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ABSTRACT OF THESIS 

A brief review of some historical aspects of phenylhydrazone 

chemistry and of the work of other authors on the formation and 

isomerisation of phenylhydrazones and related compounds is given in 

the Introduction. Where appropriate, more detailed reference is made 

to the work of other authors in the Discussion. 

The initial and equilibrated geometric isomer ratios of 

various phenylhydrazones in several solvents have been examined by 

1H n.m.r. spectroscopy and the factors thought to influence these 

ratios are discussed in the light of the results obtained. In 

particular, attention has been given to acetaldehycie phenyihydrazone. 

The anti isomer was found to be isolated due to preferential cryst-

allisation and was only observed as the kinetic product during the 

formation of acetaldehyde phenyihydrazone in solution under controlled 

conditions. Isomerisation of solid acetaldehyde phenyihydrazone has 

been observed and in solution the isomerisation is strongly catalysed 

by free phenyihydrazine. It is thought that this catalysis extends 

to other phenyihydrazones, complicating measurement and interpretation 

of the initial isomer ratios. The structures and possible mechanisms 

of formation of higher molecular weight products from the condensation 

of acetaldehyde and formaldehyde with phenyihydrazine are also 

discussed. 

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 

bisphenyihydrazone has been investigated but the experimental evidence 

did not discriminate between two possible mechanisms previously 

proposed and a. third mechanism has been considered. 

The possibility of a Cope rearrangement between the C-C 

and N-N dimers of benzaldehyd.e phenyihydrazone was examined and, 

although the products were not isolated, analysis of equilibrated 

solutions by chromatography suggested 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-phenylazobornane, to the 

corresponding phenyihydrazone have been studied by polarimetry and 

ultra-violet spectroscopy but complications due to further reactions 

of the product were encountered. 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 phenyihydrazones and phenylazo compounds are 

described and discussed. 
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1 . 

INTRODUCTION 

Emil Fischer discovered pheñy1hydrazine 1  in 1877 and 

shoed 1,2 that it combines with carbonyl compounds to form 

phenylhydrazones of the general formula (1). 

Phenyihydrazones have since formed one of the main 

classes of crystalline derivatives by means of which carbonyl 

compounds are commonly characterised. Although phenyihydrazine 

itself is suitable for the characterisation of many individual 

aldehydes and ketonea, firstly .-nitrophenylhydrazine 3  and then 

2,4-dinitrophenylhydrazjne 4  replaced phenyihydrazine in routine 

characterisations because their derivatives are coloured, often 

more highly crystalline, and less prone to oxidation and 

cyclisation. 

Phenylhydrazones are also important as intermediates 

in the preparation of many heterocyclic compounds and they 

undergo a variety of other reactions, some of which are discussed 

in this thesis. 

Most aryihydrazones, are, of course, synthesised by 

the reaction of the aryihydrazine with the carbonyl compound. 

The choice of conditions is dependent upon the particular 

aryihydrazine and the carbonyl compound which are used. 

Phenyihydrazine is completely miscible with most solvents except 

light petroleum - ether and water, and phenylhydrazones have 

been prepared in a variety of solvents, with or without acidic 

65 
catalyst ' ' ' • Almost quantitative yields are often obtained in 

ethanol5 . Most ring substituted phe nylhydra zones can be 

synthsised by using conditions similar to those for the parent 

compound, except in the case of 2,4-dinitrophenylhydrazones7 
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(D N Ps). 

The methods for the preparation of arylhydrazones 

are well established and the mechanism of their formation under 

various conditions has been studied in detail, mainly by kinetic 

experiments 8,99 . and has been found to be analogous to that for 

the formation of oxines, semnicarba zone s, thionemicarbazones and 

Schiff bases10 . 

The attack of the nuc].eophilic reagn (Scheme 1) is 

rate determining under slightly acidic conditions, and is usually 

subject to both general acid and specific acid catalyst?0 . 

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 known 11  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 possible about C = N, and since the 

arrangement of the bonds around nitrogen is trigonal, two 

geometrical isomers are possible for phenyihydrazones of 

unsymmetrical carbonyl compounds, (2) and (3). Both geometrical 

isomers of numerous phenyihydrazones and D N P's have been 

isolated 12-16.  Often, however, these are cases where one of 

the isomers is intramolecularly hydrogen bonded. 

It has been concluded by both Bellamy and Guthrle 23 9  

and Karabatsos and Taller 17, that all phanyihydrazones, either 

In solution or neat, exist in the :Irnine form (4) with no azo (5) 

or ene—hydrazine (6) forms detectable. 

Throughout this thesis the nomenclature for 

A. 
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phenyihydrazones of aldehydes and ketones which was adopted 

by Karabatsos and co-work-ors 7rs is used, even though this is 

ambiguous in soma cases: the syn isomer (in 7) has the anilino 

group cis to the smaller R group, and the anti isomer has the 

anilino group cis to the larger R group e .g. the anti isomer of 

acetaldehyde phenylhydrazone has the anilino group gja to the 

methyl group. 

Silverstein and Schoolery were amongl ,  the first to 

apply n.m.r. techniques to the studies of D N P'3 •  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 result in terms of an anti form (8) in Vihich 

the phenyl group is coplanar with the C = N, and a syn form (9) 

in thich the phenyl group is non-coplanar with the C = N. 

1719-22 Karabatsos and his co-workers ' 	studied the 

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-.orkers reported a great deal about the 

configurational stability of phenyihydrazones and related 

derivatives and in doing so laid the foundation for the major 

part 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 phenyihydrazones and related 

compounds under a variety of conditions. Since, because of 

their usefulness in the characterisation of carbonyl compounds, 

D N P's are probably the most familiar of this class of 
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compounds, the question of stereoisomerlsm and the factors which 

effect isomerisation in D N P'3 have received the attention of 

many workers. The Investigation of the 	-anti isomerisation 

of D N P'3 of a1kyl•heny1 ketones by U.V. and infra-red 

spectroscopy by Rarnirez and Kirby 24  , the extensive n.m.r. studies 

on the W's ofaliphatic and aliphatic-aromatic aldehydes 

and ketones by Karabatsos and his co-workers 17..19-21  , and the 

rate studies of the 	-anti isomerisation of alkyl aldehyde 

D N P'8 by Hegarty and 3cott 5 , which occurs during brominatlon, 

all suggest that only steric factors are important in determining 

the stability of the various geometrical Isomers in these systems. 

0 
Karabatsos et al. - 7 also point out that in the case of acetaldehyde 

D N P, the s 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 D N P 

increase the 	/anti ratio. 

Curtin, Grubbs and McCarty 26
conducted an extensive 

study of the 	-,nti, isotnerisation of imines, oxirne 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 th the 0 6H4X cis to one of the 

-methoxyphenyl groups. Interconversion of stereolsorners 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 

stereoisorner but isornerise 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. results. While 

oximes were found to be nfigiationally stable, halo-imthes 

were found to have configurational stability intermediate 

between the -arylimines and the oximes. They concluded that 

the isomerisation of the imines studied is a unimolecular process 

and suggested that it occurs by a "lateral shift mechanism" 

which consists of the shift of the substituent attached to 

nitrogen (12) through a linear transition state, while the IT 
bond remains intact and the unshared electron pair occupies the P 

orbital orthagonal to the 7-1-bond of the nitrogen. This 

mechanism is also suggested for the isornerisation of azobenzenes 

and phenyThydra zone's 78 . 

Jennings and Boyd 519  have recently investigated the 

mechanism of 	-Anti isomerisatiori of 1!-alkyl-ketirnines by 

n.m.r o  spectroscopy and measured the interconversion rates (see 

Scheme 2) for a series of .-alkyl-ketimines at 180 - '00 00. The 

Lt G values obtained from the coalesence temperatures were 

found to be insensitive to the nature of the substituents (whether 

alkyl or aryl) on the carbon. This suggests that isomerisation 

takes place by a mechanism close to pure nitrogen inversion. This 

mechanism appears to be intermediate between the 'lateral shift" 

mechanism described above and the addition-rotation mechanism 

described below for acid catalysed isomerisation. Rotation 

about the C = N is another possible mechanism, but the energy of 

the dipolar (or di-radical) transition state for this mechanism 

would be considerably lowered by 9-aryl substituents. 

For molecules containing a Q.-alkyl substituent with 

at least one o( - hydrogen atom they suggested a third 



mechanism, involving an enamine intermediate (Scheme 3). In 

support of this mechanism they cited examples of 2-ethy1 imines. 

At teriqratures higher than those required for coalescence of the 

ethyl signals to a single A 7 5 system due to rapid isomerisation 
both th3 methyleno quartet and methyl triplet broaden and collapse 

to singlets due to loss of vincial coupling which is consistent 

with fast proton exchange during rapid imine-enamine 

tautomerlsation. As more convincing evidence they report 

deuterium exchange with the protons in the a-methyl group of 

Q.-methyl alkylirnines in [2111] methanol during isornerisation at 

ambient temporatuje. 

Boyd, Jennings, 	 30 
and co-workers , also suggest 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 -methyl imines with phenyl and 1-napthyl substituents on 

carbon (13 and 14) shows that the proportion of (14) increases 

on substitution of the more bulky 1-napthyl group for a phenyl 

group at R1, and also on changing the substituent from 2-na pthyl 

to l-napthyi. They propose that (13) may be destabalised by an 

n. - Tlrepulsive interaction" between the non-bonding nitrogen 

lone pair electrons and the 77-. electrons of the proximate 

aryl ring. 

1bre recent work by this group31  , which is dealt with 

In the discussion section on the alkyl phenyl ketone phenyihydra-

zone series, substantiates their results which are described 

immediately above. 

A similar controversy concerning the factors which 

0. 
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determine the configurational stability and the mechanism of 

y-anti isomerisation of oximes also exists. Several kinetic 

studies of the 2yU-anti isorisation of oximes 19 '323 , and 

	

-46  
of oxinie anions have appeared. However 	-anti isomerisation 

of phenyihydrazones has not been investigated to the same extent 

using modern phy3ical techniques. 

	

The mechanism of acid catalysed 	-anti isornerisatjon 

of a series of methyl-substituted ecetophenone D N P'3 has been 

more recently investigated by Idoux and Sikorskl. 37  who found that 

the isomerisatjon was influenced by polar, as well as steric, 

effects and suggested that polar effects generally play an 

important role in isornerisatjon about the C = N bond, though 

sterjc factors are the dominant influence. Their results favour 

an addition-rotation mechanism (Scheme 4) for acid catalysed 

isomerisation, as suggested earlier by Krabatsos 17' 1921 . 

The most extensive study of the configurational 

stability of phenyihydrazones, D N Pi s  and semicarbazones of 

aliphatic aldehydes and ketones by n.m.r. spectroscopy was that 

of rcarabatsos et al. l7492, whose findings with regard to 

geometrical isornerisatiori suggested that the condensation 

reaction generally gave rise to a single isomer in Thich the 

bulky Z group attached to the irnino nitrogen bore a s yn  

relationship to the smaller R group (Scheme 5). The isomers 

equilibrate on standing, or on acidification. At equilibrium, 

the 	isomer pradorninates (Bulkiest 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 isolated (viz, of acetaldehyde 

phenylhydrazone and -chlorophenylhydrazone). They suggested 

that isolation of a single isomer in these cases was the result 

of either kinetically controlled formation of one isomer only or 

of rapid isomer'equ.ilibration and precipitation of the less 

soluble one. For aldehyde D N P'3, for which isomer equilibra-

tion is slow, it has been demonstrated 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 preparations of phenyihydrazones 

and D N P's favours this possibility. Because of steric inter- 

actions in the transition state 38  involved in the elimination from 

the carbinolamine Intermediate formation of the thermodynamically 

more stable isomers is to be expected i.e. reaction (15) should 

be favoured over (16). In the two cases where the less stable 

isomers were isolated (see above) the initial product formed was 

a gum which crystallised only after standing for several 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 the discussion.) Karabatsog et al, also discussed 

the mechanism for the acid catalysed 	-anti isomerisation of 

D N P'3 and semjcarbgzones in terms of the addition-rotation 

mechanism already described (Scheme 4). 

Bellamy and Guthrie 28 also isolated the anti Isomer 

(bulkiest group 2j) of acetaldehyde phenyihydrazone and found 

it to isomerjse to an -anti equilibrated isomer mixture 

(3:2) after 42 hours in benzene. By deuterium exchange experiments 
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using 1  H n.m.r. spectroscopy they shod that neither a 

phenylazoalkane () nor an ene-hydrazine (6) was an inter-

mediate in the interconversion of the syn and the anti isomers 

of phe nylhydra zones in neutral solutions. They favoured the 

"lateral shift" mechanism (described earlier) for the 

isomerisation of phenyihydrazones under neutral conditions. 

In summary, at the commencement of the investigation 

described in this thesis, it had been established that 

phenylhydrazones exhibit geometrical isomerism, that they 

undergo rapid .m-anti isomerisation, and in some cases can be 

isolated as a single geometrical isomer. It remained a matter for 

speculation, however, 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 phenyihydrazone 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 phenyihydrazones discussed in this thesis was undertaken. 
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DISCUSSION  

N.M.R. Stildy of the Forjirtjpn and Isomerjsatipn qf 

.Ehiw1hydra ZQn 

The anti (thermodynamically less' . stable isomer) of 

acetaldehyde phenyli.ydrazone had previously been isolated from 

preparations of acetaldehyde phenyihydrazone, and had been 

found to isomerjse in solution to a 	-anti isomer mixture 

(3:2) by both Bellamy and Guthrie 28, and Karabatsos et ai. 17 ' 

It was considered that the anti isomer might be the kinetic 

product of the condensation. (It was later shown, however, 

(see pages 20 -22) that the anti isomer was isolated due to 

preferential crystallisation). It was also thought that the 

thermodynamically lass stable isomers of other phenylhydrazone5 

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 , 

para. I ) suggests that the thermodynamically favoured () 

isomer would also be kinetically favoured, but it is possible 

by taking into account intramolecular hydrogen bonding in the 

carbinolamine, which is initially formed in the condensation, 

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

anti isomer on dehydration. 

Hydrogen bonding (Scheme 6) between the hydroxyl 

proton and the c(-nitrogen lone pair, or less likely between 

the 	-N--H and the oxygen lone pair, could hold the carbino- 

lamine in a cyclic arrangement with minimized non-bonded 

interactions between the methyl group and the c( -N-H. If the 

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



rotation, as shown, would lead to atrans—antiperiplanar 

arrangement, and would also bring the methyl and NHPh into a 

cis arrangement, leading to the least stable geometrical 

isomer of the phenylhydrazone. 

In order to investigate whether or not such a 

hydrogen bonded carbinolarnine did influence the initial 

products of pheny].hydrazone formation, condensations of carbonyl 

compounds with varying degrees of steno hinderance around the 

carbonyl group were examined by n.m.r. spectroscopy. The 

reactions were monitored as soon as solutions of the reagents 

were mixed, and then at intervals until an equilibrated isomer 

mixture had been formed. The assignments were made on the 

basis of the n.m.r. data reported for phe nylhydra zones by 

Karabatsos et al. 17 ' 	Ring substituted phenylhydrazones 

(e.g. 2-methyl, 2-chioro and 2.-nitro) were used so that 

comparison  could be made of the isomer ratios for pheriylhydrazone s 

in which the hydrogen bonding affinity of the nitrogen lone pair 

described above was either increased or decreased relative to 

the unsubstituted phenyihydrezone. The solvents used were also 

varied c.f. pyridine and nitromethane; pyridine 17 would be 

expected to form intermolecular hydrogen bonds with the 

carbinolainine and thus prevent formation of the cyclic carbino-. 

lemma arrangement described above, whereas with nitromethana 

intermolecular hydrogen bonding would be greatly decreased 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 solublM enough 

11. 
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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 carbinolarnine), (iii) the 

absorptions of the solvent 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 that they 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 comparison of the 'basisity of various 

solvents by measurement of their 	 w  (CH 013 ) values 

(see Experimental, pages 929 93 	) suggested that both 

nitromethane and acetonitrile were much less basic than dioxan. 

Acetonitrile fulfilled most of the requirements listed above 

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 being studied. (This was over-

come in most cases by use of {2u3J acetonitrile). Acetonitrile 

had been found by Delpuech39 , using n.m.r* spectroscopy, to 

exhibit less hydrogen bonding affinity than other common organic 

solvents (e.g. dioxan, ether and tetrahydrouran). Nitromethane 

also fulfilled the requirements listed above, but, from comparison 

of the result of Delpuech for acetonitrjle and 'that of Martin and 

Martin for nitromethane, using the same method, nitrornethane 

appeared to have a hydrogen bonding affinity lightly greater 

than that of acetonitrj].e. These results were re-investigated 

using 'both n.rn.r. and infra-red spectroscopy (see Experimental, 
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pages 89 - 93 ) and acetonitrile was found to have a greater 

hydrogen bonding affinity than nitromethane. It was shown 

that nitromethane did not react with carbonyl compounds under 

the conditions used for the formation and isomerjgatjon of 

phenylbydrazones. Nitromethane was found to be the most suitable 

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

-nitrophenylhydrazjne was not sufficiently soluble in either 

nitromethane or acetonitrile. (This limitation was not present 

when .-chlorophenyThydrazjne was used.) 

The results of these experiments are presented in 

Table 1. The values reported for the amount of svn isomer are 

accurate to c.a.! 2%, Only the percentage of s -vn isomer in 

relation to the total aunt of phenylhydrazone In the solution 

Is re orted in Table 1. In cases where the carbonyl compound 

was stericafly hindered e.g. benzyl methyl ketone, It was found 

that formation of the phanyihydrazone was slow, and free carbonyl 

compound was observed to be present up to 5 hours after mixing 

the reactants. It was also found that in some solvents e.g. 

pyridine, -nitrophenylhydrazjne is less reactive than 

phenylhydrazina itself, which is in turn less reactive than 

2-me thylphenylhydrazjne. 

Great emphasis cannot be placed on the isomer ratios 

measured before the solutions were equilibrated since it was 

discovered, after these experiments had been run, that phenyl-

hydrazine itself greatly catalyses the isomerisation of 

acetaldehyde penylhydrazone (see page 30 ) and it is possible 

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 phenyihydrazine over carbonyl 

compound was used, but even if equimolar quantities of carbonyl 

compound and penylhydrazine had been used, sufficient phenyl-

hydrazine would have been present throughout most of the 

reaction period to catalyse the 	-anti isomerisatjon of the 

phenylhydrazone. 

With dioxan (pK - 2.92) and pyridine (pK c.a. 

the more basic solvents used, examination of Tables 1 A, 

B, C and D shows that the percentage of s
-Vn isomer increases as 

the formation and isoinarisation of the phenyihydrazorie proceeds, 

except for the fast reaction of aaldehyde with -rnethylpheny1 

hydrazine (Table I D) where condensation and isomerisatlon were 

probably complete before the first spectrum (0.5 hr.) was 

recorded. In nitromethane the initial isomeric composition does 

not change significantly as the reaction proceeds (Tables 1 G and 

H), and in [H3 1 acetonitrile (Tables 1 F and ) an Increase in 
the percentage of s

.Vn isomer was observed only in the relatively 

slow reaction of inthyl benzyl ketone with both phenyThydrazine 

and -chlorophenylhydrazjne. These results indicate that the 

greater the hydrogen bonding affinity of the solvent, the 

greater the percentage of anti isomer initially formed. This does 

not support the hypothesis Involving the cyclic carbinolamine 

intermediate described above. It Is possible, however, that 

isomerisation catalysed by phenyihydrazine is more rapid in 

solvents thich have low hydrogen bonding affinity, and that only 

equilibrated isomer mixtures were observed in these solvents. 

Comparison of the initial isomeric compositions for 
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- nitrophenylhydrazones and unsubstituted phenylhydrazones 

in pyridine (Tables 1 B and C) shows that there is less of the 

anti isomer present initially with - nitrophenylhydrazones. 

The 2-nitro eub3tituent would be expected to delocalise the 

nitrogen lone pair, thtis decreasing the strength of the 

hydrogen bonding in the proposed cyclic carbinolarnine (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 observed with 2-methyl substitution 

(Table 1 D), but subsititution of a -methyl group appears to 

make little difference to the initial isomer ratios (compare 

Tables 1 B and D). -thylphenylhydrazine is more reactive 

than phenylhydrazine itself, which is in turn more reactive than 

.'-nitrophenylhydrazine. (It may be that, in the experiments with 

.p-methylphenylhydrazlne, 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 substitution should be more marked, but comparison of 

results in acetonitrjle (Tables 1 F and E) and in nitromethane 

(Tables 1 G and H) (where a 2-chioro substituent was used to 

provide the Inductive effect rather than a 2-nitro substituent 

because of solubility problems) shows there is no great 

difference in the isomeric compositions of the substituted 

and unsubstituted phenyihydrazones. 

Hence, the Initial Isomer ratios do not, in general, 

substantiate the hypothesis of the cyclic carbinolamine 

structure, but the effect of catalysis by phenyihydrazine, or 
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ring-substituted phenylhydrazines, on these initial ratios is 

uncertain. The solutions were 1.25% M in phenyihydrazine (or 

ring-substituted phenylhydrazine) after the phenylhydrazone 

formation was complete. The equilibrated isomer ratios provide 

more significant Information as these should be unaffected by 

the catalysis. 

In a 2-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 M isomer. Convers1y an 

electron releasing substituent (e.g. Me) should have the opposite 

effect and increase the percentage of anti isomer in the equili-

brated mixture. For solvents with low hydrogen bonding affinity, 

e.g.. nitroinethane and acetonitrile, para-substitution in the 

phenyl group should have little or no effect on the equilibrated 

isomer ratios. 

Comparison of the equilibrated isomer ratios (after 

c.a. 200 hours) for substituted and unsubstituted phenyihydra-

zones substantiates the above hypothesis, i.e. there is less 

anti isomer at equilibrium in the -nitro substituted compounds 

and more in the -methyl substituted compounds than in the 

utisubstituted phenylhydrazones for solutions in pyridine (Tables 

1 B, C and D). Also, in the non-basic solvents, nitromethane 

and acetonitrile, substitution of an electron withdrawing 

substituent (2-chloro) has little effect on the equilibrated 

isomeric composition (Tables 1 E, F, G and H). For example, 

with acetaldehyde phenylhydrazone In nitromethane (see 
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Experimental, pages 8, 86 ) the equilibrated mixture contains 

39% of the anti isomer, whereas with the 

in the same solvent 29% of the anti isomer. In pyridine the 

corresponding 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 equilibrated solution and this effect is 

more marked on substitution of an electron withdrawing -.nitro 

group. icarabatsos and Taller 17 have related chemical shifts 

in the n.m.r. spectra of phenyihydrazoneg to hydrogen bonding 

Lth solvents such as pyridine, nitrobenzene and methyl benzoate. 

Because of complications Ath catalysis of the 

isomerisation of phenylhydrazones by free phenyihydrazine the 

experiments discussed above did not serve the prupose for which 

they were originally designed i.e. to provide information on isomer 

ratios of phenyihydrazoneg 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 phenyihydrazine. Experiments of the 

latter type have been carried out with acetaldehyde and 

phenyihydrazine, and the results are discussed on page 31 
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The Condensations of Acetaldehvde 	 AmIn2—Derivatives  

Related to Phenylhvdrazine. 

Both the hypotheses described earlier in relation to 

the initial (page 15 , para. 1 , Scheme 6) and equilibrated 

(page 16 , para. 2 , 17) isomer ratios for phenylhydrazones 

are dependent upon the basicity of the a( -  nitrogen in the 

carbinolanitne and the phenyihydrazone respectively. If this 

basicisity were altered, then, providing the hypotheses were 

correct, the isomer ratios of the initial and equilibrated 

Products would also be expected to alter. Substitution of the 

- nitrogen by oxygen and carbon would be expected to 

decrease the basicity at the o( -  position and thus decrease 

the proportion 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 

phenylhydrazone. 

The condensation of Q-phenylhydroxylamjne with 

acetaldehyde in dioxan was studied by n.m.r. spectroscopy 

(Experimental, page 114) in the same way as condensations of 

carbonyl compounds with phenylhydrazine and substituted 

phenylhydrazines were followed. The reaction was much slower 

than that of acetaldehyde with phenyihydrazine. ]hydration 

of the carbinolamine (1- hydroxy- l-phenoxyamino-ethane ., 18) 

appeared to be rate determining and absorptions attributed to 

this interndiate began to decrease in intensity after 5 hours 

when absorptions for the isomers of Q-phenyl acetaldehyde 

oxime (19) were initially observed. The doublets of the isomers 

overlapped in dioxan but separated on addition of benzene. 
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The equilibrated isomer ratio was found to be 53% s vn and 

47anti i.e. more anti isomer than for acetaldehyde phenylhydrazone 

in dioxan (615' 	, 39% anti). This result supports the 

hypothesis described earlier in relation to equilibrated isomer 

ratios. Because of the overlap of signals the initial isomer 

ratios were not measured. 

Similarly, the condensation of acetaldehyde with 

benzylamine in dioxan was studied (Experimental, page 117). 

The initial isomeric composition was found to be 83% s and 

17% anti. The reaction was complicated by rearrangement of 

the acetaldehyde benzylirnine to benzaldehyde ethylimine (o, 
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 benzaldehy1e ethylimine was observed in this case. 
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Experiments with Ace ta ldehvde Phe tiyThy&re zone. 

The Isolation of anti- A&  tajdehvde Fenvlhydrazone , 

Attempts were made to isolate the anti isomer of 

acetaihyde phenyihydrazone by following the method of 

Bellamy and Guthrie (Method A; Experimental, page 9 ), 

but this method generally yielded an isomeric product mixture 

containing c.a. hD% anti isomer; 95% was the highest proportion 

of anti isomer obtainad in these mixtures. The method 

described by Laws and Sidgwick (Method B; Experimental, page 98) 

also proved unsuccessful. It was apparent from the attempts to 

prepare the anti isorier by method A that the temperature at which 

the condensation is carried out is important in determining the 

nature of the product; higher temperatures favoured the formation 

of higher molecular weight products. The reaction tended to 

be more exothermic when redistilled phenylhydrazine and acetalde-

hyde were used. Pure anti - acetaldehyde phenylhydrazorie was 

obtained by carrying out the reaction at as low a temperature 

as possible ( < 7800) in ethanol as solvent (see Experimental, 

page 99 ). The solid 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 crystalline product, which 

was shown by n.m.r. spectroscopy to be 93% anti isomer and 7 

s -vn isomer, before it was further purified by crushing with 

ice-cold ethanol, was 85%. After purification the yield was 

56% and the mixture contained > 98% anti isomer. (For 

propionaldehyde phenyihydrazone only an equilibrated isomer 

mixture was obtained using the same method.) 

In another preparation (see Experimental, page 100 ) 
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in which neat acetaldehyde arid phenyihydrazine were allowed to 

react while cooled on ice, the crude product mixture was shown 

by n.mr. spectroscopy to be 69% syn isomer and 31% anti isomer. 

- After purification by crushing with ice-cold ethanol the 

composition was 40% syn isomer and 60% anti isomer. These 

results showed that the AZn isomer was selectively dissolved 

in ethanol. 

The preferential solubility in ethanol of the s yn  

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 phenyihydrazine in benzene the solution 

contained a mixture of 65i s -vn isomer and 3 anti isomer. 

After the benzene had been removed jyup the n.m.r. spectrum 

of the crude crystalline product (6.5%) showed it was composed 

of 13% syn isomer and 7% anti isomer. Conversion of syn isomer 

to anti isomer must have taken place during crystallisation. 

During the various attempts to obtain pureanti-aceta1dehyde 

phenylhydrazone by method A it was noted that the lower the 

temperature during crystallisation, the higher the ratio of 

anti isomer to 	isomer obtained as crude product. It 

therefore appears that the anti isomer crystallises out 

preferentially. 

In summary, for acetaldehyde phenylhydrazone the syn 

isomer Is kinetically and thermodynamically favoured in 

solution. (A mixture of c.a..65% s_Yn isomer and c.a. 3511 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 equilibrated mixture of 

c.a. 65 	Isomer on standing (i.e. approximately the same 

isomer distribution as that' of an equilibrated solution.) 
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23. 
II 

High Jo1ecniar Weight Prpducts from Aldehydes and 

fylhvdrazine. 

The high molecular weight compound which was isolated 

from the attempts to prepare anti-acetaldehyde phenylhydrazone 

b method A was Identified as 3, 6, 7 - trimethyl - 2, 5 - 

dipheny]. - 1 2  2, 4, 5 tetra-azabicyclo (2, 2, 1) heptane (21) 

(Experimental, pegs 102). Karabatsos and TaUer10 .solated the 

same compound from their attempts to make acetaldehyde 

phenylhydrazone and they also isolated the analogous compound, 

2 5 - dlphenyl - 1 2  2, 4, 5 - tetra-azabicyclo (2, 7, 1) hpane 

(22) from their attempts to prepare formaldehyde phenylhydrazone. 

They made structural assignments by comparison with similar 

compounds reported by Schmitz and Ohme 43  who showed (Scheme 8) 

that, in the presence of acetic acid, phenylhydrazino 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 2  6, 8 - 

tetra-aza-3-oxabicycj.o (3,2,2) nonane (24) and also that 

phenyihydrazine condenses with excess formaldehyde at 7000 to 

form 2, 5 - diphenyl - 1, 2, 4, 5 - tetra-.azabicyclo (2, 2, 1) 

heptane ( 22). 

Causse reported isolation of two isomers (m.p. 6000 

and 99.50
C) from the treatment of a solution of acetaldehyde 

In phosphoric acid with phenylhydrazine. He named the lower-

melting compound o&, triethylidine diphenylhydrazjne (25) 

and the higher-melting compound 	- triethylidine diphenyl- 

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

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

- p - triethylidine diphenylhydrazine, and shows the same 
colour changes (yellow - orange - red - brown), on standing or 

in solution, as those reported by Causse for /1 - ' triethyl-

idine diphenylhydrazine, and appeared to be the same compound. 

The structure of (26) is very similar to that of (21) proposed 

by Karabatsos and Tal1er10  differing only In the position of 

the bridge and a phenyl substituent. The 	- triethylidine 

diphanylhydrazjne was later shown by Fischer 45  to be the s 

isomer of acetaldehyde pheriylhydrazone, and, by repetition of 

Causse's experiments (see Experimental, page 103 ) in 'which only 

isomer mixtures of acetaldehyde phenylhydrazone 'were, obtained, 

it seems probable that Fischer was correct. 

To account for the formation of A - triethylidine 
diphenylhydrazine, Causse proposed a mechanism involving 

phosphoric acid, but acid was not present when (21) was isolated 

from attempted preparatix of anti-acetaldehyde phenyihydrazono 

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 phenyihydrazine. In the 

course of this 'work some of the experiments of Schmitz and 0hme 43 , 

on the basis of which the structure (21) was proposed by 

Karabatsos and Taller 100 were repeated. 

Acetaldehyde was found to condense with  anti-

aceti)ldehyde phenylhydrazone (Excerlmenthl, pages104, 105 ) 

to form 3, 6 1  7 - trimethyl - 2, 5 - diphenyl - 1 2  ., 4 9  5 - 

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

40% anti) reacted with acetaldehyde to give only one isomer of 

(21). Whether or not acetaldehyde reacted preferentially with 

one isomer of the phenylhydrazone was not determined from these 

experiments as the yields of (21) were poor. Neither acetone nor 

propionaldehyde uere found to react with acetaldehyde phenyl-

hydrazone under similar conditions. 

The results suggested that, in the formation of (21) 

from acetaldehyde and phenylhydrazine, acetaldehyde phenylhydra-

zone is initially formed, and further condensation of 

acetaldehyde with acetaldehyde phenyihydrazone may then take 

place by two routes:- 

(1) Two molecules of acetaldehyde phenyihydrazone may 

react together to form 3, • - dimethyl - 1, 4 - 

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

(An analogous,  compound (23) was previously isolated 

by Schmitz and Ohm9 43  from the condensation of 

formaldehyde with phenylhydrazine). This dimer would 

be expected to exist in both the chair and the boat 

forms shown in Scheme 9. Condensation of a 

molecule of acetaldehyde with the dimer in the 

boat conformation would lead to a product of 

configuration (21a), with the position of the final 

H and ? uncertain. 

(ii) A molecule of acetaldehyde may react with one 

molecule of acetaldehyde phanyihydrazone to give 

(28) followed by reaction with a further molecule of 

acetaldehyde phanylhydrazone to give (21) by the 



C H -N-N=CH.CH 

HOCHN-N'_>  

CHC 3 /\  
H C H 3  

• 	CH3  

H-C-OH H 

C6H5Nt0 H3 
CH 	N 

H N NCH 

H,CH3  

C5H5 	 H3  

CH3 
(21) 

C H3NrNH.C5H5  __ 

Hf 
HN-NH.C5H5  

CHN 
3 C=N 

SCHE1vIE11 	 K' 	NNH.C6 H 5  
+ 

H2N NH.C6H5 

~ H20 

SCHEME 10 

_CH3N H.NH.C 6H 5  

H -' NNHNHCH 



mechanism outlined in Scheme 10. 

(Simple mechanisms cannot be devised for the reaction of 

acetaldehyde with acetaldehyde phenyihydrazone under neutral 

conditions to account for the ft - triethylidine structure (26) 
proposed by Causse, and this suggests that this assignment is 

incorrect.) Vachanicin (ii) is Inconsistent with the findings of 

Schmitz and 0hme 3  for reactions between formaldehyde and 

phenylhydrazine but t  since acetaldehyde phenylhydrazone does not 

readily dimerise in the absence of acetaldehyde, mechanism (ii) 

seems more probable than mechanism (1) for the formation of (21). 

Compound (21) was found to decompose to an equilibrated isomer 

mixture of acetaldehyde phenylhydrazone on storage in carbon 

tetrachloride (xperimental, page 106); there was no evidence 

for ace talcehyde or a dimer of acetaldehyde phenyihydrazone among 

the products of the decomposition, which appears to be promoted 

by oxygen rather than by moisture. 

The dimer of formaldehyde phenylhydrazone, 1, 4 - 

diphenyl - 1 1  2, 4, 5 - tetra-azacyclohexane (23) was prepared 

by the method of Schndtz and Ohme 43  and the structure of the 

product, which decomposed to formaldehyde phenyihydrazone on 

heating, uns shown by n.m.re spectroscopy to be consistent with 

structure ('3) proposed by Schmitz and Ohine. Reaction of 

formaldehyde with (23) in the presence of acetic acid, follow-

ing the method of Schmitz and 0hme 3 , yielded a mixture of two 

products, which s shown by spectroscopy (Experimental, page i) 

to be mainly 6, 8 - diphenyl - 1 2  5 1  6, 8 - tetra-za-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 Ohms isolated (24) only from this reaction) A 

similar attempt to bridge the dimer of formaldehyde pheriyl-

hydrazone (23) with acetaldehyde in the presence of acetic 

acid was made but the dark brown oil obtained could not be 

characterised. When the reaction was carried out without acetic 

acid a mixture of 7 - methyl - 2, 5 - diphenyl - 1, 2, 4 5 - 

tetra-azabicyclo (2, 2, 1) heptane (29) (c.a. 20%) and 2, 4 - 

dimethyl - 6, 8 ' dipheny]. - 1, 5, 6, 8 - tetra-aza-3-oxa-

blcyclo (3, 2,2) nonane (30) (c.a. 80%) was obtained. These 

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 - tetra-azabicycio,(2, 2, 

1) heptane (22). (33%) and 6, 8 - diphenyl - 1, 5 2  6, 8 - tetra-

aza-3-oxa-bicyc].o (3, 2, 2) nonane (24) (67) i.e. formaldehyde 

had displaced acetaldehyde from acetaldehyde phenyihydrazone 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 phenylhydrazone (23) proposed by Schmitz and 0hme 13  

and also the structure of 3, 6, 7 - trimethyl - 2 1  5 - diphenyl - 

1, 2, 4, 5 - tetra-azabicyclo (2, 2, 1)heptane (21) proposed by 

Karabatsos and Taller 	Whether mechanism (1) or (ii), or 

both operates in the formation of (21) is datable, since a 

dimer of acetaldehyde phenylhydrazone may exist in small 

quantity in equilibrium with the monomer. 



N.M.R. Studiez on_th_ Formation and Isomerjstjon oZ 

Acetalde hyQe  

The isomerisation of pure anti-acetaldehyde 

phenyihydrazone in nitromethane at 280C was followed by n.m.r, 

spectroscopy (Experimental.. pages 118 - 120). The results of 

the two runs that were made are shown in Table 2. These results 

were plotted according to the equation: in (Xe - X) = -.t (Ic1  + k 1) 

+ 3nXe. (Xe and X were the mole fractions of the s isomer at 

equilibrium and time t respectively; k1  and k_1  were the forward 

and backward rate constants respectively for Y 	X, where I 

represents the anti Isomer). The equation was derived as follows: 
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i.e. in (Xe - X) 	 -t (Ic1  + k 1 ) 	+ in Xe - Equation 1. 

Since in (Xe - X) was plotted against t (mm.), the gradient was 

-(Ic1  + k 1) and the intercept was lnXe. The results calculated 

from graphs for the two runs are reported in the Experimental 

section (pages U - lO). Since the results differed greatly 

(e.g. k1  fmm. Run 1 was 0.0114 rnin. while Ic, from Run 2 was 

0.00302 mmn.) the results were processed further on a 

calculator using a 'least squares' analysis programme. Both the 

number of points (values of in (Xe - X) and t) used and the value 

of Xe were chosen, as described In the Experimental, to give the 

smallest errors in the gradient and the intercept. Even after 

restricting the number of points the values of k and 

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 phenyihydrazone, 

catalysed by phenylhydrazine, in nitromethare was also investigated 

by n.m.r. spectroscopy (Experimental, page 123 ). The isomerisation 

was found to be too fast for a kinetic treatment of the results to 

be made • More svn Isomer than anti isomer was found to be present 

after 2 mm. and the Isomeric composition was almost that of an 

equilibrated mixture after II rain. The isomerisation In nitro-

methane was much faster In the presence of phenyihydrazine than in 

nitromethano alone and it is probable that the excess of phenyl-

hydrazine in the experiments on the formation and isomerisation of 

phenyihydrazones described earlier acted as a catalyst for the 

isomerisation of phenylhydrazones. 

It seems probable that the rapid catalysis of the 

isomerisation of acetaldehyde phenylhydrazone by phenyihydrazine 

occurs by the addition of the free phenyihydrazino across the 

C .= N of the phenylhydrazone (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 

phenyihydrazine was shown to exchange with -methylphenylhydrazine 

in acetaldehyde -methylphenylhydrazone. 

The condensation of acetaldehyde with phenyihydrazine 

was followed by n.m.r. spectroscopy to determine uhich 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 i,,ould 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 
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determine the isomer ratio. With 1,2-djmethoxyethane as 

solvent it was difficult to calculate the isomer ratio at 

temperatures less than +1000  because the broadening of the methyl 

singlet of the solvent at low temperatures interfered with the 

methyl doublets of the product. The M isomer appeared, from 

these results, to be the kinetic product. (see Table 5A). 

In nitromethane, the solution was viscous at low temperatures; 

at .-'O°C the condensation had gone to completion and the isomeric 

composition was approximately 60% z= and 40% anti. In 2-methox-

yethanol. the absorptions were again too broad at temperatures less 

than -20°C  for the isomer ratios to be determined accurately 

(see Table 5B); the anti Isomer did not appear to be the kinetic 

product. 

In order to avoid an excess of phenylhydrazine further 

low temperature condensation experiments vere performed using 

an excess of acetaldehyde at - 40 00 (Experimental, page 127 ). 

In nitromethane at -40°C, the results show that, when no excess 

of phenyhydrazine is present to catalyse the reaction, more anti 

isomer than syn isomer is initially formed at this temperature. 

(Table 6). With methanol as solvent satisfactory Integrals were 

not obtained on the methyl doublets of the isomeric phenyihydrazones 

because of the broad solvent absorption at -400C. At all times, 

however, the Lm isomer appeared to be present in greater 

abundance than the anti isomer, and a doublet, attributed to a 

carbinolamine intermediate was observed. (Experimental, page 12). 

Methanol itself it possibly a good enough nucleophile to 

catalyse the isornerisation (Scheme 17) by the same mechanism as 

described for phenylhydrazine (Scheme ii). If the doublet, which 
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was assigned to the carbinolaraine, were due to the intermediate 

(31), it uould not be expected to decay and eventually disappear; 

some (31) would e.lways be present in an equilibrating mixture of 

isomers. 

When the condensation of small amounts of acetaldehyde 

with an excess of phenyihydrazine in nitromethane was investigated 

(Experimental, page 129 ) the solution of phanylhydrazine in 

nitromethane was too viscous for n.m.r. spectroscopy at low 

temperatures and the experiment was carried out at +100C (Table 7). 

There was never more anti isomer than svn isomer present and the 

isomeric composition was always close to that of an equilibrated 

isomer mixture (62 7' sm., 3% anti). 

