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. ABSTRACT OF THESIS

A brief_review of some historical aspects of phenylhydrazone
chemistry and of ihe work of other authors on the formation and
isomerisation of phenylhydrazones and related conmpounds is given in
the Introduction. Where appropriate, more detailed réference is made
to the work of other authors in the Discussion.

The initiai and equilibrated geometric isomer ratios of
various phenylhydrazones in several sclvenis have been examined by
1H n.m.r, spectroscopy and the factors thought to influence these
ratios are discussed in the light of the resultis obtained. In
particular, attention has been given to acetaldehyde phenylhydrazone.
The anti isomer was found to be isolated due to preferential cryst-
allisation and was only observed as the kinetic ppoduct during the
formation of acetaldehyde phenylhydrazone in solution under controlled
conditions. Isomerisation of solid acetaldehyde phenylhydrazone has
been observed and in solution the isomerisation is strongly catalysed
by free phenylhydrazine. It is thought that this catalysis extends
to other phenylhydrazones, complicating ineasurement and interpretatioﬁ
of thé initial isomer ratios. The structures and possible mechanisms
of_formation of higher molecular weight, products fromvtbe condensation
of acetaldehyde and formaldehyde with rhenylhydrazine are also
discgssed.

The configurations of the geometric isomers in a series of
alkyl phenyl ketone phenylhydrazones have been assigned by a correla-
tion of data from their n.m.r. and ultra-violet spectra and the phenyl
group is apparently approximately equal in ‘'size' to the ethyl group
in this system., This is, to a certain extent, consistent with the
recent findings of other workers for the 'size' of the phenyl group

in a similar system.

continued....;



The mechanism of the oxidative ring closure of adipaldehyde
bisphenylhydrazone has been investigated but the experimental evidence
did not discriminate between two possibie mechanisms previously
proposed and a third mechanism has been considered.

The possibility of a Cope rearrangemeni between the C;C
and N-N dimers of benzaldehyde phenylhydrazone was examined and,
althoﬁgh the producté were not isolated, énalysis of equilibrated
solutions by chromatography sugéested that such a rearrangement
does occur. The range of products arising from oxidations of
bezaldehyde phenylhydrazone and possible mechanisms for their
formation are also discussed. |

The kinetics of the base catalysed'rearrangement of an
optically active phenylazo compound, 2-pheny1§20bornane, to the
corresponding phenylhydrazdne have been studied by polarimetry and
ultra-violet spectroscopy but complications due to further reactions
of the product_were encounfered.' Investigation of these reactions,
which appear to be due to oxidation, was inconclusive and preparation
of other optically active phenylazoalkanes for kinetic studies
proved difficult.

Besides the main topics outlined above, some experiments
concerned with other properties and possible reactions (e.g. re—
arrangements) of phenylhydrazones and phenylazo compounds are

described and discussed.,
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1.

INTRODUGT ION

Emil Fischer discoversd phenylhydrazine1 in 1877 and
showed 172 that it combines with carbonyl compounds to form
phenjlhydrazonés of the general férmula (1).

Phanylhydrazones have since forméd one of the maiﬁ
classes of crystalline derivatives by means of which carbonyl
compounds are cormenly characterised. Although phenylhydrazine
itself is suitable for the characterisation of many individual
aldehydes and ketones, firsﬁly p_-nitrophenylhydrazine3 and then -
2,A-dinitrqphenylhydrazine4 replaced pheﬁylhydrazine in routine
characterisations because their derivatives are éoloured, often
more highly crjstalline, and less prone to oxidation and
cyclisation,

Phenylhydrazones are also important as intermediates
~in the p:eparation of many heterocyclic compounds snd they
undergo a variety of other reactions, some of vhich are discussed
in this thesis,

Most arylhydrazones, are, of course, synthesised by
the reaction of the arylhydrazine with the carbonyl compound.
The‘choice of conditions is dependent upon the particular
arylhydrazine and.the.carbonyl compound which are used.
FPhenylhydrazine is cohpletely miscible with most solvents except
light petroleum - ether and water, and phenylhydrazones have
been prepared in 2 variety of solvents, with or without acidic
catalyst?’s’s. Almost quantitative yields are often obtained in
ethanols. Yost ring substituted phenylhydrazones can be
synthsised by using conditions similar to those for the varent

compound, excapt in the case of 2,4~dinitrophenylhydrazones7
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The methods for the preperation of arylhydrazones
are well established and the mechanism of their formation under
various conditions has been studied in detail, mainly by kinetic
experimentss’g, and has been found to be analogons to that for
the formation of oximes, semicarbazones, thiosemicérbazones and
Schiff baseslo.

The attack of the nucleophilic reagen® (Scheme 1) is
rate determining under slightly acidic conditions, and is usually
subject to both general acid and spzcific acid catalysislo.
Under neutral or basic conditions, dehydration of the
carbinolamine becomes the rate determining step. This step is
generally subject to strong acid catalysis. It is known11 that
the steric environment of the carbonyl compound involved in the.
condensation reaction has a marked effect on the overall rate of
the reaction. |

~ As rotation is not poésible about C = N, and since the
arrangament of the bohds around nitrogen is trigonal, two
geometrical isomers are possible_fér pbehylhydrazones of
unsymme trical carbonyl compounds, (2) and (3). Both geometrical
isomers of numerous phenylhydrazores and D N P's have been
isolated12-16. Often, however, these are cases where one of
the isomers is intramolecularly hydrozen bonded. _

It has been concluded by both Bellamy and Guthfie?3,

and Karabatsos and 'I'aller17

» that all phsnylhydrazones, either
in solution or neat, exist in theimine form {4) with no azo (5)
or ene~hydrazine (6) forms detectable,

Throughout this thesis the ncmenclature for
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phenylhydrazones‘of aldehydes and ketones which was adopted
by Karabatsos and co—workersl7 is used, even though this is
ambiguous in soms cases: the syn isomer (in 7) has the anilino‘
group.gig to the smaller R group, and tke anti isomer has the
anilino group gié to the larger R group e.g. the anti isomer of
acetaldehyde phenylhydrazone has the anilino group c¢is to the
methyl grcup. | ' A
Silverstein and Sr.zhc:\olery18 were among;: the first to
apply n.m.r. ﬁechniques to the studies of D N P's, They noted
differences in the aromatic hydrogen resonances of the two
geometrical isomers of the.D N P derivative of ethyl benzoylacetate
and explained the resuit in terms of an anti form (8) in which
the phonyl group is coplansr with the C = N, and & syn form (9)
in ‘hich the phenyl group is non-coplanar with the C = N,

17, 19-22 (i 1died the

Karabatscs and his co-workers
n.m,r, spectra of phenylhydrazones, ring-substituted phenyl-
hydrazones, semicarbazones and thiosemicarbazones of many
aldehydes and ketones. Besides assigning n.m.r. absorptions
Karabatsos and his co-wrkers reported a great deal about the
configurational stebility of phenylhydrazones and related
derivatives and in doing so laid the foundation for the major
pért of the work concerning the formation and isomerisation of
phenylhydrazones which is discussed in this thesis.

Various techniques have been used to study the
mechanism of the isomerisation of phenylhydrazones and related
compounds under a variety of conditions. Since, because of

their usefulness in the cheracterisation of carbonyl compounds,

D N P's are probably the most familiar of this class of
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compounds, the question of stereoisomerism and the factors which
effect isomerisation in D N P's have received the attention of
many workers, Thé investigation of the syn-anti isomerisation
of D N P's of alkyl prenyl ketones by U;V.-and infra-red

4

5 _ S
spectroscopy by Ramirez and Kirby™™, the extensive n.m.r. studies

on the DNP's ofaliphatic and aliphatic-aromatic aldehydes

17,19-21

and ketones by Karabatsos and his co-workers s and the

rate studies of the sm-antl isomerisation of alkyl aldehyde

D N P's by Hegarty and Scott 2

» which occurs during bromination,
all suggest that only steric factors are important in determining
the stability of the various geometrical isomers in these systems.
Karabatscs et a1.2o also point out that‘in the case of acetaldehyde
D N P, the syn isomer is the kinetic product of the condensation,
the equilibration of the isomers-is acid catalysed, and that |
solvents capable of hydrogen‘bonding with the N - H of the DN P
incresse the syn/anti ratio.

Curtin, Grubbs and McCarty26 conducted an extensive
study of the §zgrgggl isomerisation of imines,.oxime ethers and
halo~imines by n.m.r., infra-red and U.V. spectroscopy. The
imines (10) were found to have n.m.r. spectra at c.a. 25°C
characteristic of structures with the CéHAX cis to one of the
P-methoxyphenyl groups. Interconversion of stereoisomers was
slow on the n.m.r. time scale at this temperature, but
.isomerisation became more rapid as the temperature was increased.
The infra-red spectra of unsymmetrically substituted imines (11)
suggested that they crystallise preferentially as a single

stereoisomer but isomerise very rapidly, even in non-polar

solvents, to a mixture with an equilibrium constant near 1.
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u.v. kinetic measurements support the n.m.r. resuits. While
oximes were found to be eonfigurationally stable, halo-imines
were found to have configurational stability intermediate

between the N-arylimines and the oximes. They concluded that

the isomerisation of the imines studied is a unimolecular procsss
and suggested that it occurs by a "lateral shift mechanism"
which consists of the shift of the substitusnt attached to
nitrogen (12) through a linsar transition state, while the ||
bond remains intact and the unshared electron pair occupies the P
orbital orthagonal to the [T ~bond of the nitrogen., This
mechanism is also suggested for.ths isomerisation of azobanzenes?7
and phenylhydrazonésps.

‘Jennings and Boyd')9 have recently investigated the
mechanism of syn-antd isomerisation of N-alkyl-ketimines by
n.m.r. spectroscopy and measired the interconversion rates (see
Scheme 2) for a series of N-alkyl-ketimines at 180 — 200°C. The

A ¢t values obtained from the coalesence temporatures were
found to e insénsitive to the nature of the substituents (whether
alkyl or aryl) on the carbon. This suggests that isomerisation
takes place by a mechanism closs to pure nitrogen inversion. This
mechanism appears to be intermediate between the "lateral shift"
mschanism described above and the additlon-rotation mechanism
described below for acid catalysed isomerisation. Rotation
about the C = N 1g énother possible mechanism, but the energy of
the dipolar (or di-radical) transition state for this mechanism
would be considerably lowered by Qrafyl substituants.,

For molecules containing a C-alkyl substituent with

at least one A - hydrogen atom thay suggested a third



mechanism, involving an enamine intermediate (Schems 3). In
support of this mechanism they cited examples of C-ethyl imines.
At tempsraturss higher than thoss required for coalescence of the
~ethyl signals to a single AéﬁB system due to rapid isomerisation
both thz methylens quartet and methyl triplet broéden and collapse
to singlets due to loss of vincial coupling which is consistent
with fast proton éxchange during rapid imine-enamine
tautomsrisation. As more convineing evidence they report.
deuterium exchengs with the protons in the C~methyl group of
C-methyl alkylimines in [2H£] methanol during isomerisation at
ambient'temporature,

30

- Boyd, Jennings, and co-workers s also suggést that
interactions involving the nitrogen lone pair might'be important
in determining imine stereochemistry. Comparison of the
equilibrated isomer ratios determined by n.m.r. spectroscopy
for li-methyl imines with phenyl and l-napthyl substituents on
carbon (13 and 14) shows that the proporticn of (14) increases
on substitution of the more bulky l~napthyl group for a phenyl
group at Rl, and also on changing the substituent from 2-napthyl
to l-napthyl. They propose that (13) may be destabalised by an
"n —~ TTrepulsive interaction™ between the non-bondirg nitrogen
lone pair electrons and the 17 ~ electrons of the proximate
aryl ring.

More recent work by this group’r, which is dealt with
in the discussion section on the alkyl phenyl ketone phenylhydra-
zone series, substantiates their results which are described

immediately above.

A similar controversy concerning the factors which
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determine the éonfigurational stability and the mechanism of
syn-anti isomerisation of oximes also exists. Several kinetic
studies of the syn-anti isqmérisation of Qximeslg?Bg-BS, and

of oxime anion336 bave appeared. waever Syn-anti isomerisation
of phenylhydrazones has not been investigated,to the same extent
using modern physical techniques. |

The mechanism of acid catalysed Syn-anti isomerisation
of a series of methyl-substituted scetophenone D N P's has been
more recently investigated by Idoux and Sikorski’’ who found that
the isomerisation was influenced by polar, as well as steric,
effects and.suggested that polar effescts generally play an
important role in isomerisation about the C = N bond, though
steric factors are the deminant inflﬁence. Their reéults favour
an addition-rotation mechanism (Schems 4) for acid catalysed
isomerisation, as suggested earlier by Kerabatsosl7’19-2l.

The most extensive study of thevconfigurational
stability of phenylhydrazones, D N P's and semicarbazones of
aliphatic aldehydes and ketones by n.m.r. spectroscopy was that
of Karabatsos et a1.17’19-2?, whose findings with regard to
geometrical isomerisation suggested that the condensation
reaction generally gave rise to-a single isomer in which the
bulky Z group attached to the imino nitrogen bore a syn
relationship to the amaller R group (Scheme 5). The isomers
equilibrats on standing, or on acidification. At equilibrium,
the syn isomer pradominates (Bﬁlkiest group trans), the exact
isomeric composition of the equilibrium mixture being solvent
dependent. . |

In two cases they found that the anti (thermodynamically
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less stable) isomer was isoleted (viz. of acétaldehyde
phenylhydrazone and p-chlorophenylhydrazone). They suggested
that isolation of a single isomer in these cases was the result
of either kiretically controlled formgtion of one isomer only or
of rapid isomer equilibration and precipitation of the less
soluble one., For aldehyde D N P's, for yhich isomer equilibra-

tion is slow, it has been dem.onstrated20

“that formation of the
thermodynamically more stable isomer is kinetically controlled.
The fact that, in general, the thermodynamically most stable
isomer has been isolated from prepsrations of phenylhydrazones
and D N P's favours this possibility. Because of steric inter-
actions in the transition state38 involved in the elimination from
the carbinolamine intermediate formafion of the thermodynamically
more stable isomers is to be expscted i.e. reaction (15) should
be favoured over (16). In the two cases where the less stable
isomers were isolated (sece above) the initial product formed was
a gum which crystallised only after standing for seversal hours.
The initially formed more stable isomer may have equilibrated
and the less stable, perhaps less soluble isomer crystallised
out. (This possibility has been investigated further and is
dealt with in ths discussion.) Karabatsos et al. also discussed
the mechanism for the acid catalysed Svn-anti isomerisatién of
D N P's and semicartazones in terms of the addition-rotation
mechanism already described (Scheme 4).

Bellamy and Guthrie’28 also isolated the anti isomer
(bulldest group cis) of acetaldehyde phenylhydrazore and found
it tq isomerise to an gyn-anti equilibrated isomer mixture

(3:2) after 42 hours in benzene. By deuterium exchange experiments
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using 1H n.m.r. spectroscopy they showsd that nsither a
phenylazoalkane {5) nor an ens~hydrazine (6) was an inter-
mediete in the interconversion of the syn and the anti isomeré
of phenylhydrazones in neutral solutions. They favoured the
"lateral shift" mechanism (described earlier) for the
isomerisation of phenylhydrazones under neutral conditions.

In summary, at the commencemsnt of the investigation
described in this thesis, it had been established that
phenylhydrazones exhibit geometrical isomerism, that they
undergo rapid §xgréggi isomerisation, and in some cases can be
isolated as a single geometriCal isomer. It remained a matter for
speculation, howevér, whether steric factors alone, or a
combination of steric, electronic and solvent effects are
responsible for the ratio of isomers initially formed., The
mechanism of phenylhydrazone formation, through a carbinolamine
intermediate, was well established, but whether or not the
stercochemistry of the carbinolamine controlled the initial
product geometry had not been ascertained. It was with a
view to investigating further these omissions that the major
part of the work concerning the formation and isomerisation

of phenylhydrazones discusszd in this thesis was undertaken.



10.

DISCUSSION

lﬂ N.M.R. Study of the Formztion and Isomerisation of

Phenylhydrazonas.

The anti (thermodynamically less  stable isomer) of

acetaldehyde phanyll'ydrazone had previously been isolated from
prgparaﬁions of.acetaldehyde phenylhydrazone, and had been
found to isomerise in solution to a Syn-anti isomer mixture
(3:2) by both Bellamy and GuthrieQS, and Xarabatsos et al,l’?~l
It was considered that the anti isomer might be the kinetic
product of the condensation. (It was later shown, however,

(see pages 20 =22) thet the antl isomer was isolsted due 4o
preferential crystallisation). It was also thought that the
thermodynamicelly less stable isomers of other phenylhydrezones
might be kinetically favoured, or at least be more abundant in
the initial product mixture formed than in the equilibrated
mixture. A consideration of steric effects alone (see page 8 R
para. "1 ') suggests that the thermodynemicelly favoured (syn)
isomer would also be kinetically favoured, but it is possible
by taking into account intramolecular hydrogen bonding in the
carbinolamine, vhich is initially formed in the condensation,

to devise a mechanism which would lead to the formstion of the

anti isomer on dshydration,

Hydrogen bonding (Scheme 6) between the hydroxyl
proton and the ol -nitrogen lone Pair, or less likely tetween
>the o -N-H and ths oxygen lone pair, could hold the carbino-
lamine in a cyclic arrangement with minimized non~bonded
interactions between the methyl group and the o ~N-H. If the

hydroxyl group was then displaced by the /g -nitrogen lone pair,



rotation, as shown, would lead to a itrsns-antiperiplanar
arrangemsnt, and would also bi'ing the methyl and NHPh into a
¢ls arrangement, lsading to ths least stable geometrical
isomer of the phenylhydrazone. '

In order to investigate whether or not such a
hydrogen bonded carbinolamine did influence the initial
products of phenylhydrazone formation, condensations of carbonyl
compounds with varying degrees of steric hinderance around the
carbonyl group were examined by n.m.r. spectroscopy. The
reactions were monitored as-soon as solutions of the reagents
wsre mixsd, and then at intervais until an equilibrated isomer
‘mixture had been formed. The assignments were made on the
basis of fhe n.m.r. data reported for phenylhydrazones by

17,2

Karabatsos et al. Ring substituted phenylhydrazones

(e.g. p-methyl, p-chloro and’ p-nitro) were used so that

comparison could be made of the isomer ratios for phenylhydrazones

~ in which the hydrogen bonding affinity of the nitrogen lons pair
described above was either increased or decreased relative to
the unsubstituted phenylhydrszone. The solvents used were also

varied c.f. pyridine and nitromsthane; py-ridinel?

would be
expected to form intermolecular hydrogen tonds with the
carbinolamine and thus prevent formation of the cyclic carbino-
lamine arrangement described above, whereas with nitromethane
intermolecular hydrogen bonding would be greatly decrsased or
even absent (see below).

The choice of solvents for these experiments was

- restricted as they had to satisfy the following conditions:
(i) the reagents and the products should be solublg enough

11,



12,

in'the solvent for 5% M solutions to be formed, (Ii) the solvent
should be miscible with water (the solutions became 5% M in
water formed from the dehydration of the carbinolamine), (iii) the
absorptions of the éolvent in the n.m.r. spectrum should not
interfere with those of the reagents or products being studied
(usually methyl or methylene signals in the region of 1 - 2.5
P.P.m. were used in monitoring the reactions). An additional
requirement was thatAthey did not show a tendency to form
hydrogen bonds with the intermediate carbinolamine,

The experiments were initially conducted with dioxan
as the solvent, but a compariéon of the bvasisity of various
solvents by measurement of their AN J oo (CH 013) values
(see Experimental, pages 92, 93 ) suggested that both
nitromethane and acetonitrile were mﬁch less basic than dioxan.
Acetonitrile fulfilled most of the requirements listed gbove
except that the n.m.r. signal for the methyl group (1.34 p.p.m.
neat) obscured the absorptions for some of the carbonyl
compounds and phenylhydrazones bsing studied. (This was over-
come in most cases by use of [QHB] acetonitrile). Acetonitrile
had been found by Delpuech39, using n.m.r. spectroséopy, to
exhibit less hydrogen bonding affinity than other common organic
solvents (e.g; dioxan, ether and tetrahydrofuran). Nitromethane
also fulfilled the requirements listed above, but, from comparison
of the result of Delpuech for acetonitrile and ‘that of Martin and
Martin’© for nitromethane, using the same method, nitromethane
eppeared to have a hydrogen bonding affinity slightly greater
than that of acetonitrile. These results were ré-investigated

using toth n.m.r. and infra-red spectroscopy (see Experimental,



13,

pages 8 - 93) and acetonitrile wes fouhd_to have a greéter

hydrogen bonding affinity than nitromethane, It was shown

that nitromethapé did not react witk carbonyl compounds under

the éonditions‘used for the formatioh and isomerisation of

phenylhydrazones. Nitromethane was found to be the most.suitable

non-basic solvent for the study of these reactions, although

b-nitrophenylhydrazine was not sufficiently soiuble in either

‘nitromethane or acetonitrile. (This limitation was not present
when p-chlorophenylhydrazine was used.)

The results of these experiments are presented in
Table 1. The values reported for the amount of syn isomer afe
accurate to c.a.- 2%; Only the percentage of syn isomer in
relation to the total amount of phenylhydrazone in the solution
is reported in Table 1. In cases where the carbonyl compouﬁd
was sterically hindered e.g. benzyl methyl ketone, it was found
that formaﬁion of the phenylhydrazone was slow, and free carbonyl
compound was observed to be present up to 5 hours after mixing
the reactants. It was also found thet in some solvents €ee
pyridine, p-nitrophenylhydrazine is less reactive than
phenylhydrazine itself, which is in turn less reactive than
‘g—methjlphenylhydrazine.

Great emphasis cannot be placed on the isomer ratios
measured tefore the solutions were equilibrated since it was
discovered, after these experiments had been run, that phenyl-
hydrazine itsslf greatly catalyses the isomerisation of
acetaldehyde phenylhydrazone (sze page 3C ) and it is possiblé
that this catalytic effect extends, to some extent, to the

isomerisation of other phenylhydrazones., In order that all the
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carbonyl compound would eventually be converted into
phenylhydrazone a 25% excess of phenylhydrazine over carbonyl

compound was used, but even if 2quimolar quantities of carbonyl

compound and phenylhydrazine had been used, sufficient phenyl-

- hydrazine would have been present throughout most of the

reaction period to catalyse the syn-anti isomerisation of the
phenylhydrazone.

| With dioxan (pK - 2.9241) and pyridine (pK c.a.
5.241), ths more baéic-solvents used, examination of Tables 1 A,
B, C and D shows that the percentage of syn isomer increases as
the formation and isomerisation of the phenylhydrazone proceeds,
except for the fast reaction of acialdehydé with P-methylphenyl-
hydrazine (Table 1 D) where condensation and isomerisation were
Probably complete before the first spectrum (0.5 hr.) was
recorded. In nitromethane the initial isomeric composition does
not change significantlj as the reaction proceeds (Tables 1 G and
H), and in [2H3] acetonitrile (Tables 1 F and %) an increase in
the percentage of syn isomer was observed only in the relatively
slow reaction of methyl benzyl ketone with both phenylhydrazine
and ;rchlorophenylhydrazine. These results indicate that the
greater the hydrcgen bonding affinity of the solvent, the
greater the percentage of anti isomer initially formed. This does
not support the hypcthesis involving the-cyclic carbinolamine
intermediate described above. It is possible, however, that
isomerisétion catalysed by phenylhydrazine is more rapid in
solvents which have low hydrogen bonding affinity, and that only
equilibréted isomer mixtures were observed in these solvents.

Comparison of the initial isomeric compositions for
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P ~ nitrophenylhydrazones and unsubstitutedvphénylhydrazones
in pyridine (Tables 1 B and C) shows that there is lesé of the -
gﬁ&; isomer present initially with p- nitrophsnylhydrazones.
The p-nitro substitusnt would be expected to delocalise the
nitrogen lone pair, this decreasing the strength of the
hydrogen bonding in the proposed cyelic carbinolamine (Scheme 6),
relative to that for unsubstituted phenylhydrazones, and there-
fore cause a decrease in the amount of anti isomer initially
observed, The results are in agreement with this proposal..
The opposite effect should be ohserved Qith p-methyl substitution
(Table 1 D), but subsititution of a p~methyl group appears to
make little difference to the initial isomer ratios (compare
Tables 1 B and D). D-Yethylphenylhydrazine is more reactive
than phenylhydrazine itself, which is in turn more reactive than
 p-nitrophenylhydrazine. (It may bte that, in the experiments with
P-methylphenylhydrazine, phenylhydrazone.formation and isomerisa-
tion was complete before the first spectrum was recorded (0.5 hr,).)
In solvents with little hydrogen bonding affinity the effects due
to Lrsubstitution should be more marked, but comparison of
results in acetonitrile (Tables 1 F and E) and in nitromethane
(Tables 1 G and H) {where a p-chloro substituent was used to
provide the inductive effect rather than e p~nitro substituent
because of sclubility problems) shows there is no great
difference in the isomeric compositions of the substituted
and unsubstituted phenylhydrazones. .

. Hence, the initial isomer ratios do not, in general,
substantiate the hypothesis of the cyclic carbinolamine

structure, but the effect of catalysis by phenylhydrazine, or
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ring-suhstituted phenylhydrazines, on these initial fatios is
uncertain., The solutions were 1.25% M in phenylhydrazine (or
ring-substituted phenylhydrazine) after the phenylhydrazone
formation was complete, The équilibrated isomer ratios provide
more significant information asAthese should bs unaffected by
the catalysis.

In a p-substituted phenylhydrazone (17) an electron
withdrawing substituent (e.g. NO, or Cl) should increase the
acidity of the NH and favour hydrogen bonding with basic
solvents, e.g. pyridine, and this should sterically destabalise
the anti isomer relative to the syn isomer. Converssly an
electron releasing substituent (e.g. M) should have the opposite
effect and increase the percentace éf anti isomer in the equili-
brated mixture. For solvents with low hydrogen bonding affinity,
e;g._nitrometbane and acetonitrile, para-substitution in the
phenyl group should have little or no éffect on the equilibrated
isomer ratios.

Comparison of the equilibrated isomer ratios (after
c.a. 200 hours) for substituted and unsubstituted phenylhydra-
zones substantiates the above hypothesis, i.e. there is less
anti isomer at equilibrium in the p-nitro substituted compounds
and more in the p-methyl substituted compounds than in the
uhsubstituted pkhenylhydrazones for solutions in pyridine (Tables
1B, C and D), Also, in the non-basic solvents, nitromethane
and acetonitrile, substitution of an electron withdrawing
substituent (p-chloro) has little effect on the equilibrated
isomeric composition (Tables 1 E, F, G and H). For example,

with acetaldehyde phenylhydrazone in nitromethane (see



Expsrimental, péges 88, 8 ) the equilibrated mixture cont_:a'ins
39% ofvthg anti isomer, whereas with the p-nitrophenylhydrazons
in the same solvent 29% of the anti isomer. In pyridine ths
correspondiné figures are 33% and 19% respectively, i.e., in the
" solvent with greater hydrogen bonding affinity there is less of
the anti isomer in an equllibrated solution and this effect is
-more marked on substitution of an electron withdrawing p-nitro
group. Xarabatsos and Taller17 have related chemical shifts

ih the n.m.r. spectra of phenylhydrazones to hydrogen bonding
with solvents such as pyridine, nitrobenzene and methyl benzoszte,

Because of complications with catalysis of the
isomerisation of phenylhydrazones by free phenylhydrazine the
experiments discussed above did not serve the prupose for which
they were originally designed i.e. to provide information on isomer
ratios of phenylhydrazones as they are formed.
' Such catalysis is difficult to avoid entirely but may

: be minimized by allowing excess of a carbonyl compound to react
with small amounts of phenylhydrazine, Experiments of the
latter type have been carried out with acetaldehyde and

phenylhydrazine, and the fesults are discussed on page 31 ,
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The Condensations of Acetaldehyds with Aming Derivatives
Ralated to Phenylhydrazins.

Both #he hypotheses described earlier in relation %o
the initial (page 15 , para. 1 , Scheme 6) ér;d equilibrated
- (page 16 , para, 2, 17) isomer ratios for phenylhydrazones
are dependent upon the basicity of the o - nitrogen in the
carbinolamine and the phenylhydrazone respectively. If this
basicisity were altered, then, providing the hypotheses were
correct, the isomer ratios of the initial and equilibrated
pro.ducts would also be expected to alter. Substitutiqn of the

o~ nitrogen by oxygen and carbon would be expected to

dacrease the basicity af the o| - position and thus decrease

the preportion of anti isomer initially formed and increase

the proportion of anti isomer in the equilibrated isomer

mixture relative to the proportions observed for a particular
pher;ylhjdrazone . |
The condensation of Q—phenylhydroxylax;line with
acetaldehyde in dioxan was studied by n.m.r. spectroscopy
(Experimntal, page 114) in the same way as condensations of
carbonyl compounds with phenylhydrazine and substituted
phenylhydrazines wers followed. The reaction was much slower
than that of acetaldehyde with phenylhydrazine, Dehydration
of the carbinolaminé (1- hydroxy- 1-phenoxyamino-ethane, 18)
appeared to be rate determining and absorptions attributed to
this intermediate began to decrease in intensity after 5 hours
when absorbtions for the isomers of O-phenyl acetaldehyde A
oxime (19) were initiaily observed, The doublets of the isomers

overlapped in dioxan but separated on addition of benzene,
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The equilibrated isomr ratio was found to be 53% gy and
47% anti i.e. more ggt_i_ isomer thén for acetaldehyde phenylhydrazone
in dioxan (61% syn, 39% anti). This result supports the
hypothesis described earlier in rclation to equilibfabed isomer
ratios. Because of the overlap of signals ths initial isérner
ratios were not measured,

Similarly, the condensation of acetaldshyde with
‘btenzylamine in dioxen was studied (Expsrimental, page 117).
The initial isomeric composition was found to be 83% gyn and
175 anti, The reac*ion was complicated by rearrangement of
the acetaldehyde benzylimine to tenzaldehyde ethylimine ( 20,
Scheme 7). The experiment was repeated with pyridine as solvent
but separate absorptions for isomers of acetaldehyde benzy-
limine were not observed. If two isomers were present, their
absorptions were co-incident. No evidence of a double bond

shift to form benzaldehyde sthylimine was observed in this case.



Exmws__uith Acetaldehvde Thenvlhvdrazone .

-

ati £ anti-icataldehyde Phenvlhvdrazone.

Attempts were made to isolate bthe anti ispmer of'
acetalhyde phenyihydraéone by following the method of' |
Bellamy and (}uthr-ie?8 (Me;thod A; Experimental, page 98 ),
but this methodgenerally yielded an isomeric product mixture
containing c.a, 40% anti isomer; 95% was the highest proportion
of anti isomer obtainsd in these mixtures. The method
deseribed by Laws and Sidgwickl"? (Method B; Experimental, page 98)
also proved unsuccessful. It was apparent from the attempis to

prepare the antl 1soruer by method A that thz temperatura at which
| the condensation is carried out is important in determining the
nature of t.he product; higher temper'atures favoured the formation
of higher molecular weight producta. The reaction‘tended to
be more exothefmic when redistilled phenylhydrazine and acetalde-
hyde were used. Pure anti - acetaldehyde phenylhydrazone was
obfained by cafrying out the reaction at as low a temperature
as possible ( < 78°C) in ethanol as solvent (see Experimental,
page 99 ). The s0lid anti isomer was found to equilibrate when
stored under nitrogen at room temperature for c.a. 1 month.

In one preparation the yield of crude erystalline product, which
was shown by n.m.r. spectroscopy to be 93% anti isomer and 7%
S7n isomer, bafore it was further purified by crushing with
ice-cold etharol, was 85%. After purification the yield was
56% and the mixture contaired > 98% anti isomer. (For

" propionaldehyde phenylhydrazone only an equilibrated isomer
mixture was obtained using the same method.)

In a2nother preparation (sese Experimental, page 100 )
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in which neat acetaldehyde and phenylhydrazine wére allowed to
react while cooled on ice, the crude broduct mixture was shown
by n.m.r. spectroscopy to be €9% syn isomer and 31% gg&i isomer.
After purification by crushing with ice-cold ethanol the
composition was 4C% syn isomer and 60% anti isomer. These
reéults showed that the gsyn isomsr was selectively dissolved

in ethanol,

The preferential solubility in ethanol of the gyn
isomer over the anti isomer is not, however, the reason ‘that
the anti isomer was isolated from these preparations. It was
shown (Experimental, page 101 ) that after condensation of
acetaldehyde with phenylhydrazine in benzens the solution
contained a mixture of 65% syn isomer and 357 anti isomer.
After the tenzene had been removed in vacug the n.m.r. spectrum
of the crude crystalline product (86.5%) shoved it was composed
of 13% syn isomer and 87% anti isomer. Conversion of syn isomer
té anti isomer must have taken place during crystallisation.
During the various attempts to obtain pure anti-acetaldehyde
phenylhydrazone by method A it was noted that the lower the
temperature during crystallisation, the higher the ratio of
anti isomer to syn isomer obtained as crude product., It
therefore appears that the anti isomer crystallises out
preferentially.

In summary, for acetaldehyde pﬁenylhydrazone the syn
isomer is kinetically and thermodynamically favoured in
solution., (A mixture of c.a..65% syn isomer and c.a. 35% anti
isomer, i.e, approximately the same as an equilibrated isomer

mixture, was observed initially in solution in many preparative
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experiments). The anti isomer crystallises out preferentially
but the solid product reverts to an equilibratad mixture of
c.a. 65% syn isomer on standing (i.e. approximately the sams

isomer distribution as that of an equilibrated solution.)
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3. .
High Molecular Weight Products from Aldeh ydes and
Phe .na. . . . V . .

The high molecular weighf compound which was igoiated
from the attempts to prepafe anti-acetaldehyde phenylhydrazone
by method A was identified as 2, 6, 7 - trimethyl - 2, 5 -
diphenyl - 1, 2, 4, 5 = tetra-azabicyclo (2, 2, 1) heptane (21)
(Experimental, page 102 ). Karabatsos and Tallerlo%solatéd the
same compound ffom their attempts to make acetaldehyde
phenylhydrazone and they also isolated the enalogous compound,

2, 5 - diphenyl - 1, 2, 4, 5 - tetra-azabicyclo (2, 2, 1) hoptane
(22) fron their attempts to prepare formaldehyde phenylhydrazone.
They made structural aésignments by comparison with similar
compounds reported by Schmitz and Ohme43 who showed (Scheme 8)
that, in the presence of acetic acid, phenylhydrazine condenses
with an equinolar amount of formaldehyde to form 1, 4 - diphenyl -~
1, 2, 4, 5 - tetra-azacyclohexane (23) which will condense
further with formaldehyde to give 6, 8 ~ diphenyl ~ 1, 5, 6, 8 =
tetra-aza-3-oxebicyclo (3,2,2) nonane (24) and also that
phenylhjdrazine condenses with excess formaldehyde at 70°C to
form 2, 5 - diphenyl - 1, 2, 4, 5 - tetra-azabicyclo (2; 2, 1)

" heptane (22).

| &4,

Causse " reported isolation of two isomers (m.p. 60°C
and 99.5°C) from the treatment of a solution of acetaldehyde

in phosphoric acid with phenylhydrazine. ‘He named the lower-
melting compound ol - triethylidine diphenylhydrazine (25)

and the higher-melting compound ﬁ-— triethylidine diphenyl-

hydrazine (26), and assigned the structures shown. 3, 6, 7 -

Trimethyl - 2, 5 - diphenyl -1, 2, 4, 5 = tetra-azabicyclo
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(2, 2, 1) heptane (21) has a similar m.p. (104 - 105°C) to

ﬁ ~ triethylidine diphenylhydrazine, and shows the same
colour changes {yellow - orange -~ red - brown), on standing or
in solution, as those reported by Causse for ﬁ - triethyl-
idine diphenylhydr'azine » and appeared to be the same compound.
The structure cf (26) is very similar to that of (21) proposed
by Karabatsos and Taller' V> differing only in the position of
the bridge and a phenyl substituent. The A - Atriethylidine
diphenylhydrazine was later shown by Fischer45 to be the syn
isomer of acetaldzhyde phenylhydrazone, 'and, by repetition of
Causse's experiments (see Experimental, page103 ) in wvhich only
isomer mixtures of acetaldehyde phenylhydrazone were; obtained,
it seems probable that Fischer was correct.

To account for the formation of ﬁ - triethylidine

diphenylhydrazine, Causse proposed a mechanism involving
phosphoric acid, but acid was not present when (21) was isolated

from attempted preparatims of anti-acetaldeshyde phenylhydrazone

by method A, In order to obtain further evidence for the
structure of (21) and also to investigate the mechanism of its
formation, further experiments were carried out on condensations
of acetaldehyde and formaldehyde with phenylhydrazine. In the
course of this work soms of the experiments of Schmitz and Ohmeza_,
on the basis of which the structure (21) was proposed by

IO(,D were repeated,

Karabatsos and Taller
Acetaldehyde was found to condense with enti-

acetaldehyde phenylhydrazéne (Experimental, pagesl04, 105 )

to form 3, 6, 7 - trimethyl - 2, 5 - diphenyl - 1, 2, 4, § =

tetra-azabicyclo (2, 2, 1) heptane (21). It was also shown that
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an isomer mixture of acetaldehyde phenylhydrazone (60% gyn,

40% anti) reacted with acetaldehyde to give only one isomer of
(21). Uhether cr not écetaldehyde reacted preferentiélly with
oné isomer of the phenylhydrazone was not determined from these
experiments as the yields of (21) were poor. Neither acetone nor
Propionaldehyde were found to react with acétaldehyde phenyl-
hydrazone under similar conditions.

The results suggested that, in the formation of (21)
from acetaldehyde snd phenylhydrazine, acetaldehyde phenylhydra-
zone is initially formed, and further condensation of
acetaldehyde with acetaldehyde phenylhydrazone may then take
place by two routes:=- |

() Two moleéuleé of acetaldshyde phenylhydrazone may
react together to form 3, 6 - dimethyl ~ 1, 4 -

diphenyl - 1, 2, 4, 5 - tetra-azacyclohexane (27).

~ (An analogoud compound (23) was previously isolated
by Schritz and C)hmez“3 from the condensation of
formaldehydes with phenylhydrazine). This dimer would
be expscted to exist in both the chair and the boat

forms shown in Scheme 9, Condensation of a

molecﬁle of' acetaldehyde with the dimer in the

boat conformation would lead to a product of

confizuration (?la), with the position of the final

H and Me wncertain.

(11) A molecule of acetaldehyde may react with one
molecule of acetaldehyde phenylhydrszone to give

(28) followed by reaction with a further molecule of

acetaldehyde phenylhydrazone to give (21) by the
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mechanism outlined in Scheme 10,
(Simple mechanisms cannot bte devised for the reaction of
acetaldehyde with acetaldehyde phehylhydrazone under neutral
- conditions to account for the p ~ triethylidine structure (26)
proposed by Causse, and this suggésts that this assignment is A
incorrect.) lMechanism (ii) is inconsistent with the findings of
Schmitz and Ohnrm-':“:‘3 for react.ioné between formaldehyde and
phenylhydrazine but, since acetaldehyde phenylhydrazone does not
readily dimerise in the absence of acetaldehyde, mechanism (ii)
seems more probable than mechanism (i) for the formation of (21).
‘Compound (21) was found to decompose to an equilibrated isomer -
mixture of acetaldehyde phenylhydrazone on storsge in carbon
tetracklorids (Expérimental, page 106 ); there was no evidence
for acetaldehyde or a dimer of acetaldehyde phenylhydrazone among
the products of the decomposition, which appears to be promoted
by oxygen rather than by moisture.
. The dimer of formaldehyde bhenylhydrazone, 1, 4 -
diphenyl - 1, 2, 4, 5 - tetra-azacyclohexane (23) was prepared .
by the method of Schmitz and Ohme®> and the structure of the
product, vhich decomposed to formaldehyde rhenylhydrazone on
heating, was shown by n.m.r. spectroscopy to be consistent with
structure (23) proposed by Schmitz and Ohme. Reaction of
formaldehyde with (23) in the presence of acetic acid, follow-
ing the method of Schmitz and Ohmel’3 » yielded a mixture of two
products, which was shown by spectroscopy (Experimental, page 1))
to be mainly 6, 8 - diphenyl - 1, 5, 6, 8 - tetra~sza-3-
oxabicyclo (3, 2, 2) nonane (24), plus a little 2, 5 - diphenyl - -

1, 2, 4, 5 -tetra-azabicyclo (2, 2, 1) heptane (22).
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(Schmitz and Ohme isolated (24) only from this reaction) A
similar aﬁtempt to bridge the dimer of formaldehyde phenyl-
hydrazones (23) with acetaldehyde in ths presence of acetic
acid was made but the dark brqwn_oil obtained could not be
characterised. When the reaction was carried out without acetic
acid é mixture of 7 - methyl - 2, 5 - diphenyl - 1, 2, 4, 5 -
tetra-azabicyclo (2, 2, 1) heptaﬁe (2) (c.a. 20%) and 2, 4 -
dimethyl - 6, 8 « diphenyl - 1, 5, 6, 8 - tetra-aza-3-oxa-
bicyeclo (3, 2,2).nonane (30).(c.a. 80%) waé obteined. Thase
compounds are analogous in structure to (22) and (24) which
were obtained from the reaction of formaldehyde with (23).
Reaction of excess formaldehyde with acetaldehyde
phenylhydrazone in water (Experimental, page 109) produced a
mixture of 2, 5 - diphenyl - 1, 2, 4, 5 - teira-azabicyclo.(2, 2,
1) haptane (22) (33%) and 6, 8 - diphenyl - l, 5, 6, 8 - tetra-
aza-3-oxa-bicyclo (3, 2, 2) nonane (24) (67%) i.e. formaldehyde
had displaced acetaldehyde from acetaldehyde phenylhydrazone and
had subsequently reacted to give the same products as those
obtained from the reaction of formaldehyde with the dimer of
formaldehyde phenylhydrazone. '
These results support the structure of the dimer of
formaldehyde phenylhydrazong (23) proposed by Schmitz and Ohm943
and also the structure of 3, 6, 7 - trimethyl ~ 2, 5 - diphenyl -
1, 2, 4, 5 ~ tetra-azabicyclo (2, 2, 1l)heptane (21) proposed by
Karabatsos and Tallerlo? Whether mechanism (i) or (ii), or
both operates in the formation of (21) is debetable, since a
dimer of acetaldehyde phenylhydrazone may exist in small

" quantity in equilibrium with the monomer.



- The isomerisation of pure anti-acetaldehyde

phenylhydrazone in nitromethane at 28°C was followed by n.m.r.
.spactroscopy (Experimental, pageé 118 - 126). The results of

the two runs fhat were made are shown in Table 2. These results
were plotted according to ths equation: 1n (Xe - X) = —t (k1 + k_l)
+ 1nXe, (Xe and X were the mole fractions of the 8m isomer at
equilibrium and time ¢t respectively; kl and k_l wveres the forward
and backward rate constants respsctively for Y & X, where Y

represents the anti isomer). The 4equ,ation was derived as followse
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At Squilibrium : kg (1-%) =k,
kl - kl Xe o= k_l Xe
. b = X
b vk,
In (- X +1) ==t (k, + k)
( % ) R
1n (¥a_~ X) = -t (k, + k
e 1"
i.6. In (X3 = X) = -t (kg * k,) * 1n Xe - Equation 1.

