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SOLID STATE REACTIVITY OF COMPLEX COMPOUNDS. 
THE N O R R I S H  TYPE I 1  REACTION I N  CRYSTALLINE 
1,1 ,6 ,6 -TETRAPHENYLHEXA-2,4-DIYNE-1,6-DIOL 
AND I N  SOLID p - I S O P R O P Y L C A L I X [ 8 ] A R E N E .  

JACQUES V I C E N S  
E H I C S ,  S t rasbourg ,67000,  France 

A b s t r a c t .  Below are presented t h e  N o r r i s h  Type I1  
r e a c t i o n  o f  bu ty rophenone (Bph)  and va le rophenone  
(Vph) i n  benzene, t e r t - b u t a n o l  and a s  complex 
compounds w i t h  1,1,6,6-tetraphenyl-2,4-diyne-l,6-diol 
- 1 and p-isopropylcalix[8]arene 2. i n  t h e  s o l i d  s t a t e  
and i n  s o l u t i o n .  P roduc t  d i s t r i b u t i o n s  l e a d  t o  
conclue ions about t h e  f a c t o r s  i n f l u e n c i n g  t h e  cou rse  o f  
t h e  r e a c t i o n s  i n  t h e  s o l i d  s t a t e .  

_- INTRODUCTION 

The N o r r i s h  Type I 1  r e a c t i o n  has been t h e  s u b j e c t  o f  

numerous i n v e s t i g a t i o n s  and i s  p r o b a b l y  one o f  t h e  b e s t  

unders tood  pho tochemica l  r e a c t i o n s  . The l i g h t - i n d u c e d  

N o r r i s h  Type I 1  r e a c t i o n  c o n s i s t s  o f  i n t r a m o l e c u l a r  

d-hydrogen atom a b s t r a c t i o n  by an e x c i t e d  oxygen atom i n  ke- 

tones, in the  t r i p l e t  n , T  s t a t e  , t o  p roduce  a 1 , 4 - b i r a d i c a l .  

T h i s  1 , 4 - b i r a d i c a l  can undergo t h r e e  common r e a c t i o n s  : 

192 

* 

e l i m i n a t i o n  t o  an a l k e n e  and an e n o l ,  c y c l i z a t i o n  t o  

c y c l o b u t a n o l s  and r e v e r s e  hydrogen t r a n s f e r  t o  t h e  s t a r t i n g  

ke tones .  
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116/[376] J. VICENS 

Elimination 1 
Enol 

Severa l  t a c t o r s  i n f luence  t h e  photochemical  

process o t  N o r r i s h  Type PI r e a c t i o n s .  Among them two main 

ones can be p o i n t e d  out ,  t h e  c o n t o r m a t i o n a l  t l e x i b i l i t y  

o t  t h e  r e a c t i n g  ketones and t h e  p o i a r i t v  o t  t h e  medium . 
On t h e  one hand t h e  p re te rence  t o r  y-hydrogen a b s t r a c t i o n  

i n  a c y c i i c  ketones has been a t t r i b u t e d  t o  t h e  t a c t  t h a t  t h e  

molecule i s  t l e x i b l e  enough t o  choose, from among various 

t r a n s i t i o n  s t a t e s , t h e  six-membered c y c l i c  one . On t h e  
3-6 

o t h e r  hand hydrogen bonding o f  t h e  h y d r o x y i  group o t  t h e  

1 , 4 - b i r a d i c a i  by s o l v e n t  molecules s t a b i l i z e s  t h e  

i n t e r m e d i a t e  p r e v e n t i n g  reve rse  hydrogen t r a n s t e r  and 

increas ing  t h e  r a t i o  of cyclization t o  cyc lobutanols '  . 
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SOLID STATE REACTIVITY OF COMPLEX COMPOUNDS [377]/117 