In summary, when an excess of phenylhydrazine is present, 

or possibly in the presence of other nucleophilic compounds, an 

almost equilibrated isomer mixture is initially observed during 

the formation of acetaldehyde phenylhydrazone. This is due to 

rapid catalysis of the isomerisation, probably by the mechanism 

described above (Schemes 11 and 12). In 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 place at a 

suitable rate, even at low temperatures, and the n.m.r. absorptions 

of the methyl doublets of the two isomers could be easily assigned 

and uere fairly vellsBparated .. both from each other and from those 

of the unreacted aldehyde. It as planned to extend the study to 

other systems using similar conditions but the condensation and 
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isomerisation of ketone phenylhydrazones was found to be too slow 

to follow by the same techniques and few aIdehyde phenylhydrazones 

have suitable n.m.r. absorptions. 

Phenylacetaldehyde phenylhydrazone appeared promising 

but it was found, however, (Experimental, page 130) that the 

methylene doublets of the two isomers of phenylecetaldehyde 

phenyihydrazone were co-incident in both nitromethane and ecetoni-

true, and that, in benzene, the methylene doublet of phenyl-

acetaldehyde partly obscured that of the anti isomer. Thus phenyl-

acetaldehyde phenyihydrazone was unsuitable and no further systems 

were studied. 

Since absorptions attributed to a carbinolamine 

intermediate had been observed during the investigation of the 

formation and isomerisation of acetaldehyde phenyihydrazone in 

methanol at low temperature (-400C) it was anticipated that similar 

absorptions might also be observed during the slower formation of a 

ketone phenylhydrazona at a higher temperature. However, in the 

condensation of an excess of methyl benzyl ketone with phenyihydra-

zine in dioxan at 2 0C no signals attributable to the carbinolarnine 

intermediate .are observed under fairly neutral conditions. where the 

dehydration of the carbinolamine should be rate determining 10 



CH 	NH.C6H5  

H1 
H —O—CH3  

SCHEME 12  

C HNH C H 

H " \O—CH 

(31) 

1L 
CH 

CN 
H" 	'NH.C6H5  

R\  

ubns 	
'1 CN-NH.06H 5 

P CH3 ,CHj-CH 2) -Pr 

OR -t-But. 
(54) 

C6HN 
CN 

NNHCH 

(9b') 

C H3—C-- NN—C6H5  

O.OH 
(32) 

CH.CH N  
2 CN 

C5H5ONNH . C 6 H 
(5L6) 

C5 H 5\ 
CN 

\NH.C6H 5  
(82')  

C6H5\  
CN 

NHC6 H5  
(99%) 

(33) INCC1 



34. 

The Alkyl PJnv, Ketone PJezJiydrpzpxa S eries. 

It is generally accepted, that, other factors being 

equal, the alkyl groups increase in bulk in passing from methyl to 

ethyl to i-propyi to t-butyl. From a consideration of steric 

effects alone in the corresponding series of alkyl phenyl ketone 

phenylhydrazone 	(54) 4 the amount of the isomer with the R group 
.ia to the anilino group uould 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 

expected to be more abundant than the isomer v.th the bulkier R 

roup cis to the anhlino group. (In discussion of this series the 

and anti nomenclature used in other parts of this thesis is 

ambiguous, and groups are referred to as cis and trans to the 

anhlino group.) 

The isomer ratios within this alkyl phenyl ketone 

phenylhydrazone 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 the series the alkyl group is bulkier 

than the phenyl group. 

Experiments were carried out to study the formation and 

isomerisaticn of the alkyl phenyl ltone phenylhydrazones in 

pyridine, by n.m.r. spectroscopy (Experimental, page 136) in the 

same way as the experiments already described for the formation of 

substituted phenyihydrazones but it was found that the sterically 

hindered alkyl phenyl ketones did not react readily with phenyl-

hydrazine at 280C (see Table 8). In the experiments with methyl 

phenyl ketone and ethyl phenyl ketone unreacted ketone was pre sent 

* opposite 



even after c .a. 700 hr. With phenyl 1-propyl ketone and 

t-butyl phenyl ketone, the solutions had to be refluxed over-_ 

night before any reaction occurred. These results demonstrate 

the effect of steno hindrance around the carbonyl group on the 

rate of the condensation reaction. 

The phenylhydrazones of the alkyl phenyl ketones were 

prepared and their n.m.r. spectra in carbon tetrachloride were 

recorded (Experirnta1, pages 133, 134). The solutions were 

allowed to equilibrate and the isomeric compositions were 

determined (Table 9). Karabatsos and Taller 17  reported that 

methyl phenyl ketone phonylhydrazone consisted of a single isomer 

(with the methyl group 2is to the anilino group) in various 

solvents. They also found that, when oxygen was bubbled through 

a solution of methyl phenyl ketone phenyihydrazone in benzene, 

the methyl singlet (1.47 p.p.rn.) was replaced by a singlet for the 

corresponding methyl group of the phenylazobydroperoxide (32) at 

1.90 p.p.m. The difference in chemical shift 7  between the 

absorption of the phenylhydrazone and the phenylazohydroperoxide 

(0.43 p.p.m.) in benzene is much greater than the difference in 

chemical shift (0.01 p.p.m.) observed (Experimental, page 139) 

between the methyl absorptions of the s (2.179 p.p.m.) and 

anti (2.26 p.p.m.) isomers of methyl phenyl ketone phenyihydrazone 

so that it is unlikely that the absorption herein assigned to the 

anti isomer is that of the phenylazohydroperoxide. (In the case 

of this phenylhydrazone it is obvious that the s -vn isomer has the 

methyl group 2is to the anilino group.) It is probable that 

Karabatsos and Taller did not observe the methyl absorption of 

the anti isomer, which forms only h% of the isomeric mixture, on 

a 60 MHz n.m,r. spactruni. 

35. 
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The results in Table 9 suggest that the point at which 

the most abundant isomer becomes the one with the phenyl group 

ole to the anilino group occurs either at the ethyl phenyl ketone 

or phenyl 1—propyl ketone. In order to distinguish which signals 

in the n.in.r. spectra of the alkyl phenyl ketone phenylhydrazones 

were those of alkyl groups cis and trans to the anlilno groups, 

the chemical shifts in carbon tetrachloride were compared with the 

chemical shifts for similar compounds (alkyl ketone and aldehyde 

phenyihydrazones) reported by Karabatsog and Taller 17 
However 

the series of configurations, in relation to their abundance (33), 

derived from this simple comparison of chemical shifts and 

configurations was not acceptable (see later) In view of the 

relative 'sizes' of the alkyl groups. 

Europium 'shift reagents' were 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 then precautions were taken to exclude moisture from 

these experiments. The absorption of a group in the isomer in 

which that group is nearest the sight of complexing with europium 46  

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 

phenyihydrazone and methyl phenyl ketone benzylimine were compared 

to determine which nitrogen of the phenyihydrazone preferentially 

complexes with europium. The methyl absorption of methyl phenyl 
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ketone benzylimine had a greater induced chemical shift at a 

lower concentration of Eu (fod) 3  (34) than that of the correspond-

ing phenylhydrazcne. This suggested that for methyl phenyl ketone 

phenyihydrazone, ouropj -  complexes preferentially with the 

ci!. -nitrogen, which is further from the methyl group than the 

p -nitrogen, whereas in the benzylimine there is only a 

p -nitrogen available. The induced chemical shifts for the 

mthylene quartets of the major and minor isomers of ethyl phenyl 

ketone phenylhydrazones were shown to be 9.0 and O.2Hz downfield 

respectively (Experimental, page 140) i.e. the minor isomer had the 

larger Induced chemical shift. If the europium of the Eu (fod) 3  (34) 

were complexed preferentially with the o -nitrogen of the phenyl-

hydrazone in a way similar to that shown in (35), then on average 

the methylene group cis to the anilino group uould be nearer the 

sight of complexing and therefore have a larger induced chemical 

shift than that trans to the anilino group. The result of this 

experiment suggests that the least abundant isomer of ethyl phenyl 

ketone phexiylhydrazone 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 phenyihydrazones 

(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 syn isomer was only c.a. 98 Hz 

downfield. 

The ultraviolet spectra of the alkyl phenyl ketone 

phenylhydrazones were recorded (Experimental, page 112, Table 10). 

The spectrQm of acetone phenyihydrazone in ethanol ( 1T-1T 
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A max.  -266.5, £ 9560; ri41TAmax, 411, 4E 134) was 
recorded for comparison. The spectra of the alkyl phenyl ketone 

Pheny1hydrazones may be compared with those of alkyl phenyl ketones 

in et1iano147  (Table 11) for which it has been shown' that there is 

a substantial drop in the intensity of absorbance (due to loss of 

conjugation) accompanied by a slight shift of A 	to shorter 

wavelengths as the phenyl group is displaced out of the plane of 
the carbonyl group to a000rrirnodath the bulkier alkyl groups. In the 

methyl and ethyl ketones the phenyl groups are coplanar with the 

carbonyl groups, giving good conjugation. This also applies to the 

Corresponding PhenyThydrazones; any steno strain in the least stable 

isomer of ethyl phenyl ketone phenylhydrazone (36) is probably 

relieved by increasing the angle CX so that the phenyl group 

remains in the plane of the CN and there is no loss of conjugation. 

For phanyl i-propyl ketone phenylhyrazone, however, in the Isomer 

with the phenyl group pis to the anulino group (37), increasing 

the angle ot may cause ate rio interference between the phenyl 

group and the anilino group. To overcome 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 reflected 

in the intensity of absorbance in the U.V. spectrum, Loss of 

conjugation does not occur with the Corresponding ketone (increas-

ing the angle o( would not increase any other interactions) and 

it need not occur in the other isomer of phenyl i-propyl ketone 

phenylhydrazone (38) either since it is the i-propyl group which 

would interfere with the anilino group on increasing o. • In (37), 

which is thought to be the most abundant isomer (8%), steno 

strain is overcome at the expense of resonance stabilization. 
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The chemical shifts of the to Isomers (see later) are in agree-

ment with these assignments. Loss of conjugation is also reflected 

in the. U.V. spectrum of t-butyl phenyl ketone phenyihydrazone. 

which 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-butylphanyl ketone phenyihydra-

zones the molecules have a conformation similar 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 extent to which the 

protons in the alkyl group cis to the anilino group are shielded will 

depend on how far the phenyl group in (38) is twisted out of the 

plane of the CM, and such a displacement does not appear in phenyl 

i-pro pyl ketone.) 

The chemical shifts of some alkyl ketone and aldehyde 

phenyihydrazones reported by Karabatsos and Taller 17  are presented 

In Table 12 along Uth those of the alkyl phenyl ketone phenyihydra-

zones for comparison. The data collected by Karabatsos and Taller 

shows that generally protons cis to the anhlino group (H and Hp 

in (40)) resonate at higher magnetic fields (shielded) than when 

trans to the anilino group. In methyl phenyl ketone phenyihydrazone, 

where there is no displacement of the phenyl group from the plane 

of the CN, the methyl absorption of the most abundant () isomer 

(methyl group cis to the anilino group) resonates at 2179 p.p.m. 

while that of the anti isomer resonates at 2.26 p.p.m. in keeping 

with this general trend. The methylene and methyl absorptions 

of the isomers of ethyl phenyl ketone phenyihydrazone (see Table 12) 

in which the phenyl group is still co-planar with the CN, also 

conform to this trend. In phenyl i-propyl ketone and t-butyl 
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phenyl ketone phenylhydrazone, however, shielding of the alkyl 

protons trans to the anil.tho group by the displaced phenyl group 

causes them to resonate at higher magnetic field than those cis 

to the anilino group (see Table 12) and for these compounds 

assignments cannot be made in accordance with the general rule 

described above. 

'With the interpretation of the combined information 

from the ultraviolet, and n.m.re spectra described above, the 

configurations and isomer ratios in the alkyl phenyl ketone 

phenyihydrazone series can be assigned as indicated in Table 12 and 

sho.n in (41) for 5 - 12% molar solutions in carbon tetrachloride. 

Shortly after this research had been completed Jennings 
49 

et a1. published a paper on the equilibrium distribution of E - Z 

ketimine isomers in which they used similar arguments to those 

employed above in the interpretation of the equilibrium distribution 

of the isomers of alkyl phenyl ketone phenylhydrazones. The 

equilibrium distribution for a series of E-z irnine isomers (Scheme 

13 .9  R =wC C6  H 
4  ) was measured by multiple integration of the 

n.m.r e  spectra. By varying   	3 g   the   'size'   of   the   groups   R   and R R - 

and with R as phenyl they found the equilibrium isomer distribution 

to be dominated by classical steric interactions between the j - 

alkyl group and the proximate .Q-alkyl or 2-phenyl group. A change 

Of R2  from n-propyl to i-propyl (with R3 M) altered the 

equilibrium in favour of the Z- isomer so that the phenyl group was 

apparently intermediate in 'size' between n-propyl and i-propyl, 

whereas in the ethyl phenyl ketone phenyihydrazone 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 
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cyclohexane systems, where A values reflect mainly (1,3) 

diaxial interactions, the phenyl group (A value 3.0) appears to 

be larger than the i-propyl group (A value 

Displacement of the phenyl ring from the plane of the 

C=N to reduce steric interactions betteen the ortho-substituents 

of the phenyl ring and the 	-j-alkyl group in the 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 N-methyl n.m.r. 

signals in such compounds to the anisotropic effect of the displaced 

phenyl group, in much the same way 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. Jennings et 

al,. also found that electron donating para-substituants on the 

phenyl ring tended to favourthe E isomer, probably through 

stabilization of the coplanar conformation by increasing the 

delocaljsatjon energy (Scheme 14)  and thus increasing the barrier 

to rotation around the C-aryl bond. This increased coplanarity 

Is also reflected in the chemical shifts of the_N-methyl signals. 

Solvent effects, n-iT repulsion between the nitrogen lone pair 

and the TT cloud of the aryl ring (see Introduction, page 6 ), 

and their relationship to the E-Z-isomer distribution of ketirnines 

are also discussed in this paper. They appear to be of less 

importance than classical non-bonded interactions and a preference 

for maximum resonance stabilization. It is probable that n-IT 

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 
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Jennings et al. 51  have more recently investigated E - Z 

isomerism in a range of C -aryl aldimines, again using n.m.r. 

spectroscopy. They found that the proportion of the Z - isomer 

(Scheme 15) at eq.uilibriuzn in solution was only significant 

( -> 5%) for ortho-disubstituted C -aryl aldimines. They 

explained their results by the argument used above in relation 

to the E - Z - isomer distribution of ketirnines, and in the ortho-

disubstituted C -aryl aldimines the n-1T repulsive effect appears 

to be of greater importance than in the ketimines. 

42. 
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rnvtjtj,,n_of the Mchanjrnpf the Oxidative Ring 

Closure of Adir1dehyd Bispheny1hch'azone. 

Be11mny, Guthrie and Chittenden 57  found that adipaldehyde 

bisphonyihydrazone is converted into trans-1,7-bisphenylazocyclo... 

hexane by oxidation with yellow mercuric oxide or oxygen. They 

proposed two possible mechanisms for the reaction. }chanIsm (1) 

(Scheme 16) involves reaction of oxygen with one of the phenyl-

hydrazone groups of adipaldehyde bisphenylhydrazone to give a 

phenylazohydroperoxid (42) which cyclises, with elimination of a 

molecule of hydrogen peroxide. (Oxidation of a Phenyihydrazone 

to the corresponding phenylazohydroperoxide is a general reaction) 

chanisrn (2) (Scheme 17) involves ring-chain tautomerism between 

adipaldehyde bisphenylhydrazone and 	n.1_phenylazo_2_phenyl.... 

hydrazocyc1chexane (43), perhaps through a cyclic 6-membered 

transition state. The product (44) could then be formed from (43) 

by oxidation of the phenyihydrazo group with oxygen. 

By oxidation of 1cyclohexy1_2_pheny1hydazj they 

showed that one molecule of the phenyihydrazine is oxidized by 

one molecule of oxygen, liberating hydrogen peroxide. It has been 

established 53 that hydrogen peroxide can also oxidize phenyl-

hydrazines to phenylazo compounds and this would account for the 

measured oxygen uptake being less than one mole in the oxidation 

of adipeldehyde h5.sphenylhydrazone. 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- 

bi sphenylazccyc lohe xane was formed from adipalde hyde bi sphenyl-

hydrazone did not allow a distinction between the two mechanisms. 

The conversion of adipeldehyde bisphenyihydrazone to 
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(43) should be accompanied by a yellow coloration and this should 

occur even in the absence 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 nitrogen, the solution 

became yellow, favouring mechanism (2). The product isolated was 

still mainly adipladehyde bisphenylhydrazone and the proportion of 

(43) could not be determined. The fact that yellow mercuric oxide, 

an efficient reagent in the oxidation of 1-alkyl2-pheny1hydrazjnes 

to phenylazoa1kanes23 ' 5  effected the oxidation of adipaldehyde 

bisphenylhyth-azone totrans-1, 2-bisphenylazocyclohexane under 

nitrogen in-almost quantitative yield, also favours mechanism (.). 

The anomolous formation of hexamethylenediamine, which was observed 

on one occasion in the hydrogenation of traras-1,2-bispheny].azo..... 

cyc].ohexane (44), can also be accommodated if tra-1, 2- 

hi sphenylazocyclohexane is formed from adi palde hyde hi sphenylhydra-. 

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 

tautomerism to adipaldehyde bisphenylhydrazone, followed by 

further hydrogenation would give hexamethylenedjamine. Whether 

hexamethylenedlamjna or cyclohexanel,2.djamjne was isolated from 

the hydrogenation of (44) would depend upon the activity of the 

catalyst. (A more active catalyst would bring about the reduction 

of (44) to the corresponding phenylhydrzine before formation of 

(43) occurred.) 

It was with a view to establishing that the ring-chain 

tautomerlsm proposed for mechanism (2) did exist, and if So, 



H 
=N.NH.C6H5  

NH.C6 H 5  

H 

SCHEME 18 

( #NN-C6 H 5  

NH.NH.C6H 5  
(43) 

\1/ 
HNNH 

N H. NH.C6H5  a NH.NH.C6H5  
H 	(45) 
/ 

H ---  H 
(46) 

r 	flL-MN N II -ifl4 5  	'   . 

MO2/C6H61

Zlb  C6 H5\   

L H z  
() 

C6H 5
1

CH-NN-C6 H 5  C6H5-CN-NH.C 5 H 5  

C5H5.CH-NN--0 5 H 5  C6H5-N--NCH.C6 H 5  

(4 B) 

SCHEME 19 

25°C 

C6H5\ . 
C-NNC H 

H7 	
65 



45. 

to determine the detailed mechanism of it, that the investigation 

of the ring closure of adipaldehyde bis phenylhydra zone was under-

taken. 

If adipldehyde bisphenylhydrazone isomerises to (43) 

by ring-chain tautc"irism, then using a reagent which selectively 

reduces an N=N, and . ,which will not reduce a CN, it should be 

possible to reduce the phenylazo group in (43) and thus form 

trans-i, 2-bisphenylhydrazocyclohexane (45) (Scheme la). Di-imide 54  

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 1-cyciohexyl-2-

pheny1hydraz me where as n-pro piona ide hyde phenylhydraz one was 

recovered unaltered after similar treatment with di-imide. 

Di-imide, generated from potassium azodicarboxylate, 

also reduced tji.-1,2-bisphenylazocyc1ohexane (44) to ta-1,?- 

bisphenylhydrazocyclohexane (45) (Experimental, page 149 ), showing 

that the presence of a second phenylazo (and probably phenyihydrazo) 

group at the -position of the cyclohexarie ring does not interfere 

with the reduction. The reaction could be reversed by oxidation 

of (45) to (44) with yellow mercuric oxide. 

Attempts to reduce adipaldehyde bisphenylhydrazone with 

di-imide generated from potassium azodicarboxylate, however, ware 

not successful (Experimental, page 148 ). It was thought that 

generation of di-irnide had been too rapid to reduce the equilibrium 

concentration of (43). 

Further reductions, in 'bthich di-imide was generated more 

slowly from 9, 1O-.-dihydro-9 , lO-bi-imino-anthraceno (46).* 

* Named as Diels-Alder addition product of arithracene and di-imide. 
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(Experimental ., page 151) 	re attempted, but t 	-1,7- 

bisphenylhydrazocyclohexane was not identified among the products. 

Since phenylazo compounds can be readily separated from 

phenyihydrazones by column chromatography, whereas mixtures of 

pheny1hydrazones and phenyihydrazines are difficult to separate, 

______ran e.g. ts-i,2_bisph 	 5') 
enylazocyclohexane can be easily separated 

from adipaldehyde bisphenylhydrazone, it was considered necessary 

to oxidise the reduction mixture before chromatography. In 

exploratory experiments (Experimental, page 152) it was found that 

1-cyclohexyl-2-phenylhydrazino is readily oxidized to phenylazo- 

cyclohexane on treatment with hydrogen peroxide, 'whereas adipaldehyde 

bisphenylhydrazone is recovered unchanged. In order to establish 

whether or not any 	ns-1,2-bisphenyThydrazocyc1ohexane (45) was 

produced by the treatment of adipaldehyde bisphenylhydrazone with the 

di-imide precursor (46), the product mixture from this reaction was 

treated with hydrogen peroxide (Experimental, page 153), but no 

trans-l. , 2-bisphenylazocyclohexane was isolated after chromatography, 

indicating that no trans-1, 2 bisphenylhydrazocyc1ohexane had been 

present in the product mixture. 

The possibility of the ring-chain tautomerism outlined 

in Scheme (17) was also investigated by the attempted generation 

of translphenylazo_2_pheny1hydrazocyc1ohexane (43) by 

reduction 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) 

was reduced to the corresponding phenylhydrazine (45) (Experimental, 

page 156), but adipaldehyde bisphenyihydrazone was not identified 

In the product mixture. 
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It was also shown (Experimental,- pages 157,18 ) that, 

although adipaldehyde bisphenylhydrazone can be converted to 

trans-1,2-bispny1azocyc1ohexane by oxidation with yellow mercuric 

oxide in dimethyl suiphoxide (the most suitable n.m.r. solvent for 

adipaldehyde bisphe-iylhydrazone), no 1-phenylazo-"pheny1hydrazo... 

cyc].ohexane (43) was detected in the n.m.r. spectrum of a sample 

of adipaldehyde bisphenylhydrazone which had been equilibrated at 

100°C in L2H6 J dimethyl suiphoxide. 
The above results suggast 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 adipaldehyde bisphenyihydrazone. 

Besides mechanism (1), another possible mechanism for the 

oxidative ring closure of adipaldehyde bisphenyihydrazone, 

analogous to that proposed by Bhatnago and George 55 . for the 

oxidative dirnerisation of benzaldehyde phenyihydrazone (compare 

Schemes 19 and 20) should be considered. Their mechanism involves 

the coupling of the pseudo-allylic radical (47) which can take. 

place in several ways (see Scheme 21). In support of this third 

mechanism it was shown (xpe rime nta1, page 160 ) that the oxidation 

of benzaldahyde phenyihydrazone with yellow mercuric oxide gives 

both the CC coupled dinier, 1,2-bisphenylazo-1,2_diphenylethane (48) 

and the N-N coupled dimer, 2,3-diphenyl_l,4_djbenzaltetrazane (49). 

The possibility of extending the oxidative ring closure 

reaction of adipaldehyde bisphenyihydrazone to related compounds, so 

that it might be of more general application in synthesis, was 

explored. For example adipaldehyde dioxime was recovered unchanged 

after treatment with both yellow mercuric oxide and manganese 
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dioxide, and no cyclohexane derivative was isolated on treatment 

of this compound with dibenzoyl peroxide (Experimental, pages 1 54, 

i 	). Similarly, adipaldehyde bismethyihydrazone did not 

undergo oxidative cyclisation, 
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The Thermal Stabilityo 1, -.3ia thnyia zo-1, 2-d thny1e thcne and 

2,3-Diphenvi-1,4-iJenzplte trazne. 

Consideration of the dimers of benzaldehyde phenyihydrazorie 

in connection with oxidative ring closure of adipaldehyde 

bisphenyihydrazone suggested that a Cope rearrangement of 2,3_ 

diphenyl-1 1 4-dibcnzaltetrazane (49) (Scheme 22) might form 1,?-

bispheny1azo-1,2.-dipheny1ethane (48). (The 7,3 bond in tetrazanes 

is not particularly stable 77) 

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 

described by Bhatnag3 and George 55  (Experimental, pages 159 - 162). 

The two compounds were also obtained from the oxidation' of 

benzaldehyde phenylhydrazone MLth yellow mercuric oxide (xperirrant,il, 

page 160 ) and (48) was also obtained from the oxidation of 

benzaldehyde pheriylliydrazone with ditenzoyl peroxide (Experimental,' 

page 166 ). 

2,3-Diphenyl-1,4-dihenzaltetrazane was heated for several 

days in re-fluxing (1) benzene (ii) dimethyldigol and (iii) -xylene, 

but no 1, 2-bisphenylazo-1 , 2-diphenylethane was recovered from these 

reactions (Experimental, pages 163,164 ). With dimethyldigol 

(b.p. 164°C)  the loss of the characteristic red colour of the 

tetrazane occurred, but, because of the diversity of products 

observed, this was thought to be due to decomposition of the 

tetrazane, catalysed by peroxide impurities in the solvent, rather 

than xiearrangement to (48). with Thxylene  (b.p. 13800) the red 

colour slowly faded and after 6.5 days, a yellow compound was 

shoi to be present by chromatography, but only the tetrazane 
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was isolated. 

However when 1,2-bisphenyazo-1, ?.dipheny1ethane (48) 

was heated in efluxing benzene (Experimental, page 164)  a red 

compound with the same Rf value as 2 23-diphenyl-1,4-dibenzal_ 

tetrazane (49) was 'etected by thin layer chromatography, but this 

compound uas not isolated in sufficient quantity for identification. 

Although no conclusive evidence was obtained from the 

experiments described above, the results suggest that 1,2-

bisphenylazo-1,'-diphenylethane equilibrates, probably by the 

Cope mechanism outlined in Scheme 22, with 2,3-diphenyl-1,4-

dibenzaltetrazane. The equilibration is difficult to observe, 

especially with 2,3-diphenyl-1,4-dibenzaltetrazane as the starting 

material, perhaps due to decomposition of these compounds at the 

temperatures required to bring about equilibration. 

A diaza-Cope rearrangement in a system similar to that of 

2,3-diphenyl-1 1 4-dibenzaltetrazane has recently been reported by 

Vdgtle and Goldschmitt They found that 1 2 3,4,6-..tetra--aryl 

diazahexa-1,5-dienes isomerise at elevated temperatures (above 120 0 0 

in [?H 63 dimethylsuiphoxide) (Scheme 23). By following the 

reaction by L ri n.m.r. spectroscopy they found that for N,N/ - 

dibenzylidene diphenylethane1,2djamjne (Scheme 23, Ar = Ph) 

an equilibrium was established between the m--so- and 1-valence 

isomers in the ratio 1:1, irrespective of whether the reaction 

started from the rr3so- or the j- comDound. Introduction of 

6, m or 2-substituents into the four aromatic nuclei led to 

further degenerate diaza-Cope systems. The difference between these 

systems and that of 2 13-dipheny1_1 1 4_djbenza1tetrz 	(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 oxidations of 

benzaldehyde phenylhydrazono. During the preparation of these 

compounds, which were only isolated in small quantities from the 

oxidation reactions, the diversity of the products reported to 

have been obtained from oxidations of benza1dehye phenyThydrazone 

under various conditions was encountered. 

The products obtained by Bliatnago and George 55  from the 

oxidation of benzaldehyde phenyihydrazone with manganese dioxide 

in benzene, either at reflux or at 250C, are shown in Scheme 21. 

Attempts to repeat their experiments, however, were unsuccessful, 

possibly because of slight differences in reaction conditions or 

chromatographic techniques. From the oxidation in ref lwcing 

benzene only biphenyl and 7 2 41 5-triphenyl-1 2 2 93-trjazole (50) 

were isolated, and no pure products were obtained from the oxidation 

at 25 
0
C. By modifying their procedures, especially the column 

chromatography, 	 (49) was obtained 

from the oxidation in refluxing benzene, and 1,2-bisphenylazo-

1,2-diphiethane (48), along with 1 13,46-tetraphenyl-1, 0 ,40_ 
tetra-azahexa-2,5-diene (51), was isolated from the oxidation 

at 25°C. 

Oxidations of benzaldehyde phenylhydrazorie have been 

carried out with various reagents e.g. mercuric oxide 57, oxygen58 , 
59,60 	 61 amyl nitrite 	, sodium ethoxide and iodine , arnmonical silver 

nitrate in dimethy1forrnamjde 6  and dibenzoyl peroxide 63.  There 

has been considerable controversy as to the number and identity 

of the dimers of benzaldehyde phenyihydrazone of molecular 

formula C 26  H
02  N4  isolated from these reactions, but Bhatnago 

and 3oorge appear to have correctly identified the structures 

/sJY 
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of the compounds obtained from the experiments they performed, 

Since (4) and (49) were obtained in poor yield from 

the oxidation of benzaldehyde phenylhyxrazone with manganese 

dioxide, both yellow mercuric oxide and dibenzoyl peroxide ulere 

employed as oxidizing agents. 

2 ,3 -Diphenyl_1,4_dibenzaltetrazane (49), 1,2-bisphenyl... 

azo-1,2-dlphenylethane (4) and o-benzi1osazone (57) were 

isolated from the oxidation with yellow mercuric oxide (Experimental, 

pagel6o ). Minnunni 57  appears to have assigned the wrong 

structures to the compounds he isolated from a similar oxidation. 

Oxidation of benzaldehyde phenyihydrazone with 

dibenzoyl peroxide yielded 1, 7-bisphenylazo_l, ?-diphenylethane (4), 

1,3 , 4 , 6... tetraphefly1_1,2,4,5....tetra_azahexa_75djeflo (si) and 
-dibenzoylphenylhydrazjne (53). Edward and 3amad 6  isolated only 

(53) from a similar oxidation and proposed that it was formed by 

the mechanism outlined Sin 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 corresponding 

phenylhydrazones) Subsequent migration of the benzoyi group 

from oxygen to nitrogen via the 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 banzoyloxy radical or dimerize. 

Isolation of the C-C coupled dimer (48) from this oxidation is 

therefore consistmt with this mechanism. l,3,4,6-tetraphenyl-

l,?,4,5-tetra-azahexa2,5...djene (51) is also formed by a radical 

combination. 

In oxidation5 with dibensoyl peroxide, radicals are 
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generated in the free state as opposed to the manganese dioxide 

case, where they may react on the solid surface. The N-C (51) 

and C-C (48) coupled diners of benzaldehyde phenyihydrazone 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 

diiers tare obtained at 25 °C, whereas biphenyl, the triazole (50), 

the C-C and the N-N coupled dirners wre obtained in re-fluxing 

benzene. The similarity of products obtained with the two reagents 

substantiates the claim of Bhatnago and George 55  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 surface 

and the effect of temperature on their orientation, migration, and 

subsequent dimerisation. 

Since the yields of 1,2-bisphenylazo-1,2-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 1,2-bisphenylhydrazo-1,2-diphenylethane (58), 

which could than be oxidised to (48) (Scheme 25). 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 above reduction 

was treated with yellow mercuric oxide in ether (Experimental, 
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page 169 ). It was also observed that benzaldehyde phenylhydra-

zone was not reduced to the corresponding phenyihydrazine either 

with lithium aluminium hydride or with sodium metal in tetrahydro-

furan. Thus lithium aluminium hydride merely cleaves benzil 

osazone to tenzaldehyde phenylhydrazone, which is not readily 

reduced. Consequently (4) could not be synthesised by the method 

outlined In Scheme 25. 

0 
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jtsjnpted 1e rancejcnt of 	 Phenvlhvdrazon. 

During an attempt to deuterate trimethylacetaldehyde 

phenylhydrazone, by treatment with [2112] sulphuric acid in 1 2H1 J 
methanol at 25°C, Bellamy 65  isolated an unknown product which was 

soluble in aqueous hydrochloric acid., but not in aqueous alkali 

solution. The U.V. .spectrum of this unknown compound ( A H 
3 

H 

HO 	max. 272 nm. CE. 17,170))was similar to that of (59) (A max.274 rim. 
66  ( E 

 
1 1 86 0 )) 	and a possible structure for the compound is (60); 

a possible mechanism for its formation is outlined in Scheme 76. 

Attempts to oxidise the product with yellow mercuric oxide, however, 

were inconclusive. Another possible structure (61) can be 

rationalised by the mechanism in Scheme 27, which, after formation 

of (62), closely resembles the mechanism of the Fischer indole 

synthesis 67  

In order to try and establish the identity of this 

product attempts were made to obtain it by treatment of trimethyl-

acetaldehyde phenylhydrazone with sulphuric acid. However, when 

the experiment was 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 Atterntgd Protonatj_f 2-! thvl-2-phany1zp propane. 

- Oiah and I'o 68 have studied the protonation of mono-

and dihydroxybenzenes 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 I -Teiibronner6  that 

2,2"-azoisobutane (63) shows 2 separate signals for t-butyl groups 

in its n.m.r. spectrum in concentrated sulphuric acid at -10 0C. 

They interpreted this as being due to the unsymmetrical structure 

(64) with the incoming proton 	o -bonded 70 to one or other of the 

N atoms of the azo compound and dismissed the symmetrical structures 

(65), (66) and (67) previously assigned to protoriated azo 

compounds. 7l,7,73 

It was anticipated, that, under the strong acid conditions 

used by Olah and M 68o , -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-phenylazopropane was selected for study in order 

to avoid acid-catalysed rearrangement of the phenylazoalkane to 

the corresponding phenyihydrazone. 

2-Methyl2_phenylazopropane ias dissolved in fluoro-

suiphonic 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. 

(xperimenta1, 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 m.iltiplet was slightly 

different. The relative values of the electronic integrals of the 

aromatic multiplet and the t-butyl absorptions were 5:9. The 



compound did not appear to be protonated. 

57. 
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TheAtt.ed P 	angnt_ 1-2, hany  

Isomerisation of phenylazo compounds to the corresponding 

phenyihydrazones using acidic, basic and radical initiated conditions 

takes place readily64  and the phenylhydrazones are thermodynamically 

more stable than thcir phenylazo isomers. The mechanism of the 

base àatalysed rearrangement is most probably that shown in Scheme 28. 

Another way in which a phenylazo compound could rearrange 

to a phenylhydrazone is by a 1,3 shift of an ailyl group, rather 

than a proton (Scheme 9), 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. 1510C) 

under nitrogen was investigated (Experimental, pages 174 - 176) but 

the expected product of the rearrangement, -all -yl banz aldehyde 

phenylhyth'azono (69), was not observed after 200 hours, although (68) 

did not appear to be stable under these conditions. 
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kttemota. PreLratJofl$_pf Ot)t,iCafly Ac tive pj2enylazoalkpn 3. 

The base catalysed isomerisation of primary and secondary 

phenylazoalkanes to the corresponding phenyihydrazones has been 

established6  (see page 58) but it is difficult to make a kinetic 

study of this reaction by n.m.r. or U.V. spectroscopy. 

With 1H n.m.r* spectroscopy only the migration of one 

proton to a different position (Scheme 30), which has little effect 

on the rest of the spectrum, can be observed. In the presence of 

base the absorption of this proton would be broadend through rapid 

exchange with the base, so that, even if the signals were well 

separated from the rest of the spectrum, integrals would not be 

accurate. tJ.V. spectroscopy is not particularly suitable because of 

the ease of oxidation of phenylhydrazones to pheny1azohydroperoxide 3  

which have U-V. spectra very similar to those of the corresponding 

phenylazoalkanes and vould thus Interfere with the absorbance of the 

phanylazoalkane. 

A more suitable tool by which the rearrangement could be 

studied mould be by polarime try. In a phenylazoalkane with an 

asymmetric o& -carbon atom (Scheme 30) the chirality will be lost 

on isomarisatlon to the phenylhydrazone, in which the carbon atom 

becomes Sp7  hybridized. 

It was to follow such a rearrangement by measurement of 

the decrease 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 did not entirely lose its chirality 

on rearrangement to the phenyihydrazone, was used. 

The first approach tried was the classical method for 

the resolution of racemic mixtures of optically active bases by 
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formation of the salt of an optically active acid. Attempts were 

made to form the salts of both D-(-)-tartaric acid and L-(_)_rnaijc 

acid with l-phenyl-l-phe nyihydrazopropane (Experimental, page 177  

but no crystalline material was obtained from these reactions. 

The second method investigated was the alkylation of 

sodium formyiphenyihydrazine, as described by Freer and Sherman' 4  

(Schema 31). It was intended to use an optically active alkyl 

iodide in this reaction and thus produce an optically active 

2-LL-alkyl formyiphenyihydrazine (70), assuming inversion at the 

reacting carbon, which could be hydrolyzed in the presence of acid, 

or base, to the phenylhyclrazo compound (71). The latter could then 

be readily oxidized to the phenylazoalkane, without interfering with 

the optical activity. 

It was proposed to use optically active 2-iodo--octane as 

the alkyl halide, This can be obtained from optically active 

octan-2-ol by the method of Ferlak and Gerrad 75  which involves 

treatment of the alcohol with phosphorous tn-iodide in carbon 

disulphide. The reaction occurs with inversion at the asymmetric 

carbon atom. Octan-2-ol may be readily resolved by the method of 

Kenyon 76 , which consists of estenification of the alcohol with 

phthalic anhydride, formation of the brucine salt of the remaining 

carboxylic acid moiety (brucine reacts readily with only one 

enantiomer under the conditions used) and regeneration of the alcohol 

by reaction with base. Since, however, trial reactionsof race mjc 

mixtures of 2-iodo-octane with sodium formylphenylhydrazjne 

(Experimental ., page 179 ) were unsuccessful, this approach to the 

synthesis of optically active phenylazoalkanes was discontinued 

before any resolved 2-iodo-octane was required. 

Since only formyiphenyihydrazine was recovered from the 
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..attempted reactions of 2iodo-octane with sodium formylphenylhydrazine, 

the reaction on which this experiment was based i.e. the reaction of 

ethyl iodide with sodium formylphenylhydrazine as described by Freer 

and Sherinan74, was attempted, but again only formylphanylhydrazirie 

was recovered (Experimental, page 180 ). It was thought that the 

reactions were unsuccessful because the sodium formylphenylhydrazjne 

used was not pure. (It rapidly decomposes in the presence of air 74.) 

Analysis by titration (Experimental, page 181 ) showed that the 

sodium formyiphenyihydrazine used in the experiments described above 

contained a high percentage (c.a. 70%) of free formylphenylhydrazlne, 

and purer material was not obtained from further preparations. 

Attempts to generate the sodium formylpheny-lhydrazjne 

___ were unsuccessful, mainly due to deficiendes in the 

apparatus used (Experimental, page 181 ). 

Another method for the preparation of phenylazoalkanes 

is alkylationof the potassium salt of phenyldiazotate (Scheme 32) 

as described by 4ss and Love 78. This reaction is known to occur 

with retention of the geometry about the N = N and to retain 

chirality at the carbon atoms N, to the azoxy function. The 

phenyldiazotate produced should be easily reduced to the phenyl-

azoalkane with a limited quantity of lithium aluminium hydride. The 

alkylation occurs by SN 2  attack (complete inversion) of the diazotate 

on the alkylating agent. Trial reactions with ethyl iodide and 

potassium phenyldiazotate (Experimental, page 183) were unsuccessful 

and this method of synthe sis of optically active phenylazoalkanea 

was not investigated further. 

The synthesis of unsymmetrical alkyl-aryl azo compounds 

via oxidation of unsymmetrical suiphamides or ureas, as described by 

Porter and Marnett'  was also attempted. The oxidation 
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of an unsymmetrical suiphamide was first attempted using racemic 

1-phenylethylamine (Scheme 33); the use of resolved 1-phenylethylamine 

should give an optically active phenylazo compound as product. 

Benzene suiphonyl hyd.roxylarnine was prepared from hydroxylamjne. and 

benzene suiphonyl chloride by the method of Piloty. 80  This compound 

was then reacted with -nitrobenzene suiphonyl chloride in the pres-

ence of triethylarnine to give N-(-nitrophenyl sulphonoxybenzene) sul-

phonamide (73), the triethylamine salt of which is reported 79  to give 

the intermediate (74) which will react with amines to form suipharnides, 

e.g. (75). Since this reaction was unsuccessful , 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---nitrophenylazo-

propane (72). Attempts to synthesise (72)  by an unambiguous route 

were unsuccessful (see below). The N-(--nitrophenyl sulphonoxy-

benzene) sulphonamide (73) used had the same m.p. (1790c) as reported 

by Lowoski and Schieffele 81 , who used the formula (Ph S0 2 .NH.0S02 .C6  

H4NO2 ) on the basis of elemental analysis. The production of 2-

inethyl-2-j-nitrophenylazopropane instead of 2-methyl-2-phenylazo-

propane in the experiment discussed above appears to be due to the 

presence of mainly Ph SO 2 ..SO2 .C 6H4 .NO22 in the reaction mixture 

instead of Ph SO,-..OSO 2 .C6H4 .NO22 but no further explanation can be 

offered. 

