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Abs t rac t  - Var ious  adducts a r e  formed when 1- o r  2 - n a p h t h a l e n e n i t r i l e  o r  
1,4-naphthalenedinitrile are  i r r a d i a t e d  i n  t h e  presence o f  d ienes  
(1,3-cyclohexadiene, 2,3-dimethyl- l ,  3-butadieneI 2,5-dimethyl-2,4-hexadie- 
ne).  When e l e c t r o n  t r a n s f e r  f rom t h e  d iene t o  t h e  s i n g l e t  e x c i t e d  
naphthalene d e r i v a t i v e  i s  l a r g e l y  endothermic,  4+4 a d d i t i o n  predominates, 
whereas when e l e c t r o n  t r a n s f e r  becomes eas ie r ,  2+2 a d d i t i o n  i s  t h e  main 
process, a l though w i t h  a lower  quantum y i e l d  than  i n  t h e  p rev ious  case. 
With t h e  hexadiene a d d i t i o n  on to  t h e  cyano group takes  l i k e w i s e  p lace .  
Besides t h e  naphthalene-diene adducts,  2+2 and 4+2 d iene dimers a r e  
formed, and t h e i r  d i s t r i b u t i o n  depends on t h e  s e n s i t i z i n g  n i t r i l e  and on 
t h e  s o l v e n t  p o l a r i t y .  
The mechan is t i c  i m p l i c a t i o n s  o f  these r e a c t i o n s  a r e  d iscussed w i t h  
re fe rence  t o  t h e  e x c i t e d  s t a t e  energy and redox c h a r a c t e r i s t i c s  o f  these 
compounds. 

INTRODUCTION 

The r e a c t i o n  between pho toexc i ted  aromat ics  and a lkenes  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  (see, e.g., r e f  1-12) and leads  e i t h e r  t o  c y c l o a d d i t i o n ,  p robab ly  v i a  an 
exc ip lex ,  o r  t o  e l e c t r o n  t r a n s f e r  and f o l l o w i n g  r a d i c a l  i o n  chemis t ry  ( F i g .  1 ) .  

(Aromat ic  Alkene)" + Cyc loadd i t i on  

P ro ton  T rans fe r ,  

Aromat ic* + Alkene t.C 
'\I Aromatic' Alkene? 

+ 
Aromatict Alkene' I o n i c  A d d i t i o n ,  e t c .  

F i g .  1 

The f e a s i b i l i t y  o f  t h e  charge t r a n s f e r  pathway can be determined on t h e  b a s i s  o f  t h e  Wel le r  
equa t ion  ( r e f .  1 3 ) .  Furthermore, i n c r e a s i n g  t h e  s o l v e n t  p o l a r i t y  has o f t e n  a d ramat ic  
e f f e c t  on p roduc t  d i s t r i b u t i o n ,  s i n c e  t h e  r a d i c a l  i o n s  a r e  s t a b i l i z e d  by s o l v a t i o n .  
With naphthalenes, as an example, 2+2 p h o t o a d d i t i o n  i n  apo la r  s o l v e n t s  l eads  t o  
cyc lobutanaphtha lenes  ( r e f .  14-29). I n  p o l a r  s o l v e n t s  r a d i c a l  i o n s  a r e  formed and r e a c t .  
T y p i c a l l y ,  t h e  r a d i c a l  c a t i o n  o f  a lkenes undergoes p r o t o n  t r a n s f e r  f rom t h e  a l l y l i c  
p o s i t i o n  ( r e f .  61, a d d i t i o n  o f  nuc leoph i l es  ( r e f .  30) c y c l o a d d i t i o n ,  ( r e f .  29, 31-2) ( F i g .  
2 ) .  
The photochemical  r e a c t i o n  o f  naphthalene d e r i v a t i v e s  i n  t h e  presence o f  d ienes  has been 
l e s s  thoughroughly i n v e s t i g a t e d ,  b u t  bo th  c y c l o a d d i t i o n  and i o n i c  processes have been 
documented i n  s e l e c t e d  cases ( r e f .  33-5). 
The p resen t  paper desc r ibes  t h e  photochemical  r e a c t i o n  o f  1- and 2 -naph tha lenecarbon i t r i l es  
(I-" and 2-NN) as w e l l  as o f  1,4-naphthalenedicarbonitrile (NDN) w i t h  r e p r e s e n t a t i v e  
d ienes  bo th  i n  apo la r  and i n  p o l a r  so l ven ts .  
The r e a c t i o n  leads  bo th  t o  naphthalene-diene adducts and t o  d iene dimers.  
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F i g .  2. Photochemical r e a c t i o n  o f  
naphthalene w i t h  a lkenes .  
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F i g .  3. Photochemical  r e a c t i o n  o f  l -naphthalene- 
c a r b o n i t r i l e  w i t h  dienes. 

