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PURINES. I X .  REACTION OF 9-PHENYL-9H-PURINE-2-CARBONITRILES 

WITH GRIGNARD REAGENTS 
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Abst rac t  - The palladium-catalyzed cross-coupling r e a c t i o n  

of 2- and 6-chloro-9-phenyl-9H-purines with potassium cyanide 

proceeded t o  g ive  9-phenyl-9H-purine-2- (3a-c) and -6-carbo- 

n i t r i l e s  (4a -c ) .  The conversion of t h e  cyano group a t  t h e  2-po- 

s i t i o n  i n t o  the  corresponding a c y l  groups was achieved by t r e a t -  

ment of 3a,b with Grignard r eagen t s .  

We repor t ed  t h a t  9-phenyl-9H-purine-2- (3a)  and -6 -ca rbon i t r i l e s  (4a) were synthe- 

s i z e d  from 2- and 6-(rnethylsulfony1)-9-phenyl-9H-purines and potassium cyanide 

( K C N ) 2 r 3  and t h e  s e l e c t i v e  a d d i t i o n  of t h e  nucleophi les  t o  the cyano group a t  the 

6-posi t ion  of t h e  9H-purine took p lace .4  I t  is w e l l  known t h a t  t h e  cross-coupling 

r e a c t i o n  of a r y l  h a l i d e s  with KCN i n  the  presence of a palladium complex was e f -  

f e c t i v e  f o r  p repa ra t ion  of a r y l  cyanides .  5  

In  t h i s  paper,  we desc r ibe  the  syn thes i s  of 9-pbenyl-9H-purine-2- (3a-c) and -6- 

c a r b o n i t r i l e s  (4a-c) by means of t h e  cross-coupling r eac t ion  of 2 -  ( l a - c )  and6-  

chloro-9-phenyl-9H-purines (2a-c) with KCN and t h e  conversion of the  cyano group 

a t  t h e  2-posi t ion  i n t o  t h e  corresponding a c y l  groups by t h e  add i t ion  of Grignard 

r eagen t s  t o  t n e  cyano group. 

When a s o l u t i o n  of 2-chloro-9-phenyl-9H-purine ( l a ) ,  K C N ,  and bis( t r ipheny1phos-  

phin0)palladium d i c h l o r i d e  [PdC12(PPh3)21 i n  dimethylformamide (DMF) was ref luxed 

f o r  2  h,  9-phenyl-9H-purine-2-carbonitrile (3a )  was obta ined i n  53% y i e l d .  In  

o rde r  t o  confirm the  g e n e r a l i t y  of t h i s  r e a c t i o n ,  s e v e r a l  chloropur ines  such a s  

l b , ~  and 2a-c r eac ted  with KCN i n  t h e  presence of palladium c a t a l y s t  under the  

Same cond i t ions ,  r e s u l t i n g  i n  t h e  formation of 9-phenyl-9H-purinecarbonitriles 

(3b.c and 4a-c) . 
Then we i n v e s t i g a t e d  t h e  conversion of t h e  cyano group a t  t h e  2-posi t ion  i n t o  the 

Dedicated t o  the  l a t e  Professor  T e t s u j i  Kametani. 



a: R  -H,R8=H 6- 
KCN ,OMF b :  R =Me,R8=H 6  

pdc12  ( p p h 3 )  

l a - c  3a-c 

 able I .  Y i e l d s ,  I r  S p e c t r a l  Data, M e l t i n g  P o i n t s ,  and E l e m e n t a l  

A n a l y s e s  f o r  3a-c a n d  4a-c 

A n a l y s i s ( % )  
KBr -1 Formula 

Calcd(Found1 
compd Y i e l d  I rvmax(cm ) mp("C1 

1 % )  C H N 

3a  5  2  2240(CLNl 164-165a) 

66.37 3.86 29 .77  
3b 5  8  2235(CZNl 190-195 C13HgN5 (66.50)  (3 .84)  (29.64)  

7 2 . 7 1  3.73 23.56 
3c 8  3  2235(cN) 2 4 6 - 2 4 7  ' 1 8 ~ 1 1 ~ 5  ( 7 3 . 1 3 )  (3.791 (23.221 

4aC1 6 3  180-181b) 

4bC1 36 180-181 C13HgN5 
66.37 3.86 29.77 

( 6 6 . 3 8 )  (3 .85)  ( 2 9 . 6 1 )  