The method of synthesis of unsymmetrical alkyl-aryl azo 

compounds via oxidation of the urea, as developed by Fowler 82 , was 

found by Porter and Narnett 79  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-phenylethylamine and phenyl-

isocyanáte,wae carried out using t-butyl hypochiorite in a solution 

of potassium t-butoxide in t-butyl aichohol and it is probable 

that the alkaline conditions cause the phenylazoa]icane, when produced, 

to rearrange to the corresponding phenylhydrazone. The synthesis of 

phenylazoalkanes via oxidation of substituted ureas had only 

previously been applied to tertiary amines'' 2, and it appaared 

doubtful at the outset that such a route would give primary or 

secondary phanylazoalkanes in good yield, as they would readily 

isomerise to the corresponding phenylhydrazones during oxidation 

under alkaline conditions. The synthesis of phenylazoalkanes via 

oxidation of the suiphamide, however, employs conditions for 

oxidation similar to those used by Ohme and Schmitz 83 in their 

successful synthesis of primary and - secondary symmetrical azoalkanes 

(see Scheme 34). For this reason more attention was given to the 

suiphamide method than the urea method. 
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2 - ithi - 2 - p - 

nitphny1arorbv an Unb 	ojita. 

In order to identify the product, thought to be 2-methyl-

2---nitrophenylaopropane (72), from the attempted synthesis of 

2-methyl-2-phenylaz,pi-opano by oxidation of the suiphamide (see above), 

various methods, from established nitrations to unproven routes for 

the synthesis of phenylazoalkanes, were investigated. 

Nitrations of 7-methyl2_pheny1azopropane (Experimental, 

page 16 ) under conditions chosen to produce mainly -nitro 

substitution in the benzene ring, appeared to cause extensive 

decomposition of the substrate. 

The synthetic route of Curtin and Uraprung8, reaction of 

t-butyl zinc chloride with phenyldiazonium fluoroborate, which was 

convenient for the production of 7-methyl2phenylazopropane, was 

tried using 2-nitropheny1diazonj fluoroborate (Experimental, 

page 17). Analysis of the product mixture, after chromatography, 

showed that it contained 1-chloro-4-nitrobenzene, nitrobenzene and 

possibly 2 n1ethyl_2..nitropheny1azo propane (72). The nitrobenzene 

was removed by distillation and an attempt was made to separate the 

residual mixture of (79) and 1-chloro-.4-nitrobenzone by reacting the 

1-chloro-4-rijtrobenzene with piperidine. This method of separation 

was, however, only partially successful (Experimental, page 19 ) 

as not all the 1-chloro-4-njtrobenzene present in the mixture 

reacted with piperldine. 

The last three methods attempted for the synthesis of 

2-methyl- 2 _nitropheny1azo pro pane were rather similar in that they 

all involved reaction of a halide with a hydrazine, from which it 

was hoped to obtain 2-methyl- 2__nitropheny1hydrazo propane , which 
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could be ets1ly oxidized to the azo compound with yollow mercuric 

oxide. t-Bity1 chloride in pyridine and t-butyl iod1e in methanol 

did not react with .-nitrophenylhydrazjne (xperimental, pages 191, 

192 ), and attertjptg to react t-butylhyd.razjne with 1-chloro_4_ 

nitrobenzene in pyridine were also unsuccessful (Experimental, 

page 193 ). No further potential synthetic routes to 2-niethyl_2... 

2- nitropheny1azopi.op5 were investigated. 
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Under Various Cqpitipna. 

Difficulties were encountered in obtaining an optically 

active phenylazo compound for kinetic studies of the rearrangement to 

the corresponding phenyihydrazone by measurement 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 G4 -  C - H is required for rearrange-

ment to the phenylhydrazone) and the molecule should contain no other 

asymmetric centre, so that there is complete loss of optical activity 

once the phenyihydrazone has been formed (Scheme 35). 

Since such an ideal compound was not obtained from the 

various synthetic methods investigated, what is perhaps the most 

reliable method of obtaining phenylazo compounds, reduction of the 

phenyihydrazone to the phenylhydrazine, which can. be  easily oxidised 

to the phenylazoalkane 23 , was employed. The obvious fault with this 

method is that asymmetry at the 	o( -carbon atom can only be created 

once the phenylhydrazoalkane has been formed, so that the phenyl-

hydrazoalkane would have to be resolved, Resolution of 1-phenyl-

1-phenylhydrazoprãpane had been unsuccessfully attempted with both 

D-(-)-tartaric and L-(_)_rnaljc acid (Experimental, pagp 177) . As 

a compromise (+)_camphor (7), a ketone which itself contains two 

asymmetric carbon atoms, was used. A third asymmetric centre is 

produced at carbon 2 when camphor phenyihydrazone is converted to 

2-phenylazobornane (79) and loss of this additional asymmetric 

centre, on isomerisation of 2-phenylazobornane to camphor phenyl-

hydrazone produces a change in optical activity. 

Camphor phenylhydrazone could not be prepared by simply 
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refluxing an equimolar mixture of the ketone and phenylhydrazine 

either in ethanol or in the absence of solvent. These conditions 

readily gave the phenyihydrazone of cyclopentanone yet the 

condensation of camphor with phenyihydrazine required acid catalysis 

(Experimental ., page 195 ). The ease of formation of cyclopentanone 

phenyihydrazone shows that there is no difficulty in changing the 

hybridisation of a carbon atom in a five membered ring from Sp 2 to 

Sp3  in the carbinolamine and back to Sp 2  in the phenylhydrazone, so 

that in the case of camphor other steric factors must make the 

condensation more difficult. The ease with which 2-phenylazo-

bornane isomerises to camphor phenyihydrazone is shown by the 

difficulty encountered during purification of 2-phenylazobornane 

(xpe rime nta1, 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 tetrachioride. 

Some 100 IS= n.m.r. spectra of the phenylazobornane in 

carbon tetrachloride show two singlets for each methyl group (see 

Experimental, page 197 ). This suggested a mixture of two epimers 

(so) and (31). The reduction of camphor phenyihydrazone with 

lithium aluminium hydride to form 2-phenyihydrazobornane 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. 

Masurement of O.tjcaj FatatLQrla . 

Difficulty was encountered in the measurement of the 
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optical rotations of camphor phenyihydrazone as the observed 

rotations of fresh solutions inmhanol continually decreased 

(xperirnental, page 199 ), whereas treatment of the solutions with 

oxygen caused an increase in the observed rotation at all three 

wavelengths usad (Table 14). Thus the continual drift towards 

lower values was not caused by oxidation of the phenyihydrazone to 

the phenylazohydroper3xjde (see page 59 ) and must be due to some 

other chemical change in the solution. 

In. an experiment to investigate the stability of camphor 

phenylhydrazone in methanol containing sodium methoxide (Experimental, 

page 203 ) the optical rotation of a 1% WV solution of camphor 
phenyThyth'azone in methanol (+0.035°  at 546 nrn.) was found to be 

stable over 40 mm. After addition of sodium methoxide solution 

the reading changed to +0.0290 and thereafter remained stable over 

2.5 hours. This was therefore taken to be the rotation (at 546 nm.) 

which a 150 WtQ solution of ?-phenylazobornane would reach after 

rearra.ngerrent to camphor phenylhydrazone in methanol with sodium 

methoxide as catalyst. 

The U.V. spectrum of 2-phenylazobornane has X max. 410 urn,, 

and the absorbances at the wavelengths used to measure the optical 

rotation on either side of this maximum (436 and 365 nm,) were too 

strong to allow measurement of the optical rotation at these wave-

lengths using the concentrations etc. necessary in the kinetic study 

(Experimental, page 200 ). (A ? max. in the U.V. spectrum 

corresponds approximately to the wavelength at which the optical 

rotation changes sign on a Cotton curve 85  and for 2-phenylazo- 

bornane the. Amax. in the U.V. spectrum at 410 run, is reflected 

In the change of sign in the optical rotation values (Table 15) 

In Passing from 3 65 to 436 nm.) 
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The most suitable wavelength for measurement of the optical 

rotation of 2-phenylazobornane in the kinetic study was found to 

be 546 nm. 

Study Pf th 	Qjt1ysed Rearrangawant gf 2-bnvlaz9b 

in Methanol.. 

2-P.henyiazobornane was shown by n.m.r. spectroscopy to be 

stable in methanol for up to three days at room temperature 

(Experimental, page  202).  The observed value of the optical 

rotation of a 1% W/V  solution was checked for constancy for 2 hours 

before sodium methoxide solution was added to the polarimeter cell 

(Experimental, page 202 ). The optical rotation then increased 

steadily (Table 16), indicating that the 2-phenylazobornane was 

undergoing. rearrangement to camphor phenyihydrazone. The rotation 

/ reached +0.07 , the value for a hC
o
T 
 W V solution of camphor 

phenyihydrazone, after 180 mm., and continued to increase to more 

positive values (+0.095°  after 280 mm.). After the solution had 

been stored overnight the rotation had decreased again to +0.014 0 . 

This behaviour suggested that more than one reaction had taken place 

although camphor phenyihydrazone was the only product identified 

by n.m.r. spectroscopy and this was found to be stable for '.5 hours 

under the conditions of the experiment (Experimental, page 203 ). 

In an attempt to determine the cause of the unusual 

behaviour described above, the isomerisation of 2-phenylazobornan.s 

was also followed by U.V. spectroscopy (Experimental, pages 204 - 208). 

The decrease of the n — T( 	absorption of 4-phenylazo- 
bornane at 	max. 402nm. ( C 132) was recorded. Camphor 

phenyihydrazone also has a very weak n_.TT* absorption at 402 nm. 

(&11.3) and Equation 2 was used (Experimental, page 206) to allow 

* Differs from value of 410 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 isomeris2tion of 2-phenylazobornane to camphor 

phenyihydrazone. 

Four successive experiments were performed and the values 

obtained for the rate constant, k, the intercept, in (a (Er -  Ep 
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 samples were kept in the cells at 

450C overnight and then rerun. The spectra then showed absorbances 

with 	max,,--, 390 nm. which were more intense than the initial 

absorbances of the 2-phenylazobornane solution. Plots of in (A - aEp) 

v.t for runs 2, 3 and 4, produced curves which indicated that the 

rate of reaction dropped sharply after 70 100 mm. Analysis of the 

results for run 4 over two different periods of time (t = 10 - 100 nm. 

and t = 70 - 160 mm.) produced different rate constants ( k = 

0.00079 0.000063 mm.' and k = 0.00048 0.000046 min. 1  

respectively). A similar experiment in which phenylazocyclohexane 

was used as the substrate (Experimental, pege209 ) did not show 

such anomalous results; treatment of the solution with oxygen, after 

isonierisation to cyclohexanone phenyihydrazone was complete, 

resulted in formation of cyclohexane phenylazohydroperoxide (82). 

(Alkyl phenylazohydroperoxides are normally formed on treatment of 

7 phenylhydrazones, in solution, with oxygen 3 .) All these factors 

indicated that the reaction of 2-phanylazobornane was not a simple 

first order process and that more than one reaction was taking 

place. 

It is possible that the different rate constants obtained 
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from the four runs were caused by variations in the quality of the 

catalyst solution used, but titration of five different samples of 

catalyst solution against standard aqueous hydrochloric acid 

solution (Experimental, page 209) showed that the base concentra-

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 camphor phenyihydrazone had been isolated 

after treatment 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 phenyihydrazone under the 

conditions of these U.V. experiments was investigated (Experimental, 

pages 210 -211). In the presence of sodium methoxide in methanol 

(Run 1) a A max. at 3808 nm. (A = 1.31) gradually appeared and the 

solution became yellow in colour. This " 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, and 3). A solution of camphor phenylhydrazone in 

methanol which had been stored for the same period (26 hr.) at 

25°C, and which contained no sodium methoxide, 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 of 

camphor phenyihydrazone in methanol containing no sodium methoxide 

(Experimental, page 211) showed that different reactions were 
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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 base present was 

exposed to light' and air. The reactions in the presence of base 

precluded the possibility of following the kinetics of the rearrange-

ment of 2-phenylazobornane to camphor phenyihydrazone with sodium 

methoxide as catalyst. Further experiments (Experimental, page 2l2) 

in which unsuccessful attempts were made to identify the products, 

showed that oxygen was involved in these reactions. 

The uptake of oxygen by camphor phenyihydrazono under 

various conditions was measured ('Experimental,, pages 214217),' 

and in some experiments the solutions were examined by spectroscopy 

(n.m.r., infra-red and u.v.) after treatment with oxygen. Camphor' 
phenylhydrazong in methanol was found to take up more than 2 molar 

equivalents of oxygen; uptake was slow at first and the reaction 

appeared to have an induction period. In carbon tetrachloride the 

phenyihydrazone suddenly took up more than one molar equivalent of 

oxygen (exceeding the capacity of the apparatus) after c.a. 2.5 hr.; 

again oxygen uptake was very slow prior to this sudden uptake. The 

U.V. and n.m.r. spectra suggested that only camphor phenyihydrazone 

was present after oxygen uptake had ceased. It had been shown 

(xparimenta1, page 215) that camphor phenylhydrazone, in a mixture 

of carbon tetrachloride end water, is hydrolysed to camphor, and the 

infra-red spectrum of the carbon tetrachloride solution after 

treatment with oxygen indicated that a mixture of camphor, camphor 

phenylhydrazone and probably free phenyihydrazine was present. 

(Camphor in the presence of camphor phenyihydrazone 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.Lf/o.ptthe 

intensity of 1) 	C O (1743 cm.) 1.e.22.% of' the camphor 

phenvlhydrazone had been converted to camphor. The formation of 

camphor and another product (possibly phenyihydrazine) from the 

reaction of oxygen iith camphor phenylhydrazorje does not, however, 

account for the sudden uptakes of more than one molar equivalent of 

oxygen. 

Hexane has - been used as the solvent in the measurement of 

oxygen absorption by several alkyl phenylhydrazoneg23 2  using the same 

apparatus as in the present experiments, and no absorption of more 

than one molar equivalent was observed for the alkyl phenylhydra zones 

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 (xperimenta1, page 217) were consistent with those 

reported for other aldehyde phenylhydrazones, showing that there was 

no fault in the apparatus or the method of its operation. Camphor 

phenylhydraz one in hexane behaved in the same manner as in methanol 

and carbon tetrachloride i.e. more than one molar equivalent of 

oxygen was suddenly taken up after c.a. 25 hr., showing that camphor 

phenyihydrazone 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 more gradual than in the absence of sodium mathoxide. 

The use of sodium methoxjde 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 camphor 

phenyihydrazone with oxygen did not account for the amount of 

oxygen absorbed in this experiment, it seemed probable that oxygen 

might also be reacting with phsnylhydrazine, or a species closely 

related to phenylhydrazine, which must be produced along with camphor 

during the decomposition of the phenylhyth.azone. The absorption of 

oxygen by phenylhydrazjne and the phenyldiazonium cation under 

various conditions, and the products of these reactions, were 

investigated (Exper1menta, pages 218- 221). A possible mechanism 

to account for the formation of camphor by reaction of oxygen with 

camphor phenyihydrazone involves formation of a phenyldiazonju 

cation (Scheme 36). 

Phenylhydrazjne in carbon tetrachloride was found to 

suddenly take up more than two molar equivalents of oxygen (in 4 2 mm.) 
after c.a. 2 hours and produce a red solution. The infra-red 

spectrum of this solution showed sharp absorptions at 3600 and 

350 cm. which were also observed in the infra-red spectrum of the 

oxidised solution of camphor phenylhydrazone in carbon tetrachloride. 

The n.m.re spectrum of the oxidised solutionof phenylhydrazjne 

showed no NH absorption and the aromatic multiplet had 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 

treatment of camphor phenyThydrazone in carbon tetrachloride with 

oxygen, camphor is first produced, and further uptake of oxygen 

occurs by reaction with phenyihydrazine or a related compound. 

(The presence of water appears to inhibit 'reaction of phenylhydrazjne 

and also the hydrolyeiiloxjdatjon products of camphor phenylhydrazone 

with oxygen (Experimental ., page 219).) When the above experiment 
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was carried out with methanol as solvent only 1.33 molar 

equivalents of oxygen were absorbed, but in the presence of sodium 

methoxide more than two molar equivalents were taken up and the 

final solution was yellow.. In the latter experiment there appeared 

to be an initial fast uptake of c.a, one molar equivalent of oxygen, 

followed by  period of no absorption (c.a. 3.5 hr.), The rate of 

uptake then increased again until more than two molar equivalents 

had been absorbed. Sodium methoxide apparently acts as a catalyst in 

an initial step during which one molar equivalent of oxygen is taken 

up and it also appears to be responsible for subsequent reaction 

taking place to a greater extent than in methanol alone. Further 

reaction of phenylhydrazine (or a related compound) must be 

responsible for the behaviour observed for camphor phenyihydrazone 

in methanol containing sodium methoxide. 

When phenylhydrazina in methanol containing sodium 

methoxide was treated with oxygen (Experimental, page 222 ) there 

was an increase in the intensity of the broad absorption at 350 - 

550 nm, This absorption 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 same 

conditions (Experimental, page 212) produced an increase in 

intensity which continued to increase on storage. It is therefore 

improbable that the strong absorption which appeared at 370 nm. 

when solutions of camphor phenyihydrazone in sodium methoxide/ 

methanol were exposed to air is due to a product of the oxidation 

of free phenyihydrazine. 

The phenyldlazonium cation in methanol gave oxygen 
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absorption of less than one molar equivalent, and the uptake in the 

presence of sodium methoxide was less than that in the absence of 

the base. The U-V. spectrum of the solution (containing sodium 

mthoxide) after oxygen absorption showed a at a longer mcix. 

wavelength (396 nm.) than that observed for a solution of camphor 

phenylhydrazone after similar treatment. When the phenyldiazonium 

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. A A 	at 396 mu. was observed and this slightly max, 

increased in intensity during 3 hr. at 45°C, and then remained steady 

( E 900). (The phenyldiazonium cation does not appear to be stable 

in solution; probably nitrogen is lost 	After storage for c.a. 2 

days at 25°C no strong absorption at 396 rim, appears on addition of 

base.) The A max, at 396 rim, is at a slightly longer wavelength 

than that produced in solutions of 2-phenylazobornane and camphor 

phenyihydrazone under similar conditions C A max, is..- 390 rim.), 

however it is possible that the same species might be responsible 

for both these absorptions. 

It is conceivable that, under the basic conditions used 

for the rearrangement of 2-phenylazobornane, a diazoniurn cation 

could couple with camphor by a JapKlinge man type reaction 

(Scheme 37) in which the methylene group at the 3 postion will 

be activated towards electrophilic substitution by enolisation of 

tha carbonyl group. This possibility was Investigated (Experimental, 

page 223) but no reaction between the phenyldiazoniuju cation and 

camphor which could be responsible for the absorption observed with 

camphor phenyihydrazone in sodium methoxide/methanol was found to 



77. 

take place. 

In srnary, 2.phenylazobornane readily isomerises to 

camphor phenyihydrazone on treatment with base • In the presence of 

oxygen the pheriylhydrazone undergoes further reaction and camphor 

is produced. ThA other product(s) of this reaction, which requires  

more than two molar equivalents of oxygen has a strong absorption 

in the U.V. at 370 - 390 rim. (the wavelength appears to vary). This 

product was not Identified although it is thought to be similar to the 

oxidation product of the phenyldiazonium cation. 
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N.MSP. Siectra of Diiooropy1 Ketone Ihenylhydrazono and 

Related Cmiuni. 

The presence of two methyl doublets in the n.m.r, spectrum 

of 2,4-dimethyl-3-phenylazopentane (3),  as opposed to only one in 

the spectrum of the corresponding phenyihydrazone, di-isopropyl 

ketone phenylhydrazone (84),  had been observed. 65  In order to 

determine whether this non-equivalence of methyl groups was due to 

hindered rotation of the isopropyl groups in (83) 2  or to some other 

factor, these compounds were prepared (xçerimental, PE90225 ) and 

their n.m.r. spectra recorded. The two separate methyl doublets of 

(83) did not coalesce or even broaden when the compound was heated 

to 180 
0 
 C in diphenyl ether. (They did overlap as the temperature 

was increased but this was merely due to change 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-..ol, which, although loss sterically hindered, also has two 

methyl doublets. 

Non-equivalence of the methylene protons in ethyl groups 87  

in compounds of the general structure (85) is well known 87,88.,89.,90 

and some examples in isopropyl groups have also been observed.91 '9' '93 

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 methylene protons in (85). l ( 2) 

in (87) can never experience the same average magnetic environment 

as (l) oven with free rotation about the central C-C bond. The 

two methyl groups within each isopropyl groups are therefore non- 



equivalent, even though the two isopro.pyl groups are equivalent. 

Two pairs of doublets are therefore observed if the magnetic 

anistropy of the other groups (x and Y in (86); Ph N2  and H in 

(87)) are sufficiently different to cause a large enough difference 

in the average environment of i(i) and 	(2). (Di-isopropyl 

ketone phenylhydrazone does not have a structure of the type (86) 

and only one msthyl doublet is observed.) 
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XFERThENTAL 

Nuclear Magnetic Resonance spectra were run on a 

Perkin Elmer R.l0 Spectrometer (60 MHz) at 330C, an E.M. 360 

(60 MHz) at 330C, or a Varian Associates H.A. 100 Spectrometer 

(ioo ?Hz) at 280C ecept where other temperatures are indicated. 

Unless otherwise specified the solvent was carbon tetrachloride and 

the concentration was 5 - 10% W/V. Tetramethyj.silane was used as 

the internal reference unless otherwise stated. All chemical shifts 

are quoted in p.p.m. (A scale), with tetramethylsi].ane as 0 pope 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 following abbreviations are used: 

singlet (s), doublet (d), doublet of doublets (d of d), triplet (t), 

quartet (q) and multiplet (m). J is the coupling constant quoted in 
hertz (Hz). 

The infra-red spectra were recorded on Ilnicam S.P. 200, 

Perkin Elmer 237 and Perkin Elmer 157G Spectrophotomer3 The 

suffixes to the infra-red bands quoted are abbreviated as follows: 

(v),weak; (ni), medium; (a), strong; (b), broad. 

Ultraviolet spectra were recorded on a Unlearn S.P. 800 A 

Spectrophotote, theremostated where indicated using a S.F. 870 

constant ternçerature cell accessory and a S.F. 875 controller. 

Optical rotations were determined on a Perkin Elmer 141 

Polarimeter thereniostated by water circulation around the cell during 

kinetic runs, and have been corrected for solvent and cell 

contributions. 

Mass spectra were run on an A.E.I. M.S. 902 double 
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focussing instrument. 

All molting points were determined on a Reichert hot-

stage microscope and are uncorrected. 

The alumina used in all chromatography was of Activity 
11194  unless otherwise stated, 
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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 

Discussion. Some experiments are presented on separate pages. 

References are given in the Discussion to the appropriate pages 

of the Experimental Section so that no confusion should arise 

from these slight differences in arrangement. 

62. 
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Solvents 

Preparation and 	 Nitromethanfpr N.M.R. Srectros copy  

Itthad A. 5_... Sufficient cold 40% aqueous sodium hydroxide solution 

(approximately 450 ml.) was added to a mixture of chioroacetic acid 

(500 g.) and crushed ice (500 g.) to make the resulting solution 

faintly alkaline to phenolphthalein. The temperature was kept below 

OC during the addition to prevent the formation of sodium glycollate. 

The solution was mixed with sodium nitrite (365g.), 

dissolved in water (500 ml.), in a 3 L. distillation apparatus and 

then slowly heated to 800C. 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 - 850C the exothermic decomposition of sodium nitroacetate 

becomes so rapid that the temperature rises to 900C without further 

application of heat, If heat is applied after the temperature 

reaches 8500 violent frothing may occur, with loss of nitromethane,) 

During spontaneous heating approximately 100 ml. of 

nitromethane distilled over (b.p. 83 0C) accompanied by 120 ml. of 

water. When the temperature of the mixture had dropped to 85 °C 

heat was again applied until the temperature reached 1060C and a 

further 100 ml. of liquid, mainly water, distilled over. The 

distillate was allowed to separate for 30 mm. before the nitro- 

methane was runoff and dried over calcium chloride. On distillation 

the fraction b.p. 98 - 103 0C was collected as nitromethane (88g; 27%). 

The 60 MHz n.m.r. spectrum of the neat liquid showed a 

singlet for n.itromethane (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 - 1029C was collected. 

The 60 MHz n.nl.r. spectrum of this fraction showed the impurity 
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was still present although the amount had decreased. Comparison of 

spectra with and without added acetone suggested that the impurity 

might be acetone. Subsequent preparations using the above method 

produced n.ttromethane without the impurity after one distillation. 

The nitromethane was stored over molecular sieve (type /.A). 

96 	Methyl iodide (42.5g,  0.30 mole) was added to a 

stirred solution of sodium nitrite (36 g; 0.52 mole) in dimethyl 

suiphoxide (225 ml.) maintained at 250C. Stirring was continued for 

4 hours before the reaction mixture was poured into a mixture of ice-

water (100 ml.) and petroleum-ether (100 nil; b.p. 30 -40 0C). After 

separation the aqueous phase was further extracted with portions of 

petroleum-ether (4 x 100 ml.), and the combined extracts were washed 

with water (4  x 100 ml.) and dried (Mg SO 4). The major part of the 

petroleum-ether was removed by distillation through a small Vigreux 

column and the residue was then fractionated at atmospheric pressure. 

Two fractions were collected, (1) b.p. 60 - 100°C, and (ii) b.p. 

100C. The 60 I'1Hz n.m.r. spectra showed that both fractions were 

petroleum-ether; no nitronthane was present. 

Commercial nitromethane contained impurities which 

obscured the 0 - 2 p.p.m. region of the n.m.r. spectrum. These 

impurities could not easily be removed by distillation. The nitro-

methane used In all experiments has been prepared from chioroacetic 

acid (method A). 

Purification of Chloroform97 	Reagent. grade chloroform was washed 

with concentrated sulphuric acid (4X)  in order to remove ethanol, 

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 NHz 
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n.m.r. spectrum of the neat liquid showed only the absorption for 

chloroform (7.74 p.pm.). 

98 Purification of Cvcloheane • - Cyclohexane (ex. May and Baker) 

was washed several times with a 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 cy1ohexane was distilled from sodium and the fraction b.p. 80 - 

810C was collected and stored-over molecular sieve (type 4A). 

jaf.jn of AnhydrousJthanp199 	gne slum turnings (5g.) and 

iodine (0.5g) were placed in a 2 1. flask, and "AnalaR methanol 

(75 ml.) was added through a condenser. The latter was fitted with 

a drying tube (Ca C]. 2 ). 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 

refluxed for 30 mm. and then the methanol was distilled; b.p. 650C. 

(The first 25 ml. of distillate were discarded.) 

Preparation of 'Sure' Dry' Ethanol'.' - Absolute ethanol was dried 

and distilled in the same way as methanol (see above). 

Other solve 	,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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N.M.R. Stud.yof Phny1hydra.zone Forratiôn and Isonrisatin 

In Pyridine. 

Solutions of phenylhydrazine (4.059; 37.5 M. mole) in 

'AnalaR' pyridine (21.7 ml; 0.27 mole) and of the carbonyl compound 

(30 m. mole) in óAnalaRV pyridine (21.7 ml; 0.27 mole) were prepared 

so that a 5 : 4 excess of phenylhydrazlne over carbonyl compound was 

obtained on mixing equal 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 the spectra wag noted after 

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 

phenylhydrazories in dioxan and of para—substituted phenyihydrazones in 

pyridine were carried out in the same way. Due to the low solubility 

of .-n.ttrophenylhydrazine in pyridine only a 4.3%  M  concentration 

of product could be obtained though the relative concentrations of 

reactants remained the same as in other experiments (see Table i). 
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EMPISration  of" 	
1 p-th1benvThycrazine .00 	(Scheme 38) 

-To1udine (5.2g; 0.048 mole) was -stirred with concentrated hydro-

chloric acid (40 i1.) until a thick, yellow paste formed, 

Djazotjzation was effected at 0 °C with efficient stirring by the 

addition of a solution of sodium nitrite (3.3g; 0.048 mole) in 

water (14 ml.). 

The diazotied solution was run slowly into a solution 

of stannous chloride (32.8 g; 0 .145 mole) in concentrated hydrochloric 

acid (28 ml.), at 000 under nitrogen. A cream coloured solid formed, 

which became colourless on standing for three hours under nitrogen. 

The hydrochloride was filtered off using a 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, was filtered off and dried. 

It was then dissolved under nitrogen in the minimum quantity of 

boiling benzene and precipitated as colourless plates by addition of 

3x the volume of lightpetroleum-ether. The arylhydrazine (1.7 g; 

was filtered off and dried; m.p. 58-600C (lit 101  65-660C) 

(nujol) 3700 (b), 1610 (m), 1510 (a), 980 (m), 800 cm-.' W.  
The n.m.r. spectrum (60 MHz) in benzene shoved the absorption for the 

methyl group at 7.13 p.p.m. On storage in a vacuum desiccator the 

crystals became slightly orange in colour. 
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1H N .M.R, ScIruofAcetaldeIyd p-Nitroi'he ny1hydraznnin 

i4iitm=  

-Nitropheny1hydrazine (1.4375 9;0.0094 mole) was added 

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

was evaporated after 30 mm. The compound was recrystallised 

from nitromethane under nitrogen and the 100 MHz n.m.r e  spectrum of a 

saturated solution in nitromethane was recorded with nitromethane as 

the internal reference (4.29  p.p.m.). (The aryihydrazono was not 

sufficiently soluble in nitromethane to allow a 5% M solution to 

be formed.) In the two methyl doublets the highfield line for the 

isomer (711,o) and the lowfield signal for the anti isomer (29%) 

were co-incident (i. p.p.m.), The isomeric composition was 

determined from the electronic integrals on the other two signals 

of the doublets. 

N. M.R • Spec truinf AceIa1dehe 

Solutions of phenylhydrazine (2.025g; 0.01j7 mole) in 

nitromethane (8.73g; 0 .135 mole) and of redistilled acetaldehyde 

(0.66g; 0.015 mole) In nitromethane. (8.23g; 0.135 mole) were prepared 

so that a 5 : 4 molar excess of phenyThydrazine over acetaldehyde was 

obtained on mixing equal volumes of the solutions. These concentra-

tions also gave a 5% N product solution. The solutions (0.75 ml. of 

each) were thoroughly mixed in a n.m.r. tube and set aside under 

nitrogen to equilibrate. The 100 MHz n.m.r. spectrum recorded after 

7 days using nitromethane as the internal reference (4.29 p.p.rn.) 

showed the methyl doublets of the isomeric phenylhydrazones at 1.2 

p.p.m. (j  39%) and a 1991 p.p.rn. (2.yn 61%). 



Qjp tf 	T 1 gi ty ,f' Ni; troryathUgj AAdAt 	,hy 

cQ thj 	,qt ,qta gn tbe Infra- , d  Hydroxyl A1sc rptj 

rque ncv of 	 A. 	thane - 

The carbon tetrachloride used had been distilled from 

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

A standard solution of 1f1uorophenol (1.0012g.) in dry 

carbon tetrachloride (i(X) ml.) was prepared. 

Various quantities of nitromethane (ranging from 6 to 

41 mg.) were wehed into five 50 ml volumetric flasks and dry 

carbon tetrachloride (approximately 40 ml.) was added to each flask 

to minimise evaporation of the nitrornethane. Aliquots (2.00 ml.) 

of the standard phenol solution were transferred to the five flasks 

containing nitromethane and also to one empty 50 ml. volumetric flask. 

The standard phenol solution (i ml.) was measured into another empty 

50 ml. volumetric flask. (The two samples containing no nitromethane 

were used to determine the extinction coefficient of L:)--fluorophenol. 

This did not prove necessary in the experiment with nitromethane,) 

Each flask was filled to the mark with dry carbon tetrachloride and 

the contents thoroughly. mixed. 

The infra-red spectra were recorded at 24 0C on a Perkin 
Elmer 907 Spectrophotometer in a cesium iodide cell (0.5 cm. path-

length). The carbon tetrachloride itself and the solutions 

absorbed a very small amount of moisture on transference to the sample 

cell. The amount of moisture indicated by the intensity of the 

1j 

	infra- 
red red absorption k 	max. OH, 3704 cm. -1 

 ) was approximately the same 

for each sample and did not interfere with the phenol absorption. 

In the six solutions containing the same concentration of 

2fluo3phenol only one hydroxyl group absorbance 	
max. 3670 cm.) 
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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 240C, nitromethane does not 

therefore form hydrogen-bonds with -fluoro phenol. (see Table 19 ) 

B. AthiitrjJ.—The 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 ( \) 

3625 cm.-1) and those of hydroxyl groups hydrogen-bonded to the 

acetonitrile , 	340 cm.) were observed. LX V , the 

difference in the frequencies of the free and hydrogen-bonded hy3roxy1 

groups, was 145 cm.. The formation constant (Kf ) for the hydrogen-

bonded complex was calculated from the intensities of the free 

hydroxy]. absorbances (see example below) for each of the 5 solutions 

containing acetonitrile 0  (see Tables 20 and 21 ) 

An average value for the molar extinction coefficient (E) 

for 2-flüorophenol  in carbon tetrachloride was calculated from the 

absorbances of the two solutions containing -f1uorophanol but no 

acotonitrile. 

	

E= 	124.2 

Solution 1: 	% transmittance 	60 	= 100 	Io 

101/1 	
= 	1.665 

log10 	 = 	E 	= 	0.2214 

where lo is the intensity of incident radiation. 

I is the intensity of transmitted radiation. 

E is the absorbance. 

	

E =E x M.N. 	(C is the concentration 
CX]. 	ing./l.) 

(1 is the pathlength in cm.) 
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C 	= 	E x M.W. 
€x 1 

0.221L x 112 g./1. 
124.2 x 0.5 

= 	0.394 g./1. 

= 	-f *ii'- - {Ao] + [A]) 
= 	[c] 

[A) (EoF[c]) 
In this case the proton donor was -fluorophenol and the 

free base was acetonitrile. 

[A0] and [A] are the initial and equilibrium concentrations of the 

proton donor respectively. 

[BO] and [nj are the initial and equilibrium concentrations of the 
free base respectively. 

Ec] is the concentration of the hydrogen-bonded complex. 
LA0 = 0.47 g./l. 	= 0.0342M 

[A] = 0.394 g.11. 	= 0.00352M 

- A] = 0.0006M 

[Bo] = 0.362 g./1. 	= 0.0041.1 

+ [] = 0.01192M 

[Bo] + [A] - [Ao] 	 = 0.00777M 

= 0.00068 
0.00352 x 0.00772 

= 2h.9 

(the values for Kf for the other solutions are recorded in Table 21) 

The average value of 	was found to be 26.6 4•5 

( 	V 145 crn. 1). The results indicate that acetonitrile is more 

basic than nitromethane, for which no hydrogen-bonding to 

-fluorophonol was observed, and suggest acetonitrile is a base of 

similar strength to that of tetrohydrofuran (.Kt 17.7; 8  792 cm.) 10  

and cyclohexanone (K 00,5;9 479 cm.)02 
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sinmeiit_of thiydrQgen 

by N.M.R.  Sect scpy.40' 103 

The chloroform, cyclohexane, acetonitrile and nitromethane 

had been purified, dried and distilled before use. 5% M solutions 

of chloroform in cyclohexane, nitrorathane and acetonitrile (20 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 (+ ml.) was 

scanned with tetramethylsilane as the internal reference. The 

chloroform absorptions were expanded at 750 Hz sweepwidth and the 

frequencies determined on a Varian V4315 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 0.5 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 values for the chemical shift of chloroform were 757.4 Hz 

in acetonitrile, 753.2 Hz in nitromethane and 70.7 Hz in cyclohexane. 

\L (CH 013) = 	 where SS 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. i SW 
(OH Cl3 ) was 0.487 p.p.m* for acetonitrile and 0.445 p.p.m. for 

nitrome thane. 

In agreement with the results found by measurement of the 

effects on the infra-red hydroxyl absorption frequency of 2-fluoro--

phenol, nitromethane Is a weaker base than acetonitrile. 



Previously reported values do not agree with these 

results: 	co  (CH Cii) = 0.31 p.p.m.39  for acetonitrile and 
40 0.47 p,p.m. for r.itromethane, 
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Dete rmi-na-tion of the Stability of Jirg 	zxIs. C1ppv1 

12.5 M solutions of redistilled phenylhydrazine and 

collidine (2,4 9 6-rimethylpyr1ajne), and a io% M solution of 

redistilled acetone, were made up in nitromethane. The acetone 

solution and the co],lidine solution (0.75 ml. of each) were mixed 

with separate phenylhydrazine solutions (0.75 ml,) in n.m.r. tubes. 

The samples were stored under nitrogen at room temperature and the 

100 MHz 1H n.ni.r. spectra were recorded after 1 hour, 6.5 hours, 30 

hours and 5 days with nitromethane (4.2 p.p.m.,) as the internal 

reference. 

The spectra of the sample containing acetone and phenyl-

hydrazine showed only acetone phenylhyirazone (two s, 6H, 1.9 p.p.m.) 

and the excess of phenyihydrazine after 30 hours and 5 days. 

The spectra of the sample containing collidine and acetone 

showed only the absorptions for coflidine (s, 3H, 2-methyl, 2.16 

p.p.m.; s, 6H. Q-methyl, 7.29 p.p.m.; s, 2H,  aromatic, 6.74 p.p.m.) 

and for acetone (2 p.p.m.), The spectrum did not change during 5 

days. Nitromethane did not react with acetone under these conditions. 

Njtronthana does not therefore condense with acetone in the 

presence of collidine (pK 10.07 at 20 0C). 	It is unlikely that it 

would condense with acetone in the presence of phonylhydrazine 

b04 (prc 5.2 at 25c0),, and it did not appear to do so. 
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105 	he 
- 	A suspension of finely powdered 2-.chloroaniline (75.5g; 

0.2 mole), in an excess of concentrated hydrochloric acid (70 ml.) 

was heated to approximately 600C 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 0 - 5 0C •  

The solution of the diazonlum 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 (459.) 

in water (300 ml.) until an acid reaction was just indicated by 

phenolphthalein. (Excess sulphur dioxide must be avoided otherwise 

tars are produced on addition of the diazonium solution and the yield 

of arylhydrazine is greatly diminished.) 

The resulting bright orange solution was heated to approxi-

mately 6000 and then made acid to litmus by the addition of concentrated 

hydrochloric acid (approximately 20 ml.). The colour changed to pole 

yellow. Heating was continued for 1 hour, concentrated hydrochloric 

acid (100 ml.) was added, and the mixture was then allowed to cool. 

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 0C). The cream coloured 2- chloro-

phenylhydrazlne (10.87g; 38.5%) was washed with petroleum-ether 

(b.p. 30 - 400C) and dried under high vacuum; m.p. 88 - 89 0C 

(lit .  105 M.P. 90°C). 
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The method described below was used because of the low 

solubility of .-chlorophenylhydrazine in nitromethane ( 12% M 

solution). 

A 6.25% N solution of .-chloropheny1hydrazjne (6.72g; 

0.0442 mole) in nitrometharie (43.2g; 0.706 mole) was prepared by 

stirring the aryl-hydrazine in nitrome thane overnight under nitrogen. 

Propiorialdehyde (0.070 ml.) was added from a syringe to the -chloro-

phenylhydrazine solution (1 ml.) contained in an n.m.r. tube to give 

a 5% N solution of condensation product. The sample was stored under 

nitrogen and the 100 MHz n.m.r. spectra were recorded, after 30 miris., 

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 way with ethyl 

methyl ketone and l-phenylpropui2one. (see Tables 1 G and H) 

 Ace of 	 ______ 

The 	acetonjtrjle was dried by storage for 5 days 

over molecular sieve (type 4A). A small multiplet (2.1 p.p,m.), due 

to 1H in the methyl group was present in the 100 NHz n.m.r. spectrum. 

This multiplet was not observed after addition of -nitropheny1 

hydrazine. The N-H absorptions for the -nitropheny1hydrazjne were 

6.8 ppm, and 3,8 p.pni. Both were diminished, probably through 

exchange with the H in the methyl group of the acetonitri].e. The 

A 2  B2  aromatic system was at 6.6 - 891 p.p.m. 



97. 

N.M.R. Study of the Condensatjpns 	p-Ch1oroheny1hrazine 

.-Ch1orophenylhydrazine (0.177 g.) was dissolved in [H3] 

acetonitrile (1 ml.) in a n.m.r. tube to give a 6.25% M  solution. 

1-Phenylpropan_2_one (0.134 ml.) was added from a syringe to give a 

5% M concentration of condensation product. The sample was stored 

at room temperature under nitrogen and the 100 MHz n.m,ro spectra 

were recorded after 30 mm., 1 hour, 5 hours,. 24 hours, 5 days and 

11 days. The isomer ratios were determined from the electronic 

integrals on 250 Hz sweepddth expansions of the methylene signals; 

syn isomer 3.72 p.pm., anti isomer 3.79 p.p.m. 

