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ORGANIC PREPARATION AND PPROCEDURES INT. 4( 5), 237-245 (1972) 

PHOSPHORINO[4,3-~]PYRIMIDINES. 11. SYNTHESIS 

UTILIZING METHYL 4-0XO-l-PHENYL-3-PHO- 

PHORINANECARBOXYUTE I-SULFIDE~ s 2  

3 Theodore E. Snider and K. D. Berlin* 

Department of Chemistry, Oklahoma State University, 

Stillwater, Oklahoma 74074 

Carbon-phosphorus heterocycles possessing functionality are extremely 

rare in the literature. 2’4-13 

Thorpe condensation of bis(2-cyanoethy1)phenylphosphine to form the 2- 

enamino nitrile 1. 

An almost singular example is the classic 

6 

Our interest in phosphorino[4,3-d]pyrimidines led us to consider the 

The attempted hydroly- condensation of amidines with (3-keto eaters. 14’15 

sis of 1 by known procedures for the formation of 0-keto esters16 gave 
only the cyano ketal 2 isolated as the sulfide. 
route to cyclic 8-keto esters is the Dieckmann condensation of diesters. 

A well-known alternate 
17 

CgH5 

I - 2 - 3 - 
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T .  E .  SNIDER AND K .  D .  BERLIN 

The a p p r o p r i a t e  d i e s  t e r ,  b i s  (2-carbomethoxyethy1)phenylphosphine Al8 w a s  

s u c c e s s f u l l y  c y c l i z e d  w i t h  sodium/sodium m e t h y l a t e  i n  b o i l i n g  t o l u e n e  t o  

form 5. The A-keto ester 5 decomposed on d i s t i l l a t i o n  and was t h u s  con- 

v e r t e d  t o  t h e  co r re spond ing  

"SC 

phosphine s u l f i d e  2 i n  a b o i l i n g  m i x t u r e  of  ch lo ro fo rm and s u l f u r .  

o v e r a l l  y i e l d  o f  2, _6.).2, was 45-60% f o r  t h r e e  p r e p a r a t i o n s .  

The 

Condensat ion19 o f  2 w i t h  g u a n i d i n e  h y d r o c h l o r i d e ,  a c e t a m i d i n e  hydro- 

c h l o r i d e ,  and t h i o u r e a  under  anhydrous b a s i c  c o n d i t i o n s  gave ,  a f t e r  

n e u t r a l i z a t i o n ,  t h e  co r re spond ing  6-phenylphosphorino[4,3-d]-pyrimidine- 

4-01. The p y r i m i d i n o l s  are e a s i l y  i s o l a t e d  and p u r i f i e d  by s o l u t i o n  i n  

S OCH3 

X Y  - -  - 2 NH2 HCI 

CH3 HCI 
%Hm - 

3 OH 

X - 6 -  N H 2  

2 38 
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PHOSPHORINO[4,3-d]PYRIMIDINES. - 11. 

d i l u t e  base ,  d e c o l o r i e a t i o n  of  t h e  s o l u t i o n  w i t h  Nuchar, and subsequent  

a c i d i f i c a t i o n  wi th  d i l u t e  acet ic  a c i d  t o  r e g e n e r a t e  f r e e  pyrimidine.  Of 

p a r t i c u l a r  n o t e  i n  t h e  pro ton  nmr spectrum of  t h e s e  phosphor ino[4 ,34]  

pyrimidine 6 - s u l f i d e s  is t h e  phenyl reg ion .  One may e a s i l y  d i s c e r n  t h e  

o r t h o  protons o f  t h e  phenyl group down f i e l d  from t h e  remaining phenyl 

s i g n a l s .  

