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ABSTRACT

Complexation between phane type hosts and neutral guests is
reviewed. The synthesis and some properties of catecholate siderophores
are also discussed. Attempts to make 2N ,20N’ -dimethyl-2,11,20,29-
tetra~aza[3.3.3.3]paracyclophane are described. Approaches to make
55(4,4’~dimethoxybenzhydryl)—Ef—methyl—l,4-xy1y1enediamine, a possible
precursor to the required paracyclophane, failed. A process of
selective acylation using 4-toluenesulphonic acid and the macrocyclic
polyether 18-crown-6 has been further developed but could not be
applied successfully to the synthesis of the paracyclophane., Attempts
to bridge two of the nitregens in 2,11,20,29-tetra-aza(3.3.3.3]paracyclo-

" phane using isophthaloyl dichloride are described.

The synthesis of 2,20-di-aza(3.3.3.3]paracyclophane from 1,3-
diphenylpropane has been successfully completed. The protection of
1,2-dihydroxybenzene (catechol) moieties and their attachment to
amines have been examined, culminating in the linking of a catecﬂol
to the di-azaparacylophane. The synthesis of several model catechol-

amides are also described.

The use of these catecholic systems together with iron{III) and
hydrogen peroxide in the catalytic hydroxylaticn of benzene (the
Hamilton oxidation) has been studied. The paracyclophane - dicatechol
species has been shown to be a catalyst, but the presence of a

molecular cavity in the system appeared to produce no great benefit.



The whole catalysis process does not appear to have any real
practical use. Crystallographic and lH nmr studies of E,Ef-dimethylu
2,20-di-aza[3.3.3.3]paracyclophane indicate a lack of binding
ability in this particular macrocycle. Some approaches to the

synthesis of a new, more rigid, paracyclophane are described.

Some reactions with diphenylphosphinoacetaldehyde, a potentially

useful synthon in an iterative Wittig reaction procedure are discussed.
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CHAPTER 1

HOST COMPLEXATION WITH NEUTRAL GUESTS

Host-guest interactions are a much studied field in organic

chemistry.

The more specific area of host complexation with uncharged guests
has received scarcely less attention, mainly due to its relevance in
bicchemical systems, for example enzyme-substrate pairing or in

interactions at drug receptor sites.

Many classes of host meolecules have been synthesised in the
last fifteen to twenty years and it is far beyond the scope of this
summary to describe all of these. Many reviews and bocks have been

1+2:3 itne last of these especially covering

written on crown ethers
the known literature on interactions with uncharged guests. Therefore
this field will not be pursued. Cyclodextrins have also attracted

long and thorough surveys4'5'6'7

and again will not be considered
here. Clathrate chemistry, where uncharged guests are trapped in
intermolecular cavities, is extensively revieweds'9 and will only

be mentioned below where the situation warrants it.

Azaparacyclophanes and other macrocyclic molecules have been
found teo contain hydrophobic pockets or clefts within which small and
often uncharged molecules can reside, and it is with this ever
developing field that the bulk of this report concerns itself. This
survey will begin by the examination of host compounds where some
definite evidence exists for intramclecular binding with uncharged

guest molecules.



In 1980 Koga's group published evidence for intramoclecular
complexation between a newly synthesised tetrafazaEG.l.G.l]-
paracyclophane (CP 44) (1) and several hydropho?ic guests in solutions
of aqueous acidlo'll. CP 44 (1) was made by the cyclisation of

,N#ditoluene-4-sulphonyl)—4,4Ldiaminodiphénylmethane (2) and

}-.l

r4-dibromobutane (3) in N,N-dimethylformamide containing potassium
carbonate, followed by detoluene-4-~sulphonylation, in 17% yield. The
paracyclophane (1) was shown by lB mmr to cause large upfield shifts

in the position of arcmatic protons of several aromatic alcohols
notably 2,7-dihydroxynaphthalene. The positions of some of the protons,
in DCl-D20 solution (pD 1.2), of 2,7-dihydroxynaphthalene were shifted
towards tetramethylsilane by almost 2 ppm. The acyclic analogue (5) of
CP 44 (1) was shown to produce only a minimal perturbation of the ‘
1H nmr peak positiocons. Of more interest perhaps was that CP 44 (1)
formed crystalline complexes from agueous solution with a variety of
substrates including naphthalene, 1,4-xylene, l,3-§ihydroxynaphthalene,
and durene (6)}. The latter complex was subjected to X-ray crystallography
and the structure was successfully elucidated as the tetrahydrochloride.
It showed the durene (6) molecule positioned exactly in the middle of

the host. CP 44 (1) had adopted a conformation whereby opposite

benzene rings were in parallel planes to each other. The cavity

formed had rectangularly shaped open ends (V3.5 x 7.92) and a depth

of 6.52. Since the complex was cbtained from an agqueous medium and
durene (6) itself is non-polar, it is c¢lear that hydrophobic

interaction plays a key role in the association and that polar
interactions do not participate. The CP 44 could be considered as

a very simple model for a binding site in many bioclogically

important systems.
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This X-ray structure proved to be a landmark in this aspect of
host—-guest chemistry. At last unequivocal evidence existed that
intramolecular complexation did occur with uncharged molecules, and
several groups are now working to design nhew hosts and to obtain
similar positive proof.

Since their initial success, the Koga group have worked on
modifying the nature and size of the cavity of CP 44 (1)12’13'14.
They have varied the length of the chains joining the two diphenyl-
methane units, they have included cyclohexyl and benzene rings in the
chains12 and they have put new substituents on the nitrogens of CP 44
(1)13. The cavity of each of these new compounds was probed using
fluorescence spectroscopy. The fluorescence spectrum of l-anilino-
naphthalene-8-sulphonate (ANS) (8) has been found to be dramatically

4,15 a

enhanced when it is in a relatively hydrophobic environment nd

this technigue has been used to test the cavities of other synthetic
16,17

host molecules . It should however be remembered that the ANS

is a charged species and at the low pH at which most of these

determinations were carried out , the azaparacyclophanes were also

protonated. Consequently some electrostatic interactions must be

occurring.

Koga's study shows that one particular tetra-azaparacyclophane
(9) binds to ANS 80 times more strongly than CP 44 (1). He has also
cbserved some useful substrate selectivities14 between CP 44 (1),
CP 56 (10) and the paracyclophane (9}, their binding with a series
of naphthalene meono- and disulphonates being examined. The differences
were probably due to the different cavity sizes leading to different
inclusion geometries within those cavities. lH nmr studiesll suggest

that pseudoaxial inclusion is adopted by CP 44 (1), and this conformation
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would favour complexation with B-substituted naphthalenes, whereas
the equatorial inclusion expected in the larger cavities of CP 56
(10) and compound (9) would clearly favour a-substitution in the

included naphthalene moiety.

Putting potentially charged side chains on to CP 44 (l)14
resulted in the formation of a series of compounds for example
compound {(7) that bound with 2-toluidinonaphthalene-6-sulphonate (TNS)
(11) rather weakly, but these molecules did have the very useful

property of being water-soluble at neutral pH.

This systematic study has produced some interesting results,
the most valuable findings involving substrate selectivity where small
changes in cavity dimension can produce major changes in substrate
binding. However none of these compounds hawve yet been used as
successfully as CP 44 (1) in complexation with a neutral non-polar

guest molecule.

Twelve years ago Urushigawa, Inazu and Yoshino18 gynthesised
three new azaparacyclophanes to compare their spectral properties,
and to see whether they could form inclusion compounds. Two of the
molecules di-aza compounds, showed no sign of complexation but the
third, N,N,N'N” -tetramethyl-2,11,20,29-tetra-aza[3.3.3.3-
paracyclcophane (12}, seemed to have some interesting properties.
Complexes with 1,4-dioxan and with benzene were isolated, which by
lH nmr and by elemental analysis showed a 1:1 stoichiometry. It was
by no means certain however that these were intramolecular inclusion

complexes. The chemical shift for the guest protons in the lH nmr
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.

Cross-section of channel in
lattice of (12) showing the

"cone-in-cone" structure, the
environment of the dioxan and

the Van der Waals' Surface

The molecular structure of the 1l:1

complex of (12) with the 1,4-dioxan
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were not significantly altered from those expected in uncomplexed
guests. A more recent ;_:ml::licat:i_onl6 has demonstrated, by use of
fluoreséence spectroscopy, that compound (12) almost certainly
contains a hydrophobic cavity, but a definite answer concerning the
1l,4-dicxan complex only came in the middle of 1982 when an X-ray
crystal structure of the material appeared in the literaturelg.

The X-ray showed that in contrast to CP 44 (1), the paracyclophane
(12) had adopted a slightly "dished" conformation with each benzene
ring inclined at 28° to the vertical. This led to the cavity having
an cpening of 78 at the top and 4.48 at the bottom. Also the
1,4-dioxan molecule, although intimately connected with one particular
host, did not sit buried deeply inside the cavity. Instead it protruded
slightly above the plane of the cavity into a secondary cavity caused
by the stacking of the cone-shaped host molecules. The diagram shows
a cross-section of the crystal lattice with the hexagonél dioxan

molecules sticking out slightly into intermolecular space.

Several new azaparacyclophanes have been synthesdised by VSgtlezo
by straightforward high-dilution reactions between diamines and -
diacid chlorides. The compound (13} on recrystallisation from
cyclohexane produced crystals which proved to be a 1l:1 complex by
lH nmr and elemental analysis. The cyclchexane was tenaciously
retained as were 1l,4-dioxan, tetrahydropyran, and morpholine, ever after
extended drying. Conversely, molecules such as methylcyclohexane,
cycloheptane, cyclooctane, decalin, benzene and toluene were not
intercalated. Recrystallisation of compound (13) from a benzene-

cyclohexane mixture yielded only the cyclohexane complex. This

rather subtle differentiation has obviously useful implications.
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No X-ray analysis could be obtained for any of these complexes, and so
it is not certain whether they represent inter- or intramolecular
complexation, although the precise stoichiometry obtained and the

selectivity of uptake of guests suggests to the author that the latter
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type of inclusion is inveolved. - Alteration of the N-benzyl group

to an N-methyl group led to the inactive compound (14}, demonstrating
the importance of the side chain in influenciné the host-guest
interaction. Finally compound (15S) containing biphenyl units was
able to bind with penta- and hexaflucrobenzene but not with several
slightly smaller guests. Thus again we can see that relatively

small alterations to cavity dimensions lead to laxge changes in

substrate selectivity. This implies that hosts may be designed for

very specific purposes.

Recently the samergroup has publishele an X-ray crystal
structure of a complex of a hexa-azal6.6.6]paracyclophane
hexaamide (16} with chloroform. The paracyclophane was made from
terephthaloyl dichloride and E,g}dibenzylethylenediamine and the
included chloreoform survived prolonged drying under wvacuum and

recrystallisation from ethyl acetate.

The X-ray structure shows that the chloroform guest is
oriented and fixed in the cavity with the hydrogen atom peointing
into the niche along the trigonal axis of the host. The size of the
chlorine atoms prevents the guest from burying itself toc deeply
into the host. The aromatic rings surrounding the cavity are inclined
at anagle of 17° to the C3 axis. Similar chlorinated guests do not
complex with paracyclophane (16) again showing the discriminating
abilities of this type of cavity. It is interesting to note that this
host complexes cnly as the hexaamide derivative. Reduction with
diborane to the hexaamine (17)2o modified the properties of the

compound sufficiently to stop any association with uncharged guests.
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This leads to even more versatility in the design of host molecules.
Both the side chains and the oxidation level obviously effect the

precise dimensions and environment of the cavity.

Specific complexation alone is a very valuable achievement.

However the ultimate aim of such work must be to bind uncharged -

substrates into a cavity and then to perform a chemical transformation
on it. Thus cne needs to introduce close to the binding site a unit
that is capable of doing a chemical reaction. This part of the
survey will concentrate on efforts to achieve this aim using

macrocycles to help define the cavity.

Some elegant research aimed at mimicking the cytochrome P450
enzymes has been developed over the last few years. The work started
with the synthesis of a series of metal-containing macrocycles (18)

22,23

which were shown to contain a hydrophobic void or "dry cave”

near the metal atom within which small ligands cculd shelter. The
cavity of compound [18, R =Me, M = CoII, Rl = —(CHZ)E;J was shown

by an X-ray structure determination-to be 6.658 wide with the height
varying from 4.833 at the back to S.GOR at the front. Oxidation

of compound (18) to the ccbalt (III) species led to a new compound,
X~ray analysis of which demonstrated the ability of gmall ligands

to bind to the metal centre inside the cavity. The ligand studied
was the amident thiocyanate which was bonded through nitrogen.
Subseguent work23'24 established that the cobalt(II) and the iron(II)

complexes of (18) could reversibly bind oxygen given a cavity of the

- . 1 .
right size obtained by a judicious choice of R and R*. For the iron

18
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(II) complex the best ligand used had a 1,3-xylyl group as Rl. The
oxygen uptake of the ligand was observed using spectrophotometric

techniques.

R
|

CH,
ﬁ
N\ 7

M
/ N\

CH; T (18)
R

Having established the presence of the cavity, and the reversible
oxygen binding capability of the system, the ligand was altered
slightly to allow both the oxygen and an uncharged aromatic guest to
co-exist in the dry cave as a ternary complex. Thus ligand (19)

wag designed, and binding with aromatic substrates demonstratedzs’ZG.
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lH nmr studies of compound (19, R = tetramethylxylyl, M2+ = copper,
nickel) complexing with l-butanol showed that an association was
occurring, with the alkyl chain of the alcohol peinting into the
cavity. This last finding dismissed_the possibility that an actual
bond was forming between the hyﬁroxyl group and the metal. The
complexation was completely due to hydrophobic effects. An X-ray
crystal structure of compound (19, R = 9,10 anthracene, M+ = nickel)
showed a definite intramolecular inclusion complex with acetonitrile,
clearly establishing the mode of. complexation and detailing the
dimensions of this larger cavityzs. Since nickel(II}) can be removed
from the centre of this type of ligand by the action of hydrogen
chloride and zinc22 the stage is now set for the formation of a
ternary complex and for selective oxidations within the complex.

Further developments are awaited with great interest.

Considerable attention has been focussed onto the ability of
paracyclophanes to act as cataiysts. Murakami, having synthesised
.the oxime {20)27 found that it could be acylated by 4-nitrophenyl
laurate (6l) and decancate in aqueous, alkaline acetone. Other oximes
not containing large cavities were completely uneffected under similar
reactio; conditions. These results were explained by the following
mechanismza. The hydrophobic interaction between the long alkyl chain
of the ester and the paracyclophane cavity led to the formation of
a 1l:1 complex. Under the alkaline conditions of the reaction medium
the oxime was deprotonated and the oximate anion attacked the ester
carbonyl function. It was concluded that the substrate specificity
was not exclusively due to the hydrophobicity of the long-chain ester

but also to :its apparent bulkiness when folded. This specificity
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therefore could be altered by small changes in the paracyclophane

oxime (20).

CH zh

0O NO,

CH.j; \CH3

(20) 6D

{CHz}g ~
C=0
nw
i (cH.); ~
— o)
N H

(2D

The presence cof the cavity having been surmised, the group
turned its attention to more elaborate systems. They attached an

29,30

imidazole group to the aromatic ring near the cavity The

resulting molecule (21} was able to significantly catalyse the
deacylation of various 4-nitrophenyl carboxylates. An acceleration in
the rate of deacylation of up to 240-fold was obsgrved in those

esters with long hydrophobic side chains. 'Howeve;.the paracyclophane
was of no practical use as a catalyst because the imidazole group

rapidly became acylated and hence deactivated and the rate of

deacylation of the imidazole was very slow in comparison to its
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rate of acylation. Hence, only one equivalent of 4-nitrophenol was

released for each molecule of "catalyst”.

This problem of catalyst turnover was overcome by design of a
new paracyclophane (22} with two aromatic rings and two imidazole
moieties3l. This compound (22} in the presence of copper(II) acts
as a true catalyst for the hydrolysis procedure. The reaction is
believed to still involve acylation of one imidazole, but the copper
(II) complexed to the nearby second imidazole is able to conduct a
rapid deacylation. Thus under steady-state conditions acylation

and deacylation reactions find a balance. This is shown in Scheme 2,

Thus ideas used in cyclodextrin éhemistry4 whereby catalysis of
various reactions are assisted by the presence of a cavity have
been successfully exploited in paracyclophane chemistry. Further
studies aimed at designing new compounds with different cavities
have not yet produced very signffigant results. Murakami has made
the cationic octopus azaparacyclophane32 {23} and has studied more
ester hydrolyses. He has also made a compound (24) which complexes
with zinc33'34 and should be a very useful reducing enzyme model but
as yet has only used it to reduce hexachloroacetone, a substrate for
which the presence of a cavity is more or less superflucus.

Tabushi35'3i has designed the charged tetra-azaparacyclophane
(25) and has shown this to be quite discriminating between various
aromatic esters during hydrolysis studies. For example 4-nitrophenyl
chloroacetate was hydrclysed more rapidly than t-napthyl chloroacetate.

The RB-naphthyl ester reacted more slowly still. That catalysis
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occurred, due in part to a hydrophobic interaction, was shown by the

fact that the open-chain analogue {(26) produced little catalytic effect.
A thioparacylcophane (27) has also been made37, but has only been studied
by fluorescence techniques which have shown that this compound also

possesses a suitable cavity.

CH, CH,
\
® ®
o]
-4BF,
s® @s\
CH, CH,

&)

The survey has so far concentrated by and large on studies
where definite host-guest complexation has been observed. There are
a growing ﬁumber of compounds which have been designed specifically
for the purpose of encapsulating a smaller guest. Although in many
cases such complexations have not been thoroughly studied and
encapsulation not properly observed, it is important to include these

potentially important compounds.

Jarvi and Whitlock38 wanted to synthesise molecules that were
water-soluble and that possessed hydrophobic cavities with well-
defined dimensions, so as to obtain a molecule showing a functional

similarity to binding cavities in enzymes. They designed and made
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the tetra-oxal8.8]paracyclophane (28). The key step in the synthesis
was the intramolecular coupling of a diyne (29) in pyridine with
cupric acetate at 40°C in the remarkably high yield of 67%.
Hydrogenation of (28) gave the perhydro derivative (30). The potassium
salt of compound (28, R = K+) was chosen for complexation studies, this
being water-soluble, and 2-naphthylmethyltriethylammonium chloride

(31) was the guegt. Detailed lH nmr studies showed that despite the
fairly rigid framework of the paracyclophane (28) the stacking complex
A was occurring in solution rather than the more interesting inclusion
complex B. The perhydro derivative (30} was believed to exist in a
collapsed form with no cavity being evident.

9,40 .
again

The group next made a series of naphthaleneophanes3
with the view to making inclusion complexes. Compound [32 R =
COCHzN(CH3)2] was used in an nmr study39 with 2-naphthalenesulphonic
acid (35) in aqueous DCl. The guest protons showed large upfield
shifts and this coupled with fluorescence experiments using

1,8-anilinonaphthalene sulphonate suggested the formation of an

inclusion complex.

To see whether systems (33) and (34) formed intramolecular
complexes, the concept of cyclisation shift was employed4o. This
may be defined for a given proten as § cyclophane-§ model, where
the model is the half molecule cerresponding to the paracyclcphane
before cyclisation. Wwhen the cavity of a paracyclophane is rigidly
defined with the aromatic rings well separated, only a small cyclisaticn
shift is observed as the arocmatic protons from one ring do not fall

inside the shielding cone of the other T cloud. In non-arcmatic
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solvents this cyclisation shift for the rigid system (33) was, as
expected, rather small. In aromatic solvents however, a quite large
upfield cyclisation shift was cbserved, This implied that an
inclusion complex was being formed with. the argmatic_solvent, the
new interaction being responsible for this significant increase in
shielding. The floppy naphthalenecphanes (34) showed no such

discrimination between solvents.

Further evidence for the complexing abilities of compounds (33)
came from ultravioclet spectroscopy. 4-~Cyano-l-ethylpyridinium iodide
was introduced to a solution of compound (33, R = COzﬂ) and a new
charge transfer band was observed. This implied that the pyridinium
salt was complexed to the cyclophane, the experiment being similar
to one conducted by Murakam}4l who used 4-cyancpyridinium iodide to
study complexation. The floppy naphthaleneophane (34, R = COzH)
gave no new transfer band. Thus if suitable side chains can be
intreduced to the rigid naphthaleneophane (33)Aframework, this compound

could be an ideal candidate for major complexation studies,

Cram has been searching for chiral macrocycles containing large,
enforced cavities42. éowever, despite much excellent work, positive
demonstration of binding to neutral guests has not yet been achieved.
A large range of compounds have been made such as the 1,libinaphthyl
derivative (36), which in addition to complexations with a series
of charged picrates, can also be made to abscorb one equivalent of
cyclchexane. Molecular medels show that the cavity in macrocycle

(36) is cylindrically shaped with a diameter of 2.7-3.08 and a

length of about 7.78.
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(36)

The concept of these enforced cavities, in which the conformation
of the molecule cannct fold in on itself completely, is rather
reminiscent of the cyclodextrins, but these wholly synthetic spherands
are clearly more versatile and can have cavity sizes endgineered for

specific purposes.






32

Cram next examined the systems (37) and (3B), enforced cavity-
containing compounds for which he coined the name cavitand43. Compound
{37 R = H) crystallised with sclvent of crystallisation as did

molecule (38). Compounds (37 R = Br, CO Me) however, are able to fill

2
their cavities intermolecularly and did not form solvates. Crystal

structures for the solvated compounds are awaited with interest.

It is interesting to note that compound (38) can exist in two
major conformations, the aaaa pictured in the diagram and the esee where
the di-azanaphthalene units have folded down into the plane of the
paper. The AG* for the conformational change has been estimated by
1% nmr to be about 10 Keal mol™t. The cavity sizes in the two
conformers are very different, the zall eeee conformer containing a
more extended surface. The eeee is also the more stable conformer in

solution at low temperatures. These properties make compound (38) a

very unigue system in this area of chemistry.

A very recent publication44 reports the synthesis of some new
cavitands based on the dibenzofuran unit. Compound (39) turned out
to be a very insoluble material, but compound (41) was a much more
amenable molecule. Models of this structure show that it contains
two cleft-shaped cavities approximately 128 long, 3.4R deep and 4.38
wide. Some synchronised rotaticn about the four aryl-aryl bonds
seems to be possible and at its l}mits, narrows the cavity to 32.
Thus we see here another well-defined, rigid cavity, capable of
embracing a molecule the size of methane. The hexabenzofuran (40)
has a larger cavity than (4l) the dimensions being approximately

11 x 7 x 72. A model of this material is capable of incorpeorating seven
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molecules of benzene, Aryl-aryl bond rotation does reduce the cavity
size slightly but even at its limits, four molecules of benzene may be
incorporated. The presence of the ethyl groups on (40) and (41)

which are potentially functionalisable is an added bonus. Judicious
choice of functionality could be used to contrel sclubility properties,
to provide binding sites for quests or to act co-operatively in

catalysing the reactions of bound guests.

However, having synthesised all these elaborate molecules the
next step must be to demonstrate positive binding and to then use the

compounds as molecular catalysts.

A class of [l.nlmetacyclophanes comprising arrays of phenolic
residues attached by methylene groups at the positions ortho to the
hydroxyl groups, and called calixarenes, have come intc consideration
as macreocyclic hosts. The methods to make them are discussed in a paper
by Gutsche45 who managed to synthesise a number of these cyclic
oligomers (42). The most useful compound isolated has turned out to
be an allyl calix[4Jarene (43) in which the cavity has been rigidified
by silylation of the phenol hydroxyl groupsée. This‘molecule now
possesses a rigid cone very similar to a cyclodextrin, and with easily
functionalisable sites, further developments are awaited with great

anticipation.

Three more potentially important hosts have been recently

made47'48

. The di—oonS.l.S.l]paraqyclophane (44) and the
di-oxo[7.1.7.11paracyclophane (45) were made from diesters by

. . 47
a Dieckmann condensation
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CH,
CH3 H,

42

Q
/\>_5,§ T P

43)

20204===2

(43) R:SiMe3

Compounds (44) and (45) are not very rigid. At one extreme
conformation, {(44) contains a cavity of cross-section 6 x K.
Compound (45) has a slightly larger wvoid 8 x 58 in size. Both
molecules however,at the other extreme of conformation,contain only
very small cavities. Clearly these molecules.need to be made more

rigid. This could be achieved by additicnal bridging across the

shorter sides of the molecule.



Molecule (46) has been shown to contain a hydrophobic binding
site48 by fluorescence and lH nmr spectroscopy. The charged nitrogen
moieties. which enable the compound to disselve in agueous, neutral
media are very remote from the cavity and, it is believed, do not

effect the hydrophobic binding site unduly.
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Some 30 years ago Stetter described a biphenyl containing
tetra-azal6.0.6.0]paracyclophane (47)49. This, he claimed, was able
to strongly complex both benzene and 1,4-dioxan within an
intramolecular cavity. An X-ray structure published recently50 shows
the benzene complex to be intermolecularly bound. This illustrates
the danger of assuming intramolecular ccmplexation without having

access to all the evidence.

HN—CH,—NH

(53)

Finally this review will consider some molecules which are
known to form inclusion compounds but whether these are intramclecular

complexes or intermolecular clathrates in unclear.
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A series of Japanese patent551'52'53 examines the complexation

properties of a metacyclophane (48). This formed inclusion compounds
with cinnamaldehyde, cinnamyl alcchol, propylbenzene isopropylbenzene,
cyclohexancl, 1l,4-dimethylcyclchexane, l,3-dimethylcyclohexane§ and -
cyclohexanone. Some of these guests could be released by distillation.
A thia[l.l.l.1]metacyclophane (242) has also been made54 and forms
stable inclusion complexes with high-boiling polar solvents. However,

this is. almost certainly an intermolecular interaction.

R R
N02 NOZ
NO, S NO,
R= H, Cl,Me, OMe
R R

(242)

In conclusion, host-guest chemistry involving this type of
macrocycle is still very much in its early stages but it is pleasing
to note the growing impetus in the design and uses of these compounds.

i
Only a few intrameolecular inclusicn complexes have been definitely
" characterised but it may be hoped that over the next few years some
of the early work described in this review will come to a successful
conclusion, and that macrocyclic host-guest chemistry will start to

rival the more established fields of cyclodextrins and ¢rown ethers.
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CHAPTER 2

SYNTHESIS OF CATECHOLIC SIDEROPHORES

Siderophores are nonporphyrin, nonprotein, iron-containing,
or iron-binding compounds derived from bacteria, fungi, and microalgae.
Apart from their role as high affinity iron transporters, siderophores
may act as growth or germination factors, and éame are potent
antibiotics. They have found clinical use as iron chelation agents
for iron overloaded patientsss, this being a troublesome and often

very serious condition in people under treatment with regular blood

transfusions.

Siderxophores may be divided into two broad classes, the
hydroxamic acid type exemplified by the ferrichromes, rhodotorulic
acids, mycobactins and the fusarinines, and the catecholate types
such as enterocbactin (49).

Whilst reviewéﬂi57'58'59 have appeared on various aspects of
siderophores, and on the more general topic of microbial iron
compoundsso, little systematic coverage has occurred on the synthesis
and properties cof naturally derived or wholly synthetic catecholates,

and the purpose of this survey is to £ill this gap.

In 1958 it was found that cultures of Bactillus subtilis when
grown under conditions of iron deprivation, excreted a ferric-ion
binding agent into the mediumsl. This material was crystallised

and eventually identified as 2,3-dihydroxybenzcylglycine (5Q).
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The final structural proof came from a synthesis of the material by
a dicyclocarbodiimide (DCC)} coupling between 2,3-dihydroxybenzoic
acid and the ethyl ester of glycine, followed by ester hydrolysis.
Publication of this work marked the start of the subsequent

investigations into catecholate chemistry.

H
OH
CO,H
H
(50)
OH HO
H HO
o) —(cH )——'E‘:—-—N 0
H 2 | H
COH

GD

Corbin and Bulen62, whilst investigating the nitrogen fixing
species Azobacter vinelandii in iron-deficient media, isolated two
fluorescent phenolic compounds. One was identified as 2,3-dihydroxy-
benzoic acid, whilst the other was eventually shown to be
gbgfdi—{Z,3-dihydroxybenzoyl)-L—lysine (51). This material was also
synthesised by a DCC coupling,this time of 2,3-diacetoxybenzoic acid
and L-lysine methyl ester dihydrochloride, followed by ester hydrolysis.
This substance has turned out to be of a special significance since it“

was isolated from a nitrogen fixing species. As nitrogenase is
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endowed with a rich complement of iron, it is possible that this
particular siderophore is involved in the biosynthesis of this very

important enzyme.

In 1970 two independent groups isclated and characterised the
best known example of this class of compounds, enterobactin (49),
from cultures of Escherichia coli®> and Samomella typhimirium®™.
The structure is a macrocyclic trimer of 2,3-dihydroxy-N-benzoyl-
L-serine (DBS) (52), and has been shown to be the most powerful
chelator of iron(IIi} yet discovered. A spectrophotometric study
reports a formation constant of lO52 1 m.c:l-l for enterobactin,
this being some 7-12 log units greater than the overall formation
constants of a whole series of monocatecholates also examined,
and some 20-30 log units. larger than any of the hydroxamate siderophores
65'66'67. This massive stability constant makes enterobactin (49)
thermodynamically capable of removing iron from transferrin (the
mammalian iron transport protein). This is also a kinetically

favourable process, but the use of the molecule in chelation therapy

is unfortunately precluded by its extreme labilitysa.

The compound (49) is utilised by enteric bacteria to transport
iron across the cell membrane. &As it binds so strongly to the
metal ion, the entexcbactin has to be hydrolysed inside the cell
to release the iron. Thus each enterobactin molecule only makes one

iourney through the cell wall.



42

OH

H H,,

HQ OH

I
o
L
iy
9
I

49

(52)

The first synthesis of entercbactin (49} was achieved by Corey69
and started from N-benzyloxycarbonyl-L-serine (53) (Scheme 4).
Conversion of compound (53) to the 4-bromephenacyl ester (54) was
followed by reaction with dihydropyran to give the completely
protected serine derivative (55). Reductive cleavage of the phenacyl
group by zinc dust in aqueocus acetic acid afforded the O,N-protected
amino acid (56). This product was coupled with the hydroxy ester (54)
in the presence of disulphide (57) and triphenylphosphine to give the
diserine derivative (58). The procedure was essentially repeated to
give the triserime compound (59). Deprotection of the terminal acid
and alcohol functions left the way clear for macrocyclisation70

mediated by triphenylphosphine and the disulphide (57) to yield the
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tri-N-protected cyclic triester (60). This compound was deprotected
and reacted with the acid chloride of 2,3-dihydroxybenzeoic acid, to

give entercbactin (49).

The synthesis is a long and tediocus one relying as it does
on protecting group strategies. The cyclisation step to give the
triester (60) is a good illustration of the double activation method

of macrolactonization and proceeds in the workable yield of 40%.