Studies of the condensation of propionaldehyde and ethyl 

methyl ketone with -ch1oropheny1hydrazine in C2H3]  ace tonitrile were 

carried out in the same way, as were the condensations with phenyl-

hydrazine itself. (see Tables 1 E  and F) 
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Pm-mrations 	Solid. Acetaldehyde Phe nyliiydra zo. 

_____ 	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 

acetaldehyde phanylhydrazone was also formed (see later). 

Ftenylhydrazine (9.8 ml.) was slowly added to acetaldehyde 

(20 ml.), with cooling in ice, and the mixture was set aside for 15 

mm. The excess of acetaldehyde was evaporated 	 benzene 

(80 nil.) was added, and the droplets of water were removed. 	The 

solution was dried (Ng so4) and the benzene was removed invacup 
leaving a viscous, orange liquid which crystallised on standing. The 

crude product was purified by washing with cold absolute ethanol; 

m.p. 75 - 00C (lit. 42 
 98°C). The 60 MHz n.m.r. spectrum in benzene 

showed the material to be mainly the anti isomer (c.a. 95%), the 

chemical shift being in agreement with the literature value 17 

1thod B4' 	Acetaldehyde (log.) was dissolved in a mixture 

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

in ice and phenyihydrazine (20g.) was added in small portions, with 

shaking. The mixture was allowed to cool between additions, After 

the additions had been completed the mixture was allowed to stand 

for 1 hour at 200C than 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 and dried. Three batches of crystals 

were collected: (1) 6.17 g. m.p. 95 - 1000C (colourless); (ii) '.'içi, 

m.p, 95 - 10000  (colourless); (Iii) 2.06 g. M.P. 69 - 750C (yellow), 

Batches (1) and (iii) were recrystallised from 70% aqueous 
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ethanol containing a trace of sodium hydroxide, and dried. Batch 

(ii) was similarly treated, however as its solubility in this medium 

did not appear to be high, a trace of hydrochloric acid was added, 

(Laws and Sidgwjck4? stated that the pure 	isomer could be obtained 

by recrystallisation of crude acetaldehyde phenyihydrazone from 

slightly acidic aqueous ethanol and the pure anti isomer by 

recrystallisation of crude acetaldehyde phenyihydrazone from slightly 

basic aqueous 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 further 

Precipitation occurred. 

After recrystallisation batches (i) and (iii) had 

identical infra-red spectra and both melted over a wide range (60 - 

9 °C). 

The 100 MHz n.m.r,'spectrum in benzene showed batch (i), 

after recrystallisation, to be a mixture of the p2n isomer (61%) and 

the anti isomer (39%). 

Phenylhydrazjne (9.6g; 0.091 mole) in ethanol (20 ml.) and 

acetaldehyde (4g; 0.091 mole) in ethanol (20 ml.) 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 phenylhydrazjne solution which was kept 

frozen in liquid nitrogen. The mixture was allowed to warm, with 

shaking, until it formed a homogeneous solution still well below room 

temperature. It was than placed in ice and allowed to warm up 

slowly, eventually to room temperature. The product separated as 

colourless crystals. 
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The ethanol was removed in vacup '(while cold) and the 

product dried (10.41g., 85%), m.p. 89— 9400, The 60 !4Hz n.m.r. 

spectrum of the crude product, in benzene, 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 -*97 OC.  

The n,m.re spectrum showed less than 2% syn isomer. Subsequent 

Preparations yielded pure anti isomer which was found to equilibrate 

in the solid on storage under nitrogen at room temperature after 

c.a. 1 month. The sample remained stable for much longer periods 

when stored at - 150C. 

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 temperature reached approximately 400C. 

The 60 NHz n.m.r. spectrum of the crude product In benzene showed 

it to consist of 69% ;M Isomer and 31% anti isomer. After purification 

by crushing in ice—cold ethanol, the composition changed to 40% s 

isomer and 60% anti.  Isomer, This suggested the syn isomer was 

selectively dissolved in the ethanol. 

Preparat PIeylJvc1 razone a 	q 

The experiment was carried out in the same way as that for 

acetaldehyde phenyihydrazone, the reactants being dissolved in ethanol, 

but only equilibrated isomer mixtures were obtained. The 60 NHz n,m,r, 

spectra of the neat products was Identical to that of a sample 

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

0.79 P.P.M. (t). The chemical shifts are in agreement with those 

reported. 17 The Isomer ratio could not be determined with any 

accuracy because of the overlap of the signals. 
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fly?igUnn_ofthe I oirithonAf1dej 	Phe nvThmzon 

on  Cryo talli  

Acetaldehyde phenylhydrazone was prepared as in method A 

(see earlier) bat with two modifications:(iiy a slight excess of 

acetaldehyde (0.0945 mole; 5.34 ml.) was used to prevent formation of 

the high molecular •:eight condensation product; (ii) the solid 

product was not purified by crushing with ice-cold ethanol. 

The 60 Iz n.m.r. spectrum of the benzene solution, after 

water had been removed, showed the initial product mixture to be 

65% §m, isomer and 35% anti isomer. After the benzene had been 

removed icua the spectrum of the crude product (10.95g ;  86.5%) 

showed it was ccmoosed of 13% s Isomer and 87% anti isomer. 

Conversion of Eyn isomer to anti Isomer must have taken place 

during crystallisation. 

lsolatiQn and Me 	 4-1,e HigNae cular Weight Product 

jjj Preparatinns of _Ace ta 1dehbathazpiie, 

In the various attempts to prepare samples of anti—

acetaldehyde phenylhydrazone by method A, especially in the 

experiments in which redistilled acetaldehyde and phenyihydrazine had 

been used, the same absorptions, which were at first attributed to 

polymeric impurities, were repeatedly present in the n.m.r, spectra. 

The redistilled acetaldehyde was shown by n.m.r e  spectroscopy to be 

pure. The yields of acetaldehyde phenyihydrazone obtained 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 phenyihydrazone, a colourless compound 
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(2.67g.) m.p. 101 - 103 0C was isolated as the residual crystalline 

solid after the products had teen washed with ice-cold ethanol. 

Subsequent experiments produced the same compound in slightly 

higher yield and purity (M.P. 103 - 105°C), 

After further recrystallisatlon from ethanol the M.P. was 

104 - 105 0C. The compound gave a positive sodium fusion test for 

nitrogen; it was not reduced by lithium aluminium hydride in boiling 

tetrahydrofuran. The 1 H n.m.r. spectrum In carbon tetrachloride and 

the tLV. spectrum were analogous to those reported in the literature 6  

for 367_trimethy1_2,5_diph9ny1_1,2,4,5...tetraazj0y010 	 ) 

heptane (21). The fcllowing spectroscopic data is consistent with 

this structure. Mass spectrum - P294, 161. Accurate mass measurement 

P294,14582 (C 18H72N4  requires 294.1443), 161.107549 (C 10H13 N2  

requires 161,1076). 	(60 MHz; C6H6) 0.65 (d, 3H), 1.4 (d, 3H), 

1.5 (d, 3H), 3.4 (q, 1H), 4.0 (q, lH), 4.3 p.p.m. (q, 1H). SpIn_ 

decoupling (100 MHz, Cd 4) showed that the methyl groups were coupled 

with the corresponding methines In the order of their chemical shifts 

i.e. the methyl at highest field was coupled with the methine at 

highest field etc. 	max. (nujol) 159 0(s), 1490(s), 1303(s), 1110(m), 

100 (m), 840 (rn), 790 (m), 750 (a), 690 cm1.(s).. 
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tjem gte d Em pa -mtian_aP. oç -Trie thylide ne DJflnylhy1xa zine . 

Phenylhydrazine 0.86g; 0.091 mole) was dissolved in a 

solution of sodium. thiosulphate (12.5g.) in distilled water (250 ml.). 

A solution of acetaldehyde (11.8g; 0.27 mole) In aqueous phosphoric 

acid (118g: from a solution containing 27.4g.  of 90% phosphoric acid 

per 1.) was added in 5 ml. portions from a burrette; c.a. 10 min. 

were allowed between the addition of each portion. Each drop, on 

contact with the phertylhydrazine solution, produced a white 

precipitate, which, during the addition of the first 5 ml., 

redissolved 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 colourless 

crystalline product separated. The solution was allowed to stand over-

night and the remainder of the acetaldehyde solution was then added 

in 10 ml. portions; c.a. 15 mm. 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 to that of a 

mixture of isomers of acetaldehyde phenylhydrazone. 	V max.  (nujol) 
3500(b), 1590(s), 1520(m),  1490(s), 1300(s), 1-50(s), 1110(m), 1060(m), 

880(m), 740(s), 690(s), 670 cm -?-(m). 

The experiment was repeated and the addition of acetaldehyde 

was stopped after only 7.5rnl. had been added. The cloudy mixture 

was left to stand overnight and a yellow oil separated. The 60 MHz 

n.m.r. spectrum (C6116)  showed this to be a mixture of isomers of 

acetaldehyde phenylhydrazone: 60% s isomer, 40% anti isomer. 
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ThA 	6L4se 1deJiye jjJi. Ace tdeJyde Phany1bydra.zon. 

anti-Acetaldehyde phenylhydrazorie (0.5g.) was added to 

redistilled acetaldehyde (5 ml.) cooled in ice. The mixture was 

shaken and then set aside for 10 mm. The excess of acetaldehyde 

was evaporated and the residual orange oil was dissolved in ether. 

and dried (Mg 30k). When the ether had been removed the residual 

oil crystallised, and was recrystallised from ethanol to give 

colourless crystals ( 0 .15g; 13.45) mn.p. 98 - 10100. Comparison 

of infra-red spectra identified the product as (21).. The low yield 

obtained was probably due to difficulties encountered in the 

recrystallisation (see below). 

The experiment was repeated with an isomer mixture of 

acetaldehyde phepylhydrazone (ig; 60% s isomer, 40% 	j isomer) 

and redistilled acetaldehyde (10 ml.). A viscous orange oil was 

again obta°inad as the crude product. Thin layer chromatography on 

alumina containing fluorescent indicator (green), with benzene 

as elutent, showed only one spot when the plate was examined under 

U.V. light. The product could not be crystallised and was therefore 

chromatographed on a 10 x 1.5 in. dry alumina column with benzene as 

elutent. The chromatographed material still refused to crystallise. 

Subsequent experiments with the expected product (21) 

showed that it readily decomposed to acetaldehyde phenylhydrazone 

when it was heated to 6000 in carbon tetrachloride. 

The experiment was repeated with both the isomer mixture 

of acetaldehyde phenyihydrazone and pure anti isomer. Comparison 

of the infra-red spectra of the crude products indicated that they 

both contained a high proportion of acetaldehyde phenyihydrazone. 

Thin layer chromatography on alumina containing fluorescent 

indicator (green) with benzene: petroleum-ether (b.p. 60 - 8000) 
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(1:1) as elutent showed a single spot, with the same Rf. value as 

(21), from both experiments. This evidence suggested that only one 

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

acetaldehyde phenylhydrazone. Whether or not pure anti acetaldehyde 

phenylhyrlrazone gave a greater yield of the product than an isomer 

mixture could not be determined from the chromatograms. 

The 60 Kfz n.rn.re spectrum of the crude product from the 

condensation of acetaldehyde with the isomer  mixture of acetaldehyde 

phenylbydrazone showed absorptions for the product (21) and also for 

unreacted acetaldehyde,  phenyihydrazone in which the isomer composition 

had not changed. There was no evidence for an isomer mixture of 

products. From the. composition of the unreacted isomeric mixture 

of acetaldehyde phe nylhydra zones it was not possible to decide 

whether both isomers reacted at equal rates with acetaldehyde or 

whether the isomer mixture equilibrated as the . itj isomer was 

removed by reaction with acetaldehyde. 

The experiment was performed using acetone andanti-

acetaldehyde phenylhydrazone, but no reaction was observed. 

Neither would propionaldehyde condense with an isomer mixture of 

acetaldehyde pbenylhydrazone under the conditions described above. 
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Decomositthn of 3, 6,7-Trimethy1-2.,5_djijerw_,2,4,5 -tat-a-

azabicydo ( 2,2,1)Jipptpne (21). 

A 5% M solution of ( 91) in carbon tetrachloride was heated 

under nitrogen at 600C for 24 hours and then stored at room tempera-

ture for 17 days. The 100 MHz n.m.r. spectrum showed that the 

compound had decompcsed to an equilibrated isomer mixture of 

acetaldehyde phenylhydrazone (65% syn isomer, 35% anti isomer). 

A further experiment 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 acetaldehyde during the decomposition. 

A sample of (21) was thoroughly dried in vacuo and a 

solution in carbon tetrachloride prepared for spectroscopy in a dry 

box,, where it was stored for 5 days at room temperature before the 100 

?Iz n.m.r o  spectrum was run. 23% of the compound had decomposed 

during this period and 65% during 13 days. 

For another spectroscopic sample, with which no precautions 

were taken to exclude moisture, only 19.5% of (.1) had decomposed after 

5 days and 46% aftar 113 days. These results suggested that 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, after which 

period the compound was found to be 34% decomposed. This indicated 

that oxygen was responsible for the decomposition. 

A comparison was made of the infra-red spectra (Cd 4) of 

solutions of: (1) an equilibrated isomer mixture of acetaldehyde 

phenylhydrazone, (ii) 3,6,7-trimethyl_215_djphenyl_1,214,5_tetra_ 

azabicyclo (2 2 2 21) heptane and (ill) a sample of (71) decomposed by 
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boiling in carbon tetrachloride for 8 h ours. This confirmed that 

the decomposition products of (21) were an isomer mixture of 

acetaldehyde phsnylhydrazone. 

Prnaratjonn. 14-flil2K1Y.L1 .4-?5-tat ra-azacyclohsxans. 43  

Glacial acetic acid (25 ml.) was added to phenyThydrazine 

(54g; 0.5 mole) maintained at 200C, and formalin solution (30 in].. of 

30 WV aqueous formaldehyde 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 

dried; (36.46g.) m.-p. 170-175°C. The crude product was mixed with 

boiling 41' sodium methoxide (200 ml.) for 1.5 hr. (The solution 

became deep red in colour as impurities dissolved.) The now colour-

loss solid was collected, washed first with ethanol and then with 

ether, and 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. 210-21200 (j 9 io - 

212°C), 	) max, (nujol) 3120(w), 1600(m), 1580(m), 1500(m), 1260(s), 

1320(m), 900s), 750<s),  690  c 1  (s)... The compound was not readily 

soluble in carbon tetrachloride, chloroform or benzene. An attempt 

2 to form a saturated solution in 1 L H6j
1 
 dimethyl sulpnoxide decomposed 

the dimer to formaldehyde phenyihydrazone (100 1z n.m.r.). 

A saturated solution was prepared in hexamethyiphosphora-

mide. The 100 MHz n.m.r. spectrum had the following absorptions: 

c 7.1 (m, lOH), 5.4 (t, F1) 4.5 p.p.m. (d, 411). On addition of 

[2H2] water the triplet at 5.4 p.p.m. disappeared and the doublet at 

4.45 p.p.m. collapsed to a singlet. Mass spectrum:- P 240. 
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Accurate mass measurewnt 240.138194,  C14  H16  N4  requires 

240,137490. The spectroscopic data was consistent with the proposed 

structure (73), 
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Ma 	 Fpdehyde Wi t 	dhyde Phe nv1hydrainj. 

Acetaldehyde phenylhydrazone (ig; 0.0075 mole) was mixed 

with 40% WIll formalin solution (20 ml. containing 0.265 mole of 

formaldehyde) and the mixture was heated for a few minutes until the 

phenylhydrazone had 'iissolved. The product separated as a light red 

oil. The excess of formaldehyde was evaporated and, when the mixture 

had cooled, the product was dissolved in ether and dried (Mg So 4), 

The crude product (ra.p. 128-.1310G) was Yellow. Recrystallisation 

from ethanol Yielded colourless crystals (0.28g.), m.p, 128-1330C. 

The infra-.red spectrum (nujol) of the product showed no N - H 

absorption. (After rurther recrystallisatlon it was evident that a 

mixture of compounds was present; the solid exhibited two nitIng 

points 12000 and 130-1360C.) 

No methyl absorptions were observed in the 100 MHz n.m.r. 

spectrum. The spectrum was interpreted as & mixture of 20-diphenyl-

l,?,40-tetra-azablcyclo (2,2,1) heptane (22) (33%), for which the 

absorptions agreed with those reported in the literature, 106  and 

6 1 8-diphenyl-1,5 ,6,8-totra-aza-3-oxabicyclo (3,2,2) nonane (24) 2107 

(67%) which had the following n.m.r. absorptions; S (CC]. 4) 4.37 

(a, 1H) 2  4,47 (, ill), 4.72 (m, 5H), 4.98 (a, l:-), and 6,6-7.3 p.p.m, 

(m, 10H). The mass spectrum of the product mixture (P282, P262) was 

in agreement with this interpretation. 

The 	 1, 4-Piihe nvl-1, 2,4, 5-tra 

(73) 

114-Diphenyl1,2,4,5_tetra_azacyclohoxane (3.0g; 0.0125 

mole) was mixed with 40% WV formalin solution (io ml. containing 

0.132 mole of formaldehyde), water (io ml.), and glacial acetic 

acid (5 ml.). The mixture was stirred overnight at 20 0C. and the 
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cream coloured solid, which had separated, was collected, washed 

with ethanol and then recrystallised from toluene: 2.59., m.p. 132-

137°C. Spectroscopic analysis (mass spectruxn,n.m.r. and infra-red) 

shoved the product to be mainly 6,8-diphenyl-1,5,6,8-tetra-aza..3 

oxabicyclo (3,2,2) nonane (24), plus a little 2,5-diphenyl-1,2,4,5-

tetra-azabicyclo (2,2,1) heptane ( 22), similar to the mixture 

obtained from the condensation of formaldehyde with acetaldehyde 

phonylhydrazone (see earlier). 

Heating the reaction mixture at .100 °C for 1 hour, as 

recommended in the literature, did not produce a crystalline 

product. 

The Condensation of Acetaldehyde with 1,4-Diheny1.-1,7,4,5_, 

zacvclohexane. (73) 

1,4-Diphenyl-1, 2,4,5-tetra-azacyclohexane (1.09; 0.00414 

mole) was dissolved in a mixture of redistilled acetaldehyde (20 ml.) 

and water (io ml.). The solution was stirred overnight and then the 

excess of acetaldehyde was evaporated in vac. The residual 

solution was extracted with ether and dried (Mg-SO 4 ). Removal of 

ether yielded a colourless oil which had the following spectroscopic 

data: 	(100MHz, Cd 4) 1.32 (d, methyl), 1.45 (a, methyl), 4.15 

(d, methylene), 4.4 (d, methylene), 4.76 (d, methylene), 4.98 (d, 

methylene), 4.65-5 (m, rnethine), 6.5-7.2 p.p.ni. (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 collapse to a quartet and a singlet 

(4.72 p.p.m.); irradiation at 1.45 p.p.m. caused the methine 

multiplet to collapse to a quartet and a singlet (4.78 p.p.m.); 

mass spectrum P310, P260. 

The products were a mixture of 7-methyl-2,5-diphenyl- 



1,2,4,5-tetra-azabicyclo (2,2,1) heptane (29) (c.a. 20%), and 

2,4-dimethy1-6.,8--dipheny1-1,5.,6 ; 8..tetra-aza-3-oxa-bicyc10 (302 2) 

nonano (30) (c.a. 0%).  The relative amounts were estimated from 

the electronic integrals on expansions of the n.m.r. absorptions 

at 250 Hz sweepwidth. 

The product mixture could not be effectively separated 

by chromatography. 
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Eraparation  o __ 

[0 

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 sulphuric acid (140 ml., 2.6 mole) 

in acetic anhydride (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 70°C during the addition. 

The cold acetic anhydride/sulphuric acid solution was 

slowly added to the vigorously stirred benzene/iodate mixture at 0...50C 

(Temperature control at this stage is critical.) The addition took 

3 hours. Stirring was continued until the reaction mixture slowly 

reached 20°C, and then for a further 48 hours. 

The reaction mixture was then cooled to 50C and distilled 

water (400 ml.) added at such a rate that the temperature did not 

exceed 100C. Ether (150 ml.) was added to the mixture which was then 

stirred for 5 mm. and filtered to remove potassium salts. Two 

further extractions with ether and one with petroleum-ether followed. 

Sodium bromide (lao 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. 23200  (dec.) (nt108  m. p' 

Another method of preparation of diphenyl iodonium 

bromide 109  was tried but it did not give reasonable yields of pure 

material. 

(ii) 

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

iodonium bromide (54.0g.) and t-butyl alcohol (600 ml.) was refluxed 
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for 4 hours with vigorous stirring,, under nitrogen. After filter-

ing off the insoluble.' material the filtrate was concentrated under 

reduced pressure, diluted with ether (200 ml), extracted with IN 

sodium hydroxide solution, and then acidified with dilute hydrochloric 

• acid. The crude phenyl'oenzhydroxamate was collected, and was 

recrystallised from ethanol, (6.5g., 7]) m.p. 133-1360C (iit °  

137.5 - 139°C). 

Hyftmchloride.  110 

Phenylbonzhydroxamate (4.09g;  0.0192  mole) and ethanolic 

hydrochloric acid (45 ml. of 6% W/V) were heated under ref lux for 25 

mm., cooled to 0°C, and then diluted with ether (150 ml.). No 

product precipitated. Further dilution with ether (1 l precipitated 

the crude product which was recrystallised from ethanol/ether (0.59g., 

21%), m.p. 1360C (dec.) (lit "0  m.p. 1360C). 
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ill  N.M .R, Stuv of: 	 Ajjth ° 

The ny1hydroxy1min. 

Several attempts were made to isolate a sample of the 

expected condensation product, 27-phenyl acètaidhyde oicime(19), 

without success, 

jyj 	O—Then_j Qxan 	o1ortde to 

he e Hvdoxy)jijj. 

Q—Phenylhydroxylamine hydrochloride (200 rng.) was dissolved 

in 1 aqueous sodium hydroxide solution (2 ml.). The solutIon was 

saturated with sodium chloride and than extracted with ether (5X). 

Evaporation of the dried extracts (Mg  SO
4  yielded a colourless 

liquid which rapidly became brown. The 60141z  n.m.r,  spectrum (CCi4) 

was In agreement with the structure of the free hydroxylamine (88): 

(S 6.1 (s, 2H), 7.2 p.p.m. (in, 5H). 

taJe WjtL Q—ir1yd,j. 

A fresh sample of the free hydrozylamine was obtained, as 

decribed above, in 82.5% yield from its hydrochloride (0.34g.). 

A 12.5 M solution of the hydroxylami.ne (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 000. 

The solutions were thoroughly mixed and the 100MHz n.m.r. spectrum 

was recorded, with dioxan as the internal reference, after 5 mm.: 

1.35, (d), methyl; 6.4, (a), excess of N.-H; 6975-70 p.p.m., (m), 

aromatic. There were no absorptions for unreacted acetaldehyde. 

After 5 hours a weak absorption (t) appeared at 1.9 p.p.m. This 

signal was much stronger after 3 days storage at 00 
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-decoupling showed that the 'triplet' 

at 1.9 p.p.m. was 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 

a quartet obscured by the aromatic multip].et.) The spectrum after 9 

days suggested the presence of two isomers of Q-phenyl acetaldehyde 

oxime in approximately equal amounts. The original doublet at 1.35 

p.p.m. was attributed to l-hydroxy-l-phenoxyamjno...ethene (18), the 

adduct of the two reactants. 

Addition of benzene (0.5 ml.) to the sample separated the 

two superimposed mothyl doublets, and the isomeric composition was 

determined as 53% svn and 47% anti from the electronic Integrals on 

a 10OH aweepwidth expansion. 
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paraflon_of Ace tdchyde 

A solution of benzylemine (70.4g., 0019  mole ) in benzene 

(25 ml.) was added to a solution of redistilled acetaldehyde (16.g; 

0.3 mole) in benzene (50 ml.). The mixture refiuxed for two days 

while the water from the condensation was removed with a Dean—Stark 

apparatus. The excess of acetaldehyde and the benzene were evaporated 

and the residual brown oil was then distilled, to give a colourless 

liquid (0.53g; 2.1%) b.p. 8500/10rr. 

The 100 MHz n.m.r. spectrum had absorptions 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 benzylimines of low molecular weight aldehydes to 

polymerize, especially on heating. 

Another preparation was attempted without heating but only 

Polymeric material, was obtained. 
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• the c 	qgfion of Age, tlhyçe 

Equal volumes (0.75 ml.) of a 10% M solution of ace ta ldehyde 

in dioxan and a 12.5% N solution of henzylarnine in dioxan were mixed 

in an n.m.r. tubs under nitrogen and the 100 N Hz n.m.r. spectra were 

recorded, with dioxan as internal reference (3.7 p.p.m.), after 30 mm., 

5 hours and 24 hours: ~ (30 min.) 1.40  (d), .05 (d), 4.60 (a), 7.35 

(m), 7.86 p.p.m. (q). This spectrum was interpreted as an isomer mixture 

of acetaldehyde benzylixnirie of composition 83% 2.M 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 intensity. Two triplets 

appeared at 1.25 and 1.43 p.p,m. This trend increased after 24 hours 

and was interpreted as a double bond shift in the benzyli mine to give 
an isomer mixture of benzaldehyde ethylimine (20, Scheme 7). The 

isomeric composition could not be determined with any accuracy from 

the electronic integrals as the signals were broad. The methylene 

quartets that were expected to accompany the methyl triplets appeared 

to be obscured by the absorption and spinning side bands of dioxan. 

The experiment was repeated with pyridine as solvent. One 

broad doublet (1.9 p.p.m., 3H) and one broad singlet (4.6 p.p.m.) 

were Initially observed. Expansion at 250Hz sweepcidth and spin-

decoupling showed that each line of the methyl 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 present their absorptions 

were co-incident. 

The spectrum did not change after 24 hours. No evidence of 

a double bond shift to form benzaldehyde ethylimine was observed 

with pyridine as solvent. 
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lH  N. H .R. tuth' ofJ Iojrj.nn 	8fltj—[de!iv, 

Thyd. 

A 5% solution of pure anti-.acetaldehyde phenylhydrazone 
(0.125g; 0.000931 mole) in dry nitromethane (i ml; 0.01867 mole) was 

prepared in an n.m,r. tube which was then placed in the fl.m.r probe 

at 2800 The 100 M Hz n.m.r o  spectrum was recorded. Integral3 were 

recorded on the 100 Hz sweepjjdth expansions of the methyl doublets 

of the two isomers at regular intervals, during a Period of 105 am. 
The sample was stored in the dark at 280C for 67 hours and Integrals 
were again recorded on the expansions of the methyl doublets to obtain 

the equilibrated isomer ratio. 

Since the two methyl doublets Partially overl&pped, only the 
highfleld and low-field lines for the anti and qvn isomers respectively 

were used to determine the isomeric compositions. A correction to the 

ratios, each determined as an average of 5 electronic integrals, was 

made to compensate for the asymmetry between the highfieid and lowfield 

lines of the doublets caused by coupling to the methine protons. 

(J = 5.4 Hz, 	= 472 Hz, J/\)0  = 0.01123). The intensities of 
the relevant transitions In the AB  system were calculated112  and it 

was determined that the intensity of the lowfIeld line of the methyl 

doublet of the M isomer should be multiplied by 0.95 to correct 
for the asymmetry. (The factor of 0.95 which was calculated for this 

particular AB  system was in agreement with similar values reported in 

the literature 113.) 

iJ.- The results (see Table 2) were plotted according to the 

equation in (Xe - X) = -t(k1  + k 1  ) + in Xe (see Discussion, page 28 ) 
(Xe and X were the mole fractions of the 

SM Isomer at equilibrium  
and the time t respectively; k1  and k 1  were the forward and backward 

rate constants respectively for 7 == X where )? represented the anti 
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isomer.) i.e. in (Xe 	x) was plotted against t (nun.) so that the 

gradient was (k1  + k,) and the intercept was in Xe. 

from the graph: ( 	+ k 1) = 0.0181 

K eq. = 	= Xe, 	= 	
63/0.3 	= 1.70 

-1 

1.70 k_1  + k 1 	= 0.0181 min. 

k_1 	= 0.0067 

Ic1 	= 0.0114 miri. 1  

Using the experimental value of 0.63 for Xe, values for the 

best slope (Ic1  + k 1 ). the best intercept (1nXe), and the errors in 

those, were calculated on a 'Wang' electronic calculator fitted with 

a 'least squares' 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 'increase in the number of 

values of X and t used, X approached Xe and the error in ln(Xe - X) 

became greater. Also the condition that (k1  + k_1  )X < k1, used in 

deriving the equation ln(Xe - X) = -t(k 1  + k 1) + in Xe, was not 

fulfilled. (see Discussion, page 28 ). Only the first 5 values of 

X determined (up to t = 75 rain.) were used in later calculations. 

With N = 5, and 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 and 

intercept (see Table 4). Xe = 0. 645 gave the minimum errors in slope 

and intercept. The gradient was 0.01854 and Keq. was 1.668 

(Ic 1  = 0.00 65, Ic1  = 0 . 01159) with Xe as 0.625. 

Rwi2,— The above experiment was repeated • Measurements were made 

over a period of 1415 rain, and the value of Xe was found to be 0.58 

after 6 days. (see Table 2 for results.) From the graph (gradient 

= 0  .005 2 m1n 1 ) the values of 	= 0.00219 min. 1  and k 1 = 0.00302 min 
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were obtained. 

The results of this run were also calculated, from graphs, 

using 5% deviations in the value experimentally determined for 

Xe (0.58): Xe + 5% = 0 .63, k_1  = 0.00163 min. 1 , Ic1  = 0.00278 min.; 

Xe - 5% = 0.53, 1 1  0.00258 min., k1  0.00315 min. —l-  . 

Using the Wang' calculator the results for Run 2 were 

treated 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 slope and intercept (see Table 4). 

Although the rate (Ic1  + k 1  = 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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?L. M 	 Cond 	jonafAce t&lde hyde with PJieny1hy razina 

in Various So] axltLsat Low Temreratu. 

(j) 	 Redistilled acetaldehyde (0.070 ml.) was 

added, from a syringe, to a 6.25% M solution of phenylhydrazine (0.168g.) 

in methanol (i ml.), at -78 °C, contained in an n.rn.r. tube. (This 

gave a 5% M solution of acetaldehyde.,) The contents of the tube were 

mixed under nitrogen while cold, and then the 100 MHz n.m.r. spectra 

were recorded at intervals of 10 or 20 mm. 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 0C to 26°C. (The 

temperature was calibrated 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 p.p.m.) of unreacted acetaldehyde. Because of the overlap of the 

doublets of the product Isomers, especially where the absorptions were 

broadened at lower temperatures, it was not possible to determine the 

isomeric compositions. 

(ii) 	.I1,2-i2im.thoxyethane, - The experiment was carried out in 

the same way as described above for methanol as solvent but the 

temperature ranged from _400C  to + 100C, with 100C increases in 

temperature at 5 mm. intervals. 

A 250 Hz sweeqidth expansion of the methyl doublets of 

the isomeric products (c.a. 1.8 p.p.m.) and the unreacted acetaldehyde 

(1.16 p.pin.) was recorded at each temperature (see Table 5A). 

It was difficult to calculate the isomer ratio of the 

products accurately at temperatures less than +1000 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 product. The methyl 

absorptions of the product were a pair of doublets at all times but 

the rate of equilibration may have been faster than the rate of 

Product formation. 

InNitromithn.—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 

was observed) and the isomeric composition of the product was approxi-

mately 60% sn and 40% anti. 

12-thothano,.----Equal volumes (0,5 ml.) of a 10% M 

solution of redistilled acetaldehyde in 2-methoxythanol and a 

12.5% N solution of redistilled phenylhydrazlne in 2-methoxyethariol 

were mixed in an n.m.r. tube, under nitrogen, at .-7 00, 100 Hz 

sweeçddth 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 -700C to +(J°C. 

The product doublets were too broad at temperatures ( - 2000 for an 

accurate analysis of the isomeric composition (see Table 5B). 

Corrections were made in the isomeric composition for asymmetry in 

the product doublets due to coupling with the tethirie protons (see 

page 11, para. 2). 

The results showed that the isomeric composition was 

approximately constant (average: 69% ams. 31% anti) throughout the 
condensation. A greater percentage of anti isomer than syn isomer 

was not initially formed. 
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Redistilled phenylhyclrazine (0.025g; 0.000232 mole) was 

weighed into an n.m.r. tube. A 5% M solution of anti-aceta].dèhyde 

phenyihydrazone (0.125g; 0.00093 mole) in dry nitrometha.ne (i ml; 

0.0186 mole) was measured into the tube (the solution was then 1.25%  M 

in phenylhydrazine) and the 100 MHz n.in.r* spectrum was immediately 

recorded. 

The methyl doublets of the isomers of acetaldehyde 

phenyihydrazone in the initial spectrum showed that more anti isomer 

than s -7n isomer was present (c.a. 	7056' anti isomer). By the time 

C 	( 	5 mini that a 100 Hz sweepwidth expansion of the doublets was 
scanned and integrated the phenylhydrazone had almost equilibrated 

(58% 	, 4% anti). Integrals were taken at 1 ath. intervals during 

the next 11 mm. but the isomeric composition did not change 

appreciably over that period. After a further 20 mm. it was found to 
be 60% §yn and 40% anti. 

A 60 MHz spectrum (CH3NO2) of a sample from the same batch of 

anti isomer as that used in the experiment described above showed the 

fresh solution to be almost pure anti isomer, which equilibrated on 

standing overnight. 

The experiment was repeated with the spectrometer set to 

record integrals of the 100 Hz sweeDwidth expansions of the methyl 

doublets. The first integral was taken 2 mm. after the anti-

acetaldehvde phenythydrazone solution 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 s Vn  

isomer than anti isomer was present after 2 mm. After 11 min. the 



isomeric composition was 57% pM, 47% 

The isoiirisation of acetaldehyde phenylhydrazone in 

nitrornethane was much faster when phenylhydrazine was present than 

when it was absent (see page 11, pars. 3  for comparison with 

isornerisation in nitromethane alone.) 

124. 
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The 2-methylphenylhydrazjne used (m.p. 59-600C, lit! 

 01 
MON  

59600C) was prepared in the same way as -nBthy1pheny1hydrazjno 

(page 87 , pare. 1, 2) using 2-toludine. 

Ice-cold acetaldeliyde (0.018 g; 0.0041 mole) was added to 

a 5%M solution of o-methylphenymydrazjne (0.5g; 0.0041 mole) in 

dioxan (7 ml;0.082 mole) contained in a:lOml flask.. at 0 °C. After 

thorough mixing under nitrogen the solution was set aside for 20 rain. 

at 200C before the 60 Az n.m.r. spectrum was recorded: 2 methyl 

doublets (one for each isomer of acetaldehyde 2..rnethy1pheny1hydrazon, 

3H) overlapping on adjacent lines at 1.85; 2 singlets (the -methyl 

groups of the two isomers, 3H) at 2.1 	and 2.15 (anti); 

muitiplet 6.4 - 7.5 (aromatic and -CH = N, 611); broad singlet at 

7.65 p.p.m. NH, 111). 

After evaporating the dioxan and dissolving the solid 

product in benzene, the 60 MHz n.m.r, spectrum showed 2 methyl doublets 

(____ 1.16 p.p.i., 37%; am 1.65 p.p.m,, 63%) and only one absorption 

for the co-incident .2-methyl groups (1.84 p.pm,). 
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Exchange of Pheriy1hyrazine with tb o- thy1iharv1hgdraz1ne In 

Ace ta ldehde o-hy1thenv1hdra. 

One drop of phenylhydrazine was added to the n.m.r. sample 

of acetaldehyde Q-me thylphenylhydrazine in benzene described above. 

The 100 MHz n.mn.r. spectrum showed clearly 2 doublets for 

anti isomers which overlapped on adjacent signals (1.16 p.pm.) and 

two doublets, clearly separated, for s isomers (1.65 and 1.63 p.pmn.) 

There were 2 distinct -Q.-methyl singlets (free -nEthyl, 41.5%, 1.74 

p.p.m. (identified by further addition of.a-m3thylphenylhydrazjne); 

i-methyl of the phenyihydrazona, 58.5%, 1.84 p.p.m.) The combined 

isomeric composition of the substituted and unsubstituted phenylhydra-

zones was 65% syn and 35% anti. The added phenyihydrazine had 

displaced some of the substituted phenyihydrazine from the 

phenylhydrazone. 



127, 

N • 14 .R ._Study ofth onden Si Iic ,Lxe &taldehyde wi th  

The 100 MIz n.m.r. spectrum of redistilled acetaldehyde 

(0.052 ml; 0.00093 mole) in nitroinethane (0.5 ml.) was recorded. The 

solution was cooled to -780C and an aliquot (0.1 ml.) from a cold 

(just liquid) 5% 14 solution of phenylhydrazine (0.L059; 0.00093 mole) 

in nitromethane (i ml.) was added to the n.m.r. tube. After mixing, 

the contents of the tube were allowed to warm up until just liquid 

and then they were mixed by sparging with nitrogen. The 100 MHz 

n.m,r, spectrum was recorded at -400C and integrals taken on the 250Hz 

sweepwidth expansions of the methyl doublts of the isomeric phenyl 

hydrazones and on the methyl doublet of the uwo acted aldehyde. The 

process was repeated for a further 4 additions of cold phenylhydra-

zine solution. (Throughout the. experiment the sample in the n.m.r. 

tube was kept at, or below, 40 0C, Because the doublets of the two 

isomers overlapped on adjacent lines, the isomer ratios were 

corrected to allow for asymmetry due to coupling (see page ll , 

para. 2 ), After the fifth addition of phenylhydrazjne solution, 

the sample was kept at -400C for 30 mm. and the integrals were 

recorded again. A further integral was obtained after the sample 

had been kept at 250C 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 or' 

The experiment was repeated, with dry methanol as solvent, 

Satisfactory Integrals were not obtained on the methyl doublets of 

the isomeric phenylhydrazones because of the broad spread of the 

methyl singlet of the methanol at - 400C. At all times, however, 
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the M isomer appeared to be present in grea tar abundance than the 

anti isomer. A doublet, which was attributed to the carbinolamine 

intermediate (1."4 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 sample was left for 

30 mm. at _40°C, and then increased In Intensity again when more 

phenylhydrazine solution was added. (The experiment in methanol was 

also run on the 60 !z n.m.r. instrument at 330C, with similar 

results,except that no signals from the carbinola!nine intermediate 

were observed.) 

Methanol is possibly a strong enough base to catalyse 

the isomerisation of acetaldehyde phenyihydrazone, 
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N • M.R. St 	Coj 	c. 	 with  

Small 	Ac t_dah1e. 

The experiment was carried out as described above for the 

study of the condensation of excess acetardehyde with small amounts 

of phenyihydrazine, except, of course, that the i1es and the 

concentrations of the phenyihydrazine and acetaldehyde solutions in 

nitromethana were reversed. The 10 M solution of phenylhydrazine in 

nitromethane was too viscous to give an n.m.re spectrum at 

The experiment had to be carried out atlO °C, (see Table 7) 

There was never more anti isomer than 	isomer present. 

The isomeric composition was always close to that of an equilibrated 

isomer mixture (62% M., 38% anti). This result was In agreement with 

previous results (page 124, para. 2 ) which suggested phenylhydra-

zine was a catalyst in the isomerisation of acetaldehyde phenylhydra- 

zone. 	 - 
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60 iz N.M.R. Sogtrii oLThny1. etaldhvde Phenylhvdmaone. 

(only the methylene protons are described) 

Phenylacetaldehyde phenylhydrazone (rn.p. 54 - 6000 0  1U 
114 

m.p. 62 630C) was prepared by the nthod of Fischer 4, using 

redistilled phenylacetaldehyde. 

The 60 4Hz n.m.r. spectrum (cd 4) showed the presence of 

two isomers with methylene doublets at 3.3 (anti 2) and 3.5 p.p.m. 

( 	78%). In both nitrotnethane and [2]  acetonitrile only one 

ithylene doublet (3,7 and 3.6 p.p.rn. respectively) was observed i.e. 

the methylene absorptions of both isomers were co—incident in these 

solvents. 

The n.m.r. spectrum of a sample that had been allowed to 

equilibrate for 5 days at 200C in benzene showed the presence of 2 

isomers with methylene doublets at 3.50 (M  8'?%) and 2.95 .p.m. 

(anti 18%). On addition of a few drops of phenylacetaldehyde the 

inethylene doublet of the free phenylacetaldehyde (3.05 p.p.m.) 

partly obscured the methylene doublet of the anti isomer of the 

phenyihydrazono. 
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Equal volumes (0.75 ml.) of a 10% M solution of methyl 

benzyl ketone in dioxan and a 12.5% N solution of redistilled 

phenylhydrazine fri dloxan were mixed at 0C  in an n.m.r. tube, under 

nitrogen. The 100 NHz n.m.re 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.p.rn. and 1.89 p.p.m., isomeric products; 1.99 p.p.m., unreacted 

ketone After 2.5 hours no ketone remained. 

