 46' } -26 57
313

-5,3

134
0 -1 290

270 -2 141
0 -3 293

90 -5 141
0 -6 270

270 -7 121.ion -Q 139
9 0 -9 274
O — 10 79

90 -11 58
90 -13 100
180 -15 100
90 -16 70
180 -17 136
270 -22 40
90
n -23 92
I \

2 70 -5,2

-1 139
-2 151

96 -3 222
265 -5 359

-7 142
-8 08
-9 279

221 -10 136
330 -11 194

-12 145
-14 66

L - lf'
- 1 6

n  ̂Cif 4 . ' 1 -17
14 2 : 7i • iQ
176 066
127 61 -21
156 254 -27
100 310 -29
201 770
63 233
70 772
106 107 0
79 c2 - 1
75 111 -3
59 730 -4
1 0 1 112 -5
97 10 3 - 6
41 95 -7
39 731 -8

-9
L -10

-11
140 90 -12
294 140 -13
129 29 — 1 4
297 353 -16
1 34 190 -17
274 341 -18
117 152 -19
150 60 -20
279 14
65 231
76 131
96 76 -1
98 340 -2
69 160 -3
141 171 -4
51 60 -5
04 194 — 6 

-7
L -0

-9
158 46 -13
155 156 -11
233 48 -1?
363 117 -13
139 66 -14
96 123 -16

290 72 -17
134 18 -19
190 142 -21
147 285 -23
62 153 -24

1*>5 1 7R t  '• '

n7 99 f ;

O w l 62 f-

115 1 " 8 2 0 9
«1 r 6 7 06
1-3 1 17 7;°7
116 1)3 f’l
70 0 3 M 2

L

237 739 270.
179 131 32
196 200 316
4 2 5 1 0 17 .)
234 773 2"7
2*2 2'-8 213
143 139 315
8 2 97 345

102 n 8 265
234 7 14 153
170 100 269
71 71 2
104 174 280
160 152 22
78 73 262
136 177 106
73 72 277
69 74 330
179 173 16

-5,n, I,

442 478 00
75 72 1 80
1«7 88 270
169 165 180
801 701 270
68 55 0
82 53 90
1?3 125 180
244 718 270
175 186 (
538 405 27C
100 181 180
430 424 90
99 102 180
83 62 0
57 47 270

284 294 90
59 62 270
76 73 270
128 130 180



. * i ••t iL - 6 7 8
-7 H I-?5 i 0/1 1 r.B 0 1 H

• 27 i r• 0 0 27-' 0 1 ?■'
-34 7 2 38 1 8 3 .. 1 p. ?.7V

-11 127
- 6 , 6 , L -12 ■•180

-13 03
-10 72 78 -> -14 97

-15 134
L

- 6,1
-1 1 47 145 755
-7 54 6H 177 0 0 7 P:
• 20 52 24 2 38 -1 1 6 0

-2 173
-*#4, L -3 390

-4 272
0 113 130 0 -6 156
• 2 133 138 322 -7 H I
-4 100 93 51 -8 162
-6 70 75 28 -9 79
-8 146 150 198 — 1 0 192

• 10 136 146 171 -11 93
-U 78 86 192 -12 135
•12 97 111 174 -14 170
• J4 166 165 209 -1 6 141
•16 73 81 154 -17 99

-20 94
-6,3, I -21 116

-22 61
-1 242 245 45 -27 66
-2 55 60 125 -28 66
•3 129 136 114 -29 49
•5 75 70 184 -30 54
• 6 85 99 347 -33 62
•7 173 179 339
•8 115 126 210 — 6,0
-9 59 70 96
• 10 88 79 306 0 606
•11 87 91 210 -1 376
•13 101 97 357 -3 216
•17 100 92 229 -4 137
-21 84 8 3 93 -5 188

-7 127
-6,2, I -8 90

-9 416
0 98 96 0 -10 249
-1 210 220 214 -11 125
•2 322 326 175 -12 433
•3 77 71 169 -14 254
-4 199 204 162 •15 384
•5 124 141 303 -16 134

" 4 8 • 17 ] 6 2 M n >,
1 ■' 8 1 ■■5 • 18 1 1 2 1*7 1 -. ■
4 3 04 -■ 2 1 7 63 r / 1
1 7 6 132 -73 ) 77 1 3 0 f\ ' ' ’ : < •
78 1 3 -24 7 5 6 2 r
131 3 0
403 3 6 5 -7,5 , L
174 174
96 8 -7 63 4 3 135
135 64

-7,4 r L
L

0 72 8 2 9 j
776 0 -7 4 7 70 336
1 r,2 7 77 « 4 7 0 9 0 4
94 714 -7 70 74 324

36 5 768
265 0 0 ”7,3 # I
164 341
1 4 4 80 — 2 83 93 313
172 236 — 4 147 14 0 355
64 150 -5 51 59 266
195 81 - 6 172 170 30
62 762 -7 135 131 162
129 346 -8 192 233 333
174 278 -9 45 71 297
134 119 -11 93 1 0 I 203
100 76 -13 44 56 108
86 247 -16 H I 134 212
114 273
66 133 -7,2
69 2*59
48 149 -1 220 238 139
39 58 -2 212 2D8 155
49 335 -3 261 272 32
25 291 — 4 113 119 340

-5 95 104 132
L -6 101 1 0 3 173

-7 253 252 121
588 fl -8 184 199 1 80
373 90 -9 H 5 1C0 336
239 270 -12 99 111 218
139 n -13 82 90 90
193 90 -15 66 67 295
120 99 — 16 92 94 353
89 180 -23 65 61 191

474 270
241 180 -7,1 / L
123 270
432 180 0 97 91 270
255 180 -1 181 180 257
393 270 -2 95 104 119
134 O



' 7, 1/I- _ n <f t1. -7
-■ 8

5. • * 
13 i

1 0 1 
1 ;• i

o.‘ 
1 01

-3 177 1 14 7 • I 9 9 1 .1 1 so -0 1 5 9 l: 6 770
-4 I M 1 * 6 179 ► 2 ;• 5 o 4 6 • 17 175 1 / O
-5 163 169 195 -3 124 117 5 6 -16 9 0 1 1 4 1*0
-6 187 r:M 2 0 8 -4 9 1 93 96 -1ft 8 0 81 l}
*7 13H 136 761 -5 0 5 173 145 -21 94 9 4 7 70
-8 183 '195 143 -9 131 130 766
10 154 170 157 -11 163 163 254 -°*4 /I-
11 163 160 121 -12 91 9 3 33n
12 22H ?24 264 -13 134 1 36 2° 2 -5 91 07 760
14 203 190 31 -15 113 1 1 1 29(j -ft 4 9 67 7:82
15 72 72 31
16 92 93 9 3 -'9,7, L -o,3 # L17 77 68 143
18 143 142 3 30 0 1 58 161 183 -2 170 129 13
23 01 32 94 m 1 139 134 795 -4 89 0 0 5

-2 124 176 175 -6 Oft 97 17
-7,0 f L -3 74 77 274 -7 104 104 56

-4 00 94 22ft -8 QO 6 4 358
"1 04 97 90 -5 85 94 159
"3 258 265 270 -6 53 67 74 -9, 7* L- 4 113 109 0 -20 95 87 H B
-5 362 350 270 -28 53 42 317 0 75 94 90
-7 96 1 f)0 270 -1 76 89 95
-8 109 113 0 -R, 1 ,L -2 35 78 246
-9 190 193 270 -7 724 726 90
12 IRC 104 0 0 103 105 0 -ft 84 94 216
14 199 136 0 -1 266 767 795 -Q 79 93 51
15 134 103 90 -2 128 135 243 -10 84 76 344
17 123 n o 90 -4 103 104 110 -12 119 1 16 86
18 100 104 190 -5 1 02 1 5 7. ft 7 -14 56 66 233
19 98 95 90 -6 173 16ft 352 -15 133 114 318
20 78 63 0 -7 42 32 331 -17 79 06 252
21 50 52 90 -8 112 17 7 179
29 75 64 270 -9

-10
265
100

265
111

100
153

-9,1 t L
-8,5 t L -11 251 74 8 93 0 159 14ft 270

-12 147 154 329 -2 167 167 159
11 78 71 77 -13 212 2 25 70 -3 140 137 325
13 62 89 100 -14 148 158 155 -5 83 77 2B1

-15 128 131 105 -6 181 174 225

i 00 •» Ck. t L -16 68 64 199 -ft 153 156 142
-1 ft 91 85 352 -11 89 90 235

0 137 142 0 -23 76 72 274 -14 86 8ft 165
-2 115 U 5 317 -16 121 117 359
-3 80 76 84 -8,0, L
*4 100 88 85 -9,3 t L
•8 92 81 249 190 194 n
14 55 44 234 -1 207 213 90 -1 94 100 270
22 78 59 41 -3 173 165 273 -3 134 131 270

-5 133 128 90 -7 117 112 270
-6 144 125 0 -ft 57 60 0



•■9,0 f L -21 61 *1 ; ’ 7 -11/ 0/L
r*9 I 49 159 2 7 ’ -1-f ‘•/I. -3 95 8 6 776
17 1 *’7 1 2 o ;i -4 149 153 r>

0 19 5 l n n n 6 6 65 770
5/ U 79 8 6 Q1J -7 150 1 33 7 7 0

-6 176 164 0 -10 161 164 i’
0 6 0 ' 62 n -8 161 156 inn — i 4 53 56 180

-10 1 8 5 181 inn -17 86 64 93
- 1 ^ 3,1 -1 1 9 0 85 90 -19 80 55 90

-1 4 162 162 160
-1 110 97 95 -18 92 70 0 -12, 2 , L
-2 106 118 221
-6 55 42 398 -It, 4/L 0 63 6 3 1 8 0
• 8 74 63 286 -2 I r 7 166 2 :’J 8

-5 62 71 768 -3 99 94 263
• n, 2,L

-11/ 3/L -12, 6,1
0 66 62 180

-2 69 67 190 -7 63 41 52 0 132 138 0
-4 84 72 122 -12 56 30 283 -2 81 91 0
10 159 154 25
12 75 94 345 -Mr 2 / L -13, 2 / L
16 72 65 37

-3 86 9 7 94 -3 50 9 105
-J0, 1,1 -4 68 65 207 -7 48 41 81

0 170 156 n -11/ 1 / L -13, 0,1
-1 184 183 279
-2 119 119 11 -4 49 35 167 -3 47 2 270
*5 83 96 201 -5 76 69 224
’12 65 83 180 -0 120 193 194
•18 56 40 227



0

A P P E N D I X  6

CALCULATED AND OBSERVED STRUCTURE FACTORS FOR 

6p-(l-E THYL-1-HYDROXYPROPYL)-5 -PHENYL-2,3,5,6- 
TETRAHYDROIMIDAZO [2,1-b] THIAZOLE



1 hi)
) t i'

i)
1 80
1 6 0

0

go
9 0
90

27 0
9 0
00
9 0

2/0
90

0
0
0

180
160

0
180

0
160
180

0
0

180

270
90

270
270
90

270
270
270
90
90
90
90

’, 1 4, 1. 2! ■ 6 ; ‘-4 3 ? i •7 187 1 7 6
2 1 4 ; 7 18 i • ~r< r 6 1 * 9

'•■2 <2 1 '■■■>' - 6 1 2 5 i 1 1 6 ' ► 0 1' 7 9 8
2 9 3 1 r. -7 6 3 5 9 16 0 1 [A 1 18 1 0 9

-8 1 2 6 1 2 8 0 -11 31 3 8
0,13, I. '-10 72 66 1 80 -13 6 0 6 0
4 1 4 9 2 70 ,7 , L 0, 3 , L.52 39 270
69 6 0 90 -1 17b 1 92 9 0 -1 257 2 59

- 2 38 4b 90 -2 244 284
2,12, I. -3 1/6 1/6 27/ -3 3 i 9 281

- 4 91 ° b 2 7 0 - 4 2 r 4 2/8
61 4 6 i'1 -b 3 2 34 90 -5 67 8 3
6 8 4 8 0 -7 6 1 66 270 - 6 246 235
8 8 67 1 60 - 8 72 6 8 270 -/ 295 278
8 9 30 1 £ 0 -9 5 3 58 9 O -9 77 7b

-13 4 2 3b 27 0 -12 62 67
0 #11, L

0,6 ,1 0,2 ,L89 4 1 270.
6 7 66 9S 0 279 299 0 0 64 60
33 34 273 -1 82 73 0 - 1 260 233
42 4 3 270 -2 4 2 51 1 8 0 -2 6 16 622

-3 158 1 69 1 80 -3 461 4 29
9 , 1 0 ,L -4 133 124 0 -4 94 80

-7 83 93 0 -5 104 8b
192 193 0 -8 176 193 180 - 6 78 09
90 8 8 180 -10 45 50 0 -6 99 113
78 81 16U -11 63 67 0 -9 173 170
4b 50 0 -12 30 32 180 -10 100 97
45 47 180 -11 80 73
7b 77 180 0,5 , L -12 69 74
85 39 180 -13 58 61
47 48 0 -1 3 71 155 90
82 33 0 -2 59J 593 270 0, 1,L

-3 184 159 90
0,9, L -4 170 176 90 -1 539 568

-5 177 160 90 -2 229 224
66 71 270 -6 lbb 166 270 -3 30 26

131 123 90 -7 107 1 05 9 0 -4 129 137
84 78 9 0 -8 197 188 90 -5 331 318
76 65 90 -9 75 62 90 -6 1 00 108
46 40 90 - n 27 27 90 -B 39 55
2b 8 270 -9 94 104
46 47 90 0,4 , L -10 78 90

-11 66 62
0,8, L 0 bb 56 0 -14 26 28

-l 388 386 180 -15 46 53
9b 1 80 180 -2 469 461 0
b4 63 180 -3 50 53 180

168 161 0 -4 117 99 0
8b 94 180 -b 86 77 180



'•' / 1 A1. 3 1 3 ) h J 3 3 -b 2 65 20 1 1 f: 6
-5 9 5 4 < 31 -7 1 f-1 17-’ 3 4 b

-4 7/ 6 7 W  1, - 6 r-:) 5 9 4 3 - H 1 6b 1 6 9 7? 4
-6 2 2 1 1/0 J 8 - ^ 1 /. 3 3 4 2 7 9 8 ~ 9 72 7b 1 7 9
- b 112 1 26 l - 1 0 87 92 775
It 7 7b #7 39 i  • -1,8, L -1? 34 31 3 b
12 1 P 7 1 67 160

r> 8 8 77 90 -1,4 , L
-1,14 ,L -1 7 7 7 778 26/

- 2 124 127 166 0 228 713 90
- 1 4 2 37 2 63 ~3 139 1 4 5 107 -1 107 1 17 34

- 4 6 3 39 1 67 -2 315 2 69 337
- J , J 3 ,L ~b 6 9 6 b 167 - 3 723 2-5 9 76

-6 3 4 5 3 34 2 -4 3 46 34 8 172
-1 33 32 4 9 -7 4 9 41 758 -5 48 b 1 7F3

38 38 216 -9 1 7 10 1 1 0 1 — 6 143 141 93
-b 3b 27 3 34 -11 6/ 6 3 297 -7 6 8 76 195
-7 4 2 ^5 27 8 -8 130 129 237

-1,7, L -9 36 33 119
-1,1? , L -10 118 121 58

0 1 84 190 27 0 -12 58 61 7 72
0 89 6 4 2/0 -1 75 71 278

-1 39 38 1 4 0, **2 78 76 217 -1,3 , L
-2 4b 42 111 -3 19fi 179 197
^0 61 8 8 26 7 -4 129 116 354 0 188 184 270

- 6 53 59 161 -1 317 311 34 5
-1,11 , L -7 72 71 139 -2 373 356 93

-9 46 46 313 -3 547 548 229
-1 4 4 43 204 -4 347 347 143
-2 64 61 24 0 -1,6, I -5 213 217 339
-4 86 88 38 -6 161 146 32
-b 70 72 208 0 41 83 90 -7 142 140 224

-1 256 235 58 -8 51 55 195
-1,16 , L -2 295 278 47 -9 98 84 355

-3 149 134 273 -10 70 73 273
0 49 88 9 0 - 4 55 89 262 -11 91 86 31

-1 84 81 54 -5 6 0 55 22?
-2 89 84 249 -6 89 66 197 -1,2 , I
-3 114 1 17 316 -7 1.32 94 112
-4 32 37 72 «• 8 92 76 133 0 313 272 270
*»5 27 26 68 -9 175 100 251 -1 865 899 237
~6 36 44 65 -10 43 45 294 -2 619 628 78
-7 29 33 62 -11 47 45 85 -3 151 134 111
«8 42 48 282 -12 52 50 116 -4 229 232 9
-9 82 80 234 -14 .33 16 18b -5 228 217 35
10 29 29 149 -6 71 69 301

— 1,8, L -7 159 152 186
-1,9, L -8 91 93 77

0 52 89 90 -9 112 116 72
0 87 67 90 -1 58 58 232 -10 82 83 267

-1 42 45 292 -2 232 284 63 -11 120 130 242
-2 88 83 70 — 3 214 214 338 m \2 79 87 68
-3 68 68 164 -4 130 141 100



•*1,1,!. - 3 7 6 7 5 ■3 1 2 - 1 3 2 8 1 5 ;m- 6
- A 6 2 6 1 1)7

ni‘6 'V:3 9'J >- 6 5 6 5 5 2 91. -2,6, I
- J 4 b 1 4 / 5 5 9 - 8 4 5 53 9 6

4 7 9 4 9b 1 i. 2 > 7 196 0
397 , 397 3 (J -2,10 ,L -1 225 223 31 /

-4 442 433 41 -2 300 3 B 1 1/6
-5 17/ 17 « 112 -1 51 5 4 24 1 -3 86 75 195
-6 14 1 139 196 -2 6 6 7 5 175 * 4 133 128 1 M
-7 7 7 hi 19 -3 7 0 61 7 0 -6 6 6 61 17
-e 8 3 9 1 274 - 4 107 116 53 -6 1 22 124 11 0
-9 hb 9 b 4 6 - b 59 58 84 -8 66 6 6 148

- 1 V : 4 8 b 4 262 -6 5 9 44 349 -9 07 9 6 205
-11 9 4 9 6 h 9 -8 6 0 63 148 -10 125 1 19 346
“12 7 3 7 4 244 - 9 2 4 3 4 26 0 -11 4 6 39 ' 16
-13 3 3 3 3 52 6 -1 1 4 7 40 204 - y

- 1 , '7 , L -2,9, L
2 , ̂  ,L

125 121 B
- 1 8 3 3 9 6 4 9/ -2 92 95 304 -1 120 94 231
-2 6 32 6 b 4 180 - 3 9 4 91 117 -2 98 103 2/B
-3 376 38/ 270 -4 1 1 5 115 267 -4 255 238 118
«4 2 9 8 22 0 0 -5 1 10 1 17 262 -5 98 1 15 292
-5 271 27b 90 - 7 67 56 8 8 -6 193 181 270
-6 33 49 0 ** 9 55 3 3 261 -7 94 87 219
-7 12/ 119 90 -10 42 4 9 267 -8 24 25 16
-9 1«8 188 270 -9 43 37 305

- I B 237 247 180 -2,8, L -11 35 34 255
-11 14b 1b 3 90 -12 35 32 251
-12 57 52 182 0 365 350 18B -14 32 4 0 123
-13 67 59 270 -1 118 lit) 30 6

-2 118 133 353 -2,4, L
-2,14, L -3 84 79 346

-4 68 76 8 195 193 0
-3 36 38 33 -5 124 124 17 -1 289 279 176

- 6 44 57 45 -2 190 1/5 171
-2,13,L -7 80 80 21 -3 354 34 6 353

-8 55 58 352 -4 224 225 186
-4 29 32 28B -10 80 79 194 -5 102 1 03 297

-12 50 54 357 -6 98 109 237
-2,12,L -7 166 1 59 112

-2,7, L - 8 134 134 369
-1 28 36 22 -9 85 82 353
-2 41 33 115 0 120 125 180 -IB 106 108 4
-3 2b 32 236 -1 42 22 270 -11 104 101 184
-4 53 50 184 -2 44 42 152 -13 33 41 310
-7 52 51 344 -3 48 54 211

-4 87 83 321 -2,3, L
•Zillfl -5 183 191 79

-6 1 4W 142 75 -1 303 296 63
0 43 34 180 — 8 35 45 239 -2 550 561 121

-1 37 39 165 -9 38 28 236 -3 419 412 203
-2 7 fi 69 292 -10 30 35 46



7 / '

2 f b
7 8 0
3 37
7 6

2 8 8
6 6

714
149

27 3
27
176

4
32
9

178
166
291
170

27 3
138
38

266
323
35

326
64
13

281
265
98
57

186
250
29
155
159
42

354
152
113
113

_ n 
" f t 3,1. r* fi

- 5
r  - 3
; 74

8 ] 6 ; 7 if- 'r 1 • - o 1 6
7/2 7 / 4 25 9 -7 7 5
.1 3 o 1 4 6 f y - 8 1/5
4 4 , 3 6 433 - 9 h 9

772 72 6 259 -10 139
54 56 113 -14 4/
4b 4 3 761
70 73 5 -3,
4 b 41 2 9 3

3 4 9
-7,7,1

~3,1
6 72 9 6 8 1 8 3
66 2 0 1 4 267 -5 5 7
62 2 615 72 -b 28
182 1/8 149
110 115 277 -3,
316 31 4 9 3
196 178 61 -1 78
7?' 1 192 1 5 -2 42
14b 1 4 4 578 -8 6 6
3 4 37 144

128 138 153 ~3,
75 68 36
63 59 339 0 51
4 7 4 3 124 -1 36
29 23 193 -3 1 1 6

-5 50
-7, 1,L -7 91

-8 26
474 453 0
396 410 1 0 8 -3,
527 513 245
256 258 3 (: 4 0 63
121 13b 96 -1 88
353 329 120 -2 55
76 78 276 -5 4 0

127 117 265
149 141 80 -3,
71 7b 6 6
65 66 30 3 0 148
36 32 224 -1 51
71 74 215 -2 43
73 69 299 -3 53

-4 121
-2,0 t L -5 101

-6 109
801 828 180 — 8 53
272 281 270 -12 35
694 1229 180
288 294 90

‘ 18  
1 i\ \ i )

— 4 <-' 9 , L
J ' J
1 (M K ■ 163 1 6 3
6 8 27 0 -1 1 6 1 1 7/

168 1 8 0 -2 64 6 2
6 1 9 0 - 5 172 126

149 0 -6 45 42
49 0 -7 6 3 58

-8 26 24
,L -11 60 61

-13 79 73
4 9 9 0

-3,7 , L
, L

0. 6 9 59
3 6 152 -1 1 49 137
31 2b -2 30 3 0

-3 64 67
r u - 4 li*8 1.3 9

-5 174 176
34 293 - 6 119 110
49 145 -7 .61 60
63 64 -9 72 19
i -11 30 36

11,
-3,6 r L

53 90
34 198 0 401 4 16

117 12 -1 267 770
48 129 -2 59 70
86 34 -3 78 74
13 241 -4 87 86

-5 73 73
,L -6 40 37

-7 61 57
58 90 -8 1 75 1 06
94 94 -9 80 79
63 13 -10 65 63
35 192 -11 45 46

-12 45 36
L

-3,5 , L
153 270
51 73 -1 249 254
50 340 -2 240 232
49 126 -3 254 756

12? 197 -4 159 155
101 357 -5 92 94
116 347 -6 37 38
49 191 *7 133 126
35 91 -8 37 4?

-9 56 51
-10 85 92



- ;< , l'/ 1 - 1 6 - 5 *'52 1 6 F -5 < : 0 77 2 1
-2 6 3 7 6 4 0 7 1 7 -7 6 1 6 6 1 /J 2

11 60 4 6 i 4 9 -3 2 1 ' 2 36 8 5 - 1 1 ■ 4 8 4 5 3 6 1
1-5 ^2

-3,4

5 3

► L

1 1 - 4 
.. 5 
-6

714 2^2 
216 218 
347 833

562
187
166

-4,0,t
-7 133 129 31 (1 0 28 34 0

(-4 6 5 9 0 -8 176 16 2 351 -1 48 45 6 2
-1 3 56 3 70 266 -9 213 216 2 7 6 -2 145 147 97

by i 5 58 24/ -10 65 54 1 4 5 -3 61 62 121
-3 3 82 361 2 6 9 -1 1 4 3 4 1 191 - 4 2 4 17 6
-4 83 7 0 2 6 3 -12 ' 46 30 81 -5 127 134 2 8 4
~6 1 1 b 114 165 - 1 4 5 4 6 5 2 5 -6 56 6 3 114
-6 20 1 3 92 368 -7 oa 67 59
-8 3 6 1! 8 316 -3,lr-,L-9 72 u9 221 .4,8,L
10 78 76 1 2 8 -1 614 637 90
12 6 9 6 9 24 9 -2 165 141 1 8 0 0 76 70 180
lb 31 38 95 -3 65 56 27 0 -1 162 1 62 124

- 4 174 109 0 -2 169 1 58 15
"3/3 ,L -6 7 1 0 1 9 6 270 -3 7 4 78 244

-6 2 38 20 8 0 -4 73 65 300
696 6/9 27 0 -8 118 125 f? - 8 54 57 324

-1 4P6 39 9 322 -9 143 138 27 0 -9 39 34 121
-2 103 84 316 -10 100 100 0 -10 79 82 128
-3 21b 20 6 164 -11 77 78 90 -11 36 36 176
 ̂4 204 167 270 -12 57 53 0
-6 357 370 32 -4,7/ L
-6 3 9 57 307 -4,14,L
-7 347 3 39 164 0 147 145 0
-8 11.9 116 54 -1 28 37 220 -1 45 41 208
U 48 50 238 -2 117 J 17 92
12 46 4 3 32 -4,12/L -3 200 187 268
13 49 50 171 -4 46 44 336

-1 4 6 4 5 13 ~b 92 95 80
-3/2 ,1. -2 52 57 328 -6 34 33 129

-6 44 48 12 -/ 114 118 286
0 281 258 90 -8 54 62 237

-1 553 534 282 -4,il,L -13 46 41 273
-2 166 174 229
•3 133 134 359 -2 52 46 257 -4,6, L-4 216 186 279 -3 52 53 121
-5 255 252 30-3 -4 101 100 94 0 223 237 0
-6 200 195 251 -5 67 69 97 -1 153 140 61
-7 105 123 263 -6 36 41 256 -3 213 239 163
« 8 115 126 92 -8 32 33 114 -4 165 154 308
-9 1 4(j 142 80 -5 66 56 89
>10 59 6b 339 -4,10,L -6 210 210 316
11 36 34 272 -7 91 94 331

0 140 137 0 -8 49 54 258
-3,1 t L -2 59 53 240 -10 54 56 57

— 3 46 41 31 -11 48 48 306
0 97 9 3 270 — 4 37 34 314



- * ,f' /1. - 4 2 - 8 2 4 3 7 1 1 c *■ 1 64 3 69
- 6 1; 2 3 8 4 1f 6 ~ 3 6 3 4 8 33 1

. \ b 4 3 ;i -6 124 1 2 3 20 1 - 4 6 2 4 4 661
-1 2 3 9 2 1 3 1/2 -/ 1 3 1 122 7/0 -5 57 58 221
-2 190 1 67 26 3 -8 6 9 7b 44 -7 4 3 46 3 1 9
-3 174 , 1 6 6 3 -9 122 133 237
- 4 217 2 1 0 10 2 - 1 0 123 122 20 3 -6,10 r L
-5 227 235 262 -11 52 4 9 515
-6 95 95 265 -15 25 23 175 0 26 25 270
-7 47 44 8 0 -1 177 113 93
-6 191 2 1 2 61 -4, 1 ,L -3 56 54 223
-9 45 j 7 1 1 - 4 62 5 6 H 2
li 57 4 9 210 0 181 174 0 -6 27 27 3 69
12 3 9 39 7 6 8 -1 69 6 4 0 0 791 -8 44 4 3 266

-2 ! 48 142 4/ -9 4 1 39 321
-4,4, 1. -3 5 20 4 9 0 273

- 4 4 03 375 113 -5,9, L
7? 4 1 4 4 1 0 18'} -5 3 I 2 332 62

- 1 51 31 197 -6 163 1 62 2 8 0 0 107 98 90
-2 131 111 181 -7 1 68 178 283 -1 60 8 3 350
-3 286 279 9 -8 45 47 90 -2 67 74 53
-4 254 24 6 17 -9 72 74 60 -3 62 65 215
-5 55 55 19 -10 35 41 a -4 63 67 169
-6 84 85 3 3 4 -13 4 7 4 9 2.43 -5 64 63 9
-7 120 1 8 8 220 -15 4 7 44 79 -6 77 77 364
-8 128 1 29 132 -7 48 4b 186
-9 36 57 353 -4, -8 45 44 61
10 7 0 7? 204 -10 38 31 107
12 2 9 29 1 0 4 0* 267 224 0
14 42 46 39 -1 264 276 90 -5,8, L

-2 235 213 180
-4,3, L -3 56 4 0 270 0 150 149 90

-4 78 99 0 -1 177 186 239
0 128 165 0 -5 617 606 270 -2 38 39 266

- 1 45/ 431 288 -6 50 54 180 -3 51 62 151
"2 423 394 38 -8 143 134 180 -4 69 57 7
-3 173 173 101 -10 96 98 0 -6 96 101 227
-4 240 215 265 -11 22 23 90 -7 38 43 178
-5 62 73 346 -12 53 59 180 -9 44 36 75
«6 372 356 79 -14 30 36 180
-7 64 7? 336 -5,7, L
-8 59 59 267 -5, 1 3, L
-9 116 118 245 0 71 73 90
■16 76 82 124 - 3 28 20 138 - 1 59 62 204
11 33 38 245 -5 41 36 333 -2 82 75 118
-12 52 55 71 -4 183 193 0

- -5, 12,L -6 177 191 191
-4,2, L -8 76 71 12

-2 60 52 8b -9 30 40 350
0 492 482 180 -11 40 41 2

"1 438 403 66 -5, 11,L
-2 337 322 280
-3 96 110 92 -1 36 32 10/



- 5 , '-r L  ̂1 1 
i M 4 1 / 2 b - ' , 1 2 ,1.