20 Experimental  

4-Gxo-1-phenyl-3-phosphorinanecarbonitrile dimethyl  acetal  1 - s u l f i d e  

(S>.--A mixture  o f  t h e  2-enamino n i t r i l e  L6 (10.8 g. ,  0.05 mole), hydro- 

c h l o r i c  a c i d  (20 m l . ,  12 %), water (20 ml.) and methanol (120 ml.) was 

b o i l e d  f o r  1 h r .  The mixture  was t h e n  evapora ted  t o  dryness  and t h e  

r e s i d u e  was d i s s o l v e d  i n  methanol (120 ml.) .  S a t u r a t i o n  o f  t h e  s o l u t i o n  

wi th  HC1 gas  fol lowed;  t h i s  s o l u t i o n  s tood  f o r  24 h r .  a t  room temperature .  

Pouring t h e  mixture  i n t o  300 m l .  of  ice  water  quenched t h e  r e a c t i o n .  The 

aqueous s o l u t i o n  was made b a s i c  w i t h  1077 NaOH and then  e x t r a c t e d  twice 

w i t h  H C C l  and twice wi th  e t h y l  a c e t a t e .  The o r g a n i c  e x t r a c t s  were com- 

b ined ,  washed (with s a t u r a t e d  NaC1,  followed by H20), d r i e d  ( M g S 0 4 )  and 

evaporated t o  dryness .  Attempts t o  vacuum d i s t i l l  t h e  r e s i d u a l  o i l  re- 

s u l t e d  i n  decomposition. Therefore ,  t h e  r e s i d u a l  o i l  was d i s s o l v e d  i n  

HCC13 (100 ml.) c o n t a i n i n g  s u l f u r  (1.6 g . ,  0.05 mole) and b o i l e d  f o r  1 h r .  

Concent ra t ion  of t h e  s o l u t i o n  t o  c a .  25 m l .  and d i l u t i o n  wi th  hexane pre- 

c i p i t a t e d  unreac ted  s u l f u r  and some product .  

(CS ) t o  remove excess  s u l f u r .  

o r a t e d  t o  dryness ,  and t h e  r e s i d u e  was combined wi th  t h e  r e s i d u e  from t h e  

CS washings. R e c r y s t a l l i z a t i o n  of t h e  combined r e s i d u e s ,  a mixture  of  

t h e  d ias te reomers  of  2, from e t h y l  ace ta te /2-propanol  gave 4.25 g .  of  3 

(m.p. 145-16Li0, 29%). Subsequent r e c r y s t a l l i z a t i o n  o f  t h e  d ias te reorner fc  

3 

The p r e c i p i t a t e  was washed 

The hexane-chloroform s o l u t i o n  was evap- 2 

2 
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T. E. S N I D E R  AND K. D. BERLIN 

mixture from CH OH gave a pure diastereomeric ketal 2 (m.p. 170-172'); 

pmr (DCC13) 6 1.8-2.9 (my 7 ,  phosphorinane ring), 3.25 (5, 3, OC%) ,  3.33 

(5, 3, WE3), 7.3-8.0 (my 5, C6€i5). 

3 

A A .  Calcd. for C H NO PS: C, 56.95; H, 6.10; P, 10.51. 

Found: C, 57.03; H, 6.26; P, 10.36. 
14 18 2 

Bis(2-carbomethoxyethy1)phenylphosphine ($).--Methyl acrylate (15.5 

g., 0.18 mole) was added dropwise to a stirred mixture of phenylphosphine 

(10 g., 0.09 mole), potassium hydroxide (1 ml., 10 N), and acetonitrile 

(10 ml.). 

trolled addition of phenylphosphine and/or by cooling in an ice bath. 

After addition was complete, the reaction mixture was stirred for 3 hrs. 

at room temperature. The organic layer was separated, washed with two 15- 

ml. portions of saturated sodium chloride solution, dried (anhydrous 

Na2S04), and distilled to yield bis(2-carbomethoxyethy1)phenylphosphine 

(4) (b.p. 156-60°/0.51.0 mn., lit .17 149-15Oo/lmn. , 13 g., 51%); ir 

(NaC1 film) 5.77 (C=O); pmr (DCC13) 6 1.8-2.6 (my 8, CE2C%), 3.5 

(s,~,OC~~), 7.1-7.5 (my 5, C6g,). 