The experiment was repeated but 3 volumes of ketone solution 

were mixed with 2 volumes of phenylhytlrazine solution so that the 

molar ratio of ketone to phenyihydrazino was 6 : 5. No methyl 

absorptions other than those for the unreacted ketone and isomeric 

phenylhydrazones were observed. Addition of a small quantity of 

methyl benzyl ketone after 24 hours confirmed that the signal at 

1.99 p.p.m. had been correctly assigned to the unreacted ketone. 

In another experiment 5 volumes of ketone solution were 

mixed with 2 volumes of phenyihydrazune solution but again no methyl 

absorption that could be attributed to a carbinolamine intermediate 

was observed. 
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The Alkyl th yletiPhanylhydra zone Seri. 

PreparationfJ.Butv1 Fhnyl_Kath. 115 
 (analogous.' to Scheme 41) 

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

250 ml. flask which was eqpped with a mechanical stirrer, a reflux 

condenser, 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 facilitated by addition of 

a crystal of iodine. 

The remainder of the t-butyl chloride (0.25 mole; 23.2 g. 

in all) in dry ether (so 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, the reaction mixture 

was refluxed for a further 2 hours. 

A solution of benzonitrile (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 assuxnad 80% yield from the Grignard preparation) 

4th stirring, over a 1 hour period. The solution, which had become 

light brown in colou±, was refluxed overnight, and then poured Into 

a mixture of 6N sulphuric acid (66 ml.) and ice. This mixture was 

heated for c.a, 2 hours to distill off the ether and hydrolyse 

the ketimine (se). 

After the mixture had cooled it was extracted with ether 

(4 x 100 ml.). The combined extracts were washed with saturated 

sodium bicarbonate solution and dried (Mg 504). The e the  was 

evaporated and the residual oil fractionally distilled: (I) b.p. 

80 - 90°C/9 mm. (ii) b.p. 90 - 9 0C/9 mm. (iii) b.p. 98 - 10600/9 mm. 

The infra-red spectra showed that all three fractions were a mixture 

of benzonitrIle ( \) 
max. C 

E N 2200 cm.) and t-butyl phenyl 
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ketone (90) ( ') max. C = 0 1670 

The preparation was repeated with a 3-fold molar excess of 

Grignard reagent over benzonitrile, but again the ketone, which had 

been distilled through a small Vigreux column, was contaminated with 

benzonitrjle. G.c. analysis (Apiezon L; Perkin ELr P11 gas 

ohromatograph; flame ionisation detector) shoved that the ratio of 

benzonitrIle to ketone was 5 : 2. 

Pr ar icr 

Phenyl 1-propyl ketone was prepared in 72% yield (b.p. 

101 100°C/9 mm,, 	b.p. 95 - 9800/1 mm.) by the method described 

above for t-butyl phenyl ketone, using 2-brornopropane instead of 

t-butyl chloride. It had 	(film) 3050(m), 2950 (s), 1690(s), 

1610(s), 159 0(s), 1470(s), 139 0(s), 1290(m), 1230(s), 11656), 1100(m) 2  

990(s), 940(w), 880(w), 800(s), 700 

PrQpaatjpn and N.M.R.$tctra of than1 Cetare Pheny1hythyLone,. 

(I) 	Theny1Troy1 Ke tone Phenv]hdrazone . 	Phenyl I.- pro pyl 

ketone (1, 0  g; 0.00676 mole) was dissolved in ethanol (25 ml.), 

phenylhydrazine (0.73 g; 0.00676 mole) was added, and the solution was 

reflitced overnight, under nitrogen. The ethanol was evaporated and 

the residual oil fractionally distilled. The final fraction (1.19 g; 

75%, b.p. 120-130°O/0.Olmm.) was a mixture of the two Isomers of the 

phenyihydrazone; 	(Cd 4, 100NHz) 1.13 (d22  OH), 1.3 0  (d27  OH), 

-.77 (septet 	2 QI!.), 3.14 (septet, M,92 	6.5 - 7.5 p.p.m. (m, 

aromatic and N-H), 

(ii) 	}1Eben1 tone Phan v1dz. - Ethyl Phenyl ketone 

phenylhydrazone (b.p. 140 - 144°C/0 . 02mm.) was prepared, by the method 

described above for phenyl i-propyl ketone phenylhydrazone, in 67% 

yield; ci (C6H6, 100 	z) 0.84 (t, Lb CH 2 ), 1.18 (t, 1b OH7), 2.19 
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(q, 1,b Q 2) 2.56 p.p.m. (q, M CH 	The aromatic and N-H 

absorptions were obscured by the solvent. (In CC14  the methyl 

triplets and methr)n quartets of both isomers were co-incident.) 

Ethyl phenyl ketone phenylhydraone waa also prepared in 

56% yield by an adaptation of the method descriteC.below for methyl 

Phenyl ketone phenylhydrazone (iv). The crude product was extracted 

with ether, washed with aqueous sodium bicarbonate and brine solutions, 

and then dried (Mg SO4) before distillation. 

tnRuty2 Ehenyl Ketgna PJ nv-i hrd 	ne. - The mixture of 

t-butyl phenyl ketone 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 mole) was added. The solution was 

refluxed under nitrogen for 5 days. The pyridine was evaporated 

and the benzonitrile (b.p. l - 192°0) distilled off at reduced 

pressure (c.a. 10 mm.). The residual oil was fractionally distilled 

under high vacuum. The final fraction (0.8 g; 56%; b.p. 122°C/0.01 mm.) 

crystallised on cooling (m.p. 75 - 7800, 1it 16  97°C); 	(CC1 J , 

100 NHz) 1.2 (s, 9H, t-butyl), 6.6 - 7,5 p.p.m. (m), 6H, aromatic and 

N-H). 

Methy1Thenyl Ketone ThenyThydraz.oj. --Methyl phenyl 

ketone phenylhydrazone (m.p. 104 - 1050C, 1 L.10500) was prepared 

by a method described in the literature. 117 The 100 Mz n.m.r, 

spectrum in C014  showed the presence of two isomers: 	.13 (s, Me), 

2.22 (s, Me), 6.6 - 7.8 P.P.M. (m, aromatic and N-H). 

The isomeric compositions of the equilibrated mixtures of 

the alkyl phenyl ketone phe nylhydra zones are listed in Table 9. 
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Ace to 0 	Phenyihydrazine (6 ml.) was 

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 acetone phony].- 

hydrazone (7.9 g.) (bp. 94°C/03 mm; b.p. 140
0C/16. iin.) was 

collected. 

J2 	 Butan-2-one phenyihydraz one 

N.P. 10000/1 znm lit101  b.p. 1900C/100 mm.) was prepared by the 

method described above for acetone phanylhydrazone. 

J.1_Eb 	tez 

• 	'bthy1 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 (mop, 40 - 43 0C, 

11-t 
118  m.p. 40 43 0C) after recrystalljsatjon from ethanol. The 

100 NHz nm.r. spectrum showed the presence of 2 isomers: (S (CC].4) 

2.18 (a, ?b), 2.42 (sMe), 4.30 (, OH2), 4.60 (a, CH2), 6.8 7.9 

p.p0m. (m, aromatic). The isomeric composition of the fresh solution 

was 98% s isomer and 2% Lnti isomer. This changed to 85% Z= isomer 
and 15% &= 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 methy].ano singlets by long range coupling (J = 0.8 Hz). 

N-lb 

1-1-1ethyl-1-pheny1hyclrazine (2 ml.) was slowly added to 

acetaldehyde (10 ml.) at 0°C. The reaction mixture was left at 20 0C 

for c.a. 15 mm, before the excess of acetaldehyde was removed i n  

Y-ELCLMO 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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was removed JA_yDg= and the residual yellow oil was then distilled 

(1.6 g; 79%), b.p. 135 °C/20 mm., lit 9  b.p 1360C/25 mm, 

£ (60 NHz, 0Q14) 1.95 (d, 3H), 3.05 (, 311), 6.64 (q, 1H), 6.E - 

7.2 p.p.m. (zn, 5H). Only one isomer was apparent. 

111  N.M. R. Stuyofth2 CondnmflonaoLA)Jy1 Phe nyl Ke ton with 

Phenylhydraz ie in-tjjj.. 

The experiments were carried out in the same way as those 

performed to stuá the formation of substituted and unsubstituted 

phenylhydrazones in pyridine (see page 86 ). 

Neither phenyl i-pro pyl ketone nor t-butyl phenyl ketone 

formed pheny1h1razones during 24 hours in solution at 2000.  A 1 

M solution of phenyl i-propyl ketone in pyridine (5 ml.) and a 12.5% 

H solution of redistilled phenylhydrazine in pyridine (5 ml.) were 

mixed and then ref].uxed overnight, under nitrogen, to give an. 

equilibrated isomer mixture of the phenylhydrazones. The same procedure 

was used for t-butyl phonyl ketone. 

tTnreacted ketone was present in each sample of the alkyl 

phonyl ketone phenyihydrazones examined, (see Table 8) even though a 

5 : 4 molar excess of phenylhydrazlne over ketone was used, 
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The phenyihydrazories were prepared as described earlier (see 

pages 133, 134) and equilibrated by distillation. The 100 .z n.m,r. 

spectra were recorded on 5 - 10% M solutions in C01 4  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 phenylhydrazone were co-incident in carbon tetrachloride ., 

the spectrum was recorded with benzene as solvent. 

After 7 days under nitrogen at 200C the isomer ratios were 

constant, but t-butyl phenyl ketone phe nylhydra zone was found to have 

partially decomposed to the ketone (7.5%). 
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Experiments with E=Dium 	 .ta,.46_,l20 

Early experiments, in which no precautions were taken to 

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

tines during the experiment, gave changes in chemical shifts that were 

neither substantial nor reproducable. (En .(dpm) 3 , tris (dipivalo-

methanato) europium (111) 46  , was the 'shift reagent' employed in 

these earlier experiments.) In subsequent experiments Eu (fod) 3  

(tris (i,i,i, 2,2,3,3-heptaf11oro.7,7-diniathy1-4,6octane...cujonato) 

europium III) 	(34) was employed as the 'shift reagent'. 

The Eu (fod) 3  was dried (P205 , 0.1 mm., 200C) for 4  days. 

A 0.0508 N solution of Eu (fod) 3  (0.294 g.) in dry carbon tetrachloride 

(5 ml.), containing 3%  V/V  of te tram thylsilane, was prepared in a 

dry-box (P205  de aixicant). A second Eu (fod)3  solution (0.0530 N) which 

did not contain tetramethylsilane, was also prepared. Both solutions 

were 'stored over molecular sieve (type 4k) in the dry-box. 

The Induced chemical shiftwem generally measured as 

follows: each substrate was either distilled or recrystallised and 

thoroughly dried in_aui. 0.1 N 8olutions of the substrate in one 

of the Eu (fod) 3  solutions described above (0.5 !r]..), and also in 

dry carbon tetrachloride (o.s ml.) containing 3% v/v tetramethyl-

silane, were prepared in the dry-box where the solutions were then 

left for c.a. 30 ruth. The frequencies of the absorptions were 

measured from 100 or 250 Hz sweepwidth expansions using a Varian 

V-4315 frequency counter in conjunction with the 100 MHz n.m.r. 

spectrometer. (The term !induced chemical shift' is used here to 

refer to the difference between the chemical shift observed for an 

absorption in the presence of 'shift reagent' and the chemical 

shift when no 'shift reagent' was present.) 
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(1) 	Mathzl Eha Y1 Tce yc1razou.— In the solution 

without Eu (fod) 3 , the nEthyl singlets of the M and A= isomers 

were 217.9 and 226.0 Hz respectively downfield from tetranthyl-

silane • In the 040508 M Eu (fod) 3  solution only the methyl singlet 

of the s isonr,, 225,6 Hz downfield from tetramethylsi lane , was 

observed. (The methyl singlet of the anti isonEr (3.5%) was probably 

broadened so much when compled with the Eu(fod) 3  that it was not 

apparent.) The induced shift for the methyl singlet of the 	isomer 

was 7.7 Hz. 

(ii)Wthyl ejy1Jcejone 	]jmje. - When the experiment was 

carried out, using the 0.0508 M solution of Eu(fod) 3 , by the procedure 

described above, it was difficult to assign the absorptions because 

the resolution was poor. 

A 0.1 M solution of methyl phsnyl ketone bonzylimine 

(0.0104 g.) in dry carbon tetrachloride (0.5 ml,) was made up in the 

dry—box and the 100 Kdz n.m.r spectrum was recorded using an external 

te trame thylsi lane icick. The methyl singlet (2.70 p.p.ni.) and the 

methylene singlet (5.09 p.p.m.) of only one isomer were observed. 

Two successive dilutions with 0.05 ml. of 0.0530 MEu(fod)3  solution 

in carbon tetrachloride (no tetrarnethylsilane) shifted the methyl 

and methylene absorptions to 2.90 and 5.19 p.p.m. msectively, 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 nnthylene singlet was observed at c.a. 5.8 p.p.m., 

and then at c.a. 6.2 p.p.m. after a total of 0.3 ml. of 

solution had been added. The methyl absorption was shifted much 

further downfield (0.39 p.p.ni,) by the two 0.05 ml. dilutions with 

Eü(fod) 3  solution than the methylene absorption (0.26 p.p.rn.), 
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suggesting that the methyl group was nearer the sight of complexing 

with the europium atom than the methylene group. The methyl 

absorption of methyl phenyl ketone beazylimine had a greater induced 

chemical shift in a much weaker Ju(fod) 3  solution than that of the 

corresponding phenylhydrazone (see (1)). 

(iii) 	 Phenylbzn. —The experiment was 

carried out by the general procedure described above ., with tetra-

methylsilane as internal reference. 

In the solution without Eu(fod) 3 , the methyl triplets of 

the two isomers were co—incident (123.5 Hz). Two methylene quartets 

at 263, Hz (stronger) and 252.6 Hz (weaker) were present. In the 

0.050 NEu(fod) 3  solution the methyl triplets remained co—incident 

(129.0 Hz) and only one methylene quartet (272.8 Hz) was observed. 

This spectrum did not change after 6 hours storage at 200C. Addition 

of 0.1 M phenylbydrazone solution (0.5 ml.) failed to separate the 

absorptions. 

The spectrum of a 0.2 M solution 'of eth yl phenyl ketone 

phenylhydrazone (0.0224 g.) in dry carbon tetrachloride (0.5 ml.) 

showed two sets of overlapping, but distinct,, methyl triplets and 

methylene quartets (one for each isomer). After two successive 

dilutions with 0.050 M Eu(fod) 3  solution in carbon tetrachloride 

(0.05 ml. each time) the triplets and quartets had shifted to form 

one broad triplet and one broad quartet. This showed that in the 

first experiment with ethyl phenyl ketone pheny].hydrazone, 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. 



141. 

(The methylene protons would be expected to be nearer the sight of 

'6 complexing and correspondingly have larger induced shifts .) 

(iv) 	 The experiment was carried 

out by the general method described above;with an isomer mixture of 

acetaldehyde phenyihydrazone, a 0.0508 MEu(fod) 3  solution ., and '.'ith 

te trams thylsilane as internal reference. 

In the solution containing Eu(fod)., the isomaric composition 

was approximately the sane as that in the solution without Eu(fod) 3  

(c.a. 60% 	isomer and 40% anti Isomer; accurate integrals could not 

be obtained as the methyl absorptions were broadened when comp].exed 

with europium.) In the fresh Eu(fod) 3  solution the induced shifts for 

the methyl doublets of the svn and anti isomers were 108,7 and 278.7 Hz 

downfield respectively. After 30 rain. In the n.m.r. probe the induced 

shifts for the methyl doublets of the svn and anti isomers had 

decreased by 19.3  and 42.6 Hz- respectively. (The decreases in the 

induced shifts were probably dus to absorption of moisture through the 

cap of the n.m.r. tube.) 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 syn isomer were observed 

respectively. 
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frS 

The alkyl phenyl ketone phenylhydrazones were freshly 

prepared and distilled before the ultraviolet spectra in ethanol were 

recorded. The spectrum of acetone phenylhydrazone 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 due 

to evaporation of solvent, no changes In the spectra were, noted when 

the solutions were stored at 200C for 3 days, or when air was blown 

through the solutions. This suggested that the alkyl phenyl ketone 

phenylbydrazones were not readily oxidized in ethanol. 
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Invesilg&tIon_othe ?chaniern cftJ ca ddZingCe p 

tPa1thhyde 13iher-iy1hydrpznff. 

1ohexnon Ph y 	one. - Cyclohexanone phenylhydrazone was 

prepared by the meth' of O'Connor 122 and racryita11jd from aqxouz 

ethanol (m. p. 74 - 75°C, 1it 	m • p. 74 - 76°C), 

T.hQnYIaZ-,) c3MI!Dh,3xana . — This compound was prepared by the method of 

Bellamy and Guthrie • 	Cyclohexanone phenylhyth-azone was reduced to 

1-cyc lohexy12_phenyThydrazjne (b.p. 122 - 126 °C/a.2 MM., ji_tP b.p. 

Ui 114°C10.6 mm.) and then oxidized to phenylazocyclohexane 

(h.p. 83 - 850C/0.2 mm., JjjP h.p. 83 - 7°c/0.6 mm.). 

9, 10-Pkhydro-9 , lO-t 	antjce n. 	The 9, lO-adduc t of 

anthracene and diethyl azodicarboxylate, (m.p. 130 - 134°C, 	13 

m.p. 137 - 13 0C) was prepared by the method of Dielo' 23  and then 

converted to 9 ,lO .dihydro_9,10...bj_jmjflo_anthracene by the method of 

Corey and Mock. 124  The bi-imizie decomposed with evolution of gas at 

120 - 2300C and left a solid residue of anthracene. The infra-red 

spectrum showed an NLI stretch ( V max*  (nujol) 3400  cm.) and no 
C = 0 stretch. 

Urldist1112d adipaldehyde was 

prepared by the method of English and Barber 1 -
75 
 and converted to the 

bisphenyihydrazone by the method of Bellamy, Guthrie and Chittenderj. 52  

The crude adipaldehyde bisphenylhydrazone (.p 0  135 '._ iy°c, ijt 2  

m.p. 13.5 140
0  C)  was recrystalflsed from aquaous ethanol. 

=.— Undistilled adipaldehyde was prepared by 

the method of English and Barber 125  converted to adipaldehyda dioxime 

by a general method 126
for the conversion of water insoluble 

aldehydes to their oximes. The product (52%, m.p. 175 - 1700, 
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11t126 m.p. 185 - 18600) was recrystaulisod from ethanol: 

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

820(m), 710(m), 700 cm. W. 
jJ_dejdej . —Adipladehyde bisrnethylhydrazone, 

a colourless oil, was prepared in the same way as adipaldehytle 

bisphenylhydrazorje (see above). The product (59%; b.p. 148 - 15000/ 

10 nun.) was purified by fractional distillation; ') 	(film) 

3400(b), 2950(s), 1460(m), 1140 cm.(m). (100 MHz, Cd 4) 1 - 3 

(m, CH2 ), 2.6 (s, Ne), 3.7 (m, NH), 6.2 (t, CH),  6.7 P•P. 1 1. (t, CH). 

The n.ni.r o  spectrum shoved the presence of more than one isomer. 

(me ratio of the integrals for the methine triplets was approximately 

3 
continued.... 
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This salt was prepared from 

azofornamide and aqueous potassium hydroxide by the method of Thiele 27  

as interpreted by Bellamy. 128 

_____ 	_________________ 	 This compound (m.p. 135 13600, 

Lilt? 2 m0p. 135 - 136.5°C) was obtained in 42% yield, after recrystalli-

sation from h-proparol, from oxidation of adipldehyde bisphonyl-

hydrazone with yellow mercuric oxide, as described by Bellamy, Guthrie 

and Chittenden.52 	\') 	(nujol) 1520(w), 1310(w), 1190(m), 

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

Manganese dioxide was prepared by the method of 

Bhatnago and George. 55  The material was dried at 1250C for 24 hours 

and then allowed to equilibrate with the atmosphere before use. 



146. 

Je Reduction. of 9rylzoc lohexana with Di-ImLd, 129  

Phenylazocyclohexane (ig; 0.0053 mole) was added to a well 

stirred suspension of potassium azodicarboxylate (5g; 0.026 mole) 

in dry ether (o ml.). Glacial acetic acid (3-It-D;  0.052  mole) in 

ether (15 ml.) was slowly added over a 2 hour period, and the 

mixture was stirred under nitrogen for a further 40 hours. 

The solid was filtered off and washed with ether. The 

washings were combined with the filtrate and the ether solution was 

washed first with aqi.ous 5% sodium bicarbonate solution (15 0  ml.) 

and then with saturated brine (lao ml.). The solution was dried 
(Mg So4) and the ether was evaporated to leave a light yellow oil. 

Comparison of the infra-red spectrum of the product with that of a 

sample of 1-cyclohexyl-2-phenylhydrazine which was obtained as an 

intermediate in the preperatiori of phenylazocyclohexane (see page 143) 

confirmed that the product was 1-cyclohexyl-2-phenylhydrazine. 

V max, (film) 3250(b), 2850(s), 15 0 (s), 1500(m),  1450(m), 1240(m), 

740(m), 680: cm:(m). 

The result of this experiment is in agreement with the 

postulate 54  that di-Imide reduces symmetrical multiple bonds. 
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Di,imi.ie. 

The experiment was carried out in the same way as the 

reduction of phenylazocyclohaxane with di-imide (see above). The 

reaction mixture was stirred for 2.5 days after the addition 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 reaction unaltered. 1) 	(film) max. 
3250(m), 2900 (s), 1600(s), 1500(b), 1300(b) 2  1250 (b), 1120 cm. 1 (b). 

The failure of this reduction is In agreement with the 

specificity of di-imide as a reducing agent 54  i.e. it does not 

reduce unsymmetrical polar multiple bonds. 
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IT  It  RICO 

(j) With Acetic AJ1 tore 	rAt —The experiment was 

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

(see above). 10 Molar equivalents of potassium azodicarboxylate were 

used per mole.of adipaldehyde bigphenylhydrazorLe and the solution was 

stirred under nitrogen for 16 hours after the addition of the 

glacial acetic acid solution in ether had been coiip1eted. Comparison 

of infra-red spectra showed that only the starting material, 

adipaldehyde bisphenylhydrazone, had been isolated from the reaction. 

(nujol) 3200(b), 1600(3), 1540(m), 1500(s), 1420(m), 

1300(s), 1260(s), 1160(m), 1100(m), 1060(w), 1040(w), 740(s), 680cm.(s). 

A duplicate experiment gave the same result. It was thought 

that generation of di-imide had been too rapid to reduce the proposed 

tautomer (see Discussion, page 45 ). 

(ii) 	
I roghloride  to geraje D-iidç. 	It 

was hoped triethylamine hydrochloride would generate di-imide more 

slowly than glacial acetic acid. 

A suspension of adipaldehyde bispheny1hdrazo (lg; 0.0034 

mole) in acetonitrile (65 ml.) was added to a 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 spectra 

showed that only the starting material, adipaldehyde bisphenyl-

hydrazone, had been recovered from the reaction. 
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tii. trans-1, 

trens-1,2-.Bispheny1azocyc1ohexane (44) (0.5g; 0.00173 mole) 

was added to a btirrad suspension of potassium azodicarboxylate 

(3.32 g; 0.0173 mole), in ether (50 ml.) under nitrogen. Glacial 

acetic acid (2.35g; 0.0346 mole), in ether (15 ml.), was added over 

a 2 hour period. The mixture was then stirred, under nitrogen, for 

a further 2_0 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 rn].), and finally dried (Mg 80 4). 

The ether was evaporated, leaving a yellow oil. Comparison of infra-

red and n.m0ro spoctra, showed that the crude product was trans-1,2-

bisphenylhydrazocyclohexane (45) (0.32 g. 63%). V 	(film) 

3310(s), 2920(8), 260(s), 1600(s), 1510(s), 1460(m), 139 0 (w), 

3310(w), 1760(m),1120(a), 760(s), 700 crn 1 (s)6 (100 NHz, [211  6] 

dimethyl suiphoxide) 1.0 (m, 411, CH 24 1.52 (m, 211, OH2), 1.96 
4.49 (m, 211, OH), 6.3-7.2 (m, 10H, aromatic), 7.4-

7* 8 p.p.m, (m, possibly NH partly deuterated). 
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.),ttkt,bTJj.,JU 

XrJQ 02. 

tran-1, 2-Bisphenylhydrazocyclohexane (45) (0-2g; 0.00068 

mole), obtained from the reduction of 	i-1,2-bispheny1azo- 

cyclohexane with d'imide (described above), in dry ether (50 ml.) 

was stirred with yellow mercuric oxide (2g; 0.009 mole), under 

nitrogen, for 30 hours. The bright yellow suspension darkened in 

colour during this period. 	 I 

The dark yellow inorganic solids were removed by filtration 

through a celite pad and then washed with ether. The washings were 

combined with the filtrate and the ether was evaporated. 

After recrystallisation from petroleum-ether (b.p. 40 - 

600 
 C) the bright yellow crystalline product (m-Pe 135 - 1360C) was 

shown, by comparison of infra-red spectra (see page 145 ) to be 

ns-1,2-bisphenylazocyclohexane (66% yield). 
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&tptpd. 	tij ris of Ad1 pe 1 thJi3d 	i pheny]Jiydgoye jj 

9, 10.-Dthydro9 , 

(1) 	In Mathano. - Adipaldehyde bispheriylhydrazone (0.1g; 

0.00034 mole) was added to a solution of 9,lO-dihydro-9,10_bj...jmjn(>.. 

anthracene (46) (0.35g; 0.0017 mole) in dry methanol (25 ml.) and 

the mixture was refluxed, under nitrogen, for 22 hours. Colourless 

crystals of anthracene separated out on cooling. 

After filtration evaporation of the filtrate left a mixture 

of red oil and crystalline material. Comparison of infra-red spectra 

suggested the mixture consisted mainly of adipaldehyde bisphenyl-. 

hydrazone and anthracene. It was difficult to establish whether or 

not any trans-1,2-bisphenylhydrazocyc1ohene (45), the expected 

product, was present. 

In Ether.— It was hoped that di-imide would be generated 

from 9, 10-dihydro-9 , 10-bi-.imino- 8ñthracene 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 (0.67g. of adipaldehyde bisphenyihydrazone). The reaction 

mixture was refluxed for 4 days. Again only anthracene and 

adipaldehyde bisphenylhydrazone were recovered. 
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nvlhydrazi.ne withth. 

rioxici. 

l.-Cy lohexyl— 2—phenylhydraz ins (ig; 0.00525 mole ), 

obtained as the intermediate product in the preparation of phenylazo-

cyclohexane, was diso1ved in ether (25 ml.). The solution was 

shaken with 30% (100. vol.) hydrogen perioxide solution (0.87 ml; 

50% excess) 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 iN 

aqueous sodium thio sulphate solution (2 x 50 ml.). The ether was 

evaporated after drying (Mg SO4). The infra—red spectrum showed 

that the crude product was phenylazocyclohexane. 	
max 

2850(s), 200(in), 1480(w), 1450(m), 750(s), 680 cm.—I(S). 
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Attejiiptd 	 jhy1hvzoJ-Ae wit 

LIrogeia Pe ro&c. 

The experiment was carried out by tha same method described 

above for the oxidation of 1-cycloh9xy1 2-pherwThydrazjne with 

hydrogen peroxide. 

Adipa].dehyde bisphenylhydrazone ( 0.24g; 0.000815 mole) 

was treated with 30% (ioo vol.) hydrogen peroxide solution (0.27 ml; 
50% excess), in ether (25iml.). After work-up, only* adipaldehyde 

bisphenylhydrazone was recovered from the reaction. 

9, 1O-j)19 ,1.0 -Jjjjj 

nt1r n, 

The crude products from two attempted reductions of 

adipa].dehyde bisphenyihydrazone with 9110-dihydro...9,10_bj...jmjno... 

anthracene (see page 151 ) were separately treated with 30% (ioo vol.) 
hydrogen peroxide solution as in the oxidation of 1-cyclohexy].-2... 

phenylhydrazine described above • The molar ratio of hydrogen peroxide 

to phenylhydrazino 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  2_bisphenylhydrazocyc1ohexo,) 

No transl, 2 bispheny].azocyc1ohexane was isolated from the 

reactions. In both experiments the products could not be identified 

from their infra-red spectra. 
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0idetjo qf jdJj ldji-' DlOXirfle. 

(1) 	With Y.Qllgw 	 Adipaldehyde dioxime was 

treated with yellow mercuric oxide in the same way as adildehyde 

bisphenylhydrazone 52  (see page 115 ). 

Only adipaldehyde dioxime, identified by m.p. and comparison 

of infra-red spectra (see page 143 ) was isolated from the reaction 

mixture. 

With Manganegg DJ ide.—Adipaldehyde dioxime (O.7g; 

0.00487  moTh) was stirred with manganese dioxide (5 g.) in dry benzene 

(100 ml.) overnight. The manganese dioxide was removed by ui].tra-

tion through .a celite pad and than washed with benzene. No residue 

remained after the combined benzene solutions had been evaporated. 

The inorganic residue was washed with boiling ethanol. Only 

adipaldehyde dioxime (0.25 g.) was obtained after evaporation of the 

ethanol. 

(iii) 	Witb Dibanzp 	oXidi . — Adipaldehyde dioxime (0.7g; 

0.0047 mole) and dibenzoyl peroxide (1.21g; 0.005 mole) were 

stirred together in dry benzene (100 ml.) under nitrogen. The 

mixture was ref1ed for 40 hours, poured Into water (200 ml.), 

made alkaline to litmus by addition of concentrated .sodium hydroxide 

solution, and then extracted with ether (3 x 200 ml.). The 

combined extracts were dried (Mg So4) and the ether was evaporated. 

Only a small quantity of crystalline material was obtained. After 

recrysta lilsation from ethanol/light petroleum--ether  the yellow 

compound (6mg; m.p, 307 - 3110C) showed P32 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. 
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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 phase. 

Adipa].dehyde bismethyihydrazone was oxidised, as described 

above Thr adipaldehy1e dio*ime, with both yellow mercuric oxide 

(at 2000 in this case) and dibenzoyl peroxide. 

The products were nalysed by dry column chromatography 

on alumina with benzene as elutent, by G.C.  (Apiezon L; 40 - 10300, 
and by infra-red and n.m.r. spectroscopy. No 1,2-bismethylazo-

cyc1ohexaie was obtained. A yellow band, which was identified by 

n.m.r, spectroscopy as impure adipaldehyde bismethyihydrazona was 

obtained from the alumina chromatography columns In some experiments. 
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Whig— 	nf 1, 2. j 	 vchane i4J 9, lO-Dihydro.- 

9, 

1,2-Bisphenylazocyclohexane (0.19; 0.00034 mole) was mixed 

with 9,].0-dih4-dro-9 2 10-bi-imino-anthj.aceng (0.573 g; 0.00246 mole) in 

dry methanol (50 ml.). The mixture was refluxed under nitrogen for 

5 days and then cooled to 00C. The anthraceno, which had separated, 

was filtered off and washed with methanol. The solvent was removed 

from the combined methanol solutions in vacuo. 

The 100 Mz n.m.r, spectrum of a saturated solution of the 

product mixture in [2H6]  dimethyl suiphoxide was compared with that 

of a mixture of anthracene, 1 9 2-bisphenylhydrazocyclohexane, and 

adipaldehyde bisphenylhydrazone (50, 40 and l molar equivelents 

respectively) In the same solvent. The spectrum of the product 

mixture was also compared with the spectra of anthracene, 1,2-

bisphsnylhy-drazocyclohexane and adipaldehyde bIsphenylhydrazone in 

PH 61 dimethyl su1phoxid. 

The spectra showed that reduction of 1 1 2-bisphenylazo-

cyclohexane to l,2-bisphenylhydrazocyclohexane had occured, and that 

the amount of adipaldehyde bIsphonylhydrazone produced, if any, was 

very small ( < 5%). 
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Adipaldehy1e bisphenylhydrazone (0.5g; 0.0017 mole) was 

added to a suspension of yellow mercuric okide (1.119;  0.005  mole) 

in dime thyl suiphoxide (70 ml.). The mixtui, undcr nitrogen, was 

refluxed, with stirring, for 4 hours. 

The solid material was removed by filtration through a 

celit,e pad and washed with ether. The washings were combined with 

the filtrate and the solvents were evaporated. The product was 

then chromatographed on a 20 x 2 dry alumina column with petroleum-

ether (b.p. 60 - gO°C) as elutent to remove impurities and dimethyl 

suiphoxide (b.p. 189 °C). 

One orange band separated from the origin. This material 

was extracted Into ether, washed with water and then dried (Mg 30 4). 

After the solvent had been evaporated an orange crystalline solid 

was obtained. After recryatallisation from n-propanol this compound 

was shown, by its malting point (135 - 13600) and by comparison of 

infra-.red spectra (see page 145) to be 	n-1,2--bispheny1azo- 

cyelohexane (0.08g; 19%, 1it 2  m.p. 135 - 136.5°C). 

The oxidative ring closure of adipa1dehye bisphenyl-

hydrazone does therefore take place in dirnethyl suiphoxide, though 

it was difficult to recover the product from this solvent. (The 

yield from carbon tetrachloride was 42%) 
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Equilibration of Adipald.ehyde Bisphenyihydrazone in 

Dimethyl Suiphoxide. 

A 55% N solution of adipaldehyde bisphenyihydrazone 

( 0 . 01 479.) in degassed L'H63 dirnethyl suiphoxide 0 ml.), containing 
3016-  V/V of tetranethyisilane, was prepared in an n,m.r. tube which 

was then sealed. The solution was stored at 20 °C for 2 days, then 

heated to 100°C for 10 min., and finally allowed to cool to 20 °C 

before the 100 MHz n.rn.r. spectrum was recorded. The spectrum was 

identical to that of a sample of adipaldehyde bisphenyihydrazone in 

[2H6J dimethyl suiphoxide; c 1.50 (in, 4H, CH2 ), 2.25 (m, 4H, CH 2)9 
6.39 (t, OH), 6.64 (t, OH), 6.7-7.4 (m, 10H, aromatic), 9.02 s, NH), 

9.59 p.p.m. (s, Nil). The two OH triplets and two Nil singlets (partly 

deuterated) showed that at least two isomers were present (in the 

ratio 1:0.2). No 1-phenylazo-2-phenylhyd.razocyclohexane (43) was 

evident. This would have shown methine triplets in the region of 

4.5 p.p.m. These broad triplets were present in the spectra of 

both 1, 2-bisphenylbydrazocyclohexane and 1, 2-bisphenylazocyclo- 

hexane. The sample was heated at 100 0C for a further 36 hours after 

which no change was observed in the n.m.r. spectrum. 
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The 	 o 1,2 M92 yJ.,zQ-.1, 2-djph1e tbd 

2,3-fljQ-1 , 	Uzplitzan, 

Pm pa ratjDM_QLp. 

Benza1dehv.Lhydrazpri. —Benzaldehyde phenylhydrazone was 

prepared by the method described by Mann and Saunders. 130 	The 

Product (m.p. 155 - 157°0 9  lit 130 m.p. 157°C) was recrystallised from 

ethanol. 'max,(nujol) 1600(m), 1510(w), 1270(m), 115 0 (m), 

108C(w), 770(m). 700 cm.( m) 

- 	p -nzi10an.-----Benzi1 osazone (ni.p. 234 - 2350C, ut.'31  
m,p. 229 - 231.50C) was prepared by the method described by Mann 

and Saunders, 131  \' 	(nujol) 1600(s), 159 0 (w), 1550(m), 15 20 (m),maxe 

1460(s), 1320(v), 1260(m), 1180(m), 1150(m), 1080(v), 770(s), 

700 cm.(s). 

2,3-ibo 1-lp4--djhp Jz aLtan, 

(1) 	Frome Qidtjri of 

Jngfl.QQjXd. —ThJS compound was first obtained from 

the oxidation of benzaldehycle phenylhydrazone with manganese dioxide 

In re fluxing benzene by an adaptation of the method described by 

Bhathao and George." (Both biphenyl and 2,4,5-triphenyl_1,20... 

triazolo (SO) were obtained by following their procedure,) 

Benzaldehyde phenylhydrazone (.5g; 0.0125 mole) was added 

to a suspension of manganese dioxide (15g. dried at 1300 before use)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 beuzene. The washings were combined 

with the filtrate and the benzene was evaporated. The tarry residue 

was extracted with boiling petroleumether 200 ml., b.p. 60- 80 0C). 

The concentrated extract was analysed by T.L.C. on alumina 
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containing fluorescent indicator (green) with benzene as elutent, 

and showed 3 spots. Chromatography of the mixture on a 20 x 

dry alumina column with benzene as elutent seprated the mixture 

into 3 bands. The lowest two bands did not yield crystalline 

material. The third band (red) was shown by T.L.C. to contain more 

tbanona component and was therefore chromatographed further on a 

15 x 1.5" dry alumina column with petroleum-ether (b.p. 60 - 80 0C) 

as elutent. The red material from this second column was collected 

and, after recrystallisation from benzene/ethanol, gave 7,3-diphenyl-

1 9 4-dibenzaltetrazane (0.0g; m.p. 182 - 184°C, liti rn.p. 184 - 

185°C). (49): S (100 MHz, CDC13) 7.2 - 7.8 (in, 20H, aromatic), 
8.1 - 8,22 p.p.m. (m, 2H, CH). 	'\) __, (film) 3010(w), 29 00(m), 
1600(s), 1570(w), 1500(s), 1450 (v), 1350(b), 1120(w), 750(s), 

690 cm. (s). 

..ni_the Oxidation of Benza1eJiyde Phenyihyc1razpyj th  

I112vJrcurjc Oxide.— Benzaldehyde phenylhydrazone 

(lg; 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. The solids were 

collected on a celite pad and washed with carbon tetrachloride. The 

combined washings and filtrate were evaporated, the residual oil was 

extracted with petroleum-ether 0 x 100 ml; b.p. 60 - 80°C) and then 
the combined extracts were concentrated. 

The solution was chromatographed on a 20 x 1.5*  dry alumina 

column with petroleum-other (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-1 2 4_djbanzaltetrazane (0.03g; m.p. 

172 - 175°C, lit 55 m.p. 184 - 1850C) after one recrystallisation from 
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benzane/ethanol. The compound was identified by comparison of 

infra-red spectra (see above). 

Band (ii), which was discoloured by 'tailing' from band (1), 

gave c(-benzil os ,zone (m.p, 206 2080C, 11160  in,p. 20800) after 

recrystallisation f-om benzene/ethanol: 	(100 NHz, CDI]3 ) 6.6 - 

7.8 p.p.m. (m). 

Band (iii) was extracted into ether and the solution was 

concentrated, to give a yellow compound. After recrystallisation 

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

be l ,2 bispheny1azo_1,2_djpheny1ethene m.p. 180 - 1820C (see below ). 
1, 	 2-dipeiy thaie. 

(1) 	F -mm t 	 i oI 

—This compound was obtained by an 

adaptation of a method described by Bhatnago and George . 55  

Benzaldehye phenyihydrazone (g; 0.01 mole) was added to 

a suspension of dry manganese dioxide (lOg.) In dry benzene (icc ml.), 
and the mixture was stirred, under nitrogen, at 2000, for 24 hours. 

The inorganic material was collected In a celite pad and washed with 

benzene. The combined washings and filtrate were concentrated and 

then chromatograohed on a 25 x 1.5 111  dry alumina column with benzene 

as elutent. Three bands were obtained: Ci) yellow (lower), (ii) 
grey (middle), (iii) orange (top). 

Band (ii) yielded light yellow 1,2-bisphenyiazo...1,2... 

diphenylethane (m.p, 183 - 184°C, iit 5  rn.p, 184 - 1850C), ) 

	

(CHC13 ) 400, 275 nm. C E 312, 2210) 	.w 	A max. (011013 ) 400, 

268 nm. ( E394, 

Band (i) was fractionally crystallised, first from ethanol 

and then from banzene. A further sample of 1,2-bispheny1az6_i,. 
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diphenylethane (m.p. 184 - 186 00) was obtained. 

and (iii) was shown byT.L.C. on alumina, with benzene 

as elutent, to contain 4 components. Further Chromatography on a 

25 x 1.5" dry column under the sane conditions as for T.L.C. 

produced 4 bands. Only the lower (yellow) band could be crystallised. 

..After recryctaflisation from benzene this material was found to be 

1,3,4 , 6-tetraphenyl_1, 2,4,5_tetra....azahexa_2,5..djefle (51), m.p. 201 - 

202°C,(l 	m.p. 201 - 202°C) 	(nujol) 1600(5), 1560(s),1530) 

1280(m), 1250(s), 1370(m), 1330(s) 2  1080(w), 76O(), 700 

The lengthy Purification procedure resulted in poor 

recovery of each compound from this experiment ( <O.05g 0  of each.).  

FMM q B 	dhyc 

ijQj.— See method (ii) in the preparation of 

2,3-dipheny1..1,4..dIbenz alto trazane (page 160 ). 

