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ABSTRACT 

In part I, the methods available for the determination 
of optical purity of peptides and the extent of racemis-

ation in a peptide synthesis have been reviewed. A 

brief account is given of the mechanism of racemisation. 

A survey has been made of the active ester, carbodiimide 

and active amide methods of peptide synthesis. 

Diacylhydroxylanines were shown to be good acylating 

agents and their preparation by a one step process from 

carboxylate ion has been studied. 	m-Chlorobenzaldoxime 

gave unsatisfactory yields of diacylhydroxylamine, and 
m-chloronitrones, potentially better intermediates, could 

.aot be prepared, except in the heterocyclic N-oxide 
series, and these were unreactive towards carboxylate ion. 

quaternary pyridinium salts were useful in amide formation, 

but too reactive for peptide synthesis. Aliphatic 

nitrones were brominated in the a-position, but the bromo-
nitrones were too reactive for isolation to be possible. 

N-Acyloxyureas were studied as acylating agents. 

The intermediate cbloroformamidine required could not be 

prepared from phenylisocyanodichloride. 	The formation 

by a Passerini reaction was unsuccessful. 



In part II, the preparation and reactions of 

aliphatic diazocompounds have been reviewed. 

Improvements in the methods of preparation of 

aliphatic diazocompounds were sought. 	The acylation of 

secondary diazoalkanes occurred with acetyl chloride 

but not benzoyl chloride. Methane sulphonyl chloride 

gave ethylene sulphone with diazomethane. 	The reaction 

of pyruvic ester and diazoesters gave complex mixtures, 

which were not separable. 
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PART I 

HYDROXYLAMINE CHEMISTRY 

and its application to peptide synthesis 
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Introduction. 

The discovery and elucidation of the structure of 

peptide antibiotics and hormones in the past two 

decades has resulted in an intensified study into 

methods of peptide synthesis. 	The limitations of the 

protecting groups and condensation methods initially 

available for the stepwise synthesis of peptides became 

evident, and it was necessary to develop new methods 

in addition to improving the existing procedures. 

The N-benzyloxycarbonyl group, introduced in 19321, 

is still a valuable amino-group protecting agent, for 

reasons which will be discussed later, but many variants 

of this are now used, e.g. the p-phenylazobenzyloxy-

carbonyl2 and t-butyloxycarbonyl3  groups. More recent 

protecting agents include the o-nitrophenoxyacetyl, 

phenylthiocarbonyl5and trifluoroacetyl6  groups, each of 

which has been developed for removal under a given set 

of mild conditions. 

Carboxyl group protection is usually effected by 

the use of the alkyl7 or benzyl8 esters. 

The new methods proposed for the coupling of amino-

acid residues usually utilise carboxyl group activation 



by the formation of inorganic or organic mixed anhydrides, 

active esters and active amides, but activation of the 

amino-group has also been used, e.g. by the phosphazo-

method9 and the amide procedure with pyrophosphite 

esters and cfilorophosphites10 . 

As a result of these improved methods, the synthesis 

of many of the naturally occurring polypeptides has 

been acoomplished, including the nonatriacontapeptide 

ACTH11. 	Schwyzer pointed out, in the report on this 

synthesis, that better methods of coupling aminoacids 

are still needed. 

In the earlier studies, the main consideration was 

the isolation of high yields of peptide of a given 

aminoacid sequence, but as larger peptides are made, 

the optical purity of the products becomes of prime 

importance. 	It has been pointed out that if the 

starting materials contain only 1% of the enantiomer 

or if 1% racemisation occurs at each stage, then a 

synthetic peptide of 100 aminoacid residues can only 

contain 37% of the optically pure product12. 

With the determination of the aminoacid sequences 

of the a- and p- human haemoglobins13, the question of 

the synthesis of specific proteins, at least in 
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denatured form, arises. Any preparation of these in 

optically pure form will impose exacting requirements 

on the methods of coupling used. 

The recent synthesis of peptides by Merrifield", 

in which the peptide chains were anchored onto a resin 

through benzyl ester groups, may show the relative 

importance of yield and optical purity, since by this 

method virtually quantitative yields can be obtained by 

the use of excess reagents, but the optical purity of 

the products remains an intrinsic property of the method. 

Because of the importance of racemisation in 

peptide synthesis it is pertinent to first consider the 

methods available for the determination of the optical 

purity of the products. 



Systematic studies on  racemisation durina_peptide  

synthesis  

The general methods that have been used for the 

determination of the optical purity of a peptide are:- 

a) Optical rotation. 

Analytically pure substances are required for the 

determination of specific rotation, and the purification 

process may cause separation of the diastereoisomers, 

thus giving erroneous results for the evaluation of the 

coupling methods. 	The measurement of rotation is 

subject to a 2%-3% error, which is significant in the 

synthesis of higher peptides, and this method also pre-

supposes a knowledge of the rotation of the optically 

pure peptide12. 

b) Acid hydrolysis15. 

The acid hydrolysis of the peptide to its constit- 

uent aminoacids and the separation and determination 

of the optical purity of these, besides being a lengthy 

process, is subject to errors caused by racemisation 

during the hydrolysis. 	Some attempt has been made to 

allow for this by subjecting the constituent aminoacids to 

the same treatment and determining the racemisation so 



produced16. 	This is not a valid correction since free 

aminoacids are relatively resistant to racenisation and 

the racemisation probably occurs mainly in the peptides 

prior to hydrolysis. 

c) Enzymatic hydrolysis17. 

The enzymatic hydrolysis of peptides, within certain 

limitations is an excellent method of studying the 

optical purity of analytically pure peptides, but is 

not suitable for unpurified products. 

Two approaches are used, firstly, the peptide can 

be cleaved with an L-peptidase, leaving any racemised 

aminoacids in small peptide units. 	The limitations of 

this method are that the enzyme must be sufficiently 

active, and not inhibited by substrate or products. 

The peptide must be split stereospecifically, and the 

small peptides remaining must be detectable with accuracy. 

The second approach is the use of a non-stereospecific 

peptidase„ and ana/ysis of the constituent aminoacids 

with L- and D-aminoacid oxidases. 	The same general 

limitations apply as in the above case. 

Since the general methods are not always reliable, 

the alternative of determining the possibility of 
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racemisation by a given method of coupling has been 

studied. 	It is not possible to predict the exact degree 

of racemisation expected in a given reaction on the 

basis of the results of such studies, since environmental 

factors affect racemisation to a marked extent, but the 

choice of coupling method is often dependent on the 

results obtained. 

The first attempt at an evaluation of the degree 

of racemisation in a synthesis is due to Anderson10. 

The method of separation of the racemic and L-forms was 

by fractional crystallisation. 	The requirements of 

such a method are that the aminoacid should be 

susceptible to racemisation and that the two forms of 

the peptide should be readily separated and distinguished. 

The peptide found to be suitable was benzyloxycarbonyl- 

glycyl-L-phenylalanylglycine ethyl ester, made from 

the acyl-L-phenylalanine and ethyl glycinate. 

The crude peptide was made up to a 2% solution in 

absolute ethanol and allowed to crystallise at 0°. 

The DL-peptide, m.p.129°-133°, crystallised first, 

concentration of the solution gave the L-peptide 

c.p.116.5°-119.5°. 	The optical rotation of the products 
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gave a further check on purity and separation. 

Kenner, during his studies on mixed carboxylic-

sulphuric anhydrides, developed the use of counter-

current distribution for the separation of the diastereo-

isomers of the tetrapeptide benzyloxycarbonyl-glycyl-

alanylphenylalanylglycine18 made by coupling two 

dipeptide units. 	The distribution curve of the isomers, 

for equilibration between ethyl acetate/M.phosphate 

buffer, was first determined with the fully racemised 

tetrapeptide. 	The distribution was analysed by forcing 

all the peptides into the ethyl acetate by addition of 

phosphoric acid to the aqueous phases, and weighing the 

samples obtained after evaporation of the solvent. 

With low concentrations of the DL-form, the separation 

was incomplete, thus the method has not found general use, 

although other peptides may be more readily separable. 

The sulphuric anhydride procedure was found to 

give ca.17% racemisation at pH 8, but less than 1% at 

pH 6.8. 

Young has studied the coupling of formyl-19, 

acetyl-20, and benzoyl-L-leucine21  with ethyl glyoinate 

by several methods. 	The degree of racemisation was 

determined, to within 2% accuracy, by a combination of 
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optical rotation, melting points, fractional crystallis-

ation and i.r. spectroscopy, the i.r. data being the 

occurrence of an additional absorption in the racemate 

at 1680 cm-1. 

In the series using acetyl-L-leucine, several of 

the methods gave uncrystallisable gums, but the crude 

benzoyl-derivatives were found to be analytically pure, 

thus the degree of racemisation could be determined from 

the specific rotation. 	Fractional crystallisation to 

obtain the racemate was best carried out on the free 

acid after hydrolysis. 	The presence of chloride ion 

was found to increase racemisation except with the mixed 

anhydrides. 

It was found that the only methods of those tested 

which did not give racemisation were the azide method, 

the cyanomethyl- and p-nitrophenyl-esters and Woodward's 

method, and of these the last two could give racemisation 

in other solvents than ethyl acetate and acetonitrile 

respectively, and all but the azide method gave 

racemisation in the presence of chloride ion. 

Paper chromatography has been used to separate a 

series of diastereoisoperic dipeptides23. An accuracy 
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of 2% can be attained in the quantitative evaluation of 

the chromatograms using Boissonas' method23. 	This 

technique has not yet been applied to racemisation 

during peptide synthesis. 

The most accurate method available for the detection 

of racemisation is that due to Weygand24 who showed that 

diastereoisomers of N-trifluoroacetyldipeptide methyl 

esters could be separated by gas chromatography. 	It 

is not possible to distinguish between the LL- and DD-

forms or the LD- and DL-forms, so that the aminoacid 

racemised is not determinable, but this can be inferred 

from other studies. 	Since the reaction mixture is 

analysed directly, there is no possibility of separation 

of isomers during work up, and also the technique lends 

itself to the study of inductive and steno effects, 

and the effect of temperature, solvent and added solutes. 

An experimental mixture was separated with ± 0.4% 

accuracy and in general the accuracy is within 1%. 

Only N-trifluoroacetyldipeptide methyl esters can 

be separated, thus other amino-protecting groups cannot 

be studied unless they can subsequently be replaced by 

the trifluoroacetyl-group without inducing further 

racemisation. 	This has only been accomplished with 



the benzyloxycarbonyl-group, but because of the strong 

inductive effect of the CF3-group, raoemisation in 

trifluoroacetylaminoacids is comparable to that observed 

in peptide and thus the method gives a reasonable 

estimate of the peptide synthesis used. 

In the test reaction, trifluoroacetyl-L-valyl-L-

valine methyl ester was chosen as the dipeptide, 

because the bulky side chains should maximise racenisation. 

When benzyloxycarbonyl-L-valine was used, only the 

cyanomethyl and thiophenyl esters gave any racemisation, 

the former because of the extreme conditions (8 hours at 

1100) and the latter was due to a steric effect since 

other aminoacid thiophenol esters gave no racemisation. 

With the trifluoroacetyl derivative, only the azide 

and vinyl ester methods gave no racemisation. 

Environmental factors were studied on the carbodi- 

imide method. 	It was found that racemisation was 

increased by a higher temperature, the presence of bases 

particularly imidazole which has been suggested as a 

catalyst25 or of many salts, and by polar solvents. 

The time of reaction had little effect. 



- 12 - 

The mechanism of racemisation. 

In 1929 Bergriann26 noted that aminoacids and acyl-

aminoacids were readily racemised by acetic anhydride, 

particularly in the presence of pyridine, and that amino-

acid esters were not affected under these conditions. 

Also proline and N-methyl aminoacids27  were not 

racemised by acetic anhydride and pyridine, thus it was 

deduced that racemisation occurred via the oxazolone (I) 
:11T 	CHR 

 

pyridine)  
.,/-0 	CH3 	0 

OH cu
3 0 

(I) 	(II) (1)  

C 	CO - OCOCH
3 

CH, 0 

Racemisation occurred because of the ready enolis-

ation of the oxazolone to the aromatic hydroxyoxazole (II). 

However, L-proline and N-methyl-D-phenylalanine 

were found to be racemised under more forcing conditions28,  

and it was concluded that there was more than one 

mechanism for the racemisation. 	.ore recent wok has 

substantiated this, but it is believed that racemisation 

during peptide synthesis most usually occurs via 

oxazolone formation. 
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The results of Young on formyl-19 acetyl-20 and 

benzoyl-L-leucine21  indicate the formation of the 

oxazolone intermediate. 	Thus the three derivatives 

gave 94%, 70%, and 54% of the L-isomer respectively 

with the carbodiimide method of coupling. Also Weygand 

detected oxazolone in the reaction mixture, by the gas 

chromatographic technique24. 	The oxazolone peak 

declined as the product was formed. 

Since benzyloxycarbonyl, trityl, toluene-p- 

sulphonyl- and phthaloyl-derivatives cannot form oxazolones, 

then these would be expected to be resistant to 

racemisation. 	Usually this is found to be so, and 

methods of peptide synthesis known to give racemisation 

can often be safely used with these derivatives of 

optically active aminoacids, without loss of activity. 

Sometimes, however, racemisation is found even with 

these protecting groups, indicating that the loss of an 

a-proton can occur without oxazolone formation. 

Liberek29 has studied the racemisation of active esters 

of benzyloxy-carbonyl- and phthaloylaminoacids, and 

showed that in the presence of triethylamine, the a-

proton is readily lost, especially when the negative 

charge resulting can be delocalised as in (III), 



- 14 - 

R 0- 	0 	R  8 0  
6- 11  

N+- C = C 	f -NH - C - d - 	, -NH - C'-' 

%--' I  \OR 	
F 6 - 
CHth- -S - R 

(III) 

(Iv and M. Thus he found that phthaloylaminoacids, 

cysteine and thiol esters were all readily racemised 

by triethylamine. 

An understanding of the mechanism of, and factors 

affecting racenisation as outlined above can give a 

sound basis for the consideration of the conditions to 

use in developing a peptide synthesis. 

The active ester methods. 

a) Aliphatic esters. 

Gordon's studies on the aminolysis of esters30 

showed that the order of reactivity of alkyl acetates 

is: 

CH2  = CH - > CH3  - > CH2 = CH  - CH2 	C2H5 	CnH2n+1 f 

n = 3,4,5, etc. 

The vinyl esters were 909 tines more reactive than 

the methyl esters. 	This was explained by the contri-

bution of the resonance form (vi), and indicated that 
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alcohols with electronegative substituents would be more 

susceptible to aminolysis. 

0 	 0 

CH2 = CH - 0 - C - CH3 	
CH2 - CH = u C - CH3 

(ITI) 

Thus Schwyzer studied a series of esters of hippuric 

acid31  in order to determine their ease of formation, 

and of aminolysis. 	The esters studied were made by 

the general reaction (2) 

Et
3
N(EXCESS) 

PhCONHCH2CO2H + RX 	) PhCONHCH2CO2R Et0Ac 

+ Et
3
kHx- 
	

(2) 

where RX was C1CH2CN, BrCH(CO2Et), BrCH2CO2Et, C1CH2OCH3, 

C1CH2 NO2, C1CH2COCH3, and C1CH2CH2NEt2. 	Of these, 

the bromomalonic ester was unsatisfactory because of the 

concurrent formation of large amounts of ethane tetra- 

carboxylic ester. 	The methoxymethyl chloride gave only 

poor yields of the ester, and during aminolysis, 

methoxymethyl alcohol liberated reacted with the amine. 

Acetonyl esters gave only poor yields of amide, because 
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of Schiff's base formation and p-nitrobenzyl esters 

and carbethoxynethyl esters only aminolysed on heating 

or in very concentrated solution. 	The 2-diethylamino-

ethyl esters were readily aminolysed, but were not 

readily prepared. 

Thus only cyanomethyl, carbethoxymethyl and p-

nitrobenzyl esters could be prepared efficiently, and 

of these the cyanomethyl esters were the reagents of 

choice. 	The aminolyses were usually carried out in 

concentrated solutions in ethyl acetate in the presence 

of acetic acid as catalyst. Acetonitrile and tetra-

hydrofuran have also been used as solvents, but hydroxylic 

solvents give lower yields. A prolonged reaction time 

at room temperature is sometimes required for reactions 

with peptide cyanomethyl esters. 

Several studies have been made on the racemisation 

produced by cyanomethyl esters. 	Schvyzer initially 

observed no racemisation in coupling benzyloxycarbonyl-

L-leucine with ethyl glycinate32, but none would be 

expected in this case. 	Racemisation was observed in 

the formation of benzyloxycarbonyl-S-benzyl-L-oysteine 

cyanomethyl ester at elevated temperatures33. 	The 

effect was ascribed to the temperature but in view of 
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Liberek's results on racemisation catalysed by triethyl-

amine, it would appear that the triethylamine abstracts 

the m-proton from the aminoacid under these conditions. 

Young found no racemisation in the coupling re-

action, when carried out in ethyl acetate at 0°, but 

Weygand observed 2% racemisation in benzyloxyoarbonyl-

L-valine on condensation with L-valine methyl ester 

after 8 hours at 110°. 	Although the conditions in this 

case were severe, racemisation would not be expected 

with a benzyloxycarbonyl acid. 	The trifluoroacetyl 

aminoacid in this case gave 16.8% racemisation after 

13 hours at 110°. 	The high temperatures were necessary 

since no reaction was observed under more moderate 

conditions. 	The presence of chloride ion increased the 

racemisation to 21.6% after 8 hours at 110°. 

As a different approach to an active ester, 

Schwyzer studied tetrahydropyranyl esters34 which are 

formed under mild acid conditions and thus avoid the 

presence of excess triethylamine. 	The benzyloxy-

carbonylglycine ester was readily aninolysed with 

benzylariine, but the alcohol liberated reacted with a 

further mole of amine, forming the Schiff base. 	Thus 

the esters are impracticable in a peptide synthesis, 
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as in addition a further asymmetric carbon atom is 

produced and purification of the esters is hindered. 

2:2:2-Trifluoroethyl esters have been used in the 

preparation of simple peptides35  in good yields, but 

the method is as yet of only limited application since 

the ester was prepared from the acid chloride and 2:2:2-

trifluoroethoxy magnesium iodide. 

In view of the electrophilic character of triple 

bonds the., propargyl esters may be expected to undergo 

aminolysis in a similar manner to the cyanomethyl esters, 

and Bodanszky has shown that this does 	, readily occur36, 

but the method has not been developed. 

Gordon had observed that vinyl esters are amino-

lysed much faster than methyl esters, but the use of 

these was limited, as a means of peptide synthesis because 

no ready method of preparation was available. Weygand, 

however, has developed the use of vinyl acetate/palladium 

dichloride as a means of preparing the vinyl esters of 

acylamino acids37, and has studied the aminolysis of 

these. 	Thus trifluoroacetylglycylglycine ethyl ester 

was prepared in 86% yield after 10 hours at room temper- 

ature or 40 minutes at 65g. 	The solvent used was 

malonic ester or preferably cyanoacetic ester, since 
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these condense with the acetaldehyde formed and prevent 

the polymerisation of the aldehyde. 	The formation 

of the Schiff's base either does not occur or is 

insignificant. 	Similarly trifluoroacetyl-L-valine 

methyl ester end trifluoroacetyl-L-phenyl-alanine methyl 

ester were prepared in SO% yield. 

Racemisation in this process has been studied by 

the gas chromatographic method. 	The vinyl ester was 

the only method, besides the azide method, which did not 

cause any racemisation during the synthesis of N- 

trifluoroacetyl-L-valyl-L-valine methyl ester. 	Thus 

the method shows great promise for the preparation of 

higher peptides, butthe formation of the esters is still 

not easily accomplished. 

Similar to the vinyl esters are the m-ethoxyvinyl 

esters, prepared by Arens38  from the carboxylic acid 

and ethoxyacetylene. 	Since the acylating species could 

be the acid anhydride, the existence of the vinyl esters 

CH 

RCO2H + HC E C OEt 	RCO - 0 - C 4
2  4 	RCO2H 

OEt 

(RCO) 20 + CH3CO2Et 
	

(3) 
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was uncertain until Sheehan39  isolated such an ester 

from the reaction with phthaloylglycine. Many of these 

esters have now been isolated and are found to acylate 

aminoacid esters in good yields. 

Reaction is usually accomplished by refluxing the 

acylaminoacid, the aminoacid ester and 5 equivalents of 

ethoxyacetylene in ethyl acetate, containing 0.5% 

water, for 3 hours, giving yields of 34% to 100%. 

An Anderson test using ethyl glycinate hydrochloride 

showed 45% racemisation, but when the free amine was 

used, no racemisation was observed. 	A 70% yield of 

benzyloxycarbonylglycyl-L-phenylalanylglycine ethyl 

ester was isolated but the benzyloxycarbonylglycyl-L- 

phenylalanine recovered was slightly racemised. 	It 

was found that acylaminoacids are completely racemised 

on prolonged refluxing with ethoxyacetylene in ethyl 

acetate, probably via the anhydrides. 	Thus the 

reaction time must be kept to a minimum during the 

condensation to prevent any possible racemisation. 

This method was used for the preparation of a 

hexapeptide sequence from p-corticotrophin38. 

Olofson and Woodward in a study on isoxazolium 
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compounds found that these were converted by base into 

acylketenimines 

A , 0 

C = C = NR 

(VII) 

The ketenimines readily reacted with many nucleo- 

philes, including carboxylic acids, giving, initially, 

the a-aminoenol esters, but these rearrange to the 

P-aminoenol esters (VIII). 

A A CORt 
rNI° 	

RCO H 
* 

	

2- 	14-- 
H=C=NR 	

0 

A 	OCORI 

1 .„9 

NHR 

These substituted vinyl esters were found to be 

good acylating agents and a peptide synthesis was 

developed using the internal salt, 2-ethy1-5-phenyl- 

isoxazolium-31 -sulphonate41. 	Thus the active ester is 

prepared by treatment of the triethylamine salt of the 

aeylaminoacid in acetonitrile or nitromethane solution 

at 00  or room temperature with the reagent until solution 
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occurs. 	Although the active esters can be isolated, 

the solution is usually treated with aninoester or 

aminoester hydrochloride and triethylamine to give 

75%-95% yields of the peptide derivative. 

In this way a series of di-and tri-peptides were 

prepared. 	It was found that hydroxyaminoacids did not 

require protection of the hydroxyl groups, and also good 

yields were obtained with asparagine, an amino acid 

which usually only gives poor yields of peptides. 

Olofson found 2.2% of the racemate in the Anderson 

test and 90% of the L-isomer, but the racemisation was 

ascribed to the presence of impurities in the starting 

materials. 	More exacting tests have shown, however, 

that racemisation can occur. Young found that in the 

formation of benzoyl-L-leucylglycine ethyl ester, the 

use of acetonitrile gave no detectable racemisation, but 

in nitromethane the product was only 65% optically pure. 

Weygandts gas chromatographic technique showed that the 

valylvaline derivative was 69.4% racemised in aceto-

nitrile solution at 24°. 

b) Aromatic esters. 

Although Gordon showed that phenyl esters can 

acylate amines30 at a rate 1365 times that of methyl 
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esters, they have not been used in peptide synthesis 

because of the equal availability of aryl esters with 

electron withdrawing substituents in the ring. 

The rates of aminolysis of phthaloylglycine aryl 

esters by glycine ethyl ester were shown by Bodanszky42 

to be in the order 

> 0 
/NO2 

> 0- > 

Of these nitrophenyl esters, the p-isomers have been 

most used. 	They have been prepared by the action of 

p-nitrophenol on the acid chlorides43 sulphuric 

anhydrides44 and mixed carbonic anhydrides
42 and in 

the presence of phosphorus oxychloride1'5  and dicyclohexyl-

carbodiimide46, but the most general method of preparation 

of aryl esters is via the diacyl sulphites and triaryl- 

phosphites47. 	These esters are readily formed by the 

interaction of the appropriate phenol and thionyl 

chloride or phosphorus oxychloride. 

The acylaminoacid p-nitrophenyl esters are stable 

crystalline solids and are thus invaluable intermediates 

for the purification of a peptide. 	They have the 
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further advantage of being stable to the conditions of 

removal of N-protecting groups, and may be used in 

the formation of cyclic peptides, thus Schwyzer made 

use of this property in the synthesis of gramicidin S 48  

a cyclic decapeptide. 

Racemisation can occur in the formation of p-

nitrophenyl esters, and the method is best applied to 

a stepwise synthesis using the benzyloxycarbonylamino-

acid esters, as shown by Schwyzer in the synthesis of 

ACTH11 in which the aninoacids 24-39 were condensed in 

this manner. 

The formation of the esters via mixed anhydrides 

is obviously prone to racemisation, but Schwyzer has 

also shown that the sulphite and phosphite methods give 

racemates, usually only when a bulky side chain is 

present on the terminal aminoacid49. 

Young's studies on the coupling of benzoyl- and 

formyl-L-leucine with glycine ester by the p-nitrophenyl 

esters showed that no racemate was formed in neutral 

solution, but prior treatment of the ester with triethyl-

amine caused complete racemisation. 

