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PREPARATION OF PYRIMIDINES AND PYRIDINES FROM ALKYL KETONES 

AND NITRILES I N  PRESENCE OF PHOSPHORYL CHLORIDE 

Wojciech Z i e l i h s k i  

I n s t i t u t e  o f  Organic Chemistry and Technology, S i l e s i a n  

P o l i t e c h n i c e l  U n i v e r s i t y ,  44-101 G l i w i c e ,  Poland 

Abs t rac t  - The r e a c t i o n  of e l k y l  ketones w i t h  n i t r i l e s  i n  the  presence 

o f  POC13 has been examined. I t  haa been found t h e t  N - v i n y l i m i d o y l  d i -  

chlorophosphatee i n i t i a l l y  formed r e a c t  f u r t h e r  w i t h  excess n i t r i l a s  

o r  ketones t o  a f f o r d  p y r i m i d i n e  o r  p y r i d i n e  d e r i v a t i v e s ,  respec t i ve l y .  

I n  c o n t r a s t  t o  bas ic  c a t a l y s t e  which cause a b s t r a c t i o n  o f  the a -p ro ton  o f  n i -  

t r i l e  group g i v i n g  p - h y d r o x y n i t r i l e s  o r  asp-uneatura ted n i t r ~ l e s l - ~  i n  r e a c t i o n s  

o f  n i t r i l a s  w i t h  ca rbony l  compounds, e c i d  c a t e l y s t a  s h e l l  a c t i v a t e  c e r b o n y l  car-  

bon atom toward n u c l e o p h i l i c  a t t a c k  o f  n i t r i l e  n i t r o g e n  atom. These reac t ions ,  

6 
s i m i l a r  t o  the  R i t t e r  reac t ion5 .  were c a r r i e d  ou t  ua ing  such c a t a l y s t s  ea H2S04 , 

8 ~ 1 ~ 1 ~ ~  and POC13 . I m i d o y l  c o m ~ o u n d s ~ ' ~  formed a t  the  f i r s t  s tage  o f  t h e  reac- 

9 
t i o n  can be used t o  synthes ize he te rocyc les .  Thus, 18oqu ino l i ne  d e r i v a t i v e s  were 

obte ined by the  r e a c t i o n  o f  benzy l  ketones w i t h  n i t r i l e s  i n  t h e  presence o f  POC13, 

w h i l e  acetophenone reac ted  w i t h  b a n z o n i t r i l e  i n  the presenca o f  A1Cl3 t o  y i e l d  e  

7  1.3-oxazine d e r i v a t i v e  . 
I n  t h i s  work, t h e  r e a c t i o n  o f  a l k y l  ketones w i t h  n i t r i l e s  i n  the  presence o f  

mC13 was exp lored t o  prepare p y r i m i d i n e  end p y r i d i n e  d e r i v a t i v e s .  

A l k y l  kstonas (I) and n i t r i l a s  (11). upon hea t ing  i n  the presence o f  POC13, form 

N - v i n y l l m i d o y l  d lch lorophosphatss  (111) a t  the f i r s t  stage o f  the  reac t ion .  

R1-CH -C-R2 + NBC-R3 + POC1,- Ri-CH-C-N-C-R3 + HCl 
1 
0 

I I 
R2 0WC12 

I I I I11 

I n  f a c t ,  compound 111 was i s o l a t e d  when benzy l  methy l  ketone was reac ted  w i t h  

8  
a c e t o n i t r i l e 8 .  w h i l a  N-ecy lv iny lan inee,  e l k a l i n e  h y d r o l y s i s  p roduc ts  o f  111. 

were ob ta ined  i f  Rl + n7'@'. F u r t h e r  courses o f  r e a c t i o n  suggest t h e t  the  forme- 



t i o n  o f  N - v i n y l i m i d o y l  d ich lorophosphetes from the  r e a c t i o n  o f  a l k y l  ketones 

w i t h  n i t r i l e s  i n  the  presence o f  POC13 can be coneiderad as a  g e n e r a l  process. 

S t r o n g l y  p o l a r i z e d  C-0 bond i n  N - v i n y l i m i d o y l  d ich lorophosphates undergoes a  

h e t e r o l y t i c  c leavage a t  e leva ted  temperature y i e l d i n g  N-v iny l iminocsrben ium 

c a t i o n s ,  which i n  t u r n  nay f u r t h e r  r e a c t  w i t h  nuc leoph i les  present  i n  t h e  reec- 

t i o n  medium. When an excess o f  n i t r i l e  i s  used, t h e  r e a c t i o n  o f  N-v iny l imino-  

cerbenium c a t i o n  w i t h  the  n i t r i l a  n i t r o g e n  atom occurs t o  g i v e  p y r i m i d i n e  de- 

r i v a t i v e  IV. 

