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ENE REACTION OF IPYRA%OI. INE DEKIVATIVFS WITH TETRACYANOETHYLENE 

Alma Calarroni and Remo ~ a n d u l f i ~  

I s t ~ t u t c  di Chmica  Orgamca ,  Unlvers~ td  di Pai,m, 27100 Paula.  Italy 

A b s t r a c t .  1 - ? y r a z o l ~ n r  d c n v a r i v e s i a n d  5 r rac led  with tciracyanoethyiene to give, - - 
through a formal enc reacuon followrd by a loss  of hydrogen cyamde ,  1-rrlcyanovlnyl- 

-2-pyraioltnc derivat ives *d 7 as darnman! products .  Iiy c o n t r a s t ,  tetracyaooethy - - 
lene played only a catalytic role i n  the r rac tmn wilh 1-pyraiol inrs  11 promoting t h e w  - 
tautomernal ion to 2-pyrazolines 2. The p o s s ~ h l e  mechanisms of s u c h  react ions a r c  

discussed. 

The rne r e a c t ~ o n  has recent ly grown Into one of the most ~rseful and intrrebtmg organic reactmna duc  I; i t s  

I 
synthetic ~ ~ r s a t ~ l ~ t y  and to its mechanisrlc problems. Although a remarkable varlcty of aliphatic and alley - 

1 
clic ene systems has  becn studied, r a re  examples of heteroatom analogs have h c r n  unlil no*' ~ihscouered.  I n  

par t icular ,  no erw react ions mvolvlng a CH-N=N- h r t e r o c n r  moicry have b e e n ,  to our knowledge, r epor ted .  

Thus ,  the facile reoclion or 1-pyrazoline d c r ~ r a t i v e s  4 and 5 wlth tetracyanoethylene ( ' ICNF) provtdci the - - 
first example of such a hetercene system. 

SYNTHESIS  OF 1-PYRAZOLINE DERIVA'TIVES. 

Excess  c y c l o o c t a t e t r a ~ n e  reactcd smoothly a t  room temperalure wlth dlazomrthane, dmioethanc and phenyl - 

Nujol 
dlaromethane to give t r l c y c l ~ c  adducls oS type? & . g .  2, 1538 (-N=N-1 c ~ ~ ~ : & ( c D c I  1 1  20 (d.Me, 

max 
3 '  

' 5 , ~ e  
= 7 . 5  Hr) ,2.18-2.6 2 (m,H-6 and 11-7), 3 .01  (ddd, H- I ,  I = 1 0 . 5  Hz,  J , , l l =  3 . 0  Hz),  

1 .7 

6.74 (ddq,  H-5 .  J 2  ,5= 3 . 0  Hz, J S s 6 =  1 . 8  Hz),  5 . 2 3  (ddd, IC2. 1 2 , 6 =  6 . 0  H i ) ,  5.45-6.00 (m, H-8, H-9.H-10 

I 2 
and H-11) most seemingly through the not detecrrd bicyclic adducts of type 1 .  The r e  r c l a t i o n s h ~ p  betwe 

+ - 

en  H-5 and H-6 i n  compounds 2b a n d %  1s supported by their  low couplmg constants  ( < 2 . 0  H L ) , ~  The re - - 



act lan was found strongly selcct lve glvlng, in the case ol phenyldiazomethane, only the e p ~ m c r &  while in 

the c rude  adduct from the reac tmn with diaroethane t r a c e s  ( 6 5%) of the epmer o r b  were detected by 

n . m . r .  analysis  1.45 (d,  Me, 1 = 7 . 3  ,q . Noteworthy. these ilndrngs are  good evidence for LS 5,Me 

s t e n c  hmdrance to the a c h ~ e r e m e n t  of a lransltlon s ta te  3 ,  in sharp  contrast  with the resu l t s  ai  the Diels - - 
Alder react ion of dimethyl-d~phenylcyclopentadienone with 1.3-cyclooctad~cne where only the more crowded 

1 
endo adduct was obtained. - 

Dimethyl ncetylend~carboxylaie  reacted easily with compoundsAin e the r  undcr rcflux to afiord adducrs/  

Nujo l  EtOH 
e . g .  $. Vmax C IS45 (-N-N-i and 1715 (COOMe) cm-l .  , A m a x  328 nm (log E = 2 . 3 3 ) ; ~ ( c ~ c l ~ j  1 .18 (d .  