NAPHTHALENE-DIENE ADDUCTS 

Adducts o f  d i f f e r e n t  s t r u c t u r e  a re  ob ta ined i n  t h e  d i f f e r e n t  cases. 
Thus, t h e  r e a c t i o n  o f  1-NN w i t h  2,3-dimethyl-l,3-butadiene (DMB) f o l l o w s  t h r e e  main 
pathways, v i z .  2+2 a d d i t i o n  on to  t h e  1,2 naphthalene bond; 2+2 a d d i t i o n  on to  t h e  1,8a bond 
( i n  t h i s  case an e l e c t r o c y c l i c  rearrangement ensues and leads  t o  t h e  i s o l a t e d  
benzocyc looc ta t r i ene )  ; 4+4 a d d i t i o n  on to  t h e  u n s u b s t i t u t e d  naphthalene r i n g  ( F i g .  3 ) .  
With 1,3-cyclohexadiene (CHI 2+2 a d d i t i o n  on to  t h e  1,2 bond and 4+4 a d d i t i o n  a r e  observed. 
With 2,5-dimethyl-2,4-hexadiene (DMH) 2+2 a d d i t i o n  on to  the  naphthalene r i n g  i s  accompanied 
by a d d i t i o n  on to  t h e  cyano group t o  y i e l d  a naph thy laze t i ne .  The l a t t e r  p roduc t  undergoes 
h y d r o l y s i s  d u r i n g  chromatographyic work up and a O-aminoketone i s  ob ta ined  ( F i g .  3 ) .  
With 2-NN and DMB t h e  o n l y  process i s  4+4 a d d i t i o n ,  i n v o l v i n g  i n  t h i s  case bo th  naphthalene 
r i n g s .  CH y i e l d s  bo th  a 2+2 adduct on t h e  s u b s t i t u t e d  and a 4+4 adduct on t h e  u n s u b s t i t u t e d  
r i n g ,  and DMH g i ves  a 2+2 adduct and the  adduct on to  t h e  cyano group ( F i g .  4). 

With NDN, DMB y i e l d s  a 2+2 adduct on to  p o s i t i o n  1 and 8a (and aga in  an e l e c t r o c y c l i c  
rearrangement leads  t o  t h e  i s o l a t e d  benzocyc looc ta t r i ene )  and a 4+4 adduct.  With t h e  o the r  
dienes, no adduct i s  formed ( F i g .  5 ) .  

F i g .  4. Photochemical r e a c t i o n  o f  2 -naph tha lenecarbon i t r i l e  w i t h  d ienes  
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F i g .  7. Pathways f o r  t h e  s e n s i t i z e d  d iene 
i s o m e r i z a t i o n  
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F i g .  5 .  
Photochemical  r e a c t i o n  o f  
1,4-naphthalenedicarbonitrile 
w i t h  dienes. 