On the  o t h e r  hand, p y r i d i n e s  V may be obta ined when N-vinyl iminocerbenium c a t i o n  

r e a c t s  w i t h  the  a-carbon o f  ketone. 

+ 
R ~ - C H ~ C - N ~ C - R ~ - O P O C ~ ~  + R ~ - c H ~ - c - R ~  - 

I U R2 + 2  HCl + HFQ3 

R2 0  R l  R2 

V 

Most o f  p y r i m i d i n e  and p y r i d i n e  d e r i v a t i v e s  thus  obta ined ( ~ e b l e  I )  were p rs -  

v i o u s l y  prepared by o t h e r  methods. The s t r u c t u r e s  o f  new compounds were d e t e r -  

mined by microanelyse,  uv  end IH nmr exeminst ione ( ~ e b l e  2). The p u r i t y  o f  pre- 

pared compounds was t e s t e d  by TLC end GLC methods. The r e a c t i o n  o f  N - v i n y l i m i -  

d o y l  d ich lorophosphetes w i t h  n i t r i l e s  o r  ketones g i v i n g  p y r i m i d i n e s  o r  p y r i d i -  

nee. r e s p e c t i v e l y ,  proceeds v e r y  s l o w l y  on account o f  low b s s i c i t i e s  o f  nucleo- 

p h i l e s  end the  r e a c t a n t e  should  be kept  b o i l i n g  f o r  s e v e r a l  hours. The y i e l d s  

o f  the  p y r i m i d i n e  and p y r i d i n e  d e r i v e t i v e s  e r e  n o t  h i g h  end v a r y  g r e a t l y  de- 

pending on the  s t r u c t u r e  o f  subst ra tes .  The y i e l d s  a r e  e f f e c t e d  by t h a  r a t e s  o f  

r e a c t i o n  o f  N - v i n y l i n i d o y l  d ich lorophosphatea w i t h  n i t r i l a s  o r  ketones, g i v i n g  

p y r i m i d i n e s  o r  p y r i d i n e s ,  r e s p e c t i v e l y ,  and the  r e t e e  o f  o t h e r  r e a c t i o n s  o f  

i m i d o y l  d ich lorophosphetes.  such as the  von Braun f ragmentat ion r e a c t i o n 8 ' I 0  

o r  r e a c t i o n  w i t h  ce rbony l  oxygen atomi1 o f  ketones y i e l d i n g  1.3-oxerines. Tha 

y i e l d s  of p y r i m i d i n e s  I V  ( ~ e b l e  1) were moderate. when N - v i n y l i m i d o y l  d i c h l o -  

rophoephetes ware reac ted  w i t h  a c e t o n i t r i l e .  When the  r a t e  o f  r e a c t i o n  o f  
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Table 1. Pyr im id ines  I V  end P y r i d i n e s  V  preparede 

~ e t o n e  I N i t r i l e  11 

f i e l d  bp Oc/ tor r  Rfb tAC n p  o f  Ref 

ni he microanalyses o f  p roduc ts  and t h e i r  p i c r e t e s  were i n  s a t i s f a c t o r y  agreement 

w i t h  the  c e l c u l e t e d  va lues ( C  2 0.28 %, H  2 0.24 %, N  2 0.32 %). 

b~~~ - s t a t i o n a r y  phase: s i l i c a  g e l ;  mobi le  phase: 3 : l  v/v benzene/ethyl  aceta te  

'GLC - peck ing o f  column: s i l i c a  rubber  SE-30 25% on Chromosorb W, column: 3 n 

l o n g  end 4  mm i n  d iameter .  c a r r i e r  gas: hydrogen 100 ml/min, o p a r e t i n g  tampsra- 

t u r e :  6 8 ' ~  f o r  IVe and Ve, 80°c f o r  IVb and Vb. 