66 .37  3.86 29 .77  
4  c 4  3  2230(C?N) 217-218 C13HgN5 (66.301 (3.821 ( 2 9 . 7 0 )  

a) L i t . 2  mp 164-165°C. b]  it.^ mp 181-182'C. 
c ]  The a b s o r p t i o n  due t o  t h e  c y a n o  g r o u p  was a b s e n t  i n  t h e  i r  s p e c t r a .  

a c y l  g r o u p s .  I t  was a l r e a d y  known t h a t  G r i g n a r d  r e a g e n t s  s e l e c t i v e l y  added  t o  t h e  

c y a n o  g r o u p  a t  t h e  6 - p o s i t i o n  of the 9H-purine r i n g ,  g i v i n g  6-acyl-9-phenyl-9H- 

6  p u r i n e s .  However,  a l i t t l e  work h a s  been  r e p o r t e d  on i n t r o d u c i n g  an a c y l  g r o u p  

i n t o  t h e  2 - p o s i t i o n  o f  t h e  9H-purine r i n g .  

The t r e a t m e n t  o f  3a w i t h  G r i g n a r d  r e a g e n t s  s u c h  as methylmagnesium i o d i d e  a n d  

e thy lmagnes ium bromide i n  t e t r a h y d r o f u r a n  (THF) a t  room t e m p e r a t u r e  g a v e  2-acyl-9- 

pheny l -9H-pur ines  (5a-dl  by the a d d i t i o n  o f  t h e  G r i g n a r d  r e a g e n t s  a c r o s s  t h e  C-N 

t r i p l e  bond a t  t h e  2 - p o s i t i o n ,  s e l e c t i v e l y .  On t h e  o t h e r  hand ,  when we u s e d  pheny l -  

8  7  
magnesium bromide ,  t h e  a d d i t i o n  t o  b o t h  t h e  2-cyano g r o u p  and t h e  C  , N  -doub le  

bond o c c u r r e d ,  f o l l o w e d  by r e a d y  o x i d a t i o n ,  t o  g i v e  2-benzoyl-8.9-diphenyl-9H-pu- 

r i n e s  ( 6 a . h ) .  Compound 6 a  was i d e n t i f i e d  b y  t h e  spec imen  s y n t h e s i z e d  by t h e  r e a c -  

t i o n  o f  3 c  w i t h  phenylmagnesium bromide .  
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PhMgBr PhMgBr 

TH F  
hh h h  Ph 

Table 11. Yields ,  I r  S p e c t r a l  Data, Melting Po in t s ,  and Elemental  

Analyses f o r  5a-d and 6a.b 

Ana lys i s (%)  

Compd Yield ~ r u ~ ~ : ( c m - ~ )  mp( "C) Formula CalcdlFoundI 

( 8 )  C H N 

The exper imenta l  r e s u l t s  may be summarized as f o l l w s :  i l  9-Phenyl-9H-purinecarba- 

n i t r i l e s  were e a s i l y  synthes ized from chlosopur ines  by the cross-coupling r eac t ion  

wi th  K C N .  ii) The conversion of t h e  cyan0 group i n t o  the a c y l  group with Grignard 

r eagen t s  was a  u s e f u l  method f o r  t h e  s y n t h e s i s  of the  2-acyl d e r i v a t i v e s  of the  

9H-purine. 

EXPERIMENTAL 

A l l  mel t ing  p o i n t s  a r e  uncorrected.  I r  s p e c t r a  were measurred wi th  a  Jasco A-102 

d i f f r a c t i o n  g r a t i n g  i r  spectrophotometer.  ' H - ~ m r  s p e c t r a  were t aken  a t  6 0  MHz 

23'C with a Hi t ach i  R-24B high-resolut ion 'Fl-nrnr spect rometer .  Chemical s h i f t s  

a r e  expressed i n  ppm downfield from te t r amethy l s i l ane  a s  an i n t e r n a l  s tandard .  



2-Chloro-6-methyl-9-phenyl-9H-purine (1b)- A mixture of 5-amino-2,4-dichloro- 

6-methylpyrimidine7 119 g, 0.11 m01). aniline (10.2 g, 0.11 mol) , concentrated HC1 

(4.5 ml), H20 (290 ml), and EtOH (45 ml) was refluxed for 1 h. The precipitate, 5- 

amino-4-anilino-2-chloro-6-methylpyrimidine, was filtered off. Yield 23 g. A mix- 

ture of the crude 5-amino-4-anilino-2-ch10ro-6-methylpyrimidine (23 g, 0.098 mol), 

ethyl orthoformate (120 ml), and acetic anhydride (120 ml) was refluxed for 3 h. 