As well as the nitrophenyl esters, Schwyzer has 

prepared a large series of aryl esters of acylaminoacids 
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by the sulphite and phosphite methods47 but of these 

only the p-cyanophenyl- and p-methanesulphonylphenyl 

esters have found use in peptide synthesis. 	Thus 

Schwyzer used them for the preparation of the cyclic 

diner of glycylglycyl-DL-phenylalanine49. 

The p-dimethylaminophenyl esters of aminoacids 

have been used in a novel approach to active esters50. 

The ester hydrobromides are readily made by the sulphite 

or dicyclohexylcarbodiimide methods, and the inert 

N-protected esters are then activated by quaternisation 

of the dimethylamino.group, aminolysis by aminoester 

gives the peptide ester, which may again be activated 

by quaternisation. 

MeOT 
ZNHCHRCO2 	;;)NMe2 	ZNHCHRCO2 	›NM e3i5TS 

H2N . CHR / -CO -----c)-NMe2 2 >   ZNHCHRCONHCHR/C02 	,j) NMe2 
/7  

et. 

(5) 

 

where Z = peptide or benzyloxycarbonyl group 

Ts  = toluene-p-sulphonyl group. 

The reactions can be carried out in aqueous solution, 

but there may be a danger of racemisation under such 

conditions. 	Racemisation has not been studied, and 

the method has not been developed. 



1 

of aninolysis with benzylamine are: 
Cl 	Cl 

—>0 

rates 
Ck Br 

CI' 	1 

> Ph - 

'Cl 

Cl 

racemisation was in the order:- 

Cl„Cl 	/CI 

Cl 
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Kupryszewski has investigated a series of halo- 

genophenyl esters of phthaloylglycine51. 	The relative 

The esters were prepared from the phenol and acyl-

aminoacid in the presence of phosphorus oxychioride 

and pyridine. 	As yet only the 2:4-dichloro52  and 

2:4:6-trichlorophenyl esters53  have been used in peptide 

synthesis. 	The trichlorophenyl esters were utilised 

in a synthesis.of glutathione, the product being 

reported as identical with other samples, thus presumably 

no racemisation was observed. 	No systematic studies 

on racemisation have been reported except for the base 

catalysed racemisation, investigated by Liberek29, for 

the p-cyanoalanyl esters. 	In this case, the ease of 
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which would be expected on the basis of the electron 

withdrawing power of the groups. 

6e) Thiol esters and acids. 

i) Aliphatic thiol esters and acids. 

Although Pawlewski showed in 1898 that thiol acids 

were acylating agents54 their application to peptide 

chemistry was not reported until Sheehan55 and 

Cronyn56 in 1952 showed that the acylaminothiolacids 

could be formed from a mixed carbonic anhydride and 

hydrogen sulphide. 	Thus benzyloxycarbonylthioglycine 

acylated DL-alanine at 100°  in dimethylformamide in 

70% yield. 	The reaction has not been developed, and 

not racemisation studies were reported. 

Wieland prepared a series of thiolacids by the action 

of hydrogen sulphide on the phenylthioesters57, but this 

has no practical advantage in peptide synthesis. 

As a model for coenzyme A esters, Schwyzer59 

studied the acylation of glycine by the carboxymethyl- 

thioester of hippuric acid. 	The thioester again was 

prepared via a mixed anhydride. 	Free glycine was 

acylated under basic or metal ion catalysis. 	At pH 9, 

46% hippurylglycine was isolated, but at pH 6 in the 
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presence of silver nitrate a 73% yield was obtained. 

Lead salts were less efficient catalysts. 	The 

mechanism of this catalysis has been proposed to be 

0 	0 
R1 C 	R 	0 

its, 	4 4.  2  --* R1 - C + S - R2 + 11+ 	(6) 

a— NE Ag 

3 

 

The thiol ester from 8-mercaptopropionic acid 

was also studied, and found to give a 56% yield of the 

peptide. 

Although the carboxymethylthio-esters, being 

activated by both the thio-group and the carboxyl group, 

appear promising as active esters, their general use 

has only been referred to in patents. 

ii) Aromatic thiolesters. 

Wieland in 1951 proposed the use of thiophenol 

esters in peptide synthesis59. 	The esters were prepared 

via a mixed anhydride and thus their synthesis was 

liable to be accompanied by racemisation. 	The esters 

resist hydrolysis by hydroxide ion and can be used to 

acylate the sodium salts of aminoacids in refluxing 

methanol. 	They are not sufficiently active to acylate 

the salts at room temperature. More recently Weygand 
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has prepared the thiolesters using carbodiimides60 and 

found that acetic acid is a good solvent for the 

acylation reaction, but the gas chromatographic tech-

nique for the determination of racemisation showed that 

38.6% racemisation occurred, and the benzyloxycarbonyl 

derivative of L-valine gave 29% racemisation. 

p-Nitrothiophenol esters are much more reactive than 

the thiophenol esters, and can acylate free aminoacids 

at room temperature44. 

The relative rates of aminolysis of benzyloxy-

carbonyiglycine esters by alanine in dioxan-water at 

21o are: 

= 140 : 1 : 16. 

Kenner found that p-nitrothiophenyl esters could be 

readily prepared by the action of tri-p-nitrophenyl 

phosphorotrithioite on the acylaminoacids". 

Racemisation studies by Kenner's method showed 

that in aqueous solution at pH 6.8 30% racemisation 

occurred. 	However, the method has been much used in 
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the synthesis of cyclic peptides in a manner similar 

to the p-nitrophenyl esters. 

Although Wieland has claimed that the arylthiol 

esters should be very resistant to raoemisation611  

Liberek has shown that many benzyloxycarbonyl and 

phthaloyl aminoacid esters are racemised by triethylamine, 

and in fact the thiol esters racemised more rapidly 

than the p-nitrophenyl esters29. 

The analogous selenophenol esters have recently 

been prepared62, using the mixed anhydride method, and 

found to undergo aminolysis in better yields than the 

thiophenol esters. 	No racemisation tests were reported. 

(d) Esters of N-hydroxyamides. 

Nefkens" has reported that the esters of N-hydroxy- 

phthalimide acylate ralinoacid esters at 0°  quantitatively 

in a few seconds. 	These esters were prepared from the 

N-hydroxyphthalimide and the N-protected aminoacid or 

peptide in the presence of dicyclohexylcarbodiimide. 

After the acylation reaction, the hydroxyphthalimide 

liberated was readily removed by washing with sodium 

bicarbonate solution. 

An Anderson test showed no racemisation,but the 

test peptide was prepared in a stepwise manner using 
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benzyloxycarbonylaminoacids and thus the test was not 

valid. 

Using Young's method with acetyl-L-leucine, it was 

found that the active ester was completely racer:Aged, 

and the acylation step could not be studied. 

In order to avoid the base treatment necessary to 

remove N-hydroxyphthalimide, Anderson proposed the use 

of esters of N-hydroxysuccinimide64 which is water 

soluble and readily removed from the reaction mixture. 

The esters are crystalline solids, readily purified, 

which were found to give better yields of peptides in 

many cases, than previous methods, and the acylation of 

aminoacid salts in aqueous solution is possible. 	The 

esters were again prepared by condensation of the N-

protected aminoacid and N,-,hydroxysuccinimide in the 

presence of dicyclohexylcarbodiimide. 

Although several reactions with L-aminoacids were 

reported, no systematic study on racemisation was 

carried out. 

Carbodiimides and related methods. 

Dicyclohexylcarbodiimide was first introduced by 

Sheehan65 as a means of peptide synthesis. 	Thus an 
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acylaminoacid and an aminoacid ester condense at room 

temperature to give the peptide in the presence of the 

carbodiimide, which is itself converted to the urea. 

Dicyclohexylurea is insoluble in most solvents and was 

readily removed from the reaction mixture. 

The course of the reaction is shown in (7). 

Although the acylating intermediate is not isolable, it 

is believed that (IX) and not the N-acylurea (X) is the 

acylating species, since in some cases the acylureas 
+ 

NR, 	NR, 	NHR1  
11 	i t 	li 

RCO2H + C —4 RCO - 0 - C 	---4- RCO - 0 - C 
II 	 1 	1 
NR' / NHR' 

( 	
NHR' 

(IX) 
 

RIM̀ 2 
NHR' 	NHR' 
1 	R"NH 	I 

0 = C 	-------->- RCONHR4  + 0 = C 
I  

RCO - NHR, 	NHR' 

(X) 

could be isolated, in addition to the peptide, and were 

found to be relatively inert to aminoacid esters66. 

The possible formation of the acid anhydride by attack 

of a further molecule of carboxylic acid on (IX) was 

not excluded. 

(7) 
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The insolubility of the ureas becomes bothersome 

when higher peptides are synthesised, thus Sheehan 

prepared a series of carbodiimides with solubilising 

groups in the side chains, e.g. the quaternary salt, 

(XI)67, 

`
CH: 

N = C = N - CH2 CH2 N: 
	

/ US02 	CH3  

(XI) 

which allowed the urea to be readily removed because of 

its solubility in water. 	Hence peptides of all sizes 

can be made by the carbodiimide method, but acylurea 

formation may cause considerable losses. 

Racemisation studies have shown that considerable 

loss of optical purity can occur with this method. 	The 

Anderson test gave 12% racemisation68. 	Young's studies 

with benzoyl-L-leucine showed 46% racemisation using 

free glycine ester and 84% in the presence of chloride 

ion from glycine ester hydrochloride. 	Weygand's 

method, however, showed only 7.2% racemisation at 24°, 

or 42% in the presence of chloride ion. 

Dicyclohexylcarbodiimide has been used to prepare 

many active esters46 y since the ester so obtained can 



be purified, but as with the use of carbodiimides in 

peptide synthesis, racemisation occurs69, and other 

methods are preferable, where available. 

Analogous to the carbodiimides are the cyanamides 

utilised by Losse and Weddige70. 	Diethyl-, diphenyl-, 

anddibenzylcyanamides were heated to 100°  for 2 hours 

with N-protected aminoacids and aminoacid esters in 

the absence of a solvent to give 50%-70% yields of the 

peptides. 	No racemisation studies were carried out. 

Cyanamide itself reacted similarly in refluxing tetra- 

hydrofuran in 5 hours. 	The mechanism of the reaction 

was believed to be similar to that of the carbodiimide 

reaction. 

NH 

	

H 	Rat NR 
RCO2H + RI2NC E N 	RCO - 0 - C 

NRt2 

RCONHR" + RI2NHCONH2 

The ketenimines react in a somewhat analogous 

manner71 but in this case the acylating intermediates 

can be isolated and purified. 	Unlike the carbodiimide 

reaction, this reaction does proceed via the N-acyl 

(8) 



RINE2 Ph2CHCONH 	H
3 

+ RCONHRI 

Ph2C = C = 
C73  RCO2H Ph2CHCON COR 

(9) 
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derivatives. 

Although none of the recognised tests for race-

misation were applied to the process, the L-peptid-3s 

synthesised showed no signs of racemisation. 

Active amide methods. 

As with the esters, amides containing an electron 

withdrawing group adjacent to the nitrogen atom are 

acylating agents, as in the above case with the 

ketenimines. 	The active amides that have found most 

use are, however, those in which the nitrogen atom is 

part of an electronegative aromatic ring. 

The first such amides used were the N-acylimidazoles 

which are readily formed from carbonyl72 or thionyldi-

imidazole73 and the corresponding acid (10) in anhydrous 

tetrahydrofuran. 

0 
N -c N 	RCO213,  

0 
b  

c —R 
IS 
0 

(10) 
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RCOrl CO 
2 

The acylimidazoles can acylate sodium salts of 

aminoacids in aqueous solution, but more usually, an 

nylinoacid ester is added in anhydrous tetrahydrofuran 

at room temperature to the acylimidazole without isolation 

of the latter74. 

An Anderson test gave 5% racemisation at room 

temperature in tetrahydrofuran„ or less than 0.5% in 
074 

dimethylformanide at -10 . 	Weygandts method, however, 

gave 18.4% racemisation at -10°  and 42% at 24°. 

Furthermore, in the studies on environmental factors 

with the carbodiimide method, imidazole was found to 

induce racemisation, thus the method has an inherent 

restriction in this respect. 

In a similar manner N-acyl-s-triazoles can be used 

as acylating agents75. 	These are prepared from 

carbonyldi-s-triazole in the sane manner as for the 

imidazoles. 	The acylations were carried out at room 

temperature in anhydrous dimethylformamide in 60%-97% 

yields. 
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An Anderson test showed no racemisation, even in 

the presence of chloride ion. 	The imidazole analogue 

gave 17% racenisation under these conditions. 

A different approach to this type of compound was 

devised by Ried76, who heated aryl hydrazides with acetyl-

acetone giving N-acylpyrazoles (11) which proved to be 

//
N
I

CI-1
3 

RCONHNH2 + CH3C0CH2COCH3 	RCM 	(11) 

-CH 3 

effective acylating agents. 	Thus 1-(N-toluene-p-

sulphonylglycyl-DL-alany1)-3:5-dimethylpyrazole acylated 

ethyl DL-valinate in 56% yield. 	No tests for race-

misation have been applied to the method. 

Hydroxamic acids have been used in acylation 

reactions in which the acid was oxidised by periodate 

to an unspecified acylating intermediate77, but it is 

found that hydroxamic acids can themselves acylate 

ealinoacid esters78  in 70%-90% yields, in a refluxing 

inert solvent, usually dioxan. 	Since hydroxamic acids 

are readily prepared from esters, the method gives a 

convenient stepwise synthesis of peptides. 	No race-

misation studies were reported on the synthesis, and only 

small peptides were made in this manner. 
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Recently it was found that N-acylsaocharin deriv-

atives were acylating agents79, and they were readily 

prepared by the action of the protected aminoacid on 

pseudosaccharin chloride (XII) (12) 

Cl OCOCHRNHZ 

CH2 
+ N ZNHCHRCO2H 

SO2  
S62  (12) 

NCOCHRNHZ -S'2 
Alternatively saccharin and the acid could be 

condensed in the presence of dicyclohexylcarbodiimide. 

The acylsaccharin derivatives acylated aminoacid 

esters in aqueous tetrahydrofuran in 77%-93% yields, 

but no determination of racemisation was reported. 
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Theoretical Section 

Compounds mentioned have been redesignated with 

Roman numerals, and these are referred to in the 

Experimental Section. 
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(i) Diacylhydroxylamines. 

The use of N-acyloxyphthalimidesi(I) and N-

acyloxysuccinimides2(II) as the acylating species in 

peptide synthesis is reported to give good yields of 

peptides of high optical purity. 	These derivatives, 

however, have usually been prepared using dicyclohexyl-

carbodiimide, itself a peptide condensing agent3 to 

couple the acylamino-acid or peptide with the N- 

hydroxyimides. 	The use of dicyclohexylcarbodiimide 

 

1 	\N.00OCHRNHZ 

0 

.000CHRNHZ 

(I) 

to prepare the active ester may have practical advantages 

over its use in directly forming the peptide, e.g. if 

the active ester is readily purified, and the peptide 

is not, but it would be to some advantage to prepare 

the active esters by a more direct route. 

It would be expected that the diacylhydroxylamines 

would have similar acylating properties to the acyl- 

oxyimides, thus a possible method of preparing the 

diacyl compounds directly from carboxylate ions was sought. 
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Werner and Buss4 have studied the reaction of 

silver benzoate with a-chlorobenzaldoxime (III), the 

proposed reaction scheme was 

Cl 	 OCOPh 

Ph C . NOE + AgOCOPH 	Ph C = NOE 

(III) (iv) 

(1) 
PhCONEOCOPh 

(IV) (V). Phr-__APh 

	

PhCO2H + FhCNO 	N 	'N+  

	

(VI) 	0  

where (IV) was an isolable intermediate. 

This work was repeated, but no evidence for the 

finite existence of the intermediate (IV) was found. 

The i.r. spectrum of the mixture innediately after 

reaction at 0°  showed no oximino-absorption, but was 

entirely consistent with a mixture of the three final 

products. 

m-Chlorobenzaldoxime (III) was found to react with 

carboxylate ions giving the same products, but the 

proportion of the products was found to vary with the 

solvent. 	The yields of diacylhydroxylamines are 
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Table  

The reaction of carboxylic acid salts with 

m-ohlorobenzaldoxime 

Acid ease Solvent Yield 

CH3CO2H Et
3
N CH

3
CN 10% 

PhCONHCH2CO2H NaOH 20% CH3CN-H20 43% 

fi It CH3NO2 46% 

et Et
3
N (0i13)2NCH0 48% 

il Et4 	0H CH
3
CN+  260 

PhCO2H 
ff 11 60% 

n if DIOXAN.+  43% 

it II (CH3)2NCH0+  50% 

tr yi (CH3)3COH 58% 

it /I C6H6+ 66% 

xProduct treeted with cyclohexylamine and isolated as 

the cyclohexylamide. 

Solvents dried by distillation from calcium hydride. 



summarised in Table I. 	in general, under anhydrous 

conditiOns using tetradhylammonium salts, which cannot 

dissociate to give basic substances, the yield of 

diacylhydroxylamine was maximal, and that or diphenyl-

furoxan (VIII) reduced to zero. 

In aqueous acetonitrile, using sodium hippurate, 

a 34% yield of diphenylfuroxan was produced. 	Triethyl-

amine salts in anhydrous solvents also gave diphenyl- 

furoxan. 	These results are at variance with the 
reaction scheme prepared by Werner and Buss for the silver 

salts, and it would appear that the benzonitrile oxide (VI) 

is produced directly from (III) under the influence of 

base, and that displacement of chloride ion by carboxylate 

ion leads only to diacylhydroxylamine. 

Under the anhydrous conditions used by Werner and 

Buss an ionic reaction should give no benzonitrile oxide 

if the same mechanism applied, but since silver has a 

high affinity for chloride ion, it is possible that this 

reaction is not an ionic displacement, but that chloride 

ion is abstracted from (III) by the silver atom, leaving 

the transient carbonium ion (IX). 	This ion could then 

Ph C = NOE 



(VI) 

4  Ph 

50 

either lose a proton to furnish benzonitrile oxide (VI) 

or undergo attack by the carboxylate ion. 

The products could also be explained by the 

mechanism (2), 

Cl 	 0 --COR 
+ 	RCO2H 	14/  \.. 

Ph.0 = NOH base,  Ph.0 ; IT - 0-  ------ Ph.0 	.01H 

N 
1 

Ph.CONHOCOR 

(VII) 

This scheme was disproved, however, since no reaction 

was observed between (VI) and hippuric acid. Also the 

carboxylate ion is essential since free hippuric acid 

did not react with m-chlorobenzaldoxime. 

Under anhydrous conditions, yields still did not 

exceed 40%-60%, thus further improvements in yields using 

tetraethylammonium benzoate in dimethylformamide solution 

were sought. 

Diacylhydroxylamines undergo basic and thermal decom-

position to give amide and carbon dioxide, i.e. the 

Lessen rearrangement5(3). 

(2) 
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0 

heat RCON3000R/ base  RCOROCOR1  ----4.R-CER+ R' CO2- (3) 

RN = C = 0 + R1 00211 	RNHCO.00OR' 	RNHCOR1  + CO2 

To test whether or not this rearrangement was 

occurring, the reaction was carried out at 1000, and at 

-700-00. 	The yield of dibenzoylhydroxylamine (v) was 

virtually unchanged under the different conditions, 

showing that the Lossen rearrangement was not significant. 

Since the rearrangeuent of the a-benzoyloxybenzaldoxime 

to (v) could be base catalysed, as shown in (4), 

triethylamine was added to the reaction mixture prior to 

0--COPh 	0 
/4*-" 	 H — 

Ph C 	0-H 4-1B 	-C —N OCOPh + BE (4) 

work up, but again the yield was unaffected. 

Because yields were generally less than 50%, it was 

possible that the reaction could proceed via the acid 

anhydride (reaction (5)). 	However, yields were unaffected 

by any variation in the molar ratio of the reactants, 

and no benzhydroxamic acid was present in the reaction 

mixture, as shown by negative ferric chloride tests. 
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OCOPh 

Ph.0 	+ PhCO2  ---* Ph.CO.NEOH + (PhC0)20 

NOH 
	

(5) 

Ph.CONEOCOPh + PhCO2H 

After the initial nixing of the reactants, a small 

amount of a gas was evolved, which was not carbon 

dioxide. 	It has been observed that N-benzoyl-O- 

cyclohexane-carboxylhydroxylamine reacts with nitrosating 

agents with the evolution of nitrous oxide and the 

production of benzoic and cyclohexanecarboxylic acids 

(reaction (6))6. 	Thus if a nitrosating species was 

produced during the course of the m-chloro-oxime/benzoate 

ion reaction, this could account for the gas evolved, 

and could cause loss of product. 	The only byproduct in 

the reaction was benzoic acid, and the total benzoate 

/---\ 
Ph CONHOCO 	+ NO 	Ph-CON-OCO /  

H  

PhCO H + N 0 + 70 O' 

2 	() 0: 	4, 

2 	2 	2 

	

/ / 	\\ 

	 / 
(benzoic acid and the 0-benzoyl residue) was greater 

than the quantity added, thus some must be generated 

from the a-chloro-oxirne. 	The reaction mixture also 
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gave a positive Griass test7  for nitrosating agent. 

This would strongly suggest that loss of product does 

occur by a reaction analogous to (6). 

Attempts were made to estimate the nitrosating 

agent using tetraethylammonium sulphanilate to trap the 

nitrosating species and determining the diazotised 

sulphanilic acid spectrophotometrically, after coupling 

with a-naphthylamine. 	However, the suiphanilic acid 

salt did not compete sufficiently well with the diacyl- 

hydroxylamine, since the estimation showed that only 

0.93% of the starting material was trapped at the 

nitrosating agent stage, and the yield of benzoic acid 

obtained belies this figure. 

The nature of the nitrosating species and its mode 

of formation have not been determined. 

Since diacyihydroxylamines could be prepared, although 

in unsatisfactory yields, their acylating properties were 

investigated. 

At room temperature N-benzoy1-0-hippurylhydroxylamine 

(XI) gave a good yield of hippurylcyclohexylamide on 

treatment with cyclohexylamine for 24 hours. 	In re- 

fluxing nitromethane, the Lessen rearrangement occurred 

(reaction 3) heavily contaminating the product with 
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N-phenyl-N'-cyclohexylurea forged by reaction of oyclo- 

hexylamine with the phenyl isocyanate intermediate. 

That the rearrangement was base catalysed was shown by 

the recovery of unchanged (v) after refluxing in nitro- 

methane alone. 

Since it was hoped to prepare the diacyihydroxylamine 

intermediates from carboxylate ions, it would be an 

advantage if the intermediates would acylate free amino- 

acids or their sodium salts, thus avoiding hydrolysis 

of the esters. 

However, treatment of glycine and its sodium salt 

with (XI) in aqueous solution gave no reaction. 

3y analogy with the use in peptide synthesis of the 

carboxylic acid azides 	a-azidobenzaldoxime (XII) was 

studied. 	This was prepared by the displacement of 

chloride ion from (III) by azide ion. 	There has been 

some doubt as to the structure of this cempound9, since 

it could exist in two possible forms, (XII) and (XIII). 
OH 	OE 

liN%• 
Ph.0J 

r")  — 	
Ph.0 	(7) 

N = N = N 	Y-N 

(xi') 	(xiii) 
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The i.r. spectrum of the componnd shows that at 

least in chloroform solution, it exists in the azido- 

form (XII). 	However, unlike the acyl azides, (XII) did 

not react with carboxylate ion. 

Because the yields in these reactions were too low 

for a useful peptide synthesis, and the attendant side 

reactions give rise to contaminated products, the 

studies on diacylhydroxylamines containing N-H groups, 

to which these disadvantages could be attributed were 

discontinued, and N-alkylated products were investigated, 

which could neither undergo Lossen rearrangement in the 

acylation reaction, nor give rise to benzonitrile oxide, 

or presumably, the nitrosating species in the initial 

active ester formation. 

(ii) Aromatic nitrones. 

It would appear from the foregoing discussion that 

the a.,..substituted nitrone system (XIV) where X is a good 

leaving group might prove useful as a peptide condensing 

agent. 

X 	0- 

R - C = N+ 	RI 

(m) 
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Since the /I-alkyl oximes (XIV, X = H) can be pre-

pared by alkylation of the free oximesi°, attempts were 

made to N-alkylate a-chlorobenzaldoxime (III). However, 

treatment of (III) with a variety of reagents, e.g .  

methyl toluene-p-sulphonate, methyl iodide, benzyl 

chloride, p-bromophenacyl bromide, in the absence of 

solvents or in refluxing polar solvents such as 

dimethylformamide or acetonitrile, did not give the 

required nitrones. 	Presumably the electronegativity of 

the nitrogen atom was considerably reduced by the 

introduction of another electronegative atom in an 

adjacent position. 

Unlike most aliphatic nitrones11, aromatic nitrones do 

nOtdimerise12 and are readily prepared by the action of 

an N-alkyl- or N-arylhydroxylamine on the aromatic 

aldehyde12. 

The nitrone system (XIV, X = ar) is similar to the 

oxime group, and it was possible that electrophilic 

attack could occur in the a-position, as shown in (8) 

for Nm-diphenylnitrone (XV), in a manner analogous to 

the chlorination of °mimes13. 
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0-) 	 0 	0 

Ph CH = N.  - Ph 	Ph - C N - Ph 	Ph - C = N' - Ph 

Br - Br 	Br 

\t 
(xv) 	

(XVI)! (8) 
ar  

The nitrone (XV) was found to absorb 1.17 equivalents 

of bromine at room temperature in chloroform solution 

and a monobrominated product (XVII) was isolated. 