The second reported synthesis of entercbactin (49) by Rastetter
et. aZ.7l is not fundamentally different in strategy to the Corey
procedure. The only major differences comes in their choices of
protecting groups for the acid moiety for which the second synthesis
employs a methyl anthraguinone group. This second synthesis has
also been used to produce enanticenterobactin, the antipode of
enterobactin (49), based on D-gerine. It is interesting to note that
the enantio-species fails to support the growth of E. coli
mutants72. This indicates an outer membrane receptor specificity for

the L-seryl backbone.

Enterobactin (49) has been intensively studied because of the
interest in the mechanism of uptake of iron by bacteria. However,
as already mentioned, the molecule in itself is not very useful as
a therapeutic agent due to its instability at physiological pH's.
Thus, a great deal of effort has been directed at preparing analogues

of this compound.

44
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Corey's73 group has synthesised the carbocyclic equivalent of
the compound (62). The all ¢i8-cyclododecane~1,5,9-triol (63),
was converted to the tris tosylate (64) and treated with sodium azide
in N,N-dimethylformamide to give a tris azide (65). Catalytic
hydrogenation led to the triamine (66) which was acylated with the
acetonide of 2,3-dihydroxybenzoyl chloride (67). The triamide (68)
was deprotected in refluxing 80% acetic acid to leave the

desired analogue (62).

R H
$ (63) R=OH 62 R= N
(64) R=0Ts
(65 Rz N, e
H.; =R (6) R:NH, HO
P
©3) R=N N
H
Cl H,
o

(67)

¥
Ll

The resultant compound (62) was also shown to be an extremely
powerful binder of iron, and proved to be about 75% as effective as
enterobactin (49) in bacterial iron transport. However the compound

{62) has not yet found widespread use in iron chelation therapy.
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Futher investigation how centred around two new analogues

(63) and (70).

NH H H
H
(&Lﬁj
o)
.
H
N
~
H oH "
OH

HO

(cH 2), (CH2)3 _
5 |

|
: N
New/ Y
(69) O H
H H
H

(70

The mesitylene derivative (69) was reported almost simultaneously

by two different groups. Raymond's74 synthesis of the compound

started from 1,3,5-trichlorocarbonylbenzene (71), which was converted

to the triamide (72} with ammonium hydroxide solution, Diborane

reduction gave the triamine (73) which was acylated with 2,3-dimethoxy-
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(76)
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R= CONH,
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R= CH,NHC
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(77)R=H
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benzoyl chloride to produce the protected triamide (74). Demethylation
with boron tribromide in dichlorcmethane yielded the desired

compound {69) . Neilands'75 route started from 1,3,5-benzenetrialdoxime
(75) which was catalytically reduced to give Raymond's triamine
derivative (73). This in turn was acylated with 2,3-dibenzyloxybenzoyl
chloride (76) and the resultant material hydrogenated to produce the

desired analogue (69).

The tricatecholate (70) has been*-prepared76 starting from
spermidine (77). Tritdsylation of this triamine was performed,
and the resultant compound (78) was treated with two equivalents
of sodium hydride and 1,3-di-(4-toluenesulphonoxy)propane in N,N-
dimethylformamide to give the cyclised compound (79) in 76% yield.
Detosylation, acylation and deprotection led to the desired ligand

(70) .

The two compounds (69) and (70), although different with respect
to the rigidity of their cyclic backbeones, both have a massive affinity
for ferric ions. The formation constant77 for the ferric complex of the
mesitylene derivative (69) has been estimated as 10%° 1 mo17l. The
compound with the cyclised spermidine backbone (70) has a somewhat
smaller fomation constant of 1040 1 molql, this being due to the
fact that at high pH, the ligand coordinates through only five of the
phenolic oxygens, probably due to steric strain resulti?g from
its endocyclic amide structure. The compounds are both totally
resistant to hydrolysis over a wide pH range, and they are alsc able,

like entercbactin (49), to remove significant amounts of iron from

transferrin under conditions where the hydroxamates are totally
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6
ineffective 8. The compounds were considered promising candidates

for iron overload therapy and were used for clinical trials,
Sulphonation of compound (69) in 30% fuming sulphuric acid

gave the sulphonic acid (80} in 50% yield78. The trisulphonic acid

{8l) was made by unremarkable means from the tricarboxylic acid

OH OH

50.H

chloride (71). The sulphonation of these tricatecholates favourably
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modified the properties of the ligands. They became water—-soluble,
much more resistant to air oxidation than their unsulphonated analogues,
and were found to be hydrolytically stable over a wide pH range. The
lower ligand protonation constants of the sulphonated catecholates
enhanéed their éffectiveness at physiological pH79. These sulphonated
analogues of entercbactin are alsoc the subject of aﬁimal tests for

their in vZvo efficacy.

Two further tertiary nitrogen containing, sulphonated analogues

CH
/% OH H
O_=C\
R (82) R- CH,NCH,
R
OH OH
H,
(83 R- CHZN(ﬁ
o,H

have been prepared?o. Compounds (82) and (83) contain modifications
in order to protect them from nonspecific peptidase activity in the
body. Compound (83) is able to mobilise iron from ferritin even in
the presence of ascorbate, which is administered with iron
sequeétrating agents. An unusual property of compound (82) is that
one catechol dissociates from the iron(III) at low pH to form a

bis-chelating species.



Apart from chelating with ferric ion, entercbactin (49) also

forms complexes with chromium(III)8

1 and rhodium(III)82 species.

This observation has led to the use of some sulphonated analogues to

83
sequestrate other metals ~,

Ligand (84) has been found to bind both

«-Pr 2 2
OH
SO;H
H2H°3 OH
!
H ?/ \6-Pr
OH O

&

gallium and indium and the complexes have been used as radioactive

tracers in ViUo.
the order of lO40 1 molql.

these ligands will lead to even more useful compounds.

Formation constants for the metal complexes are of
It is anticipated that medifications of

At present

51

these complexes show an affinity for the excretory organs, such as the

kidneys, but planned alterations to the structure, it is hoped, will

increase their affinity for nonexcretory organs. The compound (84)

has also been found not to be acutely toxic but no LDS data is

available.
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Turning next to synthetic, linear catechoclates, it can be seen
that much work has been done with the spermidine (77) skeleton. The
first compound of this type described was the trisulphonated derivative
(85)78 which was made, much as one would expect, py condensation of a
catechol protected acid chloride with spermidine (77) itself.
Deprotection and sulphonation gave the linear tricatecholate (85)
in good yield. The dicatecholate (86) was prepared78 by condensation
of 1,4-xylylenediamine (164) with 2,3-dimethoxybenzoyl chloride.

Again a sequence of deprotection and sulphonation gave compocund (86)

in respectable yield. The compounds proved to be unremarkable in their

R

R R
|
Hllu—(cnz)rL—(CHz)rNH

85

) )
HN—CH; CH—NH
SOH (86)
OH H
R-. ¢
Il
0
SO,H

pProperties, chelating with ferric ion very readily, but no better

than any of the other analogues described thus far. However compound
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(85) proved important in that modifications to the structure led to
a series of sequestrating agents for ferric ion and plutonium(IV) that
were active 7 vivo. Addition of a carboxylic acid group in position
4 of the catechol, instead of the sulphoﬁic acid in position 5, led
to these new compounds. Both the triamine, spermidine (77), and the

tetraamine, spermine (87), were used in this study84. -

Although unremarkable the synthesis is notable for the selective
mono hydrolysis of a diester, a useful but difficult transformation to
achieve. Both coﬁpounds (90) and (91) proved efficaciocus in
removing injected plutonium from mice. The spermine derivative (91)
is in fact the most effective compound of this type to date. The
spermidine tricatecholate (90) is also a good sequestrator of
plutonium but lacks the ability to £ill all the metal's coordination
sites. However, compound (90) is also a very good chelator of iron,
and is able to remove ferric ion from saturated human transferrin at
essentially the same rate as enterobactin (49). These compounds have
shown no cbservable signs of toxicity and are the most promising

candidates yet devised for metal chelation therapy.

A series of compounds have been made from spermidine (77)
by the selective reductive alkylation of the terminal nitrogen atoms.
This was achieved by Schiff base formation with aldehydes and
ketones followed by catalytic hydrogenation. The resultant compounds
were acylated and deprotected in the usual manneras. One of these
compounds (92), has proved to be a very useful radicactive tracer in
conjunction with gallium and indium in much the same way as compound
(84)83. Sulphonation of (92) gave the derivative (93) which was

also used in tracer studies.
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An interesting variation to the ligands described above comes

)

in the shape of polymerically mounted catechol derivatives8 .
Linear tricatechoclates (94) were prepared and mounted on a random

copolymer, poly(vinyl amine-vinyl sulphonate sodium salt) (95).

The pM values for all these polymeric adducts, and for a
polymeric monocatecholcarboxamide (96) that was also prepared, showed
that they could all bind to ferric ion more tightly than the iron
protein transporter, transferrin. However none were as effective as
desferrioxamine B, the currently used clinical drug, or entercobactin
{49) . 0©Of the polymers, compound (96) possessed the highest binding

affinity. Biological testing of this polymer is now in progress.

55
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Naturally occurring linear catecholate siderophores have also
been isolated and synthesised in recent years. Tait isclated two
new compounds from Micrococcus dbnitrifican387 to which he

tentatively assigned the structures (97) and (98).
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Agrobactin (99), a siderophore from Agrobacterium tumefaciens
was discovered by Nielandsss. He also reinvestigated Tait's
compound {98) and has reassigned the structure, calling the molecule
parabactin (100)89. The two compounds vary only in the number of

hydroxy groups they contain.

Synthesis of agrobactin A (10l), the hydrolysis product of
agrobactin (99), confirmed the structure of the natural productgo.
2,3-Dibenzyloxybenzoic acid, was converted into its imidazole ester
{102} . This was then added to a solution of spermidine (77) in
triethylamine and chloreoform to give the y_liga—acylated spermidine

derivative (103). The 50% yield obtained represents a useful
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selectivity of acylation, presumably due to steric reasons, at a
primary centre over a secondary one, The bisacylated compound (103)
was coupled with N-(2,3-dibenzyloxybenzoyl)-L-threonine (104) in the
presence of N-hydroxysuccinimide. The hexabenzyl agrocbactin A

(105) was converted to agrobactin A (10l) by catalytic hydrogenation.
The material proved identical in every respect to the hydrolysis

product of agrobactin (99) itself. The crystal structure of the
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compound (99) was determined soon afterwardsgl, and confirmed the

presence of the oxazoline ring.

A completely different approach to the problem of selective
acylation of spermidine (77) to that used by Neilands °, was proposed
by.Bergerongz. Instead of finding ways of selectively acylating the
primary amine functions of spermidine (77} itself, he synthesised an
E%-blocked spermidine derivative (107)., The first step, cyanocethylation
of benzylamine with acrylonitrile, proceeded smoothly at room
temperature. The resulting N-(2-cyancethyl)benzylamine (108)
was easily alkylated with 4-chlorobutyronitrile using potassium
carbonate as base. This bis{nitrile} {109) was reduced with a
mixture of lithium aluminium hydride and aluminium chloride to give
E%-benzylspermidine {107). Acylation, followed by E?-deblocking and
catechol deprotection, gave one of Tait'sa‘7 original siderophores (97).
This latter material has been shown to be less toxic than aspirin,
and to be absorbed across intestinal walls, i.e. it is an orally
efficacious compounng. It has also been shown to be more effective
than the currently used desferrioxamine at clearing iren from

overloaded rats.

Bergeron94 has shown the flexibility of his synthetic methed
by making various polyamine catecholamides of differing chain lengths

(110) and (11ll).

A potential problem encountered in several syntheses using this

type of methodeology is to remove catechecl protecting groups on E}
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and E? without damage to sensitive groups attached to §% of spermidine
{77). This problem has been overcome by deprctection of the E} and
gé-catecholamides before the introduction of an acyl group at the

gé position. As the free hydroxyl groups c¢ould potentially complicate
fhe reaction, copper(II) ions are introduced which provide an

in situ protection. 1In this way compound (97) was reacted with
E?@—(trifluoroacetoxy)benzoyI]glycyltriflusroacetic anhydride (112)

in the presence of copper sulphate and 1,8-bis-{dimethylamino)-
naphthalene to give the triacylated compound (113) directly in 70%

yield95 ¢Scheme 8).
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This synthetic strategy has begn applied to a synthesis of
parabactin (100)96. Starting from §%-benzylspermidine {107},
acylation with 2,3-dimethoxybenzoyl chleoride, followed by catalytic
hydrogenation leads to E},g?-bis-(2,3—dimethoxybenzoyl)spermidine
6114). This compound was coupled with N-carbcobenzoxy-L-threonine via
the N-hydroxysuccinimide ester to gi%e the trisacylated preoduct (115)
in 90% crude yield. Removal of the carbobenzoxy group by catalytic
hydrogenation, followed by demethylation gave compound (116).
Condensation of compound (116) with 2-hydroxybenzimino ethyl ether({117)

in methanol led directly to the natural product (10O) (Scheme 9).

Selective acylation of the E& position of spermidine can be
performed by reacting Eﬁ-bénzylspermidine {(107) with the carbonate
(118)97. This leads to the biscarbamate (119) which can be
hydrogenated to unmask the E% site for acylation. The carbamate groups

can be removed by use of triflucroacetic acid.

o

O=

/\/Nj\/CN

t-BuO 4
Ph (118)

0O

O
t-Bu(/J\H_‘(CHZ)s'_N_(CHZJTﬂ)J\OBu-t

(119)
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A very recent publication98 has shown a further way of
selectively acylating the E} and E? positions of spermidine (77).
The active ester (120), prepared in two steps from 2,3-dihydroxy-
benzeoic acid in 75% yield,followed by treatment with spermidine (77)
gives directly the required bisacylated compound (97) in 55% yield.
This represents a significant improvement over the Neiland's methodgo,

which had to rescrt to the use of protecting groups, and their

concomitant disadvantages.

OH

OH

(120)

Natural products derived from spermine (87) have also come under
scrutiny. Kukoamine A (121), an antihypertensive constituent of
Lyetiun chinense, has been synthesisedgg. Direct acylation of spermine
{87) occurs randomly and affords a mixture of products. A method
had to be found to acylate only the primary positions of this
pelyamine {Scheme 10). Tandem protection of the two 1,3-diaminopropyl
groups occurred on treatment of compound (87) with aqueous formalin
solution leading to the crystalline bis-hexahydropyrimidine (122).
Acylation with 3,4-methylenedioxycinnamoyl chloride led to compound
(123) . Deprotection was achieved by_a Knoevenagel reaction and the

resultant caffeoylspermine derivative (124) reduced, and deprotected
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to give (+) kukocamine A (121) in an overall yield of 62%,

RHN—{CH ) —N—(CH ) —N—{CH - —NHR
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Linear diamines have also been functionalised with catechols

Sceve 10

100

A series of compounds (125) were made by heating the relevant diamine
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with potassium carbonate and the acid chloride (126). These compounds

were not found to be of any use in the treatment of iron overload.

H HO |
O\S-O
5=
OH HO O
CH o 0O Cl
N n N

(125 (126)

Synthetic and natural catecholates have attracted a good deal
of attention because of their peotential use as pharmaceuticals. a
vast range of compounds now exist that are potently capéble of
complexing ferric icon and other metals, and some of these should f£ind
their way into widespread clinical use over the next few years, for
treatment of all types of metal overload, inc¢luding both chronic and

acute iron poisoning.

The synthesis of linear catecholates, in addition to providing
more potential drugs, has developed the selective acylation chemistry
of some very important linear polyamines. It is to be hoped that
some of the chemistry described here will lead to many more

interesting polyamine containing compounds.
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CHAPTER 3

SYNTHESIS AND USES OF SOME AZAPARACYLOPHANE DERIVATIVES

3.1 Intreoduction

The hydroxylation of unactivated aromatic molecules is at
present difficult to achieve. Classical procedures are available,
such as the fusion of arenesulphonic acids, or the hydrolysis of
haloarenes with alkali hydroxide. The hydrolysis of arenediazonium
salts is also a good route to some phenollel, but all these methods
have many shortcomings. The industrial preparation of phenol, the
cumene process, is a multi-step procedure, and is commercially

viable partly because acetone is also formed during the reaction.

A number of catalytic systems have been developed to achieve

direct hydroxylation of arcmatic substrates. In 1954 Udenfriend and

co-workersJ‘O2 used ferrous ion, ascorbic acid, ethylenediaminetetracetic

acid (EDTA) and either oxygen or hydrogen peroxide, to hydroxylate a
number of aromatic compounds. A recent modification of this
system103, invelving the introduction of metallic iron to the

104,105

reaction medium, has improved the procedure. Hamilton found

that a mixture of ferric ion, catechol, and hydrogen peroxide would
hydroxylate benzene, nitrobenzene, chlorobenzene and anisole, in an
agueous medium. Fenton's reagent, a mixture of ferrcus ion and
. . 106
hydrogen peroxide, has been used for similar transformations , as
; . ; 107
have a ferrcus ion-thiosalicylic acid-oxygen system , and a

ferrous ion-2-aminothiophenol-oxygen reagentloe.
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This study was aimed at converting benzene to phenol under
mild conditions. It was decided to modify the Hamilton system104’105
by mounting the catecholic part of the catalyst onto an azaparacyclo-
phane, a type of molecule known to contain a hydrophobic cavity into
which aromatic substrates can bind, in the hope of solving some of.
_the prob%ems inherent in this catalytic procedure. The introduction

of the azaparacyclophane was expected to help in three ways. Firstly
its presence was supposed to increase the rate of the hydroxylation

by providing both a binding site and a catalytic site in close
proximity. Secondly, Hamilton's system is known to produce
polyhydroxylated species. As benzene could be expected to have a
greater affinity for the hydrophobic cavity of the catalyst than phencol,
and as it was hoped that hydroxylation would occur mainly with species
encapsulated within the cavity, a lessening of this problem was to

be anticipated. If the system was ever to constitute an efficiently
functicning catalytic process, the benzene and the oxidant would be
introuduced in a continuously flowing system. Thus any phenol formed
during the procedure would, on leaving the cavity, be rapidly

removed, leaving a very low concentration of this compcound near the
catalyst and hence leading to a further suppression of pelyhydroxylation.
Finally, the catechol itself, under the normal conditions of the
reactionlO4, was shown to become hydroxylated very quickly, leading to
a rapid loss of catalytic ability. It was hoped that the steric bulk
of the azaparacyclophane would protect the catechol to some extent

from this particular mode of decomposition, prolonging its life and
thus allowing more phenol to be formed. In the longer term it was

planned to mount the catalytic system onto a polymer support thus
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isolating each catalytic site and lessening still further this

degradative problem.

The initial aim of the project was to make the paracyclophane
catechol species (127), which, on complexation with ferric ion,

would adopt the conformation shown.

3.2 Approaches to Tetra-aza [3.3.3.3]paracyclophanes

As a first target, molecules of the type {128} were considered.
Tetra-azaparacyclophanes are normally made by high~dilution reactions
between diamines and diacid chlorideslo'la. The system under

consideration did have the additiocnal complication of containing a

particular substitution pattern. In principle the need was for an

Ff . 2 .
N R NHR'
N 1 NHR’
R? R

(129)

(128)
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unsymmetrical diamine (129} that would react at only one terminus with
an acid chloride.: If such a unit could be found then a "2+2¢
cyclisation directly into the paracyclophane system could be

considered.

The first asymmetric diamine examined was compound (133).
With this molecule it was hoped to distinguish between the two
amine moieties on the grounds of steric congestion. The 4,4Ldimethoxy—
benzhydfyl rrotecting group. has been used by ‘I‘rostlog in his
synthesis of (+) gebaculene, and may be removed by the action of
lithium aluminium hydride. Whether it was bulky enough tc force the
acid chloride (130) into reacting at the other, secondary amine,
centre remained to be seen. Scheme 12 outlines the approach to

diamine (133).

" The monohydrolysis of dimethyl terephthalate (134) proceeded
smoothly due to the insolubility of the resultant potassium salt (135)
in methanolic toluene. Treatment of the salt with hydrochloric acid
generated the acid (136) which reacted with thionyl chloride to give
the acid chloride‘(lBO)S. This sequence proceeded in excellent yield,
(90%) . Addition of the acid chloride tc a dichlorcmethane solution
of 4,4Ldimethoxybenzhydrylamine {137) and triethylamine afforded the
menoamide (138). This was converted to the bisamide (139) by
réaction with an ethanolic solution of methylamine as described
by Barrett and Simpsonllo. Conversion of the bisamide (139) to
- the diamine (133) proved rather prcblematical. Diborane reductionlll
of the bisamide (139) gave a green c¢il which clearly, from spectral

e?idence, contained the fully reduced compound (133). Unfortunately a
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large amount of boron containing residues were alsc evident, characterised
by broad high-field humps in the 'H nmr. Column chromatography on both
alumina and silica failed to significantly purify the material and
bulb to bulb distillation led to a decomposition of the product,
yvielding only bis-(4-methoxyphenyl)methane (140). Whether this
material was formed during the reaction, or during the distillation by
residual boron hydrides was unclear. However, an experiment performed
whereby cyclchexene : was added to the reaction mixture after reduction
was complete, to react with any active hydride species, again gave

a green oil that proved completely involatile. This suggested that

the high temperature of the distillation coupled with the presence of

boron hydrides had led to the earlier decomposition, Attempts to

CH.0 OCH,
(140

make the di-4-toluenesulphonic acid, or dihydrochloride salt of the

diamine {(133) failed as did the attempted benzoylation of the compound.

Having failed to make a pure sample of the diamine (139)
we turned cur attention to the synthesis of a different unsymmetrical
diamine {l141). This was available in three steps from ethyl 4-amino-
benzoate (142). A standard Sandmeyer reactionllz, in which a diazonium
salt was displaced by the cyanide anion, led to the 4~cyano compound

(143) in 47% yield. The next step, treatment of the ethyl ester (143}



with ethanolic methylamine proceeded in excellent yield to the

cyancamide (144). A lithium aluminium hydride reduction of this

material proceeded slowly, but in good yield, to the &iamine (1431).

C:H; C.H;
1.NaN02,HCl
2.CuCN
NH, CN
MeNH,,
(12) 13 \gon
HCH, O, _~NCH;
) H
LAH

NH, (4D CN (144

ScHeME 13

It was unreasonable toc expect any differencé between the two
amine reactivities on steric grounds in the case of compound (141).
However, a method of dynamic protection does exist, whereby secondary
amines can be acylated in the presence of primary ones, using an
18-crown-6 complexll3'll4. 18-Crown-6 forms complexes with alkyl-,
and arylammonium salts vig three hydrogen bonds and pole-~dipole
interactions in the 2.78 cavitylls. Secondary ammonium salts form
less stable complexes due to a reduction in hydrogen bonding. Thus

in the presence of one equivalent-of acid, and one équivalent of

18~crown-6, a primary amine will complex, and hence be protected, in

76
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preference to a secondary amine, leaving this centre free for reaction.

In order to establish this procedure as a viable one in this
case, the diamine (141) was dissolved in dichloromethane, and one
equivalent each of triflucrocacetic acid and 18-crown-6 were added.
After equilibration had occurred, one equivalent of the acid chloride
(130) was added followed by some base. This first reaction having
occurred, potassium chloride was introduced which immediately
complexed with the 18-crown-6 in preference to the ammonium salt.
Having unmasked the primary amine, this was free to react with any
further acid chlorides that might be introduced. Benzoyl chloride
was added and the expected bisamide (145) was isolated, after column
chromatography, in 42% yield. This was clearly a single compound by
l3C nmr and was shown to be the correct isomer {145) from the mass
spectrum. A blank reaction where no 18-crown-6 was used, gave a
mixture of isomers (145) and (146} by 13C nmr and by the mass spectrum,

Several minor products could be seen in both reactions and one of

these, the triflucroacetamide (l47) was isclated in a yield of 11%.

To further establish the selective nature of the reaction with
l8-crown-6, the product after the first acylation (148) was isolated.
Three monoacylations were performed in all, the first condensing
the diamine (141l) and the acid chloride (130} with neither acid, nor
crown ether added, the second with just acid present, and the third
with both acid and crown ether present. The first two reactions
produced a l:1 mixture of the two possible monoamides as judged by

lH nmr. When both acid and crown ether were introduced to the reaction
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mixture oniy one isomer (148) was observed. The differences in the

lH nmr in the two cases were distinct. In the benzylic region for the

NHCH, GH,
N CH,

1.CF,CO,H 18C6
-
2.(130),NEt,

NH,

(4D NH,
(148)

ScHEME 15
NHCH,

Iz

OCH,

(149)

mixture of isomers {(148) and (149), two peaks could be seen at

§3.75 and 3.65 ppm. When a single igomer (148) was isolated from the
crown reaction, the higher field peak had disappeared. Thus it could
be assigned as the Ar-CH,-NHMe proton peak in compound (149).

2

Similarly a peak at §2.40 ppm present in the mixture of isomers was,



absent in the pure sample (148) and could be assigned as the
N-methyl protons in the unwanted isomer (149). Infrared analysis
gave further proof that the acyiation was selective., 1In the presence
of crown ether, only one amide carbonyl stretching fregquency at

1637 cm-l could be cbserved, whereas when no l8-crown-6 was present,

both seceondary (1672 cm—l) and tertiary {1640 cm_l) amide carbonyl

peaks could be clearly seen.,

Having established to our satisfaction that acylation was
selective, the next step was to make a bisamide from which a suitable
paracyclofhanewguuldwevclue. Instead of quenching the monoacylated
compound (148) with benzoyl chloride, it was decided instead to use
the acid chloride of 2,3-dihydroxybenzoic acid acetonide (67)
prepared from catechol in three steps. Conversion of catechol to
its acetonide (151) was achieved, by adapting the methed of Slooflls,
in 45% yield. Metallation of this material with n-butyllithium in
TMEDA and hexane for six hours at Oo, followed by a carbon dioxide
quench afforded the acid acetonide (152)73. The transformation to the
acid chloride (67) requires 1.1 equivalents of thionyl chloride and

a catalytic amount of DMF which presumably formed the Vilsmeier

intermediate salt {153).

A bisacylation was performed, using firstly the acid chloride
(130), and secondly a freshly prepared sample of compound (67), to

give the desired product (154) in 43% yield.
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Reduction of the bisamide (154) proved very difficult to perform.
Treatment of a THF solution of the compound (154) with a slight excess
of diborane reduced the tertiary amide smoothly encugh but did not
appear to touch the secondary amide, Use of a larger excess of the
reducing agent and prolonged reaction times started to reduce the
secondary amide but also started to effect the methyl ester. At no
time did the reaction go to a satisfactory completion. Similar
attempts at reduction with lithium aluminium hydride to give the
fully reduced compound (157) led to a material where partial
deprotection of the agetonide group had alsc occurred. This problem

of incomplete reduction could not be satisfactorily solved and an
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alternative method was required. The question of poor yield in the

acylation reactions was also one that needed investigaticn.

Although the acylations had been shown to be selective, sewveral
by products could be isolated from the reactions. Three of these in
particular could be identified as the trifluorcacetamides (147) and
{158) and the bisamide (159). T.l.c. spots corresponding to these
seemed to reoccur in every acylation reaction attempted. Although
no individual compound was cbserved in large yield, the cumulative
effect of several of these led to serious diminutions of the overall
yield. Having identified the compounds it was possible to postulate

how they were arising and how to suppress their formation.

It was decided that the presence of the triflucrcacetamides (147)

and (158) was due to the formation of a mixed anhydride (160). This
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arose because of the enhanced nucleophilicity of the trifluorocacetate
anion in the presence of 18-crown-6. This led to some of the primary
ammonium species present in solution deprotonating and thus becoming

deprotected. The diamine {141) was able to indiscriminately attack )

the mixed anhydride leading to a series of moncamides. As plenty

of the acid chloride (130) was also present, the remaining amine

functionality on these unprotected compounds was rapidly acylated

e

-leading to all the observed by products.

on
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An attempt was made to synthesise compound (147) selectively in
the hope that this could be used to make a cyclisation precurscr
instead of the bisamide (154), the reduction of which had been difficult.
The reaction however, using trifluoroacetic anhydride as the acylating
agent, was unsuccessful, with almost egqual amounts of compounds (147),
(158), and (159) being formed in very poor yield. ‘This reaction,
although preparatively useless, did help to confirm the identity of

the by products from the previous reactions.

To improve the yield in the selective acylation, a fundamental
change had to be made to the system. It was decided at this stage
to use 4-toluenesulphonic acid as the proton source in the procedure
instead of trifluorcacetic acid. The di-4-toluenesulphonic acid salt
of N-methyl-1l,4-xylylenediamine (161) was made and the model bisamide
(145) was synthesised in the much improved yield of 63%. No other
non-polar preoducts could be seen on tilc. This improvement suggested
that the 4~toluenesulphonate anion was not a sufficiently naked
nucleophile to cause the same problem as the trifluorocacetate anion.
It should be remembered however that even if an acyl-sulphonic anhydride
species (241) was being formed, this is an acylating agent and so a
much smaller variety of compounds would result from the procedure, but
the yield and purity of the product indicated that little, if any,

deprotection of the primary amine moiety was occurring.

We now return to the problem of making a suitable cyclisation

precursor for a high—dilution reaction. The failure to reduce the
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bisamide (154) has been discussed earlier and mention has alsc been
made of an attempt to make compound (149) vig the trifluorocacetamide
{(147). A third possibility had to be considered, that of making
monoamide (148), a molecule that had been synthesised in the course of
investigating the selectivity of the acylation procedure. Its
isolation in 75% yield had been considered excellent proof for the
method. The yield was increased to 88% when the ammended reaction was
performed using the di-toluene-4-sulphonic acid salt (16l) as
described above. Although primary amines have been shown by Barrett
and Godfrey5 not to cyclise very easily, this approach was none the
less pursued at this stage, in the hope that the 242 approach to
cyclisation18 would prove more successful than the previously
attempted 1+1+1+1 cyclisationss.

The moncamide {(148) was treated with one equivalent of an adqueous
sodium hydroxide solution in methancl to give thg aminc acid (162).
This extremely insoluble material could not be fully purified and was
never fully characterised. Treatment of the impure acid with
thionyl chloride gave a material that contained the amino acid
chloride (163) as judged by infrared spectroscopy. Confirmation
of this structure came from treating this impure material with
methanol to regenerate, on basification, the moncamide (148).

Although in principle the acid chloride (163) could have been used in
a cyclisation attempt, the reaction was not performed for three reasons.
Firstly, the compound could not be cbtained in a satisfactory state of

purity. Secondly, high-dilution reactions of this type give wvery pooxr
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yields, and so have to be performed on large scales to give significant
amounts of product. It proved very difficult to make and isolate

large amounts of the amino acid (162). Thirdly, with the experience

of previous primary amine cyclisations behind us, it was decided to

spend no further time on this route,

Meanwhile, another approach to the monoamide (149) was being



CN @
1. LAH
- 2. TsOH
CN
Q
e
N
LKH,18C6
2.Mel
N
N
o o 4 b
(147) - \aq.NaHCO,
(166)
NHCH,
H

o o (19

Scueve 20

89



90

investigated as shown in Scheme 20, 1l,4-xylylenediamine (164) was
made in excellent yield from l1l,4-dicyanobenzene and converted to its
di-4~toluenesulphonic acid salt (165). Inrthe hope of mone-acylating
this primary diamine, the 18-crown-6 dynamic protection protocol was
used. The results proved disappointing and the desired trifluoro-
acetamide (166) was isolated in a yield of only 16%. -The major
problem proved to be the insolubility of all the reagents concerned.
The crown ether complex of diamine (164), for example,appeared
totally insoluble in dichloromethane, whereas in the equivalent
sitﬁation, the N-methyl diamine (141l) had been completely soluble.
The products ﬁoo proved very inscluble and hence extremely difficult
to chromatograph. It had been hoped with compound (166) to
deprotonate the secondary trifluorcacetamide moiety with potassium
hydride and l8-crown-6, following the prectedent of NordlanderllT,

and to then quench the anion with methyl icdide. This would yield
the tertiary trifluorcacetamide (147), the target of an earlier route,
which could be hydrolysed as before (Scheme 18) providing the

precursor (149) to the more desirable secondary amine cyclisation.

