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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 . 



( iv )  

TABLE OF CONTENTS 

ABSTRACT 

INTRODUC'l'ION 

I .  The Chemistry of the Imidazoles 
I I .  The Alkaline Degradation of Carbohydrates 

III . The Reaction of Ammonia with Carbonyl Compounds 
IV. The Interacti on of Other Hi trogenous Bases with 

Sugars and their Fiss i on Products 
References 

RESULTS AlfD DISCUSSION 

I .  The Chromatography of Imidazoles 
I I .  Separation and Quanti ta tive Determination 

of Imidazoles, 
III . Reaction of a-Dicarbonyl and a-Hydroxycarbonyl 

Compounds with Aqueous Ammonia i) Formaldehyde/a�monia 
ii ) Glyoxal/aw .. monia 
i i i ) Glycolaldehyde/a��onia 
iv ) DL-Glyceraldehyde/ammonia 
v) Pyruvaldehyde/ammonia 
vi ) Hydroxypyruvaldehyde/ammonia lvi i )  Diacetyl/ammonia 
vi ii)  Acetoin/ammonia 
ix ) 1 , 4-Dihydroxy-2-butanone/ammonia 

(x )  L-.�abinose/ammonia 
( xi ) Reactions of Carbohydrates and Some Degrad­

ation Produc ts wi th Ammonia 
IV. Linkage Identification in Hexose Disaccharides 

by Formation of Imidazoles 

Future projec ts 
References 

EXPERIMENTAL 

( i ) 

1 

4 
\ 10 

17 

32 
38 

43 

51 

55 
55 
56 
64 
69 
85 
95 

103 
105 
106 
110 

127 

143 
144 

149 

Ia. Synthes is of Imidazoles 150 
Ib . Chromatography of Imidazoles 166 

I I .  Separation and Quanti tative Determination 
of Imidazoles 168 

I I I . The Reaction of a-Dicarbonyl and a-Hydroxycarbon-
yl Compounds wi th Aqueous Ammonia 180 

( i) Formaldehyde/aw�onia 180 
( i i )  Glyoxal/ammonia 181 



(v ) 

( i i i ) Glyc olaldehyde/ammonia 184 
( iv ) DL- Glyc era ldehyde/ammonia 1 8 7  
(v ) Pyruvaldehyde/ammonia 1 98 
(v i ) Hydroxypyruva lde hyde/a mmonia 208 
( v i i ) Diac e tyl/a mmonia 2 14 
( vi i i ) Ac e to in/a m monia 2 16 
( i x ) 1 , 4- Di hydroxy-2-butanone/a mmonia 21 7  
( x ) L-Arab ino s e/a mmonia 2 2 1_ 
( xi ) Rea c t i ons o f  Carbo hydra t e s  w i t h  -�mmonia ( Survey) 222 
IV. Ivii cro t e c J:uli que for Linka ge Determina t i on in 

Reduc ing Hexo s e  Di s a c c harides 
References 

APPENDIX- Spec tros copy of Imi da z oles 

224 
226 

229 



(vi ) 

LIST OF TABLES 

INTRODUCTION TABLES 

�. Imidazoles f'rom Carbohydrate/ammonia Mixtures 25-6 
2. Pyra zine and Pyridine Derivatives f'rom Sugar/ 

ammonia Mixtures 28 

RESULTS A.liD DISCUSSION TABLES 

C� Chromatographic Da ta f'or Imidazoles on Paper 45 
C2 11 11 11 on Cellulose  TLC 47 C3 tt 11 11 on Silica & Alumina 

TLC 48 
1 .  Sugars pres ent in Glyceraldehyde/aw�onia mixtu�e 71 
2. Yields of 4 ( 5 ) -Liethylimidazole f'rom Pyruvaldehyde 

under vari ous conditions 92 
3. Yi elds of Imidazoles f'rom Hydroxypyruvaldehyde and 