All o f  these r e a c t i o n s  i n v o l v e  t h e  s i n g l e t  e x c i t e d  s t a t e  o f  t h e  n i t r i l e s .  We have no 
evidence suggest ing  o t h e r  rearrangements o f  t h e  adducts d u r i n g  i r r a d i a t i o n  o r  work up, and 
t h e  above mentioned r e a c t i o n s  (2+2 a d d i t i o n  on to  t h e  1 ,2  o r  1,8a p o s i t i o n ,  4+4 a d d i t i o n ,  
a d d i t i o n  on to  the  cyano group) a r e  taken as pr imary  processes. The s e l e c t i v i t y  observed can 
be r a t i o n a l i z e d  w i t h  re fe rences  t o  t h e  charge t r a n s f e r  c h a r a c t e r i s t i c s  o f  t h e  v a r i o u s  
napththalene-diene p a i r s .  I n  F i g .  3-5 t h e  q u a n t i t y  A =  E (ox )  - E ( r e d )  - E ( e x ) ,  
( r e s p e c t i v e l y ,  o x i d a t i o n  p o t e n t i a l  o f  t h e  d iene,  r e d u c t i o n  p o t e n t i a l  o f  t h e  naphthalene, 
e x c i t a t i o n  energy o f  t h e  naphtha lene) ,  i s  i n d i c a t e d  f o r  each r e a c t i o n .  
T h i s  q u a n t i t y  corresponds t o  the  AG f o r  e l e c t r o n  t r a n s f e r  i n  t h e  e x c i t e d  s t a t e ,  a p a r t  f rom 
t h e  i o n  separa t i on  term, which depends on s o l v e n t  p o l a r i t y  and i o n  d i s tance  ( r e f .  13) .  
One can see t h a t  i n  t h e  2-NN - DMB case, w i t h  A =  9.5 kCal/M, o n l y  4+4 c y c l o a d d i t i o n  takes  
p lace ,  j u s t  as i t  happens w i t h  u n s u b s t i t u t e d  naphthalene and dienes, w i t h  an even lower  
va lue  ( r e f .  33).  Th i s  mode o f  r e a c t i o n  i s  favoured by a good energy and s i g n  matching 
between naphthalene and d iene FMOs, and thus  by a favourab le  LUMO-LUMO and HOMO-HOMO 
i n t e r a c t i o n  (no te  a ) .  Lowering t h e  energy o f  naphthalene MOs w i t h  respec t  t o  t h e  d iene ones 
d i s favoures  t h i s  i n t e r a c t i o n ,  and indeed as the  e l e c t r o n  t r a n s f e r  process becomes eas ie r  
t h e  importance o f  4+4 a d d i t i o n  drops and 2+2 a d d i t i o n  predominates. However, c y c l o a d d i t i o n  
xhrough a charge t r a n s f e r  complex i s  l e s s  e f f i c i e n t ,  and l i m i t i n g  quantum y i e l d  
i s  lower  ( C 0.1) than  i n  t h e  p rev ious  case. For l a r g e  nega t i ve  A va lues  no adducts a r e  
formed any more (see F i g .  5 ) .  
On t h e  o the r  hand, s t e r i c  f a c t o r s  have a r o l e  i n  these r e a c t i o n s ,  as shown by t h e  r e g i o -  
and s te reo  s e l e c t i v i t y  i n  t h e  fo rma t ion  o f  t h e  r i n g  adducts  and by t h e  fo rma t ion  o f  adducts 
on to  t h e  cyano group o n l y  w i t h  DMH ( a  s - t rans  d i e n e ) .  
Severa l  o f  these r e a c t i o n  (e.g. 1-NN o r  2-NN + DMB) a r e  n o t  s u b s t a n t i a l l y  i n f l u e n c e d  by 
s o l v e n t  p o l a r i t y .  I n  o t h e r  cases t h e  p roduc ts  m i x t u r e  ob ta ined  i n  p o l a r  s o l v e n t s  i s  more 
compl ica ted .  The r e s u l t s  r e p o r t e d  i n  F i g .  3-5 r e f e r s  t o  apo la r  media (cyclohexane o r  
benzene). 