Similarly, N-phenyl-m-(p-nitropheny1)-nitrone (XVIII) 

gave a monobrominated product (XIX). 	The bromo-compounds 

(XVII) and (XIX) were not a-bromonitrones, since no 

hydroxamic acid was detectable on mild hydrolysis in the 

presence of ferric chloride. 	On being subjected to 

base hydrolysis, both (XVII) and(XIX) gave the same 

bromine containing product, identified as 414'-dibromoazoxy- 

benzene (XX). 

p-Bromophenylhydroxylamine is known to undergo 

oxidative dimerisation under basic conditions to give 

the azoxybenzenelli(XX),and a specimen of (XX) obtained 

in this way was shown to be identical with the product 

from the basic hydrolysis of the brominated nitrones. 

The aldehyde fragment from the hydrolysis of (XVII) was 

isolated as its dimedone derivative. 

When bromination of Nm-diphenylnitrone (XV) was 

carried out under more forcing conditions, using two 



Br 

Br 	 Br 
p-aminophenol under acid catalysis 

analogous to the rearrangement 
le-- Br- 

t4-1-
EI-OB 

of phenylhydroxylamine
Br
to 

E 
Br  

Try 
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equivalents of bromine, the m-position was still not 

brominated, and the molecule was cleaved, again 

producing benzaldehyde, together with 2:4:6-tribromo 

aniline. 

The position of bromination in these compounds was 

unexpected. 	Since nitrones are readily cleaved under 

acid conditions to aldehyde and hydroxylamine15, it 

was possible that the N-phenylhydroxylamine produced 

was monobrominated and the p-bronophenylhydroxylamine 

recombined with the aldehyde. 	Thus N-phenylhydroxylaMine 

was brominated under the conditions used, and 82% of the 

one equivalent of bromine added was recovered as 2:4:6- 

tribromoaniline hydrobromide. 	This product could 

arise by an initial electrophilic substitution of two 

bromine atoms in the ring, followed by the acid catalysed 

displacement of the hydroxyl group by a bromide ion (10), 

2 
(9) 

This result shows that cleavage of the nitrone does 

not occur in the formation of the. mono-brominated products 



operate, even when R 
0- 

N 
C /  

, err  (XXI) jml  

is a p-nitrophenyl group. 
Ft' 

N 

(xxii) 
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and an effect of the type illustrated in (XXI) must 

The delocalisation of the negative charge, as shown 

in (XV), which would cause electrophilic substitution 

in the c,-position or in the m-aryl group cannot have 

great significanoe in the electronic structure of the 

molecule, even in the presence of an attacking electrophile. 

Brown and Katritzky17 have reported that immonium 

ions of the type (XXII) are nitrated in the p-position 

of the aryl group. 	Also the nitration of indoles18 and 

of benzylidene aniline19 in concentrated sulphuric acid, 

in which the immonium ions must be present, to give 

p-nitro-derivatives supports the above interpretation of 

the bromination. 

Since N-arylnitroues proved unsatisfactory, N-methyl-

m-(p-nitropheny1)-nitrone (XXIII) was studied in an 

attempt to restrict bromination to the ct-position. 

Bromine was absorbed by this molecule only on prolonged 

refluxing in chloroform solution, and as in the case of 

the diaryl nitrones cleavage occurred under these 
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conditions, the isolated products being p-nitrobenzaldoxime 

and p-nitrobenzoic acid. 	The former would be produced 

by the demethylation of the starting material by 

hydrogen bromide and the latter could arise either by 

oxidation of p-nitrobenzaldehyde, or by hydrolysis and 

cleavage of an a-bromonitrone. Although an a-bromonitrone 

was not isolated, the foregoing results indicated that 

the formation of this system during reaction may have 

occurred. 

As direct substitution in the a-position of (XXIII) 

was still a possibility, a radical chlorination was 

considered. 	t-Butyl hypochlorite chlorinates organic 

compounds via chlorine atoms©. 	Since these radicals 

are electrophilic in character, attack on (XXIII) would 

be expected to be at the a-position. 	However, no 

reaction was observed between (XXIII) and the hypochlorite 

in chloroform solution at room temperature after 16 hours, 

the nitrone being recovered unchanged. 

The introduction of an a-carbonyl group was con-

sidered as a potential means of activating the a-carbon 

atom to electrophilic attack. 	Thus a-(p%bromobenzoy1)-

N-(p-dimethylamino-pheny1)-nitrone (XXIV) was prepared 
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from p-bromophenyl pyridinium bromide and p-nitrosodi- 

methylaniline in the presence of base. 

As was expected bromine was readily absorbed by 

this molecule, but there was no evidence of a-bronination, 

since the product did not give a ferric chloride colour 

on mild hydrolysis. 

Since direct halogenation of the nitrones was not 

successful, alternative syntheses were sought. 	Two such 

were the oxidation of an iminochloride, and the conden- 

sation of a hydroxylamine and 

trichloromethyl group. 

The oxidation of N-phenylbenziminochloride (xxv) was 

attempted with m-chloroperbenzoic acid. 	The only 

product isolated was shown to be N-benzoyl-p-chloroaniline 

(XXVI), which could arise by addition of the per-acid to 

the imino-group, and the resulting adduct could break 

down either to give the amide, chlorine atoms, aryl 

radicals and carbon dioxide, or to give the acyl hypo-

chlorite which could either decompose to the above 

radicals, or carry out an electrophilic attack on the 

benzanilide. 	In both cases the chlorinated product 

could be the one isolated, but a radical attack would be 

less selective. 

a compound containing an active 
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Ph 

PhNH.0 - Cl 

0- 000Ar 
4N 

ACOO-C1 	NHCOPh--4ArCO2H 

+ Cl -{ 	NHCOPh 

(XXVI) 

Cl 

(io) 

where Ar = 

Studies on hypochlorite chlorinations generally 

favour a radical mechanism, but the ionic reaction has 

20 not been ruled out. 	Chlorobenzene was not found in 

the above reaction, and no carbon dioxide evolution was 

observed, which indicates that the ianio reaction (10) 

is the more probable. 

The reaction of N-methylhydroxylamine with benzo-

trichloride was a potential source of m-chloronitrone, 

but no nitrone was isolated. 	The reaction of N-methyl- 

hydroxylamine hydrochloride and benzotriehloride in 

anhydrous ether in the presence of three equivalents of 

triethylamine gave N-methylbenzhydroxamic acid. 	This 

could arise by hydrolysis of the nitrone. 	That this 

occurs in apparently anhydrous conditions, indicates the 

high reactivity of an a-chloronitrone towards water. 
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(iii)Pyrroline-l-oxides and related compounds. 

As bromination of the aromatic nitrones had not 

given the required m-substitution, the possibility of 

a-bromination of the aliphatic nitrones was considered. 

Aliphatic nitrones usually exist as dimers11, but 

the L 1  -pyrroline-l-oxides have been shown to be 

monomeric22  and the bromination of these compounds was 

studied. 

4:5:5-Trimethyl-Lj-pyrroline-l-oxide (XXVII) was 

prepared by the base catalysed condensstion of 2-

nitropropane with crotonaldehyde, followed by zinc and 

ammonium chloride reduction of the resulting nitroaldehyde.  

(xxvIII) 	(xxvii; 

4. 
N 	N• 	 .1\T 
1 	 1 t 

OH 	OH 	t L 	' OH 
1 
0 

(XXIX) 	(XXX) 

The tautomeric (XXIX) and raesomeric (xxviii) forms 

of the nitrone could both undergo bromination, giving 

either 3- or 2-substitution respectively. 	The 

formation of (XX-di) by a base catalysed aldol condensation
21 

shows that tautomerism to (XXIX) can occur, but-

pyrrolines have not been isolated, except in the 
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N-alkyl series23  . 	Otherwise rearrangement to the 211-

isomers occurs. 

Assuming that tautomerisu can occur, it may be 

expected to have a higher activation energy than the 

mesomerism required to give m-subtitution, and thus 

m-attack may be favoured. 

The pyrroline (XXVII) is hygroscopic and was dried 

before reaction by azeotropic distillation with benzene. 

In spite of this precaution brominated products were 

never isolated on treatment with one equivalent of 

bromine in anhydrous benzene, but l-hydroxy-4:5:5-

trimethylpyrrolidone (XXXI) could be isolated in 26% 

yield after hydrolysis of the reaction mixture, showing 

that a-bromination does occur. 	The product of 0- 

bromination was not isolated. 	The reaction mixture 

developed a green colour, showing that ring cleavage to 

nitroso-compounds nay have occurred. Hydroxamic acids 

are known to be cleaved by bromine and other oxidising 

agent s24. 

In an attempt to trap the a-bromonitrone before 

hydrolysis the crude reaction mixture was treated with 

benzoate ion, but the i.r. spectrum of the product 

showed that no N-benzoyloxypyrrolidone was present. 



- 65 - 

Thus assuming that direct oxidation tu the hydroxamic 

acid does not occur, the m-bromonitrone formed must be 

very reactive towards water. 

As ..1-pyrroline-l-matclos with two alkyl groups in 

the 6-position are not readily available attempts were 

made to prepare the 3:4-benzo-derivatives, the 

pseudoisoindole-N-oxides. 

Initially a route to pseudoisoindole-N-oxide itself 

(XXXII) was sought, although this could prove to be 

unstable due to tautomerism to the isoindole. 	The 

method chosen was the reaction of hydroxylamine with 

o-chloromethylbenzaldehyde (XXXIII) or phthalanol 

(XXXIV) or its toluene-p-sulphonate. 

Phthalanol has been prepared by the reduction of 

phthalide with sodium amalgam, but this method could not 

be repeated. 	The reduction of phthalaldehydic acid 

ethyl pseudo-ester (XXXV) with lithium aluminium hydride 

gave only phthalyl alcohol. 	Sodium borohydride did 

not react. 

The oxidation of o-tolualdehyde was attempted. 

N-Bromo-succinimide gave o-toluic acid and phthalide. 

The aldehyde group must be first oxidised. 	The subse- 

quent bromination of the methyl group, followed by 
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cyclisation would give phthalide. 

o-Tolualdoxime, on treatment with N-bromosuccinimide 

regenerated o-tolualdehyde„ and i.r. evidence for the 

formation of o-tolunitrile was obtained. 	The aldehyde 

was presumably formed by hydrolysis during work up in 

the presence of hydrogen bromide. 	The starting material 

was the anti-aldoxime, and since anti-oximes are known 

to dehydrate to nitriles26 this must have occurred 

under the reaction conditions. 

An alternative route to (XXXIV) was the hydrolysis 

of 	f,h):::.):tat-trichloro-o-xylene (XXXVI). 	This was 

prepared by chlorination of o-xylene at the boiling point 

until the correct weight increase occurred. 

Treatment of (XXXVI) with sodium ethoxide followed 

by acid hydrolysis of the acetal gave o-ethoxymethyl-

benzaldehyde (XXXVII) in 66% yield, but the cleavage of 

this to o-acetoxymethylbenzaldehyde or phthalanol with 

perchioric acid in acetic acid did not occur. 

Acid hydrolysis of (XXXVI) with concentrated sulphuric 

acid gave o-chloromethylbenzaldehyde (XXXIII) in 72% 

yield. 	Treatment of this with hydroxylamine in aqueous 

ethanolic solution gave an intensely coloured product. 

Since the pseudoisoindole would not be coloured, it is 
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probable that the isoindole form if produced, underwent 

polymerisation27. 

Hydroxylamine and Wu,,I.L.g-trichloro-o-xylene gave 

the same product. 

The isomerisation of the product would be prevented 

by a gem-dimethyl group on the saturated carbon atom 

in the pseudoisoindole. 	However, a more accessible 

intermediate appeared to be 3:4-dihydro-3:3-dimethyliso-

quinoline-2-oxide, which it was propowed to prepare by 

the route shown in (11). 

CHO 	NO2 	CHO 	0- 

Na 

CH2 	C(CH3)2 	 (11) 

Cl 

The initial reaction did not proceed as shown, attack 

at the carbonyl group was preferred, but the bulk of the 

product was unchanged starting material. 

(iv) N-cyloxypvridones and related compounds. 

The work so far described has shown that the m- 

substituted nitrone system (XIV X = Br, Cl), if it was 

formed, was very readily hydrolysed. 	Thus a less 

reactive molecule containing this grouping was sought. 
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One method of reducing the reactivity was to incorporate 

the group into an aromatic system, such as a pyridine-

1-oxide. 

2-Chloropyridine-l-oxide (XXXVIII) was prepared by 

the action of peracetic acid on 2-chloropyridine at 

600-70°. 	This nitrone, however, did not react with 

benzoate ion at room temperature or at 100°. 	Treatment 

with silver acetate caused reduction of the oxide and 

the precipitation of silver coci-ct.c. 

In an addition-elimination mechanism of the type 

shown in (12), two factors concerning the group X are 

of importance. 	The addition step would be influenced 

 

+ B 

 

+ X 	(12) 
X 

 

by the size of the group X and whether or not it hinders 

the attack of B-, and the elimination step would be 

affected by the power of X-  as a leaving group. 	If the 

second factor were dominant then 2-iodopyridine-l-oxide 

(XXXIX) should be more readily attacked by nucleophiles 

than the 2-chioro-analogue. 
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2-Iodopyridine-l-oxide (XXXIX) was prepared by the 

action of peracetic acid on 2-iodopyridine. 	Preparation 

by an exchange reaction between (XXXVIII) and iodide ion 

could not be effected28. 	The oxide (XXXIX) again did 

not react with carboxylate ion. 

Talik29 has found that in the series of 2-halogeno-

4-nitropyridine-l-oxides, the attack of dimethylamine 

occurs in refluxing ethanol only when two or more 

equivalents are present. 	Excess sodium methoxide 

preferentially attacked the nitro-group. 	The order of 

reactivity of the halogen atoms was Br > Cl > I, 

indicating that the size factor only becomes important 

for the iodine atom, and it would appear that for the 

chloro- and bromo-compounds, the elimination is the rate-

determining step, and for the iodo-compounds the 

addition is the rate-determining step. 

Methods of activating the 2-chloro-group in (XXXVIII) 

were therefore sought. 	The initial attempts were to 

introduce an electron withdrawing group onto the aromatic 

ring. 

2-Chloro-4-nitropyridine-l-oxide (XL) is readily 

available by nitration of (XXXVIII). 	Talik had shown 
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that this did not have a very active halogen, and in 

agreement with this, no reaction was observed with 

benzoate ion at 100°. 

Since a 4-nitro-group could only activate by an 

inductive effect, attempts were made to prepare 5-nitro-

derivatives which would activate the chloro-group by 

the more powerful mesomeric effect. 

2-Chloro-5-nitropyridine was prepared according to 

the method of Phillips", and attempts were made to 

oxidise this with 40% peracetic acid, 80% hydrogen 

peroxide, m-chloroperbenzoic acid and t-butyl perbenzoate. 

In all cases no reaction occurred, even after several 

hours at 100°. 	The introduction of the 2-chloro- and 

5-nitro-groups onto the pyridine ring must therefore 

reduce the nucleophilic character of the nitrogen atom 

by too great an extent for attack by the nitrogen atom 

lone pair to be possible. 

In order to check the acylating properties of the 

N-acyloxypyridones, 2-chloropyridine-l-oxide was hydro-

lysed at 100°  with 10% sodium hydroxide solution to give 

an 86% yield of 1-hydroxy-2(1H)-pyridone (XLI). 

Benzoylation of this with benzoyl chloride in pyridine 

solution gave the desired 1-benzoyloxy-2(1H)-pyridone 

(XLIII). 	The acylation of cyclohexylamine with (XLIII) 
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in nitromethane solution at room temperature was complete 

in 4 hours, and a quantitative yield of the amide was 

isolated. 

The potent acylating power of the intermediate was 

thus indicated and further efforts were directed to 

synthesising a suitably activated 2-substituted pyridine-

1-oxide. 

Suzuki31  has shown that the 1-hydroxy-4(1H)-pyridone 

system can be converted to the 4-chloropyridine-l-oxide 

system by the action of phosphorous oxychloride under 

rigorously defined conditions. 	Thus attempts were made 

to utilise this reaction with the nitro-2-pyridones. 

The pyridone (XL1 ) was nitrated with fuming nitric 

acid in acetic acid solution at 40°  to give 3:5-dinitro- 

l-hydroxy-2(1H)-pyridone (XLIV) in 76% yield. 	However, 

no reaction was observed between (XLIV) and phosphorus 

oxychioride. 	Even after 3 hours refluxing, the starting 

material was recovered in 90% yield. 

An alternative to the introduction of nitro-groups 

into the molecule, is the use of heterocyclics containing 

more than one hetero-atom. 	The reactivity of the 

chloro-compounds32 of such a series is: 
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N 01 N Cl 	Cl 
(xLv) 

Thus 2-chloropyrimidine (XLV) was prepared by the 
method of Overberger33. 	The oxidation of (XLV), 

however, was not accomplished. After 5 hours at 100°  

with 20% peracetic acid, only starting material was 

recovered. 

As a comparison for the reactivity of the chloro- 

nitro-compounds, 2-ohloro-3:5-dinitropyridiue (XLVII) 

was prepared by further nitration of 5-nitro-2(lH)-pyridone, 

with fuming nitric acid and fuming sulphuric acid, 

followed by treatment of the dinitropyridone (XLVI) 

with phosphorus pentachioride and phosphorus oxychloride 

under reflux. 

The chloro -compounds investigated were subjected 

to alkaline hydrolysis at 23.5°, and the relative rates 

of hydrolysis found by titration of aliquots of the 

reaction mixture with standard acid at regular intervals. 

The results are shown in Graph I. 

As contributions of the type shown in (IL) to the 

electronic structures of the molecule would increase the 

electron density on the carbon atom 2 in (XXXVII), then 

it would be expected that the halogen atom of the 
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quaternary salt (XLVIII) would be more readily displaced 

Cl 
II 	 I  CH

3  
(IL) 	(XLVIII) 

than the halogen atom of (XXXVII). 	This is substantiated 

by the reactivity of the compounds towards hydroxide 

ions. 	The quaternary salt reacts readily at room 

temperature, the N-oxide reacts only on heating. 

Hence 2-iodo-l-methylpyridinium iodide (XLVIII) was 

prepared by the quaternisation of 2-chloropyridine with 

methyl iodide at 800. 	Exchange of iodine for chlorine 

occurs during the course of the reaction. 	Treatment 

of a solution of (XLVIII) in dimethylformamide with 

benzoate ion at room temperature, followed after 11 hours 

by cyclohexylamine gave a 53% yield of benzoylcyclohexyl- 

amide. 	The yields of amides obtained in various 

solvents is shown in Table II. 
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Table II  

The synthesis of cyclohexylamides using 2-iodo- 

1-methyl-pyridinium iodide. 

%Acid Base Solvent Yield 

PhCO2H Et3N (CH3)2.NCHO 53% 

tr 11  CH3NO2 43% 

ft " CH
3
CN 70% 

CH3c0211 NaOH 65% CH3CN/H20 25% 

From the reaction of (XLvII1) with hippurate ion, 

a red crystalline solid was isolated, which could be 

recrystallised in a red or yellow form, differing only 

in their nujol mull i.r. spectra, by slow or rapid cooling 

respectively, of solutions in acetonitrile. 	The 

analytical data indicated that the product was a 1:1 

combination of the reactants. 	This product did not 

react with cyclohexylamine in refluxing acetonitrile. 

The i.r. spectrum showed peaks at 1680 cm-11  1635 cm-1, 

1605 cm-1, 1595 cm-1. 	The n.m.r. spectrum in dimethyl- 

sulphoxide showed the presence of one N-methyl group 

at 5.65 -0 and nine aromatic protons, only one of which 
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was completely resolved, and it appears as a triplet 

at 3.22-C (d = 7 c.p.s.), each peak being further split 

into a doublet 	= 1.5 c.p.s.). 

Degradation experiments were largely unsuccessful, 

but permanganate oxidation and ozonolysis both gave 

benzamide as the only isolable product34. 	This indicates 

that the benzamide nitrogen atom was attached to an 

unsaturated carbon atom. 	On the basis of this evidence, 

the structure (L) was proposed for the product, and its 

(13) 
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Further evidence for this route was obtained, since 

the intermediate 2-phenyl-oxazol-5-one, prepared by an 

alternative route35 on treatment with the pyridinium 

salt gave the oxazolone (L). 

The resolved proton in the n.m.r. spectrum at 3.22 1 

was consistent with the proton at position 5 in the 

pyridine ring of (L). 	The low i.r. carbonyl absorption 

for the oxazolone ring of (L) and the lack of reactivity 

towards nucleophiles indicate that there is a consider-

able contribution of the dipolar resonance hybrid (LI) 

to the structure of (L). 

Concurrent with the work on quaternary pyridinium 

salts, attempts were made to prepare 2-chloro-l-methyl-

Al-pyrrolinium salts. 

2-Chloro-I3 -pyrroline (LII) was prepared by the 

action of phosphorus pentachloride on 2-pyrrolidone 

hydrochloride in refluxing carbon tetrachloride. 

Quaternisation of (LII) gave the N-methyl salt (LII$ in 

dimethylformamide at room temperature was treated with 

benzoate ion, followed after 6 hours by cyclohexylamine, 

to give a 28% yield of benzoyl-cyclohexylamide. 

The pyrrolinium salt was not as effective in forming 

amide bonds as the pyridinium salt, and because the 

pyridinium salt so readily induced oxazolone formation, 
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it would not be of any use in a peptide synthesis, since 

although oarbobenzoxyamino-acids may not racemise under 

these conditions, a peptide chain would, and the method 

would be less efficient than existing peptide syntheses. 

An alternative route to the N-acyloxypyridones was 

sought by means of suitable substituents on the hydroxyl 

group. 

Longosz and Tarbell36 found that mixed carbonic-

carboxylic anhydrides of the type (LIV) are thermally 

stable up to 1500-1700  in inert solvents, or up to 900  

in the presence of chloride ion. 	In both cases 

decomposition gave the same products by the two routes 

A and B (14). A and B were found to occur to an equal 

extent. 

0 0 

Ar-C-O-C-OR 

ArCO2R + CO2 

(ArC0)20 + (R0)2C0 + CO2  

Thus it would appear that the use of N-chloroformyloxy-

2-pyridone (LV) would not lead to good yields of acyloxy-

pyridone under mild conditions on treatment with carboxylate 

ion. 	If, however, (LV) could be cyclised, as shown in 
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(15) to give the cyclic carbonate (LVI), then two possible 

points of attack of carboxylate ion are feasible (arrowed). 

If attack (a) occurs, then all the product 

1-acyloxypyridone, but if (b) occurs, then 

should result. 

,(f  0 	Cl 
.  
'4 	0  0-00 - Cl 	0 	

/  
0 

(Lv) 	(LVI) 

1 -Hydroxy -2(111) -pyri done 

should be 

a mixture 

(ILO 

was treated with excess 

phosgene in chloroform at room temperature and a crystalline 

product separated 

with an authentic 

oxide hydrochlorid 

routes, (16) or (1 

224, 

OH  

out, which was shown by comparison 

specimen to be 2-chloropyridine-l- 

e. 	This can arise by two possible 

7). 

coal 
011 

Cl 

ocoel 	4 
Chi 

Cl 

1_ IV 	(17) 

in the absence of a solvent. The experiment was repeated 

The solid 1-hydroxy-2(1H)-pyridone was stirred in liquid 
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phosgene for 2 hours. 	After evaporation of the phosgene, 

a solid residue remained which reacted very readily with 

water, evolving carbon dioxide, and was insoluble in 

chloroform. 	The i.r. spectrum showed absorption at 

1895 cm-1, and 1630 cm-1, and on this evidence it would 

appear that the product is the cyclic carbonate (LVI). 

The product was heavily contaminated with starting 

material and purification was not accomplished, thus the 

quantity of carbonate in the mixture was assessed by 

determining the carbon dioxide evolved after hydrolysis. 

This showed the product to be 37% (LVI). 	Treatment of 

the carbonate with benzoate ion afforded a 33% yield of 

1-benzoyloxy-2(1H)-pyridone (XLVI), based on the 

carbonate content of the starting material. 

Because of the contamination of the starting 

material with 1-hydroxy-2(1H)-pyridone, the origin of 

the benzoyloxy-derivative is doubtful. 	The yield 

obtained shows that either(15a)or (15b) could have occurred, 

and also an intermediate could have benzoylated the 

pyridone present in the starting material. 

Since the carbonate was not purified, and the 

acylation reaction did not proceed in good yield, the 

reaction was not studied as a potential peptide synthesis. 
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(v) Formamidines and related compounds. 

As the attempted synthesis of a,-substituted nitrones 

was not successful, other systems which could give the 

desired intermediate were sought. 

It was possible that substituted formamidines of 

the type (LVII) could undergo attack by carboxylate ion 

(18) giving N-acyloxyureas (LVIII), which again would 

be expected to be good acylating agents. 

X OH 
I Vsk ArNH =C-N-R+ RiC02- 	ArN =C 	OH + HX. 

