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( i ) 

ABSTR..A.C T  

The chroma t o graphy o f  imida .z o l e s  has b e en s tudi ed a n d  a 

me t hod de ve loped for t he i r  quant i ta t i ve e s t i ma t i on .  

The fo llowing fa ct s ha ve b e en bro ught t o  l i ght : -

( i ) Formalde hyde does not form imida zoles a t  room t e mpera ture 

in ammonia cal s o lut i on .  

( i i ) From t he complex mi xture r e s ult ing from t he intera ct i on 

o f  glyoxal wi t h  a queous ammonia i mi da z ole and 2 , 2 ' -b i s ­

i mi da z ole ha ve b e en i s ola ted and i dentified, whi le 2- formyl ­

imida zole ha s b e en ten t at i vely iden t i fi ed .  

( i i i ) Glyco laldehyde r ea cts wi t h  a queous a mmonia t o  form 

i mi da z ole and 2- hydroxyme thyl i mi da zo l e . 

( i v ) DL-Glyceraldehyde rea cts wi t h  a queous ammonia t o  form 

a compl ex mixture of neutra l and ba s i c  comp o unds . Di hydroxy­

a ce t one , gluco s e ,  fr uct o s e ,  mann o s e ,  arab ino s e ,  lyxo s e  and 

xyl o s e  ha ve b e en t enta t i vely i den t i f i ed by paper chr oma to graphy 

whi l e  r ibo s e  wa s suspect ed in l o w  concentra t i on .  2- Hydro xy­

me t hya--4 ( 5 )-me t hylimida z ole , 4 ( 5 ) -methyl imida z o l e , 4 ( 5 ) ­

( 2- hydroxyet hyl ) imida zole and 4 ( 5 ) - hydroxymethyl imida z o l e  

ha ve been i s o la t ed and chara ct er i s ed, and t he i r  orders and 

ra t e s  o f  forma t i on s tudi ed. 

( v ) Pyruva ldehyde rea cts exo t herm i cally wi t h  concentra t e d  

a mmonia s o lut i on to f o r m  four imida z o l i c  compounds . T hr e e  

o f  t he s e  ha ve b e en i s ola ted and chara cter i s ed a s  2-a ce tyl-



( ii) 
4 ( 5 ) -me thyl imida z o le ,  2 , 4 ( 5 ) - d i me thyl i midaz o l e  and 4 ( 5 ) - methyl-

imida z o l e . The l a t t er t wo c o mpounds were formed in a pprox-

ima te ly e qu i mol ecul ar propor t i ons . The s e  r e sult s  fa i l  t o  

c onfi r m  Bern hauer ' s f inding tha t pyruva ldehyde cannot a c t  

a s  a s ourc e  o f  for maldehyde in i mida zo l e  forma t ion . 

( v i ) Hydroxypyruva ldehyde browns rap idly in a queous a mmonia 

f o r ming 2-hydroxyme thyl-4 ( 5 ) -methyl i mi da z o le ,  4 ( 5 ) -methyl-

i mi da zo l e  and 4 ( 5 ) - hydroxyme thyl i mi da z ole . The yi elds o f  t he 

la t t er t wo comp o unds have b een found to be hi gher than fro m  

a s imi l ar mixtur e o f  di hydroxya c e tone with a �monia . 

( v i i ) Both di ac e tyl and a c e t o in rea c t  w i th a mmonia to for m  

2 , 4 , 5- t r imethyl imida z o l e . 

( vi i i ) 4 ( 5 ) - ( 2- Hydroxye thyl ) imida zole ha s b e en t entat ively 

ident if i ed fro m  t he mixture r esul t ing fro m the intera c t i on o f  

1, 4-dihydroxybut an- 2-one w i th aqueous a mmonia . 

( i x ) Arab ino s e  rea c ts wi th aqueous ammonia to form a c om pl e x  

mi xture of imida z o l e s  fro m  whi c h  4 ( 5 ) -me thyl imida zole ha s 

be en i s o l at ed and identif ied . 

( x ) A c hromatograp hic s tudy has b e en car ri ed out to d e t ermine 

the orders of forma t ion o f  i mida z oles resul t ing fro m  the 

intera c t i ons of a numb er o f  carbohydra tes and thei r  degrada t i on 

produc t s  w it h  a queous ammonia . Ari s ing from thi s s tudy 

have c ome the follo w ing ma in resul ts :-

( a ) I t  appears tha t ,  c ontrary t o  the f indings o f  Komo to , 

a number of imida z o l e s  wi th lo w R
f 

values (prob ably p o l yhydroxy-



( i i i ) 
a lkyl- s ub s t i tuted ) a re formed more rapidly than 4 ( 5 ) -me t hyl­

i m i da zo l e  fro m  hexo s e  suga rs w i t h  a ��onia . 

(b ) Differently linked reduc ing di sac cha rides give ma rk­

e dly d i fferent pa t t e rns of imida z o l e s  under ammoniacal c ondi t i ons . 

(x i ) As a resul t of (b ) above , a mi c ro- me t ho d  ha s b e en deve loped 

fo r det e rmina t i on o f  t he pos i t i on o f  t he glyc o s i d i c  l ink in 

reduc ing hexo s e  d i s a ccha ri d e s  and homo geneous ly- l inke d  o l i go ­

s a c c ha rides . 
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INTRODUCTION 

Although the interaction of carbohydrates with ammonia 

44 49 55-6 70-1 100-1 has been intensively studied · ' ' ' ' the 

mechanisms of many of the complex reactions involved remain 

obscure. It has proved difficult, and at times impossible, 

to identify sugar breakdown products in ammoniacal medium, 

but a knowledge of the nature of the imidazolic compounds 

formed in such reactions is of assistance in the prediction 

of the structures of these carbohydrate fragments. e. g. the 

identification of 4 (5)-methylimidazole from the reaction of 

glucose with ammonia indicates that pyruvaldehyde and formalde­

hyde are initially formed from the hexose.42 

The present work was initiated with a view to studying 

the imidazoles formed from the interaction of ammonium 

hydroxide with a number of two-, three- or four- carbon 

a-dicarbonyl- or a-hydroxycarbonyl compounds. The results 

from such a study might be expected to shed some light on 

the complex transformations undergone by sugars in ammonia­

cal solution. A. number of compounds, (glyoxal, 24 glycer­

aldehyde,70 dihydroxyacetone, 70 pyruvaldehyde8 and diacetyl74) 

had previously been studied under ammoniacal conditions, 

usually in the presence of metallic ions, but in most cases 

only the major reaction products had been elucidated. It 

was hoped that by the use of modern micro-methods a further 

study of these systems might result in the identification 
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or some or the minor reaction products. Reactions between 

ammonia and glycolaldehyde, hydroxypyruvaldehyde, 1, 4-dihydroxy­

butan-2-one and acetoin have not been reported and were con­

sidered worthy of study. 

It was proposed to isolate and identify as many imida­

zolic compounds as possible rrom these mixtures, to obtain 

where possible a measure of the quantities formed and to 

study the order of formation. As methods ror the quantit­

ative separation or small amounts of imidazoles from complex 

mixtures were unsuitable, it was found necessary to develop 

a calorimetric technique to estimate these compounds, and in 

order to provide a rapid, routine means of identification 

of imidazoles, a number of these compounds were synthesised 

and their chromatographic behaviour studied. 

In the rollowing sections of the introduction it is 

proposed to outline work which has been accomplished by a 

number of workers in the field of interaction of amino com­

pounds with a-dicarbonyl and a-hydroxycarbonyl compounds. 

As much of the present project has been involved with imid­

azolic compounds, a section on "imidazole chemistry" has been 

included. This briefly outlines properties of the imidazole 

nucleus relevant to the present project i. e. nomenclature, 

basic and acidic nature, stability, aromatic properties and 

tautomerism. 

The second section, dealing with the alkaline degradation 

of carbohydrates, is included because this reaction is of 
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major importance in ammoniacal solution. Sections III and 

IV review the reactions of carbonyl compounds with ammonia 

and other amino compounds. 
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I. CHEMISTRY OF THE IMIDAZOLES. 

The term 'imidazole' re�ers to a five-membered hetero-

cyclic ring containing a tertiary nitrogen atom, an imino 

nitrogen and two double bonds. The correct numbering o� the 

imidazole ring is shown below . 

H-

H -

et;. 3N �� 1 1!- H 'ir" 
H 

vVhen a substituent is introduced into the 4- or 5- posit-

ion the numbering becomes complex, and such a compound must 

be designated as 4 (or 5 )-substituted because of the taut-

omerism exhibited by imidazoles. 

- H 

H 

CH,3- o� H 

H- ,)- H 
N 

Substitution of the imino nitrogen eliminates the possi-

bility of tautomerism. 

Imidazoles are monoacidic bases having the ability to 

�orm crystalline salts with acids e. g. picrates, nitrates, 

chloroplatinates, oxalates etc. This basic nature o� the 

imidazole nucleus is due to the ability of the tertiary nit-

rogen to accept a proton. 
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H -c,_/c- a 

N 
H. 
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� H-H--N-H 
H-H, .. J-H N 

H. 

The elec:tron-releasing properties of a methyl group intro-

duced into the ring stabilises the imidazolium ion and incrsase 

the basic strength� while electron attracting groups decrease 

52 the basic strength. A comprehensive table of the known 

pKa values for imidazol� derivatives has been compiled by 

Albert. 1 

Although mainly basic in character, imidazole also 

exhibits weakly acidic properties when it forms metal salts 

many of which are insoluble in water (e.g. Ag+, cu+, and zn2+ ) 
and provide a means of precipitating imidazoles from solution. 

The pronounced chemical stability of the imidazole nucleus 

is remarkable and is due to its high degree of aromatic 

character. Catalytic hydrogenation is strongly resisted 

· hr · t · ·a ·d t· 104 as �s c om�um r�ox� e ox� a �on. Permanganate and 
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peroxide, however, readily convert imidazole to oxamide, 81, 77 

while benzoyl peroxide in chloroform solution attacks the ring 

with the formation of urea and ammonia.10 Benzoyl chlor:i!de 

in strong alkali results in fission of the ring producing an 

a,�- dibenzamidoalkene.6 Acylation at a ring carbon atom 

does not occur readily . In this respect imidazoles resemble 

pyridine. 

Imidazoles undergo typical aromatic substitution reactions 

and their ability to couple with diazotised aromatic amines 

provides a sensitive method of detection.73 

Electrophilic substitutions in imidazole can apparently 

involve the conjugate acid, the neutral molecule and the 

conjugate base. 84 v'Vhereas nitration and sFlphona tion 

involve the conjugate acid and give 4-substitution, diazo-

coupling involves the conjugate base and leads to preferential 

2-substi tution. The Tr' -electron densities published by 

Brown and Heffernan14 for imidazole, its conjugate acid and 

conjugate base bear no relation to chemical activity in the 

conjugate acid but show a more reasonable correlation in the 

neutral molecule and conjugate base. 

/·037 rn J./01 HI�' JI·IOO 
N 
H 

1·65<> 

neutral molecule 

o·,,o ,---.-NH 

:' +j' . ' I 
""_, 0·997 

N 
H 

J·SI1. 

conjugate acid 

t·1.oo r--�-N ', '"'2J, I -' 
� .. ,' /·20'1 

N 
1·19'} 

conjugate base 

( uncertainty in the given values is 0.02 units) 
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Frontier electron densities , when established may prove more 

useful . Loca.liza tion energies correctly assign the orient-

ation of electrophilic attack to the 4 ( 5 ) -position of the 

neutral molecule and conjugate acid of imidazole . 7' 13 

In reactions of the conjugate bas e  there is  probably little 

difference between the reactivi ty of the 2- and 4- pos i tions . 

Current views on the struc ture of imidaz.ole sugges t  

that i t  may be represented a s  a resonance hybrid of the 

s truc tures : -

H H 
N �+ H-c/··'c-H H-C 'C-H 11 u �u ' �  

H-C N H-C-:N: .. 

H H 

I 
+ N...._ N...._ 

H-c-"··'c-R H- C/ .. ' C - H I 11 �<�> 11 I+ 
R-C N R-C .·N: . . . . 

A set of similar contributions in which the functions of the 

nitrogens are revers ed may account for the other tautomer . 38 

This  formulation could account for the acidity,  aromatic 

eharac ter, substitution behaviour and high dipole moment 

of imidazole . 

It is  s till not completely understood why imidazole 
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and many of i ts derivatives containing a free  imino ni trogen 

are tautomeric . Although it  is  not possible to separate 

the isomeric forms of 4 ( 5 ) -methylimidazole , the tautomeri sm 

may be demonstra ted by methyla tion when 1 , 4- and 1 , 5-dimethyl­

imida zoles are formed and may be s eparated by dis tillation . 78-7� 

Modern theories  attribute the phenomenon to intermolecular 

reactions between two or more molecules and not to the 

intramolecular transfer of a proton from one ni trogen a tom 

to the other . 40 

W�ny imidazole derivatives are of bi ological importance . 

The imidazole ring occurs in his tidine ( I ) ,  carnosine , 

his tamine ( I I )  and the purines ( III ) . Biotin exemplifies 

an imidazolic vi tamin, while pilocarpine i s  an imida zole 

alkalo id .  

COOH 
' yH-� CH -NH ' 2 2 

c

tJ N cb QN;r 
H H 

( I )  ( II )  ( II I) 

The same ring skeleton occurs in such compounds a s  ergothio-

neine ( in ergot and blood) ,  allantoin ( the end product of 
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nitrogen metabolism in s ome animals ) , creatinine , hydantoin 

and parabanic acid . ( The las t  two compounds are oxidati on 

products of uric acid ) . 
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I I . THE ALKALINE DEGRADATION OF CARBOh�RATES. 

Three general courses are followed in the action of 

alkali on carbohydrates : -

( i ) Isomeri zations (mainly a t  the reducing end of the molecule ) 
( i i ) Fragmentation into substances wi th fewer carbon atoms and 

( i i i ) Internal oxida tions and reductions . 

( i ) Isomerizations . 

The simplest of such reac tions is  the Lobry de Bruyn 

and Alqerda van Eckenstein transformation. �5 1f/hen glucose 

is  treated with dilute alkali a t  room temperature the optical 

rotation decreases and glucos e ,  fructose and mannose  can 

be i solated. This epimeriza ti on probably takes place via 

an enediol intermediate . 61 Formation of the double bond 

destroys the asyw�etry at  carbon 2. 

CHO CH
2

0H CHO 

I I . ketose I 
HOCH C:O HCOH 

I . I I 
-C- -C- - c-

I I I 
aldose  

1� 
' CH-0 

-

11 
C-OH 

I 
- c-

I 
enediolate i on 
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Evidence �or the presence o� an enediol intermedia te has 

been obtained by noting that such mixtures consume large 

quantities.o� i odine , decolourize  solutions o� dichloroindo-

phenol and that the sugars themselves are subj ect to oxidat­

ive cleavage between carbon a toms 1 and 2 . 75 It i s  also 

possible to have epimerization o� the 2-ketose ( e . g . in the 

�ormation o� D-ps icose �rom D-glucose and ammonia .43 ) or 

�ormation o� ketoses with the carbonyl �unction at  carbon 3 .  

( e . g . "glutos e "  �rom the un�ermentable  �raction �rom ;t:�uc�ose 

or glucose wi th dilute alkali15 ( c)) . The non-bonded inter-

action between two large cis  substituents in a 2 , 3-enediolate 

i on is undoubtedly much greater than when one o� the substit-

uents is hydrogen as in the 1 , 2-enediol . It can there�ore 

be expected that 2 , 3-enediolization will be slower than 1 , 2-

enediolization . 61 

The products o� alkaline degradation o� glucose appear 

to depend somewhat on the reaction conditions . Hence ,  while  

Hough et  a1 . 43 i solated psicose when ammonia was used a s  the 

base ,  Blair and Sowden9 used a s trongly basic ion exchange 

resin and obtained sorbose .  Wol�rom and &humcher103 

obtained sorbose and allose among the products o� reaction o� 

�ructose  and potassium hydroxide solution .  Clearly any 

hexose may be  expected to be amorg. the products �rom any 

o ther hexose under sui table alkali treatment . The mechanism 

by which D-sorbose and L-sugars are �ormed has yet to be  
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elucidated. It is conceivable that 3, 4- and 4, 5-enediols 

might form.89, 102 There is also the possibility that the 
75,£ 

carbon chain may cleave through a reversed aldol condensation, · 

e.g. cleavage of a hexose to two glyderaldehyde molecules, 

isomeriza.tion of glyceraldehyde to dihydroxyacetone and then 

condensation to give a mixture of fructose and sorbose. 

2 molecules 
Hexose� of ) 

glyceraldehyde 

(ii ) Fragmentation. 

CHO I 
CHOH 
I 
CH20H 

' 

CH20H 
I 
C::O 
I fHOH} 
CHOH 
I 
CHOH I 
CH20H 

trans 

Cleavage of carbon chains occurs under rather more 

drastic conditions than isomeriza.tions.
66-68 

Fission of a hexose may result in the formation of: ­

(1 ) formaldehyde and aldopentoses 

(2) glycolaldehyde and aldotetroses 

(3) glyceraldehyde and dihydroxyacetone 

Any of the aldoses could isomerize through the corresponding 

enediols to the ketoses. Oxidation of any of these isomer-

ization products may giv.e rise to saccharinic acids. 
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Short chain products of alkaline degradation of carbohydra.tes 

include oxalic acid, lactic acid, dihydroxybutyric acid, 

glyceraldehyde, dihydroxyacetone, methylglyoxal, formaldehyde, 

acetol, diacetyl, reductone (the enol of hydroxymalonic 

ld h d ) f . d t• . d 
76 

a e y e , orm1c an ace 1c ac1 s. Under non-oxidizing 

conditions such cleavages of the carbon chain probably 

take place by means of a reversed aldol condensation (see 

page 12 ). The reverse aldolization of D-glucose is a 

function of alkalinity and begins at a concentration of 

o . 05N alkali.68 Whereas Nef explained these fragmentations 

by postulating cleavage at the double bond of the enediol, 

studies of bond energies preclude this and instead cleavage 

is thought85 to be caused by the double bond of the 1, 2-

enediol weakening the single bond � to it - cleavage thus 

occurs in the 3, 4-position. 

Any trioses formed from cleavage of hexoses rapidly 

recondense to sugars and hence the appearance of common 

reaction products does not necessarily establish the 

sequence of reactions. 

It has been shovrn59 that even a simple molecule such as 

formaldehyde reacts in basic medium to produce glycolaldehyde, 

trioses and tetroses. The mechanism of this reaction has 

recently been studied by Breslow.12 

(iii ) Internal Oxidations, Reductions and Dehydrations. 

In the reaction ofalkali with hexoses, small amounts 
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of methylglyoxal (pyruvaldehyde) and much lactic acid appear. 

These compounds also appear in alkali-treated solutions of 

trioses. In the latter case traces of acetol, lactic aldehyde 

and pyruVic acid have been identified. 30 A study of the effects 

of pH on the formation of methylglyoxal, diacetyl and acetol 

(pyruvic alcohol ) from a number of sugars has been made by 

Lento, Underwood and Willits60 who found that methylglyoxal 

predominates at acid pH while acetol and diacetyl are formed 

mainly above pH s. 

The formation of methylglyoxal is probably due to de-

hydration of glyceraldehyde, dihydroxyacetone or the triose 

d. 1 31 ene �o • 

CHO I 
CHOH 
I 
CH20H 

-H2o 
> 

� 

CHO CH20H I -H 0 I 
0=0 ' 2 0=0 
I I 
CH3 CH20H 

I-H20 

� CHOH 11 
C-OH 
I 
CH20H 

The formation of DL-lactate from D-glucose has been 

studied with c14-labelled D-glucose and the following scheme 

postulated:�3 
lactic acid 

dibwdroxyacetone 1 
glucose--? glucose �. 2- ) trios� enediol , . enediol '-... �yruvaldehyde 

� cr1 "\T�P.T'l=lldehvde hydrate 
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Vlhistler and BeMiller94 state that the alkaline degradation 

of D-glucose to lactate by an intramolecular, oxidation­

reduction Cannizzaro reaction probably proceeds through 

D-fructose, since the bond between carbons 2 and 3 of an aldose 

is less readily broken than the bond between carbons 3 and 4 

of the ketose. 

Various saccharinic acids are also formed under alkaline 

conditions - probably by internal oxidations and reductions 

and migrations of groups.34, 88, 95 This becomes of practical 

importance in polysaccharide chemistry where alkaline 

degradation can be used to predict the type of linkage. 

e.g. a 1--2 linlca.ge is stable to dilute alkali; 2- � is 

degraded with the formation of saccharina tes; 1 - 3 gives 

metasaccharina tes; 1- 4 gives iso-saccharina tes; 1- 6 

gives mainly lactic acid.92 Other acids have been found 

at 25-30°C when potassium hydroxide (0.2-6N) converts glycer­

aldehyde to formic, acetic and lactic acids.31 

It may thus be concluded that the action of alkalis: on 

sugars is a complicated process. While very dilute alkalis 

catalyse the a,B and presumably the furanose-pyranose conver-

sions, more concentrated alkalis bring about isomerization:: 

between the epimeric alaoses probably via an enediol 

intermediate. Still higher concentrations of alkali bring 

about conversions between all of the various sugars of the 

same chain length, probably partly as a result of formation 
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of 2, 3- and 3, 4-enediols and partly as a result of the re­

combination of cleavage fragments of the carbon chain. 

Rearrangements occur in which saccharinic acids are formed 

from the original sugars and from their isomerization and 

cleavage products. 

Aldopentoses would be expected to behave in the same 

way as they can also form pyranose and furanose rings and 

enediols similarly to hexoses. Ketopentoses and aldotetroses 

can only form furanose rings while trioses and glycolaldehyde 

cannot form a ring. It is known, however, that the lower 

sugars with two or three carbon atoms readily form dimers. 5'31 



III . THE REACTION OF AMMONIA WITH CARBOI'i'YL COMPOUNDS. 

The -reaction of ammonium hydroxide with carbohydrates 

might be expected to parallel to some extent the action of 

alkalis. 

(a) Radziszewski Synthesis. 

In 1882 Japp and Robinson47 and Radziszewski80 almost 

simultaneously discovered that the condensation of an a-

dicarbonyl compound with ammonia and an aldehyde resulted 

in the formation of an imidazole. 

NHa H 
R - c = 0 I 

I 0 = c - R" 
R'- c = 0 

NH3 

) 

R-C N 
11 11 

R'-C C-R" '-.N"' 
H 

Radziszewski79 first used this method for the synthesis of 

lophine from benzil and benzaldehyde. 

0-C=O 

I 0-C=O 
) 

N 'J-0 
H 

The reaction was �uickly. extended to simpler imidazoles 

when it was realized that the formation of imidazole from 

glyoxal and ammonia, as discovered by Debus,24 might be due 
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to the interaction of glyoxal, formaldehyde and ammonia. 

NH 
H- c 0 

3 ,H 

:=c:-J-H 

= I 0 = c, � 
H - c = 0 H 

NH3 
some fission 1 H 

Radziszewski postulated fission of the glyoxal molecule under 

the i�luence of the ammonia and tested this by reacting 

glyoxal and ammonia with a variety of aldehydes, thus obtain-

ing a number of 2-substituted imidazoles. 

1Jilhen an a-ketoaldehyde condenses with ammonia and form­

aldehyde a 4 (or 5 )-substituted imidazole is produced 

e.g. methylglyoxal, ammonia and formaldehyde yield 4 (5 ) ­

methylimidazole. 8 

CH3'o..., NH /H 0 
3 c = I 0 = c /c = 0 'H 

H NH3 H 

When the formaldehyde is replaced by acetaldehyde the product 

is 2, 4 (or 5 )-dimethylimidazole. 

An a-diketone may be combined with ammonia and an 

aldehyde to give either a 4, 5-disubstituted or a 2, 4, 5-tri­

substituted imidazole e.g. diacetyl, aw�onia and acetaldehyde 

give 2, 4, 5-trimethylimidazole as the major product.48 

Whereas the conventional method involved the reaction 
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taking place in alcoholic ammonia it was found that the 

yield of imidazoles increased markedly when the reaction 

was carried out in glacial acetic acid with ammonium acetate 

as the source of ammonia.23 Davidson, Weiss and Jelling23 

also found that hexamethylenetetramine provided an improved 

source of formaldehyde. A number of �-unsaturated 

aldehydes are reported to fail to give imidazoles under the 

same reaction conditions.20 

The Radziszewski synthesis of imidazoles is rather limited 

in scope because of :-

(i ) difficulty of synthesis of a-ketoaldehydes 

(ii ) poor yields 

(iii ) complex mixtures in product and consequent difficulty 

of separation. 

(b ) Weidenhagen Synthesis. 

In 1935 Weidenhagen and Herrmann91 observed that � 

hydroxyketones under the influence of ammoniacal cupric 

acetate solutions were quantitatively oxidized to the 

corresponding dicarbonyl compounds. When carried out in 

the presence of an aldehyde this reaction resulted in 

imidazole formation. 



oxidation� 
cu2� cu+ 

R-r1 rr-H 
H-e, ..:e-R' 'Y 

H 

+ 
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H - c = 

I R- c = 

0 
NH3 H 

/ 

0 
0 = c 

NH3 

'
R' 

l 
R-C N H.-� .. y_ R' cu+ 

'N./ .. j-. . 

It is thought that cupric ions oxidize the a-hydroxyketone 

to the corresponding a-ketoaldehyde which then condenses 

with two molecules of ammonia and a molecule of aldehyde. 

The cuprous salt of the imidazole is precipitated and may be 

decomposed by the addition of hydrogen sulphide in acid 

solution. In some cases the acetyl derivatives of the 

hydroxyketones or the a-halogenoketones may be substituted 

for the hydroxyketones. e.g. 4 (5 )-methylimidazole may be 

formed from hydroxyacetone, acetoxyacetone or chloroacetone. 41 

( See reaction scheme page 21 ) .  

This imidazole synthesis is a most useful procedure often 

resulting in high yields. The use of such a mild oxidizing 

agent allows the introduction of sensitive groups. A 

number of undesirable side products may be formed, however, 

because of self-condensation of the dicarbonyl compound. 
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Such reactions become prominent when less reactive aldehydes 

are employed. 

0 
,, 

CH -
I 2 0 - C - CH3 

CH3 - c = 0 CH20H I 
or C:O 

I 
CH3 

CH2Cl I 
CH3 - c = 0 

NH3 
CHO 

cu24cu+ ' 
C:O > I 
CH3 

NH3 

/ 
H-C N 

HCHO 

11 11 
CH3- C C-H Cu+ 

'N/ .. 

( c )  Reactions of Carbohydrates with Ammonia. 

(i) Formation of Imidazoles. Windaus and Knoop100 

discovered that 4(5 ) -methylimidazole is formed from D-glucose 

under the influence of zinc hydroxide and ammonia. At the 

time this reaction was of great interest to chemists as they 

thought that a study of this transformation might lead to 

clarification of the biosynthesis of the imidazole ring, 

and that proteins in plants might be formed by the inter-

action of sugars and ammonia. 

Early experiments involved the interaction of D-glucose 
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ammonium hydroxide and zinc hydroxide at room temperature 

for about six weeks. The resulting zinc salt was then 

decomposed \7i th hyetro2;en sulphide and the L.h ( 5) -lr.ethylimidazole 

was isola tecL as either the pi era te or the oxalate. Since 

the time of Windaus anc1 :Knoop a l'lum-oer of chel1lists have 

studied the interaction of carbohydrates and aumonia usually 

in the presence of metallic salts. 

Jezo
49 

studied the ammonolysis of sucrose under various 

conditions of temperature, reagent concentration and with 

a num1Jer of ea talysts. The best yield (25%) of nitrogen-

ous compou:r1ds was achieved at 180° for 1 8  hours using 0.625% 

ammonium phosphate as catalyst. Distillation of ether 

extracts of the r::ixtures indicated the presence of a nu...:'Tlber 

of imidazolic and :p;y-razine compot.mds (See Tables 1 and 2). 

In the absence of a ea talys t optimum ;yields were achieved_ 

In order to explain the mechanism of pyrazine formation, 

initial hydrolysis of tl1e sucr·ose rJas postulated. The fruc-

tose moiety was thought to be converted to fr"Llctosylamine 

36-7 which could undergo a Heyns-type rearrangement to form 

glucosamine (2-amino-2-deoxyglucose) (I), two molecules of 

w�1ich condense to form a 2, 5-disubsti tuted pyrazine (deoxy­

fructosazine) (II).
57 
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(I) (I) 

N �
N

�H
2�CHOH1,rCH20H 

(yHOH)3 
CH2oH 

(II) 

The glucose fragment from the hydrolysis of sucrose forms 
39 glucosylamine which undergoes an Amadori rearrangement 

to form 1-amino-1-deoxy-2-fructose (III), which by condens-

ation with a molecule of glucosamine, results in the formation 

of the corresponding 2, 6-isomer of I I  (IV). 

(I) (III) 

3H 0 - 2 ) 

(IV) 

These latter compounds (II and IV), by thermal detachment of 

their side-chains, yield pyrazines and the fragments, by 

further condensation, yield imidazoles. This hypothesis 

is based on the fact that under identical conditions gluco-

samine and deoxyfructosazine yielded mixtures of products 

which were qualitatively and quantitatively similar to those 
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obtained from sucrose. A number of oligo- and poly­

saccharides were also tested by Jezo and Luzac50 under 

identical conditions and were found to yield identical 

pyrazine and imidazole fractions. 

Table � lists the imidazoles isolated from sugar-ammonia 

mixtures. 
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TABLE � 

CARBOHYDRATE IM�OLES IDENTIFIED REF. 

glyoxal imidazole and bis-imidazole 24 

glyceraldehyde0 4 (5)-methylimidazole 70 

dihydroxyacetone0 11 11 70 

dihydroxyacetone*0 4 (5)-hydroxymethylimidazole 71 

diacetyl 

arabinose0 

L-arabinose a:nd 
HCHO 

xylose0 

glucose 

D-glucose*0 

D-glucose*0 

mannose*0 

galactose*0 

D-galactose*0 

2, 4, 5-trimethylimidazole 

4 (5)-methylimidazole 

4(5)- (L-erythro-trihydroxy­
propyJ)imidazole 

4 (5)-methylimidazole 

74 

70 

2 

70 

11 " 70 
Imidazole-4 (5)-carboxylic acid 70 
2-hydroxymethyl-4 (5)-methylimidazole 

4 (5)- (2-hydroxyethyl)imidazole 
4 (5)- (2, 3, 4-trihydroxybutyl)­
imidazole 
4(5)- (2, 3-dihydroxypropyl) 
imidazole+ 
2, 4 (5)-dimethylimidazole 

4 (5)-D-arabotetrahydroxybutyl­
imidazole 

imidazole-4 (5)-acetic acid 

4 (  5 )-methylimidaz.ole 
4 (5 )-D-arabotetrahydroxy­
butylimidazole 

4(5)-methylimidazole (trace) 

4 (5)-D-arabotetrahydroxybutyl­
imidazole 
4 (5)-D-lyxotetrahydroxybutyl­
imidazole 
4 (5)-hydroxymethyl-2-DL-lyxo 
tetrahydroxybutylimidazole 

55 
56 

56 

56 
99 

71 

69  

71  

71  

71 

71 

71 

71 

NO. 



(Table 1. contin.) 

rhamnose0 

fructose0 

fructose*0 

fructose**0 

sorbose0 

sorbose + HCHO 

maltose0 

lactose0 
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2, 4 (5)-dimethylimidazole 
4 (5)-methylimidazole 
2-methyl-4 (5)-ethylimidazole 

4 (5)-methylimidazole 
2-hydroxymethyl-4 (5)-methyl 
imidazole 
4 (5)-hydroxymethylimidazole 

11 11  

4 (5)-D-arabotetrahydroxy­
butylimifu!,zole 

imidazole-4 (5)-forrnamide 

4 (5)-methylimidazole 

4 (5)-hydroxymethylimidazole 

4 (5)-methylimidazole (trace) 

11 11 

sucrose* and HCHO 4 (5)-hydroxymethylimidazole 

++ 0 
) sucrose (200°) 4 (5  -methylimidazole 

2, 4-dimethylimidazole 
4, 5-dimethylimidazole 
4 (5)-hydroxymethylimidazole 

molasses 4 (5)-methylimidazole 

Key: * indicates aeration of mixture 

+ presumed present 

10� 
101 
101 

70 

70 
65 

71 

7� 

71 

70 

22 

70 

70 

58 

49 
49 
49 
49 

97 

** methylene blue incorporated as oxidising 
agent 

0 metallic ions present, or other catalyst 

++ the same imidazoles were obtained under 
the same conditions from lactose, 
cellobiose, melase, hydrolysed starch 
and starch. 
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(ii ) Formation of other Basic Compounds. From the reaction 

mixture:, glucose-ammonia, Komoto 54 isolated glucosylamine ( I) 

and diglucosylamine (II). 

(I) 

"-' NH2 

OH 

( II) 

These aldosylamines may rearrange by means of the 

Amadori rearrangement39 to ketoseamines (1-amino-1-deoxy-

2-ketoses ). Jezo
49 has also postulated the formation of 

glucosamine (2-amino-2-deoxyglucose ) from the interaction 

of sucrose and ammonia. Heterocyclic products of such 

reactions include pyrazine and pyridine derivatives. 

See Table 2. 



CARBOHYDRATE 

glucose 

molasses 

rhamnose 

sucrose* 

Key: 
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TABLE 2 

NITROGENOUS BASE ISOLATED REF. NO. 

2-methyl-5-D-arabotetrahydroxy 
butylpyrazine 44 
2-methyl-6-D-arabotetrahydroxy 
butylpyrazine 44 
2-methyl-5- ( 1, 2-dihydroxyethyl)-
pyrazine+ 82 
pyrazine, methylpyrazine, dimethyl-
pyrazine, pyridine 11 

5-hydroxymethyl-2-methylpyrazine 98 
2, 6-dimethylpyrazine, 2-hydroxy-
methylpyrazine 96 
2-methyl-6-arabotetrahydroxy-
butylpyrazine 96 
2-methyl-5-arabotetrahydroxy-
butylpyrazine + 96 
2-hydroxymethylpyrazine 97 

2-methylpyrazine, 2, 5-dimethyl-
pyrazine, 2, 6-dimethylpyrazine 49 

+ presumed present 

; . . ... .. ... ; 
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( iii) Formation o� Acidic Compounds. Oxalic acid has been 

identified among the reaction products of a large number 

of carbohydrates and ammonia, 70 while lactic acid was also 

detected by Komoto54 in the glucose-ammonia system. 

Hydrogen cyanide has been detected from the reactions 

of a large number of sugars and their degradation products 
. . 72 with ammoniacal cupric sulph,Lte. 

( iv) Formation of Neutral Products. A number of neutral 

products are formed during the interaction of carbohydrates 

and ammonia. Some of these probably have only transitory 

existence being formed as a ' result of alkaline degradation. 

( See page 13 et seq.) 

(v) Conditions of Reaction. 

employed :-

Various conditions have been 

( 1) Variation of Temperature and Pressure. 

(a) Mixing the sugar and ammonium hydroxide at temp-

eratures near to room temperature.53,45 

(b) Reaction at 100 °C.8 

( ) . 55 56 90 c Reaction at 100 °C and under 1ncreased pressfire! ' 

(d) Reaction at 200 °C under increased pressure.49 

Increasing the �emperature and pressure has the effect of 

greatly speeding the reaction rate. 

(2) Addition of Metal Salts . (usually zn2+ or eu2+ 

hydroxides, sulphates, carbonates or acetates). 

Calcium hydroxide, fe�s and ferric sulphates and manganese 
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. . t 70 sulphate have also been added to sugar-anmon�a m�x ures. 

Parrod70 found that when air was passed slowly through an 

aqueous solution containing laevulose, ammonium hydroxide 

and the hydroxide or sulphate of a metal for one month at 

ordinary temperatures, 4 ( 5)-methylimida�ole was formed in 

all cases and 4 (  5 )-hydroxymethylimidaz.ole in all but with 

Ca ( OH)2• vVhen bffiS04 was incorporated in the reaction 

mixture 2-hydroxymethyl-4 (5)-methylimida�ole was also formed. 

Jezo49 found that high yields of imidazoles and pyrazines 

were obtained from sucrose and ammonia in the presence of 

catalytic amounts of zinc chloride and cupric sulphate, but 

that under these conditions humin formation was also favoured. 

(3) Passage of Air (or Oxygen) through the Reaction 

Mixture. It has been noted that passage of air through 

the sugar-ammonia system results in an increase in oxygenated 

imidazoles. Hence, while fructose and ammonia stored in a 

stoppered flask produced mainly 4 (5)-methylimidazole, when 

air was passed through the mixture 4 (5)-hydroxymethylimidazole 

was also found in good yield. When a mixture of fructose, 

ammonia and Cu ( OH)2 was stored in the complete absence of 

air for one month it was still possible to extract the same 

compounds as were formed in the presence of air, although 

in lower concentration.71 It should be noted at this 

stage that as chromatography was unknown at the time these 

observations were based on the chemis�s ability to isolate 
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a crystalline derivative from a complex mixture. It would 

thus have proved very difficult to obtain an accurate �uantit­

ative estiw�te of the imidazoles formed under any particular 

set of conditions and the probability of failing to note 

the presence of a partiaular imidazole would be considera�le, 

particularly when it was in low concentration. 

(4) Variation in Reaction Medium. Reaction has been 

carried out in alcoholic, a�ueous and glacial acetic acid 

medium. See page 19. 
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IV. THE INTERACTION OF OTHER NITROGEl·TOUS BASES VHTH SUGARS 

Alill THEIR PISSION PRODUC'ES . 

( i ) Aliphatic and Alicyclic Amines . 

Aldose  sugars react with primary or secondary amines to 

give aldosylamines ( e . g. D-glucose and ethylamine give D­

glucosylethylamine82 ( I ) ) which undergo Amadori rearrange­

ments3 9  to  form ketoseamines and 

OH 

HO 

OH 
OH 

diketoseamines ( e . g . D-glucose  and glycine produce D-fructose-

glycine ( I I ) ( 1-deoxy-1-glycino-D-fructose ) and di-D-fruc­

toseglycine ( I I I ) ) . 82 

OH 

OH 

( ii )  

OH 

CH2--g
H 

CH2 
• 2 
COOH 

OH 

o ---� 
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(ii ) Urea and Thiourea . 

A mixture of dihydroxyacetone (or pyruvaldehyde) and 

thiourea held for seven hours in a sealed tube at 120 ° gave 

2-thio-4-hydroxy-5-methylimidazole (5-methylthiohydantoin) 

as the major product.87 

CH3 I CH3 c = 0 NH2 erR I + \
c c = 0 ::: s ) c �  / I HO N/ � S  H 

NH2 
H 

Urea and pyruvaldehyde give a mixture of products. 86 

NH2 OH CH3 / I / 
O:::C C -NH 

\ 1 > c:::o 
NH- CH - NH 

methylacetylenediurein 

(iii) Amino Acids and Proteins . 

The interaction between carbohydrates and amino acids 

or proteins (the Maillard reaction) has been recognized as 

the cause of much of the browning and loss in solubility 
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and biological value which occurs during the processing and 

storage or certain foodstuffs . Much of the initial research 

into the formation of dark-coloured produc ts (melanoidins ) 

from sugar-amino acid mixtures was carried out by h�i llard . 62-4 

He noted that the presence of an aldehyde group i s  an import­

ant factor and that the nature and extent of the raa.ction 

varies with c oncentration ,  temperature, pH, spec ific reac tants 

and t ime . 

Recently i t  has been claimed that the main route to 

melanoidins is  tha t in which the amino function becomes 

doubly-substi tuted with the sugar component (via an Amadori 

rearrangement ) wi th the subsequent elimination of a hexosone, 

followed by dehydration and cyclization of the la tter to  

yield furfurals . 3 ' 4 It appears that although some brovrning 

may occur through furfurals (particularly in acid medium ) 

melanoidins are formed by more than one route . Conjuga ted, 

unsaturated carbonyl c ompounds have been found to be 

formed in sugar-amino compound mixtures17, 18 and in the 

presence of ni trogen func tions these brown rapidly to give 

melanoidins . 



