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ACID CATALYZED REARRAN6EIIENTS OF 4-1[ETIIYL-4-CYANOCYCLOIIEXADIENONE

John N. Marx ~, Joe Z u e r k e r , and Young-sook Paik Hahn+

Depa r tmen t of C h e m i s t r y and B i o c h e m i s t r y , T e x a s Tech U n i v e r s i t y , L u b b o c k , T e x a s 79409

A b s t r a c t . A c i d - c a t a l y z e d d i enone -pheno l rearrangemen t r e a c t i o n s o f 4 - m e t h y l - 4 -

cyanocyc lohexad ienone o c c u r very s l o ~ l y and g ive e i t h e r f r a g n e n t a t i o n or m e t h y l group

n i g r a t i o n , not c y a n o group m i g r a t i o n , u n d e r n o n - n u c l e o p h i l i c s t r o n g l y a c i d i c c o n d i t i o n s .

S u b s t a n t i a l t h e o r e t i c a l and e x p e r i m e n t a l work s u g g e s t s t h a t a e y a n o g r o u p can s t a b i -

l i z e an a d j a c e n t p o s i t i v e c h a r g e by r e s o n a n c e , p a r t i a l l y o f f s e t t i n g the d e s t a b i l i z a t i o n

e x p e c t e d from the i n d u c t i v e e f f e c t . O t h e r e l e c t r o n - w i t h d r a w i n g g r o u p s , such as k e t o n e ,

e s t e r , e t c . a l s o p r o v i d e some such s t a b i l i z a t i o n . 1 R e c e n t work i n v o l v i n g e q u i l i b r i a in a

b i c y c l o h e x a n e s y s t e m s u g g e s t s t h a t a f l - cyano s u b s t i t u t e d c a t i o n i s s l i g h t l y more s t a b l e

[htlll ~lll ct-cyallo s u b s t i t u t e d one 2. '['lie IllajOF e x p e r i m e n t a l a p p r o a c h e s to d e t e r n l i n a t i o n of

the s t a b i l i t y of Ct-cyano c a t i o n s have been by s o l v o l y s i s s t u d i e s and by g e n e r a t i n g such

s p e c i e s in s u p e r a c i d m e d i a . Much less work has been c a r r i e d ou t in w h i c h the c a t i o n was

g e n e r a t e d v i a a r e a r r a n g e m e n t p a t h w a y . 2 , 3

For some t i m e , we have been i n v o l v e d in r e a r r a n g e m e n t s t u d i e s in w h i c h e l e c t r o n e g a -

t i r e s u b s t i t i e n t s , X, a r e p i t t e d a g a i n s t a l k y l or o t h e r n o r m a l l y ve ry good m i g r a t i n g

g r o u p s4. In t h e s e e a s e s , the e l e c t r o n e g a t i v e g r o u p u s u a l l y m i g r a t e s ( p a t h A in Eq 1) ,

s i n c e the X - s u b s t i t u t e d c a t i o n ( p a t h B), and h e n c e the t r a n s i t i o n s t a t e l e a d i n g to i t , i s

s u b s t a n t i a l l y d e s t a b i l i z e d by the i n d u c t i v e e f f e c t 4 , 5 .
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]'he i n t r i g u i n g p o s s i b i l i t y e x i s t s , i f X = CN, t h a t the s t a b i l i z i n g i n f l u e n c e of the

c y a n o g r o u p on the a d j a c e n t c h a r g e m i g h t be s u f f i c i e n t to a l l o w the g r o u p R to m i g r a t e

( p a t h B) or the f o r c e s m i g h t be n e a r l y enough b a l a n c e d such t h a t the c y a n o g r o u p migh t

m i g r a t e in p r o p e r l y c h o s e n s y s t e m s in w h i c h R is a c a t i o n i c s t a b i l i z i n g s u b s t i t u e n t . P r e -

v i o u s a t t e m p t s to o b s e r v e m i g r a t i o n of a e y a n o g r o u p in a c a t i o n i c r e a r r a n g e m e n t have led

to o t h e r t y p e s of r e a c t i o n s i n s t e a d 7 , 8 .

