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Abstract - An unusual condensation of pyrimidinones (z), (3), and (12) 
in the presence of lithiated furan derivatives or LiHMDS leads to the 

formation of 1, 8 and 13. In the case of the self condensation of 3, 

a novel acylain reaction is invoked to explain the formation of product 

(8) where the substrate acts as the catalyst in the reaction. 

Due to their biological and pharmacological importance, pyrimidines continue to 

attract much interest.l Although such compounds are relatively simple from a 

Structural point of view, they have been the subject of a great deal of chemical 

work, and new transformations are frequently rep~rted.~ 

During the course of our work on the synthesis of C-nucleoside analogs as poten- 

tial antiviral agents, we planned to prepare furylpyrimidines by condensation 

of the pyrimidinones (i), (2) and (1) with furyllithium derivative and to 

subsequently subject them to an oxidative rearrangement of the furan ring according 

to ~efebvre.3 The study of the products of these reactions enabled us to put into 
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evidence the unexpected behaviour of pyrimidinones (2) and (2) in basic media 

and their conversion respectively into bipyrimidinylmethane (1) and the acyloin 
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derivative (8 ) .  

During the condensation of with 2-methylfuryllithium, in THF at -20°C, adding 

a THF solution of the anion to the substrate in one pot, we noticed the presence 

of a by-product in the reaction mixture, along with the condensation product 5.& 

When the addition of the anion was done dropwise, the by-product (1) became the 

major product of the reaction and no traces of the condensed product (5) was de- 

tectable in the reaction mixture (see Table 1). The condensation of pyrimidinone 

(1) with 2-methylfuryllithium showed an analogous behaviour. The products of these 

reactions have been identified as the bipymlridinylmethane (1) and the acyloin 

(g),  respectively, on the basis of their spectroscopic data. 
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B i p y r i m i d i n e s  a r e  u s u a l l y  formed from n u c l e i c  a c i d s  a s  a  r e s u l t  o f  uv induced  

m u t a t i o n  of  human c e l l s . 5  They a r e  s y n t h e t i z e d  i n  d i f f e r e n t  ways, such  a s  by 

l i t h i a t i o n  of  b ramapgr imid ines  and s u b s e q u e n t  c o n d e n s a t i o n  w i t h  a  second p y r i m i d i -  

n e  m o l e c u l e ,  c o n d e n s a t i o n  of a  p y r i m i d i n o n e  d e r i v a t i v e  w i t h  d i m e t h y l  malona te  

OF e t h y l  a c e t o a c e t a t e  t o  c o n s t r u c t  t h e  second p y r i m i d i n e  r i n g , 6  by e l e c t r o c h e m i c a l  

o x i d a t i o n 7  and by r a d i c a l  a d d i t i o n s . 8  

C o n s i d e r i n g  t h e  i n t e r e s t  i n  b i p y r i m i d i n e s  and s p u r r e d  by t h e  n o v e l t y  of o u r  r e s u l t s ,  

i t  deemed worthy t o  s t u d y  t h e  r e a c t i o n s  f u r t h e r .  

We r a t i o n a l i z e  t h e  f o r m a t i o n  of  b i p y r i m i d i n y l m e t h a n e  (1) based  on a  t r a n s m e t a l l a -  

t i o n  r e a c t i o n  between t h e  f u r y l l i t h i u m  and t h e  r e l a t i v e l y  a c i d i c  6-6 methy l  group 

i n  , t h u s  g i v i n g  t h e  a n i o n  (9). I n  a  second  s t e p ,  t h i s  a n i o n  d i s p l a c e s  t h e  C- 

2 methoxy group  of a n o t h e r  molecu le  of t h e  s u b s t r a t e  (2) l e a d i n g  t o  t h e  p r o d u c t  

(1). 9 
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This mechanism explains why 1 is the only reaction product when the base is added 

dropwise to the substrate since the substrate is always in large excess as compared 

to the base. 

