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INTRODUCTION: HISTORICAL and THEORETICAL

Optical Rotatory Power.

Fresnel has shown that when a beam of plane polar-

1sed 1ight is transmitted through a transparent optically

active medium it gives rise to two circularly polarised

beams of opposite sense, possessing the same amplitude
but travelling with different velocities. Thus optical
rotatory power can be attributed to a difference in the
refractive indices np and n, for right and left handed
circularly polarised light. As the plane polarised ray
proceeds through the medium a phase differsnce between the
two circular components is set up, which produces a rota-
tion of the plane of polarisation of the resultant wave.
In a path of one centimetre the plane of polarisation ro-
tates thfough an angle €, given by 6 = r (n, = ny) where

A,
1s the wave length of light in vacuo.

The variation of 6 with the wave length of 1light
employed is commonly known as rotatory dispersion. In an
attempt to find a theoretical explanation of this dispersion,
Drude® assumed that in a transparent optically active medium
the electrons describe helical paths and finally arrived at

b3 A
the well known equation, 6= B
-]
This equation has frequently been used to express

the rotatory dispersion of compounds in the reglon of trans-

parency. For normal rotatory dispersion one term of the
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equation 1s sufficlent but for the 'anomalous' rotatory
dispersion displayed by substances such as ethyl tartrate
two terms of opposite sign are required.

Optlcal activity 1s later shown to be due to the
presence of one or more optically active absorption bands
Thus iIn the case of transparent compounds the phenomenon
of rotatory dilspersion may be attributed to a band situated
in the ultra violet regioh of the spectrum, but 1f such an
asymmetric molecule possesses more than one optically active
absorption band 'anomalous' rotatory dispersion results due

to the superposition of PARTIAL ROTATIONS.

ROTATORY DISPERSION in the REGION of 'ABSORPTION.

When measurement of rotatory dispersion is made
throughout an accessible optlically active absorption band
the resulting curve assumes a characteristically anomalous
form and the phenomenon of CIRCULAR DICHROISM 1s observed.
Such were the classical findings of Cotton® in 1896 when he
Investigated solutions of various coloured salts including
copper tartrate in potassium hydroxide and the double tar-
trate of chromium and potassium.

In this case the optically active medium absorbs
the two circularly polarised rays to different extents and
on recombination these give rise to a resultant elliptically
polarised beam (Circular Dichroism). Thué, for frequencies

within an absorption band differences in both amplitude and
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velocity of the two circularly polarised rays are produced
with the result that rotation as well aé elliptlicity 1is
developed. The latter quantity is given by tanf = %—E—s
where d and g are the amplitudes of the two circularly ®
polarised components, i.e., is the ratio of the minor to
‘the major axis of the elliptlcal vibration produced.

In detail, Cotton found on examination of his
coloured solutions that the ellipticity varled with the wave
length of 1light employed rising to a maximum at the head of
the absorption band, while the rotatory dispersion possessed
a maximum on the long wave side of the band and fell to zero
at the head of the band. Such varlation of rotation and
ellipticity within an absorption band 1s known as the
Cotton Effect.

Attempts were then made to determine the mathematical
form of this really anomalous rotatory dispersion found with-
in a region of selective absorption. The original Drude
equation, previously used for transparent medla failed sig-
nally in this case.

Correlation of ROTATION AND ABSORPTION.

We have seen that a relation appears to exist be-
tween the number of optically active absorption bands and
the finally observed form of the curve of rotatory disper-
sion. Also mentioned is the fact that rotatory power de-

pends upon the refractive indices, n, and n ,, of the medium.
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It was therefors to be expected that rotatory dispersion
bears a similar relation to circular dichroism as refractive
dispersion doses to fhe absorption of unpolarised light.

The latter relationshlp has long slnce been established as

the Ketteler-Helmholtz4

equation deduced from the Electro-
magnetic Theory of Light. A corresponding equation,
connecting clrcular dichrolsm and rotatory dispersion was
formulated in 1908 by Natanson®. Later, from an entirely
different hypothesis, Kuhn® also deduced a relationship be-
tween these two phenomena.

Thus, if the circular dichroism of a medlum has been
investigated, the rotatory dispersion can be calculated from
the position of the maximum and the half-width of the band
on an analogous method to the calculation of refractive dis-
persion from the data of the corresponding absorption band.
From this stage, henceforth, the path was clear to determine
the extent to which an optlically actlive absorption band, in
an asymmetric molecule, contributes to the total optical
rotatory power and thus to analyse the latter into its
PARTIAL ROTATIONS.

For this purpose we will consider briefly some
mathematical forms of curves of absorption and circular
dichroism.

CURVES of ABSORPTION and CIRCULAR DICHROISM.

EXPERIMENTAL

Absorption curves are generally plotted as £=IEOQ



where is the observed molecular extinction coefficient
defined by the relation JI:= 16&8 » where ¢ is the concen-
tration in gm.mols./litre and /£ 1s the thickness in cms.
of a layer of solution.

Curves of cilrcular dilchrolsm are experimentally

represented by the equation (EQ-E;)‘—'{)(/& where &8
is the difference of molecular extinction coefficients for
the two circularly polarised rays. We have seen that the

ellipticity is given by tan g = %_i_g where d and g are

the amplitudes of the two components. ~ eudt
| —e
By a simple step this becomes tan g = Vv e Ve SE
F
and when the angle ;6 is small g, in radlians, can be put

for tan g.

Thus we have § = /@gfﬁ_t_ and expressed in mole-

cular extinction/coefficients this becomes,
g = E-eNt c
4. 04343
This is the equation used to determine (&-&)

in terms of the measurable quantity g.

In actual practice, the method of observing # 1s
to superpose upon the unknown ellipticity a known ellipti-
clty of opposite.sign and may be measured in the visible by
using a quarter wave plate sultably oriented, in conjunction

with an ordinary polarimeter7. '
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THEORETICAL FORMS.

The Ketteler-Helmholts? absorption equation, de-

duced on the assumption that light absorption i1s due to a
frictional damping between atomic oscillators gives rise

to the following,

R-NY R
where is the wave length of maximum absorption and

is a damping factor. This equation holds only for narrow
bands and was successfully used by Bruhat® and Pauthenier
in the analysls of the absorption band of carbon disulphide
by splitting it up lnto several narrow components.

Bielecki and Henri® next drew attentlon to the fact

that an absorption curve can be represented by the empiri-

cal exponential equation

2 (Ng=Y)"
éa o(\)eﬁ( )

max
width of the band.

where X = &___V, and /3 18 a constant embodying the half

Curves calculated from this equation for the ab-
sorption of compounds such as acetone, acetlic acid and acet-
aldehyde bear quité close agreement with the experimentally
observed curves. In this case the theoretical forms are
unsymmetrical with respect to both frequencies and wave
lengths.

Dissatisfied with the application of either of the
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foregoing equations to their experimental data, Kuhn and
10 Ne=3 \*
Braum formulated the equation "B

Ex G €

where 0 1s a parameter embodying
the half width of the band. Absorption curves calculated
from this equatlon are found to be symmetrical only on a

scale of frequencies. Later, however, Lowry and Hudsonl?!

pointed out that, in general, absorption curves of chemical
molecules are never quite symmetrical when expressed on a
scale of frequencies but are invariably elther symmetrical
on a wave-length scale or are steeper on the side of longer
wave lengths. To conform with these experimental obser-
vations they developed the relatii?

ep SCE]
This equation was successfully applied to compoundé contalin-
ing the chromophoric groups >C = 0 and >C = S. Comparison
of the results obtained by using all the above equations in
the fitting of the first absorptlion band of methyl d-bornyl-
xanthate and others may be seen in a paper by Lowry and
Hudsonll.

Curves of Circular dichrolsm.

The ratio of circular dichroism to absorption,
(ﬁ(‘ggve is defined as the anisotropy factor of the medium
and is usuaelly denoted by g. Deductions from the analogous

equations of Ketteler-Helmholtz for absorption and of
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Natanson for circulsar dichrolsm, which is memtiomed below,
lead to the result that this factor is, within sn shsorption

band, proportionsal to the frequeney of the light. Thus

A
&=
Prompted by Cotton's discavery of cireular dichroism,

Natanson deduced an equation of the form

= = ZD - k
Gt = Ry e

to represent the experimentally observed curves. This will

be dealt with later when we come to conslder the calculation
of rotations.
Since (%—&) & 1s proportional to the frequency,
curves of clrcular dichroism can therefore Le represented
by analogous equations to those obtained abaove for absorption.
| Thus on the basls of the Lowry and Hudson equation

SN

(&’fa = i&_‘ E‘),«% €

there follows the relation,

and from the Kuhn and Braun equation we obtain the following
, 3, =Y
G

(&)= &y e~ °

In representing the curve in the case of potassium
chromium tartrate, Kuhn and Sz.'ax‘c:o12 found that they obtalnmed
a8 better result by omitting the factor:)}— from the lattex

equation and thus used a relation similar to the absorptiom



9.

equation of Kuhn and Braun. Further examples of the appli-
cation of these equations may be found in Lowry's "Optical
Rotatory Power".

CAICULATION of PARIAL ROTATION in the REGION of ABSORPTION.

The mathematical form of a rotatory dispersion curve
in a transparent region given by Drude was later, in 1906,
extended by the same author into the region of absorption.
The equation thus obtained accounted for the phenomenon of
circular dichroism but was not expressed in a form suitable
for application to experimental data.

In 1908, Natanson®, from a mathematical considera-
tion of the forced vibrations of an electron in an optically
active molecule, under the influence of the electric vector
of an incldent plane polarised light ray deduced expressions

for the rotation and ellipticity produced.
D (X=X
=N+

have already mentioned the corresponding equation for cir-

The rotation equation is O= and we

cular dichroism.
To test these equations, Natanson himself calculated

theoretical curves from Cotton's measurements of the rota-

tory dispersion and circular dichroism of the double tartrate
of potassium and chromium and copper tertrate ln potassium

hydroxide solution.

According to the derivation of these equations, as

glven in his original paper, the damping factor I is equal
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to: ————)::— where h. is the wave length for which the
rotation © is zero and A, is the wave length at which the
rbtatorycdiSpersion‘curve has a maximum. Assuming o

and )mn ; a value for [ was obtained and using four observed
rotations and this value for [* the constant D was evaluated.
He then calculated eleven values for the rotatory dispersion
according to the above equation and obtalned a resultant
curve satisfactorily resembling the observed curve of Cotton.
It may be noted that” is numerically equal to the half width
of the band of circular dichroism and so rotatory dispersion

can be calculated from this data.

Kuhn's Theoretical Relatlon between Clrcular Dichroism

and Partial Rotatory Power.

Working on a speclsl case of Born's theory of coupled
electronic vibrators, which will be mentloned later, Kuhn, in
1929, derived a more practical equation. As his molecular
model, he employed two anisotropic rectilinear oscillators
and by a simple description of the ensuing motlon he demon-
strated the essential features of optical activity. The
resulting equations of motlon were then used to prove the
fact that the model behaves differently 1f irradiated with
left or right handed circularly polarised light, thus demon-
strating the association of optical rotatory power and cir-

cular dichroism.
Guantitative discussion led to the result that the

contribution to the optical rotation by an abeorptlon band
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C
(§.) whose frequency is \)\.-"X: and whose half width 15\5&“‘)
i1s expressed in angle of rotation and wave length,
A\ 9
@~ DN Ay
NN

He next obtained a corresponding relation for circular di-

chroism end by combining the two arrived at another equation
which when Integrated over the absorptlion band led to the
final result

3oy
\“b— e
[ri] "‘é%? @q<e Q [Ef J/[ e Cﬁc ._-ZOhﬂh]

where [Pﬂ] is the Molecular Partial Rotation and

1s the maximum value of clrcular dichroism occurring at
frequency“Qb. © is the parameter embodying the half width
of the dichroism band to which reference has already been
made.

In the deduction of this equation it is important to
notice that use 1s made of the form of circular dichroism
curve previously formulated by Kuhn. Thus, in the calcula-
tion of pa;tial rotations, values of Qo and © are taken from
the corresponding curve of circular dichrolsm. In the ab-
sence of this data, however, calculation can be made from
the curve of absorption by giving © an arbitrary value.

By means of the above relation Kuhnl® and his

collaborators calculated rotatory contributions in molecules

containing the absorption groups ¥z, ONO, Ph, CZ, Br end IL.

An example of the result obtalned for the compound



lls.

A-azidoproplonic dimethylamide, NS.CH(CHS).CO.N(CH3)2 is
given in Fig.a. Curve 1 represents the observed rotatory
dispersion which possesses an anomaly about A 2900, the
wave length of maximum absorptlon due to the azido group.
Curve 2 glves the form of the calculated rotatory dispersion
found from the absorption data and curve 3 is the difference
curve obtained by subtraction of the partial rotation from
the observed. The residual curve thus obtained does not
show any sign of anomaly due to the N5 chromophoric group
and represents the remaining rotations due to more distent

bands in the ultra violet region.

Fig.a. of -azidopropionicdimethylamide.

~|ooo’

=

{000 A . S\ b

2000 I \iKk 1

3000 |
<000 4000 3000




1z.

Later, Lowry and Hudsonll, to sult their own re-

quirements, modified Kuhn's equation by incorporating their
absorption equation and when converted to wave lengths the

final equation has the form

\_
D\,\]_ 100 (&~ @Q% \0 \-—) 4 =8 3]

A ige € & (A

A

This equation is therefore based on the fact observed by
these authors that absorption curves possess a more
symmetrical form when plotted on a scale of wave lengths
rather than frequencles. In investlgations of a number
of xanthates containing the CS.S band particularly good

results were obtalned using this equation.

Fig.be. ,E-menthxl dixanthogenide.

A000

looo } 2

[«JT

~2000

'3000 o

4000

L 4 i 1 £ 1

és00 $500 4500 3500

P



13.

