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A b s t r a c t  - New a p p r o a c h e s  f o r  s y n t h e s i s  o f  d i f f e r e n t  inono and p o l y h e t e r -  

o c y c l i c  d e r i v a t i v e s  " t i l l s i n g  a , % - u n s a t u r a t e d  n i t r i l e s  a r c  s u r v e y e d .  

The s c o p e  a n d  l i m i t a t i o n  o f  t h e  most i m p o r t a n t  o f  t h e s e  a p p r o a c h e s  a r e  

d e m o n s t r a t e d .  

INTRODUCTION: 

a , R - U n s a t u r a t e d  n ~ t r i l c s  ( 1 )  - are  v e r s a t i l e  r e a g e n t s  which h a w  h e m  extensively 

u t l l ~ s e d  i n  h e t e r o c y c l i c  s y n t h e s i s .  I n  s p i t e  o f  enormous number oC r e p o r t s  on 

t h c  u t i l i t y  o f  t h e s c  compounds i n  s y n t h e s i s  of  heterocycles, up t o  o u r  knowledge ,  

t h l s  s u b j e c t  h a s  n e v e r  b e e n  s u r v e y e d .  The u t i l i t y  o f  a c r y l o n i t r i l e  i n  h c t e r o -  

c y c l i c  s y n t h e s i s  h a s  been  s u r v e y e d  by  ~ r u s o n l  i n  a c h a p t e r  on c y a n o e t h y l a t i o n .  

l iowever,  t h i s  s u r v e y  1 5  now o b s o l e t e .  The u t i l i t y  o f  t e t r a c y a n o e t h y l e n e  i n  l h r r c l o -  

c y c l l c  s y n t h e s i s  h a s  been r e p o r t e d  p r e v i o u s l y  by Meyers a n d  s i r c a r 2  and a s  a p a r t  

o r  a hook on c h e m i s t r y  o f  cyano  g r o u p .  I t  was t h u s  dcc lded  t o  d e m o n s t r a t e  i n  t h i s  

r ev i ew  o n l y  r e a c t i o n s  o f  t e t r a c y s n o e t h y l c n e  t h a t  have  n o t  been s u r v e y e d  i n  t h r s  

r e f e r e n c e .  K e n c t l o n r  o f  a,B-unsaturated n i t r i l e s  a f f o r d i n g  h e t e r o c y c l i c  d e r i v a t i v e s  

3 t h a t  have  heen  r e c e n t l y  r ev i ewed  by Freeman w i l l  n o t  be F u r t h c r  d ~ s c u s s e d  h c r e .  

I -  FIVE-hEMBEKED RINGS FROM a,B-UNSA'rURATED NITRILES: 

( A )  Five-membered r i n g s  w i t h  one h e t e r o - a t o m :  

o . 6 - U n s a t u r a t e d  n i t r i l e s  we re  t h i o l a t e d  i n t o  t h i o p h e n  derivatives. F o r  example ,  

t h e  a r y l i d e n e  derivative o f  cyc lohexanone  ( 2 1  was c o n v e r t e d  i n t o  t h e  e n n m i n o t h i a -  
- 

phen derivative (2)  on t r e a t m e n t  w i t h  e l e m e n t a l  s u l p h u r . 4  The enamines  can a l s o  



be formed on hcating mixtures of the ketone, the activated nitrile and elemental 

sulphur in the presence of a basic catalyst (cf. Eq. 1). 

Recently, the formation of thiaphcns Cram the reaction of o,B-unsaturated nitr~les 

with thioglycollic acid has been  r c p ~ r t e d . ~ ' ~  The rcaction may be thus considered 

as an extcnslon of the ~ i e s s e l m a n n ~  thlophen synthesis (cf. Eq. 2). 