-1 ) 5 4 61 1 4
-1 1 1 1 1 1C 1 2 ' -8 5 7 b 8 I f- 8

1 2 9 3 2 7 1 3b -6,2, L
-.5 1 1/ 1 1 3 7 b -6,11 t L
-4 23/ , 2 35 222 0 4 73 4 55 2 70
-b 78 6 0 26 4 -1 134 3 32 125 0 48 5 8 0
-6 137 135 24 0 - 2 196 177 163 -1 33 31 24 8
-7 48 49 268 -3 8 59 2 38 96 -2 59 49 251
-8 9 3 5 b 124 -4 50 40 339 -3 72 71 32 3
-9 48 87 271 -5 134 126 194 -6 43 4b 266
lb 3 8 3 3 16 0 -6 1 1 1 103 180
12 3 6 3 6 67 - 7 142 136 513 -6,1 5 r L

-8 3 3 3 7 162
-9,9 /I -9 6 0 6 1 71 0 106 1 38 0

-1 0 8 0 6 2 25 4 -1 67 69 173
1 6 8 1 57 90 -11 38 41 273 -2 77 78 135

-1 206 1 6 8 183 -12 58 62 106 -9 41 34 29
-2 122 124 299 -1 4 28 32 7
-3 286 279 338 -6,9, L
-4 26 36 78 -6,1 ,L
-5 16b 140 196 0 64 69 160
-6 206 200 3 0 98 10 4 90 -1 49 58 247
-7 213 216 362 -1 272 310 219 -3 48 46 10
-8 31 24 257 -2 216 222 255 ' -4 93 96 267
-9 8 3 69 212 -3 109 120 154 -5 74 78 263

-4 4 8 9 506 835 — 6 25 24 7b
-5,4 rL -5 64 55 206 -7 4 5 43 105

-6 76 70 210
125 153 9 0 -7 1 1 0 113 7 -6,8, L

-1 10 4 83 62 -8 93 90 2
-2 70 94 2.46 -9 45 48 21 0 164 168 180
*"3 171 170 78 -11 31 34 121 - 1 26 30 213
-4 8 b 69 136 -12 43 48 215 -2 66 64 328
-5 79 76 60 -13 37 37 64 -3 101 105 345
-6 H 7 148 140 -14 55 67 317 •M ̂ 52 51 174
-7 91 84 21 -5 101 10.6 10b
-8 126 129 254 -5,0, L -7 63 61 239
-9 68 67 20 -10 73 70 221
U 49 55 15 -1 640 552 90

-2 60 74 180 -6,7, L
-5,3 f L - 3 192 95 270

-4 4 86 436 180 -1 102 108 357
0 329 34? 90 -6 276 257 90 -2 33 34 15

"1 101 106 225 40 52 180 -3 64 60 259
-2 390 387 60 — 7 178 165 90 - 4 123 129 197
*3 428' 425 168 — 8 164 166 180 -b 227 230 91
-4 75 77 203 -9 146 152 270 -7 87 7b 273
-b 215 208 360 «10 2b 20 180 -8 33 28 296
-6 100 94 303 -10 23 21 296
-7 139 137 186 -6,13,L -11 33 32 9
-8 165 173 173
"9 119 139 25 -2 49 38 82



-6,7, L -7
-8

1 2 
«■ 3

r ■ o
22 4

72
2'9 3

-7,1 3 , 1.
i;? 31 2 7 1 4 r- 1 1 • 3 rt 3 76 -3 5 8 3 4 1 9 5

~ 1 .1 3 J 6 1 70 -5 30 17 b
1.

# -6,2 , L -7, 17 ,Loo l n 9 b 0
-l 1 E O 3 78 3 b 9 n 1 18 1 30 1 8 0 -3 42 3 6 3 5 5

H / 9 8 21 6 -1 138 115 7 -4 25 3 9 293
-3 31 2 8 5 5 - 2 138 130 31
-4 1 9 0 2 *• 8 157 -3 386 378 220 -7,11 ,L-b 184 1 83 254 -4 83 79 1 59
-6 5 4 5 3 153 -5 1 4 4 139 59 -2 6 0 5 3 229
-7 7 5 84 9 b - 6 61 47 211 - b 57 5 6 144
f-6 7 3 78 1 4 6 -7 20 6 197 0
10 bO 4 6 34 0 -8 128 126 4 -7,10 , L
11 7 4 68 31 -9 9 0 94 1 05

-10 6 b 61 97 C*t 51 54 90
-6, 5, L - U 31 31 32 -1 38 3 3 53

-12 41 43 350 -2 41 41 271
0 71 77 180 -3 41 42 301

-1 1 lb 122 266 - 6, 1, L -9 40 4 0 218
-2 126 117 227
- 3 bb 4 6 104 0 3b 3 IBP -7,9, I.
- 4 3 73 1 75 50 -1 242 2 v15 105
-b 1 7 4 92 23b -2 328 320 286 -1 79 83 238
-6 287 283 274 -3 161 173 293 -2 64 69 287
- 7 123 130 H 8 -4 1 70 93 304 -3 41 46 200
"8 60 62 \V 4 -5 186 171 117 -4 92 82 179

-6 90 97 270 -6 65 61 327
-6,4, L -7

-8
117 
63

120
68

219
181

-a 37 42 236
0 136 133 0 -9 93 62 103 -7,8, L

-1 147 155 1 bb -13 52 37 288
-2 179 193 41 -14 41 38 1 09 0 59 55 270
-3 45 22 51 - 1 123 1 27 298
-4 31 27 222 -6, 0 ,L - 3 76 75 52
-5 73 60 193 -4 106 108 22- 6 73 50 147 0 4 80 494 0 -5 50 49 181
-7 111 111 177 -1 289 290 270 -6 65 61 162
-8 103 10 8 258 -2 180 16b 180 -9 52 47 107
-9 46 44 8 -3 284 268 90
10 26 27 296 -4 185 178 0 -7,7, L
11 60 56 169 -5 24 34 90

-6 50 51 180 0 146 149 270
-6# 3, L -7 100 9b 90 -1 44 44 309

-8 139 137 180 -2 3b 37 163
37 4(4 180 -9 29 33 270 -3 106 106 135

-1 103 91 5 -10 73 66 0 -4 133 131 328
-2 277 287 115 -12 53 51 180 -5 8b 84 248
-3 211 202 97 -13 26 23 90 -6 68 77 178
-4 283 297 261 -14 33 44 0
-5 163 172 ' 246 -15 43 41 270



- 7 , 7 - 4 1 3 :) 1 3\- 2 1 6 -8,12 • L
“ 5 1 2. • 1 15 5 57

"7 / 4 f 6 9' - H -6 ) 1 8 1 1 3 3 1 1 0 2 5 3 2 ; l
-7 1 2 ‘ J 2 0 2' ‘ 4 -1 4 5 4 6 3 52

-7,6 ,L. -9 51 6 3 3 5 5
# -8,11 ,LP 90 6 3 2 7 3 -7,2 r L

1 6 9 10-9 f'2 -2 36 3 3 233
-2 164 1 9 0 6 3 193 197 90 -5 55 55 97
-3 7/ 6 2 284 -1 221 20 4 252
~4 31 4 0 IPS -2 2 80 255 79 -8, IP , L~5 99 9 6 167 -3 1-3 69 26
-6 19/ 1 9 4 17 -4 ?qb 27 0 342 -1 4b 4 4 2; P

7 3 7 2 t 8 -5 1 \i 0 6 2 -3 32 3 5 357
-6 36 4 3 116 -6 5 9 5 8 280 -7 55 57 183
-9 4/ 50 255 -7 4 5 47 147 -8 4 4 3 6 156
IP 7b 75 308 - 8 128 1. 30 49
11 56 55 1 37 - 9 100 1 09 121 -8,9, L
12 3 3 25 9 3 - 1 0 .66 51 21b

-11 6 2 6 6 234 -3 9b 8 9 99
-7,5 , L -12 4b 37 125 -5 67 66 2 50

-13 36 39 18 -7 35 40 8 9
P 6 9 72 9 0 -9 45 46 279

-1 26 33 76 -7,1 , I
-2 3 2 4 3 1 37 -8,8, L
~3 138 1 39 51: 8 0 1 5 6 143 90
-4 116 1 10 194 -1 174 177 0 0 101 96 180
-5 196 197 155 -2 149 141 156 -1 70 72 300
-6 79 73 97 -3 113 104 347 -2 63 68 6
-7 71 79 74 ~ 4 273 260 41 -3 79 6b 226
«8 5 3 47 214 -5 77 67 143 -4 61 61 196
11 34 22 154 -6 159 16b 173 -5 6b 72 64

-7 87 90 61 -7 45 51 310
-7,4 ,1. -8 77 88 34 1 -10 4b 40 187

-9 46 49 248
0 244 239 9 0 -11 38 38 284 CO1 L

- 1 33 36 274 -13 29 29 358
-2 322 314 324 -14 38 36 47 " 1 123 126 67
-3 166 164 190 -2 50 49 65
-4 130 138 51 -7,0 fL -3 74 73 219
••6 10b 96 10 3 -4 61 63 2W3
-7 179 181 189 -1 320 336 90 -6 87 92 91
-8 54 49 206 - 2 322 291 0 -7 29 22 287
-9 33 34 227 -3 216 22b 270 -10 34 34 72
IP 1P3 101 73 -4 37 31 180 -11 25 20 42
12 31 27 254 -5 97 82 270

- •• 6 140 142 H ;cCCI L
-7,3 ,1 — 7 69 71 90

-8 41 37 0 0 209 234 0
0 123 120 270 -9 6b 67 270 -1 48 53 319

- 1 296 293 2b -11 94 93 90 -2 84 79 196
-2 103 105 163 -12 41 42 0
-3 118 104 223 -14 32 41 180



► 8 , f-,1 i; 2 211 2 M 1 9 0 -4 4 4 4 5 151
-1 ;• 4 2 7 6: : 1 2 h 4 5 5 3 6 1

-3 193 1 5 2 162 -2 2 - 3 7 9 6 3 3 6 - 9 3 2 29 5 -4 w
-4 J 1 9 lie 1 0 -3 141 1 3b 3 [■*• 1

i n If'4 2fn -4 9 9 7 0 22 -9,9, L-6 29 * 34 331 - 5 151 161 118
-7 83 72 22 -6 40 36 34 5 -2 53 51 2 ft
- 8 6 5 6 4 162 -7 4 0 3 9 198 - 4 59 58 1 63
-9 74 66 194 -8 34 34 356 -6 45 41 16
in 42 39 25 -9 10 7 103 159 -8 53 52 154
12 5 9 42 193 -10 77 83 191

-11 5 4 55 6 -9,8, L
e -14 5 8 36 172

-1 88 93 238
t? 54 42 1 8 0 1 t L -2 66 56 144

-1 H*3 15 9 9 2 -3 44 45 113
-2 1/9 1 8 9 235 0 9 9 103 1 80 -5 67 69 333
-3 1 6 0 1 81 55 -1 71 64 22 0 -6 60 51 180
-4 42 47 9 2 -3 192 108 319 -7 51 54 229
-6 69 64 6 3 -4 172 1/0 91 -9 49 52 86
-6 79 72 142 -5 236 237 86
-7 28 29 173 -7 154 14 1 256 -9,7, L
-8 /I 71 124 -8 5 3 83 1 26
12 58 50 264 -10 26 31 309 -1 66 74 49

-14 26 17 256 -2 1 12 118 165
-8,4. L -3 25 26 109

-8, 0, L -5 80 82 35
0 50 45 0 -7 42 48 127

- 1 246 258 213 0 324 323 0 -9 39 28 320
-2 65 58 129 -1 135 112 90 -10 20 30 255
-3 261 271 2 -2 43 53 180
-4 36 31 231 * 3 27*5 200 90 -9,6, I
-5 48 57 109 - 4 68 66 0
-6 63 78 82 -5 79 67 270 0 71 64 270
-7 57 56 177 -6 73 8 0 0 -1 152 143 150
-8 62 64 330 -7 44 57 90 -2 108 109 127
*•9 113 1 3 3 347 -8 24 11 180 -3 172 180 277
11 57 46 186 -10 144 137 0 -4 105 113 217
13 43 50 13 «-13 65 61 90 -5 32 24 354

-7 62 63 74
-6,3, L -9, 12,L -8 47 48 107

-9 54 54 266
-1 62 69 42 0 56 49 270 -10 46 46 201
-2 86 9P 76 -2 25 29 122
-3 100 10 4 153 -9,5, L
-4 40 43 176 -9, 1 1,L
-5 85 ' 78 176 0 45 47 90
-6 249 252 110 -5 33 30 210 -1 57 53 166
- 8 61 53 103 -2 154 156 286
-9 38 5P 170 -9, 10, L -3 80 88 338

-4 61 58 101
-8,2, L 0 56 50 90 "5 33 36 313

-2 38 41 287



5/7
{' 3

222

1 8 0
8

196
96

303
270
16

34/

230
34b
341
74

276
346

177
18
6

202
357
182
83

180
36

350
194
284
295
309
22

282
197

180
14

273

- ° f 5 t L -2 4 2 4 3 321 -4 4 6 54
-3 118 1.27 39 - 6 9 3 95

4b 4 8 8 3 - 4 131 128 5 - 8 5 5 51
52 5 3 3 5 [') - 5 6 7 7 6 2 07
62 57 294 -6 1 9 0 1 8 8 168 -13, 6,L

* -9 4 8 4 6 243
-9,4 9 L -10 28 17 92 0 33 41

- 1 106 1 38
218 214 90 -9,0,L -2 1 0 6 134
1 13 105 3 63 -3 45 37
216 219 239 -1 229 236 90 -6 42 42
62 5 3 2 1 3 - 2 76 92 0 -7 48 47

120 1 15 182 -3 34 30 270 -10 52 46
23 25 236 - 4 2 30 250 180 -11 50 52
31 23 8 -5 4 5 4 3 2/0
77 74 298 -6 8 4 6 4 0 -10, 5, L
6 6 6 5 66 -8 4 1 38 180
61 62 269 -9 9 0 9 9 270 -1 186 195
34 28 174 -11 69 72 90 -2 74 83

-3 66 85
-9,3 t L -10,12,L -4 93 88

-6 72 77
54 46 270 -3 56 48 189 -9 53 56
44 58 344

136 145 84 - 1 0, 11, L -10, 4, L
131 1 32 118
48 48 111 -3 31 33 261 -1 190 186
91 88 358 -2 51 53
60 64 18 -10,10, L -3 67 71
74 71 10 1 -7 53 45
41 42 105 -1 6/ 58 175 -9 61 52
40 40 225 -3 47 49 66 -11 58 62

-12 36 27
-9,2 r L -10,9,L

-10, 3,L
256 235 270 -3 50 47 118
270 281 264 -5 49 34 295 0 106 98
144 139 156 -7 50 46 42 - 1 87 87
106 1 0 4 195 -2 95 101
69 67 225 -10,8,1. -3 93 87
118 122 198 -4 154 153
109 106 188 0 51 47 180 -5 134 133
81 72 338 -1 54 59 50 -6 65 58
81 73 105 -2 84 88 45 -7 131 132
47 b! 67 -5 43 46 126 -8 64 71
66 65 274 -6 47 44 79 -10 28 33
49 57 261 -8 48 51 337
43 39 116 35 37 128 -10, 2,L

"9,1 / L -10,7,L 0 192 185
-1 77 72

90 91 270 0 60 63 0 -2 78 76
60 71 68 -3 54 46 260



-1'-, 2,1. -  A 5 6 91 - 35 7 -2 1 54 151 6 6
- 6 6 4 6 5 1/9 -3 117 1 *8 3 3

-3 1 9 9 294 1 8 4 -H 6 2 4 6 44 - 4 113 124 3 3 9
-4 4 5 4 0 160 -5 97 9 6 1 3
-5 123 ' 1 (.9 4 2 -11, 6, L -9 28 14 90
-7 11/ ,121 360 -10 49 4 5 3i 6
-8 31 32 76 79 82 27 0 -11 38 35 245
-9 59 63 231 "1 105 12 4 45 -12 43 34 115
13 42 46 164 -2 41 41 45
12 46 49 7 -3

-4
83
40

94 
4 6

48
275

-11/ 1 #L
- 13, 1 ,L -6 24 25 321 -1 167 3 60 136

-8 4 6 4 4 14 -2 121 123 238
i4 1 2 9 1 6 4 9 -10 29 3/> 264 -4 99 103 352

-1 5 1 46 20 9 -6 52 53 2 08
-2 76 77 239 -11, 5,L -8 88 92 324

1 1 1 10b 279 -9 40 40 265
-4 76 75 217 0 77 61 90
-5 141 137 47 -2 1 6 4 If 4 321 -11/ 0,L
-7 39 4 4 30 4 - 3 62 61 63
-9 47 36 69 -5 82 93 185 -1 130 142 90
1 S3 48 52 9 -6 37 47 43 -2 56 57 180

-7 66 66 350 -3 58 54 270
-10/ 0 , L -9 55 49 118 -4 77 77 180

-10 48 49 93 - 5 126 123 90
a 218 211 0 -6 8 3 84 0

-2 246 249 180 -11/ 4/L -7 80 78 90
- J 33 32 270 - 8 41 39 0
-4 34 27 180 0 9 2 116 90 -11 41 35 90
-5 197 184 270 -1 58 55 64 -13 46 4 0 270
-7 62 67 90 -2 HI 84 254
-6 70 76 180 -3 134 145 87 -12,10,L
12 57 57 180 -6 49 52 333

-7 43 42 286 0 46 46 0
-11/10,L -8 85 84 266 -3 42 44 47

-4 31 30 85
0 57 55 90 -11# 3/L

-2 43 37 292
0 164 159 270

-12/ 9/C
-11, 9,L -1 87 88 272 0 59 68 180

-2 39 41 80 -2 41 37 63
-5 51 43 3 - 3

-4
90

152
92

161
211
227

-5 54 44 233
-11, 8#L -5

— 6
36

147
24

111
24

305
-12, 8/L

" 1 61 62 312 -7 4b 38 157 0 28 25 180
-2 37 35 182 -8 32 32 126 *» 5 34 35 112
-4 47

-11/

4 3 
7,L

26 -9 27
-11/

27 
2, L

41

-1
-12,
34

7 / L 
37 35

"1 46 42 105 0 168 171 270 -3 80 81 268
-3 29 28 217 -1 49 47 289



-12/ 'T/ , L - 4 3 3 28 2 22 -13, 6 * L
~ 6 4 h ■ 7 1 1 2

”  A 2 6 3 9 6 3 - 7 6 2 61 2 3 6 - 4 6 6 6 2 148
-5 3 2 3 8 6 9 -8 4 1 3 6 2 90 -7 3 5 3 2 310
-6 32 3 0 26 r*- Q 61 6 0 197 -6 42 4 5 2 68
-7 7 2  tf 68 262 - 1 0 44 36 143 -9 28 27 210

-11 29 30 24
"17, 6 ,L -13, 4 , L

"12, 1 ,L
0 4/ 41 0 0 5/ 63 90

-2 5 4 66 296 >1 2 1 3 219 O -1 62 45 3 2 6
-3 6 8 6 6 163 "1 7 8 78 162 -2 87 91 3 00
-4 4 6 4 3 64 - 2 6 0 6 7 99 -3 97 101 262
“7 3 4 2 6 6 7 -3 4 6 101 265 -4 36 3 6 97" 8 30 29 1 2/ - 4 62 62 72 -5 31 41 25
-9 29 24 148 -6 1 2 7 3 2 0 125 -7 3 2 34 138

-6 46 41 263 - 10 35 38 68
5 , L -7 84 9 0 24?

"8 34 33 1 90 -13, 3 , L
-1 67 67 143 -9 26 3 3 15

37 .39 270 -2 120 117 69
-3 29 29 74 -12, 0, L -5 74 78 5-4 4 5 52 92 -7 67 65 208
-5 66 64 271 -3 47 60 90
"6 6 0 47 292 - 4 54 57 r< "13, 2 , L
-7 73 69 147 «6 27 36 0
- 8 4 6 44 35 -7 48 45 270 0 43 4 0 270

-11 41 37 270 "3 50 54 98
-12, 4 , L -4 48 53 358

-1 3, 9 , 1 -6 65 67 181
- 1 69 86 162 -9 34 31 60
-2 67 69 6/ -3 46 43 158
•« 3 70 71 337 -4 44 4 0 184 "13, 1, t
-5 71 77 274
•7 63 58 128 "13, 8,L 0 99 93 90
-9 33 32 354 - 1 97 99 66

0 45 40 270 -2 93 93 187
-12, 3 , L "3 54 51 346

"13, 7 , 1 -4 97 89 16
0 50 56 180 •5 56 59 182

" 1 94 99 335 0 24 33 270 "6 107 108 176
-2 85 78 10C -2 50 46 137 " 8 34 35 332
- 3 94 101 155 -4 53 44 358 -9 36 38 254
«4 54 58 330 -6 51 55 188 "10 43 42 191
- 6 87 90 78 -11 40 41 58
-7 39 31 62 -13, 6, L
"9 63 63 221 -13, 0 , L

0 35 38 270
-12, 2 , L -1 33 36 172 ~4 61 58 180

-2 72 73 54 -5 67 55 270
" 1 120 129 325 m  3 37 39 314 -7 45 43 270
-2 40 25 21 -4 41 37 205 -9 44 33 270
■•3 68 59 256



- U S ; , I -3 8 6 8 6 08 4 -16, 1, L
-4 4 6 3 7 1 32

1 3 6 3 6 1 3 3 -5 6 3 6 0 / 3 -2 62 4 9 1 74
-7 6 9 67 6 6 -3 3 3 26 318

-14, 9,L -8 44 44 127 »* 4 64 63 3
-9 56 56 103 -6 46 4 4 119

-b /I 8 4 8 291 -ft 54 53 1 6
-14, 0 ,L-14, 8,L -15, 0 , L

'3 113 1 1 1 100
i‘ b 4 52 180 -2 33 30 180 -2 85 89 0

-3 61 48 90 -3 48 51 270
-14, 7,1 -6 7 3 61 2 7 0 -7 6 9 63 90

-7 37 4 6 90
V: 41 39 3 - 8 29 29 1 00 -16, 7, L

-3 31 2 9 229
-16, 8 , L -3 32 28 252

-14, s  u
-2 29 23 70 -16, 6 , L

-2 44 4 6 217k 4 38 38 162 -15, 7 , L - 4 32 26 67
-14, 5, L - 4 43 41 342 -16, 4 , L.

-6 60 44 201
- 3 62 67 24 -1 37 37 174
-5 42 42 298 -15, 6 , L - 2 48 46 46

-14, 4,L -5 32 36 182 -16, 5, L
-1 73 75 192 -16, 5 , L -4 34 33 220
-2 46 46 139
«4 49 53 271 -2 46 45 282 -16, 2 , L

-5 45 42 152
-14, 3, L -1 57 55 18

-15, 4 ,t - 3 47 43 219
-1 41 41 362 -4 28 45 102
-4 63 63 234 0 7(3 64 90
- 6 42 38 10 5 -2 38 42 250 -16, 1,L10 32 26 178 -3 57 62 163

-7 49 44 193 -3 32 30 258
-14, 2, L -5 24 27 65

-15, 3 , L -7 32 29 273
- 1 54 59 66
"2 45 48 280 -1 4 0 50 305 -16, 0 ,L
-4 37 31 148 -4 28 25 211
** b 41 42 83 - 5 39 29 353 0 102 104 0
-7 44 40' 1 -3 79 73 90
-8 44 42 51 -15, 2 ,1

-17, 4, L
-14, 1 , L -1 47 43 203

-2 56 60 136 -1 29 31 350
" 1 83 94 63 -3 36 38 2
"2 8 3 65 220 -5 47 43 201



~ 17,*,L
-  4 2 6 2 2 1 1 ' . '

~ 1 7 , 2 , L
0

8 79 77 270
-2 3 3 31 1 3 3
-3 3b 27 14

~4 3 ' 28 378

-I/» J #L 

-5 37 32 3 97
- 1 7 , 9 , L

-I 61 9 9  9 0

- 16,2,I 
8 26 31 lu‘;

- 1 9 , 1 # L 

-1 4 1 3 4 9 5



A P P E N D I X  7

CALCTJLATED AND OBSERVED STRUCTURE FACTORS FOR 

5 , 5-LIPHENYL-6-OXO-2 , 3 , 5 , 6-TETRAHYDROBTIDAZO 

[2,1-b] THIAZOLE



12 ,6,1 11,) L -4 61 6 0 ,9,L
- 6 67 5 8

2 6 8 71 i \ 4 7 -4 3 -8 23 8 -1 3 !4 31
4 6 6 - 6 3 -1 3 7 -35 -9 95 -95 -2 119 -122

0 -6 6 3 -49 -3 76 -79
12 ,/#L t 1,2, L -8 31 -29

11,, 9 , L
1 79 -76 -1 54 50 1 4,8 ,L3 79 73 -1 41 -35 -2 5 3 47

- 2 6 5 - a 7 -4 4 7 5 0 -1 94 9 8
12 ,6 ,1. -5 66 -67 -7 39 4 4

11 ,,B,L -7 72 -65
4 b0 -41 - 8 27 28 1 0 ,7,1.
6 64 6 6 0 4 6 4 .3

-1 46 46 1 1, 1, L 0 61 -64
12 , 5, U -3 27 22 -4 4 8 48

*5 4 7 - 4 9 0 69 67 -5 55 59
0 64 64 -7 26 -32 -1 48 39 -10 52 52
6 46 -4 1 -8 36 4 0 -3 80 81

-8 58 53 10 ,6 ,L
12 , 4, L, 11-,7,1 -9 49 51

0 89 88
0 97 -97 -4 6(3 64 11 , 0 , L - 1 50 -58
1 46 -37 -6 46 47 -3 42 -43
6 4/ -46 -7 25 -25 -2 123 -121 - 4 13 3 -131

-8 28 26 -4 137 -132 -5 56 56
12 ,3,L -6 71 70 -7 30 -22

11 ,6 ,L -8 51 -48 -9 55 -60
1 68 65 -10 58 -51 -10 54 -58
3 97 -92 -1 36 -35
7 36 34 -2 63 -62 10,13, L 10 , 5, L

-5 57 57
12 ,2,1 -8 37 -30 -1 52 -4 9 - 1 63 62

-4 52 -49 -3 48 -45
3 27 -35 11 #5,L -4 92 -89
4 37 38 10,12,1 -5 60 71
9 26 -19 0 54 -48 -7 25 -30

-2 89 67 -6 55 59 -8 64 69
12 #1,1 -3 51 47 -9 39 43

-4 32 -34 10,11,L
7 34 - 34 -6 98 -93 10 , 4, L
8 36 -3B -2 60 57

11 , 4, L -5 30 26 0 52 -50
12 ,0 ,L -8 42 36 -1 58 -52

-3 45 — 4 8 -4 77 73
0 69 68 -5 53 53 10,10,L -5 33 20
4 61 -56 -7 40 41
6 38 47 -8 38 39 0 38 -44 10 , 3 , L
8 79 69 -10 35 32 -3 23 27

-b 33 -34 0 92 -88
U# 11,L 11 #3#L -6 30 -39 -3 123 -■130

-9 28 26
"2 46 39 -3 93 -92



I-'-, 3, |. -3 3 8 ,t >, 8 4/ •; h -1 1 3 0 22
-5 66 6 6 "I 5 8 - 5 0 - 1 2 6 7 66

-4 2/ 3 5 -2 44 38
-5 64 - 6 0 r,

9 11, L -4 60 - 86 9 , **, L
-7 40 , 3/ - 6 41 -31
-8 23 - 33 -1 32 34 -7 53 57 0 216 216
11 47 -54 -2 61 64 -8 3/ 38 -6 61 58
12 49 -46 -3 54 -51 -10 63 64 -8 4b 44

-4 7 3 -65 -10 22 -14
1,*,2,1 -6 78 -7? 9, 4,L

6, 16, L
-1 100 98 9, 1 3, L 0 127 -126

41 38 -1 119 -132 0 31 -29
-3 28 30 -4 51 49 -2 88 80 -2 46 48
- 4 44 44 -5 53 48 -3 42 46 - 4 38 36
-b 59 -53 -6 38 -41 -4 81 85
-6 62 -66 -10 32 33 -6 61 -65 8 ,15,L
-7 81 82 -9 41 -34
-9 44 38 Q ,9,1 -18 29 34 0 50 50
11 33 -32 -11. 71 65

0 23 -23 B, 14, U
in ,1,L -2 89 -91 9 t 3, L

-3 41 -42 -2 87 -85
0 84 -83 -9 71 -78 0 57 57 -3 56 -66

-2 63 -60 -1 57 56 -4 71 -70
- 3 129 124 9, e,L -2 53 -51
-4 36 -37 -3 34 -26 8 ,13,L
-5 33 39 0 65 -71 -5 64 -68
-8 56 - 58 -1 91 95 -6 58 -59 0 78 -79
-9 27 35 -2 62 59 -7 96 95 -3 101 98

-4 44 -34 -5 52 50
10 ,0,L -5 65 -65 9, 2,1 -7 52 - 50

-6 78 78 -9 45 44
0 57 48 -10 53 57 -1 196 197

••2 148 -152 -2 24 -26 B, 12,L
■» 4 122 -136 9, 7,1 -3 52 49

-4 44 -42 0 61 57
9,15, L 0 41 36 -5 71 -70 -5 82 80

-3 94 93 -7 66 70 -8 39 39
-3 45 30 -7 50 -42 — 8 95 -97 -9 45 50

-9 66 67
9, 14,L 9, 6 , L 8 ,1 1, L

9, lr L
0 31 19 0 78 74 0 78 76

-1 25 -18 -2 38 45 0 104 -108 - 1 61 66
-2 27 -31 -3 67 -72 -1 90 -90 -3 80 -74
-4 59 -52 -4 142 -142 -2 250 -252 -7 79 79
-b 61 -61 -7 38 42 -4 89 94 -9 35 "*4 2