Bipyrimidine (8) has the structure of an acyloin. In particular l~-nmr spectrum 

showed a doublet (one proton) at & 7.12 and a very broad signal at 5 10.34 
(one proton). The latter signal disappeared after the addition of D20 and concomi- 

tantly, the doublet became a singlet at & 7.12. Same results were obtained by 

a decoupling experiment operated by irradiation of the 6 10.34 signal, showing 

in this way the presence of a secondary alcohol between quaternary carbons. No 

aldehyde carbonyl absorbtions are present in the ir spectrum. 

With the purpose to optimizing the yield of products (1) and (8) and in order 

to better understand the reaction course, we changed the nature of the base. As 

reported in Table 1, a stronger base (LiHMDS) leads to an increase in the yield 

of bipyrimidines (1) and (8). More difficult is to formulate a possible mecha- 

nism of the reaction giving 8. Benzoin condensation is in fact a well known reaction 
but is usually described for aromatic substrates, this case is one of the few 

examples1° of non aromatic substrate. 

The intramolecular condensation of an aromatic aldehyde is usually catalyzed by 

cyanide ionll through the tetrahedric intermediate (10) to give the corresponding 

acyloin. Breslow showed that the condensation can be catalyzed by thyarnine12 and 

more recent reports are available in the literature in which other heteracyclesll 

act as good catalysts for the benzoin condensation. It is worthy to note that, 

in the condensation of 3 ,  no catalyst has been added to the reaction mixture. 

In principle, two mechanism could be reasonably formulated. The first one, in 

which the fury1 ion, similarly to what described by ~apworthll and then by 

~reslow,l~ plays the role of the cyanide ion through the intermediate (11) to 

give then the product (8). 

A second mechanism is outlined in Scheme 3. 

The base removes a C-6 hydrogen of the substrate (3) to generate an anion which 

adds intramolecularly to the formyl group of an other molecule of the substrate. 

The new anion formed can react with one more molecule of the substrate to give 

an intermediate (a) similar to 10, that subsequently gives the acyloin (4). In 
such a mechanism the pyrimidinone (3) acts as substrate and also as the catalyst. 
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A mechanism i n  which t h e  b a s e  ( f u r y l l i t h i u m )  i t s e l f  p l a y s  t h e  r o l e  of t h e  c a t a l y s t  

i n s t e a d  of  t h e  pyr imid inone ,  a s  f o r  t h e  f i r s t  h y p o t h e s i s ,  h a s  t o  be r u l e d  o u t  

c o n s i d e r i n g  t h e  e x p e r i m e n t a l  o b s e r v a t i o n  t h a t  t h e  c o n d e n s a t i o n  i s  even more 

e f f i c i e n t  when LiHMDS i s  used a s  

Of LiHMDS t o  t h e  c a r b o n y l .  

t h e  b a s e  and i t  i s  h a r d  t o  imagine  a n  a d d i t i o n  

Scheme 3 

3 
LiHMDS - 

THF 
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F u r t h e r m o r e ,  t h e  f a c t  t h a t  benza ldehyde  d i d  n o t  condense u n d e r  our  exper imenta l  

c o n d i t i o n s  ( f u r y l l i t h i u m ,  2 - m e t h y l f u r y l l i t h i u m ,  LiHMDS), confirms t h e  second 

mechanism h y p o t h e s i s .  N e v e r t h e l e s s  t h e  second proposed mechanism i s  r e a s o n a b l e  

o n l y  if t h e  C-6 hydrogen i s  a c i d i c .  I n  o r d e r  t o  p r o v e  t h i s  h y p o t h e s i s  we t r i e d  

t h e  same condensa t ion  u s i n g  1 , 3 - d i m e t h y l u r a c i l  (g) a s  t h e  s u b s t r a t e .  

