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Abstract---3-Methylthio-2- ( 3 ' ,  4', 5'-trimethoxy- 

benzy1)acrylonitrile (6) derived from 3,4,5-trimethoxy- 

phenylacetaldehyde ( 2 )  in a four step sequence was 

utilized as a new three carbon unit of trimethoprim (1) 

Trirnethoprim, 2.4-diamino-5- (3', 4 ' ,  5'-trimethoxybenzyl) pyrimidine (I) is a 

potent and selective inhibitor of bacterial dihydrofolate, the enzyme 

Id.' responsible for the NADPH-dependent reduction of 7,8-dihydrofolate. It is 

used solely, or in combination with sulfarnethoxazole, to treat a wide range 

of bacterial infections in humans.ld" Since 1962, a variety of synthetic 

routes to trimethoprim (1) am3 its analogue for the structure activity 

relationships have Of synthetic strategies, the condensation of 

either the cinnamonitriles2 or the enaminonitriles3 with guanidine is well 

known as the most widely applicable method offering direct entry into the 

2,4-diaminopyrimidine nucleus. 



1120 HETEROCYCLES, Vol. 38, No. 5.1994 

CHO j MeOv Me0 - Me0 ",FSM~ Me0 

OMe OMe OMe 

(2) (3) (4) 

Scheme 1. i . Ph3PtCH2SMe c i ,  n-BUL~, O'C, ii : DMF, POCI,. 
iii . NH,OH . HCI, AcONa, IV : Ac20, reflux, 
v , guanidine . HCI. EtONa, reflux 

We aimed a synthesis of trimethoprim (1) using 3 - m e t h y l t h i o - 2 - ( 3 ' , 4 ' , 5 ' -  

trimethoxybenzy1)acrylonitrile (6) as a new three carbon unit of 2,4- 

diaminopyrimidine ring. For the preparation of the new precursor ( 6 ) ,  we 

started from 3,4,5-trimethoxyphenylacetaldehyde (2) . 6  Wittig reaction of 2 '  

with methylthiomethylenetriphenylphosphorane gave a E/Z mixture of the 

vinyl sulfide (3) (99.5%) . Subsequent treatment of 3 with freshly prepared 

Vilsmeier reagent at room temperature afforded the 3-methylthioacrolein (4) 

(73.6%) in a similar result as a previous work.'" The reaction of 4 with 

hydroxylamine at ambient temperature followed by heating in acetic 

anhydride provided the desired acrylonitrile (6), a new precursor, in 93.5% 

yield from 4 .  Finally, the condensation of the acrylonitrile (6) with 

excess guanidine in refluxing ethanol gave trimethoprim (1) in 90.4% yield 

(Scheme I), whose nmr spectrum and physical data were identical with those 

20 in the literature. Thus, the methylthio group of the precursor ( 6 )  worked 

well as a leaving group to form a 2,4-diaminopyrimidine ring. Although, our 
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2-5 
sequence was more lengthy than that of the previous reports, the overall 

yield was 61.9%, whose result was almost same in the comparison with that 

of the recent improved method (61% overall yield) ." 

EXPERIMENTAL SECTION 

Melting points were determined on a Yanagimoto micro melting point 

apparatus and are uncorrected. Infrared (Ir) spectra were measured with a 

Shimadzu FTIR-8500 spectrophotometer. Proton nuclear magnetic resonance 

('~-~mr) spectra were taken with JEOL PMX60Si and JEOL-A400 spectrometers 

with SiMe, as an internal standard. Mass (Ms) spectra were recorded on a 

Shimadzu 9020DF spectrometer at. 70eV on a direct inlet system. Silica gel 

60F,,, (60-100 mesh, Merck Art. 7734) and Sephadex LH-20 (Pharmacia Fine 

Chemicals) were used for column chromatography. 

1-Methylthio-3- (3', 4 %  5'-trirnethoxypheny1)popene (3) : A solution of 3,4,5- 

trimethoxyphenylacetaldehyde (2) (530 mg, 2.52 mmol) in annyd. THF ( 5  ml) 

was added dropwise to a solution of rnethylthiomethylenetriphenylphosphorane 

[prepared from m e t h y l t h i o m e t h y l t r i p h e n y l p h ~ m  chloride (1.08 g, 3.03 

rnrnol) in anhyd. THF (15 mlI and n-BuLi ( 1 . 8 5  ml, 1.64 M in hexane solution, 

3.03 mmol) under cooling with ice1 under N, atmosphere at the same 

temperature. After stirring at room temperature for 14 h, the mixture was 

worked up with an aqueous NH,C1 (saturated) solution and then extracted 

with EtOAc. The organic layer was washed wlth brine, dried over Na,SO, and 

concentrated. The residue was purified by column chromatography (silica 

gel, 10 g) using EtOAc-hexane ( 3 : 7 ,  v/v) as an eluent to give a 1:l mixture 

of the E- and Z-vinyl sulfide (3) (541 mg, 99.5%) as an oil, bp 1 6 7 -  
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1 6 9 " ~ / 1 . 8  t o r r .  ' ~ - ~ m r  (CDC1,) : 6 2 . 2 3 ( 1 . 5 ~ ,  s,  S C S  !, 1 / 2 ) ,  2 . 3 0 ( 1 . 5 H ,  s ,  