Since In (¥ - X) was plotted against t (min.), the gradient was
—(kl + k;l) and the intercept was 1nX¢. The results calculated
from graphs for the tuo'runs are reported in the Experimental
section (pages 118 = 120). Since the results differed greatly
(e.z. k, from Run 1 was 0.0114 min.~? Ghile ky from Run 2 was
0.00302 min.”1) the results were processed further on a "Wang"
calculator using a 'least squares' analysis programme. Both the
number of points (values of 1n (X6 - X) and t) used énd the value .
of Xe were chosen, as described in the Experimental, to give the
smallest errors in the gradient and the intercept. Zven after

restricting the number of points the values of k. and k_

1 1
calculated for the two runs still differed greatly, (perhaps
due to catalysis by a trace of base) but the equilibrium

constants determined were in agreement to within 5%.
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The isomerisation of anti-acetaldehyde phenylﬁydrazone,
catalysed ﬁy phenylhydrazine, in nitromethare wvas also investigated
by n.m.r. spectroscqpy (Experimental, page 123 ). The-isomerisation
was found to be too fast for a kinetic treatment of the results to
be made. More gyn isomer than anti isomer was found to be present
after 2 min, and the isomeric composition was almost that of an
equilibrated mixture after 11 min. The isomerisation in nitro-
methans was much facter in the presence of phenylhydrazine than in
nitromethane alone and it is probable that the excess of phenyl-
hydrazine in the experiments on the formation and isomerisation of
phenylhydrazones described earlier acted as a catalyst for the
isomerisation of phenylhydrazones.

It scems protable that the‘rapid catalysis of the
isomerisation of acetaldehyde phenylhydrazone by phenylhydrazine
ocCﬁrs by the addition of the free pﬁenylhydrazine-across the
C = N of the ﬁhenylhydrazbﬁe (Scheme 11) so the arrangement of
bonds to the carbon atom becomes tetrahedral and elimination of
a molecule of phenylhydrazine to regenerate the phenylhydrazone
can then lead to either isomer. In agreement with this mechanism -
phenylhydrazine was shown to exchange with g-methylphenylhydrazine
in acetaldehyde o-methylphenylhydrazone.

The condensation of acetaldehyde with phenylhydrazine
was followed by n.m.r. spectroscopy to determine which isomer was
the kinetic product. The experiments were carried out in various
solvents at as low a temperature as the viscosity of the cold
solutions would allow (Experimental, pages 121, 122 ), In
methanol, the methyl doublets of the isomeric products overlapped,

especially at low temperatures, and it was not possible to



determine ths isomer ratio. With 1,2-dimethoiyethane as
solvent it was difficult to calculate.the isomer fatio at
temperatﬁres less thaﬁ +10°C because the broadening of the methyl
sirglet of the solvent at low temperatures interfered with the
methyl doublets of the product. The syn isomer appeared, from
}these results, to be thé kinetic product. (ses Table 5A).
In nitromethane, the solﬁtion was viscoué at low temperatures;
at -20°C the condeneation had gone to compleﬁion and the isomeric
composition was approximately 60% syn and 40% anti. In P-methox-
yethanol. the absorpticns were again tootﬁroad at temperatures less
than -20°C fof the isomer ratios to be determined accurately \
(ses. Table 5B); the anti isomer did not appear %o be ths kinetic
product. |
In order to avoid an excess of phenylhydrazine further
low temperature condensation experiments were performed using
an excess of acetaldehyde at - £40°C (Experimental, page 127 ).
Ir nitromethanz at -ADOC, the results show that, when no excess
of phenylhydrazine is present to catalyse the reaction, mors anti
isomer than syn isomer is initially formed at this temperature.
(Table 6. With methancl as solvent satisfactory integrals were
not obtained orn the methyl doublets of the isomeric phenylhydrazones
because of the broad solvent absorption at -40°C, At all times,
however, the syn isomer appeared to be present in greater
abundance than the anti isomer, and a doublet, attributed to a
carbinolamine intermediate was observed. (Experimental, pags 128).
¥ethanol itself it possibly a good enough nucleophile to
catalyse the isomerisation (Scheme 12) by the same mechanism as

described for phenylhydrazine (Schems 11). If the doublet, which
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was acsigned to the carbinolamine,Awere due to the intermediate
(31), it wuld not be expscted to decay ahd eventuélly disappear;
some (31) would elways 5e preéent in an:equilibrating mixture of
isomers.,

When the condensation df small amounts of acetaldehyde
with an excess of phenylhydrazine in nitromethene was invéstigated
(Expsrimental, page 129 ) the solution of phenylhydrazine in
nitrom=thane was too viséous for n.m.r. spectroscopy at low

temperatures a2nd the experiment was carried out at +10°C (Table 7).
There was never more anti isomer than gyn isomer present and the

isomeric composition was always close to that of an equilibrated

isomer mixvture (627 syn, 38% anti).

In summary, when an.exéesé of phenylhydrezine is present,
or possibly in the presence of other nucléophilic compounds, an
almost equilibrated isomer mixture is initially observed during
the formation of acetaldshyde phenylhydrazone. This is due to
rapid catalysis of the isomerisation, probably by the mechanism
described above (Schemes 11 and 12). 1In the absence of a
nucleophilic compound the anti isomer appears to be the kinetically
favoured product at ~40°c,

The formation and isomerisation of acetaldehyde
phenylhydrazone was found to be conveniently studied by the
experiments described above since the reactions took plzce at a
suitable rate, even at low temperatures, and the n.m.r. absorptions
of the methyl doublets of the.two isomers could be eesily assigned
and were fairly wllssparated, both from each other and from those
of the unreacted aldehyde. It was planned to extend the,stﬁdy to

other systems using similar conditions but the condensation and
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isomerisaticﬁ of ketone pﬁenylbydrazones was found to be too sloﬁ
to follcw by the same techniquss énd few aldehyde phenylhydrazones
have suiﬁable N M.T. absorptions;

Phenylacetaldehyde phenylhydrazons appearéd promising
but it was found, however, (Sxperimental, page 130) that the
methylene doublets of the two isomers of phenylace taldehyde
phenylhydrazons were co-incident in both nitromethane and acetoni-
.trile, and that, in benzene, the methylens doublet of éhenyl-
écetaldehyde partly obscured that of the anti isomer. Thus phenyl-
acetaldehyde phenylhydrazone was unsuitatle and no further systems
were studied, |

Since absorptions attributed to a carbinolamins
intermediate had been observed during the investigation of the
formation-and isomerisation of acetaldehyde phenylhydrezone in
methanol at low temperature (-40°C) it was anticipated that similar
absorptions might also be observed during the slower formation of a
ketone phenylh&drazone at a highér temperature. However, in the
condensation of an excess of methyl tenzyl ketone with phenylhydré-
zine in dioxan at 28°C no signals attributable to the carbinolamine
intermediate iwere observed under fairly neutral conditions.where tho .

dehydration of the carbinolamine should be rate determininglo.
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The Alkyl Phenyl Xetone Phenvlhvdrazons Seriegs.

It is generally accepted, that, other factors being
equai, the alkyl groups increasé in bulk in passing from methyl to
ethyl to i-propyl to t-butyl. From a consideration of steric
effects alone in the corresponding seriss of alkyl phenyl ketone
phenylhydrazones (Sl )*the amount of the isomer with the R group
¢ig %o the anilino group would be expected to decrease as the bulk
of the R group was increased from methyl to t~butyl. If any of the
R groups in this series were bulkier than the phenyl group then the
isomer with the phenyl group cis to the anilino group- would be
expacted to be more sbundant than the isomer with the bulkier R
.group cis to the anilino group. (In discussion of this series the
syn and antl nomenclature used in other parts of this thesis is
ambiguous, and groups are referred to as ¢is and trans to the
anilino group.) |

The isomer ratios within.t_his alkyl phenyl ketone
phenylhydrazons series were investigated to find out if they could
be correlated on the basis of steric effects alone, and, if so, to
determine at which point in ths series the alkyl group is bulkier
than the phenyl group.

Experiments were carried out to study the formation and
isomerisaticn of the alkyl phenyl ketone phenylhydrazones in
Pyridine, by n.m.r, spectroscopy (Experimental, page 136 ) in the
same way as t.he experiments already described for the formation of
substituted phenylhydrazones' but it was found that the sterically
hindered alkyl phenyl ketones did not react readily with phenyl-
hydrazine at 28°C (see Table 8). In the experiments with me thyl
phenyl ketone and ethyl phenyl ketone unrgacted ketone was presént

* opposite
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even after c.a, 700 hr, With phenyl i-propyl ketone aﬁd
t-butyl phenyl ketons, ths solutions had to be refluxed over-.
night before eny reaction occurred. These results demonstrete
the effect of stefic hindrance around the carbonyl group on the
rate of the condensation reaction.

The phenylhydraéones of the alkyl phenyl ketones were
prepared-and thair a.me.r. Spectra in carton tetrachloride were
recorded (Experimental, pages 133, 134). Ths solutions were
allowed to equilibrate and the isomeric compositions ware
determined (Table 9). Karabatsos and Tallerl’! reported that

.methyl phenyl ketons phenylhydrazone consisted of a single isomér
(with the methyl group é;g to the anilino group) in various
solvents. They also found that, when oxygen was bubbled through
a solution of methyl phenyl ketone phenylhydrazone in benzens,
the methyl singlet (1.47 p.p.m.) was replaced by a singlet for the
corresponding methyl group of the phenylazohydroperoxide (32) at
1.90 p.r.ms The difference in chemical shift17 betwsen the
absorption of the.phenylhydrazone and the phenylazohydroperoxide
(0.3 pep.m.) in benzene is much greater than the difference in
chemical shift (0.081 p.p.m.) observed (Experimental, page 139)
between ths methyl absorptions of the syn (2.179 p.p.m.) and
antl (2.26 p.p.m.) isomers of methyl phenyl ketone phenylhydrazons
so that it is unlikely that the absorption herein assigned to the
anti isomer is that of the phenylazohydropsroxide. (In the case
of this phenylhydrazone it is obvious that the syn isomer has the
methyl group g¢is to the anilino group.) It is probable that
Karatatsos and Taller did no£ observe the methyl absorption of
the anti isomer, which forms only 4% of the isomeric mixture, on

a 60 Miz n.m.r. spactrum,
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The results in Table 9 suggest'that the point at which
the most abundant isomsr Becomes the bne vith the phenyl group
cis to the anilino gfoup occurs either at the ethyl phenyl ketone
or phenyl i-propyl ketone, In order to-distihguish which signals
in-the n.m.r. spsctra of the alkyl phenyl ketone phenylhydrazones
were those of alkyl groups cis and trans to the anilino groups,
the chemical shifts in carbon tetrachlofide were compared with the
chemicai shifts for similar compounds (alkyl ketone and sldehyde
bhsnylhydrazones) reported by Karabétsos and Taller}7 However
the series of configurations, in relation to their.abundance (33),
derived from this simple comparison of chemical shifts and
configurations was not acceptable (sse later) in view of the
relative 'sizes' of the alkyl groups.

Europium 'shift reagents! Qere used in experiments to
assign the absorptions of the isomeric alkyl phenyl ketone
phenylhydrazones. It was found (Experimental, page 138 ) that
significant and reproduceable induced chemical shifts were only
obtained wien precautions were taken to exclude moisture from
these expefiments. The absorption of a group in the isomer in
which that group is nearest the sight of complexing with eu::'opium["6
should have a greater induced chemical shift (usually downfield
from tetramethylsilane) than that for the same group in the isomer
in which that group is further away from the sight of complexing
with europium,.

The induced chemical shifts in methyl phenyl ketone
phenylhydrazone and msthyl phenyl ketone benzylimine were compared
to determine which nitrogen of the phenylhydrazone preferentially

complexes with europium. The methyl absorption of methyl phenyl
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ketone Enzylimine had a greater induc;ed chemica.l shift- at a
lower concentration of Eu (fod)3 (34) than that of the corre spond~-
ing phenylhydrazone. This suggested that for methyl phenyl ketong
phenylhydrazone, curopiivn~ complexes preferentially with the
o =nitrogen, which _is ‘further from 'c‘he nmethyl group than ths
» P -nitrogen, whereas in the benzylimine there is only a
p -nitrogen available. The induced chemical shifts for the
me'thyléne éuartets of the major and minor isomsrs of ethyl phenyl
ketone phenylhydrazones were shown to be 9.0 and 20.2Hz downfield
respectively (3xperimenta1, page 140) i.e. the minor iéomer had ths
larger induced chemical shift., If the europium of the Zu (fod)B (34)
were complexed preferentially w;'.th the o -nitrogen of the phenyl-
hydrazone in a way similarvto that silown in (35), then on average
the methylene group cis to the anilino grouﬁ wuld be nearer the
sight of complexing axﬁd-therefore have a larger induced chemical
shift than that trans to the anilino group. The result of this
experirént suggests that the least abundant isomer of ethyl phenyl
ketone phenylhydrazone has the ethyl group cis to the anilino
group and this assignment is supported by further evidence from
the U.V. spectra of the alkyl phenyl ketone phenylhydrazones
| (see below)., Also in agreement with the above assignment, the
induced shift for the methyl doublet of the anti isomer of
acetaldehyde phenylhydrazone was found to be c.a. 260 Hz down-
field whereas that for the gyn isomer was only c.a. 93 Hz
downfield. |
The ultraviolet spectra of the alkyl phenyl ketone
phenylhydrazones wa’re recorded (Experimental, page 142, Table 10).

The spectrim of acetone phenylhydrazone in ethanol ( 1T —*]T*
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A max., 266.5, £ 9560; n—-)_'_l*)\ max. 411,- &€ 134) was
recorded for comparison., Thz spectra of f.ha alkyl phenyl ketons
phenylhydrazonns may be compa“ed with those of alkyl phenyl ketones
in ethanolw (Tab e 11) for which it has been shm.ml’8 that there is .
a substantlal drop in the intensity of absorbance (dus to loss of
conjugation) accompanied by a slight shift of A max, U0 shorter
wavelengths as th,;. rhsnyl group is displaced out of the plans of
the carbonyl group to accommodate the bulkier alkyl grotips. In the
methyl and- ethyl ketones .the phenyl groups are coplanar with the
carbonyl groups, giving good conjugation. This also appl':‘.es to ths
comsponding phenylhydrazones; any steric strain in the least stable
isomer of ethyl phenyl ketone Phenylhydrazone (36) is probtably
relieved by increasing the angle ©( go that the phenyl group
remains in the plans of the C=N ang there is no loss of conjugation,
For phenyl i~propyl ketone phenylhydrazone, however, in the isomer .
with the phenyl group ¢is to the aniline group (37), increasing

| the angle o may cause steric interference between the phenyl
group and the anilino group. To overcoms this the phenyl group
must twist out of the plane of the C=N by rotation around the

C-C bond, resulting in the loss of conjugation which is reflectad
in the intensity of absorbance in the U.V. spectrum. Loss of
conjugation does not oceur with the corresponding ketons (increas-
ing the angle o would not increase any other interactions) and

it need not occur in the other isomer of phenyl 1-propyl ketone
phenylhydrazone (38) either since it is the i-propyl group which
would interfere with the anilino group on increasing « . In (37),
which is thought to be the most abundant isomer (8%%), steric

strain is overcomes at the expense of resonance stabilization,
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The chemical shifts of the two isomers (see later) are iﬁ agree~
ment with these assignments. Loss ofrconjugation is also reflected
in the U.V. spectrum of t-butyl phenyl ketone phenylhydrazone,
Awhich is almost 100% one isomer and has a very-similar ,A max.
‘(267 nm.) to that of acetone phenylhydrazone. |

If, in the i-propyl and t-butyl phenyl ketone phenylhydra-
- zones the molecules have a conformation éimilar to (39); the protons
in the alkyl group trans to the anilino group will be shielded
and shifted upfield in the n.m.r. spectrum. (The exteht to which the
protons in the alkyl group cis to the anilino group are shislded will
depend on how far the phenyl group in (38) is twisted out of the
plane of the C=N, and such a displacement does not appear in phenyl
i-propyl ketone,) | |

The chemical shifts of some alkyl ketone and aldehyde
phenylhydrazones reported by Xarabatsos and Tallar17 are presented
in Table 12 along with those of the alkyl phenyl ketone phenylhydré-
zones for comparison. The data collected by Karabatsos and Taller
shows that generally protons cis to the anilino group (Hoe and HF
in (40)) resonate at higher magnetic fields (shielded) than when
Lrans to the anilino group. In methyl phenyl ketone phenylhydrazons,
where there is no displacement of the phenyl group from the plane
of the C=N, the methyl absorption of the most abundent (syn) isomer
(methyl group cis to the anilino group) resonates at 2.179 p.p.m.
while that of the anti isomer resonates at 2.%6 p.p.m. in keeping
with this general trend. The methylene and methyl absorptions _
of the isomers of ethyl phenyl ketone phenylhydrazone (see Table 12)
in which the phenyl group is still co-planar with the C=N, also

conform to this trend. In phenyl i-propyl ketone and t-butyl



phenyl ketone phenylhydrazone, however, shielding of the alkyl

protons trans to the aniliro gfoup by the displaced phenyl group
causes them to resonate at higher magnetic field than thdse cis |
to the anilino group (see Table 12) and for these compounds
assignments cannot Ye made in accordance with the general rule
described above,

With the interpretation of the combined information
from the ultraviolet and n.m.r. spectra described above, the
configurations and isomer ratios in the alkyl phenyl ketone
phenylhydrazone series can be assigned as indicated in Table 1?2 and
shown in (41) for 5 - 12% molar solutions in carbon tetrachloride.

Shortly after this research had been completed Jennings

et zal.l"9

published & paper on the equilibrium distribution of & - 2
ketimine isomers in which they used similar arguments to those
employed above in the interpretaﬁion of the equilibrium distribution
of the isomers of alkyl phenylAketone phenylhydrazones, The
equilibrium distribution for a series of E~Z imine isomers (Scheme
13, Rl =pwl Cé H4) was measured by multiple integration of the
D.mere spectra. By varying the 'size! of the groups R2 and RB,

and with R; as ﬁhenyl they found the equilibrium isomer distribution
to be dominated by classical steric interactions between the N -
alkyl group-and ths proximate C-alkyl or C-phenyl group. A change
of R from n-propyl to i-propyl (with R3=Me) altered the
equilibrium in favour of the Z- isomer so that the phenyl group was
apparently intermsdiate in 'size! between n-propyl and i-propyl,
whereas in the ethyl phenyl ketone phenylhydrazone system discussed
above the phenyl group appeared to be approximately equal in 'size!

to the ethyl group. - Jennings et al. also point out that, in



cyclohexane systems, where 4 valwues reflect mainly‘(l,B)
diaxial interactions, the phenyl group (A value 3.0) appears to -

be larger than the i-propyl group (A value ?.3)?0 '

Dispiacement of the phenyl ring from the plane of the

C=N to reduce steric interactions between the g;&hgfsubstituents
of the phenyl ring and the cis~N-alkyl gréup in ths Z- isomer is
also discussed by Jennings et al, This is especially pronounced
in cases where an ortho-hydrogen has been replaced by a bulky group.
They relate the upfield shift of the position of the Nemethyl n.m.r.
signals in such compounds to the anisotropic effect of the displaced
phenyl group, in much the same ﬁay as the upfield shift of the
n.m.r. absorptions of alkyl groups in i-propyl and t-butyl phenyl
ketone phenylhydrazones have been accounted for above; dennings et
al. also found that electron donating para~substituents on the
phenyl ring tended to‘favour‘the E isomer, probably through
stabilization of ths coplanar conformation by increasing the
delocalisation energy (Scheme 14) and thus increasing the barrier
to rotation around the C-aryl bond. Thié increased coplanarity
is also reflected in the chemical shifts of the N-methyl signals. ,
Solvent effects, n- T repulsion between the nitrogén lone pair
and the TI cloud of the aryl ring (see Introduction, page 6 ),
and their nelationship to the E-Z-isomer distribution of ketimines
are also discussed in this paper. They appear to be of less
importance than clﬁssical non-bonded interactions and a preference
for maximun resonance stabilization., It is probable that n-[T
repulsion is of some importance in determining the equilibrated
isomeric composition of the alkyl phenyl ketone phenylhydrazones

discussed above but the extent of this effect cannot be easily



estimated,

Jennings et al.51 have more recently invesfigated E-~2Z
isomerism in a range of C ~aryl aldimines, again using n.m.r,
spectroscopy. They found that the propdrtion of the Z - isbmer
(Scheme 15) at equilibrium in solution was only significant
( > 5%) for Qgiégrdisubstituted‘g -aryl aldimines, They |
' explained their results by the argument used above in relation
to the E - Z - isomer distribution of ketimines, and in the.ggzggo
- disubstituted C -2ryl aldimines the n-TT repulsive effect appears

to be of greater importance than in the ketimines,

42,
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Investigation of the Mechanism of the Oxidative Ring

Closure of Adimsldehvde RBisphenvlhvdrazone.

Bellanmy, Guthrie and Chittendens? found that adipaldeh&de
bisphénylhydrazone is converted inﬁo trans-1, ?>-bisphenylazocyclo~
hexane by oxidetior with yellow mercuric oxide or oxygen. They
proposed two possible mechanisms for the reaction., Mechanism (1)
(Scheme 16) involve; reaction of oxygen with one of the phenyl-
hydrazone groups of adipaldehyde bisphenylhydrazone to give a
phenylazohydroperoxide (42) which cyclises, with elimination of a
molecule of hydrogen peroxide. (Oxidation of a phenylhydraz§ne
to the corresponding phenylazohydropsroxide is a geheral reaction?B)
Rbchanism (2) (Scheme 17) involves ring-chain tautomsrism tetween
adipaldehyde bisphenylhydrazone and Lrens-l-rhenylazo-2~phenyl-
hydrazocyclohexane (43), perhaps through a cyclic é~membered
trensition state. The product (44) could then be formed from (43)
by oxidation of the phenylhydrazo group with oxXygen,

By oxidation of 1-cyclohexyl-2-phenylhydrazine they
showed that one molecule of the phenylhydrazine is oxidiz=2d by
one molecule of oxygen, liberating hydrogen peroxide. It has been
established53 that hydrogen peroxide can alsc oxidize phenyl-
hydrazines to phenylazo compounds and this would‘account for the
measured oxygen uptake being less than one mole in the oxidation
of adipaldehydse bisphenylhydrazone. Hydrogen peroxide would be
liberated by both mechanisms (1) and (2) so that detection of
hydrogen peroxide in the reaction mixture when trans-1,2-
bisphenylazccyclohexane was formed from adipaldehyde bisphenyl-
hydrazcne did not allow a distinction betveen the two mechanisms.

The conversion of adipaldehyde bisphenylhydrazone to



4o

(43) should be zccompanied by a yeollow coloration and this should
occur-even in the absance of oxygen, whereas oxygen is required

for the formation of the yellow phenylazohydroperoxide compound (42).
They found that when a solution of adipaldehyde bisphenylhydrazone
in carbon tetrachloride was boiled under ﬁitrogen, the solution
became yellow, favouring mechanism (2). The product isolated was
still mainly adipladshyde bisphenylhydrazone and the proportion of
(43) could not be determined. The fact that yellow mercuric oxide,
an efficient reagent in the oxidation of l-alkyl="=phenylhydrazines

to phenylazoa 1katnes23 »53

effected the oxidation of adipaldehyde
bisphenylhydrazone to trans-1,2-bisphenylazocyclohexane under
nitrogen in-almost quantitative yisld, also favours mechanism (2).
The anomolous formation of hexamethylenediamine, which was observed
on one occasion in the hydrogenation of trang-1,2-bisphenylazo-
. cyclohexane (44), can also be accommodated if trans-1,2-
bisphenylazocyélohexane is formad from ad'ipaldehyde bisphenylhydra~
zone by mechanism (2). The first step in the hydrogenation would
be reduction of one of the phenylazo groups to a phenylhydrazo
group, thus forming (43). Isomerisation of (43) by ring-chain
tautomerisa to adipaidehyde bisphenylhydrazone, followed by
further hydrogenation would give hexame thylenediamine, Whether
hexamethylepediamine or cyclohexane~1,2-diamine was isolated fronm
the hydrogenation of (44) would depend upon tlﬁe activity of the
cétalyst. (A more active catalyst would bring about the reduction
of (44) to the corresponding phenylhydrdzine before formation of
(43) occurred.)

It was with a view to establishing that the ring—chain‘

tautomerism proposed for mechanism (2) did exist, and if so,
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to determine the detaiied mechanism of it, that the investigation
of the ring closure of adipaldehyde bisphenylhydrazone was under—
taken. - |

If adipaldehyde bisphenylhydrazone isomerises to (43)

- by ring-chain tautcuerism, then using a reagent which selectively
reduces an N=N, and wnich will not reduce a C=N, it should be
possible to reduvce the phenylazo group in (43) and thus form
trang-1,?~bisphenylhydrazocyclohexane (45) (Scheme 18). Di-imide’%
is known to selectively reduce symmetrical non-polar double bonds,
and, in keeping with this selectivity, it was shown (Experimental,
pages 146, 147 ) that di-imide, generated from potassium
azodicarboxylate, reduces phenylazocyclohexane to l-cyclohexyl-2-
phenylhydrazine whereas n-propionaldehyde phenylhydrazone was
recovered unaltered after similar treatment with di-imide.

Di-imicde, generated from potassium azodicarboxylate,
also reduced irang-1,?-bisphenylazocyclohexane (44) to trang-1,7-
bisphenylhydrazocyclohexane (45) (Experimental, page 149 ), showing
that the presence of a second phenylazo (and probably phenylhydrazo)-
group at the 2-position of the cyclohexane ring does not interfere
with the reduction. The reaction could bs reversed by oxidation
of (45) to (44) with yellow mercuric oxide.

Attempis to redugs adipaldehyde bisphenylhydrazone with
di-imide generated from potassium azodicarboxylate, however, were
not successful (Zxzperimental, page 143 ). It was thought that
generation of di-imide had'been too rapid to reduce the equilibrium
concentration of (43).

Further reductions, in vhich di-~imide wﬁs generated more

slowly from 9,10~dihydro-9,10-bi-imino-anthracens (46)*

* Named as Diels~Alder addition product of anthracene and di-imide,



(Bxperimental, page 151) were attempted, but trs —1,?--"
bisgphenylhydrazocyclohexans was not identified among the produéts;
Since phenylazo compounds can be readily separated from
phenylhydrazones by column chromatography, whereas mixturesbof
phenylhydrazones ard phenylhydrazines are difficult to separate,

2
e.g. trans‘-l,?-bisphenylazocy'clohexane5

can be easily separated
from adipaldehyde bisphenylhydrazone, it was considered hecessary
fo oxidise the reduction mixture before chromatography. In
exploratory experiments (Experimental, page 152) it was found that
l-cyclonexyl-2-phenylhydrazine is readily oxidized to phenylazo-
cyclohexane on treatment with hydrogen peroxide, whereas adipaldehyds
bisphenylhydrazone is reco#ered unchanged. In order to establish
whether or not any trans-1,2-bisphenylhydrazocyclohexane (45) was
produced by the treatment of adipaldehyde bisphenylhydrazone with the
di-imide precursor (46), the product mixture from this reaction was
treated with hydrogsn peroxide (Experimental, page 153), but no
Ersns-1,2-bisphenylazocyclohexane was isolated after chromatography,
indicating that no trans-1,?-bisphenylhydrazocyclohexane had been
present in the product mixture.

The possibility of the ring-chain tautomerism outlined
in Schems (17) was also investipated by the attempted generation
of gzﬁggrl-phenylazo«?—phenylhydrazdcyclohexane (43) vy
reducticn of 1,2-bisphenylazocyclohexane with di-imide generated
from (46). If the tautomerism is rapid then adipaldehyde
bisphenylhydrazone should be formed. The phenylazo compound (44)
wes reduced to the corresponding phenylhydrazine (45) (Experimental;
page 156), but adipaldehyde bisphenylhydrazone was not identified

'in the product mixture.
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It vas also shown (Experimental, pages 157,158 ) that,
although adipaldshyde bisphenylhydrazone can be converted to '
trans-1,2-bisplienylazocyclohexane by oxidation with yellow mercuric
oxide in dimethyl sulphoxide (%he most suitable n.m.r. solvent for
adipaldehyde bisphenylhydrazone), no l-phenylazo-?—phenylhydrazo-_
cyclohexané (43) was detected in the n.m.r. spectrum of a sample °
of adipaldehyde bisphenylhydrazone which had been equilibrated at
100°C in [%,] aimethyl sulphoxide.

The above results suggest that the ring-chain tautomerism
(Scheme 17) does not occur to a sufficient extent for (43) to be
reduced by di-imide and mechanism (2) appears improbable for the
oxidative ring closure of adipaldshyde bisphenylhydrazone.,

Besides mechanism (1), another possible mechanism for the
oxidative ring closure of adipaldehyde bisphenylhydrazone,
.analogous to thét proposed by Bhatnago and Georgess-fOr the
oxidative dimerisetion of benzaldehyde phenylhydrazone (compare
Schemes 19 and 20) should be considered. Their mechanism involves
the coupling of ths pseudo-allylic radical {47) which can take-
place in several ways (see Scheme 21). In support of this third
mechenism it was shown (Bxperimental, page 160 ) that the oxidation
of benzaldehyde phenylhydrazone with yellow mercuric oxide gives
both the C-C coupled dimer, 1,2-bisphenylazo-1,2-diphenylethane (48)
and the N-N coupled dimer, ?,3-diphenyl-1,4-dibenzaltetrazane (.9).

The possibility of eXtending the oxidative ring-closure
reaction of adipaldehyde bisphenylhydrazone to related compounds, so
that it might be of more general application in synthesis, was
explored. For example adipaldehyde dioxime waé recovered unchanged

after treaiment with both yellow mercuric oxide and mangane se
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dioxide, and no cyclohexane derivative was isolated on treatment
of this compound with ditenzoyl peroxide (Experimental, pages 15l,
155 ). Similarly, adipaldehyde bismethylhydrazecne did not

undergo oxidative cyclisation.
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The Thermel Stability of 1,2-Bisphenylazo~1,2-dichenylethene and
-~ 2,3-Diphenyl-1,4-dikenzaltetyasans,

Consideration of the dimers of benzaldehyde phenylhydrazone
in connection with oxidative ring closure of adipaldehyde
bisphenylhydrazone suggested that a Cope rearrangement of 243~
diphenyl-l,/-ditonzaltetrazane (49) (Schems 22) might form 1,2~
bisphenylazo-1,2-diphenylethane (48). (The ?,5 bond in tetrazanes
is not particularly..stable?'?)

Both the expected product (48) and the starting material
(49) were obtained'from the -oxidation of benzaldehyde phenylhydrazone
with manganese dioxide in benzene by adaptations of the methods 4
deécriﬁed by Bhatnago and Georgess (Experimental, pages 159 - 162),
The two compdunds were also obtained from the oxidation of
benzaldehyde phenylhydrazone with yellow mercuric oxide (Expgrimenrtnl,
page 160 ) and (48) was also obtained from the oxidation of
benzaldehyde phenylhydirazons with'dibenzoyl peroxide (Experimentel,
page 166 ).

2,3-Diphenyl-1,4-dibtenzaltetrazane was heated for several
days in refluxing (i) benzene (ii) dimethylaigol snd (iii) p-xylene,
but no'1,?-bispaeny1azb-1,?-diphenylethane was recovered from these
reactions (Sxperimental, pages 163,164 ). With dimethyldigol
(b.p. 164°C) the loss of the characteristic red colour of the
tetrazane cccurred, but, because of the diversity of products
observed, this was thought to be due to decomppsition of the
tetrazane, catalysed Ey peroxide impurities in the solvent, rather

than rearrangement to (48). With p-xylene (b.p. 138°C) the red
colour slowly faded and after 6.5 days, a &sllow compound was

shown to be present by chromatography, but only the tetrazane
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was isolated,
However when 1,2-bisphenyliazo-~1l,?-diphenylethane (48)
was heated in zefluxing benzene (Experimental, page 16l) a red
compound with the same Rf value as 2,3-diphenyl-1,4~ditenzal-
tetrazane (49) was detected by thin layer chromatography, but this
compound was not isolated in sufficient quéntity for identification.
Although no conclusive evidence was obtained from the

experiments described above, the results suggest that 1,2-
bisphenylazo-1l,?~diphenylethane equilibrates, probably by the

Cope mechanism outlined in Scheme 22, with 2,3-diphenyl;1,4~
ditenzaltetrazane, The equilibration is difficult to observe,
especially with 2,3-diphenyl-l,4~-dibenzaltetrazane as the starting
material, perhaps dus to decdmposition of these compounds at the
tempsratures réquired to bring about sequilibration.

) A diaza-Cope rearrangement in a.system similar to that of
2,3-diphenyl-1,4~ditenzaltetrazane has recently been reported by
V8gtle and Goldschmitt®®They found that 1,3,4,6-tetra-aryl
diazshexa-1,5-dienes isomerise at elevated temperaﬁures (abeve 120°C-
in [?Hé] dimethylsulphoxide) (Scheme 23). By following the
-reaction by 1y n.m.r. spectrescopy they found fhat for N,N/-
dibenzyliderie diphenylethane-1l,2-diamine (Scheme 23, Ar = Fh)

én equilibrium was established between the me so- and Q;lrvalence 
isomers in the ratio 1:1, irrespective of whether the reaction
- started from the maso- or the 4,1- compound; Introduction of

8, I or p-substituents into the four aromatic nuclei led to

further degenerate diaza-Cope systems. The difference betweén these
systems and that of 2,3-diphenyl-1,/-dibsnzaltetrazane (49) is

that, in the tetrazane system, nitrogen replaces carbon at the

3 and- 4 positions.
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Both (48) and (49) were obtained from oiidations of
benzaldehyde phenyihydrazone. During the preparation of thess
compounds, which were only isolated in small quantities from the
oxidation reactions, the divefsity of the products reported to
have been obtained from oxidations of benzaldehyde phenylhydrazone
under various conditions was encountersd.

The products obtained by Bhatnago and George55 from the
oxidation of benzaldehyde phenylhydrazone with manganese dioxide
in benzene, either at reflux or at ?5°C, are shown in Scheme 21,
Attempts to repeat their experiments, however, were unsuccessful,
possibly because of slight différences in reaction conditions or
chromatographic techniques. From the oxidation in refluwing
benzene only biphenyl and ?2,4,5-triphenyl-1,2,3-triazole (50)
were isolated, and no pure products were obtained from the oxidation
at 25°C, By modifying their ‘procedures, especially the column
chromatography, 2,3-diphenyl-l,/~-ditenzaltetrazane (49) wes obtained
ffom the oxidation in refluxing benzene, and 1,2-bisphenylazo~
1,2-diphenflethane (48), along with 1,3,4,é-tetraphenyl-1,,4,5-
tetra-azahexa-?,5-diene (51), was isolated from the oxidation <
at 25°C,

Oxidations of benzaldehyde phenylhydrazone have been

. . . . 2 97 8 -
carried out with various reagents e.g. mercuric ox1de5 ’ oxygen5 R

59,60

amyl nitrite s sodium éthoxide and iodine61, ammonical silver
nitrate in dimethylformamideé? and dibenzoyl peroxideéB. There
has been cohsiderable controversy as to the number and identity
of the dimers of benzaldehyde phenylhydrazone of molecular

formula Cgé H92,N4-isolated from these reactions, but Bhatnago

and George appear to have correctly identified the structures
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of the compounds obtainéd frém the experinments théy performed.,

Since (48) and (49) were obtained in poor yield from
the oxidation of benzaldehyde phenylhydrezone with manganese
dioxide; both yellow mercufic oxide and dibenzoyl peroxide were
embloyed as oxidizing agents.,

2,3-Diphenyl-1,4-dibenzaltetrazane (49), 1,2-bisphenyl-
azo-l,?—diphen&lethane (48) and o ~benzil osazone (52) were
isolated from ths oxidation with yellow mercuric oxide (Experimental,

57 appears to have assigned the wrong

page160 ). Minnunni
structures to the compounds he isolated from a similar oxidatioﬁ.
Oxidation of benzaldehyde phenylhydrazone with |
dibenzoyl peroxide yielded 1,2—bispheny1azo-1,?—diphenylethane (48},
1,3,4,64tetrapheny1-1,?,A,B-tetra—azahexa-?,S—diene (51) and.°<) ﬁ
~-dibenzoylphenylhydrazine (53). Edward and Samad®3 isolated only
(53) from a similar oxidation and proposzd that it was formed by
the mechanism outlined in Scheme 24 ; (55) is initially formed,
but, in the presence of benzoic acid it rearranges to (56).
(Phenylazo- compounds are known to rearrange to the corrasponding
: phenylhydrazones?é) Subsequént migration of the benzoyl group
from oxygzen to nitrogen via ths cyclic intermediate (57) results
in formation of (53). The first step in this reaction is again
probably formation of the pseudo-allylic radical (47) (Scheme 19)
which can couple either with a benzoyloxy radical or dimerize.
Isolation of the C-C coupled dimer (48) from this oxidation is‘
therefore consistent with this mechanism, 1,3,4,6~tetraphenyl-
1,2,4,5~tetra~azahexa~2,5~diene (51) is also formed by a radical
combination.

In oxidationswith dibenzoyl peroxide, radicals are
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generated in the free state as oéposed to the mangénese dioxide
+ case, where they may react on the solid éurface.. The N-C (51)
| and C-C-(AS) courled dimers of benzaldehyde phenylhydrazone were
~ obtained from oxidation with dibenzoyl peroxide in refluxing
benzene, but no N-N coupled dimer (49) was isolated under these
conditions, nor was there any evidence to suggest that the N-N
~ coupled dimer was formed (it is deep red-in colour and can be
readily detected).

With manganese dioxide the N-C (51) and C-C (48) coupled
dimers were obtained at 25°C, whereas biphenyl, the triazole (50),
the C-C and the N-N coupled dimers were obtained in refluxing
benzene., The similarity of products obtained with the two reagents

substantiates the claim of Bhatnago and George55

that the oxidation
with manganense dioxide proceeds by free radical mechanisms. The
results indicate that with this reagent the product distribution
may be governed by the abosrption of radicals onto the solid surfaée
and the effect of temperature on their oriéntation, migration, and
subsequent dimerisation.

Since the yields of 1,2-bisphenylazo-l,”-diphenylethane
(48) from the oxidations of benzaldehyde phenylhydrazone were
small, an attempt was made to obtain this compound by reduction of
benzil osazone (52) to 1,Q;bisphenylhydrazo-l,?-diphenylethane (58),
which could then be oxidised to (48) (Scheme 75). Only the
starting material and'benzaldehyde phenylhydrazone, however, were
recovered from the reduction of benzil osazone with lithium
aluminium hydride in refluxing dioxan. The same result .was

observed when the crude product mixture from the atove reduction

was treated with yellow mercuric oxide in ether (Zxperimental,
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page 169 ). - It was also observed that benzaldehyde phenylhydra~
zone was not reduced to the corresponding phenylhydrazine either
with lithium aluminium hydride or with sodium metal in teirahydro-
furan., Thus lithium aluminium hydrideAmerely cleaves benzil
osazone to tenzaldehyde phenylhydrazone, which is not readily
redﬁced. Consequently (48) could ﬁot be synthesised by the method

outlined in Scheme 25.
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dttempted Rearrancemant of Trimethylacetaldehvde Phenvlhvdrazane.

During an attempt to deuterate trimethylacetaldehyde
phenylhydfazone, by treatment with [QHQ] sulphuric acid in [2H1]
methanol at 2500; Bellamy65 isolaﬁed an unknown product which was
soluble in aqueous h&drochloric acid, but not in aqueous alkali
solution. The U.V. spectrum of this unknown compound ( )\ CH0H
272 nm. (€ 17,170))was similar to that of (59) (/\ g;g‘ 97232;1.

( € 1,862))66 and a possible structure for the compound is (60);

a possible mechanism for its formation is outlined in Scheme %.
Attempts to oxidise the product with yeliow mercuric oxide, however,
were inconclusive. Anothsr possible structure (61) can be
rationalised by the mechanism in Scheme 27, which, after formation
of (62), closely resembles the mechanism of the Fischar indole
synthesisé7. .

In order to try and establish the identity of ﬁhis
product attempts were.made to obtain it by treatment of trimethyl-
acetaldehyde pheﬁylhydrazone with sulphuric acid. However, when
the experiment wes carried out using either methanol as the solvent
or concentrated sulphuric acid alone (Experimental, page 171 ),

only the starting material was recovered.
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The attempled Protonation of 2-Methyl-2-phenylazopropane.

Olah and Mbés have studiad the protonation of mono-
and dihydroxybtenzenes and their methyl ethers in superacids by
low-temperature n.m.r. spectroscopy. The structures of the ions
formed were assigned from their n.m.r. spectra.

It has been shown by Hanselbach and Heilbronnef69 that
2,2/-azoisobutane (63) shows 2 separate signals for t-butyl zroups
in its n.m.r. spectrum in concentrated sulphuric acid at -1600.
They interpreted this as being dus to the unsymme trical structure
(64) with the incoming proton o —bonded "0 to one or other of the
N atoms of the azo compound and dismissed the symmetricel structures
(65), (66) and (67) previously assigned to protonated azo
compounds.n’??’73

It was anticipated, that, under the strong acid conditions
used by Olah and Mbég, 2-methyl-2-phenylazopropane might form a
stable cation, enabling its structure, and the position of protonation
to be determined by n.m.r. spectroscopy.

2-Methyl-2-rhenylazopropane was selected for study in order
to avoid acid-catalysed rearrangement of the phenylazoalkane to
the corresponding phenylhydrazone.

2-Methyl-2-phenylazopropane was dissolved in fluoro=-
sulphonic acid and the solution was studied by n.m.r. spectroscopy,
initially at -65°C, and then at 20°C, over a period of c.a. 20 hrs,
(Experimental, page 173 )« No change in the spectrum was observed
over this period. The spectrum was similar to that of the neat
compound though the 'shape! of the aromatic multiplet was slightly
different. .The relative values of the electronic integrals of the

aromatic multiplet and the t-butyl absorptions were 5:9. The
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compound did not appear to be protonated.
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The Attenpted Pearrangement of 1-Fhenyl-l-phenvlazobut-3-ene.

Isomerisation of phenylaao compounds to the corresponding

rhenylhydrazones using acidic, basic and radical initiated conditions

4 and the phenylhydrazones are thermodynamicall&

takes place readily'6

~more stable than their phenylazo isomers. The mechanism of the

base catalysed rearrangement is most prébably that shown in Schems 28.
Another way in which a phenylazo compound could rearrange

tb-a phenylhydrazone is by a 1,3 shift of zn allyl group, rathsr

than a proton (Scheme 79), and it was thought that such a rearrange-

ment might occur under neutral conditions. The stability of 1~

phenyl-l-phenlazobut~3-ene (68) in refluxing nonane (b.p. 151°C)

under nitrogen was investigated (Experimental, pagesl74 - 176 ) bus

the expected product of the rearrangement, N-allyl tsnzaldehyde

phenylhydrazone (69), was not observed after 200 hours, although (62)

did not appear to be stable under these conditions.



Attempted Prenarations of Cutically Active Phenylazoalkanes.

The base catalysed 1som,rlsat¢on of primary and secondary
phenylazoalkanes to the correspondlng obenylhydrazones has been
estabhshed64 (cee page 58) but it is dlfflyult to make a kinetic
study of thls reaction by n.m.r. or U.V. spectroscopy.

With 1y n.m.r. spectroscopy only the migration of one
. proton to a different position (Scheme 30), which has litile effect
on the rest of the spectrum, can bte observed. In the bresence of
bass the absorption of this proton would be brosdendd through rapid
exchange with ths base, so that, even if the signals were woll
separaﬁed from the rest of the spectrum, integrals would not be
accurate. U.V. spectroscopy is not parficularly suitable because of
the ease of oxidation of phen&lhydraZones to phenylazohydroperoxidegB
which have U.V. spectra very similar to those of the corresponding
phenylazoalkanes and would thus intorfere with the absorbance of tha
phanylazoalkane.

A more suitable tool by which the rearrangement could be
studied would be by polarimetry. In a phenylazoalkane with an
asymmetric o -carbon atom (Scheme 30) the chirality will be lost
on isomsrisation to the phenylhydrazone » in which the carbon atonm
become s Sp“ hytridised.