Tetracyanoethylene ( 4 )  - has been reported to react with hydrogen sulphide to yield 

the thiophen derivative (518,' - 

N C NC 
"25  H~~ v N c ~ c N  -!!& n;;2 

N C C N N C CN Hz 
4 - 5 - 

Several syntheses of pyrrole dcrivatlves from a,B-unsaturated nitriles have 

recently been reported and a r e  shown in equations 3 and 4?'-12 

0 

H 3 c ~ ; ; ~ t ) 2  - 
H3cKcH3+ 

MeO2C ROC C N ROC CN 
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Eq. 4 

~ e c e n t l y  a n  i n t e r e s t i n g  p y r r o l e  s y n t h e s i s  f rom t h e  r e a c t i o n  o f  o x i ~ , l i n a n i t r i l e s  

(6) w i t h  e n a m n o e s t e r s  ( 7 )  - h a s  been  r e p o r t e d .  The reaction is assumed to procced  

v i a  intermediacy o f  t h e  a c y c l i c  (i) whlch t h e n  c y c l i s t  i n t o  t h c  f i n a l  i s o l a b l c  

p r o d u c t  (2) t 3  

N u c l c o c i d e i  pyrrule d e r i v a t i v e  h a s  a l s o  lhcen synthcs~ied u t i l l s i n g  a,B-unsaturated 

n i t r i l e s T 4  tx:uq>le  ~s shown i n  c h a r t  1. 



HCN I r f i 2  

( B )  Five-membered rings with two hetero-atoms: 

It has been shown that ethyl B-trichloromethyl-B-amin0meth~-1en~~yan0acetate 

( X=CC13), reacts with hydrazine hydrate to yield the mninopyrazale derivative 

(11) via intermediate formation of the amidrarane (11) which could be 
i s ~ l n t e d ? ~ - ~ ~  T h i s  is in contrast to The reported formation of 3-amino-4-cyana-5- 

trifluoromethylpyrazole (14) - on treatment of B-trifluoromethyl-0-aminomethyl- 

enemalononitrile (13, X=CF3) with hydrazine hydrate?' Synthesis o f  pyraioles via 

20- 2 1 similar routes has been recently reported. 
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E t h a x y m e t h y l e n c m a l o n o n i t 1 ~ ~ 1 e  r e a c t e d  w i t h  h y d r a z i n e  h y d r a t e  t o  y i e l d  t h e  p y r n z n l c  

2 2 d e r i v n t l v e s  (15) a n d  (16). 

1 5  - 16 - 

I n  an  a t t e m p t  t o  s y n t h e s i s  3 - a m i n o - 4 - e t 1 ~ o x y c n 1 b 0 1 1 y 1 ~ ~ y r 3 2 0 1 ~  (I')) v i a  r c n c t l n i :  (11) 
ir i t lr  I i y d r ~ z i n c  lhydrare i n  a manner s i m i l a r  t o  t h a t  r e p o r t c d  Tor  i t s  r e a c c l o n  w i t h  

p l ~ e n y l h y d r s z i n ~  whlcli  i s  c s t a b l i s i r c d  t o  a f f o r d  p y r n z o l e  d e r i v : i t l v e s ,  H j d o r l k a % a  

e t  L I ~ ~ ~ ~ ~ ~  have  o b t a l n c d  i n s t e a d  o f  t h e  e x p c c t e d  p y r a z o l e  d c r ~ v n t i v e ( I ' ) ) t h c  

pyra :o la [ l ,  5 - , i ] p y r i e i d i n c  d e r i v a t i v e  ( 2 0 ) .  - l h c  formiition o f  t h i s  p l o d u c t  i s  

e r p e c t c d  t o  p r o c e e d  v i a  intermediate f u r m a t i a n  o f  (18). 



4-(4-Phenyl-3-pyrazolyl)-4H-l,2,4-t~iazol (2) was recently prepared by the 
2 5 

action of formylhydrazinc on a - p h e n y l - a - c y a n o a c e t a l d e h y d e .  

B - D i m e t i r y l a m i n o - o - ( 2 - r i b a s y l )  acrylonitrile (z) reacted wlth hydrazine hydrate 

to yield the nmlnopyrazole derivative (2). This opencd a new route for the synth- 
2 6 

e s l s  of formycanc and farmycine analogues. 
(NH-NHZ 

TrOmcN NH2.NH2.H20 

N (Me I2  
MeOH I HCi  

O x 0  O x 0  

A variety of new pyrazole derivatives have been synthesed utilising the same idea 

Of reacting a,B-unsaturated nitriles with hydrazine or acylated h y d r a z i n e s  