Reaction Scheme for Melanoidin Formation Acc ording to Anet .  

� 
D-glucose  + Glycine 

D-glucosylglycine � 
Aiiiadori 
rearrangement 

OH � 

OH 

MELANOID INS 

5-hydroxymethyl-
2-furfural 

CH CH 

ok !<CHO 
HOCH/ ' o / OH 

2 

-

0 

0 I 
difructoseglycine 

acid 
environment 

CHO 
I 
CO 
I 
CH 

deoxyhexos one: 

�H 3 , 4-unsa turated 

1 deoxyhexosone 

CHOH I 
CH20H 

R 
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A complete survey of this reaction would be beyond the 

scope of this thesis but the modern theories of the "brown­

ing reaction 1 1  may be summarized by the following diagx•am. 16 

A hexose sugar is taken as an example. 

Diketose-amino compound� 
mono-ketose-amino compound �oxyosones + other 

{r 
carbonyl compounds 

(�a�i�earrangement ) 

aldose-amino compound 

V 
aldosylamino 
compounds 

some cycli­
zation� 

polymer 

unsaturated 
os ones 

Furfurals 

co-polymer polymer 

The Formation of Melanoidins in Sugar-amino Compo��d Systems. 

According to Bunton and McWeeny.16 
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The dark, odourous products (melanoidins ) formed when 

reducing sugars and amino acids are heated together often 

resemble soil humus . 25  
A similar group of subs tances 

( caramels ) are obtained on pyrolysis  of sugars . ·when such 

pyrolysis occurs in the presence of ammonia or amines the 
21 

produc ts are reported to be melanoidin in nature . Similar 

products are formed from the reacti on of amines with methyl-

26 . 27 glyoxal and d1acetyl . The c omposition and properties of 

melanoidins vary according to the method of preparation.  

Enders and his eo-workers have noted that as the reaction 

progresses the carbon and nitrogen contents of the product 

increase , whereas the hydrogen r emains fairl� c ons tant . The 

water s olubili ty of the produc ts decreases during the reaction .  

It is  probable that none o f  these  melanoidins i s  c omposed 

entirely of a single compound . Hough, Jones and Richards46 

showed tha t there were many free hydroxyl groups and also 

reduc ing groups present , while hydrolysis experiments 

produced c omplex mixtures of sugars and imida zoles . Zinc 

dust distillation of a melanoidin from glucose/glyc ine 

yi elded pyrroles and pyridines . 28 
Carboxylic acid,  hydroxy ,  

phenolic and carbonyl groups were also identified . A high 

proportion of the yield in mos t  of the systems s tudi ed in the 

pres ent research proj ec t  c onsisted of ntelanoidin material . 



-38-

INTRODUCTION REFER&�CES 

1. A .  Albert ,  "Physical �,iethods in Heterocyclic Chemis try, 
Vol .  I , 11 Ed . A . R .  Katri tzky,  Academic Pres s , 1963, p.97 

2. B .  N. Ames ,  H .  K .  Mitchell and M .  B .  Mitchell , J .  Amer . 
Chem. Soc . ,  75, 1015 ( 1953). 

3. E .  F .  J .  L .  Anet ,  Austra.l . J. Chem., 13., 396 ( 1961 } ; 
14, 295 ( 1962). 

4. E .  F .  J. L .  Anet ,  Chem.  and Ind. , 262 ( 1962�. 

5. E •. Baer and H.  0 .  L .  Fis cher , J. Biol . Chem. , 150, 213 ( 1943) . 

6. E .  Bamberger , JL� . ,  273, 267 ( 1893). 

7 .  I .  M . Bassett and R .  D. Brown, J. Chem. Soc . , 2701 ( 1954). 

8 .  K. Bernhauer , Z .  phys i ol .  Chem . , 183, 67 ( 1929). 

9 .  M .  G .  Blair and J. C .  Sowden, J .  Amer . Chem . Soc . , 77, 
3323 ( 1955 ). 

10. M. M. Botwinnik and M .  A.  Prokofj ev ,  J .  prakt . Chem . , 
148, 191 (1937). 

11. P .  Brandes and c .  Stoehr , J .  prakt . Chem . , [2] 54, 481 ( 1896). 

12. R .  Breslow,  Tetrahedron Letters , No . 21, 22 ( 1959). 

13. R .  D. Brown, Aus tral . J .  Chem. , �' 100 ( 1955) . 

14. R .  D. Brown and M . L .  Heffernan, Austral . J. Chem . , 
12, 543 ( 1959) .  

15.· c . A .  Lobry de Bruyn and w .  Alberda van Eckenstein, 
Rec . trav. chim. ,  (a ) 14, 203 ( 1895 ) .  lb l 15, 92 ( 1896 ) . 

c 16, 257, 262, 274, 282 
d5• �8, 837 (1899). 

( 1897). 

16. H . S .  Burton and D .  J. McWeeny, Chem. and Ind . , 462 ( 1962) . 

17. H .  S .  Bur ton, D .  J .  :i�cWeeny and D .  0 .  Bil tcli�fe,  
Chem .  and Ind. , 219 (1962 ).  

18. H .  S .  Burton, D. J. McWeeny and D. 0 .  Biltcliffe , 
J. Fd. Sci . ,  28, 631 ( 1963) . 



-39-

1 9 .  J .  F .  Carson, J .  Ame� Che� Soc . ,  77, 5 957 , 1881 ( 1955 ) ;  
78 , 3728 (1956) . 

20 . A .  H .  Cook and D .  G .  Jones , J .  Chem. Soc . ,  278 ( 1941 ) .  

21 . J .  P .  Danehy and w .  W .  Pigman, Adv . in Food Res . ,  3. ,  
241 ( 1951 ) . 

22 . T .  F .  Dankova , E .  Sidorova and N .  Preobra zhenski i ,  J .  Gen . 
Chem. u . s . s .R . ,  15 ,  674 ( 1945 ) . 

23 . D .  Da·vidson , M .  Weiss and M .  Jelling, J .  Org. Chem . , 
g, 319  ( 1 93.7 ) . 

24 . H .  Debus , Ann . ,  107, 199 ( �858 ) .  

25 . C .  Enders and G .  Fri es , Kolloid-Z . ,  85 ,  74 ( 1936 ) .  

26 . c .  Enders , Biochem. z . ,  312,  339  ( 1942 ) .  

27 . c .  Enders and S .  Sigurdsson,  Biochem. z . ,  316 ,  303 ( 1944 ) . 

28 . C .  Enders and K. Thies , Brennstoffe-Chem . ,  1 9 ,  360,  402 , 
439 ( 1938 ) .  

29 . J .  G .  Erickson, J .  Amer . Chem . Soc . ,  75 , 2784 ( 1 953 ) .  

30 . Vi .  L .  I!.'vans , Chem. Reviews , 3 1 ,  537 ( 1942 ) ; .§., 281 (1929 ) . 

3 1 .  W .  L .  Evans and H .  B .  Has s ,  J .  Arner. Chem . Soc . ,  48 , 
2703 ( 1926 ) .  

3 2 .  H .  0 .  L .  Fischer and H .  Mildbrand, Ber . , 57,  707 ( 1924 ) . 

33 . M .  Gibbs , J .  Amer . Chem. Soc . ,  72 , 3964 ( 1950 ) .  

34 . J .  W .  Green,  J .  Amer . Chem. Soc . ,  78 , 1894 ( 1956 ) . 

3 5 .  K .  Heyns , R .  Eichstedt and K .  H .  Meinecke , Chem. Ber . , 
88, 1551 ( 1955 ) .  

36  • .  K .  Heyns and W .  Koch, z .  Naturforsch, 7b, 486 ( 1962 ) . 

3 7 .  K .  Heyns and K .  H .  Meinecke , Ber . , 86 , 1453 ( 1953 ) .  

38 . T .  L .  Hill and G .  E .  K .  Branch, Scienc e ,  9 1 ,  145 ( 1 940 ) .  

3 9 .  J .  E .  Hodge , Advances in Carbohydrate Chem . ,  10 , 169 ( 1955 ) . 

40 . K .  Hofmann, "The Chemis try of Heterocyclic  Compounds , 
Imidaz.ole and Derivatives , Part I", InterScience 
( 1953 ) p . 30 .  



-40-

41. K.  tllofmann, ibid . , :p.39 . 

42. K .  Hofrnann, ibid . , p .  40. 

43.  L .  Hough, J .  K .  N .  Jones and E. L .  Richards , J .  Chem. Soc . ,  . 
2005 ( 1953). 

44. idem. ibid. , 3854 (1952) . 

45. idem. ibid . , 732 ( 1952). 

46. L .  Hough, J .  K .  N. Jones and E .  L .  Richards, Chem. and Ind. , 
545, ( 1954). 

47. F .  R. Jap:p and H .  H .  Robihson, Ber . , 15, 1-'2.68 ( 1882 ) .  

48. �� . R .  Japp and W .  P .  Wynne ,  J .  Chem . Soc . , 49, 462 ( 1886). 

49. I .  Jezo , Chem. Zvesti , 

50. I .  Jezo and I .  Luzak, 

51. I .  Jezo and I .  Luzak, 

52. A .  H.  M .  Kirby and A .  

17 (2 ) '  126 ( 1963). 

Chem. Zves ti , 17 (4), 255 ( 1963). 

Chem. Zvesti , 17 ( 1.2 ) ,  865 ( 1963). 

Neuberger , Biochem. J . ' 32, 1146 ( 1938 : 

53o  K. K. Koessler and �.II . 'l' • Hanke , J .  Biol . Chem . , 503 ( 1919) . 

54. M .  Komoto , J .  Agric. Chem.  Soc . ,  Japan, 36 ' _ , 305 ( 1962). 

55. Idem. ibid . ' 36, 407 ( 1962). 

56 . Idem . ibid. ' 36, 461 ( 1962). 

57. R .  Kuhn, G .  Kruger , J .  Haas and A. Seeliger , Ann . ,  
644, 122 (1961). 

58. L .  P .  Kulev and R .  N .  Gireva , Zhur . Priklad. Yillim. , 
30, 811 ( 1957). 

59. W .  Langenbeck, Tetrahedron, Q, 185 (1958). 

60. H .  G .  Lento , J .  c .  
750 ( 1960). 

Underwood and C .  o .  Willi ts , Food 

61. R .  ·u. Le.mieux, "Molecular Rearrangements ,  Vol .  2" ' 
Interscience ,  1964, p.743. 

Res . , 

62. L .  l.�aillard, Com12t . rend . , 154, 66; 155, 1554 ( 1912); 
(1913). 156, 1159 



-41-

63 . L .  Mai llard, Compt . rend . soc . biol . , 72 , 599  ( 1913 ) .  

64·() . L .  Mai llard, Ann . chim . , 5 ,  258 ( 191.6 ) ;  7_, 1�3 ( 19� 7 ) . 

65 . R .  Meltz.er , A .  Lewis ,  F .  McMillan, J .  Genz.er , F .  Leonard 
and J .  King, J .  Amer .  Pharm . Assoc . ,  42 , 594 ( 1953 ) .  

66 . J .  �u. Nef ,  Ann . ,  357,  294 ( 1907 ) . 

67 . idem. ibid . , �76,  1 ( 1910 ) . 

68 . idem. ibid. , 403 , 204 ( 1913 ) .  

69 . J .  Parrod,  Compt . rend . , 192 ,  1136 ( 1931 ) .  

70 . J .  Parrod, Ann . chim. , 19 ,  205 ( 1933 ) .  

71 . J .  Parrod, Bull . s oc . chim . , 51 , 1424 ( 1935 ) .  

72 . J .  Parrod, Compt . rend . , 201 , 993 (1935 ) .  

73 . H .  Pauly, z .  nhys iol . Chem . , 4� 508 ( 1 904 ) . 

74 . H .  von Pecrmann, Ber . , 21 , 1411 ( 1888 ) .  

75 . w .  Pigman and R .  M .  Goe:pp Jr . ,  "Chemis try of the Carbo­
hydrates , " Aca demic Pre s s ,  1948 , p . 73 .  

76 . idem. ibid . ' p . 78 . 

77 . A. Firmer and R .  Schwarz , Ber, , 3 5 ,  2441 ( 1 902 ) .  

78 . F .  L .  Pyman, J .  Chem. Soc . , 97 , 1814 ( 1910 ) . 

79 . idem. ibid . ' 121 , 2616 ( 1922 ) .  

80 . B .  Radzisz.ewski , Ber . , 15 , 1493 ( 1882 ) .  

81 . B .  Radzisz:ewski , Ber . , 17, 1289 ( 1884 ) . 

82 . T .  M .  Reynolds , Adv . Food Res . ,  12 , 3 ( 1963 ) .  

83 . E .  L .  Richards , Ph. D .  The s i s ,  Bristo l ,  1 953 . 

84 . J .  Ridd, "Physical Methods in Heterocyclic  Chemis try, 
Vol 1 1 1 ,  Ed. A .  R .  Katritzky, Academic Press ,  1963 . 
p .  137 .  

85 . o .  Schmidt , Chem� Revs . ,  17., 137 ( 1933 ) .  



-42-

86 . L .  Seekles , Rec . trav . chim . , 46 , 77 ( 1 927 ) .  

87.  B .  J .  Sj ollema and L .  Seekles , Rec . trav . chim. , 44, 
827 ( 1925 ) . 

88 . J .  s .  Sowden, Advances in Carbohydrate Chem . , 12 , 36  ( 1957 ) . 

89 . J .  c .  Sowden and R .  R .  Thompson, J .  P..mer . Shem. Soc . , 
80 , 1435 ( 1958 ) . 

90 . R .  V/eidenhagen and R.  Herrmann, Z .  Wirtschaftsgruppe 
Zuckerind. , 85 , 126 ( 1935) . 

91 . R .  Weidenhagen and R �  Herrmann , Ber . , 68 , 1 953 ( 1935 ) .  

92 . R.. L .  vVhistler and J .  N .  Behiiller,  Advances in Carboh;ydrate 
Chem . , 13 , 289 ( 1958 ) . 

93 . R •. L .  VVhistler and J .  N .  BeMiller,  Advances  in Carboh;ydrate 
Chem . , 13, 327 ( 1958 ) .  

94 . idem. ibid . ' 13 , 329 ( 1958 ) . 

95 . R .  L .  vVhistler and W .  M .  Corbett,  J .  Amer . Chem. Soc . , 
78 , �003 ( 1956 ) . 

96 . L .  F .  Wiggins , Proc . Con r .  Intern . 
nologists,  9th India ,  �, 525 

97o L .  F .  Wig gins and W .  s .  Wise ,  Chem. and Ind . , 659 ( 1955 ) . 

98 . L .  F .  Wiggins and W .  s .  Wis e ,  Intern. Sugar J . ,  57,  
435 ( 1955 ) . 

99 . A .  Windaus , Ber . ,  39 ,  3886 ( 1906 ) . 

100 . A .  Vlindaus and F .  Knoop, Ber . , 38,  1166 ( �905 ) .  

101 . A .  Windaus and A .  Ullrich, z .  ph;ysiol . Chem . , 92 , 276 ( 1 914 ) 

102 . M .  L .  Wolfrom, B .  w .  Lew and R .  M .  Goepp Jr., J • .1\lner • 

Chem. Soc . , 68 , 1443 ( 1 946 ) . 

103 . M .  L .  Vfolfrom and J .  U" . Schumacher , J .  Amer . Chem. Soc . ,  
77 , 3318 ( 1 955 ) . 

104 .  G .  Wyss ,  Ber . , 1365 ( 1877 ) . 



RESULTS P2ID DISCUSSION 



-43-

RESULTS AND DISCUSSION 

I .  THE CHROMATOGRAPHY OF IMIDAZOLES . 

In order to facilitate identification of common imid-

a zolic  products and for routine analyses of fractions from 

columns ,  i t  was necessary to develop chromatognaphic 

teclmiques . Paper chromatography was employed in the early 

s tages of the proj ec t ,  but separations were often improved 

and accelerated by the introduc tion of thin-layer chromato-

graphy on glass plates . 

(i )  Paper chromatograp�y. - �1 33 46 A number of workers ' ' have 

s eparated and identified imida zoles by paper chromatography. 

In the present proj ect chromatogTaphy was carri ed out 

by the descending method using vVhatman No . 1 or 3MM papers . 

The latter paper was employed where the imidazoles were in 

high concentration and where better separation was desired 

than vVhatman No . 1 was capable of giving. 

For routine work the s olv.ent n-butanol - acetic  acid -

wa ter (4 : 1 : 1 ) was employed, with the parent free bas e ,  imid-

a zole , run as a marker . All chromatographic data were then 

r elated to imidazole as R im values , where Rrm= ( di s tance 

travelled by compound)/ ( distance travelled by imida zole ) .  

Thes e  Rim values were found to be more c onsistent than the 

c onventional Rf values . 
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Detection of spots on chromatograms was usually achieved 

by spraying the air-dried paper with an alkaline solution 

of diazotised sulphanilic acid (Pauly66 reagent ) which gave 

yellow ,  orange or red dyes with imidazoles . Yellow dyes 
33 

are reported by Huebner to often be characteristic of 2-

substituted imidazoles . On occasions , a spray c onsisting 

of a solution of iodine in carbon tetrachloride11 was used 

to produce transient brown or yellow spots with imida zoles 

on chromatograms . This reagent has the advantage of being 

able to detect N-substituted and aarboxyalkyl-substituted 

imidazoles which fai l  to react with Pauly reagent . 

It has been noted by Komoto46 that the Rf values of 

imidazoles increase with increasing basic  strength of the 

compounds . The pKa values are increased by the presence 

of electron-releasing groups (particular�y in the 2-position ) , 

and decreas ed by electron-attracting substituents�1 

This relationship was found to hold in a general way for the 

paper chromatography of the imidazoles s tudied in this 

proj ect . Table Cl lists Rim values for seventeen 

imidazoles in s ix solvents . 
-( ii ) Thin-layer chromatography on cellulose . - In order to 

reduce the time spent in examining fractions from column 

separations an attempt was made to separate imidazoles on 

cellulose-coated glass  plates . These were spread to  a thick-

ness of 250� using a Desaga apparatus and developed by · the 
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TABLE �1, 

R i m va lues for s eventeen i m i dazo les on paper 

SOLVENT s 1 
s

2 
s;  <: 

" 4  
s ,  s

6 
COLOUR W I TH PUBL I SHED pK a 
O I A ZO REAGENT VALUES 

WHATMAN PAPER No. 1 No. 3 t·1M N o .  1 No.  3MM N o .  1 N o .  3HM No.  1 N o .  3MM No.  1 No.  3MM No.  1 No.  3MM 

I mi dazo l e  1 .00 1 . 00 1 .00 1 . 00 1 .00 1 . 00 1 . 00 1 . 00 1 .00 1 . 00 1 . 00 1 .00 orange 6.95 
2-M ethy l i  mi dazo l e  1 .44 1 . 34 1 . 1 1 1 .26 1 .06 1 . 03 1 .1 3  1 . 06 1 .08 1 . 1 4  1 . 09 1 .05 lemon-yel lov1 7.86 
4 ( 5 } -M ethy li m i dazole  1 .35 1 .32 1 .1 2  1 .58 1 . 05 1 . 07 1 .1 5  1 .1 0  1 .1 1  1 . 05 1 .1 5  1 .1 2  red 7.52 
2 , 4 ( 5 } -Di methy limi daz c l e  1 .90 1 .  71 1 .28 1 .87 1 . 1 1  1 . 1 1 1 . 24 1 . 26 1 .07 1 .05 1 . 21 1 .1 7  l emon-y e l lo w  8 . 36 
4,5-D i methy li m i dazo le 1 .62 1 .56 1 .  73 2.62 1 . 09 1 . 09 1 .1 9  1 .21 1 .1 2  1 .1 1  1 . 23 1 .1 3 y e l low 
2-Ethy l-4 (5 } 41 ethy l-

i mi dazo le 1 .92 1 .79 1 .81 2.96 1 .1 3  1 .1 1  1 . 29 1 . 32 1 . 22 1 .22 1 .21 1 .1 6  y e l lo w  
2-Hydroxymethy l-

4 ( 5 } -methy l i m i dazo le 1 . 37 1 .42 1 .1 1  1 . 39 1 . 04 1 . 00 1 . 1 9 1 . 21 1 . 00 0.94 1 .1 4  1 .2 0  red 
2-H�droxymethy li m i dazo le 1 . 1 2  1 .1 2  1 . 02 1 . 28 0.96 0.91 1 . 06 0.99 0.95 0.94 1 . 04 0.97 orange 
4(5 -Hydroxymethy l-

i m i dazo le 0.91 0. 88 0.79 0.64 0.86 0.79 0.97 0.93 0.86 0.77 0.97 0.96 orange-red 6.38 
4 ( 5 } -( 2-Hydroxy · , ethy l ) -

i m i dazo le 0.99 0.99 0.80 0.60 0.93 0.91 1 . 03 1 . 02 0.92 0.85 0.94 0.94 red 
2-Ac ety l-4(5 ) -

methy limi  dazo l e  2.26 2.1 0 3.40 8.30 1 . 07 1 .05 1 . 37 1 .48 1 .1 4  1 .05 1 . 31 1 . 28 orange-y e l lo w  
2-Mercaptoimi dazo le 1 .61 1 .54 2.80 5 . 00 0.90 0.82 1 .06 1 .04 0.95 0.95 1 . 08 1 .05 orange 
H i stam i n e  di -HC l 0.1 6  0.1 0  0. 21 0.22 o. 71 0.57 0.46 0.41 0.40 0.31 0.48 0.45 red 5 .98 and 9.70 
H i sti dine  H C l  0.03 0.03 0.24 0.23 0.39 0.1 4 0.38 0.33 0.1 8 0.1 4  0.5 0 0.40 red 6 . 08 and 9 . 20 
I mi dazo l e-4(5 ) -

carboxy l i c  aci d  0.33 0.49 0.59 0.38 0.42 0.1 9 0.65 0.61 0.20 0.22 0.75 0.75 y e l lo w  6 .08 
I mi dazo le-4(5 ) -

pyruvic aci d  
I m i  dazo l e-4 ( 5 } -

1 .25 1 .21 1 .48 2.39 0.94 o.8o 1 . 00 0.97 0.74 0.73 1 .07 1 . 03 orange 

acry lic  aci d 1 . 28 1 .21 1 o58 2.35 0.47 0.29 1 . � 1 .01 0.27 0.32 1 . 09 1 . �  orange 

S o lvents: s1 • n-butano l - acetic aci d - water ( 4 : 1 : 1 ) ;  s 2  • E thy l acetate - aceti c aci d - water (3: 1 : 3  - to p l!yer) ; s �  • Ethano l - ether - water - ammoni a ( 28%) (4: 5 : 1 : 0.1 ) ;  
-' 

S �  • n-Propano l - acet i c  aci d - water ( 4: 1 : 1 ) ;  S� = n-butan o l - pyri d i n e - water ( 2: 1 : 1 } ;  S6 • n-butano l - ethy l acetate - aceti c aci d - water ( 1 : 1 : 1 : 1 )  
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ascending method using the same solvents as in section ( i ) . 

Compact spots were obtained in the acidic solvents , but 

some tailing was evident with basic  solvent systems . Although 

it  proved difficult to separate imidazoles with carboxyl 

suhstituents on alumina and silica gel layers , thin-layer 

chromatography on cellulose proved effective . Efficient 

differentiation between isomeric imidazoles , however , often 

proved difficult,. e . g . 2- and 4 ( 5 )-methylimidazoles were diff­

icult to separate on cellulose . Table C2 lis ts Rf and Rim 

values for eighteen imidazoles in six solvent systems . 

( i i i ) Thin-layer chromatography on aluminium oxide G and 

silica gel G. - It was found that mixtures containing imid-

azoles could be rapidly and efficiently analysed by thin­

layer chromatography on aluminium oxide G and silica gel G 

layers using relatively basic solvent systems . For a s imple 

mixture, a microscope slide coated with alumina could be  

spotted, developed and sprayed in less than five minutes . 

Compact spots were obtained with all but carboxyl sub-

stituted imidazoles . Experiments showed that there was little 

significant difference in Rf values between activated and 

unactivated alumina chromatoplates . Table C3 lists Rf 

and Rim values for seventeen imida zoles in five solvent systems , 

From the values given it  may be noted that methyl­

substituted imidazoles are readily differentiated from 

hydroxyalkylimidazoles on silica gel G chromatoplates in 
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TABLE C2  

Rf and  R i m  va lues for ei ghteen i mi dazo les on thi n-layer cel lulose 

SOL VENTS : 

COMPOUND: 

2-Acety l-4 ( 5 ) -methy l i mi dazole 0.86 1 .6 8  

4,5-Dimethy l i mi daz o l e  0.80 1 .57  

2-Ethy l-4 ( 5 ) -methy limi dazo le 0.73 1 .43 

2,4(5) -0 i m ethy l i mi dazo le 0.68 1 . 33 

2-Hydroxymethy l-4(5 )-methy limi dazo le 0.68 1 .33 

4 ( 5 ) -M ethy li mi dazo le 0.61 1 .20 

2-Methy l i mi dazo le  0.60 1 .1 8  

2�·1ercaptoi m i  dazo le 0.58 1 .1 4  

l mi dazo te-4 (5 )-acry t i c  aci d  0.57 1 .09 

l mi dazo le-4 ( 5 )-pyruvic aci d  0.54 1 .06 

4 ( 5 )-(2-Hydroxyethy l )  i mi dazo le 0.54 1 .05 

I mi dazo le 0.53 1 .00 

4 ( 5 ) -Hydroxymethy li mi dazole 0.48 0.96 

l mi dazo le-4(5)-carboxy li c aci d 0.28 0.54 

l mi dazo le-4 , 5-df carboxy lic  aci d 0.26 0.52 

4(5 ) -D-Arabotetrahydroxy-
buty l i mi dazo le 0.24 0.50 

H i stami n e  di hydroch lori de 

H i stidine  hydroch lori de 

0.20 0.35 

0.1 8  0.30 

0.96 6 .00 

0.35 2.00 

0.42 2.44 

0.30 1 .88 

0.25 1 .5 0  

0.26 1 .53 

0.22 1 . 24 

0.59 3.21 

0.38 2.08 

0.36 2.05 

0.1 2  o. 75 

0.1 7  1 . 00 

0.1 0 0.69 

0.1 2 0.75 

o.oo o.oo 

0. 02 0.1 3 

o.oo o.oo 

0.02 0.09 

1 .00 1 .29 

0.73 0.97 

o. 73 0.96 

o.8o 1 .o3 

0.72 0.93 

0.74 0.96 

0.68 0.91 

o. 71 0.95 

0.33 0.43 

o. 73 0.96 

0.57 0.74 

0.76 1 .00 

0.58  0.75 

0.1 3 0.1 6 

0.36 0.48 

0.23 0.30 

0.1 8  0.23 

o.o8 o.1 o 

0.88 1 .30 

0.82 1 .1 2  

0.86 1 .1 9  

o.88 1 .30 

0.81 1 .1 0  

0.79 1 .08 

0.78 1 .06 

o. 75 1 .03 

0.76 1 .03 

0.74 1 .01 

0.68 1 .00 

0.68 1 .00 

0.62 0.89 

0.46 0.63 

0.48 0.68 

0.53 0.72 

streaked 

0.36 0.53 

0.99 1 .07 

1 .00 1 .08 

0.96 1 . 03 

1 .00 1 .08 

0.91 0.99 

0.97 1 .04 

0.94 1 .08 

o.ao o.88 

0.26 0.29 

0.83 0.90 

o.86 o.ao 

0.92 1 .00 

0.85 o. 79 

o.oa o.1 3 

0.05 0.09 

0.32 0.34 

0.44 0.47 

0.03 0.04 

Co lour of dye 
wi th di azoti z ed 
S u lphani l i c  aci d 

0.96 1 .28 yel low-orange 

0.84 1 .1 5  y e l low 

0.90 1 .20 y e l low 

0.88 1 .1 8  y e l low 

0.90 1 .20 red 

0.83 1 .1 2  red 

0.81 1 .1 4  . yel low 

0.74 1 .03 orange 

0.75 1 .04 yel low-orange 

o. 74 1 .03 yel low-orange 

0.78 1 .05 red 

0.75 1 .00 orange 

0.72 0.97 orange-red 

0.46 0.63 yel low 

0.38 0.52 yel low 

0.46 0.64 red 

streaked red 

0.26 0.35 red 

SOLVENTS : S 1 • n-butano l - acetic  aci d - water (4: 1 : 1 ) ;  s 2 • ethy l acetate - aceti c aci d - water ( 3 : 1 : 3  -, upper phase) ;  s 3 • n-butano l - pyri dine � water ( 2 : 1 : 1 ) ;  
S4 • acetic aci d - n-butano l - ethy l acetate - water ( 1 : 1 : 1 : 1 ) ;  Ss · ethano l - di ethy l ether - water - 25% NH40H (4:5: 1 : 0.1 ) ;  S6 . n-propano l - aceti c aci d - water (4: 1 : 1 )  
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TABLE C3 

RF and R
i m  va lues for seventeen i mi dazo les 

S I l l  CA GEL G ALUM I N I UM O X I DE G ALUM I N I UM OX I DE G ALUH I N I UM OX I DE G ALUM I N I UM OX I DE G PUBL ISHED COLOUR OF DYE 
LAYER-ACT I VATED LAYER-UNACT I VATEO LAYER-UNACT I VATEO LAYER-UNACT I VATED LAYER-UNACT I VATED pKa W ITH D I A ZOT I ZEO 

VALUES SULPHAN I L I C  A C I D  
C0�1POUNO  SOLVENT A SOLVENT B SOLVENT C SOLVENT D SOLVENT E SPRAY 

Rf R i m  Rf R i m  
Rf R i m  Rf 

R i m  
R

f R i m  

2-acety l-4(or 5 ) -methy li mi dazo l e  0.84 1 .50 0.56 2.55 0.78 1 .97 0.69 1 .1 3  0.77 1 .1 4  y e  l low-crange 

2-ethy l-4(or 5)-r.ethy limidazo l e  0 • .5 0  0.90 0.42 1 .91 0.70 1 .67 0.65 1 .09 0.66 1 .1 8  yel low 

2, 4{or .5 ) -dimethy limidazo le 0.36 0.64 0.32 1 .4.5 0 • .54 1 .33 0.62 1 .02 0.7.5 1 .09 8.36 lemon-y e l low 

4 ,  .5-dimethy limi dazo le 0.56 0.88 0.28 1 .21 0 • .51 1 .23 0.62 1 . 03 0.68 1 .00 yel low 

2-methy limi dazo le 0.4 0  o. 71 0.24 1 .09 0.61 1 .4.5 0.63 1 .05 0.76 1 .09 7.86 lemon-y e l low 

4(or 5 ) -methy li mi dazole 0 • .52 0.93 0. 24 1 .09 0.46 1 .04 0.62 1 . 03 0.70 1 .00 7.52 red 

imidazo l e  0 • .56 1 .00 0.22 1 .00 0.42 1 .00 0.61 1 .00 0.70 1 .00 6 .95 orange 

2-hydroxymethy l-4 (or .5 ) -methy l-
i mi dazol e  0.43 0.79 0.02 0.09 0.1 5  0.3 0  0.46 0.76 0.30 0.45 red 

4{or .5 )-(2-hydroxyethy l )imi dazo le 0.30 0.54 0.06 0.27 0.1 1  0.21 0.49 0.82 0.41 0.61 red 

4 (or .5 ) -hydroxymethy limi daz o l e  0.34 0.61 0.04 0.1 8  0.1 0 0.20 0.46 0.7.5 0.30 0.45 6.38 orange-red 

2-«ercaptoi mi daz o l e  0.74 1 .33 0.1 4  0.64 0.52 1 . 24 0 • .57 0.9.5 0 • .51 0.91 orange 

histamine dihydrochlorf de 0.04 0.07 0.02 0.09 o.oo o.oo o.o2 0.07 0.02 0.09 .5.98 red 

histi di n e  hydroch lori de o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo red 

4(or 5 )-0-arabotetrahydroxy-
buty l f mi dazol e  0.03 0.07 0.01 0.04 o.o1 0.02 o.oo o.oo o.oo o.oo red 

fmi dazo l e-4(or 5 )-carboxy lic aci d o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 6 . 08 yel low • " 

imi dazo le-4 (or 5 )-acrY li c aci d 0.11 0.20 o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo yel low-orange 

imf dazo le-4(or 5 )-pyruvi c aci d  0.01 0.1 4  o.oo o.oo 0.01 0.02 0.01 0.01 o.oo o.oo ye l,Low-orange 

Solvents: A, ch loroform/methano l/ammoni a (80: 25 : 0.1 ) ;  B ,  to luen e/ethy lacetate/ammoni a  (1 :3: 0.1 ) ;  C ,  chloroform/pyri dine (2:1 ) ;  0, to luene/95% ethano l (1 : 1 )_i E ,  to luene/1 oat 
�- � -

.� ethano t ( 1 :_1 ) 
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solvent A, and on aluminiu� oxide G chromatoplates in all of 

the solvent systems tabulated. In complex mixtures of 

imidazoles TLC has given good differentiation between 

methyl-substi tuted imidazoles which are difficult to separate 

by conventional paper chromatography. Further improvement 

has been achieved by using two-dimensional TLC on aluminium 

oxide G chromatoplates ,while identification is aided by 

examination of the different colours of the azo-dyes produced 

on spraying with Pauly reagent . See Fig.  Cl . 

For alumina chromatoplates the relationship between 

Rf values and pKa values ( see section ( i ) ) appears to hold 

for the imidazoles of published pK values .  a Once again,  

Rim values proved more reproducible than Rf values and 

usually compensated for any solvent or layer irregulari ties . 

This successful use of alumina for the chromatography 

of imidazoles initiated the use of alumina column separations 

of reaction mixtures , thus providing an invaluable adjunct 

to cellulose column chromatography . 
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Toluene/Ethanol ( 1 : 1 )  

Fig. Cl. Two dimensi onal TLC on aluminium oxide G of a 

mixture of methyl- and hydroxyalkylimidazoles . 

Alkaline diazotised sulphanilic ac id spray. 

1 .  4 ( 5 l-D-arabotetrahydroxybutylimidazole 
2 .  4 ( 5  -hydroxymethylimidazole 
3 . 4 ( 5 - ( 2�hydroxyethyl ) - imida zole 
4. 2-hydroxymethyl-4 ( 5 ) -methylimidazole 
5 .  imidazole 
6. 4 ( 5 ) -methylimida zole 7 .  4, 5-di-methylimida zole 
8 .  2-methylimidazole 
9. 2 , 4 ( 5 )-dimethylimidazole 

10 . 2-acetyl-4 ( 5 ) -methylimidazol e .  
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IT . SEPARATION AND DETERMINA'T'ION OF IMIDAZOLES BY COMBINED 

PAPER-CHROM.A.TOGRAPHIC .AND SPECTROPHOTOMETRIC TEC1ll'UQUES. 

The quantitative estimation of compounds containing 

the imida�ole nucleus has proved of considerable interest 

particular�y for the imidazoles of biological importance .  

Koessler and Hanke42 made use o f  the red colour which most  

imidazoles give with alkaline diazotised sulphanilic acid 

to estimate 10 �g. or more of a number of imidazoles . As 

the dyes formed with diazotised sulphanilic acid proved to be  

th t bl 1 t k 6 , 23 , 48 , 54-5 , 70 , 77 ra er uns a e ,  some a er wor ers have 

made use of non-sulphonated diazotised aniline derivatives 

which, with imidazoles , give dyes which can be extracted 

into organic solvents , in which the dyes were reported to be 

c oncentrated and stabilised. 23 

Variations of these methods have been used to estimate 

histamine and his tidine . 21 , 25 , 57 , B1 A number of other 

methods for the colorimetric estimation of histamine and 

his tidine exist , 12 , 39 , 60 but these are not of universal app-

l ication to imida zoles . 

In the course of the inves tigation of the reaction 

· between glyceraldehyde and ammonia it  became necessary to 

s eparate and determine the individual imidazoles formed . 

As almost  all imidazoles couple with diazotis ed aniline 

derivatives to give red, orange or yellow dyes28 i t  was 

decided, after a study of a number of such derivatives , to 
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use diazotised sulphanilic acid as the colour-producing 

reagent . In order to obtain consistent results  it proved 

necessary to make a s tudy of the reaction conditions with 

this reagent and subsequently to modify the original Koessler 

and Hanke procedure . Colours produced with dia zotised sulph-

anilic acid are prone to interference from phenols , trans­

ition metal ions , ammonium salts and a number of other 

compounds , but none of these  spedes was expected to be present 

in the mixtures under study . Should any such species 

have been present the chromatographic separation carried 

out prior to the spectrophotometric estimation would have 

been expected to eliminate most of such interference .  Mix­

tures of up to five imidazoles were readily s eparated by 

chromatography, using vVhatman No . 3MM chromatography paper 

and one or more of the solvents listed in Table  EI (page 170) 
( It  was not possible to achieve a perfectly clean separation 

of 2-methylimidazole and 4 ( 5 ) -methylimidazole by this method ) . 

The s eparated imidazoles could be eluted quantitatively from 

the paper for spectrophotometric estimation .  Optimum work-

ing conditions have been established for the determination 

of imidazoles and standard curves plotted for imidazole , 

4 ,5 }-methylimidazole,  2-methylimidazole , 4 ( 5 )-hydroxymethyl­

imidazole,  4 ( 5 )- ( 2-hydroxyethyl )-imidazol e ,  2-hydroxymethyl-

4 ( 5 ) -methylimidazole , L-histidine hydrochloride and 

histamine dihydrochloride . See Fig. 1 ,  page 172 . 
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These standard curves were found to obey Beer ' s Law 

and to be highly reproducible within the range of concentrations 

studied ( See TI'ig.  2 page 173 ) • The intensi ties of the a;_zo 

dyes were found to vary wi th time, usually rising to a 

maximum in 2-8 minutes and then slowly falling off, and thus 

it  was necessary to stipulate suitable times for reading 

the a bsorbances  of the colours formed _ _  with the individual 

imidazoles . Although the wavelengths of the absorption 

maxima varied somewhat ( See Fig.  3 page 175 ) all readings 

were standardised at 480 m� . As reported by Macpherson57 

it was found that reproducible results could be achieved 

without careful temperature control . 

The s tandard method described in the experimental section 

was found to give accurate and reproducible results  within 

the concentration range studied . 

It was thought that the use of non-sulphonated aniline 

derivatives such as p-bromoaniline and p-toluidine might 

offer some advantages as the dyes produced are soluble and 

s tabilised in organic solvents . 23 
Standard curves were 

therefore determined with a number of imidaz,oles using these 

c ompounds in the place of sulphanilic acid.  However , when 

the colour was extracted ±nto i so-butanol it  was found that 

the accurate estimation of concentrations less than 10 �g./ml . 

(4 �g. ) of imidazole was prevented by the high and rather 

variable blank obtained. Imidazoles could be extracted 
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with isobutanol ,  �rom paper chromatograms which had been 

sprayed with alkaline diazo-p-bromoaniline more rapidly 

than by the s tandard procedure . However , because o� the 

large volume (approx. 20 ml . ) o� organic solvent required 

for complete extraction of the dye �rom the paper , and also 

the high blank, this method was only useful for the deter­

mination of quantities of imidazole greater than 10 �g ( 3-

10% error ) . 

The s tandard procedure using dia.zotised sulphanilic acid, 

while requiring more care and time ,  gave more accurate and 

cons istent results . The paper-chromatographic technique 

of separation should prove applicable to many mixtures con­

taining imidazolic materials , while careful choice o� 

solvent should eliminate most  of the species which are kno\v.n 

to interfere with the diazo reaction.  