M e ,  = 7 . 3  iiii. 1 .LO (m, H-7), 1 . i O  - 2.LO (m, H-2 and H-8). 3 .75  ( 5 ,  two OMe), 4.00-6.80 (m ,H-1, 

H-3 and H-Y), 6.55 (m, 11-12 and e r c r s s  dimelhyl malcarr and $ required heating under ref lux 

In berlrrnr lo give 5b .  
53  - 

The at tack oi dtaiomethanr  to 10 resul tcd agam hlghly select ive and mvalved only rhe electron-poor te trasub-  

s t i iutrd double bond from the l e s s  hindered side, that is w ~ t h  respec t  to  the cyclobutene moiety. In fac t ,  

the adduct i l a  displayed the  expectcd vmyl proton resonances L J ( c D c I ~ )  2.97 (m, H-8 and H-11), 3 .40  - - 
- j.90 (m, H-l and H- l ) ,  3 .72  ( 5 ,  two Olile), 4.51 and 4.9.: ( i i - j .  ] = l Y . i ,  ILL! system),  i.65 (m, r i --9, H-iS ,  

11-12 and H - I ~ ) ]  and the proposed a&-srereechem~stry finds support in the uplieid shlft of H-12 and H-13 

r e s o n a n c e s ,  due  to shielding by pyrarol lne ring, '  in c o m p a r ~ s o n  wlth H-8 and H-9 s i g n a l s [ J ( ~ D ~ , ~ )  6 . 0 2 ,  

m] of the model compound 12. 

Finally the re la r imsh ip  between the phenyl and methoxycarbanyl groups in  z, ~ s o i a t e d  a s  dominant ad- 

duct from the rcac tmn of phenyldiazomethane wtth 10 ,  follows lrom the s t rong s h ~ e l d i n g  experienced by one of - 
the methoxycarboxyl groups[5(CDC13 3 . 0 0  1 compared lo the other  ( 5 3 . 8 2 ) .  

REACTIONS OF I-PYRALOLINE DERIVATIVES WlTli TCNE. 

Pyrazohnes  L and 5 ( 1 . 0  mmol) reacted slowly (10 days) with TCNE (1 .1  mmol) I" ace ton i tn le  ( 3  ml) at room - - 
t e m p e r a t u r e  to ~ i u e  1 - z r , r y a n o v r n y I - 2 - p y r a i o l ~ n e s e d  7 .  Mlnor amounts of aznmethmeimine derivat~vecKJ - 
and 9J were a l s o  isolated from the react tons of $ and j b ,  respect ively ,and  compound^ detected ( t r a c e s ,  tlc - 
analysis)  but not lsolated from the reactlon of LC. The s t ruc tu res  of compounds 6 and 7 r e s t  firmily on analytl - - - . 

-1 
c a l  and spec t ra l  da ta .  Takmg compound &as example i r  e x h i b ~ t s  s t rong absorpnons  at 2220 and 1590 cm in 

the IR spectrum and shobrs an UV maximum at  370 nm (EtOH, log C =  4.34) i n  agreemenr wlth the presence ol 
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R 

NC-C-CN 
I 

NC-C-CN - 
R 

I 
NC-C-CN 

I 
NC-C-CN 

I: 
16 



a b l e  

Mp ('C) 

39-42 

57-59 

95-98 

Oil 

110-111 

131-132 

195-196 

185-189 

Mp ('CI 

207-209 

254 dec 

157-158 

198-203 

132-133 

136-137 

103-107 

180-186 

a ~ h e  yields are  for p u r e  products  lsolated by s i l ica  gel column chromatography. All 

+ 
compounds gave sat isfactory microanalyses ( C . -  0.40;  H ,  0.301. 

b Nujol 
L/ 2200, 2220 !CN) and 1185 (N=N) cm-' 

max 

' L 5 . 9 0 ( m ,  H-9, H-10,H-12 and 11-13), 5 . U  ( 5 ,  H-5). 