The d i e n o n e - p h e n o l r e a c t i o n , ~ h o s e mechanism is well e s t a b l i s h e d , i s one of the most
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s t r a i g h t f o r w a r d and c l e a n e s t s y s t e m s f o r s t u d y of such r e a r r a n g e m e n t s . 6 We have p r e p a r c d

the s i m p l e s t c y a n o - s u b s t i t u t e d d i c n o n e , 4 - m c t h y l - 4 - c y a n o c y c l o h e x a d i e n o n e , 3, by the

~ c t h o d s h o w n lit Scheme I . D i e l s - A l d e r r e a c t i o n b e t w e e n D a n i s h e f s k y ' s d i e n e 9, 1 , and

e x c e s s m e t h a c r y l o n i t r i l e in r e f l u x i n g t o l u e n e gave the a d d u c t 2 , a l o n g w i t h some p o l y m e r i c

m a t e r i a l , l t y d r o l y s i s , f i r s t wi th 5% IlCl then w i t h T i C 1 4 in CHC13 to e l i m i n a t e ~ e t h a n o l

f rom tile i n t e r m e d i a t e f l - m e t h o x y c y c l o h e x a n o n e , gave the c y c l o h e x e n o n e d e r i v a t i v e in 44~

y i e l d . A p h e n y l s e l e n e n y l a t i o n - s c l e n o x i d e e l i m i n a t i o n s e q u e n c e then gave the c r y s t a l l i n e

d i e n o n e 3, mp 6 2 - 6 3 % in 42~ y i e l d .

S c h e m e 1

/cH~ vCH3C--~N C[~c N
MeO c~l~=c ~ 1)Ha0*

%ON MeO 21TiCI~
3)PhSeCI

/k 4) H20aO~SiMe3 ( 3 01 2 ~"-SiMea

The c y a n o d i e n o n e 3 p r o v e d to be e x c e p t i o n a l l y s t a b l e u n d e r a v a r i e t y o f a c i d i c

c o n d i t i o n s . For e x a m p l e , no c h a n g e O c c u r r e d in t r i f l u o r o a c e t i c a c i d (TFA) a t 25 ° d a r i n g a

p e r i o d of s e v e r a l m o n t h s . By c o m p a r i s o n , 4 - m e t h y l - 4 - e a r b e t h o x y e y c l o h e x a d i e n o n e r e a r r a n g e s

wi th c a r b e t h o x y m i g r a t i o n w i t h a h a l f l i f e of 20 m i n u t e s u n d e r t h e s e c o n d i t i o n s . 4a

T r e a t m e n t of 3 w i t h c o n e . H2SO 4 at 38 ° gave i m m e d i a t e f o r m a t i o n of ion 4 (E=II) ,

d e t e c t a b l e in t h i s medium by PMR10, bu t o n l y c y a n o h y d r o l y s i s o c c u r r e d , f o l l o w e d by d e c a r -

b o x y l a t i o n ( h a l f l i f e c a . 4 r a i n . ) , and then s u l f o n a t i o n o f the p - c r e s o l , 7 ( ~ I { ) , f o r m e d .

No migration reaction was observed.

A clean reaction occurred between dienone 3 and TFA at elevated temp (sealed tube,

90°, 12 hr). The only product derived from the dienone 3 was p-cresol trifluoroacetate,

Z, (E=CF3CO)' Cleavage of the cyano group by attack Of TFA on 5 (Nu = CF3CO0-) is assumed

to give trifluoroacetyl cyanate, CF3COOCN, an unknown and doubtlessly highly reactive

compound, which evidently trimerized to tris-trifluoroacetyl eyanurate. Cyanuric acid was

d e t e c t e d a f t e r h y d r o l y s i s , bu t a l l a t t e m p t e d s y n t h e s e s of a u t h e n t i c s a m p l e s of the a s s u m e d

i n t e r m e d i a t e s f a i l e d .