27-50 Examples for the most interesting of these syntheses are shown below. 
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3,4-D1cyano-S-.lmino~iyrazoles a r c  s y n t h e s l s e d  b y  t a k i n g  t h e  a d v a n t a g e  o f  t h e  

propensity o f  t c t r a c y a n o e t h y l e n e  ( 4 )  f o r  h l l c h a e l  a d d l t i a n .  T h u s ,  a r y l -  a n d  a l k y l -  - 

h y d r n r o n c s  a s  w e l l  as I h y d r a z l d e s ,  s e m i c a r b a z i d e s  and t h i o s e m ~ c a r b a z i d e s  h a v e  beerr 

r e p o r t e d  t o  r c n c t  w i t h  t e t r a c y a n o e t h y l e n e  (4 )  t o  a f f o r d  1-substituted 4 , 5 - d i c y a n o -  - 

3 - a m i n o p y r n ~ o l e s ? ~  The s t r u c t u r e  a s s i g n e d  f a r  t h e  r e a c t i o n  p r o d u c t  of t e t r o c y n n o -  

e t h v l c n c  ( 4 )  - w i t h  m e t h y l h y d r n z i n e  was r e i n v e s t i g a t c d  by  i l c c h t  e l  a 1 4 '  a n d  E a r l  e t  

a i 4 8  i n  two s c p a r a t c  c o n t r i b u t i o n s .  I t  h a s  b e e n  shown b y  l l c c h t  c t  a 1 4 '  t h a t  

c o n s i d e r a t i o n  o f  t h c  m e c h a n l s t l c  r o u t c s  s u g g e s t e d  i n  l i t c r n t u r c  f o r  t h i s  r e a c t i o n  

r l l u s t r n t e s  t h e  s o u r c e  oC s t r u c t u r a l  a m b i g u i t y  l n  t h c  f o r m a t i o n  o f  t h c s c  p r o d u c t s  

f r om m e t h y l h y d r n i i n e  a n d  t e t r a c y a n o c t l r y l e n e  ( 4 ) .  'Thus, one  m i g h t  f o r  exzimplc,  - 

e n v ~ s i u n  i o r m n t i o n  o f  t h e  1-metl1yl-3,5-dicy~no-3-am~nopyrnzalc ( 2 4 )  - b y  c o n j u g a t e  

n d d i  t ~ o n  o i  t h e  marc i t u c l c o p h i  l ~ c  s u b s t i t u t c r l  n i t r o g e n  o f  m c t h y l h y d r n z i n e  t o  

t e t r u c y a n o e t l i y l e n c  ( 4 )  i o l l o w e d  by  n d d l t l o n  o i  u n s u b s t l t u f e d  h y d r n r l n e  r r l t r a g e n  
- 

oi t h e  hy l r . : i z i ne  t o  a cynno  group, a f f o r d i n g  t h e  o b s e r v e d  p r o d u c t  n c c o r d ~ n g  t o  t i re  

f o l l o w i n g  s cheme :  



Alternat~vely, as has been previously suggested, addition of the substituted 

nitrogen of methylhydrazme to the cyana group m i ~ h t  occur first a l d  the reaction 

then proceeds as shown in the scheme below: 

Bath authors on reconducting the above reaction have shown that it affords a 

mixture of two isomeric pyrazoles (53% and 27%47, 47% and s%~'). These authors 

have shown on the basis of chemical evidences as well a s  IR, UV and 13c NMR 

spectra that the major product for which the 3-amino-4.5-dicyana-I-methylpyrazole 

structure was formally assigned is really 1-methyl-3,4-dicyano-5-aminopyrazole. 

2,3-Diaminofumaronitrile has recently been utilised for the synthesis of 

irnidazale derivativess0 (cf. Chart 2). 

+ 
adenine 

C h a r t  2 
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a , B - U n s a t u r a t e d  n i t r i l e s  have  b e e n  e x t e n s i v e l y  u t i l i s e d  f a r  t h e  s y n t h e s i s  o f  

amino-1 ,2 -oxazo les  51-53 ( c f .  E q s .  5  a n d  6 ) .  