1 
d ~ i c  and H n . m . r .  analysis  of the c rude  reacuon product showed the p resence  of ml 

- 

nor amounts  of other  adducts that we were not able to lsalate  in a pure s tate.  

Classy solid 

7 1 a N-C!CNl=C(CN) group.  Moreover ,  i t s  H n.m.r .  spectrum [ J ( u m 3 ) ,  2 .20 (5, Me), 2.55 (m, H-2 
2 

and H-81, 3 .25  (m, H-71, 3 .78  (5, two OMe) ,  L.1-4.9 (m, H-1, H-3 and H-9), 6 .65 (m, H-12 and ~ - l 3 ) l  c lear  

ly shows that the TCNE attack was local l ied at [he  h e t c r o c y c l ~ c  r tng leaving unaltered the carbocycl ic  moiety 

of the  s t a r n n g  compound/& An X-ray analysis  of compound 7b estabhshed beyond any doubt the c o r r e c t n e s s  - 
of the proposed s t r u c t u r e s .  

8 

Compound b h a s  been already reported as [he dominant product of the rzacuon o f b w i t h  TCNE oxide5a and 

5b 
8b was isolated a s  the  major product rn a s imilar  react lon between TCNE oxide a n d g .  - 
In contrast  wlth these resu l t s  pyrazo lmes  g r e a r r a n g e d  slowly into 2-pyrazolines 13 in the p resence  of - 

Nujol 
TCNE i n  acetoni tnl l -  [*, Ymax 3330 (NH) and 1735 (COOMe) m - l :  L(CDCl 1 3  2 (m, H-I, H-7, H-8 

3 '  
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and H - l l ) ,  3 . 7 0 a n d  3.75 (two 5 ,  OMe), 5 . 8 5 ( b s ,  H-9 and H-10). 5.92 (m, H-12 and H-13), 6 . 5  ( s ,  I<-5) I 
Compounds 2 w e r e  found s table  when a l o r w i n a c e t o r n t n l e  but they w f r c  a l s o  eas i ly  t r ans fo rmed  into  1 3  upon - 
t rea tment  w ~ t h  concen t r a t ed  aqueous hydroch lo r i c  ac id .  

Concerning the  reactivity o f  L and 5 with TCNF.thc  z w i l i e r  ~ o n ~ s ~ c m s i a h r a n e c e s i a r y  ~ n t r r r n e d ~ s t c  i n t h e  re  - - - 

acnon path l eadmg t a t a n d  9' w h e r c a s  two d l l f e r en t  mechanisms may be  advanced to  e x p l a ~ n  cne p r o d u c t s k  - 
and 7: (a) an  e l ec t roph i l i c  a t t ack  of TCNE on a py razo l in f  lone p a t r  i o  give i w i t t e r  ion l 4 ; ( b )  s r a r ~ e r t r d  enr - - 
r eac t ion  involving the  nnrogcn-mtrogen double  bond through the po la r  t ransi t lo"  s t a r e  15  io give 1 6 .  In e ~ t h e r  - - 
cases the  f r s t  s t e p  i s  followed by a l o s s  o l  hydrogen cyanide. 

We d l i c a r d c d  lorLand5-a p n a r  t au romenza t l an  from I- to 2-pyrazol ine  d e n v a t l v e s  and subsequent  reactmn 

with TCNE on the  bas ,$  of thc  following i )  attempted ~ s a m e r l r a t i o n  of  5b  upon t reatment  wlrh h y d r c c h l o n c  ac id  - 
ied only to  decomposi tmn p roduc t s  ~ i )  1 - p y r a i o l ~ n e s  condensed with a cyclobutane n n g  are  known to  tautome - 

n r e  with s m u l t a n e o u s  breakdown of the  carbon-carbon bond common l a  the  t w o  r m g s  t o  glve s even  membered 

hc l e rocyc l i c  compounds.  9 

C o m p e t ~ t m n  reac t ion  e x p e r m e n t s  of TCNE with an e x c e s s  mlxture  of  Lb/$ showed that  g I S =  8 limes more  

r e a c t i v e  ihan Lb i n  ag reemr rn  with a C H bond b r e a k m g  ir. the  s lowest  r eac t ion  s t e p .  T h l s  r e s u l t  while r r a -  - 6 6 

sonably  cxprc t ed  fa7 mechanism (b ) ,  IS  eas i ly  accomodatrd  a l s o  ior mechanism (a), i f  one c o n s i d e r  that  the  

format ion of most seemingly f a s t  and r r w r s i h l e .  Inconc lus ive  was  a l s o  a q u a l ~ t a t ~ v e  s tudy of solvent  po- 

l a n r y  e l l ec t  i n  enhancing reaction rate of wlth TCNE;  the  o r d e r  found. a c c t o n 1 r r 1 l e 7  e thyl  acetale > 1.2-di- 