The resulting EtOH was removed under reduced pressure. The residue was diluted with 

H 2 0  The mixture was made alkaline with anhyd. Na2C03 and extracted with CHC13. The 

extract was washed with H20, dried over Na2S04, and concentrated to dryness. The 

crude product was purified by SiOZ column chromatography with CHC13 and recrystal- 

lized from benzene to give lb as colorless needles, mp 204'C. Yield 8 g (28%). 

Anal. Calcd for C12HgC1N4: C, 58.90; H, 3.71; N, 22.90. Found: C, 58.68; H, 3.65; 

9 
N; 22.77. %-~mr (CDC13)6: 2.86 (3H, s, CH3), 7.20-7.74 (5H. m, N -Ph), 8.20 (lH, 

8 
5 ,  C -HI . 
2-Chloro-8.9-diphenyl-9H-purine (lc) - A mixture of 5-amino-2,4-dichloropyri- 
midines (18 g, 0.11 moll , aniline (10.2 g, 0.11 mol) , concentrated HC1 (4.5 mll , 
EtOH 145 ml), and H20 (290 ml) was refluxed for 1 h. The precipitate, 5-amino-4- 

ani l ino-2-chloro-yr imidine ,  was filtered off. Yield 14.5 g. A mixture of the drude 

5-amino-4-anilino-2-chloropyrimidine (2 g. 9.07 mmol), ethyl orthobenzoate 110 ml), 

and acetic anhydride (10 ml) was refluxed for 3 h. The same work-up of the reac- 

tion mixture as described for Lb gave lc, colorless needles from benzene, mp 229- 

230'C. Yield 0.88 g 129%). Anal. Calcd for C17H11C1N4: C, 66.65; H, 3.61; N, 18.26. 

8 Found: C, 66.50; H, 3.58; N, 18.19. L - ~ m r  (CDC13) 6: 7.12-7.73 IlOH, m, C -Ph and 

9 6 N -Ph), 9.00 , s ,  C -H). 

6-Chloro-2-methyl-9-phenyl-9H-purine (2b) -- A mixture of 5-amino-4.6-dichloro- 
2-methylpyrimidine9 (12 g, 0.067 moll, aniline (6.12 g, 0.067 moll , EtOH I25 ml) , 
concentrated HC1 (2.5 ml) , and H20 (170 ml) was refluxed for 1 h. The precipitate, 
5-amino-4-anilino-6-chloro-2-methylpyrimidine, was filtered off. Yield 12 g. A 

mixture of the crude 5-amino-4-anilino-6-chloro-2-methylpyrimidine (12 g. 0.051 

mol) , ethyl orthoformate (60 ml) , and acetic anhydride (60 ml) was refluxed for 
3 h. The same work-up of the reaction mixture as described for lb gave 2b, color- 

less needles from benzene, mp 178-180DC. Yield 11 g (67%). Anal. Calcd for 

C H C1N4: C, 58.91; H, 3.71; N, 22.90. Found: C, 59.10; H, 3.71; N, 22.93. $-~mr 12 9 
9 8 I C D C ~ ~ ) ~ :  2.76 (3H, s, CH3), 7.32-7.81 (5H, m, N -Phi, 8.24 (lH, s, C -H). 

General Procedure for Cross-coupling of Chloropurines (la-c and 2a-c) with KCN - 
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Table 111. $-~mr Spectral Data for 3a-c, 4a-c, 5a-c and 6a,b 

compd $-nmr lCDCl31 6 ppm 

3a 9 8 6 7.37-7.80(5H,m.N -Ph), 8.48I1H,srC -HI, 9.1111H.s.C -H) 

3b 9 8 2.90(3H,S,CH3), 7.33-7.79(5H,m,N -Ph), 8.39(1H,S,C -HI 

3c 8 9 6 7.08-7.68(10Hrm,C -Ph and N -Phl , 9.09(1H,s,C -H) 
4a 9 8 2 7.32-7.83(5Hrm,N -Ph), 8.5011H.s.C -HI, 9.03~lH.s.C -H) 

4b 9 8 2.84(3H,s,CH3), 7.37-7.88(5H,m.N -Phl , 8.42(lH,s.C -HI 

4c 9 2 2.64(3H,s,CH3), 7.22-7.7515H.m.N -Ph) , 8.81(lH,s,C -H) 