Flg.b gives an example of the Lowry and Hydson
equation for /f-menthyl dixanthogenide (cloﬂlgo.cs.s)z.

Curve 3 represents the residual rotation and of this Lowry
says "the elimination of anomalies is more nearly complete
than previous examples but 1t still leaves room for possible
improvement."

Results, however, obtained later by Wolfram and
Lowryl4 for compounds containing the CHO and CO group were
not quite so satisfactory. For example, Fig.c shows the

position in the case of penta-acetyl;/(-fruotose.

Fig.c. penta-acetyl- m~-fructose.
7
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Here the residual curve crosses the zero axis at

several pointse. This is similar to a result obtalned
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recently by Mitchell and Gordont® when investigating the
compound 2:2-dinitrocamphane in connection with the NO,
chromophoric groupe. They also made use of the above equa-
tion but falled to account for the entire anomalous rotation
since the residual curve was not one of simple rotatory
dispersion.

In Part II of thls thesls an interesting and success-
ful application of the above equation 1s described in the
calculation of the partial rotatlon due to the NO group in
the molecule. The absorption and circular dichroism curves
6f the compound described are of a composite character and
an accurate analysis of these curves 1s made before proceed-
ing to the estimation of the rotatory power due to the
optically active band system. The residusl curve obtalned
1s free from all anomalies and bears comparison with the
best of results obtained by previous investigators. This
may be attributed to three facts:-

(a) The absorption bands are situated near the middle of the
visible spectrum with the result that a complete picture
‘of the rotatory dispersion and circular dichroism can be
obtained.

(b) Measurements of the last two phenomena can be more
sccurately made in the visible than in the ultra violet

where most of the previous compounds studied showed

their absorption.
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(¢) The composite band structure was successfully analysed
into two components which proved to be a ma jor factor

in the elimlnation of rotation anomalies.

Other Theories of Optical Activity.

Although the Kuhn equation functions satisfactorily
in practice the validity of the hypothesis upon which it is
based 1s open to question. Several theories of optical
activity have been advanced both before and after the intro-
- duction of Kuhn's theory and we may do well to digress a
little in order to complete the survey with a brief refer-
ence to the most important of these.

Bornle, in 1915, enunclated a general-theory of
optical activity which has since been used as a basis for
further deductions. This general theory plctures a mole-
cule as a system of particles rigldly fixed relative to
each other. By virtue of thelr properties these particles
become electrically polarised when a ray of plane polarised
light is incident upon the molecule. A field of force
emsnates from each of these particles and each in turn affects
the other so that the resultant effect depends upon many

separate interactions or couplings.

It was from this conception that Kuhn in 1929
developed his equation using as & molecular model two coupled %

anisotroplc oscillators.
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With the advent of quantum mechanlics Born's theory
was reformulated on the quantum mechanical interpretation

d17 and Born and Jordanla. The

of dispersion by Rosenfel
main concluslion drawn, however, was that the "rotation
effect 18 due to the same set of virtual oscillators which
determine the (refractive) dispersion. Therefore it 1s
possible to replace the gquantum mechanical system by a
classical one, consisting of a set of harmonic resonators
coupled by electric and magnetic forces. "9

On the basis, therefore, of four non-planar coupled
i1sotropic electrons, Bo:c-hzO has recently evolved a simpli-
fied formula from the general theory but due to the limita-
tion of obtaining the required experimental data for con-
stants it does not find much application.

Theories based more upon the chemlcal structure of
the molecule rather than on a vibrating electronlc system
were advanced at different times by Gray2l, De Mallemann<?
and Boyszs. Each attempted, with varylng measures of success,
to predict the optical rotatory power of a molecule in terms
of the size, configuration and polarisabilities of 1its con-
stituent groups. Thus an application of Boys' formule to
sec-butylamine gives a calculated rotationl}{L,= 7.4 while
the observed velue is 7.44, and to sec-butyl alcohol
[x]y cale. = 9.3 and [} obs. = 13.9.

In 1937, Kirkwood?4 has shown how the quantum
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mechanical formulation of Born's theory leads to the
polarisability theory of those authors last mentioned, and
the formula he obtalned was applied to sec-butyl alcohol
with good results.

About the same time Condon, Altar and Eyring<>
showed that a single electron moving in a fileld of suitable
A4lsgymetry can give rise to optical rotatory power. This
effect is in striking contrast to Born's conception that
only coupled vibrators can produce optical activity. The
former theoretical basis 1s called "one electron rotatory
power', Their theory was illustrated by the calculation
of the contribution of the nitrite group to the rotatory
power of methyl phenyl carbinol nitrite which agreed well
with experimental data. They also calculated the phenyl
group contribution in this molecule aﬁﬁ the contribution

of the OH group in sec-butyl alcohol, but the values obtained
were rather small.

A completely infallible physical explanation of
optical activity has not yet been forthcoming, but results
up till now have been encouraging and point to the likell-
hood of future success. From the point of vliew of the
chemist, however, the most satisfactory theoretical relation
80 far deduced 1s that formulated by Kuhn, the consequences

of which have already been described.
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Circularly Polarised Light as a means of producing Optical

Activity.

Before the digression 1n the last section we have
seen how the presence of a chromophoric group in sn optically
active molecule glves rise to anomalous rotatory dispersion
and cirgular dichroism; This latter property arises from
the unequal absorption of the two forms of circularly
polarised light; the converse of this might also be ex-
pected to be true - that two optically active isomers will
absorb one form of circularly polarised light to different
extents.

The absorption of unpolarised light by chemical
compounds 1s a subject which has recelved a great deal of
study within recent years, but for the present purpose we
shall consider only the selective absorption of light by
organic molecules in solution. When such a substance
absorbs a quantum of light there may be one of several con-
sequences:

(1) It may return to its original energy state with emission
of light, i.e., 1t may exhibit fluorescence, as is the
case with a number of organic dyestuffs.

(2) The molecules of the compound after activation, elther
dissociate or react with other molecules.

(3) The entire absorbed energy may be converted into trans-

lational kinetic energy by collislion with other molecules.
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If we consider a compound from group (2) which is
chemically decomposed by the absorbed light quanta then it
follows, that if 1t can exist in an optically active form
which exhiblts circular dichrolsm within a reglon of select-
ive absorption, the irradiation of the racemlic mixture with
one form of circularly polarised light of sultable frequency
should result in the more rapld destruction of one optical
isomer. Optical actlvity in the original racemic mixture
would then be produced.

The possibllity of thus producing optical activity
was theoretlcally opened by Cottons, who in his original
paper pointed out this fact as a possible application of
his discovery of circular dichroism. Cotton26, himself,
made an unsuccessful attempt to produce an optical rotation
in a solution of copper racemate by thls means. His fall-
ure was due, however, to the fact that this compound is not
decomposed by the same absorption of red light which results
in the observed circular dichroism. The compound can only
be decomposed by ultra violet light of frequencles for which
solutions of copper d-tartrate were later shown by Mitchellz7
to exhibit no difference of absorptlon for the two types of
circularly polarised light.

The first measure of success was not achleved until

1929, when Kuhn and Braun28, after a study of the rotatory

dispersion and circular dichroism in the ultra violet, of

the active form of ethyl o -bromopropionate, subjected a
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solution of the inactive form to the decomposing effect of
one form of polarised light with the resultant production of
optical activity.

Soon after this, Kuhn and anpfzg, following a simi-

lar study of the compound «-azidopropiondimethylamide, con-
trived, by lrradiation of a solution of the inactive com-
pound, to produce an observed rotation of the order of 1°.

The anisotropg factor, which we have previously found

to be the ratio of circular dichroilsm to absorption of un-
polarised light was found in the case of the latter compound
to be .024. It may readily be appreclated that this factor,
which 1s a measure of the relative absorptions of two opti-
cally active lsomers, exerts a powerful influence 1in the
determination of the sultability of a compound for use in

an asymmetric photochemical decomposition.

While the above two experiments were in progress,
Mitchell?? had begun an investligation of caryophyllene
nitrosite with a view to effecting such a decomposition.
This compound was found to exhibit circular dichrolsm in
the red end of the spectrum due to the presence of the
nitroso group and possessed the rather abnormal anisotropy
factorso of .12. Such a compound was therefore considered
to be very sultable and by irradiation of a solution of the
inactive nitrosite of the analogous compound humulene, rota-

tions of +.30 and -.30 were developed for the two forms of

circularly polarised light.
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As a consequencs of this last successful attempt, a
search was made for a more simple type of asymmetric com-
pound containing the nitroso group, which might be advan-
tageously investigated and used in this connection. That
is, a search was conducted for a simple type of nitroso com-

pound which 1s decomposed by light and which may be obtained

in an optically active form. This latter condition is

necessary so that a study of the rotatory dispersion, cir-
cular dichroism and anisotropy factor can be made.

Along these lines, a study of pseudo-nitrols and
some simple nitroso compounds, both secondary and tertiary,
was carried out in these laboratories by Dr. Mitchell and
his collaborators°l, Many interesting facts emerged from
these investigations and an optically active nitroso com-
pound was eventually prepared by Mitchell and Carson.

This is the compound o -methyl X-nitroso-w-butyrate which
was obtained by oxidation of active o(-methyl oK -amino-mn -
butyrate previously made from active isovalin. The speci-
fic rotation of this substance for the D line was, however,
only of the order of 10°.  Solutions of the compound showed
no circular dichroism, although a slight anomaly in the
rotatory dispersion was detected in the region of absorption.

The next type of simple nitroso compound to be

studied was the chloro-nitroso compound. Of the few com-

pounds of this group that have been prepared, almost all are

blue in colour and possess an absorption band in the red

region of the spectrum.



22.

Such compounds appeared to be sultable for use in
asymmetric photochemical work and in the first part of the
prellminary investigations towards this end Mitchell and
,(.1'ameu:'on:52 undertook a study of the photochemistry of some
of ﬁhese compounds. In the experiments, carried out in

these laboratories, it was found that compounds of the type
NO .

[
Ry - ? - Ry, where Rl and R, are simple alkyl radicles, are
cL
decomposed by light with the destruction of the asymmetric

2

centre. These authors also developed a technique for
measuring the quantum yield of the photolysis by red light.

This now brings us to the present problem described
in this thesis - namely, the attempt to prepare an optically
active chloronitroso compound so that a study can be made
of the rotatory dispersion and circular dichrolsm within
the region of photochemlcal absorption. From this, a value
of the anisotropy factor for such a compound can be obtalned
and so enable us to assess the likelihood of effecting an
asymmetric photochemical decomposition.

Attempts to prepare an optically active chloronitroso
compound necessitated the making of new compounds of this
group, among which are the first two aliphatic nitroso acids
known to exlst in the blue monomeric form. Direct resolu-
tion of these acids by means of an optically active base was

tried without success, but when investigating menthyl
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esters of such aclds the first signs of optical activity due
to the asymmetric chloro-nitroso centre became apparent.

This is described fully in the first two parts of the thesis.
In the latter part is a description of some photochemical
aspects of the new compounds concerned and Includes an
effective modification of the method, recently developed

in the department, for measuring quantum ylelds of photolyses

with red light.
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PART I.

Preparation of an Optically Active Chloronitroso Compound.

The first recorded preparation of a chloro-nitroso
compound was that done by Plloty and Steinbockss. The
substance 1s monochloro-nitroso ethane,

CH H

5\/
o]
7\
ct NoO

and was obtained by the action of chlorine on acetaldoxime.
In this case, as in other secondary nitroso compounds, the
colourless, bimolecular form 1s obtained.
NO
|
Compounds of the type R,y - C - R,, where R, and R
D yp 1 ' 2 1 2

CL
are simple alkyl radicles were made by Rheinboldt and

Dewald25 by the action of nitrosyl chloride on the correspond-

ing oxime thus:- NO
|
Ry ﬁ Rz 2NoCl —> R, ? R, HOL 2No
NOH ce

Mitchell and Carson54 obtained chloronlitrosohexanes

by the action of nitrosyl chloride on  hexane under the
influence of light. This reaction is simlilar to that of
Rheinboldt above, since the first stages of the reaction are

?O ﬁOH
C

The compounds obtained were,

CHzC(C£) (NO)C4Hg /ﬁv9 chloronitroso hexane
/

and CSHVC(Cl)(NO) 02H5 XX chloronitroso hexane
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These are the only two chloronitroso derivatives of
N-hexane in which the nltroso group is not attached to the
same carbon as a hydrogen atom.

The compounds can also be obtained by the action of
chlorine on the oxime and this was the method used by
Mitchell and Camer'on:52 in the preparation of some chloro-

niltroso derivatives of the paraffins.

De Paolini55 records a number of attempts to pre-

pare bromo-nitroso derivatives of certain compounds by the

action of bromine on the oxime. He did not investigate
the compounds further than observing the appearance of a
blue colouration.

The general result obtained was that compounds con-
taining the groups COOH, CN, Cglg or substituted phenyl ad-
Jacent to the oxime group did not form bromo-nitroso deri-
vatives by the actlon of bromine. A classification of
different groups adjacent to the oxime group which favour

formation of the blue compounds may be given thus
H R

G Fons1 \\\COCwH2m+1 %
R Gy, COOH

COC H
C00CoH, 65 oN

It is found that this rule also applies to the formation of

chloro-nitroso compounds.
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Preparation of some chloro-nitroso compounds.

Since the obvious method to obtain an optically
active compound is by the resolution of an acid by a suitable
base, attention was directed to the possibility of preparing
a chloro-nitroso acid. No aliphatic nitroso acids had
hitherto been isolated in a stable form. Such acids are
Invariably unstable and easily change over to the correspond-
ing oxlme. In the course of thls work, however, the first
two aliphatic nitroso acids to exist in the monomeric form
have been prepared. These compounds are blue sollds,

x-chloro x -nitroso valeric acid.

Preparation.

