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1-Carbomethoxy-3- indolylcyanoacet ic  es ter  reac ts  with amidines, guanidine, and thiourea to give, 
respect ively ,  2-alkyl-  and 2-a ry l -5 - (3- indo ly l ) -4 -amino-6-hydroxypyr imid ines  and 2-amino-  and 
2- th io-5-  (3-indolyl) -4 -  am ino-6- hydroxypyrimidines.  

The high biological activity of some indole-containing heterocyclic compounds, both natural and synthetic 
compounds, is well known [2]. 

5-(3-Indolyl)pyrimidine derivatives are of definite interest as analogs of 5-arylpyrimidines, which have, 
for example, the properties of antimetabolites of folic acid and related compounds and are also inhibitors of 
dihydrofolatereduetase. 5-(3-Indolyl)pyrimidines have not been studied, and a simple method for their prepara- 
tion has not as yet been realized. 

We have extended the c lass ica l  Traube method [3, 4] for the synthesis of pyrimidines t o ' l - c a r b o m e t h o x y -  
3-indolylcyanoacetic es ter  (D [5], which undergoes smooth condensation with various amidine components to 
give 5- (3- indoly l ) -4-amino-6-hydroxypyr imidines  having various substituents in the 2 position of the pyrimidine 
r ing (IIa,b, III, and IV). 
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The s t ruc ture  of III was confirmed by alternative synthesis from IV through the corresponding carboxy-  
methylthio derivative (VI). In this connection, there  is no doubt regarding the s t ruc tures  of IV and VI. 
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The signal of the proton in the 2 position of the pyrimidine r ing in the PMR spect rum of V (in CFsCOOH) , 
obtained by desulfuration over Raney nickel, is found at 6 8.68 ppm (6 8.7 ppm for the proton in the 2 position of 
hypoxanthine [6]). The UV spectrum of VI differs f rom the spectrum of s tar t ing IV and is s imi lar  to the spectra  
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of I I a n d V ;  th i s  c o n s t i t u t e s  e v i d e n c e  for  the  i d e n t i c a l  c h a r a c t e r  of the  con juga t ed  s y s t e m s  of VI, II, and V. The 

IR s p e c t r a  of I - V I  con t a in  a b s o r p t i o n  bands  of C = O and NH 2 g roups  in the  r e g i o n  c h a r a c t e r i s t i c  for  4 - a m i n o - 6 -  

h y d r o x y p y r i m i d i n e  d e r i v a t i v e s .  The  a b s o r p t i o n  bands  of C = O and NH 2 g roups  for  IIa ,  V, and I l l  w e r e  iden t i f i ed  
on the  b a s i s  of the  IR s p e c t r a  of the  c o r r e s p o n d i n g  p r o d u c t s  of t h e i r  N - d e u t e r a t i o n .  

The  PMR s p e c t r a  of I I a ,b  and IV-VI  in CF3COOH do not con ta in  c h a r a c t e r i s t i c  b r o a d  s i g n a l s  c o r r e s p o n d -  
ing to NH3 + g r o u p s ,  in c o n t r a s t  to the  s p e c t r u m  of d i a m i n o  d e r i v a t i v e  III, in which  t h e r e  is  a b r o a d  s ing le t  of an 
NH3 + g roup  at  6 7.94 ppm.  A s i m i l a r  p e c u l i a r i t y  has been  noted for  guanine  and c y t o s i n e  [6]. 

E X P E R I M E N T A L  

The IR s p e c t r a  of m i n e r a l - o i l  s u s p e n s i o n s  of the  compounds  w e r e  r e c o r d e d  wi th  a UR-10  s p e c t r o m e t e r .  
The  UV s p e c t r a  of e thanol  so lu t i ons  w e r e  r e c o r d e d  with  a Speco rd  U V - v i s  s p e c t r o p h o t o m e t e r .  The  PMR s p e c -  
t r a  w e r e  r e c o r d e d  with  a J N M - 4 H - 1 0 0  s p e c t r o m e t e r  on the  5 s c a l e  with t e t r a m e t h y l s i l a n e  as  the  i n t e rna I  s t a n -  
d a r d .  The  m a s s  s p e c t r a  w e r e  ob ta ined  wi th  an MKh-1303 s p e c t r o m e t e r  wi th  d i r e c t  i n t roduc t i on  of the s a m p l e s  
into the  ion s o u r c e .  