Even a reaction to make the bis-trifluorocacetamide (167), to
examine whether the potassium hydride deprotonation would work, ran
into serious difficulties. The insocluble nature of the product

precluded any isclation of large amounts of pure compound (167).

¥
+
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The routes employing selective acylation had unfortunately to
be abandoned. Despite the painstaking work in establishing the
selective nature of the operation and in improving the yields, and
the initial successes in obtaining useful compounds, none of the
materials made coﬁld be developed into satisfactory precursors for

a 2+2, high-dilution cyclisation.

Attention next turned to a tetra-azaparacyclophane (168)
that has already been synthesised5 in the hope of selectively

functionalising it across opposite nitrogen atoms.

The route started by the synthesis of the bisamide (169)
from 1,4-xylylenediamine {(164) and 4-methoxybenzoyl chloride (170).
The very insoluble material precipitated out of sclution and was
isolated by filtration in 77% yield. Very large amounts of this
compound could be made in one reaction.and so this proved a highly
satisfactory precursor to a high-dilution reaction. Lithium
aluminium hydride reduction of the bisamide in refluxing THF gave

the known bisamine (17].)5 in almost gquantitative yield. An unusual
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feature of this reaction are the colours cbtained during the heating.
The reaction suspension, whilst hot, is a purple red colour which on
cooling goes bright green! The presence of the 4-methoxybenzyl
moiety must be responsible fqr a charge transfer complex forming but
the exact nature of this is unclear as is the apparent temperature
dependance of the c¢olours that are produced. The use of a
4-methoxybenzyl group should be explained. Because of empirical
observations5 made, that secondary amines were required in 1+1+1+1
cyclisations reactions, a suitable protecting group had to he found
which was stable to a variety of conditions, most importantly lithium
aluminium hydride reductions. The 4—methoxybehzyl group met the
description and also proved relatively simple to remove, even in the
presence of the benzyl groupings of the paracyclophane (168)

itselfs. A recent synthesis118 of an N-benzyl protected azapara-
cyclophane gave a very poor yield during a reduction step, suggesting
that this particular group may not be compatible with the paracyclophane

system.

The diamine (171) and terephthaloyl chloride (172) were
subjected to a high-dilution reaction, in a specially designed
apparatus similar to one described by Véigtlell9 (see Appendix I for
diagram). The reaction was performed in refluxing dichlcromethane,
and the crude mixture of polyamides formed was treated with lithium

aluminium hydride to give, after repeated column chrcmatography, a

]
[

12-15% yield of the desired tetra-N-4-methoxybenzyltetra-aza[3.3.3.3]-
paracyclophane (173). Deprotection of this material was achieved in
good yield by firstly conversion to a tetra-carbamate (174) with

2,2,2-trichlorocethyl chloroformate, followed by base hydrolysiss.
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All was now ready to attempt a bridging reaction across the
paracyclophane cavity between nitrogen atoms, to give the
bisamide (176). If successful an entry existed into the series of
1,3-disubstituted tetra-azapafacyclophanes (128). The bridging
reagent chosen was isophthaloyl dichloride (175) which space-£illing
models indicated, would be just the correct size to straddle the

cavity.

The reaction between the tetraamine (168) and the diacid
chloride (175) was performed under high-dilution conditions in
dichloromethane. Triethylamine, used as base to neutralise any
hydrogen chloride formed, was introduced with the tetraamine (168).
Two products were igolated from the reaction, both_in low vield.

One of these may have been the desired bisamide (176) from mass
spectral evidence, but the compound could nect be fully characterised.
Thus once again a route into 1,3-disubstituted tetra-azal[3.3.3.3]-
paracyclophanes (128) had floundered. Hence the tet;a—aza system

was discarded, attention instead being turned toc a di-azaparacyclophane.
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3.3 Preparation of 2,20-Di-azal[3.3.3.3]paracyclophane (178)

CPK space-filling models of the di-azaparacyclophane (178)
indicated that this molecule was also capable of existing in a
conformation such that it possessed a cavity. This molecule had
the added advantage of being considerably simpler to make as it was
not necessary to discriminate between the two nitrogen atoms in any
way. The route used to make compound (178) is indicated in Scheme 23,
Isolated yields of each product are given in parentheses by each

arrow.

1,3-diphenylpropane (179) was prepared on multigram scale using
a Wolff-Kishner reduction employing a Huang-Minlon modification, as
described by Cram and Steinberglzo. The yield after distillation of
89% compares well with the literature. The diacetyl compound (180)
has also been described in the literature121 but the Friedel-Crafts
procedure used to make it involved the use of a huge excess of
aluminium chloride and acetyl chloride making the preparation of the
compoﬁnd very difficult to perform on large scale. The system was
considerably modified122 and it was found that in dichloromethane
as solvent, far smaller quantities of the agents were required. Thus
the reaction could be performed on large scale, essential at this

stage of a route, and the literature yield was in fact improved upocn.

Oxidation of the diacetyl compound (180) to the dicarboxylic
acid (181) could not be performed using the literature121 procedure
which employs potassium hypochlorite solution. It was instead found

that both an ‘iodoform type reaction using potassium iodide in sodium
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hypochlorite, or better still, scdium hypochlorite solution alone,
gave high yields of the required dicarboxylic acid {181). This
material proved quite difficult to fully purify as it contained a
good deal of sodium chloride. Thorough washing with hét water
generally gave material that was pure enough for subsequent
transformations. The corresponding diacid chloride (182) was made
in thionyl chloride at reflux, the rate of reaction increasing

dramatically if a few drops of N,N-dimethylformamide were added.

g9

Removal of the thionyl chloride followed by dissolution of the product

in dichloromethane gave, after a rapid filtration (to remove any

inorganic impurities), a pure solution of the diacid chloride, itself

one of the precursors to cyclisation.

This acid chloride (182) was very readily converted to the

bisamide (184) by addition of a dichloromethane solution of

4-methoxybenzylamine (183) and triethylamine, and the bisamide (184)

was rapidly reduced to the bisamine (185) in excellent yield. Two

“interesting features of this reduction should be noted. 'Once again

colours were produced during the reaction ranging from a purple, when

hot, to an olive green when cold. The colour instantaneously
dissipated when the reaction was quenched. This phenomenon of

coloured lithium aluminium hydride reductions seems to be a

peculiarity associated with the 4-methoxybenzyl grouping. The second

feature of note is that the reduction occurred much more quickly in

this system than in the corresponding bisamideé (1692). This may be

accounted for by the fact that the bisamide (185) is scluble in THF,

whereas compound (169) is almost completely insoluble.
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Having now made both the cyclisation precurscors in a very good
overall yield, and with considerable amounts of the compounds being
available, a 2+2 cyclisation reaction was attempted using the special
high-dilution apparatus (see appendix 1l). Dichloromethane was used
as solvent and triethylamine as the base. The reagents for this
reaction were considerably easier to handle than in the previous
approach to the tetra-aza compounds, as both were quite stable and

also exceedingly soluble in dichlecromethane.

After the cyclisation was complete, it was noted on tlc that
very little baseline material could be observed in the isclated
material. Encouraged by this, it was decided to attempt a purification
at the paracyclophane amide stage (188)., Each of the three visible
u.v. active spots were isolated by c¢olumn chromatography but lH nmr

of each fraction clearly indicated that more than one compound was

Me
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present. It would seem that the polymeric material isolated from
this reaction was also non-polar encugh to move away from the
baseline on tlc. The mass spectrum of this crude material suggested

that compound (188) was present.

Having failed to isolate the desired bisamide (188), all the
crude material was reduced with lithium aluminium hydride and after
a 40 hour reflux in THF, a white c¢rystalline material was isolated,
which consisted of baseline material and two non-polar spots. The
major product, the least polar compound, was isolated by column
chromatography in 23.5% yield, and proved to be the desired
di-azaparacyclophane (186). The cyclisation, reduction procedure
has been repeated on several occasions and yields have consistently
fallen in the range of 12 to 24%, with the upper figure especially

representing an excellent value for a cyclisation process of this type.

With the ring system in hand, the synthesis was completed by
following the methodology used in ‘deprotecting the tetra-4-methoxybenzyl-
tetra-azaparacyclophane (172). Thus treatment of ccmpound (186)
with trichloroethyl chloroformate123 gave the dicarbamate (187) in
89% yield after chromatography and removal of any residual 4-methoxy-
benzyl chloride at 25°C and 1 x lO—4 mm Hg. Hydrolysis of the
dicarbamate (187} to the target di-azaparacyclophane (178) was achieved
in 98% yield with potassium hydroxide in a two-phase solvent mixture
of 1,4-dioxan and water. It was significant that the final compound
held onto 1l,4-dioxan very tenaciously and this could only be removed
by prolonged evapcoration at very low pressure. This, it was felt,

augered very well for the concept ¢f inclusion c¢omplexation as
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1,4-dioxan is of just the right size to fit into the paracyclophane

cavity.

In order to prove that inclusion complexation was occurring with
this di-azaparacyclophane, a series of attempts were made to grow
crystals from solutions containing potential guests. Both pyrazine
and tetramethylpyrazine gave amorphous material only under neutral
conditions. When one equivalent of pyrazine and two equivalents
of 4~t;luenesulphonic acid introduced in one arm of a U-tube
centaining methancl, were allowed to diffuse into the di-azaparacyclaphane
introduced into the other arm, the resultant thin, long needles were
unsuitable for X-ray crystallography. The diamine (178) was mixed
with one equivalent of sulphuric acid in methancl, but a white,
amorphous precipitate formed which completely defied attempts at
recrystallisation. Benzene itself produced no useful material, but
when the di-azaparacyclophane (178) was allowed to crystallise
slowly from 1l,4-dioxan, two different types of crystal formed. The
first type, small needles, were of very poor quality, but the second
type, large and hexagonally shaped were considered suitable for X-ray
structure determination. Unfortunately these crystals were rather
air-sensitive and although the paracyclcophane framework was shown on
the crystal structure, no l,4-dicxan molecules c¢ould be pinpointed.
Physical parameters suggested that the hexagonally shaped crystals
contained 3 or 4 molecules of 1l,4-dicxan for every molecule of the
host. Some of these clearly had to be in intermolecular cavities
within the crystal lattice and were not strongly held. The evaporation
of these interstitial 1,4-dioxan units when exposed to the air was

responsible for the poor X-ray results. It was encouraging to note
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however that in the picture that was obtained (see Appendix II) the
di-azaparacyclophane had adopted the desired 'face' conformation with
all four benzene rings almost exactly at an angle of 90° to the

bottom of cavity. It was also notable that the N-H groups were
pointing right into the cavity suggesting that in addition to
hydrophobic interactions between the host and any possible guest, -

some hydrogen bonding was alsc occurring.

A final series of reactions led to a primary bisamine (189)
which it was thought might have been used directly in a cyclisation
to give the final paracyclophane (178) in cne step. In the event
this reaction was not attempted, as when compound (178) was made
by the more conventiconal route described above, it was such a peolar
material that separating it from polymeric meclecules formed in the
cyclisation may well have been an insurmountable problem, The
bisamine (189) did find other use later, as will be described. It
was made by reaction between a dichloromethane soluticn of the acid
chloride (182) with 0.88 ammonia solution. The insoluble primary
amide (190) formed immediately as a white precipitate. Treatment of
the crude bisamide (190) with lithium aluminium hydride in refluxing
THF for 24 hours led to the required diamine (189) in a reascnable

yield.
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3.4 Synthesis Of Scme Catechol Derjvatives

With the completion of the synthesis of the di-azaparacyclophane
(178) attention was turned to the new challenge of making a éatechol
derivative of the paracyclophane and several catechol containing model
cecmpounds, 2,3-Dihydroxybenzoic acid {(191) was prepared by heating
a mixture of 3-methoxysalicaldehyde (192) and potassium hydroxide
to 2500124. This violent procedure gives good yields of the acid
Vi@ an air oxidation and a de-O-methylation. Reaction of the acid
with refluxing thionyl chloride for five hours gave the known acid
chloride {(126). This was once described by Corey as "2,3-di-
hydroxybenzoyl chloride“69 but Raymond76 has shown the structure to
contain the cyclic sulphite unit a finding confirmed by this present’
work. Because of the cyclic sulphite group, this acid chloride
is rathexr unreactive and is not an attractive synthon unless large
excesses of a nucleophile are present. Conversion to the methyl ester
(192) is rapid, however, when methancl is used as the scolvent. The
methyl ester, although initially inscluble when treated with
methylamine in ethanol, slowly dissolved during the course of the;
reaction. The compound formed, the first of the required catechclamides

(195), was isolated in 73% yield and fully characterised as its

monchydrate.

Unfortunately, methyl 2,3-dihydroxybenzoate {124} did not
prove useful in the synthésis of the dicatechol (196). Thus when the
ester (194) and cadaverine were dissolved in dry methancl and heated
to 120° in a sealed glass tube, no product could be observed. Instead
only polymeric material could be seen. A less direct route had to

be found.
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A coupling reaction was attempted between cadaverine aﬁd
2, 3~dihydroxybenzoic acid acetonide (152) in the presence of EEDQ
(197)125, a dihydroquincline ccontaining reagent. Although scme
of the desired protected dicatechol (198) was obtained, a large
amount of a guinoline containing impurity, probably compound (199),

was also isolated.

Q. OH
2 Q01
+
CH, N OEt N f /D
0>
(152 OJ\OEt - J\OEt
197) - (199) >§)
CH
H,
HN—(CH)—NH, + o M
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Although prolonged reaction times were used to force compound
{199) to decompose to the ethoxy anhydride (200) no real success was
evident. The protected derivative (198) was finally made in good
yield by condensation of cadaverine with the acetonide of 2,3-
dihydroxybenzoyl chloride (67). Deprotecting the molecule (158)
proved impossible. The literature method73 using,.an 80% agqueocus
solution of glacial acetic acid furnished a mixture of the
monocacetonide {201) and 2,3-dihydroxybenzoic acid (191). Thus the
hydrolysis conditions were vigorous enough to cleave the amide bonds
at approximately the same rate as deprotection of the catechol. The
amide hydrolysis may be especially facile in this case due to the
intermediacy of a partially deprotected meociety (243) that was acting

as an internal nucleophile. More dilute acetic acid solutions were

H

(243) (20D

used in the hope of being rather more selective but no suitable
conditions could be found. A solution of hydrochloric acid led,

after reflux for half an hour, to only baseline materials by tlc.
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The acetonide group was causing sc many problems that its use
was abandoned., Attempts at using a diphenylsilyl protecting groupl26
led only to complex mixtures of products., Cyclic carbonate methodology
was alsc tried. 2,3-Dihydroxybenzoic acid (191) was resacted with
l,licarbonyldiimidazole (202) which gave the crude protected
imidazole ester (203). Treatment of this with cadaverine followed
by an agquecus work up procedure, led to an intractable mixture of
several compounds, one of which was the desired tetraphenol (196)
as evidenced by the mass spectrum. The route was completely

unsatisfactory as none of the intermediate compounds could be properly

purified or characterised.

CO,H

(19D

o 1&N1
o, 1 HZN—(CHZ}—NHZX_’
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Whilst work leading to the biscatechol (196) was in progress
. . . . 1¢0
the molecule was in fact synthesised in the literature from the
acid chloride {(126) and cadaverine by direct condensation. However
as this synthon in our hands had not previcusly been of any use and
because the yield of the final product was poor {(40%), work

continued to look for a better procedure.

We turned next to a more conventional protecting group, the
acetate moiety. Following a method of Bergerongz, 2,3-diacetoxy-
benzoic acid (204} was made in 91% yield from 2,3-dihydroxybenzoic
acid (191). Conversion to the acid chloride (205) was alsoc achieved
by a known routegz. The tetraacetoxy catechol (206) was cbtained by
treatment of the acid chloride (205) with cadaverine in 95% yield
and this material was deprotected with a very slight excess of sodium
methoxide in methanol in 85% yield. It was essential to carry out
the deprotection under an inert atmosphere as the intermediate

catecholate anions are very air-sensitive.

With the establishment of this synthetic method, another primary
bisamine (18%9) was treated in exactly the same way and the final
tetraphenol (207) isolated in small, but workable yield. The yield
of the final deprotection in this scheme was rather poor due to a

problem of gquinone formation that could not be fully supressed,
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Having successfully made three model compounds, the azapara-
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cyclophane (178) was derivatised. Conversion to the tetraacetate {209)

was achieved in quantitative yield. Deprotection led to the tetraphencl

{210} but this compound unfortunately cculd not be fully characterised.

Spectral data indicated however that the crude material was mainly

the desired compound (210} and so this was used as isclated in the

subsequent hydroxylation reactions.
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As it was desirable to examine the hydroxylation process with
a catalyst containing an amine rather than an amide nitrogen, to see
what effect, if any, this would have on the shape of the cavity, a

series of reductions were attempted.

The model tetraacetates (206) and (208) were subjected to
reduction with both lithium aluminium hydride and diborane, but the
desired secondary amine catechols could not be isolated, presumably
due to the formation of very tightly bound complexes with the metal

ions from the reducing agents.
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When the paracyclophane tetraacetate (209) was reacted with
diborane howewver, the tertiary amide group smoothly reduced and the
protecting acetates removed, after a twenty four hour reflux in THF,
quenching and reflux with methanol, and celumn chrematography. Thus
this key compound (211) was isolated in 57% yield and both amine and

amide paracyclophane catechols were available for further study.

Whilst this work was in progress some Japanese workerslz
reported on a study of the hydroxylation of benzene with wvariocus
substituted catechols, ferric ion and hydrogen peroxide. One of the
best catechcls they used was 4-benzylcatechol (212) and for the purpose
of comparison, it was deemed desirable to have available a sample
of this material. 3,4-Dimethoxybenzhydrylalcchol (213} was prepared
by a Grignard reaction between phenyl magnesium bromide and 3,4-
dimethoxybenzaldehyde. Hydrogenation of the alcohol using palladium
on charcoal and trifluorocacetic acid gave (3,4-dimethoxyphenyl)phenyl-
methane (214} in a 53% yield. Unfortunately the deprotection of this
material proved very difficult, The literature methodl3o which
utilises hydrogen bromide in acetic acid gave incomplete deprotection.

Trimethylsilyl iodidelza'129

was used but this failed to give any
reascnable product., The use of hydrogen iodide led to a black

tar. Other agents such as boron tribremide were not used as
4—-t-butylcatechol {215}, a commercially available compound, similar

127
to many of the catechols used by the Japanese , was consideread

a suitable agent for the required task of compariscn.
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3.5 Hydroxylation Studies

Four synthetic dicatechols, (196}, (207), (21C), and {211}, one
synthetic monocatechel (195} and two commercially awvailable compounds,
catechol (216) and 4-t-butylcatechol (215) were all used in conjunction
with ferric ion and hydrogen peroxide in an hydroxylation study of

benzene.

The first approach consisted of trying the hydroxylation in a
single-phase system, using enough methanol to achieve homogeneity
in a solution that contained both benzene and an aqueocus buffer. The

104,105

original investigation of this system by Hamilton had taken place

in a single, aqueous, phase saturated with the arcmatic substrate undexr

127.13
study. More recent Japanese work 27.131 uses two-phased systems.

The single-phased reaction, when attempted with 4-t-butylcatechol
(215) as catalyst and 10 equivalents of hydrogen peroxide, showed that
phenol was appearing as the peroxide was used up. However, actual
amounts of phencl produced were very small despite consumption of all
the oxdidant. Hamilton104 has:.demonstrated that in his system the
rate of the reaction has a first-order dependence on the hydrogen
peroxide concentration. OCuxr system however could produce no
meaningful kinetic data, as the presence of large amounts of methancl
and benzene made the potassium permanganate titration, used to
assay for hydrogen peroxide, too inaccurate to indicate anything other
than rather general trends. To deduce whether the reaction was
stopping because of destructicn of the ferric-catechol "catalyst"” or

for some other reason, a further experiment was performed. With
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conditions as before, several aligquots ©f hydrogen peroxide were
added, a new one being introduced to the reaction mixture as soon
as phenol production had stopped. As before, a first aligquot led
to the production of a small amount of phenocl. W%When a second, ten
equivalents of peroxide was added however, phenol preoduction
immediately picked up and stopped only when just about twice the
original amount of phenocl was present in soluticn. A third aliquot
indicated that phenol production was still taking place at its
original rate., Thus one could conclude that the catalyst was
remaining active even after the consumption of all the peroxide.
However, this did not explain the rapid reaction of peroxide, 99%

of which was not being used in hydroxylation.

An answer might be available in the literaturelo4 where it is
suggested that the presence of an organic solvent has an inhibiting
effect on the reaction, because it may preferentially react with the
activated catechol complex rather than the desired aromatic
substrate., The formal mechanism of the hydroxylation process will
be discussed later but a brief outline of the reaction of the

postulated iron(IV) active species with methanol is shown below.

As can be seen, no destruction of the catalyst occuxrs in this
putative scheme but a smooth production of formaldehyde from methancl
could be occurring. In the event a cursory investigation revealed no
formaldehyde, but no really sensitive methods were employed to
systematically leok for this compound, which would probably only be

present in very small amcunts.
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Rather discouraged at this stage, the two-phass system was
. . s : - . o 127 :
censidered. Using a modification of Hotta's conditions , the
iron(ilI)—catachol complex was formed in a2 benzene and water mixture.
In some cases, the dark blue complex ¢olourad the aguecus layer, in
others the benzene phasa, whilst with some of the dicatechols it was

totally insoluble.

A few rezactions ware first pericrmed to establish the best
conditicns for the reaction and initial results were promising. Again
using 4-t-butylcatechol (213) and 10 ecuivalents of hydrogsn peroxide,
9.5 ymoles of benzene were converted to phenol. Thus having started
with 10 pmoles of the catechol (213} the system could almost be
considered catalytic. 0On this occasicon about S0% of the peroxide
was unacccunted for. Again repetitive additions, indicated that the
catalyst was still active, and after five or six 2liguots, that is
fifty to sixty eguivalants of peroxide, significantly large amcunts
of phencl had been formed. When N-methyl-2,3-dihydrcxybenzamide
{193) was used as the catalyst, 30.5 Umoles of vhencl were formed
from 10 Umoles of catalyst and 600 Umoles of hydrogen peraxide.
Addition of a seventh aliquot of hydrogen peroxide led to no further
phenol production, with the catalyst apparsntly destroyed. Details
of exact amounts of phenol formed during this iterative proceduxe
may be found in tabular Zorm under the relevant experimental method,
A compariscn of our yields and the reported Japanese yieldsl27 was
instructive at this stage. It can be sean that the amount of phenol
formed by equivalent amounts of catalyst in the two studies was abcut

the same, with our vields comparing favcurably with the best
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Japanese ones. However when hydregen peroxide usage is considered,

the Japanese procedure is about ten times more efficient.

No reasons could be given to resolve this conflict, but it
woulq seem that in our system some non-destructive process was
occurring to consume the peroxide. A gualitative axperiment was
perfermed in the presence pf an oxygen slectrcde, whereby nydrogen
peroxide was added to an agueous, buffered solution of the Zerric ion-
N-methyl-2, 3-dihydroxybenzamide (195) complex. Oxygen aveclution
occurred very rapidly. Scme blank experiments wheres either the

'
catechol (195) or iron(III) were left out, led to a very much slower
disproportionation of the hvdrogen peroxide. Hitherto nockedy has
mentioned such a process in connecﬁion with the iron (IZII)—catechol
system but there is evidence in the literatu:el32 that ferric ion,
with certain ligands, can act as a catalyst for oxygen evolution from
hydrogen peroxide. One can envisage a process as shown below, occurring.
The mechanism, if corxect, shows that although the oxidation lewvel
of the iron changes several times as two moles of peroxide are
decomposed, eventually the desired ferric species is regenerated,.
However in addition to the oxygen »roduced, several very resactive
species appear in the solution at various times which can only
nelp toc destroy the catalytic activity of the system. The
dispreportionation reaction is o dependant, Qith the rate increasing

as the sclution becomes mors basic.
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Having now established a catalytic system, which despite

consuming large amounts of peroxide gave re=ascnable vields of phenol,

a systematic investigation was performed for all seven catechels to

see which was the best catalyst.

The results are shown in Table 1.

The resactions were performed in SM acetats buffer (pE 4.2) using

100 equivalents of hydrogan peroxide.

used.

10 umecle of sach catalyst was
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TARBRIE 1
L r
CATECHECL DPOSITICN OF | PHENOL DURATION OF
X NO. COMPLEX FORMED /umole |REACTION/MIN.
SOLUBLE
{215) AQUEQUS 27 go
SOLUBLE
(215) BENZENE 3s 1lc
(195) SOLUBLE 32 80
AQUEQUS
SOLUBLE
{196) AQUEQUS 59 170
(207) INSOLUBLE 54 160
2 b
(210) INSQOLUBLE 47 -
(211) INSOLUBLE 43 110

a. 200 equivalents peroxide raguired

b. As two aligquots wers racuirzd of peroxide no time
was recorded

Considering first the vields of these reactlons - the monccatachols
(215), (216), (195) all gave similaxr amounts of phenol, with the best

appearing to pe d-t-butylcatecheol (215) with 35 Umoles of product.
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The dicatechols (1%96) and (207) gave just under twice ithe amount of
phenol compared with the monocatechols, and most disapvointingly the
two paracycloohane dicatechels {(21C) and (211) gave more zhenol than
all the monocatechols but legs than the other dicatechol species.
This implied that the azaparacyclophanes wers not shielding the

attached catechols sufficiently to prevent autedegradation,

Apart from phenol, small zmounts of by products were notad
in each reacticn, these presumably being polyhydroxylated species.
The presence of the paracyclophane seemed to lead to no significant

lessening in the amounts of these ccmpounds.

Altheough no accurate rate measurements could be obtained due
to the two-phase nature cf the reaction medium, the time taken for
maximum phenol preduction was measured, .This showed that the rate
of reaction associated with the paracyclophane catechol (211) was
slightly greater than the rates shown by the other catalysts. Here
at last was some evidence that the paracyclovhane was performing
a useful function in the system, but as this species produced less
phenol than other similar dicatechols, this finding was of little

significance.

Looking at the yields for the monocatechols some surprising
s ot ety 127 . . o
contradictions with Hotta's work warzs noted. He had found that
benzene-soluble complexes, were far more efficient catalysts Zor phencl
production than water-soluble ones. He razasoned that this was due

to protection of the catechol complex in the benzene phase frem the
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attack of hydrecgen peroxide in the agquacus phase. It has tc bhe
reported that we found ne such discrimination between the two types
of ccmplex with both performing their catalytic function with almest
equal. efficiency. Again no satisfactory answer to this conflict can

be given.

The yields obtained by the dicatechols, esvecially the
paracycleophane ones, were very disappointing. Wwhen the project was
first conceived it was envisaged that the azaparacyclophane
dicatechol would be held together in a fixad, well-defined manner
by a bischelated ferric icn. A lot of work has been done66'l33’l34’l35
on the thermodynamic stability constants of simple iron(III)
catechol complexes, and frcm these it may be deduced that for scme
catechols, at least, only a monochelated complex exists below pH 6.
More recent workl36 suggests that the situation in a solution containing
iron{IIl) and catechol is rather more complicated. Redox reactions
are shown toc occur below oE 7 to give iron(II) species which ars
thought to ke bis- and tris-catecholate moieties. Thus in soluticn
at various pHE, differsnt complexes and combinations of c¢omplexes,
are beliewved to occur. However, the thermochemical data for two
isolated catechol wmoiesties cannot he directly applied to two linked
catechels as the entreopy increase cbserved on bischelaticn should
stabilise such an effect under a wider range of éonditions, and s0 in
the case of the paracyclephane an sven more complex situnation is
likely to be pravalent. If at pH 4.2 the predeminant paracyclovhane

catechol species was sxisting as a monochelate with iron, then the

whole coniormation of the molecule was likely to be in an unfavourable
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mode to allow apecific complsasxation of the benzene, Unfortunately'
the results cbtained seemed to indicate two possibilities. Firstly,
one could postulate that at pH 4.2 a kbischelate was being preduced
but the catalyst was not behaving as had been envisaged. The second
possibility was that mainly the undesirable monochelate was

being produced at the reacticn pH, with the projected increase in
antropy being insufficient to stabhilise the reguired bischelats.

This would render the moleculs unfit to perform in the recuired Cfashion.
If this second eventuallity was correct, then one could lcok at the
dicatechol system attached to the paracyclphane as being little
more than two individual catechol croups. Hence, during the reaction,
the ferric ion would bind toc one catechol moiety only, until this

was destroyed (the mcde of destruction will be discussed later), and
then move over to bind with the sparse catechol ané continue with the

hydroxylation until this toco was destroyed.

This would still not explain why the paracyclophane dicatechols
were less efficient than even the simple dicatechols (196) and (207},
both of which had given approximately twice as much phenol as the
monocatechols, as was to be expected from the picture presented above.
A plausible explanation may be found in Hamilton's study104’los where
ne found that already hydroxylatad species were more rz2active towards
further oxidation. In the system used bv us gpolyhvdroxylation did
not appear to be a real problem —ossibly due to the very dilute nature
of the reaction medium., However in the case of the paracyclophane

dicatechols, the 'spare' c¢atechol mciety attached to the garacyclophane

was held ia very clesa proximity to an active cztalytic species (centred
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on the other catechol moiety on the molaculs) and so it could be

expected that this was a candidate for rapid hydrexylation. The

effect of such a resaction would be to render the 'spare' catechcl useless
for later catalysis. The simple dicatechols {(196) and (207) were

more or less free of this problem because of the greatsr Zlexibility

that is inherent in their structures.

To examine whether a bischelated complex is capable of
hydroxylation, 4-t-butylcatachol (125) was usad at pH 6, where the
bischelate should be the predominant species in solution. No phencl
was cbtained from this reaction but it is possible that the pH
dependant hydrogen peroxide disproportionation was dominating all

other reactions in this less acidic medium.

At this point it was evident that the paracvclophane dicatechol
was not performing the desired hydroxylation at pH 4.2. Whether this
was due to a lack of bischelation, or for some other reason, was
unclear. Moving to higher oH values completely stopped the prcduction
of phenol and it was becoming increasingly cbviocus that the
paracyclophane system could never really develop into a useful catalyst.
The aim now was to optimise the conditions of the procedure, such

as i1t was, to maximise phenol production.