The preparation of this compound was attempted due
to the fact that it may be derived from laevullnic acld, a
substance easily obtainable from cane sugar. A large
quantity of laevulinic acid was prepared and converted into
the oxime. This was dissolved in dilute hydrochloric acid
solution and ether added. The flask was placed in a
freezing mixture and a stream of chlorine gas passed into
it, resulting in a blue colouration of the ether layer.
The latter was washed with potassium bicarbonate solution
until the aqueous layer took on a slightly blue tinge.
After drying the blue ethereal solution over anhydrous
sodium sulphate the ether was removed under reduced pressure.

A blue non-distillable oil remained, but when left in thin

layers in a cold atmosphere it crystallised out in blue
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plates. It can be recrystallised from hexane. Blue
plates, mep. 33°.

Analysis of the acid after purification by recovering
it from the ephedrine salt gives the f§llowing:—
Experimentally: CL(21.24%); C(36.227); H(4.92%); N(8.67%)
C5HgO3NCL requires:CL(21.42%); C(36.36%); H(4.90%); N(8.46%).

The compound prepared by the action of chlorine on
the oxime of laevulinic acid, with liberation of HCA is

therefore ‘J'chloro X nitroso valeric acid,

CHzL.(CL) (NO). CH, + CH, . COOH.

This acld is sparingly soluble in water, but is
soluble in most orgenlic solvents.

The yield obtained by the above method is only 5%
of chloro-nitrosoc compound calculated on the oxlme. After
several experiments, the yield was increased to about 30%
by simply dissolving the oxime in dry ether and passing in
chlorine; the remainder of the method is as described above.

Methyl chloro nitroso valerate. This compound

can be prepared by the actlion of chlorine on the oxime of
methyl laevulinate. It is a blue liquid, b.p. 84°C/20 mms.

Analysls Chlorine estimation
Exp. (Stepanow) 19.59%
Theor. 19.75%

o chloro o nitroso proplonic acid. The attempted

preparation of thils compound from pyruvic acld oxime resulted
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in the formatlion of a green oil.

Thus compounds of the type R.C.COOH do not form

OH
stable chloro nitroso compounds. This may be due to the

additive property of the compound R.%--C - OH. If,

|
NOH é
however, the acid group is esterified (e.g., the oxime of

the menthyl ester of pyruvic acid) then the chloro-nitroso
compound 1s quite definitely blue and stable.
Various attempts to prepare the chloro-nitroso acid

corresponding to aceto acetic acid met with no success.

Outlines of the methods attempted are:-

(a) The oxime of acetoacetic ester was prepared and treated
.with ammonia, ylelding solid methylisoxazolone. It has
been presumed that the oxime of acetoacetlc acid

CHzC = NOH.CHzcooH is present in an aqueous solution of this
compound but it was found that no blue colouration resulted
on passage of chlorine. Hence either the oxime of the acld
is not present in solution or else the chloro nitroso com-
pound is non-existent.

(b) 28 gms. acetoacetlic ester were hydrolysed for 24 hours
with 234% KOH solution in 500 ccs. water. Acildified strong-
ly with HpS04 and extracted with ether; the ether removed
cautiously, and BaCO5 and water added gives rise to strong
effervescence. Any unchanged ester was extracted with
ether leaving an aqueous solution of the Ba salt of aceto-

acetic acid. The oxime of this salt was then formed and
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HC{ added to set free the oxime of the scid. This was ex-
tracted with ether. Passage of chlorine resulted in a green
oil which on standing produced yellow crystals, probably of

methylisoxazolone.

(c) Ethyl 2 chlorq/a nitroso butyrate and attempted hydrolysis
to /8 -chloro//s nitroso butyric acid.

The oxlme of acetoacetlc ester prepared by means
of aniline and hydroxylamine hydrochloride i1s almost exactly
the theoretical amount of a red oil. This oll goes solid
by internal condensation and must be freshly prepared for
uses.

The action of chlorine on an acidified (HCK)
agqueous solution of the oxime results in the production of
& blue liquid. When extracted with ether, etc., and finally
distilled, it was found to be a deep blue pungent liquid of
bep. 80°/18 rms.

Chlorine estimation by Stepanow's method gave

CL = 20.03%

NO
Ethyl/ﬁ chloro/a nitroso butyrate CH -%.CHZGOOEt

Ce
requires C£ = 19.75%.

This compound has a narrow absorption band in the
red and is decomposed to gilve mainly the oxime and hydro-
chloric acid when exposed to red light in the absence of

Oxygen.
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For hydrolyses purposes it is unfortunate that this
compound, in common with the others in the chloro nitroso
group, 1s decomposed by alkall or by prolonged heat. ‘Con-
sequently only acid hydrolysis at moderate temperatures
could be attempted. Various trials, using hydrochloric

and sulphuric acids, however, did not give the desired result.

It may be mentioned here that methyl A echloro
Ea 7

nitroso butyrate is rather difficult to obtain pure due to

the fact that, like the parent acld, the oxlime rapidly goes
solid by internal condensation producing with chlorine only
a green oil which when dlstilled ylelds a diluted blue com-
pound boiling at 80°/30 mms. end 100°/72 mms. (with decom-
position). The blue compound 1s contaminated with some

colourless compound a&s accurate analyses cannot be obtalned.

X X dimethy%zs chlorofs nitroso butyric acid.

Since the possibility of resolving an acid by a
base may be adversely influenced by the length of the chain
from the asymmetric centre, it was decided that rather than
investigate the acid beyond laevulinic acid in the series
an attempt to prepare a derivative of a substituted aceto-
acetic acid would be more advantageous. _

Accordingly, o(cX dimethyl aceto acetlc ester56 was
prepared and the oxime formed. The oxime was then decom-
posed by concentrated sodium alcoholate with the production

of an insoluble sodium salt. The salt was decomposed by
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dilute sulphurlic acid and the free crystalline acid oxime
extracted with ether, m.p. 96° From 60 gms. of aceto-
acetic ester about 5 gms. of the acid oxime were obtalned.

Actlon of Chlorine.

When the oxime was dissolved in dilute hydrochloric
acld and ether added, a blue compound appeared to form with
the passage of chlorine. The ethereal layer was washed
with water and potassl um bicarbonate solution and after
drying, the solvent was removed. A blue s0lid remained.
Recrystallised from methyl alcohol it had mep. 150° (Decomp.).

Analysis:

Experimentally: Cl (19.58%); C (39.49%); H (5.61%)
CgHyO0zNCZ requires:C£ (19.77%); C (40.11%); H (5.56%).

Thus, the compound produced is XK _dimethyl 3
NO

|
cl

Unfortunately, the yleld of this compound, calculated

chloro Q nitrosobutyric acid,
7

on acetoacetic ester as starting material, 1s very small.

Properties. The acid is sparingly soluble in water

but is soluble in most organic solvents. |
It gives a crystalline solid salt with of -phenyl-

ethylamine in dry ether.

With ephedrine in dry ether the acid also gives rise
to & blue solid salt, but owing to the difficulty of obtain-
ing a sufficient quantity of the acid, these salts were not

investigated further.
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Salt Formation of X chloro x nitroso valeric acid.

The asymmetric carbon atom in this acid is in the
garma position and is rather distant from the carboxyl
groupe. It has been noted, however, that such an asymmetric
centre can be resolved, c.f., { amino valeric acid which was
resolved by Fischer37 using quinine.

A large amount of the chloronitroso acid was pre-
pared using cane sugar as starting product. Many attempts
to form salts with optically active bases were made but the
ma jority proved frultless. Due to the presence of the
chlorine atom in the molecule, no doubt, many of the bases
caused decomposition. On the other hand, several cases
were successful and in each, 1t may be noted, the base em~
ployed was of low molecular weight. A brief account of the
attempts are given below.

Brucine, m.p. 178°. Formation in various solvents resulted
in the production of a blue oil which rapidly decom-
posed. '

Quinine, similar to above.

Codeine (morphine methyl ether), m.p.155° No salt formation.

Strychnine, mep. 284°.  Produced an oil from methyl alcohol

and chloroform.
Cinchonine, m.pe 255°, No salt formation.

Pseudoephedrine, mepe 118%. Resulted in a blue oll.

Calicantyne forms a salt in dry ether which rapidly turns

green.
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Quinidine, produces an oil.

Successful Attempts.

(A) Ephedrine alkaloid 06H5.CH(OH).CH.(CHS).NH.CH3,

mol. wte 165. m.p. 40°.

The acid was dissolved in dry ether and ephedrine
added in molecular proportions: on shaking, a pale blue
salt separated out. The salt, washed with ether and dried,
had mep. 80°C. (Dec.).

The salt 1s very soluble 1n water, acetone, dloxane,
carbon tetrachloride and propyl alcohol.

Attempted recrystallisation from chloroform, methyl
alcohol, ethyl alcohol and other solvents produced an oil.

Ether proved to be the only solvent from which
crystals would appear but due to the low solubillty of the
salt in ether this 1s not a very practicable medium.

18

Using ephedrine of m.p. 40°c. and Ex]5461= +16.01
18

in water and Ekj = -6.20 in ethyl alcohol, the blue salt

5461
formed gave the following: Conc. .2107gms./10 ccs. water
A X (]
4658 «44 -20.88
5290 «44 ~-20.88
and for .2334 gms. in 10 ccs. ethyl alcohol
A =3 =4
4850 <84 -36
5290 63 =27

These readings show an interesting variation with



solvent. On recrystallising from ether, however, no
change in the rotation could be detected. It is unfortun-
ate that a solvent more sultable for recrystallisation
cannot be found.

Analysls of the ephedrine salt.

Experimentally: C = 56.49% and H = 6.26%,

Theoretically: C = 54.48% and H = 6.96%.

The sample probably contained traces of ephedrine as im-
- purity which cannot be properly eliminated.

x chloro X nitroso valeric acid can be easlly
recovered from the ephedrine salt by decomposing with
dilute HC{ solution and extracting with ether. Recover-

ed acid has m.p. 32°C.

(B) ,3-naphthol phenylaminomethaned®.
’ This base, recovered from the tartrate salt, had
m.p. 123°C.

Equivalent quantities of the base (in dry ether)
and the blue acid (in dry ether) were mixed and almost
immediately a pale blue salt was precipltated. Me pe 95°¢C
(Deec. ).

The salt is rather unstable. It is soluble in
water and ethyl alcohol but is insoluble in ether, hexane
and benzene. It may be recrystallised from alcohol or

ethyl acetate, but decomposition rapldly occurs.

34.
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(C) KX -phenylethylamine immediately gives in ether a salt

with the acid. It 1s soluble in water but insoluble in
benzene. Blue needle-shaped crystals of m.pe 88°C. are
obtained from ethyl acetate.

For use in a resolution, the K -phenylethylamine
must, of course, be optically active. A quantlity of race-
mic base was prepared from acetophenone and resolved by
means of tartaric and quinic aclds, as indicated by Hoppersg,
who used malic acld instead of quinic acid. The quinic
acld is employed for a partial resolution and the L =base
is further resolved by means of d-tartaric acld. After
8ix crystallisations the rotation of a 10% aqueous solution
of the d-tartrate L- phenylethylamine salt had the value
+l.1 similar to that found by Hopper.

The active base recovered from the tartrate salt
had [o(_]]]f: +8° in alcohol, but no resolution in combination
with chloro-nitroso valeric acid could be detected,.probably
due to the small rotational magnitude of the base. Ef];s

of salt in alcohol = =7.3%

Anglxsis of salt.

Experimentally: C = 54.76: H = 6.74: N = 9.05

54.,45: H = 6.63: N = 9.77.

Theoretically: C
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(D) 9 -menthylamine.

!

L——menthone oxime was prepared from Q -menthone40,
By reduction of the oxlme in alcohol »e-menthylamine'n was
obtained, bep. 209°. Bx]és =-34.8° 1n alcohol.

The laevo base thus obtained yields a blue salt in
a dry ethereal solution of the chloro-nitroso acid.

The salt 1s soluble in alcohol, CCZ4 and ethyl
acetate. It recrystallises in large prisms from hexane.
M. pe 102.5°C (Dec.).

A quantity of the salt was prepared and rotations

taken after recrystallising. 1l Dcm. _tube. Solvent alcohol
A o  Conctrn. [x]
lst Crystallisa- o
tion 5400 .40  .1331/10 ccs. =30
2nd " 5400 .20 .0590/10 ccs. =33.9°
3rd " 5400 .40  .0996/10 ccs.  -40.16°

Although not far removed from the magnitude of
experimental, the differences between these readings were
encouraginge. Another sample of the salt, however, when
recrystallised several times showed no change from the

original rotation

A < =1
5400 .72  -40° 1 Dem. tube }_ Conctrn.
5400 .42  -39° .6 Dem. tube +1800 gmsef s,

alc.

The recrystallised product gave for a concentration

+1750 gms./10 ccs. alc. and in 6 cms. tube -
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A x ]
5400 04:0 "‘380 10-
’ The chloro-nitroso acid can be recovered from the
recrystallised {Z-menthylamine salt by decomposition with
HCZ solution. Crystals of the acid obtained had m.p. 32°C

but showed no rotatory power.

Observations in this case as 1n those preceding are:
not easily carried out due to the intense absorption of the
light and the small concentration this imposes with conse-
quent diminution of the rotation angle, even when using as
source a Hg arc lamp with green fillter. From the fore-
going results 1t 1s evident that a base with a high rotation
would be advantageous in measuring such rotational magnitudes.

Having exhausted most of the likely bases, attention
was diverted to the possibility of resolving the acid by
means of the menthyl ester.

Menthyl X chloro Y'nitroso valerate.

Menthyl laevulinate42 was prepared and from it the
oxime formed. The sollid oxime does not dissolve in dilute
HCZ solution, but is soluble in concentrated HCZ and in
ether. Chlorine gas passed through an ethereal solution
of the oxime produced a strong blue colouration. On re-
moving the ether a heavy blue oil remained. Attempts to
freeze it or to crystallise it from various solvents failed.
Other methods of preparation produced the same result, thus
it may be concluded that this compound is not a solid and
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is therefore of no use for the immediate problem of

resolution.