Use  has been made of  the combined paper-chromatographic 

and spectrophotometric technique for the separation and est­

imation of imida zoles : 

( i ) In a comparison of the yields of 4 (5 )-methylimidazole 

from py�valdehyde and ammonia under different reaction con­

ditions , 

( ii ) In a survey of the rates of formation of the component 

imidazoles formed in the glyceraldehyde-ammonia system, 

( i i i ) In a comparison of yields of 4 ( 5 )-methylimidazole and 

4 ( 5 ) -hydroxymethylimidazole: � formed from aqueous ammoniacal 

solutions o� dihydroxyacetone and hydroxypyruvaldehyde . 
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I I I .  THE REACTIOl'l OF a'!"DICARBONYL AND a-HYDROXYCARBONYL 

COMPOUNDS WITH AQUEOUS AWONIA . 

( i ) The Reac t i on o f  Forma ldehyde w i th Aqueous -�monia. 

wben forma l dehyde is trea ted wi th a mi l d  ba s e ,  sugar- l i ke 

48b 
c o mpoun ds are formed. Genera lly a he t ero gene o us 

mi xture o f  pro duc t s  i s  ob ta ine d but under c er ta in c ondi t i ons 

as much as 50% of the ori gina l formaldehyde ha s b een c onve r t ed 

to glycol· a l dehyde 
48a 

which may then undergo a ldol c ondensati ons 

t o  form trios e s  and t e tr o s e s .  I t  ha s a l s o  b e en found tha t 

the r ea c t i on i s  very dependent on the me tal i on involved 

Sa 
in the bas e  e . g . reac t i on i s  very rapid w i th tha l l ium 

o r  l ead hydroxides , fa s t  w i th cal c i um hydroxi de and very 

s l ow w i th s odium or p o ta s s ium hydroxi des . Tra c e  amounts o f  

glyc o la ldehyde , glyc era l dehyde or dihydroxya c e tone a l s o  

ca talys e the rea c t i on .  

Rea c t i on mixt ur e s  o f  forma ldehyde i n  c oncentra t e d  a�ueo us 

ammonia , w i th and w i tho ut a tra c e  o f  glyc olal dehyde a s  

ca talys t ,  fa i l e d  to produc e imida zo l i c  compounds even when 

hea t e d  for twelve hours a t  1.00° . It is pos s ib l e  tha t the 

" formo s e "  reac t i on has a very l ong induc t i on t ime in the 

pres enc e o f  ammonium hydr oxi de .  Forma t i on o f  glyco la ldehyde 

and hi gher s ugar s  may b e  pr evented by forma t i on o f  the 

forma l dehyde-ammonia addi t i on c ompound. 
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( i i ) The Reaction of Glyoxal with Aqueous Ammonia . 

This reaction was first studi ed in 1858 by Debus16 

who heated a solution of glyoxa.l with three times i ts volume 

of concentrated ammonia at  60-70° .  He noted that the rea.ction 

mixture rapidly became brmvn with the evoluti on of heat and 

the s eparation of colourless needles of a compound, of 

empirical formula c3H4N2 , which he named "glycosine" . From 

the dark solution remaining after removal of thi s  compound 

Debus isolated imidazole in high yield. The same reaction 

mixture was further studied by Lehmstedt50 who suggested a. 

s tructure for glycosine corresponding to 2 , 2 ' -bi s-imidazole ( I ) 

( I ) 

As this reaction mixture app.ea:red to merit  further 

attention, a 3D% soluti on of glyoxal was treated at room 

temperature with concentrated ammonia solution .  The mixture 

rapidly darkened with the evolution of heat and the separation 

of some s olid material . Chromatography indicated the pres-

ence of at least  seven imidazolic compounds , although only 

two were present in high concentration.  Mter s ix weeks 

the solid was removed and purified by sublimation,  followed 

by crystallization from 95% e thanol .  The cream-white 

crystals  obtained had properties and derivatives identical 
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to  Lehmstedt ' s "glycosine" . The orange colour given with 

dia.zotised sulphanilic acid indicated an imidazolic compound, 

while a proton magnetic resonance  spectrum, determined in 

glacial acetic acid, gave a single peak at 45� c ./sec . Such 

a result indicated that all non- exchangeable  protons were 

�quivalent and would tend to confirm the presence of the 

2 , 2 ' -bond. The infrared spectrum (paraffin mull ) resembled 

that of imidazole . See Fig. 1 .  

The formation of glycosine probably occurs by conden-

sation of three molecules of glyoxal with four molecules of 

ammonia . 

o � c - c� o 
I I NH3 H H 

It  is poss ible that the reaction may proceed via 2-

formylimidazole ( I I ) which subsequently condenses .with a 

further molecule of glyoxal and two molecules of ammonia . 

0 0 � c- c� 
I I 

NH3 H H ) 
CJ-CHO ( II ) H CHO 

I CHO 
glycosine 
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Attempts to isolate 2-formylimidazole ( imidazole-2-

aldehyde ) from the glyoxal-ammonia mixture were not success-

ful owing to the extremely high concentration of imidazole 

in the reaction product .  The chromic acid oxidation of 

· 2-hydroxymethylimidazole afforded a compound which gave a 

brown colour with the diazo spray reagent and moved to Rim 

0 . 53 (Whatman No . 3MM paper ; n-butanol-acetic acid-water 

(4 : 1 : �) ) . It did not prove possible to further purify 

this oxidation product or to obtain a crystalline derivative , 

but an infrared spectrum, although generally ill-defined, 

showed a broad band in the region 1600-�690 cm-1 • �ne 

oxidation product was probably 2-formylimida zole as Turner84 

reported the carbonyl stretching band for 4 ( 5 ) -formylimidazole 
-� at �654-1696 cm • The brownish-orange colour and weak 

intensi ty of the azo dye is a known characteristic  of 

imidazoles with an aldehyde group attached directly to the 

ring12 • 

The oxidation product of 2-hydroxymethylimidazole was 

chromatographically identical , in a number of solvents , to 

one of the products_, from the glyoxal-ammonia mixture_, which 

also gave an orange-brown colour with the diazo  reagent at  

Rim 0 . 53 on Whatman No . 3MM paper in n-butanol-acetic acid­

water (4 : 1 : 1 ) . Although the evidence i s  somewhat tenuous , 

i t  seems that this compound was probably 2-formylimidazole . 

A nitric acid oxidation of 2-hydroxymethylimida zole 
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afforded mainly starting material with only traces of the 

compound at  Rim 0 . 53 . 

After .filtration of the 2 , 2 1 -bisimidazole from the 

glyoxal-ammonia solution,  the ammonia was removed and the 

aqueous solution continuously extracted with ether . Paper 

chromatography showed that only the imidazolic compounds 

with Rim values of 1 . 00 or greater had been extrac ted to any 

extent . Vacuum dis tillation of a :portion of this extrac t 

gave - the :parent base,  imidazole ( III ) , identified by melting 

:point, infrared spectrum, and comparison of the picrate 

with an authentic sample .  

I t  i s  considered72 that imidazole i s  formed by the con-

densation of a molecule of glyoxal with two molecules of 

ammonia and one of formaldehyde , and it has been suggested 

H NH3 'c=.o /H H I o=c, > _( )  + 3H2o 
_,c
:.o H 

N H NH3 H ( III ) 

by Radziszewski72 that the formaldehyde results from fission 

of glyoxal under the influence of ammonia . Possibly this 

cleavage occurs as suggested by Japp 
36 for the fission of 

benzil under similar conditions . 

Oc 
= 0 HllOOCHG + QcooH oJ 1Tfl > 3 
= 0 
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The benzoic acid may appear either as ethyl benzoate or 

as  the amide , depending on conditions . Support for this  

mechanism came from Sch�nberg76 who i solated ammonium ben-

t f b · 1  · · t 12o o d � z ·  · 98 zoa e rom enzl  ln aqueous ammonla a , an �rom lnln 

who found that the action of ammonia on benzil in ethanol 

at  70 ° gave ethyl benzoa.te . Benzil  might then react with 

a molecule of benzaldehyde and one or two molecules of ammonia 

to produce N-desylbenzamide ( IV) or lophine ( 2 ,4 , 5-triphenyl­

imidazole ) (V) , both of which had been isolated from such 

a mixture by Laurent49 along with 2 , 4 , 5-triphenyloxazole (VI ) . 

(V) 

� 0)-Q 
.--- N 

( VI )  

This would give a mechanism for the fission of glyoxal s imilar 

to the following scheme : 

CHO 
I 
CHO > 

HCHO + H . COOH �glyoxal + 2� 
imidazole 
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According to Davidson et a1 . 15 there i s  an inherent 

weakness in Japp ' s mechanism for the cleavage of benzil . 

Radziszewski72 had shovrn that a mixture of benzaldehyde and 

benzil treated with ammonia in ethanol at 40 ° gave lophine 

a s  the exclusive produc t .  Furthermore Zincke97 had found 

that benzil did not undergo scission when treated with priiD..ary 

aliphatic amines . Davidson et al . therefore devised the 

following scheme which did not involve benzaldehyde : 

H 
I o- �N" Q  f!i u �-A Oc;o o < 

N-desylbenzamide 

hydrolysis-. acid 
or ammonolysis  
-+ amide 

or alcoholysi s  
-+ ester 0-0H � 

. �-N=cH-!fd 
1.nterna10 J benzylidenebenzi l· 
Cannizzaro � C=O ammonia 

reaction · (hypothetical ) -
+ OCOOH 
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From N-desylbenzamide ( a known reaction product ) can 

be obtained 2 , 4, 5-triphenyloxazole by cyclodehydration,  or 

lophine by condensation with a molecule or ammonia . 

The formation of lophine from the interaction of benzil , 

benzaldehyde and ammonia was explained by Davidson et  a1 . 15 

by initial conversion of the benzaldehyde to the diamine , 

condensation with benzil , and then a Cannizzaro reaction : -

If the formation of imida zole from glyoxal was postulated to 

follow the benzil-ammonia pathway both formic acid and the 

compound of structure (Vii ) would be expected in the reaction 

mixture .  There has been no  mention in the l iterature of 

this compound having been identified.  

H -C -CH -NH -C - H  
g 2 B (VII ) 

It may be concluded that the reaction is rather complex and 

both Japp ' s and Davidson ' s mechanisms may apply . 
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Separation of further imida zolic compounds from either 

the ether extract  or aqueous fraction of the glyoxal-ammonia 

mixture did not prove possible . As imidazoles with an amino 

substituent attached directly to the ring in the 4 ( 5 )  position 
27 are reported to give blue dyes with diazotised sulphanilic 

acid it  is  possible that the compound present giving such a 

reaction could be an imidazole of this type . 
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( i i i  )The Rea.ction of Glycolaldehyde with Ammonia . 

A mixture of glycolaldehyde and aqueous ammonia , s tored 

at  room temperature in a stoppered flask, slowly assumed a 

pale-yellow colour .  Paper chromatography a t  the end of eight 

weeks showed the presence of two maj or products giving 

orange dyes with the diazotised sulphanilic acid spray, and 

a number of minor imidazol±c components travelling behind 

these two on chromatograms . One of the maj or components 

travelled to the same position as  imidazole on paper 

chromatograms , while the other moved somewhat faster . The 

solution was evaporated to a syrup which was fractionated 

on an alumina column using chloroform, with increasing amounts 

of methanol and ammonia as eluant . The coijlpound with 

chromatographic behaviour resembling imidazole was eluted 

with chloroform/methanol ( 1 : 1 ) while the other maj or 

component was much more s trongly adsorbed and required methanol 

�mmonia for elution.  The infrared spectrum (film ) of the 

compound with R 1 . 00 was identical to that of an authentic I m 

sample of imidazole ( see Fig.  2 )  while a picrate derivative 

proved identical in melting-point and microanalysi s  to 

imidazole picrate . 

Pas sage of chloroform/methanol/ammonia and then 

methanol/ammonia through the alumina column removed the 

more strongly adsorbed imidazolic compound . When the 

syrup obtained on evaporation of the solvent was treated 
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with picric acid, a picrate was obtained analysing for c10H9N50g 
This corresponded to the picrate of a: hydrox:ymethyl-substitut­

ed imidazole., while the melting point was the same as  that 

of 2-hydroxymethylimidazole picrate .
38 

In order to confirm the presence of 2-hydroxymethyl-

imidazole in the reaction mixture,  a quantity of the 

authentic compound was prepared by some modification of the 

method described by Jones�8 N-Benzylaminoacetal (I) 

was prepared from the reaction of chloracetal with 

benzylamine, and then converted to 1-benzyl-2-mercaptoimid­

azole ( II ) using potassium thiocyanate in ethanol .  The 

mercapto-group was removed by treatment with concentrated 

nitric acid yielding 1-benzylimidazole (III). Hydroxy-

methylation of the 1-benzylimidazole following Jones ' condit-

ions resulted in a mixture of products , but when the reaction 

time was increased the 1Jield of 1-benzyl-2-hydroxymethyl-

imidazole (IV) improved. Purification of this product 

was achieved via the hydrochloride , · - . which was decomposed 

with barium carbonate,  allowing i solation of 1-benzyl-2-

hydroxymethylimidazole in the crystalline form (Jones had 

only reported its presence as a syrup ) . Microanalysis and 

infrared spectroscopy ( See Fig .  3 ) confirmed the identity 

of this compound. Reaction of 1-benzyl-2-hydroxymethyl-

imidazole wi th sodium in liquid ammonia removed the benzyl 

group and gave ( on ethanol extraction of the product ) a 
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syrup �ielding 2-hydroxymethylimidazole picrate . Pur if-

ica tion of the free bas e  (V)  by the use of alumina and 

c ellulose column chromatography permitted its  isolation in 

the hitherto unreported crystalline form. 
/ 

( II )  

( IV)  

· N  

(N�CHzO!I 
(V) 

H 

There was a marked s imilarity between the infrared 

spectra of the authentic  2-hydroxymethylimidazole and 

the compound isolated from the glycolaldehyde-ammonia 
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mixture . The structure was confirmed by a mixed-melting 

point determination on the picrate ,  comparison of chromato-

graphic data , and finally by reductio� of the compound to 

2-methylimidazole . 

red P ) 
HI 

The formation of imidazolic compounds from glycolalde-

hyde and ammonia. would seem to require some oxidation of 

glycolaldehyde to glyoxal . Such oxidations of a-hydroxy-

carbonyl compounds occur readily in the presence of such 

oxidizing agents as the cupric ·i on e . g . oxidation of 
18 dihydroxyacetone to hydroxypyruvaldehyde , 

but osone formation by air oxidation does not appear to 

have been reported . Nevertheless ,  if  imidazole i s  formed 

by the condensation of a molecule of glyoxal with one of 

formaldehyde and two of ammonia it is necessary to postulate 

formation of glyoxal from glycolaldehyde under concentrated 

ammoniacal conditions . 

0 CHO 
) ' 

CHO 

NH OH 
')' HCHO 

4 

0 N 
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That such an oxidation may occur (at least  to a slight 
53 

extent ) i s  supported by Leukart who found that from the 

interaction of benzoin and ammonium formate at  230° he 

obtained mainly amarone ( 2 , 3 r5 , 6-tetraphenylpyrazine ) ( I ) 

( I ) 

but also traces of lophine ( 2 , 4, 5-triphenylimida zole ) and 

benzaldehyde . 

Formation of 2-hydroxymethylimidazole from glycolaldehyde 

in ammoniacal solution probably proceeds by the following 

mechanism : -

CH20H CHO 

I --0�? bHo CHO CH20H .CHO 
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{ iv ) The Reaction of DL-Glyceraldehyde with Aqueous Ammonia . 

In 1933 Parrod63 isola ted 4 ( 5 )-methylimida zole fro@ a 

reaction mixture containing glyceraldehyde , a queous ammonia 

and a metallic salt as catalyst .  Since tha t  time no fUrther 

interest appears to have been taken in this reaction,  a lthough 

a number of workers47, 62 have s ta ted that glyceraldehyde is 

a degradation produc t of hexose  sugars in ammoniacal solution.  

It was thought that a study of the glyceraldehyde-ammonia 

system might help in the clarifica tion of the complex mech-

anism involved in the reaction of sugars in ammoniacal 

solution . 

In a preliminary experiment , glyceraldehyde was dis solved 

in aqueous ammonia and s tored a.t 37 ° .  The solution became 

dark brown in colour , the absorbance of which was measured 

a.t regular intervals ( See Fig .  4 ) . Paper chroma tography, 

and the use of a wide range of detection reagents for sugars , 

amines , and imidazoles showed that an extremely complex 

mixture had been formed ( See Table E5 . page 187 ) • 

A large sca le mixture was therefore prepared and s tored 

in a stoppered flask at 37°  for eight weeks . The basic  

compounds were s eparated �m the neutrals by ion-exchange 

chromatography and the latter fractionated by partition 

chromatography on a cellulose column. Tne fractions from 

the column were examined by paper-chromatography and 

combined into five main fractions which were found to contain 
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a ketotriose,  aldopentoses and aldo- and ketohexoses . 

Identification on the chromatograms was achieved by use of 

the p-anisidine hydrochloride spray reagent3� (which gives 

yellow or brown colours with hexose  sugars and pink colours 

with pentose sugars ) and urea phosphate spray31 (which 

gives a blue colour with ketoses ) . By use of these location 

reagents , and chromatography in a number of solvents (s ee 

Table 1 )  it proved pos sible to tentively identify dihydroxy-

acetone , lyxose,  xylose ,  arabinos e ,  fructose ,  rr�nnose and 

glucose . The first-named compound was �lso isolated in 

the form of the 2 , 4-dinitrophenylhydrazone . A further 

c ompound in very low concentration chromatographically 

resembled ribose . 

The formation of these products from glyceraldehyde in 

aw�oniacal solution undoubtedly follows the general courses 

of alkaline degradation discussed in the Introduction .  

DihydPoxyacetone would be formed by isomeri zation, the 

various hexoses by condensation of two triose  units  and then 

epimerisation, and the pentoses either by reverse aldoliz-

ation of the hexoses or by the recombination of smaller 

fragments . 

The basic compounds were stripped from the ion-exchange 

resin with hydrochloric acid, evaporated to a syrup and 

then fractionated on a cellulose  column into a number of 

fractions containing imidazoles . 



Fra c t i on 

----

1 • 

2 .  

3 .  

4 .  

5 ·  

T.A BLE ! 
SUG.ARS PRESENT IN GLYCERALDEHYDE/AMMONIA MIX� .  

Suga rs Pre se nt Solve n t s  use d p-.Aniaid ine Urea 
f'or Ide nt if'- HCl Spray Phospha te 
ica tion Spra y 

d i hydroxy- I ,  VII* brown brown 
a ce t one 

lyxose I , III , IV,V pink n il 
ribose ? I ,  V pink 

xyl ose III , IV ,  VI pink n il 
arabin ose I pink n il 

ara binose I , III,V,VI ,  pink nil 
fruc tose I , III , IV br own blue 
ma nnose I , III,V brown nil 

gl ucose I , III , V  br own n il 

.Aniline 
Phospha te 
S pray 

nil 

re d -br own 

red -brown 
red-br own 

re d -br own 
n il 
re d -brown 

br own 
* 2,4-Dinitr ophe nyl hydra zone , m. p: 2768(de comp . J  Lit .  m . p .  277 -27B�de c omp) . 

S olvents : ( I )  n -buta nol/gla c ie l  a ce t ic a cid/wa ter ( 4 : 1 : 1  ) ; ( II )  a ce t one/ 
c hl or of'orm/wa ter/28% a mmonia ( 30 : 5 : h : 0 . 2 ) ;  ( I II)  e t hyl a ce ta te/pyridine/ 
wa ter ( 2 : 1  : 2 ) ;  ( IV) n-buta n ol/e t hanol/wa ter/28%a mmon ia ( 4 : 1 : 4 . 9 : 0 . 1  ) ;  
( v ) phe n ol/wa ter ( 4 : 1  ) ;  (VI) e t hyl a ce ta te/$la cial a ce tic a c id/formic e cid/ 
wa ter ( 1 8 : 3 : 1  : 4 ) ; (VII ) n-buta nol/pyrid inelwa ter ( 8 :3  : 3 ) . 

I ..... 
.... 
I 



- 72-

The first fraction from the column contained a very 

small amount of a compound giving a yellow colour wi th the 

dia zo spray, perhaps indicating a 2-substituted imida zole , 

but although a small amount of a picrate could be  formed, 

there was insufficient for chemical analys is . 

The second fraction comprised a compound giving a red 

colour with diazotised sulphanilic acid and moving to R 
I m 

1 o 37 on 'vVhatman No . 3MM paper chromatograms in n--nutanol/ 

acetic acid/water (4 : 1 : 1 ) . Treatment of a portion of the 

syrup with picric acid yielded a picrate with mel ting point 

( 78-80 ° ) and ni trogen analysi s  corresponding to the sesqui-

hydrate of 2-hydroxymethyl-4 ( 5 ) -methylimidazole ( I )  picrate . 

43 Thi s compound had been isolated by Komoto from an ammon-

iacal solution of glucose. As reported by Komoto , it was 

found tha t the picra te could be dehydrated by heating in 

vacuo for 48 hours . From a close study of the literature 

i t  appeared that previous workers 43 ' 63 hg.d fa iled to 

confirm that the structure of this  compound conformed to I 

rather than II (physical data available for 4-hydroxymethyl-

5-methylimidazole ( I I I )  allowed. thi s further pos s ible 

s tructure to be ruled out ) .  In order to confirm one of these  

H 

( I )  ( II )  ( III ) 
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structures i t  was decided to synthesise isomers I and I I  

by non-ambiguous methods . 

2-Hydroxymethyl-4 ( 5 )-methylimidazole was prepared by 

the reaction of pyruvaldehyde , glycolaldehyde and a_q_ueous 

ammonia . The imida zolic product was isolated from the 

reaction mixture in the form of a picrate which had melt-

ing point , mixed melting point and infrared spectrum identical 

to the compound isolated from the glyceraldehyde-ammonia 

mixture . ( See Fig .  5 ) 

NH 3 

2-Methyl-4 ( 5 ) -hydroxymethylimida zole was prepared from 

4 ( 5 ) -hydroxymethylimida zole ( IV) by a Bamberger5 degradation 

to 1 , 2-dibenzamido-3-hydroxy-1-propene (V) and then by 

reaction of this  product with acetic anhydride a t  �80 ° .  

The c ompound, I I ,  was isolated 

Qco-cl 
NaOH > 

( IV) (V)  

C�OH 
hN �1\T)- CH� 

( II )  
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a s  a picrate with melting point identical to tha t  o� the 
56 compound prepared by Mackay and Shepherd �rom dihydroxy-

acetone , acetaldehyde and ammoniacal cupric carbonate . A 

comparison o� the in�rared spec tra o� the picrates  i s  shown 

in Fi g.  5 .  From the top the picrates are thos e  o �  2-methyl-

4 ( 5 )-hydroxymethylimida zole , the compound �rom glyceraldehyde­

ammonia. and 2-hydroxymethyl-4 ( 5 ) -methylimida z.ole . 

Further con�irm�tory experiments carried out on the 

compound i sola ted from the glyceraldehyde--ammonia system 

included compari son of chromatographic behaviour in a number 

o� solvents and reduction w i th red phosphorus and hydriodic 

acid to 2 , 4 ( 5 ) -dimethylimida zole (VI ) . This latter compound 

was prepared �or compari s on by the method o� Windaus and Lang­

enbeck9Q �rom 4 ( 5 ) -methylimida zole (VII ) via �, 2-dibenzamido-

1-propene (VIII ) . 

(VII ) 

00-Cl 

NaOH ) 

CH -o 3'c-NH- co � 0 
11 -o 
CH--NH-CO � D 

(VIII ) 

')f--\\ Red P I HI 1(,_ ./'cH20H 1.60 o 
N 
I 
H 

(VI ) 
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The mechanism of formation of 2-hydroxymethyl-4 ( 5 ) -

methylimidazole involves preformation of pyruvaldehyde and 

glyco laldehyde from glyc eraldehyde . I t  i s  well known that 

pyruvaldehyde is  formed from trioses under a lkal ine condi tions 

by a rearrangement reaction involving loss of the elements 

of water . The mechanism reported by Sowden and Pohlen80 

for this transformation i s  as follows : 

CH20H 
I . 
C = O 
l 
CH20H 

CHO H-C = O  
I I 
C = O  C - OH I 11 
CH3 CH2 

Glycolaldehyde i s  probably formed by a revers ed aldol-

i zation of the triose ,  and when it combines with a molecule 

of pyruvaldehyde and two mol ecules of ammonia 2-hydroxy­

methyl-4 ( 5 )-methylimidazole is formed. 



CHO I 
CHOH I 
CH20H 
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reversed 
CH20H 
I 

> CHO 
a ldol 

/ 
CH3 . CO . CHO 

2NH3/ 
c� . / (N � 

N)c!I:.OH 
I 
H 

+ HCHO 

CH3 . cO .CHO 

2NH3 
CH3 t§ (VII ) 

I 
H 

A further fraction from the cellulos e  column s eparation 

was found to contain traces of an imidazole travelling 

s l i ghtly behind 2-hydroxymethyl-4 ( 5 )-methylimida zole on 

paper chromatograms . I t  did not prove pos s ible  to s eparate 

the unlmown compound in a sufficiently pure s tate  to allow 

meaningful s tructural analysi s ,  but an n . m . r .  spectrum in 

deuterium oxide pointed to this compound having an hydroxy-

methyl group directly a ttached to an aromatic  ring, while  

a further signal resembled a 4- or 5-proton in an imida zole 

ring. 

Fraction 4 from the column proved to conta in 4 ( 5 )­

methylimidazole (VII), the s tructure of which was confirmed 

by comparison of the physical properties of a number of 

derivatives with those obtained from a sample of 4 ( 5 ) -

methylimidazole prepared by the method of Koe s sler and 

Hanke .42 Treatment of the isolated compound a t  0°  with 
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b enzoyl chloride in concentrated a queous s odium hydroxide 

gave 1 , 2-dibenzamido-1-propene (VIII ) . 

Formation of 4 ( 5 ) -methylimidazole from glyceraldehyde 

undoubtedly proceeds by condensation of a molecule of pyruv­

a ldehyde with a molecul e  of forma ldehyde and two molecules 

of ammonia ( see  reac tion scheme , page 76 ) .  

\Vhether the formaldehyde originates from reverse aldoli z-

ation of triose or hexose  is uncertain .  It i s  possible 

that both pathways may contribute .  The presence of glycol-

a ldehyde in the mixture is evidence for the former , while the 

identification of pentose components points to the latter 

( if i t  is assumed that they are formed by degradation of 

hexoses  rather than recombination of smaller fragments ) .  

It  i s  even pos s ible that some alkaline fission of pyruvalde­

hyde may occur , although this has been denied by Bernhauer . 7 

Paper-chromatographic examina tion of fraction 5 from the 

c ellulose column s eparation showed the presence of an imid­

a zole moving to Rim 0 . 99 in n-butanol/acetic, acid/water on 

Whatman No . 3MM paper . The compound was purifi ed by chro­

matography in the same s olvent on sheets of thick (No . 3lvLM) 

paper and yielded a picrate which proved identical in melt ing 

point and mixed melting point to a sample of the picrate 

of 4 ( 5 )- ( 2-hydroxyethyl ) imida zole ( IX) prepared from histamine 

( X) by the method of Erlenmeyer et a1 . 17 ( See Experimental 

Section, page 1 58 ) • 



c�NH2 

N) Ba (N02 ) 2 � 
HCl I 

H 

(X )  

(XI ) 
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ct:H 

N) ( IX)  

I 
H 

HOCH - C-CH -CH OH 2 " 2 2 
0 

(XI I )  

The same compound was also prepared b y  the method of 

Turner85 in which 2-butyne-1 , 4-di ol ( XI )  i s  hydrated to 

1 , 4-dihydroxybutan-2-one ( XII ) which may be converted, with 

ammoniacal cupric acetate and formaldehyde , to 4 ( 5 ) - ( 2-

hydroxyethyl ) imida zole . Komoto47 explained the formation 

of 4 ( 5 ) - ( 2-hydroxyethyl ) imida zole from glucose in ammon-

iacal solution by pos tulating the formation of the required 

intermedia te , 4-hydroxybutan-1 , 2-dione (XIII ) ,  through 

the following reaction scheme : -
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triose  + HCHO ) CHO 
I CHOH 
I CHOH lHaO I 
CH20H 

CHO I 
C:O 
I IH2 ( XI I I ) CH20H 

The s ixth fraction was found to contain an imidazolic 

compound giving an orange-red colour with alkal ine diazo-

tised sulphanilic acid . From an aqueous soluti on of thi s  

c ompound, was isolated in the form o f  a picra t e ,  a crys talline 

c ompound analys ing for a hydroxymethyl-substituted imidazole 

picrate ,  and having a melting point ( and mixed melting point ) 

identical to tha t of a sample of 4 ( 5 ) -hydroxymethylimida zole 

( XIV) picrate , prepared from fruc tose by the method of Totter 
83 and Darby . A proton magnetic resonance spec trum deter-

mined in deuterium oxide for the i solated free  base 

( See Fig .  6 ) had peaks a t  424, 472 ,  and 273 c ./sec . ( from 

TMS ) in the rat i o ,  1 : � : 2 .  When the spec trum was compared 

w i th that of imidazole86 the s inglet at 424 c ./sec . was 

assigned to a 5 (4 ) -pro ton, the s inglet at 472 c ./sec . to  a 

2-proton, and the two proton s inglet at 273 c ./sec . to a 

CH20H group attached directly to an aromatic ring (cf  b enzyl 
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alcohol87 -C�OH at 274 c ./sec . ) • 

... "''� 

Fig . 6 
•1'''" 

T.f'f.S . 

Because of the rela tive insolubility of the compo��d in 

deuterochloroform it  was not pos s ible to obtain confirmation 

of -OH or -NH protons . On reduction with red phosphorus 

and hydriodic acid a further quanti ty of the syrup from 

fraction 6 gave 4 ( 5 )-methylimidaz:ole ,  confirming the s tructure 

of the compound as  4 ( 5 )-hydroxymethylimida zole . 

H 
(XIV) 

CH3 
Red P/ HI) t§ 

N 
H 
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4 ( 5 )-Hydroxymethylimida zole i s  probably formed by the 

condensation of hydroxypyruvaldehyde (XV) , formaldehyde and 

ammonia .  The origin of the hydroxypyruvaldehyde in the 

mixture of glyceraldehyde and ammonia is uncerta in but i t  

probably arises  by oxidation of dihydroxyacetone . Some 

CH20H CH20H CH2�� 
I 0 I HCHO 
C:O > C:O > I I 2NH3 CH20H C:O 

H I H 

(XV)  
evidence in favour of this oxidation came from a study of  

two mixtures of ammoniaca l  glyceraldehyde , one tightly 

stoppered and the other undergoing aeration .  Examination , 
of the areas and intensi ties  of spots on paper chromatograms 

showed tha t whereas 4 ( 5 )-methylimidazole and 4 ( 5 )-hydroxy-

methylimidazole were formed in both cases , the ratio of amount s 

of 4 ( 5 )-methylimidazole to the amounts of 4 ( 5 ) -hydroxymethyl-

imida zole was greater than one in the cas e  of the s toppered 

vessel ,  and less than one in the case of the a erated . mixture . 

It  did not prove pos sible to identify a number of minor 

fractions containing imida zolic compounds with Rf values 

lower than 4 ( 5 )-hydroxymethylimida zole.  It is  pos s ible that 

these compounds are polyhydroxyalkylimidazoles of the 

type 4 (5 )- (2 , 3 , 4-trihydroxybutyl ) imidazole (XVI ) and 4 (5 )­

( 2 , 3-dihydroxypropyl ) imida zole ( XVII ) isolated by Komoto45 
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from the products of interaction of glucose and ammonia . 

If  the oxidation of hexoses or pentoses is  possible under 

the reaction conditions compounds of the type 4 ( 5 ) - tetra-
64 hydroxybutylimida zole (XVII I ) , as  isolated by Parrod from 

sugars and cuprammonium soluti on with formaldehyde , might also 

pe expected. 

CHOH-CH20H 

I c� 

bN N I 
H 

(XVI ) (XVII ) (XVII I ) 
An experiment to find the rates of formation of the 

maj or imidazolic products  was carried out on the glyceralde-

hyde-ammonia mixture , by taking aliquots of the solution a t  

regular intervals during the t ime o f  reaction and estimat ing 

the amounts of imidazoles present by the combined chromat o­

graphic and spectrophotometric technique ( See Section 2 ,  

page 5 1  et  seq. ) It  was noticeable  that all of the iden-

t ified imidazoles increa sed rapidly in concentration during 

the first week of reaction ,  and then more slowly during the 

latter period . ( See: Fig. 7 )  
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Fig. 7 .  
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Fig. 'l. .-Rate of formation of imidazoles during first 6 weeks of rea t. e ,  4(5) ·Methylimidazole ; Q ,  2-hydroxymethyl-4(5) -methylimidazole . O c 4���: hydroxymethylimidazole ; ., 4(5) - (2-hydroxyethyl)imidazol� . 
' 

A small quantity of the reaction mixture of glyceralde­

hyde and ammonia was stored a t  room temperature ( to slow 

down the reaction rate ) to determine the order o f  formation 

of imida zoles . This was accomplished by spotting chrorna.to-

grams with the reaction mixture at regular intervals and then 

a fter development and spraying with the diazo rea gent , exam-

ining the papers for the imida zoles formed. Both 4 (5 )-

methylimidazole and 4 ( 5 )-hydroxymethylimida zole c ould be 

detec ted immedia tely after mixing indicating that the first 
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reac tions to occur are isomerisation of the glyceraldehyde , 

dehydration of trioses to pyruvaldehyde and oxidation o f  

dihydroxyacetone t o  hydroxypyruvaldehyde . Some formaldehyde 

must also be formed rapidly . After 17 hours i t  was possible 

to detect 2-hydroxymethyl-4 ( 5 ) -methylimidazole,  but a s  this 

compound is  not well s epara ted from 4 ( 5 )-methylimida zole 

on chromatograms , it  may have b een formed earlier .  Certainly, 

at  least  by this stage , formaldehyde has been formed by 

reverse aldoli zation of triose . After 32 hours an uniden-

tified imidazole appeared, followed by 4 ( 5 )- ( 2-hydroxyethyl ) ­

imidazole ( 33 hours ) and then a number of unknown imida zoles . 

The mechanism of forma tion of imidazoles in an ammon-

iacal solution of formaldehyde can be represented as follows : -

pentoses -HCHO fructose --------- mannose + glucose 

�� CHO CHO CH20H 
I I I CH9QH CHzOH 
C=O CHOH'="'C=O -.....p I - tN I I I "' C=O +HCHO I f  ) 

(CHOHh CH20H CH20H � - � f \ 1 rno . N CH2QH y..O -H20 H 
+ HCHO�NH3 '<�G CHO CtH3 
/ � + HCHO ff �\ (CHOH)3CH20H I +ZNH3 f ) 

t)N� 

C\H3 NH CH20H CHO 
I I 

N C=O CHOH +CHzOHCHO 
H I � I  +2NH3 

CHOH CHOH 
I I CH20H CH20H 
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(v ) The React i on of Pyruvaldehyde with Aqueous Ammonia . 

Pyruvaldehyde has been named a s  one of the important 

intermediates in a lkaline reactions of sugars e . g . in the 

formation of 4 ( 5 ) -methylimida zole under ammoniacal c onditions8q 

and in the formation of lactic acid wi th caustic alkali . 34 

Bernhauer7 reported that pyruvaldehyde failed to yield 

4 ( 5 )-methylimidazole when treated with ammonia in the abs ence 

of added formaldehyde , and therefore concluded that pyruv-

aldehyde could not act as  a s ource  of formaldehyde . That 

this conclusion was based on a s ingle eA�eriment with a one 

gram quantity of pyruvaldehyde in the days before chromato-

graphy, does not appear to have prevented its complete accept-

ance and use in the formula tion of mechanisms of sugar 

breakdown in ammoniacal medium. 26 Also , in spite of the 

fac t  that s imilar  dicarbonyl c ompounds ( e . g. glyoxa l;-6 

diacetyl67 and b enz.il36 ) are knovrn to give imida zoles , after 

fiss ion, when treated with ammonia , the belief has per s i s te.d 

that pyruvaldehyde does not undergo ammoniacal fis s i on of the 

bond linking the carbonyl funct i ons . 

Addition of aqueous ammonia to a small amount of 25% 

solution of pyruvaldehyde produced a mixture which rapidly 

darkened in colour with evoluti on of hea t .  Paper-

chromatography and thin-layer chromatography on alumina 

showed the immedia te formation of a t  least  four imida z.olic  

c ompounds , one of which had the same Rim values a s  4 ( 5 )-
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methylimidazole . ( See Table  E6 , p .  199 ) • 

A large-s cale reaction mixture was therefore prepared 

using a 25% a queous solution of pyruvaldehyde , obtained by 

purification52 of a commercial solution. The s tarting 

material was shown by gas chroma tography and thin layer 

chromatography of the 2 , 4-dinitrophenylhydrazone to be free 

of o ther carbonyls .  After the reaction mixture had s tood 

in a s toppered flask for five weeks , the ammonia and water 

were removed in vacuo, and the resulting dark-brown o i l , 

in aqueous solution, pas s ed through a column containing 

cation-exchange resin and the resin washed with wat er .  

I t  was not possible to detect aldose or ketose compon-

ents in this ne�tral fraction although chromatography and 

use of the aniline-xylose spray75 indicated traces of a 

compound running to the same pos i tion as lac tic acid .  

result would s eem to  imply that ( i ) pyruvaldehyde cannot 

be rehydrated in ammoniacal soluti on to form trioses , 

and ( ii ) a small amount of hydrat i on of pyruvaldehyde may 

occur to form lactic acid . 

HO-G= O I 
) HC- OH 

I 
CH3 

( Mechanism according to Sowden and Pohlen80 ) 
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The basic material was removed from the resin with 4N 

ammonium hydroxide and evaporated to a syrup which contained 

four Pauly§6pos i tive compounds . On Whatman No. 1  paper in 

n-butanol/acetic acid/wa ter (4 : � : 1 )  these compounds appeared 

at Rim values 1 . 29 ( red ) , 1 . 58 ( lemon-yellow ) ,  1 . 87 ( red ) 

and 2 . 27 ( orange-yellow ) .  A portion of the syrup was fract­

ionated on a cellulose column us ing n-butanol half-saturated 

with water and slightly acidified with acetic acid.  On 

the basis  of a chromatographic survey the fractions from 

the column were c ombined into three main fractions . 

The firs t of these ,  after purification by chloroform 

extraction, and then by alumina column chroma tography using 

the same solvent , gave whi te crystals analys ing for c6H8N2o. 
Both ultraviolet and infrared spectra ( See Fig.  8 )  indicated 

an aromatic methyl ketone , confirmed by formation of a 

crystalline 2 , 4-dinitrophenylhydrazone and a pos it ive iodo-

form tes t .  A 6 0  Me . nuclear magnetic resonance spectrum in 

deuterochloroform ( See Fig. 9 )  had s inglets at 790 c ./sec . 

(H ) ,  424 c ./sec . ( H ) , 160 c ./sec . ( 3H ) , 142 c ./sec . ( 3H ) . 