The r a t e o f r e a r r a n g e m e n t of 3 in TFA was m a r k e d l y i n c r e a s e d i f some t r i f l u o r o a c e t i c

anhydride , TFAA, was a d d e d . A l s o , t he r a t e of the r e a r r a n g e m e n t of 3 to p - c r e s o l t r i -

f l u o r o a c v t a t e ill TFA/TFAA was much f a s t e r t h a n p - c r e s o l was e s t e r i f i e d u n d e r the r e a c t i o n

c o n d i t i o n s , s u g g e s t i n g t h a t t r i f l u o r o a c e t y a t i o n to ion 5, R=CF3CO, was i n i t i a t i n g the

r e a c t i o n .

A n u m b e r o f r e a c t i o n s were c a r r i e d o u t , in w h i c h the s t r e n g t h o f the e l e c t r o p h i l e was

i n c r c a s e d and t h a t of any p o t e n t i a l n u e l e o p h i l e s was d e c r e a s e d . T h u s , d i e n o n e 3 r e a c t e d
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wi th BF3OEt 2 s l o w l y ( h a l f l i f e 24 h r a t 90 ° , CDCI3, s e a l e d t u b e ) . E x c l u s i v e m e t h y l

m i g r a t i o n o c c u r r e d ~ d e r t h e s e c o n d i t i o n s , to g i v e 4 - e t h o x y - 2 - m e t ~ I b e n z o n i t r i l e , 8 ,

(E~C2H5) ( 6 5 % ) , i d e n t i c a l t o a s a m p l e s y n t h e s i z e d by e t ~ l a t i o n of the c o r r e s p o n d i n g

p h e n o l 11, The o t h e r p r i m a r y p r o d u c t was e v i d e n t l y a BE3 c o m p l e x o f the n i t r i l e g r o u p ,

s i n c e the a m i d e and a c i d d e r i v a t i v e s o f 8 were o b t a i n e d upon h y d r o l y s i s . No p r ~ u c t of

c y a n o g r o u p m i g r a t i o n was d e t e c t e d .

Scheme 2

E÷

o +y
O-E ~ O E a

The u n u s u a l f o r m a t i o n of an e t h y l e t h e r in t h i s r e a c t i o n s u g g e s t s t h a t r e v e r s i b l e BE3

c o m p l e x a t i o n w i t h the d i e n o n e c a r ~ n y l g r o u p i s no t p r ~ u c t i v e and t h a t ion ~ (E=C2Rs) i s

f o r m e d i r r e v e r s i b l y , w h i c h f o r c e s a m i g r a t i o n r e a c t i o n to o c c u r . In t h i s c a s e , m e t h y l

m i g r a t i o n o c c u r s i n s t e a d o f c y a n o m i g r a t i o n . Th i s g e n e r a t e s the s t a b i l i z e d a - c y a n o c a t -

i o n i c i n t e r m e d i a t e 6, w h i c h l e a d s to the p r o d u c t .

A l t h o u g h i t i s d i f f i c u l t to make q u a n t i t a t i v e c o m p a r i s o n s s i n c e the r e a c t i o n c o n d i -

t i o n s a r e so d i f f e r e n t , t he s low r a t e of t h i s r e a c t i o n , s e v e r a l o r d e r s of m a g n i t u d e s l o w e r

than m e t h y l m i g r a t i o n in 4 , 4 - d i m e t ~ l c y c l o h e x a d i e n o n e 4a , s u g g e s t s t h a t t he c a t i o n 6 i s

s u b s t a n t i a l l y d e s t a b i l i z e d r e l a t i v e to the c o r r e s p o n d i n g m e t h y l - s u b s t i t u t e d c a t i o n .

In a c c o r d w i t h t h e s e r e s u l t s , m e t h y l t r i f l a t e ( " m a g i c m e t a l " ) a l s o c a u s e d m e t h y l

m i g r a t i o n from 3, bu t t i le p r o d u c t , 8 , (E = Me), ~ l d e r w e n t r a p i d f u r t h e r m e t h y l a t i o n , to

g i v e c o m p l e x m i x t u r e s o f a r o m a t i c m e t h y l a t e d p r ~ u c t s .