(iii) 	rorui 

jx1.ioxid.-_-. l,2-Bisphenylazo..1,2...djphefly1ethane 

was also obtained from the oxidation of benzaldehyde phenylhydrazcjne 

with dibenzoyl peroxide (see page 166 ). 
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The Thama1Sbi1it 	2.1 3 -ji:shna- 1 , 

A solution of 2,3-diphenyl-1 ) 4.-dibenzaltetrazane (0.02g)• 

in dry benzene (25 ml.) was reflwced under nitrogen for 24 hours. 

The solution was analysed by T.L.C. on alumina, containing fluorescent 

indicator (green), ':.!ith benzene 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 ca. 1 hour, 

After evaporation of the benzene in vacup (c.a.  700C)  the 

residue was only partially crystalline. (The tetrazane is thermally 

stable when in boiling benzene under nitrogen but is slightly 

decomposed when heated in benzene in the presence of air i.e. during 

evaporation.) 

The residue was recrystallised from benzene/ethanol and 

2 9 3 diphenyl..l.,4-dibenzaltetrazarie (m.p. io - 140C) 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 dime.thyldigo]. (b.p. 164°C) 

as solvent. As the solution was slowly heated the characteristic 

deep red colour of the 20-diphenyl_.1 94-dibenzaltetrazane disappeared 

when the temperature of the oil bath reached 11000, The solution 

was allowed to cool and then it was poured into water (50 ml.), 

extracted with other (4  x 50 ml.) and dried (MgSO4). The ether was 

evaporated and the dimethyldigol (b.p, 0 00/10 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 tetrazane. 

The diversity of products suggested decomposition rather 

than conversion to 1 2  2-bisphenylazo-1, 2-diphenyle thane. 



(91) 
D= 1,2—BISPHENYLAZO —  I i — D IPHENYLETHANE 
T= 2, 3—DPHENYL—f, 1--DBENZALTETRAZANE 

FLUORESCEN1 BANDS 
FLUORESCENT BAND 2 

LVENT IS PETROLEUM—ETHER (b.p. (,O - O °C 

NaNH2 /nq.NH3 	- 
C5H—CH=N— NH.C5H5 	> C5H—C HN—N—05H 

IC H=C H—C HX 

SCHEM E-42 	 C5HçC H=N—N-05H5  

(92) 	OH2 

CH=CH2 

F2 

F 
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2,3-Diphenyl.4 1  4-ditenzalte trazane (0.1 g.) was dissolved 

in -xy1ene. (50 ml; b.p, 1330C). The solution was refluxed under 

nitrogen for 10 days during which the red colour of the solution 

lightened considerably. Much of the material appeared to have 

decomposed and separated from the solution. T.L.C. of the solution 

on alumina with petroleum-ether (b.p. 60 - 80 °C) as elutent showed 

the presence of a yellow compound with an lif value similar to that 

of l,2-bicphenylazo-1 1 2-djphenylethene. Dry column chromatography 

under the same conditions confirmed the presence of a yellow compound 

but the quantity of this material was Insufficient for identification. 

This experiment was repeated and the solution was refhz,ced 

for 6.5 days. Chromatography again showed the presence of a yellow 

compound but only the tetrazane was isolated from the dry column. 

The Thej:rial S tabil ftX QJ 

A solution of 1 2  2-bisphenylazo_l, 2-diphenylethane (0.02g.) 

in dry benzene (25 ml.) was refluxed under nitrogen for 6 hours before 

the benzene was evaporated. 

T.L.C. of the residue on alumina containing fluorescent 

indicator (green), with petroleum-ether (b- 'p. 60 - 800C) as elutent 

at first showed only a spot for l,?-bisphany1azo_1 9 2_djpheny1et1r 

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. (The 

presence of this weak spot may have been masked earlier by solvent 

on the plate.) 

The remainder of the product mixture was chrome tographed 

on a larger plate (20 x 20tP)  (see 91).  Most  of the mixture was 

thought to be l, 2-bisphenylazo1,2_dipheny1ethaneand remained at 
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the origin. A red band, with the sane Rf value as 2,3-diphenyl... 

l,4-dibenzaltetrazane and two bands of colourless (fluorescent) 

material were also present. 

The bands were separately removed from the plate and 

extracted from the alumina with a mixture of equal voluns of 

chloroform and ethanol. The 1,2-bisphenylazo1 2 2_dipheny1ethene 

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 2 4,5-tripheriy11, 2,3-

triazole (50) (see Discussion, page 51 ) and may have been formed 

by oxidation of the diphenylethane. Only a very small quantity of 

red liquid was recovered from the band that was suspected to be 20-. 

diphenyl-1,4-dlbenzalte trazane. 
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Ilm 	a ide hyd 	I 1hy-drazgne jvith Dibgnzov  

erocith. 

Benzaldehyde phenylhydrazone (3g; 0.0153 mole) and 

dibomoy1 peroxide (2g; 0.0027 riole) were dissolved in dry benzene 

(]oo ml.), and the solution was refluxed under nitrogen for iS hours. 

The solution was then poured into water (00 ml.), made 

alkaline to litmus by the addition of 4 N aqueois sodium hydroxide 

solution, and extracted with ether (3 x 100 ml.). The combined 

extracts were washed with water (2 x 100 ml.) and dried (Mg30 1 ). 

Evaporation of the solvents yielded an orange crystalline material. 

On recrystallisation from ethanol bright yellow crystals (0.01 g; 

m.p. 175 - igo°c) were obtained. Comparison of the infra-red spectrum 

with that of an authentic sample identified the compound as 1,2-

bisphenylazo-1 1 2-diphenyietliane (see page 161 ). 

The mother liquor was evaporated and the residual oil was 

then chromatographed on a 25 x 1' dry alumina column with petroleum-

ether (b.p. 60 - °C) as elutent. Five coloured bands were observed, 

with soma material remaining at the origin. The material from each 

band, and also from the origin, was extracted with ether. After the 

ether had been evaporated from the solutions the total yield of crude 

organic material was 3.35g. (Only 3 g. of benzaldehyde phenylhydra- 

zone had been reacted.) 

An attempt was made to recrystallise the material from each 

band from ethanol. Bands (1) 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 infrared spectra, as 1,3,4,6-tetraphenyl-1,2,4, 

5-tetra-azahexa-2,5-djene (51), (see page 162 , paragraph 1 ). 
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Band (iv) gave colourless crystals (35 mg; rn.p. 17 - i& °C). 

Band (v) gave bright yellow crystals (100 mg; mn.p. 165 - 1700C). The 

material from the origin gave colourless crystals (30 mg; mn.p. 150 - 

16 0C). Compariscn of the infra-red spectra showed that the material 

from the origin 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(0' , 

1600(w), 1390(w), 1300(s), 750(w), 720(m), 700 cm.(s). c (CDC13  

100 NHz) 7.1 - 7.9 (m, 1511, aromatic), 9.12 p.p.m. (S, 111, NH). The 

n.m.r o  sample in 	chloroform became purple on standing. This, 

in combination with spectra, suggested the presence of an N - H group 

( V 	3240  cm.). Mass spectrum —P316, 196; accurate mass 

measurement 31612116 (CH16N2o7  requires 316.121170). The compound 
was c' , 	-dibenzoyiphenymydrazine (53) 	m.p. 181 0C). 

This compound was also obtained by Edward and Sam-ad 6 from the 

oxidation of benza1dehye phenyihydrazone with dibenzoyl peroxide. 
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Ltt-  pd Pa 	n_ofL!_BoflzjL Usa zozie, 

p Benzi1 osazone (52) (3g; 0 .0077 mole) in dry dioxan 

(20 ml.) was slowly added to a stirred suspension of lithium 

aluminium hydride (1.166g;O.0208 mole) in dry dioxan (50 ml.) under, 

nitrogen. The mixture was refluxed for 4.5 days during which it 

changed colour from grey to green, and then to light brown. 

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

was cautiously added with stirring to decompose the excess of lithium 

a lurnin I wn hydride. 4N Aqueous sodium hydroxide (12 ml.) was then 

added. The resulting mixture poured into water (200 ml,). The 

organic materials were extracted with ether (4 x 100 ml.). The ether 

solution was washed with saturated brine (2 x 100 ml.) and then dried 

(4gSO4). The ether and the remaining dioxan were removed inva 

before the product mixture was chromatographed on a 25 x 1.5" dry 

alumina column with petroleum-ether (b.p. 60 80 0C) as elutent. 

The mixture was separated into 3 bands, all of which gave 

crystalline material. The yields of crude material were: (1) 0.91g; 

(ii) 0.66g; (iii) 1.06g. 

Band (a) gave a yellow compound (0.17g; m.p. 232 - 233 0C) 

after re-crystallisation from benzene/light petroleum-ether. This was 

shown, by comparison of infra-red spectra, to be 	-benzjl osazone 

m.p. 235 °C), 

Band (ii) gave a yellow compound (0.16 g; m.p. 157 - 1580C) 

after recrystallisatjon from ethanol/light petroleum-ether. This was 

identified as thnzaldehyde phenylhydrazone (lIt 7  m.p. 1580C) by 

comparison of infra-..red spectra. Benzaldehyde phenylhydrazone (0.18g.) 

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 yellow 

mercuric oxide (9.9g0.016 mole) in dry ether (100 ml.) under 

nitrogen. The insoluble inorganic material was removed by 

filtration through a celite pad and washed with ether. The washings 

were combined with the filtrate and dried (43O 4). The ether was 

evaporated and the residual orange oil was recrystallised from 

benzene/light petroleum-ether. Benzeldehyde phenyihydrazone (0.64g; 

m.p. 153 - 155 00 was collected. 

The mother liquor was chromatographed on a 20 x 1.5" dry 

alumina column with petroleum-ether (b.p. 60 - 80 °C) as elutent. 

Only crude /3 -benzil osazone (1.24g.) was recovered from the column. 

This was identified by its melting point and infra-red spectrum 

after recrystaflisation from benzene/light petroleum-ether. 

The Reduction of Benzaldeh3LJe Phenylhythazone followed by Oxidation. 

Several reductions of thnzaldehyde phenyihydrazone (3g; 

0.0153 mole) were attempted with lithium aluminium hydride (16g; 

0.0208 mole). The experiments were carried out in the same way as 

the reductions of -benzil osazone described above but only the 

starting material was isolated from the reaction mixture. 

On one occasion the crude material 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 was used as solvent 

instead of carbon tetrachloride. 

After chromatography on a 20 x 1" dry alumina column with 

benzene as elutent only 1,3,4,6-tetraphenyl-1,2,4,5-tetra-azahexa-

2,5-diene (51) (0.37g.) was isolated. This compound was identified 

by mixed in.p. and comparison of infra-red spectra. (see page 16 



para. 1 ). 

The reduction was also attempted with sodium natal in 

tetrahydrofuran by an adaptation of the method of Smith and Ho 132 

but again only ths starting material was recovered. 

170. 
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ktl.e mpted -iarrange rnentof_Tri h1.1de hyde Phenylhydraz oni. 

Pre Pa rt ion of Trime t3a tide hyde Phe nylhZdrazon.. 

Trimet.hylacetaldehyde (b.p. 72 - 74°C, 13 b.p. 77 - 78°C) 

was prepared by the method of Campbe11 133  and condensed with an 

equimolar amount of redistilled phenyihydrazine in cold ethanol. The 

ethanol was evaporated and the solid phenyihydrazone was obtained. 

No suitable solvent for recrystallisation was found. The phenylhydra-. 

zone (b.p. 87 - 91°0113 mm.) was purified by distillation under 

nitrogen: 6 (loo Mhz, Cd 4) 1.02(s, 911, i_3  CH), 6.6 - 7.2 p.p.m. 

(m, 711, Ph, 2.q and liJJ). 	\) 	(Cd 4) 3200(w), 295 0 (s), 1600(s), 

15 00(s), 1370(m), 1300(m), 1250(m),  1120(e), 1070 cm. -1 
 (in). 

An earlier attempt to prepare trim thylacetaldehyde by the 

method of Brown and Subba Rao 134  proved unsuccessful. 

An attempt to oxidise neontyl alcohol to trimethyl- 

ace taldehyde by the method of Parikh and Doaring 13  with a pyridine-

sulphur trioxide complex 
116 

 also proved unsuccessful. 

Treatment of 	 h 'mThe nylhydrzoni with Sulphuric 

Acid inan1. 

A solution of sulphuric acid (0.20 ml; S.G.1.84) in 

'AnalaR mthano1 (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 0C for 118 hours during which 

the colour changed from red to purple. A solution 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 (MOO 4). 
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The n.m.r. and infra—red spectra of the concentrated 

material showed that no reaction had taken place. 

The experiment was repeated using methanol which had been 

dried and distilled but the same result was obtained. 

1phuric Acid. 

Trimethylacetaldehyde phenylhydrazone (200 mg.) was 

dissolved in concentrated sulphuric acid (5 ml.) and the solution was 

stored at 200C, under nitrogen, for 5 days. 

The solution'vas then poured Into water (75 ml.), made 

alkaline to litmus by the addition of solid sodium bicarbonate, and 

then extracted with ether (3 x 50 ml.). The combined extracts were 

dried (MgSO4) 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. 



173. 

Lttam d Pro tntinx_.o1 2-j].- 2y1 zojron. 

(I) 	bra±ijj 	 - 2-1b thyl. 2- 

phenylazopropane was prepared in 21% yield from t-butyl chloride and 

phenyldiazonjuin fluoroborate by the method of Curtin and Ursprung. 84  

The compound was p'ified by chromatography on an alumina column 

£Activlty i) with Petroleum-ether (b.p. 40 - 60 0C) as elutent, and 

then by distillation (b.p. 40 - 4500/0.05 mm. 	b.p. 50 - 54°C! 

0.2mm.), 

a! 2 	-2-b1aaQ 	- 

Fluorosuiphonic acid (1 ml.) was added to 2-methyl-2.-phenylazo... 

propane (80 rig.) in an n0xn.r. tube at -.780C, and the mixture was 

shaken, with occasional cooling until It was homogeneous. The lH 100 

MHz n.m.r, spectrum was recorded at -6500  with fluorosuiphonic acid 

(chemical shift taken as 10 p.p.m,) as internal reference: S 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 the relative chemical shifts changed 

slightly, and the spectrum had not changed after a further 20 hours 

at 20CC. 

0 
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re Pa ratJ.ona 

tjpn of A]11 	e-uBm . - The Grignard 

reagent was prepared, in dry ether, by the nthcd of Henze, Allan 

and Leslie. 137 The freshly 	oared ether solution was filtered 

through sintered glass, under dry nitrogen, before use. 

P7,n Raratton o 1-J2yj--l-phe rwlb 	 A 

solution of allyl magnesium bromide (0.1 mo la) in dry ether (200 ml.) 

was refluxed under nitrogen overnight while benz aide hy1e phenyihydra-

zone (6g; 0.0304 mole), which was contained in a Sox.hlgt extractor, 

was extracted Into the solution. 

The reaction mixture was allowed to cool and then poured 

into water (300 ml.). The aqious layer was extracted with ether 

(4 x 100 ml.) and the combined extracts dried (Ng3Q.). The ether 

was evaporated and an orange crystalline solid (7.43 g.) was obtained. 

Comparison of Infra-red spectra showed that this material was not 

benzaldehyde phenylhydrazone. (No V N - H). 
An attempt was made to recry3tallise a portion of the 

product (2 g.) from ethanol but only benzaldehyde phenyihydrazone 

(0.21g.) was recovered. The product had decomposed In boiling ethanol. 

Oxida-tion of 

Ye. lox Mcurtc Oxide.—The remainder of the crude product 

(5.4.) was dissolved in dry ether (50 m1 0 ) and added to a suspension 

of yellow mercuric oxide (15g; 0.069 mole) in dry ether (200 ml.). 

The mixture was stirred for 2 days under nitrogen. The insolubl9 

inorganic material was removed by filtration through a celite pad 

and washed with ether. The combined washings and filtrate were dried 

(SO4) and then the ether was evaporated. The residual brown oil 

was chromatographed on a 'wet' alumina column with petroleum-ether 
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N.P. 40 - 600C) as o].utent. The material separated into 3 bands: 

(i) a mobile oraiige liquid (1.0g.); (ii) a mobile red liquid ( 0 .24g.); 

(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 (1-phenyl-1-phenyl-

hydrazobut-3-enc) and was oxidised again with twice the amount of 

yellow 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 1-phenyl.-1-

phenylhydrazobut-3-ene (0.71g.) was recovered. Band (i) from the 

first oxidation was distilled to give a bright yellow, viscous liquid 

(b.p. 118 - 119C/0e3 mm.) whose spectra data were consistent with it 

being 1-phenyl-1-phenylazobut-3-one. 	(60 MHz, Cd 4) 2,85 

(in, 2H, CF-C H  2)p 4.6 - 5.2 (in, olefinic 	2  and Ph-Qfl N), 5.3 - 6.1 

(m, 1H olefinic CH),  7.0 - 7.8 p.p.m. (m, 1OH, aromatic). V max, 
(film) 3100(m), .2930(m), 1640(w), 1600(w), 1500(m), 1460(s), 1310(w), 

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

reratthnc 

A suspension of sodamide (0.025 mole) in liquid ammonia 

(500 ml.) was prepared by the method of Hauser, Swam--r and Adams. 138 

Following the method of Kenyon and Jauser139  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 g; 

0.025 mole), The y'oduct, l-N-allyl benzaldehyde pheny1hy1razone 

(4.32g; 73%) (92) was purified by distillation (b.p. 143 - 144°c! 
0.1 mm.): 6 (60 MHz, CC14) 4,4 (broad, s P  2H, ..QJ 2-CH = CH 2)J9 

4.9 - 5.4 (m, 2H,,CH2-CH = 2' 5.5 - 6.2 (in, 1H, CH2  - 2H, = CH 

6.6 - 7.9 P.p.Ifl. (in, l].H, aromatic and Q = N). 	(nonane) 
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1600(s), 1575(m), 1160(s), 960(w), 700 cm. 1 (s). 

The 

1-Peny1-1-pheny1azobut_3ene (0.5 g; 0.0021 mole) was 

dissolved in nonarie (50 ml,), and the infra-red spectrum of the 

initial solution v-s recorded: V m 	(nonane) 1650(w), 1610(w), 
1030(w), 990(w) 920(s), 770(m), 700(s), 695 cm,(s). (The 

absorptions at 1650 and 1610 cm. 1  were very weak in the fresh 

solution.) 

The solution was refluxed for 200 hàurs 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 - 60C) as e].utent. 

These conditions gave the best separation of 1-phenyl-1-phenylazobut 

3-ene. 

The absorption at 1610 cm. increased in intensity with 

successive samples while the other absorptions decreased in intensity. 

After 200 hours only a strong absorbance at 1610 cm. 1  and an 

absorption of medium strength at 700 cm0 were observed. This was 

not the spectrum of the expected product, l-N-allyl benzaldebyde 

phenythydrazorie (see above). 

The spots 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 for 

1-14--allyl bo nz aldohyde phe nyihydrazone. 

1-Phenyl-1-phenylazobut_3....ene is not stable in refluxing 

nonane (b.p, 1510C) under nitrogen, but it does not rearrange to 

1-1-allyl benzaldehyde phenylhydrazone. 
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- 	Several methods were tried for the preparation of different 

optically active phenylazoalkanes, but 3UCO9Ss was only achieved in 

the case of 2-phenylazobornane (see page 196 ) -. 

(a) rpts&RQo lutic ri f. 

Proiophenone phenylhydrazone was reduced to 1-phenr1-l-pheny1hydrazo_ 

propane (55%; b.p. 140 - 142°C/0.1 mm.) with lithium aluminium hydride 

in refluxing tetrahydrofuran by the method of Bellamy and Guthrie. 23 

(100 MHz, ccL4) 0.76 (t, 311, Me), 1,28 - 1.82 (octet, 2H, CH 
2)., 

3,39 (a, 1H, NH), 3,55 (t, 111, OH), 4.64 (, 1H, NH), 6.5 - 7.8 p.p.in. 

(m, 10H, aromatic). 

The 1-phenyl-1phony1hydrazopropane was then oxidised, 

with yellow mercuric oxide in ether to 1-phenyl-1-phenylazopropane 

(40; b.p. 110 - 1200C/0.1mni.) by the method of Bellamy and Guthrie. 23  

(60 MHz, Cd 4) 0.74 (t, 3I, Me), 2.1 (octet, 211, OH), 4.5 (t, 1H 2  

OH), 7 - 8.3 p.p.rn, (in, 10H, aromatic.). 

1.Phenyl_l_pheny1hydrazopropgne (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. The mixture was stirred for 30 mm. and then left at 
20 0C overnight. 

The solvent was evaporated and the residual viscous oil 

was recrystallised twice from ethanol. The cryctallino material 

obtained was very dark In colour and appeared to be partially 

decomposed. 

The experiment was also performed with L-.(-)-malic acid 

(0.298g; 0.0022 mole) instead of tartaric acid. Recrystallisations 

were attempted from ethanol, benzene/ethanol, banzene/tetrahydrofureri, 
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di-isopropyl. ether/water end toluene, but no crystalline product 

was obtained. The use of l-pheny1lphenylhydrazopropane (Log; 

0.0044 mole) with L..(-.)_malic acid (0.298g; 0.0022 mole) again gave 

a product which eculd not be crystallised. The product this time 

was chromatographed on a 20 x 0.5"  dry alumina column with benzene 

as elutent and a bright yellow band separated, leaving brown 

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

crystallised, 

(b) 	Lite 	2-.tn wjSojj 

(see Scheme 31 and Discussion, 

page 60 ) 

(i)PrtiQaf 	 Phenyl- 

hydrazine (54g; 0.5  mole) was heated to boiling with 50% aqueous formic 

acid (184.0€; 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%) was collected, washed with ether, and then dried 

1J2c (m.p. 143 - 145°C, lit 	 .....m.p.iLC). In subsequent 

preparations the product was recrystallised from chloroform. 

(II) 	 .-The 

preparation was first carried out using the method of Freer and 

Sherman. 74  Reactions which were attempted with the material obtained 

by their method were unsuccessful (see below). Subsequent 

preparations were carried out with modifications of their method. 

Formylphenylhyrazine was recrystallised from ethanoL/ 

chloroform and dried In vacuo before use • A solution of sodium 

ethoxide in ethanol was prepared by dissolving freshly cut sodium 

metal (io g.) in dry ethanol (200 ml.). 
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Formylpheny].hydrazine (599; 0.49 mole) was added to the 

ethanolic sodium ethoxide. (200 ml; containing 0.455 mole of 

sodium ethoxide). The mixture was vigorously shaken until the 

formylphenylhyd.razine dissolved to form a red solution, which was 

then poured into dry ether 0 litre) under nitrogen. The ether 

solution was shaken until homogenous and then allowed to stand, 

under nitrogen, for 24 hours to effect complete crystallisation 

of the sodium formylphenylhydrazine. The product was collected by 

filtration under nitrogen and then dried in vacuo: 	(nujol) 

3100(b), 1650(s), 1590(s), 1020(w), 870 (w),73 0 (m), 680cm. 1 (m). 

(If dry sodium formyiphenyihydrazine is allowed to come 

into contact with air it rapidly decomposes 74  to a mixture of 

aniline, phenyihydrazine and sodium bicarbonate.) 

Conversion of Octan-2-ol to 2-Iodo-octane.----2-Iod.o--

octane (82%;  b.p. 84 - 85°C, ut. 75  b.p. 87 - 88°C) was prepared 

from octan-2-ol by the method of Berlak and Gerrard. 75  Octan-2-ol 

was stirred with phosphorous tn-iodide in carbon disulphide for 

36 hours at 20°C. 

Attempted Reaction of 2-lodo-octane with Sodium 

Forrnypheny1hydrazine .—This experiment was adapted 

from the reaction of ethyl iodide with sodium formyiphenyihydrazine 

as described by Freer and Sherman. 74  

A suspension of sodium formylphenylhydrazine (13.8g; 

0.0875 mole) and 2.-iodo-octane (21.27g; 0.0945 mole) was placed in 

a thick walled glass vessel which was placed in an autoclave. 

The mixture was flushed with nitrogen for 10 mm. and 

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

Gaw 	 0 was agitated. (The pressure at 100 C was 6.4 atmospheres.) 
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The temperature was maintained at 1000C for 3 hours, with agitation, 

and then allowed to cool to 20°C. 

The ether solution was washed with water and the combined 

washings ware extracted with ether. The combined extracts were 

dried (MgSO4) and the ether was evaporated. The residue, which 

appeared to be a mixture of colourless crystals and unreacted iodide, 

was washed with petroleum-ether (b.p. 30 - 400C) and then recrystal-

used from ethanol. A yellow solid (3.36g.) was recovered (m.p. 138-

140°C). Comparison of Infra-red spectra identified the material as 

140 formylphenylhydrazine (see above, 	m.p. 1450C). 

ED  Y1 RhQ M XlhXi=Lz_j=. 	The experiments below were 

also adapted from the method of Freer and Sherman 9 74  who success-

fully reacted ethyl iodide with sodium formylphenylhydrazine. 

Dried sodium formylpbenylhydrazine (6g; 0.0381 mole) was 

rapidly added to a solution of ethyl Iodide (6.1g; 0.039 mole) In 

dry dioxan (150 nil.) and the suspension was refluxad under nitrogen, 

for 3 hours during which the sodium formylphenylhydrazjne appeared 

to go into solution and a colourless solid separated out. (After. c.a. 

10 mm. ref lux 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 (Mg504) and the ether and residual dioxan were evaporated. 

In attempting to prepare a solution of the yellow oil in carbon 

tetrachloride for n.m,r* spectroscopy a solid precipitated out. 

The solid was collected and recrystallised from ethanol. 

Comparison of the infra-red spectrum of the orange crystals (m.p. 
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130 135°C) with that of an authentic sample of formyiphonyl... 

hydrazine (see above) identified the product as formylphenyl-

hydrazine 	M.P. 1450C). 

An attempt was made to generate the sodium formyiphenyl-

hydrazizie in situ. Formylphenylhydrazjne (log; 0.0736 mole) and 

ethyl iodide (ll.52g; 09074 mole) were added to a suspension of 

sodium hydride (1.68g; 0.0736 mole) in dry ether which was contained 

in a thick-walled glass vessel. The vessel was placed in an 

autoclave and flushed with nitrogen for 10 mm. During heating the 

rubber gasket on the vessel gave way, and the pressure returned to 

atmospheric. The experiment was repeated three times. The first 

time the gasket again gave way. When the gasket on the apparatus 

was modified, the glass reaction vessel shattered during the next 

two attempts. The experiment was abandoned. 

MWWAX 

J3flzine.A solution of sodium formyl-

phenylhydrazine (1.53g; sufficient to give 0.1M If pure) In water 

(100 ml.) was prepared. Aliquots (25 ml.) of this solution were 

titrated against 0.1158N hydrochloric acid using a pH meter. 

The 25 nil. aliquots were estimated to be equivalent to 6 ml. of 

0.11581,1 hydrochloric acid. 

i'blarity of base solution = 	115 

25 

= 0,027gM. 

Therefore the percentage of sodium In the sodium formylphenylhydrazjne 

was 27.8. (i.e. '27.8% sodium formyiphenyihydrazine in the material tested). 

The result suggested that the material used as sodium 

formylphenylhydrazine In the experiments described above was actually 
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a mixture of sodium formylpbenylhydrazine and formyiphenyihydrazine 

itself. 

(d) 	 eaction 	T_ 

(1) Zb- 1zo j -mat on.

1utj,cw.—A 15%W/V aqueous solution (50 ml.) of 

phenyldiazonium chloride (containing 7.5g; 0.0554 mole of Ph M Cl) 

was prepared by an adaptation of the method described in Vogel. 141 

Redistilled aniline (4.98g;  0.0554  mole) was dissolved in 

aqueous hydrochloric acid (25 ml; 0.135M). The solution was cooled 

to 000 and aniline hydrochloride precipitated. The temperature was 

maintained at 0 - 50C while a solution of sodium nitrite (4.14g; 

0.06 mole) in water (25 ml.) was slowly added, with stirring, until 

the reaction mixture gave an Immediate blue colouration with 

Potassium iodide—starch paper. The re3u2tIng solution was clear and 

faintly yellow in colour. 

(ii) 	 The 

freshly prepared 15% phenyldiazonium chloride solution (10 ml.) 

described above was slowly added, with stirring, to a mixture of 

potassium hydroxide (150 g.) and water (60 ml.) at 50C. 

The temperature was then allowed to increase to 200C so 

that all the potassium hydroxide dissolved. The solid material which 

separated was collected. An attempt was made to reorystallise the 

product from absolute ethanol but only an oil was obtained. When dry 

ether (1 litre) was added to the oil a yellow curdy precipitate 

formed. This was 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 percipitate was 

again dissolved in absolute ethanol and precipitated by addition of 
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dry other. A sample of theprecipitate was dissolved in water (1 raL) 

and a brown oily layer separated. The aqueous layer was not 

alkaline to li'vixas i.e. the precipitate was not potassium hydroxide. 

The 60 Mz n.m.r. spectrum of the precipitate, in [ 2116) dimethyl-

suiphoxide, showed only an aromatic inultiplet (6.5 - 7.3 p.p,m.) 

which suggested that the material was potassium pheny].diazotate 

(0.89g; 50%). A subsequent preparation on the same scale gave a 

yield of 1,70g; (95%). 

(iii) 

x1th Ethyl  1y0 	 78 

A solution of dry potassium phanyldiazotate (0.899: 0.0056 mole). In 

hexainatbylphosphoramide (H.M.P.A.) (60 rn].0) was mixed with ethyl 

iodide (0.872g; 0.0056 mole) under nitrogen. The mixture was stirred 

at 4000,  under nitrogen, for 12 hr. It became dark brown in colour. 

The reaction mixture was poured into water (250 ml.) and 

extracted with ether 0 x 100 ml.). The combined extracts were dried 

(MgSO) and the ether was evaporated. The residual dark brown 

mobile liquid was distilled but only H.M• P.A. (b.p, 60 - 70°C/0.5 mm.), 

was obtained. The experiment was repeated, but again only H.M.P.A. 

was collected.  

0 

(Analogous to Scheme 33) 

(i) 	Pre r rtion.a 	 (Piio ty' a 

acid). - Benzene suiphonyl hydroxylamine was prepared 

by the method of Piloty. 0  

Hydroxylamine hydrochloride (32.5g; 0.1465 mole) was 

dissolved in hot water (11 ml.) and a solution of sodium othoxide 

(150 ml. from 10.6g; .0.46 mole of sodium) was slowly added, with 
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stirring, so that no boiling occurred. 

The sodium chloride, which separated, was filtered off 

and the filtrate was diluted with absolute ethanol (150 ri.). 

Benzene suiphonyl chloride (25g; 0.141 mole) was slowly added. 

When the reaction appeared to be complete, the ethanol was 

evaporated and the residual colourless solid was recrystallised from 

hot water and then dried in vacu. Benzene sulphonyl hydroxylamine 

(10.51g; 43%) (ra.p. 125 - 126°C, lit. °  M.P.1269C) was obtained. 

Mass spectrum - P1730 

(see Scheme 33) —  .H-.(..Nitrophenyi 

su1phonoxybenene) sulphonamide (73) (M.P. 178 1790C, 1—id'  

m. p. 179°C) was prepared by the method of Porter and Marnett 79  and 

recrystallised from ether. The mass spectrum of the product shoved 

a peak at 342 (Ph 502•  NH. 502C6H4NO2  requires 342) with no peak at 

358 (Ph SO2. NH. 0S02C6H4NO2  requires 358). The compound may have 

lost an atom of oxygen in the spectrometer but subsequent reactions 

(see below) also suggested that the compound was Ph S0 2.NH.S02C6H4NO2. 

The formula reported by Lowoski, and Schieffele, 81  on the basis of 

elemental analysis, was Ph SO 2GNH.0302C6H4NO2. 

–(LO.Nitropheiy1 sulphonoxybenzene) sulphonamide was also 

Prepared by the method of Lowoski and Schieffe1e, but the yield 

was low (iZt) and the product was impure (M.P. 155 - 1650C, 
it 81 

M.P. 179 
0 ,. '). 

A modification of the method of Porter and Harnett, In which 

triethylamine was added before the 2-nitrobenzene suiphonyl chloride, 

was also tried. The mass spectrum of the product (M.P. 152 - 1580C, 

1it 1  M.P. 1790C) suggested it was a mixture consisting mainly of 
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Ph $O2.UH.SO2C6H4NO2  (n/e 342) and a little Ph SO 2.NH..O S02C6H4NO2  

(n/e (Pi) 357). 

(see Schema 33) 	An attempt was first made to prepare 

the -phenylsulphaido of 1-phenylethylamine by the method of Porter 

and Marnett. 79 
 Only 2-nitrobenzene sulphonamide (m,p. 177 - 179 0C, 

11,143 m.p 1780'), identified by n.m.r. spectroscopy and the mass 

spectrum (P202) was isolated. 

In order to discover why the reaction had not woriced, 

what was thought to be the j-phenylsulphamide of 2-amino-2-

mathylpropane was synthesised and obtained as a brown oil. An 

attempt was then made to convert this crude product to.2-..methyl-2 

phenylazopropane by oxidation with sodium hypochiorite in a mixture 

of 2 N aqueous sodium hydroxide and hexane, as described by Porter 

and Marriott. 

The crude product from the oxidation was chromatographed 

on a 20 x l.dry alumina column with petroleum-ether (b.p. 40 - 600C) 

as elutant. Only enough bright yellow oil (c.a. 40 mg.) was recovered 

from the column for characterisation by n.m.r. and mass spectroscopy. 

S (60 11z )  Cd 4) 1.32 (a, 9H, t-butyl), 7.4 - 8.4 p.p.m, Cm, 4}I, 

aromatic). The aromatic multiplet was that of an A 2B2  system, 

which suggested a para-substituted phenylazo compound, (The 

spectrum was not that of 2-mathyl-2-phenylazopropane (see page 173) 

the aromatic multiplet of which is not an A 2  B  2 system. ' (60 ?z, 

neat) 1.32 (a, 9H, t-butyl), 7.3 - 7.8 p.p.m. (m, 5H, aromatic).) 

Mass spectumn - P207, 182, 179. Accurate mass maasurernent 

207.099082 (C 10913 N3 02  requires 207.10070). The compound was 

thought to be 2-rnothy1-2_nitropheny1azo pro pane (72). 
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2-.ji] 2-p-nitrc~ thny1az,.-- 

(A) 	Mfijtj 	2-jthr 2-ithy1azoo 	n. 

(1) 	 NjjJ.çACJ4. - This me ;hod was an adaptation 

of that described by Burns et. al. 144  for the nitration of 

azobeuzene. 

2-IMb 	(0.409.) was slowly added, 

with stirring, to fuming nitric acid (8 Ira.; S.G. 1.5) at -100C. 

The mixture was stirred for 2 hours at 100C and than poured onto 

crushed ice (30 g.). The aqueous solution was neutralised 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 (MgSO4) and 

the ether was evaporated. The residual dark brown tar was extracted 

with ether (50 ml.). The exfract was chromatographed on a 24 x 1" 

dry alumina Column with benzene as elutont. No material with an 

n.m.r. spectrum resembling that of the expected product, 2-methyl-

2-nitrophenylazopropane, was obtained. 

(ii) 	 2-Methy1-2-phenylazopro pane 

(1.62g.; 0.01 mole) was placed in a 5 ml. r.b. flask which was 

fitted with a small magnetic stirrer, an injection septum and a 

drying tube (Ca 012). The 2-methy12pheny1azopro pane was cooled 

to 0°C and a mixture 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 further two hours stirring at 0 00 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 reidua was chromatographed on a 24 x 2" dry alumina 

column with troleum-ether (b.p. 60 - 000) as elutent. Only the 

starting material, 2-methyl-2-phenylazopropane (0.47 g.) was 

recovered from the column. 

(B) 	Attergted Coup 1jgf t-ButylZinc Ch]Qrj de  

Fluprpboj. 	This reaction was 

analogous to that for the preparation of 2-methyl-2-phenylazo_  

propane and was adapted from the method of Curtin and rJrsprung. 8  

(see page 173). 

(1) 	The ire ratjono 

This salt was prepared by an adaptation of the method described by 

j-Nitroaniljne (34.5g; 0.25 mole) was added to a mixture 

of concentrated hydrochloric acid (72 ml; 0.75 mole) and water (72 ml.). 

The mixture was cooled to 0°C and a cold solution of sodium nitrite 

(17.3g; 025 mole) in water (50 ml.) was 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 mm. 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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as possible after each washing and then the product was dried 

invacuo overnight. The yield of dried product was 56 g. (95%). 

(ii) 	jnt 	Pjon 

—A suspension of t-.hutyl zinc chloride (1 molar 

equivalent) in dry ether (20 ml) was prepared from the reaction of 

t-'butyl magnesium ch1oride 7  with anhydrous zinc chloride as 

described by Curtin and Ureprung. 84 

The suspension was slowly added to a suspension of.L3.. 

nitrophenyldiazonjum fluoroborate 05 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 

(85 ml.). The ether was evaporated and the residual mixture was 

steam distilled. 

The distillate wag extracted with ether and the combined 

extracts were dried (SO 4). On evaporation of the ether an orange 

oil was obtained. The oil was chrornatographed on a 20 x 1.5 dry 

alumina column with petroleum-other (b.p. 40 - 600C) as elutent and 
separated into two yellow  bands. 

One gave crystalline material which was washed with ice-

cold ethanol and then dried 	(map. 78 800C). The 60 NHz 

n.m.r. spectrum (Cd 4) showed only an A2B 2aromatic system. The 

compound was shown, by comparison of infra-red, n.ni.re and mass 

spectra with those of an authentic sample, to be 1-chloro-10. 

&itrobenzene (lit 	zn.p. 830C). 

The n.m.r, spectrum of the material from the other 

yellow band showed: 	(60 MHz, 

 
C^1 yellow 	1.35, (s, 9H, t-butyl), 1.40 

(s, 9H,  t-butyl), 7.3 - 7.8 p.p0m. (m, 411, aromatic). The aromatic 
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multiplet was that of an A 2B2  system. Mass spectrum: P218, 161, 

133, 85, accurate mass measurement, 218.178079 (CH 22N7  requires 

218.178290). T-he nm.r. and mass spectra suggested the compound was 

2_methyl_?.tLutytphenyIazoprope. 	Further evidence of the 

assigned structure was gained from comparison of the fragmentation 

pattern in the mass spectrum corresponding to loss of t-butyl (..57) 

followed by loss of S 2 (28). 

The mother liquor (ether), from which the 1-chloro-4-

nitrobonzene had been crystallised, was evaporated. The n.m.r. 

spectrum of the residue (60 MHz,, Cd 4) showed a singlet (1.45 p.p.m.) 

and an aromatic multiplet (7.3 - 8.4 p.p.rn.). Examination of the 

integration suggested that this might be a mixture of 2-rnethyl-2-

-nitro phenylaz o propane and 1-c hloro-/+-nitrobenzene. 

The mixture was distilled. A little colourless liquid 

(b.p. 45°010.01 mm.) was collected, the n.m.r. spectrum (60 Iff,, V  

Cd 4) of which showed only aromatic absorptions (7.2 8.3 p.p.rn.). 

The compound was shown, by comparison of n.m.r. and infra-red spectra 

with those of an authentic sample, to be nitrobozizone. 

The residue from the distillation was extracted with ether, 

the ether was evaporated, and the residue crystallised. This was 

thought to be a mixture of 2-methyl-2nitrophenylazopropane and 

1-ch1oro-4-nitrobeneno. Mass spectrum; P207, 105 (for NO  Ph N = 

N - But and 10  Ph N = N respectively), 159, 157 (for p NO  Ph Cl). 

An attempt was made to separate the components by 

reacting the 1-chloro-4-nitrobenzene with piperidine (see below). 

(lii) 	 1-Qb-.4 
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- In a trial experiment the pip3ridine derivative of pure .1-chioro-.. 

4-nitrobeuzene was prepared by an adaptation of the method described 

by Levin and Tazr.arc.14  

1-Chloro-.4-.nitrobenzone (0.03 mole, 4.72 g.) was susp3nded 

in absolute ethanol- (25 ml.) and piçeridthe (0.24 mole; 20.82 g.) 

was added. The mixture was refluxed for 1 hour and then cooled to 

0°C. The material hich 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 g. of bright yellow crystals (m.p. 104 - 

1050C; from butan-1-ol): 6 (60 NHz, Cd 4) 1.73 (m, 611, 0112), 

3.42 (in, 4H, 011 2), 6.6 - 8.2 p.p.ni. (m, 4H, aromatic). TFe aromatic 

multiplet was that of an A 2 B  2 system, A further quantity of 

1-nitro-4-piperjdjnobenzqne was recovered from the butan-l-ol 

mother liquor. (Total yield 40) 

The material which separated from the reaction mixture 

before water was added gave a colourless solid (0.43 g; ni.p, 247 

248°C; from ethanol): 	c5 (60 NHz, 00 4) 1.8 (m, 611, Cr-i 7), 3,2 (m, 

4H, CH 7), 90 p.p.m. (broad in,211, NH 2); mass spectrum, 85, 36, 38. 