The low field peak was rather broad and disappeared on 

addi tion of a drop of deuterium oxide . It resembled the 

NH proton of imida pole ( 803 c ./sec . ) . 86 vVhen the spectrum 

was c ompared wi th similar spectra for 4 ( 5 )-methylimida zole 

and 2 ,4 , 5-trimethylimidazole ( See  Fig.  9') i t  proved pos s ible 

to assign the s i gnal a t  424 c ./sec . to a 5 (4 ) -proton and 
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that a t  160 c ./s ec . •  to a 4 ( 5 )-methyl group . There was no 

s i gnal corresponding to an imidazolic 2-proton but the three-

proton peak a.t �60 c ./s ec .  can be assigned to a -C-CH 
11 3 
0 

group attached direc tly to an aromatic ring ( c f . -C : O-CH3 
79 of acetophenone has a three-proton s i gnal a t  157 c ./ sec . ) 

'l'hi s  evidenc e gives a s tructure for the compound correspond-

ing to 2-acetyl-4 ( 5 ) -methylimida zole ( I ) (Fig.  9 shows from 

top to bottom p . m . r .  spectra of ( i ) 2 , 4, 5-trimethylimida zole 

(n2o ) , ( ii ) 4 ( 5 )-methylimidazole (D2o ) ,  ( i i i ) and ( iv ) 2-

acetyl-4 ( 5 )-methylimidazole (CDC13 and n2o ) ) 
CH3J[N 

H V )-�-c� 
N 0 
I 
H 

( I ) 

!!:3N .NH� / KOH 
) 

CHs f\\ 
di ethylene glycol ���

� CH2CH3 N 
I 
H 

( I I ) 

A Wolff-Kischner reduc tion converted the compound to 

2-ethyl-4 ( 5 )-methylimida zole ( I I ) although a previous attempt 

a t  reduction under Clemmensen conditions gave an unidentified 

imida zolic product .  Such a result could be explained by 

the known tendency of a-aminoketones to undergo rearrangements 

during Clemmensen reductions; 
An attempt to synthes ise  2-acetyl-4 ( 5 )-methylimida zole 

via the following reaction scheme was only partially 

succes sful . Successively diminishing yields through the 
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many s tages finally permitted only tentat ive chroma tographic 

evidence for the fina l  produc t .  

GH3-n-CH2-r.-oc2H5 
0 0 

lconc 

CH3tN 

C H OOC N)\ 2 5 
H 

' I I 

C� CH3 
Br:;)pHc�3 • L.§.. ( i ) hydrolys i�� 

c2H5ooc N Br (:ii) decarbox- ' f!...NrBr ' H ylate • H 

( i ) Mg/dry ether 
(ii ) CH3CN 

2-Acetyl-4 ( 5 )-methylimidazole is  probably formed in the 

pyruvaldehyde-ammonia mixture by condensation of two 

molecules of pyruvaldehyde with 

CH 3
' c=o 

NH3 
I 01-�-CH3 

/C:O 
R NHo 

two of ammonia .  

c� 
) ()�-CH3 

N 0 
H 

+ 3H20 
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Fraction 2 from the cellulose  column was found to conta in 

small quanti t i es of two imida zolic  compounds , one of which 

appeared to be the previ ously identified 2-acetyl-4 ( 5 ) -methyl-

imidazole . The other compound, which gave a red colour 

with a diazo spray, could not b e  identified . although an -in:fra 

red spec trum indicated the probable presence of hydroxyl 

and carbonyl groups . A 60 Me . proton magnetic resonance 

spectrum showed a relatively complex pattern of s i gna ls . 

Among thes e  were peaks vlhich could have corresponded to 

NH, a 4 ( 5 )-proton, and a 4 ( 5 ) -methyl group . However three 

other peaks corresponding to three protons , one peak corr­

esponding to two protons and a further single pro ton peak 

appeared to be present . Attempts to apply spin-decoupling 

to this spectrum produced little  change in the s i gnals . 

It  did not prove possible to i solate a deriva tive of this 

compound sui table for elemental analys is . 

Vacuum distillation of the third fraction yielded a 

mixture of two imidazoles which were efficiently s eparated 

by use of an alumina column wi th chloroform/pyri dine (4 : � ) 
a s  solvent . Tne first compound , which was obtained cry-

s talline , gave a lemon yellow colour with dia zotised sulph­

anilic acid ( this is  often characteris tic of 2-substi tuted 

imida zoles3� and had melting point identical to that reported 

by Bernhauer7 for 2 , 4 ( 5 ) -dimethylimida9ole ( III ) . I t  formed 

a picrate derivative with melting point , mixed mel t ing point 



Fig. 1 0 
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and infrared spec trum ( See Fig .  10 ) identical to the 

corresponding properties of a sample of 2 , 4 ( 5 ) -dimethylimid­

azole picrate prepared from 4 ( 5 ) -methylimida zole by the method 

of Windaus and Langenbeck?0 

Q- cocl 

NaOH ) 

c� j==\ 'C-NH.-CO� 
11 _F\ CH-l'lrr-co-v 

( I I I )  

The compound giving the red dye with the diazo  rea gent 

gave a picrate identical with that of 4 ( 5 ) -methylimida zole 

in infrared spec trum ( See :B'ig .  11 ) ,  melting point and mixed 

melting point . 

As it  had been noted with glyceraldehyde-ammonia tha t 

aeration increased the yield of 4 ( 5 ) -hydroxymethylimida zole , 

i t  was decided to aera te a pyruvaldehyde-ammonia mixture 

to determine if any oxidation could occur in thi s syst em . 

As Davidson e t  a1 . 15 had reported improved yields of imid-

azoles when reaction was carried out in glacial acetic acid 
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us ing ammonium acetate as the s ourc e  of ammonia , it was 

decided to examine the yi eld of 4 ( 5 ) -methylimidazole under 

thes e  c onditions . Acc ordingly mixtures of pyruvaldehyde 

in ammoniacal solution were prepared as described in Tabl e  

2 , and the 4 ( 5 ) -methylimida zole estimated colorimetrically�4 

TABLE 2 

Yields (geams ) of 4(5 )-methylimidazole per gram of pyruvaldehyde 

under various condi tions . 

1 .  Pyruvaldehyde/ammonia in s toppered flask • • • • • • • • • • •  0 . 124 

2 .  Pyruvaldehyde/ammonia a erated continuously • • • • • • • • •  0 . 121 

3 .  Pyruvaldehyde/ammonia ni trogenated c ontinuously • • • •  0 . 110 

4 .  -Pyruvaldehyde/ammonium acetate/glacial acetic acid . 0 . 124 

It was found tha t aera tion nei ther affected the yield of 

4 ( 5 ) -methylimidazole , nor resulted in formation of 4 ( 5 ) -

hydroxymethylimidazole . Ni trogenation lowered the yield 

to a SIJlall ext�nt · ,and use of Davids on ' s  condi tions had little  

effec t . Because of the very low colour intensi ty of the 

azo  dye , formed wi th 2 , 4 ( 5 ) -dimethylimidazole , it was not 

poss ible to use the colorimetric method to give an accurate  

estimation of  its  concentration .  Even slight traces of 

4 ( 5 ) -methylirnida zole resulted in erroneous results . The 

main c onclusion which can be drawn from the results in the 

above table is  that pyruvaldehyde cannot be c onverted t o  
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hydroxypyruvaldehyde ( IV) in ammoniacal soluti on and henc e the 

4 ( 5 )-hydroxymethylimidazole present in the glyceraldehyde� 

IH20H 

0:0 ( IV) 
I 
CHO 

ammonia system ( see  page 79 ) cannot be derived from pyruv-

a ldehyde . 

Wi th an alumina c olurnn and by careful use of solvents 

i t  proved possible to achieve clean s epara tions of 4 ( 5 )­

methylimidazole and 2 , 4 ( 5 )-dimethylimidazole from the mixture 

of bases . Duplicate measurements showed that thes e  imid-

a z oles had been formed in approximately equimolecular pro­

portions , and thi s  would seem to indicate that if Japp ' s  

mechanism
36 

i s  c orrec t ,  pyruvalclehyde forms formaldehyde 

and acetaldehyde a t  a lmost  equal rates under ammoniacal 

c ondi tions . However, the pos s ibili ty of a benzil-type 

�0 

CH3COCI-IO 
CH3CHO 2NH 3 

> 

CH..,.COOH + HCHO i) 

CH3CD:CHO 

2NH ) 3 

H 
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rearrangement reaction
15 

should not be ruled out . 

Attempts to identify formaldehyde and acetaldehyde 

in the reaction mixture were s omewhat inconclus ive a lthough 

spectroscopic measurements and thin-layer chromatography 

of a mixture of 2 , 4-dinitrophenylhydrozones ( obtained by 

collec ting the carbonyls in a s tream of nitrogen and trapping 

them in chilled 2 , 4-dinitrophenylhydraz.ine s olution ) indi­

cated their poss ible presence in very low c oncentra tion .  

It i s  possible that i f  formaldehyde and acetaldehyde are 

formed from pyruvaldehyde in aqueous ammonia , their 

existence in the free aldehyde form must be extremely bri ef.  
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(vi ) The Reaction of Hydroxypyruvaldehyde wi th Aqueous Ammonia . 

A further possible produc t of the alkaline degradation 

of carbohydrates is  hydroxypyruvaldehyde ( I ) . 

IH20H 

C:O ( I )  I 
CHO 

This compound 

is probably the intermediate dicarbonyl required for the form· 

a tion of 4 ( 5 ) -hydroxymethylimida zole when aerated mixtures  

of fructos e ,  or  dihydroxyacetone react with ammoniacal 

cupric aceta te�5 Hydroxypyruvaldehyde has been prepared 

by oxidation of dihydroxyacetone19, 22 and in small 

quantities by the photochemical decompos i tion of glyoxa l�1 

Most  of the methods involving oxidation of dihydroxyacetone 

r emoved excess oxidis ing agent (usually cupric ion )  by pre-

c ipitation with hydrogen sulphide , but this process often 

resulted in the production of toxic sulphur compounds . To 

avoid this hazard the method described by Evans et al . ;s 

for the preparation and purification of the alcohola te of 

hydroxypyruvaldeh;y'rle ti•inel" :  was us e d  .. .  In this procedure ,  

dihydroxyacetone ;,va s  oxidized in  aqueous solution vvi th cup-

ric acetate , the excess copper removed by precipi tation as 

an oxalate and the hydi•oxypyruvaldehyde i sola ted a s  the 

s emicrystalline, trimer alcoholate ,  (C3H4o3 ) 3c2H50H. 

I t  was thus possible to obtain the desired compom1d in an 
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analytically pure form for reaction with anm1onia . However, 

to effect depolymerisation ,  an a�ueous solution of the trimer 

wa_s hea ted for a time before reaction .  

On reaction with a�ueous ammonia , hydroxypyruvaldehyde 

rapidly formed a dark-coloured solution with concurrent 

formation of a number of imidazolic compounds which travelled 

to Rim values 0 . 00 ,  0 . 25 ,  0 . 37 ,  0 . 91* , 1. 20 ,  1 . 30*  and 

1 . 38* on \Vhatman No . 1 paper using n-butanol/acetic acid/ 

water (4 : 1 : 1 )  a s  solvent . (The ma j or components are ,marked 

with an asterisk ) .  From a paper and thin-layer chroma to-

graphic survey these w�j or components appeared to be ( in 

order of increas ing Rim values ) 4 ( 5 ) -hydroxymethylimidazole , 

4 ( 5 ) -methylimidazole and 2-hydroxymethyl-4 ( 5 ) -methylimidazol e .  

After the mixture had remained at  room temperature for 

six weeks it was evapora ted to a syrup , the basic  material 

s eparated by ion-exchange , and the neutral fraction examined 

for the presence of a ldos es or ketoses . In contrast to 

the glyceraldehyde-ammonia · sys tem, no such compounds were 

evident , and thus it seems unlikely that hydroxypyruvaldehyde 

i s  converted to tri oses in aqueous ammoniacal medium. 

The bas ic ma terial was removed from the i on-exchange 

resin and was found to contain all of the imida zolic compounds 

from the original mixture . Extraction of the syrup with 

boiling anhydrous acetone appeared to remove only those  

c ompounds wi th Rim 0 . 91 and greater , and even these were 
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sparingly soluble . Absolute ethanol proved to be a more 

effic i ent extrac tant but rather less selective as i t  removed 

all of the imida zoles pres ent in the original mixture . 

Fractionation of the acetone extract  on a c ellulose column 

gave two main imidazolic fractions - one containing the 

c ompounoo with Rim 1 . 30 and 1 . 38;  the other containing the 

compound with Rim 0 . 91 wi th traces of fa s ter-moving compounds . 

Further fractionation of the first fraction on an alumina 

column yielded the imida zolic compounds , 4 {5 )-methylimida zole 

( identified by analys is , infrared spectrum and mixed melting 

point of a picra te ) and 2-hydroxymethyl-4 ( 5 ) -methylimidazole 

( identified by isolation of the picrate sesquihydrate of 

kno\vn melting point , and by a red phosphorus/hydriodic acid 

reduc tion producing 2 , 4 ( 5 ) -dimethylimidazole ) .  

CHotN 
red P \\ ------+) � CH3 ID N 

H 

Purification of the other main fraction from the cell-

ulose  column by alumina column chroma tography yielded a 

further compound chromatographically identical to 4 ( 5 ) -

hydroxyrnethylimidazole . Confirma tion of its  s tructure 

came from microanalysi s ,  an infrared spectrum and a mixed 

melting point determination on a picrate . 

A number of minor imidazolic compound� present in the 

ethanol extract ,  were not investigated. 
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As dihydroxyacetone , in ammoniacal soluti on, appeared 

to give a s imilar mixture of imidazoles to hydroxypyruv­

aldehyde , equivalent mixtures of thes e  two carbonyl c ompounds 

were prepared and stored at room temperature for four weeks . 

I t  was most apparent that the rate of browning of the hydroxy­

pyruvaldehyde-ammonia mixture far exceeded that of the di­

hydroxyacetone-ammonia mixture . At the end of the four­

·week period aliquots of each mixture were taken and 4 ( 5 ) ­

methylimidaz.ol e  and 4 ( 5 ) -hydroxymethylimidazole were s ep­

arated and estimated using the method developed for this 

purpose ( see page 51 ) . Results  obtained for duplicate 

determina tions -..vere in close agreement and indicated a much 

hi gher yield of imidazoles from hydroxypyruvaldehyde than 

from the ketotr•iose .  The results are shown in  Table  3 .  

'rhe observation from Table 3 tha t slightly less 4 ( 5 ) ­

methylimidazole was formed from the dihydroxyacetone-ammonia 

mixture could be explained by the probable occurrence of 

c ompeting condensation reacti ons c onverting s ome of the 

dihydroxyacetone to hexoses ( cf . formation of hexoses  and 

pentoses from glyceraldehyde in a queous ammonia ) . 4 ( 5 ) -

llilethylimidazole would be formed from ammoniacal dihydroxy­

acetone by a mechanism similar to that followed by 

glyceraldehyde ( s ee page 75 ) . I t  i s  rather more difficult 

to account f'or the formation of 4 ( 5 ) -methylimida zole from 
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J mg. per ml . of reacti�n-
mixtu�-

Compound I Hydroxypyruvaldehyde/NH3 i Dihydroxyacetone/lrn:3 --- T-·----------
4 ( 5 )-bethyl- l 
imidazole - 4 .40 3 . 85 

4 ( 5 ) -Hydroxy­
methylimid­
azole 

4 ( 5 )-Methyl­
imidazole 

I 
4 ( 5 ) -liydroxy- 1 
methylimid- i 
azole ! t j 

24 . 60 8 . 70 
_;L ---

gm. per mole of reaction mixture 

liydroxypyruvaldehyde/NH3. Dihydroxyacetone/NH3 

5 . 50 4 . 80 

30 . 75 10 . 88 

moles per mole of reaction mixture 
;------------------------·�,----------------------! ' 
j Hydroxypyruvaldehyde/NH3 l Bihydroxyacetone/NH3 

4 ( 5 )-Iviethyl­
imidazole 

' 

4 ( 5 )-Hydroxy- ; 
methylimid- · 

azole 

0 . 066 0 . 058 

0 . 310 0 . 109 
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hydroxypyruvaldehyde . Conceivably alkaline fis s i on of the 

mol ecule c ould occur yielding, among acidic products , form-

aldehyde and glycola ldehyde . 

+ H . COOH 

+ HCHO 

For 4 ( 5 ) -methylimidazole  and 2-hydroxymethyl-4 ( 5 ) -

methylimidazole to be formed i t  would also be  necessary to 

hgve prior formation of pyruvaldehyde . vVhether this involves 

reduction of the hydroxymethyl group of hydroxypyruvaldehyde 

or formation of pyruvaldehyde through recombination of smaller 

fragments is  uncertain .  It  s eems that direc t  reduction 

of hydroxypyruvaldehyde to pyruvaldehyde would be  unlikely, 

and i t  may be that the reaction involves reduction in the 

firs t instance to dihydroxyacetone (or glyceraldehyde ) , and 

then dehydration of the tri ose  to pyruvaldehyde . This 

las t  s cheme , however , is  not supported by the obs ervation 

that hydroxypyruvaldehyde forms slightly more  4 ( 5 )-methyl-

imida zole than dihydroxyac etone does under the same c ondi tions . 
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The very high yield of 4 ( 5 ) -hydroxymethylimidazole from 

the hydroxypyr1.1valdehyde-ammonia system was expec ted but 

the amount formed from the dihydroxyac etone-ammonia seems 

rather large in view of the fac t  that no c onscious effort  

was made to  a erate  the mixture . A:n incomplete reaction 

scheme for the formation of the individual imida zoles from 

hydroxypyruvaldehyde in aqueous ammonia is shown below : -

CH3 I 
C:O 
I 
CHO 

? 

2NH 
6 

HCHO 

CH20H. CHO 

) and HCHO 
+ acids 

The reaction of dihydroxyacetone in aqueous ammonia 

c ould be represented in part by the following reaction 



- 102-

scheme , although the c omplete reaction is probably s imilar 

in c omplexi ty to that of glyceraldehyde ( the tautomer of 

dihydroxyacetone ) . 

JH20H 

C:O 
I 
CH20H 

l a 
reverse aldol c ondensation 

CH20H 
I 
CHO 

+ HCHO 

--:-�:-:-�� CH3'() 
CH20H. CHO 

CH3 

' 
H 

(N� CH20H 

\ 
H 
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( vi i )  The Reac tion of Diacetyl with Ammonia 

In 1888, von Pechmann, 67 obta ined 2 , 4, 5-trimethyl imid� 

a zole ( I )  from the ammoniation of an ethanolic soluti on of 

diacetyl . Such a reaction :product must involve ei ther 

alkaline "fission1 1  of the bond linking the carbonyl groups , 

or follow the type of reaction mechanism described by David­

s on15 for the formation of lophine from benzil  and ammonia . 

If the former i s  true the following reaction scheme might 

apply : -

CH3GOOH 
+ 

CH -C::O 3 ' 
H 

CH3 
CH3CO .CO . CH3 �---N + 3H20 

-----
2M

-
3
----�) £ \ 

CH3' '� ' cH3 
H 

( I )  

A solution of diacetyl in absolute ethanol was treated 

with dry ammonia and the resulting syrup , after evapora tion 

of the solvent , added to a column containing Dowex 50 ion 

exchange resin .  Vfuen 2N hydrochloric acid was :pas s ed through 

the column and the eluate evapora ted to dryness , a whi te 

crystalline hydrochloride was obtained identical to  2 , 4 , 5-

trimethylimidazole hydrochloride . A sample of the free 

base , :prepared by neutralization of the hydrochloride , and 

vacuum distilla tion gave an n . m . r .  spectrum ( see Fi g .  9 before 

:page 88 ) containing only two :peaks in the ratio  2 : 1 . 'rhes e  
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were assigned to 4-CH3 , 5-CH3 ( 119 c ./sec . ) and 2-CH3 
( 134 c ./sec . ) . 

N� pyrazines were detec ted in the mixture . 



(viii ) The Reaction of Acetoin w i th Aqueous funmonia . 

The reaction of acetoin ( I ) , formaldehyde and ammoniacal 

cupric acetate forms 4, 5-dimethylimidazole�8 vVhen the 

formaldehyde i s  replaced by acetaldehyde , the ma in product 

i s  2 , 4, 5-trimethylimidazole . I t  was expected tha t acetoin 

should be able to undergo oxida ti on to diacetyl in ammon-

iacal solution in an analagous fashion to that in which 

glycolaldehyde is thought to be converted to glyoxal ( s ee 

page 67 ) .  Therefore,  2 ,  4,  5- trimeth;y-limidazole should be 

a product of the reaction bet·ween acetoin and aqueous ammonia . 

From such a mixture this imidazole was i sola ted and char-

ac terised by the formation of a picra te and a hydrochloride . 

CH I 3 
CHOH ( 
C=O 
I 
CH3, 

( I )  

fH3 
C=O 

o . I --�) C=O I 
CH 3 

~ CH,., CHO + CH,..COOH 0 u 
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( ix ) The Reaction of 1.,4-Dih;y:droxy-2-butanone with Ag_ueous 

Ammonia . 

Komoto44 expla ined the formation of 4 ( 5 )- (2-hydroxyethyl )-

imidazole ( II )  from the interaction of glucose and ammonia 

by combination of an intermediate  deoxytetros one ( I )  with 

ammonia and formaldehyde . 

CH20H 
'c�2 

'C=O I 
/ 

C:O 

H 
( I )  

..,...H 
O:C 

'H 

( II )  

As a number of a-hydroxycarbonyl compounds had been 

formd, during the present proj ect , to undergo some oxj_dation 

to the corresponding dicarbonyl in aqueous ammonia , i t  was 

decided to tes t  the action of ammonia on 1 , 4-dihydroxy-2-

butanone ( IV) .  The synthetic method followed was essentially 
75 that of Reppe , involving catalytic  hydra tion of the 

commercially-ava ilable 2-butyne-1 , 4-diol ( I I I ) .  

2+ Hg 
HO-CH -C-C=CH 

Although 

HOCH2- c =  C-CH20H 

( II I )  

H 0 � 2 2 11 
H
I 2 

0 (vinyl ketone ) 
J HoH 

HOCH2-c�-C-C�OH �<-----
• • 

O ( IV) 

some workers58 , 74 reported that the ketone may be purifi ed 
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by vacuum dis tillation�  any such attempt resulted in polym-

erisation and yielded mainly s tarting product .  I t  was ,  

however , possible to prepare a solution conta ining the required 

carbonyl compound, ( s ee page 217 ) and to obtain a 2 , 4-di-
3 5  nitrophenylhydra zone corresponding t o  that report ed for 

1 , 4-dihydroxy-2-butanone . 

From the rather impure reac tion mixture obtained by 

mixture  of this solution w i th concentrated ammonium hydroxide 

i t  was pos sible to detect a number of imida zolic compounds 

in very low concentra tions . The main components appeared 

on chrowa tograms (Vihatman No . 1 paper ; n-butanol/acetic 

acid/water (4 : 1 : 1 )  ) at  Rim 0 . 99 and 2. 10 giving red colours 

w i th the diazo spray reagent . Minor imidazolic  components 

were also present at  Rim o . oo and 0 . 73 .  After the reaction 

had proceeded four weeks a t  room temperature , the bas ic corn-

pounds were separated from the mixture by use of an ion-

exchange column and evapora t ed to a syrup . A c ombination of 

cellulose  and alumina column chromatography allowed purific-

ation of the compound of: Rim 2 . 10 to a chroma tographically 

homogeneous syrup from which i t  did not prove possible to 

obta in any crys talline derivatives . The infrared spectrum 

was relatively featureles s . As the compound was fairly 

solubl e  in deuterochloroform an n . m . r .  spectrum was determined 

in this solvent , but the complex pattern of s i gnals seemed 

to indicate a no�-homogeneous sample . �'urther attempts 
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at purification were not successful . 

The compound with Rim 0 . 99 was purified by column chromato­

graphy in turn on c ellulos e ,  alumina and then a ga in c ellulos e .  

the resultant syrup was chromatographically identical t o  a 

sample of 4 ( 5 ) - ( 2-hydroxyethyl ) imidazole which had been pre­

pared by the method of Erlenmeyer et a1 . 17 ( See  page 158 ) 

Further evidence for the s tructure of this compound was obtained 

from infrared spectroscopy, which showed a broad hydroxyl 

-1 band a t  3400 cm, and by the isolation of a sw2ll quanti ty 

of crystalline picrate mel ting a few degrees below that 

reported by Komoto44 for 4 ( 5 )- ( 2-hydroxyethyl ) imida zole 

picra te .  

The formation of thi s  compound may be expla ined in 

much the same way as the forma tion of 2 , 4, 5- tri -methylimida zole 

from an ammoniacal solution of acetoin .  

CH20H CH20H f�OH 
I . I 
CH2 0 CH2 2NH3 

c� 

I ) I ) () C:O C:O 
I I HCHO 

CH20H CHO N 
I 
H 

reversed aldol 
'"---------)� CH20H. CH2CHO + HCHO 

Vfhen an analogy i s  taken with the formation of 
dt. 

�� ( 5 ) -methylimidaz ole from pyruvaldehyde and ammonia , one 
I\ 
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c ould speculate that the identi ty of one of the other reac.tion 

products of the dihydroxybutanone-ammonia mixture could 

correspond to 2 , 4 ( 5 )-c1i- ( 2 ' -hydroxyethyl ) imida zole ( IV) 

a s  a conseg_uence of 3-hydroxypropionaldehyde competing ( to 

a minor degree ) vvi th formaldehyde for the 2-posi tion in the 

imidazole ring . 

NH 3 

NH 3 

( IV) 
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(x ) The Reaction or L-Arabinose with Aqueous Ammonia . 

Work was s tarted on thi s  reaction mixture early in the 

proj ect ,  but was la ter abandoned when it  was relt that more 

useful results c ould be obtained by a study of the effects 

of ammonia on some of the smaller tragments of alkaline 

degrada tion of sugars . By this s ta ge ,  however , 4 ( 5 )-methyl­

imidazole had been isolated and identiried from the chloroform 

extract of the reaction mixture . It  was noticeable from a 

s tudy of paper chroma tograms that an extremely complex pattern 

of imidazoles had been fol"med . 
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(xi ) Reactions of' Carbohydrates and a Number of' Their Suspected 

Alkaline Degradation Products with Aqueous AJrunonia . 

In an endeavour to compare the reactions of a number of 

carbohydrates and their degrada tion products in ammoniacal 

solution, mixtures in the ra tio of' one mole of' carbohyl 

compound to three moles of ammonia were s tored in stoppered 

vials at room temperature , but trisaccharides and polysacchar­

ides were di ssolved in the proportions of 0 . 9  g. of carbo­

hydra te to 1 . 5  ml . of concentrated amtlonia solution .  

Chromatography of' these reaction mixtures at  selected 

time intervals allowed the formation of the imidazolic products 

to be studied . In order to l imit the entrainment of extra 

air in the reactions duplicate mixtures were prepared in 

each case ,  and each of these vras used for approximately one 

half of the sampl ing. At the end of approximately 220 hours 

a t  room temperature the reaction mixtures were s tudi ed for 

a further s ix hours at 75° and eighteen hours at 110 ° .  

l!1or thes e experiments to be meaningful i t  was necessary 

to s top reaction at  the instant of sampling ( or very soon 

therea·fter ) . Although i t  was not :possible to "ldll" the 

reaction, spotting the sample on chromatography paper was 

found to be  effec tive as the ammonia rapidly evaporated in the 

air . There will undoubtedly be a small error (a matter of  

a minute or  even two minutes ) in the absolute values of "time 

of appearance "  of the imidazoles , but this would not be ex-
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pected to affect the validity of any comparisons s ince all 

reactions were carried out under identical condi tions . 

Aft er the first hour of reaction any error in abs olute times 

would be very small . Table  4 summarises the results obtained : -

Compou_Yld 

Glyoxal 

Glycol­
aldehyde 

Pyruvalde-

0 . 40 
0 . 53 
0 . 82 
1 . 00* ( Im ) 
1 . 21 
1. 31 
1 . 64* (bis-Im ) 
0 . 68 
1 . 00* ( Im ) 
1 . 12* ( 2-0HMe ) 
1 . 40 

hyde 1 . 25 * (4-Me ) 
1 . 58* ( 2 , 4-diMe ) 
1 . 84 

Hydroxy­
pyruv­
aldehyde 

2 .  20 ( 2-Ac-4-]Je ) 

0-0 . 60 ( s treak ) 
0 . 70 
0 . 93 * (4-0HMe ) 
1 . 25* (4-Me ) 
1 . 35 ( 2-0HMe-4-Me ) 

Dihydroxy­
acetone 0 . 47 

0 . 61 
0 .  93�� ( 4-0HMe ) 
1 . 25* (4-Me ) 
1 . 33 ( 2-0HMe-4-Me ) 

TABLE 4 

Diazo Colour 

orange 
1 1  

11 

11 

purple-> blue 
orange-red 
orange 

orange 
11 

11 

11 

red 
l emon-yellow 
red 
orange 

orange 
orange 
orange-red 
red 
red 

red 
red 
orange-red 
red 
red 

Time of First  
Appearance 

50h . 
1 min. 
50h.  
1 min. 
3 min .  
50h .  
1 min. 

10h.  
1 min. 
1 min. 
10  h .  

1 min . 
u 

u 

11 

1min 
fl 

11  

1 1  

" 

1h. 
1h. 
1 min. 

" 

2H.. 

( cont . ) 
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Compound Rim Dia zo Colour . Time of First 
Appearance 

Glycer-
aldehyde 0 . 22 red 32h .  

' 0 .47 red 60h.  
0 . 60 red 60h .  
0 . 70 red 60h. 
0 . 93 �4-0HMe ) orange-red 1 min. 
0 . 99 4-0HEt ) red 33h. 
1 . 25 * ( 4-Me ) red 1min . 
1 . 33 ( 2-0HMe-4-Me ) red �7h. 

Eryth-
rose 0 . 32 red 66h .  

0 . 50 red 66h. 
0 . 78* red-orange 1 min. 
1 . 00* ( 4-0HEt ) red 1 min . 
1 . 40 red 1 1  

Lyxos e  0 . 53 red 3h . 
0 . 78 red 15h. 
0 . 92 red 1.23h. 
0 . 99 red 35h .  
1 . 25 (4-Ee ) red 15h .  
1 . 33 red 220 + H5 h.  

Xylose 0 . 52 red 9h. 
0 . 77 red 4h. 
0 . 98 red 9h. 
1 . 25 (4-Me ) red 15h. 
1 . 35 red 220 + Hl h. 
1 . 37 red 220 + H5 h.  

Ribose 0 . 52 red 3H. 
0 . 79 red 9h. 
0. 98 red 9h. 
1 . 01 red 40h. 
1 . 26 (4-Me ) red 40h. 
1 . 30 red 220 + H5 h.  

Arabinose  0. 54 red 15h. 
0 . 78 red 9h. 
0 . 98 red 9h. 
1 . 27 (4-Me ) red 74h . 
1 . 33 red 220 + H1 h.  
1 . 47 yellow 220 + H1 h .  

con t in.  
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Compound Rim Diazo Colour Time of first 
Appearance 

Glucose  0 . �6 red 9h. 
0 . 40 red 4h. 
0 . 61 orange 9h. 
0 . 73 orange 9h. 
0 . 90 orange-red 84h. 
0 . 99 (4-0HEt ) red 220+H5 h. 
1 . 25 * ( 4-Me ) red 84 h .  
1 . 35 ( 2-0HMe-4-Me ) red 220 + Hl h.  

Galactose 0 . 20 red 4h. 
0 . 41 red 10h. 
0 . 60 orange 2h. 
0 . 73 orange 3h. 
O o 90 orange-red 88h .  
0 . 99 (4-0HEt ) red 146h. 
1 . 24 * (4-Me ) red 88h. 
1 . 32 ( 2-0HMe-4-Me ) red 220 + H� h .  

Mannos e  0 . 22 red 64h. 
0 . 38 red 64h. 
0 . 59 orange 220 + H1 h.  
0 . 66 orange 64h. 
0 . 91 red-orange 64h. 
0 . 99 (4-0HEt ) red 220 + H4 h.  
1 .  24� ( 4- Ivle ) red 64h. 
1 . 35 ( 2-0HMe-4-ke ) red 220 + H5 h.  

Rhamnose 0 . 68 red 5 9h.  
0 . 81 red 220 + H3 h. 
0 . 97 red 5 9  h.  
1 . 24 (4-Me ) red 123h.  
1 . 46 red 220 + H3 h. 
1 . 65 red 220 + H8 h. 

Fucose  0 . 82 red 220 + H1 H. 
0 . 97 red 220 + H� h.  
1 . 25 (4-Me ) red 220 + H1 h.  
1 . 46 red 220 + H1 h. 

Fruc tose 0 . 22 red 2h. 
0 . 35 red 96h .  
0 .46 red 2h. 
0 . 60 red 4h. 
0 . 76 red 34h. 
0 . 92 (4-0HMe ) orange-red 10h .  
0 . 99 (4-0HEt ) red 220 + Hl h.  
1 . 25 * ( 4-Me )  red 26h. 
1 . 34 ( 2-0HMe-4-Me ) red 22Q + H3 heontin. 
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Compound Rim Diazo colour Time of fir s t  
Appearance 

Sorbose 0 . 20 red 10h .  
0 . 33 red 10h. 
0 . 44 red 3h .  
0 . 60 red 3h. 
0 . 79 red 10h.  
0 . 99 (4-0HEt ) red 48h. 
1 . 12 red 220 + H5 H .  
1. 26 ( 4- IAe )  red 40h. 

Tagatose 0 . 21 red 26h. 
0 . 3 2  red 220 + HTh. 
0 . 45 red 10h.  
0 . 60 red 26h. 
0 . 72 red 220 + H2 h .  
O o 91 ( 4- 0HMe ) orange-red 2611. 
1 . 03 red 220 + H2 h.  
1 .  2 5  ( 4-liie ) red 170h. 

Lactose  0 . 11 red 23h. 
6 21 ' . red 34h. 
0 . 40 red 50h .  
0 . 73·* red-orange 15h.  
0 . 98 red 220 + H7 h .  
1 . �3 red 220 + H7 h .  
1 .  27 ( 4-IfJe ) red 220 + H7 h .  

Maltose. 0 . 11 red 16h . 
0 . 22 red 40h. 
0 . 41 red 40h. 
0 . 75 *  red-orange 16h .  
1 . 00 red 220 + H7 h .  
1 . 28 (4-Me ) red 220 + H7 h .  

CellobioseO . ll red . :C6h . 
0 . 23 red 40ho 
0 . 41 red 40h. 
0 . 74* red-orange �6h. 
1 . 28 (4-Me ) red 220 + H4 h. 

c on tin. 
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Compound R Diazo Colour Time of first I m Appear•ance 

Melibiose o . oo red 24h. 
0 . 14 red 27h .  
0 . 23 red 24h . 
0 . 35 red 40h. 
0 . 58 red 3 5h . 
0 . 71 red 220 + H2 h. 
0 . 91 red 48h. 
0 . 99 red 220 + H2 h.  
1 . �3. red 220 + H5 h .  
1 . 25;* (4-Me ) red 27h . 
1. 50 red 220 + H2 h.  

Gentio-
b iose  o . oo red 48h. 

0 . �3 red 2h. 
0 . 25 red 48h. 
0 . 60 red 72h. 
0 . 98 red 83h . 
1 . 27>:: (4-Me ) red 29h .  

Sucros e  1 . 25 (4-Me ) fa int pink 220 + H3 h.  

Raffinos e  1 . 27 (4-Iv!e ) pink 220 + H8 h.  

Melez i tose  
1 . 24 red 220 + H4 h .  

Amylose  

Amylopectin 
o . oo orange 220 + H24 h .  

Starch o . oo-0 . 76 pink streak 220 + H5 h.  
1 . 27 (4-Me ) red 220 + H8 h.  

Deoxyglucose 
1 . 00 red 96h . 
1 .30 red 220 + H1 h .  

c on t in .  
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Compound Rim Dia zo Colour Time of first 
Appearance 

Glucos­
amine 

Galac tos­
amine 

o . oo 
0 . 10 0 . 18 0�3.0 
0 . 40 
1 . 03 
1 . 25 

0 . 03 
0 . 16 
0 . 29 
0 . 40 
1 . 00 
1 . 26 

red 
orange 
orange 
red 
yellow 
red 
red 

red 
red 
red 
yellow 
red 
red 

99h .  
3 min. 
3 min . 
4h . 
15 min . 
220 + H1 
220 + H1 

11h .  
11h. 
1 1h .  
1h. 
171 h .  

ll. 
h. 

220 + Hl h.  

Key: * Maj or Component 

Im : 
4-Me : 
4-0HMe : 
4-0HEt : 
2-0HMe : 
bis-Im :  
2-0HMe-4-Me : 
2-Ac-4-Me : 
2 , 4-diMe : 

imida zole 
4 ( 5 ) -methylimida zole 
4 ( 5 ) -hydroxymethylimida zole 
4 ( 5 )- ( 2-hydroxyethyl ) imida zole 
2-hydroxymethylimida zole 
2 , 2 ' -bis-imida zole 
2-hydroxymethyl-4 ( 5 ) -methylimida zole 
2-acetyl-4 ( 5 ) -methylimida zole  
2 , 4 ( 5 ) -dimethylimidazole  

(all suspected pre s ent � 
220 + H1 h.  = 220 hours a_t room temperature + 

1 hour heated . 
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Glyoxal rapidly darkened with the evolution of heat ,  and 

·v�ri thin minutes glycosine appeared as crystals . Reaction a.ccurr:ed 

at such a ra te  that it  was not possible to c ompare the rates 

of formation of the c omponent imida zoles . Although the reac tion 

of glyc olaldehyde wi th ammonia was much less vi olent,  i t  was 

poss ible to detect both imida zole  and the maj or product ,  2-

hydroxymethylimida zole , within a minute of mixing. It s e ems 

evident that a portion of the glycolaldehyde i s  c onverted 

swiftly to glyoxal under the ammoniacal conditions . Pyruv­

aldehyde also reacted violently with aqueous ammonia with 

evolution of heat and rapid darkening. Wi thin one minute 

4 ( 5 )-methylimida zole , 2 , 4 ( 5 )-dime thylimida zole and 2-acetyl-

4 ( 5 ) -methylimida zole had been formed . A s imilar reac tion 

rate was observed with hydroxypyruvaldehyde a s  the aqueous 

ammoniacal mixture became yellow and then black with the imm­

ediate (wi thin one minute ) forma tion of 4 ( 5 ) -hydroxymethyl­

imidazole , 4 ( 5 )-methylimida zole and 2-hydroxymethyl-4 ( 5 ) ­

methylirnidazole . Although dihydroxyac etone in ammoniacal 

solution produced a s imilar mixture of imidazoles , the rate  

of  browning was very much slower ( the s olution was s till 

only an amber colour after 220 hours a t  room temperature ) 
and the 2-hydroxymethyl-4 ( 5 ) -methylimidazole was not detected 

until two hours had elapsed . I t  is  conceivable that diff� 

erent mechanisms are involved in the produc tion of this 

latter compound, but i t  is  often difficult to differentia te  
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2-hydroxymethyl-4 ( 5 .) -methylimidazole from 4- ( 5 )-methylimida zole 

on paper chromatograms where the methyl-substituted compound 

is the maj or c omponent . The time disparity noted between 

hydroxypyruvaldehyde and dihydroxyac etone for the formation 

of the disubstituted imidazole c ould be accounted for by 

thi s difficulty of detection .  As might be expected,  gly-

c eraldehyde react ed with aqueous ammonia to give a mixture of 

imidazoles similar to that given by dihydroxyac e tone , a lthough 

dihydroxyacetone appeared to give a muqh higher c oncentra tion 

of 4 ( 5 ) -hydroxyme thy�imida zole than did glyceraldehyde . 

Erythrose in ammoniacal solution produced a number of 

imidazolic compounds , tvvo of which chromatographi cally res em-

bled the main products of reaction of 1 , 4-dihydroxybutan-

2-one with ammonia . It s e ems l ikely that the c ompound with 

Rim 1 . 00 was 4 ( 5 ) - ( 2-hydroxyethyl ) imidazole which c ould be 

formed 

CHO l 
(CHOH) 2 I . 
CH20H 

by the 

� 
,. 

following 

CH20H 
f C=O I " 
CHOH 
I 
CH20H 

CHO I 
C:O I 
CH2 I 
CH20H 

s eries  of reactions : -

' 

< 

� H- C === O 

�n..lb_oH 
e I 
OH . CHOH 

I 
CH20H 

,. 