- 
Eq. 5 

When t h e  s a l t  o f  dimercaptomethylenema1ononitrileiQ ( 2 5 )  i s  t r e a t e d  w i t h  s u l p h u r  - 

i n  r e f l u x i n g  rnethiinol, t h e  i s o t h i a z o l e  d e r i v a t i v e  (5) was o h t a l n e d  i n  n good 

y i e l d .  The e x i s t n n c e  o f  i n t e r r n e d i a t c s  (26) a n d  (27) has been e n v i s i o n e d .  T h e  

fo rmer  nrlses iroln n u c l e o p h i l i c  a t t a c k  by mercap t ide  i o n  on  s u l p h u r ,  whereas  t h e  

l a t t e r  involves a second  n u c l c o p h i l i c  a t t a c k  o n  t h e  n i t r i l e  w i t h  e x p u l s i o n  o f  t h e  

s u l p h u r  moie ty  by t h e  n i t r o g e n .  Ano the r  example of t h i s  r e a c t i o n  i n v o l v i n g  t h c  

m o n o n i t r i l e  d e r i v a t i v e  has  bccn d e s c r i b e d ,  whlch presumably p r o c e c d s  th rough  

t h e  same p a t h ,  l c o d i n g  t o  t h e  i s o t h i n z a l e  d e r i v a t i v e  2 ( c f .  C h s r t  3) 

MeS 

N C 
SMe 

28 - 

2 9 - 30 - 

Chart 3 



(C) Five-membered rings with three hetero-atoms: 
55 

Tetracyanoethylene (4) reacts with ethyl diazoacetate to yield 1,2,3-triazoles. 

Cyanamide derlvatives have been extensively utilised far the synthesis of 1,2,4- 

5 6 - 5 g  One interesting example for the utility of these reactions is triazoles. 

shown below: 

DMF, 

N ( E t I 3 ,  
P-CI-C6H4NHNH2 

1 

\ SMe 

Cyanamlde derlvatives have beon utilised for thc synthesis of oxadiazalestO For 

example, benzayldicyandiamide (2) affords a mixture of the urido-1,2,4-oxadiazole 

derivatlve~ (z) and (13) on treatment with h~droxylamine, the first predomina- 
57,60 ting. 



s i m i l a r l y ,  t h e  i rn inoe the r  (34) - a f f o r d s  t h e  amino-oxad iazo le  d e r i v a t i v e  (35) on 
6 1 

r e a c t i o n  w i t h  hydroxy lamine .  

A l s o  t h e  cyanamide (2) r e a c t e d  tv i th  hydroxy l smlne  t o  y i c l d  1 , ? , 4 - o x a d i a z o l e  

h 2  d e r i v a t i v e  (2). 

NC-N=(IMe + NH20H.HCI Base - 
SMe HzN 

I-Substituted-3-cyano-isothioureas ( 3 8 1 ,  gave mixture  of t l i c  5-nmli ia  3 - s u b s t i t u t e d  
-- 

a m i n o - 1 , 2 , 4 - o x n d i a z o l e s  ( 3 9 )  and  t h e  i s o l n e r i c  3-umirro-S-suhst~tutcdam1no-1,2,4- - 
o x a d i n z o l e s  (ii)) on r e a c t i o n  w i t h  hydroxy luminc ,  compound (32)  ~ t s u a l l y  prcdominn- 

6 3  t c d .  

11- SIX-MEMBERED RINGS FROM a.5-UNSATURATED NITRILES: 

S y n t h e s i s  o I  v a s t  number  o f  h e t e r o c y c l i c  s i x  mcinbered d e r i v ; z t i v e s  u t i l l s ~ n g  a , ~ -  

u n s a t u r a t e d  n i t r i l e s  n s  s t a r t i n g  m a t e r i a l s  1135 bccn  r c p o r t c d .  6 4 - 8 6  Many o f  t h c s e  

3 2  s y n t h c t l c  . ippranches  w c r c  s u r v e y c d  by ' I ' ; iy lar ,G4 Freeliian and Eleycrs and S i r c u r .  

These r o u t e s  a re  n o t  g o i n g  t o  b e  discussed f u r t h e r  mil i i e  a r c  g o i n g  t o  r e o o r t  o n l y  

r e c e n t  c o n t r i b u t i o n s  i n  t h i s  a r c 3  o r  c o n t r i b u t i o n s  so r e l a t e d  t o  o u r  a r c 3  o f  

i n t e r e s t  t h a t  i t s  i g n o r a n c e  sccrns u n l i k e l y .  