-10 29 -35 -5 27 30
9 r12,L -12 35 -27 -6 30 -34 8, 10,L

-7 83 -87
0 33 -45 9, 5, L -8 71 -66 0 191 -189

"1 50 -47 -10 44 43



p,K  /! !) 1 4 4 1 3 8 6 t2, L - 4 3 6 -34
-1 4 8 4 8 - 9 f> 5 54

-1 81 -63 - 2 2u4 '-223 "1 1 22 115
42 47 -3 25 26 -3 1 19 1 13 7, 1 3,L

-3 64 ^ 6 3 -4 67 69 -5 8 9 -86
-4 36 33 -6 57 - 6 0 -7 49 47 -1 6 0 - 62
-5 41 "37 -7 77 73 -8 35 -33 -2 70 67
-6 67 "68 -8 76 74 -9 65 56 -3 79 77
-7 57 -58 -9 85 89 -11 47 37 -4 31 - 3 3
-8 6 b -56 -10 36 -3b -5 8 3 -49
-9 6 3 -60 -11 27 28 B, 1 , L- - 8 4 8 46
10 H 4 88 -12 59 55

-13 7 6 8 0 0 93 -82 7, 12,1.
9,1 - 1 53 -4b

8, 5,1 -2 194 -194 0 56 53
0 51 58 -3 27 37 - 1 122 -121
-1 33 16 0 24 10 -4 78 66 -3 82 -82
-2 49 53 - 1 3 9 -34 -5 72 -62 -6 3b 28

78 -78 -2 167 170 -6 45 -42 -9 97 -94
-4 44 37 -3 i m 95 -7 90 -89 -11 43 43
-6 8b 93 - 4 6 0 59 -8 79 -84
"7 61 62 -6 99 -1 24 -1 4 28 -36 7, .11,1
-9 53 - 4 6 -7 35 36
10 61 60 -8 6 5 62 8, 0,1- 0 8b 90

-9 42 -50 -2 126 123
8, e,L -13 34 -33 0 319 321 - 3 71 -70

-2 72 73 -5 68 -66
a 154 154 8/ 4,1 -4 65 -62 -6 2b -30
-i 56 65 -6 168 175 -7 42 50
-3 1 3 7 108 0 178 -190 -8 121 126 -8 83 86
"4 61 62 -1 36 -32 -10 139 -141
-5 92 -93 -2 105 107 -12 48 44 7, 18,1.
-7 40 39 -3 142 -144
-8 5b 51 - 4 89 86 7, 17,L 0 99 -101
■10 68 -66 -6 115 -118 -1 39 -40
11 34 22 -7 185 -197 -2 45 41 -6 60 -61

-8 31 -29 -7 22 29
8, 7,L -9 55 -47 7, 16,L

-11 56 -51 7, 9, L
"1 61 -64 -1 2 53 -50 0 54 47
-2 51 -50 -5 57 -57 0 38 -39
-3 98 102 8/ 3, L -1 152 154
-4 61 -69 7, 15, L -2 74 -68
•5 51 -53 0 167 165 -3 67 -65
•6 111 -113 -1 87 95 0 122 -123 -4 124 131
"7 114 -113 -3 128 -137 -2 73 -73 -5 95 96
"8 166 -167 -4 41 25 -3 51 -55 -6 52 51
•10 100 -1 00 -6 44 50 -5 49 50 -8 35 -36
•11 47 42 -8 42 -41 -8 92 -92 -9 58 55
•12 28 -18 -12 64 66

-13 57 53 7, 14,L 7, 8,L
8, 6,L

1 71 75 0 52 47



7, >' , L - 6 
-7

3 8 
3 3

6 1 
3 1

6 ,18,L ,11,1.
-1 177 16? -8 29 -32 0 71 -63 0 91 -93
-2 24 “25 -9 9 8 -96 -3 6 7 67 -3 69 -9fe
-3 54 , 56 -12 31 31 -4 1 1 0 - 3 Q. 9
-4 76 ■=89 -13 53 4f5 6, 17, L -5 1 52 “157
-b 137 -137 -7 38 -41
-9 119 122 7 /3 , L 0 64 66 -8 37 38
1 k) 46 “49 “1 50 50 -9 31 -45
11 6 8 -70 -1 

- 2
1 1 8 
78

121 
— 8 1

-5 57 -53 “10
“11

37
47

33
- 4 6

7, 7,1 -3
-4

6 7 
64

-67
61

6 #16,L
n, V \ L

0 51 -48 - 5 136 137 0 38 -33
- 1 43 -44 -6 94 92 -3 31 -30 0 139 -114
-2 45 -44 -7 1 0 0 “ 1 3 1 -4 6 9 75 - 1 35 40
"3 41 3 6 -8 162 -171 -8 49 -42 -3 21 22
-4 86 91 -9 61 -60 -4 285 283
-6 97 99 “11 71 -70 6, 16, L -6 48 -57
-8 9*1 -92 - J 2 45 42 -9 43 47
-9 33 -29

7, ?,L
“1
-4

44
62

-39
80

-10 66 62

7, 6,1
0 219 -213

-6 66 -60 6,9,1
0 24 - 22 -1 136 135 6, 14,L -1 78 76

-1 197 -194 -3 43 -44 -2 83 -82
-3 71 74 -5 264 -278 0 151 153 - 3 58 52
-5 62 65 -6 37 -45 -1 45 40 -4 175 170

1 0 9 106 -7 93 -97 -4 38 -4 0 -5 88 -95
- 7 50 -50 -8 142 151 -5 58 -59 -7 190 184
-8 48 -48 -9 87 92 - 8 38 39 -10 45 -41
-9 79 -86 -10 46 43 -10 88 -81
10 5b 58 -11 60 -68

6, 13, L
6, 8, L

7, 5,L 7, ! ,L
-2 33 36

0
-2

80
40

- P 8 
-42

a 52 57 -1 88 -85 -3 36 35 -3 80 -87
- 1 102 100 - 2 83 79 -5 49 43 -4 205 -205
-2 204 2G5 -3 175 174 -7 53 -49 -6 157 -160
-3 158 -157 -4 93 9? -10 37 - 38 - 8 159 -156
-4 56 -57 -6 405 414 -11 71 62 -1 1 29 -37
"5 53 58 -8 96 -102 -12 74 -76
-6 72 -70 6, 12,L
-7 60 -77 7, 0,L 6,7,1
"8 100 96 0 88 98
-9 44 57' 0 81 88 -2 51 44 0 69 -72
12 90 -85 -2 143 145 -3 25 28 -1 139 -116

-4 124 -128 -5 44 42 -2 158 -152
7, Ail -6 154 149 -6 35 38 -3 261 262

-8 147 -153 -7 37 -34 -4 25 21
-1 125 -126 -10 66 -79 -9 33 -27 -5 102 100
-4 89 89 -12 69 -6b -6 22 26
-b 191 195 -7 79 -84



t ,7, L 6/ <a
-6 11. 5 J i-7 /j 1..0 -88
-9 6 2 6 3 -1 78 °3
10 81 » 6 4 - 6 0 7 - 4 3
11 78 86 -7 464 4 66

-8 73 76
6 ,8 a -9 53 -49

-10 42 -46
\6 187 193
-1 71 -64 6, 2 a
-2 99 H 2
-4 226 -221 0 251 -253
-5 94 92 -1 220 27 1
-6 348 34 6 -4 96 -88
-7 1?1 -121 -6 99 -100
-8 167 162 -7 101 99
11 42 -51 -9 38 36
13 76 -79 -11 54 -57
14 87 81 -12 49 - 55

-14 42 -31
6, 5,1

6 /i a
0 61 64

-1 103 -91 0 154 155
-2 72 78 -1 160 -167
-3 105 -110 -2 182 -1 85
-4 93 -91 -3 187 181
-5 213 -206 -4 83 86
"6 249 246 -5 153 152
-7 71 -68 -7 167 -170
- 8 42 44 -9 27 23
-9 92 -92 -10 69 -73
10 37 -44 -13 77 -77
11 73 -69
13 37 -38 6, 0 a
14 30 30

0 330 331
6, 4 a -2 271 -272

-4 119 -121
0 128 -126 -6 121 108

-1 243 -237 -8 224 228
•2 26 30 -10 51 -48
-3 116 106 -14 89 84
-4 245 246
**5 147 -147 5, 19 a
-6 115 -108
*7 142 144 0 43 -34
*8 111 -110
-9 50 -50 5 f i b,l
•10 78 84
’12 46 52 -3 82 -85
’14 57 -47 -4 74 78

- 5 3 9 44 ~ 1 2 4 9 -39
5 /37, L c;, 11 •, L

-2 58 63 id 1 12 -110
-3 72 -74 -1 162 15/
-6 38 -42 -3 133 129

-4 53 53
5 f16, L -5 90 65

-7 75 77
0 58 -60

- 5 32 31 5a a-8 57 61
0 71 -70

5/ i 6 a -1 92 -85
-2 222 -225

0 35 -18 -3 65 -68
-2 117 -121 -4 144 -152
-3 81 79 -8 1 85 -167
-5 27 -33 -6 177 175
- 6 67 72 116 -114

-12 27 26
5 f 14a

5 , 8 a
-1 107 173 /
- 5 92 -94 0 188 194
-6 103 106 -1 73 70
10 58 -54 -2 92 -91

-4 168 175
5, i 3 a -5 236 -207

-10 52 47
-1 67 70 -11 36 36
-2 104 103 -12 50 51
-4 109 105 -13 86 -83
-9 40 31

5; 7 a
5, 12, L

0 197 184
-1 107 -112 -5 87 -81
-2 59 -55 -2 53 -53
-3 114 -113 -7 118 -121
-5 159 160 -6 137 130
-9 38 -41 - 8 106 106
11 33 -28 -12 51 44

-9 87 82
5 ,11 a

5a  a
0 115 -116

-1 97 99 0 308 319
-4 135 -137
-5 116 119
-6 141 -136
-8 44 40



bf 6,L 5,2,1

-1 212 - 2 iv 4 0 159 153
309 - 3 4 5 -1 4 5 5 7

-3 2 35 - 2 3 1 -2 1 69 169
-4 68 74 - 3 397 4-/1
-b 97 93 -4 164 170
-8 38 4 0 -5 263 -266
10 164 - 1 69 -7 24 -24
12 69 76 -9 230 271
13 0 5 37 - 3 3 72 -73
14 27 -30

6, 1 ,L
5, 6,1

0 211 213
0 41 -29 -1 84 71
-2 251 255 -2 331 -327
- 3 193 193 -3 94 -89
-4 13(3 -126 -4 262 264
"6 301 -296 -5 47 47
-7 110 114 -6 97 -91
-8 91 91 -7 93 -94
■10 62 67 -8 76 -69
11 74 71 -9 93 84
14 52 -54 — 1 0 88 -92

-11 44 43
5, 4,1 -12 43 33

-13 53 - 4 6
3 234 -245

- 1 120 120 5,0,L
-2 165 182
-3 47 -37 0 148 165
•*4 150 -135 -2 363 -350
-5 258 259 -4 338 -338
-6 322 -323 -6 86 — 8 3
-7 80 -79 -8 119 115
-8 31 45 -10 52 -53
-9 77 79 -1 2 95 97
■10 52 58
12 59 -59 4, 1 9, L

5, 3, L -1 60 64
-3 28 -12

0 221 -204 -5 28 36
-2 258 -247
-3 445 - 4 38 4,16,1
-4 213 -204
•5 56 33 0 99 -110
-7 86 77 -5 61 -59
*8 108 111 -7 57 51
-9 45 31 -9 62 62
13 88 86

4, 3 6,1 T■ J 8 3 66
-1 92 9?i ■>V 57 -63 -2 161 -162

-2 71 -69 - 3 235 -237
-6 75 75 -6 1 54 -158
-8 91 -90 -7 35 39

-8 51 -51
4 ,14,l_ -10 64 -67

-11 61 -57
0 72 -84

-4 73 -74 4,8,L
-5 4 5 43
-6 23 21 0 91 96
-8 42 -46 -1 2 69 273
-9 35 31 - 3 70 71

-4 1 17 -11 0
13,L -5 142 -139

-6 206 197
-1 142 -146 -7 85 90
-3 225 227 -8 69 79
-6 76 -73 -9 104 97
-7 43 -44 -11 59 -61

-10 52 47
4,7, L

4, 1 2, L •
0 45 -46

-1 185 -1 82 -1 234 -195
-2 169 -167 -2 145 145
-4 135 -140 -3 160 164
- 6 60 63 -7 148 -143
-8 89 89 -8 37 -32

-12 56 5b
4, 11,1

4,6,1
0 51 60

-1 52 61 0 222 222
-2 87 80 -1 256 -245
-7 108 118 -2 145 137
- 8 59 63 -4 149 -137
-9 33 -36 -6 45 31

-11 32 -25 -7 63 61
-9 96 -1 06

4, 10,L -10 46 -43
-11 109 118

0 125 -117 -12 36 -52
- 2 67 71
-4 82 89 4, 5, L
-5 39 -36
— 8 145 -145 0 272 257

-11 42 38 - 1 183 177
-2 362 363

4, 9,1 -4 435 -423
-5 191 176



A , 5, L -1 3 64 -52

-6 319 -294 4 /1,L
-7 62 -66
-9 71 , 6 9 0 280 - 271
-10 55 -52 -1 28 9 -277

95 - 9 4 -2 250 2 38
-13 32 40 -4 111 97

-5 17 5 -96
/4,l -6 9 6 10 6

-7 147 - 145
a 4?9 -4 16 -8 176 -178

- l 99 -9/ -9 91 -99
-3 68 70 - 3  0 158 164
-5 41b 4C8 -11 1 2 4 124
— 6 148 -153 -12 9 2 92
-7 164 -1 64 -13 34 34
-8 115 -119
-9 73 71 4, 0:, L
-10 48 38
-11 130 134 0 459 4 55
-13 36 37 -2 512 529

-4 53 8 -502
4, 3 , L - 6 1 95 196

-10 66 71
0 86 78 -12 85 -1GB
-1 421 417 -1 4 92 96
-2 212 -208
-3 188 -198 3, 2H, L
r 4 138 138
-5 2P5 -176 -1 57 54
-6 161 158
-7 122 119 3, 18,1
-8 109 -111
-9 39 34 0 56 -53-13 36 43 -1 60 -66
-11 54 -52 -2 31 22
-12 43 49 -6 51 -53
-13 38 43

3, 1 , L
4#2,L

-3 359 351
0 101 -99
-1 158 156 3, 17,L
-2 324 313
-3 189 -161 -4 36 -30
-4 381 376 -6 31 -34
-5 209 -217 -7 137 135
-6 105 -107 -8 45 35
-7 77 -77
-8 158 -159 16, L
-10 48 55
-11 93 -98 0 53 -54

-1 72 71 -1 1 44 “137
2 54 - 5 6 - 2 / 3 6/

-7 46 4 2 -3 1 5 6 -153
-8 61 -63 -4 71 7 4

-5 77 71
3, 15,L -6 223 -232

- 7 117 -123
0 30 31 -13 29 26

-1 70 -69
-2 lie -114 3, 9 , 1
-3 75 -79
-4 49 42 0 152 163
-5 48 45 -1 1 35 -96

-2 81 -78
3, 14,L -3 68 -69

-4 87 89
0 316 3 22 -5 1 0 9 -108

-2 64 -74 -6 59 -58
-3 8 3 06 -7 54 56
-5 78 -77 -9 50 49
-8 93 98 -10 51 - 55
-9 43 44 -12 31 34

-11 48 39
3,0,L

3, 13,L
0 133 1G5

0 47 45 - 1 131 104
-1 89 -96 -3 135 125
-2 79 -72 — 4 181 -181
- 3 70 72 -5 178 -169
-4 80 -81 -6 190 185
-7 51 -54 -7 36 41

-11 65 48 -8 113 113
-9 104 1G5

3, 12,L
3,7, L

-2 157 -158
- 3 155 -155 0 268 -254
-4 98 -100 -1 247 -244
-5 58 56 -2 82 80

-12 48 41 -3 410 407
-4 254 249

3, 11,L -5 20 16
-7 101 -100

0 131 139 -8 105 -104
-2 166 158 -11 87 93
-3 45 -47 -12 35 -37
-4 128 129
-7 177 166 3,6,L

-10 49 51
0 78 81

3, 10, L -1 153 138



3, 6 , L 3* 7 / L - 6 3 9 - 3 9 - 6 
- 8

4 7
23

4?
22

-4 2/8 - 21' 5 ”1 37 0 3 7 3 2, 17,L -9 4 0 -4b
231 234 -2 351 3 53

-6 1 0 2 795 -3 214 -222 -1 72 7 5 2# 11,L
-7 123 -115 -4 228 223 -2 100 -101
-8 33 ”33 -5 4 14 -396 -3 104 -108 0 1 02 106
w 9 40 45 -6 22 -24 -5 50 49 -1 73 7 0
10 62 -66 -7 33 28 -7 42 42 -2 107 117
12 62 -65 -13 51 -49 -3 221 -216

-14 32 20 2, 16, L - 4 69 -67
3,5,1 -6 82 -84

3*1,1. 0 87 -76 -7 108 -112
-1 146 -1 33 -3 72 78 - 9 52 55
-2 359 359 0 171 1/8 -4 127 128 -13 70 -76
-3 121 120 ” 1 190 1 8 4 - 6 57 -55 -12 41 -43

313 -306 -2 36 4 -378 -7 68 -63 -13 72 65
-5 36 -35 -3 3 59 351 -8 47 -45
m 2^5 -239 -4 83 - 9 0 2, 13,L
-7 21 30 -5 49 56 2, 15, L
"8 143 142 -6 3 93 391 0 237 -235
10 50 -39 -7 4 6 46 0 100 100 -1 125 -121
11 36 -43 -8 99 - 1 0 1 -1 69 78 -2 122 116
12 67 -70 -9 83 -79 -2 62 69 -4 51 47
14 4 6 52 -10 27 -27 -4 57 58 -5 129 -134

-11 52 57 -5 67 -67 - 6 234 -231
3,4,L -12 94 92 -7 28 29

-14 56 52 2, 14,L -12 61 51
0 332 -328 -13 39 32
- 1 54 6 -570 3 , 0, L 0 165 167
*-2 110 -107 -1 46 50 2, 9,1
-4 602 604 0 414 401 -3 70 -77
-5 138 134 -2 705 -756 -4 134 -137 0 138 -143
-6 99 93 -4 246 235 -5 92 -66 -1 190 188
"7 170 164 -6 68 -60 -10 59 -59 -2 68 72
"9 219 -218 -8 81 80 -11 54 -58 -5 46 48
10 154 155 -10 288 -291 -6 350 352
11 95 97 2, 13, L -7 82 79
12 43 41 2, 2 0 , U

0 93 -90
- 8

-10
131
97

-127
100

3*3,1 -3 30 — 34 - 1 
-4

47
71

-35
-73 2, 8,1

0 303 285 2, 19, L -6 57 51
-1 70 74 -7 132 -131 0 102 94
-2 408 403 0 36 -25 -1 0 35 37 -1 148 163
-3 261 -290 -1 86 -83 -2 151 -153
- 4 323 317 -2 71 67 2, 12,L -3 95 -96
-5 186 -180 -3 73 81 -6 88 -80
•6 103 104 -6 52 -49 0 158 160 -7 123 -119
-9 278 -275 -1 76 68 -11 29 -31
■10 67 -73 2#18,L -2 230 233
•1.1 70 -69

0 41 40
-3
-5

33
89

29
97



, L 2,3,1.

-1 149 -1 43 0i 274 *■ 2 o 9
-2 73 -71 -1 4 98 5 12

292 P.b 5 -2 6'‘6 6 0 7
-4 99 92 -3 8 36 -819
-5 159 149 -4 105 99
-7 232 -218 - 5 391 361
-9 83 78 - 6 66 -56
11 133 132 -7 125 135
13 59 -53 -8 32 36

-9 35 -37
2/ 6, L -10 59 -62

-11 191 -185
0 551 546 -12 79 -77

-1 110 -116 -13 60 62
-2 286 -261
- 4 326 - 3 C 8 2,2*1,
-5 140 149
- 6 232 220 0 216 -215
-7 51 -51 -1 664 699
-9 70 -78 -2 465 -464

103 -98 - 3 418 4 07
14 55 46 -4 1 0 5 -87

-5 46 -58
2,5,L -6 139 -148

- 8 55 49
0 322 -292 -9 232 226

-1 66 -49 -11 49 -45
-3 76 -60
-4 367 332 2/ 1, L
-5 122 -114
-6 119 -115 0 430 -438
-7 52 58 -1 314 327
-8 240 240 -2 1045- 1176
-9 103 -101 -3 494 490
10 70 72 -4 143 -131
13 51 -36 -5 69 59
14 39 -34 -9 139 128

-10 126 -126
2 t 4, L -11 103 -102

-12 63 64
0 456 -461 -1.3 26 -24

-1 423 -418
-3 556 -556 2* 0# L
-4 628 615
-5 34 -30 0 1016- 1216
-8 32 35 -2 485 -547
-9 166 -158 -4 204 -202
>10 134 139 -6 416 382
14 90 -87 -8 90 94

-10 92 -98
-12 70 -68

1 /2 :* * L }, 1 3 , L
-3 3 3 3 2 0 37 -36

-1 143 -141
1, 19, L -2 32 -35

-5 39 36
0 45 39 -6 60 -55

- 3 56 - 6 1 -7 47 -54
-4 66 -62 -8 58 67
-6 45 -4 4 -9 48 -4/

1 /18, L 1,12,L

-1 37 -34 -1 301 -296
-2 49 -51 -2 1 53 149
-4 62 61 - 3 224 235
-5 122 123 -4 95 100
- 7 44 44 -5 142 138

-9 62 -62
1, 17,L -10 50 -47

-11 74 72
-5 39 -42 -12 56 -49

1/ 16,L 1, 11, L
-2 24 18 0 47 -48
-4 50 47 -1 61 56
-5 64 - 6 0 -2 292 291
-6 33 31 -3 152 145

-4 261 -260
1 #15,L -6 120 -117

-7 45 41
0 53 58 -8 81 76

-2 51 -53 -11 40 45
-3 61 65 -12 68 -68
-4 93 97
-b 53 -58 1, 10, U
-6 137 135
-8 64 -53 0 226 -232

-1 56 48
1* 14,L -2 77 -77

-3 86 95
0 71 -66 -5 82 -79

-1 79 85 -7 81 86
-2 100 101 -8 120 -115
-4 51 -51 -9 79 -79
-5 68 -67 -10 34 33
-6 84 77 -11 73 -69
-9 54 55
10 42 48 1, 9, L
11 57 -55

0 236 -234
-1 67 -66



1,9,L 1#5,1, - y 2 84 2 8 1 ' t1 6 , L
- 10 1 6 9 192

-2 56.3 - 5 5 8 I'} 4/9 - 4 8 / -12 53 51 -1 5 8 6 0
36 4 356 ~ 1 6 6 6 f: 6 6 -2 90 97

»6 64 , 71 -2 7 33 7 29 1, 1,L - 3 37 -42
-7 51 - 4 8 -4 181 - 1 8 0 - 4 79 68
-9 15 4 -152 -5 200 197 0 6 36 -575 -6 50 55
11 25 7 -6 53 33 -1 506 -525
12 128 129 -7 144 134 -2 754 -816 0# 15, L
13 25 -26 -8 195 198 -3 200 234

-9 116 1 23 -4 274 272 -2 71 -68
1#8#L -10 277 274 -5 3 6 22 -3 24 -26

-11 62 59 -6 22 34 - 4 66 -62
0 103 57 -12 1 14 -111 -7 56 -57
-1 537 527 -8 186 -178 0# 14,L
-2 545 525 1/4,l -9 150 144
-3 95 96 -10 92 -90 -1 86 -88
-4 154 146 -1 1 60 168 -13 63 -66 -2 270 -278
~5 233 -229 -2 2 0 5 198 -14 74 — 8 1 -3 1 05 106
- 6 32 33 - 3 437 -4 15 -4 58 - 59
-8 132 136 -4 23 3 -187 1#0#L -7 67 63
-9 110 1 00 - 5 2/9 265 - 8 107 1P5
11 4 6 -4 5 -6 63 - 66 0 74 -107 -10 67 - 6 4
13 62 -60 -7 182 -163 -2 242 -253 -11 54 55

-8 66 -65 -4 689 -704
1#7,1 -9 136 -134 — 6 210 210 0# 13,L

-11 93 — 1 3 4 -8 149 -152
0 4 37 416 -12 59 -59 -10 109 105 -1 30 34

-1 75 - 86 -12 120 -119 -3 283 288
-2 326 -320 1# 3, L -5 114 117
-3 75 -54 0#20,L -8 35 32
-4 51 -51 0 199 -238 -11 65 74
-7 110 -99 -1 633 - 6 3 0 0 67 70
■*8 32 -32 -2 676 -690 -2 35 -42 0# 1 2, L
10 120 -118 -3 34 26 -4 72 -71
12 34 34 -4 32 -24 0 104 104
14 27 -21 -5 478 -447 0#19,L -1 56 -48

- 6 67 -66 -2 144 -143
1#6,L -7 359 355 -1 34 32 - 3 130 -129

-8 119 -116 -3 41 44 -5 145 146
0 71 -68 -9 70 -68 -7 111 -108

-1 55fcl -546 -12 47 52 0# 18 # I - 8 63 69
-2 185 -184 -10 84 -82
-3 163 -154 1# 2, L 0 77 -76
•4 475 -466 -2 26 -20 0, 1 1 # L
■b 93 89 0 34 -28
■6 45 54 -1 899 1028 0#17, L -1 37 -4 0
-7 82 75 -2 631 -645 -2 72 -75
*8 32 -26 -3 395 378 -2 97 99 -3 268 -264
-9 234 -240 -4 50 -42 -3 79 -75 -7 103 105
-10 101 -97 -5 186 -175 -4 26 -16
•11 102 102 -6 46 -63 -5 82 -84
•12 49 50 -7 158 141 - 8 48 51



>. t 11 ,L -1 0 3 6 15 - 4 4 6 6 7 -I ,19,1..
-I 1 3 '8 1. 3 -5 1 5 9 - 1 69

-9 163 -10 4 -1 3 53 -53 -6 6 5 - 6 8 -1 4 7 "41
-10 b 2 52 -7 4 99 60 1 -2 79 77
"11 31 '-4 0 0 ,6,1 -8 119 -119 -3 57 54
-12 4 6 48 -9 96 9 8

0 623 619 -10 56 52 -1 ,18,1.
10, L -1 411 4-1 -11 89 -102

-2 35 -41 -12 47 A 6 -1 92 -90
0 317 -31 1 -3 2 36 -232 -13 64 71 -4 27 -27

-1 127 118 -5 258 2 60
-3 109 -106 -6 48 48 2, 2, L -1 , 1 7, L
-4 4 1 5 421 -7 35 4 1
-5 193 2ftl -8 325 315 0 447 -462 -2 37 47
"7 IP 2 -97 -10 88 -81 -1 .337 -340 -4 31 39
-9 70 67 -11 37 -46 -2 202 -200 -5 39 37

-10 144 3 46 -12 59 -53 -3 211 198 -6 66 -70
-11 43 -46 -13 40 41 -5 30 0 -294

— 6 199 -190 -1 , 16,L
0# 9#L 0, 5, L -7 104 104

-8 222 -226 -1 54 51
- 1 119 105 -1 559 -574 -9 127 -129 -3 55 60
-2 141 -153 -2 183 192 -10 89 94 -6 72 -73
-3 226 -220 -3 37 26 -11 39 - 4 6 — 9 33 35
-4 78 86 -4 103 -107 -12 71 74
~b b7 58 -5 122 -129 -13 66 -68 -1 , 15,L
-6 31 - 3 0 -6 121 -127 -14 52 -54
-7 109 1 10 - 7 162 -172 -1 22 -31

-10 62 -64 - 8 75 75 0, 1, L -2 163 -168
-11 83 -87 -9 65 64 -3 42 44

-10 67 - 70 -1 627 -705 -5 50 45
0, 8,L -12 61 - 60 -2 459 456

-14 26 10 -3 51 -45 -1 #14,L
0 172 -158 -4 207 195

-1 39 31 0, 4, L -5 271 -266 -1 82 73
-3 221 213 -6 190 171 -3 73 78
-4 112 -121 0 369 -367 -7 328 -310 -4 79 -76
-5 164 -163 - 1 333 335 -9 50 -54 -5 38 -41
-6 22 32 -2 310 305 -10 164 170 -6 54 53
-7 190 185 -3 268 230 -11 189 192 -7 58 -52
-9 23 30 -4 215 209 -32 34 -29 -9 55 49
-10 86 -82 -5 97 -87

-6 398 -392 0,0,L -1 ,13,1
0 , -7 124 122

- 8 244 -247 -2 321 -315 -1 77 76
-1 371 -351 -9 44 38 -4 208 201 -2 182 185
-2 161 -163 -10 53 49 -6 244 251 -4 107 -107
-3 355 327 -8 373 361 -5 48 -50
-4 174 -159 0,3,L -10 351 -349 -7 32 -22
-5 38 39 -12 124 120 -8 58 -56
-6 83 -89 -1 1097 1267 -9 101 99
-7 150 -152 -2 580 -592 -10 24 -23
-8 103 -103 -3 104 -91



-1 , 1 2 , L - 3 1 32 1 29 -I ( 4 ~ 4 -1 1 4 2 -39
- 4 1‘jH - 2 127 1 2? -12 6 1 6 2

-2 4 6 -60 "5 2 33 -231 **3 22? - 2 r. 7
- 3 227 -239 -6 168 -175 -4 437 3 34 -1 , 0 , L
-4 93 <-91 -9 227 236 -5 4 4 34
-5 146 147 -10 48 -49 -6 1 3 3 -111 -2 845 925
-7 121 120 -12 42 -43 -7 33 26 - 4 388 -38 2
-9 81 -83 - 8 68 -64 -6 313 303
10 46 5 4 -1,7,1 -9 180 -18? -8 70 - 6 0
11 66 49 -10 92 91 -10 121 -120