Because of the ir  w e l l  known mechanism, Norrish Type I1 

r e a c t i o n s  have been used as probes  i n  o r g a n i z e d  assemb l ies  

t o  p r o v i d e  p r e c i s e  i n f o r m a t i o n  on t h e  env i ronmen t  , 

s t r u c t u r e  and mode o f  i n t e r a c t i o n  o f  r e a c t i n g  k e t o n e s  

i m p l i c a t e d  i n  t h e  r e a c t i o n .  F o r  i n s t a n c e ,  N o r r i s h  Type I 1  

r e a c t i o n s  o f  a r y l  a l k y l  ke tones  have been i n v e s t i g a t e d  i n  

o r d e r e d  media such as m i c e l l e s  , mono layers  , l i q u i d  

c r y s t a l l i n e  s o l v e n t s  and i n c l u s i o n  compounds 

7 8 

9 10-1 2 

I n  t h i s  communicat ion we r e p o r t  o u r  r e c e n t  r e s u l t s  on 

t h e  pho tochemica l  r e a c t i v i t y  i n  t h e  s o l i d  s t a t e  o f  g u e s t  

bu ty rophenone (Bph)  and va le rophenone (Vph)  i n c l u d e d  i n  

1,1,6,6-tetraphenylhexa-2,4-diyne-1,6-diol 1 

p-isopropylcalix[8]arene 2 . 

13 

14 

Q,-csc Q - c s c  
OH 

I - 

OH 

2 

n = 8  
R = isopropyl 

RESULTS AND D I S C U S S I O N  

Complex compounds were p r e p a r e d  by d i s s o l v i n g  compound 1 

o r  2 i n  t h e  a p p r o p r i a t e  k e t o n e  w i t h  warming, then p r e c i -  

p i t a t i n g  o r  c r y s t a l l i z i n g  a t  l o w  t e m p e r a t u r e .  The mo la r  

hos t -gues t  rat io  was found by 

- 1 forms 1:2 complexes with BPh and VPh. Melting points 

' H  nmr and e l e m e n t a l  a n a l y s i s .  
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I 1  8/[3781 J. VICENS 

o f  t h e  complexes. 1 -BPh and 2 -VPh a r e  50-52OC and 

39-4OOC r e s p e c t i v e l y .  2 was shown t o  form a 1 : 2  complex 

w i t h  BPh, 2 -BPh, which m e l t s  a t  165-18OOC. 2 formed a 

2 : 3  complex w i t h  VPh, 2 -VPh, which m e l t s  a t  165-19OOC. 

Even though t h e  s o l u t i o n  phase photochemist ry  o f  BPh and VPh 

is w e l l  documented , f o r  t h e  sake o f  comparison under a 

common s e t  o f  r e a c t i o n  c o n d i t i o n s ,  each was i r r a d i a t e d  i n  a 

15 

non-  p o l a r  s o l v e n t  (benzene) and i n  a s t r o n g  hydrogen 

bonding s o l v e n t  ( t e r t - b u t a n o l  o r  t-BuOH). P h o t o l y s i s  o f  t h e  

ketones and complexes were conducted i n  N s a t u r a t e d  0.1 M 

s o l u t i o n s .  For s o l i d  p h o t o l y s i s ,  complexes were degassed 

by s e v e r a l  e v a c u a t i o n n i t r o g e n  purge c y c l e s .  The l i g h t  

source cons is ted  o f  t h e  o u t p u t  f r o m  a Molec t ron  UV 22 pu lsed  

n i t r o g e n  l a s e r  (wavelenght 337 nm). A l l  p roduc t  r a t i o s  were 

2 

determined by gas chromatography u s i n g  t h e  a p p r o p r i a t e  
15 

i n t e r n a l  standards . 
Product d i s t r i b u t i o n  upon p h o t o l y s i s  is l i s t e d  i n  

t a b l e  I. From these  d a t a  one notes t h a t  e l i m i n a t i o n  products 

are favoured i n  t-BuOH s o l u t i o n s  f o r  pure BPh and VPh as 

compared t o  benzene. T h i s  e f f e c t  i s  p o s s i b l y  explained by 

t h e  presence o f  hydrogen-bonding between t h e  

1 , 4 - b i r a d i c a l  and t-BuOH molecules.  Parallely, i t  is 

observed t h a t  t r a n s -  c y c l o b u t a n o l  i s  p r e f e r r e d  i n  benzene 