5a 9 8 2.77(3H,s,CH31, 7.31-7.77(5H,m,N -Ph), 8.32llH,s,C -H), 

6 9.10(lH,s.C -H) 

5b ~ . ~ ~ ( ~ H , ~ , J = ~ . O H Z , C H ~ C H _ ~ ) .  3.30(2H,q,J=7.0Hz,M_ZCH3), 

9 8 6 7.32-7.98(5H,m.N -Ph), 8.49(lH.s.C -HI, 9.28llH.s.C -HI 

5c 6 6 2.78(3H,s.C -CH3 or COCH31, 2.96(3Hrs,C -a3 Or COM3), 
9 8 7.32-7.88(5H,m,N -Ph), 8.46(lH,s.C -H) 

5d 1.26(3H,t,J=8.0Hz,CH2aiZ3), 2.95(3H,s,CH3), 3.2812H.q, 

9 8 J=8.0Hz,CK2CH3Ir 7.30-7.83(5H,m.N -Ph), 8.38IlH,s.C -H) 

6a 7.20-7.61(13H,m,aromatic HI, 7.89-8.13(2H,m,aromatic H) , 
6 9.26(lH,s.C -H) 

6b 3.01(3H,s,CH3), 7.21-7.85(13H,m,aromatic HI, 7.94-8.24 

12H,m,aromatic H) 

A mixture of a chloropurine (1 mmol) , KCN (0.13 g, 2 mmol), PdC12(PPh3)2 I14 mg, 
0.02 mmol), and DMF (5 ml) was refluxed for 2 h. The solvent was removed under 

reduced pressure. The residue was diluted with H20 and extracted with CHC13. The 

extract was washed with H20, dried over Na2S04, and concentrated to dryness. The 

residue was purified by Si02 column chromatography with benzene and recrystal- 

lized from benzene to give 3a-c and 4a-c. 

General Procedure for the Reaction of 9-Phenyl-9H-purine-2-carbonitrile (3a.b) 

with Griqnard Reagents - A solution of a 9-phenyl-9H-purine-2-carbonitrile 

(3a.b) (1 mmol) and a Grignard reagent (3 mmol) in THF (10 mll was stirred at 

room temperature for 2 h. The solvent was removed under reduced pressure. The 

residue was diluted with a mixture of 28% NH40H-NH4Cl-H20 : 1 : 5  and extracted 

with CHC13. The extract was washed with H20, dried over Na2S04, and concentrated 

to dryness. The residue was purified by Si02 column chromatography with benzene- 

CHC13 (1:lI and recrystallized from benzene to give 5a-d and 6a,b. 



R e a c t i o n  o f  l c  w i t h  Pheny lmagnes ium Bromide  - A s o l u t i o n  o f  l c  10.15 g ,  0 . 5  

mmol) a n d  PhMgBr (1 mmol) i n  THF ( 5  ml )  was s t i r r e d  a t  room t e m p e r a t u r e  f o r  2 h .  

The s o l v e n t  was  removed u n d e r  r e d u c e d  p r e s s u r e .  The r e s i d u e  was  d i l u t e d  w i t h  a 

m i x t u r e  o f  28% NH40H-NH4C1-H20 : 1 : 5  a n d  e x t r a c t e d  w i t h  CHC13. The e x t r a c t  was  

washed  w i t h  H20, d r i e d  o v e r  Na2S04, a n d  c o n c e n t r a t e d  t o  d r y n e s s .  The r e s i d u e  was  

p u r i f i e d  b y  S i 0 2  column c h r o m a t o g r a p h y  w i t h  benzene-CHC13 1 1 : l )  a n d  r e c r y s t a l -  

l i z e d  f r o m  b e n z e n e  t o  g i v e  6 a  as c o l o r l e s s  n e e d l e s ,  mp 245-246-C. A n a l .  C a l c d  f o r  

C24H16N40: C ,  76 .58;  H, 4 . 2 8 ;  N, 14 .89 .  Found: C, 76 .25 ;  H, 4 .30;  N, 1 4 . 6 8 .  $ - ~ m r  

(CDC13) 6: 7.22-7 .73 (13H, m, a r o m a t i c  H ) ,  7 .93-8 .16 (2H, m, a r o m a t i c  H ) ,  9 . 2 9  ( l H ,  

6 KBT s ,  C -HI. Irumaxcrn-l:  1 6 8 3  lC=O). 
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