-1 69 -72 -14 27 -19 -12 68 68
-1 a h L -2 214 - 2fl' 1 -14 57 63

-3 23 12 -1, 3 / L
- 1 66 66 -4 118 -KM -2, 23, L
-2 163 166 -6 8 6 -82 -1 565 568
*•3 226 -225 -7 64 -64 -2 322 -315 -1 39 -29
-4 22 "28 -8 177 -177 -3 557 -555
-5 93 92 -9 80 82 -4 192 185 19,L
-6 161 -158 -11 86 82 -5 301 273
-8 78 61 -12 33 -41 -6 167 157 -3 55 55
-9 58 -55 -13 37 -37 -7 165 -159
10 65 66 -8 31 -41 "2, 18, L
11 59 -58 -1, 6, L -9 64 61

-10 69 59 -3 43 -46
-1 ,10,L -1 178 -178 - 1 1 64 -60

-3 157 139 -13 100 102 -2, 17, L
-1 161 -145 -5 192 182
-2 81 88 - 6 248 231 -1, 2, L -2 3? -32
-3 34 -42 -7 184 190 -3 32 -32
-5 94 -91 - 8 62 65 -1 378 359 -4 66 64
-6 104 -102 -9 43 41 -2 715 736
-7 30 -35 -10 76 78 -3 66 56 -2, 16,L
-8 142 141 -12 26 -23 -4 211 214
-9 46 -40 -13 55 50 -5 330 -328 -2 34 -33
10 62 64 -14 49 48 -6 124 131 -4 43 40

-7 116 -114 -6 78 -79
-1,9,L m 1,5,L - 9 285 286 -8 76 -80

-10 96 -96
- 1 173 168 -1 430 -433 -11 44 -46 -2, 15, L
-2 152 147 -2 22 2 216 -12 50 -54
*3 202 -208 -3 63 57 -2 82 -84
-4 108 -113 -4 140 130 m 1,1,L -4 28 18
»5 25 2P -5 129 -123 -5 36 38
-6 390 394 -6 383 -374 -1 21? 211 -7 48 49
-7 145 141 -7 96 -93 -2 634 -638
<■8 124 -12E -8 141 142 -3 492 478 -2, 14,L
"9 37 35 -9 175 -186 -4 360 336
•10 36 -37 -12 68 -61 -5 133 -131 -1 110 116

-13 63 -67 -6 267 252 -2 29 27
1, 8, L -14 52 -51 -7 189 -179 -3 61 -58

-8 226 -230 -4 73 -73
-1 205 200 1,4,L -9 43 40 -5 36 20
-2 286 -268 -10 173 -175



-?# )4,L - 7 210 214
-0 1 1 7 -319

-6 f' Q 6 2
-7 3 9 -39 -2,8,1

"2, 13,1 - 1 93 109
-2 2 64 -259

-1 225 -235 -3 59 -46
-2 119 118 - 4 116 -110
-3 50 51 -5 1 91 -196
-4 67 6 3 -6 1 93 -193
-7 121 -123 -7 77 -75
-8 66 70 -8 6 9 6 5

-9 63 65
"2 ,12,L -11 4 6 -4 4

-1 171 -176 m2 , 7 , L
-2 80 77
••3 65 -64 -1 87 -80
-7 54 -57 -2 62 54
"9 67 -79 - 3 277 2 83
-10 46 52 -4 315 300
-11 45 43 -5 39 30

-6 175 172
-2 *11,1 -7 154 -151

-8 126 136
-2 165 182 - 9 25 -20
-4 7 0 -67 -10 49 51
-b 187 -191 -1 1 54 55
-6 50 -44 -1 2 72 68
-7 90 94
-8 85 79 I-2, 6, L

-2, 10, L -1 394 -387
-2 138 125

-1 36 36 -3 68 -56
-2 73 69 -4 205 -196
•3 168 173 -5 215 -206
f 4 113 113 -6 184 185
-b 90 -90 -7 132 -131
-6 105 -102 -8 116 114
-7 127 124 -9 84 -85
-8 181 -180 -10 84 -88
"10 57 56 -11 25 27
"11 67 73

2, 5, L
-2 , 9, L

-1 116 114
-1 370 364 -2 275 261
-2 299 -296 -3 256 -233
-4 189 191 -4 286 -252
-b 139 -142 -5 28 29
"6 131 -124 -7 51 41

-6 4 2 -44 -6 7 15 22 0
-9 6 4 -80 -7 175 -1 1 0

- 1 0 76 31 - 8 185 -1 6 9
-12 6 2 -66 -10 47 -63

-12 1 19 1 22
-2,4,L

-2 , 0 / L
-1 107 104
-2 138 -119 -2 161 165
-4 2 82 267 -4 813 -8 00
-5 3 4 5 332 - 6 144 156
-7 29 -28 -8 53 5 4
- 8 8 3 -66 -12 131 -128

-10 122 126 -14 68 74
-11 54 53
-12 51 62 - 3, 20, L
-13 73 72

-1 48 44
-2, 3, L

- 3, 1 8, U
-1 219 -201
-2 294 -290 -2 64 63
-3 103 101 -5 33 34
- 4 169 -157
-5 304 -267 -3, 17, L
-6 107 107
-7 210 213 -1 47 52
-8 34 -39 -2 63 56
-9 119 -114 - 3 83 -80

-10 41 -40 -4 54 -57
-11 79 -77
-13 51 -55 -3, 15,L
-14 38 -46

-1 26 22
-2,2,1 -4 27 27

-5 57 - 54
-1 573 587 - 6 107 108
-2 281 -272
-3 332 -318 -3, 14,L
-4 310 295
-5 443 -435 -5 74 -75
— 6 213 205 -6 41 43
-7 52 59
-8 60 54 -3, 13,L
-9 126 123

-11 83 -82 -1 101 -•107
-2 32 -39

pm2,1,L -3 75 85
-4 33 32

-1 742 -778 -6 51 -61
-3 663 669 -8 41 37
-4 405 378
-5 290 263



- 4, 1 2 ,1. -3 3 5 1 3 6 2
-4 12/ 121

-7 5 b -51 -6 3 i2 5̂  9
-9 42 -43 -7 150 -1 4 7

0 -12 74 73
-3 # 11#L

-3 t 6 § L
245 2 50

-2 73 72 -2 1 0 0 -99
-3 8b -77 -3 219 - 2 '9
-4 23 -19 -4 51 -53
-7 45 43 -5 51 6b
-8 58 56 -6 31 22
11 54 -57 -7 1 96 -196

-9 t 00 -10 1
f 10,L -10 75 -74

-11 35 -21
-1 1 2 0 1 19
-3 107 -103 - 3 , 5, L
-4 388 391
-5 166 175 -1 343 336
-6 101 -152 -2 543 521
-8 120 -126 -3 137 -127
10 51 40 -4 133 -137

-5 136 136
P»3,9,L -6 159 -155

-8 97 91
"  1 71 -61 -9 3 05 105
-2 164 -179 -10 77 77
- 3 54 -57 -11 44 -49
«4 39 31
- 6 41 -51 003#4#L
"7 42 -41
- 8 86 -84 -1 257 -245
11 40 -40 -2 84 -80

-3 271 276
*•3,8,L -4 29 -18

-5 40 55
-1 163 159 -6 190 -190
-2 36 27 -7 57 58
-3 168 174 -9 73 -70
-4 62 -63 -10 44 45
-5 131 -138
-6 54 52 -3,3,L
-7 93 -92
-8 58 59 -1 130 134
-9 60 56 -2 71 83
'11 24 -22 -3 328 -318

-4 105 -97
9»3#7#L -5 64 62

-6 95 98
- 1 80 -74 -7 274 274
•2 105 -113 -8 24 -21

10 5 7 -52 -4, 1 5,L
r-3 , 2 , L -2 125 -121

-4 74 7b
-1 461 4 70 -b 80 -79
-2 67 -83 -8 43 -3b
-3 608 597
-4 76 -75 -4, 14, L
-5 36? -362
-6 8b -84 -2 83 8b
-9 131 137 -3 25 22

-4 49 -56
3, 1 ,L -5 56 -58

-6 52 48
-1 177 -178 -7 42 38
-2 105 -166
m ̂ 148 -127 -4, 13# L
-5 149 153
-6 119 120 -2 49 54
-7 111 -112 -3 114 110
-8 118 -120 -4 57 -54
1 1 60 54 -5 56 63
13 103 -99 -7 95 -94

-9 51 52
00 3 , 0, L

-4, 12# L
-2 858 -894
-4 239 -247 -1 66 -63
-8 328 337 -2 93 -96
10 105 -102 -4 90 -91
12 84 79 -5 43 38

-6 42 50
-4 r 19# L -7 35 3b

-8 30 25
-1 40 -45 -9 80 -82
-2 78 76 -10 44 -41

-4 .18,1 -4, 11# L

-1 79 -74 -1 89 91
-3 34 -32

-4 # 17 , L -5 67 68
-6 47 -48

-2 27 -31 -7 53 55
-3 33 -29 -10 47 48
-4 #16#L -4, 10# L

-1 97 93 -1 87 84
-2 31 20 -2 34 41
-3 46 43 -4 142 144
- 4 63 61 -5 28 29



- A ,10, L 4 , b , L - A ,1,1- » 3 
- 4

4 6 
44

-44
42

-6 6 7 - u 8 -1 1 16 -125 -1 48 -6 3 -5 1 67 167
-10 ^6 49 -2 9 6 1 07 -2 bb3 -5 59 -6 31 32

# -3 334 324 -4 57 66 -8 2b 26
-4,9, L -4 178 -175 -5 3 b 34

* 6 210 -209 -6 6 0 62 -b , 1 1 ,L
-1 121 -114 -7 107 1 0 7 -7 171 -178
-2 99 -103 -8 79 77 - 8 78 87 - 2 210 218
-3 114 -110 -9 28 28 -9 Sir, 88 -3 70 73
-4 130 -140 -11 67 6 5 -12 87 8 9 -4 34 40
-b 110 -110 -12 47 -48 - 6 148 -149
-6 160 1 60 ~A , 0, L -7 49 42
-7 68 61 -4 , 4 , L. -8 63 61
«* 8 6 6 -61 -2 32 29
-9 63 -62 -1 198 -235 -4 34 1 -346 - b , 1 0 , L

-11 68 -64 -2 43 38 -6 180 177
-3 31 33 -8 K 6 104 -1 148 -150

4, e, l -4
-b

28
180

24
180

-10 146 -149 -3
-4

54
154

-54
-151

-1 133 129 — 6 112 -112 - b , 17, L -5 127 -131
-2 33 30 -7 30 32 -8 62 -bb
-3 117 1 18 -8 8b -81 -1 4b 43
-5 113 -11 1 -10 62 69 905 , 9, L
-6 287 295 -5, 16,L
- 8 41 -3b •m4 , 3, L - 1 127 130
-9 3b 29 -1 70 67 -2 220 -219
-10 63 61 -1 244 237 -2 64 -62 -3 48 -40

-2 103 -93 -b 51 -46 - 4 162 166
-4 , 7 , L -3 424 -418 -5 27 -39

-4 282 282 -b,15,L -6 104 106
-1 170 -165 -6 83 92 -7 63 64
-2 34 -37 -7 164 173 -2 59 - 56 -9 43 44
-3 99 105 -8 40 -39 -3 33 29
-5 33 33 -11 7w -73 -4 84 79 -5,8,L
-6 86 87 -12 41 40 -5 67 63
-7 131 -137 -1 149 156
-9 30 35 m4 , 2, L “6, 14,L -3

-4
146
85

145
90

-4*6,L -1 129 -lib -1 124 125 -5 167 -161
-2 462 447 -3 63 62 -7 81 78

-1 249 -241 -3 309 307 -4 53 -54 -8 55 53
-2 73 -73 -4 33 -36 -9 110 111
-3 122 127 -5 109 -105 •6, 13,1 -10 62 -62
-4 268 -264 -6 178 -179
-b 24b 233 -7 168 -172 -1 103 - 105 5, 7, L
-7 40 41 -8 81 -86 -2 9? -93
-8 30 -33 -9 82 72 -4 81 -74 -1 240 -233
-9 62 -66 -1 0 79 78 -2 62 -51

"10 89 -90 -11 56 -52 -5, 12, L -3 99 93
•11 29 21 - 13 92 -96 -4 164 -160
-12 60 -53

i 
i

f\>
 

M 68
55

-78
-51

-5
-6

34
110

-23
-112



-6 , 7 , L - 2 8 9 9 2
- 4 1 6 4 1 6 9

-7 46 -39 -b 162 -171
-8 63 -63 -6 63 -61
10 74 ,-7 1 -7 5 2 56

- 9 117 118
-5, 6, L

-5 , 1 ,L
-1 168 -164
-2 121 -116 -1 1 12 -98

143 -147 -2 362 -357
26 5 264 -3 17 3 96

-6 68 -70 - 4 28 -31
-7 6 8 84 -5 40 42
-8 123 125 -6 231 237
10 66 -78 -8 153 -158
11 67 61 -9 50 -58

-11 94 92
-5,5,L -12 73 71

-1 44 41 -5 , 0 , L
-2 166 160
-3 162 103 -2 95 69
-4 217 -222 - 4 111 -179
-5 28 -34 - 6 47 4 5
-6 169 -106 -10 69 -70
-8 176 164 -12 78 -74
-9 35 -36

-6 /17,L
-5, 4, L

-1 76 79
-1 145 -151 - 3 54 -54
•2 64 73
*3 452 -452 -6, 16, L
-4 297 298
-5 246 252 -2 27 17
-7 114 -116
••8 59 -58 - 6 /15,L
-9 49 -53
10 76 75 -2 29 24

-4 48 -54
*»5, 3, L -6 65 63

■*3 204 -205 -6,14,L
*4 88 8?
-5 172 -178 -2 98 -95
*6 97 93 -3 46 41
-7 54 35 -4 61 -57
12 35 30 -6 57 53

m5 / 2, L -6 f13,1

-1 137 122 -1 91 -90

- 3 V 2 6 6 - 1 0 39 -35
-7 71 -65

6 ,5,1.
-6 ,12, L

-1 75 -/7
-1 35 -31 -2 154 150
-2 111 107 -3 184 -163
-3 61 -62 -4 36 31
-4 73 -75 -5 113 118

-6 73 -74
-6,11, L -7 92 -92

- 8 90 69
-2 48 51 -11 25 -18
-3 101 -100
-7 48 55 rm 6,4,1.

-6 ,10,1 -1 136 -143
-2 146 153

-3 33 -27 -3 47 47
-4 1 IB 120 -4 376 386
-6 146 -147 -5 62 -68
-8 47 -50 -6 85 -82

-7 48 55
-6,9, L. -9 56 -63

-10 85 90
-1 183 178 -1 1 59 57
-2 91 -87
-3 83 -85 6 , 3 , L
- 4 50 47

-1 44 9 340
6,8,L -2 114 106

— 3 346 -359
-4 76 -77 -4 190 -196
*■7 77 -79 -5 109 -106
-9 70 69 -7 102 100
10 32 -33 -9 49 -53

-1 1 132 -135
m 6,7,L

6, 2, L
-1 151 -157
-2 104 99 -1 183 177
-3 290 297 -2 163 -162
-5 51 55 -3 83 -88
-7 179 -182 -4 120 118
-9 53 58 -5 71 -68

-6 28 25
-6, 6, L -9 91 96

-10 48 39
-1 29 -27
-3 171 -169 m 6,1,1
-4 276 -286
-6 141 149 -1 45 -52
-8 26 23



- 6, 1 , L -6 4 0 «- < ■ 4 -4 51 6 0 - 5 36 3 8
-5 6 0 -61

-2 7 8 6 7 -7 /1 5L - 6 112- 1 18 -6 12,L
-3 1 ^ 1 h 5 -8 97 95

3 id .31 -2 59 52 -9 6 0 -56 -1 61 -62
-6 126 129 -10 1 11 1 0 5 -2 36 -32
-8 8 7 "9b -7,9,L -5 46 41
11 61 58 7,4,L

-1 79 -82 - 8,11,1.-6 ,0,1 -3 74 82 -1 191 -197 I
-4 62 58 -2 35 34 -1 6 8 70

- 2 62 65 -5 39 -38 -3 168 -113 -3 59 -55
-4 25 6 - 265 "6 114 113 -6 51 -47
-6 68 71 -7 30 34 -8 49 -53 -8 1 0, L
-8 101 94 - 9 133 -133
10 120 -123 - 7,8,L -4 95 89

-7 , 3, L
,17,L -1 158 1 60 8,9,U

-3 60 60 -1 109 1 11
-1 41 -37 - 4 132 -132 -2 127 -124 - 1 50 55

-5 1 36 -143 -3 112 118 -2 47 -43
-7, 16,L -6 41 41 -4 46 63 -3 90 -95

-7 56 -51 -7 176 178 -4 51 47
-1 33 -26 - 8 51 -46 -5 43 -44
-2 60 58 -9 60 62 - 7 , 2, L -6 36 37

-7 /15,L 7,7,L - 1 359 376 m 8 t 8, L
-2 163 -169

"2 1K8 - 104 -2 181 -18 6 -3 250 253 -I 57 53
-4 61 59 -3 47 43 -5 137 - 134 -3 57 58

-4 62 65 -6 41 -37 -5 90 -93
-7 ,14,L -5 66 66 -8 39 -36 -7 54 55

-6 35 30 -9 127 127 - 8 54 56
-1 33 -32 -7 65 -65 *10 42 45
•*3 25 21 -9 36 24 -8, 7, U
"5 58 -62 -7,1, L

m 7,6,L - 1 168 - 173
"7 ,13, L -2 392 -407 -2 64 -69

- 1 32 -37 -3 21 25 -3 64 61
•2 56 55 -2 65 65 -4 141 140 -6 29 24
•"5 59 61 -3 86 -82 -7 100 - 104 -7 74 -74

-4 42 -39 -10 122 - 116
"7,12, L *•5 68 72 P» 8 , 6 , L

-  6 119 122 m 7,0,1
- ? 95 95 -7 25 -32 -4 44 -47
-5 49 48 -8 24 22 -2 83 88 -5 92 94

-9 106 -102 -6 87 90 *6 51 -57
-7, 11,L -8 91 91 -8 138 140

-7,5,L
-1 54 -62 -8 , 13, L 8, 5, L
-2 72 71 -1 119 -119
*-3 100 -98 -2 433 4 35 -1 72 -77 -1 117 119
*4 89 -94 -3 55 -51 -3 63 57



~» / , I- - 9,14,L ~ 0, 4, L -3 6 8 -66
-4 6 0 -72

-2 8 4 8 0 -1 4 0 44 -1 2 9 -26 -5 28 26
-3 b7 56 -4 97 8 8

46 ■s46 - 9,12,L -5 50 47 -JO , 5,L-6 67 -59 -6 6 9 - 6 8
-7 48 42 -1 92 -89 -7 87 68 - 1 93 -93
-8 b9 59 -3 24 20

-9 ,11 ,L -0 , 3, L -6 01 -84
-8 , 4 , L

-1 26 28 -1 98 100 - 1 0,4,L
-1 150 146 -2 74 67 - 2 44 -41
-2 8 0 -64 -5 4 6 -46 -3 105 -10 3 -2 63 6 5
-3 126 -12 9 -6 38 38 -4 77 79
-b 154 157 -9 ,1 0, L -7 75 74
— 6 70 -75 -10 »3, L
-8 114 -107 -3 47 -41 -9 ,2, L

-4 56 58 -2 74 -70
*•8,3,1. -2 57 55 -3 129 -126

Q, 9, L -5 117 -114 -4 24 14
-1 138 142 -7 60 -53 -5 76 -75
-2 9 b -94 - 1 1 4 0 100 -6 26 28
"3 60 -61 -2 118 -122 -9 , 1, L
- 4 61 85 -3 64 -59 -3 0 , 2, L
-7 121 119 -5 43 42 -1 88 -86

-3 62 70 -2 26 2b
-8 , 2 , L -9 , 8, L -6 148 142 -3 35 37

-4 75 72
- 1 36 38 -1 75 71 -9 , 0, L -5 75 -7b
-3 85 87 -3 77 73
-4 57 61 -4 74 -73 -4 126 -124 -10 111 L
»5 136 -138 -5 35 -35 -6 102 103
-7 29 18 -1 28 -32

-9,7, L -10 , 12,L -2 88 -84
-8 # 1, L -3 87 82

-1 64 -64 -1 43 -35
-1 129 -126 -3 67 71 -10 ,0,L
-3 80 86 - 6 46 36 tm10 *9,1
-4 43 52 -7 69 -72 -2 49 -45
-b 40 41 - 1 34 29 -4 144 -143
-6 85 87 9,6,L -2 64 -61
-7 66 -68 -11 ,8,L
-8 46 -46 -1 47 -41 m 10 , 8, L

-2 61 63 - 2 30 -28
-8, 0, L -6 68 69 -3 40 42

-11 , 7, L
-2 124 -122 m9, 5, L m 10, 7, L
"4 122 -123 -1 46 -42
*6 47 55 -2 37 35 -3 66 67
-8 35 38 -3 50 -49 M l ,6,L

-4 36 -41 IP) 10 1 6, L
-6 115 -110 -1 62 -63
*7 47 -52 -1 54 -57



- 11 , f  , L -1 1 / 3 r L - 1 2 , 5 , 1 .
- 2 97 9 4 - 1 8 1 7 9 - 1  4 2 « 3  8 * 1  5 9 5 9-4 3 3 “ 3 8 - 3 3 7 - 3 9 - 2  6 7 - 6 b

0 - 5 4 b 3 5 « 1 2 , 1 , L- 1 1 / 4 / L - 1 1 r 2 t L
- 1 1 , 0 , L - 2  6 5 - 5 7- 2 4 8 - 4  3 -1 1 5 1 1 4 3

- 3 3 2 27 - 2  5 5 5 6
4 1 0 1  - 1 0 1



A P P E N D I X  8

CALCULATED AND OBSERVED STRUCTURE FACTORS FOR 

N-DICHLOROPHOSPHINOYL-P-TRIPHENYLPHOSPIIAZENE



H,P,L -14 195 " 2 5 -22 96 8 9 - 9 33 A 2
-15 109 116 -10 1 a 6 -.100

-2 300 ■•358 -16 72 71 0,-5,1. -1 1 1 5 6 156
-4 233 -253 -17 43 -4 1 -12 1 26 126
-6 473 491 -18 103 11 3 -1 51 -68 -13 240 233
-8 88 70 -19 41 39 — 2 140 -131 -1 4 102 -09

-10 566 '572 -20 164 -158 -3 26 -17 -15 44 -43
-12 529 537 -21 89 -08 -4 727 -710 -1 6 55 45
- H 43 -50 — 2 3 \59 55 -5 236 -228 -17 1 55 -150
-20 249 -243 -24 -96 -7 425 435 -19 48 3 6
-22 255 253 -8 274 286

0 , -3* L -9 233 -237 0 , *0 , L
0 ,-1,L -10 203 -1 85

-1 126 -135 -11 247 -249 {1 1 g0 1Q2
-1 366 -425 -2 1163 1322 -13 224 -223 -1 3 12 -319
-2 554 -594 -3 571 608 -14 38 -38 -2 57 50
-3 229 246 -4 196 -228 -15 106 185 -4 141 138
-4 651 -694 -5 340 -307 -16 234 -229 -7 U 6 129
-5 5tJ -79 -6 774 778 "17 79 - 76 -8 47 -60
— 8 642 657 -7 170 -179 -19 129 125 -9 1 l4 117
-7 349 -354 -8 199 -203 -21 189 -181 -10 94 93
-8 42 47 -9 396 401 -11 67 52
-9 610 633 -10 303 -304 0 ,-6 ,L -1 3 9l -89

-10 90 100 -13 186 191 -15 64 -61
-11 799 -823 -14 498 5H1 0 613 -623 -16 158 158
-12 50 - 4 3 — 15 73 68 - 1 135 -1 49 -18 95 -87
-13 351 351 -16 52 -54 -3 245 250 -19 55 48
-14 138 146 -17 242 -239 -4 121 -120
-15 64 — 6 4 — 18 158 153 -5 200 107 0 , ~9f L
-16 237 -214 -19 166 167 -6 212 217
-17 31 -34 -20 93 -8g -7 53 -70 "1 313 -321
-18 72 74 -23 52 47 — 8 398 -305 -4 76 77
-20 88 86 -24 52 51 — 9 309 -318 -5 98 -95
-21 53 46 -11 116 126 -7 12& 116
-23 47 -39 0 , -4 , L -12 55 -59 -8 97 -99
-24 123 -119 -13 90 84 -10 60 -63

0 349 352 -14 150 -152 -11 333 -330
0 ,-2 ,L -2 608 619 -15 258 256 -12 200 108

-3 347 -354 — 16 103 107 -14 40 -37
0 463 -500 -4 426 -451 -17 55 59 -15 55 -56

-1 244 -247 -6 197 207 -18 217 -208 -17 114 103
-2 1544- 1997 -7 296 -201 -19 120 -115
-3 195 -213 -8 72 -9J -20 57 46 0 ,- 1 (5 , L
-4 116 128 -9 274 201
-5 824 868 -10 323 316 0 ,-7, L 0 U 9 127
—6 558 596 -11 187 106 -1 80 -79
■*7 769 -798 -12 116 114 -1 317 327 -2 110 -105
-8 437 -432 -13 365 -379 — 3 173 181 -3 55 47
-9 125 125 -14 97 -98 -4 122 121 -4 50 49

- 1 0 336 -326 — 15 256 -255 —5 387 -406 -5 83 78
-11 32 32 -16 172 164 — 6 60 -61 -6 7 9 -69
-12 148 -146 -19 88 87 -7 213 217 -7 77 -73
-13 62 71 -20 70 68 -8 107 112



-1 t~A ,\♦ -11 93 °1
-13 2 17 -216

2 5 ?■ 8 -532 -1.4 74 -75
1 2ri -196 -15 69 -67
o 4 6 2 - 4 34 -17 61 -84

-1 329 364 -21 139 128
-2 229 -214
• 3 2*2 273 -1 ,-6,L
-4 276 260
-5 698 — 6 1 6 22 39 -4f)
-6 271 269 19 52 -44
- 8 73 69 10 77 -77
-9 54 51 17 \3 8 46
1̂ 322 -32* 16 8 0
11 154 -144 15 129 137
13 321 320 14 87 92
14 294 298 13 95 -95
15 120 -120 12 223 216
16 101 -97 9 321 -326
17 62 -65 7 97 98
18 301 299 6 UJ9 -115
19 47 -39 5 245 252
20 108 -107 4 316 320
21 120 114 3 359 362

2 195 -207
-l*-5,l, 1 527 -525

0 311 310
20 68 64 -1 155 -157
19 205 -206 -2 185 181
17 98 94 -4 368 -384
16 141 -135 -6 135 144
14 119 118 -7 336 339
13 413 424 -8 82 75
11 128 127 -9 69 -78
10 75 -61 -10 143 -152
9 237 -240 -11 89 -96
8 261 253 -12 120 122
5 55 29 -13 108 -110
4 384 -392 -16 175 -179
3 633 640 -17 47 54
2 135 -132 -1 8 153 155
1 298 323 -20 154 -147
0 219 -204 -21 66 -71

*1 113 100
-2 117 -125 -1 ,-7'L
-3 369 -379
-4 61 64 20 99 96
-5 169 188 17 106 106
• 6 371 -357 16 52 59
-7 599 -596 15 95 -90
•8 140 -141 13 81 — 80
"9 425 438 12 50 38
10 193 209 11 61 -6b

1» l-'2 ** 1 4 n -10 167 -166
9 96 -9 4 -l 1 2i8 223
8 4 8 39 -12 151 149
7 421 431 -14 94 -*9
6 108 1 09 -15 U S 118
5 58 -48 -1 6 76 — 7 8
4 77 -86 -1 7 78 -74
3 362 -371 -19 70 -68
2 260 253
1 152 -147 -1 #-9r L
0 39 -41

-1 178 -1 68 12 62 52
-3 4 19 *29 1 1 94 88
-4 175 -178 10 10 9 -i 07
-5 159 1 69 9 ?08 -206
-6 170 1 56 8 44 41
-7 433 -441 5 95 -04
-8 79 -67 1 391 393
-9 173 1 68 0 I74 -179
10 I44 145 -1 397 -394
11 43 - 3 4 -2 162 191
12 157 -161 -3 102 103
13 189 -183 -4 72 -77
14 126 128 -7 58 -57
15 218 215 -8 62 68
18 59 -57 -9 125 124
19 112 -113 — 1 0 94 -82

-1 1 135 129
-1 ,-8,L -12 1m 9 -106

-13 120 -120
19 64 — 5 9 -14 97 96
17 106 -102 -15 63 75
16 79 -72
14 66 60 -1 ,-lp/L
13 118 -111
12 44 -50 15 115 105
U 228 232 14 67 59
10 86 87 12 153 -158
8 84 -83 11 76 -79
7 194 210 10 I'd 3 102
5 337 -333 9 U 9 -123
4 99 100 5 198 187
3 211 -215 4 67 -57
2 36 33 3 89 -82
1 258 265 1 43 -4b

«1 582 600 0 109 -110
-2 84 97 -1 104 -104
— 3 56 -64 -2 1 81 184
.4 330 -333 -3 264 -267
-5 29 -8 -5 111 H I
—6 146 151 -6 50 50
—8 89 89 -10 216 -210
-9 108 -96



-1 #-10,L i a 72 75 -9 7 9 71 - 1 6 0 1 7 -225
1 6 169 167 -10 164 1 4 1 -18 192 -197

12 135 131 14 56 - 6 n -11 264 266 — 1 9 6 1 -55
13 146 -145 12 74« 746 — 1 3 184 -1 86 -20 H O 11'6
14 47 34 1 0 l‘U:-l -995 — 14 77 86 -23 8 7 91

0 245 -213 -1 5 91 OR -24 6 1 55
-1 #-1 If I ' 6 737 -701 -1 6 157 164

4 949 9 no -18 73 -82 -2 ,-3#L
13 123 -111 2 622 569 -20 76 -78
12 59 52 0 1658- 1535 -21 109 -1 0 5 22 7 9 67
7 91 92 -2 1061-100 a -22 90 -92 19 1 4 1 -1 4 0
6 96 -97 -4 1356- 1367 -23 122 120 18 252 -253
3 189 -191 -6 178 .195 -24 59 44 16 96 -94
1 49 55 -8 366^-352 15 135 1.31