It was to follow such a resrrangement by measurement of
the decrezse in optical rotation that a chiral phenylazoalkane
was required. The synthesis of several such systems (discussed
below) was investigated without success, and eventually
2-phenylazobornane, which dld not entirely lose- 1t° chirality
on rearrangerent to the pnenylhydrazona, was used,

The first approach tried was the classical mz2thod for

thelresolution of racemic mixtures of optically active bases by
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formation of tha salt of an optically active acid. Attempts were
made to form the salts of both D-(-)~tartaric acid and I-(=)-malic
acid with l-phenyl-l-phenylhydrazopropane (Experimental, page 177 )
but no crystalline material was obtained from thess reactions,

| The second method investigated was the N-alkylation of
sodium formylphenylhydrezine, as described by Freer and Sherman74
(Scheme 31). It was intended to use an optically active alkyl
iodide in this reaction and thus produce aﬁ opticaliy active
2-N-alkyl formylphenylhydrazine (70), assuming inversion at the
reacting carbon, which could be hydrolysed in ihe presence of acid,
or base, to the phenylhydrazo compound (71). The latter could then
be readily oxidized to the phenylazoalkane s without interfering with
the optical activity,

It was proposed‘to use optically active 2~iodo-octane as
the alkyl halide, This can be obtaihed from optically active
octan-2-ol by the method of Eerlek and Gerrad 75 vhich 1nvolves
treatment of the alcohol with phosphorous tri-iodids in carbon
disulphide. The reaction occurs with inversion at the asymme tric
carbon atom. Octan-2-0l may be readily resolved by the method of

Kenyon76

s whilch consists of esterification of the aleohol with
phthalic anhydrice, formatioﬁ of the brucine szl of the remaining
carboxylic acid moiety (brucine reacts readily with ohiy one
enantiomer under the conditions used) and regeneration of the alcohol
by reaction with base. 3ince, however, trial reactions-ofracemic
mixtures of 2-iodo-octane with sodium formylphehylhydrazine
(Experimental, page 179 ) were unsucce ssful, fhis approach to the
synthesis of optically active phenylazoalkanes‘was discontinued

before any resolved 2-iodo-octane was required,

Since only formylphenylhydrazine was recovered from the
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attempted reacfions of 2-iodo-octane with sodium formylphenylhydrazine,
the reaction on which this experiment was basea i.0¢ the reaction of
ethyl iodide wi‘th sodium formylphenylhydrazine as described by Freer
and Sherman7l+, was attempted, but again only formylnphanylhydrazine
was recovered (Experimental, page 180 ). It was thought that the
reactions were unsuccessful because the sodium formylphenylhydrazine
used was not pure, (It rapidly decomposes in the presence of airw'.)
Analysis by titration (Sxperimental, page 181 ) showed that the
sodium formylphenylhydrazine used in the experiments described above
contained a high pércentage (c.as 70%) of free formylphenylhydrazine,
e;nd. purer material was not obtained from further preparations,
| Attempts to generate the sodium formylphenylhydrazine

dn_sity were unsuccessful, mainly dus to deficiehdes. in the
apparatus used (Experimental, page 181 ),

Another method for the preparation of phenylazoalkanes
is alkylation of the potassium salt of phenyldiazotate (Scheme 32)
as descrited by Moss and Iove78. This reaction is known to ocecur
with retention of the geometry about the N = N and to retain
chirality at the carbon atoms o to the azoxy furction, Ths
phenyldiazotate produced should be easily reduced to the phenyl-
azoelkane with a limited quantity of lithium aluminium hydride. The
alkylation occurs by SN, attack (complete inversion) of the diazotate
on the alkylating agent. Trial reactions with ethyl iodide and
potassium phenyldiazotate (Expe_rimental,'page A183) were unsuccessful
and this method of synthesis of optically active phenylazoalkanes
was not investigated further,

The synthesis of unsymmetrical alkyl-aryl azo compounds
via oxidation of unsymmetrical sulphamides or ureas, as described by
Porter and Marnet.t79 was also attempted., The oxidation
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of an unsymmetrical sulphamide was first attempted using racemic
ﬁ-phenylethylamine (Scheme 33); the use of resolved 1-phenylethylamine
should give an optically active phenylazo compound as product.

Benzené sulphonyl hydroxylamine was prepared from hydroxylamine.an@
benzene sulphonyl chloride by the method of Piloty.eo This compound
was then reacted with p-nitrobenzene sulphonyl chloride in the pres-
ence of triethylaminé to give §ﬁ(£rnitropheny1 sulphonoxybenzene) sul-
phonamide (7%), the triethylamine salt of which is reported79 to give
the intermediate (74) which will react with amines to form sulphamides,
e.g. (75). Since this reaction was unsucqessfﬁl , an attempt was made
to synthesise 2-methyl-2-phenylazopropane by the same route
(Experimental, pages 183-185) but the mass and n.m.r. spectra of the
product suggested that it was instead of 2-methyl-2-p-nitrophenylazo~-
propane (72). Attempts to synthesise (72) by an unambiguous route
were unsuccessful (see below). The N-(p-nitrophenyl sulphonoxy-
benzene) sulphonamide (73) used had the same m.p. (179°C) as reported
' .NH.OSOZ.Cé

2

H4N022) on the basis of elemental analysis. The production of 2-

methy1—2—£7nitropheny1azopropane instead of 2-methyl-2-phenylazo-

by Lowoski and Schieffele81, who used the formula (Ph SO

propane in the experimeht discussed above appears to be due to the
presence of mainly Ph SOz.E}ESg.C6H4.N022 in the reacﬁion miﬁture
instead of Ph 302.329292.06H4.N022 but no furthe; explanation can be
offered, |

The metﬁod of.synthesis of unsymmetrical alkyl-aryl azo
compounds via oxidation of the urea, as developed by Fowler82, was
found by Porter and Marnett79 to be superior to their-own method
discussed above. When this method was applied to the synthesis of
1—phenyl—1-phenylazoethane (76) however, very little crude material

with the properties of the desired product was isolated. The
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oxidation of the urea formed from 1—pheny1ethylamine and phsnyl-
isocyanate,was carried ou£ using t-butyl hypochlorite in a solution
of potassium t~butoxide in t-butyl alchohol and it is probabls .
that the alkaline conditions cause the phenjlazoalkans, when producad,
to rearrange to the corresponding phenylhydrazone, The symthesis of
phen&iazoalkanes vis oxidation of substituted ursas had only
previously been applied to tertiary aminss79’ 82, and it appeared
doubtful at the outcet that such & route would give primary or
secondary phenylazoalkanes in good yield, as they would readily
isomerise to the corresponding phenylhydrazones during oxidation
under alkaline conditions. The synthesis of phenylazoalkanes yia
oxidation of the sulphamiﬁe, however, employs conditions for
oxidation similsr %o those used by Ohme and Schmitz®3 in their
successful synthesis of primary and “secondary symmetrical azoalkanss
(see Schame 34). For this reason more attention was given to the
sulphamide method than the urea method.
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pitrophenylazovropans by an Unambisioug Route.

~In order o identify the product, thought to be 2~methyl-
2-p-nitrophenylazopropane (72), from the attempted synthesis ofv _
2-methyl—2—pheny1a29propane by oxidation of the sulphamide (see above),
various methods, from established nitrations to unproven routes for
the synthesis of phenylazoalkanes, were investigated. |

Nitrations of 2-methyl-?~phenylazopropane (Experimental,
page 186 ) under conditions chosen to produce mainly p-nitro
substitution in the banzens ring, appeared to cause extensive
decomposition of the substrate.

The synthetic route of Curtin and Ursprunggh, reaction of
t-butyl zinc chloride with phenyldiazonium fluoroborate, which was
convenient for ths production of 2-me thyl-2~phenylazopropans, was
tried using p-nitrophenyldiazonium fluoroborate (EXperimental,
'page 137). Analysis of the product mixture, after chromatography,
showed that it contained l—chloro-Asnitrobenzene, nitrobenzene and
possibly ?—methyl-?«;rnitrophenylazopropane (72), The nitrobenzens
~was removed by distillation and an attempt was made to separate the
residual mixturs of (72) and l-chloro-i-nitrobenzone by reacting the
l-chloro-4=-nitrobenzene with piperidine. This method of separation
was, however, only partially successful (Experimental, page 189 )
as not all the l-chloro-4~nitrobenzens present in the mixture
reacted with piperidine.

The last three methods attempted for the synthesis of
?-methyl—?-;ynitrophenylazopropane wvere rather similar in that they
all involved reaction of a halide with a hydrazine, from which it

was hoped to obtain ?-methyl—2—g—nitrophenylhydrazopropane, which
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could be exzsily oxidised to the azo compound with yellow mercuric
oxide, t-Butyl chloride in pyridine and t-butyl iodide in methanol
did not react with D-nitrophenylhydrazine (Experimental, pages 191,
192 ), and zttenpts to react t~butylhydrazine with l-chloro-/-
nitrobenzene in pyridine were also unsuccessful (Experimental,
page 193 ). VNo further pétential synthetic routes to <-methyl-2-

p-nitrophenylazopropene were inve stigated,
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The Behaviour of 2-.Ehenxia.znhaman§_m_fﬁmphaﬂh§nﬂhm
Under Various Conditiong. '

Difficulties were encountered in obtaining an optically
active phenylazo compound for kinetic studies of the rearrangement to
the corresponding phenylhydrazone by measuremenf of the optical |
rotation'(see‘pages 59 - 63 ) The ideal phenylazo compound (77)
for such a study should have an asymmetric o( -carbon atom to
which one proton is bound (an - C - H is required for rearrange-
ment to the phenylhydrazone) and the molecule should contain no_ofher
asymme tric centre, so that there is complete loss of optical activity
once the phenylhydrazone has been formed (Scheme 35).

| Since such an ideal compound was not obtained from the
various synthstic methods investigated, what is perhaps the most
reliable method of obtaining phenylazo compounds, reduction of the
phenylhydrazone to the phenylhydrazine, which can be easily oxidised

to the phenylazoalkane23

» was employed. The obvious fault with this
method is that asymmetry at the o( —carbon atom can only be created
once the phenylhydrazoalkane has bteen formed, so that the phenyl-
hydrazoalkane would have to be resolved, Resoiution of lfphenyl-
l-phenylhydrazoprdpane had been unsuccessfully attempted with both
D-(~)-tartaric and L-(-)-malic acid (Experimental, page 177) . As

a compromise (*)-camphor (78), a ketone which itself contains two
asymmetric carbon atoms, was used. A third asymmetric centre is
produced at carbon 2 when camphor phenylhydrazqne is converted to
2-phenylazobornane (79) and loss of this additional asymmetric
centre, on isomerisation of 2—phen&lazobornang to camphor phenyl-

hydrazons produces a change in 6ptica1 activity,

Camphor phenylhydrazone could not be prepared by simply
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refiuxing an equimolar mikture of the ketone and phenylhydrazine
either in ethanol or in the absence of solvent. These conditions
readily gave the phenylhydrazone of cyclopentanone yst the
condensation of camphor with phenylhydrazine required acid catalysis
(Experimental, page 195 ). The ease of formation of cyclopentanone
phenylnydrazone shows that there is no difficulty in changing the
hybridisation of a carbon atom in a five membered ring from Sp2 to
Sp3 in the carbinolamine and back to sz in the phenylhydrazone, so
that in the case of camphor other steric factors must make the
condensation more difficult. Thes ease with which 2-phenylazo-
bornane isomerises to camphor phénylhydraéone is shown by ths
difficulty encountered during pufificatibn of 2-phenylazobornane
(Sxperimental, page 197 ); isomerisation occurred on the chromato-
graphic columns, and in carbon tetrachloride solution (Experimental,
page 197 ). The latter may have been catalysed by traces of acid
in the carbon tetrachloride.

Some 100 MHz n.m.r. spectra of the phenylazobornene in
carbon tetrachloride show two singlets for each methyl group (see
Experimental, page 197 ). This suggested a mixture of two epimers
(80) and (8l). The reduction of camphor phenylhydrazone with
lithium aluminium hydride to form 2-phenylhydrazobornane is not
stereospecific and a mixture of epimers of 2-phenylazobornane was
to be expected although the n.m.r. spectra of some batches of
product suggested that only one epimer had been obtained. Samples
which appeared to contain only one epimer were used in kinetic
experiments,

Measuremant of Opticsl Rotations.

Difficulty was encountered in the measurement of the



68.

optical rotations' of camphor phenylhydrazone as the observed
rotations of fresh solutions inmehanol continually decreased
(Experimental, page 199 ), whereas treatment of thae solutions with
of:ygen caused an increase in the observed rotation at 211 three
‘wavelengths usad (Tzble 14). Thus the continual drift towards
lower values. was not caused by ozidation of the phenylhydrazore to
the phenylazchydroperoxide (see page 59 ) and must te due to soms
other chemical changz in the solution.,

In an experiment to investigate the stability of camphor
phenylhydrazone in methanoi containing sodium methoxide (Experimental,
page 203 ) the optical rotation of a 1% W/V solution of camphor
phenylhydiazons in methanol (+0.035° at 546 nm.) was found to be
stable over 40 min. After addition of sodium methoxide solution
the reading changed to +0.029° and thereafter remained stable over
2.5 hours. This was therefore taken to be the rotation (at 546 nm.)
which a 1% W/V solution of 2-phenylazobornane would reach after
rearrangemnt to camphor phenylhydrazone in methanol with sodium
m2thoxide as catalyst, |

The U.V. spectrun of 2-phenylazobornane has A max. 410 nn;.,
and the absorbances at the wavelengths used to measure the optical
rotaticn on either side of this maximum (436 and 365 nm.) were too
strong to allow measurement of the optical rotaticn at ’these wave-
lengths using the concentrations ete, necessary in the kinetic study
(Experimental, page 200 ). (A A\ max. in the U.V. spectrum
corresponds approximataly to the wavelength at which the optical
rotation changes sign on a Cotton cu:r've85 and for P~phenylazo-
bornane the. A max. in the U.V. spectrun at 410 nm, is reflected
in the change of sign in the optical rotation values (Table 15)
in passing from 365 to 436’nm.)
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The most suitable wavelength for measurement of the optical

rotation of R2-phanylazobornane in the kinetic study was found to

Ye 546 nm,
Study of the Bass Catalysed Rearrancement of 2-Fhenylazobhornane
jn Methanol.

2-Phenylazobornane was shown by n.ﬁ.r. spectroscopy‘to be
stable in methanol fér up to three days at room temperature
(Experimental, page 202 ), The observed value of the optical
rotation of a 1% W/V sglution was checked fof constancy for 2 hours
before sodium methoxide solution was added to the polarineter cell
(Sxperimental, page202 ). The optical rotation then increased
steadily (Table 16), indicating that the 2-phenylazobornane was
undergoing . rearrangement to camphor'phenylhydrazone. The rotation
reached *0-0?90, the value for a 1% W/V solution of camphor
phenylhydrazone, after 180 min., and continued to increase to more
positive values (+04095° after 280 min.). After the solution had
been stored overnight the rotation had decreased again to +0.014°.
This behaviour suggested that more than one reaction had taken place
although camphor phenylhydrazone was the only product identified
by n.m.r. spectroscopy and this was found to te stable for 2.5 hours
under the conditions of the expsriment (Experimental, page ‘203 ).

In an attempt to determine the cause of the wnusual
behaviour described above, the isomerisation of 2-phenylazobornans
was also foliowed by U.V. spectroscopy (Experimental, pages 20l - 208).

The decrease of the n—> T['* absorption of 2-phenylazo-
bornane at A max. AOé*nm. ( £ 182) was recorded. Camphor
phenylhydrazone also has a very weak n-—+'Tr* absorption at 402 nm.

(£.11.3) and Souation 2 was used (Experimental, page 206) to allow

* Differs from value of L10 n m. recorded for an earlier sample.
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for the absorbance of the product in calculation of the rate
constant for the isomerisztion of 2-phenylazobornane to camphor
phenylhydrazone.

_Four successive experiments were performed and the values
obtained for the rate constant, k, the intercept, 1n (a er'— tp))’
and the calculated errors in these values, differed greatly (see
Table 18), even though the only modifications made to runs 2 and 3
was sparging of the solutions with dry nitrogen.

In runs 1, 2 and 3 the sampies were kept in the cells at

45°C overnight and then rerun. The spectra then showsd absorbances
with )\max."’39o nm, which were more intense than the initial
absorbéncss of the 2-phenylazobornane solution. Plots of In (A - efp)
v.t for runs 2, 3 and 4, produced curves which indicated that the
rate of reaction dropped sharply after 70 - 100 min. Analysis of thas
results for rua 4 over two different periods of time (t = 10 - 100 pin.
and t = 70 - 160 min.) produced different rate constants ( k=
0.00079 2 0.000063 min.™" and k = 0. 00048 2 0.000046 min,~L
respectively). A similar experiment in which phenylazocyclohexane
‘was used as the substrate (Experimental, p2ge209 ) did not show
such anomalous results; ﬁreatment of the solution with oxygen, after
isomerisation to cyclohexanons phenylhydrazone was complete,
resulted in formation of cyclohexane phenylazohydroperoxide (82),
‘ (Alkyl phenylazohydroperoxides are normally formed on treatment of
phenylhydrazones, in solution, with oxygén?s.) All these factors
indicated that the reaction of 2-phenylazobornans was not a simple
first order process and that more than one reaction was taking

place,

It is possible that the different rate cénstants obtained
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from.the four runs were caused by variations in thé quality of the
catalyst solution ﬁsed, but titration of five different samples of
catalyst solution against standard aqusous hydrochloric acid
solution (Experimental, page 209) showed that the base concenra—
tion in the catalyst solution was fairly constant. This method of
estimation, however, gave the total base concentration and not just
the concentration of methoxide ion. No suitable basic, non-ionic
catalyst for the reaction was found.

Since 2-phenylazobornane had been shown, by n.m.r.
spectroscopy, to rearrange to camphor phenylhydrazone in carbon
tetrachloride, and since camphor4pheny1hydrazone had been isolated
after treztment of 2-phenylazobornane with sodium methoxide in
methanol, it appeared probable that any side reactions taking place
in the U.V. runs described above were reactions of camphor phenyl-
hydrazone and the behaviour of camphor phenylhydrazone under the
conditions of these U.V. experiments was investigated (Experimental,
pages 210 ;?11). In the presence of sodium methoxide in methanol

(Run 1) a A at 388 nn. (A = 1.31) gradually appeared and the

maXe.

solution became yellow in colour. This ,A max, Was at the same
wavelength as those observed in the kinetic experiments with 2-
pehnylazobornane after the solutions had been allowed to stand over-
night (runs 1, 2 and 3). A solution of camphor phenylhydrazone in
methanol which had teen stored for the same period (26 hr.) at
25°C, apd which contained no sodium rethoxide, was deep red in
colour and the U.V. spectrum was well off scale at wavelengths
shorter than 400 nm.

Further investigation of the behaviour of solutions cf

camphor phenylhydrazone in methanol containing no sodium methoxide

(Bxperimental, page 211 ) showed that different reactions were



taking place with camphor phenylhydrazone in methanol in the
presence of sodium methoxide, compared with those which occurred
when the phenylhydrazone in methanol with no baze present was
exposed to light and air. Thé reactions in the presence of basz
precluded the possibility of following the kinstics of the reérrange-
ment of 2-phenylazobornane to camphor rhenylhydrazone with sodium
methoxide as catalyst. Further experiments (Experimental, pags 212),
in vhich unsuccessful attempts were madé to identify the products,
showed that oxygen was involved in these reactions,

The uptake of oxygen by camphor phenylhydrazons under
various conditions was measured (Experimental, pages 214217 -,
and in some experiménts the solutions were examined by spectroscopy
(n.m.r., infra-red and U.V.) after treatment with oxygen. Camphor
phenylhydrazone in methanol was found to take up more than 2 molar
equivalents of oxygen; uptake’was slow at first and the reaction
appesared to have an induction period. In carbon tetrachloride tha .
Phenylhydrazone suddenly took up more than one molar equivalent of
oxygsn (exceeding ths capacity of the apparatus) after Cea,s 2.5 hr.;
again oxygen uptake was very slow prior to this sudden uptake. The
U.Vf and n.me.r. spectra suggested that only camphor phenylhydrazone
was present affer oxygen uptake had ceased. It had been shown
(Experimental, page 215) that.camphor phenylhydrazone, in a mixture
of carbon tetrachloride and vater, is hydrolysed to camphor, and ths
infra-red spectrum of the carbon tetrachloride solution after
treatment with oxygen indicated that a mixture of camphor, camphor
phenylhydrazone and probably free phenylhydrazine was present.
(Camphor in the presence of camphor phenylhydrazone is difficult to

detect by n.m.r. spectroscopy due to overlap of signals.) The
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“amount of camphor in the mixture is calculated to be 22.w%ﬁmmthe

[

intensity of V max. C =0 (1743 cm.-l) i1.0.22,1% of the camphor
phenylhydrazons had been converted to camphor. The formation of
camphor and another product (possibly phenylhydrazine) from the
reaction of oxygen vith camphor phenylhydrazone does not, however,
accounﬁ for the sudden ubtekes of more than one molar equivalent of
oxygen. |
Hexene has been ﬁsed as the solvent in the measurement of
oxygen absorption by several alkyl phenylhydrazones23, using the same
apparatus as in the present experiments, and no absorption of more
than one molar equivalent was observed for the alkyl phenylhydrazones
investigated, To ensure that the micro-oxygenation apparatus was
functioning properly the oxygen absorption of i~butyraldehyde
phenylhydrazone in both carbon tetrachloride and hexane was measured
and the results (Experimental, rage 217) were consistent with those

repor’ced23

for other aldehyde phenylhydrazones, showing that there was
no fault in the apparatus or the method of its operation. Camphor
phenylhydrazone in hexane behaved in the Same manner as in methanol
and carbon teirachloride i.e, more than one molar equivalent of
oxygen was suddenly taken up after c.a. 2,5 hr., showing that camphor‘
phenylhydrazons reacts with oxygen in a different manner to other
phenylhydrazones, |

In methanol, in the presence of sodium methoxide, more than
one molar equivalent of oxygen was taken up after 4 hr. but the
uptake was mors gradual than in the absence of sodium mathoxide,
The use of zodium methoxide as catalyst appeared to eliminate the
induction period (see above), though the uptake was still slow at
- first,
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As the production of camphor after treatment of camphof
phenylhydrazone with oxygen did not account for the amount of
oxygen absorbed in this experiment, it seemed protable that oxygen
might also be reacting with phenylhydrazine, or a species closely
related to phenylhydrazine, which must be produced along with camphor
during ths decomposition of the phenylhydrazone. Th9 absorption of
oxygen by phenylhydrazine and the phenyldiazonium cation under
various conditions, and the products of these reactions, were
investigated (Experimental, pages 218 - 221). A possible mechanism
to account for the formation of camphor by reaction of oxygen with
camphor phenylhydrazone involves formation of a phenyldiazoniun
cation (Schems 36), |

Phenylhydrazine in carbon tetrachloride was found to
suddenly take up more than two molar equivalents of oxygen (in < 2 nin,)
after c.a. 2 hours and produce a red solution. The infra-red
spectrum of this solution showsd sharp absor?tions at'3600 and
3580 cm.™" which were also observed in the infra-red spsctrum of tne
oxidised solution of camphor phenylhydrazons in carbon tetrachloride,
The ne.m.r. spectrum of the oxidised solution.of phenylhydrazine
showed no M absorption and the aromatic multiplet héd collapsed to
two singlets. When the reaction was carried out in the presence of
water very little oxygen was absorbed., It seems probable that on
freatuent of camphor phenylhydrazone in carbdh tetrachloride with
. oxygen, camphor is first produced, and further uptake of oxygen
occurs by reaction with phenylhydrazine or a related compound .
(The presence of water appears to inhibit reaction of phenylhydrazine
and also ths hydrolysis/oxidation products of camphor phenylhydrazone
with oxygen (Sxperimental, page 219 ).) When the above experiment
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vas carried out with methanol as.solvent only 1.33 molar
equivalents éf oxygen were absorbed, but in the presence of sodium
methoxide more than two molar equivealents were taken up and the
final solution was yeilou. In the latter experimgnt thers appeared
to bs an initial fast uptake of c.a, one molaf equivalent of oxXygen,
followed by a period of no absorption (cea. 3.5 hr,). The rate of
uptake then increased azain until more than two molar equivalents
had been absorbed. Sodium methoxide apparently acts as a catalyst in
an initial step during which ore molar equivalent of oxygen is taken
up and it also appears to be responsible for subsequent reaction
taking place to a greater extentlthan in methanol alone. Further
reaction of phenylhydrazine (or a related compound) must be
responsiblé for the behaviour observed for camphor phenylhydrazone -
in methanol containing sodium methoxide.,

When phenylhydrazine in methanol containing sodium
methoxide was treated with oxygen (Bxperimental, page 222 ) there
was an increase in the intensity of the broad absorption at 350 -
550 nm. This sbsorption then decreased in intensity, rapidly at
first, until after 18 hr. the spectrum had almost reverted to that
of the solution before treatment with oxygen. Treatment of a
solution of camphor phenylhydrazone with air under the seme
conditions (Experimental, page 212 ) produced an increase in
intensity which continued to inerease on storage., It is therefore
improtable that the étrong absorption which appeared at 370 nnm.
whan solutions of camphor phenylhydfazone in sodium methoxide/
methanol were exposed to air is due to a product of the oxidation
of free phenylhydrazine.

The phenyldiazonium cation in methanol gave oxygen
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abscrption of less than one moiar equivalent, and the uptake in the
vresence of sodium methoxide was 1eés than that in the absence of
the base, The U.V. spectrum of ths solution (containing sodium
m2thoxide) after oxygen absorption showed a A .max. at a longer
wavelength (396 nm.) than that observea for a solution of camphor
phenylhydrazone after similar treatment., When the fhenyldiazonium
cation was subjected.to the same conditions as used in the study of
the base catalysed rearrangement of 2-phenylazobornane by U.V.
spectroscopy, a sample at the same concentration as the phenylazo~=
bornane solutions used had to be diluted (X50) to bring the spectrum
on scale. 4 A max, 2% 396 nm. was observed end this slightly
incrsased in intensity during 3 hr. at 45°C, and then remained'steady
( € ©00). (The phenyldiazonium cation dées not appear to te stable
in sdlution; probably nitrogen is lost., After storage for c.a. 2
days at ?500 no strong absorption at 396 nm. appears on addition of
bass.) The A max. at 396 nm., is at a slightly 1ongereway§%gngth
than that produced in solutions of 2-phenylazobornane end caxﬁphor

phenylhydrazons under similar conditions ( /\ max, ~ 390 nm. ),

X
however it is possible that the same species might be responsibtle
for both thesz absorptions,

| It is conceivable that, under the basic conditions used
for the rearrangement of 2-phenylazobornane, a diazonium cation
could couple with camphor by a Japp~Klingeman type reaction
(Scheme 37) in which the methylene group at the 3 postion will
te activated towards electrophilic substitution by enolisation of
the carbonyl group. This possibility was investigatéd (Experimental,
page 223) but no reaction between the phenyldiazonium cation and

camphor which could be responsible for the absorption otserved with

camphor phenylhydrazone in sodium methoxide/msthanol was found to



take place.

In summary, 2-phenylazobornane readily isomerisas to
camphor phenylhydrazone on treatment with base. In the presence of
' oxygen the phenylhydrazone undergoes further reaction andlcamphor
‘is produced. Thelot.hsr product(s) of this reaction, which requires
more than two molar ‘equivalents of oxygen has a strong absorption
4in the UV. at 370 - 390 nm. (the wavelength appears to vary). This
product was not identified although it is thought to bz similar to the

oxidation product of the phenyldiazonium cation.
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Ths presence of two methyl doublets in the n.m.r. spectrum
of 2,/~dimethyl-3~phenylazopentans (83), as opposed to only one in
the spectrum of the correspdnding phenylhydrazone, di-isopropyl
ketone phenylhydrazons (84), had been observed.”® I order to
determins whether this non-squivalence of methyl groups was due %o
hindered rotation of the isopropyl groups in (83), or to soms other
factor, these compounds were prepared (Experimental, page 225 ) and
their n.m.r. spectfa recorded. The two separate methyl doublets of
(83) d;d not coalesce or even broaden when the compourd was heated
to 180°C in diphényl ethar. (They did overlap as the temperature
was increased but this was mérely due to changé in chemical shift
at higher temperatures.86) The non-equivalence was not, therefore,
caused by hindered rotation of the i~propyl groups. Further
evidence of this is found in the n.m.r. spectrum of 2,4-dimethyl-
pentan-3~0l, which, althoughlless sterically hindered, also has two
methyl doublets.

Non-equivalence of the methylene protons in ethyl group387
87,88,29,50

»92,93

in compounds of the general structure (85) is well known
and some examples in isopropyl groups have also been observed.91
The explanation of this phenomenon in the methylene protons of
ethyl-groups can also be applied to isopropyl groups by analogy of
structure (86) with (85). The methyl protons in (86) are in a
similar environment to that of the methylens protons in (85). M (2)
in (87) can never experience the same averags magnetic environment

as Ma(1l) even with free rotation ebout ths central C-C bond. The

two methyl groups within each isopropyl groups are therefore non-



equivalent, even tho_ugh the two 1s§pro,py1 groups ai-e equivalent.
Two pairs of doublats are thefefore observed if the magnetic
anistropy of the other groups (X »and' Y in (86); Ph N2 and H in
(87)) are sui‘ficientlj different to cause a large enough difference
in the average environment of Me(1) and Me(2). (Di-isopropyl
ketone phenylhydrazone doss not have a sﬁ:ructure of the type (86)

and only one methyl doublet is observed.)
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EXPERIMENTAL

IH Nuclear Magnetic Resonance spectra were run on a
Perkin Elmer R.10 Spectrometerl(éo MHz) at 33°C, an E.M. 360
(60 Miz) at 33'°C, or a Varien Associates H.A. 100 Spectrometer
(100 MHz) at 28°C except where other temperatures are indiceted,
Unless otherwise specified the solvent was carbon tetrachloride and
the concentration was 5 - 10% W/V, Tetfémethylsilane was used as
t_ﬁe internal reference unless otherwise stated. A1l cﬁemical shifts
are quoted in p.p.m. (Aé scale), with tetramethylsilane as 0 .p.p.‘m.,
and adjusted to this where other references have been used,
Intensities of absorptions were calculated from an average of three
to five electronic integrals on the 100 MHz spectra. In the
description of n.m.r, spectra the foilowing abbreviations are used:
singlét. (s), doublet (d), doublet of doublets (d of d), triplet (t),
quertet (q) and multiplet (m). J is the coupling constant quoted in
hertz (Hz). | |

The infra-redvspectra were recorded on Unicam S.P. 200,
Perkin Elmer 937 and Perkin Elmer 157G Spectrophotometers. The |
suffixes to the infre-red bands quoted are abbreviated as follows:
(w),weak; (a), medium; (s), strong; (b), broad.

Ultraviolet spectra were recorded on a Unicam S.P. 800 A
Spectrophotoneter, theremostated where indicated using a S.P. 870
constant temperature cell accessory and a S.P. 875 controller.

Optical rotstions were determined on a Perkin Elmer 141
Polerimeter theremostated by water circuletion around the cell during
kinetic runs, and have been corrected for solvent and cell
contributions,

Mass spectra were run on an X.E.I. M.S. 902 double



focussing instrumen-t.

A11 melting points vere determined on a Reichert hot-
stage microscope and are uncorrected.

-The alumina used in all chromatography was of Activity
IIIgl* unless otherwise stated. |

8l.
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NOTE
Due to a typist's misunderstanding, the lay-out of the
_ Experimental Secticn does not exactly correspond to that of the
biscussion. Some experimenfs are presented on separate pages.
References are given in the Discussion to the apprdpriate pages
of the Experimgntal Section so that no confusion should arise

from these slight differences in arrangement.



Solvents

Preparation and Purification of Nitromethans for N.M.R. Spectrascopy

kgjhgi A.95——~ Sufficieﬁt cold 40% aqueous sodium hydroxide solution .
(approximatély 250 ml,) was added to a mixture of chloroacetic acid
(500 g.) and crushed ice (500 g.) to make the resulting solution
faintly alkaline %o ohenolphthalein. The temperature was kept telow
20°C during the additvion to prevent the for rmation of sodium glycollate.
The solution was mixed with sodium nitrite (365g ),
dissolved in water (500 ml.), in a 3 1. distillation apparatus and
then slowly hsated to 80°C. The external heating was removed and
the reaction was allowed to proceed by itself. Bubbles. of carbon
dioxide caused effervescence and the reaction mixture became brown.
(At 80 - 85°C the exothermic decomposition of sodium nitroacetate
becomes so rapid that the temperature rises to 90°C without further
application of heat, If heat is applied after the temperature
reaches 85% violent frothing may occur, with loss of nitrouethane.)
| During spontaneous heating approximately 100 ml. of
nitromethane distilled over (b.p. 83°C) accompanied by 120 ml. of |
water., When the temperature of the mixture had dropped to 8500
heat was again applied until the temperature reached 106°C and a
further 100 ml. of liquid, mainly weter, distilled over. Ths
distillate wes allowed to separate for 30 min. before the nitro-
methane was run/off and dried over calcium chloride. On distillation
the fraction b.p. 98 - 193°C was collected as nitromethane (88g; 27%).
| The 60 MHz n.m.r. spectrum of the neat liquid showed a
singlet for nitromethane (4.3 p.p.m.) plus another singlet (2.1 p.p.m.)
due to an impurity. The product was re-distilled through a
Vigreux column. Only the fraction b.p. 99 - 102°C yas collected,

The 60 MHz n.m.r. spectrum of this fraction showed the impurity
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was still fmesent although the amount had decréased. Comparison of
spectra'with and without edded acetone suggested that the impurity
might be acetone.  Subsequsnt preparations using the above msthod
produced ni trome thane without the impurity after one distillation.
The nitroﬁethane was stored over molecular sieve (typé lA).

Method B2 Mothyl iodide (42.5g, 0.30 mole) was added to a
stirred solution of sodium nitrite (36 g;‘0.52 mole) in dimethyl
sulphoxide (225 ml.) maintained at 25°C, Stirring was éontinued for
4 hours before the reaction mixture was poured into a mixture of ice-—
water (100 m.) and petroleum~ether (100 ml; b.p. 30 =40°C). After
separation the aqusous phase was further extracted with portions of
petroleum-ether (4 x 100 ml.), and the combined extracts were washed
vith water (4 x 100 ul.) and dried (Mg SO,). The major part of the
petroleum-ether was removed by distillation through a small Vigreux
column and the residue was then fractionzied at atmospheric pressure.
Two fractions were collected, (i) b.p. 60 - 100°C, and (ii) b.p.
100°C, The 60 MHz n.m.r. spectra showed that both fractions were
petroleum-ether; no nitromethane was present.

Commercial nitromethane contained impurities which
obscured the 0 - 2 p.p.m. region of the n.m.r. spectrum. Thesé
impurities could not easily be removed by distillation. The nitro~
methane used in all experiments has been prepared fréﬁ'chloroacetic
acid (method A).
Purification of Ghlaroform’’

with concentratead sulphuricvacid (4X) in order to remove ethanol,

—— Reagent . grade chloroform was washed

with dilute aqueous sodium hydroxide solution (4X) and finally with
water (6X). The chloroform was dried over phosphorous pentoxide
and distilled from calcium chloride. The fraction, b.p. 61°C, was

collected and stored over molecular sieve (type 4A). The 60 Miz
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n.m,r. spe_ctrum of the neat liquid showed only the absorption for
chloroform (7.74 PePem.). | ‘

Purification of Cvglgnggggg,g— Cyclohexane (ex. May and Baker)
wes washed several timss with # cold mixture of concentrated nitric
acid and concentrated-: sulphuric acid in order to nitrate any
benzene present, and then washed repeatedly with distilled water.
The cyclohexane was distilled from sodium and the fraction b.p. 80 -
81°C was collected and étored- over molecular sievs (tyﬁe LA).

99

1"’ — Magnesium turnings (5g.) and

iodine (0.5g) were placed in a 2 1, flésk, and "AnalaR™ methanol
(75 m1.) was added through a condenser. The latter was Fitted with
a drying tabe (Ca Cl,). The mixture was gently heated until the
iodine colour had disappeared and hydrogen evolution had ceased,
then a further 900 ml. of methanol were added. The mixture was
reflured for 30 min. and then the methanol was distilled; b.p. 65°C,
(The first 25 ml. of distillate were discarded.) |
Preparation of 'Supep Dry! E;bang],g.g —— Absolute ethanol was dried
and distilled in the same way as methanol (see above) . |
Other solvents ,— Where other solvents are described as 'dry?
analytical grade solvent has been dried either over molecular sieve,

or, where possible, with sodium wire .
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Pyridine. | | |

. Solutions of phenylhydrazine (4.05g; 37.5 m. mole) in
'AnalaR' pyridine (21,7 ml;- 0.27 mole) and of the carbonyl compound .
(30 m. mole) in fAnalaR' pyridine (21.7 ml; 0.27 mole) were prepared
8o that a 5 : 4 excess of phen&lhydrazine over carbonyl compound was
obtained on mixing squal volumes of each solution; These concentrations
also gave a 5% M product solution. |
Both solutions were cooled to 0°C before the carbonyl
- solution (0.75 ml.) was added from a syringe to the phenylhydrazine
solution (0.75 ml.) contained in an n.m.r. tube at 0°C, The solutions
were’thoroughly mixed and the spectra recorded within thirty minutes
using an external benzene lock on the 100 MHz spectrometer. The
reaction mixtures were stored in the n.m.r. tubes at room temperature
| under nitrogen and the spectra were recorded again 24 hours, 5 days
and 11 days after mixing. No change in ths spectra was noted aftef
five .days so that the reactants and products had reached equilibrium
at that time. The relative amounts of isomers were determined from
the electronic integrals.

Experiments to study the formation and isomerisation of
phenylhydrazones in dioxan and of para-substituted phenylhydrazones in
pyridine were carried out in the same way. Due ﬁo the low solubility
of p-nitrophenylhydrazine in pyridine only a 4.3% M concentration
of product csuld ke obtained though the relative concentrations of

reactants remained the same as in other experiments (see Table 1).
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Prevaration of p-Methylphenylhydraz nelpo (Scheme 38) ——

p-Toludine (5.2g; 0.048 mole) was stirred with concentrated hydro-
chloric acid (4G ml.) until a thick, yellow paste formed.
Diazotization was effected at 0°C with efficient stirring by the
addition of a sclution of sodium nitrite (3.3g; 0~948 mole) in
water (14:m1.).
The diazotised solution was run slowly into a éolution
of stannous chloride (37.8 g; 0.145 mole) in concentrated hydrochloric
acid (28 ml.), a* 0°C under nitrogen. A cream coloured solid formed,
which became colourless on standing for three hours under nitrogén.
The hydrochloride was filtered off using s; sintered

funnel and then neutralised with 25% aqueous potassium hydroxide
solution (50 ml.) with stirring and cooling under nitrogen.‘ The
free base, which precipitated as a solid, ﬁas filtered off and dried.
It was then dissolved under nitrogen in the minimum quantity of
boiling benzens and precipitated as colourless plates by addition of
3x the volume of light petroleum-ether. The arylhydrazine (1.7 g;
°8.4%) was filtered off and dried; m.p. 58-60°C (11t.2°1 65-66%C),

\)max. (pujol) 3200 (b), 1610 (m), 1510 (s), 980 (m), 202 cm?1(§).
The n.m.r, spectrum (60 Miz) in benzene showed the absorption for the
R-methyl group at 2.13 p.p.m. On storage in a vacuum desiceator the

crystals became sligbtly orange in colour.



88. -

1§ N.M.R, Spectrum of Acstaldehyde p-Hitrophenylhydrazone in
Nit 8. |
‘2~Nitrophany1hydrazin§ (1.4375 g2;0.009) mole) was added

to redistilled acetaldehyde (20 ml.) and the excess of aldehyde

wag evaporated after 30 min, The compound was recrystallised

from nitromethane under nitrogen and the 100 Miz n.m.r., spectrum of a
saturated solution in nitromethane was recorded with nitromethane as
the internal reference (4.29 p.p.m.). (Thse arylhydrazone was not
sufficiently soluble in nitromethane to allow a 5% M solution to
be formed.) In the two methyl doubleté the highfield line for the
syn isomer (71%) and the lowfield signal for the anti isomer (29%)
wore co-ineident (1.8 p.pem.). The isomeric composition was
detefmined from the electronic integrals on the other two signals

of the doublets.

H N.M.R. Spe

Solutions of phenylhydrazine (2.025g; 0.0187 mole) in
nitromsthane (8.23g; 0.135 mole) and of redistilled acetaldehyde
(0.66g; 0.015 mole) in nitromethans. (8.23g; 0.135 mole) were prepared
so that a 5 ¢ 4 molar excess of phenylhydrazine over acetaldehyde was
obtained on mixing equal volumes of the solutions. These concentra=-
tions also gave a 5% M product solution. The solutions (0.75 ml. of
each) were thoroughly mixed in a n.m.r. tube and set aside under .
nitrogen to eqﬁilibrate. The 100 MHz n.m.r. spectrum recorded after
7 days using nitromethane as the internal reference (4.29 PePems)
showed the methyl doublets of the isomeric phenylhydrazones at 1,82
P.P.m. (anti 39%) and a 1.91 p.p.m. (gyn 61%).



Comparisaon of the Bagicity af Nitromethane and Acetonitrila hy

Measurement of their Effects on the Infra-red Hydroxyl Absorption
Exggngagx;gi,piﬁlggzgphgng;.loz A. Nitromethane -
The carbon tetrachloride used had been distilled from

calcium hydride and stored over molecﬁlar sieve (type 4A)."

A standard solution of pfluorophenol (1.00123.) in dry
carbon tetrachloride. (100 ml.) was prepared.

Various quantities of nitromethane (ranging from 6 %o
41 mg.) were wei.ghed into five 50 ml,. volumstric flasks and dry
carbon tetfachloridé (approximately 40 ml.) was added to each flask
to minimise evgporation of the nitromsthane. Aliquots (2.00 ml.)
of the standard phenol solution were transferred to the five flasks
containing nitromsthane and alse to one empty 50- ml, voiumetric flask.
The standard phenol solution (1 ml.) was measured into another empty
50 ml. volumetric flask. (The two samples containing no nitrorethans
were used to determine the extinetion coefficient of p-fluorophenol.
This did not prove necessary in the experiment with nitromsthane.)
Each flask was filled to the mark with dry carbon tetrachloride and
the contents thoroughly mixed,

The infra-red spectra were recorded at .‘2400 on a Perkin
Elmer 207 Spectrophotometer in a cesium iodide cell (0.5 cm, path-
length). The carbon tetrachloride itself and the solutions
absorbed a very smell amount of moisture on transference to the sample
cell. The amount of moisture indicated by the intensity of the infra-
red absorption ( \) max. OH, 3704 cm.—l) was approximately the same
for each sample and did not interfere with the phenol absorption.

In t'he six solutions containing ths same concentration of

pfluomphenol only one hydroxyl group absorbance ( \) max 3620 cm.-l)
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was observed. This absorbance was of the same intensity for the 6
solutions including that which contained no nitromethane. In the
range of concentrations covered, at 2490, nitromethane does not
therefore form hydrogen-bonds with p-fluororhenol. (see Table 19 )
B. Aggignijzilg;——-"he experiment was carried out in the same way
as that for nitromethane. The infra-red spectra were recorded at
22°C,
In this case both free hydroxyl absorbances ( \) mex.

3625 cm.-l) and those of hydroxyl groups hydrogen-bonded to the
acetonitrile (. )) ﬁax. 3480 cm.-l) were observed. AY , the
difference in the frequencies of the free and hydrogen-bonded hydroxyl
groups; was 145 cm;_l. The formation constant (Kf ) for the hydrogen-
bonded complex was calculated from the intensities of the free
hydroxyl absortances (see example below) for each of the 5 solutions
containing acetonitrile, (see Tables 20 and 21 )

. An average value for the molar extinction coefficient (&)
for p-fluorophenol in carbon tetrachloride was calculated from the

absorbances of the two solutions containing p-fluorophanol but no

acetonitrile.

€ = 1242
Solution 1: % transmittance = 60 = 100 I/Io '
W o 1.5
logyo Io/q = E = 0.2214 -

where Io is the intensity of incident rediation.
I is the intensity of transmitted radiation.
E 1s the absorbance.
§= Ex M. (C i3 the concentration

(1 is the pathlength in cm.)



C = B x MW.
£ x 1

0.721/ x 112 g./1.

0.394 g./1.

Aol —1A]
‘&( Bo] - [Ao] + [A] )

[c]

[A] ( [B] -~ [c])
in this case the proton donor was p~-fluorophenol and the

K§

free base was acetonitrile.

[Ao] and [A] are the initial and equilibrium concentrations of the
proton donor respsctively.