N - v i n y l i m i d o y l  d ich lorophoaphetee w i t h  n i t r i l e  decreasee due t o  a  e t e r i c  h i n -  

drance o r  lower n u c l e o p h i l i c i t y  o f  n i t r i l e  n i t r o g e n  atom (R3 - C6H5. C 6 ~ 5 - C ~ 2 ) ,  

t he  y i a l d s  o f  p y r i m i d i n e s  were much decreased. The p y r i d i n s s  V  wera formed only, 

when a l i p h a t i c  ketones were used i n  the  r e a c t i o n  w i t h  N - v i n y l i m i d o y l  d i ch lo ro -  

phosphates. When a l k y l  a r y l  ketonee (RI - H, CH3. R2 - C  H  ) were used, p y r i -  6  5  

d ines  wera n o t  formad. I n  these cases the r e a c t i o n  y i e l d e d  4H-1.3-oxezinee and 

s m a l l  amounts o f  p y r i m i d i n e s ,  which were formed from the r e a c t i o n  of N -v iny l -  

i m i d o y l  d ich lorophosphates w i t h  n i t r i l e s  accompanied by the  von Braun fragmen- 



Tabla 2. S p e c t r a l  Data of Pyr imid ineb 1V and q t r i d i n e s  V 

Prod- uv (methanol/water) nmr ( c c ~ ~ )  

u c t  mediuma amax [nm] (t. & [ P P ~ ]  

IVa 

b 

C 

d 

s 

f 

9 

va 

b 

f 

9 

h 

bas ic  259 (4.1) 5.95 (s,  IH,  5-H); 2.22 (8, 3H. 2-W3):  

a c i d i c  264 (5.6) 2.0 (s, 6H. 4-CH3, 6-CH3) 

bas ic  259 (4.0) 2.48 (a, 3H. 2-CH3); 2.26 (6, 6H. 4-CH3. 6-CH3); 

a c i d i c  264 (5.6) 1.98 (a, 3H. 5 - C H ~ )  

bas ic  251 (11.2) 278 (13.8) 8.35-7.53 (m, 5H. 6-C6H5); 7.46 (s, IH,  5-H); 

a c i d i c  254 (6.3) 302 (16.2) 2.92 (s.  3H. 2-CH3); 2.68 (a, 3H. 4-CH3) 

bas ic  295 (18.1) 8.77-8.70 (q.  4H. 6-C6H4-~02-p); 7.87 (6. IH,  

a c i d i c  298 (22.2) 5-H); 3.20 (6, 3H. 2-CH3); 3.0 (6, 3H. 4-CH3) 

bas ic  241 (5.4) 272 (8.9) 7.37 (a, 5H. 6-C6H5); 2.53 (s ,  3H. 2-CH );  3 

a c i d i c  291 (11.9) 2.40 (a,  3H. 4-CH3); 2.17 (s ,  3H. 5-CH3) 

bas ic  259 (36.0) 8.68-7.60 (m,  I I H ,  2-C6H5. 4-C6H5. 5-H) ; 

a c i d i c  259 (31.7) 2.6 (6, 3H. 6 - 0 5 )  

bas ic  292 (44.9) 8.77-7.30 (a, 9H. 2-C6%-OW3-p, 4-C&-0CH3-p, 

a c i d i c  297 (21.3) 351 (36.0) 5 4 ) ;  4.15 (s ,  6H. 2-C6H4-OC3-p. 

4-C6H4-0Cb13-p) ; 2.85 (a, 3H. 6-CH3) 

bas ic  264.5 (3.0) 6.58 (a, 2H. 3 4 .  5-H) ; 2.32 (s, 6H. 2-CH3, 

s c i d i c  268 (5.9) 6 - C H ~ ) ;  2.17 (s ,  3H. 4-CH ) 
3 

bas ic  265.5 (2.3) 1.77 ( 8 ,  6H. 2-CH3, 6-CH3); 1.67 (s, 6H. 3-CH3. 

a c i d i c  270 (5.9) 5-CH3); 1.45 (6,  3H. 4-CH3) 

bas ic  245 (11.9) 282 (10.4) 8.05-7.25 (m, 6H. 2-C6n5, 3 4 ) ;  6.80 (8. IH, 

a c i d i c  246 (6.0) 297 (14.0) 5-H); 2.50 (s ,  3H. 6-CH3); 2.33 (a, 3H. 4-CH3) 

bae ic  261 (11.6) 288 (14.4) 7.98-7.75 ( q ,  4H. 2-C&-0CH3-p); 7.18 (s,  IH.  

a c i d i c  264 (6.2) 324 (14.6) 3 4 ) ;  6.70 (s,  IH.  5-H); 3.78 (m, 3H. 

2-C6H4-OC3-p); 2.50 ( 9 ,  3H. 6-CH3); 2.26 ( 0 ,  

3H, 4-CH3) 

b a s i c  267 (5.1) 7.17 (s ,  5H. 2-CH2-C&5) ; 6.68 (a. IH,  3-H); 

a c i d i c  275 (8.4) 6.57 (8 .  IH.  5-H); 3.98 (s.  2H. 2-Cb&-C6H5); 

2.43 (6, 3H. 6-CH3); 2.17 (a, 3H. 4-CH3) 

a 
Basic medium - 0.01 M NaOH i n  10% methanol, s c i d i c  medium - 0.01 M HC1 i n  10% 

msthanol. 
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t e t i on .  Yield. o f  pyr imid inae and py r i d i nae  incraaae, when the in te rmed ia te  

N-v iny l im idoy l  dichlorophosphetes have an e l k y l  group i n  the 2 -pos i t i on  f H).  