-1 97 -93 -10 149 134 -2i / - 2 / L 14 42 49
-2 123 122 -12 365 -3°8 13 73 -81
• 3 54 47 -14 85 75 24 77 68 12 30.6 306
-5 85 78 -16 334 "332 23 49 47 1 1 1 63 -158
— 6 153 -149 -18 252 253 21 119 -1 18 10 392 390
-7 40 26 -20 116 11.5 20 69 67 9 59 55
-8 86 62 -22 142 -139 19 170 177 B 9 1 5 -908
«9 94 -87 18 241 248 7 266 -282
12 71 79 -2 # -1 # L 17 246 -246 6 1 82 166

16 165 -1 70 4 127 -125
*1 t -12 fL 23 115 -113 15 95 96 3 1 58 144

22 103 -97 14 313 -320 2 583 583
9 56 58 21 189 191 12 394 405 1 185 174
8 38 -51 19 137 -141 11 239 239 0 467 -463
7 53 -56 18 130 126 10 89 -95 -1 7 9 80
6 53 - 4 6 16 276 271 9 300 -3D4 -2 632 639
4 69 72 15 221 223 8 647 627 -3 244 -235
3 144 -139 14 44 -47 7 109 1 13 -4 227 -249
1 75 75 13 351 -355 6 153 -146 -5 63 62
0 49 -39 12 97 -102 5 278 -276 -6 600 -577

■"I 55 48 10 286 2«2 4 423 -429 -7 4 66 482
•3 68 -68 9 480 469 3 248 -242 -8 7 0 -60
-4 107 -100 8 90 91 2 412 398 -9 170 -178
-6 50 -46 7 116 -120 1 520 509 -10 46 -27
-7 56 -52 6 1263 1260 0 217 200 -11 32 31
*8 130 122 5 671 -559 -1 324 — 317 -12 49 -39
-9 40 -39 4 292 -285 -2 418 410 -13 128 -127

3 995 961 — 3 352 -332 -14 103 -111
"1 / "13# L 2 118 -109 -4 571 652 -15 93 -87

1 1110-1072 -5 247 -241 -16 9^ -102
1 94 86 0 296 250 -6 173 132 -17 154 153
0 44 -51 -1 738 681 -7 156 161 -18 147 -135

•2 59 -60 -2 1184 1 142 -8 332 -335 -23 1 26 124
-3 377 -360 -9 316 -315

•»2 /0 .1, -4 228 222 -10 125 129 -2 , -4/ L
-5 496 487 -11 485 492

24 113 108 -6 84 -79 -12 30 — 28 23 85 -80
22 196 -191 -7 414 -401 -13 394 -401 21 102 -93
20 133 -131 -8 114 90 -14 382 387



-2# ”4,1, 5 569 574
- 4 1 10 12n

20 195 -187 3 425 -455
19 277 277 2 267 -282
16 259 -257 H 254 -24 0
14 152 152 -1 143 161
13 197 -'197 -2 171 170
12 138 -130 -3 42 39
11 206 -214 -4 157 139
10 198 -183^ -5 261 -265
9 75 -83 -7 138 138
8 112 -1 05 - 8 264 247
7 443 452 -9 60 1 -603
6 127 142 -10 72 50
5 266 -252 - 1 1 273 284
4 371 ■•358 -12 55 58
2 157 172 -13 346 347
1 320 317 -15 279 -276
0 62 50 -16 99 101

-1 741 -738 -17 78 82
-2 439 -455 -19 162 -161
-3 251 260 -20 78 72"4 419 444
• 5 394 381 -2 , "6, L
• 6 248 -257
-7 199 206 21 46 38
-8 316 333 19 124 -113
-9 274 -290 18 155 149
11 77 79 17 96 - 8 ft
12 226 -243 16 79 -86
14 46 48 14 140 142
15 171 170 13 256 260
16 189 197 12 171 -175
17 154 152 U 73 81
18 65 -63 10 126 119
20 138 136 8 182 184
21 67 -70 7 139 -145
22 155 -144 5 262 -260

4 167 -175
-2, -5,L 2 348 364

1 327 319
21 126 115 0 194 -202
19 44 49 -1 102 -99
18 108 98 -2 77 —73
16 203 199 -3 88 -97
14 116 -Ufi -4 508 516
13 57 -57 -5 150 -153
12 236 -244 -6 430 -452
11 287 286 -7 183 -172
9 279 283 -8 250 255
8 71 75 -9 200 207
7 322 -339 -10 57 54
6 184 186 -12 44 -42

13 76 66 0 1 56 "161
15 265 -262 -1 2:i6 212
18 76 -77 - 3 2 1 8 226
20 84 66 -4 106 1 f'6
21 37 32 -5 6 1 61

-6 370 -371
-2 1 -7, L -7 63 -62

-10 U 2 112
20 48 -32 -1 1 1 90 -184
17 78 79 -12 142 -137
15 148 144 -13 137 139
14 143 -133 -14 71 65
13 165 -158 -17 89 90
12 134 131
11 138 143 -2 ,"9, L
10 51 -54
9 227 -235 17 100 — 8 2
8 68 -61 15 64 -42
7 455 -459 13 149 -157
6 123 -125 12 162 162
5 502 517 11 I90 202
4 194 .194 7 62 60
3 97 -93 5 1 32 130
2 307 -322 3 230 -230
0 82 85 2 90 97

— 2 210 -215 1 60 -83
-3 467 -481 0 235 238
-4 128 132 -1 4l5 421
-5 125 141 -2 166 -167
-6 54 -47 -3 43 -50
-7 354 360 -5 144 134
—8 128 -125 -6 49 -56
-9 229 -232 -8 50 -57
12 62 -62 -9 1 30 -124
14 74 -80 -10 ia« 189
15 256 -257 -11 98 101
16 57 56 -13 ib4 158
17 205 197

-2 ,-i0 .I
-2 ,-8,L

15 71 60
17 82 82 13 47 58
14 38 44 12 61 59
U 95 -93 10 193 -191
10 124 -127 9 56 50
9 138 131 6 75 84
8 167 160 7 223 -221
6 102 -99 6 75 70
5 326 331 3 1 3 1 142
4 243 -248 2 160 161
3 131 134 1 244 -243
2 290 287 0 134 -136
1 297 -313



-2# -in, L -2 19 4 4- 1 628 20 128 -1 27 0 267 260
-4 1 83 -166 19 97 -97 7 155 143

-1 116 1 10 -6 301 -281 17 215 723 6 1 5 4 137
-2 78 -81 -8 248 225 16 181 1.34 5 365 -368
-4 84 ' 79 -10 333 326 15 67 -73 4 199 173
-5 243 -235 -14 228 -24f> 14 168 -1 70 3 276 276
-7 59 ' 66 -18 21 0 -221 13 195 -192 2 60 -76
-9 78 75 -22 224 227 12 149 -156 1 1 61 151
10 90 01 11 77 77 0 6o2 b 7 6
12 160 -162 -3 , -1 f L 10 359 -337 -1 246 276
14 64 55 9 239 247 -2 6(55 -567
15 69 -65 24 66 65 8 52 -33 -3 97 108

22 117 -114 7 122 -122 -4 260 233
-2f -Ilf L 20 71 -89 6 321 313 -5 568 -589

18 81 -76 b 116 -118 -6 144 139
7 68 -67 17 65 62 4 97 -98 -7 67 -53
6 137 139 16 157 160 3 306 294 -8 750 -751
4 126 -127 15 154 -153 2 162 -156 -9 130 141
3 62 60 13 318 317 1 756 -715 -10 102 88
1 70 -72 12 275 261 0 380 347 -1 1 142 -1 36
0 43 -51 11 482 -475 -1 653 615 -12 l94 196

»1 83 86 9 202 204 -2 256 -754 -13 44 48
«2 52 -47 8 504 -482 -4 524 490 -14 215 220
-3 128 -124 7 114 108 -5 74 -68 -16 145 -154
-4 148 146 6 618 -565 — 6 267 773 -17 237 -244
-6 130 125 5 228 210 — 7 08 -91 -19 57 65
-7 141 136 4 149 143 -8 429 -410 -20 251 -252
-8 131 -130 3 69 -56 -9 223 217 -22 88 74

2 131 -110 -10 75 78 -23 44 41
•29 -1 2 rt 1 531 -467 -11 167 -174

0 396 362 -12 137 -153 -3 t -4 9 L
A 110 -106 -1 564 492 -13 210 715
3 89 85 -2 8 97 -816 -14 53 -43 22 102 93
1 160 -148 -4 372 -368 -15 42 -53 20 6l 65

•*2 66 58 -6 131 124 -l6 423 441 19 229 -231
**3 105 91 -7 375 371 -20 82 -78 18 149 -156
-5 60 -58 -8 255 -234 -21 45 -57 15 58 45
-6 92 -81 -9 66 -66 -22 67 60 14 144 -149
• 7 81 76 -10 169 178 -23 50 49 13 87 -90
• 8 73 -72 -11 274 -273 12 351 343
•*9 43 -31 -12 199 -198 -3 f-3,L 11 170 -183

-13 376 385 10 394 395
-3 /0,L -14 291 -300 23 39 39 9 143 -142

-15 135 -130 20 176 173 8 117 -125
22 28i 279 -16 182 -186 19 87 85 7 105 -114
16 84 91 -18 245 251 17 173 -17? 6 294 283
12 68 64 -19 133 127 16 50 49 4 187 -179
10 60 51 -21 34 -21 15 41 -49 3 132 153
8 333 299 -23 81 — 81 14 70 -74 2 80 -74
6 739 -703 13 234 234 1 2l8 -203
4 625 -571 -3 9 -2# L 12 291 309 0 466 464
2 509 437 11 192 183 -2 228 2 U
0 301 294 21 91 100 9 118 —98



-3# -4,L -17 64 -66
-16 141 137

-3 244 -235 -19 164 167
-4 513 -517 -21 89 -R8
-5 125 -127
-6 450 450 -3 , -6 / L
-7 70 75
- Q 410 -419 19 1 16 112
-9 440 439 18 103 -95
10 277 283 16 178 178
11 278 -282 14 1 25 -123
13 79 -85 13 105 -109
14 203 -207 11 171 172
17 37 -38 9 278 2R8
IB 174 -174 8 381 -384
19 119 122 7 61 60
20 65 -67 6 359 364

4 55 - 6 4
-3# -5,L 3 274 -286

2 275 -277
22 53 -52 1 268 254
21 121 -124 0 119 122
19 146 136 "1 88 80
17 47 -49 -2 178 183
16 129 -125 -3 388 401
15 282 279 -4 203 -196
14 40 -42 -6 341 345
13 226 -228 -7 139 -I 40
12 65 -56 -8 266 -262
11 322 -326 -9 83 -83
10 139 -143 -11 30 26
7 378 377 -12 149 145
6 42 -29 -13 80 77
5 424 — 413 -14 37 -25
4 306 -273 -15 179 180
3 385 399 -17 122 -121
2 35 50 -18 76 69
1 430 -426 -19 84 — 83
0 87 78 -20 47 46

-1 452 -451
•2 245 -222 -3 ,-7>L
-3 421 438
• 4 130 107 19 94 89
-5 153 -147 17 207 -202
-6 384 378 15 64 69
-7 286 279 14 82 84
-9 110 103 13 62 62
10 104 -109 12 188 -190
11 246 -250 11 82 -85
12 46 41 10 162 162
13 38 23 9 295 297
14 106 -113 6 115 -111
'15 257 265 7 174 -178

6 91 66 10 236 232
5 4 95 -507 9 222 222
3 386 385 7 5l 61
2 67 63 6 8 1 — 7 6
1 139 136 3 47 59
0 73 -75 2 q6 -89

-1 117 -114 1 77 — 84
-2 52 52 -1 96 -96
-3 89 78 -2 18 1 177
-4 183 -189 -3 260 269
-5 388 -395 -5 109 107
— 6 54 68 -9 65 70
-7 35 -21 -10 lfi6 -104
— 8 116 103 - U 1 56 -159
-9 116 129 -12 89 95
10 156 -155 -15 50 47
12 232 240
14 110 -1 15 -3 t m 10,I
16 52 42
17 149 -1 49 13 42 42

12 87 87
-3 9 -8# L 1 0 94 93

8 154 -154
16 100 101 7 191 192
15 91 84 5 163 -157
14 120 -122 2 lb4 -154
13 103 90 I 135 129
10 64 57 0 276 267
9 157 -161 -1 87 — 8 8
8 213 -226 -2 60 -62
7 114 -127 -3 181 188
6 285 289 -5 1 81 179
3 91 96 -6 135 -143
2 235 -230 -7 93 -95
1 223 228 -11 51 47
0 167 167 -12 81 76

- 1 489 -502 -1 3 73 74
-2 270 -278
— 3 116 -121 -3 f-111L
-4 29 -26
-5 117 -101 9 59 52
-6 139 135 7 66 -71
■ 10 72 -75 6 91 — 8 3
11 47 51 4 156 152
•13 167 -173 3 54 49
114 85 -89 -3 60 59
15 64 -65 -4 150 -143

-5 107 -111
-3 ,-9,L -7 86 -80

-8 102 104
13 49 51 -9 98 100
12 133 -131 -11 63 -48
11 248 -240



-3 r-12; L 5 368 -350 -13 138 13! 13 2?2 233
4 37 -3fi " J 4 271 -278 12 137 143

7 93 04 3 20 6 172 — 1 5 1 65 -154 1 1 10 8 103
5 91 •'06 2 90 87 -16 195 -2)4 10 022 222
4 55 60 1 457 423 -17 181 166 9 1 0 4 100
2 70 -62 0 720 657 -18 110 99 8 303 313

-1 59 -55 -1 734 -658 -20 63 60 6 61 3 -508
-2 91 -90 -3 523 4«4 5 236 226
• 3 99 -85 -4 774 -707 -4 / -3, L, 4 456 434
-4 75 71 -6 583 -566 3 570 -561
"5 66 85 -7 66 -74 20 171 -171 2 162 -168
-6 128 119 -8 220 220 18 98 103 1 44I 432

-11 254 252 17 183 183 -1 252 2^2
m 4/P,l -1 2 199 202 15 194 -1 96 -2 643 618

-13 415 -409 14 274 270 -4 174 173
22 66 -90 -15 228 235 12 468 -473 -5 90 93
20 198 204 -16 117 -109 11 200 204 -6 127 -121
14 114 -107 -17 55 — 6l 10 192 181 -7 303 -291
12 399 -392 -18 122 -128 9 144 -141 -a 53 -60
10 308 307 -19 96 -°1 7 226 228 -10 286 -294
8 396 -375 -21 116 106 6 237 -230 -11 216 219
6 657 614 -22 70 64 5 111 108 -12 167 173
4 81 -66 4 560 535 -13 129 122
2 746 -661 -4 , -2# L. 3 264 -266 -14 105 106
0 63 26 2 403 -372 -15 194 -194

-2 1595 1455 21 35 -41 1 234 228 -18 l(o5 115
-4 417 -368 18 174 -179 0 437 -423 -19 116 -114
-6 646 634 16 109 106 -1 230 -228 -20 176 -172
-8 416 414 14 105 101 -2 269 -267
10 404 -399 13 116 113 -4 209 203 -4 / -5/ L
12 280 279 12 105 -106 -5 503 491
14 177 190 11 364 -373 -6 125 -133 19 180 -180
16 128 143 10 87 74 -7 566 -561 17 138 146
18 76 100 8 450 -440 — 8 496 494 16 90 -83
22 174 -170 7 83 -86 — 9 50 -51 15 139 -136

6 57 41 -10 341 -337 13 179 190
mAt-1# L 5 537 509 -11 139 144 12 35 -25

4 429 402 -12 144 -150 11 73 — 7 8
22 14fl 143 3 504 -473 -13 119 -113 10 140 148
21 66 -57 2 255 -228 -14 123 116 9 384 -384
19 67 74 1 460 423 -15 192 191 8 88 88
17 99 -99 0 297 -264 -16 65 68 7 82 -79
16 98 -86 -1 576 -519 -17 59 58 6 152 -149
15 31 -13 -2 63 70 -19 144 -146 5 79 81
14 137 150 -3 54 45 -20 75 76 3 225 -204
13 90 95 -4 1092--1051 -21 33 35 2 64 79
12 194 -182 -5 316 298 1 177 174
11 199 195 -7 186 184 -4 / -4, L 0 239 221
10 348 351 — 8 292 300 -2 276 274
9 364 -367 -9 67 -63 20 149 148 -3 4 -447
8 206 -186 -10 170 -167 17 130 -130 -5 139 131
7 433 421 -11 88 -90 15 188 -1 83 -6 448 -459
6 842 -804 -12 156 160 14 59 55



-4* "5,L 1 0 86 -85 6 81 76 4 53 60
0 160 1 6(1 5 45 24 3 58 -49

-7 201 -204 7 337 341 4 64 -70 -1 63 63
-8 242 250 5 72 70 2 112 1 15 -2 42 31
-9 497 504 4 77 -82 1 130 135 -4 123 - M 5

-lO 58 61 3 311 -309 0 95 -93 -5 65 -50
-12 219 -223 2 80 89 - 1 71 -74
-13 166 -160 0 217 -214 -2 43 -40 m 5 * C * L
-14 146 153 -2 124 127 -3 106 -111
-15 113 -118 -3 103 101 -4 58 -58 22 1 8 1 !-183
-18 64 -68 -4 90 86 -5 112 -108 20 62 70
-20 50 -50 -5 185 183 — 6 49 44 14 70 i 61
-21 90 91 - 6 74 70 -9 53 45 12 67 59

-7 77 -93 -10 61 50 in 752 -732
-4# -6,L -11 112 - H I -11 71 76 8 4 G 5 461

-12 101 -103 -13 159 -159 6 38 24
20 86 77 -13 109 107 -15 60 -54 4 493 462
18 78 -75 -14 138 137 2 878 814
16 60 -63 -15 201 193 -4 ,-10, L 0 8^5 -722
15 124 122 -16 53 -63 -2 264 -245
14 131 132 13 111 -106 -4 714 676
12 183 -183 -4 * -8 f L 12 163 -162 -6 351 357
11 91 -97 10 112 113 -8 189 187
10 135 -135 16 61 -60 9 66 -61 -10 357 353
9 248 — 248 14 164 158 8 55 59 -12 593 — 593
8 299 294 13 80 -82 5 125 126 -16 10/4 108
7 80 82 12 117 -115 0 110 -103 — 1 8 75 81
6 363 -364 11 194 180 -2 95 91 -20 86 81
5 271 272 8 40 -43 -5 52 55
4 301 296 7 56 -63 -7 147 144 -5 *-1 * L
1 221 -224 6 177 -174 -10 79 -72
0 244 -237 5 224 -231 -11 78 -79 22 77 — 8 1

-1 115 115 4 108 102 — 13 90 -83 21 U 2 105
•2 64 -59 2 103 101 20 U 2 117
-3 355 -356 0 102 -89 -4, -11* L 19 113 -115
-5 279 285 -1 247 255 18 143 138
-6 86 -87 -3 247 -244 8 50 47 17 U 8 121
*7 159 160 -5 160 -157 7 61 55 14 116 -121
—8 152 161 -6 46 50 4 131 -130 13 320 -322
*9 135 -134 -9 63 -62 3 54 -54 12 190 -187

-10 29 -27 -11 165 155 2 37 38 11 431 434
-11 102 -97 -13 71 67 1 86 87 10 175 -164
-12 95 -100 -17 120 -117 0 56 51 8 259 247
-13 117 -109 -1 51 -63 7 195 -197
-16 117 -118 -4 * -9# L -3 84 82 6 286 270
-17 148 151 —5 76 79 5 56 57

14 78 71 — 6 92 -92 4 244 -219
-4# -7f I 13 80 84 -7 85 -71 2 113 — 100

11 145 1 44 -8 44 -39 1 367 -350
18 94 -96 10 248 -233 0 439 -402
17 115 112 9 173 -170 -4/ -12* L -1 735 656
15 204 -205 8 61 61 -3 344 -308
12 46 43 7 46 -40 5 56 54



-5* -7/1- -3 143 -163
-6 40 -40

-I 234 -234 -7 184 -183
-2 B5 -69 -8 63 71
-4 173 173 -9 134 -131
-5 229 234 -11 66 67
— 6 43 -59 -13 74 65
-7 64 65
-8 65 58 -5 # -10* L
-9 61 59
10 54 54 11 46 31
It 83 75 10 135 -133
13 122 -1 19 9 68 -62
15 73 -79 8 50 51
17 162 156 7 51 -52

6 65 — 6 5
-5* -8,1 3 45 37

2 77 69
15 43 -39 1 79 73
14 92 -87 0 68 -59
11 230 -228 -1 39 41
10 65 -66 -3 98 -99
9 133 121 -5 62 -64
8 80 81 -10 56 55
7 104 U 4 -11 78 65
5 44 61
3 164 -169 -5 *-11* I
2 62 -57
1 209 -214 0 47 -40

-1 52 62 6 77 74
-2 33 27 5 95 96
.3 122 128 3 64 64
-5 75 65 1 89 — 8 4— Q 110 104 0 105 -105
11 150 -147 -1 48 45
12 82 -82 -3 154 -153
13 52 54 -4 62 62
14 85 82 -5 89 88

-7 101 100
-5* -9,L -8 86 -86

14 56 -57 m 6* 0* L
12 68 74
11 89 91 20 181 -186
9 85 79 16 181 -184
8 82 -85 14 164 -175
7 80 -83 12 297 298
6 71 -71 10 332 322
5 186 -190 8 548 -528
3 109 -122 6 163 -167
0 41 44 4 116 108

-1 202 210 0 362 327
-2 76 -66 -2 378 -345

-4 85 -76 9 123 114
-6 164 -1 59 8 8 1 87
— 8 214 -241 7 267 258
10 260 -203 6 560 537
12 218 217 5 75 -62
14 104 — 103 4 87 75
18 148 -152 3 221 -211

2 4 l 8 -381
-6 *-1,1. 1 153 -152

0 31 3 286
20 81 -79 -1 3fi7 364
19 108 101 -3 269 -257
18 58 -65 -4 94 90
17 86 -90 -5 284 274
16 88 65 -6 432 421
15 48 60 -7 285 -280
14 105 102 -8 222 243
13 239 237 75 -79
12 96 1 03 -ltK 56 -53
11 442 -445 -1 4 41 -28
10 346 -344 -1 6 166 173
9 260 259 -19 37 -47
8 78 -75
7 142 135 -6* -3* L
6 97 99
5 212 -198 20 59 58
4 792 747 17 237 -245
2 270 260 15 48 55
1 213 205 14 232 -243
0 146 -132 13 138 127

-1 476 — 4 4 4 11 209 -222
-3 353 325 8 265 263
— A 127 117 6 449 -434
• 6 66 67 5 468 -456
— 7 241 -235 4 61 52
-8 464 465 3 199 103
-9 139 122 2 310 -296
10 384 391 0 160 -153
11 134 -123 -1 100 103
12 63 -53 -2 165 157
13 46 45 -3 36 38
ie 156 162 -4 203 202
20 70 7? -5 406 -390

-6 178 -159
-6 * -2, L -7 189 187

-8 237 -235
21 44 35 -9 171 177
18 159 165 -10 53 -61
15 264 -273 -11 75 -85
14 143 -135 -12 172 -171
13 146 153 — 13 128 127
12 156 -160 -14 149 149
10 127 130



-Of -3,L 3 347 34fi
2 111 1^6

15 77 -72 1 347 -34J
16 109 - U 2 0 66 -7n
17 86 -69 -3 214 199
18 76 -69 -4 107 -116
20 65 -59 -5 62 62

-6 108 119
-Of -4,L -7 276 274

-9 165 -159
19 87 -92 -10 177 172
18 236 -245 -11 227 -225
17 176 100 -12 53 50
16 53 33 -13 113 114
15 51 -58 -15 76 75
13 175 173 -17 52 -43
12 131 127
10 79 -68 -6 * -6 f L
9 198 -194
6 467 -469 16 161 165
6 106 -1 07 15 113 -11 P
5 64 -63 14 72 -78
4 213 -210 13 69 -66
3 69 72 11 30 32
1 322 313 8 94 89
0 197 199 7 201 195

-1 67 66 6 309 310
*»2 223 -220 5 156 -153
-3 626 -616 4 179 -181
-4 279 -276 3 303 -301
-5 363 359 0 84 78
m7 141 136 -2 66 -75
-8 306 — 304 -3 102 105
10 156 164 -4 104 105
11 41 31 -6 141 141
13 59 -64 -7 181 -184
17 49 51 -8 182 -189
18 78 -80 -9 167 -174
19 99 97 -10 246 248

-11 74 75
-6f -5#L -12 47 -59

-13 73 69
19 155 157 -14 130 -123
18 75 -74 -16 128 121
16 98 95 -17 120 -121
14 127 123
13 105 -109 — 6,-7,l
10 56 57
9 46 46 17 96 -93
7 326 328 14 67 57
6 179 -177 12 120 -119
5 109 106 11 165 170
4 331 328 10 146 143

9 39 42 -0 #-l?fL
7 267 -266
6 50 -51 9 98 09
5 198 - 2 i ‘ 3 8 60 — 5 0
4 85 -85 5 59 -53
3 64 08 3 87 -86
0 79 -81 1 95 — 8 Q

-1 125 133 0 175 172
-2 57 55 -1 55 -45
- 5 319 -314 -2 Ui2 -94
-7 66 64 -3 137 136
— 8 87 -80 -7 168 -167
10 96 -93
13 69 78 — 6/ - 11 fL
14 73 -74
15 72 -60 5 1 21 -111

0 4« 48
-6, -8,L -2 88 -90

-4 68 -58
9 140 -135
7 57 -02 -7, Cl, I
6 71 76
5 94 103 20 215 212
4 65 -69 14 51 68
3 237 239 12 191 -183
1 146 144 10 159 161
0 59 56 8 451 438

-1 194 -196 6 421 430
-2 102 — 9 0 4 401 -378
-3 87 98 2 107 -116
-4 93 85 0 182 -177
-6 63 72 -2 265 250
-7 195 196 -4 67 58
—8 163 -159 -8 235 -245
-9 157 156 -10 77 -83
13 70 -63 -12 187 186
14 117 -109 -16 108 96
-6, -9# L -7 9 — 1 f L

11 133 -131 16 188 -188
10 91 91 14 88 — 0 6
9 87 87 12 U 8 113
6 40 47 11 229 228
5 135 136 10 3tj2 291
3 78 75 9 349 -349
1 147 -152 8 55 57
0 75 72 6 139 -131

-3 129 127 5 145 146
-7 120 122 4 343 -326
11 153 -146 3 137 -149
12 105 108 2 78 61



-7/ " 11 L 7 159 155
6 393 382

1 49 59 5 85 86
0 306 266 4 238 238

-2 91 -78 3 140 -123
-3 39 -26 2 31 -17
-5 70 '-74 1 42 36
— 8 62 61 0 50 37
10 66 56 -1 103 -96
n 117 128 -2 193 -187
12 69 60 -3 295 292
13 115 -108 -4 110 101
15 113 112 -5 127 124
17 77 -79 -6 240 241

-7 180 -182
•*7# -2 ,L -9 112 112

-10 192 -197
18 88 -88 -11 118 -119
17 82 86 -12 67 70
15 95 89 -15 112 112
14 180 175
12 52 -49 -7 , -4 1 L
11 131 -129
9 203 202 17 144 -141
8 216 *•216 16 55 -63
6 340 -337 12 150 -144
5 43 36 9 68 58
4 75 58 8 92 94
2 265 256 7 252 -247
1 163 -155 5 97 -89

-1 184 -178 4 404 408
«3 277 257 2 411 -404
*4 279 -270 1 52 -52
-5 123 -123 -1 167 165
-6 74 66 -2 259 256
—8 175 168 -3 47 44
10 88 -85 -5 256 -252
11 64 -55 -7 120 -113
13 100 — 102 -8 119 120
14 187 -194 -10 62 -54
17 47 42 -11 108 107
18 90 96 -12 173 181

-14 56 47
*7f -3,1

-7 ,-5,L
19 70 80
18 197 189 17 64 71
17 98 96 16 104 -103
15 210 -213 13 216 210
12 63 -56 12 127 128
11 76 76 11 59 -61
10 134 -126 9 105 -103
8 134 -121 7 105 105

6 135 -1 30 7 1*5 1 6 4
4 194 -192 6 5 6 -56
2 114 -1 15 5 1 93 -1 °7
1 303 295 4 36 24
0 199 1 94 3 173 -174

- 1 214 -206 1 139 136
-3 132 -1 35 0 72 -75
-4 281 -289 -1 8.1 -78
-5 59 64 -2 m i 99
-6 124 132 -4 96 -97
-7 238 -233 -5 247 246
-8 101 105 -6 64 -67
-9 316 321 -7 212 -213
10 53 -58 -8 45 -47
13 144 -147 -9 64 — 6 7

-12 58 -57
-7 » -6, L -14 65 69

15 133 137 -7, -8 9 L
13 77 -83
12 48 -46 12 34 — 38
11 144 -147 11 154 160
10 99 101 10 9l 90
9 50 -50 5 98 -104
8 122 -123 4 211 212
7 189 195 1 97 98
6 280 -285 0 120 -126
5 118 119 -1 9 5 97
4 202 207 -2 1 70 172
3 37 39 -3 88 -95
2 208 -210 -4 133 -135
1 106 -111 -5 60 57
0 45 51 -7 135 -134

-2 65 63 -8 1 30 125
— 3 98 -101 -9 6 1 -63
.4 163 -169 -10 87 — 8 6
-5 207 207 - 11 112 103
-7 95 98
-9 77 79 -7, -9 r L
10 183 -181
11 52 -57 10 49 -43
12 62 52 9 182 -183
13 115 -114 8 83 92
15 85 84 7 47 46
16 114 -109 1 133 136

0 132 -131
-7 , - 7 ,  L "1 73 —65

-2 49 53
15 99 -92 *3 81 -79
12 72 73 -4 45 61
10 115 -121 -9 103 101
9 98 95
8 97 94