[Bo] and [Bj' are the initial and equilibrium concentrations of the
free base respsctively. |

[C] is the concentration of the hydrogen-bonded complex.

[A°] = 0.47 2./1. = 0.0042M
[A] = 0.394 g./1. = 0.00352M
[40) - [4] = 0.00068M
[B0] = o0.362 g/1. = 0.008/M
[Bo] + [4] = 0.01192M
[2o] + [a] = [a] = 0.00772M
Kf = 0.00068 el
0.00352 x 0.00772 A
= 24,0 M7t

(the valuss for Kf for the otbef solutions are recorded in Table 21)
The average value of Kf was found to be 26.6 : Le5 T

( AY 145 em™ ). The results indicate that acetonitrile is more

basic than nitromethane, for which no hydrogen-bonding to

P-fluorophonol was observed, and suggest acetonitrile is & base of

similar strength to that of tetrahydrofuran (X§ 17.7; ay 292 cm.-l)lm

and cyclohexanone (Kf'JO.S;Av L9 cm.-l)}c’?
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by N.M.R. Srectroscopy.

The chloroform, cyclohexane, acetonitrile and nitromsthane
had been purified, dried and distilléd before use.‘ 5% M solutions
of chloroform in cyclohexane, nitromethane and acetonitrile (70 ml.
of each solvent) were made up. Each solvent contained 3% tetra-
methylsilane by volume. '

The 100 MHz n.m.r. spectrum of each sample (3 ml.) was
scanned with tetramethylsilane as the internal reference. The
chloroform absorptions were expahded at 250 Hz sweepwidth and the
frequencies determined on a Varian V-4315 frequency counter. A series
of dilutions were made on each sample and the frequency of the |
chloroform absorption determined after each dilution. The absorption
.frequency for each solvent did not change significantly on dilution
to 0.85 ml. The variation was approximately : 0.2 Hz about the
initial values. The chemical shifts recorded, relative to tetra-
methylsilane, were therefore taken to be those at infinite dilution.
The average valuss for the chemical shift of chloroform were 757.4 Hz
in acetonitrile, 753,2 Hz in nitromethane and 708.7 Hz in cyclchexane.

A S (CH 013) = és‘ gc where 68 and Sc are the chemical
shifts of chloroform at infinite silution in the solvent in question,
and in an inert solvent such as cyclohexane, respectively. Z§(§eo
(cH 013) was 0.487 p.p.m. for acetonitrile and 0.445 p.p.m. for
nitromethane.

In agreement with the results found by measurement of the
effects on the infra-red hydroxyl absorption frequency of p-fluoro-

phenol, nitromethans is a weaker base than acetonitrile,
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P_mviodsly reported values do not agree with thess |
results: YA Sco(CH 01-3‘-) = 0.31 p.p.‘m.BA9 for acetonitrile and

047 p, p.m.l"o for ritromethane,
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Compounds. | ' |

- 12,5% M solutions of redistilled phenylhydrezine and
collidine'(?,L,é—trimethylpyridine), and a 10% M solution of
redistilled acetons, were made up in nitromethans. The acetons
solution and the collidine solution (0.75 mi. of each) were mixed
with separate pherylhydrazine solutions (0.75 ml,) in n.m.r. tubes,
The samples were stored under nitrogen at room temperature and the
100 Mz n.m.r. spsctra were recorded after 1 hour, 6.3 hours, 30
hours and 5 déys with nitromethans (402 p.pem.) as the internal
reference,

Tﬁe spectra of the sample containing acetore and phehyl—
hydrazine showed only acatone phenylhyerZone (two s, 6H, 1.9 p.pe.m.)
and the excess of phenylhydrazine after 30 hours and 5 days.

The spectra of the sample containing collidine and acetone
showed only the sbscrptions for collidine (s, 3H, p-methyl, 2,16
PePele; s, 6H, O-methyl, 2.%9 p.p.m.; s, 2H, aromatic, 6.74 p.p.m.)
and for acetons (2 p.p.m.). The spectrum did not changs during 5
days., Nitromzthare did not react with acetone under these ééndiﬁions.

Nitromethans does not therefore condense with acetone in the
presence of collidine (pX 10.07 at 20°). A 14 is unlikely that it
would condense with acetons in the presence of phenylhydrazine
(pX 5.2 at 25°C),104, and it did not appear to do so;
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Preparation of p-Chlorophenylhydrazine. %’  (Scheme 39) ——

A suspension of finely powdered p-chloroaniline (95.5g;

0.2 mole), in an excess of concentrated hydrochloric acid (70 ml.)
was heated to approximately 60°C for 1 hour to convert the amine to
its hydrochloride. The solution was then cooled in an ice/salt bath
and an ice-cold solution of sodium nitrite (20 g.) in water (50 ml.)
was added, with vigorous stirring, during 90 mins. The temperature of
the reaction mixture remained between O - 5°C,

The solution of the diazonium salt was filtered and then
added slowly to a solution of sodium sulphite, prepared by passing
gaseous sulphur dioxide into a solution of sodium hydroxide (45g.)
in water (300 ml.) until an acid reaction was just indicated by
phenolphthalein, (Excess sulphur dicxide must be svoided otherwise
tars are produced on addition of the diaszonium solution and the yield
of arylhydrazine is greatly diminished.)

The resulting bright orange solution was heated to approxi-
mately 60°C and then made acid to litmus by the addition of concentrated
hydrochloric acid (approximately 20 ml.). The colour changed to pale
.yellow. Heating was continued for 1 hour, concentrated hydrochloric
acid (100 ml.) was added, and the mixture was then allowed to coocl.

The arylhydrazine hydrochloride which crystallised out was
filtered off using a sintered funnel and then neutralized with 25%
aqueous potassium hydroxide solution (300 ml.) while cooled in ice.
The free hydrazine, which precipitated as pink crystals, was
collected, dired, and then recrystallised from benzene by the addition
of petroleum~ether (b.p. 60 - 80°C). The cream coloured p- chloro-
phenylhydrazine (10.87g; 38.5%) was washed with petroleum-ether

(b.p. 30 - AOOC) and dried under high vacuum; m.p. 88 - 89°C
105

(1it.™” m.p. 90°C).
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E MR, Study of the Condensations of p-Chlororhenvlhwdrazing

The method described below was used because of the low
solubility of p-chlorophenylhydrazine in nitromethane ( < 1214 M
solution). | |

A 6,25% M solution of D-chlorophenylhydrazine (6.77g;
0.0442 mole) in nitromethane (43.2g; 0,706 mole) was prepared by
stirring the arylhydrazine in nitromsthane overnight under nitrogen,
Propionaldehyde (0.070 ml.) was added from a syringe to the p-chloro-
phenylhydrazine solution (1 ml.) contained in an n.m.r. tube to give
a 5% M solution of condensation product. The sample wag stored under
nitrogén and the 100 MHz n.m.r. spectra were recorded, after 30 mins.,
5 hours, 25 hours, 5 days and 11 days. The isomer ratios were
determined from the electronic integrals on 250 Hz sweepwidth
expansions of the methyl triplets.

.The experiment was carried out in the same vay with ethyl
methyl ketone and l-phenylpropan-2-one. (see Tables 1 G and H)
" MMR. Seectrun of p-Mtzashenvlhwdrazize in [ ) Acotonitrile.

The [?HB] acetonitrile uas.dried by storage for 5 days
over molecular sieve (type 4A). A small multiplet (2.1 PePom.), due
to 1H in the methyl group vas present in the 100 Miz n.m.r. sSpectrum,
This multiplet was not observed after addition of p-nitrorhenyl-
hydrazine. The N-H absorptions for the P-nitrorhenylhydrazine were
6.8 p.p.m. and 3.8 p.p.m. Both were diminished, probably through
exchange with the 2H in the methyl group of the acetonitrile. The

A, 32 aromatic system was at 6.6 - 8.1 PePem. .
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1 N.M.R. Study of the Condensations of p-Chlororvhen zlgﬁxagine

WLWWM[ ]_Amu‘m

2-Chlorophenylhydrazlne (0.177 g.) was dissolved in [ H]

acetonitrile (1 ml.) in a n.m.r. tube to give a 6.25% M solution.
1~-Phenylpropan-2-cne (0.134 ml.) was added from a syringe to give a
5% M concentration of condensation product, The sample wes stored
at room temperature under nitrogen and the 100 MHz n.m.r. spectra
were recorded after 30 min., 1 hour, 5 hours, 24 hours, 5 days and
11 days. The isomer ratios were determined from the electronic
ihtegrals on 250 Hz sweepwidth expansions of the methylene signals;
g_@ isomer 3.72 p.p.m., anti isomer 3.79 p.p.m.

| Studies of the condensation of propionaldshyde and ethyl
methyl ketone with p-chlorophsnylhydrazine in [2H3] acetonitrile were
carried out in the same way, as were the condensations with phenyl-

hydfazine itself. (see Tables 1 E and F)
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Preparations of Solid Acetaldehyde Phenvlhwdrazone.

Methed A%g.____ This method was tried several times and only
once, when the phenylhydrazine and the acetaldehyde had not been
redistilled, was almost pure anti isomer isolated as described below,
On the other occasions a compound of higher molecular weight than
ace taldehyde phenylh&draZOne wes also formed (see later).
Prenylhydrazine (9.8 ml.) was slowly added to acetaldehyde
(20 ml.), with cooling in ice, and the mixture was set aside for 15
min., The excess of acetaldehyde was evaporated in vacuo, benzene
(80 ml.) was added, and the droplets of water were removed. The
solution was dried (bg 804) and the benzene was removed ig_xgggg
leaving a viscous, orange liquid which erystslliszed on étanding.' The
crude product was purified by washing with cold absolute ethanol;
m.p. 75 - 80°C (;13.42 98°C), The 60 MHz n.m.r. spectrum in benzene
showed the material to bte mainly the anti isomer (c.a. 95%), the
chemical shift teing in agreement with the literature value%7
Mo thod B42 Acetaldehyde (10g.) was dissolved in a mixture

of ethanol (40 ml.) and water (7 ml.). The solution was cooled

in ice and phenylhydrazine (20g.) was added in smell portions, with
shaking. The mixture was allowed to cool between additions, After'
the additions had been compléted the mixture was allowed to stand
for 1 hour at 20°C then it was cooled to 0°C and the crystals, which
had separated, were filtered off. The product was washed with a
little cold aqueous ethanol agd dried. Three batches of crystals
were collected: (i) 6.17 g. m.p. 95 - 100°C (colourless); (ii) 2.79%,
m.Ps 95 ~ 100°C (colourless); (iii) 2.06 g. m.p. 69 = 75°C (yellow).

Batches (i) and (iii) were recrystallised from 70% aquecus
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ethanol containing a trace of sodium hydroxide, and dried. Batch
(ii) was similarly treated, however as its solubility in this mediunm
did not appear to be high, a trace of hydrochloric acid was added.
(Zaws and Sidguick™’ stated that the pure syn isomr could b obtained
by recrystallisation of crude acetaldehyde phenylhydrazone from
slightly acidic aqueous ethanol and the pure ggﬁi isomer by
recrystallisation of crude acetaldehyde phenylhydrazone from slightly
basic aqueoﬁs ethanol.) This resulted in a green solution contain-
ing no crystalline material. A trace of hydrochloric acid was added
to the mother liquors of the other two batches but no furbhor
precipitation . occurred. |

After recrystallisation batches (i) and (iii) had
“identical infra-red spectra and both melted over a wide rangs (60 -
98°C).

The 100 Miz n.m.r. spectrum in benzens showed bateh (i),
after recrystallisation, to be a mixture of the 8yn isomer (61%) and

the anti isomer (39%),

Preparations of Solid Acetaldehvde Phenylhvdrazone at Low Temperature,
Phenylhydrazine (9.86g; 0.091 mole) in ethanol (20 ml,) and
acetaldehyﬁe (4g; 0.091 mole) in ethanol (20 m1.) were separately
cooled in liquid nitrogen. Both solutions solidified. The
acetaldehyde solution was allowed to warm until it was just liquid, -
then it was poured on to the phenylhydrazine solution which was kept
frozen in liquid nitrogen. The mixture was allowsd to wvarm, with
shaking, untillit formed a homogeneous solution still well below room
temperature. It was then placed in ice and allowed to warm up
slowly, eventually to room temperature. The product separated as

colourless crystals,



Ths ethanol was removed ig_xgggg'(uhile cold) and the
product dried (10.41g., 85%), m.p. 89 = 94°C. The 60 Miz n.m.r.
spectrum of the qrude product, in benzens, showed it to‘consist of
93% anti isomer and 7% syn isomer. |

The crude product was 'purified by crushing it twice in
ice-cold ethanol, filtering and drying (6.58g., 56%), m.p. 93 - §7°C,
Ths n.m.r. spactrﬁm showed less than % gyn isomsr. Subsequent
preparations yielded pure anti isomer which was found to equilibrate
in the sclid on storage under nitrogen at room temperature after
Cea. 1 month. The sample remainsd stable for much longer periods
when stored at - 15°C,

The preparation was also tried mixing the acetaldehyde and
phenylhydrazine neat (i.e. not dissolved in ethanol), but when the
mixture was allowed to warm up while cooled in ice, the reaction
became so exothermic, that the tempsrature reached approximately 40°C,
The 60 MHz n.m.r. spectrum of the crude produect in benzene showed
1t to consist of €9% syn isomer and 31% anti isomer. After purificstion
by crushing in ice-cold ethanol, the composition changed to 40% gsyn
isomer and 60% anti isomer. This suggested the syn isomer was
selectively dissolved in the ethanol.

Preparation of Fropionaldehvde Phenvlhydrazone at Loy Temperature.

The experiment was carried out in the same way as that for
acetaldehyde phenylhydrazone, the reactants being dissolved in ethanol,
but only equilibrated isomer mixtures were obtained. The 60 Miz Dem.r.
spectra of the neat products was identical to that of a sample

equilibrated by distillation; syn methyl, 0.92 p,p.m. (t), anti methyl,

0.7 p.pem. (t). The chemical shifts are in agreement with those

17

reported, The isomer ratio could not te determined with any

accuracy because of the overlap of the signals,
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Invegtigation of the Tsomerisation of Agnga!dgbzde.Phenz!hxdzazggg
on Crystallisstion. | |

Acetaldehyde phenylhydrazone was prepared as in method A
(see earlier) bat with two modifications:(i}snly a slight excess of
acetaldehyde (0.0945 mole; 5.34 ml.) was used to prevent formation of
the high molecular veighf condensation product; (ii) the solid
product was not purified by crushing with ice-cold ethanol.

The 6C Mz n.m.r. spectrum of the benzens sgiution, after
water had been removed, showed the initial product mixture to be.
65% syn isomer and 35% anti isomer. After the benzene had been
removed in vacuo the spectrum of the crude product (10.95g; 86.5%)

showed it was ccmposed of 13% syn isomer and 87% anti isomer.

Conversion of gyn isomer to anti isomer must have taken place

during crystallisation,

In the various attempts to prepare samples of anti—

acetaldehyde phenylhydrazone by method A, especially in the
experiments in vhich redistilled acetaldehyde and phenylhydrazine had
been used, the same absorptions, which were at first attributed to
polymeric impurities, were repeatedly present inbthe n.m.r. spectra,
The redistilled acetzldehyde was shown by n.m.r. spectroscopy to be
pure. The yields of acétaldehyde phenylhydrazone obtainsd from
these experiments were always very low ( < 5%). The absorptions
were therefore attributed to a compound formed during the condensation
reaction.

During an attempt to determine the kinetic product in the

formation of acetaldehyde phenylhydrazone, a colourless compound
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(2.67g.) m.p; 101 - 103°C was isoleted as the residual crystalline
solid after the products had teen washed with ice-cold ethanol.
-Subsequent experivents produced the same compound in slightly
higher yield and purity (m.p. 103 - 105°C),

After further recrystallisation from ethanol the m.p, ﬁas
>104 - 105°C., The compound gave a positive sodium fusion test for
nitrogen; it was not reduced by lithium alumirium hydride in boiling
tetrahydrofuren. The lH N.m.r. spectrum in carbon tetrachloride and
the U.V. spectrum were analogous to those reported in the 1iterature106
for 3,6,7-trime thyl-2,5-diphenyl-1,2,4,5-tetra~azabicyclo ( 2,2,1)
heptane (%1)., The fcllowing spectroscopic data is consistent with
this structure. Mass spectrum - P294, 161. Accurate mass m2asurement
P294.184582 (Co H, N, requires 94.184438), 161.107549 (010313»1?
requires 161,107868). O (60 Miz; CgH) 0.65 (d, 3H), 1.4 (a, 3H),
1.5 (a, 3H), 3.4 (q, 1H), 4.0 (q, 1H), 4.3 p.p.n. (q, 1H). Spin—
decoupling (100 IHz, CCIA) showed that the methyl groups were coupled
with the corresponding methines in the order of their chemical éhifts
i.e. ths mathyl at highest field was coupled with the methine at
highest field etec. \) max, (Aujol) 1590(s), 1490(s), 1300(s), 1110(m),
1080 (), 80 (n), 790 (m), 750 (s), 690 ca™".(c).
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Attempted Preparation of W@M@i-“

Phenylhydrazine (9.86g; 0.091 mole) was dissolved in a
solution of sodium thiosulphate (12.5g.) in distilled water (250 ml.).
A solution of acetzaldehyde (11.8g; 0.27 mole) in aqueous phosphoric
~acid (118g: from e solution containirng 27.4g. of 90% phosphoric acid
per 1.) wes added in 5 ml. portions from a burrette; c.a. 10 min.
were allowed betwéeﬁ the addition of each portion. Each drop, on
contact with the phenylhydrazine solution, produced a white
precipitate, which, during the addition of the first 5 ml.,
rediséolved on shaking. After the addition of 10 ml. the solution
was cloudy and a heavy yellow oil was present. When 25 ml, had been
added the product began to separate as a yellow solid, The addition
was stopped at this stage and a further quantity of coiourless
crystalline product separated. The solution was allowed to stand over-
night and the remainder of the acetaldshyde solutiog wes then added
in 10 ml. portions; c.a, 15 min. were allowed between additions. The
solid product was collected and recrystallised from ethanol (5.4g.),
m.p. 60 - 80°C, The infra-red spectrum was identical %o that of a
mixture of isomers of acetaldehyde phenylhydrazone, )) nax. (nujol)
3500(b),; 1590(s), 1520(m), 1490{s), 1300(s), 1750(s), 1110(m), 1060(m),
880(m), 740(s), €90(s), 670 cm . (m).

The experiment was repeated and the addition of acetaldehyde
was stopped after only 7.5ml. had been added. The cloudy mixture
was left tc stand overnight and a yelldw 0il separated. The 60 MHz
n.m.r. spectrum (Céﬁé) showed this to be a mixture of isomers of

acetaldehyde phenylhydrazone: 60% syn isomsr, 40% anti isomer.
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The Gondensation ;';'f";{éitémahvde _with Acetaldehyde Phenylhydrazoms.
gggifAcetaidehyde phenylhydrazone (O.Sg.)_was’added to
fedistilled acetaldehyde (5 ml.) cooled in iece. The mixture was
shoken and then set aside for 10 min., The excess of acetaldehyde
vas evaporated and the residual orange oil was dissolved in ether
and dried (Mg SOh). When the ether had been removed the residual
oil crystallised, and was recrystallised from ethanol to give
colourless crystals (0.15g; 13.4%) m.p. 98 -~ 101°C. Comparison
of infra-red spectrz identified the préduct as (21). The low yield
obtained was probably due to difficulties encountered in the
recrystallisation (sce below).

‘The experiment was repeated with an isomer mixture of
acetaldehyde phenylhydrazone (lg; 60% syn isomer, 40% anti isomer)
and redistilled acetaldehyde (10 ml.). A viscous orange oil was
again obtained as the crude product. Thin layer chromatography on
alumina containing fluorescent indicator (green), with benzene
aé elutent, showed only one spot when the plate was examined under
U.V. light, The product could not be crystallised and was therefdre
chromatographed on a 10 x 1.5 in. dry alumina column with benzéne as
elutent. The chromatographed material still refused to crystallise.

Subssquent experiments with the expected preduct (21)
showed that it readily decomposed to acetaldehyde phenylhydrazons

when it was heated to 60°C in carbon tetrachloride.

Ths experiment was repeated with both the isomer mixture
of acetaldehyde phenylhydrazone and pure anti isomsr. Comparison
of the infra-red spectra of the crude products indicated that they
both contained a high proportion of acetaldehyde phenylhydrazone.
Thin layer chrometography on alumina containing fluorescent

indicator (green) with benzens: petroleum-ether (b.p. 60 - 80°C)
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(1:1) as elutent showed a single spot, with the same Rf., value as
(21), from both expsriments. This evidence suggested ‘thet only ons

isomer of (21) was produced in ths condensation of acetaldehyde with

acetaldehyde phenylhydrazone. Whether or not pure anti acetaldehyde
phenylhydrazons gave a greater yleld of the producf than an isomer
mixture could rot be de termined from the chromatograms.

The 60 Miz n.m.r. spectrum of the crude product from the
condensation of acetaldehyde with the isomer mixture of acetaldshyde
phenylhydrazone showad absorptions for the product (21) and also for
unreacted acetaldehyde phenylhyd»razone in vhich the isomsr composition
‘had not changed. Thoare was no evidence for an isomsr mixture of
products. From thel composition of the ﬁnmacted isoreric mixture
of aceteldehyde phenylhydrazones it was not possible to decide
whether both isomers reacted at equal rates with acetaldehyde or
vhother the isomer mixture equilibrated as the anti lsomer wes
. removed by reaction with acetaldehyde.

The experiment was performed using acetons and anti-
acetaldehyde phenylhydrazone, but no reaction was observed,

Neither would precpionaldehyde condenss with an isomer mizture of

acetaldehyde phenylhydrazone under the conditions described above.
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Deconposition of 3,6,7-Irimethyl-2,5-diphenyl-1,2,4,5 ~totra~
| aza 2,2 ?1‘. ‘ . |

A 5% M solution of (°1) iﬁ carbon tetrachloride was heated
under nitrogen at 60°C for 24 hours and then stored at room tempera-
ture for 17 days. The 100 Miz n.m.r. spectrum shoved that the
compound had decompcsed to an equilibrated isomer_mixture of
acetaldehyde phenylhydrazone (65% syn isomer, 35% anti isomer),

A further expérimént showed that the compound had started (15%) to
decompose to an isomer mixture of acetaldehyde phenylhydrazone after
2 days at room temperature. There was no evidence in these spectra
for the production of acétaldehyde during the decomposition.

A sample of (21) was thoroughly dried in vacuo and a
soluticn in carbon tetrachloride prepared'for spectroscopy in a dry
box, where it was stored for 5 days at room temperature before the 100
Miz n.m.r. spectrum was run. 23% of the compound had decomposed
during this period and 65¢% during 13 days.

Fbr another spectroscopic samplé, with which no precautions
were taken to exclude moisture, only 19.5% of (21) had decomposed éfter
5 days and 467 after 13 days. These results suggested fhat moisture
was not important for the decomposition.

Another spectroscopic sample was sparged with oxygen for
2 hours and then stored at room temperature for 2 days, éfter which
period the compound was found to be 34% decomposed. This indicatsd
that oxygen was responsible for the decomposition,

A comparison was made of the infra-red spactra (CCIA) of
solutions of: (i) an equilibrated isomsr mixture of acetaldehyde
phenylhydrazone, (ii) 3,6,7-trimethyl-?,5-diphenyl-1,2,4,5~te tra-

azabicyclo (2,2,1) heptane and (1ii) a sample of (21) decomposed by



boiling in carbon tetrachloride for 8 hours, This confirmed that
the decomposition products of (21) were an isomer mixture of |
acetaldshyde pheaylﬁydrazone.
Preparation of 1,4-Diphenyl-1,2,4,5-tetrazazacyelohnzane %2

Glacisal acetic acid (25 ml.) was added to-phenjlhydrazine
(54g; 0.5 mole) maintained at 20°C, and formalin éolution (30 ml, of
30% W/V aqueous formsldehyde solution) was quickly mixed in. The
reaction mixture solidified and water (50 ml.) was added to
facilitate stirring, After the mixture had been stirred for 2 hours
the orange crystalline product was collected, washed with water and
driedy (36.46g.) m.p. 170-175°C. The crude product was mixed with
boiling 4N sodium methoxide (200 ml.,) for 1.5 hr. (The solution
became deep red in colour as impurities dissolved.) The now colour-
less solid wss collected, washed first with ethanol and then with
ether, cnd was finally recrystallised from chlorobenzene (200 ml.)
and aniline (7.5 ml.). The crystals which were collected at this
stage smelled of aniline. They were washed with ethanol and dried to
give colourless crystals (20.78g., 17.4%) m.p. 210-212°C (1it™ 210 -

O
212°¢), ) i

1326(m), 900{s), 750(s), 690 cm~" (s). . The compound was not readily

(nujol) 3120(w), 1690(m), 1580(m), 1500(m), 1260(s), |

soluble in carbon tetrachloride, chloroform'or benzene. An attempt
to form a saturated aclution in [?H6} dimethyl sulphoxide decomposed
the dimer to formaldehyde phenylhydrezone (100 Miz n.mer,).
L saturated solution was prepared in hexamethylphosphora-
mide. The 100 HHz nemer. spectrum had the following absorptions:
$ 7.1 (m, 10H), 5.4 (, %), 4.45 p.p.m. (4, 4H). On addition of
[:’Hz] water the triplet at 5.4 p.p.m. disappeared and the doublet at

4o45 pe.pems collapsed to a singlet. Mass spectrum:- P 240,
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‘Accurate mass measurement 240.138194, 014 Hyg ‘NA requires

240.137490. The spectroscovic data was consistent with the proposed

structure (73).
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jhg Candensation of Formaldehyde with Acstaldshyde Phenz]hﬂxaggne.v

Acetaldzhyde phenylhydrazone (1g; 0.0075 mole) was mixed
with 40% W/V formalin solution (20 ml. containing 0.955 mole of
formaldehyde) snd the mixture was heated for a few minutes uniil the
- phenylhydrazone had dissolved. Ths product separated as s light red
oil. The excess of formaldehyde was evaporated and, when the mixture
had cooled, the prodﬁct was dissolved in ether and dried (Mg SOA)'
The crude product (m.p. 128—13100) was yellow. Recrystallisation
from ethanol yielded colourless crystals (0.28g.), m.p. 128-133°C,

The infra-red spsctrum (nujol) of the product showed no N - H
absorption, (After rurther recrystallisation it was evident that a
mixturs of compounds was present; the solid exhibited two melting
points 120°C and 130-136°C, )

No methyl absorptions were observed in the 100 Mz n.m.r.
spectrum. The spectrum was interpreted as a. mixture of 2,5-diphenyl-
1,2,4,5-tetra~azabicyclo (2,2,1) heptane (22) (33%), for which the
absorptions agreed with those reported in the literature,l06 and
6,8-diphenyl-1,5,6,8-to tra~aza-3-oxabicyclo (3,2,2) nonane (24)432197
“(67%) which had ths following n.m.r. absorptions; é (CCI ) 437
(s, 1H), 4.47 (s, 1H), 4.72 (m, 5H), 4.98 (s, 13), and 6.5~7.3 p.p.m.
(m, 10H). Ths mass spectrum of the product mixture (P282, P262) was
in agreement with this interpretation. |
Ihe Condensation of Formaldehyde with 1,4-Diphenyl-1,?,4,5-tetra=
azgggg!nngaggéB (73) 4

1,4-Diphenyl-1,2,4,5~-tetra~azacyclohexane (3.0g; 0.Q125
mole) was mixed with 40% W/V formalin solution (10 ml. containing
0.132 " mole of formaldehyde), water (10 ml.), and glacial acetic

acid (5 ml.). The mixture was stirrad overnight at 20°C. and the



110.

cream coloured solid, which had separated, was collected, washed
with ethanol and then recrystallised from toluens: ?.BQ.,'m.p. 132~
137°C. - Spectroscopic analysis (mass spectrum,n.m.r. and infra-red)
showed the product to be mainly 6,8-diphenyl-l,5,6,8-tetra-aza-3-
oxabicyclo (3,27,2) nonane (24), plus a little 2,5—dipheny1~l,?,4;5- :
tetra-azabicyclo (2,2,1) heptane (22), similar to the mixture
obtained from the condensation of formaldehyde with ace taldehyds
phenylhydrazone (ses earlier).
| Heating the reaction mixture at.100°C for 1 hour, as
recommended in the literature, did not produce a crystalline
product. _
Ihe Condensation of Acetaldehyde with 1,4-Diphenyl—1,%,4,5-fetra~
azacyelohexans. (23)

1,4-Dipheny1-1,2;4,5-tetra-azadyclohexane (1.0g; 0.00414
mole) was dissolved in a mixture of redistilled acetaldshyde (20 ml,)
and water (10 ml.). The solution was stirred overnight and then the
excess of acetaldehyde was evaporated in vacuo. Tho residusl
solution was extracted with ether and dried (Mg-SOA). Removal of
ether yielded a colourless oil which had the following spectroscopic
data: & (100Miz, CC1,) 1.32 (4, methyl), 1.45 (4, methyl), 4.15
(d, methylens), 4.4 (d, methylene), 4.76 (d, méthylene), 4.93 (d,
metbylene), 44655 (m, methine), 6.5~7.? p.p.m. (m, aromatic). (The
relative values of the integrals are not reported as the oil was
found to be a mixture of 2 compounds.) Irradiation at 1,32 p.p.m.
caused the methine multiplet to céllapse to a quartet and a singlet
(4472 p.pom.); irradiation at 1.45 p.p.m. caused the methine
multiplet to collapse to & quartet and a singlet (4.78 p.p.m.);
mass spectrum P310, P260,

The products were a mixture of 7-me thyl-2,5-diphenyl-
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1,2,4,5-tetra-azabicyclo (2,2,1) haptane (29) (c.a. -?.0%), and
2,4~dime thyl-6,8-diphenyl~1,5,6,8te tfa-aza-s-oxa-ﬁicyclo (3,2,2)
nonano (30) (c.a. 804). The relative amounts were eétimated fron
the eiectronic integrals on expansions of the n.m.T. absorpﬁions
at 250 Hz sweep&idth. |

The product mixture could not be effectively separated

. by chromatography.
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Preparation of O-FPhenylhydroxylamine Hyzgchlgzigg.”(Scheme 40)
(1) Preparation of Divhenyl Todonium Bromide. %

A suspension of potassium iodate (200 g; 0.93 mole) in
acetic anhydride (200 ml.) and benzene (180 ml. 2,00 mole) was
‘prepared with efficient stirring.

A solution of concentrated sulphﬁric acid (140 ml., 2.6 mole)
in acetic enhydride (200 ml.) was prepared by stirring the acid into
the cooled anhydride at such a rate that the temperature of the
mixture did not exceed 20°C during the addition. |

The cold acetic anhydride/sulphuric acid solution was
slowly added to the vigorously stirred benzene/iodate mixture at 0-5°C,
(Temperature control at this stage is critical) The addition took
3 hours. Stirring was continusd‘untillthe reaction mixture slowly
reached 20°C, and then for a further 48 hours.

The reaction mixture was then cooled to SOC end distilled
water (400 ml.) added at such a rate that the temperature did not
exceed 10°C, Ether (150 m1.) was added to the mixture which was then
stirred for 5 min. and filtered to remove potassium salts. Two
further extractions with ether and one with pstroleum-ether followed.
Sodium bromide (100 g.) in distilled water (300 ml.) was added to
the aqueous solution to precipitate the' product which was recrystallised
from acetic acid, washed with ice cold ethanol, and dried, (131.95 g.,

45%) m.p. 232°C (dec.) (11_91.'08

m.p. 232°C).

_Another method of preparation of diphenyl iodonium
brémidelo9 was tried but it did not give reasonable yields of pure
material,

(i1) Preparation of Pbegzl§ggzhzdzoxgm§§e.1lo————~

A mixture of potassium benzhydroxamate (26.1g.), diphenyl

iodonium bromide (54.0g.) and t-butyl alecohol (600 ml.) was refluxed
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for 4 hours with vigorous stirring; under nitrogen: After filter-
ingi off the insolu’blé& material the filtrate was concentrated undsr
reduced pressure, diluted with ether (200 ml.), extracted with 1N
sodium hydroxide solution, and then acidified with dilute hydrochloric
acid. The crude phenylbenzhydroxamate was collected, and was
recrystallised from ethanol, (6.5g., ?1%) m.p. 133-136°C (;_i_p_}lo
137.5 - 139°C).

(1i1)  Cleavage of Phenylbenzhydroxamate to O-Phenylhydroxylamine
Hydrochloride. 10 — - . |

Phenylbenzhydroxamate (4.09g; 0.0192 mole) and ethanolic
hydrochloric acid (45 ml., of 6% W/V) were heated under reflux for 25
min,, cooled to 0°C, and then diluted with ether (150 ml.). HNo
product precipitated. Further dilution with ether (1 1) precipitated
the crude product which was recrystallised from ethanol/ether (0.59g.,
21%), m.p. 136°C (dec.) (Li_t}'lo m.p. 136°C).
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1y N.M.R. Study of the Gondensation of Acetaldehvde with O

Phe d- a .

Several attempts were made to isolute a sample of the
expected condensation product, O-phenyl acetaldehyde okime (19),
without success,

(1) Hydrolysis of &MLMWM

the Frea Hvdroxvlamine.

Q-Phenylhydroxylamine hydrochloride (2@0 ﬁgo) was dissolved
in 10% aqueous sodium hydroxide solution (? ml.). The solution was
saturated vith sodium chloride and then extracted with ether (5%).
Evaporation of the dried extracts (Mg SOA) yielded a colourless
liquid which repidly became browvn. The 60MHz n.m.r. spectrum (CCIA)
was in agreement with the structure of the free hydroxylamine (88):

$ 6.1 (s, 2H), 7.2 p.pom. (m, 5H).

(i1) Condensation of Acetaldehyde with O-Phenylhydroxylamine.

A fresh sample of the free hydrozylamine was obtained, as
described above, in 82.5% yield from its hydrochloride (0.34g.).

A 12,5% M solution of the hydroxylamine (0.0907g.) in dioxan
(0.5 ml.) was prepared in an n.m.r, tube, and a 10% M solution of
redistilled acetaldehyde in dioxan (0.5 ml,) was added.at 0°C,
The}solutions were thoroughly mixed and the 100Miz n.m.r. spectrum
was recorded, with dioxan as the internal reference, after 5 min,:

8 1.35, (d), methyl; 6.4, (s), excess of N-H; 6.75-7.3 pep.me, (m),
aromatic. There wére no absorptions for unreacted aceteldehyds,
After 5 hours a weak absorption (t) appeared at 1.9 p.p.m. This
signal was much stronger after 3 days storage at 90°C, and it was
accompanied by a quartet at 7.8 p.p.m. The intensity of the methyl

doublet at 1.35 p.p.m. had greatly diminished after this period.
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After 9 days, spin-dscoupling showed that the 'triplet'
at 1.9 p.p.m. wvas in fact 2 doublets, ‘one of which was coupled to
the quartet at 7.8 p.p.m. (The other doublet was probably coupled to
& quartet obscured by the aromatic multiplet.) The spectrumAai‘ter 9
days suggested the presence of two isomers of Q_-pheiayl acetaldehyde
oxime in approximately equal amounts. The original doublet at 1.35
P.p.m, was éttributed to 1-hydroxy-l-phenoxyamino-ethane (18), the
adduct of the two reactants. |

- Addition of benzene (0.5 ml.) to the sample separated the
two superimposeid rethyl doublets, and the isomeric composition was
_ determined as 53% svn and 47% anti from the electronic integrals on

a 100HMz sweepwidth expansion.
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, .111
Preparation of Acetaldehyde Benzylimine.

A solution of benzylemine (20.4g., 0.19 mole) in benzene
(25 ml.) was added to a solution of redistilled acetaldehyde (16.8g; ‘
0.38 mole) in benzene (50 ml.). The mixture refluxed for two days
while the water from the condensation was removed with a Dean-Sterk
apparatus. The excess of acetaldehyde and the benzene vere évaporated
and the residual bro;,rn oil was then distilled, to give a colourless
liquid (0.53g; 2,1%) b.p. 85°C/10mm.

The 100 Miz n.m.r. spectrum had sbsorptions for methyl,
methylene and phenyl groups, but the integration was not consistent
with that expected for the product and spurious absorptions were also
observed,

The low yield and purity of the product was attributed to
the readiness of btenzylimines of low molecular weight aldehydes to
polymerize, especially on heating.

Another preparation wes attempted without hesting but only

Polymeric material was obtained.
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1H N.M.R. Study of the Condensgation of Acetaldehyde with Benzviamins.

Equal volumes (0075 ml.) of a 10% M solution of acetaldehyds
in dioxan and a 12,5% M solution of tenzylamine in dioxan were mixed
in an n.m.r. tubs under nitrogen and the 100 M Hz n.m.r. spectra were
recorded, with dioxan as internal reference (3.7 P.p.m.), after 30 min.,
5 hours and 24 hours: & (30 min.) 1.40 (d), 2.05 (d), 4.60 (s), 7.35
(m), 7.86 p.p.m. (q); This spectrum was interpreted as an isomer mixture
of acetaldehyde benzylimine of compositlon 8% syn and 17% anti (from
the electronic integrals of the methyl doublets).

After 5 hours the doublets (1.40 and 2.05 p.p.m.) and the
quartet (7.86 p,p.m.) had decreased in intensitj. Two triplets
' appeared at 1.25 and 1,43 p.p.m. This trend increased after 24 hours
and vas interpreted as a double bond shift in the benzylimine to give
an isomer mixture of benzaldehyde ethylimine (20, Scheme 7). The
isomeric compoéition could not be determined with any accuracy from
the electronic integrals as the signals were broad. The methylene
duartets that were expected to accompany the methyl triplets appsared
ﬁo be obscured by the absorption and spinning éide bands of dioxan.

" The experiment was repeéted with pyridine as solvent. Onre

broad doublet (1.9 p.p.m., 3H) and one broad singlet (4.6 p.p.m.)
were initially observed. Expsnsion at 250Hz sweepwidth and spin~-
decoupling showed that each line of the mthyl doublet at 1.9 p.p.m.
was split into a triplet by long range coupling (J =1 Hz) to the
broad methylene singlet. If two isomers were pressnt their absorptions
were co-incident. |

The spectrum did not change after 24 hours. No evidence of
a double bond shift to form bonzaldehyde ethylimins was observed

with pyridine as solvent,
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1y N.M.R. Stﬁdv of the Isomerisation of anti-icetaldehyde
Phenylhydrazope.

A 5% solution of pure anti-acetaldehyde phenylhydrazone
(0.x25g; 0.000931 mole) in dry hitromethane (1 m1; 0.01862 mole) was
prepared in an n.m,». tube which was then placed in the n.m.r, probe
at 28°C. The 100 M Hz N.m.r. spactrum was recorded, Integrals were
recorded on the 100 Hgz sweepwidth expansions of the methyl doublets
of the two isomers at regular intervals .during a pPeriod of 105 min,
The sample was stored in the dark at 28°C for 67 hours and integrals
were again recorded on the expansions of the mothyl doublets to obtain
the equilibrated isomer ratio.

Since the ‘two methyl doublets pertially overlepped, only the
highfield and lowfield lines for the anti and syn isomers respectively
were used to determins the isomeric -éompositions. A correction to the
ratios, each determined as an average of 5 electrénic integrals, was
made to compensate for the asymme try between the highfield and lowfield
lines of the doublets caused by coupling to the methiné protong,

(3= 5.4 12, Vo & = 472 ng, HVp§ = 0.61123). The intensities of
the relevant transitions in the AB3 system were calculatet3112 and it
vas determined that the intensity of the lowfield line of the me thyl
doublet of the syn isomer should be multiplied by 0.95 to correct

for the asymmetry, (The factor of 0.95 which was calculsted for this
particular A33 system was in agreemsnt with similar values reported in
the literaturell3,)

Run ] ,—— The results (see Table 2) were Plotted a.ccording to the
equation 1n (X¥e - X) = -t(kl + _151) + 1n Xe (see Discussion, page 28 )
(Yo and X were the mole fractions of the syn isomer at equilibrium
and the time ¢ respectively; k, end k-l were the forward and backward

rate constantsg respactively for ¥ — X where ¥ represented the snti
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igomsr.) 1.0. In (Xe = X) was plotted against t (min.) so that the

‘gradient was (kl * k_,) and the intercept was ln Xe,

from the graph: (i, * k) = 0.0181 min."t
Kea. =k,  =¥oyo = 0.3, .. = 170
Ty k-l . ’ v )

| R N

* - ° 3
170 Ky * kg 0.0181 min.
k_ = 0.0067 min."1
ky = 0.0114 min.”}

Using the experimental value 61‘ 0.63 for Xe, values for the
best slope (kl + knl), the best intercept (InXe), and the errors in
those, were calculated on a YWang' electronic calculator fitted with
a 'least cquares' analysis programme with the first 5 and 7 values of
X and t in chronological order (see Table 3. N, the number of points
used, = 5 and 7 respectively.) With an incresse in the number of
values of X and t used, X approached Xs and the error in 1n(Xe - X)
became greater. Also the condition that (k; * k)X < k), used in
défiving the equation 1n(Xe - X) = -t(kl + k-l) + 1n Xe, was not
fulfilled. (see Discussion, page 28 ). Only the first 5 values of
X determined (up to ¢t = 75 min.) were used in later calculations.

With N = 5, gnd varying Xe stepwise by units of + or -~
0.005 from the experimental value of 0.63, a 'Wang' calculator was used
to determine which values of Xe gave the smallest error in slope end
intercept (see Table 4). Xe = O. 625 gave the minimum errors in slope
and intercept, The gradient was 0.01854 and Keq. was 1.668
(k_, =0.00 €95, k) = 0.01159) with Xe as 0.625,

Run 2,—— The above experiment was repeated. Measurements were made
over a period of 1415 min, and the value of Xe was found to be 0.58
after 6 days. (sse Table 2 for resulﬁs.) From the graph (gredient

= 0.0052 minT") the valuss of k_, = 0.00219 min.”™  and k; = 0.00302 min:}

1



were obtained.
The results of this run wers also calculated, from graphg,
usin’g 5% deviations in the value experimsntally determined for
Xe (0.58): Xe + 5% = 0.63, k= 0.00163 min.-l, k = 0.00278 min."l;
Xe - 5% = 0.53, k ; = 0.00258 min.™T, k) = 0.00315 min."L,
Using the 'Wang' calculator the results for Run 2 were
‘t.reated by the process outlined above for Run 1, It was found that
the first 9 values of X and t, with Xe = 0.615 (experimental Xe = 0.58)
gave the minimum errors in slops and intercept (see Table 4).
Although the rate (kl * k_y = 0.00465) was much slower than that
determined for Run 1, the equilibrium constants (K eq. = 1.598 for

Run 2) were in agreement to within 5%.
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Various S rerature.

(1) Ig_Mangngl.———é Redistilled acetaldehyde (0.070 ml,) was
added, from a syringe, to a 6.25% M solution of phenylhydrazine (0.168g.)
in methanol (1 ml.), at -78°C, contained in an n.m.r, tube. (This v
gave a 5% M solution of acetaldehyde.) The contents of the tube were
mixed under nitrogen while cold, and then the 100 Miz n.m.r. spectra
were recorded at intervals of 10 or 20 min. with the methyl singlet
of the methanol (3.34 p.p.m.) as the internal reference, while the
temperature of the probe was increased from -80°C to 26°C, (Tha
temperature was calitrated from the chemical shift difference between
the hydroxyl and methyl absorptions of methanol.)

The methyl doublets for the product isomers (1.87 and 1.82
P.P.m.) increased in intensity at the expense of the methyl doublet
(1.2 pep.m.) of unreacted acetaldehyde. Because of the overlap of the
doublets of the product isomers, especially where the absorptions were
brbadened at lower temperatures, it was not possible to determine the
isomeric compositions.
(i) In 1,2-Digethoxyethane, — The experiment was carried out in
the same way as described above for methanol as solvent but the
temperature ranged from -40°C to + 10°C, with 10°C increases in
temperature at 5 min, intervals.