Preparation of Bornyl and Menthyl esters of chloro-nitroso

acids.
Continuing on the above line, attempts were made to
obtaln solid esters. All but ﬁ -menthyl /3 chloro @ nitroso
butyrate were found to exist as blue oils;

Compounds obtained as blue viscous olls.

E—menthyl & -chloro of -nitroso propionate,

E—menthyl ok K dimethyl/a =chloro /3 -nltroso butyrate,
E-menthyl ¥ -chloro X -nitroso valerate,

d-bornyl ,3-chloro 3 -nltroso butyrate,

d-bornyl X-chloro/ X -nitroso valerate.

For the above compounds the ketonlc esters were
prepared45 and converted into the corresponding oximes.
These oximes are soluble in concentrated HC{ but are in-
soluble in dilute HC/ solution. Various solvents for
the oximes were used in attempts to obtain solid chloro-
nitroso compounds but the members of the above 1list could
only be got as heavy blue olls.

In the case of the menthyl esters it 1s interesting

to note the following:-
Oxime Chloro-nitroso Cpd.

E—menthyl pyruvate Liquid Solld Liquid
{-menthyl acetoacetate Solid Liquid Solid
€-menthyl laevulinate Liquid Solid Liquid.
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Thus in this serles the ester of the acid next to
laevulinic acid in the ketonic series may yield a solid
chloro-nitroso ester. The length of the chain becomes
rather long in this case.

In an attempt to load up the molecule the menthyl

ester of dibenzyl aceto-acetic acid was prepared, but the

corresponding chloronitroso compound could not be made,

due to the fact thgt the intermediate oxime was unobtalnable.

Preparation of (=) Menthyl 3 chloro 3 nitroso butyrate
with subsequent resolution of the asymmetric carbon atom to
which is attached the C/ and NO groups, with formation of
(=) menthyl (+ﬂ/3chloro,e nitroso butyrate.

Menthyi acetoacetate44 was treated with hydroxyl-
amine hydrochloride and sodium acetate in aqueous alcohol.

FOn standing overnight or on boiling off the alcohol, the

oxime 1is obtalned as a yellow oil.
Action of chlorine.

To obtaln the best results, it was found that the
oxime should be dissolved in concentrated hydrochloric acid
and water added. This results in an oily suspension. If
kept at 0°C. and chlorine passed through, with occasional
shaking, a blue oily solid forms. This blue solid is
washed with water and dissolved in hot alcohol. On cooling,
blue needle shaped crystals are formed. The blue ester is

soluble in alcohol, ether, hexane, etc., but is insoluble
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alcohol.

40.

It can readily be recrystallised from ethyl

Analzsis.

Experimentally:

CH3C(C£) (HO)CH,C00C gHy g

requires:

C(58.08%);

C(58.02%) ;

H(8.23%);

H(8.28%) ;

N(4.97%);

N(4.84%);

C£(11.9%)

C4(12.2%).

Thus, the compound prepared is the menthyl ester of/G -chloro

/Anltroso butyric acid.

Resolution of the Menthyl Ester.

About thirty grams of the ester were subjected to

repeated crystallisations from ethyl alcohol.

Record of Melting Points and Specific Rotations.

Crude Product

2nd Crystallisn.
3rd Crystallisn.
4th Crystallisn.
5th Crystallisn.
6th Crystallisn.
7th Crystallisn.

Conc.
«0870g./10ccs.
.0600g./10ccs.
.0700g./10ccs.
.0528g./10ccs.
«0477g./10ccs.
.0442g./10ces.
.0491g./10ces.

Tube
(2cms. )
(10cm. )
(10cm. )
(10 cm)
(10cm. )
(10cm. )
(6cm. )

A

5200
5250
5250
5250
5250
5250
5250

With the eighth crystallisation the rotatory dis-

persion readings were found to be constant.
The fact that both the

stage the resolution is complete.

x <1 Mp.
~=+27 =155.2 58-60°
-1.13 -188.3 -
-1.64 -234.2 -
-1.27 -240.5 67°
-1.26 =264 -
-1.47 =333 70°
-0.94 =320 71°

Thus at this

melting point and the rotations increase rather considerably

points to the view that the crude product is the df chloro-

nitroso butyrate, while the final product 1is the d form of
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the chloronitroso acid in combination wiﬂm,g-ﬁonthol.
Additional proof that a fesolntion, and not merely a puri-
filcatlon has been effected, is shown from the development
of circular dichrolsm associated with the asymmetric C
atom to which is attached the nitroso group.

Readings of both ellipticity and rotation in alco-
holic solution for sodium light give,

(C = +6550gms./100ccs.: £= 6 cms. t = 18°)
K593 Ellipticity

Crude Product, m.p. 58-60° -0.43° + (just detectable)
Final Product, m.p. 71° -1.39  +1.41°

A similar instance to thlis compound has been re-
corded by Kigi?5. He found that the mep. of &Z-menthyl
benzylacetoacetate increased with fractional crystallisa-
tion and after examining the rotatlions of his inltial and
final products he concluded that the former was the ag-
benzylacetoacetate and the latter the L-ester.

The resolution of the chloro-nltroso asymmetric
centre by the agency of L-menthol 1s partly comparable to
those partial asymmetric syntheses performed by McKenzle
and co-workers46. In one of these, atrolactinic acld was
obtained by a Grignard synthesis on (=-)menthyl benzoyl-
formate. In this case the laevo bias of the attached
menthol and the cholce of proper conditions resulted in the
production of (-)menthyl(-)atrolactinate in excess. Saponi-
fication with potash, followed by removal of (=)menthol led

to the formation of laevo rotatory atrolactinic acid.
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In thecase of (-)menthyl(+)chloro-nitroso butyrate,
however, the ester cannot be hydrolysed to the free acid
and menthol. Chloro-nitroso compounds decompose in the
presence of alkall and acid hydrolysis proved ineffective.

In the llght of results which are fully discussed
in the next part and from the point of view of asymmetric
decomposition by circularly polarised light, some inactive
compounds related to the menth;l ester were prepared.

3 nitroso butyrate

Ethyl A3 chloro/
, Described on pages
Methyl /30hloro/3 nitroso butyrate 29,30

Czclohaxanol ester of chloro nitroso butyric acld was

prepared in an attempt to obtain a solld product but re-
sulted.in a blue oil.

Cyclohexanol and acetoacetic ester were heated at
about 160°C for 8 hours. From the fraction distilling at
155°C/40ms., 10 gms. were obtalned. The oxime of this
ester is a yellow oil and when acted upon by chlorine pro=-
duces a heavy blue oil. This, as in other cases of blue
oils, cannot be distilled since they decompose at tempera-
tures ‘above about 100°C.

Thymol ester. No blue colour developed; in this
attempt, however, it was doubtful if the thymol ester of

acetoacetic acid was prepared at all by this method.
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Summary.

In the foregoing, the preparation and properties of
some chloro-nitroso compounds have been described. Such
compounds possess an absorption band in the red end of the
visible spectrum and can be decomposed by light of the
absorption frequencies.

The two chloro-nitroso aclds prepared, Xchloroy-
nitroso valeric acid and KX dimethyl 3 chlorq/3 nitroso
butyric acid, are the first aliphatic/nitroso aclds found to
exist in a stable state. With a view to effecting a resolu-
tion, a study of salts with various bases and alkalolds was
carried out and several such compounds were prepared. Re-
peated crystallisations of these salts, however, falled to
produce any detectable optical activity in the acld.

Another important compound described im the blue
crystalline menthyl ester of chloro nitroso butyric acid.
When recrystallised seven or eight times from ethyl alcohol
the melting point rises from 58° to 71°, and the specific
rotation increases by about 300° for certain wave lengths.
Thus a resolution of the asymmetric carbon atom has been
effected giving rise to e -menthyl d./J -chloro/G nitroso

butyrate.
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PART II.

Rotatory Dispersion and Circular Dichroism of ,é-menthyl

d A chloro 8 nitroso butyrate.
4 /

(This 1s the subject of a paper recently published in the
Journal of the Chemical Society47).

The object in view was to determine the magnitudes
of rotation and circular dichroism within an optically ;
active nitroso band. With this attained, the contribution
to the total rotation of the molecule due to the presence
of the NO group can be calculated. This has been achieved
for a few other compounds containing a chromophoric group
(see Introduction) but this is the first occasion in which

the NO chromophore has been successfully investigated.

Experimental. The‘preparation of the compound ($

described in Part I.
ABSORPTION. The absorption spectrum due to the nitroso group

was examined photographically with a Spekker spectrophoto-
meter, a 1 cm. column of a 0.0774 M. solution in alcohol
being used.

It may be noted that very little work has been done
on sbsorption spectra in this region of the visible spectrum.
This has been principally due to the lack of sultable plates;
infra red photographic plates have a region of minimum
sensitivity between 6000 8 anda 70008. For the work done in
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this section Ilford panchromatic plates were used. Unfor-
tunately thelr sensitivity falls away beyond A 8500. It
was necessary; therefore, to take observations on one plate
for wave lengths up to about 6500 8, with normal exposures,
and to overexpose another plate to obtain readings between
6500 & and 6900 R.

Since using these panchromatic plates i1t was dis-

covered that Ilford Long Range plates were admirably suited

for absorption spectra work in the red end of the spectrum.
With the slit of the spectrograph set at 5 divisions, a
suitable exposure for the zero of the instrument was found
to be 4 secs. uvaing an 8 volt Filament Lamp as source.

These plates record the continuous spectrum of the lamp
right up to X‘= 8200 R. Observations using different
sources led to the conclusion that the best for line spectra
in this region are the Co arc and the Hg arce.

With the Co arc set at about 13 ft. distant from
the slit of the spectrograph and the slit set at 4 divisions
a full spectrum can be obtained extending to the line of
wave-length X.8200. A 12 mins. exposure was glven and
then 20 mins. with a red glass filter inserted.

The Hg arc set at the same distance and the slit
at 4 divisions gave a line spectrum up to the doublet, at
K‘8250. The exposure used was 1 min. and 20 mins. with

the filter in. Use was made of these line spectra to
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calibrate the scale of the spectrograph beyond the tested

wave length of 6700 K. Although calculated theoretically
the scale was found to be quite in order beyond this wave

length and indeed up to A 8200.

Now, reverting to the actual absorption spectrum
measurements using the panchromatic plates, the source
used was a filament lamp run off 4 volts and the slit of
the spectrograph set at 2 divisions. Exposure for the
zero was 3 second. For wave lengths longer than 6500 L
the lamp was run off 7 volts and longer exposures given.

To find a sultable concentration of solution the
drum of the Spekker is set at the reading l.5 and photo-
graphs taken with various concentrations of a 1 cm. layer
untll one is obtained in which the lower half of the spectrum
is Jjust darker than the upper half in the reglon of maxi-
mam absorpti:n. The concentration required was found to
be 2424% in alcohol using a 1 cme. cell.

A series of photographs was then taken with drum
readings from O to 1l.5. Variation of exposures is calculat-
ed from the expression € = A%’, where A 1s a sultable ex-

posure for the zero and.% is the antilog of the Spekker

reading. The wave lengths at which the two contigious

Spectra match are noted and a curve drawn, plotting wave

length against molecular extinction coefficient, obtained
8 _ Drum Reading

cxt

from

I
where Drum Reading = log 1
o
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C = concentration in gm. mols. per litre and Z 1is the
length of the colummn in cms.

Table 1 gives the absorption data obtained, and
the absorption curve, which is seen to consist of two
overlapping bands, is shown in figel (full line).

Maximum absorption occurs at k 6350 where

£= 18.09.




Absorption of A-menthyl d//i chloro/e nitroso butyrate.

A

5240
5420
5530
5650
5720
5800
5900
60’50
6100
6130
6160
6200
6250
6350

6560
6600
6630
6650
6690
6740
6790
6840
6900

Table 1.

Drum Reading
of Spekker.

-l
2
3
4
5
«6
o7
«8
9
1.0
1.1
1.2
1. 3
l.4

9
8
o7
6
5
4
3
2
ol

é

1l.29
2.59
388
517
6.47
7.76
9.05
10.34
1l.64
12.93
14.22
15.52
16.81
18.09

1l.64
10.34
9.05
776
6.47
5417
3.88
8.59
1.29

48,
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Rotatory Dispersion.

The rotation observations were made visually using
a spectropolarimeter constructed from a Hilger polarimeter
and Zelss-Winkel monochromatore A 100 c.pe Pointolite lamp
served és source. Readings taken at Intervals between
6800 ! and 4800 X are given in Table 2 and the rotatory

dispersion curve shown in fig.3 (full line).
The concentration used was 06500 gm./100 c.c. in al-

cohol, and for wave lengths up to 6300 X readings were taken
in a 6 cm. tube. For readings inside the region of meximum
absorption a 2 cm. tube was used. The temperature of the

room during observations was 18°cC.
For the full line curve in fige3 1t 1s obvious that

the rotatory dispersion is anomalous. The curve rises to
a negative maximum at A 5660 X, where [o(] = =415.49,
Thereafter the rotation curve shows a slight indentation due

to the presence of the small overlapping absorption band.

The rotation then falls steeply to zero at 6320 2. This is
approximately the wave length of maximum absorption recorded :
previously at 6350 ' After crossing the zero axls the
rotation rises steeply on the positive side and reaches a
positive maximum of [o(] = 484.6° at 6600 &, thereafter only

a few points could be accurately determined and they clearly
show a descent on the other side of this maximume The fact
that the absorption spectrum is conveniently situated near
the middle of the visible spectrum allows of readings to be
taken through the absorption band showing the complete

anomalous curve.




Table 2.

50.

Rotatory Dispersion of ,g-menthyléfachloro/a nltroso

butyrate.