During the course of the hydroxylation studias at pH 4.2
some interesting and distinct trends emerged, involwved with the rate
of phenol preduction., In all cases, the formation of phenol was slcw
to start with, speeded up aftar an inducticn period, and then levelled

off as maximum phenol prcducticon was achieved.
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AMOUNT
PHENOL
IN
SOLUTION

TIME

Fleure 1

The reason for this behaviour became clear when the pH of the
solution was measured at the end of the reaction. It had fallen to
a value of 3.45 during the course of the hydroxylation. Thus the
buffer used was not capable of absorbing the acid generated during the
course of the reaction. It should be pointed ocut that the Japanese

127 o o .

workers ; Wwhose ceonditions were heing followed quite clasely, used
a2 considerably less concentrated buffer and so would have experienced

the same shortcomings.
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TABLE 2
STARTING| END " DURATICN OF PHENCL
BUFFTER USED cB oE REACTION/MIN.| FORMED/umole
SM ACETATE 4,15 3.45 110 35
(cH 4.2)
1M FORMATE 2.c0 2,60 c0 a3
{pE 2.6)

1M ACETATE,
Q.1lM FERRIC 4,25 2.95 >120 51
CHLORIDE (pH 4.25)

1M ACETATE 3.30 2.65 1e] 96
{pH 4.2)
‘\NO BUFFER 3.20 2.40 70 78
6.0% 6.0-
NO BUFFER - -
7.5 7.6

a.  reaction not complets

b. pH of acetate buffer adjusted hefore the addition of
ferric chloride

¢. reaction dene with periodic additions of scdium hydroxide
.to keep B akove 6.0
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whatever the source of the acid, its appearance turned cut to
be valuable. As the reaction medium became more acidic, the rata
determining step in the hydreoxylation procedure, the loss of hydroxide
ion from the irxon(III)~peroxide-catachol complex, became mores rapid.
Prompted by this finding, several different buifers were tried and
the results ars shown in Tahle 2. In all cases 4-t-butylcatechol
was usad as catalyst and 1CO equivalehts of hydrogen peroxide were

introducaed. aAll the buffers contained 0.1lM ferric chloride solution.

Of the buffers examined it was =sventually decided to complets
investigations into the system in a formate buffer at pH 2.6. The
reactions at this lower pH were characterised by a much more rapid
and steady reaction than at pH 4.2, and by the preduction of more
phenol. Table 3 shows the yields of phenol precduced at pE 2.6Q,

with 10 umoles of each catalyst and 100 equivalents of peroxide.

In all cases addition of further hydrogen peroxide did not
restart the reaction. Looking at the yields for this lower pH,
the dicatechols did net preduce significantly more phenol than theix
mono~ counterparts. This indicates that the 'spare' catechol moieties
were being hydroxylated more quickly. No significant improvements were
noted however, when in an attempt to utilise both catechols on the
dicatechol (196) simultanecusly, twice the normal amount of ferric
ion was added. Slightly more phenol was cbserved in this case but

not enough to make this aspect worthy of further investigation.
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TABLE 3
CATECHOL, POSITION OF |PEENCL FORMED [DURATICN OF
USED COMPLEX /umpole REACTION /MIN
SOLUBLE
(216) AQUEOUS 51 70
SOLUBLE
{213) BENZENE 93 60
SOLUBIE
(195) AQUEQUS 76 50
SOLUBLE 25
(196) AQUEOUS 87
{207) INSOLUBLE 78 40
(210) INSOLUBLE 70 ‘ 80
(211) INSOLUBLE 75 60

The yields we could now report were considerably betier than the
. 127 ay o
bast Japanese vields . The move to lower pH valusg was beneficial
for two main reasons. ~rFirstly, as already noted, the rate-determining
step of the process was speaded up. Secondly some of the
disproporticnation of the hydregen peroxide was suppressed, thus

- -

allowing the catechol-iron{III) complex a greater opportunity %o
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nydroxylate benzene, hbefore it was destroyed.

It would be instxuctive to turn to the mechanism of the whole
. . ; 105 ,
hydroxylation process. Eamilton in 1966 oroposed a mechanism
for the procedure that is still kasically sound, although one or two
details do need some revision in view of more racent findings. The
most important of these concerns the oxidation state of the initial
; : - - . . 136
iron~catechol species, which Mé&ssbauer studies have rzcently shown ;

at pH 4.5 or less, has iron in a ferrous oxidaticn level.

An omission from Hamilton's proposallos is menticn of the way
the catalytic system beccmes deactivated. This is believed to
occur by attack of the hydroxylating species on water. The resulting
ferrous-quinone moiety is oxidised to a ferric-quinone species which
is catalytically inactive and from which a useful catechol species
cannot be generated. Scheme 33 shows the most acceptable
rationalisation of the mechanism for the hydroxylation process. It
alse includes cone of the modes of catalyst destruction as discussed.
It should be noted that the attack of water onto the active iron(IV)
species also leads to the formation of the hydroxyl radical which
would be capable of destroving the catalyst. One intsresting reaction
tried, in an attempt t©o suppress attack by watsr, was toc do the
reaction in absence, as far as is oossible, of water. Thus, the
d4-t-butylcatechel complex was formed in the benzene layer and the
aguecus phase removed. Addition of hydrogen percxide solution at
this stage, »rcduced no phencl after a prolonged pericd of reaction.

Thus paradoxically, the reaction it seems has to take place in the
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agueous phase, in which, it is thought catalyst destruction occurs.

The disproportionation of hydrogen peroxide is alsc incorperatad
into Scheme 33, and this prcbably cccurs at the stage of the
catalytic cycle when the ferric ion is present, and hydroxylation

is not in progress, as shown.

To see iLf any further improvements in the hydroxylaticn cculd
occur by use of a different metal, reactions with ruthenium{III)
were attempted. These totally failed to give any phenol but from
the evident gaseous svolution, a rapid disproporticnation of peroxide

was still occurring.

Some experiments were attempted using different catalvsts to
see 1f these could be persuaded to hydroxylate benzene. Unfortunately
108

ferrous ion and oxygen in the presence of both 2-aminothiophenol

. , . -107 -
and 2-mercaptobenzoic acid gave no detectable amounts of thenol.

Thus it can be concluded that the catechol-ireon(III)-hydrogen
peroxide system can be made to convert benzene to phenol in gquite
respectable yields, but mounting two catechols onto a di-azaparacycleophane

molecule is of no discernable advantage to the process.
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3.6 rFurther Complexation Studies on the Di-aza[3.3.3.3-

paracyclophane System

After the very disapoointing hydroxylation rasults with the
di-azaparacyclophane dicatechol(2ll) it was decided to =sxamine further
the complexation properties of the di-aza[3.3.3.3]paracyclophane

system.

The di-azaparacyclophane (178}, as already discussed, had not
given a useful X-ray crystallographic picture, lH mmr studies were
not possible with this material due to its insolubility in agqueous
acid, a solvent where any significant binding would have heen apvarent.
Thus it was converted to its di-N-methylated derdvative (217), a
procedure that could be performed in two ways. The first involved the
direct methylation of the di-NE compound (178) with formaldehyde ané
formic acid leaving the required compound (217) in 68% yield after
column chrcmatography. Lithium zluminium hydride reduction of the
dicarbamate (187) also led to the di-N-methylated compound (217) but

in much poorer yield.

Compound (217) was a2 highly crystalline compound and on
recrystallisation from benzene produced needles that were stable and
suitable for an X-ray crvstallographic study. The Iinal picture provided
a major surprise. Rather than cobserwving the expected inclusion complex
between the paracyclophane (217) and benzene, no guest was observed
at all. The conformation of the azaparacycloghane (217) was such that

no cavity existed in the centre of the molecule (see appendix II).
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R-H
R )\
(178) H
HCO,H
R= Me
LAH
) ﬁ 217)
N R-C
R SN0 Nee

(187

Scheme 34

T™wo of the benzene rings in the molecule had folded in such a way as

to f£ill the intramolecular space. To examine whether this was a
phencmenon in just the solid phase, or whether this was the prevalent
conformation in soluticon as well, a lH mmr study was designed. Previous
work by'Kogall indicated that a DCl/DZO solution at oD 1.2 was a
suitable solvent Zor the study, and 2,7-dihydroxynaphthalene an

ideal guest. In addition to the di-N-methyl cempound (217}, the
tetra~N-methyl-paracyclophane (12) was also availablels’l37,
compound that is known to form inclusion complexes in both solid

phaselg and in solutionl



TABLE 4

2,7-DIHYDR~

COMPQUND QXY ~NAPHTH= REMARKS ON STATE
(217) /Eq. ATENE/Zq. QF SCLUTION

1 0 CLEAR

1 0.5 INSOLUBLE

1 1 INSOLUBLE

2,7-DIHYDR~ .

COMPOUND OXY-NAPETH- [REMARKS ON STATE
(12) /Eq. ALENE/EQ. OF SOLUTION

1 0 HAZE

1 0.5 CLEAR

Initial Concentration Guest 2.5 x lO-2M Host S5 x Lo'zm

in DCL/D,0 pD 1.2 at 35°

The di-N-methyl compound (217) was soluble enough in the

deuterated acid to obtain a reasonable spectrum.

However as sccn

137

any 2,7-dihydroxynapnhthalene was added to thie solution an insoluble

white precipitate was formed and no sensible proton spectrum could

be obtained. No polar sclvent could be found Lo solubilise this

precipitate, and no real conclusicons could be drawn Srom this rasulc.
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In contrast, the tetra-N-methyl compound (12), although not cemplately
soluble on i%s own in the aquecus acid, was completely solubilised

in the presence of the guest molecule. Morsover, a 0.2 ppm upfield
shift was noted in the positions cf the 2,7-dihydroxynaphthalene
aromatic protons. This shielding effect is comsistent with the
results of Koga'sll studies, but the magnitude of the mcovement is
considerably smaller, and unlike Xoga's findings, it is the same

for all the aromatic protons in the guest. This suggests that the
compeund (L2} binds to the naphthalene relatively weakly, and this
feature is in agreement with the X-ray crystallographic study carried
out on this moleculs with l,4—dioxan19 which showed the guest only

sitting in the entrance to the cavity, rather than being buried

deeply inside it.

However the original question, concerning the intramolecular
complexation abilities of the di-N-methyl compound (217), remained
unanswered. The fact that an insoluble complex was being formed
with the 2,7-dihydroxynaphthalene did not prowvide definitive

evidence either way for whataver process was occurring.

A piece of firm evidence has subsequently emerged. The
= . o 122
paracyclophane (178) was successfully monofunctionalised and
. , 138
linked with an azacrown ether . In order to demonstrats
bifunctional complexation ability for this new host (219), an
mmr study using phenylalanine (218) as gquest was initiated, in
. 138 .
deutaratad methancl solutuon. The results demonstrated the

expected strong complexation between the ammonium grcup on the
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guest and the crown portion of the host, but the arcmatic ring on
the phenylalanine was clearly not shielded, and hence not incorporated,
by the azaparacyclophane moiety. In a situation where complexation
should have occurred, none was cbserved. This finding dispelled
any lingering hope that a substituted di-aza (3.3.3.3Iparacyclophane
such as compouné (217) would form an intramclecular ccmplex with a
suitable guest. It also illustratsd the subtelties of this area of
chemistry, whersby the di-NH paracyclophane (l78) seemed to exist
in the right conformation for complexation as judged by its ¥-ray
structurs, whereas the di-N-substituted ccmpounds {217} and (219)
clearly did not. Ancther apparently minor change frcm the tetra-
aza-series to the di-aza compounds alsc had a profound effect on

-
complexaticon abifities.

Et\\

\\\/’”\\M/’”\\\N

J
D

(219) c)\ /

(238)



In an attempt tc make an azaparacyclorhane that was in a
more rigid conformation, and hence more receptive to intramelecular

bonding, a2 new molecule (220) was designed. Space-£f£illing models

NH rl\n-i NHR NHR
(CHZ)Z (Crzj
NH NH Rz H,C OMe

(221)

(220)

indicated that this compcund (220) had an enforced cavity, one that
would be unaltered in shape and size, whatever the conformaticn of the
molecule, The route to this attractive compound was by way of an
intermediate diamine (221), which on a high=-dilution reacticn with
oxalyl chleride should have led te the macrecvclic ring system.
Problems came in the. synthesis of compound (221). As 2,7-disubstituted
anthracenes and anthraquinones were not easily available commercially,

they had to be made.
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The route started with a Friedel-Crafts reaction between toluene
and 4-hydroxycarbonylphthalic anhydride (222}). This led to a single
iscmer, the substituted benzephenone (223) in 70% yield, with a
13C nrr demonstrating that this was indeed a single compound. It was
gratifyving to note the powerful effect the presence of the arcmatic
carboxylic acid had on the electrophilic nature of the two anhydride’

carbonyl groups, with one of these, in positicn 4 relative to the

acid, taking part exclusively in the electrophilic substitution process.

PhMe
AlCI,
COZ -

. (223)
H,S0, 100°
2h

Co?_ COZ

(Z25) (Z28)

(22

ScreME 35

Unfortunately this was the only really clean reactien of the synthetic
5 . , . o . .

scheme., Sulphuric acid dehydration at 100 of compecund (223) did take

place, but the resulting anthraguinone (224) proved very difficult to

puriZy due to the inscluble nature of the material., Attempts at
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gxidation of the methyl side chain of the c¢rude product with variocus
powerful oxidants such as potassium permanganatz and chromic acid led
to the formaticn of some of the dicarboxylic acid (225) but as this
was also very inscluble and the reactions almost impossible to
follow, these reactions were never preparitively useful. After a
considerable effort had been sexpended on this system with no useful

results, attempts to make the new paracyclophane (220) ceased.



CHAPTER 4

ASPECTS OQF THE CHEMISTRY OF AN

ITERATIVE WITTIG CONDENSATION REAGENT

The Wittig reaction has been Xnown for many years and providss
a method of converting an aldehvde or a ketone into part of a carbon-
carbon double bond. The reaction has been utilised in countless
syntheses and synthetic schemes, and has found much usage in almost
all aspects of synthetic organic chemistry. A vast range of phosphine
ylides have been developed, each one with its own particular uses,
Modification to the basic procedure such as that of Wadsworth and

Emmonsl39 nas led to the production of many phosphonate ylides as well.

We were interested in diphenylphosphincacetaldehyde (228) first

. , -eldl , ;
described in 1977 , 4s a potential reagent for performing a
sequence of iterative Wittig type reactions to build up chains of

trans double-bonds {(Scheme 36).

The work described here will focus conto the initial investigations
into the utility of this system. Diphenylphosphinoacetaldehyde.(226}
was synthesised in three steps from dighenylphosphine (227). Treatment
of cempound (227} with scdium, followed by quenching of the anion formed
with the diethylacetal of bromoacetaldehyde (228) led to a c¢is/trans
mixture cf the wvinyl ether (22%). The product cbtained however differs
from the literatureléo in that it has lost a molecule of ethanol.

The authors claim analytical datz for their compound (230) but

structural srooi for our moleculs nas also been cbtained. The keiling
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R
R—CH=PPh, + PhP~ “cHo HO, b
(226) "
1.BASE
2.(226)
3.H,0,
Y
R
[ - 9
Ph, PPh,
n
1.BASE
2.R'CHO
R
n
R ScHErE 36

points of the two ccmpounds (229) and (230) are in close %qreement.
Treatment of the isomexs (229) with concentrated hydrocchloric acid
produces the salt (231). Diphenylphosphincacetaldehyde (226) may

be generated from this compound using a dilute sodium hydrogen carbonate

. . l40 e . i A
solution. When literature conditions were used in this final step,

the potassiuvm hydroxide amploved led to extansive polymerisation of the
¥4 PLCY Folym



aldehyde, and only a very poor yield of the recuired compound was

obtained.

propy  JNE /Z/OE’C PhP  OEt
2 2. Et + \=/

N Er PhP

OEt (79a) (229b)
(228)

OEt

9
M Ph,P® @PPh, 2C!

///A\\\
Ph,P cHO  HO

EtO
(226) (23D

SCHEME 57
EtO PPh,

EtO
(220

With the required aldehyde (225) now available, a condensation
reaction was attempted. The stabilised ylide (232) was disselved in
dichloromethane and the aldehyde (226) was added. Arfter five days,
first at room temperaturs, and later at the reflux, the reacticn had

gone to completion. During the course of work up the chosphine was
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oxidised, with hyvdrcgen peroxide, to the vhosphine oxide (233} which
on isolation was shown to be contaminated with triphenylphosphine
oxide. The crude lH nmr indicated, as heoped, that only the desired
trans double-bond had been formed in the reaction, justifying the
choice of the stabilised ylide (232) as one of the zeactants. Use

of TEHF as solvent in the reaction speeded up the process considerably
and the trans selectivity was retained. Unfortunately, the newly
synthesised chosphine oxide {(233) could not be separatad from the
triphenylphosphine oxide by chromatography, on either silica or

alumina.

php O Ph,
NAoer
CHO
(23D THE (226}
2. H,0,
0

o
I Et
Ph,P

ScHEME 38

In crder to cbviate this problem of purification, it was dacided
£o make a stabilised vlide of a' cholesteryl ester (234). Thus
cholestercl (235) was condensed with chloroacetyl chloride and the

resulting ester (238) was txeatad with triphenylphosphine. However,

regardless of solvent or reaction temperature, no displacament of e
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chlorine atom could ke ocbserved. Hence cholesteryl bromoacetate
{237) was made from bromoacetyl bromide and cholesterol (235)

and reacted with triphenylphesphine in refluxing toluene for 15
hours. All toluene was then removed, and a dichloromethane soluticn
of the residual solid was treated with an agquecus solution of sodium

hydroxide to give the stabilised ylide {234) directly.

ol
— NEt; /\(O\
HO—R CI/\H/ CH,CI,  ClI R

(935) © © (Z6)

Me

Me

.Y
L i

ScHEME 59

In order to astablish that the ylide (234) did have the structure

shewn, 1t was reacted with benzaldehyde in refluxing THF to lead, aftex
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chromatography, to the cinnamate ester (238) in a 60% yield.
Condensation with diphenvlphosphinoacetaldehyde (226) in refluxing
THF gave the required phosphine o¢xide (239) pure after column
chromatography, but the yisld of 32% was rather low. The product
isclated was exclusively the trans isomer. When the reaciion was
performed in acetonitrile a slightly larger yield of the phosphirne
oxide (239) was isolated but this appeared to be a mixture of

clis and trans iscmers. All that was required now was to deprotonats
the phosvhine oxide in the ¢ position. Similar deprotonations in
the past have bsen periormed witht%butyllithiuml4l or lithium
diisopropylamide (LDA)142 and of these the latter seemed to be
meora compatible with the ester function also present in the molecule,
Treatment of the phosphine oxide {(239) with LDA at -78°  followed
by warming to 0° for half an hour, and then the rempval of any
hexane present in the solution, at reduced pressure, at —780,

gave an anion that was guenched with benzaldehyde. Chromatography
led to the all trans diene ester (240) in pcor yield. None of the
reactions described above have been cptimised in any way, and it is
anticipated that when greater amounts of the various materials
become available, significant improvements will occur to all the
isolated yields. When the ylide (234) was gquenched with trans
cinnamaldehyde the diene estar (240) was again isolated, and the

compounds from the two different reactions proved to be identical

in all respects.
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with the purification and deprotonation of the exclusive trans
phosphine oxide (239) established, the basis of a useful synthetic
method has been demonstrated., One may envisage long chains of
double bonds being built up in a s¢lely trans relationship. The
use of the cholesteryl ester ylide (234) was necessary to make
purification of the dighenylphosphine oxide (239) possibla, but
the cholesterol may, of course, by hydrolysed off at the end of any
sequence to reveal an acid functiconality, which can be elaborated

further.
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CHAPTER 5

CONCLUSICN

A di-2za{3.3.3.3 paracyclovhane catechol containing compound

{211} was made and the hydroxylation of benzene was studied using

l.—-]

it, and a series ¢f other substituted catechols. The results obtained

were disappointing with the presence of the di-azaparacyclophane
making no significant difference to the process. This, it was later
found, was due to the fact that the paracyclophane (217} &id not
incorperate molecules of benzene into its structure, as the exgected
cavity in the macrocyvcle was absent. There was also socme doubt
about the nature of the iron(III)-catacheol complex attached to the
di-azaparacyclopnane, which may have been a moncchelate at the pH

used in the hydroxylation, rather than the hoped for bischelate.

Investigations were performed in the attempt to make a
suitably disubstituted tetra-azal[3.3.3.3]paracyclophane, and although
this led to the elaboration of a methed for the dynamic orotection of

primary amines no useful molecules could be made.

The synthetic utility of diphenylphosphinoacetaldeshyde (226)
has been examined and it is hoped that the initial investigations
reported here will lead to a general synthetic method Iox the
construction of long chains of trans double bonds using Wittig

type reaction conditions.
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CHABTER 6
EXPERIMENTAL

Melting points were detaermined using a Xofler hot stage
apparatus and are uncorrected. Infrared spectra were recorded on
a Perkin Elmer 298 or 257 grating infrared spectrophotometer. NMR
spectra were rzcorded on a Varian EM 360A (50 MHZ), a Bruker WM 250
(250 MHz) or a Perkin Elmer R32 (90 MHz) spectrcmeter using
tétramethylsilane as an internal rsference. Optical rotations were
performed cn a Perkin Elmer 14l pelarimeter. Analytical thin layer

chromatograohy (tle) was performed on Merck precoated GF254 silica.

£23

Column chromatograrhy was carried out on Merck Kieselgel 60 H silica
with the eluant solvent given in parentheses. -
Solvents were purified as follows: Benzene, toluene -
redistilled, scdium dried. Chloroform, carbon tetrachloride,
dichloromethane - redistilled, dried if necessary over phasphorous
pentoxide. Diethyl ether redistilled, dried if necessary over
sodium wire, Ethyl acetate, 1,4-dioxan, petroleum ether 40-60"
fraction ~ redistilled. Tetrahydrofuran (THF) - redistilled freom
potassium/benzophencone ketyl., Ethanol, methanol - AnalaR reagents,
ried if necessary cver magnesium. N,N-Dimethylformamide -
redistilled at reduced pressure from 4& molecular sieves, Dimethoxy-
ethane (DMEY - r=distilled from 43 molecular sieves on to 4& molecular
sieves. Pyridine - redistilled from potassium hydroxide and stored
over 43 molecular sieves. Triethylamine = redistilled from seodium

wira and stored over scdium wire.
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Methylamine in ethanol refers to a 33% w/v solution. Hydrogen
nromide in glacial acetic acid r=fers to a 48% w/v solution and

hydrogen iodide in water is a 57% commercially available solution.

Seolvents were evaporated at reduced pressure using a rotary

=] ,
evaporator at or below 407 unless otherwise stated.

Microanalyses, mass spectral measurements, and X-ray
crystallegraphic determinations were carried out by the respective

laboratories at Imperial College.

The following abbrewviations are used in the assignment of
nmr spectra: s - singlet, 4 - doublet, £t - triplet, g - guartet,

o - quintat, &4 - doublet of doublets, bhr - bhroad, and m - multiplet.
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preparation of 4,4 -Dimethoxybenzhydrvlamine (137)

. : . 1 .
This material was prepared by the procedure of Trost™, in

several steps {rom 4,4’—dimethoxybenzonhenone mp 57-9° (Zit.lcg
- F

58-3°), v__ . (Nujol) 3370, 33co, 1610, 1585, 1505, 1240, 1170, 1030,

and 830 em Y;  YE amr (CBCl,) & 7.25 (4, d, J 8 Hz, aryl-H), 6.80

(48, 4, J 8 Hz, aryl-H), 5.12 (1B, s, -CENH, )}, 3.76 (6H, s, OMe),

2
and 1.72. (28, s, -¥E,); m/e 243 ('), 227, 212, 136, 109, and 33.
The amine was further characterised as its nydrochloride sglt, mp
199-203° (from agueous methanol) (Found: C, 64.47; H, 6.51;

- + 4 . . 1
N, 4.80. CLSHL7N02.SCL reguiras C, 64.38; H, 6.50; N, 5.0ls).

Preparation of Methyl Terephthalate (136)

The method used by Godfrey was employeds. Dimethyl terephthalats
(L34) (40.0 g, 0.21 mole) was heated in toluene (340 ml)} to produce
a clear solution. After this was allowed to cool slightly, a solution
of potassium hydroxide (13.64 g, 0.21 meole) in methanol‘(Zoo ml) was
added slowly over a period of fifteen min. The mixture was stirred
at the reflux for a further fifteen min whereupon it was allowed to
cool. The white precipitate formed was filtered and the powder’
cbtained was washed with a little warm toluene and methanol. The
material was dissolved in water {(3CC ml) yielding a ¢lear solution
and 2 M hydrochloric acid (300:ml) was added with vigorous stizring
and ice-cooling being maintained. The title ccmpound (136) was
isolated by filtration, washing with cold water and drying in vacuo

overnight (35.6 g, 95%), mp 221—2O(lit.l43 222%, Voax {Nuijol)

"

3300-23c0, 2650, 2550, 1720, 1690, 1420, 1280, 11CO, and 720 cm-l;
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-~

1 o
"2 nmr (CDCL /trace & -DMSO) § 8.30 (4H, s, aryl-H), and 4.0l

(32, s, —chgJ.

Preparation of 4-Methoxycarbonylbenzoyl Chloride (130)

The method described by Godfrey was employeds. Methvl
terephthalate (136) was suspended in thionyl chloride and heated
at the reflux until a clear solution was obtained. Evaporaticon of

the thionyl chloride left the desired acid chloride (130) pure

enough for use, Umax (Nujol) 1770, 1740, 1720, 1280, and €90 cm-l.

Preparation of N—(4,4’-Dimethoxybenzhydryl)~4~methoxycarbonyl-

kenzamide (138)

The monoamide (138) was prepared as described by SimpscnllO by
treatment of 4,4’-dimethoxybenzhydrylamine {137) with 4-methoxycarbonyl-
benzoyl chloride (130} in dry dichloromethane using triethylamine

as base. The material obtained (138) was identical with an authentic

110

sample, mp 199-202° (from methanol) (IZt. 203-47), Vo (CECLY

-

3440, 1720, 1560, 1610, 1480, and 910 cm ~; 'H nmr (cocly) & 8.07
(2, 4, J 8 Hz, axyl-g), 7.84 (24, 4, J 8 Hz, aryl-#), 7.22 [4€, 4,
J 8 Hz, (aryl{OMe)zjgﬂ , 6.88 [4E, 4, J 8 Hz, (aryl(OMe)z—gjj, 6.65

(18, br s -NE-)}, 6.36 (lE, &, J 6 Hz, —CHZ-), 3.95 (3, s, -CO Cga),

2
and 3.80 (ed, s, axyl-OMe).
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Preparation of N-(4,4” -Dimethoxybenzhydryl)-N-methyl-

terephthalamide (139)

The bisamide (139) was prepared by the method of SimpsonllO bv
treatment of the moncamide (138} with methylamine in ethanol. The
product isolated was identical with an authentic sample of the

o . 1o o
matarial, mp 248-9° (Il7#t. 246-87), vmax (Nujol) 3280, 1630, 1548,
1500, 1240, 1189, 1025, and 810 cm-l; lH nmr (CDClB) ¢ 6.73-7.80

(148, m, aryl-g and MH), 6.60 (15, 4, J 10 Hz, -CH-), 3.80 (8H, s,

~OMe) , and 2.95 (38, 4, J SHz,-NMe).

Attempted Preparation of N-(4,4’-Dimethoxybenzhydryl)-N’-methyl-

l,4-xvlylenediamine (L33}

Ta the bisamide (139) (0.52 g, 1.29 mmole) suspended in dry,
redistilled THF {30 ml) was added a solution of diborane in THF (1.25
M, 3 mlL , 18 hydride equivalents) whilst the reaction flask was cocled
in ice. The solution on heating bhecame clear and heating was continued
at the reflux for & h, during which time a precipitate again formed. On
cooling the reaction was quenched with acetic acid (1 M, 5 ml) and
water (15 ml). Solid sodium bicarbonate was added until the solution
became slightly basic. The THF was removed at reduced pressure and
the remaining agueous suspension was extracted with diethyl ether
(3 x 25 ml}. The organic layer was dried over scdium sulphate,
filtered and concentrated to yield a green <oloured oil which probably
contained the title compound (133) as judged from the lH nmr spectrum
in which protons had appeared at § 3.75 as expectad for the reduced

henzylic pesitions, the loss of carbonyl absorbances in the infrared
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spectrum and a parent ion at m/e 376 in the mass spectrum. Unfortunatsly
bhoren containing residues could algo be cbserved in the lH nmr and

the infrared. Attemptad purificaticn by column chromatography failed,
and attempted distillation of the oil yielded only a white crystalline
material mp 47-9° which turned out to be bis(4-pethoxyphenyl)methane

.. la4
e, mp 44-6°) . aAn attempt to make the di-4-toluens-—

(140} (
sulphonic acid salt of the impure materizl also failad, no crystalline

material becoming evident,

Attemptad Benzoylation of the Diamine (133)

The crude diamine (133) (85 mg) was dissolved in dichloromethane
(5 ml) and benzovl chloride (64.5 mg) was added £ollowed by triethyl-
amine (0.5 mi). The reaction was stirred at rocm tamperatura and
monitored by tlc (50% dichloromethane/50% petrol). The reaction was
stopped aftar 20 h and the organic soluticn was washed with water
{2 x 10 ml}, dried (sedium sulphate), filtered and evaporated to
vield the impure bis-benzoylated compeound as an oil (8% mg). The
compound could not be purifiad further as it pro#ed to be unstable

to column chrematography on alumina.

Preparation of Ethyl 4-Cyancbenzoata (143)

Ethyl 4-aminobenzoats (142} (50 g, 0.30 mole) was dissolwved in
2 M hydrochloric acid (450 ml) and the resulting soluticn cocled :o
50, some colourless crystals slowly appearing. Then a2 solution of
sodium nitrita (27 g, 0.39 mole) ia water (200 ml) was added with
vigorous stirring. The temperature of the restlting yellcw solution

-

, . _ o) ol
was maintained between O and 3. A freshly preparad agueous
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solution of copper(I) cyanidel45 from sodium cyanide (80 g) was
neated to 90° and the vellow diazonium salt was added to it, slowly.
A vigorous evoluticn of nitrogen was observed, and the tarry, strong
smelling preoduct was formed almest immediately. The reaction mixture
was allowed to cool and was extracted with diethyl ether {3 x 300 ml).
The ethereal sclution was filtered, evaporated and the residual tar
was steam-distilied. The distillate on cooling to 40 overnight
produced a pale yellow sclid which was isolated by filtration.
Recrystallisation from agusous methancl led to the title compound

(143) (25.3 g, 47%), mp 51.5 -52.5° (Zit. 112

1

520), vmax {Nujel)

2300, L1715, 870, and 770 cm-l; H nmr (CDC13) § 8.15 (2, 4, J

9 Gz, aryl-8), 7.75 (2H,d,J 9Hz, aryl-#), 4.45 (28, q, J 7 Hz, -CCHs

CB3), and 1.45 (3H, %, J 7 Hz, —OCHZCgB).