A 250 Hz sweepwidth expansion of the methyl doublets of
the isomeric products (c.a. 1.8 p.p.m.) and the unreacted acetaldehyde
(1,16 p.p.m.) was recorded at each temperature (see Table 54).

It was difficult to calculate the isomer ratio of the
products accurately at temperatures less than +10°C because the
broadening of the methyl singlet of the solvent, at low temperatures,

interfered with the methyl doublets of the product. The anti isomer,
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however, did not appear to be the kinetic preduct. ‘The mothyl
absorptions of the product were>a pair of doublists at 211 times but
the rate of equilibration may have been faster than the rate of
product formation,
(111) In Mitromethans.—— At low temperatures the solution was
viscous. The n.m.r. spectrum was: recorded at -20°C. It was found
that the condensation had gone to completion (no unreacted acetaldehyde
waszobsefved) and the isomeric composition of the product was approxi-
mately 60% syn and 40% anti.
(iv) hz,Z-mmmﬁngl.———Equal volumes 0.5 ml,) of a 10% M
solutipn_of redistilled acetaldehyde in 2-methoxyeihanol and a
12,5% M solution of redistilled phenylhydrazine in 2-methoxyethanol
were mixed in an n.m.r. tube, under nitrogen, at -78°C, 100 Hz
sweepwidth expansions of the methyl doublets of the unreacted
acetaldehyde and the product isomers were recorded and integrated at
intervals while the temperature was increased from =70°C to +20°C,
The product doublets were tco broad at temperatures < - 20°C for an
accurate analysis of the isomeric composition (see Table 5B) e
Corrections were made in the isomeric composition for asymmetry in
the product doublets due to coupling with the methine protons (see
page 118, para, 2).

The results showed that the isomeric compocsition was
approximately constant (average: 69% syn, 31% anti) throughout the
condensation, A greater percentage of gﬁ&i isomer than syn isomer

was not initially formed.
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N.M.R. Study of the Isomerisation of anti-Acetaldehwde Phenylhydrazana

Catalysed by Phonylhydrezine in Nitromethone.

Redistilled phenylhydrazine (b;ozsg; 0.000232 mole) was
woighed into an D.m.r. tube. A 5% M solution of gx_t_;i_—aceta.ldéhyde
phenylhydrazons (0.125g; 0.00093 mole) in dry nitromethane (1 ml;
0.0186 mols) was measured into the tube (the solution was then 1.25% M
in ?henylhydrazine) and the 100 Miz n.m.r. spectrum was immediately
recorded.

| The methyl doublets of the isomers of acetaldehyde
phenylhydrazone in the initial spectrum showed that more anti isomer
than syn isomer was present (c.a. 70% anti isomer). By the Lime
(< 5 min.) that a 100 Hz sweapwidth expansion of the doublets was

scanned and integrated the phenylhy'dfazone had almost equilibrated

(58% syn, 427 anti). Integrals were taken at 1 min. intervals during
the next 11 min. but the isomeric composition did not change
appreciably over that period. After a further 20 min. it was found to
be 60% gyn and 40% anti,

N A 60 MHz spectrum (CH3N02) of a sample from the sams batch of
antl isomer as that ussd in the experiment described above showed the
‘frosh solution to be almost pure anti isomsr, which equilibrated on
standing overnight,

The experiment was repeatad with the spectromster set to
record integrals of the 100 Hz sweepwidth expansions of the methyl
doublets. The first integral was taken 2 min. after the anti-
acetaldshyds phenylhnydrazons so.lution had been added to the phenyl-
hydrazine in the n.m.r. tube. Because of bubbles in the solution the

first integrals were not accurate, but it was evident that more sSyn

‘isomsr than anti isomer was pressnt after 2 min. After 11 min. the



isomeric composition was 57% syn, 43% anti.

The isomerisation of acstaldehyde phenylhydrazone in
nitromethane was much faster when phenylhydrazine was prasent than
when it was absent (see page 118, para. 3 for comparison wit

isomerisation in nitromethane alone.)
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N.M.R. Spoctra of Aceta 11dehyde o =Mathylphenylhvdrazone in Dioxaq.,

The o-methylphenylhydrazine used (m.p. 59-60°C, 114101 y.p.
59-60°C) was prepared in the sams way as P-methylphenylhydrazine
(page 87 , para. 1, 2) using o-toludine,

Ice-cold acetaldshyde (0.018 g; 0.0041 mole) was added to
a 5% M solution of o-mothylphenylnydrazine (0.5g; 0. 0041 mole) in
dioxan (7 ml; 0.082 mole) contained in al0ml.flesk . : at 0°C, After
thorough mixing under nitrogen the solution was set aside for 20 min.
ét 20°C before the 60 Miz n.m.r. spectrum was recorded: 2 me thyl
doublets (one for each isomer of acetaldehyds o-methylphenylhydrazone ’
3H) overlapping on adjacent lines at 1.85; 2 singlets (the o-me thyl
groups of the two isomers, 3H) at 2.1 (syn.), and 2.15 (anti);
multiplet 6,4 - 7.5 (sromatic and CH = N, €H); broad singlet at
7.65 p.p.m. (NH, 1H),

After evaporating the dioxan and dissolving the solid
product in benzene, the 60 Mz n.m.r. spectrum showed 2 methyl doublets
(anti 1.16 p.pem., 37%; sy 1.65 PePem., 63%) and only one absorption
for the co-incident o-methyl groups (1.84 p.p.m.).
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- Phanvl} s the o-Math zin
Acetaldehyde o-Methylphenylhydrazone.

One drop of phenylhydrazine was added to the n.m.r. sempla
of acetaldehyde g-methylphenylhydrazine in benzene describsd above.

The 100 Miz n.m.r. spectrum showed clearly 2 doublets for
anti isomers which overlapped on adjacent signals (1.16 p,p.m.) and
two doublets, clearly separated, for syn isomers (1.65 and 1,63 p.p.m.)
There were 2 distinct g-methyl singlets (free Qfmetﬂyl, 41.,5%, 1.74
p.p.m. {identified by further addition of_anathylphenylhydrazine);
g-methyl of the phenylhydrazone, 58.5%, 1.84 p.p.m.) The combined
1somsric composition of the substituted and unsubstituted phenylhydra~
zZone s Qas 65% syn and 35% anti, The added phenylhydrazine had
displaced soms of the substituted phenylhydrazine from the
phenylhydrazone,
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1H N.M.R. Study of the Condensation of Excess Acetaldehyde with

Small Amounts of Phenylhydrazine.
The 100 Miz n.m.r. spectrum of redistilled acetaldshyde

(0.052 ml; 0.00093 mole) in nitromethane (0.5 ml.) was recorded. The
solution was cooled to ~78°C and en aliquot (0.1 ml.,) from a cold
(just liquid) 5% M solution of phenylhydrazine '(0.3.05g;> 0.00093 mole)
in nitromethans (1 ml.) was added to the n.m.r. tube. After mixing,
the contenté of the tube were allowed to warm up until Jjust liquid
and then they were mixed by sparging with nitrogen. The 100 Mdz
n.m.r. spectrum was recorded at -4000 and integrals taken on the 250Hz
sweepwidth expansions of the methyl doublts of the isomeric phenyl-
hydrazones and on the methyl doublet gf the mreacted aldehyde. The
process was repeated for a further‘A additions of cold phenylhydra-
zine solution. (Throughout the experiment the sample in the NeMeTo
tube was kept ét, or below, =40°C. Because the doublets of the two
isomers overlapped on adjacent lines, the isomer ratios were
corrected to allow for asymmetry dus to coupling (see page 118 s
para. 2 ), After the fifth addition of phenylhydrazine solution,
the sample was kept at -40°C for 30 min. and the integrals were
regorded again. A further integral was obtained after the sample
had besn kept at 25°C for 1 hour. (see Table 6)

The results showed that, when no excess of base was

present to catalyse isomerisation, more anti isomer than Syn isomer

was initially formed at -40°C.

| Tha experiment was repeated.with dry methanol as solvent.
Satisfactory integrals were not obtained on the methyl doublats of
the isomeric phenylhydrazones because of the broad spread of thse

methyl singlet of the methanol at - 40°C. At a1l times, however,



the 8ym isomer appeared to be present in greater af:undancs than the
enti isomer. A doﬁblet, which was attributed to the carbinclamine
intermediate (1.% p.p.m.), built up rapidly as a shoulder on the
free acetaldehyde doublet, on addition of the first 0.3 ml. of
phenylhydrazine solution, decreased while the sampie was left for
30 min, at -LOOC, and then increased in intensity again when more
phenylhydrazine solution was added. (The experiment in mathanol was
also run on the 60 Mfz n.m.r. instrument at 33°C, with similafv |
results, except that no signals from the carbinolamine intermediate
~ were observed.) -

Methanol is possibly a strong enough base to catalyse

the isomerisation of acetaldehyde phenylhydrazone.
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The experiment was carried out as described above for the
study of the condensation of excess acetaidehyde with smell amounts
of phenylhydrazine, except, of course, that the rcles and the
concentrations of ths phenylhydrazins and acetaldchyde solutions in
nitromethane were reversed. The 10% M solution of phenylhydrazine in
nitromethanz was too viscous to give an n.m.r. spactr@ at -40°C,

The experiment had to be carried out at +10°C, (see Table 7)

There was naver more anti isomer than Syn. isomer present.
The isomeric composition was always close to that of an equilibrated
isomer mixture (62% syn, 38% anti). This result was in agreement with
previous results (page 124, para. 2 ) which suggzsted phenylhydra-

zine was a catalyst in the isomerisation of acetaldehyde phenylhydra-

zone . .
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60 Mz N.M.R. Spectrum of Phenvlacetaldehvde Phenylhvdrazone.

(only the methylene protons are described)

Phenylacetaldehyde phenylhydrazons (m.p. 54 - 60°C, 114
MePe 62 = 63°C) was prepared by ﬁhe method of Fischerl,u’, using
redistilled phenylacetaldehyde.

The 60 MHz n.m.r. spectrum (CCIA) showed the presencé of
two isomers with inethylene doublets at 3.3 (anti 2%) and 3.5 PeDelle
(syn 78%). In both nitromethane and [2H3] acetonitrile only one
methylens doublet (3.7 and 3.6 p.p.m. respectively) was observed i.e.
the methylene absorptions of both isomers were co-incident in these
solvents.

The nem.r. spectrum of a sample that héd been allowed to
equilibrate for 5 days at 20°C in benzene showed the presence of 2
isomers with methylene doublets‘ at 3.50 (syn 82%) and 2.95 p.p.m.
(anti 18%). On addition of a few drops of phenylacetaldehyde the
methylene doublet of ths free phenylacetaldehyde (3,05 p.p.m.)
partly obscured the methylene doublet of the anti isomer of the

phenylhydrazone,



Equal volumes (0.75 ml,) of a 10% M solution of mothyl

benzyl ketons in dioxan and a 12.5% M solution of redistilled
phenylhydrazine in dioxan were mixed at 0°C in an n.m.r. tube, under
nitroggn. The 100 Mﬁz n.m.r. spectrum, recorded after c.a. 10 min,,
showed only three singlets in the methyl'region (0.5 -« 2,5 p.p.m.):

~ 1.70 p.pems and 1.8 p.p.m., iscmeric products; 1,99 p.p.m., unreacted
Eetone. After 2.5 hours no ketons remained,

The experiment was repeated but 3 volumes of ketons solution
were mixed with 2 volumes of phenylhydrazine solution so that the
molar rafio of ketone to phenylhydrazine was 6 : 5. No methyl
absorptioné other than those for the unreacted ketone and isomeric
phenylhydrazones were observed, Addition of & small quantity of
mothyl benzyl ketone after 24 hours confirmed that the signal at
1.99 pe.p.m. had been correctly assigned to the unreacted ketone.

| In another experiment 5 volumes of ketone solution were
mived with 2 volumes of phenylhydrazine solution but agein no methyl
absorption that could be attributed to a carbinolamine intermediate

was obssrved,
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The Alkyl Fhenyl Ketone Phenylhydrazone Series.

Preparation of t-Butvl Fhenvl Ketons.l.l

Magnesium turnings (6.9 g; 0.282 molie) were placed in a

5 (analogousfto Scheme 41)

250 ml, flask which was equpped with a mechanical stirrer, a reflux
céndensér, a pressure equilibrated dropping funnel and a nitrogen
inlet and outlet. After the system had been flushed with dry nitrogen,
a solution of t-butyl chloride (c.a. 0.8 g.) in dry ether (40 ml.)
was added. Initiation of the reaction was fecilitated by addition of
a crystal of iodiné. .

The remainder of the t-butyl chloride (0.25 mole; 3.2 g.
in a2ll) in dry etbeg (80 ml.) was added very slowly, with stirring,
so that the reaction mixture was just boiling., After the addition of
the t-butyl chloride solution had been completed, ths reection mixturs
was refluxed for a further 2 hours. '

' A solution of bvenzonitrile (16.6 g; 0.162 mole) in dry
ether (30 ml,) was added to the t-butyl magnesium chloride solution
(0.2 mole based on an assumed 20% yield from the Grignard preparation)
with stirring, over a 1 hour period., The solution, which had become
light brown in colour, was refluxed overnight, and then poured into
a mixture of 6N sulphuric acid (66 ml.) and ice. This mixture was
heated fo; é.a. 2 hours to distill off the ether ana hydrolyse
the ketimine (89).

After the mixture had cooled it was extracted with ether
(4 x 100 ml,). The combined extracts were washed with saturated
sodium bicarbonats solution and dried (Mg 304). The e ther was
evaporated and the residual oil fractionally distilled: (1) b.Dp,

80 - 90°C/9 mm. (i1) b.p. 90 - 98°0/9 mn. (ii1) b.p. 98 - 106°C/9 mn.
The -infra’--reé spectra showed that all three fractions were a mixture

of benzonitrile ( ) € =N 2200 em.”)) and t-butyl phenyl
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ketone (90) ( ) . C =0 1670 em.” ).

The preparation was repeated with a 3-fold molar excess of
Grignard reagent over benzonitrile, but'again the ketone, which had
been distilled throﬁgh a small Vigreux colunn; wss contaminated with
benzonitrile. G.c. analysis (Apiszon L; lerkin Eimer F11 gas
chromatograph; flame ionisation detector) showed that the ratic of

benzonitrile to ketone was 5 ; 2,
115

Pre ati 7 i=P " Ke

Phenyl i-propyl ketone was prepared in 72% yield (b.p.

100%6/9 mn,, 242"t

b.ps 95 = 98°6/10 mm.) by the method described
above for t-butyl phenyl ketone, using 2-bromopropane instead of
t-butyl chloride. It had V) nax, (£11m) 3050(m), 2950(s), 1690(s),
1610(s), 1590(s), 147o(s), 1390(s), 1290(m), 1230(s), 1165('3), 1109(m),
990(s), 940(w), 880(w), 800(s), 7006 m.~1(s).

Proparation and N.M.R. Spectra of Phén’vl Xetona Phenylhyvdrazonss.

(1) Ehenyl i=Propyl Xetone FPhenylhvdrazone.—— Phenyl i-propyl
ketone (1.0 g; 0.00676 mole) was dissolved in ethanol (25 ml.),

phenylnydrazine (0.73 g; 0.00676 mole) was added, and the solution was
refluxed overnight, under nitrogen. The ethanol was evaporated and
the residual oil fractionally distilled. The final fraction (1.19 23
75%, beDe 120-130°C/Q.Olmm.) was a mixture of the two isomsrs of the
phenylhydrazone; o (0014’ 100 Miz) 1.13 (d,lﬁe_z CHj, 1.30 (d,l';'s.Q CH),
2.77 (septet Me, €i), 3.14 Geptet, Me, CH), 6.5 = 7.5 p.pem. (m,
eromatic and N-H) . .

(ii) Ethy)l Fhenyl Xetone Phanylhydrazone.— Ethyl phenyl ketone
phanylhydrazone (b.p. 140 - 1/44°C/O.O2zmn.) was prepared, by ths method
described above for phenyl i-propyl ketone phenylhydrazone, in 67%

yield; d (G H,, 100 Miz) 0.8, (t, Me CH,), 1,18 (t, 5 CH,), 2.19



{a, Me ggg) 2,56 p.pem. (q, Mo ggz)° The aromatic and N-H

absorptions were obscured by the solvent. (In CCl, the methyl

4
triplets and methylkns quartets of both isomers were co-incident.)
Ethyl phenyl ketons phenylhydrazone was also prepared in
‘56%'yield by an adaptation of the method describec.below for methyl
phenyl ketone phenylhydrazons (iv). The crude product was extracted
with ether, waéhed with aqueous sodium bicarborate and brine solutions,

and then dried (Mg SGA) before distillation.

(111) R p P hydrazone . The mixture of

t-butyl phenyl ketons and benzonitrile obtained -from the preparation
of the ketone (see page 132, para. 4 ) (3.5 g. containing 1 g;
0.0062 mole of ketone) was dissolved in pyridine (25 ml.) and
phenylhydrazine (0.67 g; 0.0062 moie) was added. The solution was
refluxed under nitrogen for 5 days. The pyridine was evaporated

and the benzonitrile (b.p. 188 - 19200) distilled off at feduced
pressure (c.a, 10 mm.). The residual oil was fractionally distilled
under high vacuum. The final fraction (0.28 g; 56%; b.p. 122°C/0.01 mm.)
crystallised on cooling ( m.p. 75 - 7800,;13}16 92%); (0014,
100 Miz) 1.2 (s, 9H, t-butyl), 6.6 = 7.5 p.pem. (m), 6H, aromatic and
N-H),

(iv) ‘V ! P drazona. -—Methyl phkenyl
ketone phenylhydrazone (m.p. 104 - 105°C, 11%.105°C) wes prepared

by a method described in the 1iterature.117

The 100 Miz n.m.r,
spectrum in CCl4 showed the presence of two isomers: 5 2.13 (s, Me),
2.22 (s, M), 6.6 ~ 7.8 p.pem. (m, aromatic and N-H).

The isomeric compositions of the equilibrated mixtures of

the alkyl phenyl ketone phenylhydrazones are listed in Table 9,
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o]
D

rdrazana . Phenylhydrazire (6 ml.) was

(i) e
thoroughly mixed with acetone (40 ml.), and the solution was left for

5 min, before the excess of acetone was evaporated, The residual
oil was fractionally distilled under nitrogen. Pure acétone rhenyl-
hydrazone (7.9 g.) (b.p. 94°C/0.3 mm; ;L;J_:}Ol bep. 140°C/16 mm.) was
collected, - .

(11)  Buten-2-one Phenylhwdrszone.

(b.p. 200°C/1 mn; 1142 bup, 190°6/100 mm.) was prepared by the

Butan-2-one phsnylhydrazone

mothod described above for acetone rhenylhydrazone,
111

Mpthyl phenyl ketone benzylimine was prepared by the same
method as acetaldehyde benzylimine (see page 116). The product was

obtained in 45.5% yield as colourless crystals (m.p. 40 - 43°C,

&118

100 Miz nem.r. spectrum showed the presence of 2 isomers: 5 (0014)
2.18 (5, M), 2.42 (s,,M2), 4.30 (s, CHy), 4460 (s, CH,), 6.8 = 7.9

m.po 40 = 43°C) after recrystallisation from ethanol. The

PePome (m, aromatic). The isomeric composition of the fresh solution
was 98% gyn isomsr and 2% anti isomer. This changed to 85% am, isomer
and 15% anti isomer after 6 days at 20°C, A 250 Hz sweepwidth expansion
- showed that the methyl singlets of each isomer were coupled to the
corresponding methjlane singlets by long range coupling (J = 0.8 Hz).
1-Methyl-l-phenylhydrazine (2 ml.) was slowly added to

acetaldehyde (10 nl,) at o°c. The reaction mixture was left at 20°C
for c.a, 15 min. before the excess of acetaldehyde was removed in
yaguo. Benzene (c.a, 50 ml.) was added and the solution was decanted

from the water which had formed during the condensation. The benzene
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wes removed in vacuo and the residusl yellow oil was then distilled

(1.86 g; M%), b.p. 135°¢/20 ma., 114119

b.p. 136°C/25 mm,
§ (60 Miz, CQIL) 1.95 (4, 3H), 3.05 (s, 3H), 6.64 (q, 13), 6.8 -

7.2 pePems (m; 5H). Only one isomer was apparent.

1B N.M.R. Study of the Condensations of Alkyl Phenyl Ketoneswlth
Phenylhydrazine in Periding. |

The experiments were carried out in the same way as those
performed to study the formation of substituted and unsul'ostit'uted
phenylhydrazones in pyridine (see page 86 ).

Neither phenyl i-propyl kstone nor t-butyl phényl ketone
formed phenylhydrazones during 24 hours in solution at 20°C, A 10%
M solution of phenyl i-propyl ketome in pyridine (5 ml.)> and a 12,5%
M solution of redistilled phenylhydrazine in pyridine (5 ml.) were
.mixed and then refluxed overnight, under nitrogen, to give an.
equilibrated isomer mixture of ths phenylhydrazones, The same procsdurs
was used for t-butyl phenyl ketone.

Unreacted ketone was pressnt in each sample of the alkyl
phenyl ketone phenylhydrazones examined, (see Table 8) even though a

5 t 4 molar excess of phenylhydrazine over ketone was used,



of Alkyl Phenvl Ketore Phenylhydrazones.

The phenylhydrazones were prepared as described earlier (see
pages 133, 134) and equilibrated by distillation. The 100 Miz n.m.r.
spectra were recorded on 5 - 10% M solutions in CCl4 under nitrogen
and the isomer ratios were determined from integrals on 100 Hz sweep-
- width expansions of the appropriate absorptions (see Table 9). As
the'methyl and methylene absorptions of both isomers of ethyl phenyl
ketone phenylhydfazone were co-incident in carbon tetrachloride,.
the spectrum was recorded with benzene as solvent.

Aftar 7 days under nitrogen at 20°C the isomer ratios were
constant, but t-butyl phenyl ketone phsnylhydrazone was found to have
partially decomposed to the ketone (7.5%). |
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4 46,120 -

Early exberiments, in which no precautions were taken to

dry the reagents and to exclude moisture from the solutions at all

times during the experiment, gave change_s in chemicael shifts that were
neither substantial nor reproducable. (Eu ,(dpm)B; tris (dipivalo-
methanato) europium (IH)%, was the 'shift reagent' employed in
these earlier experiments.) In subsequent experimeants Eu (i‘od)3

(tris (1,1 1,?,2,3,B—heptaflléro-77;dirnathy1-4,6-octz;ne-dionato)
europium 111)46 (34) was employed as thé 'shif% reagent!',

The Eu (fod)3 vas dried (P, 2055 0.1 mm,, 20 °C) for 4 days.

A 0.0508 M solution of Eu (fod)3 (0.994 g.) in dry carbon tetrachloride
(5 ml.), containing 3% V/V of tetramethylsilans, was prepared in a
dry-box (F, Oy desigcant). A second Bu (fod)3 solutisn (0,0530 M) which |
did not contain tetramethylsilane, was also prepared. Both solutions
were stored over molscular sieve (type 4A) in the dry-box.

The induced chemical shifts?kwem gensrally measured as
follows: each substrate was either distilled or recrystallised and
thoroughly dried in vacun. 0.1‘M Solutions of the substrate in one
of the Eu (i‘od)3 solutions described above (0.5 ml,), and also in
dry carbon tetrachloride (0.5 ml.) containing 3% V/V tetramethyl-
silans, were prepared in the dry-box where ths solutions were then
left for c.a. 30 min, The frequencies of the absorptions were
measursd from 100 or 250 Hz sweepwidth expansions using a Varian
V-/315 frequsncy counter in conjunction with the 100 MHz n.m.r.
spoctromstar. *(The term 'induced chemical shift'is used here to
refer to the difference betwsen the chemical shift obssrved for an
absorption in the presence of 'shift reagent " and the chemical

shift when no 'shift reegent! was pressnt,)
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(1) Methyl Phenyl Xetons Phenvlhydrazons.—— In the solution
wvithout Bu (fod)B', the methyl singlets of tke syn and agnti isomers -
were 217,9 and 226,0 Hz respsctively downfield from tetramethyl-
-silane, In the(.0508 M Eu (f‘od)3 solution only the methyl singlet
~of the syn isomer, 225.6 Hz downfield from tetramethylsilane, was
observed. (The zmethyl singlet of the anti isomer (3.5%) was probably
‘broadsned so mich when complexed with the Eu(fod)3 that it was not
apparent.) The induced shift for the mthyl singlet of the gyn isomer
vas 7.7 Hz.
(11) Methyl Phenyl Ketone Benzylimine.—— When the expsriment was
carried out, using the 0.0508 M solution of Eu(fod)B, by the procedure
described above, it was difficult to assign the absorptions because
the resolution was poor. |

A 0.1 M solution of methyl. phenyl ketons benzylimine
(0.0104 g.) in dry carbon tetrachloride (0.5 ml.) was made up in fhe
dry-box and the 100 MHz n.m.r. spectrum was recorded using an external
tetramothylsilane lock. The methyl singlet (2,70 P.P.m.) and the
methylene singlet (5,09 PeP.m.) of only one isomer were observed.
Two successive dilutions with 0.05 ml, of 0.0530 M‘Eu(fod)3 solution
in carbon tetrachloride (no tetramethylsilane) shifted the methyl
and methylere absorptions to 2.90 and 5.19 p.p.fn. respectively, and
then to 3.09 and 5.35 p.p.m. respectively. After addition of a
further 0,1 ml. of Eu(fod)3 solution the resolution was so poor that
only the broad methylene singlet was observed at c.a. 5.8 PePeMa,
and then at c.a. 6.2 p.p.m. after a total of 0.3 nml. of Eu(fod)3
solution had bsen added. The methyl absorption was shifted much
further downfield (0.39 p.p.m.) by the two 0.05 ml. dilutions with

Bu(fod), solution than the msthylene sbsorption (0.26 p.p.m.),
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suggesting that t'h? methyl group was nearer the sight of complexing
with the europium atom‘"’6 than the msthylene group., The mothyl
absorption of methyl phenyl ketone banzylimine had & greatsr induced
chemical shift in a much weaker f‘a‘-u(fod)3 s‘olution than that of the
corresponding phenylhydrazone (ses (i)). -

(i1i) Ethyl Phenyl Ketons Phenylhydrezons. —The experiment was
carried out by the general procedure described above s vith tetra-
methylsilane as internal reference.

In the solution without Eu(foé)B, the methyl triplets of
the two isomers were co-incident (123.5 Hz). Two methylens quartets
at 263.8 Hz (stronger) and 252,6 Hz (weaker) wore present. In the
0.0508 M Eu(fod)B solution the mothyl triplats remained co-incident
(129.6 Hz) and only one mathylene quartet (272,8 Hz) was observed.
This spectrum did not changs after 6 hours storage at 20°C. Addition
of 0.1 M phenylhydrazone solution (0.5 ml,) failsd to separate the
absorptions. | |

The spectrum of a 0.2 M solution -of ethyl phenyl ketone
phenylhydrazone» (0;0224 g.) in dry carbon tetrachloride (0.5 ml.)
showed two sets of overlapping, but distinct, methyl triplets and |
methylens quartets (ons for each isomer). After two succassive
dilutions with 0.0508 M Eu(fod); solution in carbon tetrachloride
(0.05 ml. each time) the triplets and quartets had shifted to form
one bmAad triplet and one broad quartet. This showsd that in the
first experiment with ethyl phenyl ketone phenylhydrazone, the:
methylene absorptions of the most abundant and least abundant isomers
had become co~incident, with induced shifts of 9.0 and 20.2 Hz
downfield respectively, The methyl absorptions remained co-incident,

both having the same induced shift of 5.5 Hz downfield.
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(The methylene protons would be expected to be nearer the sight of -

' /
complexing and correspondingly have larger induced shifts“\é.)

(iv) Acetaldehyds Phenylhydrszone.—— The experiment was carried
out by the general method descrihed above with an isomer mixture of
acetaldehyde phenylhydrazons ,- a 0.0508 M Eu(fod)3 solution, and with
tetramethylsilane as internal reference.

In the solution containing Eu(f.‘od)3 the isomeric composition
was approximately the same as that in the solution without Eu.(fod)3
(cea. 60% syn isomsr and 40% anti isomer; accurate integrals could not
bo obtained as the methyl absorptions were broadened when complexed
with europium.,) In the fresh Eu(fod)3 solution the induced shifts for

the methyl doublets of the gsyn and anti isomers were 108.7 and 278.7 Hz

downfield respectively. After 30 min, in the n.m.r. probe the induced
shifts for the methyl doublets of the syn and anti isomsrs had
decreased by 19.3 and 42.6 Hz- respectively. (The decreases in the
induced shifts were probably 4due to absorption of moisture through the
cap of the n.m.r. tubs.) The induced shifts continued to decrease,
even though the sample was stored in a dry-box.

The experiment was repeated twice. Induced shifts of 260.6
and 258.9 Hz for the methyl doublet of the anti isomer, and 99,4 and
97.8 Hz for the methyl doublet of the gyn isomer were obssrved

respectively.
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The alkyl phenyl ketone phenylhydrazones were freshly

prepared and distilled before the ultraviolet spectra in ethanol were
recorded., The spectrum of acetons phenylh‘ydrazcne in ethanol was
also recorded for comparison (see Table 10).

The spectra were first recorded on fresh solutions
(0.02 mg./ml. in most cases), Apart from increases in intensity dus
to evaporation of solvent, no changes in the spectra were noted when
the solutions were stored at 20°C for 3bdays, or wien air was blown
through the solutions. This suggested that the alkyl phenyl ketone

phenylhydrazones were not readily oxidized in ethanol.
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Investigation of the Mechenism of the Oxidative Ring Closyre of

c ranone  Phe azong « —— Cyclohexanone phenylhydrazone was
prepared by the method of ".)'Connor122 and recrystallised from aqueous
ethanol (m.p. 74 - 75°C, 11t1%% m.p. 74 - 7€),
Ehg_gxmmm.—This compound was prepared by the method of
Béllamy and Gu.thrie.?3 Cyclohexanons phenylhydrazcne was reduced to
1~cyclohexyl-2-phanylhydrazine (b.p. 122 - 126°C/0.2 mm, , Ll_t.?B bepo
111 - 114°C/0.6 mm.) and then oxidized to phenylazocyclohaxane

(bop. & - 85°6/0.2 mn., 11t bup. & - 87°0/0.6 mm.).

9, 10-Dihydro~9,10-bi~imi ntag;‘ggngege.—frhe 9,10-adduct of
anthracene and diethyl azodicarboxylate, (m.p. 130 - 134°C ’ ;-1—12]._3
m.p‘. 137 - 1338°C) was prepared by the method of Diels]'23 and then
converted to 9 ,10-dihydro-—9 310-bi-imino~-anthracene by the method of
Corey and a"bck.124 The bi-imine decqmposed with evolution of gas at
120 - 13C°C and left a solid residue of anthracens. The infra-red

spactrum showed an N-H stretch ( }) (nujol) 3400 cm.-l) end no
mx,

C = O stretch.

Qe Undistilled adipaldehyde was

prepared by the method of English and Barber'? and converted to the

bisphenylhydrazone by the method of Bellemy, Guthrie and Chit.‘i;enden.s2

The crude adipaldehyde bisphenylhydrazone (mep. 135 = 137°C, _1_11'32

mePe 138.5 = 140%C) was recrystallised from aqusous ethanol.

A de Di e— Undistilled adipaldehyde was prepsred by

the method of English and Belrberlg5 converted to adipaldehyde dioxime
126 )

by a general me thod for the conversion of water insoluble

aldshydes to their oximes. The product (5%%, m.p. 175 — 178°%,
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15£3% n,p, 185 - 186°C) was recrystallised from ethanol: V

P ]

(nujol) 3100(b), 1670(m), 1420(m), 1350(m), 1320(m), 1060(m), 920(s)

820(m), 720(m), 700 cm.™> (m).

Adipaldehyde Bismethylhydrazons.

- & colourless oil, was prepared in the same way as adipaldshyde

Adipladehyds bismethylhydrazone ’

bisphenylhydrazoue (see above). The product (59%; bep. 148 - 150°C/

10 mm.) was purified by fractional distillation: \) (film)

i . max
3400(v), 2950(s), 1460(m), 1140 cm.-l(m);é (100 MHz, 0014) 1-3
(m, CHZ)’ 2.6 (s, MB), 3.7 (m, NH), 6, 2 (t, CH), 6e7 Pepamas (t’ C.H)‘
The n.mer. spectrum showed the pressnce of more than one isomer,

(The ratio of the integrals for the methine triplets was approximately
3 :1,)

continued....



145.

Potessium Azodicarboxylate. —— This salt was prepéred fron

azoformamide and aqueous potassium hydroxide by the methed of Thiele],‘27
as interpreted by Bellamy.128
trans-1,2-Bisphenylazocyelohazana.—— This compound (m.p. 135 - 136°C,

1it2° m.p. 135 = 136.5°C) was obtained in 42% yield, after recrystalli-

sation from H-proparol, from oxidation of adipaldshyde bisphenyl-
hydrazone with yellow mercuric oxide, as described by Bellamy, Guthrie

and Chittenden.”” M __  (nujol) 1520(w), 1310(w), 1190(m),

1150(m), 1070(w), 1020(m), 920(m), 770(s), 690 cm.~1(s).

N se Dioxide. —— Manganese dioxide was prepared by the method of

55

Bhatnago and George. The material was dried at 125°C for 24 hours

and then allowed to equilibrate with the atmosphere before use.
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The Redugtion of Phenylezocyclohevana with Di-imide.'>

Phenylazocyclohexane (1g; 0.0053 mole) was added to a well
stirred suspension of potassium azodicarboxylate (5g; 0.0%6 mole)
in dry ether (50 ml.). Glacial acetic.acid (3.1g; 0.052 mole) in
ether (15 ml.) was slowly added over a 2 hour psriod, snd the
mixture Qas stir:ed under nitrogen for a further 40 hours.

The so0lid was filtered off and washed with ether. The
washings were combined with the filtrate and the ether solution was
wﬁshed first with aqueous 5% sodium bicarbonate solution'(ISO ml,)
and then with saturated brine (100 ml.). The solution was dried
(Mg SOA) and the ether was evaporétéd to leave a light yellow oil.
Comparison of the infra-red spectrum of the prodtct.with that of a
sample of l-cyclohexyl-?-phenylhydrazine which was obtained as an
intermediate in the preparation of phenylazocyclohexane (see page 143)
confirmsd that the product was'1-cycIohexyl-Q-phenylhydrazine;

Y, . (film) 3250(b), 2850(s), 1580(s), 1500(m), 1450(m), 1240(m),
740(n) , 680’cm.~l(m). ¢
The result of this experiment is in agreement with the -

54

postulate”™™ that di-imide reduces symmetrical multiple bonds.
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The experiment was ca_rried out in the same ﬁay as the
reduction of phenylazocyclohexane with di-imids (see above). The
reaction mixture was stirred for -2.5 days after the a&dition of the
glacial acetic acid in ether had been completed, The n-propionalde-
hyde phenylhydrazone was shown, by comparison of infra-red spectra,
to have been recovered from the resction unaltered. 1)~ (filn)
3250(m), 2900(s), 1600(s), 1500(b), 1306(b), 1250(b), 1120 em.~L(b).

The failure of this reduction is in agreement with the
specificity of di-imide as a reducing agentsl' i.e. it does not

reduce unsymmetrical polar multiple bonds.
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Di~ipide. o |
(1)  HWith Acetic Acld to geperate Di-iride. — The experiment was

carried out in the same way as the two previous di-imide reductions

(see above), 10 Molar equivalents of potassium azodicartoxylate were
used per mole of adipaldehyde bigphenylhydrazone and the solution was
stirred under nitrogen for 16 hours after the sddition of the
glacial acetic acid solution in ether had been completed. Comparison
of infra-red spectra showed that only the starting material,
adipaldehyde bisphenylhydrazone, had been isolated from the reaction.

\J max. (nujol) 3200(b), 1600(s), 1540(m), 1500(3), 1420(m),
1300(s), 1260(s), 1160(m), 1100(m), 1060(w), 1040(w), 740(s), 680cm.~1(s).
| A duplicete experiment gave the same result., It was thought
that generation of di-imide had been too rapid to reduce the proposed

tautomer (see Discussion, pags 45 ).

(11) With Triethylamine Hydrochloride to gegerate Di-imide.— It
was hoped triethylamine hydrochloride would generate di-imide more
slowly than glacial acetic acid.

A suspension of adipaldehyde bisphenylhydrazone (lg; 0.003,
mole) in acetonitrile (65 ml.) was added to & mixture of solid
Potassium azodicarboxylate (3.3 g; 0.017 mole) and triethylamine
hydrochloride (4.34g; 0.034 mole). The mixture was stirred, under
nitrogen, for 40 hours, during which time the colour changed from
bright yellow to white,

The reaction mixture was worked up in the same way as the
previous di-imide reductions. Comparison of infra-red sp2ctra
showed that only the starting material, adipaldehyde bisphenyl-

hydrazone, had been recovered from the reaction.
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Redvetion of trans-1,2-Risphen
trans-1,2-Bisphenylazocyclohexans (44) (C.5g; 0.00173 mole)

was added to a stirred suspension of potassium azodicarboxylate_
(3.32 g; 0.0173 wole), in ether (50 ml,) under nitrogen. Glacial
acetic acid (2435g; C.0346 mole), in sther (15 ml.), was added over
a 2 hour period. ' The mixture was then stirrea, under nitrégen, fér
a further 20 hours.

. The solid was filtered off and washed with ether. The
washings were combined with the filtrate and the ether solution
was first washed with 5% W/V aqueous sodium carbonate solution (200 ml.)
and then with saturated brine (100 ml.), and finally dried (Mg SOA).
The ether was evaporated, leaving a yellow oil. Comparison of infra-
red and n.m.r. spectra, showed that the crude product was trans-1,2-
bisphenylhydrazocyclohexane (45) (0.32 g. 63%). ) aX. (£ilm)
3310(s), 2920(s), 2860(s), 1600(s), 1510(s), 1460(m), 1390(w),
1310(w), 1260(m), 1120(s), 760(s), 700 ea~, (94§ (100 Miz, [?Hé-]
dimethyl sulphoxide) 1.08 (m, 4H, CH,), 1,52 (m, 28, CH,), 1.96
(my 2 ,CH,), 4449 (m, 2H, CH), 6.3 = 7.2 (m, 10H, sromatic), 7.4 -

7.8 p.p.m. (m, possibly NH partly deuterated).
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The Cxidation of trans-1,2-Bigpheny
‘Jelloy Mercuric Oxide.

trans-1, 2~-Bisphenylhydrazocyclohexane (45) (0.2g; 0.00068
mole), obtained from the reduction of trans-1,2-bisphenylazo-
cyclohe#ane with di-imide (described above), in dry ether (50 ml.)
was stifred with ygllow mercuric oxide (2g; 0.009 mole), undsr
nitrogen, for 30 hours. The bright yellow suspension darkened in
colour during-this period. :

The daerk yesllow inorganic solids were removed by filtration
through a celite pad and then washed with ether. The washings wore
combined with the filtrate and the ether was evaporated.

After recrystallisation from petroleum—ether'(b.p. 40 -
60°C) the bright yellow crystalline product (m.p. 135 - 136°C) vas
shown, by comparison of infra-red spectra (see page 145 ) to be

trans-1,2-bisphenylazocyclohexane (66% yield),
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9,10-Dihydro~9,10-bi~iming-anthracene.
(1) Me « —— Adipaldehyde bisphenylhydrﬁzone (O.ig;

0.00034 mole) was added to a solution of 9,10-dihydro~-9,10-bi-imino-
anthracene (46) (0.35g; 0.0017 mole) in dry metharsl (25 ml.) and
the mixture was refluxed, under nitrogen, for 22 hours. Colourless
crystals of anthracens separated out on cooling.

After filtration evaporation of the filtrate left a mixture
of red 0oil and crystalline material. Compsrison of infra-red spectra
suggested the mixture consisted mainly of adipaldehyde bisphenyl-
hydrazone and anthracene. VIt. was difficult to establish whether or
not Vany trans-1,2-bisphenylhydrazocyclotexans (45), the expected
product, was present. _

(11) In Ether,— It was ﬁoped that di-imide would be generated
from 9,10-dikydro-9,10-bi-imino-:whthracene more slowly in refluxing
ether than in refluxing methanol.

The first experiment was carried out in the same way as
the attempted reduction in methanol, and again an inconclusive
result was obtained,

A further reduction in ether was attempted on a larger
scale (0.67z, of adipaldehyde bisphenylhydrazone). The reaction
mixture was refluxed for 4 days. Again oniy anthrscens and

adipaldehyde bisphenylhydrazone were recovered.



1-Cyclohexyl-2-phenylhydrazine (1g; 0.00525 molse),

obtained as the intsrmediate product in the preparation of phenylazo-
cyclohexans, was dissolved in ether (25 ml.). The solution was
shaken with 30% {10C.vol.) hydrogen perioxide solution (0.87 ml;

50% excéss) for 5 hours at 20°C, under nitrogen. The ether solution
was separated from the aqueous phase and washed first with 25%
aqueous potassium iodide solution (4 x 50 ml.) and then with 1N
aqueous sodium thiosulphate solution (2 x 50 ml.). The ether was
evaporated after drying (Mg 304). The infra-red spectrum showed
that the crude product was phenylazocyclohexane, \) . (£ilm)

max
2850(s), 2300(m), 1480(w), 1450(m), 750(s), 680 cm."l(s).
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Attempted Oxidation of Adipsldehyds Bisphenylhydrazone with
H zen_ P ida.

The experiment was carried out by the same method described
above for the oxidation of 1-cyclohexy1—2;§heny1hydrazine with .
hydrogen peroxide,

Adipaldehyde bisphenylhydrazone (0.24g; 0.000815 mole)
was treated with 30% (100 vol.) hydrogen perowide solution (0.27 m1;

50% excess), in ethor (25-ml.). After work-up, only adipaldehyde

bisphenylhydrazone was recovered from the reaction,

Adipaldehvde Bisphenylhydrazons with 9,10-Dihvdra-9,10 =hi~imino-
gnthranana,

The crude products from two attempted reductions of

adipaldehyde bisphenylhydrazone with 9,10-d1hydro-9,10-bi-imino-
anthracens (see page 151 ) weTe separately treated with 30% (100 vol.)
hydrogen peroxide solution as in the oxidation of l-cyclohexyl-2-
phenylhydrazine described above. The molar ratio of hydrogen peroxide
to phenylhydrazine was doubled in this case since two phenylhydrazo
groups were to be reduced. (In the calculation of the amounts of
hydrogen peroxide solution it was assumed that each product mixture
consisted entirely of 1,2-bisphenylhydrazocyclotioxanas. )

No trans-1,2-bisphsnylazocyclohexane was isolated from the
reactiéns. In both experiments the products could not be identified

from their infra-red spectra,
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Attempted Oxidations of Adjimidehwds Dioxime.

(i) With Yellow Mercuric Oxide.—— Adipaldehyde dioxime was
treated with yellow mercuric oxide in the sam way as adipaldshyde
b.’Le;phenylhydrazone52 (see page 145 ).

Only adipaldehyde dioxims, identified by m.p. and comparison
of infra-red spsctra (see page 143 ) was isolated from ths reaction
mixture. _

(ii). Lth Panganese Dioxide.— Adipaldehyde dioxime (0,7g;
0.00487 mole) was stirred with manganese dioxide (5 g.) in dry benzene
(100 ml.) overnight. The manganese dioxide was removed by filtra-
tion through a celite pad and then washsd with benzene. No residus
remained after the combined benzene solutions had been evaporated,
The inorganic residus was washed with boiling ethanol. Only
adipaldehyde dioxime (0.25 g.) was obtained after evaporation of the
ethanol.

(114) Yith Dibenzoyl Peroxida.—— Adipaldehyds dioxime (0.7g;
0.00/87 mole) and dibenzoyl peroxide (1.21g; 0.005 mols) were
stirred together in dry benzens (100 ml.) under nitrogen. The
mixture was refluxed for 40 hours, poured into water (200 ml.),
made alkaline to litmus by _adciition of concentrated sodium hydroxide
solution, and then extracted with ether (3 x 200 ml.). The
combinad extracts were dried (Mg so 4) and the ether ﬁas evaporated.
Only a small quantity of crystalline material was obtained. After
recrystallisation from ethanol/light petroleum~ether the yellow
compound (6mg; m.p, 307 = 311°C) showed P382 in its mass spectrum,
The high molecular weight and m.p. suggested that this compound
could be a short chain or cyclic polymer of adipaldehyde dioxime,
This possibility was not investigated further.