S C 4  X 1 / 2 ) ,  3 . 3 2  a n d  3 .42(2H,  br dd, J=2  a n d  6  Hz, C s P h ) ,  3 . 8 2 ( 9 H ,  s, 

OCE, X 3 ) ,  5 .33 -6 .30(1H,  m,  CH,-Cs=CH-1, 6 .38(2H,  d ,  J=2  Hz, C,.-H a n d  

C,.-H), 7 .28 (1H,  b r  m,  CH=CH-SCH,). M s  m/z:  254(Mi) .  A n a l .  C a l c d  f o r  C,,H,,O,S: 

C, 61.39;  H ,  7 . 1 3 .  Found: C ,  6 1 . 5 0 ;  H ,  7 . 3 3 .  

3 -Methy l th io -2 -  (3  ' , 4  ' , 5  ' - t r i m e t h o x y b e n z y l )  a c r o l e i n  (4 )  : A  so lu t ion  of t h e  

v i n y l  s u l f i d e  ( 3 )  (110 mg, 0 .443  mmol) was added  t o  a  s o l u t i o n  o f  Vilsmeier 

r e a g e n t  [ p r e p a r e d  f rom DMF ( 0 . 4 1  m l )  a n d  POC1, ( 0 . 4 7  m l ,  0 . 5 2  mmol) a t  room 

t e m p e r a t u r e l .  A f t e r  s t i r r i n g  a t  ambien t  t e m p e r a t u r e  f o r  1 4  h ,  t h e  r e a c t i o n  

m i x t u r e  was p o u r e d  i n t o  t h e  i c e - w a t e r .  The m i x t u r e  was b a s i f i e d  w i t h  10% 

aqueous  NaOH s o l u t i o n  a n d  t h e n  e x t r a c t e d  w i t h  EtOAc. The EtOAc l a y e r  was 

washed w i t h  b r i n e ,  d r i e d  o v e r  Na,SO, a n d  c o n c e n t r a t e d .  The r e s i d u e  was 

p u r i f i e d  by column chromatography  ( s i l i c a  g e l ,  1 0  g )  u s i n g  EtOAc-hexane 

( 1 : 9 ,  v / v )  a s  a n  e l u e n t  t o  g i v e  t h e  a l d e h y d e  ( 4 )  (92  mg, 7 3 . 6 % )  a s  a n  o i l y  

p r o d u c t ,  b p  214-215 '~ /2  t o r r .  I r  (Neat)  : 1 6 6 0 c m - ' ( ~ ~ 0 )  . k ~ m r  ( c D c ~ , )  : 62 .50  

(3H, s ,  SC&),  3 . 5 0 ( 2 H ,  s ,  CH,Ph), 3 . 8 0 ( 9 H ,  s ,  OC& 1, X), 6 .43(2H,  s ,  C,.-H 

a n d  C,.-H), 7 .23 (1H,  s ,  =Cg-SCH,), 9 . 2 3 ( 1 H ,  s ,  C E ) .  M s  m/z:  282(Mi) .  Ana l .  

C a l c d  f o r  C,,H,,O,S: C, 59 .55 ;  H ,  6 . 1 3 .  Found: C, 59 .48 ;  H ,  6 . 5 3 .  

3 -Methy l th io -2 -  ( 3 ' ,  4 ' ,  5 ' - t r i m e t h o x y b e n z y l )  a c r o l e i n  oxime ( 5 )  : A mixture of 

t h e  a c r o l e i n  ( 4 )  ( 7 0  mg, 0 . 2 4 8  mmol), NH,OH ' H C I  ( 1 9  mq, 0 . 2 7 3  mmol) a n d  

AcONa ( 4 0 . 6  mg, 0 . 2 9 8  nunol) i n  EtOH ( 5  m l )  w a s  s t i r r e d  a t  room t e m p e r a t u r e  

f o r  1 4  h .  A f t e r  r emova l  o f  s o l v e n t ,  t h e  w a t e r  was a d d e d  t o  t h e  r e s i d u e .  The 

m i x t u r e  was e x t r a c t e d  w i t h  CHCl,, whose o r g a n i c  l a y e r  was washed w i t h  

b r i n e ,  d r i e d  o v e r  Na,SO, a n d  c o n c e n t r a t e d .  The r e s i d u e  was p u r i f i e d  by 
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column c h r o m a t o g r a p h y  ( s i l i c a  g e l ,  10  g l  u s i n g  EtOAc-hexane ( 3 : 7 ,  v / v )  as 

a n  e l u e n t  t o  g i v e  t h e  oxime ( 5 )  ( 7 3 . 7  mg, 100%1,  mp 1 1 3 - 1 1 4 " ~  ( E t p h e x a n e )  . 