DlENE DIMERS 
Besides naphthalene-diene adducts,  d iene dimers a r e  ob ta ined  i n  these exper iments v i a  
p h o t o s e n s i t i z a t i o n  by t h e  aromat ics .  The p roduc t  d i s t r i b u t i o n  depends on t h e  n i t r i l e  used 
and on t h e  s o l v e n t  p o l a r i t y .  
As an example, w i t h  CH f o u r  dimers a r e  ob ta ined,  v i z .  4+2 endo and exo as w e l l  as 2+2 endo 
and exo d e r i v a t i v e s  ( F i g .  6 ) .  

I n i t r i l e s .  

4+2 Dimers a r e  t h e  a lmost  e x c l u s i v e  produc ts  i n  p o l a r  so l ven ts ,  such as a c e t o n i t r i l e .  T h i s  
r e a c t i o n  i n v o l v e s  t h e  a lkene r a d i c a l  c a t i o n  (compare r e f .  37) o r  t h e  s t r o n g l y  p o l a r i z e d  
naphthalene (N )  - d iene (D) e x c i p l e x  (compared r e f .  35).  I n  apo la r  s o l v e n t s  t h e  quantum 
y i e l d  f o r  d i m e r i z a t i o n  i s  lower  and 2+2 a d d i t i o n  i s  much more impor tan t  s i n c e  t h e  e x c i p l e x  
o r  t h e  r a d i c a l  i o n  p a i r  ( r e f .  38) undergoes i n t e r s y s t e m  c r o s s i n g  t o  t h e  low l y i n g  d iene 
t r i p l e t  (compare r e f .  39) ( F i g .  7 ) .  

Note a. For  a d i scuss ion  o f  t h e  c o r r e l a t i o n  diagram o f  t h i s  and r e l a t e d  p h o t o a d d i t i o n  
r e a c t i o n s ,  compare r e f .  36 and t h e r e i n  r e p o r t e d  re fe rences .  
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T h i s  t r i p l e t  pathway i s  l e s s  impor tan t  w i t h  NDN, s i n c e  t h e  r a d i c a l  i o n  p a i r  has a lower  
energy than w i t h  t h e  m o n o n i t r i l e .  
So lvent  p o l a r i t y  and d iene concen t ra t i on  have a d i f f e r e n t  e f f e c t  i n  t h e  v a r i o u s  cases. 

CONCLUSION 

The degree o f  charga t r a n s f e r  i n  t h e  i n t e r a c t i o n  between pho toexc i ted  n a p h t h a l e n e n i t r i l e s  
and d ienes  determines t h e  course o f  t h e  photochemical  r e a c t i o n .  

Acknowledgement 
We thank M i n i s t e r 0  Pubb l ica  I s t r u z i o n e ,  Rome, f o r  p a r t i a l  f und ing  o f  t h i s  research .  

REFERENCES 

1. J.J. Mc Cul lough, Chem.Rev. 87, 811 (1987).  
2. R.A. Ca ldwe l l  and D. Creed, Acc. Chem. Res. 13, 45 (1980).  
3. F.D. Lewis, Acc. Chem. Res. 12, 152 (1979).  
4. N.C. Yang, R.L. Yates, J. Masnovi, D.M. Shold and W.E. Chiang, Pure Appl .  Chem. 51, 173 

(1979).  
5. N.C. Yang, J. Masnovi, W.L. Chiang, T. Wang, H. Shon and D.D.H. Yang, Te t rahedron 37, 

3285 (1981).  
6. D . R .  Arno ld ,  P.C. Wong, A.J. Marou l i s  and T.S. Cameron, Pure Appl .  Chem. 52, 2609 

(1980).  
7. A.  A l b i n i  and A.  S u l p i z i o ,  Aromat ics,  i n  M.A. Fox and M. Chanon (eds . ) ,  Photoinduced 

E l e c t r o n  T rans fe r ,  E l s e v i e r ,  Amsterdam, i n  press .  
8. F.D. Lewis, Carbon-Carbon M u l t i p l e  Bonds, i n  r e f .  6. 
9. S. F a r i d  and S.L. Mattes,  Organic Photochem. a, 233 (1983) 