We have  o b t a i n e d  a  p r o d u c t  w i t h  t h e  a n a l y t i c a l  d a t a  i n  a c c o r d a n c e  w i t h  t h e  s t r u c t u r e  

(13). I n  p a r t i c u l a r  t h e  l ~ - n m r  showed an  ABX system where JAB>>JBX>>~AX"O formed 



1542 HETEROCYCLES, Vol. 32, NO. 8, 1991 

by a  q u a r t e t  c e n t e r e d  a t  5 3.29 ( o n e  o f  t h e  Cgl-H) P a r t i a l l y  h i d d e n  by t h e  N-me- 

t h y l s ,  a  d o u b l e t  (one  p r o t o n )  a t  6 4 . 5 0  and a  b road  d o u b l e t  (one p r o t o n )  a t  

6 2 .80 .  

Decoupling e x p e r i m e n t s  performed by i r r a d i a t i n g  t h e  ,$ 2.80 s i g n a l  t r a n s f o r m  

t h e  q u a r t e t  i n  a  d o u b l e t  w h i l e  t h e  i r r a d i a t i o n  of t h e  d o u b l e t  c e n t e r e d  a t  4.50 

t r a n s f o r m s  t h e  q u a r t e t  t o  a  d o u b l e t  a s  w e l l ,  showing t h e  r e c i p r o c a l  s i t u a t i o n  

of C-5' and C-6 'p ro tons .  1 3 ~ - ~ m r  spec t rum and ms a r e  i n  accordance  w i t h  t h e  proposed 

s t r u c t u r e .  

When 1,3-dimethyl-6-formyl-4-pyrimidinone (1) was s u b j e c t e d  t o  t h e  l i t h i a t e d  b a s e s ,  

no b i p y r i m i d i n o n e s  were o b t a i n e d  s i n c e  t h e  C-5 p r o t o n  i s  n o t  a c i d i c  enough . l3  

I n  c o n c l u s i o n ,  we have  shown t h a t  6 -methy la lkoxypyr imid inones  can be t r a n s f o r m e d  

i n t o  t h e i r  a n i o n s  a t  p r imary  carbon atom and t h a t  t h e s e  undergo  i n t e r m o l e c u l a r  

c o n d e n s a t i o n s  t o  g i v e  p r o d u c t s  o f  t y p e  1. 5-Formyl-x,E-dirnethylpyrimidimidinones undergo 

an  unprecedented  a c y l o i n  c o n d e n s a t i o n  i n  which t h e  p y r i m i d i n a n e s  a r e  t h e  s u b s t r a t e  

and t h e  c a t a l y s t  a t  t h e  same t ime .  

~ ~ b l ~  1 - y i e l d s  of 1, 13, and 5 w i t h  d i f f e r e n t  b a s e s a  

S u b s t r a t e  Produc t  Y i e l d  ( % ) b  Base 

2  0  F u r y l l i t h i u m C  

2  - 7 4  0  2 - ~ e t h y l f u r y l l i t h i d  

60 LiHMDS 

3 0  F u r y l l i t h i u m  

1 2  - 13 - 7 0  2 - M e t h y l f u r y l l i t h i w n  

70 LiHMDS 

10 F u r y l l i t h i u m C  

3  - 8  - 30 2 - M e t h y l f u r y l l i t h i w n C  

60 LiMDS 

a )  R e a c t i o n s  r u n  by a d d i n g  t h e  b a s e  d r o p w i s e .  

b )  Y i e l d s  o f  i s o l a t e d  p r o d u c t s .  

C )  N O  p r o d u c t  o f  c o n d e n s a t i o n  between t h e  s u b s t r a t e  and 
t h e  b a s e  was d e t e c t e d .  
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EXPERIMENTAL 

N m r  s p e c t r a  were r e c o r d e d  an  a  V a r i a n  XL 300 (300 MHz) s p e c t r o m e t e r  and a r e  r e p o r t e d  

i n  v a l u e s .  M e l t i n g  p o i n t s  were o b t a i n e d  on a R e i c h e r t  K o f l e r  a p p a r a t u s  and 

a r e  u n c o r r e c t e d .  M i c r o a n a l y s i s  were per formed by C a r l a  Erba  1106 a n a l y z e r .  I n f r a r e d  

S p e c t r a  were r e c o r d e d  on a  P e r k i n  Elmer 298 s p e c t r a p h o t o m e t e r  u s i n g  NaCl p l a t e s .  