: ~ - ~ m r  (CDC1,I : 6 2 . 3 7  (3H, s ,  SCLH,), 3 . 6 0 ( 2 H ,  s ,  C%ph),  3 . 7 8 ( 9 H ,  s ,  012% X 

31,  6 . 4 2 ( 1 H ,  s ,  =CH-SCH,), 6 . 4 5 ( 2 H ,  s, C,.-H a n d  C,.-HI, 7 . 6 3 ( 1 H ,  s ,  -CH=N). 

M s  m/z:  2 9 7 ( ~ * 1 .  A n a l .  C a l c d  f o r  C,,H1,NO,S: C, 5 6 . 5 5 ;  H ,  6 . 4 4 ;  N,  4 .71 .  

Found:  C ,  5 6 . 7 0 ;  H ,  6 .55 ;  N ,  4 . 6 0 .  

3-Methylthio-2- (3', 4', 5 '  -trimethoxybenzyl) acrylonitrile ( 6 )  : A  m i x t u r e  o f  

t h e  oxime ( 5 )  (140 mg, 0 . 4 7  mrnol) i n  Ac,O ( 3  m l ,  3 1 . 8  mmol) was r e f l u x e d  

f o r  2 h .  A f t e r  c o o l i n g  a t  ambien t  t e m p e r a t u r e ,  t h e  w a t e r  was added  t o  t h e  

Ac,O s o l u t i o n  a n d  t h e  m i x t u r e  was e x t r a c t e d  w i t h  Et,O. The Et,O l a y e r  was 

washed w i t h  10% K,CO, s o l u t i o n  a n d  b r i n e ,  which was d r i e d  o v e r  Na,SO, a n d  

c o n c e n t r a t e d .  The r e s i d u e  was p u r i f i e d  by column c h r o m a t o g r a p h y  ( s i l i c a  

g e l ,  10  g )  u s i n g  EtOAc-hexane ( 4 : 6 ,  v / v )  as a n  e l u e n t  t o  g i v e  t h e  n i t r i l e  

( 6 )  ( 1 2 3  mg, 9 3 . 5 % )  a s  a n  o i l ,  b p  1 4 2 - 1 4 4 ' ~ / 2  t o r r .  I r ( N e a t )  : 2 2 0 6 c m ~ ' ( ~ ~ ] .  

'H-Nrnr(CDC1,l: 8 2 . 4 7  (3H, s ,  SCH,), 3 . 4 5 ( 2 H ,  s ,  C&Ph),  3 . 8 3 ( 9 H ,  s ,  O C S  x 

3 ) .  6 . 4 7 ( 2 H ,  s ,  C,.-H a n d  C,.-HI, 7 . 0 5 ( 1 H ,  s ,  =CH-SCH,). Ms m/z: 2 7 9 ( ~ + 1 .  

A n a l .  C a l c d  f o r  C,,H,,NO,S: C ,  6 0 . 1 9 ;  H ,  6 . 1 3 ;  N ,  5 . 0 1 .  Found: C, 6 0 . 3 3 ;  H ,  

6 . 3 1 ;  N ,  4 . 9 5 .  

2,4-Diamino-5- ( 3 ' .  4 ' ,  5'-trimethoxybenzy1)pyrimidine (Trimethoprim) (1) : A 

m i x t u r e  o f  g u a n i d i n e .  HCl ( 1 . 0 3  g ,  1 0 . 7 4  m o l l  a n d  NaOEt [ f r e s h l y  p r e p a r e d  

f rom Na (247  mg, 1 0 . 7 4  mrnol) a n d  a b s .  EtOH ( 5  m l l l  was s t i r r e d  a t  ambien t  

t e m p e r a t u r e  f o r  20 min .  A s o l u t i o n  o f  t h e  n i t r i l e  (6) (100  mg, 0 .358 mmol) 

i n  a b s .  EtOH ( 5  m l )  was added  t o  t h e  s t i r r e d  m i x t u r e  u n d e r  c o o l i n g  w i t h  

i c e - w a t e r ,  which was h e a t e d  u n d e r  r e f l u x  f o r  12 h .  A f t e r  r emova l  o f  
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solvent, the residue was purified by column chromatography (Sephadex LH-20) 

using MeOH to give the crude product. The crude product was recrystallized 

from aqueous EtOH to give trimethoprim (1) (94 mg, 90.4%), mp 198-198.5"~ 

a 
i t . ,  mp 199-200'~) . Ir(KBr) : 3471cm-'(~~,) . 'H-N~~ICDCI,, 400 MHz) : 83.53 

(2H, S, C%Ph), 3.62(3H, s, OCS), 3.72(6H, s, O C S  X 2), 5.63, 6.0312H X 

2, s X 2, NH, X 2, exchangeable with D,O), 6.54(2H, s ,  C,,-H and C,.-H), 

7.52(1H, s, C,-H) . Ms m/z: 290(~*). 
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