2 - M e t h y l - 5 - ( 3 - i n d o l y l ) - 4 - a m i n o - 6 - h y d r o x y p y r i m i d i n e  (IIa). A 1 . 4 5 - g  (0.015 mole)  s a m p l e  of a c e t a m i d i n e  
h y d r o c h l o r i d e  was  added to a so lu t i on  of s o d i u m  me thox ide ,  ob ta ined  f r o m  0.8 g (0.035 g - a t o m )  of sod ium in 50 
ml  of m e t h a n o l ,  and the m i x t u r e  was s t i r r e d  at  50 ~ for  15 min.  A 2 . 7 - g  (0.01 mole)  s a m p l e  of I was then  added ,  
and the m i x t u r e  was s t i r r e d  and r e f l u x e d  for  2 h. T w o - t h i r d s  of t he  m e t h a n o l  was r e m o v e d  by d i s t i l l a t i o n ,  and 
the  r e s i d u a l  m i •  was hea ted  at 85-90 ~ for  ano the r  2 h, a f t e r  which  i t  was coo led ,  and 40 ml  of w a t e r  and '20 
ml of a c e t i c  ac id  w e r e  added  s u c c e s s i v e l y  wi th  s t i r r i n g .  The  m i x t u r e  was  s t i r r e d  for  30 min ,  a f t e r  which  i t  
was p o u r e d  into a c o n i c a l  f l a s k ,  and 100-150 ml  of w a t e r  was  added  in p o r t i o n s  with shak ing ,  and the  m i x t u r e  
was  a l lowed  to s t and  ove rn igh t .  The  p r e c i p i t a t e d  r e a c t i o n  p r o d u c t  was r e m o v e d  by f i l t r a t i o n ,  washed  with  w a t e r ,  
and d r i e d .  It was r e c r y s t a l l i z e d  f rom a l c o h o l - a c e t i c  ac id  (2 : 1) wi th  d e c o l o r i z a t i o n  by c h a r c o a l  to  g ive  1 g 
(42%) of a p r o d u c t  that  d e c o m p o s e d  above  315 ~ . IR s p e c t r u m :  1610 (C=O) ,  1620 (NH~), 3170, 3340, 3460 c m  -1 
(NH2, NH). UV s p e c t r u m ,  Xmax (log ~): 203 ( shou lde r  (4.58), 216 (4.64), 278 (4.04),  and 288 nm (4.03). PMR 
s p e c t r u m  (in CF3COOH):  s 2.82 (CH3) and m 7 .0-7 .4  ( a r o m a t i c  p r o t o n s ) .  Found :  C 65.2;  H 5.2;  N 23.6%. 
C13H12N~O. C a l c u l a t e d :  C 65.0; H 5.0;  N 23.3%. 

2 - P h e n y l - 5 - ( 3 - i n d o l y l ) - 4 - a m i n o - 6 - h y d r o x y p y r i m i d i n e  (l ib) .  Th is  compound  was s i m i l a r l y  ob ta ined  f r o m  
4.2 g (0.015 mole)  of I, 3.13 g of b e n z a m i d i n e  h y d r o c h l o r i d e  in a so lu t ion  of s o d i u m  m e t h o x i d e ,  ob ta ined  f r o m  
1.15 g (0.05 g - a t o m )  of s o d i u m  in 60 m l  of me thano l .  The  p r e c i p i t a t e  tha t  f o r m e d  a f t e r  the  s u c c e s s i v e  add i t i on  
of 60 ml  of w a t e r  and 30 m l  of a c e t i c  ac id  was  r e m o v e d  by f i l t r a t i o n  wi thout  coo l ing ,  w a s h e d  wi th  w a t e r ,  a ce t i c  
ac id ,  and e t h e r ,  and d r i e d  to g ive  2.26 g (50%) of a compound  tha t  d e c o m p o s e d  above  310 ~ [ f rom D M F - e t h a n o l  
(1 : 1)]. UV s p e c t r u m ,  Xmax (log ~) :  205 (4.66), 222 (4.60), 278 (3.93), 288 nm (3.89). IR s p e c t r u m :  1620 
(NH2, C = O ) ,  3200, 3320, 3390, 3480 c m  - I  (NH2, NH). Found :  C 71.9; H 4.5;  N 18.7%. C18Ht4N~O. C a l c u l a t e d :  
C 71.5; H 4.6; N 18.5%. 