31P absorption at 6+ 20.62 (50% in CH30H) relative to 85% H3P04. 

The reaction temperature was maintained between 20-35OC by con- 

The 40.5 MHz nmr spectrum of k shows 

Methyl 4-0x0-1-phenyl-3-phosphorinanecarboxylate 1-Sulfide @).--  

A solution of bis(2-carbomethoxyethy1)phenylphosphine (5) (9.4 g., 0.033 

mole) in 50 ml. of toluene was added dropwise to a boiling solution of 

sodium methoxide (1.8 g . ,  0.033 mole) in 150 ml. of toluene.. After the 

reaction mixture had boiled for 2 hrs., metallic sodium (0.7 g., 0.033 

g-at) was added and the mixture was stirred and boiled overnight. After 

cooling, the mixture was treated with 100 ml. of H 0. The aqueous layer 

was separated and extracted three times with 50-ml. portions of HCCl 

the extracts being combined with the organic layer. The combined organic 

layers were dried (Na SO ) and evaporated to an oily residue. Again 

2 

3 '  

2 4  
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PHOSPHORINO[4,3-d_]PYRIMIDINES. 11. 

attempts t o  d i s t i l l  t h i s  res idue  r e su l t ed  i n  ex tens ive  decomposition; 

t he re fo re  t h e  res idue  was d isso lved  i n  75 m l .  of HCCl and t h e  s o l u t i o n  

was boi led  f o r  1 h r .  i n  t he  presence of s u l f u r  (2.1 g., 0.066 mole). The 

HCC13 was removed v i a  ro t a ry  evaporation, and the  res idue  was r e c r y s t a l -  

l i z e d  from CH30H/H20 t o  y i e l d  2 (4.2 g., m.p. 142-48', 45%); i r  (KBr) p 

5.73 (C=O), 5.81 ( C = O ) ;  pmr (DCC13) 6 2.0-3.3 (m, 6,  phosphorinane ring), 

3.7 ( 8 ,  3, OCH ), 7.3-8.0 (m, 5, C6k15), 12.5 ( s , l , ~ ) ;  mass spectrum m / e  

( r e 1  i n t e n s i t y )  282 (loo),  283 (14),  251 ( l l ) ,  250 ( 3 0 ) ,  223 ( l l ) ,  222 

(44), 166 ( l l ) ,  141 (16), 109 (54), 63 (23), 55 (38),  32 (22). The 31P 

magnetic resonance absorp t ion  occurred as two broad mul t ip l e t s  a t  6-19.0 

and 6-19.3 (20% i n  CH30H) r e l a t i v e  t o  85% H3P04. 

3 

-3 

The 40.5 MHz nmr of 2 i n  methanol i s  not wholly unexpected,21 but  t he  

doublet  31P absorp t ion  is  novel. 

ed i n  molecules such as Zwhich  have two asymnetric cen te r s  and thereby 

e x i s t  as a p a i r  of diastereomers.  

t i o n  of 2 ind ica ted  t h a t  t he  enol  and not  the  ke to  form of 2 was pre- 

dominate i n  chloroform so lu t ion .  

t he  diastereomers.  

spectrum may be caused by the  d i f f e rence  i n  so lvent  22 o r  may be an  il- 

l u s t r a t i o n  of the  extreme s e n s i t i v i t y  of 31P nuc le i  to  s t r u c t u r a l  modifi- 

ca t ions .  

This double absorption would be expect- 

However, t h e  pmr spectrum and in t eg ra -  

This eno l i za t ion  of 2 would e q u i l i b r a t e  

The observation of  both diastereomers i n  the  31P nmr 

A A .  Calcd. f o r  C H 0 PS: C ,  55.32; H, 5.32; P ,  10.99; S ,  11.34. 

