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Abstract - 2 - H y d r o x y m e t h y l - 4 - m e t h y l i m i d a z o l e ( g )  and 

2 , 5 - b i s ( h y d 1 0 ~ y m e t h y l ) - 4 - m e t h y l i m i d a z o l e ( ~ )  have been 

synthesized and characterized. No reaction on the 

hydroxymethyl moieties in position 2 of these com- 

pounds could be observed with cysteamine under usual 

reaction conditions. The hydroxymethyl group in posi- 

tion 5 of compound a does react with cysteamine to give 
a n  intermediate leading to - Sb and to cirnetidine analogue c. 

Cimetidine (&), one of the best H -receptor antagonist for histamine has achieved 2 
1 

a n  important position in the therapy of gastric ulcer . Several processes are 
knairn for its preparation2, but it is the procedure starting from la, which i s  

the most useful' among them. 

Aiming at the synthesis of this type of compounds for pharmacological testing 

we have attempted to build up the cimetidine regioisomer & and an analogue 

bearing two cimetidine side chains in the positions 2 and 5 af  the imidazole ring 

starting from g and 2, respectively. There are two short communications in the 

literature by Grimmet et a1.4 and by  orn no to^ for the synthesis of a from glycolic 
4 

aldehyde, methylglyoxal in aqueous ammonium acetate5 or aqueous ammonia solution , 

respectively, but neither of the procedures proved to be suitable for synthetic 

purposes, because of the very low yields (about 2%) and because both procedures 

supply the title compound only in rng scale and in the picrate form. 

Data of the free base have been missing until now. 
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SCH2CH2NHCNHCH3(c) 

S t a r t i n g  f r o m  m e t h y l g l y o x a l ,  g l y c o l i c  a l d e h y d e  and ammonia i n  d r y  e t h a n o l  we s u c -  

ceeded  i n  w o r k i n g  o u t  a new me thod  f o r  t h e  s y n t h e s i s  o f  a w i t h  s a t i s f a c t o r y  y i e l d  

( 3 5 % ) .  The compound i s  o b t a i n e d  by  s i m p l e  wash ing  up p r o c e d u r e s  i n  a n a l i t i c a l l y  

c l e a n  f o r m  as a  base  and  c h a r a c t e r i z e d  by  a n a l y t i c a l  and s p e c t r o s c o p i c  me thods .  

No p r o b l e m  o f  t h e  s c a l i n g  up o f  t h e  p r o c e d u r e  has  a r i s e n  e v e n  i n t o  h u n d r e d  g r a m  

q u a n t i t i e s .  

M e t h y l g l y o x a l  and  g l y c o l i c  a l d e h y d e  r e q u i r e d  t o  t h e  s y n t h e s i s  w e r e  made by  

7 u s i n g  t h e  method o f  R i l e y  e t  a 1 . 6  and F i s c h e r  e t  a 1  , r e s p e c t i v e l y .  To o u r  b i g  

s u r p r i s e  howeve r ,  r e a c t i o n  be tween  2 - h y d r o x y m e t h y l - 4 - m e t h y l i m i d a z o l e ( ~ )  and 

8 c y s t e a r n i n e  h y d r o c h l o r i d e  c o u l d  n o t  b e  f o r c e d  o u t  unde r  u s u a l  r e a c t i o n  cond i t ions  , 

s o  p r e p a r a t i o n  o f  c i m e t i d i n e  r e g i o i s o m e r  has  n o t  been a c c o m p l i s h e d .  F o r  t h e  

s y n t h e s i s  o f  t h e  o t h e r  c i m e t i d i n e  a n a l o g u e  p l a n n e d  t o  s y n t h e t i s e ,  t h e  

b i s ( h y d r o x y m e t h y 1 ) - i m i d a z o l e  d e r i v a t i v e  & was r e q u i r e d .  D i r e c t  b i s c h i d r o x y -  

m e t h y l a t i o n )  o f  4 - m e t h y l i m i d a z o l e  by  p a r a f o r m a l d e h y d e  c o u l d  n o t  be e f f e c t e d ;  

t h e  b i s ( h y d r o x y r n e t h y 1 )  compound was o b s e r v e d  t o  be f o r m e d  o n l y  i n  a v e r y  l o w  

y i e l d  even  a f t e r  l o n g  r e a c t i o n  t i m e  and  a t  h i g h e r  t e m p e r a t u r e .  Nor  was succesful  

t h e  r e a c t i o n  o f  5 - h y d r o x y m e t h y l - 4 - m e t h y l i m i d a z o l e  w i t h  p a r a f o r m a l d e h y d e  i n  