Preparation of N-Methvl-4-cyancbenzamide (144}

Ethyl 4-cyanobenzoate (143) (7.30 g, 0.05 mole) was stirred

with a 33% solution of methylamine in ethanol (20 ml, excess) for 2 h
at rceom temperaturs. A white precipitate was formed. The volatile
compenents were removed by evaporation at reduced pressure, and the
solid recrystallised from agueocus methanol to vield the title cormound
(144} as white needles (7.10 g, 91%), aop 201.-27, Umax (Nujol) 3340,
2220, 1840, 1550, 1300, 1160, 860, 765, and 620 cu '; '8 nmr (CDCL,,
trace dQ-DMSO) ¢ 8.20 (14, br s, NH), 7.92 (28, d, J 9 Bz, aryl-3H)
7.65 (28, 4, J 9 Hz, aryl-H), and 2.90 (38, d&, J 4.5 Hz, NMe}; m/e
160 (M+), 15%, 130, 129, 101, 77,and 76 (Found: <, 67.52; =, 4.93;

N, 17.45. C9H8N20 requires C, 67.49; H, 5.03; N, 17.49%).



Preparation of N-Methyl-1l,4-xylvlenediamine (141)

To a suspension of lithium aluminium hydride (4.2 g, excess)
in dry {TEF)} (50 ml) was added finely powdered N-methyl-4-cyanobenzamide
(144) (8.0 g, 30 mmole) suspended in TEF (120 ml). The mixture was
vigorously stirred and heated at the reflux under an atmosphere of
dry nitrogen for 5 days. On cooling the reaction was dquenched with
a saturated soclution of sedium sulphate, cautiously, until evolution
of nvdrcgen gas ceased. The mixturs was filtered and the residue
extracted with boiling dichlorcmethane. The extract and original
filtrate were evaporated to leave a wet, orange oil, wnich was
dissoved in dichloromethane and dried {seodium sulphate). Evaporztion
of the solvent followed by distillation gave the title compound (141)

as a colourless ligquid (5.0 g, 68%), bp 82° at 0.3 mm Hg (Zit.l46

130-1° at 0.3 mn Eq), V_ay (£ilm) 3360, 3300, 1590, and 8CO en™ s

.
“H nmr (CDClB) § 7.25 (4B, s, aryl-H), 3.80 (2E, s, —CEQNH2

(28, s, ~CH,Nfe), 2.45 (3%, s, -MMe), and 1.45 (3%, s, NE).

b, 3.70

Preparaticn of N-Methyl-l,4-xyvlvienediammonjium Di-toluene-4-

sulphonate (161)

N-methyl-1l,d-xylylenediamine {(141) (2.25 g, 15 mmcle) was
dissolved in ethancl (2 ml). To this was added a solution of
d=-toluenesulphonic acid monohydrates (5.70 g, 30 mmele), dissolved
in ethanecl. The two solutions were mixed and diethyl sther added
until a cloudiness appeared. The salt was allowed to crystallise and
filtersd at the pump, the white solid title compound (161) being
washed with diethyl ether (6.60 g, 89%), mp 199-203c {from ethanol/

diethyl etherx), vmax (Nujel) 34C0-2500, 18640, 1l6cC0, 1ceo, L1020, 820,
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- +
and 680 cm l; lH nmr (dg-DMSO) § 8.3 (5H, br s, -NH,, and —NE;),
7.05-7.50 (L2H, m, aryl-g), 4.1 (4H, br s, aryl—CgQ*N), 2.5 (3B, br s,
N—CEB),and 2.3 (6B, s, aryl—Cga) (Found: ¢, 55.63; H, 6.10; N, 3.59,

C.E. N_.2 C_H SO_ requires C, 55.84; H, 6.13; N, 5.68%).

3142 78 3

Preparation of N-(4-Methoxycarbonylbenzovl)-N-methyl-N’-benzoyl-

l,4-xyivlenediamine (145) Entry 1l

N-methyl-1,4-xylylenediamine (141) (75 mg, 0.5 mmoles) was
dissolved in dry dichloromethane (10 ml) and dry trifluorocacetic
acid (38.5 ul, 57 mg, 0.5 mmole) was added. The solution went
cloudy. Addition of dry 18-crown-6. (132 mg, 0.5 mmole) caused the
precipitate to clear, Freshly preparsd 4-methoxycarbonylbenzovl
chloride (130) (99 mg, 0.5 mmole ) was added followed by dry
triethylamine.(Slmg, 70 ul, 0.5 mmole}., The reaction was stirrad
for 0.5 h. Potassium chloride (0.372 g, 2.5 mmole) was added,
followed by txiethylamine {255 mg, 0.35 ml, 2.5 mmole) and benzovl
chloride (70 mg, 58 pl 0.5 mmole)}. After a further geriod of 0.5 h,
the reaction was terminated and the organic layer washed with water
(2 x 10 ml) and dried (sodium sulphate). Filtratiocn and evaporation
vielded an oil which contained a major and several minor ccmponents.
Column chromategraphy (8C% dichloromethane/20% sthyl acetatzs) led to
the isolation of the major product (88 mg, 42%) the tifle ccompownd
(145) a white crystalline material, mp 121-4° {(from methanol), vmax
(CHCL,) 3440, 1720, 1660, 1630, 1280, 1110, and 860 ™t s nor
(CDCL,) & 7.15-7.90 (138, m, aryl-# + N-H), 4.75 (24, s, -CH,-),
4.65 (2B, s, -CH

=50

3'3C nmr (CDClB) 3

), 3.80 (3H, s, —cha), and 2.80 (3H, br s, N—Cﬁa):

43.80 (-ccH,), 51.18 (-CH,), 52.27 (—Ngﬁ3),

3 2
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54.74 (—ggz), 126.%96, 128.37, 128.63, 129.63, 129.31, 131.25, 1l3l.6C
134.46, 136.28, 137.95, 140.54, {all aryl-C), 166.33, 167.36 (both
-N-C=0); and 170.71 (-gpjxe); m/e 295, 253, 237, 224, 223, 163 and
105 (Found: ¢, 71.95; H, 5.96; H, ©6.56. C25524N204 requires

c, 72.09; H, 5.82; N, &.73%).

Ris-acylation of N-Methyl-l,4-xvlylenediamine (141). Blank Reaction

The reaction was performed as above on double the scale starting
from N-methyl-l,4-xylylenediamine (141) (150 mg) and emploving no
18~crown-6 in the procedure. The major component, a mixturs of
gf(4-methoxycarbonylbenzoyl)jgfmethyl—gf-benzoyl-l,4—xylylenediamine
(145) and §;benzoyl—§7methyl-§f—(4—methoxycarbonylbenzoyl)1,4—
xylylanediamine (146), was isolated as a white sclid (210 mg, 51%)
after column chromatography (80% dichlorcomethane/20% ethyl acetate),
mp 138-4O°A(fram methanol) , vmax lH nnr identical with previcus
reaction abtove; 13C nmr (CDClB) ¢ 43.86 (-CgﬁB), 50.60 (-232-),

52.24 (-NCH 1y

1l isomer), 52.33 (-NCH,, other isomer), 54.77 (-CH

3’ 3 2
126.84, 126.96, 127.05, 128.4¢, 128.58, 129.81, 131.22, 131.55,
132.87, 135.84, 136.21, 137.83, 138.25, 140.46 (all arvl-C), 166.21,
166.27, 166.48 (all -N-C=0), and 170.65 (-CO ¥e); m/e 295, 279,
253, 237, 224, 223, 180, 130, and 105. A minor product was also
isolated in a pure state and was identified as N-methyl-N-trijlucro-
methyanrbonyZ-Ni(4—metkomycarbonyZbenzoyl)—l,4—xylylenediamine (147}
{45 mg, 11%) a white crystalline solid, mp 150-1° {from methanol),

Umax (CHClB) 3450, 1720, 1690, 1665, 1280, ll5C, and 910 cm_l; lH nmx

~

(CDCl3) § 8.1 (28, 4, J 9 Bz, axryl-H), 7.90 (2H, &, J 9 Ez, aryi-H),

7.35 (4B, m, aryl-H}, 6.85 (1H, bz s, -NE), 4.65 (4H, br s, -CEQ_)’
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3.95 (38, s, -OMe), and 3.00 (3E, 4, J 15 Hz -NMe); m/e 408 (M),
377, 281, 229, and 163 (Found: C, $8.73; %, 4.67; N, 6.8,
C20H19N204F3 requires C, 58.85; H, 4.70; N, 6.87%).

Factors Determining the Selectivity of Acylation - Moncacvlation

Studies on N-Methyl-l,4-xylvienediamine (141)

a No Protection

N-Methyl-l,4-xylylenediamine (1l4l) (75 mg, ©.5 mmole) was
dissolved in drv dichloromethane (15 ml) under nitrogen and freshly
prepared 4-methoxycarbonylbenzoyl chloride (130} (99 mg, 0.5 mmole)
was added, followed by triethylamine (51 mg, 70 ul, 0.5 mmole).
after 1 h,more triethylamine {255 mg, 35C ul, 2.5 mmele) was added.
The organic laver was washed with saturated potassium chloride
solution (2 x 10 ml), dried (sodium sulphate), and evaporated to
leave a yellow oil (110 ng, 67%). This was clearlwyv a SO—SO mixture
of the two possible amides from the condensation, namely N-(4-
methoxycarbonylbenzoyl) -N-methyl-l,4-xylylenediamine (148}, and
gf(4-methoxycarbonylbenzoyl)—g;methyl—l,4~xylylenediamine (149)

vmax (CHCl3) 345Q, 1725, 1672, (C=0 str sec, amide), 1640 (C=0 stxr

~

tert. amide), 1515, and lllo :m—l; lE nmr (CDClB) ¢ 7.20-8.00

(8H, m, aryl-f), 4.40-4.80 (2%, m, -CgQNR-C=O, rR=H and Me), 3.92 (3H,

s, =CO,Me), 3.85 (1E, s, —CHMH,), 3.73 (1§, s, -CH,NEMe), 2.90 (.58,

br s, -NMeCO Ar), 2.40 (1.5d, s, -MEMe), and 1.60 (1.533, br s,
-NgQ and -NHMe). Twe minor preducts possibly twifluoroacetamides

. . . . 1
could not be isclated, and could not be detectad in the "3 nmr

study.



b Addition of one Equivalent of Acid

The reaction was performed exactly as above with the exception
that ézy trifluorcacetic acid (57 mg, 38 ul, 0.5 mmole) was added
to the stirred diamine solution. The product mixture was isolated
in the same ratio as before, and identical spectral data was

cbtained.

¢ Addition of one Equivalent of Acid and one Eguivalent of

18-Crown-5. The Selective Preparation of N-(4~-Methoxycarbonvl-

benzoyl)} -N-methvl-1,4-xviylenediamine (148)

N-Methyl-l,4-xylylenediamine (141) (150 mg, 1 mmole) was
dissolved in dry dichloromethane (30 ml) "under an atmosvhere of
nitrogen and dry trifluorcacetic acid (114 mg, 77 pl, 1 mole} was
added. Dry lB~crown-6 (264 mg, lmmole) was introduced followed by
freshly prepared 4-methoxycarbonylbenzovl chloride (130) (198 mg,

1 mmole) and triethylamine (10l mg, 140 1l, 1 mmole). The reacticn was
stirred for 1 h whereupon it was quenched with triethylamine (505 mg,
700 ul, S mmole} and washed with saturated potassium chlcride soluticn
{4 x 20 ml). The dichloromethane layer was dried {sodium sulphate),
filtered and evaporated to give a yellow oll (148} which slowly
solidified on standing (245 mg, 753%), mp 114-7°, v_, (cHcly) 3200,
1725, 1637, 1355, 1102, 963, 895, and 835 cmdl; .;H nmr (CDClB)

§ 7.98 (28, 4, J 10 Hz, aryl-H), 7.45 (2, 4, J 10 Hz, aryl-H),

7.25 (4H, m, axyl-g), 4.60 (2H, m, -CH,X=0), 3.90 (38, s, -cha),

2

3.83 (2E, s, ~CE,NH,_}, 2.85 (3H, br 4, J 15 gz, —NCEB), and 1.77

272
{2H, bxr s, -NEQ); m/e 312 (M+), 31%L, 295, 163, 149, 135, 119, 118,

9L, and 77. The compound was fuxther characterised as the
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d-tolugnesulphonte acid salt, mp 228-32° (from ethanol/diethyl ether)
- . . . . . =4 . :
(Found: ¢, 61.83; H, 5.8l1; N, 5.78 C18 20N2 3 C7HBSO3 requires

C, 6l.%6; H, 5.85; N, 5.78%).

Preparaticon of 2,2-Dimethyl-l,3-benzo-[d]~dioxole (151) *18

Catechcl (216) (25 g, 0.23 mole) was heated in dry acetone
{25 ml) to 55°. Phosphorus pentoxide (40 g, 0.28 mole) was slowly
added and the reaction temperaturs reses to 900. The f£lask was
pericdically cocled in water to slow down the reaction. After addition
was complete (approximately 15 min) the crude title compound was
decanted away from the acetone condensation products and an agueous
scluticn of sodium hydroxide (3M, 20 ml) was added. This solution
was subjected to steam distillation. The aguecus distillate (500 ml)
was extracted with diethyl ether (2 x 100 ml). The ethereal layer
was dried aver sodium sulphatsa, filtered, evaporated and distilled

to furnish the title compound (151} (15.4 g, 45%, Zit.lle 26%), bp

72-3° at 15 mm Bg (2. 720 182° at 760 mm Eg), u_,. (thin fila),

3c60, 1625, 1605, 1490, 1230, 840, 820, and 740 cm-l; lH nmr (CDClB)

§ 6.70 (38, s, aryl-E), and 1.65 (68, -C=CH,) .

Pravaraticn of 2,2-Dimethyl-l,3-tenzo—-{di-dioxole-d-carhoxvylic aAcid

(152) 7

2,2-Dimethyl-l, 3-benzo-[d]-dioxcle (151) (10.0 g, 0.07 mole} was
dissolved in drv hexane {200 ml) under nitrcgen and tetramethyl-
athylenediamine (10 ml, 0.07 mole) was added. The soluticn was ccolad
fole] —780 and n-pbutyllithium in hexane (53 =l, 1.38 M, 0.077 mcle) was

- . Q . . s
slowly added. The r=action was warmed to O C and maintained at this
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temperature for & h whilst a green colour developed in the soluticon and
a precipitate appearsd. The mixture was again ceeled to -78° and a
stream of carbon dioxide gas was bubbled through the suspension - the
green colour disapoearing very rapidly. after 0.5 h the flow of gas was
stopped and a 1l0% agqueous solution of sodium hydrogen carbonats
{250 ml) was added. The agueous layer was washed with dichloromethane
{2 x 100 ml} and then acidifisd with concentrated hydrochloric acid.
The precipitataed acid was extracted with dichloromethane (2 x 100 ml),
and the organic layer dried (sodium sulphate), filtared and avaporated
0o give the white c¢rystalline title cecmpound (152) (4.5 g, 35 %),

mp 154-6° (Lit. "

740 cm—l; lH nmr (CDClB) § 9.4 (1H, br s, —cozg), 6.8-7.4 (3H, o,

156°), Vs (Nujol) 3300-2500, 1710, 840, and
aryl-H), and 1.8 (6H, s, CH,); m/e 194 M7y, 179, and 136.

Preparation of 2,2-Dimethyl-l,3-benzo-[d}-dicxole-d-carbonyl

Chloride (67)73

2,2-Dimethyl-1l, 3~-benzo-[d]-dioxole-4-carboxylic acid (152)
(75 mg, ©0.39 mmole) was dissolvad in dry dichloromethane (5 ml)
and N,N-dimethylformamide (1 drop) was added. Thionyl chloride
(51 mg, 31 pl, 0.43 mmole} was added followed by triethylamine -
(47 mg, 65 Ul, 0.43 mmole). The mixture was stirred at OO for 4 h.
The solvent was removed and the acid chloride extractad from the
orange residue with petroleum ether to yield the white crystalline
title compound (67) on evaporation (70 mg, 85%), mp 93-4° (Zit.73
90-10), Voax (CH2Cl2) 1755, 1825, 1412, 1245, 1025, 970, and
885 cu ~; “H nmr (cpcly) § 6.80-7.60 (38, m, aryl-g), and 1.45 (&H,

= —C§3J; m/= 214, 212, (both M+), 199, 187, 177, and 137.
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Prevaraticn of N-(4-Methoxycarbonylbenzogl)—V—methyl~N’—(2,2—

dimethyl-1l, 3-benzo-[d]-dioxole-4-carbonyl}-1,4-xylylenediamine (154)

N-Methyi-l,4-xylylensdiamine (141) (450 mg, 3 mmole) was
dissolved in dry dichlorcmethane (40 ml) under an atmosphere of
nitrogen and dry trifluoroacetic acid {342 mg, 231 ul, 3 mmole) was
added, fcllowed by dry l8-crown-6 (792 mg, 3 mmeole), 4-methoxycarbonyl-
benzoyl chloride (130) (594 mg, 3 mmole) and triethylamine (303 =mg,
420 YL, 3 mmole). The reaction was stirred for 1 h and more
triethylamine {(1.51 g, 2.1 ml, 15 mmole) was added followed by
2,2-dimethyl-benzo-[d]-dioxole~d-carbonyl c¢chloride (67) (637 mg,

3 mmole}. Finally potassium chloride (2.3 g, 31 mmole )} was
introduced and the mixture was stirred for a further hour. The
dichlorcmethane solution was washed with a saturated solution of
potassium chloride (3 x 50 ml} and water (2 x 50 ml}.. The organic
layer was dried (sedium sulphatsz), filtered and evaporated to

leave a brown oil which by tlc (silica,ethyl acetate 20%/
dichloromethane 80%) was shown to contain at least four products.
Column chromategraphy (same solvents) led to the isolation of three
single spot materials. The least polar product was isolated as an
oil (56 mg), that could not be fully characterised, vmax (CH2C12)
3430 (secondary amide N—Hstr), 1725 (C=Ostr, ester), 169C, l660
(sec. amide C=Ostr}, and 1630 cm-l {tert. amide C=ostr); lH nmx
(CDCl3) ¢ 6.70-7.50 (8H,m,aryl-5), 4.73 (12, s), 4.58 (3H, s),

3.0 (2, s), 2.91 (1E, s), and 1.71 (6H, s); m/e 342, 277, 249,
234, 229, 21§, 205, 177, 137, and 110. The second ccmpound by tlc,
coulé not be obtained pure but had the same rf value as N-methyl-

—gftrifluoromethylcarbonyl—g’—(4—methoxycarbonylbenzoyl%l,4-



xylylenediamine (147) isolated in a previous acylation. The third
product, the title compound (154), was cbtained as a colourless gum

(611 mg, 43%}), Umax (CH Clz) 3430, 1720, 1665, 1635, 1597, 1539,

2
1423, 1250, and 890 cm'l; la nmr (CDCl3) $ 8.12 (2H, 4, J 8 Hz, aryl-H),
6.93-7.65 (1CH, m, aryl-H + N-H), 4.5-4.8 (48, m, 2 x Ar—cgz), 3.85
(38, s, -cozgg_), 2.92 (38, br s, N-Me), and 1.72 (6H, s, —c-c::1_3);

+ +
5 4
m/e 488 (M), 295, 245, 177, and 163 (M 488.1960. CZBHZBNZOG

requires 488.1947). The fourth component, the most polar was a white
solid believed to be N,Nidimethozycarbonylbenzoyl-N-methyl-1,4¢-

xylylenediamine (159) (65 mg, 5%) np 128-31° (From agueous methanoel)

110

(ZZEL 168—90), vmax {CH Clz) 3450, 3350, 1715, 1665, 1630, 1560,

2
1520, 1110, and 900 cm ©; “H nmr (cDcl,) & 6.9-8.1 (138, m, aryl-E

+ N-H), 4.45-4.75 (48, m, 2 x -CH,N), 3.95 (6H, s, CO,Me), and
3.05-2.85 (35, m, N-Me); m/e 472 (M -2), 443, 311, 295, 281, 173, and
134 (Found: €, ©8.22; H, 5.55; N, 5.85, C27H26N206 ragquires

C, 68.34; H, 5,52; N, 5.90%).

Attempted Preparation of N-(4-Methoxycarbonylbenzyl)—N—methyl-N’—

(2,2-dimethyl-1, 3-benzo-[d] -dioxole-4-methylene . ,4-xylylenediamine (L55)

The bisamide (1545 (100 mg, 0.20 mmole) was dissolwved in dry THF
(25 ml) and cooled to O° under nitrogen. Diborane in THF (2.5 M
BHB' 0.3 mi, 0.75 mmole) was added and the mixturs heatad to reflux
for 6 h. <Cyclohexene (2 ml, a large excess) was added and the
solution was allewed to reflux overnight. On cooling acetic acid

(0.3 M, 30 ml) was added and stirred for 30 min whereupon sodium

hydrogen carbonats was used to basify the reaction mixture., The THFT
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was removed at reduced prassure and water (15 ml) was added. The
product was extracted with dichloromethane (2 x 15 ml) which was

dried (sodium sulphate}, £iltered and evagorataed to leave a brown oil
(170 mg, >100% due to boron-containing impurities) which turned out

to be the half reduced compound, with just the tertiary amide reduced,
V_ay (CE,CL)) 3420, 1720, 1660, 1610, 1390, and 1550 ca™"; e nme

(ceel ) 6 6.9-8.1 (115, m, aryl-gH), 4.30-4.80 (6H, m, 2 x CH NMe +
CgQNHC=O), 3.92 (3E, =, cozgg), 2.40 (3H, s, -NMe), 1.72 (eH, s, CC§6),
and 1.20-~2.0 (broad humps, impurity peaks); wm/e 474 {M+), 442, 394, 383,

326, 297, 282, 259, 245, 216, 192, 178, 166, 149, 135, and 107. The

compound could not be fully characterised.

Attempied Preparation of N-(4—Hydroxymethylenebenzyl)~N—methyl—N’—

12,2-dimethyl-l,3—benzo—[d]—dioxole—4—methylene}l,4-xylylenediamine {157}

The bisamide (154) {265 mg, 0.54 mmole), was dissolved in TEF
(50 m1l) and the solution was vigorously stirred under nitregen.
Lithium aluminium hydride (200 mg, 5.7 mmole) suspended in THF {30 ml)
was added to the reaction mixture which was heated at the reflux
for 24 h, during which time a viclet coloured precipitate was formed,
On cocling, the reaction was quenched with a saturated, agueous scodium
sulphate solution. The salts formed were Ziltered o£I and the
filtrate evaporated to yield a wet oil. This was dissolved in

dichloromethane, dried (sodium sulphate), filtered and ewvaporatad to

vield the impure titls compound (157) (130 mg), Vo (CH

ax 2Cl2) 3610,

3420, 1660 (C=OS secondary amide from an impurity), 1520, 1325,

1512, 1480, 1210, 1020, and 3CO cm-l; ls nmr (CDClB) § 6,61-7.27

tx

(112, m, aryl-g}, 4.82 (24, s, -CE,CH) , 3.11-3.89 (lcH, m, aryl—CgQ
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+ N-H + O0-d), 2.15 (3H, s, -MMe), and 1.63 (3H, s, -O~C—C§3 low
integration due to some decompositicn). The product could not be

purified or characterised any further.

Preparation of N—Methyl-v—triflucromethylcarbonyL—N’-(4—methoxy-

carbonylienzoyl=-l,4-xylylenediamine (147)

N-Methyl-l,4-xylylenediamine (14l) (150 mg, 1 mmocle) was
dissolved in dry dichlorcmethane under an atmeosphere of nitrogen.
Dry trifluorcacetic acid (114 wmg, 77 ul, 1 mmole} and L8-crown-6
{264 mg, 1l mmole) were added followed by trifluorcacetic anhydride
(246 mg, 141 pl, 1 mmole) and triethylamine (1Cl mg, 140 ul, 1 mmeole).
The reaction was stirred for 1 h at 0" and then warmed to room
temperaturs. More triethylamine (5C5 mg, 0.7 ml, 5 mmole} was
added followed by 4-methoxyc;rbonylbenzoyl chloride (130) (198 mg,
1 mmole). PFinally potassium chloride (744 mg, 10 mmole) was introduced.
The solution was stirred for a further hour and washed with satursted
potassium chloride solution (3 x 25 ml), dried (sodium sulphate),
filtered and evaporated to leave a material that contained three
major, and one minor product, by tle {silica,20% ethyl acetate/?O%
dichloromethane). Column chromatography in the same solvent system
lad to the isolation of each of the major products. The least
polar turned cut to be the title compound (L47) as a white, crystalline
solid (47 mg, 12%) identical with an authentic sample described earlier.
The second compound, an isomer of the first, was N-(¢-methozycarbonyl-
benzoyl)~N-methyl-N' -tri fluoromethylearbonyl~L, 4—zylyleredianine (158)
{39 mg, 10%), mp 168-71° (from methanol), vmax (CHClB) 3440, 1720,

1630, 1400, 1280, 1170, and 910 cm ~; ‘H nmr (coeL,) § 3.0 (21, 4,
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J 7 Bz, aryl-®), 7.45 (2H, 4, J 7 Hz, aryl-g), 7.3 (4H, n, aryl-gH),
4.5 (4H, m, aryl—cgg), 3.9 (3H, s, CO,Me), and 2.9 (32, br s, -NMe);
+
m/e 408 (M), 295, 215, and 163 (Found: C, 58.85%; H#, 4.6%; H, 5.83.
h = 1 . -
C20519N2°4‘3 regquires ¢, 58.85; H, 4.70; N, 6.87%). The most
polar compound turned out to be identical with an authentic sample

of §J§f-dimethoxycarbonylbenzoylﬁgfmethyl-l,4~xylylenediamine (159)

(37 mg, 8%) in all respects.

Preparation of N-(4—Methoxycarbonylbenzoyl)—N—methyl—N’—benzcyl—

1l,4-xylylenediamine (145). Entry 2

N-Methyl-1l,4-xylylenediammonium di-toluene-4-sulphonate (161)
(247 mg, 0.5 mmole) was added to dry dichloromethane (15 ml) under
a nitrogen atmoschers. riethylamine (50 mg, 70 gl: Q.5 mmole} was
added fellowed by l8~crown=-6 (132 mg, ©.5 mmole). After a clear
solution had formed,4-methoxycarbonylbenzovl ¢hloride (130} (99 ng,
0.5 mmole) was added and then more triethylamine (50 mg, 7C ul,
0.5 mmole) was introduced. The seolution was allowed to stir for 1 h
and an infrared spectrum of the reaction mixture showed formation of
a tertiary amide only vmax (CHzclz) 1638 Cm—l . Triethylamine'
(255 mg, 350 uyi, 2.5 mmole) was added followed by benzoyl chleride
{70 mg, 59 ul, 0.5 mmele) and gotassium chloride (0.37 ¢, 5 mmole).
After stirring for a further hour reaction Qas stopped by washing
the organic layer with a saturated potassium chloride scluticn {3 x 25
ml). 7The dichloromethane solution was dried (sodium sulphate), filtered
and evaporated to yield an oil, containing only cone product that moved

off the baseline by tlc (silica, 30% ethyl acetate/70% dichlorcmethane) .



The baseline material was rsmoved by column chromatograpiy (same
solvent) and the oil obtained which crystallised on standing (130 ng,
£2%) was identical in every respect with an authentic sample of

the title compound (143).

Preparation of N-({4-Methoxvcarbonylbenzoyl)~N-methyl-1,4~

xylylenediamine {(148). Entzxry 2

N-Methyl-l,4-xylylenediammonivm di-toluene-4-sulphonate (161)
(5.93 g, 12 mmole) was added to dry dichlorcomethane (150 ml) under
nitrogen. Triethylamine (1.21 g, 1.68 ml, 12 mmecle), l8-crown-©
(3.17 g, 12 mmole), 4-methoxycarbonylbenzoyl chloride (130) (2.38 g,
12 mmole) and more triethylamine (1.21 g, 1.68 ml, 12 mmole) were
added sequentially. The solution was allowed to stir for 1 h and
gquenched with triethylamine (5.0 ml). The organic layer was washed
with saturated potassium chloride solution (10 x 50 ml), dried (seodium
sulphate), filterad and evaporated to leave the title compound (148},
identical in all respects with authentic material isolated earlier

(3.28 g, 88%).

Preparation of N=-(4-Hydroxycarbonylbenzovl)-N-methyl-l,4-

xylylenediamine {162)

The amino—-ester (148) (1.4l g, 4.52 mmole} was dissolved in
methanol {70 ml) and an agueocus sodium hydroxide sclution (0.5 M,
5.1 ml, 4.52 mmole) was added. The solution was heatsd at the reflux
for 6 n until tle analysis (silica,30% dichlorcmethane/20% methanol)

had shown the disappearance of the starting ester., The reaction
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pixture was cooled and hydrochloric acid (0.1 M, 45.5 ml, 4.55 mmole)
was added. The solvent was all removed and the residue was taken up
in a minimum amcunt of 10% agqueous sodium hydrogen carbonate. A 1 M
hydrochloric acid solution was added until a small amount of a gum
appeared. This solution after standing for several days produced a
white, emorphous solid {860 mg) which was isclated by filtration.
Although this solid could not be fully characterised if almost
certainly contained some of the title compound (l&2) mp >BOOO,

Voax (Nujol) 3280, 2400-3200, 2660Q, 2540, 1680, 1625, 1575, 1535,
128¢, 1070, and B40Q cm-l; lH nmr (dG-DMSO) § 7.25-7.95 (1llH, m,
aryl-E and —Nﬁa), 4,35-4.65 (4H, m, aryl-ng), and 2.80 (3H, br s,

-NMe); m/e teco invelatile to be measured.

Preparation of N-({4~-Chlorocarhonylbenzoyl)-N-methvl-1l,4-xyvlylenedi-

ammonium Chleoride (163)

The crude amino-acid (162} (50 mg, 0.l7 mmecle) was suspended in
thionyl chloride (5 ml) and the mixture stirred at the reflux for
& h., The solution became homogeneous during the course of the reaction.
Oon ceoling, the thionyl chloride waszs removed at reduced pressure to
leave the title compound (163) as a white solid (54 mg), V., (CE,CL)
2600~3Cco, 1775, 1745, 1635, 12C0, and 860 cm-l. The identity of this

cempound was coenfirmed by conversion back to the methyl estar (see

below) .

Preparation ¢f N-{4-Methoxycarbonylbenzovl)-dN-methyl-1,4~

xvlvienediamine (148). ZEntxy 3

The amino-~acid chleoride (163) (54 mg) was dissclved in dry
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methanol (20 ml) and the mixture stirred at room tamperaturs for

20 min. The methanol was removed 7 Vacww to leave the hydrochloride
salt of the title compound (148) (45 =g)., vmax (CH2C12) 2600~30C0,
1725, 1635, and 1115 cm-l; The oil was taken up in 10% aqueous
sodium hydrogen carbonate (5 ml) ané extracted with dichlorcmethane
{2 x 5 ml). The organic layer was dried (sodium sulphate), filtered
and evaporated to leave the amino-estzr title c¢ompound (148) (35 mg),

identical with an authentic sample of the material.