(LVII) 

(18) 

(LVIII) 

Kuhle37 has reported that phenyl isocyanodichioride 

(LIX), readily prepared by the chlorination of phenyl 

isothiocyanate, reacts with one equivalent of a secondary 

amine to give a chioroformamidine, which may also be 

formed, together with alkyl chloride, from a tertiary 

amine and (LIX). 	Primary amines give only the guanidine 

derivative. 

As N-methylhydroxylamine contains a disubstituted 

nitrogen atom, the reaction with phenyl isocyanodichloride 

was studied. 	No chloroformamidine was isolated. 

ks 
o c ,  

1 
0 

ArNHCONOCOR,  
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If the reaction mixture was treated with triethyl-

ammonium benzoate after 2 hours at -20°, no diacyl- 

hydroxylamine was found on work up. 	If, however, a 

mixture of the dichloride (LIX), benzoic acid and 

N-methylhydroxylamine hydrochloride in anhydrous aceto-

nitrile solution was treated at -20o with triethylamine, 

a product could be isolated which had an i,r. spectrum 

consistent with the required N-benzoyloxy-N-methyl-Nt-

phenylurea (LX), but a satisfactory analysis of this 

material was not obtained. However, on treatment of the 

reaction mixture with cyclohexylamine cyclohexylbenzamide 

was isolated in 6% yield. 

The formation of (LX) could have occurred via the 

proposed route, i.e. the initial formation of (LVII, 

X = Cl„ Ar  = Ph, R = CH3), followed by reaction (18) 

(R' = Ph'), or via the formation of benzoic anhydride, 

e.g. in reaction (19) 

Cl 
/ T#vIr\ 

PhN = C
\ 	

+ PhCO - ---* PhN = C--'0-.COPh --4. PhNCO + (PhCO)20 
C1

2 	- 
-.21  
-000Ph 	(19a) 

CH
3 

PhNCO + CH
3 
 NHOH 	PhNHCON

/CH 

3  (PhCO) 20} PhNHCON-4-000Ph 

	

OH 	(19b) 

(LX) 

Cl 
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It would be expected that reaction (18) would be 

favoured since this requires the initial attack of 

N-methylhydroxylamine, which was the strongest nucleophile 

present. 

The fact that (LX) was formed only when benzoate was 

present throughout the initial reaction indicates one 

of two possibilities, either that reaction (19) is the 

mode of formation or that the intermediate (LVII, X = Cl, 

Ar = Ph, R = CH3) rapidly decomposes into products which 

do not react with benzoate ion. 

The reaction of the dichloride (LIX) with benzoate 

alone gave a crude product with an i.r. spectrum showing 

no benzoic acid absorption. Work up of the reaction 

mixture gave a 31% yield of benzanilide. 	The i.r. 

spectrum indicated that the other product was an anhydride, 

and after hydrolysis, benzoic acid was isolated. 	Thus 

reaction (19) would appear to be tenable in this case, 

the isocyanate formed reacting with further benzoic acid 

to give benzanilide and carbon dioxide. 

These results show that reaction (19) may be operative 

in the formation of (LX), and alternative fornamidines 

were sought. 
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Phenyl isocyanodichloride reacts with bifunctional 

compounds to give 

acid gives (LX) 

/C1 

PhN = C 	+ 
\ 
Cl 

(LIX) 

heterocycles37, 	e.g. 

HOC  
/7  

C , 

\ S 

(LXI) 

thioglycollie 

(20)  CH2 --* Ph.N = 

HS/// 

Thus the possibility of forming the heterocycle 

(LXIII) was considered. 

(21)  

(LXII) 	LXIII) 

2-Hydroxylaminoethylpyridine (LXII) was prepared by 

the addition of hydroxylamine to 2-vinylpryidine. 

Reaction of (LXII) with the dichloride (LIX) gave a red 

semisolid product which did not react with benzoate ion. 

The structure of the red material was not determined. 

Another possible route to the N-acyloxyureas is via 

the modified Passerinl reaction38  illustrated in (22). 

OH OH 	1 Cl 
/7 	16 	t 

,/' 
PhN = C 	+ 	. --* PhN = Q 

\ 

	

	4 
„ ,.." Cl 	N ;(LIX) 
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Ph 
AI 

NO=N 
RN = C-  + PhN = 0 + RICO2H -4-RN = /' -OH 

°CORI 	(22) 

Ph 

RNHC - 1JOCOR1  

0 

This is dependent upon a nitroso-group reacting in 

a manner analogous to a carbonyl group. Ugi" has 

shown that many variation on the carbonyl moiety in the 

reaction are possible, particularly the use of immonium ions. 

The addition of amines 40,  hydroxylamines41 and earbanions42 

to nitroso-groups show that nucleophilic attack on the 

group at the nitrogen atom is possible. 

p-Bromophenyl isonitrile (LXIV) was prepared by the 

action of phosphorus oxychloride and potassium t-butoxide 

on p-bromoformanilide, and purified by sublimation. 

Cyclohexylisonitrile (LXV) was prepared according to the 

method of Ugi43. 	No reaction was observed between (LXIV), 

nitrosobenzene and benzoic acid after 24 hours at room 

temperature. 	The reaction using cyclohexylisonitrile with 

a trace of toluene-p-sulphonic acid gave only cyclohexyl- 

formamide and benzoic anhydride. 	It would appear, 

therefore, that nitrosobenzene is not sufficiently 
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electrophilic to undergo attack by the isonitrile group. 

Sammes44 has shown that N:N-dialky1-0-acyl-hydroxyl-

amines are capable of acylating amino-acid esters, 

although not as efficiently as the diacylhydroxylamines. 

The product of a Passerini reaction using a nitrone as 

the electrophilic molecule should lead to such a compound, 

as shown in (23) 

R' 	Rfl 	R' 	Rfl 

\\ CH = 	Cif - N  
7- 	\\ 	Nc\ 

RN E. U 	OH 	RN = C 	SOH 

152CR if 	 R rrt  

 

RI 	Rrr 

- N 

R.NH.00 	OCORfll 

 

 

( 2 3 ) 

Thus N-methyl-a-phenylnitrone (LXVI), benzoic acid 

and cyclohexyl isonitrile were kept at room temperature 

for 10 days. 	Evaporation of the solvent left a residue 

containing a mixture of starting materials together with 

cyclohexylformamide, and benzoic anhydride, but no 

N:N-dialky1-0-acylhydroxylamine. 
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EXPERIMENTAL SECTION 

Melting points, which are uncorrected, were deter- 

mined on a Koller block. 	Infrared spectra were 

recorded on a Unlearn S.P.200 spectrophotometer, and 

ultra violet spectra on a Perkin Elmer Spectracord 4000. 

Solutions were dried with anhydrous magnesium sulphate 

unless otherwise stated. 	Silica gel refers to B.D.H. 

Silica Gel for chromatography, and the alumina gradings 

are those of Brockmann. 
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Reactions with a-chlorobenzaldoxime. 

m-Chlorobenzaldoxime III )1  

Benzaldoxime (28 g) in chloroform (50 ml) was 

chlorinated to saturation below 5°. 	Evaporation of the 

solvent gave m-chlorobenzaldoxime (III) (16.5 g, 46%), 

m.p.49o-51o, (lit. m.p. 51o), wlEnt0H 252 111  ( k 10,800) 
CHC1.4-1  
max 3500 cm -1 , 3250 cm 	(oximino 0-E). 

Action of silver benzoate on m-chlorobenzaldoxime. 

The oxime (III) (0.5 g) was added to a suspension 

of silver benzoate (0.74 g) in anhydrous ether (50 ml) 

at 0°. 	The solution was stirred for 30 minutes at 0°, 

filtered and evaporated in vacuo leaving a solid residue, 

m.p. 900-150°. 	The i.r. spectrum was consistent with 

a mixture of dibenzoylhydroxylamine 	„11:1o1 
3100 cm

-1  

(N'''E), 1750 cm-1  (0-acyl C=0)„ 1640 cm-1  (amide C=0), 

benzonitrile oxide 

.) max 
°1 

2300 cm-1  (C E N) and 
nujol 2650 cm-1,  benzoic acid 	2550 cm-1  (H-bonded 0-H), 

1690 cm-1  (acid C=0), but not with a-benzoyloxybenzaldoxime. 

(of. the i.r. spectrum of (III) above.) 

Reaction of a-chlorobenzaldoxime with carboxylate ions. 

(a) In 30% aqueous acetonitrile. 

The oxime (III) (0.5 g) in acetonitrile (2 ml) was 

(i) 
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added to a solution of sodium hippurate (from 0.576 g 

hippuric acid) in water (5 ml). 	The mixture was 

shaken at room temperature for 16 hours, then the solvent 

evaporated and the solution cooled. 	The precipitate 

was collected and recrystallised from ethanol as 

colourless needles of N-benzoyl-0-hippurylhydroxylamine 

(XI) (0.325 g, 34%) m.p. 1810-182°  (d), 7. =1 3300 en-1, 

3150 an-1  (N-H) 1805 cm-1  (0-acyl 0=0), 1660 cm-1  (amide 

co),= 	1650 cm-1  (amide C=0). 	'
,max0H Et 	229 	( 	20,500). 

Found: 0,64.68; 1,4.93; N,9.18. 	C16 if14 N2  04  requires: 

0,64.40; H,4.70; N,9.39%. 

(b) In nitronethane. 

The oxime (III) (1 g) in nitromethane (10 ml) was 

treated with sodium hippurate (1.152 g) at room temperature 

for 24 hours. 	The precipitated product was collected 

and recrystallised from ethanol as colourless needles 

of the diacylhydroxylamine (XI) (0.76 g, 46%) m.p.181°-182°  

(d). 	The filtrate did not give the ferric chloride 

colouration of the hydroxamic acid. 

(c) In anhydrous acetonitrile using tetraethyl- 

ammonium salts. 

26.5% Aqueous tetraethylammoniun hydroxide was 
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neutralised to phenolphthalein with benzoic acid. 	The 

solution was evaporated to dryness in vacuo and the 

anhydrous salt (2.22 g) in anhydrous acetonitrile (5 ml) 

was treated with (III) (1.29 g) and kept at room temper- 

ature for 18 hours. 	N0 Hydrochloric acid (20 ml) was 1 

added, and the precipitate collected, dried and washed 

with hot benzene leaving the diacylhydroxylamine (V) 

(1.158 g, 	60%), m.p.161°-163 ° 	(lit.2  m.p.161°) 	
CHC13 

 ax 

3300 cm-1  (N-H) 1750 cm-1  (0-acyl 0=0) 1650 cm-1  (amide C=0). 

Determination of the byproducts of the reaction of a-

chlorobenzaldoxime with carboxylate ions. 

(a) From the aqueous systems. 

Hippuric acid (3.6 g) was neutralised with N sodium 

hydroxide solution (20 ml) and the stirred aqueous 

solution was treated dropwise with a solution of m-

chlorobenzaldoxime (3.11 g) in acetonitrile (5 ml). 

After 3 hours, the precipitate was collected, washed with 

water and dried (5.16 g). 	Washing with hot benzene 

gave the insoluble N-benzoyl-0-hippurylhydroxylamine 

(XI) (2.56 g, 43%) m.p. 179°-181°(d). 	The benzene 

washings were evaporated and the residue extracted with 

N. sodium hydroxide solution. 	The alkali insoluble 
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residue was washed with water, dried and recrystallised 

from ethanol as colourless needles of diphenylfuroxan 

(vii) (0.81 g, 34%) m.p.117°-118°, mixed m.p. 117°-118°  

nuj with an authentic specimen 	ol  1590 cm-1, 1570 cm-1, ax 
Et0H 
max 281 mµ ( 	6,900), 3'7 12µ 	20,700). Both  

spectra were identical with those of the authentic 

specimen. 	Found: 0,70.79; H,4.64; C1010F20  requires: 

0,70.60; H,4.20%. 

(b) From the anhydrous systems. 

m-Chlorobenzaldoxime (2.573 g) was added to a 

solution of tetraethylammonium benzoate (4.154 g) in 

anhydrous dimethylformamide (3 ml) at room temperature. 

A gas was evolved which did not decolourise a drop of 

Phenolphthalein/sodium carbonate solution. 	The reaction 

mixture acquired a transient orange colour during the 

initial reaction. 	After 72 hours at room temperature 

water (25 ml) was added, and the precipitate collected, 

driedand washed with hot benzene to yield the diacyl- 

hydroxylamine (v) (2.019 g, 50%) m.p.158°-160°. 	The 

aqueous solution was extracted with benzene (3 x 15 ml) 

and the benzene solution and washings combined, and 

evaporated. 	The residue was completely soluble in 2N 
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sodium hydroxide solution, showing that no diphenyl- 

furoxan was present. 	The alkaline solution was 

acidified, extracted with ether and the extract dried 

and evaporated giving benzoic acid (2.218 g, 55%, 1.1 eq.) 
m.p.110-121o, 	max 2600 cm-1, 2500 cm-1  (H-bonded 

0-H) 1695 cm-1  (acid C=0). 

Action of carboaylate ion on  benzonitrile oxide. 

a-Ohlorobenzaldoxime (III) (1 g) was suspended in 

water (5 ml) and treated dropwise with a solution of 

sodium hydroxide (0.52 g) in water (5 ml) with frequent 

shaking. 	The precipitate of benzonitrile oxide (VI) 

was extracted with nitromethane (15 ml) and the extract 

dried and treated with hippuric acid (1.152 g), and 

triethylamine (1.5 ml) at room temperature for 16 hours. 

The solution was washed with sodium bicarbonate solution, 

dried and evaporated in vacuo leaving an oily residue 

which did not exhibit the peak at 1805 cm-1  in the i.r. 

spectrum, which is shown by the diacylhydroxylamine (XI). 

Action of hippuric acid on  m-calorobenzaldoxime. 

m-Chlorobenzaldoxime (III) (0.5 g) in nitromethane 

(10 ml) was shaken with hippuric acid (0.576 g) at room 

temperature for 16 hours. 	The solvent was removed 
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in vacuo and the residue washed with ether to give 

unchanged hippuric acid (0.520 g, 90%) m.p.184°-186°. 

Temperature effect on the reaction of a-chlorobenzal-

doxime with carboxylate ion. 

(a) a-Chlorobenzaldoxime (III) (0.515 g) was 

added to a solution of tetraethylammonium benzoate 

(0.831 g) in anhydrous dimethylformamide (5 ml) at 100°. 

After 20 minutes the solution was cooled and diluted 

with Tro  hydrochloric acid. 	The precipitate was collected, 

washed with water, dried and washed with hot benzene 

leaving dibenzoylhydroxylamine (V) (320 mg, 40%), 

n.p.157°-160°. 

(b) In a repeat run, addition was carried out at 

-70°, and the reaction mixture allowed to warm up to 0°  

over 72 hours. 	On work up as above, the mixture 

afforded dibenzoylhydroxylamine (V) (43%) m.p.160°-162°. 

Effect of tertiary base on the reaction of m-chloro-

benzaldoxime with carboxylate ion. 

Tetraethylammonium benzoate (0.831 g) in anhydrous 

dioxan (2 ml) was treated at room temperature with 

cooling with (III) (0.515 g) for 3 hours. 	Triethylamine 

(0.5 ml) was added, and after a further 20 minutes excess 
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TT  hydrochloric acid added. 	The precipitate was 

collected, washed with water, and dried, and washed with 

hot benzene leaving colourless needles of dibenzoyl-

hydroxylamine (17") (0.347 g, 43%) m.p.161°-163°. 

Effect of variation of equivalent  quantities of the 

reactants. 

Tetraethylammonium benzoate (1.385 g, 2 eq.) in 

anhydrous dimethylformamide (10 ml) was treated with 

a-chlorobenzaldoxime (III) (0.429 g, 1 eq.) at room 

temperature for 72 hours. 	10 Hydrochloric acid was 

added, and the precipitate collected, dried and washed 

with hot benzene, giving dibenzoylhydroxylanine (v) 

(0.304 g, 46%) m.p.156°-159°. 

Attempted estimation of the nitrosating_species. 

Tetraethylammoniun benzoate (0.851 g) and tetraethyl-

ammonium sulphanilate (0.586 g sulphanilic acid), were 

treated in anhydrous dimethylformamide with m-chloro- 

benzaldoxime (0.572 g), at 0°. 	After 20 hours, 10 

hydrochloric acid was added, the solution filtered, and 

made up to 100 ml; 0.5 ml of this solution was made 

up to 10 ml with G-naphthylamine reagents  and the 
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absorbance at 532 mµ compared with a standard. 	Observed 

absorbance = 0.50 ; 0.93% of a-chlorobenzaldoxime 

trapped at the nitrosating agent stage. 	Work up of the 

reaction mixture as above gave the diacylhydroxylamine 

(V) (0.338 g, 41%).  

Action of cyclohexylamine on the diacylhxgroxylamines. 

(a) At room temperature. 

Cyclohexylamine (0.5 ml) was added to a solution of 

(XI) (0.173 g) in nitromethane at room temperature. 

After 24 hours the solvent was removed in vacuo and 

the residue taken up in chloroform. 	The chloroform 

solution was washed with 2N sodium hydroxide solution, 

dried and evaporated and the residue recrystallised from 

benzene and aqueous ethanol to give colourless needles 

of hippurylcyclohexylamine (107 mg, 63%) m.p.164.5°-165°, 

'\nujol 3300 cm-1  (N-H), 1665 cm-1  (amide C=0)„ 1640 cm-1  Amax 
(amide 0=0). 	Found: 0,69.44; H97.79; N,10.39%. 

C15120N202 requires 0,69.25; 11,7.70; N,10.76%. 

(b) In refluxing nitromethane. 

Dibenzoylhydroxylanine (0.5 g), and cyclohexylamine 

(0.63 g) were refluxed in nitromethane for 2 hours. 

The solvent was removed in vacuo and the residue 
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recrystallised from aqueous ethanol to give colourless 

needles of N-cyclohexyl-Nt-phenylurea (0.35 g, 77%) 

m.p.187o-188o y mixed m.p.187o-188o with an authentic 
nuj specimen. 	maxol 3300 cm-1  (N-H), 1640 cm-1  (amide Co).= 

In a control experiment 0:14-dibenzoylhydroxylanine 

was refluxed in nitromethane for 2 hours. 	Evaporation 

of the solvent gave unchanged starting material. 

Action  of sodium glvcinate on N-benzo71-0-himuryl-

hydroxylamine  ()00. 

Hippuric acid (1.267 g) and triethylamine (0.643 g) 

in acetonitrile (5 ml) were treated with m-chlorobenzal- 

doxime (1 g) at 0°. 	After 2 hours, glycine (0.50 g) 

was added, followed dropwise by N. sodium hydroxide 

solution (6.42 m1). 	The solution was acidified after 

16 hours, and the precipitate collected, dried and 

washed with hot benzene to give diacylhydroxylamine (XI) 

(0.775 g, 40%), m.p.179°-781°. 

a-Azidobenzaldoxime_IXIII3. 

a-Chlorobenzaldoxime (1 g) in anhydrous ether 

(10 ml) was treated with powdered sodium azide (0.45 g) 

at room temperature for 2 days. 	Filtration and removal 

of the solvent in vacuo gave the azide (XII) 
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(0.704 g, 	68%) m.p.122°-124°(d) 	(lit.3  m.p.124°(d)) 
0NC11  
max 3500 cm-1  (0-H), 3250 cm-1  (0-H), 2120 cm-1 

(-N=N=N), 1600 am-1  (aromatic 0=0). 

Reaction of carboxvlate ion with m-azidobenzaldoxime. 

Sodium benzoate (0.44 g), and a-azidobenzaldoxiue 

(0.5 g) were stirred together in anhydrous dimethyl- 

formamide (3 ml) at room temperature for 18 hours. 	The 

solution was diluted with water, precipitating a-

azidobenzaldoxime (XII) (0.423 g, 85%) m.p.123°-124°(d) 
0HC1.4  
max ." 3500 cm

-1, 3250 cm-1, 2120 cm-1. 

(ii) Reactions with aryl nitrones. 

Attempted  uaternisation  of  m-chlorobenzaldoxime (7110 

a-Chlorobenzaldoxime (1 g) was heated with excess 

methyl iodide (5 ml) at 100°  for 24 hours in a Carius 

tube. 	Evaporation of the methyl iodide gave an oily 

residue which was soluble in ether. 	Similarly methyl 

toluene-p-sulphonate, benzyl chloride and p-bromophenacyl 

bromide in refluxing acetonitrile or dimethylformamide 

at 100°  gave only ether soluble products. 

Nm-diphenylnitrone'. 

An aqueous ethanolic solution of N-phenylhydrozyl- 

amine9  (from 6.15 g nitrobenzene) was treated with 
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beuzaldehyde (5.3 g) at room temperature for 1 hour. 

Evaporation of the solvent, and recrystallisation of the 

residue from benzene/60°-80°  petroleum ether gave N:m-

diphenylnitrone (XV) (7.2 g, 73%) m.p.110-11 5°  (lit.4  

4:1°1  1550 cm-1  (CA). m.p.112°) 	 Found: 0179.34; 

H,5.64; N, 7.02. 	Ci 3HilN0 requires: 0,79.16; H,5.61; 

B,7.10%. 

Bromination of  N:a-piphenylnitrone. 

Nm-Xphenylnitrone (0.5 g) in chloroform (2 ml) 

was treated dropwise with bromine (0.6 g, 1 eq.) in 

chloroform (5 ml) with stirring. 	After addition, the 

solution was refluxed for 15 minutest  cooled, washed 

with water, dried and concentrated to give N-(p-bromo-

pheny1)-a-phenylnitrone (XVII) (140 mg, 20%) m.p.180°-181°  

from ethanol. 	Found: 0,56.37;  H,3.81; N,5.21. 

C13H/0BrNO requires: 0,56.52; H,3.62; N,5.07%. 

m-(p-Nitropheny1)-Nhenyjnitrgne_IXVI12115. 

An acqueous ethanolic solution of N-phenylhydroxyl-

amine9(from 6.15 g nitrobenzene) was treated with p-

n.trobenzaldehyd.-_, (7.5 g) at 100°  for 15 minutest  cooled 

in ice and the precipitate collected, dried and 
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recrystallised from ethanol-chloroform as yellow needles 

of m-(p-nitropheny1)-N-phenylnitrone (XVIII) (4.63 g, 
CHC13 

38%), m.p.184.5°-186.5°, (lit.5  m.p.182°) max 
1600 cm-1, 1550 cm-l. 

Bromination of m-(p-nitropheny1)-N-phenylnitrone. 

A stirred solution of nitrone (XVIII) (1.0 g) in 

chloroform (40 ml) was treated dropwise with bromine 

0.67g) in chloroform (15 ml) at room temperature. 	After 

the addition of bromine was complete, triethylamine 

(0.7 ml) in chloroform (10 ml) was added, and the solvent 

removed in vacuo. 	The residue was taken up in hot 

benzene, the benzene solution filtered and evaporated, 

and the residue recrystallised from acetonitrile and 

nitromethane to give yellow needles of N-(p-bromopheny1)-

m-(p-nitropheny1)-nitrone (XIX), (340 mg, 26%), 

m.p.208.5°-209°. Found: 0,48.30;  H,3.10; 11,8.70; 

Br, 24.84. 	C13H8BrN202  requires: 0,48.60; H,2.80; 

N18.72; Br,24.92%. 

Action of base on N-(p-bromopheny1)-a-phenylnitrone. 

The nitrone (XVII) (1.6 g) was heated to 100°  for 

3 hours with 2N.sodium hydroxide solution (50 ml). 	The 

aqueous solution was extracted with chloroform (2 x 20 ml) 

and the extract washed with dilute hydrochloric acid, 
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dried and evaporated. 	The residue was recrystallised 

from acetonitrile as pale yellow plate-like needles 

of 4:4'-dibromoazoxybenzene (xx) (580 mg, 56%) 

m.p.171°-173°  (lit.6  m.p.168°-169°) mixed m.p.171°-173°  

with authentic specimen. 	\i ne
CHC1
ax  -J

.4 
 1585 cm-1  (aromatic 

Ot0H C=0), 	335 pp ( 	15,400), 209 nµ ( 	18,800). max 

Found: 0,42.86; H,2.08; N,8.15. C12E6Br2N20 

requires: 0,42.61; H,1.78; N,8.25%. 

Mild base treatment (triethylammonium benzoate in 

acetonitrile at room temperature) also gave the 

azoxybenzene (XX). 

The alkaline solution, after extraction with 

chloroform, was treated with aqueous ethanolic dimedone 

at 100°  for 5 minutes, cooled and the precipitate 

collected, dried and recrystallised from ethanol as 

colourless prisms of benzaldimedone„ m.p.193°-195°  

(lit.7  m.p.195°). 

Action of base on N-(p-bromopheny1)-a-(p-nitropheny1)-

nitrone (XIX). 

A mixture of IT  sodium hydroxide solution (15 ml), 

and the nitrone (XIX) (155 mg) were stirred at 100°  

for 6 hours. 	The solid was collected and dried and 
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chromatographed over silica gel. 	Elution with benzene 

gave 4:41 -dibromoazoxybenzene (XX) (69 mg, 76%) 
,CHC1 

m.p.168°-170-9 	max 3  1585 cm-l. 	Elution with 20% 

ethanol-chloroform gave p-nitrobenzaldehyde (31 mg, 40%) 

Amax HC13  1710 cm-1  (C=0). 