I t  i s  shown t ha t  t h i s  group of  N-v iny l im idoy l  dichlorophosphetee i s  more atab la  

i n  the r e a c t i o n  medium. 

EXPERIMENTAL 

Preparat ion o f  py r im id ines  IV. 

A m ix tu re  of  a l k y l  ketone I (0.02 mole).  n i t r i l e  11 (0.1 mole) and POC13 (0.02 

mole) was kept  b o i l i n g  u n t i l  no i n i t i a l  ketone wee observed i n  the samples (tee- 

t e d  by means o f  TLC a f t e r  t h e i r  hyd ro l ys i s  i n  a c i d i c  medium). The r eac t i on  mix- 

t u r e  wsa then poured onto i c e  and d i s t i l l e d  w i t h  steam. o i e t i l l a t e  was d iscer -  

dad, the remainder was f i l t e r e d  t o  remove t a r s ,  then a l k a l i z e d  w i t h  NaOH eolu- 

t i on .  Pyr imid ines ( 1 ~ 8 ,  b, c .  e) v o l a t i l e  i n  steam were separated by repeated 

steam d i s t i l l a t i o n  end e x t r a c t i o n  of d i e t i l l a t e  w i t h  ether. Pyr imid ines (1Vd. 

f ,  g) non-volatile i n  steam were separated by f i l t r a t i o n  o r  e ther  ex t r ac t i on .  

The s o l i d  products  were p u r i f i e d  by c r y e t e l l i z e t i o n  from hexane (IV~. e, f )  o r  

e thano l  (IV~). 

Preparat ion o f  py r i d i nes  V. 

A  mix tu re  o f  a l k y l  ketone I (0.1 mole), n i t r i l e  11 (0.03 mole) and POC13 (0.03 

mole) was kept b o i l i n g  f o r  10 h. The r e a c t i o n  m ix tu ra  wae workad up as above. 

A11 p y r i d i n e  d e r i v a t i v e s  prepared were v o l a t i l e  i n  steam. 

React ion o f  a c e t o n i t r i l e  w i t h  excess o f  acetophenone. 

A  mix tu re  o f  acetophenone (0.1 mole), a c e t o n i t r i l e  (0.03 mole) and WC13 (0.03 

mole) wee kept b o i l i n g  f o r  10 h. The r e a c t i o n  m ix tu ra  was hydrolyzed by pouring 

i n  a  v i go rous l y  s t i r r e d  s o l u t i o n  of Na2CO3 (0.25 mole). The organic  l a y e r  con- 

t a i n i n g  e  n i x t u r e  o f  severa l  compounds wee separated by p repara t i ve  TLC method 

( 2  mm t h i c k  e i l i c a  g e l  p l a t es ;  3 : l  v/v benzene/ethyl acetate).  The f o l l ow ing  

compounds were i s o l a t e d :  

a. 2.4-dimethyl-6-phenylpyrimidine ( R ~  - 0.11) 

b. 2.4-dimethyl-4.6-diphenyl-4H-l,3-oxssine as an o i l  (Rf - 0.50). 'H nmr 

(cx~,) : 8 [ppm] - 7.5-6.7 (m, 1OH. 4-C6H5. 6-C6H5) ; 5.35 (0,  IH. 5-H) ; 1.85 

(0. 3H. 4-CH3); 1.4 (s,  3H. 2-CH3). The s t r u c t u r e  o f  4H-1.3-oxezine was es- 

s igned t o  t h i s  compound because i t  undergoes very  easy hydro lye ie  i n  a c i d i c  

medium12 t o  3-N-acetylemino-3-phany1butyrophenon.r mp 9 8 ' ~  93-94O~). 



'H nmr ( ~ 0 ~ 1 ~ )  : 8[ppm] - 7.9-7.25 (m, IOH. arom) ; 6.96 (6, IH.  NH) ; 3.66 (d. 

2H. CH2, J - 8 HZ);  2.0 ( 0 ,  3H. C H ~ ) ;  1.88 (a. 3H. C H ~ )  

c. 1-chloro-1-phenylethsne ( R ~  - 0.76) i d e n t i f i e d  by 'H nmr (product  o f  fragmen- 

t a t i o n  r e a c t i o n ) .  
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