(C = 0,6500 go/loo CeCoe} t = 180)0

\

4800
4900
5000
5200
5400
5500
5600
5660
5700
5800
5900
6000
6100
6200
6300

6400
6500
6600
6700
6800

Z:scm.

X

"‘1. 020
-1.07
~-1.09
-1le17
=1e37
-1le47
=1.60
-1.62
=le61
-1l.51
=1.38
~1e33
-1l.28
-1.05
-0.21

4L=2cm

+0.28
+0. 55
+0e63
+0. 56
+0.46

Il

-261. 5°
"27404
-279.5
-300.0
«381ed
37649
"410. 2
=415.4
-412.8
=387.2
-353.8
-341.0
-328.2
-2690 5
- 55. 8

+215.4
+423.2
+484.6
 +430.8
+353. 9
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Circular Dichroism.

Ellipticlty readings were taken with the spectro-
polarimeter used for the rotation measurements but with a
quarter-wave plate added behind the Lippich polarising
systemés. The rotation of the %.plate is controlled by a
similar arrangement to the analyser fine adjustment in the
polarimeter. Both regulating screws are provided with
drums.

Described in the "Cotton Effect and Related Pheno-

mena™, Mitchell, the measurement of ellipticity in the

visible is briefly-as follows:-

(1) An angle greater than the ellipticity to be measured is
chosen for the half shadow sngle.

(2) The analyser is adjusted to its zero position.

(3) The é‘ plate is introduced and oriented by the fine
adjustment to maintain equal illumlination.

(4) The %‘plate is removed, the solutlon introduced and the
rotation reading taken in the usual way.

(8) The é plate is reintroduced and if the solution is cir-
cularly dichroic equality of illumination 1is destroyed.

(6) Equality of illumination is restored by turning both é
plate and the analyser in the same directlon through the
Same angle. This angle 1s a measure of the ellipticity.
Alksline solutions of copper d-tartrate gilve negative
ellipticities and this substance is convenient for de-

termining the sign of the ellipticity to be measured by

i




52.

comparison with the latter.

The actual angle obtalned is converted to radians,
(T) and the difference in molecular extinction coefficients
for right and left handed circularly polarised light is
obtained from the equation (derived in the Introduction)

4.7 0.4343
C-£

where T 1s angle in radians; c¢ = concentration in gm.

molse. per litre and £ 1is the length of the colum of
solution in cms.

For the measurement of the clrcular dichroism of
£-menthy1 d /3 -chloro 3 nitroso butyrate a 0+ 6500%
solution in alcohol was used with a 6 cm. tube for wave
lengths between 5200 & and 6100 .  For wave lengths be-
tween 6200 X and 6700 £ e 0.6440% solution was used in a
2 cm. tubey the temperature in both cases belng 18°. A
correction for the circular dichroism exhibited by the glass
tube ends, due to slight strain, was experimentally observed
and applied.

In Table 3 the above data 1s recorded. Figure 2
(full line) shows (£.-£; ) graphed against wave length.

This curve proves that the compound exhiblts circular di-
chroism throughout the whole region of selective absorption.
Indeed, the curve has an almost identical appearance to the
absorption curve found for unpolarised light. The maximum
in both cases occurs at 6350 % and both show an effect due

to * - = +. °
an overlapping band (&e éT)max 67
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Table 3.

Circular Dichroism of Jf-menthyl d /3 chloro//& nitroso
butyrate.
0
(Conce <6500 ge/100 c.c.b £ =6 cm; & =18°)

\ Ellipticity 8- &,
5200 +0.27 +0,061
5400 +0.35 +0.079
5500 +0. 51 +0.115
5600 +0.63 +0.142
5700 +0.86 +0.194
5800 +1.20 +0.270
5900 +1.48 +0.333
6000 +1.52 +0.342
6100 +1.75 +0.394

(o]

(Conc. +6440 g¢/1 00 4.0, Z.—. 2 cms.; t = 18°)
\ Ellipticity &~ &

¥

6200 +0.77 +0. 525
6300 +0.95 +0.648
6400 +0.95 +0.648
6500  +0.66 +0.450
6600 +0.45 +0. 307

6700 +0.22 +0.,150.
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Mathematical Representation of Circular Dichroism and

Absorption Curves.

As 1s fully explained in the Introduction, the
partial rotation due to the optically active absorption
band of a chromophoric group can be calculated if the
position of the maximum and the half width of the curve
of circular dichroism are known.

This task 1s not so simple in the present case
for, as we have seen, the absorption system in the visible
1s composed of two overlapping bands.

Circular Dichroism Analysis.

By employing the equatio% \)z
A )

(&-8)= &-&),., & L 0)

where & is a parameter embodying the ha%f width of the band,
it was found possible to analyse the curve of circular
dichroism into two normal components. (See dotted curves
in fig.2.).

To effect this analysis the positions of the maxi-
ma of the two components and the wave length at which . "=
(E£-§* ) is half the maximum value of the component curve
are assumed, and by trial and error, the best fit for the
observed curve is obtained after summing the two component
curves.

Large Component Curve.

Assume A, (1.e) max. = 6350; (&c~& ) = .6

5
(L.e) A=A, = 250
A =6600 R; (€e-%) =.325
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25%1
.*s from equation (1) we have .325 = .65.8( °

which leads to the value 300 for parameter €.

Agaln, substituting in (1), we have

log x = log «65 = ( '3%‘5 )2.4345

where D 1s the difference in wave lengths between the maxi-
mum and a point on the curve where the clrcular dichﬁoiSm
has value x.

X was then calculated for D = 100, 200, 300, 400,
500« These values are shown in Table 4(a) and when graphed
glve rise to the larger dottéd curve in fig.2.
Small component Curve.
Assume A°= 5820; (=& )pax = .24.1 .

e o 6 = 300

A =5570; (fg-£) = .12

Results for this curve are given in Table 4(b) and the

curve 1tself shown as a dotted line in fig.Z2.

It is seen from this graph that the agreement be-
tween the addition curve (broken line) and the experimental
curve is very goode.

Absorption Curve Analysis.

As above, the absorptlon curve was assuﬁed to con-
8ist of two components ?f(igis§ype glven by the equation
g= gwm:e ©
For the large curve Ao = 63503 &, .= 17.2; © = 324

For the small curve A\, = 5820; @ = 6.35; 6 = 396
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Table 4.

Analysis of Curve of Circular Dichrolsm.

Larger Component: 7\°= 6350; (&8 )pax = *655 © = 300

A &6
6350 « 650
(§230) 582
gfgg .417
(080 259
(5950 110
(550) 040

Smaller Component: Xo = 5820; (&-gf)m‘x = .24; © = 300

A d&-é;
5820 .240
(5729) 215
@ e
(5020 - eoss
) e
2350) £015
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The results obtained from this equation are given
in Table 5 and the graphs are shown as dotted curves in
fig.1. The sum of these curves i1s represented by a broken
line which again provides good agreement with the observed
absorption curve.

Anisotropy Factor. Table 6 gives values of £ and

C@-—é} obtalned from each of the component curves for a

number of wave lengths. From these the anisotropy factor
Q&‘&b/f 1s calculated. It may be observed that in the
middle of each band the factor has the same value (0.038)
and remains fairly constant within the larger band but falls
away from the maxirmum in the smaller band.

From the theoretical findings of ‘Natanson 1t may be
deduced that g = (&-&‘:Qj& , within an absorption band is
proportionsl to the frequency. Thus, assuming thls re-
lationship the form of a clircular dichroism curve can be
ascertained from the related absorption curve and previous
to the introduction of direct measurement of clrcular di-
chroism this method was used. The physical significance
of the anisotropy factor49, g, 1s that 1t is that quantity
by which the refractive index within an absorption band
must be multiplied in order to obtain the circular dichroism
and as Kuhn phrases it, "it is a measure of the activity of

a band towards optical activity."
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Table 5.

Anslysis of Absorption Curve.

Larger Component: )\.= 6350; &max= 17.23 © = 324.

A 4
6350 17.2
(6250) 1863
(8559) 11,75
(560) 7.30
A 3. 74
(3550 1.6

Smeller Component:\ = 5820; & . =6.35; © = 396

N ¢
5820 6435
(5550 5.9
5629) 4.92
6120) 368
6%50) 2.30
o520) 1.29.




A

5950
6050
6150
6250
6350
6450
6550
6650
6750

5420
5520
- 5620
5720
5820
5920
6020
6120
6220

Tsble 6.

Anlsotropy Factor.

Large Band.
g (3l
3.74 - 0110
730 0.239
11.75 0.417
15.63 0.582
17.20° 0.650
15.63 0.582
11.75 0.417

730 0.239

3.74 0.110

Small Band.

& &-&
2030 0.041
3.58 0.088
4.92 0.154
5.96 0.215
6435 0.240
5.96 0.215
4.92 0.154
3.58 0.088
2.30 0.041

(A
0.029
0. 033
0.035
0.037
0.038
0.03%7
0.038
0.033
0.029

(e-&)e
0.018
0.026
0.031
0. 036
0.038
0.036
0.031
0.025
0.018.

59.
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Resulting from the derivation of Kuhn's equation on
the basls of a pair of coupled linear vibrators whose com-
ponents are at right angles to one another and at a distance
d apart, the relation d = jhﬁ;lg- can be deduced. Account-
ing for the fact that all tﬁg molecules do not possess the
same orlentation with respect to the incident light, the
more general relation d =-%%%7 is obtained; "g" in this
case 1s the average value of the anisotropy factor correspond-
ing to wave length .

For an approximate evaluation of d in the case under

review let us apply the equation d = M

4t

(Lee.) For the larger absorption band,

q = «038 x 6350 = 1.992 x 10~

41
and for the smaller

7

a4 = 20%8 x 8820 _ 3 g1 x 107"
417
These values are of intramolecular dimensions but

consistent results for values of d in other compounds
cannot be obtained. To overcome this discrepancy Kuhn
investigated a more general case of the two vibrator model
in which the components are inclined at a small negative

angle, and found that dlstances calculated on this basils

are smaller than the linear dimensions of a molecule.
Thus, he arrived at results which are physically possible
but to which no clear meaning can be attached since it is

unlikely that the hypothetical vibrator model gives an
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accurate representation of the energy state within a mole-

cule.

PARTIAL ROTATIONS DUE TO THE NO GROUP,

The contributions to the rotatory dispersion curve
assoclated with each of the component circular dichroism

curves were calculated by means of the equation

(‘V\—] zj)i %—%m'— ( e a.:r Z}\ﬁ)\a) in Rads.

in { -menthyl d'v,/3 -chloro 2 -nitroso butyrate.
This 1s the Lowry and Hudson modification of Kuhn's
equation, referred to in the Introduction. In fige3, the
partial rotation curves so obtained are shown as dotted
lines and their sum is represented by the broken line. The
method of calculation is as follows:
Converting the above equation to degrees and letting

represent the terms inside the square brackets we have,

_ 57.296 .
[M] T2l .a343 (Ee-& )max'y("m
o (1] = 372586 )max_'\s.;mr
[x]: 3723. 100(& E,_) >\o.\m - - = = (a)

where M = Molecular Weight of compound, lese., M = 289.5

Large Component Curve of Circular Dichroism.

The maximum occurs at >\o= 6350 where (&g¢- ‘E«r )max

= 0650 e = 300.
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Substituting these values in equation (4A)
we have

100
d = 3723, e 065, 6550. :!!; - - - = (B
[- ] 289.5 )

To obtain the values of s 1e6., the value of
the terms inside the bracket, corresponding to wWe pro-
ceed as follows:-

Six columns are headed as shown in Table 7.

Column 2 contains the valu?Cs of C, 1.e.A§A°— for which the
value of the integral e-Ctexl A can be obtained from

the convergent series.

Cc
2 ) 5 4
-C 2 2C 2 3.7 9
e'/[eF:CLX: =C = =+ 2 - 2°C + 2 C - seete.
[-]

1.3 1.3.5 le3e807 1e3e5.7.9

These values are contained in columm 3.

Now, since C = A—&l\"" e A= A, +¢0

But © = 300 e A= Ao+ C.300

Therefore, for an increment of .1 in the value of C
we have an interval in wave lengths of 30 X.

Colum 1 is composed of wave lengths at multiples
of 30, different from A, at 6350 with the corresponding
value of C in colum 2. o

Column 4 contains the values of mand in
column 5 the values of the complete integral are given for
the corresponding wave lengths. Thus we now have a serles

of values for Wm» and A which can be substltuted In equation

(B) to give the desired rotations.
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Small component curve.

‘x‘,: 5820; (&"E’ )max = 024; ® = 300,

.*« We obtain I_Tx]— 3728._100_ [ 24 x 5820]
289.5

Proceeding along simllar lines to those outlined above, a
set of partial rotations, due to the small band, are thus
obtained and are given in Table 8.

When graphed, these partial rotation curves are
summed to give the resultant partial rotation dispersion
due to the optically active chromophoric nitroso group.
The difference curve (thin full line) fig.3, obtained from
this resultant and the experimental curve (heavy full line),
represents the rotation of the molecule, the contribution
of the NO bands beilng subtracted.

In few of the cases so far studied by other in-
vestigators has it been possible to eliminate so complete-
ly the anomaly due to a chromophoric group. This is no
doubt due to the fact that such a satisfactory analysis
of the composite band structure was effected, thus account-
ing for all anomalies. Previous examples of work of this
type are given in the Introduction and also in Lowry's
"Optical Rotatory Power." Most of the examples are con-
cerned with only one component curve of circular dichrolsm,

but in the csse of octyl nitrite several bands are present.




Table 7.

Partial Rotations calculated from Large Component

A

6350
6470
6590
6710
6800
6230
6110
5990
5870
5750
5630
55610
5390
5270
5150
5030
4910
4790

Curve of Circular Dichroism.