( A )  Six-membered r i n g s  w i t h  one h e t e r a - a t o m :  

T h e  s p o n t a n c o u s  c y c l i z a t i o n  o f  t h e  6 -cynnokc tonc  ( 4 3 1 ,  r e s u l t ~ n g  f rom t h e  a d d i t i o n  -. 

o f  m a l o n o n i t r l l e  (41)  - t o  benzylidcnedeoxibcnzoinc ( 4 2 ) .  - a f f o r d s  a 2-amino-4H-pyrnn 

r i n g  4 4 P 8  



The reaction of a series of substituted benzylideneoxibenzoincs with malononitrilc 

in ethanol at room temperature with a trace of a basic catalyst has allowed the 

preparation of a series of Z-amino-3-cyano-4,5,6-triaryl-4il-pyrans (44) in high 
yields (70 90%). 

it must be palnted out that the presence of the aryl group at position 5 in the 

resulr~ng adduct is important far the cyclization. l'lhen malononitrile reacts with 

the chalkone (45, X=H), the cyclization does not take place and the adduct 

(46, X=H) 1 s  the product isolated from the reaction. On the other hand, the - 

reaction of malononitrile with a-benzoylcinnamonitrile (45, X=CN) or ethyl 
a-benzoylcinnamate (45, - X=C02Et) leads to pyrans (47). 

,+k!+ No cyclization 

NC) NC + 5c+NcN&:rq- 4 5 

- 4 6 - 
or X=CN CO2 Et Nc&x 

H2NA0 Ar 

4 7 - 
~unek'j has reported that salicylaldehyde reacts with 2-amino-1,1,3-tricyano- 

pent-2-ene (48) to yield the benzopyran0-[3,4-~]~yridine derivative (50). Substit- 
uted salicylaldehyde have been reporteds7 to afford the iminacoumarin derivative 

(49). In a recent however, salicylaldehyde reacted with (48) to yield (2) 
Similarly, diethyl 3-amino-2-cyanopcnt-2-ene 1,s-dicarbaxylate (52) has been 

reported to react with salicylaldehyde to yield (53). The same compound has been 
claimed to be obtained directly from reaction of salicylaldehyde with ethyl 

cyanoacetatee9 (cf. Chart 4). 
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H 2 N ~ c N  
Sa l i cy l a l dehyde  

Et02CH2C C02E t  

5 2 5 3 - - 

C h a r t  4 

T h c  r e a c t i o n  o f  a c r y l o n i t r l l e  w i t h  a , B - u n s a t u r a t e d  t h i o k e t o n e s  has  been r e c e n t l y  

go r c p o r t c d  t o  a f f o r d  t h i o p y r a n s .  An example i s  shown below. 

S 
/I 

Ar-C-CH=CH-NR2 
( R1=CN) 

Midorikowa c t  z l Y 1  have shown t h a t  t h e  r e a c t x o n  o f  s u b s t i t u t e d  amines  w i t h  ? l i d -  

e n e r n a l l n o n i t r i l e s  s f i o r d s  p y r l d i n e  d e r i v a t i v e s  ( c f .  C h a r t  5 ) .  

1 30 % NaOH 

NC / N  

C h a r t  5 



conversion of 4-acetyloxazoles into pyridine derivatives via reaction with 

malononitrile has been reported. The reaction proceeds via formation of the 

yiledenemalononitrile derivative 54y2 (cf. Chart 6). 

u+ . . 

NHCOR 

- 
o Me 

CH(CN), 

Chart 6 

Several other pyridine syntheses from activated a,B-unsaturated nltriles are 

already available in literature, a very old example is the reaction of 2-ammo- 
9 3  

crotononitrile with aromatic aldehyde to yield a pyridine derivative (cf. Eq. 7 ) .  

Other Interesting cxamples for the application of similar ideas have appeared in 

recent literature. For example, 2-amino-l,l,3-tricyanapent-2-ene (48) has been 
reported to r e a c t  ulth benzalmalononitrile to yield pyridines?4 Similarly, diethyl 

3-amino-2-cyanopent-2-ene 1,s-dicarboxylate [c) has been reported to yield 

pyrldines utilising almost the same idea6g (cf. Eqs. 8 and 9). 
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C N 
Eq. 9 

2-.k1nino-1,1,3-tricyanopent-Z-cne ( 4 8 )  h a s  been  r e p o r t e d  t o  condcnse w i t h  B-di-  - 

k e t o n e s  a n d  U-nmlnacnones t o  yield pyridinc d e r i v a t i ~ e k ! ~ - ~ '  f .  L q i .  10,ll). 