Preparation of 1l,4-Xvliylenediamine (164)

1,4-Dicyanobenzene (36.0 g, 0.29 mole} in THF {4C0 ml) was
slowly added to a stirred suspension of lithium aluminium hydride
{20 g, 0.53 mole) in THF (200 ml) under nitrogen. The mixturs was
heated at the reflux for 15 h during which time the dark green
precipitate formed discharged its colour to become much more pale.
lH nmr analysis after this time showed that the reaction had gone
to completion, whereupon the mixture was cocoled in ice to OO. The
reaction was gquenched with a solution of saturated sodium sulphata
(a_pprcximately 100 ml). The soluticon was then filtered and the
filtrate evaporated to leave a wet, orange oil. This was dissolwved
in dichlorcmethane and dried over sodium sulphate. Meanwhile, ihe
salts produced from the original reaction were extracted with hot
dichleromethane and again filtered. The combined dichlorcmethane
layers were dried, filtersd and evaporated o give the title compound
{lé4) as an orange, waxy $olid (32.1 g, 82%}, mp 33-4° (Zit.l47 350),
Voax {ymjol), 3360, 3280, lsdo, ledg, 1510, 1185, 1lce3, and 710 cmﬂl:
Y8 nor (cbcl,) & 7.25 (4E, s, aryl-d), 3.8l (4H, s, aryl-Ci,}, and

1.48 (aH, s, -NE).
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Preparation of l,4-Xylylenediammonium Di-tcluene—-4—-sulphonata (165)

1l,4-Xylylenediamine (164) (5.0 g, 37 mmole) was dissolwved in
methaneol (5 ml) and a solution of 4-toluenesulphcnic acid monchydrate
{14.8 g, 74 mmole) in methancl (20 ml} was added. The vellew
crystalline salt, the title compound (165), precipitated immediately
(12.54 g, 87%), mp 296-9° (£rom water}, vmax {(Nujol) , 2400-33CO,
1640, 1600, 1240, 1150, 820, and 685 cm ©; & nmr (d-DMSO) § 8.1
{6H, br s, -V§3), 7.40 (8H, =m, axyl-8), 7.0 (48, d, J 8 Ez, aryl-g),
3.92 (4, g, J 5 Bz, a.:r:yl-C:g2

C, 55.22; H, 5.87; N, 5.82. CBHLZNZ'Z C7H8803 reguires C, 54.97;

), and 2.19 (BH, s, aryl—Cga) (Found:

H, 5.88; N, 5.83%),.

Preparation of N—(4-Methoxycarbcnylbenzoyl)-N,-trifluoromethyl-

carbonyl-l,4-xvlylenediamine {166)

l,4-Xylylenediammonium di-toluene-4-sulohonate (165) (420 mg,
1 mmole) was suspended in dichloromethane under an atmosphere of
nitrogen. Triethylamine (10l mg, 140 yl, 1 mmole} and l8-crown-6
(264 mg,'l mmole} were both added. After stirring for 30 min to
allow equilibration, 4-methoxycarbonylbenzoyl chloride (130) (198 mg,
1 mmecle) was added followed by more triethylamine (10l mg, 140 ul,
1l mmole). After 1 h the suspensicn was cocled to -78° and a third
portion of triethylamine (505 mg, 0.7 ml, 5 mmole) was introduced
followed by triflucrcacetic anhydride (210 mg, 141 pl, 1 mmole) and
votassium chloride {(C.75 g, 10 mmole). The suspensicn was allcwed
to reach rcom temperature and after a further hour was washed with
saturated potassium chloride solution (4 x 25 zl). After drying

{sodium sulphate), the organic layer was Ifiltered and evaporated
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#o leave a white solid which by tlc (silica,ethyl acetate 20%/
dichloromethane 80%) showed 2 major products. Column chromatography
(same solvents) led to the isolation of single spot material of both
major components. The first proved to be the title compound (166)
{61 mg, 16%), mp 211-214° {from methanecl), vmax (CHCl3) 3430, 1725,
1675, 1600, 1285, 1150, and 925 el s omr (CpCl,) §:6.85-7.70

(lod, m, aryl-H + N-H), 4.15 (22, 4, J 7 Hz, aryl-cgﬂ), 4,05 (2=,

a,

1<

7 5z, aryl-CH)), and 3.50 (3, s, COMe); wm/e 334 ('), 362, 297,
281, 216, 215, 163, and 135 (FPound: C, 57.66; d, 4.27; N, 7.10.
C19H17N204r3 reguires C, 57.87; H, 4.35; N, 7.10%). The more polar
major component (54 mg), a white solid,could not be characterisad

at all dvue to its insolubility and inwvolatility.

Preparation of N,N’-Bis- (trifluoromethylcarbonyl)-1,4-xylvlene-

diamine (167}

l,4-Xyvlylenediammonium di-toluene-4-sulzhonate (165) (480 mg,
1 mmole) was suspended in dichlorcmethane and triethylamine (202 mg,
280ul1, 2 mmole) was added. The solution was stirred under nitrogen
and cooled to -78° and triflucrocacetic anhydride (420 mg, 282 pl,
2 mmole) was int?oduced £followed by triethylamine 6202 my, 280‘ul,
2 mmole). A pale orange susgension apgeared, the colour discharging
as the reacticon warmed up. The reaction was left to stir for 2 h
and more triethylamine (1 ml, an excess) was added. The rs=action
mixture was diluted with dichlorcmethane (50 ml) and was washed with
a saturated potassium chloride soclution (2 x 50 ml). The crganic
layer was dried (sodium sulphate), filtered and evaporated to yield

the white crystalline title compound (167) (127 mg, 39%), mp 202-3°
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(from dichleoromethane and methanol), vmax (CHCl3) 3420, 1722, 1l80,
1010, and 910 ca *;  E amr (cocl,) 8 7.30 (48, s, aryl-H), 4.90
(28, s, -NECO), and 4.50 (48, br s, aryl-CH)); wu/e 328 (M), 216,
215, and 202 {Found: C, 43.78; H, 3.05; N, 8.37. C B N0 F

12710 272
requires &, 43.91; H, 3.21; N, 8.67%).

Preparaticn of N,N’-Di-{4-methoxvbenzoyl)-1,4-xylylenediamine (169)

d4~Methoxybenzoyl chloride (170) (80.25 g, 0.47 molzs) was
digsolved in dichloromethane (200 ml) under an atmosphers of nitrogen.
To the vigorously stirrsd mixture, <ooled to OO, was slowly added
a solution of 1,4-xylylenediamine (164) (32.1 g, 0.235 mole) and
triethylamine (150 mil, an excess) in dichloromethane (250 ml}.
During addition a white precipitate appeared. The mixture was left
for 1 h and the white solid amide filtered off. This was washed
with dichloromethane (1CQ0O ml) and hot methanol (500 ml} and dried
17 vacuo overnight to yield the title compound (169) (73.05 g, 77%),
mp 25].-2O (from trifluorcacetic acid, methanol)., vmax (Nujol) 3330,

1632, 1810, 1550, 15CcO, 1295, 1255, 1191, 1025, 983, 840, and 772 cm-l;

1 -
H nmr (C:3C02

s, aryl-#), 7.01 (48, 4, J 9 Hz, aryl-H), 4,75 (4H, s, aryl-CgQ),

H and CDCl3) § 7.73 (48, 4, J 9 Hz, aryl-H), 7.32 (4H,

and 3.90 (6H, s, -OMe}; m/e 404 (M), 268, 253, 135, and 77 (Found:
c, 71L.15; H#, 5.98; N, 6.89. C24H24\1204 requires C, 71.27; H, 3.98;

N, 6.91%).

Praparation of N,N’ -Di-(4-methoxybenzyl)-1,4-xvlvlienediamine (171)

To a vigorously stirred suspension of the bisamide (169) (l2.5 g,
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31 mmole) in dry THF (150 ml) under a nitrcgen atmosphere was added
a slurry of lithium aluminium hvdride (4.1 g, 108 mmole) in TEF
(300 ml). The susrension was heatad to reflux for 18 h during which
time it assumed a red colouration. The mixture was then ccoled and
in doing so it turned green. Saturated sodium sulpnate solution
was added cautiocusly tc the ice-cooled mixture, and the salts
formed during the quench were filtered off and extracted with hot
dichlorcmethane, The filtrate was concentrated to lsave a wet
yvellow oil which was dissolved in dichloromethane. The two
dichloromethane solutions were combined and dried (sodium sulphate).
Filtration and evaporation yielded the title compound (171) as
a yellow oil which seolidified on standing (11.28 g, 97%), mp 73-50,
1

vmax {Nujol) 3320, lel0, 1580, 1510, 1245, 1030, 820, and 730 ca ;

lH nmr (CDCl.) & 7.30 (4H, s, aryl-g8), 7.22 (48, 4, J 9 Ez, aryl-E)

3

6.85 (48, &, J 9 Hz, aryl-H), 3.80 (84, s, aryl-CH

2), 3.75 (8H, s,

aryl-OMe), and 1.66 (2H, br s, ~-NE). The spectra were identical with

. - ., 5
an authentic sample of the matarial .

Preparation of N,N’,N”, N” ,-Tetra-(4-methoxybenzyl)-2,11;20,29-

tetra—aza [ 3.3.3.3]paracyclophane (173)

The compound was prepared in a similar manner to that of Godfrey
To a rapidly stirrad solution of dichloromethane (3 L} under an
atmesphere of nitrogen in special high-dilution apparatus (see appendix
I), was added two reagent solutions simultaneously over 16 h. The
first consistad of frashly prevarad terzththalecyl chlorids (172),
{(5.40 g, 26,60 mmole) in dry dichloromethane (48 ml), and the second

of N, Ef—di-(4-methoxybenzyl)—l,4—xylylenediamine (L71) (10.0 g3, 26.60
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mmole) and triethylamine (18 ml, an excess} made up to 49 ml with
dichloromethane. A reflux was maintained to recycle the solvent
around the apparatus throughout the reaction pericd. After the
reaction was complete the solution was removed from the apparatus,
reduced in volume to approximately 500 ml and washed with dilute
hydrochloric acid (500 ml). The aguecus layver was re-—-extractad

with dichloromethane (300 ml) and the combined organic lavers wers
dried over sodium sulphate. Filtraticn and evagoraticn leit a brown
amorphcus material, the crude tetra-amide (14.4 g), vmax (Nujol)

1635 cm . This material (14.4 g) was suspended in dry TSF (200 ml),
and the soluticn was wvigcrously stirred under an atmosphere of dry
nitrogen. A suspension of lithium aluminium hydride {(2.85 g, 70 mmole)
in THEF {150 ml) was added whereupon the mixture was heatad at the
reflux for 48 h., After cooling, the reaction was quenched with
saturated scdium sulphate soluticn. Filtraticn and evaporation of the
THF solution led to a wet oil which was dissolved in dichloromethane
and dried (sodium sulphate). The salts produced during the guench
were extracted with hot dichloromethane. The combined organic layers,
were filtered and evaporated to yield a white foam (12.2 g}.
Purification was achieved after repeated chromatography (dichlorcmethane)
to leave a white crystalline material (173) {1.93 g, 15%), mp 205-8°

(1.

207-8%), v (CH.Cl.) 2920, 28cc, 15l2, 1Slo, 1370, 1040,
max 2 72

and 9CO cm-l; lH nor (CDCl3) ¢ 7.35 (168, s, aryl-H paracyclophane

ring), 7.30 (8H, 4, J 9 Hz, aryl-H), 6.87 (8@, &, J 9 Hz, aryl-g),

3.77 (122, s, aryl-OMe}), 3.51 (8H, s, N—ng—aryl-OMe), and 3.39

(18H, s, N-CH,-aryl).
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Preparation of N,N’,N”,N” -Tetra-(2,2,2-trichlorcethoxycarbonyl) -

2,11,20,29-tetra-azal[3.3.3.3] paracycloohane (174}

The ccmpound was prepared by the method of Godfreys by treatment
of the tatra-(4-methoxybenzyl)paracyclophane (173) with an excess of
2,2,2-trichlorcethyl chloroformate in refluxing carbon tekrachloride

for 18 h. The compound (l74) was isolated by chromatography as a

white foam in &68% vyield, Umax (CE Clz) 1710, 1215, and 1125 cm-l;

2
Ya omr (CoCl,) $§ 6.95 (16H, s, aryl-g§), 4.85 (8H, s, -OCH,-CC1,),

and 4.38 (le6H, s, aryl-cgq).

Preparation of 2,ll,20,29—Tetra—aza[3.3.3.3]paracyclophane {168)

The procedure of Godfreys was used. The tetra-carbamate (174)
was treated with an excess of rotassium hydroxide in a dioxan-water
mixture. The mixture was heated to reflux under nitrogen for 7 days.
The title compound (168) was isolated as a yellow crystalline compound

in 88% yield, mp 1d40-2° (Iit.°

142—30), V) (CHCl_.), 3320, lel2,
max 3
1455, and 1090 cm-l; lH nmr (CDC13) § 7.07 (leH, s, aryl-g), 3.70

{16H, s, aryl—CgQ-), and 1.60 (4H, s, NH).

Reaction of 2,11,20,29-Tetra-aza[3.3.3.3] paracvclorvhane (168)

with Isophthalovl Dichloride {175)

A solution of the tetra-azaparacyclophane (168) (165 ng,
0.35 mmole), in dichloromethane (250 ml) was added to vigorously
stirrad dichloromethane {2000 ml) containing triethylamine (35 ml)
at the same time as a solution off isophthalovl dichlorids (173)

(71 mg, 0.35 mmele) in dichlorcmethane (250 ml}. The reacticn was
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performed under an atmosphere of nitrcgen. After addition was ccmplete
{(approximately 9 h} the dichlorcmethane solution was concentrated to
a volume of about 50 ml and washed with 2 solution of saturated
sedium sulphate (2 x 30 ml). After drying (sodium sulphate), the
organic layer was filtered and evaporated. The residue (256 mg) was
chreomatographed (alumina, dichloromethane) and both non-polar
products were isclated. The first less-polar fraction was a white
compound (42 mg), mp >3C0°, v__ (CE,CL,) 3440, 1625, 1400, 1095,
and 1020 cm"l; la nmr (CDClB) ¢ 6.7-7.6 (m, aryl-d), 4.2-4.5 (m,
aryl—cge), and 3.4-3.7% (m, aryl-CEQ), ratio aromatic:benzylic vroteons
4:3; m/e 251, 231, and 132. The compound could not be positively
identified. The more polar ccompeonent was also a white, amorpious
solid after recrystallisation from chloroform, petroleum ether, and
may have been the desired 2-20 bridged bis-amide (178) (61 mg), mp
>300°, v {CH.C1l.,) 3440, 1625, 1400, 1325, and 895 cm'l; lH nmr

max 2772
(coel.) 8 6.9-7.5 (24H, m, aryl-H), 5.5-6.6 (1lOH, m, aryl-g), and .

3

3.5-4.3 (168, m, aryl-CH,); m/e 606 (M'), 474, 251, 231, and 132.

2

This compound however could not be fully characterised.

Preparaticn of 1,3-Diphenylpropane (179)

1, 3~Diphenylpropane was prepared by a WolIf-XKishner reduction
amploying a Huang-Minlon modification on 1l,3-diphenylacetone as

described by Cram and Steinberglzo. The compcund was obtained in

89% yield,bp 163° at 25 mm Hg (Zit.lZOLGSO at 25 mm Hq), Voax (thin
£ilm) 3080, 3060, 3020, 2930, 28S0, 16CZ2, 1493, 1451, 1081, 1027,
740, and 700 cm—l; lH nmr (CDClB) § 7.2 (l0H, br s, aryl-d), 2.60

{48, ¢, J 8 Hz, aryl-Cgo), and 1.85 (2H, », J 8 EHz, —CHZ—C§O—C32).



preparation of Di-l,3-{4-methylcarbenylrhenyl)prcpane (180)

A solution of 1,3~diphenylpropane {(179) (37.0 g, 0.19 mocle)
and acetyl chloride (75 g, 68 ml, ©.56 mole) in dichloromethane
{100 ml) was added dropwise over 1 h to a wvigorously stirred
suspension of aluminium chloride (126 g, 0.88 mole) in dichloromethane
{100 ml) cooled in an ice-salt bath. An atmosphere of dry nitrogen
was maintained in the reaction wvessel. After addition was complete
the mixture was heated at the reflux for 2 h whereupen the volatile
materials were allowed ko distill off leaving a brown, tarry sludge.
Aftar cooling, the mixture was carefully introduced into a stirred
mixture of concentrated hydrochloric acid (250 ml) and ice (500 g).
The resulting brown tar was f£iltered off, washed copiously with water
and dissolved in hot methanol (3CO ml). Treatment with activatad
charcoal followed by filtration through celite and evaporation left

the title ceompound (l80) as a yellow solid (46.02 g, 88%), mp

o 121

83-6" (lzt. 84—60), vmax (Nujol) 1568, 1598, 1561, 1405, 1262,

1176, 953, and 832 em™; 'E nmr (€oCl.) S 7.90 (4H, &, J 7 Hz,

aryl-fg), 7.27 (48, 4., J 7 Hz, axyl-g), 2.57-2.79 (lOH, m, azf:yl.—cg_2

+
and COMe), and 2.0l (2H, p, J 6 Hz, CH -Cg_-CHz); m/e 280 (M ),

2 2
265, 147, 133, and 43.

Preparation of Di-1,3-(4d-hvdroxycarbeonylphenyl)propane (181)

The diacetyl compound (180} (9.5 g, 34 mmole) was suspended in
methanol (400 ml) and stirred. An agqueous sodium hypochlorite sclution
(l0-14%, 400 ml, 500-700 mmole) was added and the mixture was heated

. ; . =90 =2 \ =
so that the temperature ra2mained between 65 and 75 for 4 h. After



ccoling, acetone (100 ml) was added to quench excess hypochlerite and
any residual undissolved solid was removed by filtraticn., The
agueous solution was acidified cautiously with cencentrated hydwrochloric
acid {until acid to congo red indicator paper). The precipitated
s0lid was either filtered or centrifugated away frcm the soluticn

and the white solid was washed thoroughly with hot water to remove
almost all the precipitated scdium chleride. Thorcugh drving

in vacuo produced the title compound (18l) pure encugh feor subsequent
use (7.63 g, 79%), Voax (Nujol) 24Cc-33C0O, 1685, 1612, 1573, 1428,
1320, 1290, 1180, 1020, 950, and 765 cm °; 'H nmr (coel, > pmso)

6 7.90 (44, &, J 7 Hz, aryl-H), 7.31 (48, 4, J 7 Hz, aryl-H), 2.87

(48, t, J 6 Hz, aryl-CH)), and 1.92 (2H, p, J 6 Hz, —CH,-CH,-CH,);

2 2

n/e 285 (M° + 1), 268, 149, and 136.

Preparation of Di-1,3-(4-chlorocarbonylzhenyl)propane {182)

The diacid (181) (6.50 g, 23 mmole) was suspended in thicnyl
chloride (100 ml) and heated to reflux. N,N-dimethylformamide (2
drops) was added and heating continved for 2 h in which time an almost
clear solution was obtained. The thionyl chloride was removed at
reduced pressure and dry dichlecromethane {50 ml) was added. Rapid
filtration of the dichloromethane solution removed the small amounts
of insoluble material. Evaporation led to the title ccmpound (182)
as a2 white solid (6.88 g, 94%}, Um « (CHZClz) 294¢, 2850, 1772, 1735,

1602, 1410, 1230, 1170, and 878 cm T, The compound was further

characterised by the subsequent chemical transformations.
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Preparation of Di-1l,3-{4-(4-methoxvbenzyvlamino)-carbenylphenyl]=

propane (184)

The acid chloride (182) (33.21 g, 0.103 mele) was dissolved in
dry dichloromethane (500 al) under an atmesphere of dry nitrogen. The
reaction was ccoled in an ice—bath whilst a solution of 4-methoxybenzyl-
amine (28.33 g, 27 ml, 0.206 mole) and triethylamine (29 g, 40 ml,
0.287 mole) in dichloromethane (2C0O ml) was added. The reaction was
allowed to stir overnight during which time a light gr=zen coloured
precipitate was noted. Dilution of the reacticn mixture with more
dichloromethane (500 ml)} led to the dissolution of the precipitats.
The organic layer was sequentially washed with 10% agueous sodium
hydrogen carbonate solution (4CC ml), 2 M hydrochloric acid (400 ml)
and saturated agueous sodium sulphate solution (2 x 40C ml}). Drying
(sodium s;lphate) followed by filtration and evaporation led to the
slightly brown coloured title compound (184) (50.49 g, 93%), mp
158-9o {from methanol), Umax {CH2C12) 3450, 2930, 1le58, 1lel2, 1512,
1492, 1410, 1175, 1035, and 830 cm ~; '8 nmr (eDCl,) § 7.66 (4H,

d, J 9 Hz, aryl-g), 7.18 (8H, t, J 8 Hz, aryl-H}, 6.83 (4E, d, J
9 Hz, aryl-#), 6.50 (2, t, J 5 Bz, -NH), 4.52 (4, 4, J 5 Hz,

aryl-CH,-NH}, 3.74 (6E, s, aryl-OMe), 2.62 (4H, t, J 7 Hz, aryl-CH

2 =

CH,), and 1,89 (28, p, J 7 9z, CH,-CE,~CH,); =n/e 522 (M), 487, 459,

431, 266, 251, 223, and 136 (Found: C, 75.59; H, 6.54; N, 5.39.

i 75.48; I .56; N . .
C33H34N204 requires C, 75.48 H, 6.56 N, 5.363)
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Preparation of Di-l,3-[4~(4—methoxybenzylamino)-methylenephenyﬁ]-

propane {185)

To a stirred suspensicn of lithium aluminium hydride (5.0 g,
0.13 mole) in tetrahydrofuran (200 ml) under an atmosphere of
nitrogen was added a solution of the bisamide (1284} (6.92 g, 13.2
mmole} in tetrahydrofuran {150 ml}. The resulting mixture was
heated at the reflux producing a purple colour which £faded to a
light green as the reaction proceeded. After 16 h the reacticn was
allowed to coel in an ice-bath and a saturatsd acuecus solution of
sodium sulphate (100 ml) was added. Filtration followed by evaporation
gave a wet yellow oil that was dissolved in dichlorcmethane.
Meanwhile the salts preduced during the quench were extracted with
hot dichlorcomethane. The twe organic solutions were combined and
dried (sodium sulphate), filtered and evaporated to give a yellow oil

{6.45 g, 99%), the title compound (185), vmax (CHZCLZ) 3440, 2900,

1620, 1410, 1170, 1050, and 880 cm *; '8 nmr (coCLy) 6 6.81-7.29
(162, m, aryl-H), 3.78 (l4H, br s, aryl—CgQN + aryl-OMe), 2.62 (4H,‘
t, J 8 Hz, aryl—CEQ-C), 1.86 (2€, br s, CHZ-CEQ-CHZ)' and 1.8l (24,

s, N-H); m/e 494 (M+), 388, 371, 357, 137, and 121. The compound
was Further characterised as its diiydrochloride salt, mp 242-3°

N.O

= =3 5 . Q - -
{from water) (Found: C, €9.98; H, 7.08; N, 4.75. C33538 205-

28Cl reguires C, 69.83; H, 7.10; N, 4.94%).

Preparation of Di-l,3-(4-aminocarbonylphenyl)propane (180)

To a solution of diacid chleride (182) (323 mg, 1 mmole} in

dichloromethane {10 ml) was added 0.88 armonia solution (5 z:l) with



vigorous stirring. 2 white solid formed immediately and this was
£ilterasd and washed thofoughly with both dichlorcmethane and water.
Drying <n vacuo left the titls compound (19C) as a white amorphous
powder (205 mg, 72%), omp 241—20 (from trifiuorcacetic acid and .
methanol) , vmax (Nujol) 3400, 3160, 1le55, 1620, 1570, 1411, and

1

720 cm ~: lH nmr (CDCl3 : dG-DMSO) d 7.75 (48, &, J 9 Hz, aryl-H),

7.20 (4Hr dr i 9 HZ, a_"yl-g_) r 2-65 (4H; t; E 7 EZ, aryl'cg-z), and

1.90 (28, p, J 8 Hz, —CH,—CH

J ,~CHE,<CH,); m/e 282 (M), 267, 148, and 134.

2
Although pure by all spectral criteria the compound could not be

obtained microanalytically pure possibly due to the presence of scne

inorganic impurities.

Preparation of Di-1l,3-~(4-amincethylenephenyl)propane (189)

The ¢rude bisamide {(190) (150 mg, C©.53 mmole) was suspended in
TEF (50 ml) and to this wvigorously stirred slurry was added a suspension
of lithium aluminium hydride (250 mg, 6.6 mmole) in THF {100 ml).
The mixture was heated at the reflux under nitrogen for 24 h after
which it was c¢ooled and quenched with saturated sedium sulphate
sélution {10 ml). Filtration and evapﬁration left a moist oil which
was dissolved in dichloromethane (50 ml) and dried (sodium sulphate).
Further filtration and evaporation yielded the title compound (189)
as a brown oil (96 mg, 71%)., vmax {thin £ilm) 3340, 3290, 1640, 1608,
1510, 1415, 1382, 1030, and 8C0 cm_l; lH nmr (CDCl3) § 7.15 (8H, m,
aryl-H), 3.80 (4H, s, aryl-CH,-N), 2.61 (4H, t, J 8 Hz, aryl—CgQ—C),

2

and 1.72 (68, m, -CH,~H,-CH, + ME); =/e 237 (M -NE), 149, 136,

2 2 2

and 132. The compound was further characterised by conversion to the
. . . PR Q - N
di~toluene-d-sulphonic acid salt mp 198-205 (from methanol and

diethyl ether) (Found: €, 62.13; H, 6.42; H, 4.39. C17322N2.

2C738503 requires C, 62.18; B, 5.40; N, 4.68%).
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Preparation of N,N’ -Di-(4-methoxybenzyl) -2,20-di-azai3.3.3.3—

paracyclophane (186)

To vigorously sitirred dichlorcmethane (2.5 1) in a special
high-dilution apparatus (see appendix I) was added over 48 h two
soluticns simultaneously. The first consisted of the diacid chloride
(182) (1l.4 g, 36 mmole) dissolved in dichloromethane (150 ml}) and
the second, the diamine (185) (17.75 g, 36 mmole) in triethylamine
{15.25 g, 21 ml, an excess) in dichloromethane (129 ml). After
additicn was complets the dichloromethane solution was concentrated
to about 200 ml and washed with 2 M hydrochloric acid (800 ml). The
aqueous layer was rg-extracted with dichloromethane (500 ml}, and
combined organic lavers were dried (sodium sulphate}, filtered and
evaporated-to vield a brown foam (25 g}, vmax (C32C12) 1623 cm-l
clearly a complex mixture of polyamides. The crude mixture (25 g)
was dissolved in THF (500 ml) and added to a vigorously stirred
suspension of lithium aluminium hydride (14 g) in THF (3QOml).

The mixture was heated at the reflux for 40 h under an inert
atmosphere and cooled. The reaction mixture was gquenched with
saturated sodium sulphate solution, filtered and evaporated to leave
a wat oil.. This was dissolved in dichloromethane and combined with
hot dichlorcomethane with which the salts generated on guenching had
been axtracted. The organic layer was dried {sodium sulphats),
filtered and evapcrated to lsawve a white crystalline material which
by tlc (silica,l% ethyl acetate/ 99% dichloromethane) showed two
non~-polar spots. Column chromatography {(dichlorcmethane) iso}ated

the less polar of these products as the white crystalline ifle compound
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{186) (6.C0 g, 23.5%), mp 201-2° {from chloroform and methancel),
v ., (CE,CL,) 2990, 2920, 2790, 1611, 1507, 1365, 1030, and 835 P
lH nnr (250 MHz) (CDClB) ¢ 7.33 {48, &, J 8 Hz, MeO-aryl-H), 7.15

(¢g, 4, J 8 Hz, NCH,~aryl-g#), 7.00 (8H, 4, J 8 Hz, NCHZ-aryl-E),

2
6.86 (4H, 4, J 8 Hz, MeQ-aryl-#), 3.81 (6H, s, aryl-OMe}, 3.60

{4H, s, MeO-aryl—C§2), 3.39 (8H, s, aryl—CgQ-N), 2.54 (8B, t, J

13
5 ~CE,=CH,) ; C nmr

(CDCLB) d 34.58, 34.92, 55.31, 57.41, 58.98, 113,74, 128.07, 128.71,

8 Hz, aryl-CgQ—C}, and 1.76 (4B, p», J 8 Ez, -CH

130.15, 131.91, 137.89, 141.03, aznd 158.79; m/e 714 (M+), 594, 464,
356, 265, 218, 170, and 133 (Found: C, 82.77; #, 7.64; N, 3.88.
CSOHS4N202 requires C, 83.99; g, 7.6l; N, 3.92%).

Preparation of N,N -Di-{(2,2,2-trichlorcethoxycarbonyi-2.20-di~-aza-

(3.3.3.31paracyclophane (187)

To a stirred suspension of the di-(4-methoxybenzyl)-paracyclophane
(186) (5.96 g, B8.35 mmole) in dry carbon tetrachleride (150 ml) at
room temperature under an atmosphere of dry nitrogen was added 2,2,2-
trichlorcethyl chlorcformate (9.40 g, 6.11 ml, 44 mmole). The mixture
was heated to the reflux whereupon it became.homogeneous. After 18 h
lH nmr analysis revealed that the reaction had gone to ccmpletion. The
solution was allowed to cool and the solvent removed by evapcration
at reduced pressure. Baseline material formed during the rsaction
was removed by column chromatography (dichloromethane) and 4-methoxy-
benzyl chloride was evaporated off under a hard vacuum. This left the
title compound (187) as a white, crystalline material (6.16 g, 89%),
mp 194--5o (from chloroform and methancol), vmax (CHZClz) 2920, 1705,

1505, 1405, 1120, and 675 cm ©; 14 nmr (250 ‘MEz) (eeL ) § 5.84
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(168, m, aryl-H), 4.84 (48, s, -CH,CCl,), 4.59 (8H, 4, J 9 Hz,

2
aryl—CgQ-N), 2.42 (8H, br s, aryl—CEQ-C), and 1.81 (48, p, J 6 Hz
—CEz-ng-Cﬂz); 13C nmxr (CEClB) ¢ 32.73, 34.28, 52.83, 53.48, 75.47,

128.16, 128.38, 128.69, 134.87, 141.09, ané 154.92; m/e 822-828
(all M+), 499, 474, 264, and 132 (Found: C, 58.20; E, 4.90; N, 3.46.
C4OH4ON204Cl6 regquirss C, 58.20; H, 4.88; N, 3.39%).