155.

Only sodium benzoate; identified by comparison of the
infra-red spectrum with that of an authentic sample, was obtained

on evaporation of water from the aqueous phass.

Adipeldehyde bismbthylhydrézone was oxidised, as described
above for adipaldehyde dioxime, with both yellow mercuric oxide
(at 20°C in this case) and dibenzoyl peroxide,

The products were gnalysed by dry column chromatography
on alumina with benzens as elutent, by G.C. (Apiezon L; 40 - 100°C),
and by infra-red and n.m.r. spectroscopy. No 1,2-bismathylazo~
cyclohsxaine was obtained. A yellow band, which was identified by
n.m.r, spectroscopy as impure adipaldehyde bismethylhydrazone was

obtained from the alumina chromatography columns in some experiments.



9,10-hi=imino-anthracena. |
1,2-Bisphenylazocyclohexane (0.1g; 0.0003)  mols) was mixed

with 9,10-dihydro-9,10-bi-iminc-anthracens (0.573 g; 0.09246 mole) in
~@ry methanol (50 ml.j. The mixture was refluxed under nitrogen for -
5A days and then cooled to 0°C. The anthracene, which had separated,
was filtered off and‘ washed witi'x methanol. The solvent was removed

from the combined methanol solutions in_vacug.

The 100 Mz n.m.r. spectrum of a saturated solution of the
product mixture in (zﬂe] dimethyl sulphoxide was compared with that
of a mixture of anthracene, 1,2—bisphenylhydrazocyclohexane, and
adipaldehyde bisphsnylhydrazone (50, 40 and 10% molar equivalents
respectively) in the same solvent. The spactrum of the. product
mixture was aiso compared with the spectra of anthracens, 1,2-
bisphenylhydraz&cyclohexane and adipaldehyde bisphex_zylhydrazone in
[?Hé] dimethyl sulphoxide.

The spectra showed that reduction of 1,2-bisphenylazo-
cyclohexare to 1,2-bisphenylhydrazocyclohexane had occured, and that
the amount of adipaldehyde bisphenylhydrazone produced, if any, was

very small ( < 5%).
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d Di e s de.

Adipaldehyde bisphenylhydrazons (0.5g; 0.0017 mole) was
added to a suspension of yellow mercuric oxide {1.11g; 0.005 mols)
in dimethyl sulphoxide (70 ml,). The mixture, undcr nitrogen, was
refluxed, with stirring, for 4 hours.

The solid material was removed by filtrstion through a
celite pad and washed with ether. The washings were combined with
the filtrate and the solvents were evaporated, The productlwas
then chromatographed on a 20 x 2" dry alumina column with retroleum~
ether (b.p. 60 -~ 80°C) as elutent to remove impurities and dimethyl
sulphoxide (b.p. 189°C). ‘

One orange band separated from the origin. This material
was extracted into ether, washed with water and then dried (Mg SOL)'
After the solvent had been evaporated an orange crystalline solid
was obtained, After recrystallisatiop from n-propenol this compound
was shown, by its melting point (135 - 136°C) and by comparison of

“infra-red spectra (see page 145) to be trans-1,2-bisphenylazo-

cyclohexane (0.08g; 19%, iiﬁfg m.p. 135 = 136.5°C).

The oxidative ring closure of adipaldehyde bisphenyl-
hydrazone doss therefore teks place in dimethyl sulphoxide, though
it was difficult to recover the product from this solvent. (The

yield from carbon tetrachloride was 42%%)
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Bquilibration of Adivpaldehyde Bisphenylhydrazone in l:zH;]

Dimethyl Sulphoxide,

A 5% M solution of adipaldehyde bisphenylhydrazone
(0.0147g.) in degassed [2Hé] dimethyl sulphoxide (1 ml.), containing
3% Y/V of tetramgthylsilaﬁe,'was prepared in an n.m,Tr. tube-which
was then sealed, The solution was s&ored at 20°C for 2 dayé, then
heated to 100°C for 10 min., and finally allowed to éool to 2600
before the 100 MHz n.m.r, spectrum was recorded., The spectrum was
identical to that of-a sample of adipaldehyde bisphenylhydrazone in
[2H6] dimethyl sulphoxide'; d 1.50 (m,_4H, CH,), 2.25 (m, 4H, CH,),
6.39 (t, CH), 6.64 (t, CH), 6.7-7.4 (m, 10H, aromatic), 9.02 (s, NH),
9.59 p.pe.m. (s, NH)., The two CH tripleté and two NH singlets (partly
deuterated) showed that at least two isomers were present (in the
ratio 1:0,2)., No 1-phenylazo-2-phenylhydrazocyclohexane (43) was
evident. This would have shown methine triplets in the region of
4¢5 P.Pem. These broad triplets were present in the spectra of
both 1,2-bisphenylhydrazocyclohexane and 1,2-bisphenylazocyclo~
hexane, The sanmnple was heated at 100°C for a furfher 36 hours after

which no change was observed in the n.m.r. spectrum.
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The Thermel Stability of 1,2 Bisphenylazo-1,2-diphenylethans and
2,3-Diphanyl-1,.~dibenzaltetrazane.
Preparation of Pengants.
Benzaldehyde Rheg?lhxgrazggg.-——-Benzaldehyde phenylhydrazone was
preparaed by ths msthod described by Mann and Saunders.lBo The
product (m.p. 155 6_15700, 113}30 mepe 157°C) was recrystallised from
ethanol, \) max. (nujol) 1600(m), 1510(w), ;27o(m), 1150(m),
108¢(w), 770(m). 700 cm.-l(m);

P ~Benzil OgaZqu.-———Beniil osazone (m.p; Bh - 23500, lit.131
MmepPe 229 - 231,5°C) yas prepared by the method described by Mann
and Saunders.’’l \ max., (BUjol) 1600(s), 1590(w), 1550(m), 1520(n),
1460(s), 1 35’0(w), 1260(m), 1180(m), 1150(m), 1080(w), 770(s),
700 em."1(s).

2,3~-Dirbenyl-1,/~dibenzalte trazans.
(1) From the Oxidation of Benzaldehvde Phenylhydrazons with

Manganese Dioxide, — This compound was first obtained from

the oxidation of benzeldehyde phenylhydrazone with manganese dioxide:
in refluxing benzene by an adaptation of the method described by
Bhatnago and George.’> (Both biphenyl and 2,4,5-triphenyl~l, ?2,3-
triazole (50) were obtained by following their procedure.)
Benzaldehyde phenylhydrazone (2.5g; 0.0125 mole) was added
to a suspension of manganese dioxide (15g. dried at 130°'beforeAuse)in dry
benzene (100 ml.) {see page 51 ), and the mixture was refluxed,
" under nitrogen, for 6 hours. The inorganic material was collected
in a celite pad and washed with benzene. The washings were combined
with the filtrate and the benzene was evaporated. The tarry residue
vas extracted with boiling petroleum-ether (200 ml., b.p. 60 - 80°C),

The concentrated extract was analysed by T.L.C. on alumina
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containing fluorescent indicator (gmgn) with benzene as elutent,
and showed 3 spots. Chromatography of the mixture on a 20 x 2*

dry elumina column with benzene as elutent sepsrafed the mixfu.re
into 3 bands., The lowest two bands did not yield crystalline -
material.. The third band (red) wss shown by T.L.C. to contain more
than:»one_ componeht and was there'fofe chromatographsd further on a

15 x 1.5% dry alumina column with petroleumether (b.p. 60 - 80°C)

as eluf.ent. The red material from this second column was coilected
and, after recrystallisation from benzer.xe/ ethanol, gave ?,3-diph‘enyl-
1,4-d1benzaltetrazane (0.0%g; m.p. 182 - 184°C, 1it>° m.p. 184 —
185°). (49): § (100 Mz, CDC13) 7.2 = 7.8 (m, 20H, aromatic),

8.1 - 8.22 ppm. (m, 2, GH), V _(s11m) 3010(w), 200(m),
1600(s), 1570(w), 1500(s), 1450(w), 1350(b), 1120(w), 750(s),

690 cm."1(s).

(11)

Jellow Mercuric Oxide .~ Benzaldehyde phenylhydrazone

(1g; 0.0051 mole) was added to a suspension of yellow mercuric oxide

(3.25g; 0.015 mole) in dry carbon tetrachloride (185 ml.), and the
mixture was stirred, under nitrogen, for 24 hours. Ths solids were
collected on a celite pad and washed with carbon tetrachloride. The
combined washings and filtrate were evaporated, the residusl oil was
extracted with petroleum-ether (3 x 100 ml; bepe. 60 - 80°C) and then
the combined extracts wers concentrated,

The solution was chromatographed on a 20 x 1.5" dry alumina
coiumn with petroleum-ether (b,p, 60 - 80°C) as elutent and separated
into 3 bands: (1) red (lowest; (ii) pink (middle); (iii) orange (top).
| Band (i) gave 2,3-diphenyl-l,/-ditenzaltetrazane (0.03g; m.p.
172 - 175°C, Lii?s m.p. 184 -~ 185°C) after one recrystallisation from
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‘benzane/ethanol. The compound wes identified by comparison of
infre-red spectre (see above).

Band (ii), which was diséoloured by ‘'tziling' from band (1),
gave o{ -benzil csa2zone (m.p, 206 - 208005 ;;g?o m.p. 298°C) after
recrystallisation from benzene/ethanol: ¢§ (100 MHz, CD313) 6.6 -
7.8 p.p.m. (m). |

Band (i1i) was extracted into ether and the solution was
concéntrated, to give a yellow compound. After recrystallisation

from benzene this was shown, by comparison of infra-red spectra, to

b 1,2-bisphenylazo-1,2-diphenylethane m,p. 180 - 182°C (see bolow ).

1,2-Bisphenylazo-1,2-divhenylethane.
(1) Exom tha Oxidstion of Benzaldehyde Phonylhydrazone with

Mangensse Dioxide.——This compound was obtained by an
adaptation of a method described by Bhatnago and George.55

Benzaldehyde phenylhydrazone (2g; 0.01 mole) was added to
@ suspension of dry manganese dioxide (10g.) in dry benzene (1C0 ml,),
and the mixture was stirred, under nitrogen, at 20°C, for 24 hours.

- The inorganic material was collected in a celite pad and washed with
benzene, The combined washings and filtrateAwere concentrated and
then chromatograrhed on a 25 x 1,5™ dry alumina column with benzene
as elutent. Three bands were obtained: (1) yellow (lower), (ii)
grey (middle), (4ii) orange (top).

Band (11) yielded light yellow 1,2-bisphenylazo-¥,2-
diphenylsthane (m.p. 183 - 184°C, ;;g?S m.p. 184 - 185°C), \ mx.,
(CHC1;) 400, 275 nm. ( € 312, 2210) 13475 ) nae, (CHCL,) 400,
268 nm. ( €394, 2200)).

Band (1) was fracticnally crystallised; first from ethanol

and then from benzene. A further sample ‘of 1,2-bisphenylazo-1,3-
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diphenylethene (m,p. 184 - 186°C) was obtained.

Band (iii) was shown by T.L.C. oﬁ alumina, with benzene
ag elutent, to contain 4 combonents. Further chrematography on a
25 x 1.5 dry column under the same condit&ons es for T.L.C.
produced 4 bands. Only the lower (yellow) band could be crystallised,
IAfter.recrystallisation from benzens this material was found to be
1,3,4,6—tetraphenyl—l,2,4,5—tetra-azahexa—2,5—diane (51), m.p. 201 -
202°C,(ll§?5 mepe 201 - 202°C) \0 max. (nujoi) 1803(s), 1560(s),1530(s)
- 1280(m), 1250(s), 1370(m), 1330(s), 1oso(w), 760(s), 700 cm."t (s)e
The lengthy purification procedurs resulted in poor

recovery of each compound from this experiment ( < 0.05g, of each.).

(i1) From the Oxid=tion of Benzaldehvde Phanylhydrazone with
Mercuric Oxide.-— Ses method (i1) in the preparation of

2,3~diphenyl-1,4~dibenzaltetrazane (page 160 ).

(i11) Erom the Oxidation of Benzaldehvda Phanvihydrazone with

Ditensz Pe dog.—1 s 2~Bisphenylazo-1,2~diphenyls thane
was also obtained from ths oxidation of benzaldehyde nhenylhydrazona
with dibenzoyl peroxide (see page 166 ).
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The Thermal Stability of 2,31Qighggylrl,i- ibenzaltetrazane.

A solution of 2,3-diphenyl-1,/-dibenzaltetrazane (0.02g,)-
in dry benzene (25 ml.) was refluxsd under nitrogen for 24 hours.

Ths solution was enalysed by T.L.C. on alumina, containing-fluoresccnt .
‘indicator (green), #ith benzens as elutent. No spot other than those
of the tetrazane (dark red) was observed; these disappeared from the
T.L.C. plates due to sublimation after c.a. 1 hour.

After evaroration of the benzene in vacug (c.a. 70°C) the
residue wes only partially crystalline. (The tetrazane is thermally
stable when in boiling benzene under nitrogen but is slightly
decomposed when hsated in benzene in the presence éf air i.e, during
evaporation.) | | |

~ The residue was recrystallissd from benzene/ethanol and
2,3 diphenyl-l,4~dibenzaltetrazane (m.p. 180 - 182°C) was recovered.
In a further experiment with benzene as solvent no change in the
tetrazane had occured after 5 days.

The experiment was repeated with dimethyldigol (b.p. 164°C)
as solvent, As the solution was slowly heated the characteristic |
deep red colour of the 2,3-diphenyl.d,/-dibenzaltetrazane disappeared
when the tempsrature of the oil bath reached 110°C, The solution
was allowsd to cool and then it was poured into water (50 ml.),
extracted with ether (4 x 50 ml.) ahd dried (MgSOA). The ether was
evaporated and the dimethyldigol (b.p. 80°C/10 mm.) was removed by
distillation, T.L.C. on alumina containing fluorescent indicator
(green) showed that the product mixture consisted of at least three
components, none of which was the tetrazans.

The diversity of products suggested decomposition rather

than conversion to 1,2-bisphenylazo-l,2-diphenyle thane,
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2,3-Diphenyl-1,4~dibenzaltetrazane (0.1 g.) was dissolved
in p-xylens (50 ml; b.p. 138°C). The solution was refluxed under
nitrogen for 10 days during which the red colour of the solution
| lightened considerably. -Much of the materiai appaared to have
decomposed and sepérated from the solution. T.L.C. of the solution
on alumina with petroleum-ether (b.p. 60 - 8_000) as elutent showed
the presence of a yellow compounci vith an Rf value similar to that
of 1,2~bisphenylazo-1,2-diphenylethane. Dry column chromatography
under the same conditions confirmed the presence of a yellow compound
but ths quantity of this material was insufficient for identification.

This experiment was repeated and the solution was refluxad
for 6.5 days. Chromatography again showed the presence of a yellow
compound but only the tetrazans was isolated from the dry colum.
The Thermal Stability of 1,2-Bisphenylazo-1,2-d iphenylethane.

A solution of 1,7-bisphenylazo-1,2-diphenylethans (0.02g.)
in dry benzene (25 ml,) was refluxed under nitrogen for 6 hours bafore
the benzene was evaporated.

T.L.C. of the residue on alumina containing fluorescent
indicator (green), with petroleum-etﬁer (b.p. 60 - 80°C) as elutent
at first showed only a spot for 1,2-bisphenylazo-1,2~diphenylethane.
The plate was exposed to the atmosphere for c.a. 1 hour and then
examined under a U.V. lamp. A weak luminous spot, Rf ~ 0.5 was then
present, as well as the spot for the starting material, (TheA
presence of this weak spot may have been masked earlier by solvent
on the plats.)

The remainder of the product mixture was chromatographed
" on a larger plate (20 x 20") (see 91). Most of the mixture was

thought to be 1,2-bisphenylazo-1, 2-diphenylethane .and remaired at



165 L]

- the origin. A red band, with the same Rf value as 2,3-djiphenyl-
1,/-dibenzaltetrazane and two bands of colourless (fluorescent)
mai;erial were also present. ‘

. The bands were separately removed from the plate and
extracted from the alumina with a mixture of equal voluneAs of
chloroform and ethanol. The 1,2-bisphenylazo-1, 2-diphenylethane
was isolated as a crystalline solid., The other compounds were not
present in sufficient amounts for purification; the fluorescent band
nearest the origin had the same Rf value as 2,445=-triphenyl-1, 2,3~
triazole (’50) (see Discussion, page 51 ) and may have been formed
be oxidation of the diphenylethans. Only a very small quantity of
red liéuid was recovered from the bandv'that was suspected to be 2,3-
diphenyl-1,/~dibenzalte trazane.
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Ihe Oxidaticn of Panzaidshyds Fhenvlhvdrazone with Dibenzovl

Peroxida.

Benzaldehyds phenylhydrazons (3g; 0.0153 mole) and
dibenzoyl peroxide (2gz; 0.05827 nols) were.dissolved in dry benzene
(100 ml.), and the solution was refluxed under nitrogen for 12 hours.

The solution was then poured into water (200 ml.), made
alkaline to litmus by the addition of 4 N aqusoas sodium hydroxide
solution, and extracted with ethsr (3 x 100 ml.). The_combined
extracts were washed with water (2 x 106 ml.) and dried (MQSQA)'
Evaporation of the solvents yislded an orangs crystalline material,
On recrystallisation from ethanol bright yellow crystals (0.01 g;
mep. 175 - 180°C) were obtained. Comparison of the infra-red spectrum .
with that of an authentic sample identified the compound as 1,2-
bisphenylazo~1l,2~diphenylethans (ses page 161 ).

The mother liquor was evaporated and the residual oil was
then chromatographed on a 25 x 1" dry alumina column with petroloum-
ether (b.p. 60 - 80°C) as elutent. Five colourad bands were observed,
with some material remaining at the origin., The material from each
band, and also from ths origin, was extracted with ether. After the
ether had teen evaporated from the solutions the total yield of crude
orgsnic material was 3.35g. (Only 3 g. of benzaldshyde phenylhydra-
zone had been reacted.)

An attempt was made to recrystallise the ﬁatérial from each
band from ethanol. Bands (i) and (ii) could not be purified and
were not identified. Band (iii) gave yellow crystals (30 mg.). This
compound was identified, by mixed melting point (m.p. 201 - 202°C)
and by comparison of infre-red spsctra, as 1,3,4,6~tetraphenyl-1,2,4,

5-tetra-azahexa-2,5-diene (51), (see page 162 , paragreph 1 ).
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Band (iv) gave colourless crystais (35 mg; m.p. 178 - 180°C),
Band (v) gave bright yeliow crystals (100 mg; mep. 165 = 170°C). The
material from the origin gave colourless crystéls (30 mg; w.p. 150 ~
168°C). Compariscn of the infre-red spectra showed that the material
from the oriéin and bands (iv) and (v) had given the same compound;
the melting point differences indicating either different isomers or
degrees of purity. \) . (nujol) 3240(m), 1680(m), 1640(m),

max
1600(w), 1390(w), 1300(s), 750(w), 720(m), 700 em."Y(s). & (cocy,
100 Miz) 7.1 - 7.9 (m, 15H, arometic), 9.12 p.p.m. (S, 1%, NH). The

2

N.m,r, sample in [kHi] chloroform became purple on standing. This,
in combination with spectra, suggested the presence of an N - H group
( \) max, 3240 ema”Y).  Mass spectrum —P316, 196; accurate mass
measurement 316,121816 (C?OHI()NQOQ requires 316.121170), The compound
was & , B ~ditenzoylphenylhydrazine (53) -(_l_i_t§’3 m.p. 181°C),

This compound was also obtained by Edward and Samad63 from the

oxidation of benzaldehyde phenylhydrazone with dibenzoyl peroxide,
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Attempted Reduction of,f}—Benzil Osazone.

| /;;Benzil osazone (52) (3g; 0.0077 mole) in 4dry dioxan
(20 ml.) vas slowly added to a stirred suspension of 1ithium
aluminium hydride (1.166g;0.0208 mole) in dry dioxan (50 ml.) under
nitrogen. The mixture was refluxed for 4.5 days during which it
changed colour fron grey to green, and then to‘lightAbrown.

| The reaction mixture was allowed to copl before water (12 ml.)

vas cautiously added with stirring to decompose the excess of lithium
aluminium hydride. 4N Aqueous sodium hydroxide (12 ml.) was then
added. Ths resulting mixture poured into water (200 ml.). The
organic materisls were extfacted with ether (4 x 100 ml.). The ether
solution was washed with saturated brine (2 x 100 ml.) and then dried
(MgSOA)- The ether.and the remaining dioxan were removed in vacuo
before the product mixture was chromatographed on a 25 x 1.5" dry
alumina column with petroleum~ether (b.p., 60 - 80°C) as elutent.

The mixture was separated into 3 bands, all of which gave
crystalline material. The yields of crude material were: (1) 0.91g;
(i1) 0.66g; (iii) 1.06g.

Band (1) gave a yellow compound (0.17g; m.p. 232 - 233°C)
after recrystallisation from benzene/1ight petroleum-ether, This was
shown, by comparison of infra-red spectra, to be /2#&enzil osazone
(11t m.p. 235%).

Band (ii) gave a yellow compound (0.16 g3 m.p. 157 - 158°C)
after recrystallisation from athanol/light petroleum-ether. This was
identified as benzaldehyde phenylhydrazone (l;ﬁ}l7vm.p. 158°C) by
comparison of infra-red spectra. Benzaldehyde phenylhydrazone (0.183.)
was also obtained from band (iii) after recrystallisation,

The experiment was repeated on the same scale and the crude
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product mixture was stirred overnight with a suspension of yeilow
mercuric oxide (9.9g;0.046 mole) in dry ether (100 mi.) under
nitrogen. The insoluble ‘inorganic material was removed by
filtration through a celite pad and washed with ether. The weshings
were combired wita the filtrate and dried (MgSOA)} The ether was
evaporated and the residual orange oil was recrystallised from
benzene/1ight petroloum-ether. Benzeldehyde phenylhydrazone (0.64g;
m.P. 153 = 155°C) was collected.

The mother liquor was chromatographed on a 20 x 1.5" dry
elumina column with petroleum~ether (b.p. 60 - 80°C) as elutent.
Only crude /3 -benzil osazons (1.24g.) was recovered from the column.

This was identified bty its melting point and infra~-red spectrum

after recrystallisation from benzens/light petroleum-ether.

Several reductions of benzaldehyde phenylhydrazone (3g;
6.0153 mole) were attempted with lithium aluminium hydride (1166g;
0.0208 mole). The expériments were carried out in the same way as
the reductions of /?—benzil osazone descrited above but only the
starting materisl was isolated from the reaction mixture.

On one occasion the crude materiel obtained from the
attempted reduction was oxidised with yellow mercuric oxide. The
oxidation was carried out in the same way as that already described
(see page 160, para. 2 ), but dry ether wes used as solvent
instead of carbon tetrachloride.

after chromatography on a 20 x 1" dry aluﬁina column with
benzene as elutent only 1,3,4,6—tetraphenyl-1,?,A,S-tetré-azahexa-
2,5-diene (51) (0.37g.) was isolated. This compound was identified

by mixed m.p. and compzrison of infra-red spsctra. (see page 16%
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para. 1 ).
The recduction was also attempted with sodium metal in
tetrahydrofurain by an adaptation of the method of 3mith and Ho,l32

but again only ths starting material was recovered,
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Attempted Rearrangement of Trimethylacetaldehyde Phenvlhydrazone. -
Preparstion of Trimethylacetaldehyde Phenylhydrazone.
,
Trimsthylacetaldehyde (b.p. 72 - 7493, 113733 bep. 77 - 78°C)

was prepared by the method of Campbell133

and condensed with an
eduimolar awount of redistilled phenylhydrazine in cold ethanol., The
ethanol wss evaporated and the solid phenylhydrazone was obtained,
No suitable solvent for recrystallisation was found. The phenylhydre-~
zone (b.p. 87 = 91°0/13 mm.) was purified by distillation under
nitrogen: & (100 Miz, CC1,) 1.02(s, 9H, leg CH), 6.6 = 7.2 p.p.m.
(w, 7H, Pa, CHana MD. ) - (0C1,) 3200(w), 2950(s), 1600(s),
1500(s), 1370(m), 130¢(m), 1250(m), 1120(s), 1070 cm."l(m).

An earlier attempt to-pTeparevtrimethylacetaldehyde by the
method of Brown and Subba Rao134 proved unsuccesgsful.

An attempt to oxidise neopentyl alcohol to trimethyl-
acetaldehyde by the method of Parikh and Doering™’ with a pyridine-

2
sulphur trioxide complex1’6 also proved unsuccessful,

Acid in Methanol.
A solution of sulphuric scid (0.20 ml; S.G.1.84) in

'AnalaR! methanol (4.1 ml.) was added to trimethylacetaldehyde
phenylhydrazone (0.180g.). The mixture was sparged with dry nitrogen
and shaken until a homogeneous solution had formed.

The solution was stored at 20°C for 118 hours during which
the colour changsd from red to purple.: A sélution of sodium
bicarbonate (0.65g.) in brine (50 ml.) was added at 0°C under nitrogen
followed by ether (50 ml.).

The mixture was shaken and the organic layer was separated

and dried (MgSOA).



The n.m.r. and infra-red spectra of the concentrated
material showed that no reaction had taken placa, - |

The experiment was repeated uéing me thancl which had been
dried and distilled but the seme result was obtained. |
Treatrent of Trimethylacetaldehyde Phenvlhydrazone with Concentrated

Trimethylacetaldehyde phenylhydrazons (200 mg.) was

dissolved in concentrzted sulphuric acid (5 mi.) and the solution was
stored at 2000, under nitrogen, for 5 days.

The solution:was then poured into water (75 ml.), made
alkaline to litmus by the addition of solid sodium bticarbonate, and
‘then extracted with ether (3 x 50 ml.). The combined extracts were
dried (MgSOA) and the ether was evaporated. Only 15 mg. of straw
coloured material was left. The 100 MHz n.m.r. spectrum was very
poorly resolved.

The experiment was repeated but again insufficient material

for spectroscopy was obtained,



Attenpted Protonation of 2~Msthyl-2-phonylazopropens.

(1) Preperation of 2-M2thyl-2-phenylazopropane, — 2-Msthyl-o-
phenylazopropene was prepared in 21% yield from t-butyl chloride and
pbenyldiazonium fluoroborate by the method of Curtin and Ursprung.84
The compound was puvrified by chromatography oﬁ an alumina cdlumn
{activity 19%) with ptroleum-sther (b.p. 40 = 60°C) as elutent, and
‘then by distillation (b.p, 40 — 45°6/0.05 mm, 1154 v.p. 50 - 5,5/
Oe2mm, ), |

(11)  Attenpted Protonation of 2-Mathyl-2-ghanylaz —
Fluorosulphonic acid (1 ml,) was added to 2-me thyl-2-phenylazo-
propane (80 mg.) in &n nem.r. tube at -78°C, and the mixture was
shaken, with occasional cooling until it was homogeneous., The 1H 100
MHz ne.me.r. spectrum was recorded at -65°C with fluorosulphonic acid
(chemical shift taken as 10 PeP.m.) @s internal reference: 6 0.9
(S, 9H, t-butyl), 6.7 = 7.3 p.p.m. (m, 5H, aromatic). The spectrum
was then recorded at 20°C; only ths relative chemical shifts changed

slightly, and the spectrum had not changed after a furthsr 20 hours
at 20°C.
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Bearraogement of 1-Phanyl-l-phenylazohbut-3-ens.

Preparation of 1-rhenyl-l-phenylazobut-3-gne.

(1) Ereparation of Allyl Magnesium Bromide.—— The Grignard
reagent was prepared, in dry ether, by the meihcd of Henze, Allan

and Ieslie.137

The freshly orepar2d ether solution was filtered
thrdugh sintered glass, under dry nitrogen, before use. |

(1) Preparation of 1-Phenyl-1l-phenylhydrazobut-3-ene.— A
solution of allyl magnesium bromide {0.1 mole) in dry ether (230 ml.)
" was refluxsd under nitrogen overnight ﬁhila benzaldehyde phenylhydra-
zone (6g; 0.0304 mols), which was contained in a Soxhlat extractor,
was extracted into the solution.

The reaction mixture was allowed to cool and then poured
into water (300 ml.). The aqueous layer was extracted with ether
(4 x 100 ml,) and the combined extrscts Aried (MgSQA). The ether
wa3 evaporated and an orange‘crystalline solid (7.43 g.) was obtained,
Comparison of infra-red spectra showed that this material was not
benzaldehyde phenylhydrazons., (No \Q N - H).

An attempt was made to recrystallise a portion of the
product (2 g.) from ethanol-but only benzsldehyde phsnylhydrazone
(0.21g.) was recovered. The product had decompossd in boiling ethanol.
(111) Qxidation of l-Phenyl-l-pheaylhydrazobut-3-ene with

ellow Mexcuric Oxide.——The remainder of the crude product
(5.432.) was Aissolved in dry ether (50 ml.) snd addsd to a suspension
of y2llow mercuric oxide (15g; 0.069 mole) in dry ether (200 ml.).
The mixturs was stirred for 2 days under nitrogen. The insolubls
inorganic material was removed by filtration through a celite pad
and washed with ether. Ths combined washings and filtrate were drisd
(MgSOL) and then the ether was evaporated. The residual brown oil

was chromatographed on a 'wet' alumina column with petroleum-ether



175.

(b.p. 40 - 60°C) as olutent. The material separated into 3 bands:
(1) a mobile orenge 1liquid (1.0g.); (ii) a mobile red liquid (0.2%g.);
(iii) an orange solid (0.99 g.).
Band (iii) was shown, by comparison of infra-red spectra,

to be the same as the material before oxidation (l~phenyl-l-vhenyl-
hydrazobut-3-enz) and was oxidised again with twice the amount of
yollow mercuric oxide/mole equivalent of substrate as was used in

the first oxidation. The product mixture was chromatographed in the
same manner, and again it separated into 3 bands, Only l-phenyl-l-
phenylhydrazobut-3-ene (0.71g,) was recovered. Band (i) from the
first oxidation was distilled to give a bright yellow, viscous liquid
(bep. 118 - 119°6/0.3 mm.) whose spactra data were consistent with it
being 1-phenyl-l-phenylazobut-3-ene. § (60 Miz, GCIA) 2,85

(m, 2H, CH-CH,), 4e6 - 5.2 (m, olefinic CH, and Ph-CH-N), 5.3 =~ 6.1
) ) » ’

2
(m, 1H olefinic CH), 7.0 = 7.8 p.p.m. (m, 10H, aromatic), ) A
(£ilm) 3100(m), 2930(m), 1640(w), 1600(w), 1500(m), 1460(s), 1310(v),

1150(w), 1080(w), 1000(w), 930(s), 770(s), 700 cm.™(s).

A suspension of sodamide (0.025 mole) in liquid ammonia
(500 ml,) was prepared by the method of Hauser, Swamer and Adams.138
Following the method of Kenyon and Hauser139 the sodamide was used to
convert benzaldehyde phenylhydrazone (4.9g; 0.025 mole).to its anion
(Scheme 42) which was then reacted with allyl bromide (3.025 g3
0,025 mole)s The mroduct, 1-N-allyl benzaldehyde phenylhydrazonas
(4437g5 %) (92) was purified by distillation (bep. 143 - 144°C/
0.1 mm.): & (60 Miz, CC1,) 4o4 (broad, s, 7H, -GH.-CH = CH,),
4e9 = 5.4 (m, M, ~OH,GH = CH,), 5.5 ~ 6.2 (m, 1, CH, ~GH = GH,),

2
6¢6 = 7.9 p.pem, (m, 11H, aromatic and CH = N), \) e (nonane)
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- 2600(s), 1575(m), 1160(s), 960(w), 700 em."(s).
.Ihe rearransemant of 1-Fhenyl-l-poenylazobut-3-ena.
1-Prenyl-l-rhenylazobut-3~ens (0.5 g; 0.0021 mole) was
dissolved in norere (50 ml,), and the infra-red spectrum of ths
initial eolution w+s recorded: ) max. (nonane) 1650(w), 1610(w),
1030(w), 990(w); 920(s), 770(m), 700(s), 695 cm,’l(s). (The
absorptions at 1650 and 1610 cm.™Y were very weak in the fresh
solution.)

The solution was refluxed for 200 hdurs under nitrogen.
Samples were withdrawn at intervals through a spetum and their infra-
red spectra were recorded. T.L.C. of the samples were also run on
silica gel plates with petroleum-ether (b.p. 60 - 80°C) as elutent.
These conditions gave ths best separation of l-phenyl-l-phenylazobut=
3-ene.

The absorption at 1610 cm°"1 increased in intensity with
successive samples while ths other absorptions decreased in intensity.
After 200 hours only a strong absorbance at 1610 c:m."1 and an
absorption of medium strength at 700 cm.“1 wvere observed, This was |
not the spectrum of the expected product, 1-N-allyl benzaldehyde
phenylhydrazone (see above), ‘

The spcts on the T.L.C. plates darkened in colour with
each successive sample, from light yellow to light brown, but they
never achieved the characteristic red colour of the spots fof
1-N-allyl tenzaldehyde phenylhydrazone.

1-FPhenyl-l-phenylazobut~3-ens is not stable in refluxing
nonans (b.p, 151°C) under nitrogen, but it does not rearrange to

1-N-allyl benzaldshyde phenylhydrazone,
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Several methods were tried for the praparation of different
. optically active phenylazoalkanes, but success was 6n1y achieved in -
the case of 2-phenylazobornane (see page 196 ).
(a) Attemoted Regolution of 1-Phenyl-l-phenylhydrazopropans.
Proiophenone phenylhydrszone was reducad to l-phenylul-phenylhydrazo—.
propane (55%; b.p. 140 - 142°0/0.1 zn.) with lithium aluminium hydride
in refluxing tetrahydrofuran by the mothod of Bellamy and Guthrie.23
5(10«0 MHz, CCL ) 0.76 (t, 3H, M), 1,28 = 1.82 (octet, 2H, CH )
3.39 (s, 1, NH), 3.55 (t, 1H, CH), 4.64 (s, 1H, NH), 6.5 = 7.8 p.p.m.
(m, 10H, aromatic).
Ths 1l-phenyl-l-phenylhydrazopropans was then oxidised,
with yellow mercuric oxide in ether to l-phenyl-l-phenylazopropane
(44%; b.p. 110 = 120°C/0.1mn,) by the method of Bellamy and Guthrie .2
- § (60 MHz, CC1 ) 0.73 (t, 38, M), 2.1 (octet, 2H, CH ) 4.5 (t, 1H,
CH), 7 - 8.3 p.p.m. (m, 10H, aromatic ).
1-Phenyl-l-phenylhydrazopropane (0.5g; 0.0022 mole) in
ethanol (5 ml.) was slowly added, with stirring, to a solution of
D-tartaric acid (0.332g; 0.0022 mole) in ethanol (30 ml.), under
nitrogen. Ths mixture was stirred for 30 min. and then left at
20°C overnight,
The solvent was eveporated and the residusl viscous oil
was recrystallised twice from ethanol. The cryctailine material
obtained was very dark in colour and appeared to be partially

decomposed,
The experiment was also performed with I-(-)-malic acid

(0.298g; 0.0022 mole) instead of tartaric acid.,  Recrystallisations
were attempted from ethanol, benzens/ethanol, benzene/tetrahydrofurea,
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di-isopropyl ether/water end tolusns, but no crystalline product

was obtained, The use of l-plmnyl-l-phenylhydrazopmpane (1.0g;

0.0044% mole) with I-(=)-malic acid (0.298g; 0.002 mole) again gave

a product which cculd not be crystallised., The product thi.é tims

. was chromatographed on a 20 x 0.5" dry alumina column with ben‘zene

as elutent and & bright yellow band separated, leaving brown

impurities at the origin., The yellow band, however, could not be

erystallised,

(b) Lttempted Panction of 2-Jodo-octana with Sedinm
Eormylphenylhydrazing. (see Schems 31 and Discussion,

.11’0——- Phenyl-
hydrazine (54g; 0.5 mole) was heated to boiling with 50% aqueous formic
acid (184.02; containing 2.0 mole of formic acid). '

When the mixture was allowed to stir overnight colourless
crystals (plates) of formylphenylhydrazine separated out. The
product (50.45g; 76,0, was collected, washed with ether, and then dried
in vacvo (m.p. 143 = 14500 1it14”.4.""m P. 1b,5°C) In subsequent

- preparations the product was recrystallised from chloroform.

(11)
preparation was first carried out using the method of Freer and
Sherman.w’ Reactions which were attempted with the material obteinsd

by their method were unsuccessful (sse belov). Subsequeht
Preparations were carrisd out with modifications of their method,

Formylphenylhydrazine was recrystallised from ethanol/
chloroform end dried in vacuo before use. A solution of sodium
ethoxide in ethanol was pmpared. by dissolving freshly cut sodium
metal (10 g.) in dry ethanol (200 ml,).



Formyl?henylhydrazine (59g; 0.49 mole) was added to the
ethanolic sodium ethoxide. (200 ml; coniaining 0.455 mole of
sodium ethoxide). The mixture was vigorously shaken until the
formylphenylhydrazine dissolved to form a red solution, which was
'tﬁen poured inio dry ether (1 litre) under nitrogen. The ether
solution was shaken unti; homogenous and then allowed to siand,
under nitrogen, for 24 hours to effect complete crystailisation
of the sodium formylphenylhydrazine. The product was collected by
filtration under nitrogen and theh dried in vacuo:\)nmx. (nujol)
3100(b), 1650(s), 1590(s), 1020(w), 870(w), 730(m), 6800m.-1(m)-.
- :(If dry sodium formylphenylhydfazine is allowed to come
into contact with air it rapidly decomposes74 to a ﬁixture of
aniline, pherylhydrazine and sodium bicarbonate.)

(iii) Conversion of Octan-2-ol to 2-Iodo-octane, —2-Iodo-

octane (82%; b.p. 84 - 85°¢, 131.75 b.p. 87 - 88°C) was prepared.
from octan-2-0l by the method of Berlak and Gerra.rd.75 Octan-2-0l1
wasg stirredhﬁith phosphorous tri-iodide in carbon disulphide for
36 hours at 20°C.

(iv)  Attempied Reaction of 2-Iodo-octane with Sodium

Formylphenylhydrazine.~——This experiment was adapted -

from the reaction of ethyl iodide with sodium formylphenylhydrazine
as described by Freer and Sherman.74
A suspension of sodium formylphenylh&drezine (13.8g;
0.0875 mole) and 2-iodo-octane (21.27g; 0.0945 mole) was placed in
a thick walled glass eessel which was pléced in an autoclave.
The mixture was flushed with nitrogen for 10 min..aﬁd

then the temperature was slowly raised to 100°C while the mixture

was agitated. (ﬁﬁe pressure at 100°C was 6.4 atmospheres.)

1

7

[

9.
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The temperature was maintained at 100°C for 3 hours, with agitation,
and then allowed to cool to 20°C. _
The ether solutioh was washed with water and the combined |
washings were extracted with ether. The combired extracts wore
dried (MgSOL) and the ether was evaporated. The residus, which
appeared to bte a mixture of colourless cfystals and unreacted iodide,
was washad with petroleumether (b.p. 30 = 40°C) and then recrystal-
1lisad from ethanol, A &ellow solid (3.36g.) was.recovered (mep. 138
140°C) . Comparison of infra-red spectra identified ths material as

140

formylphenylhydrazine (sece ébove, 1t.* mep. 145°C),

(v)  Atteapted Reaction of Ethyl Todide with Sodium
Formylphanylhydrazine.

..also adapted from the masthod of Freer and Sherman,?"vho suceess-

The experiments below werae

fully reacted ethyl iodide with sodium formylphenylhydrazine,

Dried sodium formylphanylhydrazine'(6g; 0.0381 mole) was
rapidly added to a solution of sthyl iodide (64155 9.039 mole) in
dry dioxan (150 ml,) and the suspension was refluxed under nitrogen,
for 3 hours during which the sodiunm formylphenylhydrazine appeared
to go into solution and a colourless solidbseparatsd out. (After c.a.
10 min. reflux the colour of the solution changed from red to
orange,) |

The reaction mixture was then poured into water (300 ml,)
and extracted with ether ( 4 x 100 ml.). The combined extracts were
dried (Mgsoé) and the ether and residual dioxan were evaporated.

In attempting to prepare a solution of the yellow 0il in carbon
tetrachloride for n.me.r. spectroscopy a solid precipitated out,

The solid was collscted and recrystallised from ethanol,

Comparison of the infra-red spectrum of the orangs erystals (m.p.
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130 = 135°C) with that of an authsntic sample .of formylphanyl- '
hydrazine (see above) identified the product as formylphsnyl-
hydrazine (11747 m.p. 145°).

An atteupt was made to gensrate the sodium formylphenyl-
hydrazine in situ. Formylphenylhydrazine (10g; 0-0736 mole) and
ethyl iodide (11.52g; 0.074 mole) were added to a suspension of
sodiun hydride (31.68g; 0.0736 mole) in dry ether which was contained
in a thick-walled glass vessel, The vessel was placed in an
autoclave and flushud with nitrogen for 10 min, Du.ring heating the
rubber gasket on the vessel gave way, and the pressure returned to
atmospheric. The experimont was repsated three times. The first
tima thé gasket again gave way, When the gaskat on the apparatus
was modified, the glass reaction wessel shattered during the next
two attempts. The expsriment was abandoned.

Formvlphenylhydrazine .~——A solution of sodium formyl-
phenylhydrazine (1.58g; sufficisnt to give 0.1M if pure) in water
(100 ml.) was prepared. Aliquots (25 ml.) of this solution were
titreted against O.ll5éN hydrochloric acid using a pH meter.

The 25 ml. aliquots were estimated to be equivalent to 6 ml, of
0.1158N hydrochloric acid. |

Molarity of base solution = 6 x 0.1158
25

| = 0,0278YM, |
Therefors the psrcentage of sodium in the sodium formylpheny\lhydrazine
was 27.8. (i.e.'27.8% sodium formylphenylhydrazine in the material tested).
The result suggested that the material used as sodium
formylpheaylhydrazine in the experiments described above was actually



182,

a mixture of sodium formylphenylhydrazins and formylphenylhydrazine
itselfo .
(a)

Solution.—— A 15% W/V aqueous solution (50 ml.) of
phenyldiazonium chloride (containing 7.5g; 0.055. mole of Ph N; c1)

wvas prepared by an adaptation of the method deseribed in Vogel.u'l

Redistillad aniline (4.98g; 0.0554 mole) was dissolved in
aqueous hydrochloric acid (25 mls 0.135ﬁ). The snlution was cooled
to 0°C and aniline hydrochloride precipitated. The tomparature was
mintained at 0 ~ 5°C while a solution of sodium nitrite (4.14g;
0.06 mole) in water (25 ml,) was slouly added, with stirring, until
the reaction mixture gave an immediate blus colouration with

potassium iodide-starch papsr. The re3ulting solution was clear and

-

faintly yellow in colour.
(11)

freshly prepared 15% phenyldiazonium chloride solution (10 ml.)
described above was slowly added, with stirring, to a mixturs of
potassium hydroxide (150 g.) and water (60 ml.) at 5°C,

The tempsrature was then allowed to increass to 20°C so
that all the potassium hydroxide dissolved. The solid material which
separated was collected, An attempt was mads to rocrystallise the
product from absolute ethanol but only an oil was obtained. When dry
ether (1 litre) was added to the oil a yollow curdy precipitate
formed, This vas collected and washed with dry ether. Colourless
crystals (plates), which reacted in air to form a yellow oil, also
separated from the ether solution. The curdy psrcipitate was |
again dissolved in absolute ethanol and precipitated by addition of
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dry ether. A sample of theprecipitate was dissolved in water (1 ml.)
~and & brown oily 1éyar separated. The aqueous layer was not
alkaline to 1li%uus i.e, the precipitate was not potassium hydroxide.
The 60 Miz n.m.r. spectrun of the precipitate, in [2H6] dimethyl-
sulphoxide, showed only an aromatic multiplet (6.5 = 7.3 p.p.m.)
which suggested that the material was potassium phenyldiazotate
(0.89g; 50%). A subssquent preparation on the same scale gave &
yield of 1,70g; (95%). '

(111)

A solution of dry potassium phenyldiazotate (0.89g; 0.0056 mole) in
hexams thylphosphoramide (H.M.P.A.) (60 ml,) was mixed Qith ethyl
fodide (0.872g; 0.0056 mole) under nitrogen. The mixture was stirred
at 40°C, under nitrogen, for 12 hr. It became dark brown in colour.
The reaction mixture was pourad into water (250 ml.) and
extracted with ether (3 x 100 ml,). The combined extracts were dfied
(Mgso A) and the ether was evaporated. The residual dark brown
mobils 1liquid was distilled but only H.M,P.A. (b.p, 60 = 70°C/0.5 mm.),
was obtained. The experiment was repsated, but again only H.M.P.A.

vwas collectsd.