R e a c t i o n of 3 w i t h t r i m e t h y l s i l y l t r i f l a t e (CDCI3, s e a l e d t u b e , 90 ° , 24 h r ) d i d g i v e

a s m o o t h r e a c t i o n to g i v e o n l y the t r i m e t h y l s i l y l e t h e r 8 , (E = M e 3 S i ) , w h i c h was h y d r o -

l y z e d upon w o r k - u p to the p h e n o l 8, (E = H), i d e n t i c a l to an a u t h e n t i c s a m p l e . 11

T h u s , when 3 i s t r e a t e d w i t h s t r o n g L e w i s a c i d s ~ d e r r e l a t i v e l y n o n - n u e l e o ~ i l i c

c o n d i t i o n s , such t h a t t he e y a n o g r o u p i s no t d e s t r o y e d , a s low m e t h y l m i g r a t i o n o c c u r s .

Two m a j o r f a c t o r s a p p e a r to c o n t r i b u t e to the s l u g g i s M e s s of the r e a r r a n g e m e n t r e a c t i o n ,

t he i n i t i a l f o r m a t i o n of the ion 4, and i t s r e a r r a n g e m e n t to ion 6 . The p r i m a r y f a c t o r

must be the r e l a t i v e d e s t a b i l i z a t i o n o f the t r a n s i t i o n s t a t e on the p a t h w a y b e t w e e n ions

4 and 6 , s i n c e ion 4 can be d e t e c t e d by NMR s p e c t r a . 1 0 , 1 2 H o w e v e r , some a - c y a n o

s t a b i l i z a t i o n of the c a t i o n i c i n t e r m e d i a t e i s e v i d e n t , s i n c e the m e t a l g r o u p ~ i g r a t e d
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i n s t e a d of the cyano group . The major s t r u c t u r a l d i f f e r e n c e between the eyano group and

s u b s t i t u e n t s with s i m i l a r e l e c t r o n - w i t h d r a w i n g c h a r a c t e r which a re known to migra te

well 4 ,5 , such as e s t e r s and k e t o n e s , is the h y b r i d i z a t i o n at the c a r b o n a tom. We b e l i e v e

tha t the major r e a s o n tha t cyano does not m i g r a t e is b e c a u s e of i t s SP h y b r i d i z a t i o n ,

which would give a t r a n s i t i o n s t a t e tha t has v i n y l c a t i o n c h a r a c t e r . Exper iments are

underway to compare the cyano with the e t h y n y l s u b s t i t u e n t (which has SP h y b r i d i z a t i o n but

l a c k s the t m f a v o r a b l e p o l a r i t y ) in such rear rangements .

Comparison of the cyano group with a n o t h e r e l e c t r o n - w i t h d r a w i n g s u b s t i t u e n t which

a lso does not m i g r a t e , the t r i c h l o r o m e t h y l group , is i n s t r u c t i v e 4c. The t r i c h l o r o m e t h y l

group has t m f a v o r a b l e p o l a r i t y , and has no compensat ing resonance s t a b i l i z a t i o n of the

c a r b o c a t i o n p o s s i b l e . The CC13 group shows no tendency to m i g r a t e , but a l s o has a dra-

m a t i c ra t e r e t a r d a t i o n (ca~ 108 t i m e s for methyl m i g r a t i o n in a m e t h y l - t r i c h l o r o m e t h y l

s u b s t i t u t e d d i e n o n e compored to a dimethyl s u b s t i t u t e d d i e n o n e ) . The ra te r e t a r d a t i o n of

methyl m i g r a t i o n in an a - c y a n o s u b s t i t u t e d c a t i o n is much l e s s , which we b e l i e v e r e f l e c t s

some s t a b i l i z a t i o n of the a d j a c e n t c h a r g e by r e s o n a n c e ,

A c k n o w l e d g m e n t . F i n a n c i a l s u p p o r t of t h i s work by the Rober t A. Welch Founda t ion

( g r a n t D-326) is g r a t e f u l l y acknowledged.
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