0 
II ? 

CH3-C-CH-C-Rl I + Rz& N 

NCHZC C 
/CN 

R2 C N R1 H 
'C N 

Eq.  10 
CN CN 

t 

NCHZC C N 
Eq. 11 



(B] Six-membered r i n g s  w i t h  two h e t e r o - a t o m s :  

a ,B-Unsa tu ra ted  n i t r i l e s  have  been  e x t e n s i v e l y  u t i l i s e d  f a r  t h e  s y n t h e s i s  o f  

p y r l m l d i n e s .  T a y l o r  e t  a 1  6 4 , 9 8  have  surnrnarised a l l  l i t e r a t u r e  i n  t h i s  a r e a  i n  

more than o n e  reference. One o f  t h e  i n t e r e s t i n g  r e c e n t  examples  o f  t h e  u t i l i t y  o f  

o , G - u n s a t u r a t e d  n i t r i l e s  f o r  p y r i m i d i n e  s y n t h e s i s  i s  t h e  r e p o r t e d  r e a c t i o n  o f  

2 -aminamethy lenemalonon i t r i l e  w i t h  a c e l a m i d i n e  t o  y i e l d  pyrlmidine?"(cf. E q .  1 2 )  

O t h e r  Impor tan t  c o n t r i b u t i o n  i n  t h i s  a r e a  i s  shown i n  e q u a t i o n  1 3 f 4  R e c e n t l y ,  

H~N?'" NH arnidine 

CN 
exchange 

Eq. I 2  

CN 
y3J";.H2 - NyN b,, ' ,d 

Eq. 13 

c y a n o e t h y l a t i a n  o f  g u a n i d i n e  has  been r e p o r t e d  t o  a f f o r d  p y r i m l d i n e s ? 9  T h u s ,  

c y a n o e t h y l a t i a n  o f  c y a n o g u a n i d i n e  i n  p r e s e n c e  o f  l i t h i u m  h y d r i d e  h a s  b e e n  

r e p o r t e d  t o  y i e l d  p y r i m i d i n e s  ( c f .  C h a r t  7 ) .  

S e v e r a l  i n t e r e s t i n g  p y r i d a z i n e  s y n t h e s e s  u t i l i s i n g  a , B - u n s a t u r a t e d  n l t r i l e s  a s  

s t a r t i n g  m a t e r i a l s  have been  r e p o r t e d .  Thus,  compound ( 5 5 )  r e a d i l y  c y c l i s e d  in - 
p r a t i c  media t o  y i e l d  t h e  p y r i d a z i n e  d e r i v a t i v e  56'0•‹ ( c f .  E q .  1 4 ) .  - 

~ ' ~ ' " 3  cyclization 

NC 
H N / ~  I 

* "'I?cH3 HN y' 
Ph P h 

Ea. 14 
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I 1 
CH CH CN 
, 2  2 

H z N p ~ ~ ~  
CH2=CHC02Et 

L i H  1 H' 

Char t  7 

A v e r y  c l i u i i a r  s y n t h e s i s  o l  p y r i d n i i n c i  h:ls bccn r e p o r t c d  v i a  c o u p l i n g  O F  2 - a m i n o -  

1 ,1 ,3 - t1 -1cynnopen t -Z-e r l e  ( 1 9 )  - w i t h  a r y 1 d i : n r o n t ~ m  s i l l f s  and  s r ~ b s c q u r n t  c y c l i z a t l o n  

o f  t h e  coupling p r o d u c t s .  'The 5:mc p Y r i r h i i n r  < l e r i \ - n t ~ v c s  c o l l l d  h c  n l t c r n e t i v e l y  

s y n t h e s i s r d  v l : ~  t r e n t m c n t  of n r y l h y r l r a ~ o n o - m C t I ~ ~ x n ~ ~ i ~ n ~ t r i l e  d c r i v n t l v e s  w l t h  

m , ~ l o n o n ~ t r ~ l c ,  a r e a c t i o n  t i l o t  p r o c c c d s  r i lmost  c e r t a i n l y  v i a  t h e  i n t e r m f d l J c y  o f  

t h e  h y d r a z o n e  5 i l o 1  - (cC. C h a r t  8 ) .  

h', C h a r t  8 

S i m i l a r  synthesis of  p y r i d a z i n e  d e r i v a t i v e s  ut~lising d l c t t l y l  3-amino-2  cyan0 

1 0 2  p e n t - 2 - e n e  1 . 5 - d l c n r b o x y l n t e  h a s  been reported. 