It was readily soluble in water. The compound was identified as 

piperidine hydrochloride (.t. 0' 	2450C). (The mass spectrum 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 Cl.) 

The mixture of 1-.chloro-.4-njtrobenzene and 2-methyl-2-

-nitrophenyiazopropane (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 ethanol was evaporated. The 

residual solid was treated with dilute hydrochloric acid until 
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just acid to litmus to convert l-nitro-.4-.piperidinobenzene to the 

corresponding hydrochloride. The resulting solution was extracted 

with ether (3 x 50 ml.); the combined extracts re dried (MgSO4) 

and then the ether was evaporated. The residue v1ao a mixture of 

crystalline material and oil. The n.m.r, pectruin (60 NHZ, Col 4) 

was similar to that of the starting mixture of 1-chloro-4-nitro--

benzene and 2methyl.-2--nitrophenylazopropane but the intensity of 

the absorption of the aromatic multiplet was reduced indicating that 

sons 1-chloro-4.=.nitrobenzene (c.a. 30) had been removed. 

The attempted separation was not totally successful, 

probably because all of the 1-chloro-4-nitrobenzene did not react 

with the piperidino or because once the 1-nitro-4-piperidinobenzone 

had been formed sow of it was hydrolysed instead of being converted 

to the hydochloride by addition of dilate hydrochloric acid. 

ThQ 	 4ccfL t-.4 Chloride tith 

2-Nitrophenylhydrazine (5g; 

0.0326 mole) was dissolved in pyridine (40  ml.) and a solution of 

t-.buty]. chloride (3 g; 0.0326 mole) in pyridine (io ml.) was added. 

The dark brown mixture was refluxed overnight. No pyridine 

hydrochloride c?ystallised out on cooling. 

The pyridine was evaporated and the residue was dried 

in_i&Pj. for 1 hour to remove unre acted t-butyl chloride (b. p. 520C). 

The crystalline residue was shown, by comparison of its infra-red 

and n.m.r. spectra with those of an authentic sample, to be 

nitrophenylhydrazine. 

 

This reaction was an adaptation 

of the method for the preparation of tbuty1hydrazine, described by 
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Westphal 150 (see below). 

A solution of redistilled t-..buty]. iodido (6.22 g; 0.0338 

mole) in tAnalaRT methanol (10 ml.) was added o a suspension of 

-nitropheny1hydrazine (5 g; 0.0326 mole) in AnalaW' methanol (80 ml.). 

The mixture was refluxed, under nitrogen, for 68 hours. Soon after 
0 

boiling commenced, all the nitrophenylhydrazirie dissolved and the 

solution became deep red in colour. 

The methanol was evaporated and the residue was dried 

. The n.m.r. spectrum (60 MHz, MeOH) showed only absorptions 

In the aromatic region. (The region upfieid from 6 p.p.m. was 

obscured by the absorptions of the solvent.) By comparison of n.m.r. 

spectra, one A 2  B  2 system in the aromatic region was assigned to 

-nitropheny1hydrazIne. There remained another A 2 B  2 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 elutent. One yellow band separated 

from the origin. The material from this band was not solub] 

enough in carbon tetrachloride for an n.m,ro spctrurn to be run. 

The spectrum in methanol (60 MHz) suggested that this was the compound 

responsible for the other A 2 B  2 system in the mixture described above. 

The unknown compound (0.15 g.) was mixed with yellow 

mercuric oxide (1.5 g.) In dry ether (50 ml.), and the suspension 

was stirred, under nitrogen, overnight. The inorganic materials 

were removed by filtration through a celite pad and the residue was 

washed with ether. The ether was evaporated from the combined 

washings and filtrate, and the residual orange solid was dried 

j. The product was still insoluble in carbon tetrachloride. 

The 60 NHz n.m.r. spectrum In methanol was the same as that described 
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above, before the attempted oxidation. 

(E) 	TJAttp meted Re a c tion 	-Butyhy3aZrnwitJj  

xize ne. 

(1) 	?re 	 t-Butyl- 

hydraine hydrochloride was prepared by an adaptation of the method of 

Westphal. 150 

A suspension of hydrazine hydrate (0.47 mole; 23.85 g.) and 

t-butyl chloride (0.17 mole; 45 g.) in methanol (so ml.) was 
refluxed for 3 days and then allowed to cool. The methanol solution 

was decanted from the solid hydrazine hydrochloride which had 

separated. The m3thanol was evaporated and ether was added to the 

residue. 14DTh hydrazine hydrochloride which separated out was 

removed by filtration. The ether solution was treated with gaseous 

Hal until a white floculant precipitate was obtained. The precipi-

tate was collected, recrystallised from methanol/ethyl acetate and 

dried in vacjio to give t-butylhydrazine hydrochloride (0.94g; 1.6%) 

(m.p. 177 - 178°C, lit150  m.p. 202°C) \) 	(nujol) 3320(m), 

3200(w), 1600(m), 1200(w), 1125(m), llOD(m), 960(m), 93 0 (w), 860(w), 

730 cm.(w). (The hydrazine hydrochloride which was isolated did 

not form a .nujol mhll readily and no infra-red spectrum could be 

obtained. After recrystallisatjon from ethanol the m.p. of 90 - 

920C identified this compound as the rnonohydrochloride, 1J' 
m.p. 

(ii) 	The Attempted ReacflorM tButy1hydzjne with 

______ 	 - t-Butylhydrazine hydrochloride 

(0.4g; 0.00322 mole) and 1-chloro-4-nitrobenzene ( 0.507g; 0.00322 

mole) were dissolved in 'AnelaR' pyridine (40 ml.), and the solution 

was refluxed, under nitrogen, for 23 hours. The pyridine was 



194. 

evaporated, and the residual mixttce of yellow oil and colourless 

solid was dried In vacuo. No part of the product mixture was 

soluble in carbon tetrachloride. The 6O ?z rim.re spectrum or the 

product mixture, in nthano1, suggested that it was mainly 1-chioro.-

4-nitrobenzene (see page l). 

The mixture was dissolved 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 Insoluble in carbon 

tetrachloride. The 60 M n.m.r. spectrum,In methanol, again 

indicated the presence of 1-chloro-4-nitrobenzene (see page 18). 
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Camphor phenylhydrazone was prepared 

by an adaptation of the general method described in Vogel' 51  for the 

Preparation of phenymydrazones of aldehydes and ketones. 

(+).- Camphor (10.50g; 0.092 mole) in ethanol (50 ml.) was 

added to a solution of phenyThydrazine hydrochloride (10.0g; 0.0692 

mole) and sodiun acetate (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 nitrogen, 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 (MgSO4), 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 n.m.re spectra, to be 

the same material, camphor phenyThydrazono, (1.55g; 58%): 	
MX0  

(film) 3300(m), 	00(s), 1650(w), 1600(s), 1500(s), 145 0(m), 1390(m), 

1370(m), 1300(s), 1250(s), 1160(m), 1110(s), 1080(s), 1050(s), 10 

(m), 880(m), 820(w), 740(s), 680  em.—I (s). 	6(100 Iz, Cd 4) 0.73 

(s, 3H, Ma), 0.90 (s, 3H, Me), 1.04 (a, 3H, Me), 0.8 - 2.4 (m, 7H, 

CH  and CH).. 6.4 (broad,a, 1H, N-H), 60 - 793 p.p.ni. (m, 5H, 

aromatic), The phenylhydrazone slowly crystallised on standing. 

Camphor has 6 (100 MHz, Cd 4) 0.77 (s, 3H, Ma), 0.80 (, 3H,  Ma), 

0.90 (, 3H, Ma), 1.15 - '.35 p.p.m. (m, 7H, CH  and CH). 

The phenylhydrazone could not be prepared by refluxing an 

equimolar mixture of redistilled phenylhydrazlne and camphor in 
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ethanol, under nitrogen, overnight. Neither was the phenylhydra-

sóne obtained when an equimolar mixture of redistilled phenyl-

hydrazine and camphor was heated, without solvent, under nitrogen, 

for 1.5 hours. Only the starting materials were recovered from 

both these experiments. The latter conditions readily gave the 

phenyihydrazone of cyclopentanone, 

2-bnazc 	.-- During the preparation 

of this compound difficulty was encountered in separating the 

phenylazobornano from camphor phenyihydrazorie, because of the ease 

with which the azo compound rearranged to the phenyihydrazorie either 

when the reaction mixture was being worked-up, or 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-phe nylhydraz6bornane occurred during work-up, and 

oxidation with yellow mercuric oxide was not ncessary in most cases. 

Reductions of camphor phenyihydrazone with lithium 

aluminium hydride in dioxan, sodium in liquid amnnia, sodium in 

ethanol, and sodium in amyl alcohol were unsuccessful. 

A solution of camphor phenylhydrazone (5 g; 0.016 mole) 

in dry tetrahydrofuran (40 ml.) was slowly added to a stirred 

suspension of lithium aluminium hydride (2.4 g; 0.064 mole) in 

dry to trahydrofuran (200 ml,). The mixture was ref1nced 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 (MgSO4). A bright yellow oil 

(L90 g,) was obtained after the othar had been evaporated. 

The pr3dut was chromatographed on a 20 x 1.5 wet alumina 

column, with petroleum-ether (b.p. 60 - 80 0C) as elutent. A 

bright yellow band. (1.09 g.) passed rapidly down the column. The 

nom', spectrum (60NHz, 0014) of this material suggested that 

sone camphor pheiylhydrazone was still present. 

The material was rechromatographed on a wet silica gel 

column, with petroleum-ether (b.p. 60 - 80 0C) as elutent. The n.m.r, 

spectrum (Go Iz, CC].4) of the material that came through the 

column as a bright yellow band, showed that the amount of camphor 

phenyihydrazone, relative to phenylazobornane, had increased. (The 

- NN absorption of the phenylazobornane (3.2. p.p.rn.) had 

decreased in intensity while the NH of the phenylhydrazorie (6,4 p,p,m,) 

had increased in intensity. 

The mixture was again chromatographed on a 20 x 0.5" dry 

alumina column with petroleum-ethei. (b.p. 40 - 600C) as elutent. 

The bright yellow material recovered (0.61 g; 12%) was shown by 

ri.m,r, speotroscopy, to be 2-phenylazobornane: 	(100 MHz, Cd 4) 

0.72 (a, 3H, Ma), 0.95 (a, 3H, Me), 1.23 (S, 3H, Me), 1.2 - 2.3 

(m, 7H, CH  and CII), 3.0 - 3.4 (m, 1H, 	- N=N),7.1 - 7.7 p.p.m. 

(m, 5H, aromatic), Mass spectrum - P242, 137 (137 corresponds to 

a loss of 105 i.e, loss of Ph - 	N characteristic of phenylazo- 

alkanes). 2-Phenylazoborna.ne isomerisod to camphor phenylhydrazone 

after 3 days in carbon tetrachloride at 2000. 

In subsequent preparations of 2-phenylazobornane all 

chromatography was carried out on dry alumina columns. 

An attempt was also made to prepare 2-phenylazobornane 
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152 by the reductive cleavage 	of camphor 1---tosylpheny1- 

hydrazone with lithium hydride. 

Crude camphor 1-1M-.-tosy1pheny1hydrazone was prepared by 

mixing camphor phenyihydrazone (2 g; 0.00638 mole) and toluene-. 

.-sulphony1 chloride (5 g; 0.0262 mole) in pyridine (12 ml.). 

Courless needles of pyridine hydorchioride began to separate after 

c.a. 30 mm. The reaction mixture was poured into water (50 ml.) 

after a further 30 rdn. and 6-light brown oil separated. The oil 

was extracted into ether and then the extracts were dried (Mg304) 

A viscous brown oil (2.89 g; 93%) was obtained after the ether and 

pyridine had been evaporated. 6 (60 MHz )  Cd 4) 0.75 (s, 3H, i), 

0.92 (s,.311, Ide), 110 (a, 311,  Me), 1,1 	22 (m, 711, CH  and Cu), 

2.38 (s )  311,  -4e), 6.4- 7.2 p.p.m. (m, 9H, aromatic). 

Lithium hydride (3 g; 0 .378 mole) was added to a solution 

of crude camphor 1- -tosylphenylhydrazone (2.89 g; 0.00595 mole) 

in dry toluene (140 ml.), and the mixture was rofluxed overnight 

under nitrogen. The excess of lithium hydride was filtered off, 

and the solvent was evaporated from the reaction solution. The 

residue was taken up in ether, washed with saturated brine (2 x 

ico ml.) and dried (MSo4) 0  The n.m.r, spectrum of the concentrated 

material showed it was camphor 1-N-tosylpheny1hyc1razono. 

The reductive 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 l-N--.tosy1pheny1hydrazone was cleaved to camphor 

phenylhydrazone, and no 2-phenylazobornane was obtained. 
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(1) (+)...QrrnDhor. - A 1% W/V solution of ()-camphor 

(0.05 g.) in dry ethanol was prepared and placed in a clean dry 

cell (pathlengtb ! decimeter). The solution, was allowed to 

equlibrate to 2800 in the cell compartment of a Perkin-Elmer 141 

automatic polarimoter for 15 mm. before the optical rotation was 

recorded. Three coniordant readings were taken at each wavelength. 

(see Table ]3). The rotations of the solvent and cell were also 

recorded at each wavelength. 

The specific rotations ( [ cx] 28) and molecular rotations 

([M] 28) at 23°C were calculated using the following formulae: 

	

{o(J28 	= _____ 

1. 
CV- 

C 28  and 	 M)28 	= 	______ 

100 

where o( was the observed rotation (corrected for solvent and cell 

contributions) 

1 was the pathlength of the cell (in decimeters). 

c was the concentration of the solution in g./lOO nil. 

(ii) CamrhQr P1rnylhIiaz,one.—The optical rotations of 

a 1% W/V solution of camphor phenylhydrazone in dry methanol were 

determined, as described above for a solution of camphor in ethanol. 

The values recorded were found to drift over a four hour period e.g. 

546 urn., +0.046 —  +0.007; 578 urn., +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 to be caused 

by oxidation of the camphor phenylhydrazone. 

The absorbance of a 1% W/V solution of camphor phenyl- 

	

hydrazone in methanol ( ,\ 	M. nm., Ela,400) was not high 
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enough to absorb all the incident light at any of the wavelengths 

used for measurement of optical rotation (see measurement of the 

optical rotaticri of 2—phenylazobornane). 

The optical rotation of a 1% W/V solution of camphor 

phenylhydrazorre in methanol after 2 days was measured and the values 

did not change over, a 2 hour period:period: i A 59 nra., —0 -0290 ; 578 rim., 

—0.0430 , 546 rim., —0.042 0 . 

A fresh solution was sparged with nitrogen for c.a. 15 nun. 

and then measurements were taken over a six hour period. Air was 

then blown through the sample for 30 mm. and the measurements were 

again taken. An increase in the values recorded after treatment 

with air was 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 0C for 2 

days and the measurements were again taken (see Table 14). Air was 

blown through the solution for a further 45 mm. and again there was 

an increase in the rotation. 

(iii) 	 attempt was made to record 

the optical rotation of a 1% W/V  solution of phenylazobornane in 

dry methanol at various wavelengths, as in the case of camphor 

described above, but satisfactory readings were not obtained. 

2—phenylazobornane has A max. 410 nra. (E145) in the 

U.V. spectrum. The absorbance of a 1% WV solution in a cell with 

1 cm. pathength on the longer wavelength side of this A max., i.e. 

at 436 nra. 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 rim., was also greater then the 95% limit of the. polarimeter 
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but was within the limit of the polarimetsr using a cell with 1 cm. 

pathlength. For reasurements at 365 and 436 nm, a 1% W/V solution 

was diluted 5X and a 1 cm.. cell was used (see Table is). 

asurennte were made at 546 nm. with a 1 decimeter cell 

in most kinetic experiments (see later). 



202. 

St - V 0 	 SW)j1jt 

The 60 MHz n.m.r* spectrum of a fresh solution of 2-

phenylazobornane in dry methanol was recorded: 60.77 (s, 311, M9), 

0.96 (s, 311, 	1.27 (s, 311 2  ?e), 1.1 - 2.5 Cm, 711, CH and 'CH 7), 

7.2 - 7.8 p.prn. (ru, 511, aromatic). The CH NN absorption was 

obscured by the solvent. 

The 60 MHz spectrum of camphor pheriylhydrazone was recorded 

for comrarison:.0.77 (s, 31-I, Me)., 0.98 (s, 3H, Ib), 1.13 	(s, 311, M9), 

1.2 - 2.4 (m, 711, CII and CH 2' 6.5 - 7.2 p.p.m. (m, 511, aromatic). 

The spectrum of 2-phenylazobornane was recorded again after 

15 mm., hO m.ir., 90 mm., and 4 hours, and no change in the spectrum 

was observed during this 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. 

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 cell which was tharmostated at 450C. The optical 

rotations at 546 nni. were recorded at 30 mm. intervals over a 

2 hour period. The rotation remained fairly constant in the range 

-1.248 0  to -1.252 0. 

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 45C 0  at 5 min. intervals initially and finally at 10 mm, 
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intervals (see Table 16). 

The rotation reached +0.()90  the value for a i% kr/V 

solution of camphor phenylhydrazone (see page 204 ), after lO mm. 

and increased to more positive values (+0.0950 after 20 mm.). 

After the solution had been stored overnight thc rotation had 

decreased again to +0.014°.  This behaviour suggested that more than 

one reaction had taken place. 

The solution was made slightly acid to litmus by the 

addition of a solution of acetic acid (0.6 ml.) in  brine (ioo ml.), 

and then extracted with ether (3 x 50 ml.). The combined extracts 

were dried (MgSO4), and the ether was evaporated. The n.m.r. 

spectrum (60 MHz, Cal4) identified the residual brown oil as 

camphor phanylhydra zone. 

The Stability of C itor Jho 	 Qrjing 

1 gdft. 

The optical rotation (+0.0350  at 546 nm,) of a i% WV 

solution of camphor phenylhyrazone in dry methanol (5,3 ml.) was 

recorded at 250C in a 1 decimeter cell. This value was found to be 

stable over 40 mm. 

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 mm. intervals over a 1.5 hour period, the first 

reading (+0.02) being taken within 5 mm. of addition of the 

sodium mathoxide solution. 

The addition of the sodium nthoxide solution (0.25 ml.) 

diluted the camphor phenylhydrazone solution, causing the initial 
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rotation to decr3ase from + 0 - 035
0 
 to +0.0250. The five subsequent 

readings, at 30 mm. intervals, were all 0.029 0 
. 

The results of this experiment suggested that camphor 

pheny1hyirazone in methanol was stable in the presence of sodium 

methoxide at 25 1j a 

The 'J.V. spectra of solutions of camphor phenylhydrazone 

and 2-'phenylazobornane in dry methanol (both 2 mg./mi.) were 

recorded in the region 300 - 700 nm: 2-pheriylazo  born ane had A max. 

402 run. (E 12); camphor phanylhyrazone had A max. 402 nm. 

(E 11.3) .(An earlier sample of 2-phenylazoborriane 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, probably because of an increase in the concen-

tration caused by evaporation of solvent. 

	

U .V. St-jUc v oft1x_Kinec 	 fl t Of 2hflv]. LQ. 

Caays 	vSp& 	dat45°C. 

Four successive experiments were run, following the 

procedure described below. Some runs were slightly modified and the 

modifications ore stated under each heading. 

Freshly prepared solutions of 2-phenylazobornana and 

sodium methoxide in dry methanol were used for each experiment. 

nrLj?ocec1i. - A solution of sodium methoxide was 

prepared by dissolving freshly cut sodium (ig mg.) in dry methanol 

(0.75 ml.). The sodium methoxide solution (0.125 ml.) and dry 

methanol (2.65 ml.) were mixed together in two 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 - 700 nm, 
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One of these solutions was retained as a 'blank' throughout the 

experiment. 

A solution of 2-phenylazotornane in dry methanol (2.65 ml; 
2 mg./ml.) was measured into the sample cell and the spectrum was 

recorded immediately, and then after 30 mm. The sodium rnethoxide 

solution (0.125 ml.) was mibed with the 2-phenylazcbornane solution 
in the sample cell (t = 0 mm.), and the LV. spectrum was recorded 
at intervals. 

The rate constant for each experiment was calculated from 

the rate of change of the absorbance of 2-phenylazobornane (A 
402 nm.) using the relationship: 

A = xCr + (a - x)Ep = x (Er - Ep) + ap 

where 	A = the recorded absorbance (corrected for solvent). 
Er = the extinction coefficient of the reactant 

(2-phenylazobornane, £ 12). 

the extinction coefficient of the product 

(camphor pheny].hydrazone, Ell.3). 

the concentration of the reactant at time t. 

a = the initial concentration of the reactant. 

For a first order reaction: 	 =
kx 

dt 
Integrating: mx - ma 	 = -kt 

in 	 = -kt 

X/a = e t 

X 	 = ae t 

A = ae-kt  ( Er - EP) + a £ p. 
A -asp =a(E r _ EP)  e_kt 

A - a 1 	- -kt 
a( Er -p) - 
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:.ln(A_ aEPL 	) - 
(a( 	r - E)) - 	kt 

and 	ln(A - a F. p) - in (a( E r - p)) = -.kt. 

Equation 2. 

(Using k as the concentration of product and working through 

similar relationships gave the same final equation with opposite 

sign i.e. ln(a( E p - Er)) - ln(A - a Ep) = -kt.) 

This relationship allows for the build—up äf absorbance 

due to the product, camphor phenyihydrazone ( 	A 402 rim., 

E 11.3). 
The U.V. spectra were recorded at Intervals over 

200 mjri, (see Table 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 A 	386 rim., whlch,were more intense than the initial 
absorbance of the 2—phenylazobornane solution. 

Using the value previously obtained for the absorbance 

of a 2 mg./MI. solution of camphor phanylhydrazone in methanol 

(A = 0.12 at A max. 402 rim.) as a E, the values of ln(A - aEp) 
were calculated (Table 17A). 

A least squares analysis of in(A - a E p) v.t was made 
(see Equation 7). The first point (t = 5 mm.) was discarded as it 

was apparent from the U.V. spectra that the mixing time and 

dilution on addition of sodium methoxide solution had introduced a 

large error into the first measurement. 

Using the results from Table 17A, from t = 10 mm. to 

t = 200 mm. (N, the number of points used, was 14), the values 

calculated were: 

k = 0.00165 	0.00009 min—.' 
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intercept = +0.02741 	0.0001. 

Ban 2.-  The only modification to the general procedure was 

that the '-phenylazobornane solution in the US. cell was srged 

with dry nitrogen for 10 mm. before its spectrum was recorded. 

After 20 mm. at 450C, before the sodium methoxida solution was 

added, the U.V. spectrum of the 2-phenylazoborrano solution had not 

alte red. 

Spectra were recorded over a period of 150 mm, after the 

addition of the sodium methoxide solution. The first two readings 

(t = 5 mm. and t = 10 mm.) were discarded and the results (see 

Table 17B) were calculated with N = 10, as for Run 1; 

k = 0.00085 . 0.0006 min. 1  

intercept = 0.22191 	0.0045, 

These results do not compare favourably with those from 

Run 1. 

After the sample had been kept in the cell at 450C 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 

A max. 390 nm. as in Run 1. 

Rjii.. —The experiment was carried out in the same way as 

Run P. The spectra were recorded over a period of 210 mm. and the 

results (Table 17C) were analysed using the values from t = 10 mm. 
to t = 200 mm.: 

k = 0.000276 - 0.00075a min. 

intercept = 0.45112 	0.1652 

The errors were large. Graphs of iri(A 	a Ep) v.t 
were made for Runs 2 and 3. For both experiments a curve was 



obtained which showed that the rate of reaction dropped sharply 

after c.a. 70 mm. The results from Runs 1, 2  and 3 were not 

consistent. 

After the sample had been stored at 450C overnight the 

absorbance had again increased and the )\ max. had shifted to 

390 nm. 

RinL. —The experiment was carried out in the same way as 

Run ].. The 2-phanylazobornane solution was not sparged with dry 

nitrogen. The spectra were recorded over a period of 200 mm. and 

the results (Table 17D) were analysed using the values from t 	5 

to t = 200 mm. (N = U). 

Ic = 0.00658 	0.00336 min. 

intercept = 0.99892 	0.3736 

A graph of ln(A - a E p) v.t showed that the rate of 
reaction tailed off sharply after c.a. 100 mth. Hence the large 

errors in Ic and the intercept. 

The results for 10 100 min. (N = 7) and 70 - 160 mm. 

(N = 4) were analysed (see Table 17])). 

1Q 100rnin. (N = 7) 

• 	Ic = 0 . 00079 0 . 000063mjn 	0.00048.0.0000L4mjn. 4  

intercept = 0.739610.00336 	0.214490.00561 

error in k = 0.000063 (6) mjn. 	0.000046 (9%) min, 1  

The different rate constants obtained 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. 

208. 
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The experiment was carried out in tho sane way as the U.V. 

study of the rearrangement of 2phsnylazobornarie in methanol 

catalysed by sodium inethoxide at 45°C (see page 204 ), 

A solution of phenylazocyclohexane in methanol (2.65 rn1 

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 nitrogen. 

The initial absorbance was 1.72 ( A max.  398 nm.) and this 
gradually decreased to 0.78 ( A max,  390 rim.) after the solution 

had been kept at 450C overnight. Dry oxygen was then blown through 

the solution for 2 hours. The absorbance increased again, probably 

due to evaporation of solvent, and also shifted to a longer wave-

length ( A 	401 nm.). The shift to a longer wavelength was 

evidence of the formation of cyclohexane pheny1azohydroperoxide? 

Phenylazocyclohexane did not react in the same 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 450C 

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.) 

were prepared from two different samples of freshly cut sodium 

and two different batches of methanol. Each sample was diluted 

with water (20 ml.) and then titrated against standard aqueous 
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hydrochloric acid solution (l.00 N) with phenolphthalein as 

indicator. Titres of 1.35, 1.34, 1.32,  1.45 and 1.35 ml, were 

obtained. This indicated that the concentratL.n of catalyst 

solution used in the U.V. kinetic runs was approximately constant. 

(This method if estimation, however, involved the addition of water 

and gave the total base concentration, not just methoxide ion 

concentration.) 

Triethylamine was tried as a catalyst but 2-phonylazo-

bornane (2 mg./ml.) was found to be stable for over 1 hour in 

methanol (2.65 ml.) to which triethylamine (0.4 ml.) had been added. 

U.V. 5ç3y Of 	 ur Ehe 	. ,Ld-r-aznna in  Ma 

—.The baseline for the U.V. Spectra was recorded at 45°C 

in the same way as in the kinetic experiments with 2-phenylazobornane 

(see page 204). The sample cell was then filled with a solution of 

camphor phenylhydrazone (2 mg./ml.) in dry methanol (2.65 ml.). A 

solution of sodium methoxide in methanol was pi'epared by dissolving 

freshly cut sodium (18 mg.) in dry methanol (0.75 al.). A 0.125 ml. 

sample of this solution was thoroughly mixed with camphor phenyl-

hydrazone solution in the cell, and the U.V. spectrum of this mixture 

was recorded at 30 mm. intervals at 45 °C. 

The absorbance changed from a weak A 	at 400 nm. 

(A = 0.19), to a much sharper A , 	at 38 n. (A = 1.31) after 
26 hours. The rate of increase in absorbance was initially fast 

but slowed down greatly after c.a. 2.5 hours. The final solution 

was yellow in colour. 

The methanolic solution from which the aliquot of camphor 

phenyihydrazone (2 mg./ml.) had been taken, and which did not contain 
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sodium ithoxide, was deep red in colour after storage for 26 hours 

in a vo1untric flask at 20°C. The U.V. spectrum of this residual 

solution was well off scale at wavelengths shorter than 400 nm., and 

there was a shoulder ( A 520 nm.; A = 1.09) on the main absorbanca. 

A different reaction (probably oxidation) appeared to have taken 

piece in this solution than that which took place in the U-V. cell 

at 450C in the presence of sodium nthoxide. 

Run P.— A fresh solution of camphor phenyThydrazone in 

nethano]. (2 mg./ml.) was prepared. No sodium methoxide was added. 

The spectrum was recorded immediately, and then after 30 min. and 

90 mm. at 450C. No great change in the spectrum was noted up to 

90 miii., other than a very slight increase in the intensity of 

absorbance, probably due to evaporation of solvent. The solution 

was faintly 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 niethoxide solution in methanol (2.36 ml.) 

was added to a solution of camphor pheny].hydrazone (50 ml.) in a 

100 ml. flask. Both solutions were the same concentration as those 

used previously. The mixture was heated in a flask, under nitrogen, 

to 450C, A sample was withdrawn and stored in the U.V. cell at 

450C for 22 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 broad 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 te sample which had been 

stored in the U.V. cell at 4500 for 22 hours (Piao above), and became 

identical to it after 4 hours. This suggested that oxygen was 

necessary for the reaction to thke 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 450C. 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 A 370 nm. 

Both the solution in the cell and in the flask were kept 

at 450C for a further ig hours, after which time the intensity of 

the shoulders at 370 nm. in the U.V. spectrum of each solution had 

increased further. 

These results confirmed that oxygen was necessary 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.). 

The combined extracts were filtered through glass wool to remove 

sodium niethoxide • The solution was concentrated and the 60 -MHz 

n.m.r, spectrum was recorded. The spectrum was similar to that of 

camphor phenyihydrazone but the resolution was poor and the sample 

was Impure. 

The carbon tetrachloride was evaporated and the residue 
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was dissolved in water (20 ml.) and then extracted with ether 

0 x 10 rn].). The combined extracts were dried (MgSO 4) and the 

ether was evaporated. The 60 MHz n.m.ro spectrum of the residue in 

carbon tetrachloride showed better resolution with aromatic, 

methylene and methyl absorptions, but did not resemble the spectra 

of either camphor phenylhydrazone or 2-phenylazobornane. 

The carbon tetrachloride was evaporated once more and the 

residue was analysed by T.L.C. on alumina with petroleum-ether 

(b.p. 60 - 800C) as elutent. This showed two spots. The infra-red 

spectrum (CCi4) showed a broad band ( ' 	• 3300 cm.) which 

could either have been an N-H or an 0-H stretch, though it was 

rather low for the latter. The infra-red sample, in CC]. 4, turned 

very dark on storage overnight. 

T1 Ji3ro1yaif C amthor Phenylhyrazona. 

The infra-red spectrum of a solution of camphor phenyl-

hydrazone (0.5 g.) in spectroscopic grade carbon tetrachloride (20 ml.) 

was recorded. '1) max.  (cc 1 ) 34506 i), 1240 (m), 1170(m),  1150(m), 

1120(s), 102(s) 2  1080(s), 1010(s), 880(w), 690 cm.-1 (w). The C = 0 

stretch at 1713 cm. was very weak in this spectrum and indicated 

the presence of some free camphor C V 	CC].4  1743 cm.). 

Water (10 ml.) was added and the mixture was stirred 

vigorously for 1 hour. The infra-red spectrum of the CC].4  phase 

showed that the C = 0 stretch at 1743 cm. 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 became 

deep red in colour. 

The mixture was then extracted with ether (3 x 50 ml.). 

The combined extracts were dried (MgSO4) and a black tar was 
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obtained after the ether had been evaporated. The n.m.r. spectrum 

(60 MHz, Cd 4) showed that the material which had been recovered 

appeared to be predominantly camphor phanyihydrazone. It was 

difficult to assign absorptions to camphor in the n.m.r. spectrum 

due to overlapping absorptions (see page 195). 

lb r2a trgrptpkej Cap1 	P-henyf1hydrazone and  

Re1a1 & 

Oxygen absorption was measured in various solvents using a 

micro—oxygenation apparatus operating at atmospheric pressure. 

The sample, an amount calculated to give an uptake of about 5 ml. 

of oxygen, was stored in a glass 'bucket' inside the apparatus which 

was then flushed with oxygen and allowed to equilibrate. The 

sample was then allowed to mix with the solvent (10 ml; purified and 

dried) and the oxygen uptake was recorded. All reactions were 

carried out at c.a. 170C under normal lighting conditions. 

aguyl.hydr  

Camphor phenylhydrazone (50 mg.) in methanol (10 ml.) was 

used. The oxygen uptake began slowly 1ut apeared to speed up after 

1 hour. After c.a. 3 hours more oxygen had been taken up thán the 

capacity of the apparatus (5.5 ml.). The experiment was repeated 

with 25 mg. of camphor phenyihydrazone, but the capacity of the 

apparatus was 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 induction period. 

The experiment was carried out using camphor phenyihydrazone 

(50 mg.) In carbon tetrachloride (io ml.). Gas appeared to be given 

off rather than taken up during the first 2 hours and the apparatus 
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had to be continually adjusted to allow for this. After 2.5 hours, 

oxygen was suddenly taken up. Within 5 mm. the capacity of the 

apparatus (6-6.5 ml. of gas) was exceeded. 

The U.V. spectrum of the solution after dilution to a 

concentration of 2 mg./ml. was very similar to that of camphor 

phenylhydrazone ( A 	400 nm.). The 60 MHz nm.r. spectrum of 

the concentrated solution was that of camphor phenylhydrazorie (see 

Page 195). 

The experiment was repeated. Oxygen uptake started very 

slowly after ca. 1 hour and then appeared to stop after a further 

20 mm. After 2.75 hr. the uptake became very fast and the capacity 

of the apparatus was exceeded in < 2 mm. The solution was then 

yellow. On standing overnight the solution became black in colour. 

The infra-red spectrum (Cd 4) suggested that a mixture of 

camphor and camphor phenylhydrazorie was present. There was also 

eridence for the presence of oxidised phsnyihydrazine ( )) 

3600 cm,', see page 218  

The solution was concentrated and the 60 MHz n,m.r. 

spectrum was recorded. This also suggested a mixture of camphor 

and camphor phenylhydrazone (see page 195 ). 

The percentage of camphor in the mixture was calculated 

from the intensity of 	C = 0 (1743 cm.) by comparison 

with a solution of camphor in dry carbon tetrachloride (5 mg./ml.). 

For the camphor solution ( 	C = 0 1743 cm.) 

E = log 1110 	Io/ 	= 1.9345 

= E xM.W. 
C .  x 1 

= La3L5x.a 
5xO.1 



= 588 

where E is the absorbance 

is the intensity of incident radiation. 

I is the intensity of transmitted radiation. 

C is the concentration of camphor (in mg./ml.) 

1 is the pathlength (in cm.) 

£ is the molar extinction coefficient. 

For tie product mixture ( V 	C = 0 1713 maxe 

E = 0.2718 

.'. 588C = O.27L8rj32 
0.]. 

C = 0.7 mg./ml. 

The original concentration of camphor phenylhyclrazone in 

the solution was 5 mg./ml. The rcente of camphor phenylhydrazone 

converted to camphor was therefore 0.7/ 5  x1.6* . x 100 i.e.. 22.). 0% 

by Sojmthoxidai.' 

A solution of sodium methoxlde in methanol was prepared by 

reacting freshly cut sodium (90 mg.) with dry methanol (1.5 ml.). 

The experiment was carried out using camphor phenyihydrazone (50 mg.) 

in methanol, (ac ml.) to which the sodium methoxide solution (0.47 ml.) 

had been added - (These amounts gave the same relative concentration 

of camphor phenyihydrazone to sodium methoxide as had been used in the 

U.V. kinetic experiments (see page 210).) 

Oxygen uptake commenced 5 mm. after the camphor phenyl.-

hydrazone had been introduced into the methanol/sodium mathoxido 

solution, but progressed very slowly. After 4 hours 6.08 ml. of 

oxygen had been taken up. Uptake continued but could not be 

measured as the capacity of the apparatus had been exceeded. 

* 1.6 takes into account the difference in the molecular weights 

of camphor (12) and camphor phenylhdrazone (212). 

216. 
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The use of sodium methoxide as catalyst appeared to eliminate the 

induction period (see above), though the uptake still occurred. 

slowly at first. 

The experiment was carried out with the phenylhydrazone 

(50 mg.) in hexane (10 ml.). Oxygen uptake commenced c.a. 1.5 hours 

after the phenyihydrazone was introduced into the solvent. Uptake 

was very slow at first, but after c.a. 2.5 hours the capacity of the 

apparatus was exceeded by rapid gas uptake. 

This behaviour was similar to that of camphor phenyl-

hydrazone in both methanol and carbon tetrachloride (see above). 

C arTebloij 1-. 

This experiment was carried out to ensure that the micro-

oxygenation apparatus was functioning properly. 

The experiment was -  first run with the phenyihydrazorie 

(50 mg.) in carbon tetrachloride (10 ml.). Oxygen uptake stopped 

4 mme 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.lni. mole of oxygen per 

0.308m. mole of i-butyraldehyde phenyihydrazone). 

These results are consistent with the low molar uptake of 

oxygen by other aldehyde phenylhydrazones in chloroform. 23 

The experiment was repeated iiith hexane as solvent. 

Oxygen uptake commenced immediately the sample was introduced into 

the solvent and was complete after 3 mm. when 0.2 molar equivalents 

of oxygen had been absorbed. 

This result was in accordance with otheis previously 

reported for aldehyde phanyihydrazones in hexane and showed that 
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there was no fault in either the apparatus or the method of Its 

operation. 

The experiment was carried out with redistilled phenyl—

hydrazine (12 mg.) in carbon tetrachloride (10 ml.). No oxygen 

uptake was observed at first. The solution became red in colour 

after 50 mm,, but still no uptake was observed. After 1 hour 50 mm. 

there was a very sudden uptake of oxygen which stzpp3d after <2 mm. 

The capacity of the apparatus was greatly exceeded even though an 

uptake of two molar equivalents of oxygen per mole of phenyihydrazine 

had been anticipated. The colour of the- final solution was red. 

The infra—red spectrum of the concentraté.d solution (Cd 4) showed 

sharp peaksat 3600 cm, and 350 cm. 	These absorptions were 

also observed in the Infra—red spectrum of the oxidised solution of 

camphor phenyihydrazone (see page 215) in carbon tetrachloride. 

Comparison of the 60 MHz n.m.r, spectrum with that of phenylhydrazine 

Indicated that the NH and NH  absorptions (4.1 p.pm.) had gone and 

the aromatic multiplet had collapsed to 2 singlets. 

The experiment was repeated with methanol as solvent. 

Oxygen uptake started slowly after c.a. 15 mm. and then appeared 

to stop after 1 hour 15 mm. when 0.76 molar equivalents of oxygen 

had been taken up. After a further ]' hr. 1.33 molar equivalents 

of oxygen had been absorbed. Stirring was continued for a further 

34 hours but no more oxygen was absorbed. 

nj ta]CataJd jith Su 	thoxde. 

The experiment was carried out in the same way as that 

described above for phenylbydrazine 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 methanol (io ml.) before the phenyl-

hydrazine (12 mg.) was introduced Into the solvent. 

Oxygen uptake began Immediately on introduction of the 

substrate to the solution but slowed down after 7 mm. when 2.66 ml. 

of oxygen had been absoibed. Uptake continued until, after 4 hours, 

the capacity of the apparatus had been exceeded, but oxygen was 

still being absorbed. The colour of the final solution was yellow. 

There appeared to be an initial fast uptake of c.a. 1 

molar equivalent of oxygen, followed by a period when no gas was 

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 subsequent reaction taking place to a greater extent 

than in methanol alone (see above). 

WV=—At MAM 

The experiment was carried out in the same way as that 

already described for phenylhydrazine In carbon tetrachloride 

except that water (5 ml.) was present. 

The solution became orange In colour but after 2 hours 

only 0.4 ml. of oxygen had been taken up. The solution was stirred 

overnight, but no further uptake was observed. 

ampj=- 	Car 	Tee1j/'c.Th ter. 

The experiment was carried out with camphor phenylhydrazone 

(50 mg.) in a mixture of carbon tetrachloride (io nil.) and water 

(5 ml,), 

Oxygen uptake started slowly after c.a. 20 mm. and then 
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appeared to stop after 3 hours when 4.8 ml. had been absorbod 

The mixture was stirred for a further 3.5 hours but the gas uptake 

had ceased. 

A samp13 was withdrawn and the infra-red spectrum recorded. 

The amount of free camphor in the mixture was calculated to be 

3 % from the intensity of the C = 0 stretch ( \) 	1743 crn. 

see page 215) 

The apparatus was refilled with oxygen and the solution 

was allowed to stir overnight. The amount of free camphor in the 

mixture was then found to be 48%6. There was, however, no peak at 

3600 cm., 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. 

Rhenyld  

The experiment was carried out with freshly prepared 

phenyldiazonium fluoroborate (see page 222 ) (35 mg; 0.230 i.moie) 

in methanol 0.0 ml.). 

At first gas appeared to be given off and the apparatus 

had to be continually adjusted to allow for this. No oxygen was 

taken up within 3 hours. The solution was allowed to stir over-

night and 0. 65 molar equivalents of oxygen were absorbed • The 

solution became faintly yellow in colour. 