Action of base on  p-bronophenylhydroxylamine. 

p-Bromophenylhydroxylamine8  (156 mg) was treated 

with TLT sodium hydroxide solution (10 ml) and aceto- 

nitrile (5 ml) at room temperature for 16 hours. 	The 

Precipitate was collected, dried and recrystallised from 

acetonitrile as yellow needles of the azoxybenzene (XX) 
n  , CHC13 

(85 mg, 61%) m.p.171°-172-  ssz max 	1585 cm-1. 

Action of excess bromine on N:m-dipheulnitrone 

Bromine (1.65 g, 2 eel.) in chloroform (20 ml) was 

added dropwise to a stirred solution of the nitrone (XV) 

(1 g) in chloroform (20 ml) at room temperature. 	After 

addition, the solution was heated under reflux until 

all the bromine had reacted (1 hour). 	The solution 

was cooled and the precipitate collected, dried and 

recrystallised from ethanol as colourless needles of 

2:4:6-tribronoaniline (0.74 g, 83%) m.p.122°-123°, mixed 
, Cal3 p.p./220-123°  with an authentic specimen. •1 max 
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3500 cm-1, 3400 cm-1  (N-E) 1610 cm-1  (aromatic 0=0, 

identical with the i.r. spectrum of an authentic specimen. 

Bromination of N-phenylhydroxylamine. 

Bromine (2 g, 0.63 ml, 2 eq.) in chloroform (10 ml) 

was added dropwise to a stirred solution of N-phenyl-

hydroxylanine9  (1.2 g) in chloroform (10 ml) at room 

temperature. 	The solution was stirred for a further 

3 hours, then the solvent removed in vacuo giving 

2:4:6-tribromoanil - _one hydrobromide (2.1 g, 82%) -1glaol 

3-400 cm-1  (N-H), 2550 cm-1 	further identified 

by treatment with sodium bicarbonate solution to give 

2:4:6-tribromoaniline, m.p.121°-122°, with an i.r. 

spectrum identical with that of an authentic specimen. 

Action of N-bromosuccinimide of Nm-diphenylnitrone (XV).  

Recrystallised N-bromosuccinimide (0.455 g) and 

the nitrone (XV) (0.5 g) were refluxed in carbon tetra-

chloride for 1 hour, until the N-bromosuccinimide was 

consumed (starch iodide test). 	The solution was 

evaporated and the residue recrystallised from ethanol 

as yellow needles of the azoxybenzene (XX) (35 mg, 8%) 

m..D.169°-171°, with an identical i.r, spectrum to that 

of an authentic specimen. 
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N-Methyl-m-(p-nitropleny1)-nitrone  LXXIII 10 
p-Nitrobenzaldehyde (3.6 g) and N-methylhydroxyl-

amine hydrochloridell  (2 g) were refluxed for 15 

minutes in ethanol, giving yellow prisms of N-methyl-

a-(p-nitrophenyl)-nitrone (XXIII) (1.93 g, 45%), 
m.p.212°-213°, ( lit.12  ra.p.208°) max

ACHC13 1600 cm-1,  

1590 cm-1. 

Bromination of N-methyl-m-(p-nitropheny1)-nitrone (XXIII1. 

Bromine (0.9 g) in chloroform (10 ml) was added 

dropwise to a stirred refluxing solution of the nitrone 
(XXIII) (1 g) in chloroform (30 m1). 	The solution was 
refluxed for 4 hours, and evaporated. 	The residue 

was chromatographed over silica gel. 	Elution with 
benzene gave pale yellow needles of p-nitrobenzaldoxime 

(97 mg, 11%), m.p.130°-131°, mixed m.p.130°-131°  with 
CHC1%  

an authentic specimen. \1.max ' 3550 cm-1  3250 cm
-1 

(0-H), 1600 cm-1, identical with the i.r. spectrum of 
the authentic specimen. 	Elution with 5% ethanol- 
benzene gave p-nitrobenzoic acid (56 mg, 8%) m.p.234°-236°  

CHC1
max 

1 (lit.13  m.p.238°) 	'-' 3400 cm-1, 2700 cm-1, 
2600 cm-1  (H-bonded 0-H), 1710 cm-1  (acid 0=0). 
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Action of t-butyl  hypochlorite on N-methyl-m-(p-nitronheny1)-
nitrone.(XXIII). 

The nitrone (XXIII) (0.5 g) and t-butyl hypochlorite"  

(0.9 g) in chloroform (30 ml) were kept at room tempera- 

ture for 16 hours. 	The solution was evaporated and the 

residue recrystallised from ethanol as yellow needles of 

unchanged nitrone (XXIII) (0.38 g, 26%), m.p.208°-2100, 

with an identical i.r. spectrum to that of (XXIII). 

m-(p-Bromobenzoy1)-N-(p-dimethylamincphenyll:nitronel5  

(XXIV). 

p-Bromophenacylpyridinium bromide (3.0 g) in water 

(4.5 ml) was added to a solution of p-nitrosodimethyl-

aniline (1.4 g) in ethanol (45 ml), and the mixture 

cooled to 0°  and treated dropwise with N sodium hydroxide 

solution (8.5 ml). 	After 30 minutes, the solution was 
diluted with water, and the precipitate collected, dried 

and recrystallised from carbon tetrachloride as red 

prisms of the nitrone (XXIV), (1.5 g, 51%), 0.p.118°-120°  

max CHC11 1665 a3-1  (0=0) 1640 cm-1  (CA). 

Bromination of  the nitrone  DEXIV). 

The nitrone (XXIV) (0.2 g) in chloroform (10 ml) 

was titrated at room temperature with a standard solution 
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of bromine in chloroform. 	One equivalent of bromine 

was immediately absorbed, and the product precipitated 

out of solution. 	Evaporation of the solvent and washing 

with ether afforded a solid product which did not give 

a colouration with aqueous ferric chloride. 

N-Phenylbenziminochloride ("J),16.  

Benzanilide (10 g) was refluxed in a mixture of 

phosphorus pentachloride (12 g) and phosphorus oxychloride 

(2 ml) for 2 hours. 	The phosphorus halides were 

removed in vacuo and the residue distilled to give 

N-phenylbenziminochloride (XXV) (8.22 g, 75%) 

b.p.141°  -143°/1.5 nn. (lit.15  b.p.173°/15 mm). 	The 

product solidified on cooling, m.p.40°-42°  from 40°-60°  

.  petroleum ether (lit.16 m.p. 39-
n  -400  ) 

0102'-4 
 1655 cm-1  max 

Action of m-chloroperbenzoic acid on N-phenylbenzimino-

chloride. 

m-Chloroperbenzoic acid (1.442 g, 55% by iodimetric 

titration) and N-phenylbenziminoohloride (1 g) in 

chloroform (5 ml) were kept at room temperature for 48 

hours. 	The solution was diluted to 25 ml, and aliquots 
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titrated iodimetrically, indicating that 87.4% of the 

peracid was consumed. 	The solvent was evaporated and 

the residue chromatographed over alumina (Grade 111)9  

in benzene solution to give colourless needles of 

N-benzoyl-p-chloroaniline (XXVI) (0.336 g, 36%) 

m.p.192o-193o mixed m.p.192°-193° with an authentic 

specimen, and with an identical i.r. spectrvn to the 

authentic specimen. 

ketion of N-methylhydroxylanine on benzotrichloride. 

Triethylamine (5 ml) was added to a solution of 

redistilled benzotrichloride (2.34 g) and N-methylhydroxyl-

amine hydrochloride (1 g) in anhydrous ether, and the 

mixture stirred at room temperature for 24 hours. 	The 

Precipitated salts were filtered off, and the ether 

evaporated leaving N-methylbenzhydroxamic acid as a pale 

yellow oil, 	max 3150 cm-1 (0-H) 1615 cm-1 (0=0), 

identical with that of an authentic specimen. 	The 

hydroxamic acid gave a very intense purple colour with 

ferric chloride solution. 

(iii) Reactions with pyrroline-l-oxides. 

3:4-Dimethy1-4-nitromntan-l-a117. 
Freshly distilled crotonaldehyde (17.5 g) was 
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treated with 2-nitropropane (36 g, 35 ml) in the 

presence of sodium methoxith. After 20 hours, the solvent 

was removed under reduced pressure and the residue 

poured into water, and extracted with ether (3 x 100 mtl. 

The extract was washed with base, dried and evaporated 

and the residue was fractionated to give 3:4-dimethy1-

4-nitropentan-l-al (12.4 g, 31%), b.p .78°-84c70.5 mm 

(lit.17  b.p.80°/0.5 en). 

4:5:5-Trimethyl-bl-pyrroline-/-oxide (XXVII)17. 

3:4-Dimethy1-4-nitropentan-l-al (12.4 g), ammonium 

chloride (3 g) and water (80 ml) were treated at 0°  

with zinc dust (15 g), for 3 hours. 	The solution was 

filtered, evaporated in vaouo and the residue extracted 

with chloroform. 	Fractionation of the extract gave 

4:5:5-trimethy1-41-pyrroline-l-oxide (XXVII) (3.3 g, 

lie 33%), b.p.60°-62°/O.3 nn. (lit17  b.p.35°/1 mr) A max 

1575 cm-1  (C.N). 

Bromination of 4:5:5-trimethy1-41-Dyrroline-l-oxide (i). 

The pyrroline (XXVII) was dried by azeotropic 

distillation with benzene, and treated with bromine 

(0.65 g) in anhydrous benzene (10 ml) over 15 minutes 

at room temperature. 	After the addition was complete, 



the solution was stirred for a further 15 minutes then 

treated with water (20 m1). 	The solution was warmed 

to remove the benzene layer, adjusted to pH8pand 

extracted with chloroform until the aqueous phase no 

longer gave a purple ferric chloride colour (2 x 10 ml). 

The extract was dried and evaporated and the residue 

recrystallised from anhydrous ether as colourless 

needles of 1-hydroxy-4:5:5-trimethy1-2-pyrrolidone 

(XXXI) (148 mg, 26%) m.p.101°-102°  (lit.17  m.p.101°-102°) 

max 2500 cm-1  (broad, H-bonded O-H), 1670 cm-1  

(amide C=0). 

3romination of  4:5:5-trimethy1-1117pyrroline-l-oxide  (ii). 

Dioxan dibromide (1.0 g) was added over 10 minutes 

to a well stirred solution of dried 4:5:5-trimethy1-4
1
-

pyrroline-l-oxide (0.5 g) in anhydrous dioxan at 0°. 

After addition, the solvent was evaporated at room 

temperature in vacuo, and the residue taken up in 

anhydrous acetonitrile (10 ml) and treated with a mixture 

of triethylamine (0.8 g, 0.92 ml) and benzoic acid 

(0.48 g) with ice-cooling. 	After 1 hour, the solvent 

was removed under reduced pressure, and the residue 

extracted with benzene. 	Evaporation of the benzene 
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gave an oil which was chromatographed over silica gel, 

to give unreaoted benzoic acid (0.31 g, 65%), 4:1°1  

2700 cm-1, 2600 cm-1  (H-bonded 0-H), 1690 cm-1  (acid 

0=0), on unidentified dark oil, 	lic. 3200 cm-1, max 

1680 cm-1, and triethylamine hydrobromide (0.42 g), 

m.p. 245°  (lit.18  m.p.245°-248°). 

Reduction of Phthalide  with sodium amalgam. 

A vigorously stirred suspension of phthalide (1 g) 

in 2N hydrochloric acid (10 ml) was treated with 2% 

sodium amalgam (34.8 g, 2 eq.), over 15 minutes. 

After 30 minutes, the mercury was separated off, and 

the aqueous solution extracted with ether (3 x 50 ml). 

The extract was dried and evaporated leaving a solid 

residue which was chromatographed over silica gel on 

which was absorbed an equal weight of water. 	Elution 

with chloroform gave two fractions, first phthalide 

0̀ ' 013 (0.45 g, 45%), m.p.68°-700, max 1760 cm-1, and the 

second phthalyl alcohol (0.17 g, 16%), m.p.63°-65°  

(lit.19  m.p.64°) with an i.r. spectrum identical with 

that of an authentic specimen. 

Phthalaldehydic aclgaaa219udo-ester Ip27/12°. 

Phthalaldehydic acid (5 g) in absolute ethanol (50 ml) 
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and a saturated solution of hydrogen chloride in 

absolute etbanol (10 ml) added. 	After the initial 

reaction had subsided, the solution was refluxed for 

10 minutes, the solvent evaporated, and the residue 

recrystallised from 600-80o petroleum ether as colour- 

less needles of the pseudo-ester (xxxv) (4.39 g, 74%) 

m.p.68°-69°  (lit.20m.p.660)9 4CFIC13  1755 cm-1  (C=0). max 

Lithium aluminium hydride reduction  of the_pseudo- 

ester (XXXV). 

The pseudo-ester (y v) (0.5 g) in dry ether (10 ml) 

was added to a slurry of lithium aluminium hydride 

(0.27 g) in dry ether (10 m1). 	After addition, the 

solution was refluxed for 24 hours, then treated with 

ethanol, followed by dilute hydrochloric acid. 	The 

ether layer was separated off, and the aqueous layer 

washed with ether. 	The ethereal solutions were combined, 

dried and evaporated, giving colourless prisms of 
nuj phthalyl alcohol (0.30 g, 77%), m.p.62°-64° , 	ol  

3400 cm-1 (0-H). 

Action of N-bromosuccinimide on o-tolualdehalp. 

o-Tolualdehyde (0.2 g) and recrystallised N-bromo-

succinimide (0.445 g) in carbon tetrachloride (5 ml) 

were stirred at room temperature for 16 hours, in the 
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presence of a trace of benzoyl peroxide. 	The precipi- 

tate was filtered off, and the filtrate evaporated 

leaving a solid residue which was treated with water 

(5 ml) at 1000  for 15 minutes. 	The aqueous solution 

was made alkaline with sodium bicarbonate solution and 

extracted with chloroform. 	The extract was dried 

and evaporated to give phthalide (37 mg, 20%), m
ol 

ax 

1760 cm-I. 	The alkaline solution was acidified and 

extracted with chloroform and the extract dried and 

evaporated. 	The residue was recrystallised from water 

to give o-toluic acid (0.112 g, 49%), m.p.104°-106°  

(lit.21m.P.102°). 

Action of N-bromosuceinimide on o-tolualdoxime. 

Anti-o-tolualdoxime (0.4 g) and recrystallised 

N-bromosuccinimide (1.16 g) 

stirred at room temperature 

of benzoyl peroxide, for 24 

filtered and evaporated and 

in chloroform (5 ml) were 

in the presence of a trace 

hours. 	The solution was 

the residue passed through 

a silica gel column in benzene solution. 	Evaporation 

/lg,z00  of the benzene gave an oil (0.26 g), max. 2' 	°La 9 

1710 cm-1. 	The oil showed no oximino-absorption, and 

gave a 2:4-dinitrophenylhydrazone, m.P.194°-1950, mixed 
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m.p. 194°-196°  with an authentic specimen of o-tolual- 

dehyde 2:4-dinitrophenylhydrazone. 	The i.r. spectrum 

indicated the presence of o-tolunitrile, but no o-toluic 

acid eras recovered after treatment with concentrated 

sulphuric acid at room temperature for 20 hours. 

44:(4:(4 1 -trichloro-o-xylene (XXXVI)22. 

o-Xylene (100 g) was chlorinated at the boiling 

point until 97.5 g (3 eq.) of chlorine were absorbed. 

The cooled solution was filtered and the filtrate 

fractionated three tines to givet4:uncal-trichloro-o-
xylene (XXXVI) (30 g, 15%), b.p.71°-73°/0.15 mm.  

22 	 (14+ 22  na 1.5740). (lit. b.p.139°-141°/17 mm), ni117'5  1.5750 

Alkaline hydrolysis  of the chloro-xylene  (VI). 

Sodium (1.65 g) was dissolved in absolute ethanol 

(50 ml) and the stirred solution treated dropwise with 

the chloro-*ylene (XXXVI) (5 g). 	The solution was 

refluxed for 2 hours, filtered and evaporated. 	The 

residue was treated with 2N hydrochloric acid (50 ml) 

at 100°  for 30 minutes, extracted with chloroform, and 

the extract dried and evaporated. 	The residue was 

distilled giving ethoxymethyl-benzaldehyde (2.6 g, 66%), 
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b.p.70°-72°/0.18 mm (lit.22  b.p.135°/20 nr,), 411,2* 

1690 cm-1  (C=0)2  n19  1.5274 (lit.22  n 1.5248). 	The 

aldehyde gave a 2:4-dinitrophenylhydrazone, m.p.189°-190°  

from acetic acid (lit.22  m.p.183°). 	Found: C55.60; 

C16211614°5 requires: 0,55.81;  1,4.65%. 

Attempted cleavage of o-ethoxymethylbenzaldehyde. 

o-Ethoxymethylbenzaldehyde (5 g) in glacial acetic 

acid (20 ml) was treated with perchloric acid (2 ml, 

60% aqueous solution) at room temperature for 3 days. 

The solution was reducedin volume, and the residue 

poured onto ice (10 g), and neutralised with solid 

sodium bicarbonate. 	The aqueous solution was extracted 

with ether (5 x 15 ml), and the extract dried and 

evaporated leaving unchanged o-ethoxymethylbenzaldehyde 

(3.8 g, 76%), maw' 1690 cm-1  (C=0). 

Acid hydrolysis of the chloroxylene (XXXVI). 

The ohloro-xylene (XXXVI) (10 g) was treated with 

concentrated sulphuric acid (50 nl) at room temperature 

under nitrogen for 24 hours. 	The solution was poured 

onto ice, and the aqueous solution extracted with 

chloroform. 	The extract was dried and evaporated 

and the residue distilled giving o-chloromethylbenzaldehyde 
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(XXXIII) (5.3 g, 72%), b.p.72°-71°/0.18 mm, 4= - 

1695 cm 1  (C=0), /11 9  1.5680. 	The aldehyde gave a 

2:1 -dinitrophenylhydrazone m.p.210°(d) from acetic 

acid. Found! 0,49.57; 2,3.56; 01,10.92. 

014E11C1N404 requires: 0,50.23; :1,3.29; 01,10.62%. 

Action of hydroxylamine on o-chloromethylbenzaldehyde  

The aldehyde (XXXIII) (0.2 g) was treated with 

excess aqueous ethanolic hydroxylamine acetate at room 

temperature for 12 hours. 	A deep green colour 

developed in the solution. 	Evaporation of the solvent 

gave a dark green oil, which became purple colour on 

warming. 	This product was passed over an alumina 

column in chloroform solution. 	Evaporation of the 
Nliq. chloroform gave a highly coloured oil, V max 3300 cm-1 

1760 Om-1. 	The product was not identified. 	The 

same oil was obtained from the reaction of the chloro-

xylene (XXXVI) with hydroxylamine hydrochloride in 

pyridine solution. 

Action of 2-nitropropane on the aldehyde (XXXIII). 

Sodium hydride (55% in mineral oil, 0.155 g) was 

dissolved in 2-nitropropane (5 ml) and diluted with 
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acetonitrilo (5 ml). 	The solution was treated at room 

temperature with o-chloromethylbenzaldehyde (0.5 g) 

for 16 hours, then filtered and the solvent evaporated, 

leaving an oil lax. 3350 cm
-1 1695 am-1 	Chromato- 

graphy over silica gel gave o-chloromethylbenzaldehyde 

(0.1 g, 20%) 4,max  131-g• 1695 cm-1, 2:4-dinitrophenylhydrazone, 

p.p. 210°(d). 	The hydroxylated compound was not eluted. 

(iv) N-Acyloxypyridones and related compounds. 

2-Chloropyridine-l-oxide (XXXVII)23. 

To a stirred solution of 2-chioropyridine (10 g, 

8.34 ml) in glacial acetic acid (13.2 ml) at 55°  was 

added, over 30 minutes, a solution of peracetic acid in 

glacial acetic acid (40%, 30 m1). 	After 4 hours at 55°, 

the temperature was raised to 70°  for 20 hours. 	The 

acetic acid was evaporated under reduced pressure and 

the residue poured onto ice. 	The cold aqueous solution 

was made alkaline with 40% sodium hydroxide solution and 

extracted with chloroform (6 x 50 ml). 	The extract 

was dried and evaporated and ether (2 ml) added. 	The 

oil solidified on trituration giving colourless prisms 

of 2-chloropyridine (XXXVII) (7.43 g, 65%) m.p.67°-69°  

from anhydrous ether (lit.23  m.p.66°-68°). 
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Reaction of 2-chloropyridine-l-oxide with benzoate ion. 

The oxide (XXXVII) (1.3 g) was added to a solution 

of triethylammonium benzoate (2.0 g) in acetonitrile 

(lo m1). 	The solution was kept at room temperature 

for 48 hours, then poured into water, and the aqueous 

solution extracted with chloroform. 	The extract was 

washed with sodium bicarbonate solution, dilute hydro-

dhloric acid and water, dried and evaporated leaving 

crude 2-ohloropyridine-l-oxide (XXXVII) (0.3 g, 23%), 

m.p.52°-67°. 	The aqueous and alkaline washings were 

combined and acidified giving benzoic acid (0.62 g, 57%), 

m.p.120°-121°; 41=1  2700 cm-1, 2600 cm-1  (H-bonded 

0-E:), 1690 cm-1  (acid 0=0). 

Similarly pyridinium benzoate in dimethylformanide, 

and sodium benzoate in acetonitrile at room temperature, 

and triethylammonium benzoate in dimethylformauide at 

1000  did not react. 	Silver acetate in nitromethane 

reduced the N-oxide group, precipitating silvercoc(4.42 

Reaction of 2-chloropyridine-l-oxide with potassium 

iodide. 

The oxide (XXXVII) (1.3 g) and potassium iodide 

(3.6 g) were refluxed in a mixture of methyl ethyl ketone 



- 12L- 

(15 ml) and acetonitrile (15 ml) for 48 hours. 	The 

solvents were removed in vacuo and the residue taken up 

in water and extracted with chloroform (10 x 10 ml). 

The extract was dried and evaporated leaving unohanged 

2-ohloropyridine-1-oxide (XXXVII) (0.7 g, 54%), m.p.60°-65°. 

2-lodopyridine24  . 

2-Chioropyridine (5 g) was refluxed with 60% 

hydriodic acid (20 ml) for 10 hours. 	After basification, 

ether extraction and fractionation of the extract gave 

2-iodopyridine (1.7 g, 19%), b.p .78°-80°/3 mm. (lit."  

b.p.93°-95°/13 mm). 

2-Iodopyridine-l-oxide (XXXIX). 

2-Iodopyridine (1.7 g) in glacial acetic acid (2 ml) 

was treated with 40% peracetic acid (5 ml) at room 

temperature for 20 hours. 	The solution was worked up 

as for the 2-chloro-derivative, recrystallisation from 

benzene gave colourless prisms of 2-iodopyridine-1- 

oxide (XXXIX) (150 mg, 8%), m.p.120°-121°. 	The i.r. 

spectrum was almost identical to that of the 2-chioro-

derivative (XXXVII). 
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Reaction of 2-iodopyridine-l-oxide with benzoate ion. 

The oxide (XXXIX) (150 mg) was treated with tri-

ethylommenium benzoate (127 mg) in dimethylformamide 

(2 ml) at room temperature for 48 hours. 	Treatment 

with water, chloroform extraction and evaporation of 

the extract gave a solid residue, the i.r. spectrum of 

uj which w ol 2600 cm-1, 2500 cm-1, 1690 em-1) was ` max 

characteristic of benzoic acid. 	There was no absorption 

at 1760 cm-1, indicating the absence of 1-benzoyloxy-

2(1E)-pyridone. 

2-0hloro-4-nitropyridine-l-oxide (XL)25. 

The oxide (XXXVII) (2.0 g) in concentrated sulphuric 

acid (5 ml) was nitrated with a mixture of concentrated 

sulphuric acid (5 ml) and fuming nitric acid (d. 1.50, 

3.2 ml), at 100°  for 4 hours. 	Dilution with ice and 

basification gave a precipitate which was recrystallised 

from absolute ethanol giving yellow plates of 2-chloro-

4-nitropyridine-l-oxide (XL) (1.6 g, 61%), m.p.155°-156°  

(lit.25  m.p.152°-153°). 

Reaction of 2-chloro-4-nitropyridine-l-oxide with 

benzoate ion. 

The oxide (XL) (0.5 g) in dimethylformamide (2 ml) 
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was treated with triethylammonium benzoate (0.64 g) in 

dimethylformamide (2 ml) at room temperature for 20 

hours, then at 100°  for 30 minutes. 	The solution 

was cooled and poured into water, precipitating 2-chloro- 

4-nitropyridine-l-oxide (XL) (0.41 g, 92%), m.p.154°-155°.  

2-Chloro-5-nitropyridine (XLI)26. 

2-Aminopyridine (10.8 g) in concentrated sulphuric 

acid (48 ml) was nitrated with a mixture of nitric 

acid (d. 1.4, 7.0 ml) and concentrated sulphuric acid 

(8.4 ml), at 65°. 	Dilution with ice and gasification 

gave the 5-nitro-2-aminopyridine which was treated 

in dilute sulphuric acid solution with sodium nitrite 

(6.36 g). 	The precipitated 2-hydroxy-5-nitropyridine 

was refluxed with phosphorus oxychloride (1 ml) and 

phosphorus pentachioride (6 g) for 3 hours. 	The 

phosphorus oxides were removed in vacuo and the residue 

treated with ice, filtered, dried and recrystallised 

from 600-80°  petroleum ether as colourless prisms of 

2-chloro-5-nitropyridine (X I) (5.9 g, 32%), m .p. 