Acenaphthenoquinones readily condense with malononitrile to yield the c o r r e s p o n d -  

ing y~ledenemalanonitrile which reacts readily with hydrazine hydrate to yield 

aminopyridazine derivativelo3 (cf. E q .  15). 

The utilization of 0-tosylisonitroso-malononitrilc o r  analogoui derivatives for 

the synthesis o f  pyrazines is briefly described, following the general 

scheme 101,104 ( c f .  E q .  1 6 ) .  

( C )  Six-membered rings with three hetero-atoms: 

Several triazine syntheses starting from a,g-unsaturated nitriles have appeared 

in recent literature. An interesting recent example of thcsc syntheses is shown 

101,105 in equation 17. 

Ar-NH-N=C(CN)2 RCO-NCS 

I 

I 
A r  

Eq. 17 
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111- FUSED IIETEROCYCLIC RINGS FROM o,B-UNSATURATED NITRILES: 

C y a n o e t h y l a t i a n  h a s  b e e n  extensively u t i l i s e d  t o  b u i l d  up f u s e d  h c t c r o c y c l e s .  

T h l s  i s  u s u a l l y  a c c o m p l i s h e d  v i a  c y a n o e t h y l a t i o n  o f  a heterocyclic compound i n  a 

position a d j a ~ c i i t  t o  w h i c h  a r c a c t l v e  c e n t e r  1s suitably l o c a t e d  t o  p e r m l t  

f u r t h e r  r e a c t l o n  o f  t h e  f u n c t i o n a l  g r o u p  i n  t h e  o b t a i n c d  a l k y l a t e d  d e r i v a t l v c  t o  

c o n d e n s c  i u r t h e r  w i t h  s u c h  r c a c t i v e  c e n t e r  t o  f o r m  e i t h e r  3 n c w  c y c l i c  o r  h e t c r o -  

c y c l l c  r i n g .  ro r  c x a m p l e ,  p h e n a x a i i n c  ( 5 8 a )  - o r  i t s s u l p h u r  a n a l o g u e  ( E b )  r e a c t e d  

s m o o t h l y  a n d  r a p i d l y  w i t h  a c r y l a n i t r i l e  t o  y i e l d  t h e  c o r r e s p o n d i n g  N-8 -cynnoe thy -  

l a t e d  p r o d u c t s .  T h e s e  were r c a d i l y  h y d r o l y s e d  I n t o  t h e  c o r r e s p o n d i n g  a r l d s  b I r ~ c h  

o n  t r c n t m e n t  w i t h  p n t o x i d c  a f f o r d e d  n m l x t u r e  o i  2 ,3 -d1 l iyc l r a -3 -ke to -  

l H - p y r l d o [ 2 , 1 - g ] p l ~ e n o x a z i n e  ( 5 9 a )  - a n d  i t s  d e h y d r o  d e r l v a t i u e  ( 6 0 n )  - o r  t h e l r  

t h ~ o n n a l o g u e s  (59b )  and  ( E b )  r e s p e c t i v c l y l O b  ( c f .  Char t  9 ) .  

5 9 - 6 0  - 
Chart  9 

Q u i t e  s l m l l a r  t o  t h i s  is t h e  r e p o r t c d  c y a n a e t h y l a t l a n  o f  7 -hyd roxycoumar ln  ( 0 1 )  - 

t o  y i e l d  t h e  c o r r c s p a n d i n g  a - c y a n a c t h y l a t e d  d e r i v a t i v e  ( 6 2 )  - w h i c h  c o u l d  b e  h y d r o -  

l y s e d  t o  t h e  c o r r e s p o n d i n g  n c l d  ( 6 3 ) .  T h c  l a t t e r  an  c y c l i z a t i o n  ivltlr p a l y p h o s p h o r ~ c  - 

n c l d  h a s  a f f o r d e d  a m i x t u r e  o r  ( 6 4 )  and ( 6 5 ) .  I n  ana logy  w i t h  t h e  h c h a v l o u r  o f  - - 