1 0  
ch lo roe than r  z bcnrenc  d ~ d  no! exact ly  p a r a l l e l  ( b e q  1 ,Z-dichloroethane more  po la r  than e thyl  ace t a t e )  the 

d e c r e a s e  in  so l r en r  polarity. A r easonab le  explanat ion of  rhe above noted i r r e g u l a r i t y  l i e s  i n  the p r e s e n c e  a l  

a c h a r g e - t r a n s f e r  complex between s a n d  T C N E ,  the a s soc ia t ion  constant  ot whlch i s  probably  w r y  depcn - 

dent  on the  n a t u r e  of t h r  s o l ~ e n t . ~ '  i n  fact  a yellow co lou r  devcloped at once whrn rhc reacmnts  werc  ;nlned 

'WC c o n s i d e r  unlikely ihnt compounds&nd 9 could r e su l t  from some TCNE oxldc p r e s e n t  i n  the  r eac t lon  mi- - 
n t u r e ;  ~n fact  TCNE oxtde i s  r epor t ed  to  a t tack both the  nl t rogen of the  py razo l ine  r i n g  w h e r e a s  only 

the ni t rogen i n  posi t ion 4 &,as involved in the  reactions s tud led .  We are  a t  p r e s e n t  testing the  h y p o t h e s ~ s  that  

oxygen may favour  the  p r o c e s s  1 4  +Lor  9 .  - .-. 



ragether and a  ello ow c r y s t a l l m e  1 : l  complex (m.p.  124-125' d e c .  
C H ~ C 1 2  

411 nm) was isolared from the  4",, 
reac t ion  of TCNE w ~ t h  the  adduct  a1 2-dlazopropane to  g ( i . e .  a py razo i lne  of t y p e i w i t h  two methyl g roups  

1 
~n position 6). when t h i s  complex w a s  d ~ s b o l v e d  i n  C D C I  II  displayed a H n . m . r .  spectrum iden t i ca l  in a l l  

3 

r e spec t  to that  01 the  s ta r tmg p y r a z o l m e .  In o r d e r  to gain f u r t h e r  da ta  on  the reactla" mechamsm we have at 

p r e s e n t  under taken an  i n v e s t ~ g a t i a n  (X-ray ana lys i s  and U V  s p e c t r a l  s tudy)  on the  n a t u r e  and the  r o l e  of th is  

complex: in fact  the pyrazol ine  can ac t  e l l h e r  a s  a TT or C donor  and the  complex can be a t h e r  a true in - 

t e rmed ia t e  o r  r e p r e s e n t  a s ide  r e a c t m n  p roduc t .  A yellow-orange c r y s t a l l i n e  1 : l  adduct  (m.p.  134-136°C. 

~ ~ ~ 2 ~ ~ 2  388  nm) precipitated in high yield w h c n  equlmolar  amounts 01 %and TCNE were  dissolved in  
max 

anhydrous  e t h e r  and the mlxrure then cooled a t  1 . 5 " C ;  again i f s  ' H  n . m . r .  spectrum (CU CN) was ident ical  
3 

til that o l  l l c .  Consequent ly  one may argue that the  r ea r r angemen t  2- 1 3  t akes  place  i n  the  11.TCNE cam-  - - - 
p lex .  Final ly  we sugges t  that the  di f ferent  r eac t iv i ty  01 4 and 2" comparison to 11 o r ~ g i n a t e s  from steric - - 
s t r a m  oi the  f o r m e r  compounds due  t o  the  p r e s e n c e  of a condensed cyclobutane r ing  which in  t u r n  is conden - 

sed  w t h  a n g l d  c a r b o c y c l ~ c  molety. 
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