aqueous a l c o h o l i c  p o t a s s i u m  h y d r o x i d e ;  t h e  r a t e  o f  t h e  h y d r o x y m e t h y l a t i o n  i n  

p o s i t i o n  2  o f  t h e  i m i d a r o l e  r i n g  was f o u n d  t o  b e  v e r y  s m a l l ,  n o t  s a t i s f a c t o r y  

f o r  p r e p a r a t i v e  p u r p o s e s .  B u t  b i s ( h y d r o x y m e t h y 1 )  d e r i v a t i v e  a has  been obtained 

e a s i l y  f r o m  u n d e r  t h e  u s u a l  r e a c t i o n  c o n d i t i o n s  and c h a r a c t e r i z e d  by  

e l e m e n t a l  a n a l y s i s ,  'H - and " c -n .m . r .  s p e c t r a .  
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Compound & was refluxed with two moles of cysteamine hydrochloride in acetic acid 

solution till 2 disappeared from the solution (15 h, i ~ ~ : ~ o l y g r a m ~  Sil G / U V  254, 

diethyl ether: methyl alcohol : 1:l). The product was isolated after the evapora- 

tion and got rid of the traces of the solvent by areotropic distillation with 

dioxane. The residue w a s  dissolved in water, and after neutralization by sodium 

carbonate two moles of carbonimidothioic acid cyanodimethyl ester was added. The 

product was crystallized overnight at O'C with excellent yield. The analytical, 

'H- and 13~-n.m.r. data showed, that it was only the 5-hydroxymethly group which 

entered into reaction with cysteamine hydrochloride and subsequently with carbonic 

acid derivative to give compound z. Hydroxymethyl group in position 2 remained 
unchanged showing again, that not only imidarole nucleus, but also the reactive 

center of the substituent in that position are unreactive compared to position 5. 

Reaction of 2 with a q u e o u s  methylamine resulted in formation of 2-hydroxymethyl 

derivative of cirnetidine in 78% yield. Analytical and spectroscopic data are 

in good agreement with the proposed structure. 

EXPERIMENTAL 

2-Hydroxymethyl-4-methylimidazole(2a) 

Dry methylglyoxal 7.29(100 mmol) and 6.09(100 mmol) of dry glycolic aldehyde 

were dissolved in 50 ml of absolute ethanol at 40'~. Absolute ethanol ( 5 0  ml) 

saturated with ammonia was  dropped into the a b o v e  solution for 10 rnin and then 

amrnonla was  led into the mixture at 40'~ for 5 h. The ammonia was absorbed fast 

at the beginning with slightly exothermic reaction. The mixture was stored in 

refrigerator for overnight, filtered, the filtrate evaporated in v a c u o .  The 

residue crystallized in deep-freezer. The crystals were slurried in dry acetone, 

filtered off, washed with cold acetone and diethyl ether, and dried. Yield: 3.9 9 

(35%); np 120-122'~; Anal. calc. for C5H8N20: C,53.57;H,7.14;N,25.00. Found: 

1 C,53.72;H,6.85;N,24.92. H-n.m.r. (COC13-DMSO-d6,&): 2 . 1 3 ( s , 3 H , C H 3 ) ; 4 . 4 6 ( s , 2 H ,  

CH2 );6.53(s,lH,CH);5.95(br,NH and OH). 

2,5-8is(hydrouymethy1)2,5-8iso4-methylimidarole(4-methylimida~~1e(3a~ 

2-Hydroxymethyl-4-rnethylimida~ole(ll.2~, 100 mrnol) was  added to 2.89 (50 mmol) 

of potassium hydroxide in 100 ml of water under stirring. A brown solution was 

obtained in 30 rnin. Paraformaldehyde(3.3~, 100 mrnol) was then added in small 

portions at ambient temperature, stirred for 5 h and stored in refrigerator for 

overnight. The solution was made acidic (pH=>) by means of hydrochloric acid 



and evaporated in vacuo .  The residue was extracted with boiling absolute ethanol 

(1x50 ml), the ethanol removed in vacuo .  The residue was dissolved in 50 rnl of 

water and the pH adjusted to 8 by means of saturated sodium carbonate. The solution 

evaporated in vacuo, the residue extracted with boiling absolute ethanol (3x50 ml) 

in the presence of charcoal, the mixture filtered and the alcohol removed in vacuo 

till the beginning of crystallization. The mixture was  stored in refrigerator 

overnight. The crystallized product was filtered off, washed with cold ethanol and 

dried in desicator in vacuo over dried calcium chloride. Yield: 8.5(60%); 

mp 148-150'~; Anal. calc. for C6Hl0N2O2: C,50.10;H,7.00;N,19.70. Found: C,49.81; 

H,7.10;N,19.53. 1~-n.m.r.(OM50-d6,6): 2 . 0 8 ( s , 3 H , C H 3 ) ; 4 . 2 5 ( s , 2 H , C H 2 0 ) ; 4 . 3 2 ( ~ , 2 H ,  

CHp);4,8(br,lH,OH); 5.1(br,lH,OH);11.7(br,lH,NH) ppm. 13~-n.m.r.(OM50-d6): 

146.1(C2);126.9(C4);111.4 (C5);56.9(C6);10.7(C7);54.7(CO) ppm. 