(e)

(1) a (Piloty's

acid)., — Benzene sulphonyl hydroxylemine was prepared
by the method of Piloty., 0

Hydroxylamine hydrochloride (32.5g; 0.465 mole) was
dissolved in hot water (11 ml.) and a solution of sodium ethoxide

(150 ml. from 10.6g; ©,46 mole of sodium) was slowly added, with
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stirring, so that no boiling occurfed.
The sodium chloride, which separated, was filtered off
and the filtrate was diluted with absolute etkanol (150 ml.).
Benzene sulphonyl chloride (25g; 0.141 mole) was slowly added.
| When the reaction appeared to be complete, the ethanol waé
evaporated and ths residual colourless solid was recrystallised from
hot water and then dried in vacuo. Benzene sulphonyl hydrocxylamine
(10.51g; 13%) (m.p. 125 - 126°C, _L;_ggo mep. 126°C) was obtained.
Mass spectrum - P173,
(11) Ib&mmm_gx Ne(p-Nit
Swivhonamide. (see Scheme 33) —— N-(p-Nitrophenyl
sul phonoxybenzene) sulphonamide (73) (m.p. 178 - 17%9°C, lj._g:_?l

meP. 179°C) was prepared by the method of Porter and Marnett’’ and
recrystallised from ether. The mass spectrum of the product showed

a peak at 342 (Ph 802. NH, 80206H4NO? requires 342) with no peak at

358 (Fh S0,. NH, 030206}141\*0? requires 358), The compound may have
lost an atom of oxygen in the spectromster but subsequent resetions

(see telow) also suggestsd that the compound wes Fh SOz.NH.SOQC6H4N02.

The formula reported by Towoski and Schieffele,®l on the basis of

elemental analysis, was Ph SO NH.OSO206H NO

2° 4 2°
N~(p-Nitrophenyl sulphonoxybenzens) sulphonamide was also

prepared by t¢he method of Lowoski and Schieff‘el@,81 but the yield
was low (17%) and the product was impure (m.p. 155 = 165°C, _J,._i_t_?l
mep. 179°C).

A modification of the method of Porter and Marnett, in which
triethylamine was added before the p~-nitrobenzene sulphonyllchloride,
wes also tried. The mass spectrum of the product (m.p. 152 - 158°%C,

lit§1 m.P. 179°C) suggested it was a mixture consisting mainly of
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Ph $0,,.M1.50,C H N0, (n/e 342) and a little Ph S0,,.1H.0 50,0 H o,
(/e (P-1) 357),
(1i1) £ttempted Preparvation of 2-Methyl-2-phenvlazopropana.
(see Schems 33)—— An attempt was firé’c made to propare
the N-phenylsulphanide of l-phenylethylamine by the method of Porter
and Marnett, 7 Oniy §nitrobenzene sulphonamide (mop. 177 - 179°C,
,'.L_ij‘:.u*3 mep. 178°7), identified by n.mer. spectroscopy and the mass
spsctrum (P202),was isolated,
In order to discover why the reaction had not worksd,
what was thought to be the N-phenylsulphamide of 2-amino~2-
Vmethylpropane was syntheéised and obtained as a brown oil. An
attempt was then made to convert this crude product to 2-methyl-o-
phenylazopropanc by oxidation with sodium hypochlorite in a mixture
of 2 N aqueous sodium hydroxide and hexane, as descrited by Porter
and Marnett. |
The crude product from the oxidation was chromatographed
on a 20 x 1" dry alumina column with petroleun—ether (bepe 40 - 60°C)
as elutent, 'Only enough bright yéllow‘ oil (c.a. 40 mg.) was mcovered
from the column for characterisation by n.m.r. and mass spsctroscopy.
S (60 Mz, 0014) 1.32 (s, 9H, t-butyl), 7.4 = 8.4 p.p.m. (h, /H,
aromtic), The aromatic multiplet was that of an A232 system,
which suggested a para-substituted phenylazo compound. (The
spectrum was not that of 2-methyl-2-phenylazopropane (see page 1'73)
the aromatic multiplet of which is not an 4 B

22
neat) 1,32 (s, 9H, t-butyl), 7.3 = 7.3 p.p.m. (m, 5H, aromatic).)

system. § (60 Miz,

Mass spectrum - P207, 182, 179, Accurate mass measurement
207.099082 (610H13N302 requires 207,10070). Ths compound was

thought to be 2-methyl-2-p-nitroprhenylazopropans (72).
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, 2~ﬂzshxlr2—F~§iirgghanxlazgr
ky an Unambiguous Routa. | ‘
Attenpted Nitration of 2-Methyl-2-phanzlazopropane.
(1) uig inz Nitr; i .~——-This m2 thod was an adaptation

of that described by Burns et. al.l44 for the nitration of
aiobenzene.

2-Mothyl-2-phenylazopropane (O.AOg.) was slowly added,
vith stirring, to fuming nitric acid (8 ml.; S.G. 1.5) at -10°C,
The mixture was stirred for 2 hours at ;1000 and then poured onto
crushed ice (30 g.). The aqueous solution was noutralised by
addition of solid potassium carbonate and black tar separated. The
mixture was poured into water (200 ml.) and then extracted with
ether (3 x 100 ml.). The combined extracts were dried (Mg504) and
the ether was evaporated. The residual dark brown tar was extracted
with ether (50 ml.). The extract was chromatographed on a 24 x 1
dry alumina column with benzene as elutent. No material with an
n.m.r. spactrum resembling that of the expected product, 2-mothyl-
2=p-nitrophenylazopropane, was obtained,

(11) Hi&h_&ggﬁxl_ﬂi&xi&g.145———— Q-Méthyl-?—phenylazopropéne
(1.62g.5 0.01 mole) was placed in a 5 ml, r.b. £lask which was
fitted with a small magnetic stirrer, an injaction septum and a
drying tube (Ca Cl,). The 2-methyl-2-phenylazopropens was cooled
to 0°C and a mixturs of cold acetic anhydride (0.95 ml; 0.01 mole)
and concentrated nitric acid (0.42 ml; 0.01 mole) was slowly
introduced from a syringe over a period of 1 hour. The reaction
mixture became dark brown in colour soon after the addition of the
nitrating mixture was begun,

After a furthsr two hours stirring at 0°C the reaction
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mixture was quenched by the addition of water (30 ml.), extracted
with ether (3 x 50 ml.) and then with aqueous saturated sodium
bicarbonate solution (2 x 100 ml.). The combined extracts were
dried and the ether was evaporated.

The rezidue was chromatographed on a 24 x 2" dry alumina
column with petrolsum-ether (b.p. 60 - 80°C) as elutent. Only the
starting meterial, 2-methyl-2-phenylazopropene (0.47 g.) was

recovered from the column.

(B) Attenpted Coupling of t-Butyl Zinc Chloride with
‘ - p-Nitronhenyldiazonium Fluorohorate. This reaction was
.analogous to that for the preparation of' 2-methyl-2-phenylazo-
. propane and was adapted from the method of Curtin and Ursp‘rung.84
(see page 173). |
(1) The FPreparation of p-Nitrophenyldiazonium Fluoroborats.
This salt was prepared by an adaptation of the method deseribsd by
Roe.14§ |
p-Nitroaniline (34.5g; 0.25 mols) was added to a mixture
of concentrated hydrochloric acid‘(7? ml; 0.75 mole) and water (72 ml,).
The mixture was cooled to 0°C and a cold solution of sodium nitrite
(17.3g; 0.25 mole) in water (50 ml.) wes slowly added, with stirring,
The temperature was kept below 0°C by the addition of small pieces
of dry ice. ‘ |
Sodium fluoroborate (37.4g; 0.34 mole) in water (120 ml,)
was -added to the diazotised solution, with vigorous stirring. The
mixture was stirred at 0°C during a further 30 min. The precipitate
was filtered off, washed first with cold 5% aqueous sodium fluoro-
borate solution (25 ml.), then with ice~cold methanol (30 ml.), and

finally with ether (5 x 50 ml.)., The precipitate was sucked as dry
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a8 possible after each washing and then the prodt;ct was drisd
in vacuo overnigﬁt. The yield of dried product was 56 g. (95%).
(i1) ) Pre £ 2=Mothvi-2-p-pitrephenylasza-
Dromne. ——A suspension of t=rutyl zine chloride (1 molar
equivalent) in dry ether (290 ml.) was prepared from the reaction of
t-butyl magnesium chlorideuﬁ with anhydrous zinc chloride as
described by Curtin and Ursprung.84

The suspension was slowly added to a suspension of -
nitrophenyldiazonium fluoroborate (35 g; 0.895 molar equivalents) in
dry ether (190 ml.) at -10°C, with efficient stirring, under nitrogen.
The mixture was stirred for a further 16 hours and then decomposed
by the addition of saturated, aqueous ammonium chloride solution
€35 ml.). The ether was evaporated and the residval mixture was
steam distilled.,

The distillate was extracted witﬁ ether and the combined
extracts were dried (MgSO 4). On evaporation of the ether an orangs
0il was obtained. The oil was chromatographed on s 20 x 1.5" dry
alumine column with petroleum-ether (b.p. 40 - 60°C) as elutent and
separated into two yellow bands.,

One gave crystalline material which was washed with ice-
cold ethanol and then dried in vacuo (mep. 78 ~ 80°C). The 60 Miz
n.m.r. speetrum (0014) showed only an A252aromatlc systems. Ths
compound was shown, by comparison of infra=red, n.m.r. and mass
spectra with those of an authentic sample, to be l-chloro=4-
aitrobenzens (J_._iét;].'l*g m.p. 83°C).

The nem.r. spectrum of the material from the other
yollow band showed: & (60 MHz, CC1 ) 1.35, (s, OH, t-butyl), 1.40

(s, 9H, t-butyl), 7.3 = 7.8 p.p.m. (m, lH, aromatic). The aromatic
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multiplat was that of en A232 system. Mass spsctrum: P218, 161,
133, 85, accurate mass measurement, 218,172079 (Cll,HQQN?_ requires
218,173290)., The nemer. and mass spectra suggested the compound was
2-me thyl-2-p~t-tutylphenylazopropane. ~ Further evidence of the
assigned structure was‘.gained from comparison of the frégmehtation
| pattern in the mass spectrum corresponding %o loss of t-—bﬁtyl (-57)
followed by loss of W, (-28). » |
The 'mt‘her liquor (ether), from which the l-chloro~i-
nitrobenzens had been crystallised, was eva.porated. The n.m.r.
spectrum of the residue (60 Mz, 0014) showed a singlet (1.45 p.p.m.)
and an aromatic multiplet (7.3 - 8.4 p.p.m.). Examination of the
| integration suggestsd that this might be é mixture of 2-me thyl=>2-
D-nitrophenylazopropane and l-chloro-/~nitrobenzene.
The mixture was distilled. A 1little colourlese liquid
(b.p. 45°¢/0.01 mm.) was collected, the n.m.r. spectrum (60 Mz,
CClA) of which showed only aromatic absorptions (7.2 = 8.3 p.p.m.).
The compound was shown, by comparison of n.m.r. and infra-red spectra
with thoss of an authentic sample, to be nitrobenzene. |
The residus from the distillation was extractad with ether,
the ether was ovaporated, and the residue crystallised, This was
thought to be a vmixture of 2-methyl-2-p-nitrophenylazopropane and
l-chloro-4~nitrovenzens. Mass spectrum; P207, 105 (for NO, Ph N =
N = But and NOZ Fo N = N respectively), 159, 157 (for p NO,, Fh C1).
An attempt was made to separatez the components by

reacting the l-chloro-i-nitrobenzene with piperidine (see below).
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In a trial experiment the piperidine derivative of pure l-=chloro-
4~nitrobenzene was preparad by an adaptation of thé method described
by Levin and T.arn,'zv.r'c.ll"9 '
1-Chloro=4~nitrobenzene (0.03 mole, 4.72 g.) was suspanded
in absoluts ethanci (25 ml.) and piperidine (0.2 mole; 20.82 g.)
was added, The mixture was refluxed for 1 hour and then cooled to
o%. The material which had separated was filtered off, and the
mother liquor was treated with water (100 ml.) in order to precipitate
the product, This gave 1.9 ge of bright yellow crystals (m.v. 104 -
105°C; from buten-l-ol): ¢ (60 Mz, CC1,) 1.7 (m, 6H, CH,),
3.42 (m, /H, CH2), 646 = 8.2 popeme (m, 4H, aromatic). Tl aromatic
multiplst was that of an AéB2 system. A further quan@ity of
1-nitro-4~piperidirobenzene. was recovered from the butan~l-ol
mother liquor. (Totai yield 244%)

The material which separated fromAthe reaction mixture
tefore water was edded gave a colourless solid (0«43 g; mep. 247 -
243°C; from ethanol): & (60 MHz, CCiA) 1.8 (m, 64, GH2), 3.2 (m,

LH, CHQ), 945 Pepeme (broad m, 2H, N§2); ﬁass spectrum, 85, 36, 38.
It wés.readily soluble in water. The compound was identified as

pipsridine hydrochloride (1iti01

meDPe 745°C). (The mass speetrun did
not show the parent ion peak for piperidine hydrochloride itself, but
85 corresponds to the molecular weight for piperidine, and 36 and

38 to the molecular weights of H C1,)

The mixture of l-chloro-4-nitrobenzens and 2~methyl-2=
P-nitrophenylazopropane (0.68 g.) was dissolved in absolute ethanol
(15 ml.), and piperidine (3 g; 0.0345 mole) was added. The mixture
was refluxed for 1 hour and then the ethanbl was evaporated, The

residual solid was treated with diluts hydrochloric acid until
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Just acid to litmus to convert l-nitre-i~piperidinobsnzene to the
corresponding hydrochloride. The resulting solution was extracted
with ether (3 x Sd ml,); the combined extracts were dried (MgSOA)
and then the ether was evaporated. The residue was a mixture of
crystalline material and oil. The n.m.r, spsctrum (60 Miz, 0014)
was similar to that of the starting mixture of l-chloro-4-nitro-
benzens and 2-ms thyl-?-g—nitropinnylazopropane but the intsnsity of
the absorption of the aromatic.multiplet vas reduced indicating that
some 1-chloro-4-nitrobenzene (c.a. 30%) had been removad,

The attempted separat;on was not totally successful,
probably tecauss all of the l-chloro-4-nitrobenzens did not react
with the piperidine or becauss once ths l-nitro;Appiperidinobanzane
bhad been formed some of it was hydrolysed instead of being converted
to the hydochloride by addition of dilute hydrochlorie acid.

(€) '

Q“fa-——-ngitrophenylhydr&zine (5g3
0.0326 mole) was dissolved in pyridine (40 ml.) and a solution of
t-butyl chloride (3 g; 0.0326 mole) in pyridine (10 ml.) was sdded.
The dark brown mixfure was refluxed overnight. No pyridine
hydrochloride crystallised out on co&ling.

The pyridine was evaporated and the residus was dried
dn vacug for 1 hour to remove unreacted t-~butyl chloride (b.p. 52°C),
The crystalline residwe was shown, by comparison of its infra-red
and ne.m.r. spectra with those of an authentic sample, to be
Pp-nitrophenylhydrazine.
(D)

208 _oLtemptad nes L0 _01 DULY QALAS ¥
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p-Nitropbenylhydrazina. — This reaction was an adaptation
of the method for the preparation of t-butylhydrazine, described by
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Westphall5o (see below). ‘

A solution of redistilled t-butyl fodide (6.22 g; 0.0338
mola) in 'AnalaR' methanol (10 ml.) was added o a suspension of
p-nitrophenylhydrazine (5 g; 0.0326 mole) in ‘AnalsR?! methanol (80 ml.).
The mixture was refluxed, under nitrogen, for 62 hours. Soon after
boiling commenced, all the p-nitrophenylhydrazine dissolved and the
solution became desep red in colour.

The methanol was evaporated and the residus was dried
in vacva. The n.m.r. spectrum (60 MHz,.MéOH) showed only absorptions
in the aromatic region. (The region upfield from 6 p,p.m. was
obscured by ths absorptions of tha solvent.) By ccmparison of n.m.r.
spectra, one A2B2 gsystem in the aromatic region was agsigned to
p-nitrophenylhydrazine. There remained another A232 system and a
singlet in the aromatic region to be accounted for,.

The product mixture was chrcmatographed on a 20 x 1" dry
alumina column with benzene as slutent. One yellow band separated
from the origin. The material from this band was not solubler
enough in carbon tetrachloride for an n.m.r. spgctrum to be run,.

The spsctrum in methanol (60 MHz) suggested that this was the compound
responsible for the other A252 System.in the mixture described above,

The unknown compound (0.15 g.) was mixad with yellow
mercuric oxide (1.5 g.) in dry ether (50 ml.), and the suspension
was stlrred, under nitrogen, o#ernight. The inorganic materials
were removed by filtration through a celite pad and the residus was
washed with ethsr. The ether was evaporated from the combined
washings and filtrate, and the residual orange solid was dried
in vacug. The product was still insoluble - in carbon tetrachloride,

The 60 MHz n.m.r. spsctrum in methanol was the same as that deseribed
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above, tefore the attempted oxidation.

() Ihe Attempted Reaction of t-Butylhydrazins with

(1) ride i t~Butyl-
hydrazine hydrochloride was prepared by an adaptation of the method of
Westphal.l5®

A suspénsion of hydrazine hydrate (0.47 mole; 23.85 g.) and
t-butyl chloride (0.487 mole; 45 g.) in methanol (50 ml.) wvas
refluxed for 3 days and then allowed'to cool. The methanol solution
was decanted from the solid hydrazine hydrochloride which had
separated. The mathanol was evaporated and ether was added %o the
residus. ore hydrazine hydrochloride which separated out was
removed by filtration. The ether solution was treated with gaseous
HC1 until a white floculant precipitate was obtained. The precipi-
tate was collected, recrystallised from methanol/ethyl acetate and
dried in vacuo to give t-butylhydrazine hydrochloride (0.94g; 1.6%)

(mep. 177 = 178°C, 1it1°C m.p. 202%C) V) o (mujol) 3320(m),

3200(w), 1600(m), 1200(w), 1125(m), 1109(m), 960(m), 930(w), 860(w),
730 cm._l(w). (The hydrazine hydfochloride which was isoluated did
not form a nujol miill readily and no infra-red spectrum could be
obtained. After recrystallisation ffom ethanol the m.p. of 90 -
92°C identified this compound as the monohydrochloride, 113}48

Me P 8900 .)

(i) The Attempted Reaction of t-Butylhydpazine with
1-Chlorq~/4~nitrobenzens , — t-Butylhydrazine hydrochloride
(0.4g; 0.00322 mole) and l-chloro-4-nitrobenzene (0.507z; 0.00322
mole) were dissolved in 'AnalaR! pyridine (40 ml.), and the solution

was refluxed, under nitrogen, for 23 hours., The pyridine was
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evaporated, and the residual mixture of yellow oil and colourless
solid was dried in vacuo. No part of the product mixture was
soluble in carton tetrachloride. The 60_MHz n.m.r. spactrum of the
product mixture, in methanol, suggested that it was mainly l-chloro-
L-nitrobenzene (sse page 188)., |

The mixture was dissolvaed in absolute ethanol (35 ml.)

 and pyridine (1g.) was added to react with any free hydrochloric

acid. The solution was refluxed, under nitrogen, for 12 hr. When
the solvent was removed, the product was still inscluble in carton
tetrachloride., The 60 MHz n.m.r. spectrum,in methanol, again

indicated the presence of l-chloro-/~nitrobenzene (see page 18%),
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Ihe FRebaviour of Fhenylazohornsne and Camphor Phenylhydrazona
Undax Various Conditdens. o
Preparation of Compoundg.

3t _Fhany z «—— Camphor phenylhydrazone was prepared
by an adaptation of the general method described in Voge1151 for the
preparation of phenylhydrazones of sldehydes and ketones.

(+)- Camphor (10.50g; 0.0492 mole) in ethanol (50 ml.) was
added to a solution of ph.enyihydrazine hydrochloride (10.0g; C.0692
mole) and sodium acetats (16 g.) in water (100 ml.). A further
30 ml, of ethanol was added, with shaking, until a clear solution
formed. The solution was refluxed, under n;itrogen, for 1.5 hours
and then allowed to cool. The ethanol was evaporated and the
residual mixture of water and oil was extracted with ether (3 x 100 ml.).
The extracts were dried (MgSOA), the ether was evaporated and the
residual oil was fractionally distilled, The three fractions which
were collected boiled over the range of 120 - 132°C/0.1 mm, They
were shown, by comparison of infra-red and nem.r. spectra, to be
the sams material, camphor phenylhydrazone. (11.55g; 58%): \) max.-
(£ilm) 3300(m), 2900(s), 1650(w), 1600(s), 1500(s), 1450(m), 1390(m),
1370(m), 1300(s), 1250(s), 1160(m), 1110(s), 1080(s), 1050(s), 1000
(m), 880(m), 820(:), 749(s), 680 cm. " (s), & (100 iz, cc1,) 0.73
(s, 38, M), 0.90 (s, 3H, M), 1.04 (s, 3H, M), 0.8 « 2.4 (m, TH,
CH, and CH), 6.4 (broad,s, 1H, N-H), 6.5 = 7.3 p.,p.m. (m, 5H,
aromatic). The phenylhydrazone slowly crystallised on standing.
Camphor has ¢ (100 Mz, CC1,) 0.77 (s, 3H, M), 0.80 (s, 3H, M),
0.90 (=, 3H, M), 1.15 = 2.35 p.pem. (m, 7H, CH, and CH).,

The phenylhydrazons could not bs prepared by refluxing an
equimolar mixture of redistilled phenylhydrazine and camphor in
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ethanol, uader nitrogen, overnight. Neither.was the phenylhydra-
zéne obtained whsn an equimolar mixture of redistilled phenyl-
hydrazine and camphor was heated, without selvent, under nitrogen,
for 1.5 hours. Only the startihg materiéls wsre recovered from
both thess experiments. The latter con@itions readily gave the
phenylhydrazone of cyclopentanone. _

The Preparation of >-Prenylszobornana.—- During the preparation
of this compound difficulty was encountered in separating the
phenylazobornane from camphor phenylhyarazone, because of the ease
with which the azo compound rearranged to the phenylhydrazone either
when the reaction mixture was being worked-up, ¢r chromatographed,

Reduction of camphor phenylhydrazone with lithium
aluminium hydride, in tetrahydrofuran, as described below, was found
to give phenylazobornane in the highest yield, Oxidation of the
intermediate 2-phenylhydrazébornane occurred during work-up, and
oxidation with yellow mercuric oxide was not ncesgsary in most cases,

Reductions of camphor phenylhydrazone with 1ithium
aluminium hydride in dioxan, sodium in liquid ammonia, sodium in
ethanol, and sodium in amyl alcohol were unsuccessful.

A solution of camphor phenylhydrazons (5 g; 0.016 mole)
in dry tetrahydrofuran (40 ml.) was slowly added to a stirred
suspension of lithium aluminium hydride (2,48 g; 0.064 mole) in
dry tetrahydrofuran (200 ml.). The mixtvre was refluxed under
nitrogen for two weeks.,

Water (15 ml,) was cautiously added to destroy the excess
of lithium aluminium hydride., This was followed by the addition
of 4N aqueous sodium hydroxide solution (200 ml.). The resulting

mixture was poured into water (400 ml.), extracted with ether
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{4 x 100 ml.), and then dried (MgSO 4). A bright yellow oil
(1,90 g.) was obtained after the ethsr had been evaporated.

The product was chromatographed on a 20 x 1.5° wet alumina
column, with potroleum-ether {b.p. 60 = 80°C) ag elutent., A
bright yellow band {1,09 g.) passed rapidly down the column. The
n.m.T. spectrum (60_MHz,‘0014) of this material suggested that
soms camphor pheaylhydrezons was still present.

The material was rechromatographed on a wet silica gel
column, with petroleum-ether (b.p. 60 - 80°C) as elutent. The n.m.r.
spectrum (60 Miz, CC1 4) of the material that came through thas
column as a bright yellow band, showsd that the amount of camphor
phenylhydrazoné, relative to phenylazobornans, had increased. (The
CH - N=N absorption of the phenylazobornane (3.2 PePem,) had
decreased in intensity while the NH of the phenylhydrazone (6.4 pep.m.)
had increased in intensity.

The mixture was again chromatographed on a 20 x 0.5" dry
alunina column with petroleum~ether (b.p. 40 - 60°C) as elutent.
The bright yellow material recovered (0.61 g; 1%%) was shown by
n.m.r. Spectroscopy, to be 2-phenylazobornane: ¢ (100 Mz, CClL)
0.72 (s, 31, ¥2), 0.95 (s, 3H, ¥), 1.73 (s, 3H, %), 1.2 - 2.3
(m, 7H, CH, and Cd), 3.0 = 3,4 (m, 1H, CH - N=N), 7.1 - 7.7 p.p.m.
(m, 54, aromatic), Mass spectrum - P242, 137 (137 corresponds to
a loss of 105 1.0, loss of Ph -t= N characteristic of phenylazo-
alkanes). 2-Fhenylazobornane isomerised to camphor phenylhydrazone
after 3 days in carbon tetrachloride at 20°C. |

In subsequent preparations of 2-phenylazobornans all
_chromatography was carried out on dry alumina columns,

An attempt was also made to prepare 2~phenylazobornane
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by the reductive cleavagel5

2 of camphor l-N-p-tosylphenyl-
hydrazone with i1ithium hydride, |
' Crudevcamphor 1-N~p-tosylphenylhydrazone was prepared by
mixing camphor phenylhydrazone (2 g; 0.00638 ﬁole) and toluene-
g;sulphonyl chloridz (5 g; 0.0262 mols) in pyridine (12 ml.).
Courless needles of pyridine hydorchloride began to separate after
C.2s 30 min. The reaction mixture was poured into water (50 ml.)
after a further 30 rin. and a light brown oil separated, The oil
was extracted into ether and then the extracts were dried (MgSO4).
A viscous brown oil (2.89 g; 93%) was obtained after the ether and
pyridine had been evaporated. § (60 Mz, CCIA) 0.75 (s 3H, Ma),
10.92 (e, 3H, M), 1.1C (s, 3H, Me), 1.1 = 2,2 (m, 7H, CH, and CH),
2.38 (s, 3H, p-Ms), 644 = 7.2 p.pem. (m, 9H, aromatic).
| Lithivm hydride (3 g; 0.378 mole) was added to a solution
of crude camphor 1-N-p-tosylphenylhydrazone (2,89 g; 0.00595 mole)
in dry tolusne (140 ml.), and the mixture was refluxed overnight
under nitrogen. The excess of lithium hydride was filtered off,
and the solvent was evaporated from the resction solution. The
residue was taken up in ether, washed with saturated brine (2 x
100 ml.) and dri=d (MgSOA)o The nemer. spectrum of the concentrated
material showed it was camphor 1-N-p-tosylphenylhydrazons.

The reéuctive cleavage with lithium hydride was also
unsuccessful when dry dioxan was used as solvent.

In similar experiments with sodium or potassium hydride
in dioxan, camphor 1-Nep-tosylphenylhydrazone was cleaved to camphor

phenylhydrazone, and no 2-phenylazobornane was obtained,
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(1) (*)-Camphor. — A 1% W/V solution of (*+)-camphor
(0.05 g.) in dry ethanol was prépared and placed in a clean dry
cell (pathlength * decimeter). The solution was allowed to
equilbrate to 28°C in ths cell compartment of a Perkin-Elmer 141
automatic polarimster for 15 min., before the optical rotation was
recorded. Three concordant readings were taken at each wavelength.
(see Table 13). The rotations of the solvent and cell were also
' recorded at each waveleno'th. .

The specific rotations ( [ ] ?3) and molecular rotations
([M]gs_) at 23°C were calculated using the following formulae:
[«]? = ame
1, C

and [v) 28 = [ot]%8 . vy,
A 100

where ©{ vas the observed rotation (corrected for solvent and cell
con’cributions)
1 was the pathlength of the cevll (in decimeters).
¢ was the concentration of the solution in g./100 ml.
(11) Camph a zong.——The optical rotations of
a 1% W/V solution of camphor phenylhydrazone in dry methanol were
determined, as described above for a solution of c'amﬁl';or in ethanol.
The values recorded were found to drift over a four hour period e.g.
546 nm., +0.046— +0.007; 578 nm., +0.022—) -0.012; 589 nm.,
+0,022 —) -0.004. The solution also darkened in colour on standing
overnight, The decrease in optical rotation .appeared té be caused
by oxidation of the camphor phenylhydrazons. '
‘ The absorbanes of a 1% W/V solution of camphor phenyl-
hydrazone in methanol ( N\ max. 273 nm,, 818,400) was not high
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enough to absofb ali the incident light at any of the wavelengths
used for measurement of optical rotation (see measurement of the
optical rotaticn of 2-phenylazobornane).

The optical rotation of a 1% W/V solution of camphor
phenylhjdrazone in methanol after 2 days was measured and the valuess
did not change over.a 2 hour period: )\ 589 nm., -0-0290; 578 nm.,
©=0.043°, 546 am., -0.042°.

A fresh solution was sparged with ni'trogen for c.a. 15 min.
and then measurements were taken over a six hour period. Air was
then blown through the sample for 30 min. and the measurements were
again taken. An increase in the values recorded after treatment
with air vas observed. (This may have been caused by evaporation
of solvent but this should have also occured when nitrogen was
blown through the sample.) The solution was stored at 20°C for 2
days and the measurements were again taken (see Table 14). Airv was
blown through the solution for a further 45 min., and again there was

an increase in the rotation.

(iii) 2~Phanylazobornans. An attempt was made to record
the optical rotation of a 1% W/VA solution of phenylazobornane in
dry methanol at various wavélengths, as in the case of camphor
describzd above, but satisfactory readings were not obtained.
2.phenylazobornane has A max. 410 nm. (€ 145) in the
U.V. spectrum. The absorbance of a 1% W/V solution in a cell with
1 cm, pathlength on the longer wavelength side of this A max., i.e.
at 426 nm., was greater than the 95% -limit for the polarimeter.
The absorbance of a 1% W/V solution in a cell with 1 decimeter

pathlength on the shorter wavelength side of this A max., i.e.

at 365 nm., was also greater than the 95% limit of the polarimeter
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but was within the 1limit of the polerimetsr using a cell with' 1l cm.

rathlength, For reasurements at 365 e'and 436 nm. a 1% W/V golution

.wa_.s diluted 5X ahd a 1 cm,. cell vas used (sse Table 15)..
Measuremsnts were made at 546 nm, wifh a 1 decimeter cell

in most kinetic experiments (see later).
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10 N.MRe Study of the Stability of 2-Phenylazobornene in Mothanol.
The 60 MHz n.m.r. spectrum of a fresh solution of 2-
phenylazotornene in dry methanol was recordad: 6 0.77 (s, 3H, M),
0.96 (s, 38, M), 1.27 (s, 3H, ¥), 1,1 = 2,5 (m; 7H, CH and ’cn?_),
7.2 = 7.8 p.pem. (m,»SH, aromatic). The CH - N=N absorption was
obscured by ths solvent., |
The 60 MHz spectrum of camphor phenylhydrazone was recorded
for comparison: & 0.77 (s, 38, %), 0.98 (s, 3H, ®), 1,13 (s, 3H, M),
1.2 = 2.4 (m, 7H, CH and CH,)y 6.5 = 7.2 pupem. (m, 5H, aromatic).
The spectrum of 2-phenylazobornane was recorded again after
15 min., 40 min., 90 min., and 4 hours, and no change in the spectrum
was observed during ihis period. After 3 days there was a small
change in the spectrum; two weak absorptions had appeared at c.a,
6.6 p.p.m. which indicated the presence of a very small amount of .
camphor phenylhydrazone.
Study of the Pase Catalysed Pesrrancement of 2-Phenylazobornane

» by _Ootical Rota .

A 1% W/V solution of 2-phenylazobornane in dry methanol

(5.3 ml.), which had been sparged with dry nitrogen, was placed in
a 1 decimeter ccll which was thormostated at 45°C., The optical
rotations at 546 nm. were recorded at 30 min. intervals over a
2 hour period. The rotation remained fairly constant in the range
-1.248° to -1.252°,

A solution of sodium methoxide was prepared by dissolving
freshly cut sodium (54 mg.) in dry methanol (0.75 ml.‘). A 0.25 ml,
sample of this solution was thoroughly mixed with the 2-phenylazo-
bornane solution in the cell, and the optical rotations were

measured at 45°C, at > min. intervals initially and finally at 10 min,
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intervals (see Table 16).

Th§ rotation reached *0.029°, the value for & 1% W/V
solution of camphor phenylhydrazone {see page 204 ), after 180 min,
and increased to more positive valuss (+0-095O after 280 min.).
After the solution had been storsd overnight the rotation had
decreased again to +0.014°, This behaviour guggested that more than
one rea;tion had taken placs. v

The solution was made slightly acid to Litmus by ths
addition of a solution of acetic acid (6.6 ml.) in brine (100 ml.),
and then extracted with ether (3 x 50 ml.). The combined extracts
were dried (MgSOA), and the ether was evaporated., The n.m.re .
spectrum (60 Miz, CCIL) identified the residual brown oil as

camphor phenylhydrazone.

The optical rotation (+0.035° at 546 nm.) of & 1% W/V

solution of camphor phenylhydrazone in dry methanol (5.3 ml.) was
recorded at 25°C in a 1 decimeter cell. This value was found to be
stable over 40 min,
A solution of sodium methoxide was prepared by dissolving

freshly cut sodium (54 mg.) in dry methanol (0.75 ml.). A 0.25 ml.
sample of this solution was thoroughly mixed with the camphor
phenylhydrazone solution in the cell, and the optical rotations
were measured at 15 min. intervals over a 1.5 hour period, the first
reading (+0.02°) being taken within 5 min. of addition of the
~sodium methoxide solution, ,

~ The addition of the sodium methoxide solution (0.25 ml,)

diluted the camphor phenylhydrazone solution, causing the initial
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rotation to decrzase from +0.035°to +0.025°, The five subsequent
readings, at 30 min. intervals, were all *0-02905

The results of this experiment suggested that camphor
phenylbydrazone in methanol was stable in the presence of sodium
methoxide at 25°C.
Ihe U.V. Soactra of 2-Zh

The U.7e spectra of soltitions of camphor phenylhydrazone

and 2-phenylazobornane in dry methanol (both 2 mg./ml.) were
recorded in the region 300 - 700 nm: 2-phenylazobornane had )\ max.
402 nm, (£182); camphor pheonylhydrazone had A mex. 402 nm.
(€11.3).(An eariier sample of 2-phenylazobornane had\ max. 410 n m.)
Air was blown through the solution of camphor phenyl-
hydrazone for 1 hour. The A max., did not change, but the & value
increased to 16.9, probebly bscause of an increasse in the concen-

tration caused by evaporation of solvent.

U.V. Study of the Xinetics of ths Rearrangement of 2~Fhanylazg-

bornane Catalysed by Sodium Methoxida at 25°C.

Four successive experiments were run, following the
procedure described below. Some runs were 8lightly modified and the
modification:; are stated under each heading.

Freshly prepared solutions of 2-phenylazobornans and
sodium methoxide in dry methanol were used for each experiment.

P durg.— A solution of sodium methoxide was
prepsred by dissolving freshly cut sodium (18 mg.) in dry metﬁanol
(0e75 ml.). The sodium methoxide solution (0.175 ml,) and dry
methanol (2,65 ml.) were mixed together in twoc separate U.V. cells.
The cells were placed in the U.V. spectrophotometer, thermostated

at 45°C » and the base line was recorded over 300 - 707 nm,
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One of these solutions was retained as a 'blank' throughout the
experimsnt. A

A solution of 2-phenylazobornane in dry methanol (2.65 ml;
2 mg./ml;) was messured into the sample cell ard the spectrum was
recorded immediately, and then after 30 min. Tho sodium methoxide
solution (0,125 ml.) was miXed with the 2-phenylazcbornane solution
in the sample cell (t = O min.), and the U.V. spectrum was recorded
at intervals,

The rate constant for each experiment was calculat.ed from
the rate of change of the absorbance of 2-phenylazobornane ( )\ nax.
402 nm.) using the relationship:

A=x€r+(a-xEp =x (Er - &p) + afp
where A = the recorded absorbance (corrected for solvent).

Er = the extinction coefficient of the reactant
(2-phenylazobornane, € 182), ‘

Ep = ths extinction coefficient of the product

(camphor phenylhydrazone, £ 11.3).

x = the concentration of the reactant at time t.

]

a the initiel concentration of the resctant.,

For a first order reaction: - dx

= kx
dt
Integrating: 1lnx - 1na = =kt
o ) 1n x/a ' = <kt
x/a = okt
x = ae-kt

o.o_A = ae-kt( Er - Ep) +,a €p°
A - afp = a(Er - £p) ot

A - 5 Ep = o Kt
alEr - ¢p




A ImA- s f ) ,
CGlEr e = -k

and In(A - a €p) =1n(a( Er - Ep)) = ~kt,

—— BEquation 2, .

(Using x as the concentration of product and working through
similar relationships gave the same final equation with opposite
sign i.e. In(a( €p = €r)) - 1n(A - a €p) = -kt.)

This relationship allows for he build-upy &6f absorbance

dus to the product, camphor phenylhydrazone ( )\ 402 nm.,,
€11.3).
Run J.—— The U.V. spectra were recorded at intervals over

200 min, (see Tabls 17A). The sample in the cell was kept at 45°C
overnight and then rerun. The U.V. spectrum was recorded again
after a further hour. Both .these latter spectra showed absorbances
with )\ pax, 386 nm., which were more intenss than the initial
absorbance of the 2~-phenylazobornane solution.

Using the value previously obtained for the absorbance
of a 2 mg.,/ml. solution of camphor phanylhydrazone in methanol
(A =0,12 at /\ max. 402 nm.) és a EP, the vaiues of 1In(A - ap)
were calculated (Table 174). |

A.least squares analysis of In(A - a £p) v.t was mde
(see Equation 2). The first point (t = 5 min.) was discarded as it
was apparent from the U.V. spectra that the mixing time and
dilution on addition of sodium methoxide sclution had introduced a
large error into the first measurement.

Using ths results from Table 174, from t = 10 min. to
t = 200 min. (N, the number of points used, was 14), the values
calculated were: A

k = 0.00165 = 0.00009 min-!
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iatercept = +0.027/1 : 0.00Ci.

. Run 2.— The only modification to the gemeral procedure was
that the 2-phenylazobornane solution in the U.V. cell was sparged
wvith dry nitrogen for 10 min, béfore its éﬁectrum vas recorded,
After 20 min. at 45°C, before the sodium methoxids solution was
added, the U.V. spectrum of the 2-phenylazobornons solution had not
altered,

Spectra were recorded over a period of i50 min, after the
addition of the sodium methoxide solution. The first two readings
(t =5 min, and t = 10 min,) were discarded and the results (see
Table 178) wsre calculated with N = 10, as for Run 1;

k = 0.00085 ~ 0.0006 min,~t

intercept = 0.22191 < 0.0045,

These results do not compare favourably with those from
Run 1., T _

After the sample had been kept in the cell at 45°C over-
night the spectrum was rerun. The spectrum was recorded again .after
another hour. The absorbances were again greater than the initial
absorbances of the 2-phenylazobornane solution, and had shifted to

' )\max. 390 nm. as in Run 1.
Rup 3. —The experiment was carried out in the same vay as
Run 2, The spectra were recorded over a period of 210 min, and the
results (Table 17C) were analysed using the values from t = 10 min.
to t = 200 min,:

k = 0.000276 ~ 0.000758 min,~L

Intercept = 0.45112 & 0.1652

The orrors were large, Graphs of In(A - a £ p) v.t

were made for Runs 2 and 3. For both experiments a curve was
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obtained which showed that the rate of reaction dropped sharply
after c.a, 70 min, The results from Runs 1, 2 and 3 were not |
consistept. '

After the sample had been stored at 45°C overnight the
absorbance had again increased and the >\ max, had.shifted to
390 nm.

Run_4.

Thé experiment was carried out in the same way as
Run 1. The 2-phenylazobornane solution was not sparged with dry
- nitrogen. The spectra were recorded over a2 period of 2C0 min. and
the results (Table 17D) were analysed using the values from t = 5
to t = 200 min, (N = 11),

k = 0.00658 - 0.00336 min,”t

intercept = 0.99892 h 0.3736

A graph of 1n(A - a € p) v.t showed that the rate of
reaction tailed off sharply after c.a. 100 min. Hence the largs
errors in k and the intercept.

The results for 10 - 100 min, (N = 7) and 70 - 160 min.
(N = 4) were analysed (see Table 17D),

=100 N = ' ‘79 = 160 min. (N = 4)
k = 0.00079~0.000063minTt| 0.0004820.000046min.
+
intercept = 0.23961-0.00336 0.21449~0.00561

error in k

0.000063 (%) min.™> | 0.000046 (9%) min.™l

The different rate constants oﬁtained for different times
over which the reaction was studied indicated that the reaction was
not a simple first order process. It is probable that at least two

reactions were taking place,



U.V. Study of the Rearrangement of Phenylazoevelohexans in Mathangl -

The experiment was carriad out in tho same way as the U.V..
~study of the rearrangsmsnt of 2-phenylazotornare in methanol
catalysed by sodium meﬁhoxide at 45°C {see page 204 ),
A solution of phenylazocyclohexane in methanol (2.65 ml;
2 mg./ml,) was added to 0.125 ml. of a solution of sodium methoxide
in methanol (from 18 mg. of sodium in 0.75 ml. of dry methanol).
The solution was not sparged with nitroéan.
The initial absorbance was 1,72 ( )\ 398 nm,) and this

max.,
gradually decreased to 0.78 ( A max. 390 nm.) after the solution
had been kept at 45°C overnight., Dry oxygen was then blown through
the solution for 2 hours. The absorbance.incz*e-as;ed again, probably
dus to evaporation of solvent, and also shifted to a longer wave-

length (- A o

ax, 401 nm.). ‘The shift to a longer wavelength was

evidence of the formation of cyclohexans phﬁany'la':.ol'xyth:'opero:c:i.de.23
Phenylazocyclohexane did not react in tho sams way as

2-phenylazobornane under the same conditions after being left over-

night (see pages 206 - 208).

The inconsistency in the results obtained from U.V. studies
of the kinetics of the rearrangements of 2-phenylazobornane at 45°C
in methanol catalysed by sodium methoxide may have been due to
variation in the quality of catalyst solution used.

Five solutions of sodium (0.36 g.) in methanol (1.5 ml.)
wers prepared from two differsnt samples of freshly cut sodium
and two different batches of methanol. Each sample was diluted

vith water (20 ml.) and then titrated against standard aqusous
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hydrochloric acid solution (1,008 ) with phenolphthaléin as
indicator. Titres of 1.35, 1l.34, 1.32, 1.45 and 1.35 ml, were
obtained. This indicated that ths concentration of catalyst
solution used in the U.V. kinetic runs wa; aﬁproximately constant.,
(This mothed if estimation, however, involved the addition of water
and gave the total base concentration, not jus? methoxids ion
concentration.)

Tristhylamine was tried as a catalys: but 2-ph§ny1azo—-
bornane .(2 mg./ml.) was found to be staiale for over 1 hour in
rethanol (2.65 ml.) to which triethylamine (0.4 ml.) had been added.