-71-in, L 17
16

45
139

-50
-140

-8 t -4 1 L -8,"6 r L
3 80 -81 14 105 -108 15 53 - fj ft 1 3 11 7 124
0 93 -91 13 44 45 14 110 113 U 94 94

-2 189 164 12 92 95 13 113 -111 10 76 -80
-3 97 -99 11 203 205 12 63 -67 7 1 8 1 -177
-4 45 -4 8 9 237 -237 10 94 -93 5 103 110
-5 71 79 8 91 84 9 118 -133 4 I78 -176

7 46 41 8 106 109 3 175 176
-8 6 146 -143 7 116 114 2 201 2^6

5 160 -161 5 71 77 -1 88 92
16 200 207 3 51 47 4 44 -39 -2 123 -122
12 48 55 2 117 105 3 75 -67 -4 I48 142
10 163 -165 1 67 67 2 325 320 -5 93 -93
8 33 26 0 66 -71 1 280 -288 -6 104 -100
6 43 -44 -2 253 241 0 284 -282 -7 153 165
4 125 109 -3 114 -105 - 1 107 1 Oft -9 67 68
2 196 -204 -4 91 105 -2 121 -124 -10 84 86
0 224 -210 -6 335 -323 -3 69 77 -11 64 52

•8 178 171 -7 95 89 -4 220 218
-10 76 -82 -9 107 -107 -5 68 -75 -8 f -7' L
-12 248 -241 -10 106 91 -7 97 95
-14 130 133 -11 103 100 -8 104 99 12 58 59

-14 126 125 — 9 223 -222 9 107 -117
-81- 1,L -1 6 106 -108 -12 112 -114 7 127 -126

-17 48 -50 -13 51 58 6 82 83
18 70 66 5 297 305
15 43 -28 -8 r -3 9 L -8 ,-5,L 4 7l -74
14 144 -143 1 173 -173
12 117 -123 16 117 120 15 32 -14 0 54 54
6 85 74 15 125 119 14 61 -59 -2 73 — 75
7 69 -76 14 96 98 13 161 -157 -3 60 -59
6 77 -92 13 80 -78 11 204 200 -4 127 128
5 67 -63 U 43 28 10 54 -58 -7 129 126
4 165 -165 10 66 73 9 162 171 -9 6^ -63
2 90 -87 8 204 204 8 59 -69 -10 58 64
1 57 53 7 68 -66 7 185 -197 -11 g0 -82
0 294 -298 5 293 287 6 117 -115

• 1 204 198 2 290 285 5 52 47 — 8 f -8 #L
-3 29i -265 -1 97 -94 3 298 -301
*4 80 75 -2 199 214 2 67 67 10 64 -71
•5 191 185 -3 106 -99 0 213 -222 9 141 139
.8 255 -270 -4 118 -124 -1 239 229 8 lp6 110
-9 148 -135 -5 177 171 —2 62 69 4 155 «l67

-10 165 -185 -7 64 51 — 4 68 67 3 95 -99
-11 192 195 -8 105 110 -5 118 -117 2 89 84
-12 127 -142 -9 181 -198 -6 128 -122 1 140 -149
-14 68 62 -10 261 275 -9 86 -91 -2 96 -103
-15 74 -79 -12 83 •■89 -11 146 145 -3 54 58
*17 93 97 -13 84 -79 -12 63 — 56 -4 138 133

-14 56 -55 -13 91 89 -6 96 —96
-8# -2,L -15

-16
79
62

-90
60

-8 45 -48



-6# -9,L 2 136 -135
0 101 Q7

0 91 101 -2 216 -225
-1 146 143 -3 62 62
-2 125 -130 -4 126 116

-6 110 1 M
-9 ,0,L # -7 166 -163

-8 220 -221
16 146 -140 -9 74 73
12 192 184 -10 106 -112
8 309 -303 -15 88 86
2 85 79
0 298 296 -9, -3,1

-2 235 -227
-6 71 71 15 61 65
10 212 209 14 160 -163
12 176 201 13 73 80
14 186 -190 U 77 -82

9 132 142
*9# -1,L 6 46 -55

5 188 -194
H 141 142 4 153 "167
12 124 141 3 167 160
11 128 -144 2 224 -227
10 168 -174 0 138 125
9 167 179 -2 61 59
8 76 -73 -4 139 -139
6 199 202 -5 166 -169
4 207 207 -8 107 "111
3 136 133 -9 107 110
2 38 -54 -12 167 176
1 153 -136 -13 82 85

*2 10e -62
• 3 233 229 -9, -4,L
*5 268 -271
-6 180 177 14 54 -57
ml 157 168 12 132 127
-8 77 70 11 59 — 58
•9 88 97 8 85 -73
10 68 -81 6 100 98
'11 206 -206 5 84 — 85
12 96 -103 3 315 319
13 104 100 1 75 76
'14 102 -103 0 181 181

-1 267 -271
•9, -2,L -2 126 -117

-4 71 -76
15 82 -72 -5 68 75
10 56 -60 -6 122 125
8 69 78 -9 135 140
6 240 231 -10 120 121
5 177 -180 -11 40 -48
4 196 -189 -13 85 -90

-9, -5,L 10 1 83 188
6 171 -171

11 115 -113 2 M 9 -106
8 72 -73 0 99 -91
7 64 59 -2 447 463
6 115 122 -10 197 -194
4 144 151 -12 72 75
3 38 41
1 210 -217 m 10,-W L

-1 75 -70
■ 3 54 45 13 7 * 86
-5 104 111 12 60 64
— 6 131 137 11 50 45
-9 79 -88 9 200 -208
IP 69 -68 8 105 - m
11 114 -113 7 182 191

6 108 -104
-9, -6,L 4 34 -23

3 52 -57
10 57 64 2 179 172
9 45 44 1 190 190
8 72 -76 0 126 124
7 88 92 -1 157 -156
6 58 62 -2 77 89
5 199 -210 -5 102 106
2 127 -128 -6 163 -164
0 121 123 -7 102 -105

-2 62 69 -10 93 103
-3 151 163 -12 127 145
-4 94 -101
— 7 136 -143 m 10,-2, I
-9 92 -90

13 75 -69
"9# -7,L 9 83 — 75

8 1 01 -104
9 42 -32 6 72 -70
8 108 -120 5 203 218
5 74 -70 4 237 237
3 133 144 3 133 -134
1 124 124 2 51 61

-4 84 -89 0 123 -127
-5 76 — 68 -1 86 87

-4 211 -215
"9, -8,1, -7 109 112

-8 2 10 224
5 50 53
2 103 -102 m 10 ,  M  3 , L
1 54 56

— 1 116 -120 12 95 -99
7 137 146

-10 ,0,L 4 74 —85

12 156 -164



m 10,-3,-L •>10,-5, L

3 246 -261 9 85 -96
i 59 56 8 63 60
0 263 -271 7 95 -102

-4 155 163 6 57 -48
-5 60 '55 3 86 102
-7 133 -136 2 201 205
m 8 52 46 1 59 62

-10 73 -78 -3 87 -85
-5 35 6

- 1 0/“4 i• L -6 74 -79

11 112 117 -10 , -6 ,L
8 71 84
3 120 -135 7 97 103
2 180 -200 5 100 111
1 142 153 4 153 173

-1 120 123 3 75 -92
-2 144 154 1 98 -95
-3 72 -73 -1 34 -34
-5 102 -103 -3 33 -35
-7 65 75

"1® 85 — 90

11 , 0, L 3 1 6 5 176
2 66 72

8 °6 100 0 U * 118
6 124 140 -6 97 -85
2 134 105
0 90 -64 -11 ,— 3,I
2 167 - 188
4 112 108 7 65 -93

6 60 -59
m 11 , — 1, L 5 98 101

2 7 2 78
9 86 93 1 74 -79
8 68 83 0 92 96
7 134 - 137 -4 142 -150
6 85 96 -5 55 67
2 145 - 154
1 72 66 -11 , -4,L
2 90 99

0 159 -169
m 11 , -2 , L -3 154 160

8 61 60
6 63 -73
4 180 - 180



A P P E N D I X  9

CALCULATED AND OBSERVED STRUCTURE FACTORS FOR 

N-DIPHENYLPHOSPEHNOYL-P-TRIPHENYLPHOSPHAZENE



24,5,1 2 105 105 168 22,5, L
I 52 45 7 0

1 128 131 71 2 51 46 162
23,3, L 1 62 63 247

24,4,1 0 96 101 180
0 3 50 49 258

2 35 41 170 1 90 91 255 22,4, L
1 41 39 175 0 72 71 183
0 69 63 180 5 56 51 216

23,2, L 4 28 26 113
24,3,1 3 54 53 269

4 31 33 169 1 50 54 306
1 30 31 26 3 99 99 266

1 61 61 280 22,3, I
24,2,L

23,1, I 5 92 94 238
2 59 60 170 3 58 58 283
0 48 54 183 4 99 101 7 2 56 55 30

3 75 79 267 1 93 93 257
24,1, L 2 73 65 0 0 116 116 180

1 75 77 296
1 51 52 273 22,2, L

22,10 , L
24,0, L 5 41 36 255

1 59 55 284 A 74 71 284
3 81 83 250 0 76 69 180 2 84 79 40
2 54 56 285 1 66 70 279
1 57 63 186 22,9, L 0 70 77 0
0 88 89 0

2 33 30 358 22, 1, L
2 3, 8, L 1 54 57 271

0 41 36 0 5 66 74 274
1 78 80 278 4 35 42 280
0 67 60 180 22,8, t 3 69 79 265

2 63 72 14
23,7,1 3 54 54 39 1 86 88 240

2 70 69 176
2 68 61 13 1 48 46 235 22,0, L
1 67 74 85 0 92 91 180

5 44 51 56
23,6,1 22,7, I 4 137 134 345

2 174 171 345
2 96 94 137 4 80 79 37 1 34 33 53
1 36 37 216 3 51 46 261 0 184 181 0
0 117 120 180 1 150 153 273

0 43 44 0 21,11 ,i
23,5,1

22,6, I 2 48 37 38
0 55 57 0 1 82 74 291

3 55 51 76
23,4,1 1 65 62 66

0 43 54 0
4 87 84 152



21,10 ,L 21,2, L 6 85 80 25
5 70 74 69

2 42 45 163 6 77 82 3 35 3 114 1 10 62
5 46 34 3P8 2 108 10 5 3

21,9, L 4 112 109 354 1 118 121 84
# 3 28 22 259 0 147 153 0

4 61 57 178 2 122 124 321
3 156 154 281 1 70 72 307 20,6 , L
2 60 62 239 0 161 158 0
1 144 141 276 5 66 67 73
0 33 42 0 21,1, L 4 67 74 236

3 87 92 135
21,8, I 6 34 37 343 1 110 113 117

5 117 119 50 e 49 52 180
4 125 123 356 3 71 65 75
2 138 141 17 1 134 131 90 20,5 , L
i 61 63 293
0 153 147 0 20, 12 , L 6 73 72 195

5 64 70 53
21*7# L 2 40 44 7 3 48 49 31

0 51 50 0 2 132 135 196
4 44 42 220 1 86 86 68
2 52 55 120 20,11 , L

20,4 , L
21,6, L 3 72 72 266

2 85 86 188 4 51 51 96
3 44 52 333 1 67 67 268 3 82 81 234
2 110 106 339 0 52 54 180 2 60 65 204
1 45 45 352 1 35 39 218
0 67 69 0 20, 10 , L 0 119 110 180

21,5, L 4 95 96 355 20,3 , L
3 131 134 285

6 41 37 281 2 109 111 337 4 41 42 277
5 38 41 131 1 66 65 286 3 112 108 50
2 54 56 111 0 142 149 0 1 61 65 35
1 31 32 123 0 78 78 0

20,9, I
21,4, L 20,2 , l

5 54 53 71
5 39 47 239 3 59 59 88 7 40 46 293
4 53 54 260 2 122 119 336 6 49 51 149
3 45 50 20 5 68 64 324
1 40 47 346 20,8, I 4 74 78 159
0 34 33 0 3 43 45 281

4 33 36 30b 2 100 100 164
21,3, L 3 77 80 254 0 57 59 180

2 94 88 343
5 56 59 324 1 48 43 322 20, 1, L
3 48 52 224 0 70 67 0
2 64 62 140 7 32 37 62
1 88 90 219 20,7, L 6 70 67 11



20,1, L 19,8, L p 25 26 0
5 56 60 5 0 5 66 67 100 1°,?, L
2 107 1 H7 322 4 79 77 24
1 48 53 1 16 3 132 134 71 7 89 86 72
0 1 3-9 146 0 2 36 47 134 5 6 9 70 71

1 132 133 93 4 52 56 55
20,0, t 3 69 73 4 0

19,7, L 1 62 65 126
7 99 96 67
6 135 130 152 7 66 62 51 19,1 ,L
4 102 101 124 6 70 66 196
3 151 152 53 5 1 -?5 106 79 8 35 41 95
2 112 111 181 3 136 131 101 7 81 34 219
1 141 143 104 2 74 75 214 6 67 81 154
0 187 196 180 1 94 93 90 5 124 119 241

0 75 73 180 4 123 118 153
19,14 , L 3 51 56 292

19,6, L 2 02 82 180
0 43 45 0

6 75 75 151 18,14 «L
19,13 , L 4 89 87 136

3 54 42 16 0 62 64 180
3 85 79 86 2 114 117 192
2 31 32 190 1 67 73 71 18,13 , L
1 59 57 63 0 164 162 160
0 60 61 180 4 45 43 10

19,5, L 3 87 88 82
19,12 , L 0 70 73 0

6 85 81 212
1 137 137 281 5 59 64 133 18,12 ,L

4 51 52 189
19,11 , L 3 81 78 111 5 59 65 79

2 79 80 195 4 105 103 157
5 69 65 59 0 115 119 180 3 42 41 107
4 37 42 9 2 100 99 174
3 68 70 74 19,4, t 1 47 48 70
2 53 53 16 0 136 130 180
i 70 69 91 6 94 94 160

5 74 70 352 18,11 , L
19,10 , L 4 154 157 188

3 60 61 270 5 45 46 274
3 61 64 287 2 137 138 146 4 41 34 14
2 63 63 231 1 51 53 270 3 65 70 307
i 48 42 341 0 292 297 180 2 45 48 142
0 36 39 180 1 63 61 285

19,3, I
19,9, L 18,10 , I

7 71 69 271
4 124 123 356 6 70 74 49 3 51 51 97
3 55 56 40 5 97 97 253 2 60 56 86
2 124 125 359 3 152 142 247
0 83 88 0 1 126 129 271



IP, 1 *,L 18,4, L 17,16,L

1 47 62 9 2 a 68 6 8 368 2 4 9 6 4 1
6 8 3 79 311

18/9, L 5 94 93 233 17, 14,L
0 4 75 76 3 59

5 42 51 125 3 43 50 13 4 59 59 1 55
4 37 34 335 2 52 57 62 3 93 84 62
3 67 68 65 0 138 140 0 2 75 73 179
1 49 4 0 39 1 131 126 84
0 87 94 180 18,3, L 0 86 92 180

18,8, L 8
7

80 
6 6

75 
6 4

156
263

17, 13 , L

7 62 50 6 5 47 54 238 5 35 34 220
6 36 26 177 4 64 68 191 3 37 37 292
5 44 42 120 3 9 0 91 249 2 102 103 167
4 105 103 162 2 31 30 42 1 90 80 254
3 130 131 91 1 173 169 280 0 91 89 1 80
2 74 63 137 0 103 116 180
0 48

18,7,

55

L

180
18,2, L

5

17,12

34

, L

32 84
8 81 83 350 2 51 48 113

7 62 61 179 7 47 47 217 1 30 31 247
5 35 32 201 6 131 131 329
4 37 40 208 5 42 41 268 17,11 , L
2 76 73 195 4 57 56 341
1 80 74 68 3 129 131 245 5 36 33 273

2 166 163 8 4 48 5 0 180
18,6, L 1 40 35 80 3 68 66 214

0 265 270 0 2 53 61 178
8 71 74 174 1 69 71 249
7 54 54 75 18,1, L
6 90 96 181 17,10 , L
5 70 67 86 7 71 67 104
4 197 197 185 5 67 68 98 2 46 46 330
3 66 65 84 4 40 47 73 1 62 62 240
2 199 198 175 3 51 43 172
1 99 107 162 2 51 37 255 17,9, L
0 117 115 180 1 57 54 54

0 48 47 0 7 28 29 194
18,5, I

18,0, I
5
3

28
95

21
100

190
201

8 53 51 189 2 54 58 9
7 114 117 248 8 62 70 255 1 74 70 227
6 99 101 155 7 92 95 220 0 29 35 0
5 199 201 240 5 42 41 260
4 66 59 163 4 35 41 278
3 190 181 275 3 95 93 198
2 74 70 215 2 120 126 43
1 255 255 273 1 82 76 60
0 199 206 180 0 52 53 180



17,8, L 17,3, I 0 76 7b 1 8 0
6 66 62 355 8 67 65 3 4 1 16,1? ,L
5 121 120 88 7 73 76 6 3
4 72 74 238 6 122 1 17 335 5 118 1 16 242
3 6-9 65 108 5 113 110 53 3 120 99 2 0 5
1 93 100 82 4 186 186 6 2 65 68 260

3 36 43 1 18 1 129 1 29 255
17,7, L 2 236 237 9 0 63 56 W

1 199 207 88
8 6b 60 165 0 183 185 0 16,11 , L
7 40 45 190
6 6 5 82 145 17,2, L 7 31 42 198
5 58 62 275 6 51 55 18
4 167 181 166 7 65 62 51 5 80 80 261
3 158 167 269 6 26 37 253 3 75 78 268
2 186 184 195 5 113 118 132 2 7 3 69 358
1 51 39 166 4 56 56 353 1 57 58 235

3 161 16/ 126
17,6, L 1 65 70 257 16,10 , L

0 120 119 0
6 39 42 356 7 61 59 144
7 43 47 235 17,1, L 6 63 66 0
6 74 72 307 5 52 48 214
5 93 84 227 7 75 78 46 4 143 142 345
4 84 77 316 6 8 0 77 260 2 199 199 337
3 39 73 232 3 128 130 04 1 70 72 188
2 134 135 318 2 43 37 358 0 82 82 0
1 163 163 295 1 185 185 124
0 133 133 0 0 163 164 0 16,9, L

17,5, L 16,16 #L 7 37 30 87
5 72 74 80

6 46 44 209 1 85 88 78 3 88 92 87
5 67 64 316 1 67 61 48
4 71 77 195 16,15 , L
2 145 148 88 16,8, 1.
1 62 57 61 4 46 45 163
0 105 106 180 3 36 39 284 8 51 58 311

2 87 84 177 7 73 72 231
17,4, L 0 111 110 180 6 60 53 341

5 54 55 232
8 72 67 20 16,14 » L 4 87 87 2
7 117 116 272 3 115 116 246
6 69 70 317 2 47 51 53 2 80 8! 357
5 60 59 276 1 26 27 279 1 105 114 357
4 123 122 315 0 91 87 0
3 187 181 231 16,13 , L
2 118 121 2 16,7, I
1 360 359 241 6 71 68 132
0 264 269 0 4 98 97 184 7 128 126 71

3 51 55 203 6 78 73 285
2 74 77 190 5 128 127 53



2 9 8
1 F 0

265
2 7 3
32b
33b

0

211
310
237
3b6
282
342
243

0

313
40

347
347
38
0

12
217
352
2b

344
0

311
41

332
66

337
88
31
83
0

16,7, L 16,2, I 1 78 77
0 55 5 4

55 61 -MS 9 5 1 5 4 36
99 97 78 8 31 34 2 0 15,13 f L
59 62 38 7 13b 13b b b
173 176 100 6 62 67 171 5 54 48
47 40 180 5 126 130 82 3 78 7b

4 97 93 125 2 63 64
16,6, I 3 106 105 98 1 72 67

2 59 56 320 0 43 42
75 73 228 1 175 183 116
7b 67 239 0 79 72 0 15,12 «L
7b 70 17b
89 92 293 16,1, L 7 61 59

106 112 78 6 73 68
174 1 60 236 7 80 64 76 5 46 49
43 51 207 6 73 74 203 4 95 92
115 117 286 5 104 103 99 3 60 62
13b 121 180 4 83 81 151 2 50 51

3 84 81 129 1 46 44
16,5, L 2 33 29 274 0 106 106

1 147 152 106
115 115 328 0 191 186 180 16,11 , L
158 156 339
60 64 11 16,0, L 6 91 91

237 247 0 5 70 73
33 34 345 9 69 73 332 4 121 118
163 167 8 8 98 106 160 2 105 105
96 93 184 7 1 08 109 5 1 111 111

206 210 0 6 126 120 166 0 130 127
4 217 214 206

16,4, L 3 79 79 88 15,10 9 L
2 152 157 152

49 46 97 1 80 80 234 6 31 31
98 91 59 0 138 131 180 5 41 36
74 79 38 4 121 124
178 171 82 15,16 9 L 2 67 60
120 118 52 1 28 34
119 115 109 3 56 53 268 0 107 111
64 62 0 2 86 88 352

1 88 80 255 15,9, L
16,3, i

15,15 , L 8 48 63
59 51 323 7 93 95
58 49 34 3 60 56 88 6 132 130
50 46 1 2 30 26 348 5 128 125
127 128 67 1 86 83 114 4 173 180
49 50 288 3 238 236
141 147 148 15,14 9 L 2 180 190
69 73 286 1 87 91
84 82 131 5 50 49 241 0 55 63

236 238 0 3 42 46 238
2 55 55 237



L 15,3/ L 2 f 8 71 2
1 31 31 31 7

6 143 1 39 162 9 6 6 0 5 52
5 102 105 54 7 74 71 15 3 14,14 , L
4 162 161 152 6 84 89 114
3 64 76 53 5 110 115 97 4 53 56 19
2 122 1 20 196 4 90 86 149 0 62 55 180
1 166 156 98 3 58 52 103
0 139 129 1«0 2 60 59 87 14,13 r L

1 133 133 83
15*7/ L 6 49 50 298

15,2, L 4 43 46 287
6 63 62 2 97 0 72 77 0
5 140 144 229 9 96 90 47
4 73 77 36 8 85 83 195 14,12 • L
3 160 175 352 7 58 59 129
2 42 49 339 6 163 159 176 5 50 65 312
i 54 55 207 5 97 102 166 4 61 59 352
0 83 76 0 4 163 163 184 3 55 62 326

3 136 128 6 2 55 68 78
15,6, L 2 210 206 168 1 47 45 358

1 211 225 68
9 87 82 50 0 439 452 180 14,11 , L
8 34 34 114
7 63 63 57 15,1, L 6 73 69 345
6 97 98 120 7 63 53 53
5 51 47 113 10 62 59 76 6 88 81 335
3 206 207 54 9 60 59 264 5 66 53 85
1 97 95 80 8 66 65 106 4 171 170 357

7 14/ 150 268 3 78 78 94
15,5, L 6 116 117 192 2 166 166 2

5 92 98 286 1 56 47 154
7 56 60 293 4 167 169 172 0 102 92 0
5 139 138 241 3 226 233 234
4 100 111 143 2 87 91 147 14,10 , L
3 81 81 65 1 348 355 270
2 114 112 108 7 123 123 4 3
1 63 60 347 14,17,1 6 71 70 139
0 102 100 0 5 180 183 59

2 111 106 352 4 101 98 162
15,4, L 1 57 50 76 3 208 203 79

0 170 165 0 2 58 58 246
9 59 56 55 1 138 139 113
7 71 66 90 14,16 , L
6 84 89 49 14,9, I
5 67 65 3 3 57 57 97
4 88 89 117 0 81 84 180 5 61 57 141
2 142 144 286 4 124 130 149
1 240 238 55 14,15 L 3 50 49 134
0 37 18 0 2 59 62 173

5 33 23 249 1 56 59 289
4 44 45 280 0 32 42 0
3 64 57 45



1 4 ,8 ,1.

6 6 1 46 99
7 97 96 6 6
5 113 1 12 274 L4 7 147 296
3 107 1 u 6 72
2 1 22 124 136
1 149 146 107
0 121 125 0

14,7, L
8 105 103 126
7 33 39 206
6 195 192 151
5 39 38 166
4 176 170 173
3 136 130 241
2 206 194 180
1 54 46 281

14,6, L
8 36 38 284
6 60 55 288
5 70 71 261
3 169 186 268
2 121 129 72
1 71 65 345
0 133 133 180

14,5, L
8 51 53 26
6 71 74 42
5 125 127 218
4 109 104 112
3 53 53 35
2 110 120 72
1 158 156 344
0 79 75 180

14,4, L
9 40 39 165
7 66 62 142
6 85 88 268
5 60 50 217
4 153 158 196
3 73 73 18
2 131 134 95
i 174 183 116

0 43 23 •3

14,3 , L

9 57 58 288
8 8 8 80 172
7 69 60 2 5 0
5 63 59 250
4 191 179 173
3 107 111 273
2 279 284 152
1 213 220 250
0 248 251 18B

14,2 , L
8 73 69 331
7 41 37 131
5 175 170 239
3 67 63 241
2 45 51 83
1 169 178 266
0 285 283 0

14,1 , L

0 58 53 161
8 81 77 181
7 77 78 287
6 170 173 196
5 126 128 283
4 71 61 188
3 32 9 2P3
2 294 301 149
1 192 207 260
0 457 457 180

14,0 , L
0 40 42 314
9 108 101 252
8 169 164 2
7 284 277 266
6 75 72 314
5 123 126 316
4 46 45 90
3 528 534 247
2 281 292 337
1 566 568 272
0 451 448 0

13,18,L

1 73 R [A h 6
0 91 94 0

13,36 , L

5 68 63 6 0
3 4 3 45 6 0
1 102 10 2 103
0 69 69 0

13, ! 5, L
4 43 44 1 72
3 55 54 95
2 91 85 2 00
1 59 55 138
0 86 82 180

13, 14 r U
5 50 51 323
4 109 112 176
3 43 40 345
2 78 78 167
0 84 83 180

13, 13 , L
6 69 69 47
5 76 83 276
4 38 44 280
3 40 37 286
1 116 113 235

13, 12 , L
8 44 44 316
7 59 60 56
6 41 38 46
5 111 109 54
4 44 47 166
3 77 73 67
1 90 95 58

13, 11 , I
8 38 42 103
6 140 136 143
5 72 71 269
4 92 96 154
3 74 71 288
1 52 48 236



13,11 • I 7 1 18 1 17 227 3 3 4 0 3 4 1 2 / 0
ft 149 163 '?. 9 0 2 26 3 2 ft 1 137

0 1^2 l r 6 1 0 0 5 4 8 4 2 233 1 3 ft 3 3/1 275
4 146 158 3 4 5 0 123 137 18 0

13,10 ,1 3 113 112 242
s 2 2 98 3 v> 1 72 13, 1 ,L

8 47 38 23 1 158 149 239
6 64 68 344 10 61 70 331
5 111 1 10 95 13,5, L 9 47 46 327
3 78 83 1 0 1 8 166 171 317
2 81 92 36 9 39 48 201 7 HI 79 6 8
1 54 48 131 7 121 121 278 6 214 210 354
0 64 93 0 6 53 51 261 5 149 153 226

5 163 165 30 4 1 67 171 335
13,9, L 4 63 67 214 3 259 263 322

3 167 165 215 2 4 4 4 450 20
8 lib 1 14 1 59 2 157 158 167 1 92 89 188
6 132 157 144 1 83 89 20 8 0 394 4 03 0
5 68 70 45 0 77 37 0
4 243 244 158 12,18 , L
3 72 75 209 13,4, L
2 259 256 183 3 40 42 114
1 34 39 101 9 94 92 209 2 42 43 38
0 115 112 180 8 74 71 335

6 183 185 320 12,17 , L
13,8, L 5 129 129 266

4 248 248 35 1 87 91 94
9 80 73 224 3 200 209 276 7. 105 99 180
8 68 68 198 2 39 40 93
7 100 95 228 1 100 117 230 12,16 i L,
6 52 50 227 0 194 202 0
5 191 195 258 5 42 40 70
4 52 49 199 13,3, L 4 78 74 194
3 144 140 259 3 31 26 57
2 84 81 119 9 56 49 65 2 110 109 189
1 117 119 285 8 88 85 247 0 128 129 1R0
0 55 50 180 7 116 114 103

6 194 195 237 12# 15 , L
13,7, L 5 6b 62 61

4 126 128 77 6 68 59 168
9 59 59 268 3 171 177 111 5 45 34 272
7 39 38 255 2 110 115 191 4 77 74 138
6 145 144 179 1 161 160 50 3 70 70 230
5 94 91 297 0 166 157 180 2 116 118 169
4 46 51 98 1 153 153 265
3 147 142 245 13,2, L 0 94 93 180
2 91 81 306
1 132 146 260 10 76 73 207 12,14
0 198 197 180 9 86 82 235

8 65 60 281 5 27 30 3P8
13*6# L 7 220 223 255 4 56 52 184

5 237 233 266 3 55 57 243
9 83 75 234 4 73 74 185



72
7i •

2 33
47

170
1 1 P
161
31

229
43
160

324
343
319
135
286
272
34

311
334
25
0

39
207
75

226
75
134
47

105
82

160

246
294
24

278
296
302
68

281

12,14 , L 8 33 3 4 3 4 0 1 3̂  1 310
6 31 5 0 271 V 4 52 4 6 5

62 8 7 255 5 45 42 245
42 43 0 4 93 99 199 12,4 , L

3 62 57 10
12,13 , L 2 104 1P4 334 8 77 71

0 97 93 0 7 50 51
68 71 181 6 173 176
75 6 0 278 12,8, L 5 36 41

1P8 li:6 121 4 371 379
154 160 288 9 42 34 235 3 135 144
135 141 164 8 40 4 0 170 2 264 273
104 10 3 262 7 89 67 238 1 62 57
101 98 180 6 98 IP 4 227 0 82 93

5 99 92 236
12,12 , L 4 46 54 224 12,3 , L

3 136 141 221
54 62 13 1 170 164 274 10 64 58
62 67 232 9 59 52
63 78 7 12,7, L 8 106 1 37

117 115 258 7 65 69
120 122 343 10 73 69 345 6 121 115
130 128 268 9 83 83 246 5 103 1 00
167 168 11 8 102 95 311 4 282 284
1P2 103 243 5 90 87 330 3 276 272
99 106 0 4 123 119 269 2 228 220