� 
' 

H-C=O 
J 
C-OH 11 
CH I 
CH20H 

re 
H- C - 0 

11 ��- OH 

CH� OH 
I 
CH20H 

# 
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The deoxyos one c ould be formed by r emova l o f  the e l ements 

of water from erythr os e ,  whi le a rever s e  aldo l i s a t i on would 

a c c ount for the one-caroon fra gment giving thus : -

C�OH 1H20H �CH NH 
�C=O 

3 et� H 
/ I O=C ) C=O ' / H NH3 l H H 

All of the 9:ldopento s e  sugar s  gave s imi la r pa t terns of 

imida z oles in :;Jhich 4 ( 5 ) -methylimida zole was a ma j or c ons t i  t-

uent , a l though it s e emed to b e  formed les s rapidly in the 

c a s e s  of r ib o s e  and a rab ino s e . The firs t imida z o l e s  t o  

appear from the reac t i on s  of the pent o s es w i th ammonia were 

tho s e  w i th R im 
va lues of l e s s  than 1 . 00 .  The c ompounds 

w i th Rim 
values in the v i c ini ty o f  0 . 50 and o . so were formed 

in a l l  ca s e s  in l e s s  than 15 hour s . Although no t ident i f i e d  

i t  s eems pos s i"bl e  tha t one o f  the s e  c ompounds c ould have 

a s truc ture repr e s ented by X i f  a deoxypento s one i s  formed in 

the s ame way a s  the deoxytetr o s one ment i oned ear l i er . 
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The aldohexose  sugars , glucose ,  mannos e  and galactose ,  

all gave products resembling 4 ( 5 ) - ( 2-hydroxyethyl ) imidazole , 

4 ( 5 ) -methylimida zole and 2-hydroxymethyl-4 ( 5 ) -methylimidazole . 

nowever , although 4 ( 5 )-methylimidazole eventually became a 

ma j or product ,  in no cas e  was i t  detected earli er than after 

64 hours of reaction at room t emperature . A number of chro-

ma tographically-slo·.ver-moving imida zoles (presumably poly­

hydroxyalkylimidaz oles ) were formed as rapidly as 4 ( 5 )-methyl-

imidazole from mannose-ammonia , and very much more quickly 

from glucose  and galactose-ammonia . This result fails to 

confirm Komoto ' s47 findings that for the glucose-ammonia 

syst em the order of formation was : - ( i ) 4 ( 5 ) -methylimidazole 

( i i ) 4 ( 5 ) - ( 2 ' , 3 ' , 4 ' -trihydroxybutyl ) imidazole , ( iii ) 2-hydroxy­

methyl-4 ( 5 ) -methylimida zole , ( iv )  4 ( 5 ) - ( 2-hydroxyethyl ) imid­

azole,  ( v )  an unidentified imida zole and then (vi ) 4 ( 5 ) ­

( 2 ' , 3 ' -dihydroxypropyl ) imidazole for the reaction a t  1.00 ° .  

When the glucose-ammonia reaction was carried out a t  room 

temperature during the present survey, no 4 ( 5 ) -methylimidazole 

was evident until after 84 hours of reaction although at 

least  four slower moving imida z oles were detected on chro-

matograms b efore this time . I t  seems probabl e  that the 

compounds 4 ( 5 ) - ( 2 ' , 3 ' , 4 ' , -trihydroxybutyl ) imidazole and 

4 ( 5 ) - ( 2 '  , 3 _' -dihydroxypropyl ) imidazole are among the first 

formed. Such a result would indicate that the rat e  of 

deoxyhexosone and deoxypentosone formation in ammoniacal 
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solution is  greater than the rate of formation of pyruvalde-

hyde . The following reaction scheme sun�ari s es the reactions 

1.md.ergone by a hexose  sugar in ammoniacal solution : -

reverse  
c1 Ho clH2oH c

1
Ho c

1
Ho c

1
H2oH 

(C
I
HOH )4 � C:O -� 2 CHOH ) CHOH + C:O ) I I I ! aldol 

HCHO -H 0 -y2° CH20H I 2 
..V -HCHO / CHO V,. CH20H CH,. 
CHO \ I I I c) ' reversed 

\ ( c1 HoH)2 � c
1 =o c

1
=o 

C:O aldol . 

CHO I I CH20Hj 
+ 

HCHO 

I CH2 OH c1 HOH CHO 
C
I
H2 CHO CH20H 

I I I I 
'CH20H CHO.CFLCH; 

(CHOH ) - -"G 
I 2 ( CHOH) ;-" C:O 2NH I I -H20 3 CH20H CH20H (IHOH) J I I CH20H 

CHO HCHO -H20 I l t C:O 2NH3 CHO I J to �� 
cH20H bH CH20H 
I 1 2 � (GHOH ) 2 CHOH I I 

21i1I5 HCHO � CH20H 

r HCHO 
\ 1/ N)\N \ 

H 2NH3 . CHOH-CH20H 
\ �H2 

tN N) 
k 
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'1.1he fac t  that  2-hydroxymethyl-4 ( 5 ) -methyl imida zole was also 

slow to form supports the theory that pyruvaldehyde formation 

is  slower than reverse aldolisa t i on of the hexose  to pentose 

and forwAldehyde . A number of other reactions may con-

tribute to  the s tructures of the imidazolic product s  e . g.  

formati on of tetrose and glycola ldehyde directly from hex-

71 b .  t . f 1 1  f t b ld 1 d o s e  ; recom 1na 10n o sma er ragmen s y a o con en-

sat i ons ; fission of 1 , 2-dicarbonyls . 

The intera c t i on of rhamnos e  ( 6-deoxymannos e )  with aqueous 

ammonia produced a number of imida zoles among which 4 ( 5 ) -

methylimida zole could be identified. Although Windaus and 

Ullrich91 obta ined 2 , 4 ( 5 )-dimethylimidazole from a solution 

of rhanLno se  in ammoniacal sine sulphate ,  i t  did not appear a s  

a consti tuent of the pres ent r eaction mixture . Its presence 

may poss ibly have been masked by the presence of two unknown 

imidazoles with high H.Im values , and giving red dyes with the 

diazo spray rea gent . Fucose  ( 6-deoxygalacto s e ) gave a 

similar mixture of imida zoles with aqueous ammonia but heat-

ing was required before their pres ence was noted.  

The rea ction mixtu�es produced by ketoses  , fructose , 

s orbos e ,  and ta ga tose with ammonia , closely res embled one 

another and those  produced by the aldohexoses . 'rhis was to be  

expected s ince the Lobry de Bruyn and Alberda van Ecl{ens tein 
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rearrangement and o ther transformations , involving all  of the 

pos s ible aldoses and ketoses would be expec ted to occur71 under 

strongly alkaline conditions . As with the aldohexo s es , the 

imidazoles with low Rim values were first to be detected . 

Traces of a compound resembling 4 ( 5 ) -hydroxymethylimidazole 

were detected in the case of  all three aldoses tested and 

with two of the ketoses . As this compound is a maj or reaction 

product under oxidising condi tions in the presence of added 

formaldehyde , 14 i t  might be expec ted from the reaction mixtures 

under study if entrainment of a ir occurred during sampling. 

As the formation o f  this imida zole requires the production 

of hydroxypyruvaldehyde , the ini tial s tage of the reaction 

probably involves formation of dihydroxyacetone and then oxid-

ation of this la tter compound to the dicarbonyl . 

hexos e �  2 molecules of glyceraldehyde 

\ 
CHO 
I 
CHOH 
I 
CH20H 

HCHO 
( 

I
H20H 

+ C=O 
I 
CH20H 

J 
Perhaps the most interes t ing section of this experiment 

involved the reaction of the reducing disaccharides with 

aqueous ammonia . Imidazole formation occurred more slowly 

than in the case of the monosaccharides , but after heat ing� 

or s tanding for a long period, complex mixtures of imida zoles 
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were formed . Lactose , maltose and cellob iose (all  1-4 l inked ) 

slowly gave a wine-red colour when treated w i th concentrat ed 

ammonia s o lution , and formed a n�mber of imidazoles among 

which a compound giving an orange-red colour with the diazo 

spray a t  Rim 0 . 74 was the maj or product .  4 ( 5 )-Methylimid-

azole was present as a minor component of the mixture . 

Melib i ose and gentiobiose ( 1- 6  l inked ) slowly a ssumed a 

yellow-brovm colour in ammoniacal solution and gave a very 

different pa ttern of imidazoles from that produced by the 

1-4 linked disaccharides . 4 ( 5 ) -Methylimida zole was the 

ma j or imidazolic product from the 1-6 linked disaccharides . 

The non-reduc ing disaccharide ,  sucros e ,  proved very 

unreactive in ammoniacal solution and it was only after 220 

hours a t  room temperature followed by hea ting for three hours 

at 75 °  that 4 ( 5 ) -methylimidazole was detec ted in very low 

concentration ,  presumably after some hydrolys i s  of the 

disaccharide . Jezo37 carri ed out a similar reaction with 

sucrose in the presence of a ca talyst at 220 °  and under thes e  

conai tions was able t o  detect a number o f  imida z ol es ( includ­

ing 4 ( 5 )-methylimida zole ) and pyrazines ( See Tables 1 and 2 , 

pages 25 and 28 of Introduction ) . 

The non-reducing tri saccha rides , raffinos e  and melezitose ,  

and s tarch also formed traces o f  4 ( 5 ) -methylimida zole after 

long s tanding and hea ting. Amylose and amylopectin were 

unreactive under the same conditions . 

2-Deoxy-D-glucose reacted vri th aqueous ammonia with the 
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slow formation of at  l east two imida zolic produc t s , while  

glucosamine and galactosamine hydrochlorides formed mixtures 

c onta ining a number of Pauly-pos itive components . It i s  

probabl e  that a complex mixture o f  heterocycl ic c ompounds is  

formed in the glucosamine-ammonia mixture as Taha82 isolated 

a number of pyraz ine derivatives from such a mixtur e .  
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IV .  LINKAGE IDENTIFICATION IN HEXOSE DISACCE.A..RIDES BY 

FORMATION OF Il'HDAZOLES . 

Determination of the s tructure of a disaccharide involves ,  

among other things , definition o f  the glycosidic link. 

Thi s  req_uire8. both definition of the c onfigura tion (a:  or 13 )  
o f  the link and o f  the carbon atoms o f  the two sugar units 

involved . Wi th non-reducing disaccharides this lat ter 

problem is easy as both of the reducing carbons (aldose 

c1 , ketose c2 ) comprise the link. In the cas e  of reducing 

di saccharides the link depends on which carbon of the 

reduc ing monosaccharide is involved . e . g . Wi th aldohexoses 

this may be  c2 , c3 , c4 or c6 ( 1- 2 ,  1-3 , 1-4 or 1-6 l inks ) 
and with ketohexoses c��  c3 , c4 or c6 ( 1-1, 1-3 , 1-4 or 1-6 ) .  

Of much greater rarity are l inks involving c5 ( 1-5 ) of the 

ketopyranos e  or aldofuranos e  reduc ing unit .  Wi th oligo-

saccharides ( 2-10 monosaccharide units ) of degree of polym-

eri za tion grea ter than two the problem of defining the 

glycosidic l inks i s  complicated by the fac t  that the poly-

mer may be homogeneous or heterogeneous with respec t to 

the positions of the linkages . 

It  i s  not unusual,  with the development of the various 

fractionat ion techniques depending on chroma tography, to 

have only 20-50 mg. of an unknown disaccharide available 

for s truc tural s tudies , and in many cases it is desiDable 
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to be able to identify the disaccharide pres ent in the 

hydrolysate when only 1-2 mg. has been isolated . 

For thi s rea s on any suitable  method for the deter­

mination of linkages in disaccharides should fulfil the 

requirements of high specificity of linkage differentiation,  

high s ensitivity (requiring less  than 1. mg. of sugar ) , 

eas e  of manipulation (preferably no quantita t ive determin­

a t i ons ) and speed. 

A number of methods exist  for the determination of 

linkage in reduc ing di- and oligosaccharides . 

Ac id spray reagents have been used e . g . the fai lure of 

a reducing disaccharide to react  with triphenyltetrazolium 

chloride indicates a glycos idic link on C-2 of a reducing 

aldose or C-1 of a reducing ketose2 • Acidic diphenylamine-

anil ine gives a deep blue colour with 1-4 linked reducing 

disaccharides7� It i s  often possible to di s tinguish between 

1-3 , 1-4, and 1-2 or 1-6 glycos idic links of reducing oligo­

saccharides by a study of the pap�ionQphoretic mobility 

of the corresponding aldi tols in molybdate buffer� 
Micromethods involving periodate oxidation have been widely 

used3 for distinguishing between disaccharide linka ges , but , 

although the determination may require as li ttle a s  1 rng . 

of sugar , the technique i s  time-consuming, requiring care­

ful microdeterminations of such fragments as carbon dioxide ; 

formaldehyde and formic acid.  A s tudy of any individual 
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monosaccharide residues which survive periodate oxidations 

have also  often proved useful in s tructural work. Similar 

methods exis t  for lead tetraceta te . 69 Methylati on analys i s  

has been perhaps the mos t  widely-used method for s tructural 

analysi s  of oligosaccharides , and,  combined with gas-chromato-

graphic analys is of the resulting methyl 0-methylglycosides , 
68 i s  sui table for 0 . 5-2 mg. of sugar . Enzymic methods can 

also be used to determine disaccharide l inkages4 but the 

usefulness of this techni que i s  rather dependent on the 

availibility of highly-purified enzymes .  A s tudy o f  the 

saccharinic ac ids formed on alkaline degrada tion has been 

t d b , _ ,l . tl 92 f t '  d t . t .  f 1 '  ka sugges e y •·1 u s  er or ne e ernn.na 1 on o ln_ ge , 

but the procedure does not appear to have been used widely 

as an an�lytical method. 

r .. los t  of the methods mentioned above do not fulfill all 

of the cri teria laid down , so  that there i s  room for the 

development of other methods . Particularly required are 

methods in which the main manipula tion is paper chromato-

graphy and all four linkages ( 1-2 ,  1-3 , 1-4 and 1-6 ) may be 

dis tingui shed from one another . 

Because of the s trikingly different imida zole patterns 

produced by t!le action of ammonium hydroxide on 1-4 and 

1-6 linked disaccharides during the previous survey, i t  

wa s o f  interes t to test 1-2 and 1-3 linked disaccharides 

under the same condi tions . Accordingly, small ( 50 mg, ) 
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samples of laminaribose ( 3-0- �-D-glucosyl-D-glucos e ) and 

sophorose ( 2- 0-(3·-D-glucosyl-D-glucos e ) were dissolved in 

aqueous ammonia and allowed to s tand f�rst at room tempera ture 

for 42 hours and then heated at 75 ° for five hours . Spots  

were placed on chromatograms a long with those from control 

mixtures conta ining glucos e ,  lactose , c ellobio s e ,  maltose , 

sophorose and melibiose after 42 hours and then hourly during 

the heating period.  The optimum reaction time was foQnd to 

be between four and five hours at  the elevated temperatur e ,  

as  reac tion at  room temperature proved too s low . 

zole patterns obtained are shown in Plate I .  

c i' 
{ . 

The imida-

. ·:· .... , : ... 

, ' "; .. 
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If this method of identification of linkage-type was to 

be of re�l use in disaccharide studies , it  would have to be 

readily adaptable to quantities of sugar of the order of 

5 mg . or les s . Various disacchar ides , in one milligram 

quantities ,  were trea ted with ammoni�m hydroxide ( 0 . �  ml . ) 
in s ealed capillary tubes at �0° for two hours . Paper 

chromatography of the resultant peaetion :products  showed that 

there was a s triking contrast  in imidazole pa tterns bet·ween 

1-1 , 1-2 , 1-3 , 1-4 ,  1-5 and �-6 linked reduc ing disaccharides , 

and that the microscale o f . the experiment was an advantage 

rather then a disadvantage , a s  the concentra tions of the 

minor imidazolic products were decreased. In fact ,  as  it 

was possible to detect as  little as  0 . 3  �g.  of imidazole 

with the sulphanilic acid spray reagent , care had to be 

taken to avoid overloading the chroma tograms . 

The s tandard :procedure ,  outlined in the Experimental 

Section (page 224 ) was t ested for the reducing hexose disacch­

arides s ophorose ( 1-2 link ) , laminaribbse,  turanose ( 1-0 link ) , 

lactose , maltos e ,  cellobiose ,  lactulose,  mal tulose ( 1-4 link ) , 

melibios e ,  genti obios e ,  i somaltose and isomal tulose ( 1-6 

link ) . Glucosyl-1-1-fructose ( 1-1 ) and leucrose ( �-5) 

gave somewhat similar. pat terns but both could be distinguished 

from the o ther compounds . The non-reducing disaccharides , 

sucros e ,  trehalose and melibiitol gave no imida zoles under 

the s tandard conditions , while  �-methylmaltos ide , as might 
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be expected, gave traces of 4 ( 5 ) -methylimidazole . Only 

traces of this compound were present among the reaction 

products of di- and triga lac turonic acids with ammonia , 

showing that the carboxyl group hinders the normal reaction .  

Xylobiose,  a 1-4 linked pentose disaccharide , gave three 

spots of about e �ual intens ity at Rim values of 0 . 77 , 0 . 92 

and 1 . 3 0 .  The results obtained for a number o f  these 

compounds are summarised in Table  5 ,  while Pla tes 2 and 3 

show the chroma tographic patterns obtained for the complete 

range of carbohydrates tested .  

'rABLE 5 

Linkage Rim values of maj or imida zolic produc ts from reducing 

Type nexos e  disaccharides wi th ammonia . 

1-:1. 0 . 62 (w ) - o . 81 (w)  

1-2 

1-3 0 . 19 (w )  - o . 62 ( s )  -

�-4 0 . 16 (w )  0 . 29 (w )  - 0 . 74 ( s ) -

1-5  0 . 26 (m )  - 0 . 78 ( s )  -

1 . 03 (w )  

1 . 03 (M) 

�-6 0 . 20 (w )  - 0 . 60 (m )  - 0 . 83 (w ) -

s = s tro�g intens i ty;  m = medium ; w = weak. 

1 . 29 ( s ) 

1 . 28 (m )  

1 . 27 (w ) 

1 . 27 ( s ) 

1 . 28 ( s )  

It was of interes t to test the method for higher oligosacc­

harides and polysaccharides homogeneously l inked with respect 

to their glycos idic l inkages .  Wi th members of the malto-
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PLATE 2 

Imida z o l e  pa t terns : L to R : - Imida z o l e (marker ) , gluc o syl - 1-
1-fruc t os e ,  treha l o s e ,  s ophor o s e ,  lamin­
a r ibks e ,  turano s e ,  la c t o s e ,  c e l l ob i o s e ,  
ma lt o s e ,  l a c tul o s e ,  imida zo l e , ma l tul o s e ,  
ma l t o t r i o s e ,  c e l l o tri o s e ,  xyl ob i o s e ,  
leucr o s e ,  m e l ib i o s e ,  gent i ob i o s e ,  i s o­
ma l to s e ,  imida z ole . 
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PLATE 3 

I 

Imida zole patterns : L to R : - Imidazole (marker ) , i somaltulose ,  
is omal totrios e ,  (3.;_methylmal toside , cli­
galacturonic acid , trigalacturonic acid ,  
melibii tol , unlmmvn polysaccharide , 
maltos e ,  imidazole .  
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dextrin series ( degree of polyllierisa tion 3-8 ) the same 

pattern of imidazoles was obta ined as for maltos e ,  but longer 

hea ting was required ( 8-9 hours at 110 ° ) .  Wi ti:l s imilar 

heat ing in ammoniacal solution individual memb ers of the 

i somaltodextrin series ( d . p .  3-9 )  gave the typical s er i es 

of imidazoles for a 1-6 l inked sugar . The corresponding 

s trai ght cha in polysaccharides , amylose and dextran were 

also tested, but only the dextran gave a pos i t ive tes t ,  and 

then only on prolonged heating. Solubility appeared to  

be a limiting fac tor with the amylose . 

Table 6 lists the reaction t imes of the s eparate  homo-

logous ser i es . Cellotrios e ,  in ammoniacal s oluti on, was 

found to give the character i s tic imida zoles of a 1-4 l inked 

sugar . 

Times of appearanc e of characteristic  imidazole pattern .  

Maltose Series  Isomaltose Series 

Degree of polymerisation. Time Degree of polymeri sa t i on. Time 

2 
3 
4 
5 
6 
6+7 
8 
n (amylose ) 

(hrs ) (hrs ) 
20 2 27 
20+2 ( 110 ° )  3 20+1 ( 110 1 

I f  4 11 

20+3 ( 110 ° )  5 20+2 �1101 
11 6 20+3 11<Y 
I f  6+7 1 1  

1 1  8+9 1 1  

n (dextran ) 12 ( 11CP) 



-135-

It  may be concluded that the method developed for l inkage 

determination in reducing hexose disaccharides (and for 

homologous series of homogeneous ly-linked oli gosacchariqes ) 
satisfies the required criter ia of speed, spec i ficity ,  s en-

s i tivity and eas e  of rr�nipula tion .  

There has been little mention in the literature of the 

effec ts of arr�onia on oligosaccharides . Hough, Jones and 
29 Richards reported that ammonium hydroxide converts lactose 

to a mixture of ]actulose and galactos e ,  and maltose to 

mal tulose ,  mannos e, fruc tos e ,  glucose and another 1J.niden-

t ifi ed ketose disaccharide . Melib iose , under the same 

conditions , yi elds melibiulos e ,  6- 0-a-D-gala ctopyranosyl­

(3-D-mannos e , 96 D-galactose ,  D-tagatose and various hetero-
30 cyclic products . These results show that aqueous ammonia 

causes both epimerisation and fragmentation of disaccharides . 

It might be expected that the �ction of ammonium hydrox-

i de on reducing oligosaccharides should parallel , initially ' 

the action of a.lkali , which causes epimerisation and also 

results , in some cases , in a stepwise degrada tion from the 

reduc ing end of the molecule . The acetal l inks of non-

reduc ing glycos ides are generally s table to alkalis  a s  i s  

evidenced b y  the non-reducing properties o f  trehalose ,  

sucrose32 and many allcyl glycosides , 20 and therefore alka l ine 

hydrolysis  is only known to occur under drastic  condit i ons 

e . g. 10% aqueous sodium hydroxide at 1.70 °  for s ome hours .40 



-136-

Among the reaction products of alkalis on carbohydrates 

are the various saccharinic ac ids , mixtures of which are 

formed from m1substituted hexoses . When the sugars exi s t  

i n  a substituted s tate ,  however , the type o f  saccharinic 

a c id formed depends on the pos i tion of substitution . A 

number of mechanisms have been proposed to account for the 

forw�tion of thes e  ac ids . The mos t  widely-accepted appears 
34 to be that suggested by Isb ell who pos tulated the follow-

ing s teps : -

( i ) formation and ionisation of an enediol 

( ii ) �-elimination of an hydroxyl or alkoxyl group 

( i i i ) rearrangement to an a-dicarbonyl intermediat e ,  and 

( iv ) a benzilic acid t�pe of rearrangement to the 

saccharinic acid.  e . g . formation of a gluco iso-

saccharinic acid from a 4-0- substituted hexose . 

H-C=O CH20H 
I I �  

. .  HCOH c-I 1 1  
HOrH ill (y�Oif 

HC-OR ___, HC-OR I I V 
HCOH HCOH I I 

CH2.oH CH20H 

( ii ) 
Lo ., 

CH20H 
I 

CH20H 
J 

C:O C:O I I 
C-OH ( i i i ) C:O ( iv ) 11 I 

HO , CH2 -
l I OH 

HCOH CHOH 
I I 
CH20H CH20H 

Ordinarily 1-Q-substituted sugars are s table  in 

COOH. I / OH 
c l 'cH20H 

CH2 I 
CHOH 
I 
CH OH 

2 

oxygen-free alkaline solutions , but when substitution occurs on 
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the C-1 hydroxyl group of fructose ( e . g. gluco syl-1-1-fruc-

tose ) , high yi elds of lactic acid and s ome saccharina tes 

( I ) are formed . 40 2-0-Substitution does not lead to 

saccharinates because formation of the required carbonyl 

group , � to the substituted hydroxyl group , i s  hindered. 95 

Vfhen substituti on occurs on the 3-0H, the effect of alkali 

produces metasaccharinates ( I I ) e . g . laminaribose (3-0- �­

D-glucopyranosyl-D-glucose ) and turanose (3-0-a-D-gluco­

pyranosyl-D-fructose ) are degraded at equal rates to meta-

h . . " d 10 sacc ar�n�c ac � s .  Alkal ine degradation of 4-0-substit-

uted sugars produces isosaccharinates ( I I I ) . In genera l ,  

coo 
- coo - coo 

-

l / cH3 
I ' ,.... cH20H CHOH 

c I c 
I\  oH CH2 I \OH (CHOH ) 2 

I 
I (CHOH )2 CH2 
CH20H I I 

CH20H CHOH I 
( I )  ( I I ) CH20H 

( I I I ) 
ketoses are degraded fas ter than aldoses e . g . maltulose 

93 fas ter than maltose . Sugars substituted in the 6-pos i t-

i on cannot eliminate an alkoxy anion directly becaus e of 

their inability to enoli s e  to form a carbonyl group at C-4. 

However , substitution of the C-6 hydroxyl group results in 

more pronounced a ttack on the C-4 hydroxyl group by alkali . 



Ionisation of this C-4 hydroxyl group causes a r everse  aldol-

i zation reac tion,  giving dihydroxyacetone and a 3-0-substit-

uted glyc eraldehyde . From the dihydroxyac etone , via pyruv-

aldehyde , lac tic acid is formed . 80 

Each of the above reactions require& the formation of 

a dicarbonyl intermediate . A number of thes e  have been 

synthesised and were found to give the expect ed saccharinic 

acid on alkali treatment e . g . vVhis tler and BeMiller94 

i solated the dicarbonyl intermediate ( IV) involved in the 

formation of isosaccharinic acids ,  while Anet1 has prepared 

the corresponding dicarbonyl (V)  for metasaccharinic acids . 

( IV)  

CHO 
I 
C:O 
I 
CH2 
I 

( CHOH ) 2 I 
CH20H 

( V) 

I t  i s  suggested in this thesis  that saccharinic acid 

formation in ammoniacal soluti on stops at thi s  dicarbonyl 

intermediate s tage , when, under the influence of ammonia , 

imidazoles are formed . This would account for the diff-

ePent patterns of imidazoles produced from differently linked 
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oligosaccharides . 'rhe presence  of 4 ( 5 ) -methylimidazole in 

the reaction products of all of the reduc ing disaccharides 

can be attributed to a c ertain amount of reverse aldoliz-

ation of the carbohydra tes forming small quanti ti es of  
59 formaldehyde and pyruvaldehyde . In non-aw�oniacal alkaline 

c ondi tions the pyruvaldehyde would be converted to lactic  

acid40 but with ammonia , acid formation would be suppress ed 

by the conversion of pyruvaldehyde to 4{ 5 ) -methylimidazol e .  

carbohydrate rt.EVERSE ALDOL 
--------> 

2NH,.,. HCHO 0 

HCHO + triose 

/ -H20 

OHO:-CH3COCiiO 
------> lactic 

acid <·---

'J?he discovery that 4 (5 )-nethylimida zole v1as the ma j or 

imidazolic product of the reaction between aqueous ammonia. 

and 1-6 linked disaccharides (which form mainly lac tic ac id 

with alkali ) would appear to support the hypothes is that 

ammonia reacts with the intermediate dicarbonyl compound . 

Thi s - explanation also accounts  for the finding that 4 ( 5 ) -

methylimidazole is the maj or imida zolic product of the inter­

action of glucosyl-1-1-fructose (which yields mainly lac tic 

acid with alkali ) with aqueous ammonia . 
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The imida zoles formed in highes t  c oncentration from the 

1-3 and �-4 linked disaccharides gave , with the diazo reagent , 

orange-red dyes which lllive been noted to be  often charac ter-

i s t i c  of imida zoles with an hydroxyalkyl s ide cha in.  Thes e  

c ompou_nds also moved more slowly on chroma tograms than 4 ( 5 ) -

hydroxymethylimidazole , indicating an apprec iably more 

c omplex substitution pattern . If , as  is  now sugges ted, the 

main imidazoles formed are derived from the respective di­

carbonyl intermediates ( i . e .  IV from 4-0-substituted- and V 

from 3-0-substituted disaccharides ) then their structures 

could be as follows : -

either 
2NH3 + HCHO) 

or 

(IV) 

As compound VII i s  trisubstituted it  would not give a 

colour with the dia zotised sulphanilic acid,  and thus the 
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compound VI would be the only one detected on chromatograms . 

1-3 linked disaccharide 

HCHO > (VI I I ) 

(V)  

Compound VII I ,  4 ( 5 ) - ( 2 ' , 3 ' , 4 ' -trihydroxybutyl ) imidazole,  

has been isolated previously by Komoto44 as a minor product 

from the interaction of glucose and ammonia , and therefore 

it vwuld be of interest to c ompare  his product with the 

ma j or imidazole from ammoniacal s olutions of turanose and 

laminaribose . Unfortunately Komoto ' s  chroma tographic da ta 

refer to an unidentifiable chroma tography paper and thus 

i t  is not possible to compare Rf values at this time , although 

both compounds appear to move s l owly. Elucidation of the 

s truc tures of the imidazoles formed from the different 

disaccharides may bes t  be attacked through the interaction 

of the dicarbonyl intermediates (which have been synthesised )  

with aqueous ammonia . 



-142-

The action of ammonium hydroxide on the homologous 

maltodextrin and isomaltodextrin s eries was s imilar to i ts 

action on the parent disaccharides , but the reaction proceeded 

more slowly as the degradation probably occurred in a step­

wise fashion from the reducing end of the chain.  
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Future Projects Aris ing from the Results of this Thesis . 

A number of problems aris ing from this thesis  and o ther 

work remain unsolved, and would appear to meri t  further s tudy : 

( i )  I s  the c ompoQDd giving a blue colour with the diazo 

spray in the glyoxal-ammonia mixture an amino-substituted 

imida zole? 

( i i ) Why was it possible to i solate imidazole from the gly­

colaldehyde-ammonia mixture and yet not poss ible to detect 

" glycosine "?  

( i ii ) What are the identities of the large number of imid­

azoles of low Rf values pres ent in ammoniacal solutions of 

glyceraldehyde and dihydroxyacetone? 

( iv )  What is the main source  of formaldehyde for 4 ( 5 ) -methyl-

imida zole formation from hexose,s ?  I s  it  from reverse  aldo l-

i zations of hexose  ( or pentos e ,  tetrose , triose ) or from 

ammoniacal "fiss ion "  of pyruvaldehyde? 

(v ) Wha t is the mechanism of formation of 4 ( 5 ) -hydroxy­

methylimida z ole  from glyceraldehyde and ammonia ?  

( vi ) \Vhat are the mechani sms of formation o f  4 ( 5 )-methylimid­

a zole and 2-hydroxyrnethyl-4 ( 5 ) -methylimidazole from hydroxy­

pyruvaldehyde in ammoniacal s olution? 

( vi i ) Are the dicarbonyl intermediates involved in formation 

of the various saccharinic acids also responsible for the 

imida zolic patterns formed by the various reduc ing disacc-

harides? It  would be interesting to compare the imidazoles 

formed when these  dicarbonyls react with ammonia with thos e  

imida zoles formed by the parent disaccharides . 
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EXPE.."R I MENTAL 

Ana lys e s  were carried out by Dr . A . D . Cam:pbell and s taf'f', 

Chemi s try Depa r tment , Univer s i ty of' Ota go . Infrared spectra 

were det ermined on a Perkin-Elmer 421 infrared spec tropho to­

me ter by Mr . S . F .  Dovm e s , Univer s i ty of Ota go , and on a 

Perkin-Elmer Infra c ord locally . Ultravi o l e t  and vi s ib l e  

s p e c tro s c opy 'Na s  carr i ed out us ing a Beckman D U  Spec t ropho to­

me ter . Pro ton ma gne t i c  r e s onanc e spectra were det ermined 

on a Var ian DP 60 spectrome ter w i th the a s s i s tanc e of Dr . 

R .  Go lding and Dr . B .  Thoma s ,  of Dominion Chemica l Labora­

tor i es , Lower Hut t .  Chemi c a l  shifts are given i n  c ./s e c . 

from tetran:e thyls i lane a s  int erna l  referenc e .  Mo s t  evap­

ora t i ons vver e carr i ed out at l ow temperature undel" va cuum . 

Al l mel ting p o ints were de termined on a Ga l l enkamp e l e c t r i c a l  

mel ting point appara tus . 



Ia . SYNTHESIS OF IMIDAZOLES . 

IMIDAZOLE : Imida zole was prepared from dinitrotartaric acid,  
25  ammonia and formaldehyde by the method of  Maquenne .  It  

had m . p .  90 ° .  

2-METHYLIMIDAZOLE: 2-.Methylimidazole-4, 5-dicarboxylic · acid 
. 9 ( 5  g . ) was prepared by the method of Fargher and Pyman. 

The dicarboxylic acid was decarboxylated by distillation 

from soda-lime and the resultant dis tillate of 2-methylimid-

a zole ( 2  g . ) was recrystallis ed from diethyl ether m . p .  142 � 

( Found : 

7 . 4% ) .  

C ,  58 . 8 ;  H, 7 . 4 .  Gale . for c4H6N2 : C ,  58 . 4 ;  H ,  
9 Fargher and Pyman report m . p .  142-3 . The picra te 

crystallised from water m . p .  213 ° in agreement wi th published 

figures . 

4{5)-METh"YLi lviiDAZOLE : 4 ( 5 ) -Methylimidazole picra te ( 8 . 5 g . ; 

m . p .  160 ° ) ,  prepared from gluc os e ,  ammonia and copper a cetate  

by the me thod of Koessler and Hanke , 18 was dissolved in a 

mixture of hot water ( 50 ml . )  and dilute sulphuri c  acid 

( 0 . 2N;  20 ml . )  and then boiled ( 20 min . ) and cooled . 

Picric acid was removed by extraction wi th b enzene,  �he 

a queous residue made s trongly alkaline wi th s odium carbonate , 

and evaporated to drynes s .  Extraction o f  the residue wi th 

e ther followed by dis ti llation ( 120-5 ° ;  0 . 02 mm . )  yielded 

4 ( 5 ) -methylimida zole ( 2 . 2  g . ) as a syrup . The bas e  was 

purified by partition chromatography on a cellulose  

c olumn us ing n-butahol half-saturated with water c ontaining 
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0 . 25% acetic acid as eluant . The product was evaporated to 

drynes s  in vacuo and allowed to s tand at -10 ° (approx.  

2 days ) when hygroscopic crystals were obtained m . p .  55 ° .  

(.Found : N, 34 . 4 .  Calc . for c4H6N2 : N, 34 . 1% ) . 

2 , 4, (5 ) -DD:iETHYLIIviiDAZOLE: This c ompound was prepared by 

two methods . 

( i ) The picrate m . p .  142 ° was isolated from the product of 

interaction of pyruvaldehyde , ammonia solution and acetalde-

hyde held at 100 ° during 12 hours . 

( i i ) A mixture of a, B-bis- (benzoylamino )-a.-propene ( 2  g . ) 

( obtained from the interaction at 0 °  of 4 ( 5 ) -rnethylimidazole 

and benzoyl chloride in 10% sodium hydroxide solution ) and 

acetic  anhydride (8  g. ) in a sealed tube were heated a t  180 ° 

for 6 hours . The product was washed out with water , evapor-

ated in vacuQ , made alkaline with potass ium carbonate and 

extracted wi th ether . The ethereal solution formed a picra te 

m . p .  142 ° .  44. Windaus and Langenbeck - give 2 , 4 ( 5 )-dimethyl-

imida zole picrate m . p .  142 ° .  (Found: N, 21 . 4 .  Calc . for 

c1� H11N5o7 : N, 21 . 5�b ) .  

4 ,  5-DIMETHYLBUDAZOLE : ( i )  This compound was prepared,  as  
3 descr ibed by Castle and Sees e ,  by the lithium a lumini�un 

hydride reduction of methyl imida zole-4, 5-dicarboxylate . 

The excess lithium aluminium hydride was des troyed by the 

careful addi tion of water and the ether layer evaporated. 
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The aqueous layer was filtered and extrac ted c ontinuously 

with ether for a week. 4 , 5-Dimethylimidazole was i s olated 

as a picrate m . p .  190 ° .  Cowgill4 gives m . p . 1 91-192 ° .  

( i i )  The same dimethylimida zole was prepared a t  the same 

time as 2 , 4 , 5- trimethylimidazole by the method of Fargher 

and Pyman. 8 To a mixture of diacetyl ( 8 . 6  g . ) and formal­

dehyde ( 50 ml . of 40%) was added ammonia solution ( 80 ml . 

of 25%) with cooling. After 12 hours the ammonia was removed, 

the product made strongly alkaline wi th potass ium carbonate 

and extracted with ether . The resultant oil  (after 

removal of the ether ) was dissolved in water and a saturated 

aqueous solution of picric a c i d  added . By fractional 

crys tallisation 4, 5-dimethylimidazole picrate (4 . 8  g . ) 

m . p .  191 ° ,  and 2 , 4 , 5-trimethylimida zole ( 2 . 0  g . ) m . p .  

163 ° were obtained . 

2-ETriTL-4 ( 5 ) -METHYLIMIDAZOLE : A modification of the method 

of Windaus and Langenbeck44 was used for the prpparation of 

thi s compound. The product of interaction of a, �-b i s- (benz-

oylamina) -a-propene with .propionic anhydride gave a mixture 

of produc ts . Thin layer chromatography on a lumina using 

toluene/ethylac etate/25% ammonia ( 1 : 3 : 0 . 1 )  showed compounds 

a t  Rim values of 1 . 00 and 1 . 91 ,  giving red and l emon-yellow 

colours respec tively with the diaz o  spray reagent . Separation 

of these  products on sheets of Whatman No . 3MM paper in n-
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butanol/glacial acetic acid/water (4 : 1 : 1 )  showed that the 

fas ter-moving c ompound was 2-ethyl-4 ( 5 ) -methylimida z ol e .  

The picrate crys tallised from water m . p .  131 ° .  ( Found : C ,  

42 . 7 ; H, 4 . 3 ;  Calc . for c12H13N5o7: C,  42 . 5 ; H, 3 . 9%) . 

2-HYDROXYMETHYLIMIDAZOLE : 2-Hy.droxymethylimida zole was pre-
1 6  

pared b y  a modification o f  the method of Jones . N-Benz-

ylamino acetal ( 30 g . ) b10 168 ° was prepared from chloracetal 

( 50 g. ) and benzylamine (107 g . ) .  To a mixture of this 

compound with sodium thiocyanate ( 14 g. ) in 50% ethanol 

( 70 ml . )  was a dded with s tirring c oncentrated hydrochlori c  

a c i d  ( 15 ml . ) .  The mixture was heated in an open b eaker 

on a steam bath until a violet solid remained ( 5  hours ) .  

The product was dissolved in 50% s odium hydroxide solution,  

treated with charcoal , filtered and acidifi ed with c oncen-

trated hydrochloric acid to yield 1-benzyl-2-mercaptoimid­

azole  ( 28 g. ) .  A sample recrystallised from ethyl acetate  

had m.p . 144-5 ° ( Li t . 16 gives m . p . �44-5 ° ) . A s tirred 

s olution of concentrated nitric a c id (35 ml . )  in water 

( 85 ml . )  was heat ed to 45 ° and a small portion (1 g. ) of 

1-benzyl-2-mercaptoimidazole was a dded to init iate  the re-

action .  Further portions o f  the mercaptoimidazole were 

added while the temperature wa.s maintained between 40-50 ° 

by means of an i c e  bath . The reaction product was made 

alkaline with 12N sodium hydroxiae,  extracted wi th chloroform, 

the chloroform evaporated and the res idue distilled (b13 166-7° ) 
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to  give 1-benzylamida�ole ( 19 g . ) m.p . 71-2 ° .  A picrate 

derivat ive crystallised from water m . p .  75-6 ° .  