Dihydroxyac etone in Arnmoniacal Solutions 9 9  
4 .  Time Study of Reactions between Carbohydrates 

and Aw�onia 1 12-7 
5. Rim values of major imidazolic products from 

reduc ing hexose disaccharides w ith ammonia 132 
6 .  Times of appearance of characteri s tic imidazole 

patterns from maltodextrin and i somaltodextrin 
seri es wi th ammonia 134 

EXPERIMENTAL TABLES 

El Rim values of imida zoles on No . 3MT"� paper 170 

E2 Optimum reading times , wavelengths of maxima and 
absorbances at A

max and 1\
480 172 

E3 Replicate determina tions of abs orbances 174 
E4 Recoveries of imidazoles from Whatman No . 3MM 

paper 177 
E5 Rf' values and colour reactions of products from 

Glyceraldehyde/awJnonia 187 
E6 Chromatographic data for pyruvaldehyde/ammonia 

mixture 199 



(vii) 

LIST OF FIGURES Al'ill PLATES 

Chromatogram showing Imidazoles from Pyruv­
aldehyde, Hydroxypyruvaldehyde, Glycer­
aldehyde and Dihydroxyacetone in .�mon-
iacal Solution. Frontispiece 

RESULTS AND DISCUSSION FIGURES 

Cl �To-dimensional T . L .C . of imidazoles 
on alumina 50 

1. IR spectrum of glycosine before 57 
2. IR spectra of imidazole and compound 

(Rim 1.00) from Glycolaldehyde/aE,monia before 64 

3. IR spectra of 1-benzylimidazole and 
1-benzyl-2-hydroxymethylimidazole before 65 

4 .  Browning of Glyceraldehyde in ammonia at 37° before 69 
5. IR spectra of picrates of : 

(i) 2-methyl-4(5)-hydroxymethylimidazole 
(ii) comp m .. md (RI 1.37) from glyceraldehyde/ . m ammonJ.a 
( iii) 2-hyclroxymethyl-4 ( 5 )-methylimidazoJ.e before 73 

6 .  p.m.r. spectrum (D20) of 4(5)-hydroxy-
methylimidazole 80 

7. Rate of formation of imidazoles from 
glyceraldehyde/ammonia 83 

8. IR spectrum of 2-acetyl-4(5)-methylimidazole before 87 
9. p.m.r. spectra of 2,4,5-trimethylimidazole 

{ D
2 0) , 4(5)-methylimidazole and 2-acetyl-

4(5)-methylimidazole (CDC1
3 

and D
2

0) before 88 

10. IR spectra of picrates of 2,4(5)­
cUmethJrlimidazole and compound (R1 

1 .  57) 
from pyruvaldehyde/an�onia 

m before 91 
11. IR spectra of picrates of 4(5)-methyl­

imidazole and compound (R
I 

�.29) from 
pyruvaldehyde/ammonia m 

before 92 

PLATES 

1. Imidazole patterns from disaccharides and an�onia 130 
2 and 3. Imidazole patterns from substituted 

glycosides and ammonia �33 & 133A 

EXPERIMENTAL PIGURES 

1. Standard curves for analysis of imidazoles before 171 
2. Reproducibility experiment 173 
3. Absorption spectra for imidazoles with 

diazotised sulphanilic acid before 175 



( vi i i ) 
PIGURES 
4. Ab s o r pt i on spe c t i'a for imi daz o l e s  -vvi th di az o 

p-t o l ui dine 
5 .  S t an dar d c urves w i th diaz o p- t o l ui dine 6. " 11 t1 11 p-bro mo ani 1 ine 
7 • 1 1  1 1  u " r r  o f  

imi d az o l es el ut e d  fr om Wha tman Ho . 3I�Eit :paper 

APPEliD I X  

Line IR spe c t r a  o f  imi daz o l e s  

b e fore 178 
b e fore 178 
b e fore 179 

b e fore 179 

b e fore 230 