N-Cyano-5-methyl-N(Z((2-hydroxymethyl-4 -(methyl-IH-imidazole-5-y1)methyl)thio) 

ethyl)thiourea(lb) 

2 , 5 - B i s ( h y d r o x y m e t h y 1 ~ 4 - m e t h y l i m i d a z o l e ( 7 l g ,  50 mrnol) and cystearnine hydro- 

chloride(ll.36g, 100 rnrnol) were  refluxed in 25 ml of acetic acid for 15 h. After 

evaporation in vacuo by azeotropic distillation with dioxane, the remaining solid 

was  treated with 15 ml of water and charchoal, and the mixture was  stirred for 

15 min and filtered. Sodium carbonate(8g) was added. The reaction mixture was  

added to carbonimidothioic acid cyanodimethyl ester(l4.6g, 100 rnrnol) in 5 0  rnl of 

absolute ethanol and stirred for 2 h at 30-80°c. The reaction mixture was  

allowed to stand overnight at 0'~. The precipitated product was  filtered off, 

washed with cold water and dried. Yield: 12.59(79%); mp 16B0c. Anal. calc. for 

1 CllHI7N5OS2.H20: C,40.00;H,5.48;N,23.60. Found: C,40.26;H,5.65;N,23.48. H-n.m.r. 

(OMSO-d6 , 6 ) :2 .O9(s ,3H,CH, ) ;2 .58 (s ,3H,SCH3) ;4 .34 (s ,2H,OCH2 );3.62(s,2H,5CH2);2.61 

and 3.48( t ,2 -2H,SCHi-CH2N);5 .38 and 10.OO(br,2H, 2xNH) ppm. I3c-n.m.r. (OMSO-d6): 

145.7(C2);125.2(C4);129.5(C5);56.7(C6);9.6(C7);26.5(C8);29.4(C9);42.8(C10);169.8(C11) 

115.O(CN);13.9(S-Me) ppm. 
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HO -CH, CH2-5-CH,-CH2-NH-C-SCH, 
6 a II 

H NCN 

2-Hydroxymethyl-cimetidine(3c) 

Compound 3 . 2 9 ( 1 0 0  mrnol) and  40% m e t h y l a m i n e ( 3 . 6  m l )  i n  1 0  m l  o f  w a t e r  was stir- 

r e d  f o r  3  h  a t  6 0 @ ~ ,  t h e  pH a d j u s t e d  t o  6 -6 ,5  b y  a c e t i c  a c i d  a t  3 5 ' ~ ,  t h e  mixture 

was t r e a t e d  w i t h  c h a r c h o a l  and  f i l t e r e d .  The s o l u t i o n  was made a l k a l i n e  (pH=lO) 

b y  c o n c e n t r a t e d  ammonia s o l u t i o n ,  c o o l e d  and  s t i r r e d  f o r  1 h  a t  D O C .  The  

p r e c i p i t a t e d  p r o d u c t  was f i l t e r e d  o f f ,  washed w i t h  c o l d  w a t e r  and  d r i e d .  Y i e l d :  

2 .2g(78%) ;mp 1 5 0 ° c ( f r o m  p r o p a n o l - 2 ) .  A n a l .  c a l c .  f o r  C11H16N50S: C,46.80;H,6.38; 

N ,29 .78 .  Found :  C ,46 .7B ;H ,7 .01 ;N ,29 .78 .  l ~ - n . r n . r .  ( C D C 1 3 + 0 M S O - d 6 , & ) : ~ ~ ~ ~ 2 ~ ~ 2 ~ , 6 . 8  

(br,lH,NH);3.33(q,2H,CH2)i2.60(t,2H,CH2);NHCH3,3.74(d,3H,CH3);7.O(br,lH,NH); 

A r C H 2 S , 3 . 6 1 ( s , 2 H , C ~ 2 )  ;CH20 ,4 .41 (s ,2H)  ; A r C H , 2 l 2 , H , C H 3 ; O H 5 . l - 4 b l H  ppm. 
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