Vfhen Jones ' method was followed for the next stage of 

the reaction a mixture of products was obta ined . The 

modified method involved treatment of 1-benzylimidazole ( 19 

g . ) with 40% formaldehyde s oluti on (30  ml . )  in a sealed 

tube at  140 ° for 8 hours . After cooling the fa intly yellow 

product was washed from the tube with methanol and repeat­

edly evaporated in vacuo from methanol until the odour of 

formaldehyde could no longer be detected.  The syrup ( 12 . 2  g. ) 

was dis solved in absolute ethanol ( 60 ml . ) ,  treated with 12IT 

hydrochloric acid ( 20 ml . )  and evaporated to dryness in 

vacuo . The whi te crystall ine res idue was repeatedly re-

crystallised from ethanol/dry ether until the hydrochloride 

had m . p . �58 °  ( 10 g . ) .  (Found : C ,  59 . 2 ;  H ,  6 . 1 ;  N ,  12 . 3 .  

Gale . for c11H13N20C1 : C ,  58 . 8 ;  H,  5 . 8 ;  N,  12 . 3%) . 

A quanti ty of 1-benzyl-2-hydroxymethylimidazole hydro­

chloride ( 5  g . ) was suspended in water ( 100 ml . )  and made 

alkaline with barium carbonate . After boiling, the hot 

soluti on was filtered and, on c ooling, whi te plates ( 2 . 5 g . ) 

separated from the filtrate  m . p .  56 ° .  ( Found : c ,  69. 6 ;  

H ,  6 .4; N ,  15 . 0 .  

N ,  1-4 . 9% ) . A further quanti ty of the free base  ( 1  g . ) 

of 1-benzyl-2-hydroxymethylimida zole was extracted from 
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the barium carbonate residue wi th chloroform. Comparison 

of the infrared spectra of this compound and 1-benzylimid­

- 1  a zole showed a strong hydroxyl band at 3200 cm · in the 

spectrum of the former , abs ent in the latter . ( See Fig.  

3 .  page 6 5 ) . A picrate prepared from the free bas e  had 

melting point ( from water ) 135 ° .  Jones16 
gives 1-benzyl-

2-hydroxymethylimidazole picrate m . p .  132-3 ° .  

1�Benzyl-2-hydroxymethylimidazole ( 0 . 8  g . ) in liquid 

ammonia ( 50 ml . )  was treated with small pieces of sodium 

metal until the solution retained a deep blue colour . The 

colour was then discharged with ammonium chloride , the 

ammonia evaporated, and the res idue extracted w i th hot 

absolute ethanol ( 50 ml . ) . The ethanolic soluti on was 

evaporated to 10 ml . ,  cooled, filtered, and then evaporated 

under reduced pressure to a syrup (0 .4  g . ) whi ch was purif-

ied by separation on sheets of Whatman No . 3 MM paper in g-

butanol/acetic acid/water (4 : 1 : 1 ) .  The resultant syrupy 

2-hydroxymethylimidazole ( 0 . 3  g . ) gave an orange c olour 

with a lkaline diazotised sulphanilic acid and travelled to  

Rim 1 . 12 on No . �MM paper in the s olvent menti oned above . 

A portion ( 0 . 2  g. ) of the free bas e  was taken up in water 

( 10 ml . ) , a saturated aqueous s olution of picric acid  

added and the s olution evaporated to a small volume . After 

chilling overnight, yellow-orange crystals separated ( 0 . 1  g . ) 

Recrystallisation from absolute ethanol raised 



-156-

the melting point to  152 ° .  (Found : c,  3 6 . 8 ;  H ,  2 . 9; 

N,  21 . 5 .  Calc . for c10H9N508 : C ,  3 6 . 7 ;  H ,  2 . 8 ; N ,  21 . 4% ) . 

Jones16 
gives 2-hydroxymethylimida zole picrate  m . p .  152-3 ° .  

A further portion of the syrupy free bas e  ( 0 . 2  g . ) 

was extracted with hot ethanol ,  filtered, evaporated in vacuo 

to a syrup and s eparated in turn on a column containing 

alumina us ing chloroform/methanol ( 1 : 1 )  and then again on 

a c ellulose column us ing g-butanol half-saturated with water 

and containing 0 . 25% acetic acid.  Evaporation of the fractions 

containing 2-hydroxymethylimidazole gave a pale yellow syrup 

which crysta�lised rapidly on cooling. The white crystals  

( 0 . 15 g. ) were collected, washed wi th ether, and then re­

crystallised from methanol/ether ( 1 : 3 ) giving large white 

plates m . p .  110 ° raised to 112 ° on further recrystalli sation .  

(Found : c ,  49 . 1 ;  H ,  6 . 4 ;  N ,  28 . 9 .  c4H6N2o requires : 

C ,  49 . 0 ;  H, 6 . 2 ;  N, 28 :�-� . An infrared spectrum (nuj ol ) 

showed the presence of a broad hydroxyl band with � max 

3200 cm-1
• 

4 ( 5 ) -HYDROXYMETHYLIMIDAZ.OLE: 4 ( 5 ) -Hydroxymeteylimida zole. 

41 picrate ( 10 g. ) ,  prepared by the method of Totter and Darby, 

was boiled with sulp�ric acid. ( 0 . 2!!; 20 ml . )  and the picric 

acid extracted with benzene ( 5  x 30  ml . ) . Excess  barium 

carbonate was added to the aqueous solution and, after filtr-

ation ,  more barium carbonate was added to the filtrate ,  the 

solution was again boiled ( 10 min . ) and then evaporated to  
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dryness in vacuo . An e thanol extract  of the residue gave 

whi te crystals which, on recrystallisation from absolute 

ethanol/dry ether , gave 4 ( 5 )-hydroxymethylimida zole ( 1 . 6  g )  

m . p .  92 ° .  

Jones and McLaughlin17 report 4 ( 5 )-hydroxymethylimida zole 

2-HYDROXYMETHYL-4 ( 5 ) -METHYLIMIDAZ.OLE : A mixture of pyruv-

aldehyde ( 0 . 1  g. ) with glycolaldehyde ( 0 .08 g . ) in 4 . 7% 

ammonia solution ( 12 ml . )  was heated on a steam bath for 

48 hours . The product was evapora ted in vacuo and the 

res idue extracted with dry acetone which was then concentrated 

to a small volume . 2-Hydroxymethyl-4 ( 5 ) -rnethylimida zole 

was isolated from this solution as a picrate which was re-

crystallised from 95% ethanol/ether as the ses�uihydrate 

m .  p .  83 ° .  ( Found : N ,  19 . 0 .  

N ,  1 9 . 0% ) . Dehydration of thi s picra te in vacuo a t  60 ° 

for two days ra ised the melting point to 143 ° .  20 Komoto 

reports 2-hydroxymethyl-4 ( 5 ) -methyl imidazole picrate m . p .  

143-5 ° .  

4 ( 5  ) -HYDROXYMETHYL-2-METHYLHiiDAZ OLE : To a solution of 4 ( 5 ) ­

hydroxymethylimidazole ( 2 . 25 g . ) in 10% sodium hydroxide 

solution ( 50 ml . )  a t  0 °  was added b enzoyl chloride (4  g . ) .  

The mixture was maintained at 0 °  for four hours , extra cted 

with benzene (5 x 30 ml . ) , wa shed with water,  and the benzene 

evaporated.  The 'Nhi te s olid residue after evaporat i on 



of the benzene was extracted with hot absolute ethanol and 

then ether was added to the extract  in order to precipit-

ate  the 1 , 2-dibenzamido-3-hydroxy-1-propene as  s ilky white 

crys tals m.p . �68- 9 ° .  The product ( 0 .37 g . ) was treated 

in a sealed tube at 180 ° for s ix hours with acetic a·nhydride 

( 1 . 6  ml . ) .  The evaporated product was treated with potass-

ium carbonate,  evaporated to dryness ,  and then extrac ted 

with acetone . From this  extract was obta ined a syrup 

( 0 . 05 g . ) which yielded a picrate m . p .  174-8 ° .  Insuffic-

ient material was obta ined for analys is ,  but the infrared 

spectrum differed from that of 2-hydroxymethyl-4 ( 5 )-methyl-

imidazole picrate . 
23, 

( ) Mackay and Shepherd prepared 4 5 -

hydroxymethyl-2-methylimidazole by the interaction of dihydroxy-

acetone , acetaldehyde and ammoniacal cupri c  carbonate and 

give a melting point for the picrate of 172-3 ° .  

4( 5 ) - ( 2 1 -HYDROXYETHYL ) IMIDAZOLE : ( i )  To prepare thi s  compound 
-

an adaptation of the method of Erlenmeyer et al : was used. 

A soluti on of histamine dihydrochloride (3 g. ) in water 

(30  ml . )  was treated with dilute hydrochloric acid ( 2  ml . 

of 4N )  and then with a slight excess ( 5 . 5  ml . )  of 1:0% 

barium nitrite . After �0 minutes the mixture was warmed on 

the water bath ( 15 min . ) and after cooling was made alkaline 

with barium carbonate . The soluti on was filtered, evapor-

a ted to  dryness  and the res idue extracted with hot ,  dry 

acetone and then evaporated again to give a yellow oil . 

To  thi s  was added a soluti on of picric acid in ethanol/water 
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( 1 : 1 ) , the mmxture was c oncentrated almost to dryness ,  and 

then froz en when crystals of 4 ( 5 )- ( 2-hydroxyethyl ) imidazole 

picrate  ( 0 . 01 g . ) separated m .p . 142 ° .  The free  base  trav-

elled to Rim 0 . 99 on Wnatman No . 3MM paper and No . 1. paper 

when g-'lbutano l/acetic acid/water (4 : �: 1 ) was used as solvent , 

and to Rim 0 . 94 on Whatman No . � paper in acetone/chloroform/ 

water/ammonia ( 30 : 5 : 4 : 0 . 2 ) . It  gave a red-orange colour 

with diazotised sulphanilic acid . 

( i i ) A further sample of the compound was prepared by a method 

43 % essentially the same as that of Turner .  
· 

A 50 o soluti on 

c ontaining 1 , 4-dihydroxybutan-2-one was pr�pared using the 

3 6  
method o f  Reppe . To �00 ml . of this soluti on was added 

40% formaldehyde ( 120 ml . ) and the whole was added a t  70-80 ° 

to a mixture of cupric  sulphate ( 250 g . ) in water ( 1 1 . ) 
and 25% ammonia soluti on ( 900 ml . ) . After the reaction 

had proceeded for two hours at  70-80 ° ,  the solution was 

cooled, the copper c omplex filtered, suspended . in water , 

acidified with acetic acid and then decomposed with a s tream 

of hydrogen sulphide . The c opper sulphide was removed 

by centrifuging and the aQueous solution concentrated to 

dryness and then distilled to give 4 ( 5 )- (2-hydroxyethyl )-

imida zole b1 �70-5 ° ( � g. ) . The c ompound gave a picrate 

from a very concentrated aQueous solution m . p .  �45 ° in 

agreement wi th the published value .43 
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4 (5 )-D-ARABOTETRAHYDROXYBUTYLIMIDAZOLE: ( i )  Thi s  compound 

was isola ted from an a erated mixture of fructos e ,  copper 

hydroxide and ammonium hydroxide using the method of Parrod. 3� 

The picrate had m . p .  �3° and the free base  m . p .  �64 ° which 

i s  in agreement with published data . 31 

( i i )  The same compound was prepared from a mixture of glu­

cosone , 26 formaldehyde , ammonium hydroxide and c opper hydrox-

ide . 

IMIDAZOLE-4 ( 5 ) -ALDEHYDE (4 ( 5 ) -FORMYLIMIDAZOLE) :  Imidazole-

4 ( 5 ) -aldehyde was prepared by the oxidation of 4 ( 5 )-hydroxy-

methylimidazole . 34 To 4 ( 5 )-hydroxymethyl imidazole ( � g . ) 

was added concentrated ni tric acid ( 1 . 1  ml . )  and the mixture 

was then diges ted on a wa ter bath in a covered beaker . 

When no further brown fumes were evolved the mixture was 

evaporated to drynes s at 100 ° and made alkal ine with warm, 

concentrated s odium carbona te solution .  On cooling, 0 . 2  g .  

of the aldehyde crys ta lli sed m . p .  �70 ° .  The aldehyde 

yielded a picrate which crystallised from water m . p .  194 ° ,  

and a 2 , 4-dini trophenylhydrazone from ethanol m . p .  198 ° .  

Li t . 34 reports free base  m . p .  173-4 ° ;  picrate m . p .  195-6 ° ;  

2 , 4-dini trophenylhydrazone m . p .  199-200 ° .  

On acidification o f  the alkaline residue (after fil­

tra tion of the aldehyde ) and allowing the mixture to s tand 

imida zole-4 ( 5 ) -carboxylic  acid separated ( 0 . 13 g . ) m . p .  28��. 
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IMIDAZOLE-2-ALDEHYDE ( 2-FOR�ITLIMIDAZOLE) :  Concentrated 

nitric acid ( 0 . 5  ml . )  was added to 2-hydroxymethylimida zole 

( 0 . 5  g . ) and the mixture digested at 100 ° in a covered 

beaker . When no further fumes were evolved, the cover was 

removed and the mixture was allowed to evaporate  to dryness . 

The residue was made alkaline with warm c oncentrated s odium 

carbonate soluti on but no aldehyde separated on cooling. 

Chromatography of the product on Wha tman No . 3MM paper in 

n-butanol/acetic acid/water (4 : � : i ) indicated that little 

of the alcohol had been oxidi zed, but there was pres ent a 

small amount of a compound giving a pale orange-brown c olour 

with the dia zo reagent at Rim 0 . 53 .  The mixture was evap­

orated to dryness , extracted with hot absolute ethanol ( 5x 

20 ml . ) , filtered and evaporated in vacuo . To the resultant 

syrup (mainly 2-hydroxymethyl imida zole ; 0 .35  g . ) was added 

10% sulphuri c  acid ( 10 ml . )  mixed with chro�ium trioxide 

( o .4 g . ) .  �ne s olution was hea ted for an hour on the s team 

bath, after which the product was treated with excess aqueous 

s odiu� carbonate and evaporated to dryness  in vacuo . After 

two extractions with hot absolute ethanol the resultant yellow 

solution gave a brown syrup ( 0 . 08 g . ) containing s ome 

s olid material . It did not prove possible to obtain a 

crys talline derivative from the product ,  but an infrared 

spectrum (nuj ol ) gave a broad band 1600- 90 cm-� , s imilar to  

that obtained by Turner43 for imidazole-4 ( 5 ) -aldehyde ( 1654-

-1 ) 96 cm • The compound gave an orange-brown dye of low 
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intensity at Rim 0 . 53 in n-butano�acetic acid/water 

( 4 : 1 : 1 )  ( 0 . 57 on Wnatman No . � paper ) and Rim 0 . 78 in ethyl 

acetate/acetic acid/-n-butanol/water (1 : 1 : �: 1 )  on Vmatman 

No . 3MM paper . 

2-.ACETYL-4 ( 5 )-EETHYLIMIDAZOLE : The nitrosoester of ethyl 

acetoac eta te1 was prepared by treatment of the latter wi th 

nitrous acid at  -10°  to yield a product ( 16 g . ) which had 

m . p .  58 ° after recrystall isation from toluene/petroleum 

ether . (Found : C ,  44 . 9 ;  H,  6 . 0 ;  N,  8 . 7 .  Calc . for 

C6H9No4 : C ,  45 . 3 ;  H, 5 . 7 ;  N, 8 . 8% ) . 

The ni)trosoester ( 16 g . ) and s tannous chloride (45 g . ) 

were dissolved with shaking and cooling in concentrated 

hydrochloric acid ( 75 ml . ) .  Tin ( 10 g. ; granular )  was 

added and the mixture was warmed for 10 minutes a t  �00 ° .  

The s olution was diluted wi th 1 . 5  1 .  of water and ''detinnedu 

with hydrogen sulphide , the s tannous sulphide being removed 

by centrifugation .  The superna tant was completely dehydrated 

in vacuo at 45 ° giving a syrupy residue which slowly 

crys tallised as colourless crystals . Recrystallisa tion 

from ethanol/ether gave the aminoester hydrochloride ( 22 .4 g . ) ,  

m . p .  95 ° .  

Reaction of the above aminoester in aqueous solution with 

a solution of potassium thi ocyanate ( 21 g. in 100 ml . of 

water and 20 ml . concentrated hydrochloric acid ) on the wa_ter 

bath for an hour gave ( after concentration )  yellow crys tals 
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of ethyl 2-mercapto-4 ( 5 )-methylimida zole-5 (4 ) -carboxylate 

(19 g . ) m . p .  229 ° ( darkens i75 ° ) . (Found : C ,  45 . 2 ;  H,  

5 . 6 .  Gale . for C7H10Nso2 : C ,  45 . 5 ;  H ,  6 . 1% ) . 

28 and Ikuma report m .p .  229 ° .  

Ochiai 

The thiol group vvas removed by warming the mercapto­

imidazole ( 18 � 8  g . ) with concentra ted nitric acid . Con­

centration of the solution gave ethyl 4 ( 5 ) -methylimida zole-

5 (4 )-carboxyla te ni trate ( 12 g . ) m . p .  167° .  The m.itrate 
was decomposed with a concentrated solution of sodium hydrox-

ide , filtered, and the product recrys tallised from 40 ml . 

of ethanol ( 3 . 2  g . ) m . p .  205 ° .  ( Found: c ,  54 . 6 ; H, 6 . 8 ; 

N ,  �8 . 2 .  

The ester ( 3 . 0 _ g. ) was dissolved in chloroform ( 90 ml . ) ,  

cooled in ice and then treated a t  0 °  wi th bromine ( 3  ml . ) 

in chloroform (30 ml . ) .  Concentration of the product yielded 

ethyl 2-bromo-4 ( 5 )-methylimida zole-5 (4)-carboxylate ( 1 . 3  g . ) 

m . p .  15�0 • ( Found : C,  35 . 9 ; H,  4 . 0 ;  N ,  12 . 0 .  

for C7H9N2o2Br : C,  36 . 0 ;  H ,  3 . 9 ; N ,  12 . 0% ) . 

Timmi s35 give m . p .  153, o . 

Gale . 

Pyman and 

The ethyl ester ( 1 . 3  g . ) was hydrolysed by heating in 

20% hydrochloric acid (15  ml . ) at 100 ° for 3 hours . The 

pH was adjusted to 4 with sodium carbonate,  and, on cooling, 

the s olution yielded crys tals (1 g . ) m . p .  232 °  ( darkens 

Pyman and Timmis35 report 2-bromo-4 ( 5 )-methylimid-

a zole-5 (4 )-carboxylic acid m . p .  234 ° . 
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Decarboxylation was carried out for 5� hours in water 

a t  150 ° in a s ealed tube.  The compound f�iled to crystallise 

but vvhen treated with a concentrated aqueous solution of 

picric acid gave a picra te m . p .  171 ° .  Pyman and Timmis
35 

report 2-bromo-4 ( 5 )-methylimid.a zole picrate m . p .  172-3 ° .  

The solution from the tube was evaporated to dryness in vacuo 

to yield the free base (6 .2  g. ) which gave a yellow colour 

with d.iazotised sulphanilic acid. and. moved to Rim 1. 90 in 

chloroform/pyrid.ine ( 2 : 1 )  on aluminium oxide G thin layer 

chromatoplates . 

The bromo-compound ( 0 . 2  g . ) in dry ether ( 10 ml . )  was 

added to a flask ( fi tted with a stirrer and. reflux condenser 

wi th drying tube ) containing magnes ium turnings ( 6 . 6  g . ) 

and a crys tal of iodine in anhydrous ether (32  ml . ) . The 

mixture was heated under reflux for t hour and then anhydrous 

methyl cyanide ( 0 . 15 g . ) was added in dry ether during 10 

minutes . The mixture was then heated. for a further four 

hours , at  the end. of which time ammonium chloride ( 0 . 2  g . ) 

in water (2  ml . )  was added to the cooled solution .  The 

ether was evapora ted and the mixture heated for an hour to 

ensure hydrolys is  of the ketimine . Extraction with chloro-

form gave a produc t ( 0 . 02 g . ) which appeared to be ma inly 

2-bromo-4 ( 5 ) -methylimida zole . Thin layer chromatography 

�s bef,ore indicated imidazolic products  at  Rim values 

0 . 46 ( faint red ) ; 0 . 90 ( strong, yellow - probably unchanged 
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bromo-compound ) and 0 . 97 (yellow ) . The �astest  moving compound 

also  resembled 2-acetyl-4 ( 5 ) -methylimidazole with TLC on 

alumina in toluene/ethylacetate/25% ammonia . (  1 : 0 : 0 . 1 ) 

IMIDAZOLE-4 ( 5 ) -FORMAMIDE : Thi s compound was prepared by 

treatment of ethyl imidazole-4 ( 5 ) -carboxylate ( 2  g . ) in 

a sealed tube �or 3� hours at �50 ° with 20 ml . o� concen-

trated ammonia solution . 2 The amide ( 1 . 1  g . ) precipitated 

�rom the pale yellow solution as whi te crystals m . p .  215 ° .  

The picrate separated �rom water m . p .  228 ° in agreement 

with the �igure obtained by Balaban. 2 
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Ib .  CHROMATOGRAPHY OF IMIDAZOLES : 

( i ) Paper ChromatograPhy. -

Paper chromatography of imida zoles was carried out a t  

room temperature by the descending method us ing both large 

and small sheets of V'lha tman Nos . 1- and 3MM papers .  

values listed in Table C� (page 45 ) were obtained on 

approximately 9"  square sheets of chromatography paper 

detverloped in glass  battery j ars . The imidazolid compounds 

were applied to the sheets of paper using a small platinum 

loop which was flamed before and after use . A fresh batch 

of solvent was prepared for each chromatogram . After dev-

elopment the air-dried chroma tograms were sprayed with one 

of the following spray reagents .  

Sulphanilic Acid (Pauly reagent ) .
39 

Sulphanilic acid ( 9  g .  in 90 ml . cone . HCl and 900 ml . 

of wa ter ) 

Sodium nitrite ( 5% in water ) 

1 volume 

1. volume 

Sodium carbonate anhydrous ( 1<?% in water) 2 volumes 

added in the above order . 

Iodine reagent . 38 

Iodine (1  g. ) dissolved in carbon tetrachloride ( 100 ml . ) .  

( ii )  Cellulose Thin-layer Chromatography. -

Rf and Rim values were determined on 20 X 20 cm. glass  

plates us ing Macherey Nagel ]!N-Cellulose powder (300 g. ; 
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15% in water ) spread to a thicknes s  of 250� using a Desaga 

apparatus . The pla tes were dried a t  room tempera ture for 

30 minutes and then a t  105 ° for 10 minutes .  Quantities  

( 1-5 �g . ) of  imidazolic compound were applied to the chro­

matoplate from a glas s  capillary and the plates developed to 

a distance of 10 cm. at 20 ° .  After air-drying, the pla tes 

were sprayed with diazotised sulphanilic acid to locate 

the imidazoles . See Table C2 (page47 ) .· 
( iii ) Alumina and Silica Gel Thin-layer Chromatography . -

Silica gel G and aluminium oxide G were applied to 20 

x 20 cm . glass  plates to a thickness  of 250� b� the method 

of Stahl . 40a After 15 minutes at room temperature the s ilica 

plates were activated in an oven at 110 ° for an hour while  

the almnina chromatoplates were allowed to s tand in the air  

overnight . 

The base  line was fixed a t  3 cm. from the edge of the 

plate and the compounds appli ed in ethanol or diethyl e ther 

solution from a micropipette . Each chromatoplate was devel-

oped to a height of 12 . 5  cm. at 20 ° .  After air-drying, the 

plates were sprayed with Pauly reagent . Five different 

solvent systems were employed as the mobile phase  and are 

reported in Table C3 along wi th Rf and Rim values .  (pa ge 48 ) 

Two-dimensional chroma tography was employed for very 

complex mixtures . It was found that documentation was best 

achi eved by colour photography . A tracing taken from a black 

and white photograph of a two-dimens ional chroma toplate is 

included on page 50.  
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I I .  THE SEPARATION .AliD DETERMINATION OF IMIDAZOLES BY COMBINED 

PAPER-CHROMATOGR..t\PHIC AND SPECTROPHOTOMETRIC TECHNIQUES . 

( 1 )  Preparation of Reagents . 

Aqueous solutions of 4 ( 5 ) -methylimidazole ,  4 ( 5 ) -hydroxy­

methylimidazole,  4 ( 5 )- ( 2-hydroxyethyl ) imidazol e ,  imidazole,  

2-methylimidazole , 2-hydroxymethyl-4 ( 5)  -metmylimida z.ole,  

L-his tidine hydrochloride and histamine dihydrochloride 

were made up to contain LOO �g ./  'ml . and s tored at approx-

ima tely 3 ° .  The imidazoles were tested for purity by chro-

matography, analysis and ti tration with standard hydrochloric 

acid .  

AR Sulphanilic acid ( 2 . 25 g . ) was dissolved in 23 ml . of 

concentra ted hydrochloric acid ( spec ific gravi ty 1. 1 9 )  and 

made up to 250 ml . with distilled water . 

Recrystallised p-toluidine ( 1 . 35 g . ) was di s solved in 23 ml . 

of concentrated hydrochloric acid ( s . g. 1 . 19 )  and 25 ml . 

of absolute ethanol (AR) and made up to 250 ml . with dis­

tilled water . 

Recrystallised p-bromoanil ine ( 2 . 15 g . ) was dis s olved in 23 ml . 

of concentrated hydrochloric acid ( s . g. 1 . 19 ) and absolute 

ethanol (AR ) ( 75 ml . )  and made up to 250 ml . with di s tilled 

water . 

AR 90% Sodium nitrite ( 12 . 50 g . ) was made up to 250 ml . 

with di stilled water . 
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AR Anhydrous Sodium carbona te , (2 . 75 g . ) was made up to 250 

ml . with dis tilled water . 

Diazotised Sulphanil ic Acid Reagent :  AliQuots  ( 0 . 75 ml . )  

of  each of the so:lutions of sulphanilic acid and sodium 

nitrite were mixed ( 5  min . ) at  0 °  in a 25  ml . volumetric 

flask.  A further 3 ml . of sodium nitrite were added and the 

mixture allowed to s tand ( 5  min . ) .  Cold di s tilled water 

was added to make the volLme 25 ml . and the mixture allowed 

to stand in an ice  bath for at least  20 minutes . 

ba tch of thi s rea gent was made up each day . 

A fresh 

u-Bromoaniline Spray Reagent:: Stock ( 0 .  9% ) p-bromoaniline 

containing 1or� v/v concentrated hydrochloric acid ( 1  volume ) 

was mixed ( 30 sec . ) with 5% sodium nitrite solution ( 1  volume ) 

and then 10% sodiu� carbonate ( 2  volu�es ) was added and the 

mixture shaken ( 1  min . ) .  

(2) Standard Procedure for Es timation of Imidazoles . 

( a )  Chromatographic Seuara tion . -

A known volume ( 0 . 1-1 . 0  ml . )  of a solution containing 

imida zoles is applied as a narrow band ( 2-3 mm. ) to Whatman 

No . 3MM chromatography paper and marker spots of the same' 

solution are placed on ei ther side .  The paper i s  irriga ted 

a s  a descending chromatogram with a solvent chosen from 

Table E�, removed from the tank and dried a t  room temp­

erature . The marker strips are then sprayed with Pauly 

diazo reagent3 9  to reveal the positions of the imida zole s . 



T.A BLE E1 

&Im V.ALUES OF IMIDAZOLES ON WHA TMAN NO. 3MM P.A PBR 

COMPOUND SOLVENT I SOLVENT II SOLVENT III DIAZO COLOUR 

Imida zole 1 . 00 1 .00 1 . •  oo ora n ge  

4( 5 ) -Me t hyl imida zole 1 . 28  1 . 1 0  1 .41 red 

4( 5 ) -Hydr oxyme t hyl imida zole 0 . 93 0 . 59 0 . 83 red -ora nge 

2 -Me t hyl imida zole 1 . 30 1 . 08 1 . 34 yel l ow 

L-Histid ine . HCl 0 . 03 0 . 05 0 . 23 red 

Histami ne . d i  HCl 0 . 1 0 0 . 68 0 . 22 red 
I 

·------·------------� 
ltlm refers t o  the ra t i o  (d i sta n ce trave lled by c ompound : d ista nce tra ve lle d 

by imide zole). 

S olve n t  l :  � buta n ol : a ce t ic a c id : wa ter ( 4 : 1 : 1 ) 
S olve n t  II : a ce t one : chl orof'orm : wa ter : 28% a mmonia ( 30 : 5 :4 : 0. 2 )  

S olve nt III : e thyla ce ta te :  a ce t ic  a cid : wa ter ( 3 : 1  : 3 )  - t op la yer . 

0 
I 



10 15 20 25 30 0 
JJ-gmjm l • 

1 0  15 �0 25 30 0 l'gm;m l _, 10 1 5  20 25 30 p.gmjml � 
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By referenc e t o  the markers the areas o f  paper c onta ining 

the c omponent imida z ol e s  are cut out from the ma in b ody o f  

the c hroma t o gram .  The imida z o l e s  are eluted from the ex-

c i s ed s trips by i rr i ga t i on w i th d i s t i lled wa t e r  in a chroma to­

graphi c tank and the elua te s  a r e  each made up t o  a known 

volume w i th d i s t i ll ed wa ter . Mo s t  imida z ol i c  c ompounds 

may b e  elut ed into about 3�-10 ml . 

In a c omplex mixture of imida z o l es i t  may not b e  pos s­

ible t o  a ch i eve c ompl e t e  s epara t i on by the use o f  one par-

t i cular s o lvent sys t e m .  I n  such a c a s e  i t  may b e  nec e s sary 

t o  c onc entra t e  tho s e  elua t e s  c onta ining mixtur e s  and carry 

out a further c hroma tographic s epara t i on in ano ther s olven t . 

(b ) Spectropho tome t r i c  Determina t i on . -

Dia z o t i s ed sulphani l i c  a c i d  r ea gent ( 0 . 8  ml . ) i s  mixed 

(30 s ec . ) in a s toppered t e s t  tub e w i th the s odium carb on� 

a te s olut i on ( 2 ml . ) . An a l i quo t ( 0 .4 ml . ) o f  one o f  the 

e lut ed imida zo l e  s o lut i ons is a dded, the mixture s ha ken , 

and then transferre� to a Corex spec tropho tome t er c el l . 

The abs orbanc e of the dye produc ed i s  determined a t  480 m� 

on a Beckman Model DU Qua r t z  Spec tropho tome ter a t  a t ime 

spec i f i ed in Table E2 , using a r ea gent blank in whi ch d i s ­

t i lled wa t er ( 0 .4  ml . ) repla c e s  the imida zo l e  s olut i on .  

The c onc entra t i on o f  the e luted i mi da zo l e  s o lut i on i s  deter­

mined by r eference to a s tandard curve ( See Fi g .  � )  



TABLE E2 

.QPT IMUM READING TIMES, WAVELENGTH� OF MAXIMA-4.-ND A BSORBA NCES
_ 
.A T  � MAX .AND � 480 • 

C ompottnd Optimttm time 
for rea d ing 

( mi nttte s )  
' 

i 
Imida zole 1, 4( 5 )-Me t hyl imide zole 

4( 5 )-HYdroxyme thyl­
imida zole 

24 

1 6  

2 -Me t hylimide zole 

L-Hi stid ine . HCl 

Hista mine . d i  HCl 

4( 5 ) -( 2-Hydroxy­
e t hyl ) imida zole 

,., 
2 -Hydrox�e t hyl-
4( 5 ) -me t hylimid ­
e z ole 

------------------

1 4  

38 

6-7 

5 

4 

1 2  

Wa ve le ngt h 
of Me ximttm 
(I\ ms x ) 

m_ft 

480 

500 

485 

480 

490 

500 

495 

500 

.Absorba n ce e t  Absorba n ce e t  
:"-ms x  for 1 qp.g. 480� for 10;<-g. /ml . 

/ml . of Im� of Imida z ol ic 
ide zol ic Com- Compound 
p ound 

·------------------------

.350 I .350 

. 470 - 435 

. 382 

.1 91 

. 1 35 

. 1 79 

. 21 0  

. 1 63 

· 371 -· 

. 1 91 

. 1 28 

. 1 70 

. 205 

. 1 42 

I 
� 
-.J 1\) 

I 



prepared fro m  a s e r i e s  o f  sui tab l e  dilut i ons of s tock 

imida zo l e  s o lut i on .  

Var i a t i on of abs o rbance w i th c onc entra t i on : 

Standard curves , determined from readings taken a t  

480 m� and optimum t imes , were found t o  b e  l inear w i thin the 

range of c onc entra t i ons s tudi e d  ( See F i g .  �) . A s er i e s  o f  

s ix s epara t e  determina t i ons wa s rnade for imida z ol e  and 4 ( 5 ) ­

me thylimida z o l e  a t  c onc entra t i ons of 0 . 5 ,  1 . 0  and 5 . 0  � g . /ml . 

The resul ts ob ta ined demons tra ted a good o rder o f  repr o duc­

ib i l i ty even at the lower c onc entra t i ons ( S e e  Tabl e  E3 and 

F i g .  2 ) . The me thod e s t ima t ed 5 -3 0 �lg . /ml . ( 2-12 �J.g . ) 

w i th a 3% error and 0 . 5- 1 . 0  � g ./ml . ( 0 . 2-4 . 0  � g . ) w i th a 

6-8% error . FIG. 2 .  4(5)-METHYLI MIDAZOLE 

R E PRODUCIBILITY E XPERIMENI. 
SIX READINGS TAKEN AT 

EACH CONCE NTRATmN . 

1 2 3 4 5 )'-9m/ml 

Var i a t i on of abs orbanc e w i th ti me : 

Plo t s  o f  ab s orbanc e a ga ins t t ime a t  480 m� s howed tha t  

in mo s t  c a s e s  the c o l our intens i ty rose to a maximum i n  

2-8 minute s ,  rema ined near tha t va lue for 1-10 minutes and 

then decrea s ed a t  a ra t e  depending on the par t icular imida ._  
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TABLE E3 

REPLICATE DETERMINATIONS OF ABSORBANCE AT LOW CONCENTRATIONS . 

Absorbance of Dye Absorbance of Dye with 
With Imidazole . 4 ( 5 ) -Methylimida zole . 
Readings a t  480� Readings a t  48� 

- 24 minutes - 16 minutes 

Concentration 
�g./ml . 0 . 5  1 . 0  5 . 0  0 . 5  1. . 0  5 . 0  

1. . 022 . 040 . 190 . 021 . 045 . 220 

2 . 018 . 046 . 198 . 018 . 042 . 215 

3 . 018 . 03 9  . 190 .019  . 045 . 220 

4 . 022 . 040, . 200 . 024 . 045 . 225 

5 . 020 . 043 . 1.93 . 019 . 04:L . 209  

6 . 021. . 045 . 1 90 . 022 . 044 . 220 

Average 
Absorbance . 020 . 042 . 194 . 021 . 044 . 21.8 

Standard ! 

error ±· 002 ±• 003 ±• 004 1 + . 002 ±• 002 ±• 005 , -
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zole and on its  concentration .  The colour developed by the 

weaker solutions was more stable and for concentrations much 

above 50 �g ./ml . there were deviations from Beer ' s  Law . 

From the plots of absorbance against time an optimum time 

for reading was established for each of the imida zoles 

s tudied ( See Table E2 ) .  The time chosen did not necessarily 

correspond to tha t of the maximum colour intens ity but 

was so selected as  to allow readings to be taken when the 

colour was either constant or changing relatively slowly . 

Varia tion of absorbance with wavelength : 

The absorption spec trum of the dye formed with each 

imidazole was plo tted between 420 and 520 m� ( See Fi g .  3 )  

at the optimum time and the maxima were as tabulated in 

Table E2 . As the peaks of the absorption spec tra proved 

to be rather flat it was decided to s tandardise all absor-

bance readings at 480 m� to simplify the proc edure . Corn-

parative readings of absorbance at  the wavelength of the 

maximum and at 480 m� are also shown in Table E2 . 

Effect of tempera ture : 

Although mos t  workers have carried out the reaction 

between diazotised aniline derivatives and imidazoles at  

0 ° ,  it  was found24 that reproducible results could be  ob­

tained by carrying out the reaction a t  room temperature 

Thi s eliminates the use of an ice bath. 

Rec overy of Imidazoles from Paper Chromatograms : 

( i )  Paper chromatography of single imidazoles . - 100 �g .  
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quantities of each of six imida zoles , applied as narrow 

( 2-3  mm . )  bands to Vlhatman No . 3MM chromatography paper 

and developed overnight as descending chromatograms in n­

butanol/acetic acid/water ( 4 : 1 : � ) , were eluted wi th water 

and determined spectrophotometrically.  Almost  quantitative 

recovery was achieved in all experiments . ( See Table E4 ) .  
( ii )  Paper Chromatographic Separation of Mixtures of Imid-

a zoles . - Althoug� as  has been mentioned previously, i t  was 

not possible to separate adequately 2-methylimida zole and 

4 ( 5 ) -methylimidazole on Whatman No . 3MM paper , mixtures of 

three and five different imida zoles were readily separated 

and quantitatively eluted using the standard procedure . 

Mixtures consisting of L-his tidine hydrochloride , his tamine 

dihydrochloride , 4 ( 5 ) -hydroxymethylimidazole , imidazole 

and either 2-methylimidazole or 4 ( 5 )-methylimida zole applied 

to 1Jilhatman No . 3M.M paper were first developed for 3.6 hours 

in n-butanol/acetic acid/water (4 : 1 : 1 ) . All but his tidine 

and histamine were clearly s eparated ( See Table El ) and were 

cut . o\lt and eluted. As histidine and his tamine moved very 

slowly in this solvent there rema ined suffici ent length 

of chromatogram after removal of the other compounds to 

allow further separation of these  two in acetone/chloroform/ 

water/28% ammonia ( 30 : 5 : 4 : 0 . 2 ) .  Recoveri es are tabulated 

in Table E4 .  



T.A B� 

pCOVER IES OBT.A INED FOR 1 00;-tg. QUANTITIES OF IMID.A ZOLE§_SEPARA TED ON AND 

�LUTED FROM WHATM.AN N0_3MM PAP� 

.Avera ge % 
Re covery 
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( 3 )  Use of Diazotised p-Toluidine in Imidazole Estimation.  

Diazo p-toluidine reagent was made up as  for diazotised 

sulphani lic acid.  Sodium carbonate solution ( 10%, 2 ml . ) 

was added to 0 . 8  ml . of this reagent in a s toppered test 

tube and mixed ( 30 sec . ) . The imidazole solution ( 0 .4  ml . ) 
was added to the tube,  the mixture shaken and then allowed 

to s tand ( 10 min . ) for the colour to develop . Iso-butyl 

alcohol ( 5  ml . portions ) �as added and the colour extracted 

into the organic layer by vigorous shaking. Complete 

separa tion of the layers was achieved by . centrifugation a t  

25 , 000 r . p .m .  ( 5  min. ) and the colour of the iso-butyl alcohol 

layer was measured agains t a reagent blank. As this blank 

developed quite an intense yellow colour on s tanding i t  

was found advisable t o  take readings within a short Lime of 

centrifuging. 

The wavelength of the maximum was determined for each 

imidazole ( See Fig. 4) and standard curves were plotted . 

( See Fi g. 5 ) . As the wavelengths of the maxima in iso­

butyl alcohol were in some instances approaching the ultra­

violet it was necessary to use silica cells for all measure­

ments .  

(4 )  Use of Diazotised p-Bromoaniline in Imida zole Estimation.  

(a ) Preparation of Standard Curves . - Determination of 

absorption maxima and s tandard curves was carried out as for 

p-toluidine (See Fig. 6 ) .  



,.... 

1 l 1 f 0 
"i' 0 "' 

0 ..... E � 
0 ... ... .. e. ... 

E 
..A 0 � .. 

52� � 
c Q 9 i :£ ... :; 

0\ 
.::; z ... ... 0 % 

' 
% t;; ... j: J: .. ! .,. � 

1.() 
� ' i 

� .:.. ... . 
(.!) 0 • <l 
la.. 