Phe 

The experiment was carried out as described above for 

phenyldiazonium fluoroborate In methanol but 0.47 ml. of a solution 
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of sodium methoxide in methanol (90 mg. sodiun/1.5 ml. methanol) 

was added to the solvent before introduction of the phenyl-

diazonium fluoroborate. 

The solution became deep orange in colour immediately 

on addition of the phenyldiazonium fluoroborate and gas, probably 

nitrogen, was given off. (This coloration did not occuf' when the 

salt was added to the methanol alone.) 

After 305 hours uptake of oxygen began slowly and appeared 

to stop after a further 30 mm. The solution was left to stir over-

night. Only 0.27 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. A max. 
396 nm. ( E 52C0), This A max, was at a longer wavelength than 

those recorded for solutions of camphor phenylhydrazone under 

similar conditions ( A max  370 nm.) but it may make some contri-
bution to the absorption at this wavelength. 

U.V. tcvoji 	qy Of uij 	tororpte 

hxng Sod   

A solution of phenyldiazonium fluoroborate (12.7 mg; 

see page 173 ) in dry methanol (10 ml.) was prepared. (Thb 

concentratIon gave the same molarity as that of the camphor 

phenylhydrazone solution. (see page 210 )) 

The phenyldiazoniuin fluoroborate solution (2.65 ml.) 

was placed in the 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 solution for 10 mm, The solution was 

therefore diluted (x 50). The absorbance ( /\ 	396 nm.) max. 
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alightly increased in intensity during 3 hours at 4500, and then 

/ e remained steady 	C  2,900, even after being kept at 45
0 
 C  overnight. 

The intensity of absorbance in this case was much weaker than that 

obtained in the gas uptake experiment with phenyldiazoniuzn 

fluoroborate ( E. 5,200, see page 220) where the U.V. spectrum 
Was recorded, 

It was found that solutions of phenyldiazoniuni fluoroborate 

are not stable. After storage for c.a. 2 days at 25 °C no strong 

absorption at 396 nm. appeared after addition of base which caused 

an orange colouration with fresh solutions, 

.V • S" L. P eiyir 	yjJiydijne 

Sodium ?"'etmxien. 

A solution of sodium methoxide in dry methanol (0.47 ml; 

from 90 mg. sodium in 1.5 ml. methanol, was diluted with dry methanol 

(ia ml.). Redistilled phenymydrazine (12 mg.) was added to this 

solution, which was then stirred for 10 mm., before the U.V. spectrum 
was recorded. Dry,  oxygen was blown through the solution for 10 mm. 
and the spectrum was then observed for 18 hours. 

There was an increase in the intensity of the broad 

absorption at 350 - 550 nme after treatment with oxygen. Thi 

increase in intensity diminished, rapidly at first, and, after l 

lire, the spectrum had almost reverted to that of the solution before 

treatment with oxygen. 

This result contrasts with the results for camphor 

phenylhydrazone in sodium mothoxide/methanol (see pages 210 - 213). 

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 improbable that oxidation of 
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free phenyihydrazine was responsible for the strong absorption 

which appeared at 370 rim, with solutions of camphor phenylhyd.razone 

in sodium methcxide/methanol. 

A second experiment was carried out as described earlier 

for phenyldiazonium fluoroborate (page 221), but with redistilled 

phenyihydrazine (8.9mg.)  in dry methanol (10 ml.). 

The phenyihydrazine solution showed no absorbance between 

450 and 350 run, before it was sparged with oxygen for 10 ruin. It 

then showed an intense, broad shoulder in this region. This 

absorbance decreased in intensity, until, after 12 hrs., the spectrum 

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 run.) 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 g; 

0.0827 m. mole) and camphor (0.0126 g; 0.0827 m. mole) 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 rim, 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 

( A max, 396 rim.) was weaker than that observed in previous 

experiments with phenyldiazoniuni fluoroborate (see page 221). 
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The soctrurn did not change after the sample had been stored at 

450Q for 1 hour. Addition of a further 0.125 ml. of base solution 

produced a very slight increase in the intensity at 396 nm. but 

this did not change during another hour at 4500. Oxygen was then 

blown through the sample for 10 min. This resulted in an increase 

in the intensity at 396 nm. to approximately the mame as that in 

the previous experiment with phenyldiazoniuin fluorcborate. CE 2900, 

see page 22)e The cample was kept at 450C for a further 2 hours. 

No change occurred in the position or the intensity of the absorbance. 

A Japp-Klingemrnn type of reaction (see Scheme 37) between 

the phenyldiazonium cation and camphor was not responsible for the 

absorbances recorded for camphor phenylhydrazone In sodium nthoxide/ 

methanol ( A Max*370  nn, see page 212). 
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Redistilled phenyihydrazine (io.e g; 9.8 ml.) was added 
to a solution of di-ie.opropy]. ketone (20 ml.) in dry benzene (so ml.), 
and the solution was refliiced for 12 hr., under nitrogen, in an 

apparatus fitted with a Dean-Stark trap. 

The benzene was evaporated and the product was fractionally 

distilled through a Vigreu. column: (i) b.p, 88 - 90°C/0.2 mm. 

(4.32 g.). (ii) b.P.  90 - 112°C/O.2 mm. (13.30 g.). 

Both fractions were shown, by n.m.ro spectroscopy., to be 

the sane compound, di-isopropyl ketone phenylhyclrazone (84): 6 (60 MHz 
0C14) 1.2 (d, 12H, 	), 2.7 (septet, 211, CH), 694 - 7.4 p.p.m. 

(in, 6H, aromatic and NH). 

The phenylhydrazone (4 g; 0.0196 mole) was reduced with 

lithium aluminium!-hydride in dry tetrahydrofuran by the nthod of 

Bellamy and Guthrie. 23  The crude product (3.94 g.) was fractionally 

distilled: (i) b.p. 50 - 850c/0.2 mm., (ii) b.p. 85 - 9000/'002mm,, 

(iii) b.p. 90 - 92°G/0.2 mm, 	(iv) b.p. 92°C/0.2 nuns  

The n.m.r. spectra (60 121z, Col ) indicated that fractions 

(I) and (Ii) were impure 2,4-dimathyl-3-phenylazoçentane (83), 

fornd by oxidation of the intermediate 2 24.dImethyl-3-phenylhydra... 

zopentane during work-up: g 0.87 (a, 6H, b), 0.98 (d, 6H, Me), 

2.36 (m, 211, CH), 2.97 (m, 1H, Cli), 7.2 - 7.8 p.pm. (m )  5H, 

aromatic). The mathyl doublets in the spectra of fractions (iii) 

and (iv) suggested they were both mixtures of 2 24-dimethyl-3-

phenylazopentane and either 2,4-dime thyl-3_pheny1hydrazo utane or 
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unchnged di.-isopropy]. ketoria phenylhydrazone or both. 

Fractions (1) and (ii) were combined and chromatographed 

on a '20 x l dry alumina column with petroleum-ether (b.p. 60 - 8000) 

as elutent and separated into two yellow bands. The light yellow 

fraction was very impure and was not investigated further. N.m.r. 

spectroscopy (60 !Hz, Cd 4) showed that the other darker yellow band 

(0.73 g.) was 2,4-.diinathyl-3-phenylazopantane. (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 the product 

further. The product was shown, by n.m.re spectroscopy, to rearrange 

to di-isopropyl ketone phenylhydrazone (40%) after 3 days in carbon 

tetrachloride at 20°C. 

In the 100 YBz n.m.r. spectrum of the neat azo-compourid 

the pair of methyl doublets of the 1-propyl groups overlapped and 

appeared as a triplet, as they did in the 60 MHz spectrum (5 - 10% M) 

with benzene as solvent. 

A strong solution of 2,4-dimethyl-3-phenylazopentane c.a. 

(20% M), in diphenyl ether, was prepared and the 100 MHz n.m,r, 

spectrum recorded at temperatures varying from 280C to 180°C. The 

methyl doublets were separate at 28°C, but began to overlap as the 

temperature was increased.  They did not coalesce or even broaden 

at 1800C. 

2 

The reduction of the ketone was 'performed with sodium 

borohydride in enanol. 153  

The product was fractionally distilled to give a pure alcohol, 

b.p. 139 - 140°C (lit 101 . 	b,p. 13Pc):6 (60 MHz, C0 4) 0.98 (d, 1211 
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Me), 1 .70 (septet, 2H, CH), 2.70  (s, 1H,o-H), 2.95 p.p.m. (t,iH,du) 

The 60 Iffiz 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 

•N.M.R. Siiy of the For iiorid Isornerjsatjpn of 	 one s  

R 
1  R  2 

 C = NNHAr 

A. 	Ar = Ph 	 Solvent = Dioxan 

R time/hr. isomer/% 

H 0.5. 58 
20 63 

120 65 

Me Et 0.5 59 
18 71 

168 72 

H i—Pr 0.5 80 
24 92 

120 89 
168 91 

H Et 1 73 
.4 79 

120 78 

CHPh 0.5 67 
18 84 

144 95 

B. 	Ar = Ph 	 Solvent = Pyridine 

time/hr. A1 isomer/% 

H Me 0.5 62 
24 66 

120 66 
264 67 

Me Et 0.5 50 
1 54 
5 60 

24 60 
120 66 
144 71 
264 73 

Me CHPh 0,5 67 
24 70 

120 75 
264 85 



C. 	Ar =.06  H
4NO 2 	Solvent = Pyridine 

- time/hr. I 	isomer/% 

H M3 0.5 73 
3.75 76 

24 81 
1.0 

. 	 80 
264 81 

Me Et 0.5 57 
24 76 

120 86 
264 86 

Ive CH 2Ph 0.5 68 
- .4 77 

120 84 
264 88 

D. 	Ar = C6H4M-2 	Solvent = Pyridine 

R1  R2 timn2/hr. svn isomer/% 

H .Me 0.5 62 
24 6. 

120 60 
240 61. 

Me Et 0.5 
24 

170 69 
240 69 

Me CHPh 2 0.5 70 
24 72 

120 79 
240 81 



E. 	ArPh 
	

Solvent = [2H1 acetonitrile 

time/hr. Zm isomer/ 

H Et 0.5 . 	 7•) 
5 70 

24 70 
96 73 

264 . 	 7' 

Me Et 0.]. 83 
2.5 88 

24 90 
96 9]. 

764 89 

Me CH 2Ph 0.1 713 
0,5 77 
5 83 

24 84 
120 85 
264 86 

P. 	Ar = C6H4C1-2 	Solvent = [2H] acetonitrile 

R R2  time/hr. s 	isorner/% 

H Et 0.5 77 
5 72 

48 74 
168 72 
264 74 

1 93 
7 93 

24 93 
48 . 	 94 

120 94 
432 94 

Me CH Ph 
2 0,5 62 

1 73 
5 81 

24 84 
120 87 
264 87 



G. 	Ar = C 6  11 
4 

 Cl—o 	Solvent = Nitromethane 

H1  R time/hr. 

Et 

 svn, isomer/% 

H 0.5 75 
20 73 
25. 75. 

120 75 
264 72 

Et 0,5 
5 82 

.4 83 
120 82 
788 83 

CHFh 0.5 87 
5 88 

24 87 
120 88 
.64 88 

H. 	Ar = Ph 	 Solvent = Nitroynethane 

R1  H,, time/hr. . 	 A.M isomer/ 

H Et 0.5 71 
5 . 	 70 

24 7? 
120 73 
264 . 	 73 



TABLE 2 

The Lscimñsation of anti-Acetaldehyde Fherivlhydrazone. 

Equation: in (Xe - x) =-t (k1 + 	+ :inxe. 

X = mole fraction of Zm isomer at time t. 

Xe = mole fraction of syn isomer at equilibrium. 

Run 1 

t/rnin. X/mole fraction Xe - X in (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 0.57 0.110 -2.2073 
90 0.525 0.105 -2.2538 

105 0.530 0.10 -2.3026 
equilibrium 0.63 - - 

Run 2 

t/min. X/moie 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 0.25 -1.3863 
175 0.36 0.22 -1.5141 
270 0.45 0.13 -7.0402 
420 0.51 0.07 -7.6593 

1415 0.57 0.01 -4.6052 
equilibrium 0.58 - - 



TAB IF, I 

The- 	 of anti-tce ta ide hyde Phe 

gradient =—(k 	k ) L 	-1 	 intercept 	lnXe 

____ 	 Xe = 0.63 

N gradient,,  mir.-i. lnt9rcept 

5 0.01083 -0.8570 

.000259 -0-0107 

-0.014637 -0.9340 
7 + 

-0.001250 
+ 

-0.0787 

Xe = 0,58 

N gradient/min. intercept 

-0.005277 -0.6043 
9 + 

—0.000092 
+ 

—0.0117 

-0.004974 -0.6273 
10 + 

-0.000111 
+ 

-0.0201 

-0.007774 -0.9317 
11 

+ 
-0.000250 -0.1152 



TABLE IL 

The IsomerJation of anti-Acet8l!lehvde hen1hydran - 

V.griation. of Xe 

N=5 

Xe gradienVmin. intercept 

-0,201000 -008934 
0.61 + 

-0.000330 
+ 

-0.0137 

• -0 . 019547 -0.8846 
0.615 + + 

-0.000'91 -0.0121 

-0 .0190 28 -0.8755 
0.62 + + 

-0.000288 -0.0124 

-0 . 018540 -0.8663 
0.625 + + 

-0.000257 -0.0107 - 

-0.018083 0.8570 

-0.000259 -0.0107 

-0.017645 -0.8476 
0 .635 + + 

-0.000768 -0.0111 

_0 . 017733 -0,8381 
0.64 + 

-0.000283 
+ 

-0.0117 



Run 	 N=9 

Xe gradient/min. interc9pt 

0.57 _0.00549 -0.6184 

0.000lO3 0.0133 

-0.005276 -0.6043 
0.58 + + 

-0.000092 -0.0117 

-0.005080 -0.5901 
0.59 + + 

-0.000085 -0.0109 

-0.004901 -0.5755 
0.60 + + 

-0.000081 -0.0106 

-0.004735 -0.5608 
0.61 + 

-0.000080 -0.0103 

-0.004656 -0.5535 
0.615 + 

-0.000080 
+ 

-0.0103 

-0.004581 -0.5461 
0.62 + + 

• -0.000080 -0.0103 

-0.004438 -0.5313 
0.63 + + 

-0.000119 -0.0152 



kw  Temoxatma.. 

A. 	 1,2-Dimethoxyethane. 

time/min. tmFJrature/°C produot/%  

0 -40 1 - - 

5 -30 10 - - 
10 -20 28 .- - 
15 -10 58 - - 
25 0 73 - - 
30 10 97 
35 10 100 65 35 

180 +25 100 72 28 

B. 	 2'thoxyethano1 

time/mm. -tmperature/ °C product/% Isomeric Composition 

il% 	- 

8 -60 16 - - 
1$ -40 18 - - 
25 -30 24 - - 
30 -30 30 - - 
45 -.30 35 - - 
60 -30 37 - - 
90 -30 40 - - 

100 -25 40 66 34 
105 -20 41 72 28 
110 -.20 42 70 30 
120 -.20 43 69 31 
126 -20 44 69 31 
130 -20 44 69 31 
135 -15 47 69 31 
140 -15 48 68 32 
145 -15 48 68 32 
150 -10 49 69 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 + 85 69 31 



TABLE 6  

Tha. Cpndriafjor-i of Excess Ace taidehyde with Si&ll Amounts of 

The nvlhydra zinc. 

vol. Ph NH NH 
solution added/mi. syn isomer/i =U isomed% Temrature/°C 

0.1 2]. 79 -40' 0.2 43 57 -40 
0.3 35 65 -40 0.4 38 6. -40 
0.5 
0.5 

58 
46 

4? 
54 

-40 
-40 0.5 55 45 25 

Solution stored for 30 mm. at -400C. 

Solution stored for 1 hr. at 25 °C, 

TABLE 7 

The Connsa 	 of 

Ace taide "rd . 

vol. acetaldehyde 
solution added/mi. 

_ 
__isorner1% anti isorner/% Temperature/ °C 

0.1 60 40 10 
0.2 51 49 10 
0.3 54 46 10 
0.4 60 40 10 0 . 5 45 10 
0.5 	J 41a 

"5 

a. Solution stored for 1 hr. at 25°C, 



TAB 13 8 

with Flhenylhydrazlng  

yridthe. 

R Ph C = N NH Ph 

Isomeric Composition 
R time/hr. 

More Less ketone/Al 
Abundant Isomer/% Abundant Isomer/% - 

Ye 0.5 0 0 100 
24 92 8 67 120 92 8 34 

264 93 7 17 528 92 9 792 91 9 7 

Et 0.5 0 0 100 
24 84 16 75 716 88 12 21 

336 .88 12 - 

i—Pr aftr reflux 63 37 21 - 

t—But after r--flux 100 0 52 

Z.IBI4_2  

ui1thted £aonie.ri Corn 	ij 	fç 	Jk -T Penv]  Ke tones . 

R Ph C = N NH Ph 

Solvent More Abundant Isorner/% 

variousa  100 

0014  96 

Et C 
6  H  6 51 

Et 0014b 
54 

i—Pr Cd4 8. 

t—But Cd4 >99 

a. Reported by Karabatsos and Taller 17 

b e  0 9 214 solution. 



flJflIJ cJjiaof Alkyl !hxyLKe tone Pheny1hydrpzpn 

iiithano1. 

RFC=Njfl- 

R )ma./rm. 

Me 233 12 1 000 
303 12,200 

—__331 - 17,000 

Et 35 13,370 
303 13,460 
331+ 19,00 

i-P. '6O 10,500 
11,650 

t-Rut. - 267 	- 15 1 600 

TAB J1 

Thtarai1etS tra of Alkyl Phe r LJe 	Ethanol 

R Ph C = 0 

R Xynax./nm. - Interplanara Angle/ 0- 

 

Me 242 13 9 200 0 

Et 242 13,500 0 

i-Pr 242 13000 0 

t-Butyl 242 9,100 34 

7-N3thylbut-2-yl 239 a,300 33 

3-Methy1pnt.3-y1 233 7,100 43 

* Braude and SondheinerJ.: ;.Chem.Soc.,1955, 3754 

a. Angle bten the plane of the C = 0 and that 
Of the Phenyl group. 



TABLE 12 

of Alkyl Protons in So.rm Phenylhvdrazpnes, 

R 	R2  CH= N N 	Ph - Chemical Shifts in R2  

R1  R Solvent 
H/p.p.m. H 	(CH3 )/p.p.m. st 

2 Abundant 
Qia 	tr bans isomer/% 

H Et ccl 4 -  2.13 0.98 1.00 - 

1,16 Et Ccl,
-1' 

2.03 2.22 0.97 107 - 

Ph Et 0014  2.13 2.13 0.996 0.996 54 

H Et C6H6  1.48 2.05 0.70 0.92 - 

Et C66  1.67 2.10 0.70 1.03 - 

Ph Et C6H6  2.19 2.56' 0.84 1.8k 51 

H i-Pr CC14 - 2.33 0.95 1.02 - 

Ib i-Pr Cd4 
- 2.45 0.97 1.07 - 

Ph i-Pr Col 
4 3.14 2.77 1.30 1.13 82 

H t-But Cd 4  - - - - - 

t-But 
001  

- - 

- 1.12 - 

Ph t-Bit. C01  4 - 
- 1.27 1.2d 99 

Chemical shifts for compounds in which R, is H or 

17 Ive were re-- ported by Karabatsos and Taller. 

Chemical shift of most abundant isomer. 



TABLE 13 

Optical Rotations of Camphor in thanpl. 

wavelength/nm. corrected rotation/0 - 

365 3.403 340.3 516 
436 1.272 127.2 194 
546 0.539 53.9 81.7 
578 0.451 45.1 68.5 
589 0.4'8 4.8 65 

TABLE 14 

wave1engt/nm. Observed Rotations/0  
Before treatment with air After treatment with air 

546 -0.008 0.010 
578 -0.073 —0.010 
589 -0.024 0.000 

TABlE 1 

wavelengtlVnm pathlengch/cm. / concn.,'% corrected rotat.orVo  

365 1 0.2 +0.'90 +1450 
436 1 0.2 -0.264 -1320 
546 10 1 -3.009 -300.9 
578 10 1 -2.375 _237. 
589 10 1 -2.211 -21.1 



TABLE 16 

Base Catalysed Rearranginent oI ' - Thenz2o1bnpne in Mothano] 

Uowed by Ootica]. Rotatio n . 

time/mm. observed rothtiorV° 
 

time/min. observed rtatjorV°  

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.823 190 0 .040 
25 -0.755 200 0.050 
30 -0.694 210 0.062 
35 -0.622 230 0,072 
40 -0.570 240 0.080 
45 -0.5 250 0.085 
50 -0.474 760 0.090 
55. -0.430 270 0.090 60 -0.398 280 0.095 70 -0.324 
80 -0.262 
90 -0.203 

100 -0.158 
110 -0.120 
120 -0.090 
130 -0.062 
140 -0,040 

TABIE 17 

Base Catalysed Rearrpngemnt2- FhenLazpbprne i,n MethanQ, 

Followed by U.V. Sectroscoy. 

A. Run 1 

time/mm. absorbance (A) A - a in (A - a E 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 
65 

1.048 0.928 -0.07472 

80 
1.030 0.910 -0.09131 
1.035 0.835 -0.12216 

100 0.970 0.356 -0.16751 
170 0.948 0.828 -0.18374 
140 
160 

0.928 0.808 -0.21319 

180 
0.908 0.738 0.23825 
0.890 0.770 -0.26136 

200 0.885 0.765 -0,26780 



TABlE 31 

B. Run 2 

time/mm, absorbance (A) A - 	p in (A -a 	p) 

15 1.368 1.2480 0.22154 
70 1.352 1.2320 0.20863 

.25 1.348 1.2230 0,20538 
35 1.330 1.2100 0.19062 
45 1.310 1.1900 0.17395 
55 1.300 1.1300 0.16551 
75 1.284 1.1640 0.15186 
95 1.270 1,1500 0.13976 
115 1.250 1.1300 0.12221 
150 1.230 1.1100 0.10436 

C, Run 3 

time/mm. absorbance (A) A - a Ep 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 
90 1.63 1.510 0.41210 
120 1.62 1.500 0.40546 
150 1.60 1.480 0.39204 
190 1.585 1.465 0.38185 
210 1.580 1.460 0.37343 

D. Run 4 

time/am. absorbance (A) A - a Ep in (A - a £ p) 

5 1.402 1.2870 0.24842 
10 1.388 1.2680 0.23744 
15 1.380 1.2600 0,23111 
25 1.360 1.24)0 0.21511 
35 1.354 1.2340 0.21026 
50 1.355 1.2150 0.19474 
70 1.370 1.2000 0.18237 

100 1.300 1.1800 0.16551 
130 1.230 1.1600 0.14842 
160 1.270 1.1500 0.13976 
200 1,60 1.1400 0.13102 



TAKE'-- 

Pasg Cti1vcLEe rne rr nfnf 2 - Jhe nyi zobQiflape. 	%bthanol  

F-allc -vn d by U.V.  S.- - 	Qac-Q2E . 

Run No. k/ min, intercept 

1 0.00165 	0.00009 0.02741 	0.0031 

2 
+ 

0.00085 - 0.0306 0.22191 - 0.0045 

3 
+ 

0.030276 - 0.000758 
+ 

0.45112 - 0.1652 

4 
+ 

0.00658 	0.00336 
+ 

0.99892 - 0.3736 



TABLE 19 

Samp2a—C-onapa.trations f or  t i a t ic øf Jhe Ba ai1tyc 

itroire thane by 	 qtjj, 

Sample 
number 

Weight of 
Ni tromethane/g. 

Concentration of 
Nitromethane/M 

Volun 	of 
-F1uoroheno1 

solution/mi. 

1 0.0334 0.0106 2 
2 0.0062 0.00203 
3 0.0092 0.00302 0 

4 0.0419 0.01375 
5 0.0274 0.00897 

TABLE 20 

S=12 Cono ntra tions for Inwetjgtjonof the Baicity of 

Ace tonitrjle by Infr 	d S pc tro cc pp. 

Sample Weight of Concentration of Volu-'M of number Acetonitrile/g, Acetonitriie/M -.F1uoropheno]. 
solution/mi. 

1 0.0181 0.0084 2 2 0.0072 0.0035 
3 0.0192 0.00938 
4 0.0159 0.00775 
5 0.0554 0.0270 11 

6 - 
- 

7 - 

- 1 



TABLE 21 

by Tn-jç 

tr?. 

Sample 
number 

TnisiorJ% B/M Absorbance (E) A/N K /M 1  

1 60 0.0084 0.2214 0.00352 24.9 
2 58 0.0035 0.70 0.00380 33•9 
3 59 0.00938 0.2294 0.03378 12.1. 
4 59.5 0.00775 0.2263 0.03365 21.2 

6.5 0.0270 0.204]. 0.03329 10.62 
6 56.7 - 0.2478 A = A°  - 
7 73.3 - 0.1351 A = A°/ 

H Result not used in determination of average KS 



BIBLIOGRAPHY 

1. 	E. Fischer, Ann., 10, .7 (1877). 

2 	E. Fischer, Ber., 17., 572 (1884). 

3, 	E. Bamberger, Be r. 12, 1806 (1899) 

(a) C.F.H. Allen, J. Am. Chem. Soc., 2 2955 (1930). 

- (b) C.F.H. Allen and J.H. Richmond, J. Org . Chem., a 222 (1937). 

(c) O.L. Brady, J. Cheta, Soc., 1931, 756. 

P. Grammatica.kis, Compt. rend., 1948, 26, 189. 

L Bemberger and W. Pemsel, Ber., I.E. 85 (1903). 

J. Buckingham, Chem. Soc. Quart. Rev., 22t 37 (1969). 

L. do Amaral and M.P. Bastos, J. Org . Chem., 1, 3412 (1971 

L. do Amaral, J. Org . Chem., 37., 1433 (1972). 

L. do Amaral, E.H. Cordes and A. Sandstrom, J. Am. Chem. 
Soc., 	, 2225, (1966). 

 L.P. Hemntt, Physical Organic Chemistry, let ed., 
McGraw-Hill, New York, 1940, P. 210. 

 G.W. Wheland, Advanced Organic Chemistry, Wiley, New York, 
1949, p. 346. 

 F.A. Isherwood and R.L. Jones, Nature, IM ., 419 (1955). 

 P. de Mayo and A. Stoessi, Can, J. Chem., 38
,  950 (1960). 

 P. Hope and L.A. Wiles, J. Chem. Soc. (C), 1966, 23. 

 D. Schulte-.Frohljnde at a]., Ann., iZ2 ., 43 (1954). 

 G.J. r(arabatsos and R.A. Taller, J. Am. Chem. Soc., 
, 

3624 (1963). 

 R.M. Silverstein and J.N. Schoolery, J. Ora* Chem,, , 

1355 (1960). 

G.J. iarabatsos, R.A. Taller and F.M. Vane, J. Am. Chem. 
Soc. , at 2326, 2327 (1963). 

G.J. Iarabatsos et al., J. A, Chem. Soc., 85 , 2784 (1963). 

G.J. Karabatsos, F.M. Vane, R.A. Taller and N. Hi, 
J. Am. Chem. Soc., ., 3351 (1964). 

G.J. Karabatsos, J.D. Graham and F.M. Vane, J. Am. Chem. 
Soc., 2A, 753 (1962). 



23. A.J. Bellamy and R.D. Guthrie, J. Chem. Soc.,1965, 2788. 

24. F. Ramirez and A.F. Kirby, J. Am. Chem. Soc., Z, 6026 (1953). 

F. Ramirez and A.F. Kirby, J. Am. Chem. Soc., 	, 1037 (1954). 

25. A.F. klegarty and F.L. Scott, J. Org . Chem., 33.., 753 (1968), 

26. D.Y. Curtin, E.J. Grubbs and C.G. McCarty, J. Am, Chem. 
Soc., 843 2775 (1966). 

27. E.R. Palaty and J.C. Farago, Chem. Comm., 19, 65. 

28. AJ. Bellamy and R.D. Guthrie, J. (Them. Soc. (C), 1968, 2090. 

29. W.B. Jennings and D.R. Boyd, J. Am. Chem. Soc., 94, 7187 
(197?). 

30. J. Bj.rgo, D.R.  Boyd, C.G. Watson and W.B. Jennings, Tét. 
Lett., ), 1747 (1972). 

31. J. Bjrgo, D.R. Boyd, C.G. Watson and W.B. Jennings, J. Chem. Soc., Perkin II, 757 (1974). 

32. F.G. Vassian and R.K. Murmann, J. Org. Chem.., 2, 4309, 1962. 

33. R.J.W. Le Ferve and J. Northcott, J. Chem. Soc., 191, 2235. 

34. G.J. Karabatsos and N. Hsi ., Tetrahedron, a , 10' 	(1967). 

35, E. Lustig, J. Phys. Chem., 65 , 491 (1961). 

36. E.J. Grubbs, D.R. Parker and W.D. Jones, Pet. Lett., 35, 3279 	(i''i). 

J.P. Idoux and J.A. Sikorski, J. Chem. Soc., Perkin II, 
921 (1972). 

(a) W.P. Jenks, J. Am. Chem. Soc., 81 , 475 (19590 

(b) B.M. Anderson and W.P. Jenks, J. Am. Chem. Soc., 	, 
17' 	(1960). 

J.J. DelDuech, Tet. Lett., M, 2111 (1965). 

G.J. Martin and M.L. Martin, J. Chim. Physique, tj, , 1223 
(1964). 

Perrin, Dissociation Constants of Organic Bases, 
Butterwortha, London, 1965. 

4.'-E.G. Lows and N.V. Sidgwick, J. Chem. Soc., 22., 2085 
(1911). 

E. Schmitz and R. Ohm,, Ann., L1, 82 (1960). 

H. Causse, Bi1. Soc. Chim., III, 22P'245 (17). 



45• 	E. Fischer, Ber.,.3Q,  1241 (1897). 

46. 	Perkin Elmer N.M.R. Quarterly, 1. 1971, p.?. 

47, 	A.E. Gillarn and E.S. Stern, E1ectonic Absorption 
Spectroscopy, 2nd. ed., Arnold, London, 1954, P. 277. 

E.A. Braude and F. Sondheimer, J. Chem. Soc., = 2  3754. 

W.B. Jennings, J. Bj4rgo,  D.R. Boyd and C.G. Watson, 
J. Chem. Soc., Perkin II, 757 (1974). 

Based on the 'best A values given by J.A. Hirsch, Topics 
Stereochem., 1967, L U9. 

W.B. Jennings eta1., J. Chem. Soc., Prkin II, 1081 (1974). 

A.J. Bellamy, R.D. Guthrie and G.J.F. Chjttenden, J. Chain. 
Soc. (C), .ia, 1989. 

H. Zollinger, Diazo and Azo Chemistry, Interscience, 
New York, 1961 0  p.195. 

S. Hinig, H.R. M411er and W. Thier, Angewante Chemie 
(Inter. Ed.), ., 275 (1965). 

I. Bhatnagej-and M.V. George, J. Org . Chain., 	, 2252 (1967). 

F. Vgt1e and E. Goldschinitt, Angewante Chemie (Inter. Ed.) 
2, 480  (1974). 

G. Minnunni, Gazz. Chim. Ital., 2P, 217 (1892). 

H. Stobbe and R. Nowak, Ber. g. 2887 (1913). 

E. Bamberger and W. Pernsel, Ber., 	, 57 (10). 

H. Ninato, H. Tatento and H. !okckzwa, Bull. Chem. Soc. 
Japan, 3, 2724 (1966). 

H. Ingle and H.H. Mann, J. Chem. Soc., L71 601(1895). 

T.J. Milligan and B.C. Minor, J. Org . Chem., Z7. 4.63 
(1962). 

J.T. Edward and S.A. San3ad, Can. J. Chain., hi,. 1638 (1963). 

A.J. Bellamy and R.D. Guthrie, J. Chain. Soc., 1965, 3528. 

A.J. Bellamy, Unpublished Work. 

C. Ainsworth, J. Am. Chem. Soc., ., 967 (1958). 

B. Robinson, Chemical Reviews, 1963
,  3739 

G.A. Olali and Y.K. M3, J. Org . Chem, Elt 353 (1972). 



E. Hanselbach and S. Heilbronner, Tet. Lett., 267, 
4531. 

A. Eantzsch, Ber., 	, 1171 (1908). 

H.H. 	R.N. Gardner, J. Am. Chem. Soc., Q, 319 (l9sa). 
G. Cilento, J. Org . Chem., a, 2015 (1959). 

J.H. Collins and H.H. Jaife J. Am. Chem. Soc., 84., 4708 (1962).. 

74 	P.C. Freer and P.L. Sherman, Am. Chem. J., j, 572 (1896). 

75 	M-C, Berlak and W. Gerrad, J. Chain. Soc., 1949 ,  2309. 

J. Kenyon, Org. Syn., , 68 (1926). 

P.A.S. Smith, Open-chain Nitrogen Compound, Vol. II, 
Benjamin, New York, 1966, p. 344. 

7, 	R.A. Mass and G.M. Love, J. Am. Chain. Soc., 25.,  3070 (1973). 

N.A. Porter, and L.J. Marnett, J. Ain. Chem. Soc., 91., 4361 (193). 

0. Piloty, Ber., 29, 1560. 

W. Loki and E. Schieffele, J. Am. Chern. Soc., 3M. 4359 (1965). 

82, 	J.S. Fowler, J. Org . Chem... 22., 510 (1972). 

R. Ohme and E. Schmitz, Angewante Chemie (Inter. Ed.), 
433. 

D.Y. Curtin and J.A. IJrsprung, J. Org . Chem., Ll ., 1221 (1956). 

J.C.P. Schwarz, Ed., Physical 1thods in Organic Chemistry, 
Oliver and Boyd .. Edinburgh, 1964, p. 219. 

L.M. Jackman and S. Sternhefl, Applications of Nuclear 
Magnetic Resonance Spectroscopy in Organic Chemistry, 2nd. 
ed., Pergamon , Oxford, 1969, Chap. 2-5. 

F.A. Bovery, N.M.R. Spectroscopy, Academic Press, New York, 
1969, p. 159. 

E.O. Bishop, Chem. Soc. Annual Reports, 1961. , 67. 

L.M. Jackman and S. Sternhell, Applications of Nuclear 
Magnetic Resonance Sectroccopy in Organic Chemistry, 
Pergamon, London, 1959, P. 315. 



9O 	E.D. Becker, High 'Resolution N.M.R. Spectroscopy, 
Academic Press, New York, 1970. 

J.E. Dubois and N. Boosu, Tetrahedron, 	, 3943 (1973). 

S. Goodwin, J.N. Schoolery and L.F. Johnson, J. Am. Chain. 
Soc., 	3065 (1959). 

E.I. Snyder, J. Am. Chem. Soc., 	, 2624 (1963). 

(a) B. Loev and N.M. Goodman, Chemistry and Industry, 
2026. 

(b) H. Brockann and H. Schodder, Eer., 24., 73 (1941). 

H.T. Clar!, Ed., Org. Syn., 3. 83 (193). 

Adapted from N.Kórnblum and J.J. Powers, J. Org . Chain., 
At  455 (1957). 

97, 	A. Weisaberger, E, Technique of Organic Chemistry, 
2nd ed., Interscience, London, 1955, Vol. VII., Organic 
Solvents, P. 410. 

R.W. Crowe and C.P. Smyth, J. Am. Chem. Soc., at 5406 
(1951). 

A.I. Vogel, Elementary Practical Organic Chemistry, Part I, 
Longmans, London, 1966, p. 160. 

Adapted from K.G. Blakie and W.H. Perkin, J. Chem, Soc., 
1924, 313. 

Dictionary of Organic Compounds, 4th ad., Eyre and 
- Spottiswoode, London, 1965. 

Adapted from E.M. Arnett et al., J. Am. Chem. Soc., 	, 
2365 (1970). 

H. Normant, Angewante Chemie (Inter. Ed.), ., 1046 (1967). 

Perrin, Dissociation Constants of Organic Bases in Aqueous 
Solution, Butterworths, London, 1972 Supplement. 

F.D. Chattaway and W.G. Humphrey, J. Chain. Soc., 1927, 1325. 

G. J. rcarabatsos and R.A. Taller, Tetrahedron, 24, 3557 
(1968). 

J. Walker, J. Chem. Soc., 9, 1208 (1896). 

F.M. Beringer et al., J. Phys. Chem., 60, 150 (1956). 

F.M. Beringer at al., J. Am. Chem. Soc., 	, 2705 (1953). 

J.S. Nicholson and D.A. Peak, Chemistry and Industry, 
.62, 1244. 



111. 	R.B. Neffett and U.N. Mohen., J. Am. Chem. Soc., a, 
1794 (1947). 

117. 	J.t. Emaley, J. Feeney and H. Sutcliffe, High Resolution 
N.N.R. Spectroscopy, 1st ed., Pergamon, London, 1965, Vol. I, p 333-336. 

P.L. Corio, Chem. Rev., (Q, 363 (1960).. 

E. Fischer and T. Schmitt, Ber., 21, 1072. 

(a) Adapted from G. Baddeley, J. Chem. Soc., 1944
.,  232. 

(b) S.F.  Birch, R.A. Dean, F.A. Fidler and R.A. Lowry, 
J. Am. Chem. Soc., 	, 1362 (1949). 

J.U. Net', Ann., 3, 371. 

F.G. Mann and B.C. Saunders, Practical Organic Chemistry, 
2nd. ed., Longrnans, London, 1938, p.177. 

A. Hantzsche and E. von Hornbostel, Ber., 30, 3006 (1897). 

H.R. Stevens and F.W. Ward, J. Chem. Soc., 	, 13 78 ( 1924). 

von Ammon and R.D. FIscher, Ang 
2, 675 (1972). 	

ewante Chamie (Inter. Ed.) 

I. Armitage, G. Duacmore L.D. Hall and 'A.G. Marshall, 
Can. J. Chem., 502, 2119 1972). 

R. - O'Connor, J. Org. Chem., ., 4375 (1961). 

0. Diels, 3. Schmidt and W. Witte, Ber., 71 ., 1186 (1938). 

	

1 94. 	E.J. Corey and W.L. Neck, J. Am. Chem. Soc., 2L, 685 (1962). 

J. Enpljsh and G.W. Barber, 3. Am. Chem. Soc., 23., 3310 (10,491. 

A. Wohi and H. 'Schweitzer, Ber., 22 ., 896. 

J. Thiele, Ann., 	1, 127 (1892). 

A.J. Bellamy,  J. Chem. Soc., Perkin II, 1972, 342. 

P.C. Huang and E.M. Kosower, J. Am. Chem. Soc., 92, 2362 (1968). 

F.G. Mann and B.C. Saunders, Practical Organic Chemistry, 
2nd ed., Longmans, London, 1938, p.154. 

F.G. Mann and B.C. Saunders, Practic1 Organic Chemistry, 
2nd ed., Longrnans London, 1938, p.160. 

J.G. Smith and I. Ho, J. Org . Chant., 37 .  653 (1972). 



133 	K.N. Campbell, J. Am. Chem. Soc., 52 ., 1982 (1937). 

134 	H.C. Brown and B.C. Subba Rao, J. Am. Chem. Soc., 	, 
5377 (1958). 

335. 	J.P. Parikh and W. von E. Doering, J. Arj, Chem. Soc., 8 9 ., 5505 (1967). 

L.F. Fieser, Experiments in Organic Chemistry, 3rd ed., 
Heath, boston, 1955 s  p.337. 

H.R. Henze, B.B. Allen and W.B. Leslie, J. Org . Chem., 2, 362 (194 2). 

C.R. Hauser, F.W. Swamer and J.T. Adams, Org. Reactions, L 122 (1954). 

W.G. Kenyon and C.R. Hauser, J. Org . Chem., Q, 292  (1965). 

13. Enders, 	thoden der Organischen Chemie, x,12 Tell 2, 
B. Millei (Ed.), Georg Thieme Verlag, Stuttgart, 1967, p.355 

A. Vogel, Practical Organic Chemistry, 3rd ed., Longmans, 
London, 1956, p.590. 

14?. 	B. Bamberger, Bar., a, 466 (1896). 

A. Ekbom ., Bar., U, 651 (1904. 

J.B. Burns at al., 3. Chem. Soc., 1928, 228. 

Adapted from R.O.C. Norman and G.K. Radda, J. Chem. Soc., 961,  3 03 0. 

A. Roe, Organic Reactions, Wiley, New York, 1949, L p.193. 

S.V. Puntambecker and E.A. Zoeliner, Org. Syn., coil. vol. I, 
524 (1941). 

 Handbook of Chemistry and Physics, 48th ed., The Chemical 
Rubber Co., Cleaveland, 1967. 	- 

 G. Levn and M. Tamare, 3. Chem. Soc., 1960 ,  2782. 

 0. 	Testpha1, Bar., 21., 771 (1941). 

 A.I. Vogel, Practical Organic Chemistry, 3rd ad., Longmans, London, 1956, p.721. 

 L. Caglioti, P. Grasselli and G. Rosini, Tet. Lett., 12, 4545. 

H.C. Brown, Hycôboration, Benjamin, 1 ew York, 196', p.242. 