Found: C ,  55.43; H, 5.42; P, 10.82; S,  11.15. 
13 15 3 

2-Amino-5.6.7.8-tetrahydro-6-phenylphos~h0rino~4.3-~yrimidine-4-ol 

6-Sulfide (6).--The B-keto ester 2 (5.44 g. ,  0.02 mole), guanidine hydro- 

ch lor ide  (1.91 g. ,  0.02 mole), and sodium methoxide (2.16 g., 0.04 mole) 

i n  150 m l .  of methanol were bo i l ed  f o r  3 h r .  under an N2 atmosphere. 

r eac t ion  mixture w a s  8ubsequently cooled and s t i r r e d  a t  room temperature 

The 
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T .  E.  S N I D E R  AND K .  D. B E R L I N  

o v e r n i g h t .  The mixture  was t h e n  evapora ted  t o  dryness  on the  r o t a r y  

e v a p o r a t o r ,  and t h e  r e s i d u e  was d i s s o l v e d  i n  150 m l .  of H 0. The pH o f  

t h e  s o l u t i o n  w a s  a d j u s t e d  t o  pH 5-6 w i t h  g l a c i a l  CH CO H ,  whereupon a 

small amount o f  H S was l i b e r a t e d .  The precipi ta te  which formed was f i l -  2 

t e r e d  o u t  and washed t w i c e  wi th  H 0 w h i l e  on t h e  f i l t e r .  The pink s o l i d  

w a s  r e c r y s t a l l i z e d  from DMSO and t h e n  d i s s o l v e d  i n  1077 NaOH and t r e a t e d  

w i t h  Nuchar, t h e  s o l u t i o n  f i l t e r e d ,  and t h e  s o l i d  p r e c i p i t a t e d  wi th  50% 

CH3C02H. 

times t o  g i v e  6 ( 4  g .  , m.p. 243-246' s . t . ,  67%); i r  (KBr) p, 2.89 (0-Fl) , 

3.0 (N-Il), 5.88 (pyrimidine r i n g ) ;  pmr (DMSO-d6) 6 2.0-3.5 (m, 6 ,  phos- 

phorin r i n g ) ,  6.47 ( s ,  2 ,  E2), 7.5 (m, 3, meta and para C6€i5), 7.75-8.0 

(m, 2 ,  0 - C  H ) ;  mass spectrum m / e  ( r e 1  i n t e n s i t y )  291 ( l o o ) ,  292 (16) ,  

259 (14) ,  258 (47) ,  150 ( 7 5 ) ,  151 ( l l ) ,  108 ( 3 3 ) ,  43 ( 1 1 ) .  

n e t i c  resonance of a occurred  a t  6-31.41 (5% i n  DMSO) r e l a t i v e  t o  85% 

H3P04. 

2 

3 2  

2 

The s o l u t i o n  and p r e c i p i t a t i o n  procedure was r e p e a t e d  two more 

6-5 

The 31P mag- 

Anal. Calcd.  f o r  C13H14N30PS: N ,  14.43;  P ,  10.66; S ,  10.99.  

Found: N ,  14.54; P ,  10.49; S ,  11.06. 

5,6,7,8-Tetrahydro-2-methyl-6-phenylphosphorino[4,3-~]pyrimidine-4-ol 

6-Sul f ide  ( I ) . - - A c e t a d d i n e  hydrochlor ide  (0.95 g . ,  0 .01 mole) and sodium 

methoxide (1.1 g . ,  0.02 mole) were mixed and s t i r r e d  i n  30 m l .  of  anhy- 

drous e t h a n o l  f o r  1 0  min. a t  room tempera ture .  The mixture  w a s  t h e n  f i l -  

t e r e d  and added t o  a s o l u t i o n  of  t h e  B-keto ester 2 (2.2 g . ,  0.008 mole) 

i n  50 m l .  of  e t h a n o l .  (The mixture  turned orange i n  c o l o r . )  The  reac- 

t i o n  mixture  was b o i l e d  f o r  1 0  min. and then al lowed t o  s t i r  o v e r n i g h t  a t  

room temperature .  (The c o l o r  darkened t o  b l a c k . )  The mixture  was suhse-  

q u e n t l y  b o i l e d  f o r  1 h r . ,  cooled ,  and evapora ted  t o  dryness  on t h e  r o t a r y  

e v a p o r a t o r .  Thebrownoi ly  res iduewas  dissolvedinlO%NaOH, t r e a t e d  w i t h  

Nuchar, f i l t e r e d , a c i d i f i e d  (50%CH CO H), and f i l t e r e d t o y i e l d L ( 1 . 2  g. ,m.p.  3 2  
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PHOSPHORINO[4,3-d_]PYRIMIDINES. 11. 