0 lD 
0 � 6 

( 



F l  G. 7 STA NDA RD CURVES FOR I M IDAZO L E S 
S P RAY ED W I T H  D I AZO-p -BROMO - ANILINE 
I N A L K A L I  A N D  E LUTED FROM 
W H A T M A N N °  3 M M PA PE R W I T H  

I SO - B U TA N O L .  

5 10 1 5  20 25 
pgm (tota l) > 

e I.Mio.<\ZOLE 
)( 4(s)· Hl'DIIOK't'MUHYLII"\IDAZOL£ 

0 4(5)-METHYliMIDAlOL£ 

5 10 15 20 25 
p.g m (tot at) > 

e 2- METMYl.IMIDAZOLt 

X �ISTAt'IIHE lli · IK\ 

0 L-1-\IST iliiNE · HCl 



-1�9-

(b ) Adaptation to the Estimation of Imidazoles on Paper 

Chromatograms . - Varying amounts of imida zoles ( 5-25 �g . ) 

were spotted on Whatman No . 3MM paper and sprayed with the 

diazo-p-bromoaniline reagent . The colours were allowed 

to develop ( 10 min . ) ,  and the areas of paper cut out �long 

with a blank) , macerated with water ( 5  ml . )  in a stoppered 

test tube , shaken vigorously with iso-butyl a lcohol ( 5  ml . ) , 

transferred to a centrifuge ( a li ttle celite was added to 

carry down the paper ) and spun (25 , 000 r . p . m . ; 5 min . ) .  

The liquid was decanted and the paper extracted aga in ( three 

times ) with 5 ml . portions of iso-butyl alcohol until all 

of the colour r�d been extracted . The combined extracts 

were again centrifuged and the absorbance of the iso­

butanol layer measured ( See Fig. 7 ) . 
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III .  THE REACTION OF a-DICARBONYL AND a-HYDROXYCARBONYL 

COMPOUNDS WITH AQUEOUS AMMONIA . 

( i ) The Reaction of Formaldehyde with Aqueous Ammonia . 

A solution of 40% formaldehyde ( 100 ml . )  was treated, 

wi th cooling, with 25% ammonia solution ( 150 ml . )  and s tored 

in a s toppered flask for s ix weeks at room tempera ture . A 

s imilar mixture containing, in addi tion to the above com­

ponents , glycolaldehyde ( 0 . 1  mg. ) was stored under identical 

condi tions . Although ·the mixtures became s lightly yellow 

i t  was not poss ible to detect imida zolic components by 

paper chromatography . Aliquots from each mixture heated 

for 12 hours at  A00 °  failed to produce imidazoles . 
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( i i ) The Reaction of Glyoxal with Ammonia . 

A _30% solution of glyoxal in water (400 ml . )  was added 

slowly with cooling to concentrated ammonia solution ( 600 ml . ) .  

The mixture rapidly darkened with the separation of some 

solid material . Paper chroma tography on Wha tman No . 1  paper 

in n-butanol/acetic acid/water (4 : 1 : 1 ) and spraying with 

dia zotised sulphanilic acid indicated imida zolic compounds 

in high concentration a t  Rim values 1 . 00 ( orange ) and 1 . 64 

( orange ) .  Further imidazoles were present in low concen­

tration at  Rim values O . OO (brown ) ,  5 . 40 (red ) , 0 . 53 ( orange­

brown ) , 0 . 82 (yellow-orange ) ,  1 . 21 (purple )  and 1 .31  ( orange-

red ) . After s tanding s ix weeks at  room temperature , the 

mixture was filtered and a grey-black crystalline material 

( 11 o25  g . ) collected. Nitrogen was bubbled through the 

filtrate to remove the ammonia , and then the solution was 

evaporated in vacuo to 500 ml . The black solution was 

ext;ra c·ted �_ continuously wi th ether for two weeks , the ether 

extract was dried over anhydrous sodium sulphate , filtered 

, and then evaporated to dryness  giving 32 . 05 g .  of product .  

Paper and thin layer chroma tography on alumina followed by 

spraying with the diazo reagent indicated that those 

compounds of Rf values 0 . 30 and greater had been extracted . 

Examination of an alumina thin-layer pla te ( developed in 

chloroform/pyridine ( 3 : 1 )  ) under ultra-viole t  light indi-

cated a number of fluorescent spots a t  Rf values : 0 . 00 ,  
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0 . 07 ,  0 . 14 ,  0 . 29 ,  0 . 38 ,  0 . 55 and 0 . 70 .  

Examination of s olid material ( "Glycosine tr ) : - Sublimation 

of a portion a t  250 °/20 mm .  gave whi te crystals m . p .  ( sublimes ) 

500-20 ° .  (Found : C, 54 . 12 ;  H,  5 . 97 ;  N, 4�. 85%. There 

was a residue ) .  Paper chromatography on V'lb.a tman No . � 

paper in n-butanol/acetic acid/water (4 : 1 : 1) gave an orange 

spot with the diazo spray a t  R�m1 . 65 .  A sample ( c .a . 5 g. ) 

of the solid was boiled with 95% ethanol and charcoal for 

30 minutes , then filtered and allowed to cool , when cream-

white needles separated, sublimation point circa 320 ° .  

The compound was recrystallised from 95% ethanol .  ( Found : 

C , 53 . 73 ;  H ,  4 . 85 ;  N, 41 . 32 .  

53 . 72 ;  H, 4 . 51 ;  N ,  41 . 77%) . 

Gale . for c6H6N4 : C ,  

The compound gave a green 

colour wi th bromine water and an orange colour with diazo-

ti sed sulphanilic acid, thus resembling the "glycosine " 

i sola ted by Lehms tedt21• The infrared spectrum closely 

resembled that of imidazole while a proton magnetic resonance 

spectrum obtained in glacial acetic acid gave a s ingle peak 

a t  451 c ./sec . This confirmed the formulation of glycosine 

a s  2 , 2 ' -bis-imidazole with four equivalent C-H protons . 

A picrate separated from glacial acetic acid m . p .  2 90 ° .  

(Found: N ,  23 . 50 ,  Gale . for c18�10o14 � N, 23 . 66%) .  

Lehmstedt21 gives picrate m . p .  > 270 ° .  

Examination o f  ether extract ( imida zole ) : - A portion (5  g . ) 

of the brown gum was distilled a t  2 . 5  mm .  pressure . A 



-183-

crystalline material 1 . 2  g .  was collected m . p . 65�75 ° .  

Pap er and thin-layer chroma togr?.phy showed tha t the solid 

cons isted ma inly of a compound giving an orange colour with 

the imidazole spray and moving to Rim 1 . 00 in a number of 

solvents . A sample recrystallized from absolute ethanol/ 

ether had m . p .  85 ° .  A mixed melting point determination 

wi th an authentic sample of imidazole had m . p .  83 ° .  

H f 10. · · 
· d 1 90° Th · t t d o mann g1ves 1m1 a zo e m . p .  • e p1cra e separa e 

from ethereal solution as  pale-yellow needles m . p .  205-6 ° .  

Recrystallization raised the melting point to 210 ° .  Parrod29 

gives  imidazole picra te m . p .  208-12 ° .  (Found : C ,  3 6 . 8 ;  H, 

2 . 7 ;  N, 23 . 2 .  

N ,  23 . 6% . ) .  

Attempts to separate further imidazolic c ompounds 

us ing adsorption and partition chroma tography proved un-

successful owing to the high concentration of imidazole in 

both the ether extract and aqueous residue . 

Tenta tive identification of 2-Formylimidazole :- Paper and 

thin-layer chromatography in a number of s olvents showed 

that the compound from the glyoxal-ammonia with Rim 0 . 53 

(Whatman No . 3MM paper; n-butanol/acetic acid/wa ter (4 : 

1 : �) ) was chromatographically identical to (and gave the 

same c olour reaction as ) the oxidation produc t of 2-

hydroxymethylimidazole ( see page 161 ) . 

Further minor fractions from the mixture were not 

investigated. 



-184-

( i ii ) The Reaction of G=bx_colaldehyde with Ammonia . 

Concentra ted ammonia solution ( �5 ml . )  was added to a 

solution of glycolaldehyde ( 1 . 8  g . ) in water ( 5  ml . )  and the 

mixture was s tored at  room temperature in a s toppered flask. 

The solution slowly assumed a pale yellow colour . · After 

three days paper chromatography on vYhatman No . 1  paper in 

n-butanol/acetic acid/water (4 : 1 : � ) showed the presence of 

i:W.idazoles a t  Rim values 1 .• 00 and 1 . 12 ,  both giving a n  orange 

colour with dia zotized sulphanilic acid. After eight weeks 

a paper-chroma tographic s tudy showed imidazoles a t  Rim 

values : o . oo-0 . 40 (pink s treak) , 1 . 00 (orange ) and 1 . 12 

( orange ) .  The solution was then evaporated in vacuo 

to give a brown gum ( 1 . 85 g . ) which was dissolved in water 

and aluminium oxide (5 g . ) added.  The mixture was evap-

orated to dryness in vacuo and the resultant mixture of 

a lumina with the brown material adsorbed on to i t  was 

placed on top of an alumina column. The column was dev-

eloped in tuvn with chloroform ( 250 ml . ) ,  chloroform/meth­

anol ( 1 : 1 ; 250 ml . ), chloroform/methanol/ammonia ( 1 : 3  : 0 . 01 ;  

250 ml . ) , methanol/ammonia ( � :.0 . 01 ; 250 ml . ) ,  and methanol/ 

water ( 1 : �; 250 ml . ) .  Fractions ( 10 ml . )  were collected 

and examined individually on paper chromatograms using the 

diazo reagent a s  a spray to indicate the pres ence of imid-

azoles . 

Fraction 1 .  - Imidazole : A number of tubes of the chloro-
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for�methanol elution conta ined a compound travelling 

to the same posi tion a s  imidazole on paper and thin-layer 

chroma to grams . Evaporation in vacuo gave a syrup ( 0 . 25 g . ) 

which had an infrared spectrum ( film)  identical to that of 

imida zole . ( See Fig. 2 .  Facing page 64 . )  The syrup was 

taken up in ether ( 10 ml . )  and a concentra ted solution of 

picric acid in ether was added.  Yellow crystals (0 . 3  g. ) 

separated immediately m . p  • . 204 ° .  Recrystallization f1•om 

e thanol/ether ra ised the melting point to 2�0 ° .  (Found : 

· C ,  36 . 7 ; H, 2 .6 ;  N,  23 .5 .  

3 6 .4; H ,  2 .4; N, 23 .6% ) . 

picrate  m .p .  208-12 ° .  

Calc . for c9H7N5o7 : c ,  

29  Parrod reports imidazole 

Fraction 2 - 2-Hydroxymethylimida zole : Passage of chloroform/ 

methanol/ammonia ( 1 : 3: : 0 . 0� )  and methanol/ammonia ( 1 : 0 . 0� )  

through the alumina column gave a s eries o f  fractions contain-

ing the imidazolic compound with RI value �. 12 .  These . m 

fractions were evaporated to a syrup ( 0 . 1  g. ) the infrared 

spectrum ( film )  of which had features in cow�on with that 

of 2-hydroxymethylimidazole ( synthesised by the method 

described on page �53 ) . The isolated compound was 

chroma tographically identical to  2-r�droxymethylimidazole 

on Whatman No . � paper in n-butanol/acetic acid/water (4 : 

1 : 1 ) . A portion ( 0 . 04 g . ) of the syrup was dissolved 

in water ( 10 ml . ) ,  boiled with charcoal and filtered through 

filter-aid.  To the filtrate was added a sa.tura ted aq_ueous 



solution of �icric acid after which the solution was concen-

trated and cooled. A small amount ( 0 . 01 g. ) of imidazole 

picrate separated m .p .  206° and was removed by filtra tion.  

To  the filtrate was added picric acid (0 .025 g . ) and the 

solution boiled and then chilled.  Yellow crystals ( 0 . 02 g . ) 

separated �.p .  149 ° .  (A mixed melting point determination 

with 2-hydroxymethylimidazole picra te gave m . p .  148 ° ) .  

Recrystalli za tion from water raised the melting point to 

151 ° .  (Found : C , 37 . 1 ; H, 2 . 3,; N, 21 . 6 .  Calc . for c10HgN508 
C , 3 6 . 7 ;  H, 2 . 8 ; N,  21 .4% ) . Jones16 reports 2-hydroxy-

methylimidazole picrate m .p .  151-2 ° .  

The remainder of the syrup ( 0 . 05 g . ) was treated in 

glacial acetic acid (2ml . ) with red phosphorus ( 0 . 05 g . ) and 

hydriodic acid (0 . 05 g. ) .  The mixture was heated a t  1.80 ° 

for five hours in a sealed tub e .  After cooling, the product 

was filtered, treated with concentrated aqueous sodium hy­

droxide until alkaline , and then evaporated to dryness . 

The residue was extracted with hot absolute ethanol giving 

a solution which contained a number of imida zolic products . 

Paper chromatography showed that the major of these  products  

gave a lemon-yellow colour wi th the diazo reagent and ha.d 

the same �m value as 2-methylimida zole . 
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( iv )  The Reaction of DL-Glyceraldehyde with Aqueous Ammonia. 

( a ) Ini tial Qualita tive Examina tion .  

A mixture of DL-glyceraldehyde ( 5  g. ) in water ( 100 ml . )  

and 25% ammonia solution (25  ml . )  was stored in a s terilised, 

s toppered flask at 57 ° .  The soiliution gradually darkened 

until after three weeks it  was almost  black. The absor-

bance of the mixture was measured at intervals  during the 

reaction period and the results are shown in Fig .  4, page 69 .  

Chromatography of  the mixture on �fuatman No . � chromato­

graphy paper in n-butanol/acetic acid/water ( 4 : 1 : 1) gave 

the following results with a series of reagents : -

TABLE E5 

Rf values and colours with vari ous reagents .  
40 

1 .  AgN03 : 

2 .  p-Anis idine12 

0 . 18 (brown ) ; 
0 .41 (brown ) ; 

0 .  24 (brown ) ; 
o . 5�(brown ) ;  

0 . 34 (brown ) ; 
0 . 62 (brown ) . 

HCl : 0 . 15 (brown ) ;  0 . 19 (brown ) ; 0 . 24 (pink) . 

3 .  u .v. : 

4 .  Diazotised3 9  

Sulphanilic 
Acid :  

5 .  Ninhydrin : 

6 .  Urea 12 

Phosphate : 

7 .  Anisidine 38  

Reagent :  

38 
8 .  I2fCCl4 : 

0 . 34;  0 . 43 ; 0 . 62 .  

o . oo !orange l ; 0 .  40 orange ; 
0 . 72 yellow • 

0 . 25 (red ) ; 
0 . 43 (red ) ; 

0 . 34 (red ) ;  
0 . 58 ( red ) ; 

0-0 . 1 (yellow ) ;  0 . 15 (violet ) ;  0 . 26 (violet ) ;  
0 . 32 (yellow ) ; 0 . 33 (violet ) ;  0 . 40 (yellow) ; 
o . 59 ( green ) . 

0 . 15 (blue ) .  

0-0 . 5 (pink ) ; O e 26 (red ) ; 0 . 33 ( orange ) ;  
0 . 44 (red ) ; 0 . 60 ( orange-red ) .  

O . OO (brown ) ;  0 . 25 (yellow ) ;  0 . 34 (brown ) ;  

0 . 40 (brown ) ; 0 .44 (brown ) ; o . 58 (brown ) . 
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(b ) Large-scale Experiment . 

DL-Glyceraldehyde (45 g. ) in di stilled water ( 900 ml . )  

and 25% ammonia solution ( 225 ml . )  was left in a s terilised, 

s toppered vessel a t  3 7 ° .  After eight weeks the ammonia 

was removed in vacuo and the residue dissolved in 250 ml . 

of water , passed through a column of Amberli te IR-120 ion-

exchange res in in the hydrogen form. The material on the 

column was washed wi th water and the eluates giving a pos itive 

Molisch reaction were combined and evapora ted in vacuo to a 

syrup ( 6 . 9  g . ) .  

( i )  �ualitative Investi�tion of Fractions Giving a Positive 

Mol isch Reaction : -

Paper chromatography showed the presence of a triose 

( yellow-brown ) ,  pentoses (pink ) , and hexoses (brown ) when 

the papers were spnayed with p-anisidine hydrochloride . 12 

12 Spraying with urea phosphate indicated the presence 

of a ketotriose and a ketohexose .  The syrup was fraction-

a ted by partition chromatography on a cellulose column us ing 

n-butanol half-saturated wi th water a s  the mobile phase . 

Portions of effluent ( 5  ml . )  were collected, examined on 

paper chromatograms , and combined into five ma in fractions . 

The carbohydrates were identified by chromatography in a 

number of solvents .  ( See Table 1 ,  page 71 ) .  

( ii )  Id�tification of Basic  Compounds : 

The basic  compounds were eluted from the ion-exchange 

column with 4N HCl and the eluate evaporated repeatedly 
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�rom water in vacuo until all traces of HCl had been removed . 

In all later experiments i t  was found more convenient to 

displace the bas ic c ompounds from the ion-exchange resin 

with 4N ammonia solution. The resulting dark coloured 

syrup (43 . 5  g. ) was found to contain Pauly-positive32 

compounds with Rim values : 2 . 22 ,  1 . 37 ,  1 . 3 5 ,  1 . 30 ,  0 . 99 ,  

0 . 91 ,  0 ;'82 , 0 . 55 ,  0 . 41 ,  0 . 21 ,  0 . 07 ,  0 . 00 in n-butanol/acetic 

ac id/wa ter (4 : 1 : 1 )  on Whatman No . 3.M1i paper . The individual 

imida zolic compounds were separated from a portion o� the 

syrup ( 10 g . ) on cellulose columns with n-butanol hal�­

saturated with water and containing 0 . 25% acetic acid (4 ml ./ 

1 . ) .  On the ba sis  of a chromatographic survey the elua tes 

were combined into a number of fractions which were evaporated 

in vacuo . 

( 1 )  Unknown compound a t  Rim 2 . 22 : A small quantity ( 5  mg. ) 

o� a syrup giving a yellow colour with dia zotised sulphanilic 

acid was dissolved in water and treated with saturated aqu-

eous picric acid. Yellow needles were obta ined ( 5  mg. ) 

m . p .  200 ° .  Recrys tallisation from water gave 2 mg. of a 

compound m . p .  203� 

( 2 ) 2-Hydroxyme thyl-4(5)-methylimida zole : A fraction ( 0 . 2  g . ) 

which gave a red colour with Pauly reagent a t  RI 1 . 37 was · m 

taken up in abs olute ethanol ,  treated with charcoal ,  �iltered, 

and evaporated to 20 ml . To 5 ml . of this s olution a 

saturated ethanolic  solution of picric acid was added, the 
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mixture concentrated and allowed to stand when yellow 

crys tals (40 mg. ) s eparated; m . p .  78-80 ° .  On recrystal l-

isation from ethanol/ether the melting point was raised to 

83 ° .  (Found :. N,  19 .4 .  Gale . for c11H11N508 • 1iH20 :  N , 19 . 0%) . 

After drying the picra te in vacuo at 60 ° for 2 days the melt­

ing point was raised to 142 ° with loss of water of crystall­

isation .  Komoto19  reports 2-hydroxymethyl-4 ( 5 ) -methylimid-

a zole picrate m . � .  143-5 ° .  

For comparison 2-hydroxymethyl-4 ( 5 ) -methylimida zole 

picrate and 4 ( 5 ) -hydroxymethyl-2-methylimida zole picra te were 

prepared using the methods described on page . · 157 .  

A mixed melting point determination with 2-hydroxymethyl-

4 ( 5 ) -methylimidazole picra te showed no depress ion with the 

product from the glyceraldehyde/ammonia mixture . The par-

affin mull infrared spectra of the picrate of the isolated 

compound and the two synthetic i someric hydroxymethyl­

methylimidazole picrates are shown in Fig. 5, page 73 . It 
may be seen that the isolated compound is identical to 2-

hydroxymethyl-4 ( 5 ) -methylimida zole . Chromatographic evi-

dence obtained in several solvent systems confirms this 

conclusion.  

Reduction of  the i solated 2-hydroxymethyl-4 ( 5 ) -methyl­

imidazole (0 . 03 g . ) with red phosphorus ( 0 . 03 g . ) and hydriod­

i c  acid ( 0 . 03 g . ) in glacial acetic acid ( 2  ml . )  in a sea led 

tube at 160 ° for 3 hours gave a compound chromatographically 
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i dentical to 2 , 4 ( 5 ) -dimethylimida zole . The latter compound 

was prepared for comparison by the reaction of Q, B-bis­

(benzoylamino ) -a-propene wi th acetic anhydride in a sealed 

tube at 130 ° for 3 hours . See page 151 . 

( 3 ) Unknown Comuound a t  Rim 1 .
3
5 :  A fraction obtained a s  

a syrup ( 0 . 2  g . ) was taken up i n  absolute ethanol ( 10 ml . ) ,  

boiled ( charcoal ) ,  filtered and evaporated to drynes s .  Paper 

chromatography showed that the fraction contained two compounds : 

one of which appeared to be 2-hydroxyrnethyl-4 ( 5 ) -methylimid-

azole . A 5% a.q_ueous solution ( 1  ml . )  formed a picra te 

m . p .  65 ° ,  which on two recrys tallisat ions from ethanol/ 

ether was ra ised to 84 ° .  (Found : C ,  36 . 9 ; H, 4 . 8 ;  N ,  

This corresponds to  a free base of  formula c6�6N2� 
but the picrate could have been an impure sample of that of 

Fraction (2 ) ;  ( c11H11n5o8 . 1�H2o requires : c,  35, . 9 ; H,  

3 . 8 ;  N,  19 . 0% ) . The remainder ( 0 . 15 g . ) of the fraction 

was separated in n-butanol/acetic acia/water ( 4 : 1 : 1 )  on 

sheets of Y.lhatman No . 3MJIE paper giving 0 . 06 g .  of a syrup 

which gave a red colour with dia zotised sulphanilic acid and 

had the following Rim values on Whatman No . 1 paper : ­

n-butanol/acetic acid/water (4 : 1 : 1 ) ;  Rim= 1 . 54 

ethyl acetate/acetic acid/n-butanol/water ( 1 : 1 : 1 : 1 ) ; 

ethanol/diethyl ether/water/28% ammonia ( 4 : 5 : 1 : 0 . 1 ) ; 

Rrm=1 . 06 

R = 1. 03 
I m 

The compound formed a chloroplatinate m.p .  >220 ° ( decomp . ) .  

Periodate oxidation showed that 0 . 42 moles  of formic acid 
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were produced. 

An n . m. r .  spectrum run in deuterium oxide allowed the 

following assignments to be made : s 1H 435 c ./s ec .  5 (4 )-H; 

s · 2H 275 c ./sec . Cg20H .attached to an aromatic  ring. A 

number of other small peaks were unable to be assigned. 

The sample appeared to be impure . 

(4 ) 4(5)-J;iethylimida zole : A further fraction ( 1 . 3  g . ) 

giving an intense red colour with diazotised sulphanilic 

a cid a t  Rim 1 . 30 in n-butanol/acetic acid/water (4 : 1 : 1 ) 

on Whatman No . 3MM paper was dis solved in wa ter,  treated 

with charcoal ,  filtered and concentrated . This compound 

chroma tographically resembled 4 ( 5 ) -me thylirnidazole . A 

portion of the filtrate was converted to a picrate (Found : 

C ,  38 . 7 ; H, 3 .4; N ,  22 . 2 .  

H ,  2 . 9 ; N, 22 . 5%)  m . p .  163 ° ,  undepressed on admixture wi th 

an authentic sample of 4( 5 ) -methylirnidazole picra te prepared 

by the method of Koessler and Hanke . 18 ( See page �50 ) . 

Further derivatives prepared from thi s fraction were : 

oxalate , m . p .  206 ° ,  chloroaurate , m .p . 200 ° ,  nitrate , m .p .  

109 ° and chloroplatinate , m .p .  215-20 ° .  Analysis of the 

las t  named derivative gave : (Found : Cl , 3 7 . 0 ;  Pt , 33 . 2 .  

�4H6N2 ) 2H2PtC16 re�uires :  Cl , 37 . �; Pt , 34 . 0%) . 

To 0 . 2  g .  of the original syrpp in 0 . 4  g .  of �0% 

NaOH a t  0 °  was added 0 . 04 g .  of benzoyl chloride and the 

mixture allowed to stand a t  0 °  for 3 hours . The resulting 
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soluti on was extracted with benzene , the benzene evapora ted, 

the residue taken up in boiling absolute ethanol and allowed 

to crystallise at  0 ° ,  yielding whi te needles (5 mg. ) 

(Found : N ,  9 . 7 .  Ca lc . for c17H16N2o2 : N ,  10 . 0%)  m . p .  140 ° 

undepressed in a mixed melting point determination with 

a, B-bis (benzoylamino )-a-propene . 

( 5 )  4(5)- (2-Hydroxyethyl)imidazole : A small quantity ( 10 mg. ) 

of an imidazole running to Rim 0 . 99 in n-butanol/acetic 

a cid/water (4 : 1 : 1 ) on Whatman No . 3MM paper was purified 

by chromatography on sheets of \¥batman No . 3MM paper in the 

above s olvent . The areas of paper containing the compound 

were located by spraying marker s trips with the dia zo reagent , 

cut out and then the imida zolic compound was eluted with water . 

A saturated aqueous solution of picric acid was added to the 

combined eluates and the solution boiled, cooled, the excess  

picric acid removed by ether-extraction, and the residue 

evaporated almost  to drynes s .  After two days a t  -10 ° yellow 

crystals ( 3 mg. ) separated m . p .  130 ° .  Recrys tallisation 

from acetone (dry ) after treatment wi th charcoal gave a 

picrate ( 1  mg. ) m . p .  143 ° .  A mixed melting point determin-

ation with a sample of 4 ( 5 ) - ( 2-hydroxyethyl ) imida zole picrate 

prepared from histamine by the method of Erlenmeyer , Waldi 

and Sorkin6 gave m . p .  142 ° .  The isolated imidazole trav-

elled to the same position a s  4 ( 5 ) - ( 2-hydroxyethyl ) imidazole 

with paper chromatography in n-butanol/acetic acid/water 
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( 4 : 1 : �) and acetone/chloroform/water/28% ammonia ( 30 : 5 : 4 : 0 . 2 ) . 

( 6 ) 4(5)-aydroxymethylimida zole : A fraction containing an 

imida zole with an Rim value of 0 . 91 in n-butanol/acetic 

acid/water (4 : 1 : 1 )  on Whatman No . 3MM paper , and giving 

an orange-red dye wi th dia zoti sed sulphanilic acid spray, 

was eva�orated in vacuo and the residue ( 0 . 1  g . ) taken up 

in 10 ml . of water . To 3 ml . of this solution was added 

a saturated aqueous solution of picric acid.  Yellow 

needles (40 mg. ) s eparated immediately and on recrystallis-

ation from hot wa ter had m . p .  206 ° .  (Fmund : c ,  3 6 . 5 ; H, 

21 . 4%) , A mixed melting point wi th a specimen of 4 ( 5 )-

hydroxymethylimida zole prepared by the method of Tot ter and 

41 Darby ( see page 156 ) was undepressed.  

An nom . r .  spectrum was obtained for the free bas e  in 

See Fig .  6 page 80 . The following assignments were 

made :-s  1H 424 c ./sec . 5 (4 )-l! ; s 1H 472 c ./sec . 2-H; s 

2H 273 c ./sec . 4 ( 5 ) -Cli20H. As the compound was not soluble 

in CDC13 it was not poss ible to obtain proof of NH or 

CH20l! . 

A small quantity ( 50 mg. ) of the isolated syrup was 

reduced with red phosphorus ( 0 . 05 g . ) and hydriodic acid 

( 0 . 05 g . ) in glacial acetic acid ( 2 . 5  ml . ) in a sealed tube 

at 160 ° for 3 hours . Paper chroma tography of the produc t 

showed the presence of 4 ( 5 ) -methylimidazole . 
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A fUrther sample ( 0 . 3  g . ) of 4 ( 5 )-hydroxymethylimida zole 

is olated from a glyceraldehyde/ammonia mixture was dis solved 

in 10% sodium hydroxide solution ( 6  ml . )  and benzoyl chloride 

( 0 . 5  g . ) was added . The mixture was kept a.t 9° during 

3 hours . The product was extracted with benzene ( 3 x 10 nil . ) ,  
washed wi th dilute sodium bicarbonate and then with water . 

The benzene extract was evaporated to drynes s ,  the residue 

taken up in hot ethanol and allowed to crys tallise giving 

s ilky white crystals of 1-hydroxymethyl-1 , 2-dibenzoylamino­

ethylene m . p .  168-9° . 

( 7 )  Unknown Compom1d a t  R im 0 . 55 :  This fraction ( 0 . 1 g . ) 

was obtained as  a dark-brown syrup which gave a red colour 

with dia zotised sulphanilic acid . Treatment of an aqueous 

solution wi th saturated. a{];ueQtlB picric acid gave chunky 

red crystals m . p .  284-5 ° .  The melting point was not ra i s ed 

on recrystallisation from water . Analysis  of the picrate 

and the free base gave apparently contradi ctory results . 

Picra te : (Found : c ,  2 9 . 4 ;  H ,  2 . 85 ;. N ,  21 . 8% ) . 

Free bas e :  (Found : c ,  45 . 0 ;  H, 8 . 5 ;  N ' 9 .  8% ) .  

An n . m . r .  s:pectrum in D20 showed the absence of aromatic  

protons . It did not prove possible to assign the signals 

to any specific groups although the integral showed that 

there were about 8 non-exchangea.ble protons present . Three 

of these  (87 c ./sec . ) were possibly a methyl group in an 

environment Ar-C-CN3 • 
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( 8 )  Further Fractions : A number of minor fractions were 

not further investigated .  The s tructure of  the compound 

appearing a.t Rim 0 . 21 ( in n-butanol/acetic acid/water (4 : 

1 : 1 )  on Vfuatman No .  3MM paper ) wa.s not elucidated as purif­

ication proved difficult . In i ts chrornatographic behaviour 

it resembled 4 ( 5 ) -D-arabotetrahydroxybutyl imidazole . 30  

Because of  its low Rim value and rela.ti vely compact  orange­

red spot wi th Pauly reagent it  is  unlikely to be a carboxyl-

substituted imidazole , which generally give low-intens i ty 

yellow spots with tailing. The compound is probably an 

imida zole with a polyhydroxyalkyl side chain . 

( i ii ) Rate of Formation of Imidazolic Compounds .  

Aliquots ( 0 . 1  ml . )  of the original glyceraldehyde/ 

ammonia mixture were taken regularly during the period of 

reaction and separated by quantitative paper chroma,tography 

on Wha tman No . 5-MM paper , the component imidazoles eluted 

with water , and the quantities determined spectrophotomet­

rically using the method described in Section III of the 

Experimental ,  p .  168 . From the results obtained, the ra tes 

of formation were found for the imida zoles which have been 

identified . ( See Fig. 7 ,  page 83 } .  

( iv )  Order of Formation of Imida zolic Compounds . 

In order to slow down the reaction ra te to determine 

more accurately the order of formation of the indi vidua.l 

imidaz·oles , a mixture of 0 . 1  g .  of DL-glyceraldehyde in 2 ml . 



of water and 0 . 5  ml . of 28% aw�onia solution was left at 

20°  in a s toppered tube .  A chromatographic survey at 

suitable intervals over a period of 3 days showed the order 

of formation to be : 4 ( 5 )-methylimidazole and 4 ( 5 )-hydroxy­

methyl imidazole (almost  immediately ) ; 2-hydroxymethyl-4 ( 5 ) ­

methylimida zole ( �7 hr . ) ;  unknown compound a.t Rim 0 . 21 

( 32 hr . ) ;  4 (5 ) - ( 2-hydroxyethyl ) imidazole (33 hr . ) ,  and a 

number of unidentified imida zoles . The dia zotised sulphan-

ilic acid spray allowed a lower level of detection fur the 

imida zolic compounds of less than O o 5  �g.  
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(v )  The Interaction Of Pyruvaldehyde With Ammonia . 

( �) Initial Experiments . 

Pyruvaldehyde . - Pyruvaldehyde was prepared by the method of 

Ril ey;f3·? A mixture of selenium dioxide (400 g . ) and acetone 

(2 1 . ) was heated under reflux for 4 hours , the yellow l i quid 

produced was decanted, the residue washed with acetone and 

the product and washings frac tionally distilled to give 

pyruvaldehyde ( 10 g . ) b5054-70 ° .  The compound was purif-

i ed by distillation from anhydrous calCium chloride and yielded 

a bisphenylhydrazone m . p .  �45 ° .  Thin-layer chromatography 

of the 2 , 4_-dini trophenylhydra zone confirmed the purity.  

Qualitative Survey. - A mixture of pyruvaldehyde ( 5  g . ) in 

water (20 ml . )  and 25% ammonia solution ( 30  ml . )  was s tored 

in a stoppered flask for 5 days at room temperature . 

Paper chromatography on Wha tman No . 1 paper in n-butanol/ 

acetic acid/water (4 : 1 : 1 )  and use of the diazotised sulphan­

ilic acid spray indicated imida zolic compounds at  Rim 
1 . 3� 

(red ) ,  1 . 58 ( lemon-yellow ) ,  1 . 87 (red ) , and 2 . 27 ( orange-

yellow ) . Thin-layer chromatography on aluminium oxide 

G chrow�topla tes us ing a number of solvent systems gave the 

following results : 
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TABLE E6 

R Value and Diazo Colour I m 

Toluene/ethyl 
a cetate/ammonia 
( 1 : 3 : 0 . 1 )  

2 . 55 ( orange ) , 2 . 00 ( red ) , 1 . 45 ( yellow ) , 1 . 09 ( red ) 

Chloroform/ 
pyridine ( 2 : 1 )  

Toluene/95% 
ethanol ( 1 : 1 ) 

1 . 97 1 1  

1 1  

( 2 )  Large Scale Experiment . 

2 . 06 

1 . 11 

H 1 . 33 11 1 . 04 

1 1  1 . 02 11 1 . 03 

For thi s experiment pyruvaldehyde ( 25% in water ) , 

obtained from L .  Light and Co . ,  was purified by the method 

of Lento et a1 . 22 Thin-layer chromatography of the 2 , 4-

1 1  

11 

dimitrophenylhydrazone on an alumina plate in ethyl aceta te/ 

toluene ( � : 1 )  showed a single spot c orresponding to the 

mono-2 , 4-dini trophenylhydrazone . Gas chroma tography on a 

4� foo t  column of 20% Pluronic F68 supported on 30-80 mesh 

ASTM firebrick C22 ( 73 ° ; A = 32 ; speed = 1200 ; Hi Fi 

Gas Chromatogram ) showed that the pyruvaldehyde contained 

no lower carbonyls in detec table amounts . 

Ammonia s olution (Ana lar ; 25%,  �40 ml . ) was added 

carefully with cooling to a 25% aqueous solut ion of pyruv­

aldehyde ( 95 ml . ) and the mixture was stored at  �g o in a 

s toppered flask for .5 weeks . The s olution rapidly became 

dark-brown in colour and wi thin 24 hours chromatography 
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showed the presence of four imidazolic compounds . At the 

end of the reaction period the ammonia and water were evap­

orated in vacuo and the resultant dark-brown oil  ( 30 . 6  g . ) 
added to a c olumn containing Amberli te IRC-50 resin ( H-form; 

400 g. ) and wa shed with distilled water ( 5 1 . ) .  On 

c oncentration ,  the eluate and washings gave a neutral fraction 

( 5 . 3 g. ) . 

Neutral fraction from ion-exchange resin . - Spot s  were ex-

amined on paper chromatograms in n-butanol/acetic acid/water 

(4 : 1 : 1 ) . No aldoses or ketoses could be detected using 

the p-anis idine hydrochloride spray and the urea phospha te 

spray . The aniline-xylose spray gave a faint red spot 

running to the same position as lactic acid in the above 

solvent and in e thyl acetate/acetic acid/water ( �4 : 3 : 3 ) .  

Bas ic fraction from ion-exchange res in . - The basic  material 

was eluted from the resin with 4N ammonium hydroxide and 

concentrated to yield a product ( 20 . 2  g. ) again containing 

a large proportion of brown material .  Thin-layer chromato­

graphy showed four c·ompounds giving dyes with Pauly r eagent 

( See Table ��. A quantity ( 1  g. ) of the brown material 

was separated on a cellulose c olumn us ing n-butanol half­

saturated with water and containing 0 . 25% glac ial acetic  

acid as mobile phase . Three ma in fractions were collected 

( on the bas i s  of a chromatographic survey of elua tes ) and 

evaporated to dryness . 
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Fraction 1 .  2-Acetyl-4(5)-methylimida zole : The syrup ( 0 . 04 g . ) 

was purified by extraction with chloroform and then by pas s-

a ge in the same solvent through a column c ontaining a lumina. 

Evaporation of the chloroform gave white crys tals ( 0 . 03 g . ) 

m . p .  109° .  (Found : c ,  57 . 9 ; H, 6 . 7 ;  N, 22 . 75 .  

req_uires :  c ,  58 . 05 ;  H, 6 . 5 ;  N ,  22 . 6%) . A paraffin mull 

infrared spectrum gave V 3160 (aroma tic CH) , 1678 (aryl max 

C : O ) ,  1397, 1_3.70 (methyl ketone CH) and 1170 cm-1 (aryl 

ketone ) .  See Fi g.  8 ,  page 87 . An ultravi olet spec trum 

in absolute ethanol had '"\ 293 m" . 1\. max r- Addition of a 

satura ted aq_ueous solution of picric acid to 0 . 01 g.  of 

the componnd dissolved in 1 ml .  of water gave yellow needle.s 

m . p .  �52 ° ,  rai sed to 157 °  on recrys tallisation from water . 

(Fonnd : N, 20. 2 .  The 

compound formed a 2 , 4-dimi trophenylhyd�azone m . p .  275 ° 

( decamp . ) ,  and gave a positive iodoform reaction .  

The n .m . r .  spectrum was determined giving : �  790 c ./s ec . 

s 1H NJi; 424 c ./sec . s 1H C4 ( 5 ) -H;  1.60 c ./sec . s 3H COC.£!3 ; 

142 c ./sec . s 3 H  C4 ( 5 )-CH3 • For comparison similar spectra 

were determined for 4 ( 5 )-methyl imidazole and 2 A�-trimethyl­

imidazole ( See Fig .  9 ,  p .  88 ) . 

Reduction of the isolated 2-acetyl-4(5)-methylimidazol e . 

A mixture of 2-ac etyl-4 ( 5 )-methylimidz zole ( 0 . 04 g. ) and 

potassium hydroxide ( 0 . 03 g. ) dis s olved in hydrazine hydrate 

( 50%; 0 . 1  ml . )  and diethylene glycol (�  ml . ) was refluxed 
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for �i hours . The water was then drained from the condenser 

and the temperature allowed to rise to �80 ° for 6 hours . 

The product was extracted with ether and was foQnd to be 

chromatographically identical to  2-ethyl-4 ( 5 ) -methylimidaz-

ole which was obtained pure by adsorption of a sample obtained 

from L .  Light and Co . on an alumina coluwn7 and . chromatography 

in chloroform/pyridine ( 3 : 1 ) .  

The compound obtained from L .  Light and Co . appeared 

to cons ist  of two imidazolic compounds . One of these gave 

a lemon-yellow colour with diaz otised sulphanilic acid spnay 

reagent a t  Rim 1 . 9� on an alumina thin-layer chromatoplate 

in toluene/ethyl acetate/25% ammonia ( � : 3 : 0 . 1 ) . The picra te 

( m . p .  131 ° )  obtained for this compound showed it  to be 2-

ethyl-4 ( 5 ) -methylimida zole . LJ.· t . 44 . � 31 0  g1ves m . p  • .J... • 

(Found : C ,  42 . 3 ;  H, 4 . 3 ;  N, 20 . 2 .  

C ,  42 . 5 ;  H, 3 . 9 ;  N ,  20 . 6% ) . 