3 62 66 181 1 26 35
12*11 * L 2 282 288 326 0 100 111

1 198 194 216
68 59 98 0 131 142 0 12,2 , L
77 79 105
48 44 118 12,6, L 9 79 78
104 99 69 8 82 87
47 35 85 10 71 69 324 7 40 32
91 98 109 8 109 111 334 6 101 103

156 163 58 7 84 82 266 5 139 139
26 29 180 5 125 122 235 4 118 115

4 138 145 354 3 217 198
12,10 , I 3 75 78 6 2 244 242

2 70 72 321 1 257 251
54 44 226 1 213 216 291 0 411 410
72 71 212 0 118 119 0
116 112 252 12,1 , L
66 68 162 12,5, I
133 127 215 9 64 57
94 99 116 10 100 99 328 7 114 114
96 96 230 9 87 87 116 6 60 52
105 103 231 8 87 91 337 5 273 285
167 169 273 6 88 89 318 4 119 127
72 76 180 5 193 191 72 3 103 104

4 198 199 329 2 134 148
12,9, L 3 188 193 70 1 282 285

2 197 195 339



1 ? # 0, L. 11,13 , L 11,8 , L
11 73 76 8 8 78 77 347 10 75 73 336
10 77 75 21 7 47 47 151 9 79 8 5 345
9 56 50 39 6 85 80 333 ft 73 74 3
8 «6 9 71 307 4 148 150 358 6 6 4 67 2‘‘ 8
7 68 61 64 3 42 45 23 3 179 1 76 335
6 1 15 123 331 2 196 199 34 8 2 210 220 254
5 161 154 64 1 1 0 5 103 56 0 298 299 0
4 425 416 21 0 116 115 0
3 226 248 104 11,7 ,12 253 265 62 11,12 , L
1 267 263 48 10 60 55 358
0 253 250 0 6 46 47 220 9 44 43 99

5 51 58 215 8 94 90 342
11,18 , L 4 54 56 73 7 79 82 27

2 1G6 107 93 6 102 94 339
1 45 45 0 1 104 169 254 5 118 119 164

0 1«3 105 187 4 193 195 278
11,17 , L 3 239 225 78

11,11 ,L 2 390 397 13
4 48 47 172 1 68 62 248
2 72 70 166 8 64 69 341 0 136 146 0
0 134 134 180 6 122 116 313

5 53 52 221 11,6 ,1
11,16 , L 4 167 169 347

3 57 74 157 9 74 69 32
5 38 41 198 2 79 76 24 8 65 69 353
3 77 71 234 1 80 80 22 7 153 151 34
2 40 34 301 0 270 272 0 5 241 237 75
1 98 98 293 4 286 290 190
0 77 80 180 11,10 , L 3 413 423 93

2 120 116 296
11,15 , L 7 46 37 42 1 151 156 38

6 74 69 211 0 92 83 0
6 58 54 181 5 141 136 88
5 30 34 269 4 66 67 64 11,5 , L
4 73 73 168 3 93 92 111
3 52 52 279 2 108 101 159 7 84 85 121
2 117 115 192 1 56 40 60 5 55 52 22
1 58 61 350 4 2P0 201 196
0 88 85 180 11,9, I 3 143 147 314

1 135 133 74
11,14 , L 10 65 66 239 0 280 273 0

9 55 57 269
7 122 116 250 8 71 66 286 11,4 , L
6 37 40 11 6 99 99 309
5 165 162 251 5 61 65 185 9 118 121 36
4 29 32 22 4 86 86 190 8 82 82 212
3 210 213 268 3 112 115 284 7 162 157 48
2 50 47 47 2 67 71 221 6 137 138 108
1 274 275 264 1 101 105 166

0 152 158 0



1 15
180

143
270
214
183
100
153
78
196
69
180

355
243
46

351
111
199
119
136
38
180

163
309
228
232
23
78

340
180

31
298
82

223
62

158
188
121

11*4, L 1 0 * 1 7 * L 1 232 23 1
0 41 46

362 355 6 1 5 31 34 6 8
191 1 6 4 224 4 4 5 4 5 247 10*11 * L
374 3 6 5 88 0 4 9 5 3 1 80
116 113 35 9 49 49
254 254 91 1 0 , 1 6 * L 8 43 3 9
95 99 160 7 41 46

6 71 75 165 6 31 3?
11*3, L 5 83 87 259 5 93 90

4 68 68 193 4 142 1 42
76 78 151 3 63 68 2b? 3 163 160
157 154 168 2 6 6 60 197 ? 57 62
65 81 274 1 129 126 299 1 89 86

291 260 180 0 40 30 180 0 78 79
91 84 186

285 289 174 10 * 15 * L 10*10 »I
75 87 18

455 431 155 7 43 40 269 9 48 52
209 199 304 6 116 118 339 8 68 65
452 451 180 4 99 97 306 7 110 109

3 58 62 256 6 46 45
11*2* L 2 131 133 14 5 47 56

1 116 115 260 4 90 90
66 64 285 3 199 199 0 3 68 6b
185 180 293 2 85 94
66 70 335 10,14,L 1 147 148
110 98 342 0 121 124
110 1 09 72 7 46 48 52
89 81 83 6 32 28 238 10*9* L

227 227 23 3 60 56 33
273 269 270 1 71 65 90 7 50 53
148 151 0 0 123 132 0 6 67 63

5 50 55
11*1* I 10*13* L 4 70 69

3 148 151
61 66 44 8 82 73 338 2 208 212
62 62 260 6 88 90 318 1 70 68
51 45 153 5 67 64 226 0 30 31
169 161 76 4 127 124 0
229 223 121 2 113 112 6 10*8* I
319 313 128 1 99 106 301
195 201 159 0 192 191 0 9 58 60
41 54 262 8 46 43
20 1 0 10*12*L 7 162 165

6 79 71
10*19 *L 9 79 80 72 5 197 195

7 106 105 70 3 50 59
84 85 0 6 75 71 336 2 49 42

5 185 181 74 1 290 305
10*18 * I 4 112 112 351

3 178 185 88
31 25 260 2 200 208 29
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If', 7, L 1 •’, 3,L 9,20, L
32 42 14 10 6 5 67 128 0 40 42
68 70 272 9 4 1 44 295
134 128 74 7 45 52 202 9,19, L
164 171 325 6 15G 161 139
160 171 144 5 88 85 231 1 54 54
149 152 307 4 2-35 236 170 0 99 1 03
1 14 110 160 2 243 258 132

1 162 159 359 9,18, L
10,6 , L 0 139 127 180

5 71 71
46 51 84 10,2 #L 2 45 42
91 62 102 1 79 74
27 31 13 11 50 54 215 0 68 67
124 125 97 9 150 149 216
43 44 297 7 180 180 252 9,17, L

233 234 61 6 81 84 213
143 152 56 5 196 194 261 5 52 55
317 •317 88 4 109 112 195 4 62 55
115 125 358 3 164 169 271 3 31 31
297 296 85 2 193 180 101 2 42 37
162 154 0 1 224 240 257 0 42 33

0 187 222 180
10# 5#L 9,16, L

10,1 , L
45 44 30 7 83 83
140 133 157 9 91 84 259 6 48 58
41 52 93 8 41 47 85 5 88 87
168 165 136 7 149 138 254 3 111 116
93 88 123 6 165 162 22 2 76 76

289 286 182 5 108 111 19 1 62 63
119 124 83 4 105 99 166 0 73 68
450 446 183 3 297 293 251
135 141 51 2 175 171 302 9,15, L
456 475 167 1 156 158 200
227 233 69 0 406 360 0 5 83 77
140 146 180 4 64 60

10,0 , L 3 86 91
10,4 , L 2 55 60

9 27 30 193 1 47 43
105 103 227 8 138 138 327
116 109 156 7 209 210 147 9,14, L
89 60 244 6 248 240 5
122 117 170 5 211 217 194 8 45 49
61 60 310 4 94 101 42 7 52 51
183 180 179 3 60 63 336 6 95 89
224 234 245 2 103 114 57 5 101 104
126 128 187 1 86 85 51 4 118 111
215 208 246 0 233 245 0 3 81 73
206 196 0 2 87 88

1 97 96
0 224 232
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63 67 66 10 88 81 31 10 33 23 1 44
83 84 105 . 8 55 59 3 9 118 J 16 257
169 1 68 76 7 86 84 182 8 122 125 156
48 49 155 6 65 68 14 7 182 178 173
155 155 99 5 38 35 151 6 384 37 0 187
26 16 202 4 140 139 351 5 298 292 24 0
155 150 123 3 139 130 263 4 75 88 168

2 308 312 16 3 239 239 301
9,12, L 1 211 208 312 2 263 234 202

0 147 149 0 1 304 292 235
65 64 221 0 520 510 180
92 89 87 9,7, L
139 135 188 9,3 , L
119 115 73 10 29 28 126
144 147 64 9 110 107 78 10 76 72 30 6
127 133 180 8 90 86 180 9 92 89 236

6 99 93 139 8 77 81 325
9,11, L 5 283 281 87 7 217 206 252

4 55 71 107 6 75 75 113
42 43 144 3 295 286 100 5 200 205 260
84 88 21 2 232 229 148 4 144 136 335
87 82 71 1 171 176 82 3 213 186 289
85 77 128 0 134 117 180 2 198 188 334
150 150 127 1 307 291 306
155 156 128 9,6, L 0 359 372 0
116 122 215
232 238 180 10 63 55 119 9,2 , L

9 92 86 212
9,10, I 8 63 58 180 10 90 96 346

7 113 106 218 9 100 102 227
54 49 216 6 54 57 160 8 136 133 35
92 97 156 5 55 47 216 7 118 110 230
58 56 73 4 241 242 167 6 82 86 303
181 173 189 3 238 229 261 5 341 333 228
52 60 34 2 87 87 159 4 168 158 7
157 159 155 1 289 287 269 3 315 354 300
88 73 77 0 33 26 0 2 275 259 248

1 127 125 32
9,9, I 9,5, L 0 806 790 0

50 45 306 9 39 32 113 9,1 , L
69 69 184 7 172 168 121
51 55 289 6 162 153 154 10 125 124 343
143 146 198 5 90 82 221 8% 135 135 314
99 102 279 4 142 136 111 7 139 131 111
178 184 74 3 139 140 42 6 214 206 342
133 131 266 2 294 275 291 5 53 51 81
257 246 158 1 364 354 80 4 206 202 331
172 173 311 0 136 116 0 3 98 84 349
449 449 180 2 557 542 339

1 215 210 115



9,1 ,L 3 110 H 9 29 8,8 , L
2 49 42 154

0 256 243 0 1 72 74 9 3 9 81 81 215
3 1 3 0 117 180 7 105 13 5 258

fi*2P»rL 6 78 73 73
* 8,12, L 5 136 1 3 6 278

1 69 65 87 4 69 74 150
9 51 49 164 3 197 2 0 3 235

8,19, L 7 33. 30 142 2 151 1 54 119
6 63 64 139 1 295 3 0 0 274

4 27 28 68 4 118 123 124 P 112 1 0 6 180
3 72 65 131

8,18, L 2 144 140 219 8,7 ,L
1 24 32 266

5 75 72 58 0 91 96 0 10 63 67 326
3 83 85 79 9 46 49 281
2 30 12 107 8,11, L 8 153 157 315
1 141 142 67 6 191 182 358
0 56 59 180 8 97 92 191 5 284 268 1 20

7 99 99 199 4 447 439 20
8,17, L 6 163 173 179 3 130 121 116

4 168 161 152 2 362 354 5
6 122 119 147 3 151 140 340 1 226 218 249
A 101 96 164 2 326 332 201 0 221 208 0
2 97 94 184 1 34 27 159
0 162 155 180 0 188 190 180 8,6 , L

00 f-* O I 8,10, L 11 50 57 116
10 59 53 164

7 70 73 267 9 99 93 268 9 64 66 113
4 39 43 359 8 83 87 44 6 105 109 166
2 65 74 2 7 188 188 257 7 53 49 166
1 56 48 271 6 33 25 24 5 183 1 86 156

5 230 233 247 4 187 179 189
8,15, I 4 43 44 95 3 320 323 70

3 272 269 289 2 310 310 144
6 56 60 102 2 73 79 45 1 291 282 63
5 54 54 71 1 448 451 262 0 64 64 0
4 104 103 145 0 82 64 0
3 74 69 67 8,5 ,L
2 52 50 245 8,9, L
1 115 120 40 10 65 60 263

7 87 93 106 9 115 113 268
8,14, L 6 98 105 308 8 64 63 248

5 149 149 94 7 109 108 242
7 44 43 176 4 174 159 357 84 90 240
6 51 50 145 3 168 170 135 5 65 65 184
1 72 72 49 2 250 264 36 4 54 54 262

1 116 101 343 3 111 114 211
8,13, L 0 36 16 0 2 173 177 244

1 612 589 250
9 39 32 204 0 311 309 0
6 73 78 147
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9 244 241 3 4

4 6 4 1 17 7 374 376 73
82 . 85 340 6 79 77 754
54 46 241 5 362 36 4 96
IP 1 110 174 4 4 62 44 0 79
95 87 19 3 6(5 6 589 62
104 111 253 2 231 726 286
382 3 6 8 358 1 329 360 93
22 29 270 0 241 227 0
194 194 1 80

7/20, L
P/3 / L

3 75 75 96
83 77 346 2 50 51 359
52 57 226 1 53 54 69
134 137 294 0 48 48 0
185 182 273
184 177 320 7,19, L
66 68 232

253 263 301 4 81 82 165
106 96 108 3 89 87 79
397 372 23 2 104 100 152
467 4 60 297 1 63 58 66
354 331 160 0 160 152 180

8/2 / L 7,18, L

59 54 32 4 38 34 161
64 63 354 2 72 67 122
162 152 348 1 77 75 249
82 81 4

202 191 53 7/17, I
190 175 308
284 288 108 5 42 47 80
371 355 340 4 64 61 141
232 224 337 2 90 92 207
594 584 0

7,16, L
8,1 / L

7 68 65 230
77 77 13 5 120 115 224
143 139 315 4 79 77 165
220 208 5 3 80 75 273
114 117 114 2 96 95 157
175 174 338 1 138 143 302
108 96 232
471 455 330 7,15, L
112 113 340
149 195 0 8 50 54 24

5 69 72 239
8,0 / L 4 53 51 308

1 6b 70 247

0 93 92 0
7,14 , L

8 43 51 A 2
7 107 98 1 98
6 47 41 142
5 33 38 185
4 38 46 119
3 116 120 310
2 128 127 335
1 124 122 16
0 98 103 180

7/13 / L

6 91 87 204
5 68 74 132
4 67 64 203
3 83 88 130
2 84 85 269
1 . 94 93 354
0 69 75 0

7,12 / L

9 41 44 239
8 61 57 165
7 141 142 246
6 70 6b 152
5 160 154 243
4 92 94 206
3 105 107 321
2 162 154 166
1 335 313 3P1

7/11 ,1
8 115 114 351
7 70 68 242
6 128 117 359
5 44 46 320
4 94 93 328
3 187 203 246
2 180 188 355
1 100 109 312
0 '*421 424 0

7,10 ,L
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Q7
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62 75 96 7 115 114 113 5 261 261
LB 6 180 7 6 207 199 349 4 145 119
131 126 237 5 197 199 83 3 ?93 278
149 146 247 4 51 42 348 2 8 8 86
52 48 180 3 201 213 83 1 438 452

2 203 192 106 0 594 633
7,9 , L 1 243 245 47

0 335 321 0 7,1 , L
98 96 340
83 78 252 7,5 , L 10 130 131
196 194 338 9 127 1 25
110 115 236 8 48 56 199 8 194 190
226 226 13 7 88 90 91 7 144 145
265 259 269 6 161 164 232 6 155 158
248 242 348 4 88 86 281 5 154 150
340 328 303 3 101 96 2 08 4 203 209
543 551 5 2 218 206 138 3 110 126
249 253 245 1 270 244 144 2 457 439
296 353 0 0 312 299 180 1

0
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6,20 ,L
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153 153 65 7 153 155 281 1 65 66
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3
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103 1 0 0 256 0 244 242 0 0 215 223
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6,10 , L 6,6 , L
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66 72 196 3 180 178 39 2 215 194
67 76 0 2 410 418 18 1 164 171

1 208 208 75 0 487 483
6,14, I 0 431 452 0

6,5,1
46 48 251 6,9 , L
43 41 285 11 77 83
45 44 72 9 57 60 70 9 118 127
69 74 190 7 77 78 163 8 90 90
71 79 180 6 107 106 71 7 '77 73

5 352 352 81 6 192 181
6,13, I 4 247 243 208 5 158 149

3 108 102 121 4 276 254
33 30 23 2 69 64 27 3 353 333
56 54 256 1 144 154 82 2 337 321
77 75 323 0 113 106 0 1 314 301
152 157 336 0 76 95
34 32 350 6,8 , L

142 132 39 6,4 , L
166 169 265 10 63 57 312
155 165 0 9 68 73 62 10 87 89

8 99 100 304 8 45 37
6,12, I 7 82 76 78 7 76 82

6 73 76 329 6 27 26
32 25 232 5 93 107 315 5 131 128
64 62 238 4 310 306 29 4 181 • 164
54 52 14 3 75 80 49 3 112 84
81 80 54 2 148 147 321 2 94 69
97 103 154 1 324 310 54 1 546 535
69 66 32 0 138 151 0 0 217 196
62 74 277
165 167 66 6,7 , L 6,3 ,L

6,11, I 11 36 44 32 11 68 66
9 85 89 83 8 112 104

115 113 266 8 61 62 93 7 61 60
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6/3 /L 5/19, L 3 fJ3 94
2 93 91
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437 410 26 2 6 0 61 135 0 296 285
318 321 175 1 81 82 271
134 154 77 5,12/ L
49 41 180 5,18, I

8 43 42
6/2 / L 4 68 69 3 6 121 121

2 78 78 329 5 103 129
121 130 213 4 70 68
126 122 85 5,17, L 3 130 136
10 5 102 73 2 257 258
265 243 301 4 44 42 30 1 86 87
283 259 lbl 3 25 37 242 0 125 134
535 500 234 2 76 78 317
386 363 277 1 80 77 291 5,11, I
538 506 206
818 808 0 5,16, I 9 39 37

7 99 103
6/1 / L 7 60 60 24 6 90 90

6 102 99 323 b 41 50
116 119 42 4 106 106 0 4 58 60
273 270 109 3 64 71 30 3 2ft 1 202
105 131 119 2 54 56 34 2 153 150
232 220 61 1 80 80 199 1 306 306
213 196 52 0 62 60 0 0 57 68
96 92 24
190 188 217 5,15/ L 5,10/ L
377 376 65
233 211 180 6 75 75 22 7 80 80

5 81 85 15 5 42 48
6,0 / L 4 84 83 338 4 169 183

2 84 90 23 3 242 251
106 116 133 2 101 100
103 99 204 5,14/ L 1 71 81
119 119 160 0 87 86
213 211 235 8 66 66 254
452 446 142 7 95 98 73 5/9, L
223 208 264 5 191 190 61
359 338 175 4 99 103 342 10 76 78
553 490 270 3 209 219 88 9 111 114
382 391 101 2 83 81 325 8 66 65
166 152 1 1 112 118 110 6 41 44
776 745 180 5 37 36

5/13/ I 4 137 145
5/21 9 L 3 385 399

9 45 A7 347 2 128 131
126 124 0 8 76 70 180 0 25 20

7 34 31 318
5/20 # L 6 129 128 178

5 47 44 153
58 53 64 4 168 166 150
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5,8 , L 9 151 159 244 4,2% L
7 314 315 269

68 63 159 6 160 148 103 2 58 62 353
94 99 124 5 296 291 237
126 1 25 130 4 408 383 69 4,10, L
239 230 69 3 452 4 41 289
162 181 188 2 293 254 213 3 64 62 55
294 290 99 1 873 898 280
315 315 190 0 253 276 180 4,18, L
83 76 132

275 256 180 5,3 , L 3 51 49 349
2 58 56 302

5,7 , L 10 99 i e i 337 1 27 26 188
9 56 52 62

79 83 188 8 209 216 331 4,17, L
75 69 356 7 64 60 284
160 154 153 6 254 247 356 6 71 69 44
68 65 312 5 69 64 80 5 69 68 58

222 226 193 4 238 241 66 4 27 28 201
99 101 90 3 224 201 194 2 64 64 320

351 347 171 2 600 593 311 1 83 83 320
177 178 314 1 322 316 300
522 521 181 0 783 797 0 4,16, L
42 36 130 4
104 140 180 5,2 , L 7 75 73 77

6 38 41 340
5,6 , L 10 74 73 151 5 96 93 102

8 127 130 156 4 64 65 45
93 101 251 7 148 153 94 3 157 163 84
56 54 140 6 291 282 123 2 68 71 292
140 144 196 5 269 255 220 1 73 68 38
70 82 150 4 365 370 191 0 184 186 0

191 192 248 3 451 412 22
94 113 109 2 167 143 53 4,15, L

288 284 271 1 367 382 197
184 185 169 0 245 281 180 8 39 43 158
214 193 302 7 57 56 54
597 583 180 5,1 , L 6 109 104 160

5 115 116 65
5,5 , L 11 72 72 201 4 112 107 157

10 75 77 317 3 105 106 97
67 68 207 9 153 163 250 2 136 137 189
188 164 354 8 162 157 267 1 161 168 31
297 286 172 7 111 117 270 0 168 183 160
138 125 30 6 32 33 40
236 234 259 5 415 399 244 4,14, L
389 375 178 4 150 120 1
237 251 170 3 308 313 243 6 66 70 154
562 534 280 2 346 317 2 5 62 64 90
304 264 180 1 775 777 220 3 76 78 203

0 572 602 180 2 47 54 135
6,4 , L 1 134 136 285

0 45 44 180



4,13, L 8 6 0 55 234 10 83 84 351
7 4 6 52 17 0 9 117 131 263

7 37 44 66 6 39 33 181 8 153 1 38 330
6 121 122 137 5 34 36 6 7 254 252 243
5 145 141 88 4 89 92 4 0 6 288 2/7 346
4 134 140 138 3 104 98 37 5 269 28 3 246
3 164 157 72 2 201 182 219 4 60 4 5 07 356
2 195 194 216 1 73 74 349 3 674 672 277
1 68 66 146 0 147 147 180 2 534 617 7
0 75 91 180 1 484 484 297

4,8 , I 0 46 6 1
4,12, L

9 67 67 220 4, 4, L
9 79 76 279 8 81 82 176
8 88 89 151 7 113 99 256 11 63 65 95
7 117 119 258 6 131 130 123 9 105 107 59
6 126 129 158 5 27 43 85 8 70 69 307
5 161 152 240 4 285 273 190 7 130 1 33 46
4 106 106 183 3 88 78 228 6 159 156 299
3 167 166 286 2 214 220 195 5 112 111 139
2 259 253 165 1 173 144 198 4 183 167 112
1 220 225 279 0 104 103 180 3 359 328 53
0 148 151 180 2 272 239 32

4,7 , L 1 1*84 172 110
4,11, L 0 159 171 180

10 65 69 230
9 67 61 296 9 51 55 174 4,3 , L
8 43 44 81 8 77 86 235
7 32 33 313 7 92 96 187 11 68 67 246
6 50 54 125 6 59 61 332 10 29 20 147
5 89 103 189 5 230 226 241 9 58 55 208
4 230 230 354 4 135 125 279 8 118 119 145
3 126 132 7 3 461 445 18 7 301 322 239
2 243 239 342 2 104 99 237 6 172 170 326
i 113 113 278 1 175 173 287 b 92 86 319

0 346 315 180 4 204 213 307
4,10, L 3 554 523 229

4,6 , L 2 281 275 86
9 85 81 210 1 673 663 349
6 56 63 94 10 64 69 181 0 812 829 0
7 26 14 227 9 93 95 270
6 79 80 243 8 126 130 153 4,2 , L
5 107 108 73 7 61 57 302
4 118 109 152 6 256 249 168 10 • 73 67 299
3 253 263 131 5 290 297 267 9 173 178 59
2 59 71 75 4 548 545 196 8 171 173 307
1 130 112 214 3 339 329 252 7 172 180 86
0 222 192 180 2 291 257 160 6 315 321 330

1 457 437 270 5 117 115 178
4,9, L 0 134 126 0 4 223 214 7

3 134 132 12
1 48 44 74 4,5 , L 2 282 278 116
9 43 43 147
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4,2 , L 0 106 110 0 3,12 ,1.
661 648 84 3,17, L 9 51 51
54 7 545 0 8 8 0 79

6 47 47 124 7 50 55
4, 1, L 5 41 39 115 6 40 42

4 55 61 197 5 79 79
50 50 172 3 103 101 51 4 93 1 00
58 54 66 2 71 73 191 3 69 69
121 114 191 1 126 124 54 2 132 132
112 112 154 0 28 15 180 1 162 156
235 246 207 0 117 116
160 139 234 3,16, I
338 325 60 3,11 , L
267 228 103 4 69 69 166
197 180 66 3 113 110 298 9 72 70
443 452 344 2 117 110 111 8 82 78
1235 1421 180 1 79 75 289 7 120 121

0 140 140 180 6 100 102
4,0 ,L 5 75 80

3,15, L 4 155 158
92 93 249 3 284 287
78 77 99 7 69 74 108 2 127 130

207 194 322 5 132 127 86 1 149 146
418 412 264 4 40 43 116 0 46 < 4 .3
349 320 272 3 79 81 62
343 319 293 1 172 173 114 3,10 , L
310 292 344 0 61 65 180
233 217 63 8 33 39
912 907 108 3,14, I 7 63 65
1122 1209 16 6 68 73
375 403 180 9 56 54 300 5 112 112

8 125 130 163 4 149 155
3,21 , L 7 46 37 230 3 88 90

6 184 184 166 2 177 181
83 78 66 5 73 70 207 1 110 102
78 71 180 4 258 257 172 0 85 80

2 302 301 191
3,20 9 I 1 202 196 272 3,9 , L

0 283 289 180
71 68 190 10 61 57
43 45 167 3,13, L 9 90 93
39 29 23 8 57 58
47 49 180 9 85 89 251 7 43 47

7 103 104 283 6 76 85
3,19 , L 6 75 80 331 5 119 120

5 135 132 243 4 139 134
48 48 181 4 104 117 347 3 108 103
74 74 180 3 118 118 208 2 121 124

2 181 185 105 1 43 51
3,18,1 1 394 394 266 0 306 281

0 90 95 0
49 50 297
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36
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243
259
260
274
109
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3,8 , L 0 300 288 180 3 68 55
2 484 440

58 55 82 3,4 , L 1 696 688
85 79 199 0 364 360
73 70 54 10 138 143 331
61 60 304 9 49 50 270 2,20, L
37 27 26 8 153 162 332
197 196 169 7 60 63 350 4 36 27
254 250 50 6 337 357 359 3 46 46
312 315 206 5 123 126 17 2 73 77
213 184 342 4 503 485 329 1 54 54
59 54 0 3 293 261 141

2 580 583 342 2,18, L
3,7 ,1 1 424 419 349

0 856 861 0 5 86 90
93 90 241 3 52 50
35 31 76 3,3 , L 2 58 59
132 138 257 1 87 91
71 73 275 10 60 63 92 0 102 102
57 57 198 9 166 171 74
83 81 193 8 42 46 81 2,17, L

466 473 250 7 321 336 91
170 148 191 6 152 152 204 6 44 49
262 254 291 5 273 270 82 5 35 39
267 227 357 4 260 236 179 4 127 126
315 313 252 3 317 317 63 3 52 51
219 195 180 2 446 431 144 2 102 99

1 1189 1306 90 1 29 18
3,6 #1 0 733 731 0 0 103 102

63 69 308 3,2 , L * 2,16, L
71 70 327
83 88 41 10 38 34 174 8 78 80
68 74 346 9 87 89 278 7 64 63
74 71 137 8 41 42 155 6 70 68

237 231 300 7 52 48 332 5 85 84
210 201 39 6 295 282 203 4 68 71
508 507 342 5 210 188 66 3 61 59
298 276 318 4 264 236 215 2 115 114
462 449 12 3 276 250 137 1 166 170
284 261 69 2 629 611 280 0 184 178

1 1085 1117 189
3,5 9 L 0 86 97 180 2,15, L

38 40 180 3,1 9 L 9 87 92
95 99 185 7 81 86
74 78 304 10 29 30 282 6 30 34
82 87 163 9 54 62 81 5 163 161
124 128 18 8 101 99 50 4 42 42
157 145 193 7 107 109 45 3 189 190
371 338 169 6 122 131 233 2 104 105
324 285 71 5 241 228 339 1 196 194
211 196 205 4 443 430 186
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6
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89
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334
56
66
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2,16 , L 2,10 ,L 1
0

154
20 9

143
208

1 12 120 180 10 59 61 310
9 117 122 79 2,6 , L

2,14 ,1 8 92 94 302
0 7 169 176 70 10 70 68

34 43 176 6 123 128 354 9 31 27
46 38 3P0 5 172 177 111 8 139 136
53 52 77 4 129 129 289 7 164 166
25 22 95 3 215 219 58 6 64 66
67 60 49 2 188 174 347 5 36 44
64 75 147 1 192 175 80 4 206 186
144 147 283 0 20 0 201 0 3 273 253
38 44 0

2,9 , L
2
1

135
145

143
143

2,13 , L
10 58 61 188

P 545 541

69 73 241 8 58 57 153 2r 5, L
57 51 276 7 96 105 114
106 106 224 6 78 83 285 10 59 59
53 49 312 5 155 163 1 9 64 57
139 143 263 4 202 196 104 8 91 89
121 117 173 3 68 58 202 7 326 336
264 266 267 2 211 203 166 6 125 117
151 159 229 1 195 188 78 5 263 266
146 149 269 0 209 220 180 4 189 183
48 43 180