U.V. Study of the Behaviour of Cemohor Phenvlhvdrazons in Mathanol
Containing Sodiwn Methoxide at 45°C.

Run J.
in the same way as in the kinetic experiments with 2-phenylazobornane

The baseline for the U.V. spectra was recorded at 45°C

(see page 204). The sampls cell was then filled with a solution of
camphor phenylhydrazons (2 mg./ml.) in dry methanol (2.65 ml.). A
solution of sodium methoxide in methanol was prepared by dissolving
freshly cut sodium (18 mg.) in dry methanol (0.75 ml.). A 0.125 ml,
sample cﬁ‘ this solution was thomughly mixed with camphor phenyl-
hydrazone sclution in the cell, and the U.V. spsctrum of this mixture
was recorded at 30 min., intervals at 45°C.

The absorbance changed from a wsak )\ wax. at 400 nnm,
(A = 0.19), to a much sharper )\ max. at 388 nm. (A = 1,31) after
26 hours. The rate of increase in absorbance was initially fast
but slowed down gregtly after c.as 2,5 hours. The final solution
was yellow in colour. '

The methanolic solution from which the aliquot of camphor

phenylhydrazone (2 mg./ml.) had been taken, and which did not contain
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sodium methoxide, was deep red in colour after storage for ?6 hours
in a volumstric flask at 20°C, The U.V. spectrum of this residual
solution was uell off scale at wavelengths shorter than AG) nm,, and
there was a shoulder ( )\ 520 nm.; A = 1,09) on ths main absorbanca.
A different reaction (probably oxidation) appeared to have taken
Place in this solution than that which took place in the U.V. cell
at 45°C 1n the presence of sodlum methoxide.

Run 2.— A fresh solution of camphor phenylhydrazone in
methanol (2 mg./ml.) was prepared. No sodium methoxide was added.
The spectrum was recorded immediately, and then after 30 min. and
90 min. at 45°C, No great change in the spectrum was noted up to
90 min., other thaﬁ a very slight increése in the intensity of
absorbance, probtably dus to evaporation of solvent. The solution
was faﬁntly red in colour, |

A sample of the same solution, which had been stored under
nitrogen in the dark at 20°C in a volumetric flask for 2 hours also
showed only a very slight increase in the intensity of absorbance.

Run 3. — Sodium methoxide solution in methanol (2,36 ml.)
was added to a.solution of camphor phen&lhydramne (50 m.) in a
100 ml, flask. Both solutions were the same concentration as those
used previously. The mixture was heated in a flask, under nit.roéen,
to 45°C. A sample was withdrawn and stored in the U.V. cell at
45°C for 2 hours. ~The U.V. spectrum of this sample was off scale |
at wavelengths shorter than 320 nm., but there was a broad shoulder
on this main absorbance at A 370 nm. (A =1.62). The solution
was yellow.

A sample was withdrawn from the flask after 22 hours., The

U.V. spectrum of this sample did not have a sharp absorbance above
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300 nm. and showed only a very brosd absorbance (A = 0.4) at

370 nm, When this sample was stored in the U.V. cell at 45°C the
absorbance rapidly increased towards that of tle sample which had been
stored in.the U.V. cell at 45°C for 22 hou;s (¢20 ebove), and became
identical to it after 4 hours. This suggested that oxygen was
necessary for the reaction to take place. (The U.V. lamp was not
left on while samples were thermostated inside the spectrophotometer.)

The remaining solution in the flask was sparged with air
and stored in the dark at 45°C, After a.further 2 hours another
sample was withdrawn from the flask, This sample had to be diluted
(x 2) before the U.V. spectrum was on scale, The spectrum was
similar to that of the sample that had been stored in the cell for
22 hours (see above) and had a broad shoulder at /\ 370 nm,

| Both the solution in the cell end in the flask were kept
at 45°C for a further 18 hom;é, after which time the intensity of
the shoulders at 370 nm. in the_ U.V. spectrum of each éolution had
increased further.

These results confirmed that oxygen was vecessary for the
reaction of camphor phenylhydrazone in methanol, in the presence of
sodium me thoxide, to take place, .

The methanol was evaporated from the sample in the flask
and the residue was extracted with carbon tetrachloride (2 x 5 ml.).
Thé combined extracts were filtered through glass wool to remove
sodium methoxide. The solution was concentrated aud the 60 MHz
n.m.r, spectrum was recorded. The spectrum was similar to that of
camphor phenylhydrazone but the resolution was poor and the sample
was impure,

The carbon tetrachloride was evaporated and the residue



213.

was dissolved in water (20 ml,) and then extracted with ether

(3 x 10 ml.). The combined extracfs were dried (MgSOL) and ths
ether was evaporated. The 60 Miz n.m.r. spectrum of the residue in
carbon tetrachlorids showed better resélution_with aromatic,
mothylene and methyl absorptions, but did not resemble ths spectra
of either camphor phenylhydfazone or 2-phanylazobornane,

The carbon tetrachloride was evaporated once more and the
residus was analyééd by T.L.C. on alumina with petroleum-ether
(b.p. 60 - 80°C) as elutent. This showed two spots. The infre-red
spectrum (CCIA)jshowed a broad band'( \Y max. 3300 cm.'l) which
could either have been an N-H or an O-H stretch, though it was

rather low for the'latter.‘ The infra~red sample, in CCIL’ turned

very dark on storage overnight.

Th» infra-red spectrum of a solution of camphor phenyl-
hydrazone (0.5 g.) in spectroscopic grade carbon tetrachloride (20 ml,)
was recorded, V . (0014) 3450(w), 1240(m), 1170(m), 1150(m),
1120(s), 1092(s), 1080(s), 1010(s), 880(w), 690 em. H(w). The C =0
stretch at 1743 cm.”T was very weak in this spectrum and indicated
ths presence of soms free camphor ( )) max. CCIL 1743 cm.-l).

Water (10 ml,) was added and the mixture was stirred
vigorously for 1 hour. The infra-red spectrum of the CCIL phase
shoved thst the C = O stretch at 1743 em.”  had increased in
intensity and continued to do so while the mixture was stirred for
a further 3 days at 20°C, during which the organic layer beéame
deep red in colour.

The mixture was then extracted with ether (3 x 50 ml.).

The combined extracts were dried (MgSOA) and a black tar was
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obtained after the ether had been evaporated, The n.m.r. spsctrum
(60 Miz, 0014) showved that ths material which had been recovered
appzered to be predominantly camphor phenylhydrazone. It was»'

difficult to assign absorptions to camphor in ths n.m.r. spectrum

due to overlapping absorptions (see page 195).

Oxygen absorption {vas measured in various solvents using a
micro-oxygenation apparelt;us?3 operating at atmospheric pressure.
The sample, an amount calculated to give an uptake of about 5 ml.,
of oxygen, wasstored in a glass 'bucket'! inside the apparatus which
was then flushed with oxygen and allowed to equilibrate. The
sample was then allowed to mix w;lth the solvent (10 ml; purified and
dried) end the oxygen uptake was recorded. All reactions were

carried out at c.a. 17°C under normal lighting conditions.

Camphor phenylhydrazone (50 mg.) in methanol (10 ml.) was
used. The oxygen uptake began slowly tut appeared to speed up after
1 hour: After c.a. 3 hours more oxygen had been taken up than the
capacity of the apparatus (5.5 ml.). 'The experiment was repested
with 25 mg. of camphor phenylhydrazone s but the capacity of the
apparatus vas again exceeded (after c.a. 20 hr.) showing that more
than 2 moles of oxygen per mole of phenylhydrazone was being

absorbed., The reaction appeared to have an induchion period.

The experiment was carried out using camphor phenylhydrazons
A(SO mg.) in carbon tetrachloride (10 ml.). Gas appeared to be given
off rather than taken up during the first 2 hours and the apparatus



215,

had to be continually adjusted to 2llow for this, After 2.5 hours,
oxygen was suddenly taken up, Within 5 min, the capacity of the
apparatus (6~6.5 ml. of gas) was exdeeded. A

The U.V. spectrum of the solution after dilution to a
concentration of 2 mg./ml. was very similar to that of camphor

phenylhydrazone ( /\ max

>

. 400 nm,). The 60 Miz n.m.r. spectrum of
the concentrated solution was that of camphor phenylhydrazone (see
'page 195). |

The expsriment was repeated, Oxygen uptake started very
slowly after c.a. 1 hour and then appsared to stop after a further
20 min. After 2.75 hr. the uptake became very fast and the capacity
of the appara‘tué was exceeded in < 2 min., The solution was then
yellow. On standing overnight the solution became black in colour,

The infra-red spectrum (CCIA) suggested that a mixture of
camphor and camphor pbenylhydrazons wss present. There was also
evidence for ths presence of oxidiged phenylhydrazirle ( V max.
3600 cm."l, see page 218).

The solution was concentrated and the 60 Miz n,m.r.
spectrum was recorded., This also suggested a mixture of camphor
and camphor phenylhydrazons (see page 195 ).

The percentage of camphor in ths mixture was calculated
~ from the intensity of V max, ¢ = © (1743 ema™3) by cemparison
with a solution of camphor in dry carbon tetrachloride (5 mg./ml.).

For the camphor solution ( )/ max, C = 0 1743 em.™1)

E = log.10 IO/I = 1.9345

€ = E_x MW.
C x 1

g
5x0-1
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= 588
where & is the absorbarnce
ic is the intensity of incident radiation.
the intensity of transmitted radiation.

=
[N
/1]

C is the concentration of camphor (in mg./ml.)
1 is the pathlength (in em.)
E is the molar extinction coefficient.
For tae product mixture ( ) m%_ C = 01743 cuL):
E = 0.2718

C = 007 mg./mle
The eriginal concentration of camphor phenylhydrazone in

the solution was 5 mg./ml. The percentezgs of camphor rhenylhydrazone

converted to camphor was therefore 0.7/5 x-1.6% x 100 i.e. 22.1%

A A solution .of sodium methoxide in methanol was prepared by
reacting freshly cut sodium (90 mg.) with dry methanol (1.5 ml.).
The experiment was carried out using camphor rhenylhydrazone (50 ng. )
in methanol (1C ml.) to which the sodium methoxide solution (0.47 ml.)‘
had been added.. (These amounts gave ths same relative concentration -
of camphor pnenylhydrazone to sodium methoxide as had been used in the
U.V. kinetic experiments (see page 210),)

Oxygen uptake commenced 5 min, after the camphor vhenyl-
hydrazons had been introduced into the methanol/sodium methoxide
solution, but progressed very slowly. After 4 hours 6,08 ml, of
oxygen had been taken up. Uptake continued but could not bte

msasured as the capacity of the apparatus had been exceeded,

* 1.6 takes into account the difference in the molecular weighfs

of camphor (152) and camphor phenylhdrazone (242).



217,

The use of sodium methoxide &s catalyst appeared to eliminate the

induction.period (see above), though the uptake still occurred.

slowly at first.

The experiment was carried out with the rhenylhydrazone
(50 mg.) in hexane (10 ml.). Oxygen uptake commenced c.as 1.5 hours
after the phenylhydraéone was introduced intc the solvent. Uptake
wes very slow at first, but after c.a. 2.5 hours the capacity of thse
apparatus wvas exceeded by rapid.gaé uptake,

This behaviour was similar to that of camphor phenyl-
hydrazone in both methanol and carbon tetrachloride (see above),

~

j-RButyraldenvie Phenylhvdrazone in Carbon Tetwechlorida.

Thie experiment was carried out to ensure that the micro-
oxygenation apparatus was functioning properly.

The experiment was”first run with the phenylhydrazore
(50 mg.) in carbon tetrachloride (10 ml.). Oxygen uptake stopped
4 min. after introduction of the phenylhydrazone to the solvent when
3,32 ml. of oxygen had been absorbed, In another experiment 2,52 ml,
of oxygen were taken up in 6 min. (i.e. c.a. O.lm. mole of oxygen per
0.308m, mole of i=butyraldehyde phenylhydrazone).

Thess resulis are consistent with the low molar uptake of
oxygen by other aldehyde phenylhydrazones in chloroform.23

The experiment was repeated with haxane as solvent,
Oxygen uptake commenced immediately the sampls was introduced into
the solvent and wes complete after 3 min. when 0.82 molar equivalents
of oxygen had teen absorbed.

This result was in accordance with others previously

'repor’r,ed23 for aldehyde phenylhydrazones in hexane and showed thal
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there was no fault in either the apparatus or the method of its -

oparation.

The experiment vas carrisd out with redistilled phenyl-
hydrazine (12 mg.) in carbon tetrachloride (10 ml.). No oxygen
uptake was observed at first, The sclution became red in colour
after 50 min., but still no uptake was observed. After 1 hour 50 min,
there was a very sudden uptake of oxygen which stopped after < 2 min,
The capacity of the apparatus was greatly excseded even thouzh an
uptake of two molar equivalents of oxygen per mole of phenylhydrazins
had been anticipated. The colour of the final solution was red,

The infra-red spectrum of the concentratsd solution (cc1 4) showed

1 and 3580 cm.“’1 These absorptions wére

sharp peaksat 3600 cm.™
"also observed in the infra-red spectrum of the oxidissd sblution of
camphor phenylhydrazons (sse page 215) in carbon tetrachloride.
Comparison of the 60 MHz n.m.r. spectrum with that of phenylhydraéine
indicated that the NH and NH,, absorptions (4.1 p.p.m.) had gone and
the aromatic multiplet had collapsed to 2 singlets,

| The experiment was repsated with methonol as solvent.
Oxygen uptake started slowly after c.a. 15 min. and then appeared
to stop after 1 hour 15 min. when 0.76 molar squivalents of oxygen
had been taken up. After a further 12 hr. 1.33 molar equivalents
of oxygen had been absorbed. Stirring was continued for a further

34 hours but no more oxygen was absorbed.

Phenylhvdrazine in Methanol Catalvzad with Sodiugn Methoxide.

The experiment was carried out in the same wvay as that

described above for phenylhydrazine in methanol, but sodium

methoxide solution (0.47 ml. containing 90 mg. sodium per 1.5 ml.
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methanol) was added to the msthancl (10 ml.) bafore the phenyl-
hydrazine (12 mg.) was introduced into the solvent.

Oxygen uptake bzgan immediaﬁely.on introduction of the
substrate to the solution but slowed down after 7 min. when 2.66‘m1.
of oxygen had been absorbed. Uptake continued uatil, after 4 hours,
the capacity of the apparatus had been exceeded, *ut oxygen was
still bsing absorbed. The colour of the finél solution was yellow,

Thsre appeared to b2 an initial fast untake of c.a, 1
molar equivalent of oxygsn, followed by a period when no gas wvas
absorbed (c.a. 3.5 hours). Uptake then began again, fairly slowly,
and accelerated until much more than 2 molar equivalents had been
absorbed. This suggested that the sodium methoxide acted as a
catalyst in an initial step, during which c.a. 1 molar equivalent
of oxygen was taken up. The catalyst also appeared to be

responsible for subsequant reaction taking place to a greater extent

than in mathanol alone (see above).

The experiment was carried out in the same way as that
already described for phsnylhydrazine in carbon tetrachloride
except that water (5 ml.) was present.

The solution became orange in colonur but after 2 hours

only O<4 ml. of oxygen had been taken up. The solution was stirred

overnight, but no further uptake was observed.

'The'experiment was carried out with camphor phsnylhydrazone
(50 mg.) in a mixture of carbon tetrachloride (10 ml.) and water
(5 ml,),

Oxygen uptake started slowly after c.a, 20 min. and then
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4'appeared to stop after 3 hours when 4.8 ml. had bsen absorbted.
The mixture was stirred for a furthsr 3.5 hours but the ges uptake
had ceased, ‘ _
A sampls was withdrawn and the infra-red spectrum recorded,
The amount of iree camphor in the mixture was calculated to be
35 % from the intensity of the C = O stretch ( \) max, 1743 em.”t
see page 215),

The appafatus was refilled with oxygen and the sclution
vas allowed to stir overnight. The amount of free camphor in the
mixture was then found to be 48%, There was, howsver, no peak at
3600 cm.-l, as there was when the experiment was carried out
in carbon tetrachloride alone (see page 215), This, together with

" an uptake of 1.04 molar equivalents of oxygen suggested that the
reaction did not take the same course as in carbon tetrachloride
alone. There was no sudden uptake of oxygen after c.a, 3 hours
in the present experiment. |
Phenyléiazonium Fluorpborate in Methanol.

The experiment was carried out with freshly prepared
phenyldiazonium fluoroborate (see page 222 ) (35 mg; 0.230 m.mole)
in methanol (3.0 ml,). ‘

At first gas appeared to-be given off and the apparatus
had to be continually adjusted to allow for this. No oxygen wés
taken up within 3 hours. The solution was allowed to stir over-
night and 0.65 molar equivalents of oxygen were absorbed, The

solution becems faintly ysllow in colour.

Phe lazonium, 10106 te in Methanol Con ing dium Methoxida.

The experiment was carried out as described above for

phenyldiazonium fluoroborate in methanol but 0.47 ml. of & solution
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of sodium methoxide in methanol (30 mg. sodium/1.5 ml. methanol)
was added to the solvent before introduction of the phenyl-
diazonium fluorcborate. |

The solution tecame deep orange in colour immediately
on addition of the phenyldiazbnium fluoroborate and gas, probably
nitrogen, was given off. (This coloration did not occuf when the
salt was added to the msthanol alone,)

 After 3.5 hours uptake of ox&gen began slowiy aﬁd appeared

to stop after a further 30 min. The solution was left to stir over-
night. Only‘O.Q7 molar equivalents of oxygen were absorbed,

The sample was diluted (x 100 ) to a concentration of
0.035 mg./ml. and the U.V. spectrum was then recorded. /\

max, :
396 nm. ( & 5200), This ,A nax. VoS at a longer wavelength than

- those recorded for solutions of camphor phenylhydrazons under

similar conditions ( /\ max. 370 nm,) but it may make soms contri-

butien to the absorption at this wavelength,

‘U.V. Study of ths Behaviour of Phenvldiszonium Fluaroborate in

A solution of phenyldiazonivm fluoroborate (12.7 mg;
see page 172 ) in dry methanol (10 ml.) was prepared. (This
concentration gave ths same molar;ty as that of the camphor
phenylhyﬂrazone solution. (;;e page 210))

The phsnyldiazonium fluoroborate solution (2,65 ml.)
was placed in ths U.V. cell at 45°C., the sodium methoxide solution
(0.125 ml; from 36 mg. sodium in 1.5 ml. methanol) was added. The
spectrum was well off scale and remained off scale after oxygen had
been bubbled through the solﬁtion for 10 min, The solution was
therefore diluted (x 50), The absorbance ( /\ max. 396 nm.)
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slightly increased in intensity during 3 hours at.ZSOC, and than
renained éteady'( -E. 2,900), even after being kept at 45°C overnight.
The intensity of abéorbance in this case was much weaker than that
obtained in the gas uptake experiment with phenyldiazonium
fluoroborate ( & 5,200, see page 220) where the U.V. spectrum
was recorded,

It was found that solutions of phenyidiazonium fluoroborate
ere not stable. After storage for c.a, 2 days at 25°C no strong
absorption at 396 nm. appeared aefter addition of base which caused

an orange colouration with fresh solutions.

U.V. Study of the Behaviour of Fhanvlhvdirazine in Iethanol Containing

Sodiuym Methoxids.,

A solution of sodium methoxide in dry methanol (0.47 ml;
from 90 mg. sodiun in 1.5 ml. mebhanol, was diluted with dry methanol
(16 ml.). Redistilled phenylhydrazine (12 mg.) v;as added to this
solution, vhich was then stirred for 10 min., before the U.V. spectrum
was recorded. Dry oxygen was blown through the soiution for 10 min.
and the séectrum was then observed for 18 hours.

There was an increase in the intensity of the broad
absorption at 35C - 550 nm. after treatment with oxygen. Thise
increése in intensity diminished, rapidly at first, and, after 18
hrs. the spectrum had almost revertsd to that of the solution before
treatment with oxygen.

This result contrasts with the results for camphor
Fhenylhydrazone in sodium methoxide/methanol (see pages 210 - 713).
After treatment with oxygen the camphor phenylhydrazone solution
showed an increase in the intensity of absorption which continued to

increase on storage. It is therefore improtable that oxidation of



223,

free phenyihydrazine was responsible for the sfrong absorption
which appeared at 570 nm., with solutions of cémphor phenylhydrazone
in sodium methcxide/methanol.

A second experiment was carried out as describgd_earlier _
" for phenyldiézonium f£luoroborate (page 221), bu£ with redistilled
phenylhydrazine (8.9.mg.) in dry methanol (10 ml.).

The phenylhydrazine solution showed no absorbance between
450 and 350 nm, before it was sparged with oxygen for 10 min., It
then showed an intense, broad shoulder in this region. This
absorbance decreased in intensity, until, after 12 hrs.,, the specirum
was the same as that obtained from the first experiment (see above).

‘This result was consisent with that from the first
experiment (see above) and showed that oxidation of free phenyl-
hydrazine was not responsible for the strong absorbance (,A max.
370 nm.) given by camphor phenylhydrazone in methanol containing

sodium methoxide.

U.V. Study of a Mixture of Phenyldiazonium Fluoroborate and Camphor

in Methanol Containing Sodium Methoxide.

A solution of phenyldiazonium fluoroborate (0.0127 g3
0.0827 m. mole) and camphor (0.0126 g; 0.0827 m. moie) in dry
methanol (10 ml.) was prepared. This solution (2.65 ml.) was
placed-in a U, V. cell and the spectrum.was recorded., Only a very
weak shoulder between 550 and 300 nm. was observed,

Sodium methoxide solution (0,125 ml; from 36 mg, sodium in
1.5 ml. methanol) was added and the absorbance was found to be well
off scale. The mixture was therefore diluted (50x). The absorbance
( )\ max. 396 nm,) was weaker than that observed in previous

experiments with phenyldiazonium fluoroborate (see page 221).
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The spactrum did not changs after ths sample had béen stored at

45°C for 1 hour. Additioﬁ of a further 0.125 ml. of base solution

produced a very slight increase in the intensi_t.y at 396 nm, but

this did not change during another hour at 45°C. " Oxygen was then

blown through the sample for 10 min, This resuited in an increase

in the intensity at 396 nm. to approﬁmateiy the came as that in |

the previous experiment with phenyldiazonium fluorcborate., ( E 2000,

see page 272)., The cample was kept at 45°C for a further 2 hours.

No change occurred in the position or the intensity of the absorbance.
- A Jepp-Klingemann £ype of reaction (see Schems 37) between

the phenyldiazonium cation and camphor was not responsible for the

absorbances recorded for camphor phenylhydrazone in sodit.zm me thoxide/

methanol ( A max, 370 Dle, see page 212),

=z
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Belated Compounds.
Eraparation of Di-isopropyl Ketone Fhenylhydrazone.
~ Redistilled phenylhydrazine (10.8 g; 9.8 ml.) was added

to a solution of di-isopropyl ketone (20 ml.) in dry bonzene (50 m1.),
and the solution was refluxed for 12 hr., under nitrogen, in an
apreratus fittad with a Dean-Stark trap.

The mnzet}e was evaporated and the product was fractionally
distilled through a Vigreux . column: (i) b.p. 83 = 90°C/0.2 mm.

(4432 g2)s  (i1) Bap. 90 = 112°6/0.2 mn, (13.30 g.).

Both fractions were shown, by n.m.r. spectroscopy, to be
the séme compound, Gi-isopropyl ketone phenylhydrazone (84): 6 (60 Mz
0014) 1.2 (@, 174, Me), 2.7 (septet, %H, CH), 6.4 = 7.4 p.p.m.

(m, 64, aromatic and NH),

eduction of P ybrapyd, Ketone Phenvlihvdrazona.

_ The phenylhydrazoﬁe (4 g; 0.0196 mole) was reduced with
lithium aluminium-hydride in dry tetrahydrofuran by the method of
Bellamy and C‘:ut.h;ri<—>.23 The crude product (3.94 g.) was fractionslly
© alstilled: (1) bepe 50 = 85°G/0.2 mu., (ii) bep. 85 = 90°¢/0, 2un, ,
(111) bep. 90 = 92°C/0.2 mne, (iv) b.p. 92°C/o.2.mm.

The ne.m.r. spectra (60 Miz, 0014) indicated that fractions
(1) and (ii) were impure 2,/~dimethyl-3-phenylazopentane (83),
formed by oxidation of the intermediate 2,/~dime thyl-3-phenylhydra
zopentans during work-up: § 0.87 (a, 6H, M), 0.98 (d, 6H, M),
2,36 (m, 2, CH), 2.97 (m, 1H, CH), 7.2 = 7.8 p.p.m. (m, 5H,
aromatic). The methyl doublets in the spectra of fractions (111)
and (1v) suggested they were both mixtures of 2,4-dimethyl~3-

phenylazopentane and either 2,4~dime thyl-3-phenylhydrazopantane or



unchangad di-isopropyl ketons phenylhydrazone or both.

Fracticnas (i) end (ii)lwere combined and chromatographed
on a 20 x 1™ dry alumina column with:petroleum-ethsr (b.p. 60 =~ 80°C)
as elutent and semarated into two yellow bands. The light yellow
fraction was very impure and was not investigated further. N.m.r.
spectroscopy (6C Mz, C014) showad that the other darker &ellow band
(0.73 g.) was 2,/~dimethyl-3-phanylazopentane. (A small amount of
impurity was apparent in the region of 1.7 - 2 p.p.m.) Treatment of
this with yellow mercuric oxide in dry ether (see page 145), further
chromatography and distillation failed to purify ths product
furthsr. The product was shown, by n.m.r. spectroscopy, to rearrange
to di-isopropyl ks tone phenylhydrazone (40%) after 3 days in carbon
tetrachloride st 20°C.

In thevloo Miz n.mer. spsctrum of the neat azo-compound
the pair of methyl doublets of the i-propyl groups overlapped and
appeared as a triplet, as they did in the 60 Mz spectrum (5 - 10% M)
with benzene as solvent.

A strong solutioﬁ of 2,4-dimethyl-3=phenylazopentans c.a, |
(20% M), in diphenyl ether, was prepared and the 100 Miz NeMer,
spectrum recorded at temperatures varying from 28°C to 180°C. The
methyl doublets were separate at ?8°C, but began to overlap as the
temperature was increased., They did not coalesce or even broaden
at 180°C,

2,L-Dimethylpentan -3-21.

The reduction of the ketone was performed with sodium
153

borohydride in ethanol.

The product was fractionally distilled to give a pure alcohol,

101

bep. 139 - 140°C (1it: " vop. 13Pc):§ (60 Mz, €01,) 0.98 (4, 17H
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Me), 1.70 (septet, 2H, CH), 2.70 (s, 1H,0-H), 2.95 p.p.m. (t,1H,CH)
The 60 MHz n.m.r. spectrum in benzene showed the methyl absorptions
of the isopropyl groups as two separate doublets (0.80 and 0.90

p.p.m.).



TABLE 1

1H»N.M.R. Study of the Formation and Isémerisation of Phenvlhvdrazones
R].R?C = NNHAp
- A. Ar = Ph Solvent = Dioxan
Ry R, tims/hr. sy isomer/%
H Mo 0.5 . 58
20 63
120 65
18 71
168 72
H i-Pr 0.5 80
: 24 92
120 89
1¢€8 o1
H Et 1 73
24 79
170 78
Me CH.Fh 0.5 67
= i8 84
144 g5
B. Ar = th Solvent = Pyridine
Ry R, time/hr. syn isomer/%
H o 0.5 62
2 66
120 66
26/, 67
Ms Bt 0.5 50
1 54
5 60
24 60
120 66
1.4 71
264, 73
Yo CH_Ph 0.5 67
- 24 70
120 75
26/, 85




c. Ar = C 6H ANO o~ Solvent = Pyridins
R R, time/hr, syn isomer/%
H M'3 005 73
3.75 76
24 81
120 80
264, 81
1 Me Et 0.5 57
24 76
120 86
264 86
Me CH ?Ph 0.5 68
24 77
120 ‘84
264, 38
D. A» =C 6H LMe-_g Solvent = Pyridine
Ry R2 time/hr. syn isomer/%
H Ma 0.5 62
24, 62
. 120 60
240 61 .
Me Et 0.5 ?
24 ?
120 69
240 69
Ve CH?Ph 0.5 70
24 72
120 0L
240 81




Solvent = [2H3] acetonitrile

E. Ar = Ph
R, R, time/hr. syn isomer/%
H Bt 0.5 : 72
5 70
24 : 70
96 V5]
%64, ' 72
Mo Et 0.1 83
: 2.5 : 88
24 ' 90
96 : 91
264, 89
Me CHQPh 0.1l 73
‘ 0.5 _ 77
5 83
2/ 84
120 85
264, 86
- _ [2 ] -
F. Ar = 06H 4Cl—_}:g Solvent = H3 acetonitrile
Ry R, time/hr. , syn isomer/%
H Et 0.5 72
5 72
48 74
168 72
264, 74
) o 4 1 93
7 93
24 . 93
48 ' 94
120 94
432 94
Me CH,Ph 0.5 - 62
1 73
5 8
24 84
120 ‘ 87
264 37




G. Ar = C6H 4C«l—g Solvent = Nitromethane

Ry R, ‘time/hr. syn isomer/%

H ok 0.5 75

20 73

25 75.

120 75

264 72

Me Et 0.5 82

-5 82

2 83

120 82

233 83

Me CH,)Ph 0.5 87

- 5 88

24 87

120 38

26/, 8g

H. Ar = Ph Solvent = Nitromethane

Ry R, time/hr. syn isomer/ %

H Bt 0.5 71

5 70

24 72

120 73

264, 73




TABLE 2

The Isom2risstion of anti-Acetaldehyde Fhenylhydrazone.

Equation: In (Xe - X) ==t (k; * k;) + InXe.

X = mole fraction of gyn isomer at time t.
Xe = mole fraction of syn isomer at equilibrium.
Pun 1]
t/min. X/mole fraction Xe - X 1n (Xe - X)
0 0.21 0.42 -0.8675
10 0.27 0.36 -1.0217
30 0.382 0.248 -1.3943
45 0.445 0.185 ~-1.6874
75 0.5? 0.110 -2.2073
90 0.525 0.105 . =2.2538
105 0.530 0.10 -2.3026
equilibrium 0.63 - -
Run ?
t/min., X/mole fraction Xe - X In (Xe - X)
0 0.05 | 0.53 -0.6349
10 0.07 0.51 -0.6734
30 0.11 0.47 -0.7550
45 0.13 0.45 -0.7985
85 0.73 0.35 -1.0498
115 0.28 0.30 -1.2040
145 0.33 0.2 -1.3863
175 0.36 0.72 -1.5141
270 0.45 0.13 -2.,0402
420 0.51 0.07 ~2.6593
equilibrium 0.58 - -




TABIE 3 ) .
The Isom=risation of anti-Acefaldshyde FPhenylhydras : zZone -

‘gradisent ="(k1 M k...]_) ' intercept = 1nXe
E~Qﬂ l Yo = 0063
N |- gradient/min.t - intarcept
5 -0.018083 -0.8570
+ +
-0.030259 -0.0107
-0.01.4637 ~0.93/0
7 + +
=-0.001250 ~0,0787
Run 2 ' Xe = 0,58
N gradient/min,~0 | interce Pt
-J.005277 -0.6043
9 + ’ +
~0.0C00g 2 -0.0117
-0.,004974 =0.6273
10 + +
-0.000111 -0.0201
~0.022774 ~0.9317
11 +
~0.900250 -0.1152




TABIE 4
The Isomerisation of anti-icetaldehvds Phenylhvdrazone -
{at] X

Rug -] N=5
Xe gradient/min s irtercept
. -0, 201000 -0.8934
0.61 + +
-0.000330 - 1 =0.0137
. ~0.015547 -0.8846
-0,000791 ’ ~0.0121
~0,019028 ~0.8755
0 062 + ) +
=0.000288 -0.0124
-0.013540 ~0.8663
0 0625 + +
~0.000257 -0.0107
-0.018083 -0.8570
) 0 063 + + ’
=0.000259 -0.0107
=0.017645 =0. 84’76
0.635 | , .
=0.000268 -0.0111
~-0.017733 -0,3381
0.64 + +
=0.000783 =0.0117




Run 2 N = 9
Xe gradient/min.”* | intercspt
0.57 ' -0.005489 -0-6184
| 20.000103 20.0133 -
~0.005276 ~0.60/3
0.58 | ' .
1 Z0.000092 -0.0117
-0.005080 -0.5901
0.59 | ., .
. ~0.000085 20.0109
-0.004901 -0.5755
0.60 | , .
20.000081 20.0106
-0.004735 :0.5608
T0.000080 ~0.0103
-0.004656 -0.5535
0.615| , .
20.000020 20.0103
- =0.004581 -0.561
006? + +
‘ 20.000080 20.0103
-0.004/38 -0.5313
0063 + + .
20.070119 20.0152




TABLE 5

The Condangation of Acetaldehyde with Phenylhydrazine at
.! oY !'g mm:aﬁle? >
A. 1,2-Dimethoxyethane.,
time/min, t2mperature/°C product/% Lsoperic C:;r:fgs(;;olon
0 =/C 1l - -
5 =30 10 - -
10 -20 28 - -
15 -10 58 - -
5 0 B - -
30 +10 97 - -
35 +10 100 65 35
189 +25 100 72 28
B. 2.Methoxysthanol
time/min, temperature/°C product/% Isomeric Composition
sy/% anti/ %
3 =60 16 - -
18 -40 18 - -
25 =30 24 - -
30 -30 30 - -
45 =30 35 - -
60 -30 37 - -
90 =30 40 - -
100 -25 L0 66 34
1G5 =20 41 72 28
110 =20 42 70 30
120 20 43 69 31
126 -20 A 69 31
130 -20 yAA 69 31
135 =15 47 69 31
140 -15 48 68 32
145 =15 48 68 32
150 -10 49 & 31
155 -10 54 68 32
160 =10 55 69 31
165 -5 57 64 36
175 -5 62 69 31
180 =5 64 71 29
185 -5 - 66 69 31
190 0 70 70 30
195 0 72 70 30
200 +20 85 69 31




T:’\BI.E__é

The Cond=nsation of Excess Acetaldzahvde with Small Amounts of

Phanvlhydrazine.

vol., Ph NH NH_

solution added/m1. !S¥R isomer/% anti isomer/% Temperatﬁre/oC
0. 21 79 =40
O. 43 - 57 =40
0. 35 65 -0
0. 33 62 =40
0. 58a 498 =40
. 55 45 25

TABLE 7

2. Solution stored for 30 min. at -40°C,

b. Solution stored for 1 hr.

The Condensation of Excess Phenvlhvdrazine with Small Amounts of

Acetaldehyde.,

vol. acstaldehyde

solution added/m], |W8 isomer/% | anti isomer/y Tempe rature/°C
O. 60 40 10
0. 51 49 10
0. 54 46 10
0. 60 0 10
0. 55, 45 10
0. 59 41 25

a. Solution stored for 1 hr. at 25°C,




TABLE ¢

Condensations of Alkvl Phenvl ¥atones with Fhenvlhvdrazine in

Pyridine.
R PhC=NNH Py
Isomeric Composition fre
R |time/br. rotone/4
loxre - Less etone
1 Abundant Isomer/% | Abundant Isomer/%
Me C.5 0 0 100
2/ 92 8 67
120 92 8 3.
264, 93 7 17
528 92 8 9
792 91 9 7
It 0.5 2] 0 100
24 84 16 75
216 38 12 21
336 . 88 12 -
i-Pr laftér reflux 63 37 21
t~-Butjafter reflux 100 0 52
ABLE 9

Zquilibrated Isomeric Compositions for Alky) Phenvl Ketonas.

RPhC =NIFNH Fn
R Solvent More Abundant Isomer/%
e variousa 100
ce

Me 1 4 96

Et Céﬂé 51

Bt cc1 4" 54

i P CC )

i-Pr 1 L 82

a. Reported by Karabatsos and T.axllerr7

b. 0,71 solution.




TABIZ 10

The Ulfraviolet Spectra of Alkyvl Yhenyl Xetone Fhenylhydrazoneg

i!l Etl[a!;gl'
RPhC=NNITh
R A mex./nm. E
Me 233 12,000
303 12,200
331 17,000
t 35 13,320
303 13,460
334 19,800
i-Pp 260 10,500
283 11,650
t-But. 267 15,600
TABIE 1]
' 3
Tha Ultraviolet Spectra of Alkvl Phenvl Ketones in Bthanol .,
RPhC =0
R )\max./ nm, & Interplanar® Angle/°
Ve 242 13,200 0
ot 242 13,500 0
i=Pr 242 13,300 0
t-Butyl 242 9,100 34
2-Me thylbut-2-y1 239 8,300 38
3-ethylpent~3~-yl 238 7,100 43

¥ Braude and Sondheirer, J......Chem.Soec.,1955, 3754

a8, Angle bstween the plane of the C = O and that

of the phenyl group.




TABIE 12

Zhe Chamical Shifts of Alkyl Protons in Some Phenvlhvdrazones.g

R'.I. R2 Ci = N NH Ph - Chemical 3hifts in R

2
Hq /P.p.ﬂh Hﬁ (CH3 )/p.p.m. Most

R1 R2 Solvent ‘ Abundant

eis trans | ecis  trans isomer/%
B |Et co1, - 2.13 0.98 | 1.00 -

+
| I’b Et ccl!" 2003 2022 0'97 1007 -
Ph | Bt cC1 4 2,13 2.13 0.996 | 0.996 54
H | Et C H, 1.48 | 2.05 0.70 | 0.92 -
Ph | 2t CgH, 219 | 2.56% | 0. [1.18% | a1
H jePp cc1 A - 2.33 0.95 1,02 -
Y  i-Pr cc1 4 - 2.45 0.37 | 1,07 -
P | i-Pr | CC1, 3.1 | 2.77% | 130 |1.3% 82
- ce - - - - -
H | t-But 1, A

Mo | t-But| CC1 . - - - |12 -
Ph t""BU;i'o CGIA - - 1 ° 27 1. ?O* 99

% Chemical shifts for compounds in which Rl is H or
Y2 were reported by Karabatsos and Taller.17

* Chemical shift of most abundant isomer,



TABIE 13

Optical Rotations of Camphor in Ethanol.

wave length/nm, corrected rotation/° [0(} 28 [ M] 28
365 3.403 340.3 516
436 1,272 127.2 194
546 0.539 - 53.9 81.7
573 0.451 45.1 68.5
589 0.478 42.8 65
TABIE 14

Opntical Rotations of Camphor Phenvlhvdrazone in Methanol.

wavelength/nm, » Observed Rotations/°
Before treatment with air{ After treatment with air
546 -0.008 +0.010
578 -0.023 0,010
589 ~-0.024 0.000
TABIE 15 A
Optical PRotations of  2-Phenylazobornane in Msthanol.
wavelength/nm.pathlength/cm. concn./% | corrected rotation/° [N]?g
365 1 0.2 +0,290 +1450
546 10 1 -3.009 -300.9
578 10 1 =2.375 -237.5
589 10 1 -2,211 ~221.1




TABIE 16

Basa Catalysed Rearransemont of 2 -

Phenylazobornane in Methanol
Followed by Optica]l Rotation. '
I~ o - o
time/min. observed rotation/ tims/min. | observed rotation/
0 -1.160 150 -0.013
5 -1,070 160 . ~0.001
10 - =0,980 170 0.016
15° -0,900 180 0.09
20 ~-C.873 150 0.040
25 =0.755 200 0.050
30 -0.69/ 210 0.062
35 <0.622 230 0,072
40 -0.570 240 0.080
45 =0.,522 250 0.085 .
50 =0,474 260 0.090
55. -0,430 270 0.090
60 -0.,398 280 0.095
70 =032/
90 -0.203
100 -0.158
120 -0.990
130 -0,062
140 -0,040
TABIE 17
Base Catalysed Pearrangement of 2- Fhenylazobormane in Methanol
Eollowed by U.V. Spectroscopy.
A. Run 1
time/min, absortance (i) A-afp In (A - a €p)
5 1.182 1.062 +0,06015
10 1.155 1.035 +0,03440
15 1.148 1.028 +0,02761
25 1,120 1.000 +0,00000
35 1.090 0.970 -0,03045
45 1,065 0.945 -0,05657
55 1.043 0.928 =0,07472
65 - 1,030 0.910 -0.09431
80 1.005 0,835 -0,12216
100 0.970 0.856 -0,16251
120 0.948 0.828 -0,18374
140 0.928 0,808 -0.21319
160 0.908 0.738 -0.73825
180 0.890 0.770 -0,26136
200 0.885 0,765 -0,26780




TABIE 17

3. Run 2
time/min, absorbance (4) 4 ~afp In (A - afp)
15 1.368 1.2430 0.22154
20 1.352 1.2320 0.20363
.25 1.348 1.2230 0,20538
35 1.330 11,2100 0.19062
45 1.310 1.,1900 0.17395
55 1.3C0 1.18C0 0.16551
75 1.284 1.1640 0.15186
95 1,270 1.1500 0.13976
115 1.250 1,1300 0.1222]1
150 1.7230 1.1100 0.10436
Coe Run 3
time/min. absorbance (4) A~-afp In (A - a€p)
5 1.73 1,610 0.47623
10 1.72 1.600 0.47000
20 1.71 1.590 0.46373
30 1.70 1.580 0.45742
50 1.68 1.560 0.44468
70 1.64 1.520 0.41871
S0 1.63 1,510 0.41210
120 1.62 1.500 0.40546
150 1.60 1.480 0.3920/
190 1.585 1.465 0.33185
210 1,580 1.460 0.37343
D. Run 4
time/min, absorbance (4) A-afp 1n (A - a€p)
5 1.402 1.2820 0.24842
10 1.388 1.72680 0.23744
15 1.380 1.2600 0.23111
25 1.360 1.2450 0.21511
35 1.354 1,7340 0.21026
50 1.355 1.2150 0.19474
70 1.370 1,2000 0.1823°
100 1.300 1.,1800 0.16551
130 1,230 1,1600 0.148342
160 1.270 1.1500 0.13976
200 1.760 1.1400 0,13102




TABLE 18 ,
‘Base Catslysed Pesyrrapncemsnt of 2 - Thenylazobornane in 'btha
Tollewed by UV, Spectroscapy.

Pun No. K/min, intercept
1 0.00165 - 0.00009 40.02741  0.0001
2 0.00085 ~ 0.0006 0.22191 = 0.0045
3 0.000276 = 0.000758 0.45112 = 0.1652
4 0.02658 ~ 0.00336 0.99892 = 0.3236




TABIE 19

Sample Concentrations for Investication of the Bagicity of

Nitromethane by Infra-red Spﬁctrqsconv.

Sample | Weight of Concentration of | Volume of
number | Kitromethane/g, Nitromethane/M o-Fluorophenol
solution;ml.
1 0.0334 0.01096 2
2 0.0062 0.00203 w
3 0.Cx92 0.00302 "
A 0.0419 0.01375 "
5 0.327, 0.00897 "
6 - - 14
7 - - 1
TABLIZ 20

Sample Concentrations for Investigation of the Bagicity of

Acetonitrile by Infra-red Spactroscopy.

Sample | Weight of Concentration of Volume of
number | Acetonitrile/g, Acetonitrile/M P-Fluorophenol
’ solution/ml,

1 0.0181 0.008/ 2

2 0.0072 0.0035 n

3 0.0192 0.00938 "

A 0.0159 0.00775 "

5 0.0554 C.0270 n

6 - - "

7 - - 1




TABIE 21
. !Zﬁ&qrnv‘ [j_:::,‘i!j(\n of L!lhn a_g__‘}j f‘:"'i'.
§ Do :,ZQ BSCOCY e

ﬁi;gii Trenseission/% | Bg/M Absortance (B) | A/M /Pfl
) 60 0.0052 0.2214 0.00352 24,49
2 58 0.0035 0.2370 0.00380 33.9
3 59 0.0093% | 0.294 0.00378 12,4 =
I& 5905 Oom'r;s 00 9263 000':)365 2109
5 62.5 0.027% 0.2041 0.0039 10,6244
6 56.7 - 0.2478 A=2° -
7 B3 - 0.1351 A =4Y -

% Result not used in determiration of average Kf .
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