H H3p0 - 6 8  --I 
Chart 10 

Amlnopyrazole and nminoisoxazale derivatives have a l s o  been  reported to react 

with acryionitrlle to yicld clther fused pyrimidines or ring N-cyanoethylated 

products, which readily cyclised to f u s e d  p y r i m i d i n e s l O g ~ l l y  (cf. Chart 11). 
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R R'  

Ph R 

CH2=CHCN 

rnHNH2 
pyr id ine  p y r i d ~ n e  1 

lCH2=CH-C4Et R'n:n2 

py r i d i ne  
R N' 

Char t  1 1  

A r e c e n t  i n t c r c s t i n g  p y r i m i d i n e  s y n t i r c s i s  h a s  been  r c p o r t c d  f rom o u r  laboratories 

a n d  1 s  s h o w  i n  C h a r t  12 .  'The u t i l i t y  o f  t h e  r e s u l t ~ n g  c y a n o p y r i m i d l n e s  i o r  b u i l d -  

20 i n g  up f u s e d  l h c t c r o c y c l c s  has  a l s o  been  r e p o r t e d .  

Chart  12 



Recently, t h e  enaminanitrile ( 6 9 )  was utilised for synthesis of several n e w  fused - 

pyrimidine derlvativeslZO ( c f .  Chart 13). 

2 CCI3 S c c t 3  

N \ N  N A N A - w  N A N  

H2N%:NH-ph c N  c N  s H3c-L-.N*c~ 

1 
H3C-C-N 

H :: P I h 
C h a r t  13 

Synthesis of scveral new rlng system derived from pyra~olo[l,5-a]~~rimidi,es and 

1,2,4-triazolo[3,4-a]pyrimldines has been  recently reported via the reactioi~ o r  

enamlnanitrile (70) with cyclic amidines. The mechanism o f  the reaction involved 

was discussed1'' (cf. Chart 14). 

C h a r t  1 4  
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S e v e r a l  o t h e r  s y n t h e s e s  o f  f u s e d  p y r i m i d i n e s  f r o m  e n a m i n o n i t r i l e s  s r e  shown 

below12Z-127 ( c f .  Eqs.  1 8 - 2 0 ) .  

Ea. 18 

T h e  n r y l i d e n e  d e r i u a t l v e s  a 1  i s o r h o d a n i n e  a n d  t h i o r ! i o d m ~ n e  have bceri r e p o r t e d  t o  

u n d e r g o  1 , 4 - c y c l o a d d i t l o n  r e a c t i o n  w i t h  n c r y l o n i t r l l c ,  e t h y l  a r r y l a t e ,  a - n i t r o -  

s t y r c n c ,  s t y r y l c t h y l  k c t o n e  a n d  N-a ry l -ms lc i rn idcs ,  l e a d i n g  t o  s u b s t i t u t e d  t e t r n -  

hydrotl1iupyx~.ino-711[?,3-d]th1azol-2-ones .ind 2 - t h i o n e s .  The r c a r t l o n  p r o d u c t s  w l t k  

128-151 
i ~ c r y l o n i t r i l c  o r  wit!, e t h y l  n c r y l a t e  ave shown i n  e q u a t i o n  2 1 .  



Eq. 2 1  

Almost simultaneously and independantly, Elnagdi ct all3' and Midorlkawa et a1 91 

have reported a novel synthesis of thiarol0[2,3-a]~~ridines. rlnagdi et a1 132 

have utiliscd 2-suhstitutedmethyl-2-tliiazolin-4-ones and clnnamonltriles as 

starting materials, whereas Midorikawa and his group91 utllised c~nnamon~triles 

and ethyl thioglycollate as starting materials. However, the latter authors Y l  

have acknowledged the intermediacy of substitutedmethyl-2-thialolin-4-ones in 

their reaction scquence  (cf. Chart IS) 

Chart  1 5  

Several new syntheses of aiolapyrnnes and pyrnzolanzolcs from ylledenemalona- 

nitrlle derivotivcs have been  recently c .  Charts 16 and 17). 
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Chart  16 

Chart 17 



0-Ni t rabenza ldehyde  r e a c t e d  w l t h  2-amino-1,1,3-tricyanopent-2-ene (48)  - t o  y i e l d  

t h e  condensa t ion  p r o d u c t  (c) which c o u l d  b e  r e a d i l y  c y c l i s e d  I n t o  ~8~ 
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