2,8 ,L
3
2

803
351

783
343

2,12 ,L 1 246 260
10 86 96 303 0 96 79

74 72 334 9 77 87 69 *
73 72 320 8 84 84 349 2,4 , L
94 96 329 7 107 115 101
50 51 147 6 132 137 250 10 48 45

160 164 20 5 40 38 145 9 98 107
133 131 267 4 311 309 351 6 93 105
146 149 318 3 74 86 70 7 115 127
177 183 317 2 170 145 256 6 132 130
400 401 345 1 433 408 47 5 259 251
88 84 224 0 521 512 0 4 382 390

151 163 0
2,7 , L

3
2
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336

778
318

2,11 ,L 1 273 275
11 40 48 44 P 124 126

78 76 5 10 76 84 174
64 66 139 9 37 41 50 2,3 ,L
141 143 6 8 164 17b 169
95 97 85 7 71 78 325 9 110 114

263 265 303 6 116 114 183 6 77 71
118 117 186 5 321 327 50 7 239 254
199 206 30 4 77 71 80 6 208 209
35 39 21 3 109 108 54
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?,3 , L
5 1(9 128 108
4 632 569 193
3 130 146 39
2 1 177, 1249 272
i b54 569 171
0 394 374 0

2,2 , L

10 91 93 71
9 64 68 292
8 193 195 204
7 253 252 93
6 237 239 163
5 136 131 74
4 158 139 97
3 383 379 229
2 678 683 118
1 863 908 157
0 1019 1210 180

2,1 , c
9 46 40 344
8 143 140 200
7 183 183 286
6 261 250 151
5 51 51 189
4 349 364 229
3 165 143 3
2 774 767 185
1 343 341 332
0 336 344 180

2,0 , L
12 72 75 53
11 81 87 234
10 192 195 76
9 142 143 217
7 311 290 290
6 114 105 187
5 392 376 286
4 356 316 151
3 185 168 262
2 605 581 13
1 576 573 267
0 440 471 160

1 # 20 ,L

2 4 0 41 1 46
1 76 72 272
0 97 92 180

1,19, L

5 60 58 290
4 81 8 3 14
3 109 10b 258
2 81 8 0 317
1 136 137 262
0 115 1 0 9 0

1,18, L
6 54 53 344
5 70 65 117
3 97 103 72
2 117 119 1
1 30 76 97
0 27 28 0

1,17, L

5 77 73 238
2 47 58 179
1 76 77 274
0 53 60 180

1,16, L

6 56 62 346
5 49 45 33
4 136 128 340
3 73 61 61
2 109 111 4
1 83 90 111
0 142 144 0

1,15, I

8 67 61 201
6 91 92 157
5 58 64 132
4 60 63 191
3 41 45 80
2 145 148 235
1 109 1P4 61
0 200 193 180

1,14, L

6 74 70 266
5 73 71 251
4 69 71 20
3 117 1 28 281
2 186 191 282
1 196 202 297
0 34 33 0

1,13 , L
8 70 70 8
6 153 160 6
5 55 56 123
4 80 85 346
2 157 154 15
1 60 65 2
0 114 114 0

1,12 , L

0 67 69 335
8 79 80 304
7 117 122 120
6 64 63 316
5 97 99 8
4 234 215 339
3 66 63 288
2 105 101 333
1 192 188 84
0 50 57 0

1,11 , L
9 95 98 31
8 32 31 101
7 150 157 48
6 92 99 112
5 138 135 69
4 127 126 5
3 222 231 72
2 85 83 308
1 102 115 82
0 85 83 0

1,10 ,L
9 74 74 112
8 42 46 337
7 58 58 92
6 64 61 191
5 118 113 111
4 217 222 18

7 93 102 274



1/10/L 6 294 301 139 8 208 205 160
5 24 20 23 7 214 20 8 304

3 256 254 92 4 256 2 58 164 6 264 258 180
2 204 2(11 331 3 417 398 124 5 166 1 66 263
i 65 51 69 2 183 170 254 4 487 469 211
0 306 312 180 1 98 102 56 3 696 696 246

0 385 371 180 2 597 60 8 170
1/9, L 1 818 871 287

1/5 / Lr 0 465 46 7 180
11 73 81 68
9 101 104 60 10 45 47 248 1/1 /1
8 88 88 133 8 142 154 312
7 162 16R 46 7 99 100 203 11 99 108 167
6 130 138 171 6 115 118 327 10 138 137 34
5 452 450 65 5 194 192 187 9 106 105 215
4 245 253 174 4 378 361 80 8 114 111 306
3 329 331 99 3 210 182 354 7 358 356 259
2 125 135 185 2 444 443 196 6 103 206 1
1 231 240 81 1 555 533 138 5 233 230 257

0 358 398 0 4 154 126 51
1/8 ,I 3 167 178 293

1/4 ,1 2 1002 10-85 15
10 59 56 187 1 794 833 256
9 101 102 261 9 97 102 40 0 598 707 0
8 140 140 185 8 192 203 106
7 90 85 221 7 146 147 137 0,21 / L
6 250 261 100 6 101 94 185
5 90 90 235 5 122 116 161 1 94 89 275
4 341 343 179 4 245 234 156
3 239 238 270 3 428 420 359 0/20 / L
2 332 334 191 2 579 585 212 %
1 152 146 169 1 261 278 108 4 77 80 339
0 50 59 180 0 155 127 0 2 137 137 332

0 99 99 0
1/7/ I 1/3 zL

0,19 / L
9 51 41 350 10 42 35 199
8 50 50 302 9 109 108 132 5 83 83 73
7 105 108 77 8 48 40 152 3 27 29 132
6 134 128 334 7 76 82 183
5 47 38 261 6 342 345 201 0/18 ,L
4 114 118 333 5 302 291 212
3 202 182 63 4 222 194 201 6 105 111 22
2 438 440 58 3 290 283 122 4 81 79 328
1 172 165 87 2 581 606 113 2 191 191 334
0 76 70 180 1 1044 1112 16 0 134 134 0

0 200 207 0
1/6 ,L 0/17 / L

1/2 / L
10 67 77 132 7 80 82 108
9 82 85 158 11 92 100 285 5 150 148 76
8 58 52 94 10 90 91 111 3 247 245 95
7 39 42 26 9 82 79 262



0,17, L 0,10 , L 0 , 4,L
1 20 0 195 65 10 109 112 143 10 50 56 125

8 148 150 1 56 8 120 121 221
0,16, L 6 187 199 142 6 135 149 307

# 4 332 344 146 4 699 698 213
6 74 68 222 2 361 396 161 2 7 86 787 80
4 37 32 246 0 213 209 180 0 330 336 180
2 108 105 152
0 196 201 180 0,9 , I 0,3 ,L

0,15, L 7 26 30 268 11 101 107 258
5 268 287 200 9 77 75 261

7 55 53 282 1 96 104 14 7 75 78 192
5 81 80 32 5 320 30 5 280
3 25 28 41 0,8 , L 3 771 779 235
1 90 90 42 1 872 926 268

10 82 82 140
0,14, L 8 97 104 158 0,2 , L

6 178 183 150
6 83 87 340 4 233 225 172 12 54 56 267
4 65 68 357 2 227 227 86 10 66 72 309
2 195 207 167 0 593 614 180 8 270 262 2

6 215 212 213
0,13, L 0,7 , L 4 48 15 141

2 1057 1151 349
7 123 125 4 9 99 103 246 0 512 551 0
5 51 46 224 7 173 178 202
3 235 251 35 5 454 466 227 0,1 , L
1 58 58 325 3 352 370 266

1 350 364 322 * 11 38 35 161
0 ,12,L 9 179 188 252

0,6 , L 7 351 345 271
10 62 66 69 5 355 319 299
6 112 112 85 10 106 114 44 3 288 312 274
6 55 55 298 8 101 107 295 1 864 987 287
4 239 239 24 6 198 202 334
2 97 99 64 4 233 232 51 0,0 ,L
0 39 33 0 2 377 370 90

0 189 192 180 12 58 62 344
0 ,11,L 10 282 280 324

0,5 ,L 8 551 552 31
9 67 72 73 6 370 368 358
7 118 122 54 9 91 97 100 4 355 331 278
5 352 361 86 7 235 249 197 2 952 941 264
3 455 458 96 5 132 125 87
1 169 184 164 3 300 283 224

1 237 227 121



A P P E N D I X  10

CALCULATED AND OBSERVED STRUCTURE FACTORS FOR

AN YLIDE COMPOUND DERIVED FROM

METHYL 6p-PHENYL-ACET OAMIDO -FENICILLANATE



275

312
208
21

120
336
216
260
37
156
294
136
331
183

2
126
311

0
180

0
0
0

180
0

180
0

180

223
126

51
219
84

179
353
17920

206

l 8,4, L •*5 1 4 R 162 0 -12 57 67
*6 125 118 180

68 66 129 -7 35 32 0 17,1, L
27 33 303 • 8 67 89 180
66 '72 165 M 9 121 U 5 0 3 36 40
49 54 7 -10 28 26 180 2 67 62
56 60 206 -11 56 63 180 1 72 71

-12 54 58 0 0 61 56
18,3, I -1 45 49

17,5, L. -2 58 68
68 71 177 -3 83 88
108 116 10 -3 49 42 235 -4 93 g3
78 78 220 -7 41 53 36 -5 75 03
74 75 39 -6 87 68
55 53 179 17,4, L •7 99 99
82 86 49 -8 48 49
103 115 181 0 37 33 339 -10 56 58
72 71 357 -1 59 63 190 -11 61 66

-2 57 57 5 -12 38 41
18,2, L -5 61 64 165 -13 46 5l

-7 66 67 30
43 39 30 —8 91 104 193 17,0, L
44 50 247 «9 110 H 9 2
62 64 326 — 10 91 99 *168 3 66 69
40 46 166 I 54 53
39 39 143 17,3, L 0 59 60
59 63 9 -I 31 33
108 109 251 2 44 43 2 • 2 117 116
59 58 76 1 49 52 262 -3 135 136
69 68 179 0 68 67 39 -4 75 78

*1 34 40 206 -8 37 37
18,1, L ••2 50 49 164 -9 113 U 7

*4 • 63 66 297 -10 93 89
54 52 313 -5 111 U 7 87
75 73 51 -6 92 92 222 16,6, L
60 62 209 *7 142 147 45
80 81 154 • 8 40 41 232 • 4 50 48
89 87 356 • 10 51 60 63 -5 46 48
68 67 164 -11 58 59 218
70 65 272 -12 102 107 20 16,5,L
52 51 118
50 50 84 17,2, L 1 44 5i
67 72 195 0 46 47
57 68 15 0 40 41 249 -1 44 45
57 58 123 • 1 60 54 355 -3 41 38

• 2 28 26 229 •4 80 82
18,0, I •3 60 60 125 • 5 39 42

•4 50 56 308 -6 52 52
113 112 180 •5 54 55 244
144 145 0 • 7 45 46 137 16,4, L
67 66 180 • 8 47 47 306
75 79 0 • 10 37 41 54 -1 77 77
119 120 180 •11 49 53 104



16,4, I • 1 
-2

77
93

75
91

259
226

15,4, L

• 2 73 75 32 • 3 30 29 127 4 48 51 220
■ 3 38 41 153 -4 154 156 53 2 47 5^ 305
-5 56 '58 198 • 5 133 134 203 0 61 62 185
-7 42 43 8 «6 43 45 304 •1 58 57 301
• 8 78 79 179 • 7 59 57 145 -2 49 48 72
-9 84 96 346 • 8 40 39 42 -3 40 36 209

• 12 43 44 198 • 10 115 U 6 245 • 4 72 70 33
•11 54 53 77 ■•5 168 1 70 202

16,3, I -12 38 37 77 •6
"7

155
54

I56
51

11
194

2 34 36 305 16,0, I • 8 84 92 332
1 30 31 232 • 9 51 51 116
0 62 64 25 5 46 45 180 -10 51 52 221

• 1 89 97 186 3 59 54 0 - U 58 59 0
"2. 23 24 188 2 77 76 180 -12 52 45 190
•3 40 40 332 1 25 25 0
-4 54 55 50 • 1 33 38 0 15,3, L
-5 52 56 66 •3 132 126 180
« 6 141 139 179 n4 121 114 0 5 30 35 312
-7 123 128 17 .5 26 29 180 4 46 48 315
«8 41 37 246 • 6 33 29 0 2 36 28 212
•9 68 64 93 • 7 29 23 180 0 57 52 340

• ̂ 0 59 58 209 • 8 41 41 0 •1 103 108 160
-11 52 60 318 •9 62 65 0 •2 37 36 58
•12 41 43 89 • 10 68 67 180 • 4 68 67 49
• 13 48 46 261 •12 51 48 180 •5 95 95 182

• 13 123 129 0 •6 81 84 99
16,2, L

15,6, L
• 7
• 8

60
44

61 
39

324
229

4 76 80 350 •9 68 74 96
3 69 73 233 •3 69 76 337 •10 62 58 193
2 58 61 109 • 4 68 69 151 -11 88 95 17
1 66 69 11 • 5 29 24 7 •12 71 67 304
0 49 55 232 • 7 39 40 73 •13 96 105 156

• 1 95 91 297 •9 43 46 142
•2 72 70 139 15,2, I
•3 71 71 99 15,5, L
•4 105 101 257 6 47 60 97
•6 39 40 241 2 44 49 163 5 38 38 154
•7 42 41 113 1 70 74 30 4 46 38 346
•8 87 94 334 0 99 98 189 3 40 40 219

• 10 64 70 68 • I 98 93 1 2 75 77 41
•11 50 57 187 •2 87 86 152 1 87 90 176
• 13 69 73 302 •3 55 50 329 0 40 36 357

•5 60 61 149 • 1 65 67 301
16,1, L •6 91 91 16 •2 117 120 156

•7 89 85 213 •3 132 131 20
3 49 49 53 ■8 52 46 9 • 4 160 162 179
2 88 68 250 -10 65 66 294 •5 193 193 315
1 50 48 15 M l 26 30 79 •6 54 57 94
0 51 49 86



IS,2 ,L 14,7

-7 51 54 96 -2 34
-8 100 101 346 -6 35
• 9 62 57 205 • 7 51

- 1 1 46 '45 117
-12 63 67 335 14,6
• 13 98 101 275
-14 75 86 126 1 43

0 60
15,1, I -1 74

-2 60
6 33 33 239 • 4 40
4 86 85 35 -5 50
3 56 54 243 ••6 38
2 67 76 231 -7 66
1 74 76 49 •* 8 56
0 62 60 152

-1 123 122 32 14,5
-2 189 183 224
-3 53 52 24 3 51
»4 117 110 75 2 43
• 5 134 140 233 0 35
-6 28 25 147 -1 61
-7 117 123 248 -2 69
• 8 68 63 13 -3 97
• 9 72 72 188 -4 85

-10 51 50 288 •5 91
-11 45 43 65 • 7 44
-14 91 103 214 • 8 94
•15 38 43 1 • 9 87

• 10 76
15,0, I - 1 1 66

-12 43
6 60 67 180
5 52 51 180 14,4
3 51 47 0
2 33 33 180 3 38
0 35 21 180 1 65

-1 142 143 0 0 83
-2 29 28 180 • 1 40
-3 69 68 180 -2 61
• 5 107 106 0 •3 75
•6 132 131 0 -4 79
•7 112 107 180 •5 136
-8 78 79 0 •6 118
*9 42 42 0 •7 40

-10 50 54 180 •8 42
*13 73 72 0 •9 55
• 14 52 55 180 -10 53
• 15 30 19 180 -11 70

-12 112
-13 50

I 1^,3, I

35 66 6 52 47 198
36 334 5 70 74 340
55 125 3 44 43 229

2 56 57 i 05
I t 29 21 65

0 120 H 8 338
50 175 -1 142 149 182
61 332 -2 62 61 164
76 161 -3 123 123 359
62 348 -5 91 90 162
37 137 -6 36 33 261
50 317 • 9 47 39 314
43 130 • 10 106 108 173
67 313 -11 97 102 350
53 158 -14 49 51 202

I 14,2, I

50 190 7 44 42 329
43 54 6 57 61 115
38 209 5 46 48 70
66 41 4 30 25 141
65 190 3 28 25 254
98 16 2 98 95 6
79 210 I 111 107 154
93 7 0 137 138 335
44 237 -1 92 95 227
105 12 -2 41 42 68
90 181 •3 190 191 124
75 18 -4 135 145 278
63 240 -5 146 137 345
42 38 -6 103 99 155

-7 102 99 36
L -8 72 76 267

-10 50 48 352
42 39 -It 180 184 152
67 16 -12 109 109 340
89 220 -13 31 33 195
43 100
60 19 14,1, L
83 87
79 190 7 40 43 219
133 303 6 59 58 271
120 72 5 18 20 205
31 295 4 104 106 31
53 224 3 98 99 251
55 219 2 78 75 80
47 324 0 82 78 52
71 61 •1 97 99 253
119 223 -2 146 143 229
53 35



341
145
156
30
10

190
167
358

342
161
59

269
30
146
321
143
352
116
3^3
348
151

8
173
338
121
319
204
28

161

308
1»2
46

204
60

238
84

336
230
49

212
55

242
145
16

201
344

14,1, I 4
3

151 147 70 2
61 64 243 1
21 '21 341 0
142 141 242 •1
89 92 196 • 2
71 66 44 *3
92 90 206 *4
32 35 152 •5
32 30 187 -6
79 81 39 *7

123 128 233 •*8
48 60 35 «9

-10
14,0, I •11-12
52 51 0 -13
108 112 180
92 87 0
46 43 0
54 51 180 7
41 34 180 6
48 50 0 3

239 240 180 1
129 128 0 0
69 69 0 -1
47 50 180 —3
90 86 180 -4
88 97 0 -5
73 72 180 -6
70 76 0 -7

—8
13,7, I -9

• 10
29 29 345 -It
44 48 215 •12
30 32 342 -13
36
13,6,

36
I

143

7
45 49 23 6
39 40 196 5
51 54 23 3
56 62 325 1
46 46 3 44 0
67 71 177 • 1
55 48 31 -2
35 48 199 •3

•4
13,5, I •5

-6

23 14 -7 138 138
65 146 — 8 117 H I80 62 -10 92 86
99 206 - U 54 63
44 5 -12 59 56
70 77 •13 53 53
75 219 -14 62 65
88 357 -15 47 56
97 216
100 U 13,2 , L66 119
43 183 7 75 75
44 314 6 123 123
70 197 5 85 88
102 27 3 72 72
79 211 2 52 56
49 33 1 255 256
45 183 0 170 177

-1 111 107
I -2 38 40

-3 134 127
50 216 -4 92 106
62 12 -5 137 133
85 273 -6 199 199
126 55 -7 182 177
174 235 -8 251 249
93 67 -9 106 98
106 41 -10 127 128
93 260 •12 97 99
61 183 -13 64 64
136 26 -14 93 99
65 257 -15 96 U 3
59 116
101 237 13,1 t L
91 62
16 57 6 59 57
65 260 5 52 54
41 116 4 165 168

3 82 79
L 2 128 136

1 134 123
50 169 0 114 U 7
64 226 -1 73 71
104 347 -2 154 155
41 127 -3 225 216
68 223 -4 190 190
68 8 -5 206 20l
83 164 -6 341 337
34 232 -7 67 67
68 41 -8 119 121
97 346 •9 158 165
61 130 -10 103 108
188 162

20
67
75
94
46
71
69
86
99
98
67
42
46
68
97
78
49
41
13,4

46
62
86
128
171
88
109
85
67
135
66
61
95
94
21
62
42
13,3
39
67
9736
69
68
84
32
63
94
65

180



82
4

157
50

236
20

223
66

7
200
102340
258
55

187
351
256
1*2
109
254

2
156
260
68

357
170
281
81
186

126
293
356
125
107
286
27
140
15

345
255
59
173
333
269
127
145

13,1, I 5
4

62 66 187 2
141 141 49 1
162 169 232 0
41 42 58 •1

-2
13,0, L *3

• 4
46 46 0 •5
52 52 180 -6
95 96 180 -7
99 103 0 ■ 8
69 66 180 «9
118 110 180 -I0
86 80 0 -12
62 78 180
170 165 0
260 238 180
227 230 0 6
93 85 180 4
113 125 0 2
32 30 180 1
161 170 180 0
117 120 180 •I
87 92 0 •2
52 48 0 •3
65 73 180 -4
20 14 0 •5

*6
12,8,I • 7 

•8
74 75 231 -9
62 61 30 "10
62 66 222 -11
73

12,7,
76

L
44 -12-13

29 25 273
50 46 36 8
46 50 250 7
42 47 127 6
58 61 339 5
58 60 181 4
43 47 321 3
41 41 101 2
48 49 282 1
35 41 162 0
28 29 90 • 1 

m2
12,6, I m3

m4

44 68 "5 95 91
16 193 -ft 61 58
32 78 -7 127 125
70 254 -8 144 143
80 33 -9 180 1 Q6
65 176 -10 128 130
85 344 -12 48 39
76 157 • 15 43 46
81 328
89 112 12,3 , L64 23949 63 8 63 68
54 216 7 77 84
15 327 6 50 5035 145 5 72 75
33 173 4 30 28

3 132 132
L 2 219 2l9

1 196 204
35 146 0 76 83
42 165 • 1 60 7069 74 -2 63 64
87 204 *3 89 80
91 334 -4 270 269
U 2 181 • 5 276 283
98 45 -6 99 97
93 268 -7 36 37
26 276 -8 144 138
141 33 "9 153 154
197 214 -11 72 71164 17 -12 25 3186 217 -14 27 32
78 3946 112 12,2 , L
48 24755 358 9 38 34
63 143 8 50 45

7 58 55
t a 55 57

5 107 105
47 259 4 67 6952 193 3 62 62
90 2 2 129 127
48 163 1 34 35
40 15 0 122 U 7
53 226 -1 191 187
94 79 m2 269 266
58 318 -3 219 206
54 124 "4 203 207
81 298 •5 52 49
77 77 -6 169 178
U 4 43 -8 265 267
149 243

43
18
36
71
78
61
83
76
80
88
65
52
55
23
32
35
12,5

3240
71
88
92
116
103
93
26
141
205
167
89
83
44
51
56
60

12,4
51
46
85
42
39
53
92
60
54
79
77

122
156



173
23

2*8
192
17

195
6

1*5
32

34
244
26

H 8
321
195
353
232
122
292
96

331
194
352
231
31

251
106
12

246
107
270
69

24
204
317

4
306
200
342
241
114
245
26
5

245
89

12,2 ,1 - 8 106— 10 46
333 335 329 -11 32196 193 159 "12 68
151 161 26 — 15 62
64 69 231 -16 25
44 42 145
77 72 359 11,8
127 136 151
68 71 329 -3 21• 5 3112,1 , L .6 60
45 46 125 11,7
55 51 282
65 71 57 3 35
61 63 19 1 53220 223 88 0 75
169 160 286 • 1 92
58 55 185 * 2 65
1*8 187 16 • 5 65
156 158 230 •*6 61
113 111 167 -7 70
239 231 4 ~8 43
197 188 175
157 146 338 11,6
274 262 216
157 152 37 5 26
88 95 187 4 64
134 133 241 3 58
58 57 67 2 62
141 140 222 1 59
205 208 43 0 39
201 206 217 -1 50
101 95 17 •2 70
42 45 196 *■3 88

• 4 80
12,0 ,1* -5 52■6 41
30 29 180 -9 32
65 51 0 • 10 52
69 68 0 • 13 23

215 208 180
130 132 0 11,5
142 142 180
109 107 0 3 34
145 141 180 2 47
331 324 0 t 43
390 382 180 0 66
227 213 0 • 1 97
48 54 180 •2 52
160 169 180 •3 63
217 212 180 «4 98

105 180 • 5 101 101
55 0 •6 106 ini
31 1*0 -7 43 47
72 0 -8 85 77
57 180 -9 108 U 2
23 0 *10 81 84

-11 52 48
L -13 34 40-14 43 55
28 339
35 62 U*4 , L.55 218

9 33 34
t 8 66 68

6 70 65
31 345 5 48 49
57 26 4 54 64
78 227 3 139 137
94 41 2 175 170
63 211 1 70 68
67 227 0 93 96
58 66 -1 92 95
66 234 -2 103 109
41 65 -3 87 93

"4 200 207
I • 5 39 37

"6 104 103
37 97 "7 161 172
64 259 «•* 162 153
62 115 *9 55 60
65 270 -10 145 150
62 27 -11 36 40
40 164 -12 25 30
50 308 -13 58 59
71 37 -14 53 61
86 244
75 99 11,3 , L
51 208
42 256 8 66 61
31 85 7 85 83
48 315 5 39 40
21 328 4 126 127

3 69 65
L 2 284 282I 296 297
30 56 0 111 105
46 202 -1 155 150
45 243 m2 70 6l
67 335 -3 117 120
104 120 • 4 76 80
51 338 •5 131 125
57 251 *6 246 252
94 343



• 7
• 8
*9
10
11
12
14
15

109
8
7
6
5
4
3
2
1
0

*1
-2
*3
• 4
-5
« $
•7
• 8
~9
10
U
12
13
14
15
16

10
6
7
6
5
4
2
1
0

-1

111 3t L -2 158 147 14 -2 56 58
-3 146 139 182 ■*4 28 27

68 66 211 -4 288 278 61 • 5 35 29
141 147 336 -5 273 262 247 • 6 88 91
167 167 131 .6 182 175 121 -7 97 97
45 55 121 • 7 123 120 323 • 8 56 59
134 133 12 -8 145 145 201 • 9 44 42
68 69 189 -9 173 176 29 • 10 21 2l59 62 141 132 138 212
59 71 336 -11 128 130 56 10,6,L-12 62 60 28711,2 , L *13 78 77 194 7 37 35

-14 44 39 351 5 43 44
46 55 69 -16 56 56 15 4 64 59
26 21 86 3 54 52
56 57 302 11,0,L 2 92 96
29 27 237 1 126 126
65 66 86 10 54 55 180 0 47 46
82 79 88 8 52 48 0 • 3 41 45
52 53 232 7 83 81 180 •4 112 H 3
144 136 318 6 24 29 0 • 5 109 H I60 60 183 5 160 155 180 •6 38 38
88 85 44 4 76 77 - 0 • 8 38 36
123 121 161 3 65 63 180 • 10 18 21
101 96 312 2 178 171 0 -11 33 38
115 121 130 0 144 128 180 -12 59 69
50 51 198 • 1 224 207 0
61 45 16 • 2 311 303 180 10,5, I
174 167 203 •3 258 241 0
156 152 2 • 4 335 321 180 8 27 30
393 406 133 - 5 248 215 0 7 51 54
174 176 314 • 6 61 66 180 4 64 63
86 85 6 -7 296 302 180 3 69 68
121 126 97 •8 163 155 0 2 69 80
62 68 26 • 10 47 50 0 1 73 77
57 55 249 -11 169 155 180 0 114 il4
83 81 331 -12 106 107 0 <*3 85 79
94 94 145 -14 44 35 180 • 4 46 50
33 41 60 -16 19 14 0 •5 47 37
47 55 307 -17 29 37 0 •6 46 48

-7 121 125
11,1 # I* 10,8, L -8 73 75

-9 64 65
36 38 221 1 40 40 256 - U 40 41
55 48 99 •2 35 32 89 -12 19 23
73 66 301 •8 45 38 311 -13 54 51
77 75 204
190 186 56 10,7, I 10,4,L
95 93 63

250 253 269 5 50 50 165 8 89 82
166 155 114 1 68 71 327 7 29 3l
223 213 347 0 65 62 160 5 92 94
174 164 175 -1 53 50 356



10,4 9 L 6 31 35 107 1P,0 t L5 116 U 7 63
4 169 175 262 4 124 126 275 11 49 47 0
3 125 121 164 3 91 92 325 10 56 51 180
2 136 137 347 1 219 218 84 9 60 f)5 0
1 139 145 69 0 152 161 259 8 87 90 180
0 70 65 240 •1 153 153 311 7 72 73 0

• 1 81 78 196 -2 241 234 145 6 48 40 180
• 2 122 U 7 92 *3 115 118 42 5 76 72 180
-3 167 156 345 -4 204 210 296 4 244 222 0
-4 218 213 187 *5 61 56 250 3 207 208 180
*5 172 170 300 •6 112 106 27 2 384 395 0
- 6 115 107 60 *7 205 198 113 1 395 372 180
-7 188 179 84 *8 209 202 333 0 167 151 0
• 8 179 174 294 -9 91 87 61 -2 151 159 180

53 57 57 -10 32 28 113 «3 216 224 0
10 95 93 20 -11 85 87 122 -4 38 43 180
n 32 32 146 -12 42 39 219 ■*5 62 43 180
12 66 66 253 -13 81 $0 359 • 6 106 107 180
13 49 49 171 -14 89 96 159 -7 100 96 180
14 67 72 9 *15 55 53 356 -8 159 156 0

-16 50 49 143 »9 188 200 180
10,3 t L -10 83 79 0

10,1 t L -11 88 82 180
10 56 49 207 -12 83 67 0
9 53 52 32 11 33 33 169 -13 106 H I 180
8 69 67 334 8 72 70 96 -17 51 52 0
7 160 166 167 7 64 54 328
6 136 134 3 6 107 101 139 9,9 # L
5 110 108 197 5 118 121 341

50 974 163 164 358 4 173 170 90 *4 53
3 149 151 209 3 H i 115 310
2 67 71 218 2 144 149 289 9,8 9 L
1 243 253 9 1 291 271 71
0 45 35 195 0 22 30 327 2 22 17 164

•  1 34 26 91 • 1 140 130 100 - I 26 2» 104
•2 173 171 173 -2 114 109 2 -2 39 42 241
*3 261 253 349 • 3 87 77 179 -5 21 21 345
• 4 59 50 71 •  4 174 170 U •6 34 30 119
« S 218 204 165 *5 172 171 229 *8 32 32 115
*8 314 z\i 23 -6 63 65 169 *9 38 39 24
•9 46 38 300 -7 122 U 3 3
I ® 141 145 178 • 8 274 269 106 9,7 9 L
11 63 64 13 •9 117 113 16

38 34612 75 78 282 - 10 141 140 207 4 39
13 43 50 97 -11 80 77 82 3 54 56 206
14 78 81 200 -12 108 112 256 2 140 I48 14
15 89 91 354 -13 61 59 61 1 94 95 169
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