109°-110°  (lit.26m.p.106°). 

Attempted oxidation of 2-chloro-5-nitropyridine. 

The pyridine (XLI) (0.5 g) was heated to 100° 
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with 40% peracetic acid (2 ml) for 5 hours. 	The excess 

per-acid was removed in vacuo and the residue dissolved 

in ether. 	The ether was evaporated and the residue 

recrystallised from 600-80o petroleum ether giving 

colourless prisms of 2-chloro-5-nitropyridine (0.38 g, 

76%). 

Similarly, no oxidation was observed with 80% 

hydrogen peroxide, m-chloroperbenzoic acid and t-butyl 

perbenzoate. 

1-Eydroxy-2(1H)-pyridone (KW). 

2-Chloropyridine-l-oxide (XXXVII) (1.3 g) was heated 

to 100°  with 10% sodium hydroxide solution (15 ml) for 

3 hours. 	The solution was acidified with concentrated 

hydrochloric acid, saturated with magnesium sulphate, 

and continuously extracted with ethyl acetate. 	The 

extract was dried and evaporated leaving 1-hydroxy-2(1H)-

pyridone (XLII) (0.95 g, 86%), m.2.140-150°  from ethyl 

acetate (lit.27  n.p.11f9°-150°). 

1-3enzoyloxy-2(12)-pyridone (XLIII). 

The pyridone (XLII) (0.305 g) in pyridine (10 ml) 

was treated with benzoyl chloride (0.50 ml) et 100° 
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for li hours. 	The solvent was removed in vaouo and the 

residue taken up in chloroform. 	The chloroform 

solution was washed successively with sodium bicarbonate 

solution, dilute hydrochloric acid and watery dried 

and evaporated. 	The residue was recrystallised from 

benzene as colourless prisms of 1-benzoyloxy-2(1E)-

pyridone (XLIII) (0.54 g, 72%), m.p.141°-142°, ,kriaxjol 

1770 cm-1  (0-acyl 0=0), 1660 cm-1  (amide 0=0). 

Action of cyclohexylamine on 1-benzoyloxy-2(141.7.  

pyridone. 

The pyridone (XLIII) (0.25 g) in nitromethane 

(10 ml) was treated at room temperature with cyclohexyl- 

amine (0.24 g). 	After 4 hours, the solution was 

poured into water, and extracted with ether. 	The 

extract was washed with sodium bicarbonate solution, 

dried and evaporated leaving benzoylcyclohexylanine 

(0.24 g, 98%), m.p.1480-15001 	of 3300 cm-1  (N-T), 

1630 cm-1  (amide 0=0). 	Recrystallisation from aqueous 

ethanol gave colourless needles, m.p.151°-151.5°, mixed 

m.p.150°-151o  with an authentic specimen. 
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3:5-Dinitro-l-hydroxL72(1H)-pyridone (XLIV)28. 

1-Hydroxy-2(1H)-pyridone (1 g) in glacial acetic 

acid (13.5 ml) was nitrated with fuming nitric acid 

(2 ml) at 400. 	After 3 hours, the solvent was removed 

in vacuo and the residue treated with 400-600  petroleum 

ether. 	The precipitate was collected, and recrys-

tallised from benzene giving yellow prisms of 3:5-

dinitro-1-hydroxy-2(1H)-pyridone (XLIV), (1.37 g, 76%), 

m.p.187°-188°  from water, (lit.28m.p.184°), N%max
ol 
 

3150 cm-1  (0-E), 1690 cm-1  (amide C=0). 

Action of phosphorus oxychloride on the nitro-pyridone 

(XLIV). 

The nitropyridone (XLIV) (0.5 g) was refluxed in 

phosphorus oxychloride (5 ml) for 3 hours. 	The excess 

phosphorus oxychloride was distilled off under reduced 

pressure, the residue dissolved in chloroform and the 

chloroform solution treated with solid sodinri carbonate. 

After 30 minutes, the solution was filtered and the 

solvent evaporated leaving unchanged nitro-pyridone 

(XLIV) (0.45 g, 900)9  m.p.186°-188°, with an identical 

i.r. spectrum to that of the starting material. 



- 126 - 

2-Chloropyrimidine (XLV)29. 

2-Aminopyrimidine (4.75 g), in concentrated hydro- 

chloric acid (31 g) at -20°  was treated with sodium 

nitrite (6,3 g) in water (10 m1). 	After one hour at 

-10°, the pH was adjusted to 8 with 40% sodium hydroxide 

solution and the solution was extracted with ether, 

the ethereal solution was dried and evaporated leaving 

colourless needles of 2-chloropyrimidine (XLV) (1.36 g, 

24%), m.p.63.5°-64.50, from 400-60°  petroleum ether, 

(lit.29  m.p.64.5°-65.5°). 

Attempted oxidation of 2-chloropyrimidine. 

2-Chloropyrimidine (XLV) (0.5 g) in glacial acetic 

acid (1 ml) was treated with 40% peraeetic acid (1 ml) 

at 100o for 5 hours. The solvent was removed in vacuo  

and the residue dissolved in a minimum of absolute 

ethanol. Addition of anhydrous ether did not cause 

any precipitation of an oxide. 	Complete evaporation of 

the solvents and recrystallisation of the residue from 

40°-60°  petroleum ether gave 2-chloropyrimidine (XLV) 

(0.38 g, 76%), m.p.610-630. 

3:5-Dinitro-2(1H)-pyridone (XLVI122. 

5-Nitro-2(1H)-pyridone (1.4 g) was nitrated with 
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a mixture of fuming sulphuric acid (20% S03, 3 ml) and 

fuming nitric acid (d. 1.50, 3 ml) at 100°  for 2 hours. 

Dilution with ice, precipitated 3:5-dinitro-2(1H)-

pyridone (XLVI) (0.75 g, 40%), m.p.175°-176°  from 20% 

aqueous acetic acid (lit.30p.p.175°). 

2-Chloro-3:5-dinitro2yridone (XLVII)30. 

The pyridone (XLVI) (0.75 g) was refluxed with 

phosphorus oxychloride (0.5 ml) and phosphorus penta- 

chloride (1 g) for 3 hours. 	Removal of the phosphorus 

halides in vacuo and treatment of the residue with 

anhydrous potassium carbonate in chloroform gave, after 

filtration and evaporation of the solvent, colourless 

plate of 2-chloro-3:5-dinitropyridine (XLVII) (0.45 g, 

55%), m.p.65°-66°  from 61:1180 ° petroleum ether (lit.30  

m.p.640). 

Alkaline hydrolysis of the chloro-compounds. 

Weighed amounts of the chloro-compounds were treated 

with a 50% solution of IT  aqueous sodium hydroxide in 

acetonitrile at 23.5°. 	Aliquots were back titrated 

periodically against standard 113 hydrochloric acid. 

The results are shown in tabular form below:- 
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2-Chloro- 

(0.0566 g) 

2-Chioro- 

- 

2-Chioro- 2-chloro- 
iVicfElaine4-nitro-5-:iati6: 

pyridine
-1-oxide 

pyridine 
3:5-dinifro-% 
pyridine 

(0.1673 g) (0.1370 g) (0.1946 g) 

Time 

(Men) 
in- 

ut 

Titre 1 Titre 

(ml) 

g._ Titre 

(ml) 

Titre / 

(ml) (ml) 

0 

15 

30 

45 

60 

75 
90 

105 

120 

(24 
hrs.) 

0.974 

0.950 

0.905 

0.900 

0.905 

- 

0.910 

- 

0.905 

0.860 

100 

97.5 

92.9 

92.4 

92.9 

- 

93.4 

- 

92.9 

88.3 

1.948 

1.820 

1.730 

1.590 

1.515 

1.480 

1.408 

1.345 

1.305 

0.270 

100 

93.4 

88.8 

81.6 

77.8 

76.0 

72.3 

69.0 

67.0 

13.9 

2.822 

2.132 

1.865 

1.670 

1.540 

1.460 

1.340 

1.240 

1.145 

0.505 

100 

75.6 

166.1 

59.2 

54.6 

51.8 

47.5 

43.9 
40.6 

17.9 

1.948 

0 

100 

0 

2-Iodopyridine methiodide (XLVIII)31. 

2-Chloropyridine (1.5 g) was heated in a Carius 

tube with methyl iodide (7.5 ml) for 16 hours at 80°. 

The product was collected and purified by precipitation 

from dimethylformamide solution with ethyl acetate as 

yellow prisms, of 2-iodo-l-methyl-pyridinium iodide 
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(XLVIII) (1.34 g, 29%), m.p.212°  (d) (lit.31m.p.209°  
(e) 	u 4njol 1610 cm 1  (C=N). " max 

Reaction of the pyridinium salt_IXLVIIII_with benzoate 
••••••0 	Nom•••.•*••••mi• 

ion on cvolohexylamine. 

The pyridinium salt (0.5 g) in dimethylformamide 

(5 ml) was treated with triethylammonium benzoate 

(0.36 g) at room temperature for 15 hours. 	The 

resulting solution was treated with cyclohexylamine 

(0.14 g) at room temperature for 16 hours, then poured 

into water. 	The aqueous solution was extracted with 

ether and the ethereal extract washed successively with 

sodium bicarbonate solution, dilute hydrochloric acid 

and water, dried and evaporated. 	The residue was 

recrystallised from aqueous ethanol giving colourless 

needles of benzoylcyclohexylamide (0.155 g, 53%), 

m.p.150o-151o mixed m.p.150o-151o with an authentic 

specimen. .vi.ax
ujol 3300 cm-1 (1T ) -ilx, 1630 cm-1  (amide 

Reaction qf_the_pyridinium salt (XLVIII) with hippurate  

ion. 

Triethylarnine (0.28 ml) was added to a solution 

of hippuric acid (0.177 g) and the pyridinium salt 
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(0.694 g) in dimethylformamide (10 ml). 	1.n immediate 

red colour developed, and after one hour, the mixture 

was poured into water and the red precipitate collected 

and recrystallised from acetonitrile to give the 2- 

pyridyloxazolone (LI) 	(87 rig, 	30%), m.p.2270-2290, 

A A  350 max ( ( 1,670), 	427 mµ ( ( 	2,010). 	Found: 

0,21.72; H,5.03; N,11.49. C15H12N202 requireu: 

0,71.41; H,4.80; N,11.11%. 

Reaction of the  Ruidinium salt 121LVII)  with 2-phenyl-

oxazol-5-one. 

The pyridinium salt (XLVII) (0.224 g), 2-phenyl-

oxazol-5-one32  (0.103 g) in dimethylformamide (5 ml) 

were treated with triethylamine (0.15 ml). 	Work up as 

above gave the oxazolone (LI) (88 mg, 46%), idontified 

by m.p., mixed m.p. and comparison of i.r. spectra. 

2-Chloro-4_1-pyrroline  

2-Pyrrolidone hydrochloride (from 5 g pyrrolidone) 

was treated in refluxing carbon tetrachloride (25 ml) 

with phosphorus pentachloride (15 g) for 4 hours. 	The 

solvent was removed in vacuo and the residue diluted 

with ice-water, made just alkaline, and the precipitate 

collected, and purified by precipitation from dilute 



- 131 - 

acetic acid c;dution with 40% potassium hydroxide 

solution, giving 2-chloro-l-pyrroline (LII) (1.08 g, 

18%), m.p.51°-53° from 40°-60° petroleum ether, (lit.33 
m.p.50o_51e),

~r~axo1 1620 cm-1 (C.N). 

2-Chloro-1-methyll-pyrrolinium iodide (LIIII. 

The pyrroline (LII) (0.25 g) in nitromethane (2 ml) 

was treated with methyl iodide (1 g) at room temperature 

for 18 hours. Addition of anhydrous ether precipi-

tated 2-chloro-l-methyl-Ll-pyrrolinium iodide (LIII) 

(355 mg, 60%), m.p.145°-148° (d), from anhydrous ether-

anhydrous ethanol. 

Reaction of 2-chloro-l-methyl- 1-pyrrolinium iodide  

with benzoate ion and cyclohexylamine. 

The pyrrolinium salt (LIII) (1 g) in dinethyl-

fornanide (5 ml) was treated with triethylanrionium 

benzoate (0.9 g) in dimethylformanide (2 ml) at room 

temperature for 6 hours. 	Cyclohexylamine (0.4 g, 0.47 ml) 

was added, and the solution kept at room temperature for 

a further 18 hours, then poured into water, precipitating 

benzoylcyclohexylamide (245 mg, 28%), m.p.149°-151°,  

3280 cm-1 (N-H), 1620 cm-1 (amide C=0). 	The 

i.r. spectrum was identified with that of an authentic 

specimen. 



- 132 - 

Action of phosgene  on 1-hydroxy-2(1H)-pyridone (XLII). 

a) In chloroform solution. 

The pyridone (XLII) (1 g) in chloroform (25 ml) 

was added dropwise to a solution of phosgene (ea. 10 ml) 

in chloroform (10 ml) at room temperature. 	After 

48 hours, the precipitate was collected and dried 

giving 2-chloropyridine-l-oxide hydrochloride (450 mg, 

30%), m.p.120°  -125°  (d), mixed m.p.120°-125°  (d) with 

an authentic specimen. 	Found: 0,36.52; 

055N0C12 requires: 0,36.15; E,3.01%. 

b) In the absence of solvent. 

The pyridone (XLII) (0.5 g) was added to liquid 

phosgene (ca.10 ml) at 0°. 	The mixture was stirred for 

2 hours, then the phosgene was allowed to evaporate. 

The residue was evacuated to remove last traces of 

phosgene. 	The product, believed to be the cyclic  

L'oau carbonate (LVI), m 	(d), 	
ax
jol  .p.120°-125° 	1895 cm-1, 

1630 cm-1, reacted rapidly with water with evolution of 

carbon dioxide, and was insoluble in common non-hydroxylic 

solvents. 	The substance was not purified, but 

estimation of the carbon dioxide evolved on hydrolysis 

by absorption on soda-asbestos/magnesium perchlorate 

showed that the product was 37% carbonate. 
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Action of benzoate ion on the cyclic carbonate (LVII. 

The crude cyclic carbonate (LVI) (100 mg) in chloro- 

form (5 ml) was treated with triethylammonium benzoate 

(60 mg) at room temperature. 	After 30 minutes the 

solution was washed with sodium bicarbonate solution, 

dried and evaporated, and the residue recrystallised 

from benzene giving 1-benzoyloxy-2(1H)-pyridone (LXIII), 

(23 mg, 33%), m.p.138°-1400„ ATEILl°1  1765 am-1  (0-acyl 

co),= 	1660 cm-1  (amide C=0), identical with that of an 

authentic specimen. 

(v) Use of phenyl isocyanodichloride and isonitriles. 

Phenyl isocyanodichloride (LIX)34. 

Phenyl isothiocyanate (25 g) in carbon tetrachloride 

(25 ml) was chlorinated to saturation. The carbon 

tetrachloride and sulphur dichloride were distilled off, 

and the residue distilled under reduced pressure to 

give phenyl isocyanodichloride (LIX) (25.6 g, 79%), 

b.p.112°- 115°/25 nm (lit.34  b.p.104°-106°/30 nn) 

Aliq' 1655 cm-1  (0=N). 	A sample was further character- 

ised

max  

by treatment with aniline, and basification of 

the product to give 1:2:3-triphenylguanidine, m.p.147°-148°  

(lit.35  n.p.145°). 
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Action of N-methylhydroxylanine on phenyl isocyano-

dichloride. 

N-Methylhydroxylamine hydrochloride (0.48 g) in 

aeetonitrile (10 ml) at -20°, was treated with 

triethylamine (1.61 01), followed by phenyl isccyano- 

dichloride (1 g) in acetonitrile (5 m1). 	The solution 

was stirred at -20° for 2 hours then filtered and 

evaporated leaving an oil, ml~1680 cm-1, 1650 cm-1. 

The oil decomposed on attempted distillation. 	Another 

sample so obtained was treated with triethylammonium 

benzoate (1.3 g) for 18 hours, then poured into water 

and extracted with chloroform. 	The extract was washed 

with 2N hydrochloric acid, sodium bicarbonate solution 

lig and dried and evaporated leaving an oil, 	. 3300 cm-1  4max 

1690 cm-1. 	No diacylhydroxylamine absorption was 

present. 

Action of N-methylhydroxylamine and benzoate ion on  

phenyl isocyanodichloride. 

Phenyl isocyanodichloride (2 g, 1.57 ml), benzoic 

acid (1.4 g) and N-methylhydroxylamine hydrochloride 

(0.96 g) in acetonitrile (10 ml) at -20° were treated 

dropwise with a solution of triethylamine (4.82 ml) in 
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acetonitrile (10 ml). 	The solution was allowed to 

warm up to room temperature, and stirring continued for 

24 hours. 	The solvent was evaporated, the residue 

extracted with ether, and the ether evaporated to give 

a semi-solid residue, which was recrystallised from 

800-1000  petroleum ether as colourless needles (36 mg), 
0.p.1310-132o ,Ixnujol 3300 cm1 (N-H), 1750 cm-1 "'max. 

(0-acyl 0=0), 1660 cm-1  (amide 0=0). 	These data are 

consistent with N-benzoyl-N-methyl-N'-phenylurea (LA). 

The bilk of the crude reaction mixture was treated with 

cyclohexylamine (3 ml), in acetonitrile (5 ml). 

After 24 hours, the solution was poured into 2N 

hydrochloric acid and extracted with chloroform. 	The 

extract was washed with 2N sodium hydroxide solution, 

dried and evaporated and the residue recrystallised 

from benzene/60°-80°  petroleum ether to give benzoyl- 

cyclohexylanide (125 mg, 6%), m.p.150°-151°, (lit.36  

m.p.150°-151°), 
)rjol 3250 c0-1 (N.4)1 16  cm-1 

(amide 0=0)„ identical with that of an authentic specimen. 

The alkaline washings were acidified giving 

benzoic acid (0.75 g, 54%). 



-136 - 

Action of benzoate ion  on phenyl isocyanodichloride. 

Benzoic acid (0.7 g) and triethylamine (0.9 ml) 

in acetonitrile (5 ml) were treated with phenyl isocyano- 

dichloride (0.78 ml) at room temperature. 	After 24 
hours, the solvent was evaporated in vacuo and the 

residue extracted with benzene. 	The extract was 

evaporated leaving a semisolid residue,4, 1q.  3350 am-1 
max 

(N-a), 1780 cm-1, 1720 cm 1  (anhydride C=0), 1655 cm-1  

(amide 0=0). 	The residue was heated at 100°  for 1 hour 

with water (5 ml). 	The aqueous mixture was made 

alkaline and the solid collected,dried on recrystallised 

from ethanol/60°-80°  petroleum ether giving benzanilide 
(0.35 g, 31%), m.p.157o-1590 (lit.36m.p.12oN , Nnujmax of 

/ -A 

3350 cm-1  (N-H), 1655 cm-1  (amide 0=0). 	Acidification 

of the alkaline solution gave benzoic acid (130 mg, 

35%), m.p.120°-121°. 

2-Hydroxylaminoethylpyridine 	 

2-Vinylpyridine (7.6 ml)and hydroxylamine hydro- 

chloride (3.47 g) were refluxed in methanol (50 ml) for 

24 hours. 	The solvent was evaporated and the residue 

poured onto ice. 	The aqueous solution was made 

alkaline with  2N sodium hydroxide solution and extracted 
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with chloroform (3 x 50 ml). 	The extract was dried 

and evaporated and the residue recrystallised from ethyl 

acetate/60°-80°  petroleum ether as colourless needles 

of 2-(2-hydroxylaminoethyl)-pyridine (LXII) (4.4 g, 

45%), m.p.108°-110°, (lit.37m.p.105°-106°). 

Action of 2-(2-hydroxilaminoethzlizaridine on the 

dichloride (LIX). 

A solution of the dichloride (LIX) (1 g), the 

pyridine (LXII), (0.794 g), and triethylamine (0.8 ml) 

in acetonitrile (10 ml) was stirred at room temperature 

for 24 hours, during which time a deep red colour 

developed. 	The solvent was evaporated leaving a red 

semisolid residue, ax
ig.  3400 cm-1, 1655 cm-1. 	The 

residue was treated with benzoic acid (0.7 g) and 

triethylanine (0.8 ml) in acetonitrile (5 ml) for 24 

hours. 	The red colour was not discharged. 	The 

solution was poured into water, extracted with chloroform, 

and the extract washed with 2N hydrochloric acid, 

sodium bicarbonate solution, dried and evaporated, 

leaving a semisolid residue, the i.r. spectrum of which 

showed no diacylhydroxylamine absorption. 
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n-Bromonhenyl isonitrile (LXIV)38. 

Potassium (5.85 g) was dissolved in t-butanol 

(70 ml) and the cooled solution treated with powdered 

p-bromoformanilide (10 g). 	The solution was cooled in 

ice, and treated dropwise with phosphorus oxychloride 

(5.15 g). 	After addition, the solution was warmed to 

40° for 5 minutes. 	Ice (10 g) followed by ice-water 

(300 ml) was added, and the solution extracted with 

ether (2 x 50 ml). 	The extract was washed with water, 

dried and evaporated and the residue sublimed at 800/0.2 mm 

to give colourless prisms of p-bromophenyl isonitrile 

(LXIV) (1.84 g, 21%), m.p.98°-100°, (lit.39m.p.97°), 
,.41Tajol 2100 cm-1  (-Nr7.0). 

Cvolohexyl isonitrile(LXV)40 . 

Cyclohexylformamide (32 g), pyridine (125 ml) and 

40o-60o petroleum ether (75 ml) were treated at 0°, with 

phosphorus oxyoblorido (23 g). After addition, the 

solution was refluxed for 10 minutes, cooled in ice and 

treated with water (200 ml). 	The aqueous phase was 

separated off and washed with 40°-60°  petroleum ether 

(3 x 50 ml). 	The organic solutions were combined, washed 

with water (3 x 25 ml), dried and evaporated. 	The 

residue was distilled giving cyclohexyl isonitrile (LXV) 



- 139 - 

(10.8 g, 40%), b.p.54°  -58°/10 nm. (lit.4%.p.56°-58°/11 mm). 

Action of nitrosobenzene and  benzoic acid on p-bromoz, 

phenyl isonitrile. 

Nitrosobenzene41  (118 ma, benzoic acid (134 mg) 

and the isonitrile (LXIV) (200 mg) were stirred in 

methylene chloride (5 ml) at room temperature for 24 

hours. 	The solvent was evaporated leaving a solid 

residue with an i.r. spectrum consistent only with a 

mixture of starting materials. 

Action of nitrosobenzene and  benzoic acid on cyclo-

hexy/isonitrile. 

Benzoic acid (560 ug), nitrosobenzene (500 mg) and 

the isonitrile (500 mg) in methylene chloride (5 ml) 

were treated with toluene-p-sulphonic acid (0.1 g). 

After 4 days at room temperature, the solvent was 

evaporated, leaving an oil, with an i.r. spectrum con- 

sistent with a mixture of benzoic anhydride k..) 	1780 cm-1  
.1.1ELX 

1720 cm-1) and cyclohexylformamide (.4a' 3300 cm-1, 

1680 m-1), but not a diacylhydroxylamine. 

N-Methyl-m-phenylnitrone (LXVI )42. 

N-Methylhydroxylamine (from 1.74 g of the hydrochloride) 

and benzaldehyde (2 g, 1.99 ml) in aqueous ethanol were 
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heated to 100°  for 30 minutes. 	The solvent was 

evaporated and the residue basified, extracted with 

chloroform and the extract dried Pind evaporated. 	The 

residue was recrystallised from benzene/60°-80°  petroleum 

ether to give N-methyl-a-phenylnitrone (Lxvi) (2.0 g, 

78%), m.p.84°-86°  (lit.42m. P.82°). 

Action of benzoic acid and N-methyl-a=phenylnitrone on 

cyclohexyl isonitrile. 

Cyclohexyl isonitrile (0.5 g), benzoic acid (0.56 g) 

and the nitrone (LXV1) (0.62 g) were stirred in 

methylene chloride (10 ml) at room temperature for 10 

days. 	Evaporation of the solvent left a residue with 

an i.r. spectrum consistent with a mixture of benzoic 

anhydride ("4max 1780 cm
-1, 1710 cm-1), cyclohexyl 

formamide (Amax 3300 cm-11  1670 cm-1) and the starting 

materials, but not with N:N-dialkyl-0-acylhydroxylamine 

(cf. N-benzoyloxypiperidine43, s m..ax  1765 cm-1). 
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PART II 

DIAZ OCOMPOUND CHEMISTRY 
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Introduction. 

a) 	Preparation of Aliphatic Diazocompounds. 

(i) Diazoalkanes. 

Diazoalkanes are unstable to mineral acid and 

cannot be obtained in a manner analogous to the 

diazotisation of aromatic amines. 	They are, however, 

comparatively stable to base and are most usually 

prepared by modifications of the method by which they 

were first prepared by Franchimont1 which was by the 

action of base on nitrosomethylurethane. 	In general 

any compount of the type (I) may be used, where X is 

capable of being cleaved off under basic conditions. 