¢

0.0
+ .4
.8
1.2
1.5
- .4
.8
1.2
1.6
2.0
2.4
2.8
3.2
3.6
4.0
4.4
4.8
5.2

N <
€§€/¥*iﬁr
00000

+.35943
. 53210
. 50726
.42820
-.35943
. 55210
.50726
. 40000
. 30135
. 23530
.19360
.15630
.13890
.12500
.11360
.10420
.09616

o
RN

.01181
01172
« 01160
« 01153
«01143
.01192
. 01208
.01219
. 01227
. 01240
« 01255
. 01260
.01280

- +01295

« 01305
. 01324
. 01332
. 01348

m

+.01181
37116
. 54370
. 51879
43963
- 34751
. 52002
.49507
. 38773
.28895
.22275
.18100
. 14350
12595
.11195
. .10036
. 09088
.08268

]
+9.872
304.5
437.9
410.4
344.7
=296.0
451.7
438.7
35045
266.8
210.0
174.4
141.3
126.9
115.4
105.9
98.24
91.62

64.




A

5820
5940
6060
6180
6300
6420
6540
6660
6780
5700
5580
5460
5340
5220
5100
4980
4860

Partial Rotations calculated from Small

Table 8.

Component Curve of Circular Dichroism.

C

0.0
+0.4
0.8
1.2
1.6
2.0
2.4
2.8
3.2

-0.4 .

0.8
1.2
1.6
2.0
2.4
‘2.8
3e2

C
2
Sl 8
© /9 RO

« 00000
+.356943
« 53210
« 50726
«40000
« 30135
« 235530
+19360
.15680
-« 55943
« 53210
« 50726
« 40000
« 30135
« 23530
«19360
«15680

« 01290
« 01276
« 01263
« 01250
«01238
« 01223
« 01217
. 01205
«01194
« 01305
« 01318
« 01330
. 01348
« 01360
« 01373
« 01390
. 01410

WM

+.01290
« 37219
« 54473
« 51976
«41238
« 31358
24747
+ 20565
«16874
-+ 34638
« 51892
« 493596
. 38652
« 28775
« 22157
« 17970
«14270

[]
+ 3.98
112.6
161.4
151.0
117.86
87.74
67.98
56.47
44.7
=109.1
167.0
162.5
130.0
99.02
78.05
64.83
52.74

65.
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The difference curve in this case, however, crosses the zero
line several times. The residual curve in the case under
review 1s very smooth and becomes increasingly negative
with shorter wave lengths and bears out rather well the
fact that the residual rotatory dispersion would be ex-
pected to behave in such a manner due to the presence of a
laevo influence from the (-) menthyl group.

In this connection it may be noted that the crude
(a{) chloro nitroso ester shows very slight circular di-
chroism with a very low value maximum at A.GSSO and no
step out at \ 5620. Thus, in the df form of the ester

there is perhaps an induced anisotropy due to the presence

of a coupling of the absorption frequency of the chromo-
phoriec NO group in the field of fixed asymmetry due to the
(=) menthyl radicle. On resolution of the asymmetric
carbon atom to which is attached the NO and C£ groups the

g vicinal functions®® of the neighbouring groups (CHz), (C&)
] and (CHchOCIOng) may begin to have effect with the result
e that the circular dichroism and

*

Q~—Q

.CHz.COOCJ_OH19 rotational magnitudes increase
0]

2

spectacularly. One of the
visible bands in the compound ,@-menthyl d /3 chloro/e nitroso
butyrate may thus be explained by the presence of the (-)
menthyl groupe. A double band of similar'type has been

found by Mitchell and Cormack® to be present in bornylene

nitrosite, whereas absorption bands due to the niltroso group67
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in chloro nitroso derivatlves of the paraffins studled by
Cameron®® have shown only one ngrrow absorption band as 1s
the case with the absorption band of Xchloro X niltroso
valeric acid described in the next Part.
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Note on the Mathematlcal Analysls of the Curve of Circular

The application of the empiriga}zequation,
(fe‘:*)"' i_fc“ ED_W e (_%%
to the curve of circular dichroism has already been described.
This equation did not at first sight appear to be sultable
i for representing the curve in the case of the nitroso group,
composed as 1t 1s of two components. Accordingly, an
attempt was made to obtain a less empirical mathematical
analysis using all the experimental data obtained in the
circular dichroism observations.

Pearson®l has evolved a method of analysing a

curve into two normal frequency components but the method
of calculation involves the solutlion of a ninth degree
equation which, to say the least of it, is exceedingly

laborious if not quite prohibitive. Recently, Charlier52

has simplified the method of analysls by means of Pearson's
nonic, by introducing three cubic equations.

E:E These are:-

; / k) 3
B U, = - 63U + 304 100, 3 W + Ny {(Y,~ 2 + 63y
¢ / b Y
L U= 2u® +30, - 3Du + 4V
» 1, /0 — > 2 Q>
U= 3w + 3030+ 5V
We now proposed to apply these for the first time
to a curve of circular dichroism. From the experimentally

Observed data gilven in Table 3 and after lengthy
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calculations the coefficients of these equations were
evaluated. ’

The roots of Uy = 0 are now detemined and the
curves W's - and W --IG: are drawne. The point of
intersection ;f these two curves glves a value for \{ and
w! By substituting these values in the quadratic
equation Y""‘l&“f +U=0, the positions of the maxima of the
two normal component curves can be obtained.

The values found were )\ 6384 and )\ 5928,

Using these, a solution of the following equation

can be effected:- N _ :,;:_Mz: N _ ‘IBC"MS
= —a_ € \h 4+ Ty

The right hand side of this equation gives the two

component curves thus:-

x , v
CP(?C): ;ﬂ_ e R Let x= xo,l

A table is made containing A,x ;,4? _‘P a.v\o(""s‘L?
The value of CP corresponding to the value for can
be found in the "Book of Tables for Statisticians and N
Biometricians". The values obtained for —"q) and ~—— &

are the points for the two component curves and the sum of
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these respective values should glve a curve similar to
the original experimentally observed curve.

It was found, however, that curves so obtained
did not glve results so satisfactory as the final selection
made by the trial and error method of Kuhn when the maxi-
mum positions of the two component curves are taken as

?\‘ = 6350 and N,_: 5820.

The results obtalned above, by our absolute mathe-
matical analysis are, however, reasonably close to the
values finally used for the calculation of partial specific
rotations from the circular dichroism data. The discre-
pancy of thilis absolute method may quite well be due to the
fact that in the calculation of the coefficlents of the
cubic equations the largest moments used are those related
to the least reliable observations, l.e., readings taken at
)\= 5260 and 7\ = 6700,- etc., are not so accurate as those
Intermediate results and yet must be multiplied by larger
amounts than the latter, so magnifying any experimental error.

A further simplification of this method of analysis
was also tried®<. It obviates the necessity for solving
the cubic equations but entails the assumption of the maxi-
mum positions of the two curves. As such 1t does not differ
materially from Kuhn's method which has itself the advan-

tage of possessing some physical significance.
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The computing involved in all the above calculations
was done by means of a calculating machine kindly lent by
Dr. R. Robb of the Mathematics Department.
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PART III.

Photochemical Decompositions and Measurements of Quantum

Efficlencies.

Hammick and Lister®®, in a photochemical investi-
gation of some complex nitroso compounds, foumd that
/3 chlcrofg nitroso‘xx dimethyl butane in presence of alr
was photo-oxidised to the nitro compound and in the ab-
sence of alr the effect of light was negligible. In the
case of chloro nitroso cyclohexane, photolysis occurred
in the absence of oxygen but the decomposition products

could not be identified. Traces of HC{ and HNO2 were

claimed to have been detected but later work by Mitchell
and Cameron52 showed that the HCZ 1liberated accounted for

95% of the total chlorine.
In a paper describing the preparation of chloro
niltroso hexanes by the action of nitrosyl chloride on

normal hexane under the influence of light, Mitchell and

34

Carson mention that chloro nitroso hexanes are decomposed

by red light in the absence of air and that the hydrochlor-
l1des of methyl butyl and ethyl propyl ketoxime can be iso-

lated. Much work has also been done by Mitchell and

52

Cameron on the photolysis of chloro nitroso compounds of
0

the type R

- Ry where Ry and R, are simple alkyl

;

g

t
17y
C.

gmups .
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They worked out, in particular, the photo-decom-

position products of;/B chloro/slnitroso butans, /Q chloro

/

/ /
the presence and absence of oxygen. In the photo-decom-

/3 nitroso propane and /_/3 chloro.Q nitroso hexane, both in
position of the first of these compounds, in the absence
of oxygen, the main compounds isolated were HC{, methyl
ethyl ketoxime and diacetyl monoxime. For chloro nitroso
propane those 1solated were HCZ, acetoxime and the monoxime
of the ketonic aldehyde CHzCOCHO. In the case of chloro
nitroso hexane, methyl butyl ketoxime and the monoxime of
diketo hexane were detected in addition to HC/.

These decompositions were carried out using methyl
alcohol, acetone, hexane and carbon tetrachloride as sol-

vents and similar products obtained in each case, thus

proving that the solvent plays no part in the photolysis.

Photodecomposition of x chloro K nitroso valeric acid

in absence of Oxygen.

This decomposition was carried out 1n methyl al-
cohol, selected because it forms a homogeneous solution
throughout the experiment.

A 5% solution of the blue acid was contalned in
sealed glass tubes kept cool by circulating water and
11luminated by several metal filament lamps. On exposure
to the light the solution paled in colour, turned green and
then faintly yellow. On opening the tubes, the solution

was found to be strongly acid due to hydrochloric acid.
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The solvent was removed by evaporation under reduced
pressure leaving a yellow oill. It was found that, by
adding about four times the volume of dry ether to thin

layers of this oll, a crystalline substance appeared after

about ten minutes.

Product A. This crystalline substance was separated and

washed with ether. It could be recrystallised from an
alcohol-ether mixture. About 0.3 gme of this compound was
obtalned from 3 gms. of the original chloro niltroso acid.

This product 1s very soluble in water, ethyl alcohol
and acetone, but is insoluble in ether and benzene. It
turns brown on exposure to the atmosphere but keeps well in
a desiccator or in dry ether. The pure compound has

e po 11400 )

Analysis.
Experimentally: C(39.71%); H(6.88%); W(7.7%); C/(18.61%)
CgHy oNCLO5

requires:}’ C(39.67%); H(6.67%); N(7.7%); CL(18.70%).
Thus, the empirical formula of the compound is C6H12NC£03
of molecular weight, 181.5.

A molecular weight determination was made in ethyl
alcohol by the elevation of the bolling point, using
Menziest94 improved method involving the use of the differ-
entlal thermometer. The value obtained was 181.9, which

bears good agreement with the theoretical value of 181.5.
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Constitution of Product A, CgHjgNCLOa.

(a) A solution of the photodec§mposition product
In water glves a precipltate with silver nitrate solution.
This indicates the presence of chlorine in a hydrochloride
and the latter explains the ready solubility in water and
insolubility in dry ether.

(b) Chlorine gas passed through an aqueous solution
with ether layer resulted in the production of a new blue
substance which, when isolated, was fouud to distil under
reduced pressure. The formation of this blue chloro niltroso
compound indicates the presence of an oxime group in the
compounde. Since the original X chloro Xrﬁisto valeric
acld is non-distillable, it may be deduced that this tlue
compound 1s an ester. .In the light of later results this
compound must be methyl chloro nitroso valerate previously
described in Part I. It would thus appear that the sol=-
vent, methyl alcohol, takes part to some extent 1ln the
photodecomposition reaction. This 1s certainly not with-
out the bounds of possibility since methyl esters can form
at moderate temperatures especlially when catalysed by the
presence of hydrochloric acid. In the case under review
HCZ is liberated at the outset and so paves the way for
esterification to proceed.

In view of the foregoing, the decomposition product
A is probably the oxime hydrochloride of methyl laevulinate
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CHS.(%.CHz.CH2

NOH. HCZ

.COOCH3 Mol. Wt. 181.5.

Synthesis of oxime hydrochloride of methyl laevulinate.

The oxime of methyl laevulinate was prepared in the
usual manner. Into a dry ethereal solution of the oxime
dry gaseous HCZ was passed and a white precipitate resulted.
This solid was washed with ether and dried. It was re-
crystallised from alcohol and ether.  M.p. 115°.

A mixed melting point of the synthetlic compound with
product A of mep. 114° showed no depression.

Product A is, therefore, CHs.ﬁ.CHz.CHg.COOCHs

NOH. HC/

In order to isolate further products of the decom-
position the following procedure was adopted:

After removal of the methyl alcohol a yellow oil
remained. To this oil, as was described above, dry ether
was added resulting in the precipitation of product A.

The ethereal filtrate now obtained was used to isolate the

remaining product or products.

Isolation of a second product.

The above ethereal filtrate was washed with cold
dilute potassium hydroxide solution. The remaining ether
solution was quite clear and on removael of the solvent a

liquid residue was obtained. This liquid distilled almost

entirely at 90°¢/30 pms.
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A 2:4 dinitrophenylhydrazine derivative was made.
When recrystallised from alcohol it had m.p. 139°,
Analysis: C(46.53); H(4.52); N(17.64).

The 2:4.dinitrophenylhydrazone of methyl laevulin-

ate of formula 012H14N406 requires:-
C(46.45); H(4.52); N(18.06).
A semi-carbazone derivative gave the following

analysis:-
»C(45.23); H(6.95) and CplisNz05 requires:-
C(44.91); H(6.72).
A sample of methyl laevulinate was prepared and the
2:4 dinitrophenylhydrazine derivative was fourd to have
mep. 139°. A mixed melting point showed no depression.
Thus the second product obtained in the photodecom-

position is methyl laevulinate, CHS.CO.CHZ.CHZ.COOCH3,

formed, no doubt, from Product A in the reactlon tube.