269-271's .t., 52%). An a n a l y t i c a l  sample was prepared by t h r i c e  d isso lv ing  a 

sample o f ~ i n 6 % N a O H , t t e a t i n g  withNuchar ,andprecipi tat ingwith  509. 

CH3C02H) : i r  (KBr) 1.1 2.89 (OH), 6.05 (Pyrimidine r ing )  ; pmr (DMS0-d6) 6 2.26 

(s, 3,CH ), 2.6-3.2 (m, 6,  phosphor inr ing) ,  7.6 (m, 3,-andparaC6ll5), 

7.8-8.2 (m, 2 , ~ - C  H ); mass spectrumm/e ( r e 1  i n t e n s i t y )  290 (92), 291 (15),  

258 (24), 257 ( l o o ) ,  149 (25), 109 (81, 42 (16).  The 31P magnetic resonance ab- 

so rp t ion  of 1. occurred a t  6-39.02 (2% i n  DMSO) r e l a t t v e  to 85% H3P04. 

Anal. Calcd. f o r  C H N OPS: N ,  9.66; P ,  10.69; S ,  11.03. 

Found: N, 9.57; P, 10.56; S ,  11.08. 

-3 

6-5 

14  15 2 

5,6,7.8-Tetrahydro-2-mercapto-6-phenylphosphorino[4,3-~rimidine-4-  

- 01 6-Sulfide (&).--Thiourea (2.2 g. ,  0.03 mole), sodium methoxide (1.5 g. ,  

0.03 mole) and the  f3-keto ester 2 (5.6 g . ,  0.02 mole) were d isso lved  i n  

100 m l .  of CH30H. 

allowed t o  s t ir  overnight.  P r e c i p i t a t i o n  occurred. The heterogeneous re- 

a c t i o n  mixture was evaporated t o  dryness on the  ro t a ry  evaporator,  and 

the  res idue  was dissolved i n  1@L NaOH. The so lu t ion  was t r e a t e d  with 

Nuchar and f i l t e r e d ,  and the  f i l t r a t e  was a c i d i f i e d  (50% CH CO H) t o  pre- 

c i p i t a t e  crude 8. 

treatment with Nuchar, and p r e c i p i t a t i o n  with 20% CH3C02H. 

dure was performed twice t o  g ive  4.8 g .  (SOD/.) of pure g (m.p. 344-346'); 

i r  (KBr) )I 2.91 (0-H), 6.05 (pyrimidine r ing ) ;  (DMSO-d6) 6 2.0-3.5 (m, 6 ,  

phosphorin r i n g ) ,  7.6 (m, 3, meta and para C H ), 7.8-8.1 (m, 2, g-C6€15); 

mass spectrum m/e ( r e1  i n t e n s i t y )  308 ( loo ) ,  309 (17),  310 (11). 167 (121, 

108 (27). 63 (11). 

a t  6-39.0 (5% i n  DM!SO) r e l a t i v e  t o  85% H PO 

The so lu t ion  was then boi led  f o r  4 h r . ,  cooled, and 

3 2  

P u r i f i c a t i o n  was e f f ec t ed  by so lu t ion  i n  10% NaOH, 

This proce- 

6-5 

The 31P magnetic resonance absorption of 8 occurred 

3 4 '  

A*. Calcd. f o r  C H N OPS2: N ,  9.09; P, 10.07; S ,  20.78. 13 13 2 

Found: N ,  9.27; P, 9.95; S, 20.75. 
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