2 , 4 - D i a m i n o - 5 - ( 3 - i n d o l y l ) - 6 - h y d r o x y p y r i m i d i n e  (III). A) A 1 .8 -g  ~0.02 mole)  s a m p l e  of guan id ine  c a r b o -  
na te  and 2.72 g (0.01 mole)  of I w e r e  added  s u c c e s s i v e l y  to a so lu t ion  of s o d i u m  m e t h o x i d e ,  ob ta ined  f r o m  1.2 g 
(0.05 g - a t o m )  of s o d i u m  in 20 ml  of m e t h a n o l ,  and the m i x t u r e  was s t i r r e d  and r e f l u x e d  fo r  2 h. T w o - t h i r d s  of 
the  m e t h a n o l  was  r e m o v e d  by d i s t i l l a t i o n ,  and the  r e s i d u a l  m i x t u r e  w a s  hea ted  at  85-90 ~ fo r  a n o t h e r  hour .  A 
1 0 - m l  s a m p l e  of w a t e r  and (d ropwise )  10 ml  of a c e t i c  ac id  w e r e  added  s u c c e s s i v e l y  to the  hot so lu t ion ,  and the 
m i x t u r e  was a l lowed  to coo l  s lowly  with  s t i r r i n g .  The  r e s u l t i n g  p r e c i p i t a t e  was  r e m o v e d  by f i l t r a t i o n  and 
washed  with a s m a l l  amoun t  of a c e t i c  ac id  and e t h e r  to g ive  2.1 g (71%) of III. R e c r y s t a l l i z a t i o n  f r o m  w a t e r  with 
d e c o l o r i z a t i o n  by c h a r c o a l  gave  a p r o d u c t  with mp 210-230 ~ ( loss  of wa te r )  tha t  d e c o m p o s e d  above  270 ~ IR 
s p e c t r u m :  1620 (C=O) ,  1660 (NH2) , 3200, 3500 b r ,  3570 c m  -1 (NH2, NH). UV s p e c t r u m ,  Xma x (log a ) :  210 
(4.82), 282 nm (4.37). PMR s p e c t r u m  (in CF3COOH): m 7 .0 -7 .4  ( a r o m a t i c  p r o t o n s ) ,  s 7.94 b r o a d  (NH3+). 
Found :  C 48.8;  H 6.0;  N 23.8;  H20 18.6%; M ( m a s s  s p e c t r a l l y )  241. Ct2HllN50. C a l c u l a t e d :  C 48.8;  H 5.8;  
N 23.7;  H20 18.3%; M 241. 

B) A 1 -g  (0.003 mole)  s a m p l e  of VI was  d i s s o l v e d  in 25 m l  of 25% a m m o n i u m  h y d r o x i d e ,  and the  so lu t ion  
was  hea ted  in an a u t o c l a v e  at  160 ~ on an o i l  ba th  for  24 h. It was  then c oo l e d ,  and the  r e s u l t i n g  p r e c i p i t a t e  was 
r e m o v e d  by f i l t r a t i o n  and d i s s o l v e d  by r e f l u x i n g  in aqueous  K2CO 3 so lu t ion .  The  s o l u t i o n  was t r e a t e d  with  c h a r -  
c o a l ,  f i l t e r e d ,  and a l lowed  to s t and  fo r  c r y s t a l l i z a t i o n .  The  p r e c i p i t a t e  was  r e c r y s t a l l i z e d  f r o m  w a t e r  wi th  d e -  
c o l o r i z a t i o n  by c h a r c o a l  and the  add i t i on  of four  d r o p s  of a c e t i c  a c id  to g ive  0.4 g (37%) of a p r o d u c t  wi th  mp 
210-230 ~ ( loss  of wa te r )  tha t  d e c o m p o s e d  above  270 ~ The  IR s p e c t r u m  at 700-4000 c m  -1 was  c o m p l e t e l y  i d e n t i -  
c a l  to the  IR s p e c t r u m  of III  ob ta ined  by  me thod  A. 
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2-Thio-5- (3 - indo ly l ) -4 -amino-6-hydroxypyr imid ine  (IV). A 2.72-g (0.01 mole) sample of I and 1 g (0.013 
mole) of thiourea were added to a solution of sodium methoxide, obtained from 0.46 g (0.02 g-atom) of sodium 
in 15 ml of methanol, and the mixture was heated at 85-90 ~ for 2 h. Two-thirds  of the methanol was removed 
by distillation, and the res idual  mixture was heated for another hour. It was then cooled, and activated c h a r -  
coal and 15 ml of water were added. The mixture was then heated for 15 rain, after  which it was fi l tered,  and 
the f i l t rate was t reated with 20 ml of acetic acid. The precipi tate  was removed by fil tration and washed with 
acetic acid, methanol, and ether to give 1.8 g (70%) of product.  In the case  of crys ta l l iza t ion from ethanol-DMF 
(2 : 1), IV contained 1 mole of DMF per mole of IV (according to the PMR spectrum).  The product decomposed 
above 310 ~ . Found: C 54.3; H 5.2; N21.3,%. C12H10N40.(CH3)2NCHO. Calculated: C 54.4; H 5.1; N21.1%. 
A sample free of DMF was obtained by recrys ta l l i za t ion  from ethanol. IR spec t rum:  1630 broad (~rH2, C = O); 