Preparaticn of 2,20-Di-aza[3.3.3.3]paracyclophane (178)

The di-carbamate (187) (3.0 g, 3.63 mmole) was suspended in
1l,4-diexan (150 ml) and a solution of potassium hydroxide (12.0 g)
in water (45 ml) was added. The solution was heated at the reflux
with vigorous stirring under nitrogen for 4.5 days. .On cooling the
solution was evaporated almost to dryness and partioned hetween
dichloromethane (150 ml) and water (150 ml).. The organic layer was
dried (sodium sulphate), filtered and evaporated to leave a vellow
solid, the title cecmpound (178} (L.69 g, 98%), mp 138-40° (from
chloroform and hexane), vmax (CHZClz) 3350, 3000, 2930, 2860, 1512,
1430, 1345, 10%0, 910, and B20 cm-l; lH nmr (CDC13) (250 MHz) ©§
7.02 (8H, 4, J 6.5 Hz, aryl-H), 6.93 (8%, 4, J 6.5 Hz, aryl-H),
3.71 (8§, s, aryl-ng—N), 2.52 (84, ¢, J 8 Hz, aryl—égz—C), 1.84

13

2-C§2~C52-L and 1.70 (28, br s, N-H); C nmr

(CDC13)533.14, 34.45, 52.87, 128.20, 128.45, 138.08, and 140.95;

(48, p, J 8 Hz, -CH

+
m/e 474 (M't-),r 251, 237, 203, 121, and 84 (M 474.3038, C34H38N2
requires 474,3035), The structure of the compound was further

¢haracterised by X~ray <rystallography and by preparation of the

di~toluene—4-sulphonic acid dertvative mp 268-73° (from methanol
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and diethyl ether) (Found: C, 70.55; #, 6.78; N, 3.44. C34H38N2'

2C788803 reguires C, 70.39; H, 6.63; W, 3.42%).

Preparation of N,N’-Di-methyl-2,20-di-aza[3.3.3.3]paracycloshane (217)

To the di-azaparacyclophane (178) (75 mg, 0.158 mmole) was
added formic acid (4 ml) and 37% acueous formalin (0.3 ml, 3.7 mmole).
The mixture was heated to reflux under a nitrogen atmosphers for
24 h whereupon the formic acid was ramoved and water {5 ml} was
added. The scolution was basified with 1l0% sodium hydrogen carbonate
solution and then extracted with dichloromethane (3 z 5 ml) which was
dried (sodium sulphate}, filtersd and evaporated to yield the crude
di-N methylated compound. Column chromatography (95% dichloromethane
and 5% methanol) led to the titlz compound {217) a white crystalline
material (54 mg, 68%) mp 182-4° (from dichloromethane and hexane),
Voax (CH2C12) 2940, 2860, 1590, 1420, and 840 cm-l; lH nmr(CDC13)56.95
(168, m, aryi-H), 3.32 (8H, s, aryl—CﬁQ—N), 2.35-2.,65 (l4H, m,
aryl-CH,-C and N~CH,), and 1.85 (4H, m, -CH,~CH,-CH,); /e 502 (M),
487, 472, and 278 {(Found: ¢, 86.03; H, 8.47; N, 5.46. C36H42N2
requires C, 86.01; H, 8.42; N, 5,.57%)., The structure was further

cenfirmed by X-ray crystallography.

Preparation of 2,3-Dihvdroxykbenzoic acid (191)

The acid was prepared bv the method of Dallacher, Thiemann

4
and Uc:'i<:1z::‘.<::l‘1.3'2 by heating a mixture of 3-methoxysalicaldehyde (192)

and potassium hydroxide to 250o in a nickel crucible. The material

4

mp 201-3° (Zit.lz 204%), was isolatad in 68% vield and used without



180

further purification, vmax {Nujol) 3360, 2500-3300, 1680, 1660,

1

842, and. 740 em ; lH nmr (CDClB) § 8.5 (38, br s, -0H), and 6.45-

7.40 (3H, m, aryl-B).

Preparation of Methyl 2,3-Dihvdroxybenzoate (194)

2,3-Dihydroxybenzoic acid (1L91) (4.50 g, 29 mmole) was
suspended in thionyl chloride (70 ml) and heated at the reflux for
5 h. The thionyl chloride was removed firstly by distillation and
finaliy under vacuum to give a crude acid chloride (126) (4.8 g},
v_,, (CCL;) 1750, 1620, and 1230 cmt. The brown gum was added to
cold, dry methanol {30 ml) and stirred for 10 min. Methancl was
removed by evaporation and the residue twice sublimed (llOO at 0.07 mm
Hg) to yield the title, yellow, methyl ester (124} (2.30 g, 62%}, mp

69-73° (2148

and 760 cm-l; lH nmr (CDClB) § 10.9 (18, s, 2-aryl-CH), 6.8-7.4

730), vmax (Nujol) 3580, 3450, 1875, lel5, 1605, 840,
{3, m, aryl-H), 5.8 (1H, br s, 3-aryl-CH), and 4.0 (3H, s, -OMe).

Preparation of N-Methyl-2,3-dihydroxybenzamide (185)

Methyl 2,3-dihydroxybenzoate (194) (1.5 g, 8.93 mmole} was
suspended in a solution of methylamine in ethanel (20 ml). The
mixture was stirred and the solid slowly dissolved. TLC analysis
{silica, ethyl acetats)} after 16 h showed the disappearance of the
starting estar which had been rsplaced by a more polar material. The
solvent was removed at rsduced pressure, and the title compound (L95)
was isolated by filtration through a pad of silica (eluant ethyl
acatate) as its monéhydrate (L.20 g, 73%), mp 133-4° {£rom methanol

and water), Umax (Nujol) 24C0-3500 {br), 1550 (br C=Q str, lowered
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due to hydrogen bonding), 1250, 930, 845, and 745 cm—l; lH nmr

(CDC13) 6.62-7.25 {(5H, m, aryl—§_+ aryl-OE, 2H disappear on D20

exchange), 6.35 (lH, br s, N~H, diaappears«m1DzOexchange), 3.05 and

2.97 (5, s, MMe, and 2,0, 2 H disappear on D,0 exchange); m/e 167

2 2
M7y, 149, 136, and 108 (Found: C, 52.21; H, 5.8L; N, 7.56.
CBHQNOB' nzo requires C, 51.89; H, 5.99; N, 7.36%).

Attempted Preparation of N,N’-Di-(2,3-dihydroxybenzoyl)1,5—

diaminoventane (196). Entry 1

Methyl 2,3-dihydroxybenzoate (194) (336 mg, 2 mmole) was
dissolved in dry methanol(5 ml} and l,5-diaminopentane {102 mg,
117 ul, 1 mmole) was added. The mixture was heated to 120° in a
sealed glass tube for cne week after which time tic indicated the
presence of large amounts of the methyl ester (194) in additien to

polymeric baseline material. No amide was obserwved.

Attempted Preparation of N,N’-Di-(2,2-dimethyl-1,3-benze-[d]-dicxole

-4-carbonyl) -1,5-diaminopentane (198)

To a solution of 2,2-dimethvl-l,3-benzo-[d]-dioxole-4-
carboxylic acid (152) (475 mg, 2.4 mmole) in THF (50 ml) was added
l,5-diaminopentane (122 mg, 143 ulk, 1.2 mmole) and N-ethoxycarbonyl-
2-ethoxy-1l,2-dihydroquinoline (EEDQ) (197) (620 mg, 2.30 mmole). The
solution was stirred for 4 days at rocom temperature under an atmosphers
of nitrogen. When the reaction seemed complete by tlc the white
crystalline material formed during the preparation was filtered and

dried. The materizl (4850 mg) was impure and cculd not be purifizd or
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fully characterised, Umax (Nujol) 3320, 1645, 157%, 1250, 1205,
8C0O and 750 cm-l; lE mr (CDClB) § 6.6-7.5 (95, m, aryl-H), 3.2

(38, m), and 1.75 {1l2H, m).

Preparation of N,N’-Di-(2,2-dimethyl-1l,3-benzo-{d]-dioxcle-4-

carbonyl) -1,5-diaminopentane {198)

To the freshly prepared 2,2—dimethyl—l,3fbenze-[dlﬁdiqxoleé4-
carbonyl chloride (67) (427 mg, 2 mmole} in dry dichleoromethane
(25 ml) was added 1,5-diamipopentane (102 mg, 117 pl, 1 mmole) and
triethylamine (218 mg, 3CO ul, 2.2 mmole). The solution was kept
at room temperature under an atmosphere of nitrogen for an overnight
period. The dichloromethane soiution was washed with 0.1 M agueous
hydrochloric acid solution (20 ml), a lo% aqueous sodium hydrogen
carbonate solution (20 ml), and £finally with a saturated agquecus
sodium sulphate sclution (2 x 20 ml). The dichloromethane layer was
dried (sodium sulphate), filtered and evaporated. The resulting
brown material was further purified by filtration through a pad
of silica {eluant ethyl acetaite). Evaporation vielded the white,
crystalline title compound (198) (383 mg, 84%), mp 135-7° (from
methanol and water), Umax (CHzchJ, 3420, 1685, 1595, 1535, l4s0,
1375, 1215, 1lo5, 1050, and 835 cm—l; lH nmr (CDcl3) § 6.7-7.55
(8H, m, aryl—ﬂ_+ N-H), 3.48 (4H, g, J 6 Hz, CH, NH), and 1.3-1.9

2

,~CE,~CH,—CH,~CE,-N + ¥e); wm/e 454 (), 262, 177, 137,

136, and 85. (Found: <, €6.18; H, 6.84; N, 5.88. C25H30N206

(18H, m, NCH

requires C, 66.06; H, 6.85; N, 6.16%).



133

Attempted Preparation of N,N’-Di-(2,3-dihvdroxybenzovl)=-1l,5-

diaminopentane {(196) . Entry 2

The bisacetonide (198) (173 mg, 0.38 mmole) was heated to 100°
in a 4:1 mixture or glacial acetic acid and water {10 ml}). TILC of
the reaction mixture (silica, ethyl acetate) showed the appearance
of twe products with the meore polar one increasing in intensity as
time went on. After 48 h the reaction saemed to be proceeding nc
further and the heating was stopped. The solution was svaporated and
the residue passed through a2 pad of silica (eluant ethyl acetate)
to yield the two components. Recrystallisation (methanol ané water)
yielded pure crystals of the less polar material (10 mg) m/e 414,
374, and 238, this probably being the monoacetonide (20l}). <Column
chromatography (ethyl acetate) gave the more polar material as a
single spot compound (72 mg). lH nmr (CDCl3 : d§ -pDMS0) & 8.70 (4H,
br s, aryl-OH), 6.4-7.3 (88, m, aryl-H + N-H), and 4.42 (2%, s); wm/e

154, Spectral data indicated that this material was mainly 2,3-

dihydroxybenzoic acid (191).

Preparation of 2,3-Diacetoxvbenzoic Acid {204)

The material was prepared in 91% yield by treatment of 2,3-
dihydroxybenzoic acid (191} with acetic anhydride and a catalytic

amount of concentrated sulphuric acid by the method of Bergeron

92

et. al.””. The white crystalline material had a mp 156-8° (Zit.gz

157—80), Umax (Nujol) 27co, 2570, 1770, 1680, 1603, 1380, 1300,

1200, 1045, lo05, 908, and 745 cm-l; lH nmr {CDCJ.3 and trace ds—

DMso) § 9.1 (14, br s, COH), 7.9 (14, m, aryl-#), 7.3 (28, m,
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aryl-g), and 2.3 (65, s, CE;); m/e 238 ('), 196, 154, 152, 136,

109, and 43.

Preparation of 2,3-Diacetoxybenzoyl Chloride (205)

This material was preparsed by the method of Bergeron 2tf, aZ.gz.
Treatment of 2,3-diacetoxybenzoic acid (2C4} with phosphorus
pentachloride led to the white, c¢rystalline title compound (2C5)

92

(72%) ,mp 76-7° (1it.”° 76-77, v_ . (Nujol) 1760, 1600, 1585, 1255,

1235, 1200, 1150, 995, 885, 805, 769, and 720 cm'l; la pmr (CDCl,)
§ 7.65 (38, m, aryl-H), and 2.32 (68, s, CHj); m/e 258, 256, (both

MTy, 221, 178, 172, 136, 108, and 43.

Preparation of N,N’—Di-(Z,B—diacetoxybenzoyl)—l,5~diaminopentane (206)

2,3-Diacetoxybenzoyl chleride (205) (115 mg, 0.45 mmole) was
dissolved in dry dichloremethane (10 ml) under aitrogen. To this
was added a solution of l,5-diaminorentane (24 mg, 27 Hl, 0.225 mmole)
and triethylamine (73 mg, 1CO yl, 0.72 mmole) in dichlorcmethane
{10 @l}. After stirring overmight the reaction solution was washaed
successively with 5% sodium hydrogen carbonate solution (5 ml), 2 M
hydrochloric acid (5 ml) and saturated aqueous sodium sulphate solutien.
The organic layer was dried (sodium sulphate), filtersed and evaporated
to leave the tifle compound (208) as an analytically purs foan
(115 mg, 95%), mp 40-60, Voax (CHZClz) 3440, 2920, 1770, 1663, 1580,
1520, 1365, and 1195 ca ; & nmr (cocl,) & 7.30 (6H, m, aryl-H),

6.35 (2%, br s, NE), 3.35 (48, q, J 7 Hz, HN-CH,), 2.25 (L2, s, COMe),

and 1.50 (68, br s, -CH,-CH,-CH,-CE,~CH,-); a/e 542 (), 500, 459,
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374, 281, 209, 179, 136, 86, and 84 (Found: C, 59.86; H, 5.80;

N, 5.13. c27H3ONZOlO raguires ¢, 59,77; H, 5.57; N, 5.18%).

Sreparation of N,N -Di-{2,3-dihydroxybenzoyl)-1,5~-diamincooentane

(196). Entry 3

The tetraacetate {206} (115 mg, 0.2]1 mmole) was dissclved in
Ary methanol (5 mi) and nitrogen was bubblad through the solution for
0.5 h., The solution was kept under nitrogen and a soluticn of
sodium methoxide[from sodium (20 mg, 0.87 mmole)] in methanel (1 ml)
was added. After stirring for one hour, tlc (silica, ethyl acetats)
showed that one material had formed, less polar than the starting
material, 2M Hydrochloric acid (5 ml) was added followed by water
until a buff precipitate was formed. The guenched reacticn aixturs
was extracted with ethyl acetate (é x 20 ml} and the solution was dried
(magnesium sulphate). Filtration, followed by evaporation furnished

the title compourd (196) as its monohydrate (70 mg, 85%), mp 166-8°

{(frem methanol and water) (Zit.loo 174-6%), Voax (diethyl ether)
25Q0-3360, 1640, 1600, and 730 Cm-l; lH nmr (dq-acetone) $ 7.90 (2H,

br s, 3-aryl-o4), 6.3-7.1 (8H, m, aryl-g and N-B), 3.2 (4E, br s,

-CH,-CH,-CH,-CH,); n/e 374 (")

N-CgQ-), and 1.4 (g2, br s, —CH2 2 2 2
238 and 137 [M(374)= 374.1469, C19322N206 requires 374.1478] (Found:
¢, 58.20; H, 6.12; N, 6.91. cl9H2206N2'HZO requires C, 58.15 ;

B, 6.16; N, 7.13%).
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Preparaticon of N,N’-Di-(2,3-diacetoxybenzoyl)r2,20-di-aza[3.3.3.ﬂ—

paracyclophane (209)

To a soluticn of 2,3-diacetoxybenzoyvl chleoride (205} (173 mog,
0.67 mmole) in dichloromethane (1C mi)} stirred under nitrogen was
added a solution of the di-azaparacyclophane (178) (160 mg, 0.33 mmole)
and triethylamine (108.9 myg, 130 ul, 1.08 mmole) in dichloromethane
{5 ml). The mixture was stirred at room temperature overnight
wherecpon infrared analvsis showed reaction to be complete. The
mixture was washed successively with 5% sodium hydrogen carbonate
solution (10 ml), 2M hydrochloric acid (10 ml) and finally with
saturated sodium sulphate solution (2 x 10 ml). The organic layer
was dried (sodium sulphate) and evaporated to yield the title compound
(208), as its monohydrate {315 mg, 99%), mp 208-12° (from methanol)},
Voax (c52c12) 2930, 2860, 1780, 1638, lSlO,.l420, 1370, 1190, 1160,
and 1005 cm_l; lH nmr (250 MHZ) (cnc13) d 6.6-7.4 (22H, m, aryl-gH),
4,63 (4H, br s, aryl—CgQ-N), 4.50 (44, br s, arylwcgg—N), 3.80
(22, s, gQO), 2.45 (8B, t, J 7.5 Hz, aryl-C§2-C), 2.29 (124, s,
=) ; compound too

COCHj), and 1.85 (48, p, J 7.5 Hz, -CH,-CH,~CH

2 2
involatile for mass spectrum {Found: ¢, 71.91; H, 5.92; N, 2,68,
c56H54N2010.H20 requires ¢, 72.08; E, 6.04; N, 3.00%).

Preparaticn of N,N’-Di—(2,3-dihydroxybenzoyl)—2,20—di-aza—[3.3.3.ﬂ—

paracvclophane (210)

The paracyclovhane tetra-acetate (209) (45 mg, ©.C5 mmole) was
suspended in dry methancl (10 ml} and nitrogen was passed through the

solution f£or 0.5 h. Then 2 solution of sodium methoxide [frcm¢sodium
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(5 mg, O0.21 mmole) in gethanol (3cQ 1l) was added, a nitrogen
atmosphere being maintained throughout the reaction. The light green
solution was stirred for 1 h, until tlec (silica, ethyl acetate)
showed no more starting material to be present. 2ZM Hydxochloric acid
(2 ml) was added, followed by enough water to form a white precipitate,
The aqueous phase was extracted with ethyl acetate (2 x 20 ml) which
was then dried (sodium sulphate), filtered and evaporated togive a
compound (26 mg) which coﬁld not be £fully characterisad, dut spectral
datza indicated that this was mainly the title compound (210) vmax
(Nujol), 3380, 1640, 1010, 920, 825, and 730 cm ~; ‘H mmr (d°-DMSO)
§ 6.8-7.3 (228, m, aryl-H), 4.70 (8H, br s, aryl-CgevN), 2.50 (8H,

br s, aryl-Cge-C), and 1L.80 (4H, br s, -CHz-Cg_-Cﬂz-); m/e 610

2
+
(M -2, 3-dihydroxybenzoyl), 472, and 11l0.

Preparation of N,N’-pi-(2,3-dihydroxybenzvl)-2,20-di-aza-[3.3.3.3]~

paracyclophane (211)

The paracyclophane tetra-acetate (209) (218 mg, 0.23 mmole)
was suspended in THF (15 ml) and diborane in TEF (1.25 M, 2.2 ml,
72 hydride eguivalents - an excess}) was added. The resulting mixturs
was stirred under nitrogen at the reflux for 15 h and aon cooling,
methanol (10 ml) was added. The solvent was evapcrated to'leave a
white solid which was again taken up in methanol (10 ml) and heated
at a gentle reflux for 24 h. Ewvaporation left a vioclet coloured salt
(250 mg)} which after column chromatography {(eluant dichloromethane:
ethyl acetate, l:C->0:1) yielded the title compound (211), a white,
analytically sure matarial (95 mg, 57%), op 195-202° gec. (from

column), v (CH_Cl_.} 3520, 2910, 2820, 1le04, 1505, 1475, 1370
max 2 72
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1186, lo70, 955, 905, and 840 cm-l; lH nmxr (CDClB) § 6.60-7.25

(26H, m, aryl-g2 + aryl-CH), 3.85 (4H, s, N—ng-aryl-OH), 3.45 (8H,

s, aryl-CE,-N), 2.48 (8H, t, J 8 Hz, aryl-CE,C), and 1.90 (48, br s,

+
~CH2-C§2—CH7-); n/e 593 (M -2,3-dihydroxybenzoyl), 546, 472, 457, 352,

252, 222, 132, 131, 121, 1lis, 118, 117, 110, and 105 (Found: C, 80Q.C8;

B, 7.18; N, 3.85. C N.O, reguires C, 80.19; H, 7.0l, n, 3.80%).

48%50™2%4

Preparation of Di-l,3-[4-(2,3-diacetoxybenzamido)-methylenechenyl]—

propane (208)

To a stirred solution of 2,3~diacetoxybenzoyl chloride (205)
(403 mg, 1.57 mmcle} in dichloromethane (10 ml) under an atmosphere
of nitrogen was added a solution of di-l,3-(4-aminomethylenephenyl) -
propane (189) (2C0 mg, 0.79 mmole) and triethylamine (218 mg, 3CO ul,
2.15 mmole} in dichloromethane (15 ml). After stirring overnight the
solution was washed with 5% sodium hydxogeﬁcarbonate solution (5 ml),
2M hydrochloric acid (5 ml) and saturated scdium sulphate (2 x 5 ml).
Drying (sodium sulphate), filtration and evaporation led to the
title compound (208) (479 mg, 87%), mp 169-71° (from methanol),
v (CECL) 3430, 1777, 1668, 1512, 1365, and 1195 cm ~; "5 nox
(CDC13) § 7.10-7.65 (1l4H, m, aryl-B), 6.50 {(2H, br s, N-H), 4.52 (4E,
d, J 6 Hz, aryl-CH,-¥), 2.63 (48, t, J 8 Ez, aryl-CH,-C), 2.23 (6%,
s, 2-aryl-OCCCH,), and 2.05 (8H, m, 3-aryl-OCOCH, + ~CH,-CH,-CH,-);
m/e 498, 473, (M"-2,3—diacetoxybenzoyl), 432, 373, 295, 154, 136,
and 110 (Fcund: C, £7.48; H, 5.47; N, 4.03. c. .2 NEOIO requires

39 38
C, 67.43; H, 5.51; N, 4.03%).
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Preparation of Di-1,3-42~(2,3-dihydroxvbenzamido) -methylenephenyil

propane {207}

The bisamide tetra-acetata (208) (15Q mg, 0.22 mmole) was
dissclved in methanol (5 nl) and nitrogen was bubbled through the
solution for 0.5 h. Then a solution of sodium methoxide[from sodium
(22 mg, 0.96 mmole)] in methanol (1 ml) was added. The light green
solution was stirred for 2 h under nitrogen until tlc (silica, ethyl
acetate) showed that no starting material remained. Quenching the
reacticn with 2M hydrochloric acid (L5 ml) led to the formation of a
buff coloured precipitate which was extracted with ethyl acetate
{2 x 15 ml). Drying (scdium sulphate} followed by filtration and
evapcoration gave a gum which was purified by column chromatography
(eiuant dichloromethane:ethyl acetate L:0->0:1) to furnish the
title compound (207) as its monohydrate (25 pg,;ZB%), mp 64-6" (from
chromatography) , Umax {Nujol) 25c0-3400Q, lgdo, 1580, 1535, 1260, 1170,
and 725 cm_l; lH nmr (ds—acetone) § 8.7 (2H, br s, N-H), 6.65~7.50
(14K, m, aryl-B), 4.64 (4H, 4, J 7 Hz, aryl—CgQ-N), 2.65 (4H, 6, J

8 Hz, aryl-CH,-C), and 2.05 (28, m, -CH,~CH,-CH)); m/e 526 (M),

2 2
432, 374, 2%, 284, 238, 135, and l08. (Found: C, 68.45; &, 5.7L;

N, 5.C5. C3lH3oN206'HZO recuires ¢, 68.37; H, 5.92; N, 5.14%;}.

Preparation of 3,4-Dimethoxvbenzhydryl Alcohol {213)

Magnesium turnings (0.73 g, 30.4 mmele) were suspended in dry
diethyl ether (30 ml) and a few drops of a solution of bromebenzene
(4.71 g, 3.16 ml, 30 mmeole) in diethyl ether (25 ml) was added. A few

crystals of iodine were also introduced until the reaction started. The
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remainder of the bromchenzene solution was added dropwise and the
reaction mixture was vigorcusly stirred under nitrogen. After the

phenyl magnesium bromide had formed {approx. 1 h}, a solution of
3,4-dimethoxybenzaldehyde (5.0 g, 30 mmole) in diethyl ether (50 ml)

was added and the reaction mixture was heatad at the reflux. After

4 h, when the reaction appeared to be proceeding no further, the

mixture was coolad and gquenched with 2M aqueous hydrochloric acid

(50 ml), and extracted with diethyl ether (2 x 50 ml) to lesave a

mixture of product and starting aldehyde (3.3l g). Column chromatography
(dichloromethane) afforded the pure title compound {213) (2.74 g,

149

38%), mp 96-8° (from dichlorcmethane and hexane) (lit. 990),

Vv_,, (Nujol) 3470, 1590, 1260, 1230, 1130, 1015, 925, 730, and 705 e T
s nmr (cocl;) § 7.22 (S, s, aryl-B), 6.75 (34, m, aryl-d), 5.65 (1,
s, aryl-CH-aryl), 3.80 (3H, s, aryl~oc§3), 3.78 (38, s, aryl-cha),

ané 2.50 (18, br s, O-H); m/e 244 (M'), 227, 213, 167, 153, 139,

105, and 77 (Found: €, 73.56; H, 6.59. ClSHLGOB requires C, 73.75;

H, 6.60%).

Preparation of (3,4-Dimethoxvphenyl)phenylmethane (214)

3,4-Dimethoxybenzhydryl alcohol (213) (L.63 g, 67 mmole) was
dissolved in TEF (40 ml) and trifluorocacetic acid (2 ml) was added
followed by 10% palladium on charcoal catalyst. The mixture was
subjected to hydrogenation, the reaction being followed by tlc.
After completion of rzaction the catalyst was removed by filtwation
and the wolatile material was removed by evaporation. The oily
residue was dissolved in dichloromethane (25 ml) and washed with 10%

sodium hydrogen carbonatz solution (20 ml), dried (scdium sulphate),
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filtered, evaporated and distilled to produce the title compound (214)

149

(788 mg, 53%) bp 158° at 0.8 mm Eg (I7t. 130° at 0.1 om Hg), v_

ax
(thin film) 3040, 3C05, 2980, 2920, 2815, 1590, 1580, 1500, 1450,
1405, 1250, 1130, 1040, 785, 760, and 705 cm ¥; Y nmr (cocl,) § 7.18
(58, s, aryl-B), 6.68 (M, m, aryl-E), 3.95 (28, s, azyl-CH,), 3.82
(3, s, aryl-0CE,), and 3.80 (38, s, aryl-OCH,): m/e 228 M7y, 213,

197, 151, and 9l.

Attempted Deprotection of (3,4-Dimethoxyphenyl)phenylmethane (214) .,

Entry 1

A solution of chlorotrimethylsilane (95 mg, 111 ul, 0.87 mmole)
and sodium iodide (131 mg, 0.87 mmole) in dry acetonitrila (5 ml)
wasg stirred for one hour under nitrogen at rocm temperature. Then a
solution of 3,4-dimethoxydiphenylmethaneA{214) (100 mg,” 0.435 mmolea)
in acetonitrile (2 ml) was added to the solution. The reaction vessel
was maintained in the dark throughout the operation., No reaction
occurraed to give deprotection after 48 h at room temperature, and
even when allowed to reflux for several days, no reaction could be

noted.

Attempted Deprotection of (3,4-Dimethcxyphenyl) phenvimethane (214).

Entry 2

The dimethoxy compound (214) (100 mg, 0.435 mmole) was dissolwved
in acetic acid (2 ml) and a sclution of hydrogen bromide in acetic
acid (157 ul, 0.93 mmole) was added. The resultant solution was
stirred at room tamperature underanitrogen atmosphere for 4C h.

TLC indicated that some deprotection had occurrsd and so wmore of the
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hydrogen bromide solution (0.2 ml, 1.18 mmole) was added, but no

further reaction could ke observed.

Attempted Deprotection of (3,4-Dimethoxyphenvl)phenvlmethane (214).

En 3

The dimethoxy compound (214} (50 mg, 0.22 mmols) was dissolved
in acetic acid (10 ml) under an atmosphere of nitrecgen. A soluticn
of hydrogen iodide in water (200 ul, ©.88 mmecle) was added. The
solution was heated to lOOO for 3 n whereupon tlc indicated that no
starting material was left. On cooling, water (20 ml) was added
and the agquecus phase extracted with dichlorcmethane (2 x 20 ml).
The organic layer was washed with sodium thiosulphate solution

(1L % 10 ml), dried filtered and evaporated to yield a polymeric tar,

Bydroxylation Studias

General Points

All phenol concentrations were determined by high performance
ligquid chromatography (HPLC). The machine used was a Perkin Elmer
series 3B liquid chrcomatograph, fitted with a reverse phase column
{Phasesep 20 U silica). The runs were ceonducted using a solvent
programme of 1:3 methanol:5% agqueous formic acid for 3 min followed
by 9:1 methanol:5% aqueocus formic acid for 5 min at a solution £low
rate of 2 ml min—l. An LC 75 spectrorhotometric detector was used at
A 272 nm, and phenol had a retention time of 250-280 seconds.
Concentrations wers determined by comparison of peak heights with

peaks obtained from standard soluticns of phencl. The hydragen pexoxide
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used was a BDH reagent and was found to be a 7.69M soluticn. All
- . . c :
reactions were performed in glass vials at 26.5 unless otherwise

stated.

Hydroxylation of Benzene using 4-t-Butylcatechol (215) in a Single

Phase Reaction System

A solution of 4-t-butylcatechol (215) (1.66 mg, 10 umeole) in
benzene (1.0 ml}, methanocl (0.9 ml} and 0.1M ferric chloride
solution in 5M acetate buffer {pH 4.2) (0.1 ml) was shaken vigorously.
To this was added a 7.69M solution of hydrogen peroxide (13 ul, 1CO
umole) . Periodically aligquots were removed and assayed both for
hydrogen peroxide content (a potassium permanganate titration) and
phenol content. When all the peroxide had been consumed only 0.74
Umoles of phencol had been formed. The relevant blank experiments
using a.ferric ion and hydrogen peroxide, b. 4-t-butylcatechol and
hydrogen peroxide, c. hydrogen peroxide alone, 4. 4-t-butylcatachol
and ferric ion, all failed to produce any significant amounts of

chenol.

Experiment to Determine Whether 4-t-Butylcatachol (215) is Destroved

in the Single Phase Zvdroxylation of Benzene

Using identical conditions to abcve, hydrogen percxide (7.63M,
13 ul, lco umole) was added and the sample shaken for 2 h. The
flagk was analysed for phenol, and a second aliquot of hydrogen
peroxide {13 ul, 100 umole) was added. Aféer a further periecd of 2 h,

analysis was fcollowed by a third injectiomn.
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TABLE S5

Amcount Phenol in Flask After
Injection No Each Two Hour Period/umole
1 .82
2 1.%0
3 2.78

Experiment for Two Phase Hydroxylation of Benzene Using Ten

Equivalents of Hydrogen Peroxide

To 4-t-butylcatechol (215) (l1.66 mg, 1O umole} was added 0.1M
Ferric chloride solution in 3M acetate buffer (pH 4.2) (0.1 ml)
followed by water (0.9 ml). Benzene (1.0 ml) was introduced. After
shaking for a few minutes 7.69M hydrogen peroxide (13 ul, 100 umole)
was added. The amount of phenol formed was assayved periodically
and after 75 min a total of 9.5 umoles had been formed, a figure
that did not change significantly over the next 0.5 h: A second
injection of hydrogen peroxide (13 pl, 100 umole) led to the formation
of more phenol, boosting the total amount converted to 13 Umoles,

showing that the catalyst could survive more than one cvcle,



Two Phase Hydroxylation of Bengesne Using N-Methvl-2,3-dihydroxy-

benzamide (185) as Catalyst

-

The reaction conditions above were used but with N-methyl-
2, 3~-dihydroxybenzamide wmenchydrate (185) (1.85 mg, 1O uUmole) as
catalyst. After the addition of hydrogen peroxide (13 ﬁl, 100 umole),
phenel (12.5 umole) was formed in 30 min,before the reaction stopped.
Aftar 1 h another aliguot of peroxide (100 umole} was added, and the
phenol content analysed. This process was taken through several

cycles. The results are shown below.