For the preparation of diazomethane, Eistert developed 

the use of nitrosomethylurethane2 which on treatment 

with concentrated potassium hydroxide solution in the 

presence of ether gave an ethereal solution of diazo-

methane in good yield (i). 

NO 
	

NO 

R.N X CH3.N.002Et + KOH 	CH2N2 + KHCO3 
 + EtOH 
	

(1) 

I 

Similarly Werner proposed the use of nitrosomethyl-

urea3, and less used early methods include nitrosomethyl-

acetamide4 and nitrosouethylbenzamide4as intermediates. 
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These nitrosocompounds are not very stable, and in 

an attempt to produce a more stable intermediate, de Boer 

and Backer developed the use of N-methyl-N-nitrosotoluene-

p-sulphonamide5(11). Similarly 4-methyl-4-(methylnitroso-

amino)-2-pentanone6(III) and l-methyl-l-nitroso-3-

nitroguanidine7(IV) have been proposed as suitable 

intermediates. 	These decompose to diazomethane by 

reactions (2), (3) and (4) respectively. 

NO 

CH
3
.N-S02 + Et0- 	CH2N2 + EtO.SO + OH (2) 

(II) 

NO CH 
\ 	3 

3
N. C 	CH2COCH3 + RO- 	CH2N2 + (CH3)2.0 = CH.COCH3 

CH3  
(III) 

NO 

CH N--C - NHNO2 + OH-  —4- CH2N2 +N:40-N- NO2 + H0 3 	11 	 2  
NH 

(iv) 

Good yields of diazomethane are claimed, and the 

nitrosamino-pentanone method is suitable for higher 

diazoalkanes, although Wilds and Meader8 found that the 

urethane method was preferable for diazoothane. More 

(3) 

(11) 
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recently Nalf-dialkyl-N:N!-dinitroso-oxamide has been 

used for the preparation of higher diazoalkanes in 

excellent yields9. 
In general yields of the diazoalkanes fall off with 

increasing molecular weight, and only compounds up to 

diazooctane have been prepared in reasonable yields6. 
Gaseous diazomethane has been prepared in 20% yield 

by the action of concentrated potassium hydroxide and 

hydrazine on chloroformi°, but better yields were obtained 

by Dessaux and Durandll  who utilised the reaction of 

aqueous potassium hydroxide on nitrosomethylurea in the 

absence of an organic solvent. 

Disubstituted diazomethanes can be prepared by the 

nitrosourethane method, e.g. diazocyclohexane has been 

isolated in 40% yield by the action of sodium methoxide 

on N-eyelohexyl-N-nitrosourethane at -150.12  Jones13 

has found that lithium ethoxide is the base of choice 

for the liberation of diazoalkanes. 

The aryl and diaryldiazomethanes are most readily 

prepared by the oxidation of hydrazones. 	Staudinger14 

developed the use of mercuric oxide as the oxidising agent. 

More recently, silver oxidel5  and activated manganese 

dioxide1516 have been used. 	This procedure is the 
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/ method of choice for pheriyldiazomethane17  (V). 

0 

Ph.C.CPh Egal Ph CO--C Ph Na0H)  Ph OH-N2 + PhC0-  
11 + (cz3)200 	

2 
NNH2 	N2 

(5) 

(V) 

(ii) Diazoketones and related compounds. 

This type of compound can in principle be prepared 

from the nitrosourethanes, but the method has been little 

used since the a-amino-compounds are not readily available 

and can be converted directly to the diazo compound18. 

Franzen19 has devised a modification of the nitroso-

alkylurethane route particularly suited to the preparation 

of diazoethylketones, (reaction (6)). 

NR 2  
/ 	(R,C0),0 

R CF 	------4. 
C5H5N CO2H 

NO 

NH.COR' 	N.COR' 
N
2
0 	/ 
n  2m TT) R CH CH3,n0v 

COR' 	COR' 

> 
OMe 

N+  
1 2 

COR' (6) 

In general, amines with strongly electron withdrawing 

groups in the a-position can give the diazocompound by 



direct nitrosation with nitrous acid. 	This was first 

used by Curtius for ethyl diazoacetate20. 	The limiting 

factor in this preparation is the availability of the 

a-substituted amines. 	Hence it has been most generally 

used for the preparation of diazoesters„ but diazo-

sulphonic acids21  and 1-diazo-2:2:2-trifluoroethane22  

have been made in this way. 

The reaction of excess diazoalkanes with acyl 

chlorides23, anhydrides2', and mixed carbonic-carboxylic 

1 anhydrides25  0), is the most generally used method for 

diazoketones. 

R COX + 2RICHN2  ----* R CO. R' 	RICH2C1 N2 	(7) 

N2 

This has particularly been applied to the preparation 

of diazomethyl ketones because of the ready availability 

of diazonethane, and the use of the product in the 

Arndt Eistert synthesis of homologous carboxylic acids26. 

For the higher diazoalkanes„ which are less readily 

available, the use of an excess may be avoided by the 

addition of triethylamine to neutralise the hydrogen 

chloride evolved27. 
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This method of synthesis suffers from the disadvantage 

that diazoalkane may react at other points of the molecule, 

particularly if other acidic protons are present, and 

also unreacted diazoalkane can react with diazoketone, 

giving azines28(8). 

RI 

R CO CRIN2 + RICHN2 	R.COC = N N = CHR' + N2 
	

(8) 

The oxidation of a-diketone monohydrazones by the 

method of Staudinger14 leads to diazoketones, but the 

monohydrazones can only usually be made in a few cases 

where the carbonyl groups are of different reactivity, 

e.g. l:2-diketohydrindenes29. 	Mercuric trifluoroacetate 

has been used for the oxidation of sterically hindered 

diketone monoximes50. 

Unlike the diazoalkane series, diazoketones can be 

isolated from the reaction of base on monotoluene-p-

sulphonylhydrazones of a-diketones31(9). 

NNHTS 

0- 2 (9) 

h 	F h 

Quinone diazides are formed similarly32(10). 

OH 
0 

8 hrs. 
0 	TS = CH 



RCHN2 Et02C - C-- COC - R 

N2 
4. 

N+  2 

(n) 
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OH- 

  

   

 

NNHTs 

 

Chloramine reacts with the cionoximes of a-diketones 

in the presence of base giving the diazoketones33. 	The 

reaction has been developed by Meinwald54 who found 

that hydroxylamine-O-sulphonic acid was the reagent of 

choice. 

Ethyl diazoacetate itself has been acylated with 

acid chlorides to give the a-acyl-a-diazoesters35. 

Phosgene56 and oxalyl chloride36  give diazoacyl chlorides 

which can react with further diazoalkane (11). 

N+  1 2 
N2CH CO2Et + C0C12 	Et02C - C - C0C1 

(iii) Diazosulphones. 

The a-diazosulphones are not formed by the reaction 

of a diazoalkane with a suiphonyl halide37. 	Dieckmann 

has prepared bis(benzenesulphonyl)diazonethane by the 

manganese dioxide oxidation of the hydrazone38, and 
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Strating has formulated a general route to m-diazosulphones 

by the nitroso-urethane method (12)39. 

(CH5)2NH + CH20 H2NCO23t 	(CH3)2N.CH2NHCO2Et Ar
SO2H 

NO 

ArSO 	NHCO2Et E2.24 ArSO2CE2 NCO2Et 22; A SO UHN+ 	(12) r 2 2 

(Ar  = CH30-0- 

b) 	Reactions of Aliphatic Diazocompounds. 

(1) Reactions with electrophilic reagents. 

The structure of aliphatic diazocompounds can be 

expressed in the mesomeric forms (171)-(X). 

R 	 R 	 R 
\\+  
C - N = R 	C = N = N- 	\\b-  - 	N 

// 
RY 	RI 	RI 

(VI) 	 (VIII) 

-N=N < > 	C = N 
RI RI 

(IX) 	(30 

If an a-carbonyl group is present, further delocal-

isation of the charges can occur (XI), (XII). 
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+ 0 	NI. 	0-  //N2 gi  / 

	

R.0 - C\

2 	

< 	> 	R - 1 =C 

	

\RI 	 \R} 

(XI) 	 (XII) 

As would be expected on the above structures, the 

diazocompounds can undergo both nucleophilic and 

electrophilic attack, but it is found that they are 

predominantly nucleophilic in character, and the initial 

stage of a reaction is usually the addition of an 

electrophilic group to the diazo-carbon atom. 	This is 

shown by the reactivity exhibited towards protonic acids, 

in which the order of reactivity is:.110  

R2CN2 > H2CN2 > ArOEN2 RCOCEN2 > ArCOCEN2 > (ArCO)2CN2' 

which is the expected order of basicity of the diazo- 

carbon atoms. 

The reaction with a protonic acid RB may be represented 

as (13). 
R H 

R 	R H 	R 	H 	
\B

RI  

(13a) 

 

\ + H+  \ 	\  
U - Na --->. 	t 	—4- ,,C 

// 	 / \ ii, 	R / RI 	 RI 	A 	I 	 R 	H 
ii.31 	•‘ /' • C 

	

	(13b) 
\ 

RI 	IV 
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It is found that in the presence of another nucleo- 

phile BI, attack by either base can occur. 	Thus if 

diphenyldiazomethane (XIII) is treated with toluene-p-

sulphonic acid in acetonitrile, the diazocompound acts 

as a nucleophile (14)41. 

N 	 N+  12 	 2 
Ph2CN2 --* Ph2.CH -NF-N+C Ph2  —4 Ph2CH -N=N-CPh2 
(XIII) (14) 

Ph2C = N - N = CPh2 

In the reaction of diazoalkanes with carboxylic 

acids in inert solvents, Roberts42 has shown, by means of 

the deuterium isotope effect, that the rate determining 

step is the proton transfer, followed by a rapid loss of 

nitrogen. 

Dahn and Gold43 however have postulated, for the 

diazoketones, a fast protonation followed by a rate 

determining unimolecular loss of nitrogen. 

The decomposition of ethyl diazoacetate in aqueous 

mineral acid follows (13b), glycollic ester being the 

product. 	In the presence of a large excess of nitrate 

ion, glycollic ester nitrate is produced44, and the acid 
is consumed. 	This is indicative of specific proton 



0 	N2 0.1N H2SO4  

CI;2+ 	' 

140°  

(m) 
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catalysis, as opposed to the general acid catalysis 

observed in aprotic solvents45. 

As would be expected, a-diazo-8:8 1 -dicarbonyl com-

pounds are much more stable to acids and diazodimedone 

(15)46 .  (XIV) is only decomposed under forcing conditions 
0 
• 2 

mkini•••••••••••••1). 

0 

(15) 

The cupric ion acts as a Lewis acid, and in general 

Lewis acids catalyse the electrophilic reactions of 

diazo-compounds, e.g. alcohol's can be alkylated in the 

presence of copper ions47 

EV A_ 	Rt 

RCOCRIN2 	RCO Cu2+ Ro07  • RCO . C - ORn 	cu2+ (16) 

Cu 

Alternatively, the alcoholic proton may be made 

more acidic by prior complex formation with the Lewis 

acid48. 



/ 
Ru Rut 

a
cI 

0 

RI 	C - 

R n 

0 	R tt  
11 	1 

RC , C - 

It I 

R 

0 RH 

RI 	- C - R." 	(18c) 
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N.* 	CH2N2 
- Al(OR)

3
0 - A1(OR)3 --->- NO /' 

H' 	CE
3 	

CH
3 

Strong Lewis acids, such as boron trifluoride, or 

free aluminium alkoxides cause rapid polymerisation of 

diazoalkanes491  and thus have not been used extensively. 

The reaction of diazocompounds with carbonyl com-

pounds is an example of electrophilic attack on the 

diazo-carbon atom. 	Saturated aldehydes and ketones 

react according to (18)50.  

R 	Ru 	R 	
0_ 

N..., V + 
\\_,C = 0 + '....."6 - N-1- 	c 	/N2 

R
,,,--- 	2 	s.,, / 2 

Rt 	Rut 	Ne 

It is found that the rate of reaction of diazomethane 
0 with ketones is in the order:- 
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0 	0 	0 

01
3
0-0-011

3 
> CH

3
-C-CH

3 	
Ph-C-CH

3 

which is the order of reactivity of the carbonyl groups 

towards nucleophiles, thus indicating the primary 

process postulated. 	The ratio of the products varies 

greatly with the substituents R and RI, and the 

reaction conditions. 	Electron withdrawing groups 

adjacent to the carbonyl group facilitate the reaction, 

and also induce the formation of a greater proportion 

of the oxide51. 	Hydroxylic solvents, particularly 

methanol catalyse the reaction51, and also cause a 

greater proportion of epoxide in the product52. Ketones 

usually give a higher proportion of the epoxide, 

possibly because this is more favoured sterically55. 

The higher homologues of diazomethane show little 

or no tendency to epoxide formation6. 

Because of the decreased nucleophilic character 

of the diazo-carbon atoms, the diazoketones and esters 

are less reactive than the diazoalkanes54 and have 

been relatively little studied. 

3-Diketones are usually 0-alkylated, or C-alkylated55  

and alkyl insertion is not observed. 

a-Dicarbonyl compounds56 and o-quinones57  usually 

react with diazomethane by attack at the oxygen atom (19), 
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giving a methylenedioxy-compound. 

Cl 
	Cl 

Cl i 0 	Q1 

+ CH2N2 

Cl 	Cl 

Cl 	 Cl 
Cl 

 

(19) 

 

Anthraquinone, however, gave a monoepoxide in the 

presence of a small mount of methanol56. 

m0-Unsaturated ketones59 and p-quinones60 undergo 

a Michael type addition to give L12-pyrazolines (20). 

0 	04- CH3 	0 CH
3 

to---A 
Ph . NCH = CH COCH

3 	
Ph -....../N 	Ph 

	

4 	
10 

	

OH2 - N2 	CH 	N 	AT 
2.„.14.44 

Ph--' 



CH
3 

HO 

Et02C 

OEt 

sl 
-A,N 
+4 
N 

CH
3 

—4- HO 
CO2Et 

'N 
//‘ 
Nisi H 

Et02 

9, 

t = C 	—4- 
H 

HO 
7 ‘N  

CH-N2 
1 

EtO2C 

CH 
3 	

11 
,.., 	0.-ml,..000Et 
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Enolised p-diketones can react similarly, giving 

pyrazoles (21)61. 

 

02Et 

(21) 

  

Isolated double bonds, which are nucleophilic in 

character are not usually attacked by diazoalkanes in an 

ionic manner unless they are in a strained ring system62. 

The electrophilic triple bonds, however, readily react 

forming pyrazoles63. 

1:3-Dienes show greater electrophilic character in 

the terminal carbon atoms because of contributions of 

the type (XV) to the electronic structure of the molecule, 

and thus react with diazoalkanes forming vinylpyrazolines 

(22)64. 
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---.4 CH2 - CH = CH - CH2 + O-11 N+  --. CC = CH - CH2  

H2 

2 	2 H-- 	,,,...., 2 
CH 2 

(22) 
N 

NH 

Polarised multiple bond systems in general are 

attacked by diazocompounds, e.g. nitriles form 1:2:3-

triazoles65 and nitroso-compounds form nitrones (23)66 

o- 	o- 

Ph . N = CH2 	(23) 

Cumulative systems are also readily attacked, giving 

heterocyclic products, e.g. diphenylketene gives a 14- 
pyrazolone (XVI) with diphenyldiazomethane (24)67. 

0 

Ph2C = C = 0 	Ph C--- C4% 

/1
/ 	

21 

N k-, , CPh2 	(24) 
+ N2-CPh2 	N  

(XVI) 

Isothiocyanates add across the C = S bond, giving the 

1:2:3-thiadiazolines(25)68. 

CH 
-7 2

N2 PhNO --* Ph 
0 

  

rk+ CH2 - N2 

 



(xvii) 

(26) 
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..."--Nk 
S 	N 

CH2N 2 	 / 	HI:A. 	N\ 
PhNCS -----* Ph.N = C 	N+  --->. PhN 	N 

N"..:#2.  

Diazoalkanes react with oxidising agents X - Y, 

giving compounds of the type (XVII). 	Thus halogens give 

gem-dihalides(XVII, X = Y = halogen)" and dinitrogen 

tetroxide gives ms-dinitrocompounds (XVII, X = Y = NO 2/170 
 • 

Peracids react giving the corresponding ketones (26), e.g. 

diazofluorene gives fluorenone (26)70 . 

0 

The electrophilic attack of aromatic diazonium ions 

is found to proceed in two ways: 
71/ 

i) by attack at the diazo-carbon atom 07). 

CH/ 2 
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irN 
N E N + METCOR 	0 N 	= N - CH COR 2 m̀ay 

N+   2 	 N2 

1) C1 

ii) rearr. 	(27) 

N - N = C-COR 

Cl 

Similarly excess diazomethane in the presence of 

lithium chloride in methanol gives the chloroformaldehyde 

p-nitrophenylhydrazone, but in the absence of chloride 

ion, reaction (28) occurs leading to the cyanamide 

(XVIII)72. 

Et 20 N + CH2N2 ---* 0 1,  
EXCESS 

= N - CH2 

 

02 NH - N = CH (28) 

 

C N2 NH - ON 	0 

(XVIII) 

The rearrangement step may be analogous to the Wolff 

rearrangement of diazoketones. 

(ii) by attack at the terminal nitrogen atom (29), 

a tetrazole results71. 
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4147\ 	+ 
NEN+N=N= CH2 --4.02 \ifN-47rN  =N-N=N= CH2 

     

(29) 

"40 
11 

N .N 	0 N 

N 

(ii) Reactions with nucleoyhilic reagents. 

In general, these reactions can be expressed by the 

scheme 

- +
- R2C -NEN+ B 	R2a- 	R2C =N-N-B 

(XIX) 	(XX) 

As would be expected the diazoketones react in this 

manner more readily than the diazoalkanes. 	The attacking 

reagent must also be a powerful nucleophile, thus the 

reaction can occur with certain inorganic ions, carbanions, 

trivalent compounds of group V elements, and anions of 

the group VI elements. 

Powerful inorganic nucleophiles, e.g. sulphite ion73, 

cyanide ion?  ,react with diazoketones giving the N-

substituted hydrazones ((XX), B = -CN, 

The reaction with carbanions has been used for the 

preparation of pyrazole derivatives (31)75. 



- 16k - 

N.+  

	

12 	N 'CO Et 

	

Et02' 	+ Et02C CH - CIS „ci, 2  
Et02C-"-CN 

11111•••••••41.0 

,N 
EN 	CO2Et 

Et0 C 	NH 
( 31 ) 

Only very reactive carbanions, e.g. Grignard reagents, 

can react with diazoalkanes, again giving the substituted 

hydrazone (32)76. A hydrazone is more stable than an 

azo-compound and thus is the normal product from all 

the electrophilic additions. 

Ph2U - N '="”. N + PhMgBr ---* Ph2C = N - NHPh 
	

(32) 

In the presence of a carbonyl group, the diazo-

group may still be preferentially attacked76. 

The difference in electrophilic and nucleophilic 

character of diazoalkanes and diazoketones is illustrated 

by the action of diazoethane on diazo-p-nitroacetophenones 

(33)77, in which the diazoalkane acts as the nucleophile. 

001/- 
\ 

N+  = N 

0 

R 

COC, 
N-N=CHOE 

+ N2 
	

(33) 
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The trivalent compounds of the group V elements are 

sufficiently nucleophilic to react at the terminal 

nitrogen atom. 	Thus ammonia reacts with diazoacetic 

ester (34) giving a l:2:3-pyrazolone77. 

N  Et02C CH N.2  + • • 	Et0--C.CH = N 	NH.N 	N (34) 

Et02C CH - N2 
N2H4 
 Et02C CH - N = N - NH.NH2 

-NH
3>  

 

N2H4  
Et02C CH2N3 	H2NNHCOCH2N3 

 

(35) 

m-Diazo-p01 -diketones do not react with amines at 

the terminal nitrogen atom, but at a carbonyl group, the 

0 	I 

The reaction with hydrazine takes a different course 

(35) and an azido-hydrazide results78. 

then cyclise to 

CH. d 

EtO2C  

1:2:3 triazoles (36)79. 

CH .N 
)4 	(36) 

Et02 

where R = H-, alkyl-, PhN21-, H2NCONH-, HO-. 

The trivalent phosphorus compounds R3P (R = Ph-, 

RO-) react in a different manner to the amines, because 

of the ability of the phosphorus atom to raise its valency 

to five. 	Thus triphenyl phosphine and a diazoketone 



RCO.COR' + E2N.NH2  + Ph3P0. 

( 3 8 ) 
0171 20 

-166- 

form a phosphorus azine derivative (37) which can undergo 

hydrolysis to either the ketone or diketone depending 

on the conditions (38)80.  

RI 	 0 RI 
+ 	4 

R.000 - N2 + 	a PFh
3 	

R.0 - C - N = N - PPh
3 

0 RI 
II 	1 

---* R.0 -C=N-N= PPh
3 	(37) 

0 R,  
11 	I 

RC-C=N-N= PPh
3 

RCOCH3 + N2 + Ph3PO . 

Yates81 has investigated the complex mixtures 

produced in the reaction of hydroxide ion and alkoxide 

ion with diazocompounds. 	In the ease of azibenzil, the 

products detected were phenyl diazomethane,benzoic acid, 

diphenylacetic acid, benzoin and benzil azine in 

proportions varying with the base concentration. 	The 

formation of most of the products could be rationalised 

by the initial attack at the terminal nitrogen atom (39). 

OR (39) 



Ph 
RO- 

eNt 
Ph N= OR Ph.002R + PhCHN2 (40) 

Ph 
	
0 	Ph i 0  

N =-N OR Ph.,' 

H20 Ph2CCO 	 Ph2CH CO2H (41) 

Ph 

Ph 
Ph- 	(1)  

Ph 
(42) 

Ph 
N= N 

Ph 
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Cleavage of (XXII) would give benzoate and phenyl-

diazomethane (40). 

Wolff rearrangement of (XXI), (41), would give 

diphenylacetic acid. 

Hydrolysis, by hydroxide ion, (42): gives rise to 

benzoin. 

The benzil azine was believed' 	'se by the 

dimerisation as shown in (43). 

Ph 4-73- 	P ,.O 0 Ph 

Ph 	N ph 	•N 	— OR L 
, 	

N1":-N p 	
rN N OR 

N-0 OR CH 

( 43 ) 

Ph. 	0 Ph 

Ph Ph 
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Hydrogen sulphide reacts with diazoalkanes as expected 

for an acid, giving thiols82. 	With diazoketones, 

however, the mono-hydrazone of the a-diketone results83, 

and this would require initial attack at the terminal 

nitrogen atom (44). 

EtO2C.CHN2  + H2S 	EtO2C CH = N NH S - 

Et02C CH = NNE{2 
	(44) 

With m-diazo-f3:pf-dicarbonyl systems, hydrogen 

sulphide attacks a carbonyl group, subsequent cyclisation 

of the product giving 1:2:3-thiadiazoles (45)82 

CH 

Et0 C 

CE
3 E0S 

 

CH 

 

  

(45) 

   

  

Et02 

 

Et02C 

  

The diazo-group in the m-diazo-30t-dicarbonyl 

compounds is made sufficiently electrophilic 

coupling to occur (46) in a manner analogous 

aromatic diazonium salts84. 
4"\ 	tpH 
N7-5 N 

for azo- 

to the 

(46) 

OH 
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iii) Reactions as Bronsted acids. 

On the basis of limiting structure (VII) of a diazo-

compound, Curtius proposed that amphoteric behaviour 

should be observable, particularly in the reactions of 

diazoketones85. 	Thus he proposed the initial loss of 

a proton from diazoacetic ester in the formation of the 

dihydrotetrazine (XXIII) on treatment with alkoxide (47). 

- RO  Et02CCH = N = N 	Et02C _ = N = N 
t4  

N E N 
.± 

- CHCO2Et 

H SO 
3-4 2 HO2CCO2H + 2 N 

(Kxtv) 
The structure of (XXIII) was inferred from the 

thermal rearrangement to the isomeric tetrazine (XXIV) 

and acid hydrolysis of this to oxalic acid and hydrazine. 

The formation of isodiazomethane and its lithium 

salt86  (48), indicate that the diazoalkanes can also act 

as Bronsted acids. 	The isodiazomethane was obtained 

CH hi pr+ 
CH2N2 -- ->H.0 = = N L 	= N = NH ( 4 ) 

at low temperature as a colourless explosive liquid. 
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iv) Reactions with radicals. 

Very few reactions are known in which a diazo-

compound reacts with a free radical without the inter-

vention of a carbene, but certain stable free radicals 

probably react in this manner, 	Thus the mechanism of 

the reaction of triphenylmethyl and diazomethane has been 

proposed as87 

+, 
EH2 - N2 + Ph3

c. 	Ph30 - CH2 - N2 	Ph3C 	CLi2 

(49)  
7E1.  Ph3c - cH2  - uh3  . 

3 

The reaction between diphenyldiazomethane and nitric 

oxide in the dark88 may proceed by a radical mechanism89  

(50). 

Ph2C = N2 + NO 	Ph2C = N 	0 	Ph2C - N = 0 

(50)  
NO 

Ph2C = N -0 NO  [Ph2C = Al 	0 	Ph20 = N - NO2 

Ph2C = 0 + N20 

v) Reactions via carbene intermediates. 