Mass s p e c t r a  were r e c o r d e d  an  a  K r a t o s  MS80 s p e c t r o m e t e r .  A l l  s o l v e n t s  were ACS 

r e a g e n t  g r a d e  and were r e d i s t i l l e d  and d r i e d  a c c o r d i n g  t o  s t a n d a r d  p r o c e d u r e .  

G e n e r a l  Procedure  f o r  t h e  S y n t h e s i s  of 7 ,  8  and 1 3 .  

To a  s o l u t i o n  of t h e  s u b s t r a t e  ( 2  mmol) i n  d r y  THF (10  m l )  coo led  t o  -78 O C a  LiHMDS 

( 2  m o l ) b  was added d r o p w i s e  u n d e r  n i t r o g e n  a tmosphere .  A f t e r  1 h  t h e  mix ture  

was decomposed by a d d i t i o n  of w a t e r  ( 5  m l ) .  The o r g a n i c  l a y e r  d i l u t e d  w i t h  EtOAc 

was t h e n  s e p a r a t e d ,  d r i e d  w i t h  anhydrous  Na2SO4 and e v a p o r a t e d  under  reduced 

p r e s s u r e .  The r e s u l t a n t  foam was p u r i f i e d  by p r e p a r a t i v e  t l c  on s i l i c a  g e l  (Merck) 

u s i n g  1 0 %  methanol  i n  ch loroform a s  m o b i l e  p h a s e .  Y i e l d s  a r e  r e p o r t e d  i n  T a b l e  

1. 

a  F o r  compound( l ) the  r e a c t i o n  was r u n  a t  -20°C. 

The r e a c t i o n  was performed I n  t h e  same e x p e r i m e n t a l  c o n d i t i o n s  when d i f f e r e n t  

b a s e s  were used .  

Compound 7. 

mp 1 8 8 - 1 8 9 0 ~  (MeOH/H20); i r  ( 3  ,cm-l) (CHC13) 2800, 1680,  1550;  l ~ - n m r (  S, ppm), 

(CDC13) 2 . 1 9 ( s ,  3H, CH3), 3 . 3 1 ( s ,  3H, NCH3), 3 . 5 1 ( s ,  3H3 NCH3), 3 . 8 8 ( s ,  3H, QCH3), 

3.90-4.03(m, Z H ,  CHZ) ,  5 . 9 9 ( s ,  I H ) ,  6 . 1 9 ( s ,  1H); 1 3 ~ - n m r  ( 6 ,  ppm) ( c D c ~ ~ )  22.66 

(CH3), 27.23(CH2), 30.79(CH3),  4 2 . 4 4 ( C ~ ~ ) ,  55.59(CH3), 1 0 5 . 8 9 ( ~ ~ ) ,  1 1 0 . 3 5 ( ~ ~ ) ,  

1 5 6 . 9 6 ( C ) ,  157 .85(C) ,  159 .39(C) ,  1 6 2 . 8 8 ( C ) ,  1 6 3 . 0 2 ( C ) ,  163 .35(C) ;  ms +EI(m/z ,  M f l )  

277. 

Anal .Calcd f a r  C13H16N403:C,56.51; H,5.84; ~ , 2 0 . 2 8 .  ~ o u n d : ~ , 5 6 . 8 4 ;  ~ , 5 . 8 0 ;  N,20.34. 
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Compound 8. 

Ir ail ( 9 ,  cm-1) (CHC13) 3500, 2930, 1650; l~-nmr ( 6 ,  P P ~ )  (CDC13) 2.78(s, 6H, 
NCH3), 3.13(s, 6H, NCH3), 7.10(d, ~=16.3 Hz, lH), 8.83(s, 2 ~ ) ,  10.15(s, br, lH), 

13~-nmr (5, ppm) (CDC13) 24.80(C~~), 36.00(~~~), 103.94(C~), 124.00(CH), 142.12(C), 

165.92(~), 168.50(C), 187.61(C); ms -CI(m/z, M-1, -336 Anal.Calcd for C14H16N406: 

C,50.00; H,4.80; N,16.66. Found:C,50.44; H,4.55; ~,16.79. 