The aqueous solution obtained after removal of these
two products is quite red in colour and darkens considerably
on standing or with slight heating. By analogy with pre-

vious work it was presumed that elther the compound

CHS.‘C':. ﬁ.(:Hz.coocz{5 or CHs.ﬁ.CHz.ﬁ,COOCHS
NOH 0 NOH O

1s also formed in the photodecomposition. A red oil was
isclated but attempts to distil or hydrolyse 1t led to
decomposition and charring. No derivatives could be made

and it is thought that complications had occurred due to

c . .
internal concdensation.
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Estimation of hydrochloric acid liberated in the photolysis.

Samples of a 5% solution of the chloro nitroso acid
were decomposed and the liberated hydrochloric acid estima-
ted by titration with standard silver nltrate solution.

The average percentage of C{ ion accounted for was 97.14
which is rather higher than that obtained for the chloro
nitroso derivatives of the paraffins examined by Cameron©°<,
This may be due to the fact that the chloro nitroso acid is
a so0lid and can be obtained in a higher degree of purity
than the liquids. This may also account for the fact that
the quantum efficiency for the photodecomposition of the
acid is nearer unity - this will be dlscussed later.

Reactlion mechanism.

It is demonstrated below that the photodecomposition
of chloro nitroso valeric acid obeys Einstein's Law of
Photochemical Equivalence. This allows of a reaction
mechanism similar to that used previously by Mitchell and
Cameron. '

During the photolysis, the energy absorbed by the
nitroso group appears to pass to the adjacent carbon atom
With the result that a-§$§§£3§ is split off. Since CL
has a greater tendency to form a negative ion than NO, it
is split off as HCL. The primary process is, therefore,

cé NO
l |
CH .C.CH_.CH .CO0OH + fx) —9CH_ - C = CH.CE_.COOH 4 HC{.
3 2 2 3 (X) 2
NO

This 1s then followed by condensation of two molecules of
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(X) which in the solvent, methyl alcohol, and in presence

of HCZ undergoes esterification

| NOH
NO Il
l CH,.CaCa CH,,. COOCH,
2(CH; - C = CH.CH,CO0H) —> S (Y)
NOH

This then adds on HC{ to give the monohydrochloride of (Y).
The water liberated during the esterification causes a

splitting resulting in the production of the compounds,
. NOH.HC/Z NOH 0

il ol
CHS‘ C. CHzc CH,«COOCH and CH,.C .C. CH2- COOCH,,

2 3 3 3
The first of these has been identified along with its
oxime hydrolysis product, the free keto ester. The second

compound could not be isolated.

Photodecomposition of menthyl chloro nitroso butyrate.

A 5% solution of this ester was exposed in sealed
glass tubes to direct sunlight for about six hours. The
solvent, methyl alcohol, was removed under reduced pressure
and a reddish brown oil remained with a solid 1n suspension.'
.The presence of HCZ was detected. On neutrallsing and
extracting with ether a yéllow viscous oil was obtained.

The presence of an oxime was detected and a vacuum distilla~-
tion of the oil ylelded an almost quantitative amount of
menthol. This photodecomposition was not investigated

further.
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As a result of these photodecompositions 1t is
important to record here the fact that the asymmetric centre

of the original chloro nitroso compound has been destroyed.

Measurement of the Quantum Yield.

The quantum theory of light requires that when a sub-
stance absorbs light one molecule only is changed by each
absorbed quantum. This is the Photochemical Equivalence
Law of Einstein. The number of molecules which react,
however, as a result of the absorption of one light quantum
may even be more or less than one according to the pro-
pertles of the photoactivated molecule.

The quantity, x , which may be experimentally de-

termined is known as the Quantum Yield and 1s glven by

X - Number of molecules reacting
Number of quanta absorbed

From Einstein's generallsation of the quantum
theory it was deduced that the amount of energy required to
decompose one gram. molecule of photosensitlive substance
is Nf\Q ergs. = 28470 cals. pone N 1s the wave length

\ (microns)
of light employed. fiis the well known Planck constant.

Molecules Decomposed x 2.847 x lO'7
Cals. absorbed xw‘)

Thus X P

Early experiments of Bodenstein55 and Warburg56 and
many more carried out since have shown that the quantity
can vary from small fractions to the value 10% observed

for the hydrogen-chlorine reaction in the formation of HCZ.
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These departures from the Einstein Law are attributed to
secondary chemical processes and do not detract from the
validity of the fundamental principle which requires one
quantum of light for the primary change.

Much the larger part of the work done in this field
has been connected with decompositions involving the use of
ultra violet light, but recently several measurements have
been made with light from the red end of the spectrum.
Briefly, these are referred to below.

57 in determining

The technique employed by Hoffmann
the quantum yleld for the photolysis with red light of
caryophyllene nitrosite involved very long exposures due
to the fact that the light source used was of very small
intensity. The beam was rendered monochromatic by means

of a spectrometer with further loss in 1light intensity.

Recently, Anderson, Crumpler and.Hammick58, and Hammick and
Lister®d have investigated the photocﬁemical decompositions
of some nitroso compounds snd measured the quantum effl-
clencies of the reactions. As a result of the method used,
exposure of the solution was of the order of 13 hours.

The light employed for the decomposition was not monochro=-
matic since they merely used filters which cut out infra

red radiatione.

Mitchell and Cameronsz for the quantum yleld measure-

ments on some chloro nitroso compoundS, developed a rather

different technique from either of the above. The main



82.

features of thls method are the use of a source of sufficlent
intenslty and the rendering of the resultant beam almost
monochromatic.

In actual prasctice the light source employed is a
carbon arc which is fairly rich in red 1light. The latter
is made monochromatic by transmitting it through a
Christiaensen filter adjusted to a sultable temperature.
During the experiment, variations in the intensity of the
arc are recorded by reflecting a fraction of the light
beam on to a Weston photronic cell connected to a recording
galvanometer.‘ The period of irradiation lasts 7 hours and
the light 1is éompletely absorbed. Energy measurements are
made by a thermopile-galvanometer system and the concentra-

tion measurements by means of a photo cell which replaces

the thermopile.
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Present Work.

Quantum Yield measurements for photolysis of /3 chloro

Anitroso butane, X chloro Knitroso valeric acid and

menthyl 43 chloro Q nitroso butyrate.
4 /

The method we employed for these determinations
was essentially that developed by Mitchell and Cameron and
outlined above. Certain modifications were, however,
effected and more sensitive instruments employed, with the
result that the time of irradiation can be reduced.

In the original method the principal pileces of
apparatus had been loaned by Professor F. Welgert when in
the Department. On his departure, new apparatus had to
be obtained and this provided an opportunity to increase
the accuracy of the method. A large surface Moll thermo=-
plle and for use with it, a medium sensitivity Cambridge
galvanometer were purchased. For measuring the change in
concentration of the solution a high resistance Cambridge
galvanometer was acquired for use with the photocell.

With such sensitivity the percentage amount of decomposition
does not require to be so great, thus allowing the perlod of
exposure to be reduced to the convenient period of 4 hours.

In the arrangement described by Mitchell and
Cameron a rectangular aperture of length 2.6 cms. was used.
This aperture was replaced by a circular one of 2 cms., the
diameter of the exposed part of the cell and of the thermo-

pile being l.& cm. The circular apertures thus employed
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in the optical train provide for the transmission of a more
homogeneous beam of light from the cylindrical shaped
Christiansen filter and are also more suitably adapted for
use with the large surface thermopile.

Improvements were also effected on the thermo-
static method for maintaining the Christiensen filter at a
constant temperature below that of the room. The water
in the thermostat was circulated, by pumping, through a
cooling coil. A thermo-electric regulator used with a
relay provided the necessary heating by means of an immersed
silvered electric lamp. A minor change was also made in
the photographic drum recording system. Previously the
drum was rotated by clockwork using simply a friction
drive, but in order to eliminate the possibility of the
drum sticking, this was replaced by a lock=-drive.

To test the new apparatus and modified method the
quantum yield o§/3 -chloro/ﬁa-nitroso butane was measured.
It was found to have the same value as that previously ob-
tained by Mitchell and Cameronsz.

Quantum Yield of R -chloro Q3 -nitroso butane in methyl alcohol.
7 7

This compound was prepared by the actlion of chlorine
on methyl ethyl ketoxime. It has bep. 35°/50 mms. The
solvent used was methyl alcohol freed from oxygen. Thils
compound possesses a narrow absorption band in the red »utk
Wave length of maximum absorption at A. 6500: accordingly

the thermostatic regulator was set to work at a temperature
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of 15.7°%
Calibration of Thermopile.

Gerlach59 measured the energy radiated from a Hefner
Lamp and found that the energy felling on an area of 1 sq.cm.
at a distance of 1 metre from the lamp was 2.25 x 1072 cals.
per sec. For the calibration of the thermopile in use a
resistance of 50 ohms was placed in series with the galvane-
ometer and retained for the duration of the quantum yield
experiment. The usual precautions were taken and readings
recorded at intervals of 10 secs. with the shutter alter-
nately open and closed. "As the zero of the galvanometer
shows a drift due to heating of the thermopile, the mean
of two consecutive dark readings is taken as the zero for
the 'light' reading which occurs between them." A typical
set of results im given in Table 9.

Experimental.

When the temperature of the thermostat had remained
constant for half an hour, the carbon arc was switched on
and a series of readings at 10 secs. interval taken on the
thermopile while simultaneously the light falling on the
photocell was recorded on the drum camera. The thermopile
was then removed and the decompésition cell (an alrtight
Cylindrical glass cell of vol. 4.03 ccs. with ground glass
Stopper) filled with a 7% solution of the chloronitroso
compound in methyl alcohol was placed so that the aperture

In front of it occupied the position Jjust vacated by the
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Table 9.

Calibration of Thermoplle. Exposed surface 2546 sg.cm.

Resistance 50 ohms.

Dark Light ~ D
130 78 Bli75
129.5 78 51.25
129 7745 51.25
128.5 77 - 51.25
128 7645 - 81400
127 76 50475
126. 5 7545 50475 /
126 - 75 50,75
125.5 74 51.25
125 - 73 - 51475
124.5 72 52,25
124

Average 5.13 cm.
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thermopile. Since the opening of the thermopile is the
same size as that of the cell holder the solution will ree
ceive the same amount of light as the thermopile, provided
the intensity of the beam remains constant. Slight
variations in this intensity during the period of irradia-
tion were found from a record of the light falling on the
photocell and knowing the ratio of the thermopile reading
and the photocell reading, the amount of light falling on
the solution can be calculated. At the end of four hours
the cell was removed and 2 ccs. of the partly decomposed
solution were taken and diluted to 6 ccse. with methyl al-
cohol. The arc was replaced by the projection lamp and
the thermopile by the photocell. The diluted solution was
placed in an open rectangular glass cell 1 cm. thick and
placed before the photocell. The photocell was attached
to the high resistance galvanometer and the scale reading
noted. Similar readings were taken with the cell filled
with solutions of known concentration. These solutlions
Were made up by diluting the original 7% solution to
various stages. Pipettes were used to deilver solution
or solvent and a micro burette to extract a given volume
of solution. It must be noted here that with the use of
the highly sensitive photocell galvanometer arrangement

the solutions, decomposed and original, require to be
diluted only a third as compared with a fifth in the origl-
nal method.
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Calculation.

The thermopile has an exposed surface of 2546 sq.
cms., and 1t was employed with a galvanometer which, with
50 ohms reslstance in series, gave a deflexion of 5.13 cms.
on a scale at 100 cms. when the thermoplle was exposed to
the Hefner lamp at a distance of 1 metre.

«*e Energy per cm. per scale division per sec.

= f = (2.25 x 10°° x 2.546) /5 15 cals = 1.116 x 10~5 cals.

Thermopile/Photocell Ratio.

T(Om.) 45.2 44,9 43.1 42.3 42.0
P(cm.) 8.2 8.2 8.2 8.1 8.1
" .

? . 505 595 504 505 502
T 47.7 47.8 46.7 45.0

P 8.5 8.4 8.3 8¢3

T

3 5.6 5.7 5.7 504

Average Ratio = 5.5.

For the actual 1rradiation 4 palrs of carbons each
burning for about one hour were used. From the photo-
graphic record of the variations in the light intensity
the mean photocell deflexion P! was found.
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Carbons Photocell Zero Deflctn. P! Time
1 179 282 10.3 55 mins.
2 178 268 9.0 60 "
3 177 259 8.2 60 "
4 177 263 8.6 55 "

Aver. 9.03
Allowing 5% correction for light losses by reflection we
have:-

Total energy absorbed

= 1,116 x 10”9 x 5.5 x 9.03 x 1.05 x 13,800 = 8.032 cals.

Molecules Decomposed. Original Soltn. is 7.101%.
Conctn. &48+/4,4 oog,S01ltn. 2.367 2.170 1.973 1.578
Deflexion (cm.) 14.6 17.7 23.8 39.5

The concentration x of the partially decomposed
solution (3 times diluted) was found graphically to be
2.145% AN concentfation of decomposed solution before
dilution is 3 x 2,145 = 6.435%.

(7.101 - 6.435) x 4.03
100 x 121.5

«666 X 4.03
100 x 121.5

«®*s Gm. mols. decomposed =

l.e. Gm.-mols. decomposed = 2.21 x 10-4
Vol. of cell is 4.0§vgnd‘Mol.Wt. of compound is 121.5.

2,210 x 107% _ 2.847 x 107 _
8. 032 650 B

Second Determination - see Table 10. = 1,227

«*+ Quantum Yield, X‘=

1.205

X

18.5
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Cameron32 carried out experiments on the photodecom-
position of/3 -chloro/ﬁS nitroso butane in the light of
certain influences. For example, he found that a solution
of the compound had no appreciable dark reaction and that
the decomposition was unaffected by the presence of HC/
or concéntration of the solutlonm. He did find, however,
that the quantum yield is increased by the presence of
oxygen thus accounting for the precautions taken to ensure
the elimination of oxygen from the methyl alcohol.