s o l u t i o n s .  The same behaviour is observed when the so l id  

complexes a r e  d i s s o l v e d  i n  benzene o r  t-BuOH. The same 

values f o r  e l i m i n a t i o n  t o  c y c l i z a t i o n  r a t i o s  and f o r  

t r a n s - t o - c i s  c y c l o b u t a n o l  r a t i o s  f o r t h e  complexes i n  
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SOLID STATE REACTIVITY OF COMPLEX COMPOUNDS [379]/119 

TABLE I Produc ts  r a t i o s  upon p h o t o l y s i s  o f  ke tones  
.- -- 

C o n d i t i o n  E l i m i n a t i o n  t o  c y c l i z a t i o n  T rans  t o  c i s  
p r o d u c t s  r a t i o  c y c 10 b{i t an01  

r a t i o  
---- ----.I_~ _ _ _ _ _ -  

g u t  y r o  p h en o n e 
-- ~ __-____._- 

Benzene 4. . 7 
tSuOH 1 0 . 4  - 
1 -BPh i n  benzene 4 . 8  - 
1 -BPh s o l i d  no r e a c t i o n  - 
_ _  L -BPh i n  benzene 5 . 4  - 
2 -BPh i n  tBuOH 9 .4  - 
2 -3Ph s o l i d  9 . 6  - 

Valerophenone 

- 
-_ 

-. 
-. 

__-- -- 
Ben z en e 2 . 3  2 . 9  
t 3uOH 4 . 0  1.5 
_ _  1 -VPh i n  benzene 2.3 2.9 
- 1 ---VPh s o l i d  2 . 3  2 . 4  
- 2 -VPh i n  benzene 2 . 4  3 . 0  
- 2 -VPh i n  tBuOH 3 . 8  1 . 5  
_. 2 -VPh solid 3 .4  2.3 

The t a b u l a t e d  r a t i o s  co r respond  t o  average v a l u e s  r a n g i n g  
f rom 2 t o  60%. 

0 fR 

Butyrophenone (BPh) R = H 

Valerophenone (VPh) R = methyl 
8 
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I20/[380] J. VICENS 

s o l u t i o n  i s  e x p l a i n e d  by d i s s o c i a t i o n  o f  t h e  s o l i d  when 

d i s s o l v e d .  T h i s  i s  e x p l a i n e d  by s t r o n g e r  i n t e r a c t i o n s  w i t h  

s o l v e n t  mo lecu les  o f  t h e  r e a c t i n g  BPh and VPh even i n  t h e  

presence o f  complex ing  agent  1 o r  2 . F o r  t h e  s o l i d  

s t a t e  i r r a d i a t i o n s  o f  complex compounds t h e  f o l l o w i n g  

o b s e r v a t i o n s  a r e  made: 1 -BPh does n o t  r e a c t .  The l a c k  o f  

r e a c t i v i t y  sugges ts  t h a t  t h e  d i y n e - d i o l  1 imposes 

a c o n f o r m a t i o n  on BPh t h a t  i s  n o t  s u i t a b l e  f o r x - h y d r o g e n  

a b s t r a c t i o n .  One can s p e c u l a t e  t h e  l i n e a r  a l i p h a t i c  c h a i n  

is i n  an  extended c o n f o r m a t i o n .  T h i s  ex tended c o n f o r m a t i o n  

i n s i d e  t h e  c a v i t y  o f  1 p r e v e n t s  t h e  e x c i t e d  k e t o n e  f r o m  

forming t h e  1 , 4 - b i r a d i c a l .  Such prevent ion  of a Norrish 

Type I1 r e a c t i o n  has a l r e a d y  been n o t i c e d  f o r  benzo in  a l k y l  

e t h e r s  i n  c r y s t a l l i n e  c y c l o d e x t r i n  . F o r  1 -VPh s o l i d s .  
16 