Compound 13. 

mp 247-24g°C (MeOH/H20); ir ()) ,  cm-1) (CHC13) 1710, 1680; l~-nmr ( d  , ppm) (CDC13) 
2.80(br d, JAB=16.5 Hz, lH), 3.06(s, 3H, NCH3), 3.20(s, 1H, NCH3), 3.29(q, JAB=16.5 

Hz, J B X = ~ . ~  Hz, lH, Partially hidden by the N-methyls), 3.32(s, 3H, NCH3), 3.40(s, 

3H, NCH3), 4.58(d, JBx.7.8 Hz, lH), 5.45(s, 1H); l3c-nmr (6, ppm) (CDC13), 27.91 
(CH31, 28.20(~~3), 31.23(CH3), 34.67(CH3), 35.74(CH~), 53.43(CH), 98.90(CH), 

149.75(C), 152.75(C), 152.91(C), 161.70(C); ms +EI(m/z, M++1)277. Anal. Calcd for 

C12H16N404:C,51.42; H,5.75; N,19.99. Found:C,51.44; H,5.73; N,19.97. 

ACKNOWLEDGMENT 

We thank the Minister0 della Pubblica Istruzione for financial support. Thanks 

are also due to Mr. F. Morelli for typing the manuscript. 

REFERENCES 

1 For recent review, see: D. J. Brown, "Heterocyclic Compounds", Vol. 16, John 

Wiley and Sons, New York, 1985. 

2 See for example. (a) L. Strekowski and R. Watson, J. Org. Chem., 1986, 51, 

3226. (b) L. Strekowski, R. Watsan,and M. A. Faunce, Synthesis, 1987, 579. 

3 Y. Lefebvre, Tetrahedron Lett., 1972, 133. 



HEEROCYCLES, VOl. 32, NO. 8, 1991 1545 

4 We have been able to reduce the am0un.t of this product see M. Botta, F. De Ange- 

lis, F. Corelli, M. Menichincheri, R. Nicoletti, M. E. Marongiu, A. Pani,and P. 

La Colla, Arch. der Pharm. (Weinheim), 1991, m, 203. 

5 (a) D. E. Brash, S. Seethraram, K. H. Kraemer, M. M. Seidman,and A. Bredberg, 

Proc. Natl. Acad. Sci. U.S.A., 1978, 84, 3782. (b) D. L. Mitchel, J. M. Clarkson, 
and G. M. Adair, Mutat. Res . ,  1986, 3, 123. 

6 D. J. Brown, W. B. Cowden,and L. Strekowski, Aust. J. Chem. 1981, 3, 1353 and 

notes therein cited. 

7 M. T. Ismail, J. Electrochem. Soc. India, 1987, 36, 164 

8 H. P. Schuchmann, J. Radiat. Bid. Relat. Stud. Phis. Chem. Med., 1986, 50, 1051. 

9 Methoxyl substitutions on 2-methoxy-li(3g)-pyrimidinones by alkoxy and amino groups 

have been already reported by us. See M. Botta, F. De Angelis, G. Finizia, A .  Gam- 

bacorta,and R. Nicoletti, Synth. Commun., 1985, 2, 27. 

10 (a) M. F. Lappert and R. K. Maskell, J. Chem. Soc., Chem. C o r n . ,  1982, 580. 

(b) H. Stetter, R. Y. Ramsch,and H. Kuhlmann, Synthesis, 1976, 733. 

11 A. Lapworth, J. Chem. Soc., 1903, 83, 995. 

12 R. Breslow, J. Am. Chem. Soc., 1958, 80, 3719. 

13 The reaction with furyllithium or 2-methylfuryllithium afforded the expected 

condensation products at the aldehyde group. See ref. 4. 

Received,  10th May, 1991 