The results of these quantum yleld determinations
carried out by means of the new apparatus must be taken as
being more accurate than those done hitherto. It 1s thus
apparent that the photochemical decomposition of /3 -chloro
/2 nitroso butane by light of wave length 65008 in the
absence of oxygen has a quantum yleld of l. This value
admits of the reaction mechanism for the products of de-
composition previously mentioned.

Now that the improved méthod had been tested and
found to give comparatively good results, the Quantum
Yields éf K chloro Krﬁinwso valeric acid and of menthyl
chloro-nitroso butyrate were measured.

Quantum Yield of X chloro X'nitroso valeric acid.

The absorption spectrum of this acld was measured
60
in the visible by means of a Goldberg Spectrodensograph .

A cm. column of an approximately 1% solution 1n methyl

-
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alcohol was used. The absorption curve is shown In fig.4

and possesses a maximum at )\ 6550, & = 20. To trensmit
this wavelength the temperature of the thermostat contain-
ing the Christiansen filter was regulated to remailn con-
stant at 15.4°C.

For the actual quantum yleld measurement, a 7%

solution of the acid in methyl alcohol, freed from oxygen,
was used. The experimental details and calculation ine
volved are exactly simllar to those described above. I
Tables 11 and 12 give the quantum yield determina- -
tions for ‘XChloro x_nitroso valeric acid. _

The results are: (1) = 1.05, (2) g = 1.10. i

These values are lower than those obtalned for the ¥

Quantum yield of chloro niltrosc butane. This may be ex- H
Plained by the fact that the solid acid can be obtalned in
a purer state than the liquid chloro nitroso butane. This
statement, however, is not borne out by the quantum yleld
result for menthyl chloro nitroso butyrate which is also

& so0lid and can be obtained very pure. The result in thils
case 1is X = 1.19 for the decomposition in acetone. H

Quantum Yield of menthyl chloro nitroso butyrate. :

The solvent used was acetone dried over anhydrous

sodium sulphate and freed from oxygen. The absorption

Spectrum of this compound has already been fully discussed
in Part II. The wave length of maximum absorption occurs

at 7\ 6350. The thermostat was accordingly mainteined at
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a temperature of 16.7°C.

To provide for complete absorption of the light a
15% solution in acetone was used. The results are glven:
in Table 13.

In all the above photochemlical decompositions it
was found that a dark reaction was non-existent while the i
effect of HCZ was quite negligible. :

It has thus been clearly proved that these compounds

possess a quantum yield of unity, l.e., only one molecule |
of the light sensltive compound is assoclated with each g
absorbed quantum of radiant energy. This result adds :
further weight to the theory of the mechanism of the reactlon
in the photolysis of % chloro i nitroso valeric aclid in
methyl alcohol. Although, in this case, the methyl alcohol
takes part in the reaction, 1t does not interfere with the

primary process, namely, the splitting off of a broton |

from the carbon atom adjacent to the one to which the

chlorine atom is attached.
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Table 10.

Quantum Yield of .3 chloro /3 nitroso butane.
7

Determination 2. Concentration 7.000%.

Concentration after irradiation 6.21%.

\

.'« Gm. mols. decomposed = (7 - 6.21) x 4.08 _ 2.620 x 10°%
100 x 121.5
Average Photocell Deflexion .e .o ee 949 cm.

Ratio of Thermopile to Photocell, .o ee Beb

Deflexlon of Thermopile with Hefner Lamp .. 5.13 cm.

«'+. Energy Absorbed

14116 x 1072 x 5.6 x 9.9 x 1.05 x 14,400
9.361 cals.,

«‘e Quantum Yield, K = l.227.
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Table 1l.

Quantum Yield of X,chloro ‘X,nitroso valerlc acid

Alcohol freed from oxygen. Concentration 7%.

Conc. gm-SO/loO ces. 2e33 1.945 214 1.556 X
Photocell Deflctn.

with Projection 17.4 29.5 22.7 52.5 26.0
Lamp

From Graph x = 2,03

.*« Concentration of Decomposed Solution 1s 6.09%.
Initial Concentration = 7%

Volume of Solution used = 4,03 ccs.

(7 = 6.09) x 4.03

.*. Grem Mols. Decomposed = 2,216 x 10™%

100 x 165.5
Carbons 1 2 3 4 Av.
Time
Av. Photocell
Deflection 9.8 8.8 8.5 8.5 8.9 4 hours

Ratio of Thermopile to Photocell Deflection = 6.1
Deflection on Thermoplle with Hefner Lamp = 5.13 cme
.. Energy absorbed = 1.116 x 1072 x 6.1 x 8.9 x 1.05 x 14,400

= 9.160 cals.

e e Quantum Yield, x = 1.05.
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Table 12.

Quantum Yield of X chloro K nltroso valeric acid.

Determination 2.

Alcohol freed from oxygen. Concentration 7%.

Conce. ngO/lOO cCS. 2633 1.945 2.14 1.556 X
Photocell Deflection( jn, 4 30,3 20,4 53 0
with Projection Lampg =6

From Graph x = 2.05%
+*s Concentration of Decomposed Solution = 6.15%

Initlal Concentration = 7%

Volume of Solution used 4,03 ccs.

«*+ Gram.Mols., Decomposed = (7 = 6.15) X 4.03 _ 5 a9 x 10~%

100 x 165.5
Carbons 1 _2 3 4 Av. Time
Av.Photocell
. . 9.8 . . 4 hourse.
Deflection } 10.3 9.986 10.8 10.22

Ratio: Thermopile/Photocell Deflection = 4.7
Deflection on Thermopile with Hefner Lamp= 5.13 cm.

+*« Energy Absorbed = 1.116 x 10'5 X 4.7 x 10.22 x 1.05 x14,400

= 8. 104 cals.

o o Qua.n.tum Yield’ X'-: 1.1.
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Table 13.

Quantum Yield of Menthyl chloro nitroso butyrate

Acetone freed from oxygen. Concentration 15%.

Concentration after irradiation = 13.8%.

."+ Gram Mols. Decomposed = (15 = 13.8) x 4.03

100 x 289.5
= 1.67 x 10™4,
Carbons 1 2 3 4 Av.

Time

Av. Ph°t°°°11} 7.4 6.8 7.9 7.6  7.43 13,260 secs.

Deflection

Ratio of Thermopile/Photocell Deflection = 5.45

Deflection on Thermoplile with Hefner Lamp = 5.13 cm.

=5

+*e Energy Absorbed = 1l.116 x 10 “ x 5.45 x 7.43 x 1.05 x 13,260

6291 cals.
«*e Quantum Yield, E = 1.,19.
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DISCUSSION.

It has been indigated In the Introduction that the
type of compound suitable for use in an asymmetric photo-
chemical decomposition should possess somewhat speclialised
properties. In the 1ight of data acqulred for the chloro
nitroso group of compounds, let us briefly review the
position.

That an optically active form of one of these com=-

pounds exhibits the Cotton Bffect within a spectral region

has been demonstrated in the case of /e-menthylig /3 chloro
/3nitroso butyrate. Such a compound has therefore the
property of absorbing left and right handed circularly
polarised light to different extents.

From this we have been able to determine the magni-
tude of the associated anisotropy factor. This factor, as
has been explained, 1s a measure of the relative difference
of absorption for the two kinds of circularly polarised
light and the value obtained, g = .038, is above the aver-
age value obtained for other compounds. Cf. ethyl K -
bromopropionate, g = .024.

The fact that chloro nitroso compounds are chemically
decomposed by the sbsorption of light of frequencies for
which an active form exhibits circular dichroism, has also
been more or less established. This is certain in the

case of the above-mentioned menthyl ester and is most likely
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to be true for chloro nitroso valeric acid and the other
chloro nitroso compounds exemined by Mitchell and Cameron,
~which are decomposed by red light.

In the last part of the thesis it has been shown
that several such compounds have a Quantum Yield of unity
for the photochemlcal reactione. For the chloro nitroso
compounds studled by Cameron, this also holds. Thus,
from a review of the products of photolysis it appears to
amount to & general rule that all simple chloro nitroso
compounds 1f and when decomposed by light glve rise to
products which are optically inactive and that the quantum
efficiency for such photolyses may be regarded as being
unity.

Kutn®® has evolved a formula which may be used to
predict the value of the rotation which 1s developed by the
decomposition of a racemic mixture with circularly polarised
light.

It is,

\
BE

where o(f: rotation developed from a solution of the 'dl!
mixture,

o(a=,o‘,4%7.(l—7§yékg.

o{ = corresponding rotation of a solution of the
pure 'd! or '/!' form,

%= anisotropy factor,
/3: degree of decomposition.

This relation holds only if the Einstein Photochemi-

cal Equivalence Law 1s obeyed in the photochemical reaction.
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Thus, from a theoretical point of view we may apply
it to the data obtained for the partial specific rotation
calculated for the nitroso group in the case of ,f-menthyl
d./Q chloro//3 nitroso butyrate.

In this case oK = 500 °(N\ 6600A) and g = .038.

Let /3 = 60% .
then c(‘evaluates to 3.48°.

This result has little significarice beyond indicat-
ing that the nitroso group would contribute some optical
rotation to a compound i1f used in an asymmetric decomposi-
tion.

One drawback to the detection of a developed ro=-
tation by this means is the low concentration of the
8olution required to be used in the polarimetric reading
on accdunt of the rather strong absorption of the light by
the blue solution. This can be partly offset by using a
compound, the active form of which possesses a high speci-
filc rotation. It may also be suggested that for ease 1n
observing any optical actlvity produced, the chloro nitroso
compound remaining after irradiation could be oxidised to
the chloro nitro compound. This oxlidation can easily be
effected in acetic acid solution by means of concentrated
nitric acid, e.gs, menthyl chloro nitro butyrate was pre-
pared in this way and is a white solid which can be re-
crystallised from alcohol, mep. 81°.
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S UMMARY,

In the earlier part of this thesis I have described
the preparation of a number of new chloro nitroso compounds.
Nofeworthy among these are the three solid compounds

8 chloro X nitroso valeric acid, AXK dimethyl //3 chlorcy:?-
nitroso butyric acid and menthyl 3 chloro/ﬂi nitroso
butyrate. ,

The first mentloned are the only two aliphatic
nitroso acids known to exist in a stable monomeric form,
while the last compound, when fully resolved, is the first
case'of optical activity in a chloro nitroso compound to be
described.

In attempts to resolve chloro nitroso wvaleric acid
by means of an optically active base or alkaloid, several crys-
talline blue salts were obtained, these being the salts with
ephedrine alkaloid, i!?-naphthylphenylaminomethane, oA =phenyl
ethylamine and ,ﬁ -menthylamine. The A -phenylethylamine
was prepared from acetophenone and resolved by mesans of
quinic and tartaric acids, while the ,[-menthylamine was
prepared from ,fLmenthone as descrlibed in the literature.

In spite of the fact that the salts could be recrystallised
in splendid blue crystals from a suitable solvent, no
optical activity could be detected in the liberated chloro
nitroso acid.

With a resolution still in view, four menthyl and
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two bornyl esters of some chloro nitroso aclds were prepared.
All these compounds were found to exist as heavy blue oils
with the exception of Z-menthyl chloro nitroso butyrate
which 1s a blue crystalline solld. When subjected to sever-
al crystallisations from ethyl alcohol the melting point of
this ester rises from 58° to 71°, while the specific rota-
tion increases by about 300° for certailn wave lengths, and
circular dichroism 1s developed. It thus appears that a
resolution of the asymmetric carbon atom has been effected
glving rise to A -menthyl d /3 chloro /3 nitroso butyrate.
Part II of the thesis and J.C:S., 1940, 784 contain
a full discussion of the rotatory dispersion and circular
dichroism of this compound. The related absorption
spectrum for unpolarised light (measured photographically
using a Spekker Spectrophotometer) shows a double band in
the vislble due to the presence of the nitroso group and
the curve obtained when clrcular dichroism is plotted against
wave length has the same composite form. Each of thesse
curves can be represented as the sum of two normal frequency
curves and the anlsotropy factors (él—-€¢-bfg have the same
maximum value of 0.038 for the corresponding components.
Using the Lowry and Hudson modification of Kuhn's equation
partial rotations were calculated for each of the circular
dichroism components. When the sum of these is subtracted

from the observed rotatory dispersion curve the difference
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curve so obtained is relatively smooth.

Thus, the analysis of the composite band structure
‘had successfully accounted for the anomalous rotation
produced by the chromophoric nitroso group. This is the
first time that the rotatory contribution of the optlcally
active absorption system due to the NO group has been
evaluated and may be regarded as a delicate test of the
theoretical relation between optical rotatory power and
circular dichroism.

In the last part of the thesis there is described
the photochemical decomposition of X chloro X nitroso
valeric acid in the absence of oxygen and using methyl
slcohol as solvent. The products obtalned are (1) HCL,
(2) oxime hydrochloride of methyl lasevulinate, (3) methyl
laevulinate and a dark red oil which could not be identified.
It was also ascertained that the compound, menthyl chloro
nitroso butyrate, undergoes chemical decomposition on exposure
to 1light.

A method of measuring quantum ylelds with red light
was developed by Mitchell and Cameron. For work in this
section certain modifications in the method were effected
and more sensitive instruments employed. As a result of
these alterations the period of irradiation of the solution

can be reduced from seven to four hours and more accurate

measurements made.
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As a test, the quantum yleld determination for the
photolysis of/ﬁS chlorq//i nitroso butane in methyl alcohol
was made and found to be l.Z2.

Following the measurement of the absorption spectra
of K chlorofx nitroso valeric acid and menthyl chloro
nitroso butyrate, the quantum yleld for these two substances
was determined and the results x = l.1 and x = 1.2,
respectively, obtained. .In the former case the solvent
used was methyl alcchol and in the latter, acetone.

All the Important results obtained for these chloro
nitroso compounds are correlated in the Discussion and there
examined from the point of view of the sultability of these
compounds for work on asymmetric photolysis. The conclusion
arrived at is that such compounds fulfil the necessary con-

ditions and appear to be sultable for thls purpose.
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