b o t h  e l i m i n a t i o n  of c y c l i z a t i o n  and t r a n s - t o - c i s  

c y c l o b u t a n o l  r a t i o s  a r e  s i m i l a r  t o  t h e  ones obse rved  f o r  

pu re  VPh i n  benzene. T h i s  s u g g e s t s t h a t  VPh m o l e c u l e  i s  

l o c a t e d  i n  t h e  non po la r  reg ion  of t h e  ;1 s o l i d  s t r u c t u r e  a n d / o r  

t h e  m o l e c u l a r  p a c k i n g  o f  1 determines t h e  f a t e  o f  t h e  

r e a c t i o n .  F o r  2 -Bph and 2 -Vph t h e  e l i m i n a t i o n  t o  

c y c l i z a t i o n  r a t i o s  o f  t h e  s o l i d  s t a t e  r e a c t i o n  i s  s i m i l a r  

t o  t h e  ones observed i n  t-BuOH s o l u t i o n s .  T h i s  e f f e c t  i s  

p r o b a b l y  due t o  t h e  presence o f  hydrogen-bond ing  between 

t h e  c a r b o n y l  f u n c t i o n  o f  t h e  ke tones  and h y d r o x y l  g roups  o f  

t h e  c a l i x a r e n e s .  The f a c t  t h a t  t h e  t r a n s - t o - c i s  

c y c l o b u t a n o l  r a t i o  i n  t h e  case o f  2 -Ph i n  t h e  s o l i d  i s  

s i m i l a r  t o  t n e  r a t i o  i n  benzene sugges ts  t h a t  t h e  
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SOLID STATE REACTIVITY OF COMPLEX COMPOUNDS [381]/121 

t h a t  1 , 4 - b i r a d i c a l  c o n f o r m a t i o n ,  t r a n s o i d  o r  c i s o i d ,  i s  

d i r e c t e d  by t h e  c a l i x a r e n e  l a t t i c e .  Such an a b i l i t y  t o  

d i r e c t  t h e  c o n f o r m a t i o n a l  m o t i o n  o f  the 1,4-biradical 

i n t e r m e d i a t e s  t o  p r o d u c t  f o r m a t i o n  has been seen during 
17  

i r r a d i a t i o n  o f  a t - y la l ky lphenones  i n  l i q u i d  c r y s t a l s  . 

CONCLUSION 

I n  t h i s  communicat ion we have shown t h a t  t h e  N o r r i s h  Type 

I 1  r e a c t i o n  d u r i n g  t h e  s o l i d  s t a t e  i r r a d i a t i o n s  can be 

i n f l u e n c e d  by two  f a c t o r s :  s o l v e n t - t y p e  e f f e c t s  on e x c i t e d  

s t a t e  r e a c t i v i t y  (hydrogen bond ing  s i m i l a r  t o  t-BuOH 

s o l u t i o n  e f f e c t s a n d  non p o l a r  e f f e c w  s i m i l a r  t o  benzene)  

and an encapsulation effect on the formation of 

1 , 4 - b i r a d i c a l  i n t e r m e d i a t e s .  

O f  i n t e r e s t  i s  t h e  absence o f  r e a c t i v i t y  o f  B-Ph when 

i n c l u d e d  i n  d i y n e - d i o l  c r y s t a l l i n e  s t r u c t u r e s .  This 

o b s e r v a t i o n  i s  r e m i n i s c e n t  o f  the protective effect on 

p h o t o l y s i s  due t o  sup ramo lecu la r  s t r u c t u r e s  . 
13  

Our p r e s e n t  work i s  d i r e c t e d  i n t o  two  d i r e c t i o n s .  

X-ray c r y s t a l l i n e  s t r u c t u r e  d e t e r m i n a t i o n  o f  1 -BPh and 

T y p e  I1 p h o t o c h e m i s t r y  o f  ke tones  i n  a s y m e t r i c  c a l i x a r e n e  

a r c h i t e c t u r e s  a r e  c u r r e n t l y  under  i n v e s t i g a t i o n  . 
19 
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