Under the influence of light, heat or a catalyst, 

diazocompounds lose nitrogen giving an electron deficient 

intermediate. 	Whether or not the intermediate is a 
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carbene or a diradical has not been determined conclusively, 

but the weight of evidence favours the carbene structure. 

Ske1190 however, found that the carbene obtained from 

diphenyl-diazomethane under the influence of light appeared 

to react as a diradical, e.g. by non-stereospecific 

addition to olefines. 

In general, the carbenes produced photolytically are 

more energetic and hence less selective than those 

produced by other means. 

The catalysts effective in producing carbenes are 

both Lewis bases, such as copper powder or cuprous salts91, 

and Lewis acids such as silver oxide used for the Wolff 

rearrangement47. 	The mechanism of this catalysis is 

not well understood. 

0 	 0 

C R C 	- N+ catalyst>  R CS - CH ---->. R.CH = C = 0 2 

H20 
	

RCH2CO2H 
	

( 5 ) 

This reaction is the basis of the Arnot-Eistert 

process for chain lengthening of carboxylic acids92. 

The complete process is illustrated in (52). 
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SOC12 	CH2N2 	 Ag20 
RCO2H 	RCOC1 	RCOCEN2 H 	RCH2CO2H 	(52) 

20 

Ag20  

RINE2  R I CH 

Ag 0 

RCE2CO2RI 

RCH2GONER ,  

The Wolff reaction can also be used to induce ring 

contraction, e.g. o-quinone diazide forms the diner of 

cyclopentadiene carboxylic acid (53)93  
0 

1102 	 (53) 
-4717› 	 CO2H 

The diazoalkyl ketones of the type (XXV) undergo 

hydride, rather than alkyl migration, in the presence of 

silver oxide, or on photolysis19. 

0 N2 	0 	0 
Ag20 	N 	 0 

R.0 -C - CH2R 

	

	C--CH RI -->RC-C= CH - Rt. 11,3 

(XXV) 	 (54) 

One of the few reactions in which the thermolytic 

and photolytic products are different, is the decomposition 

of 3-diazocamphor94. 	The photolytic reaction produces 

ring contraction (55), but the thermolytic decomposition 

gives inversion at C - 1 and formation of a tricyclic 
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CO2B(55) 

( 56 ) 

CO 
h 

As they have only a sextet of electrons carbenes 

are predominantly electrophilic in character, and thus 

react readily with atoms with lone pairs of electrons, or 

negative charges. 	Thus amines20 and alcohols95 are 

alkylated by diazonethane or diazoacetic ester (57), 

sulphides form dithioketals (58)96, and alkyl halides 

give chloroalkyl derivatives, sometimes with rearrange-

ment (59)97• 

R2C: + R,XH 	R2 63,- I a= --* 2 C - X - R,  \I  I 
5 

X = 	, NH. 
SPh 
/ 

Ph C: + S - Ph --* Ph2 5;S - Ph 	Ph2 C 
/!5 

S - Ph 	S 	SPh 
Ph 

(57)  

(58)  

..""r 	
CHCO2Et 	xacCHCO,Et --* 

/44- / 
-00°4"-C/ Cl 

CHCO2Et 

Cl (59) 
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Isolated and aromatic double bonds react with 

carbenes, usually to give the cyclopropane derivative. 

Thus benzene and diazoacetic acid gives cycloheptatriene 

derivatives97  by ring expansion of the initial adduct 

(50). 

:CriC02.E't 

   

 

'11CO2Et 

 

 

(60) 

2Et 0 Et 

Ske1198 studied the eteroospecific addition of 

dibromomethylene to double bonds. 	He proposed (61) as 

the mechanism 

.4%04, 
,,C = C 	CHr2 —÷ 	yt, —4- C - C! 

••••• 
-C 

"Br 
Br 	Br 

(61) 

The extreme reactivity of carbenes is shown by the 

alkyl insertion into C - H bonds observed in the reaction 

of n-pentane with diazoacetic ester (62)99. 	The 

reaction occurred almost unselectively at the a-, 0- and 

y-positions. 
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CH3( CH2 )3sCH3 + N2 *CHOC2Et -->- CH3 ( CH2 )5002Et 

+ CH3  (CH2 ) 2 
CI—ICO2Et 	(62 ) 

CH
3  

( 	CET2  )2  CHCH2  CO2  Et — 3  
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Theoretical Section 

(i) Attempted synthetic routes to diazo-compounds. 

The two most convenient syntheses of diazoalkanes 

from readily available intermediates are the nitroso-

urethane method2 starting from the amine, and from 

carbonyl compounds by the oxidation of the hydrazones14. 

The diversity of reactions exhibited by the diazoalkanes 

illustrated in the previous section show their potential 

value in synthetic chemistry, but several restrictions 

are imposed on their application in a synthetic route. 

These restrictions stem largely from the conditions 

prevailing during the synthesis of the diazo-compounds, 

or the availability of the intermediates. 

The major drawback of the nitrosourethane route is 

that in the final stage, treatment with strong base, 

usually alkoxide ion, is required, hence the starting 

material must not contain any residue labile to base. 

The oxidation of hydrazones avoids treatment with 

strong base, but in this case the hydrazones themselves 

may not be readily prepared. During hydrazone formation 

further condensation to azines always occurs, and this 
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could cause serious loss of yield at an intermediate stage 

in a synthesis. 	The oxidation of a-ketohydrazones to 

diazoketones has the additional drawback that the 

formation of the mono-hydrazone of the m-diketone may 

not be readily accomplished unless the keto-groups are 

of different reactivity, and also, if the initial com-

pound is a methylene ketone, the oxidation to the m-

diketone may not be a facile process. 

A modification of the nitrosourethane method was 

thus attempted. 	If a compound of the type (I) could be 

made in which the N - X bond was readily cleaved, then 

a diazo-compound may be formed under mild basic conditions. 

The approach considered was to make X a strongly 

electron withdrawing group, trichloroacetyl-, but it was 

found that N-trichloroacetylcyclohexylamine was not 

nitrosated by either amyl nitrite/boron trifluoride, 

amyl nitrite/sodium methoxide, or by nitrosyl chloride 

in pyridine, the trichloroacetamide being recovered in 

800-90% yield. 	This result is not entirely in agreement 

with the findings of Bourne100  7  who showed that trifluoro-

acetapilide could be nitrosated with ethyl nitrite in 

trifi6racetic anhydride, but not with nitrous fumes in 

trifl4oroacetic acid. 
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An alternative to basic cleavage of the N - X bond 

is oxidative cleavage of the type (63). 

NO 	NO 
[Oj 

R.CH2N - CHO 	1:t.CH2N - CO21 	R.CH2-N = N -- OH 

bae  RoH - N2 	1120 
	

(63) 

Nitrosation of cyclohexylfornamide with nitrosyl 

chloride in pyridine or nitrosyl chloride in dimethyl-

formamide gave only partial nitrosation and a satisfactory 

process was not evolved. 

Attention was thus turned to the potential synthesis 

of diazoketones by the reaction of the ketone anion on 

nitrous oxide (64) in a manner analogous to the formation 

of diazomethane from methyl lithium and nitrous oxide86. 

0 77NEN-0 

R 	C - OH - RI base N20 

0 N=N-0 
11r 

R - C - CH - RI 

 

0 N2  

R - fl 
	1 

 

C - C - RI base 
(64) 

It was found, however, that no reaction occurred 

between nitrous oxide and ethyl valerate in the presence 

of potassium t-butoxide. 

The possibility of the use of Attenburrowfs activated 

manganese dioxidel6 for the preparation of diazoaklanes, 
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in an analogous manner to the preparation of arylalkyl-
diazo-compounds was considered, but again no reaction 

was observed with cyclohexanone hydrazone. 

(ii) Reactions with  diazocompounds. 

The reactions of secondary diazoalkanes, other 

than the aryl substituted series, have been little 

studied, possibly because they have not been as readily 

available as the primary and aryl substituted members. 

Heyns and Heins have shown that diazocyclohexane 

is formed in good yield by the nitrosourethane method 

at -200 under anhydrous conditions12. 	The acylation 

of this compound would be expected to proceed as in (65), 

giving an acyl cyclohexene. 

2 	2 OR 

Cow /' (65) 

The reaction with acetyl chloride was found to 

proceed as expected, giving a 16% yield of the unsaturated 

ketone. 	No unsaturated ketone was detected in the 

analogous reaction with benzoyl chloride. 

This lack of reactivity could be due in part to the 

low temperature involved, since diazocyclohexane is 

-4- RCOC1 
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only stable below -15°C. 	Thus the reaction with 1- 

diaza ethylbenzene was attempted. 	1-Diazoethylbenzene 

can be prepared by the manganese dioxide oxidation of 

acetophenone hydrazone at room temperature101 The 

oxidation was followed by treatment of aliquots of 

reaction mixture taken at intervals, with 3:5-dinitro- 

benzoic acid, and isolating the benzoate formed. 	The 

results are plotted on Graph II, and show that the maximum 

yield of the diazocompound is reached after 40 minutes. 

The reaction of 1-diazoethylbenzene and acetyl 

chloride would be expected to proceed as in (66), giving 

3-phenylbut-3-en-2-one, or its dieter (XXVI)102. 

CH 	 CH 
/ 3 	

"CH2 

Ph. (T// 
3 

+ CH
3
C001 --* Ph - C 	Ph - C 

\ 	 COCF 	COCH
3 N 	N2 

Ph 	 (66) 

OC H3  

The colour of the diazoethylbenzene was discharged 

in 15 minutes on treatment with acetyl chloride, but the 

ketonic product isolated proved to be acetophenone and 

not the unsaturated ketone. 	The mode of formation of 
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diazomethane on 

-0.112 - 2 
0 

sulphur dioxide (67). 

le 12 
C E2  

0 	0 
:2 	--4-.• 

- S 	--* OE2-.-.8 \ _ 	\.0- 0  
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the acetophenone is not apparent. 

The reaction of diazoalkanes, particularly diazo-

methane, with acid chlorides, has been studied 

exhaustively, butthe possible reaction with other 

reactive halides, other than sulphonyl halides, has been 

less well covered. 	The sulphonyl halides either do not 

react with diazomethane, or are reported to catalyse 

the formation of polymethylenes37. 

The reaction of methane sulphonyl chloride with 

diazomethane was studied. 	Although a large excess of 

diazomethane was used, the product always contained some 

of the chloride, but the i.r. spectrum of the crude 

product was not consistent with this and polymethylenes 

alone. 	Comparison with the i.r. spectrum of an 

authentic specimen showed that the product contained some 

of the material reported to be ethylene sulphone, (XXVII)1°3. 

This sulphone (XXVII) has been prepared by the action of 

 

0 
CH0  - S 

- 
CIL; 	

.0 
 

2 

 

CE2 

.>°2 CH2 

(xxvIII) 	(67) 

CH2N2 
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The same sulphene intermediate (XXVIII) could have 

arisen in the methane sulphonyl chloride reaction (68). 

CR3  - SO2C1 21-144 CR2  SO2 	CR3c1 N2 

CH2N2 
	 (68) 

CH2 
I ;SO2  

CE2 

(III) 

The possibility of reaction of diazomethane with 

an iminochioride was considered. The reaction would 

be expected to be as in (69). N-Phenylbenziminochloride, 

Ph 

Ph Ph - C = N - -.4 - C = NPh 
CH2N2 Cl 

1 
CH2  

Ph 	PhV 

(69) 

N
2  

however, did not react with diazomethane, the iminochloride 

being recovered in 73% yield. 

a-Diazoesters can be prepared by direct nitrosation 

of the a-amino esters20. 	The use of methylene chloride 

as solvent is reported to give improved yields, because 

this solvent can protect the diazocompound from acid 

attack. 



This method was applied to the synthesis of m-diazo-

glutaric ester, giving a 40% yield after purification by 

chromotography over alumina (Grade III). 

The reaction between diazomethane and ethyl pyruvate 

gives a good yield of epoxy esteri". 	The analogous 

reaction with diazoester was attempted in the hope of 

preparing epoxysuccinic esters, which are not otherwise 

easily synthesised. 

The m-diazoglutaric ester was refluxed in methanol 

in the presence of ethyl pyruvate, and a control experi-

ment was run in the absence of ethyl pyruvate. 	Gas- 

liquid chromatography over polyester A.D.246 (Geigy 

Co.Ltd.) showed that no reaction occurred between the 

pyruvate and the diazoester. 	Photolysis of a mixture 

of the reactants in refluxing cyclohexane, and subsequent 

gas-liquid chromatography of the products showed the 

presence of two products other than those obtained in 

a control experiment. 	Since the peaks on the chroma- 

tograph were closely spaced, the separation of the 

• mixture did not appear possible, and attention was turned 

to the use of diazoacetic ester, which would give fewer 

products. 
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As in the case of diazoglutaric ester, no reaction 

occurred between diazoacetic ester and ethyl pyruvate 

in refluxing methanol. 	The attempted catalysis of 

the reaction with anhydrous copper sulphate in ether 

again gave no epoxide, the diazo-compound was merely 

dimerised105. 	The use of the bisulphite compound of 

ethyl pyruvate as a means of activation of the a.-position 

to attack by the diazo-compound was also unsuccessful. 

Thus again the photolysis of the reaction mixture was 

resorted to, in the hope that the carbene would form 

the epoxide as shown in (70). 	Thin plate chromatography 

was not effective in separating the products. 	Gas-

liquid chromatography showed that two products were 

present, the major one being also obtained in a control 

experiment. As reaction with the solvent could interfere 

Et()2 Et0 2  C 7.=„ 0 ----> 	— 0 
ei + GE002

Et CF7 3 	 3 	- --CHCO2Et 
(70) 

 

with the reaction with pyruvate, a photolysis was 

carried out using ethyl pyruvate as solvent. 	The bulk 

of the pyruvate was removed, and gas-liquid chroma- 

tography showed two components were present. 	Thin 
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plate chromatography again was ineffective in separating 

the products. 	Fractionation of the mixture did not 

show any discrete boiling points but a continuous 

gradation. 	This and the tailing observed on the 

chromatographic plates indicate that the bulk of the 

product may be polymeric material. 
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Experimental Section 

(i) Attempted syntheses of diazocompounds. 

N-Trichloroacetylvolohoxylamine. 

Cyclohexylamine (4.62 ml, 2 eq.) was acylated in 

ether (60 ml) with trichioroacetyl chloride (2.25 ml) 

at 0°. After washing with water and evaporation of 

the solvent, the residue was recrystallised from 600-800  

petroleum ether as colourless needles of the amide, 
106 

(4.5 g, 92%) m.p. 97°-99°  (lit. m.p.97°-99°) 
,CHCLz  

max 	3,400 	(N-Hi 1705 cm-1  (amide c=0). 

Attempted nitrosation of N-trichloroacetylcyclohexylamine. 

a) With amyl nitrite and triethylPnine, sodium methoxide 

or boron trifluoride. 

Y-Trichloroacetylcyclohexylamine (0.5 g) in ether 

(5 ml) was treated with amyl nitrite (0.28 ml), followed 

by the appropriate reagents. After 48 hours at room 

temperature, the solvent was removed in vacuo. 

Recrystallisation of the residue from 60°-80°  petroleum 

ether gave unchanged amide (0.45 g, 90%). 

b) With nitrosyl chloride in pyridine. 

The amide (0.5 g) in carbon tetrachloride (10 ml) 

was added to an excess of nitrosyl chloride in carbon 

tetrachloride (10 ml), 
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at 0°, followed by the addition of pyridine (0.3 ml). 

After 16 hours, at room temperature, the solvent was 

evaporated and the residue passed through an aluMina 

(Grade III) column to give unchanged amide (0.41 g, 82%) 

m

.p. 970...990 .  

Attempted nitrosation of cyclohexylformamide. 

a) With nitrosyl chloride and pyridine. 

Cyclohexylforaamide107  (4 g) in chloroform (10 ml), 

was added dropwise to a solution of nitrosyl chloride 

(2.3 g, 1.1 eq.) in chloroform (10 ml) at 0°. 	Pyridine 

(0.4 ml) in chloroform (10 ml) was added and the soflation 

kept at 0°  for 1 hour. 	The solvents were evaporated 

and the residue extracted with ether. 	The extract was 

washed, dried and evaporated leaving a yellow oil which 

still showed a strong N-H band in the i.r. spectrum. 

b) With nitrosyl chloride in dimethylformamide. 

An excess of nitrosyl chloride was dissolved in dry 

dimethylformamide (5 ml) at -60°, and the solution 

treated with cyclohexylformamide (2 g) in dry tetra- 

hydrofuran (10 m1). 	The solution was allowed to attain 

room temperature over 2 hours, then worked up as above 

to give a yellow oil, again showing a strong N-H peak 

in the i.r. spectrum. 



- 189 - 

Attempted additionJof nitrous oxide  to ethyl valerate. 

Ethyl valerate (3.3 g) in tetrahydrofuran (20 ml) 

containing potassium t-butoxide (from 1 g of potassium) 

was agitated under an atmosphere of nitrous oxide at 

room temperature and pressure for 4 days. 	The 

colourless solution was filtered and evaporated leaving 

unchanged ethyl valerate (3.0 g, 90%), 

Attempted oxidation of cyclohexanone hydrazone. 

Cyclohexanone hydrazone108 (0.5 g), manganese 

dioxide (1.94 g) and barium oxide (1 g) in anhydrous 

ether (50 ml) was allowed to warm slowly from -50°  to 

room temperature. No reaction was observed, and 

evaporation of the solvent gave unchanged hydrazone 

(0.41 g, 82%). 

(ii) Reactions with diazocompounds. 

Action of acetyl chloride on diazauclohexane. 

N-Cyclohexyl-N-nitrosourethanel"  (5 g) in sodium 

dried xylene (50 ml) containing anhydrous magnesium 

sulphate (1 g) was treated dropwise at -20°C with a 

solution of sodium (0.68 g) in dry methanol (6.5 ml). 

After addition was complete, the solution was stirred 

for a further 5 minutes, then treated dropwise with 
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freshly distilled acetyl chloride until the red colour 

was discharged. 	The solution was diluted with water 

and the organic layer separated off. 	The aqueous 

layer was washed with ether and the ether and xylene 

solutions combined, dried and evaporated and the 

residue fractionated to give 1-acetylpyclo-hex-1-ene 

(0.5 g, 16%) b.p. 55 -600/0.2 mm. 	(lit.109 b.p. 

201°-202°/760 mm) 0max  1710 cm-1  (C=0), 1630 cm-1  (0=C) 

The product gave a 2:4-dinitrophenylhydrazone„ m.p. 

206°-207°  from ethyl acetate (lit.109  m.p.203°)„ 

Omax t(III  378 mµ(( 19,500)9  253 mµ((  15,000), (lit.109  

'max 377 0µ). 	Found: 0155.13; H125.22. 	C 141116N4°4 
requires: C,55.20; H,5.20%. 

A further fraction identified as N-cyclohexylurethane, 
A C b.p.75°-80°/0.2 nn„ 	HC13 	,7 (1 cm-1,  
Ni max  

(N-17), 1700 cm-1  (C=0) was obtained. 

In a repeat run with benzoyl chloride, work up as 

above gave no ketonic products. 

1-Diazoethylbenzene. 

Acetophenone hydrazonel°1  (0.5 g) in sodium dried 

40°-60°  petroleum ether (50 ml) containing anhydrous 

magnesium sulphate (1 g) was treated with active 



Results. 
_ 

Time 	Weight of  
Ester I  

0 	0 

15 min. 

30 min. 

40 min. 

54 mg. 

62 mg. 

69 mg. 
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manganese dioxide (1.62 g, 2 eq.) at room temperature. 

5 ml aliquots of the solution were taken periodically, 

and added to a saturated ethanolic solution of 3:5- 
dinitrobenzoic acid. 	The fractions were evaporated 

to dryness, passed through an alumina (Grade III) 

column in benzene solution and the samples of 1-hydroxy- 

ethyibenzene 3:5-dinitrobenzoate (m.p. 96°-97°) weighed. 

% Yield; Time 	Weight of  
Ester 	Yield 1 

0 	80 min. 	68 mg. 	57.7 I 

45.8 

52.6 ;, 

58.5 1 

Action of acetyl chloride  on 1-diazoethylbenzene. 

1-Diazoethylbenzene (0.29 g, from 0.5 g hydrazone) 

in dry 40°-60°  petroleum ether (50 ml) was treated 

with acetyl chloride (0.29 ml, 1.5 eq.). 	After 15 

minutes, the solution was filtered and evaporated 

leaving an oil (250 rig.) .41".  1710 012-19 1680 00-1. max 
This oil gave a 2:4-dinitrophenylhydrazone, m.p.246°-247°I  

identified as acetophenone 2:4-dinitrophenylhydrazone 
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( lit.110 m.p.  249°). 	Found: 0955.93; H,3.59. 

014 11N404 requires: 0,56.18; H,3.68%. 

Action of methane-sulphonyl chloride on diazomethane. 

Redistilled methane sulphonyl chloride (0.735 g, 

0.5 ml), in anhydrous ether (10 ml) was added to a 

solution of diazomethane (0.8 g) in anhydrous ether 

(100 ml) at 0°. 	After 3 days at room temperature, the 

solvent was evaporated leaving an oil, the i.r. spectrum 

of which was shown to contain the peaks characteristic 

of ethylene sulphone by comparison with the i.r. 

spectrum of an authentic specimen111.  

Hydrolysis of the reaction product with barium 

hydroxide103 did not, however, give any barium 2-hydroxy-

ethylsulphinate. 

Action of N-phenylbenziminochloride on diazomethane. 

The iminochloride112  (1.067 g) and diazomethane 

(520 mg) were kept in anhydrous ether for 6 days. 

Evaporation of the solvent and extraction of the residue 

with 400-6e petroleum ether gave after evaporation 

unchanged iminochloride (0.780 g, 75%), m.p.38°-40°. 

The petroleum ether insoluble material was recrystallised 

from cyclohexane as colourless needles of benzanilide 
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(0.21 g, 22%) m.p.164°-165°. 

Ethyl a-diazoputarate. 

L-Diethyl glutamate hydrochloride (12 g) in 

methylene chloride (50 ml) was nit rosated with aqueous 

sodium nitrite and sulphuric acid at 5°  under nitrogen. 

After 25 minutes, the methylene chloride layer was 

separated off, washed with 5% sodium bicarbonate solution, 

dried (K2CO3) and evaporated. 	The residue was chroma- 

tographed over alumina (Grade III). 	Elution with 50% 

40°-60°  petroleum ether-methylene chloride gave diethyl 

m-diazoglutarate (4.7 g, 40%) 4rilaxici• 2,080 cm 1  (-WIT), 

1720 cm-1  (ester C=0), 1690 m-1  (diazo-ester C=0). 

Action of ethyl pyruvate on diethyl a-diazoglutarate. 

a) In methanol. 

Diethyl a-diazoglutarate (0.5 g) and ethyl pyruvate 

(0.245 ml) were refluxed in methanol until the colour 

was discharged. 	Evaporation of the solvent and gas-

liquid chromatography of the residue at 150°  showed two 

peaks identical with those obtained in a control 

exTheriment. 
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b) By photolysis in cyclohexane. 

Ethyl pyruvate (1 g, 2 eq.) and the diazoester 

(1g) were irradiated in refluxing cyclohexane with a 125 

watt U.V. lamp for 3 hours. 	Evaporation of the solvent 

left an oil, (1.1g), gas-liquid chromatograph of which 

showed two peaks other than those obtained in a control 

experiment. 

Action of ell pyruvate on etql_diazoacetate. 

a) In methanol. 

The reaction was carried out as for diazoglutarate. 

Again no reaction with pyruvate was observed. 

b) In the presence of cupric ions. 

Treatment of ethyl pyruvate (2 g), and anhydrous 

copper sulphate (1 g) in anhydrous ether (20 ml) with 

ethyl diazoacetate (2 g) gave, on acid work up, an oil 

(2.28 g), which gave a negative periodate/silver nitrate 

tcst113. 	The i.r. spectrum, 	max' 1720 cm-1  1630 cm-1,  

was consistent with a mixture of ethyl pyruvate and 

ethyl fumarate. 

c) Using the bisuiphite compound. 

Ethyl pyruvate bisulphite compound (1.65 g) and 

the diazocompound (1 g) in 50% aqueous methanol did not 
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react in 48 hours at room temperature. Removal of the 

solvent in vacuo  gave bisulphite compound (1.51 g, 91%). 

d) By photolysis in cyclohexane. 

Photolysis was carried out as for diazoglutarate. 

After evaporation of the solvent, gas-liquid chroma-

tography showed two peaks, the major one corresponding 

to that of a control experiment. 	Thin plate chroma-

tograph did not resolve the mixture. 

e) By photolysis in the absence of solvent. 

Ethyl pyruvate (10 ml) and the diazocompound (2 g) 
0u  0_8- were irradiated as above at 70 	for 7 hours. 

Evaporation of the pyruvate (46°/12 nn) gave a residue 

7(2.0 g), showing two peaks on gas-liquid chromatography, 

one corresponding to that of the control above. 

Fractionation gave a continuous gradation of boiling 

point. 	Thin plate chromatography showed extensive 

tailing. 
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