An a ttempted Clemmensen reduc tion of 2-acetyl-4 ( 5 ) ­

methylimidazole ( 13 . 2  mg. ) wi th zinc amalgam ( 60 mg. ) in 

wa ter ( 2 . 5  ml . ) ,  concentra ted hydrochloric acid ( 0 . 5  ml . )  

and toluene (1  ml . )  heated under reflux for 3,0 hours , wi th 

the addition of 0 . 5  ml . portions of concentrated hydro-

chloric acid at s ix-hourly intervals , gave an unidentified 

imidazolic produc t .  

An improved and more rapid isolation of 2-acetyl-4 ( 5 ) -

methylimidazole from pyruvaldehyde/ammonia mixture involved 
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a prel iminary chloroform extraction of the basic  fraction 

followed by di stillation at  �40-80 °/25mm . Final purifica t-

i on was again achieved by chromatography �n chloroform 

on alumina . 

Fraction 2 . - This  fraction ( 0 . 07 g . ) contained two imid-

a zolic compounds , the maj or of which was chromatographically 

identi cal to 2.-a.cetyl-4 ( 5  ) -methylimidazol e .  A further 

s eparation on alumina resulted in the isolation of a yellow-

brown sy.rup ( 0 . 02 g . ) which gave a red colour with alkaline 

diazotised sulphanilic  acid at Rim 2 . 00 on an alumina chro­

ma topla te in toluene/ethyl acetate/ammonia ( 1 : 3 : 0 . 1 ) . A 

picrate formed from this substance blackened at  140 ° and 

finally melted with decomposition at �80-210 ° .  An infrared 

spectrum of the syrup had Y max 3100 (broa.d ) ( OH or aromatic  

CH? ) , 2900 ( strong ) ( C-CH3? ) , 2950 (weak ) , �850 (weak) ( C�? ) , 
and �720 cm. -1 (weak) (C=O? ) .  Proton magnetic resonanc e 

spectra in deuterochloroform and n2o showed one exchangeable 

proton at 800 c ./sec . The CDC13 n . m . r .  spectrum gave : -

800 c ./sec . s 1 H  NJ!; 3>98 c ./sec . s 1H C4 ( 5 ) -H; 252 c ./sec . 

2R split ;  208 c ./sec . 1 H split ; 132 . 8  c ./sec . s 3 H  4 ( 5 ) ­

CH3 ;  106 . 5  c ./sec . 3H spl i t ;  78 . 7  and 73 . 8  c ./s ec . 3 H  

spli t .  Spin decoupling showed that the doublet could be 

c ondensed to a s ingle peak but it was not poss ible to  detect 

any change in the other s i gnals . 
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Fracti on 3 .  4(5)-Methylimidazole and 2,4(5)-Dimethylimid­

a.zole: The final fraction ( 0.  56 �- g . ) contained the imidazoles. 

with Rim values � . 45 and 1 . 09 in toluene/ethyl acetate/ 

ammonia ( 1 : 3 : 0 . 1 )  on alumina thin-layer chroma toplates . 

There appeared to be a quanti ty of brown polymeric  ma.terial 

present as well . The imidazoles were distilled a.t 120-

200 °/2w� .  and then separated on alumina using chloroform/ 

pyridine (4 : �) as irrigant . 

� 4(5)-Dimethylimidazole . - The fa ster moving compound (0 . 091 g . ) 

was chromatographically identica.l to 2 , 4 (5  ) -dimethylimida z-

ole giving, wi th diazotised sulphanilic acid spray, the yellow 

colour often characteristic of 2-substi tuted imidazoles . • 
�3 

It crystallised from chloroform as white needles m . p .  88 ° ,  

( Li t . 44 m . p .  92 ° )  and readily formed a picrate , m . p .  and 

mixed m . p .  142 ° .  (Found : N ,  21 . 3 .  

N ,  21 . 5% ) . The infrared spec trum was identical to  tha.t of 

a sample of 2 , 4 ( 5 ) -dimethylimidazole picra te prepared by 

the method of Windaus and Langenbeck� ( See  page �5�)  

The infrared spectra are shown in Fig.  10 , page 91 . 

4(5 )-Methylimidazole . - The remaining compound ( 0 . 077 g . ) 

gave a red colour with P.auly reagent at Rim 1 . 09 and appeared 

to be  identical to 4 ( 5 ) -methylimidazole .  The syrup obtained 

from the alumina column failed to crystallise  but formed 

a picrate  m . p .  159 ° ,  undepressed on admixture with 4 ( 5 ) ­

methylimidazole picrate18 ( See page 150 ) .  ( Found : C ,  3 8 . 9 ; 
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H, 3 . 0 ; N, 22 . 5 .  

N,  22 . 5% ) . An infrared spectrum was identical to a s imilar 

spectrum determined for 4 ( 5 ) -methylimidazole picrate . 

( See  Fig. 11, p . 92 )  

( 3 )  Comparis on of Yields of 4(5)-Methylimida zole under Diff-

erent Reaction Condi tions : 

The following reaction mixtures were s tored at  room temp­

erature : 

( a )  Pyruvaldehyde ( 10 ml . of 2.5% soln . ) and 25% ammonia 

soln. ( 15 ml . )  in a s toppered flask; 

(b ) As (a ) but with . . air c ontinuously bubbled through the 

soluti on ;  

( c )  As (a ) but with nitrogen continuously bubbled through 

the solution ; 

( d )  Pyruvaldehyde ( 10 ml . of 25% soln . ) ,  ammonium acetate 

( 9 . 25 g . ) and glacial acetic acid to make 2.5 ml .-

After a week 0 . 05 ml . aliquots  were taken, the 5 (4 )-methyl­

imida zole separated by chromatography on Whatman No . 3MM 

paper using n-butanol/acetic acid/water (4 : 1 : 1 ) ,  and deter­

mined spectrophotometrically using the method des cribed in 

Section I I I  of the Experimental .  It was not pos s ible to 

estimate 2 , 4 ( 5 ) -dimethylimida zole by this method because 

an azo  dye of very low colour intensity was formed and even 

slight c ontamination with 4 ( 5 ) -methylimidazole gave erroneous 

values . The results are shown in Table 2 ,  page 92 . Paper 
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and thin-layer chromatography showed that all of the mixtures 

(a ) to ( d )  contained the same component imidazoles . 

(4 ) Quantitative Gravimetric Separation of 4(5 )-Methylimid­

azole and 2,4(5 )-Dimethylimidazole . 

Aliquots (�. 1 96g. ; 1 . 761 g. ) of the bases from the 

pyruvaldehyde/ammonia mixture were adsorbed on a c olumn 

packed with aluminium oxide (Analar ; 150 g. ) .  Irrigation 

with chloroform removed the fast-moving imidazoles ( 0 . 078g. ; 

0 , 112 g. ) .  Further passage of chloroform/pyridine ( 3 : 1 )  

and collec tion of 10 ml . fractions allowed s eparation of 

2 , 4 ( 5 )-dimethylimidazole and 4 ( 5 ) -methylimidazole . Finally, 

irrigation with pyridine removed the rema ining 4 ( 5 )-methyl-

imidazole from the adsorbent . The appropriate fractions 

were combined, evaporated, dried in vacuo p._n(l weighed 

giving 2 , 4 ( 5 ) -dimethylimidazole ( 0 . 3335 g . : 0 . 555 g . ) and 

4 ( 5 ) -methylimidazole ( 0 . 3 12 g . ; 0 . 458 g. ) .  Thes e  results 

gave molar ratios  for 2 , 4 ( 5 )-dimethylimidazole : 4 ( 5 )- · 

methylimidazole of 1 : 1 . 09 and 1 : 0 . 97 .  

Attempted Identification of Formaldehyde and Acetaldehyde: 

iri the gyruvaldehyde/Ammonia Mixtur e .  A mixture o f  pyruv­

a ldehyde, and ammonia in the same concentration as  in prev­

i ous experiments was treated continuously for a week w i th a 

slow stream of ni trogen which was previously passed through 

25% ammonia soluti on .  The is suing gases were passed through 

s intered discs into a series of chilled 2 , 4-dinitrophenyl-
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hydraz ine s olutions ( 2  g .  of 2 , 4-dinitrophenylhydraz ine per 

litre of 2N HCl solution ) . Thin-layer chromatography in 

toluene/ethyl acetate  ( 1 : 1 )  on s i l ica gel G and aluminium 

oxide G chromatoplates indi cat ed that the 2 , 4-dini trophenyl-

hydra.zones of acetaldehyde and formaldehyde appeared to  be 

present in low concentration .  Separation o f  the mixture o f  

2 , 4-dinitrophenylhydrazones on a celite column i n  hexane 
5 saturated with ni tromethane us ing the method of Day et al . 

followed by ultraviolet and vi s ible spectroscopy of the 

fractions in chloroform soluti on showed that one fraction 

had a very small peak at A max345 IJl!l ( corresponds to !I. max 
344 m� for forma ldehyde 2 , 4-dinitrophenylhydra zone�5 . ) . A 

further fraction had " max 355 m�-1 corresponding to  'A max 

355 m� for acetaldehyde 2 , 4-dinitrophenylhydrazone15 • 

In alkaline s olution there was a .  maximum at 430 m� for both 

fractions . Formaldehyde and acetaldehyde 2 , 4-dinitrophenyl-

hydrazones have A 430 IJl!l in alkaline solution .
15 

max 
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(vi ) The Reaction of Rydroxypyruvaldehyde with Aqueous 

Ammonia. 

Synthesis  of  Hydroxypyruvaldehyde : The trimer alcoholate 

of hydroxypyruvaldehyde was prepared by a method that was 

essentially that of Evans et al . 7 Anhydrous cupric acetate 

( 2 . 25 moles ; 412 . 9  g . ) in the form of a fine powder was 

s tirred into a soluti on c onta ining one mole ( 90 g . ) of di­

hydroxyacetone dissolved in 10 moles (180 ml . )  of water . 

After 7 days at room temperature the excess c opper was 

carefully precipitated by the addi tion of 225 ml . of 10% 

aqueous oxalic acid. The s olution was centrifuged and the 

supernatant reduced by evaporation at 35 ° to a small volume 

to which successive portions of ethanol were added and the 

whole reduced to dryness  at  35 ° .  The res idue was repeatedly 

evaporated from ethanol until  no trace of acid remained, and 

the c ompound was then precipitated with dry ether from ethanol 

as a flocculent whi te mas s . The solid wa s centrifuged 

and the mother liquors worked up with more ether to give 

a total yield of hydroxy-pyruvaldehyde trimer rucoholate 

of 55 . 4  g .  The compound was dried in a vacuum oven a t  

70 ° for 10 hours and gave a pale�yellow amorphous solid 

m .p . (decomp . )  160° .  Evans e t  al .  7 report m . p . 155-160 ° .  

( Found : c ,  42 . 42 ;  H ,  5 . 78 .  

C ,  42 .47 ;  H, 5 . 85%) . The hydroxypyruvaldehyde turned 

Schiffs reagent pink slowly on s tanding and yielded an 
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oxime ( hydroxymethylglyoxime ) m . p .  �30 ° .  ( Li t .
7 

reports. 

m . p .  134- 5 ° ) .  Wi th phenylhydrazine it  formed phenylglyc er­

osazone m .p .  132 ° .  ( Li t . 7 gives m .p �  132 ° ) ,  and wi th 

Q-phenylenediamine it formed the quinoxaline derivative as 

yellow crys tals m.p . 240 ° .  ( Evans et  al .
7 

report m . p e  250-1 ° ;  

Norish and Griffi ths27 report m . p .  165 ° ) . 

Hydroxypyruvaldehyde alcoholate ( 55 .4 g . ) was dissolved 

in distilled wa ter ( 300 ml . )  and warmed to 60° for 30 min-

utes to depolymerise  the compound . To this solution was 

added, with cooling, 25% ammonia solution ( 500 ml . ) . 

The resulting mixture rapidly darkened and chromatography 

indicated the rapid formation of imidazoles . 

Pa-oer chromatographic survey : Paper chromatography on What­

man No . 1 paper in n-butanol/acetic acid/water (4 : 1 : 1 ) re­

vealed imidazolic spots at Rim values 0 . 00 (red, 0 . 25 (pink ) , 

0 . 37 (pink) , O e 91 ( orange-red ) ,  1 . 20 (orange-weak) , 1 . 30 (red) 

and 1 . •  38 (red). The compounds at  0 . 91 ,  1 . 30 and 1 . 38  were 

present in highest  concentrations , the others being present 

only in trace amounts . From a paper- and thin-layer chromate-

graphic survey the compound at R1m0 . 91 was found to resemble 

4 ( 5 ) -hydroxymethylimidazol e ,  that  at i . 30 resembled 4 ( 5 )-

methylimidazole and that at 1 .37  was similar in behaviour to 

2-hydroxymethyl�4 ( 5 ) -methylimidazole . 

Separation of Components : After standing at room temperature 

for s ix weeks the mixture was evaporated in vacuo to yield 
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a dark-coloured, oily syrup (49 . 5  g . ) ,  which was dissolved 

in water ( 500 ml . )  and passed through a column containing 

P�berl ite IRC-50 ion-exchange res in ( H-form) and then 

washed with water ( 2  1 . ) .  The basic  ma terial was then 

eluted from the resin wi th 4IT ammonium hydroxide solution 

( 1 . 7 1 . )  and the solution ,  which conta ined all of the imid­

a zolic components from the original mixture ,  was evaporated 

to  a syrup ( 31 .4  g . ) .  

Examination of water eluate : On evapora tion to dryness , a 

dark-brown residue ( 15 . 5  g . ) remained . This proved to 

conta in no aldose , ketose or imidazole components and was 

not further investigated . 

Examination of ammonia eluate : The basic  fraction was extr­

ac ted with hot , dry acetone ( 10 x 100 ml . )  and on evaporation 

yi elded a syrup ( 1 . 4 g . ) which appeared to contain only those  

imida zoles with Rim values G . 9� and grea ter . 

Extraction with hot ethanol was found to be less selec tive 

in that all of the imidazolic c ompounds were extracted. 

Separa:.t ion of acetone extract : T.he syrup ( 1 . 4  g. ) was mixed 

vii th c ellulose powder , placed on top of a cellulose c olumn 

and partitioned us ing n-butanol half sa tura tea_ wi th wat er 

and containing 1% acetic acid .  Fractions of 10  ml . were 

c ollected, examined on paper chromatograms and the approp­

r iate fractions combined and evaporated. 
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(� ) 4(5)-Methylimidazole 

A fraction ( 0 . 4  g . ) ,  when examined on Whatman No . � 

paper in n-butanol/acetic acid/water (4 : 1 : 1 )  and sprayed 

with the diazo reagent , showed imidazoles at  R im 1 . 30 ( red ) , 

1 . 3 8  (red ) , and a very weak c omponent giving an orange spot 

at 2 . 00 .  The fraction was reseparated on an alumina coluron 

eluting in turn with chloroform, chloroform/pyridine ( 2 : 1 )  

and methanol .  The chloroform fractions c onta ined the fa st-

moving imidazole and a trace of the compound Rim 1 .30 . The 

chloroform/pyridine fractions were evapora ted to a syrup 

( 0 . 2  g . ) travelling to the same pos ition on chromatograms 

as 4 ( 5 ) -methylimidazole ( Rim 1 . 30 ) . A picra te was pre-

pared which crys talli z ed from water m . p .  158 ° raised to �62 ° 

on recrys tallization ,  and undepressed on admixture with an 

authentic sample of 4 ( 5 ) -methylimidazole picra te  (Pound : 

C ,  38 . 7 ; H, 3 . 3 ;  N� 22 . 5 .  

H, 2 . 9 ; N ,  22 . 5% ) . The infrared spectrum ( nuj ol ) of the 

picrate was identical to that of 4-( 5  ) -methylimidazole picrate . 

(b ) 2-Hydroxymethyl-4(5)-methylimidazole 

A ft�ther chroma tographically-homogeneous fraction 

( 0 . 05 g . ) from the methanol elua te appeared to contain the 

imidazole with Rim 1 .3 8 .  Half o f  this frac tion was taken 

up in 95% ethanol and an ethanolic  solution of picric acid 

was added. The mixture was evaporated to a small �lume 

and diethyl ether added . After s tanding for two days , 
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yellow plates s eparated ( 2  mg. ) m . p . 83 ° .  19  Komoto reports 

2-hydroxymethyl-4 ( 5 )-methyl imidazole picrate s esg_uihydrate 

m . p .  83 ° .  The rema inder of the fraction ( 0 . 025 g . ) was 

treated a t  �60 ° for three hours in glacial acetic  acid ( 2  ml . ) 
with red phosphorus (0 . 025 g . ) and hydriodic acid ( 0 . 025 g . ) . 

The result�nt· soluti on was continuously evaporated from 

water in vacuo until no further ac id remained. The res idue 

was extrac ted with absolut e  ethanol ,  filtered and spotted 

on chroma tograms . The ethanol extract was found to contain 

a compound giving a lemon-yellow colour with the diazo spray 

reagent and moving to the same position on chromatograms 

and thin-layer chromatoplates as a sample of 2 , 4 ( 5 ) -dimethyl� 

imidazole isolated from the pyruvaldehyde/ammonia mixture 

( see page 204 ) . 

( c ) 4(5 )-Hydroxymethylimidazole 

A further fraction ( 0 . 8  g . ) from the cellulose column 

was separated on an alumina column, eluting in turn with 

chloroform/methanol ( 1 : �; 250 ml . ) , methanol ( 250 ml . ) 
and methanol/water ( 1 : 1 ;  250 ml . ) . The methanol and 

methanol/water eluates gave an orange-red colour with the 

diazo spray and contained the compound with Rim 0 . 91 .  

The appropriate  fractions were evaporated to a syrup (0 . 6  g . ) 
which was dissolved in water ( 30 ml . ) , treated with picric 

acid, boiled and then allowed to cool . Yellow needles 

s eparated (0 . 25 g . ) m.p .  197 ° ,  raised to 200 ° on recrystall-
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i zation from water ( Found : C ,  37 . 1 ;  H, 3 . 0 ;  N ,  21 . 4 .  

Gale . for c10H9N5o8 : c ,  36 . 7 ;  H ,  2 . 8 ; N ,  2 1 . 4% ) ,  unde­

press ed on admixture with 4 ( 5 ) -hydroxymethylimidazole picrate . 

The infrared spec tra of the picrate and that of 4 ( 5 ) -hydroxy-

methylimidazole picrate were similar . 

Es timation of Imidazole Concentrations . - Comparison with 

dibydr.oxyacetone/ammonia . 

Two soluti ons of (a ) dihydroxyacetone ( 0 . 9  g . ; 0 . 01 

mole ) and (b ) hydroxypyruvaldehyde trimer alcoholate ( 1 . 127 g .  

contains. 0 . 01 mole of hydroxypyruvaldehyde ) were prepared 

by di ssolving each of (a ) and (b ) in concentrated a�ueous 

ammonia ( 12 . 5  ml . ) with cooling. The mixtures were allowed 

to stand in s toppered flasks for four weeks . Thin-layer 

chromatograms on alumina us ing toluene/ethanol ( 1 : 1 ) , chloro­

form/pyridine ( 2 : 1 ) and toluene/ethyl acetate/ammonia ( 1 :  

3 : 0 . 1 ) showed tha t both mixtures contained a s imilar mixture 

of imidazoles , although the hydroxypyruvaldehyde/ammonia 

mixture darkened at a much faster rate . 

After four weeks , duplicate aliRuots (0 . 1  ml . )  of each 

solution were separa ted on Whatman No . 3MM paper and 4 ( 5 )­

methyl- and 4 ( 5 )-hydroxymethylimidazoles estimated color-

imetrically as described on page 170 . The results are 

shown in Table 3; on page 99 .  
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(vi i ) The Rea�tJ�n of Diacetyl with Aqueous Ammonia . 

A solution of diacetyl (40 g . ) in absolute e thanol ( 200 

ml . )  was treated with dry ammonia for 2 hours . The ethanol 

was evaporated in vacuo to give a viscous yellow product 

( 48 ,.3 g . ) .  Paper chroma tography followed by spraying with 

dia zotised sulphanilic acid and ninhydrin showed no spots . 

A porti on of the syrup ( 2  g . ) was added to  a c olumn conta ining 

Dowex 50 res in and washed with dis tilled water ( 1  1 . ) .  Hydro-

chloric acid ( 1  1 . ; 2N) wa s then passed through the resin and 

the effluent evapora ted to dryness giving a whi te crystalline 

product ( 1 . 58 g . ) .  Recrys tallization from ethanol gave 2 , 4 , 5-

trimethylinidaz ole hydrochloride ( 1 . 0  g. ) m . p .  314 ° , ( decomp . ) .  

L • t 11 l • m . p .  316 ° .  The hydrochloride ( �. 0  g . ) was neutralized 

with 10% sodium carbonate ,  extracted with ether,  the ether 

washed, dri ed and evaporated in vacuo to give 2 , 4 , 5-trimethyl-

imidazole as  a syrup ( 0 . 5  g . ) .  A portion in a queous s o luti on 

was treated wi th saturated aqueous picric acid,  heated and 

cooled when 2 , 4 , 5-trimethyl imidazole picrate crys tallized m . p .  

162 ° .  Li t . 11 m . p .  163 ° .  ( Found : N ,  20 . 53 ;  Calc . for c1 21\3N5Q 

N,  20 . 64�'{; ) . The rema inder of the impure 2 , 4, 5-trimethylimid-

azole was di stilled at  �60 °/2 mm . to give whi te  crystals m . p . 

130 ° .  (Found : C ,  65 . 0 ; H, 9 . 2 ;  N,  2 5 . 0 .  Calc . for c61\0N2 : 

c ,  65 . 4 ;  H, 9 . 2 ;  N ,  2 5 .4% ) . Li t . 33 gives m . p .  132 . 5-�3 3 ° .  

An n . m. r .  spectrum was determined in deuterium oxide . See Fig .  

9 , page 88 . The following assignments were made : 1�9 c ./sec . 
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s 6H and 134 c ./sec . s 3H. 

A sample of the original syrup (1 g . ) from diacetyl/ 

ammonia was dissolved in absolute e thanol ( 10 ml . )  and trea t-

ed at 100 °  for 4 hours with 20 ml . of 5% potass ium permanganate . 

P�per chroma tography followed by use of a 5% ferrous sulphate  

spray indicated tha t no pyrazines were present . 
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( vi ii ) The Reaction of Acetoin w i th .Aqueous Ammonia . • 

A mixture of acetoin ( 10 g . ) dis solved in water ( 10 ml . )  

and 25% ammonia solution ( 100 ml . ) was stored in a s toppered 

flask. After a week an aliquot ( 25 ml . )  of the mixture 

was evaporated in vacuo to yi eld a syrup ( 3 . 3  g. ) .  Form-

ation of a picrate as  wi th the diacetyl-ammonia mixture 

afforded a product m .p .  157 ° .  Recrystallization from water 

gave 2 _t4 ,. 5-trimethylimidazole picrate m .p . 162 ° .  ( Found : N,  

21 . 2 ;  Calc . for c12H13N5o6 : N ,  2 1 . 6% ) . The hydrochloride 

melted at 3 12 ° .  
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( ix ) The Reaction of 1,4-Dihydroxy-2-butanone wi th Ammonia. 

Hydration of 2-Butyne-1,4-diol . 

The method followed was essentially that of Reppe�6 

A s oluti on of mercuric sulphate ( 5 g . ) dissolved in c oncen­

trated sulphuric acid (2 ml . ) was added to a s tirred aqueous 

solution of 2-butyne-1 , 4-diol ( 100 g. in � 1 .  H2o ) . The 

temperature of the solution was maintained at 15-20 ° for 

6 hours , and then at 20-30 ° for the same period.  After 

settling, the sludge (mainly mercury ) was removed and the 

aqueous solution heated at 40 ° for 60 hours to c omplete the 

addition of water to the hydroxymethylvinyl ketone . The 

resulting solutron was carefully neutralized to pH 4 . 5  wi th 

calcium carbonate , treated with charcoal,  filtered and the 

filtrate then concentrated (a t  50-60 ° and 60-70 mm. presaure ) 
to about 200 ml . Any attempt to  further concentrate this 

solution and distil  the ketone resulted in a c ons iderable  

degree of  polymerization and i solation of  a produc t which 

was ma inly 2-butyne-1 , 4-diol . The a.q_ueous soluti on cont-

ained a low concentration of 1 , 4-dihydroxy-2-butanone as 

was demons trated by isolation of a 2 , 4-dini trophenylhydra­

zone m . p .  109 ° .  (Jadot and Mull ers14 give �, 4-dihydroxy-

2-butanone 2 , 4-dini trophenylhydrazone m .p .  109 ° . ) . 

Rea.ction of 1,4-dihydroxy-2-butanone with aqueous ammonia .  

The impure solution of 1 , 4-dihydroxy-2-butanone (200 ml . ) 
was added with cooling to 2 5% ammonia soluti on ( 500 ml . ) 
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and allowed to  stand in a stoppered flask. A mixture of 

2-butyne-1 , 4-diol and ammonia in the same comparative 

conc entrations was prepared as  a control .  

Paper chroma tography on Whatman No . 1 paper using n­

butanol/acetic acid/water (4 : 1 : 1 )  as solvent , and spraying 

the air-dried chromatogram with diazoti zed sulphanilic  acid 

showed that there were no imida zolic compounds in the 2-

butyne-1 , 4-diol/ammonia mixture . The dihydroxybutanone/ 

ammonia mixture showed imidazolic  compounds forming red 

colours with the diazo reagent a t  Rim values : 0 . 00 (weak) ; 

0 . 73 (weak ) ;  0 . 99 and 2 . 10 .  

After four weeks the ammoniacal solution was evapora ted 

in vacuo and the res idue di ssolved in water . The solution 

was passed through a column conta ining Amberlite  IRC-50 

ion-exchange resin ( H-form ) which was then 'Nashed wi th dis-

tilled water ( 5 1 . ) .  These  washings were found to c onta in 

no imidazolic material . 

The basic  compounds were removed from the resin with 

4� ammoniu..m hydroxide (2 1 . ) .  The eluate was fil tered and 

evaporated in vacuo to a black syrup (20 .4 g . ) .  Chromato-

graphy showed the presence in thi s syrup of all of the imi-

dazoles from the original mixture . Ethanol extraction of 

the syrup and evaporation of the extract gave a further 

brown syrup ( 16 . 2  g . ) aga in containing the same c omponent 

imida zoles . 
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A quanti ty ( 2g. ) of the syrup was separa ted by cell-

ulose column chromatography us ing n-butanol half sa turated 

with water and conta ining 0 . 25% acetic acid. Fractions 

( 10 ml . )  were collected us ing an automatic fraction collec-

tor and examined by paper chromatography . The appropriate 

fractions \Yere combined and evaporated in vacuo . 

Fraction 1 .  Examina tion of compound with Rim 2 . • 10 : 

Fraction 1 was evaporated to a dark-brown syrup (0  •. 4 g . ) 

which was taken up in absolute ethanol,  boiled with char-

coal , filtered and evaporated to a syrup ( 0 . 23 g . ) .  Thi s 

was dissolved in chloroform/pyridine ( 1 : 2 ) and passed through 

an alumina coltwn . The eluate  gave a yellow-brown syrup 

( 0 . 1  g . ) whi ch was soluble in chloroform and gave a red 

colour with diazotised sulphanilic  acid.  Both infrared 

and n . m . r .  spectra indicated a highly impure sample .  It  

was not poss ible to obtain a crystalline derivative of this 

compound. 

Fraction 2 .  Examination of compound with R -�0�·�9�9 : I m 
A further fraction from the cellulose column ( 0 . 35 g . ) was 

purified by alumina column chromatography us ing chloroform/ 

methanol ( 1 : 1 ) as eluant , and then again by pas sage through 

a cellulose c olumn as before . The resultant syrup ( 0 . 12 g . ) 

contained an imidazolic compound chromatographically resemb-

ling 4 ( 5 ) - ( 2-hydroxyethyl ) imidazole prepared by the action 

of ni trous acid on histamine ( See page 158 ) .  When a sol-
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uti on of the syrup in ethanol/ether ( � : 1 )  wa s treated with a 

saturated aqueous s oluti on of picric acid and allowed to  

evaporate in the air, a. small quantity ( c .  a.  3 mg . ) of a pie-

rate m .p .  134-8 ° was obta ined. Recrystalli zation failed 

to raise the melting point . Komoto1 9  gives 4 ( 5 ) - ( 2-hydroxy-

e thyl ) imidazole picrate m .p .  144 ° .  The infrared spectrum 

of  the syrup ( film ) showed few features other than a broad 

-1  band at 3400 cm. 

The other minor frac tions which appeared to contain 

imidazoles were not further investigated.  
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(x ) The Reaction of L-Arabinose with Aqueous P�monia . 

A soluti on of L-arabinose ( 125 g . ) in wa ter ( 1  1 . ) 

was treated wi th 25% ammonia solution ( 500 ml . ) and s tored 

in a s toppered flask for s ix weeks . Chromatography on 

Whatman N� � paper in n-butanol/acetic acid/water (4 : 1 : 1 ) 
showed that the mixture contained a very c omplex pattern 

of imidazoles ( Rim 0 . 00-2 . 70 ) . The dark brown aQueous 

solution was continuously extracted with chloroform for 

three vveeks . The chloroform extracts were combined, 

dri ed with anhydrous s odium sulphate , and then evaporated 

to a syrup ( 10 . 2  g . ) which contained Pauly-po s i t ive compounds 

with Rim values 1 . 19 (pink ) , 1 . 26 (red ) , 1 . 41 ( yellow ) and 

1 . 46 ( orange ) . A portion (1 . 5  g. ) of the syrup was fraction­

a ted on a cellulose coluEn us ing n-butanol half-satura ted 

with water and conta ining 0 . 25% acetic acid.  The effluent 

from the column was examined by paper chroma tography and the 

appropria te fractions combined . The fraction c ontaining 

the c ompound giving a red colour with diazotised sulphanilic 

acid at  Rim 1 . 26 was evaporated to a syrup ( 0 . 2  g . ) in vacuo , 

boiled with chaPcoal , filtered, treated with concentra ted 

aqueous picric acid,  concentrated and cooled giving chunky 

orange crys tals ( 10 mg. ) m . p .  157 ° .  (raised to  159 ° on re­

crystallization ,  undepress ed on admixture with 4 ( 5 ) -methyl­

imidazole picrate ) . 
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( xi ) React i ons of Carbohydrates  and a Number of Their Alkaline 

Degradation Products with Aqueous Aw�onia . 

(a ) Study of the Imidazoles Formed and their Orders of 

Forma tion . - Duplicate samples of glyoxal,  glycolaldehyde , 

dihydroxyac etone , glyceraldehyde , pyruvaldehyde ,  hydroxy-

. pyruvaldehyde , D-erythros e ,  L-arabinose ,  D-ribose ,  D-xylose , 

D-lyxose ,  D-mannose , D-gluc os e ,  D-galactose,  D-fructos e ,  

L-s orbose ,  D-tagatose ,  L-rhamnose ( 6-desoxy-L-mannose ) ,  

L-fucose ( 6-desoxy-L-galactose ) ,  2-desoxy-D-gluco s e ,  D-glu­

cosamine hydrochloride , galactosamine hydrochloride , sucrose ,  

maltose , lactose ,  D-cellobiose , genti obiose and D-melibiose 

(1  mole ) were treated at room t emperature with concentrated 

ammonium hydroxide ( 3  moles ) .  Raffinose , D-melez itose ,  

amylose ( from potato starch ) ,  amylopectin (from potato s tarch ) 

and s tarch ( soluble ) were s imilarly treated in the ratio  of 

0 . 9  g. of carbohydrate to 1 . 5  ml . of 25% ammonia s oluti on .  

The reaction mixtures were cooled where necessary, and then 

s tored in tightly-stoppered glass  containers . Us ing a 

platinum loop (which was cleaned by flaming with a bunsen 

burner ) spots of roughly equal size  were appli ed to sheets· 

of Whatman No . 3MM chromatography paper at one minute inter­

vals for ten minutes , hourly for four hours , and then s ix­

hourly for about 212 hours . After the first  hour of reaction 

the dupli cate mixture . was employed for all further samples . 

After the period at room temperature the mixtures were heated 
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at 75 ° for six  hours , and then at 110 ° for eighteen hours . 

Samples were taken hourly for the first twelve hours of this 

hea ting period,  and then finally at the end of the 24 

hours . ��rker spots cons isting of imidazole , 4 ( 5 ) ­

methylimidazole , 4 ( 5 ) -hydroxyme thylimidazole , 2-hydroxy­

methyl-4 ( 5 ) -methylimidazole , 4 ( 5 ) - ( 2-hydroxyethyl ) imida zole 

and 2 , 4 ( 5 ) -dimethylimidazole were run concurrently on the 

appropriate sheets of chromatography paper . After develop­

ment overni ght in n-butanol/glac ial acetic acid/water 

( 4 : 1 : 1 )  the chromatograms were allowed to dry in the air  

before being sprayed with alkal ine diazoti sed sulphanilic 

acid to locate the imidazolic compou_nds . 

Results are lis ted in Table 4 on page 1 12 . 

(b ) A Study of the Imidazole Patterns Obta ined from the 

Aqueous Ammoniacal Soluti ons of Reducing :Oisaccharides : Mal­

tose ,:lactos e ,  melibiose , cellob i os e , iarhinari b:i,_o.s.e-- antt �Qp};).orose 

( 70 mg. quanti ties ) in s top�ered vials were s eparately treated 

with ammonia solution ( 0 . 6  ml . ) .  The latter two di sacchar­

ides were obtained from Dr . R. Ba iley, Plant Chemis try 

Division, D . S . I  .. R . ,  Palmerston North. Samples of each 

mixture were chromatographed, as in the previ ous section,  

at  the end of the 42 hour peri od . Imidazole ,  4 ( 5 ) -methyl­

imidazole and a glucose/ammonia mixture were run c oncurrently 

as  markers . Reaction was then continued at 75 ° for a 

further s ix hours , samples being taken hourly . The results 

obtained from the sprayed chromatograms are shown in Plate I ,  
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IV DEVELOPMENT OF A MICRWECirniQUE FOR LINKAGE DETERMINATION 

IN HEXOSE DISACCHARIDES BY IMIDAZOLE FOR1�TION . 

Small quantities ( ea.  1 mg . ) of s ophoros e ,  lammaribiose 

( from the partial hydrolys i s  of laminarin) ,  turanose ,  lactose , 

mal to s e ,  cellobios e ,  lac·tulose ,  mal tulose,  melibiose , 

genti obiose ,  isomaltos e ,  i sornaltulose , glucosyl-1-1-fructose , 

trehalose , sucrose ,  leucros e ,  melibiitol , �-rnethylrnalto s ide, 

xylobiose ,  di- and trigalacturonic acids were treated with 

a queous ammonia ( 0 . 1  ml . )  in a sealed container at  110 ° .  

Samples were taken hourly and chromatographed a s  described 

on page 223·, showing that the optimum time of imidazole 

formation was 3 hours . The Rim values of the imidazoles 

produced from most  of these  mixtures are summarised on page. 

132 ,  Table 5 .  See also Plates 2 and a ,  pages 133 and 133A. 

The standardised procedure for linkage-determination 

was formulated as follows : - To the carbohydrate ( 0 . 1- 1  mg. )  

in a glass  capillary tube i s  added 25% ammonium hydroxide 

( ea .  0 . 1  ml . ) , the tube i s  s ealed and hea ted ( 3  hours ) at 

A small spot of the brown reaction product ( 1-2 �1 ) 
is  developed overnight on Whatman No . 3MM paper using n­

butanol/glacial acetic acid/wa ter (4 : 1 : 1 )  as  solvent . 

The thoroughly air-dried chromatogram is then sprayed with 

the dia zo reagent to locate the positions of the imidazoles . 

Ammoniacal solutions of kno�v.n disaccharides should be run 

concurrently as markers . 
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Application o� the technique to  linkage determination in 

homogeneously linked oligosaccharides . 

A time s tudy was carried out , as  in the previ ous s ection ,  

on heated ammoniacal soluti ons o� cellotriose ,  the malto­

dextrin series*  (up to degree of polymerization = 8 )  and 
* *  

the isomaltodextrin series (up to D . P .  = 9 )  (All o� these 

oligosaccharides were kindly donated by Dr . R .Vl .  Bailey ,  

Plant Chemis try Division, D . S . I .R . ,  Palmerston North ) . 

The corresponding relatively straight chain polysaccharides , 

amylose ( maltodex.trin seri es ) and dextran ( isomaltose series ) 

were s imilarly tes ted, but under more prolonged periods of 

heating (up to 24 hours ) .  The results obtained are listed 

in Table 6 ,  page 134 . 

* obtained from the partial hydrolysi s  of amylose  

�� * obta ined from the partial hydrolys is of  dextran . 
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APPENDIX 

SPECTROSCOPY OF IMIDAZ OLES . 

(a ) Ultravi o l e t  Ab sorpt i on Spe c tra . -

Al though imida z ol ethi ones and imida z o l e s  in whi c h  the 

r ing i s  c on j uga ted w i th a carbonyl group show s e l e c t ive absorp-

t i on in the ultrav i o l e t  region ,  s imple imida z o l e s  fa i l  to 

exhibi t  such s el e c t ive absorpt i on ,
2 ' 5 

except for s ome abs orp­

t i on a ttributed to cyc l i c  exc i ta t i on in the range 200-2. m� .
7 

(b ) Infrared Spec tra . -

A numb er o f  workers
1

'
4

' 6
'

9 ' 13 
have s tudi e d  t he infra-

red spec tra of imida zo l e s . The i r  results indi c a t e  very 

marked a s s o c ia t i on thr ough hydr o gen b onding . Garfinkel 

and Eds a 1 1
4 

have made a deta i l ed s tudy of the infrared spectra 

of imida zole , the imida z o l ium i on ,  4 ( 5 ) -me thyl i mida z o l e  and 

hi s t i dine , but were unab l e  to a s s i gn a l l  of the peaks . 

Dur ing the pres ent pro j ec t , infrared s pec tros c opy was 

used ma inly a s  a "finger-print ing" t o o l , a l though it o c c a s -

i ona lly proved us eful in s truc tural work. A c o l l e c t i on of 

line spec tra ob ta ined for a range of imida z ol e s  is inc luded 

for referenc e purpos e s . 

( c ) Pro t on I>liagne t i c  Res onanc e Spe c tra . -

Dur ing thi s  r e s earch pr o j ec t  extens ive us e wa s made o f  

nuc l ea r  magne tic res onance s pe c tr o s c opy . As yet t he l i t-

era ture dea l ing w i th this t op i c  i s  not extens ive , only the 
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s impler sub s t i tuted imida zo l es having been s tud i ed .
3

' S , lO , ll , l2 , j 

.Solub i l i ty of the c omp ounds :p o s es s ome prob lems a s  mos t  c ommon 

imida z ol e s  are rather ins o lub l e  in non-polar s o lvents , and there-

.fore it wa s often no t po s s ib l e  to c ompare spec tra in deutero-

chloroform w i th tho s e  in deuterium oxide . Reddy and h i s  c o ­

workers
1 1  

have overcome thi s d i ffi culty t o  s ome extent b y  

c onvert ing imida z oles to N-a c e tyl deriva tives whi c h  a r e  rea d-
,. 

i ly s o lubl e  in mixture s  of deuterochloroform and dimethyl-

sulphoxide . 

The n . m . r .  spec trum of the non- exchanging pro t ons of 

imida z o l e  cons i s t s o f  two peaks in the ra t i o  1 : 2  w i th c hemic-

a l  shi f t s  of 462 c ./s e c . and 427 c ./sec . respe c t ively from 

te trame thyl s i lane . The l ow f i eld peak can b e  a s s i gned to 

the 2- H and the hi gh fi eld peak to the equiva l ent 4- and 

5-H ' s .
ll 

A number o f  pro ton ma gnetic res onance spec tra o f  

imida zo l e s  have b e en included i n  the t ext o f  thi s the s i s . 
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