3080, 3380, and 3440 cm -~ (NH2, NH). UV spect rum,  Xma x (log r 205 {4.64), 218 (shoulder) (4.55), 290 nm 
(3.98). Found: C 55.6; H 4.1; N 21.8%; M (mass spectrally) 258. C12H10N~OS. Calculated: C 55.8; tI 3.9; N 
21.7%; M 258. 

5 - (3- Indoly t ) -4-amino-6-hydroxypyr imid ine  (V). A 3-mI sample of 25% ammonium hydroxide, 4.5 g of 
Raney nickel, and 20 ml of ethanol were added to a suspension of 1 g (0.0039 mole) of IV in 20 ml of ethanol, and 
the mixture was s t i r red  and refluxed for 2 h, after  which the nickel was removed by filtration, and the filtered 
solution was allowed to stand for crysta l l izat ion.  Workup gave 0.4 g (46%) of V with mp 310-315 ~ (dec., f rom 
ethanol). IR spec t rum:  1610 (C=O), 1625 (NH2), 3400, 3510 cm -1 (NH2, NIt). UV spectrum,  Xmax Clog ~): 203 
(shoulder) (4.52), 216 (4.64), 278 (4.02), 288 nm (3.94). P1VIR spec t rum (in CF3COOH): m 7.0-7.6 {aromatic 
protons),  s 8.68 (2-H in the pyrimidine ring). Found: C 63.9; H 4.6; N 24.9%. C12H10N40. Calculated: C 63.7; 
H 4.4; N 24.8%. 

2-Carboxymethyl th io-5- (3- indoly l ) -4-amino-6-hydroxypyr imid ine  (VI). A 5.16-g (0.02 mole) sample of 
IV was dissolved in 35 ml of 10% NaOH solution, and a solution of 4 g (0.04 mole) of chloroacet ic  acid and 3.2 g 
(0.03 mole) of sodium carbonate  in 12 ml of water  was added. The mixture was allowed to stand for 6 h at room 
tempera ture ,  after which it was acidified with a dilute solution of HC1 (~ 16%). The result ing precipi tate  was 
removed by filtration, washed with water ,  and rec rys ta l l i zed  from acetic ac id-water  (1 : 2) with decolorizat ion 
by charcoal .  Workup gave 3.9 g (58%) of VI with mp 244-246 ~ (dec.). I1R spec t rum:  1610, 1620 (NHz, C = O), 
1725 (C=O), 2500-2600 (earboxyl group tied up in a hydrogen bond), 3370, 3490, 3515, and 3640 cm -1 (NH2, NH, 
OH). UV spect rum,  Xmax (log r 203 (shoulder) (4.48), 220 (4.57), 278 (4.08), and 288 nm {4.08). PMR spec-  
t rum (in CF3COOH): s 4.16 (--S-CH2--COOH), m 7~ (aromatic protons).  Found: C 50.4; H 4.1; N 16.6%. 
C14Hi2N403S.HzO. Calculated: C 50.3; H 4.2; N 16.8%. 
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