TABLE 6

Amount Phenol in Flask After
Injection No Each One Hour Period/umole
1 12.5
2 19.9
3 22.7
4 27.1
5 30.2
5 30.5




Experiments to Determine the Amount of Phenol Formed Using Various

Catechols, Ferric Ion and 100 Equivalents of Hydrogen Pezroxide

General Method

To the catechol X (10 Umole) was added 0.1M ferric chloride
solution in 5M acetate buffer (pH 4.15) (0.1 ml). Benzene (1 ml) and
watar {0.77 ml) were added. Where necessary the reaction vessel was
placed in an ultrasonic bath to aid complex f£ormation. When this was
complete, hydrogen peroxide (130 ul, 1 mmole) was added, and ghenol
formaticn was monitored by HPLC, 10 ﬁl aliguots being remcved f£rom the
benzene layer everv 12 to 13 minutes. The results cbtained are shown
in table 1 in the discussion section. All reactions were allcwed to
equilibrate with vigorous shaking for 0.5 h, before peroxide was
added. Zero readings Zor all the reactions indicatad nd production
of phenol without hydrogen peroxide being present. Blank reactions
with combinaticns of ferric icn, benzene and hydrogen peroxide and
a variety of the catalysts indicated a very small formation of phenol
but an insignificant amount with respect to the catalysed reaction.
In all but one case, addition of more peroxide producsd no further

significant amounts of phenol.

To Examine the Effect of oHE on the Hvdroxylaticn ¢f Benzene Using

100 Egquivalents of Hvdrogen Peroxide and 4-t-Butylcatechol (215)

Using the general method indicated above with 4-t-butylcatechol
{1.66 mg, 1O umole) as catalyst and a variety of buffsrs containing
0.1M ferric chloride, reactions were performed at a variety of pE

conditions. The pH was measured before and after rsaction. The
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results are shown in table 2 in the discussion section.

To Examine the Effect of Repeated additions of Hydrogen Peroxide

at Low pH Using 4-t-Butylcatechol (215) as Catalyst

To 4-t-butylcatechol(215) (1.66 mg, 10 umole} was added a
solution of 0.1M ferric chloride in 1M formate buffer (pH 2.6)
(0.1 ml), and water (0.9 ml) and benzene (L ml) were added. The
solution was shaken and nvdrogen peroxide (6 x 13 pl) was added at

hourly intervals., The results are ncted kelow.

TABLE 7
Amount Phenol Present at End
Injection No of Each One Eour Period/umole
1 )
2 32
3 44
4 64
5 63
) 63

To Examine the Effect of Remeated Additicns of Hydrogen Peroxide at

Low DE Using N-Methyl-2,3-dihvdroxybenzamide (195) as Catalyst

Using the same methcd as above, but with N-methyl-2,3-dihydrexy-
tenzamide monchydrate (195) +the folleowing results wers obtained

as shown in table 8.
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TABLE 8

Amount Phenol Present at end
Injection No of Each One Hour Pericd/umcle
L 9
2 26
3 40
4 49
5 61
& 66

Experiment to Determine the Amount of Phenol Formed at pH 2.6

for a Rangs of Catechols

General Method

To the catechol X (10 umole) was added 0,1 M ferric chloride
solution in 1M formate buffer (pH 2.6) (0.1 mk). Benzene (1 ml)
and water (0.77 ml) were added. Where necessary the reéction vial
was placed in an ultrasonic bath to aid complex formaticn. The
mixture was then shaken vigorously to ensure equilibration for at
least C.5 h. When complex formation was complete, hydrogen peroxide
(130 ul, 1 mmole) was added and the phencl formation was followed by
EPLC, 10 ul aliguots keing removed every 12 to 13 minutes. Zero
readings and blanrk reactions indicatad that no significant amounts of
phenol were formed without the presence of all the resguitsite
ccmponents. The results are presented in tabls 3 in the discussion

section.



To Examine the Effect of Ferric Ion Concentration on the Hydroxvlation

of Benzene Using a Dicatechol

To g,gf—di—{Z,3-dihydroxybenzoyl)—l,5—diamincpentane monchydrate
{196) (3.92 mg, 1O uUmole) was added 0.1M ferric chloride solution
in 1M formate buffer (pH 2.6) (0.2 ml, 20 umols ferric iomn),
followed by benzene (1 ml) and water (670 Hl). 1THis was scnicated
unitl an insoluble indigo complex was formed. .Then hydrogen peroxide
(130 11, 1 mmole) was added. >Phencl (79 Umole) was formed in cone
hour after which reaction stopped. A second injection of peroxide
(L30 pl, lmmole) led to the formaticn <¢f some extra phenol, 96 iUncles

being present at the end of the reaction.

To Examine the Effect of the Exclusion cof Water from the

Hydroxylation System

To 4-tbutylcatecheol (215) (1.66 mg, 10 Umole) was added 0.1M
ferric chloride in 5M acetate buffer (pH 4.15) (0.1 ml) followed by
benzens (1 ml) and water (0.9 ml). The mixture was shaken and a
deep blue coloured complex was formed and stayed in the benzene phase.
As much of the agqueous phase as possible was removed and hydrogen
peroxide (13 ul, 100 umole)was added. After 6 h the cclour of the
solution had faded to a light yellow and phenel (1.3 U mocle) had keen
formed. A rermanganate titration for residual peroxide indicated that

some 43 umcles of this still remained in solutiecn.
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To Determine the Relative Rates of Oxygen Evoluticn Under Various

Reaction Conditions

(a) 0.1M fexric chloride solution in 5M acetate buifer (pH 4.2)

(0.1 ml) was diluted with watar (1.9 ml). ©Nitrogen gas was bubbled
through the solution for saveral minutes and hydrogen peroxide (13

K1, 100 umonle) was added. Oxygen evolution was gualitatively measured

using a Clark type oxygen measuring electrocde (Rank Brothers, Cambridge).

{b) Water (2 ml) was degassed with nitrogen and hydregen peroxide
{13 uwl, 10O umole) was added. The evolution of oxygen was again

determined.

{c) Using the conditions in part (a)with N-methyl-2,3-dihydroxybenz-

amide {1.85mg, 10 umole) added, the oxvgen evolution was measured.

Results: Parts (a) and (b) showéd a steady evolution of oxygen which
eventually levelled off. Part (c) showed an immediate very rapid
evolution of oxygen after the hydrogen peroxide had been added,
followed by a slight decrease and a levelling off as a bubble

formed and was eveolved.

Study of the Effect of a Ruthenium-Catechol Ccmplex Under the

Hydroxylation Cenditions

To 4-t-butylcatechol (215} (L1L.66 mg, 1lC umole) was added a O0.1M
solution of ruthenium trichloride in 1M formate buffer (pH 2.6)

(0.1 ml), water (C.77 ml) and benzene (1l ml). A cherry red agueous
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layer was formed below a yellow benzene laver. Hydrogen peroxide '
{130 ul, 1 mmole) was added whereupon a vigorous and quite visible

evolution of oxygen began. No phencl was formed.

Experiment to See Whether Ferrous Icon, 2-Aminchenzenethiol and Air

Can Act as a2 Hydroxylation Catalyst for Benzene

To 2-aminobenzenethiol hydrochloride (16.2 mg, 100 umole), was
added a lO-zM solution of ferrcus sulphats heptahydrate (C.1 ml, 1 umole
of ferrous ion}). Then a 1M solution of sodium hydroxide (1 ml) was
added followed by acetone {10 ml) and benzene {1 ml). The solution was
shaken for 90 min with periocdic aliguots being analysed. No phencl
was noted. Socme hydrochloric acid was added te lower the pE to 5 but

this had no effect on the reaction.

To Examine Whether Ferrous Ion and Z-Mercaptobenzoic Acid Act as

Hydroxylation Catalysts for Benzene

To 2-mercaptcbenzoic acid (15.4 mg, 100 umole) was added a
lO_zM agueous solution of ferrous sulphate heptahydrate (0.1 ml,
1 pmole) followed by 80% aquecus acetone (10 ml}). The oH of the
solution was adjusted to 4 and benzene (1 ml) was added. No trace

of phenol could be observed after several hours shaking.

Preparation of 2,4-Dihydroxycarbonyl-4imethylbenzophenone (223}

To 4~-hydroxycarbonylphthalic anhydride (222) (5.0 g, 26 mmole)
in toluene (30 ml) under an atmesphere of dry nitrogen was added

aluminium chloride (12 g, 92 mmole). The suspension was vigorously



212

stirred at the reflux for 3 h, beccming a red coloured pasta. The
reaction was allowed to coel and crushed ice (50 g) was added slowly
followed by concentrated hydrochloric acid (10 ml). This procedure
led to the formation of a pale brown coloured solid in a c¢lear
solution., 10% agueous scdiun carbonate was cautiously added until
the solution became alkaline. This was heated to boiling and
activated charcocal was added. The solution was filtered through
celite and allowad to ceel. Cautious acidification with concentratad
hydrochloric acid led to the precipitation of a white oil which
solidified on standing. Isolated bv filtration, this material was
dried inm vacuo and it turned out to be the title compound (223)
(5.21 g, 70%), mp 235-8° (from acetone and hexane), Umax (Nuiol)

2400-3300, 1690, 1682, 1803, and 1290 cm-l; lH amr (dﬁ—acetone)

§ 7.2-8.8 (94, m, aryl-B + COZE), and 2.35 (3H, s, aryl—CgG); l3C nmr
(&%~ acetone) £21.60, 128.86, 129.29, 129.44, 130.02, 130.51, 130.86,
131.31, 132.12, 132.62, 134.14, 134.86, 135.72, 144.69, 166.42,and
166.73; m/e 284 (M"), 219, 196, 194, 119, 105, and 91 (Found :

c, 67.39; H, 4.27. requires C, 67.60; H, 4.25%).

C16512%

Preparation of 2-Methylanthraguinone-7-carboxylic acid (224)

2,4-Dihydroxycarbonyl-4 -methylbenzophencne (223) (0.5 g,
1.76 mmole) was dissolved in concentrated sulphuri acid (5 ml)
and an orange sclution formed. This was heated to 100° for 2 n
during which time it went black. On ccoling water (10 ml) was added
and the viscous, black suspension was extracted with ethyl acetate
(2 x 25 ml). The organic layer was dried (scdium sulphate),

filtered and evaporated to afford a mixture of the title compound
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(224) and anthraquincne-g,7-dicarboxylic acid (225) (302 mg) vmax
(Nujol) 2300-3400, 1655, 1678, 1598, and 720 cm—l; 1'H nmr
(trifluoroacetic acid) § 7.5-8.7 (6H, m, aryl-H), and 2.52 (2.5H, s,
aryl-CH_); m/e 266 (M" for title compound), 251, 249, 238, 221,

and 165. The mixture could not be separated and was used.as isolated

for the following step.

Attempted Preparation of Anthraguinone-2,7-dicarboxylic acid (225)

Entry 1

Crude Z2-methylanthraquinone-7-carboxylic acid (224) (250 mg,
0.94 mmole) was added to water (5 ml). The mixture was heated to
reflux and potassium permanganate (5C0 mg, 3.16 mmole) was added at
intervals over 12 h. The mixture was allowed to reflux over a
further 10 h and cooled. Manganese-dioxide was filtered off and the
agueous solution was acidified. The white precipitate formed was
extracted with ethyl acetate (2 x 10 ml), dried (scdium sulphate),
filtered and evaporated tc yield a brown powder (179 mg) which

contained an inseparable mixture of the di- and mono- acids.

Attempted Preparation of Anthracuinone-2,7-dicarboxylic acid (225}

Entxy 2

2-Methylanthraguinone-7-carboxylic acid (224) (219 mg, 0.82 omole)
was suspended in.water (2 ml) and sodium dichromate dihydrate (680 ng,
2.47 mmole) was added. Concentrated sulphuric acid (0.94 ml) was added
and the mixture heated to 120° for 15 h. Water (50 ml) was added to
the cooled green scolution and the product was extracted with ethyl

acetate (4 x 30 ml). The organic layer however again consisted of a
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mixture of the mono- and di-acids.

reparation of cis and trans Diphenylphosphino-2-sthoxvethylene (229)

Sodium (378 mg, l6.4 mmeoles) wasg placed in TEF {20 ml) and
diphenylphosphine (3.20 g, 3.00 ml, 17.2 mmole) was added slowly. A
deep orange-red solution of the anion ensued. When all the sodium had
dissolved (approximately 18 h) the solution was cocled to -5o and
l,l-diethoxy-2~bromoethane (228) (3.20 g, 2.44 ml, 16.4 mmole) was
added dropwise. The colour of the solution dissipated gradually.

The mixture was laft at -5° for 15 min and allowed to warm. Water

(40 ml) was added and the organic phase thus formed was separatad,
concentrated and distilled to give the title compownds (229) (2.41 g,
57%), bp 150° at 0.1 mm Hg, v___ (thin film}, 3045, 2970, 2920, 2890,
1590, 1470, 1430, 1330, 1800, 1160, 730, and 690 cm-l; lH nmr (CDClB)
¢ 7.30 (l0H, s, aryl-H), 6.81 (1#, m, P-CH), 5.34 (0.38, dd, J_. 14 Hz,
3., 4 Bz, P-CXCHOet), 4.9 (0.58, &4, g__ 7 8z, 3., 3 8z, P-cSCHOs) ,
3.90 (282, g, J 8 Hz, OCEQ-)' and 1.32 (3H, overlapping t, J 8 Hz, OCEj—
Cga); m/e 256 (M+), 241, 200, 186, 108, and 107 (Found: C, 74.84;

B, 6.80. PO requires €, 74.99; H, 6.69%).

C16%17

Preparation of P,PLTetraphenyl-Z,S-dihydroxy-l,4—diphosphonium

Dichloride (231)

To the mixture of the substitutaed ethyl vinyl ethers (229)
praepared above (1.5 g, 5.86 mmeole) was added concentrated hydrochloric
acid (2.4 ml). The mixture was allowed to stand for 2 days at rcom

temperature in which time white crystals appeared. These were filtered
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off and washed with water, acetone, and finally ether. Drying
inm vacuc gave the title compound (231) (1.24 g, 80%), mp 144-7°

(15,240 145-79) .

Preparation of Diphenvlphosghincacetaldehyde (226)

The dichleride salt (231) prepared above (l00 mg) was
dissolved in water {10 ml) and this was treated with sodium hydrogen
carbonate soluticon until 2 pH of 8 was cbtained. The white precipitats
obtained was extracted with chloroform (3 x 10 ml), which was dried
{sodium sulphata), filtersd and evaporated to give the title compound
{226) as a colourless gum (74 mg, 86%), vmax (CHZCIZ) 2920, 2840,
2730, 1718, 1592, 1380, 1185, 1115, 995, and 830 cm-l; lH nmr
(€ocl,) & 9.8 (1E, t, I 3 Hz, CEO), 7.6 (LOH, m, aryl-H), and 3.7
{29 dd, J__ 3 Hz, JPH 15 #z, CH, CHO); m/e 228, 215, 2C0, 85, 83,

2
and 47.

Attempted Preparation of Ethyl 4-Diphenylphosphinoyl-2-butencate {233)

Diphenylphosphinoacetaldehyde (226) (87 mg, ©0.38 mmole) and
carbethoxymethylenetriphenylphosphorane (232} {133 ng, 0.38 mmole)
were suspended in THF (5 ml). The solution was heated at the reflux
for 15 h in which time the solution became clear. TLC {silicz, 1i0%
methanol and 90% chloroform) indicated a ceomplex reaction mixture but
clearly triphenyliphosphine oxide had heen formed. The reaction was
¢ooled and evaporated. The yellow gum was dissolved in dichlorcomethane
{10 ml) and washed with 3% hydrogen peroxide solution (10 ml). The
organic layer was dried (sodium sulphate), £iltered and evaporatad to

vield single spot material by tlc (154 mg) running at the same place
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as triphenylphosphine oxide. This turned out to be an inseparable
mixture of triphenylphosphine oxide and the desired compound (233).
Chromatography on both silica and alumina led o no rasolutien at all.

Spectral data indicated the presence of the title ¢ompound (233},

vmax (CHZClZ) 2920, 1718, 1650, 1590, 1l3c05, 119, 1115, and 9CO cm-l;

~

lEI nmx (CDC13) o 7.45 (1SH, m, aryl.—g_ and PPh_ O axryl-H), 6.70 (lH, m,

3

2 —HH oy 2
r r 7 Tzr 3 I . ' ’ r =5 ! ’ -
(28, @, 3 7 3 OC_ZCH3) 3.22 (2B, &84, J 8 Hz EPE 16 Hz P--('_‘g_2

CHE), and 1.20 (3H, t, J 7 Hz, -CCH CEG); m/e 314, 278, 277, 20L,

2

and 77.

Attempted Preparation of Cholest-5-en-3B-yloxycarbonyltriphenyl-

phosphorane (234). Entry 1

Cholesteryl chloroacetaete (236) (50 mg, 0.1l mmole) and
triphenylphosohine (27 mg, 0.1l mmole) were dissolved in DME (0.5 mi).
The mixture was heated at the reflux under nitrogen for & days, after
which time all triphenylphosphine had been consumed.. Unfortunately

a complex mixture of products was noted and the reaction discontinued.

Preparation of Cholasteryl Bromoacetate (237)

Bromoacetyl bromide (3.47 g, l.50 ml, 17.23 mmole) was dissolved
in toluene (5¢ ml} under nitrogen and the resultant solution was
cooled to 0°. A solution of cholesterol (235) (6.0 g, 15.5 mmole) and
pyridine {(1.84 g, 1.88 ml, 23.2 mmole) in toluene (30 ml) was added
dropwise to the stirred acid bromide. After addition was complete,

the solution was stirred for 2 h at room temperature. The soluticn
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was washed with 10% sodium hydrogen carbonate (1CQ ml) and saturated
sodium sulphate scluticn (2 x 100 wml). After drying {sodium sulphate),
the toluene was filtered and evaporated. The residue subjected

to column chromatography {eluant 50% petroleum ether and 50%
dichloromethane) gave the white crystalline title compound (237)

(6.20 g, 79%), mp 156-7° (from chloroform and vetroleum ether) (Zit.lso

156-156.50), vmax (CHZClZ)' 2900, 1730, 1260, 1160, 99C, and 680 cm—l;

lH nmxr (CDCl3) § 5.35 (1B, br s, CE=C), 4.65 (1€, br s, HC-OR), 3.75
(2, s, CEQBr}, and 0.653-2.40 (43H, m, saturated cholesterol—H);

m/e 506 and 508 (M+), 369, 336, 262, 248, l44, and Bl.

Preparation of Cholest-5-en-3B-yloxycarbonyltriphenylphoschorane (234)

Entry 2

Cholesteryl bromoacetate (237) (4,23 g, 8.34 mmole) was dissolved
in toluene (100 ml). Triphenylphosphine (2.19 g, 8.34 mmole) was
added. The solution was stirred and heated to the reflux, and briefly
a clear yellow solution was noted. On continued heating, however, a
white precipitate appeared. After a period of f£ifteen hours the rsaction
seemed compilete by tle (silica, 50% petroluem ether and 50%
dichloromethane) and the solvent was removed at reduced pressure.

The residue was dissolved in dichloromethane (150 ml) and 1M sodium
hvdroxide solution {150 ml) was added. After vigorous shaking the

two layvers were separated and the organic layer dried {(sodium sulphate)
filtered and evaporated to leave the title compound (234} as a solid
feam (5.71 ¢, 99%), Voax (CH2C12) 2900, 1lel2, 1370, 1330, 1103, 1046,

950, and 880 cm-l. The compound contained small amounts of impurity
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but these could not be removed., The material was used crude in

subsequent transiormaticns with satisfactory rasults,

Preparation of (E)-Cholesteryl Cinnamate (238)

The ylide (234} (780 mg, 1.13 mmeole was suspended in THF
{30 ml) and benzaldehyde {120 mg, 113 ul, 1.13 mmole) was added.
The mixture was heated to reflux under nitrogen for 15 h, and the
initially clear solution becoming cloudy as heating was continued.
TLC analysis after this time also indicated the presence of a new
preduct that was uv active and less polar than benzaldehyde. The
reaction was cocled and evaporated and the residue subkjected to
column chromatography {(eluant 30% dichloromethane and 70% petroleum
ether) +to yield the title compound (238) as a white crystalline solid

(347 mg, €0%), mp 1.61-2O {from dichloromethane and petroleum ether)

(lit.lSl 161-20), E1]§3'5+ 43° {C ©0.03 in benzene) (Zit.lSL E@];S
+ 440 in benzene), Vmax (CHZClZ) 2938, 1700, 1637, 1493, 1i70, and

1c00 en™t; 'E nmr (cocl,) § 7.18-7.82 (68, m, aryl-E + Ph-CH=C), 6.34

(12, 4, I 16 Hz, C=CHCO,R), 5.35 (lH, br s, CH=CR,), 4.65 (15, br s,
HC-0), and 0.65-2.45 (43H, m, saturated cholesterol-H); m/e 516

(M+), 368, 354, 260, 247, 213, and 131.

Preparation of (E),(E) Choclesteryl S5-Phenyl-2,4-pentadisncate (240)

Entry 1

The vlide {(234) {100 mg, ©0.145 mmecle) was dissolved in TEF
(5 ml) and (E)cinnamaldehyde (19 mg, 18.3 ul, 0.145 mmole) was added.

The sclution was heated at the reflux under an atmosphere of nitrogen
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for 25 h when tlc indicated the reacticn was prcceeding no further,
All volatile material was removed at reduced pressure and the residue
subjected to column chromatography (eluant 30% dichlorcmethane and

70% patroleum ether} tc yield the title cocmpound (240) (26 mg, 33%),

31

mp 147-9° (frem dichlorcmethane and petroleum ether) (Iit.->r 148%),

&533'5 +18% (C 0.12 in benzene) (Zit.°r &ﬂgs
L

V (CH.Cl,) 2900, 2840, 1699, l1le24, 1126, and 999 cm ; lH nmr
max 2772

- 21D in benzene)

(CDCl3) § 7.70 {l1H, m, PhC=C-CH), 7.40 (5, m, aryl-H), 6.88 (2E, m,
PhCHE=C and PhCH=CH-), 5.94 (15, 4, J 15 Hz, PhCE=CE—CH=CH-) , 5.40 (1lE,
br s, C§?CR2), 4.70 (1, br s, HC-OR}, and 0.67-2.40 (43F, m, saturated

cholesterol-g); m/e No M+ 368, 353, 278, 248, and 128.

Preparation of Cholesteryl 4-Diphenylphosphinoyl-2-butencate (239) "

Diphenylphosphinoacetaldehyde (226} (125 mg, 0.55 mmols) was
suspended in THF (10 ml). The ylide (234) (379 mg, 0.55 mmole) was
added. The mixture was heated at the reflux under nitrogen and the
initially clear solution went cloudly as time progresssed. After 24 h
the reacticn was allowed to cool and evaporated to dryness. The residue
was dissolved in dichloromethane (30 ml) and this was shaken thoroughly
with 3% hydrogen peroxide solution (25 ml). The organic layer was dried
{sodium sulphate), filtered and evaporated and the rasidue purified
by chromatography {(eluant 2% methanol and 58% dichloromethane) to
give the title compound (239) (114 mg, 32%), mp 218-21° (from
dichloromethane and petroleum ether), [ﬁ];B'S + 42° (C 0.0l in

CHCL)), v f{c_cl ) 2930, 2870, 1712, l1l&51, 119¢, and 820 cm“l;
3 max 272



lH nmr (CDClB) § 7.62 (lCH, m, arvl-H), 6.85 (lH, m, -P-CHzcg), 5.88

(14, 44, EHH 1l B2z, EPH 4 Hz, -P-CHZ—CE=C§), 5.35 (18, br s, CH=CR2),
4.58 (18, br s, HCCR), 3.25 (24, 44, EHH 6.5 Hz, EéH 14 Bz, aryl-P-CﬁQ),

and 0.65-2.31 (43H, m, saturated cholesterol-§); m/e 654 (M+), 386,
368, 353, 288, 269, 219, 201, 145, 105, and 95 {(Found: <C, 78.71;
B, 9.19. C43359P03 requires C, 78.86; H, 9.08%).

Preparation of (E), (E)-Cholestervyl 5-Phenyl-2,4-pentadiencate (240)

Entry 2

To di-isopropylamine {12.6 mg, 17.5 ul, 0.125 ammole) in THF (2 ml)
was added a. solution of n~butyllithium in hexane (1.60M, 78 Wi, 0.125
mmole) at -78° under an atmosphere of dry nitrogen. The_solution was
warmed to 0° and left for 0.5 h. The mixture was cooled to -78° and
the hexane was removed at reduced pressure. A solution of cholesteryl
4-diphenylphosphinoyl-2-butencate (239) (74 mg, 9.113 mmole) in THF
{2 ml) was introduced and the solution warmed to o® for i5 min. A
pale green sclution resulted. On cooling to ~78° benzaldehyde
{14.1 mg, 13.5 ul, 0.133 mmole) was added. The resultant solution
was warmed to room temperature which slowly became a yellow suspension.
After five days the reaction mixture was evaporated and fhe residue
was purified by chromatography {(20% dichloromethane and 70% petroleum
ether) to give the title compound (240) (14 mg, 23%) identical in

every respect with authentic material.
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APPENDIX I
HIGE-DILUTION APPARATUS
Approximately 15 mmole of each reactant is dissolved in 50 ml

dichloromethane and added to the apparatus through the motorised

syringes in 16 hours.
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APPENDIX 1II

Crystal Data for 2,20-Di-azal3.3.3.3] paracyclophane 1,4-Dioxan

Complex.

a— £ v - r S r r
Crystals of the complex C34EB8L2 xC4HBO2 ars terragonal

a = 20.685(5), ¢ = 10.158(2) S, U = 4346 23, space group »4d 2,m,2 =
A total of 1620 independent reflections (@<55°) ware measurad on a

diffractometer using Cu—Ka radiation (graphite monochromator} and of

these 927 had | Fol >30(|Fo|}. The structure was sclved by direct

methods and refired anisotropically to R = 0.19.
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Crystal Data for g,gf-Di-methyl-z,20-di-aza[3.3.3.3}paracyclo-
phane (217).

Crystals of C M=502 are triclinic, ¢ = 5.6861(1l),

36°4272"
b = 10.823(2), ¢ = 13.014(2) &, @ = 7L.97(1)°, 8 = 88.33(1)°,

Y Bo.lo(l)o, uv= 74783, space group PI, Z = 1, molecule rossasses

a crystallographic centre of symmetry in centre of macrocycle. A

total of 1855 independent reflections (8 ¢ 550) were measured on a
diffractometer using Cu—Ka radiation (graphite monochromator) and

of these 1519 had [Fol> 30 (|Fol). The structure was solved by

direct methods and refined anisotropically to R = 0.051.
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Iinclusion Complexation of 1,4-Dioxan by an Azaparacyclophane;

an X-Ray Crystallographic Study

Stephen J. Abbott,2a Anthony G. M. Barrett,*® Christopher R. A. Godfrey,? S. Barret Kalindjian,®b

Gregory W. Simpson,® and David J. Williams®®

s Imperial Chemical Industries, Heavy Chemicals New Science Group, P.L.C., PO Box No. 11, The Heath,

Runcorn, Cheshire WA7 4QE, UK,

b Department of Chemistry, Imperial College of Science & Technology, London SW7 2AY, U.X.

An X-ray crystailographi-c study shows that 1,4-dioxan forms a 1 : 1 complex viz incarporation within the dish
cavity of the host NN N N’ -tetramethyl-2,11,20,29-tetra-aza[3.3.3.3] paracyclophane.

The design of polyfunctional host molecuiles for the specific
compiexation of guest species is an area of immense
importince. In this context, we have had occasion to examine
functionalised derivatives of the paracyclophane (1). Several
di- and tetra-N-alkyl derivatives of this compound’? and

{1Ya;R:=H
b: RzMe

related systems®* have been reported elsewhere. Urushigawa
er al.* showed that the tetra-N-methyl derivative (1b) formed
microanalytically pure benzene and 1,4-dioxan solvates,
Herein, we report an X-ray crystallographic siudy of the
Jatter, complex (2).

The host-guest complex (2) crystallised from dioxan to
form a 1:1 solvate. Crystafl dara: Crystals of the complex,
CoeHu N C H,0;, M = 620.9, are monoclinic, a = 25.091(4),
b= 5.691(1), c = 13.440() A, 8 = 112.06(2)°, U = 1779 A3,
space group C2, £ = 2, D, = 1.16 g cm™2. A total of 1340
independent reflections (6 < 58%) wers measured ona diffracto-
meter using Cu-X, radiation and of these 83 had {F| <3e
(| F5l) and were classed as unobserved. The structure was
solved by direct methods and refined anisotropically to
R = 0.056.t

t The atomic co-crdinates for this work are available on request
from the Director of the Cambridge Crystallographic Data
Centre, University Chemical Laboratory, Lensfield Road,
Cambridge<CB2 LEW. Any request shouid be accompanied by the
full literature citation for this communication,
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Figure 1. The molecular structure of the 1:1 complex of (1b) with
1,4-dioxan.

Figure 2. Space-filling drawing of the host in the complex (2)
viewed down the crystallographic C, axis,

The cornplexed host molecule (Figure 1} adopts a ‘dished’
conformation with the planes of the aromatic rings nearly
equally inclined (27.4 and 28.2°) to the crystallographic C,
axis which passes through the centre of the macrocycle.
Despite this dishing of the molecule, inspection of the space-
filling representation of the host {Figure 2) shows thereisstilla
significant fres passage through the centre of the macrocycle.
The molecules pack one above the other producing a continu-
ous channel along the b direction. The maximum and minimum
channel clear pathways are 7.0 and 4.4 A respectively. A conse-
quence of the dished conformation of the molecules and their
packing one apove another is the production of a ‘cone in
cone’ structure (Figure 1) resulting in a widening of the channef
from ca. 5 A to a maximum of ca. 7 A in the region between
each layer of molecuies and producing secondary cavities
within which the guest dioxan molecules are located. These
cavities are larger than are necessary to tightly hold the dioxan
molecules which, as a consequence, adopt slightly differing
orientations within each cavity.

This structurzal arrangement is similar to that observed for
the complexation of durene by .1,6,20,25-tetra-aza{6.1.6.11-
paracyclophane.* Howaver, in that instance the planes of the
aromatic rings were parallel and the durcne molecule inserted
completely into the centre of the macrocycle. However in the
complex (2) the host has appreciable conjormational flexi-

797

1A

Figure 3. Cross-section of the chann_e] showing the ‘cone-incone’
structure, the environment of the dioxan molecule, and the van
der Waals' surface.

bility and hence the potential to adapt to include a wide range

- of guest species.

Inclusion compplexation of this type is in striking contrast to
that exhibited by the closely refated tricyclic compounds such
as tri-o-thymotide® and differently substituted trianthranilide
derivatives.® In these, the channels or cavities are created by
the packing of the molecules, i.2. in the intermolecular regions;
whilst in the complex (2) they are created either partially or
completely within the molecules themselves, f.e. intra-
moiecularly.

We thank the S.E.R.C. for support and I.C.1. Petrochemi-
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