10. J. Mattay,  Tetrahedron 41, 2393 and 2405 (1985).  
11. R.S.  Davidson, i n  R .  F o r s t e r  (ed . ) ,  Mo lecu la r  Assoc ia t i on ,  v o l .  1, Academic Press,  New 

York, 1975, p. 216. 
12. D .  Bryce-Smith and A.  G i l b e r t ,  Tetrahedron 33, 2459 (1977).  
13. D. Rehms and A.  Wel le r ,  I s r .  J. Chem. 8, 259 (1970).  
14. D .  Bryce-Smith, A.  G i l b e r t  and B.H. Orgar J.Chem. SOC.,  Chem. Commun. 593 (1966).  
15. Y .  Inowe, K. N ish ida ,  K .  I s h i b e ,  T. Hakushi and N.J. Tur ro ,  Chem.Lett., 171 (1982).  
16. R.M. Bowman, T.R. Chamberlain, C.W. Huang and J.J. Mc Cul lough, J.Am.Chem.Soc. 96, 692 

17. H.D. Scharf ,  H. Leismann, W. Erb, H.W. Gaidetska and J. A re tz ,  Pure Appl .  Chem. 41, 581 

18. A.  Kashou l is ,  A .  G i l b e r t  and G. E l l i s - D a v i e s ,  Tetrahedron L e t t . ,  2905 (1984).  
19. C.  Pac, K.  Mizuno, T. Sugioka and H. Sakurai ,  Chem. L e t t .  187, (1973).  
20. K. Mizuno, C.  Pac and H. Sakurai ,  J.Chem.Soc., Chem.Commun., 748 (1974).  
21. C.  Pac, T .  Sugioka, K. Mizuno and H. Sakurai ,  Bull.Chem.Soc. Jpn. 46, 238 (1973).  
22. C .  Pac, T .  Sugioka and H. Sakurai ,  Chem. L e t t . ,  2 (1972).  
23. T .  Sugioka, C. Pac and H. Sakurai ,  Chem. L e t t . ,  791 (1972).  
24. T.R. Chamberlain and J.J. Mc Cul lough, Can. J. Chem., 51, 2578 (1973).  
2 5 .  K. Mizuno, C.  Pac and H.  Sakurai ,  J. Chem.Soc. P e r k i n  1, 2221 (1975).  
26. J.J. Mc Cul lough, R.C. M i l l e r  and W.S. Wu, Can.J.Chem,, 55, 2910 (1977).  
27. J.J. Mc Cul lough, W.K. Mac I n n i s ,  C.J.L. Lock and R .  Fagg ian i ,  J.Am.Chem.Soc., 104, 
28. N.C. Young, B .K im. ,  W.  Chiang and T. Hamada, J.Chem.Soc., Chem.Commun., 729 (1976).  
29. T. Majima, C.  Pac, A.  Nakasone and H. Sakura i ,  J.Am.Chem.Soc., 103, 4499 (1981).  
30. A.J. Marou l i s ,  Y. Shigemitsu and D.R. Arno ld ,  J.Am.Chem.Soc., 100, 535 (1978).  
31. R.A. Neunteu fe l  and D.R.  A rno ld ,  J.Am.Chem.Soc., 95, 4080 (1973).  
32. S.L. Mat tes  and S. F a r i d ,  J.Am.Chem.Soc., 108, 7356 (1986).  
33. N.C. Yang, L. Libman and M. Sav i t zky ,  J.Am.Chem.Soc., 94, 9226 and 9228 (1972).  
34. J. Mattay,  J. Gersdor f  and J. Martes, J.Chem.Soc., Chem.Commun. 1088 (1985).  
35. G . C .  Calhoun and C.B. Schuster,  J.Am.Chem.Soc., 108, 8021 (1986).  
36. R .A .  Ca ldwe l l ,  J.Am.Chem.Soc., 102, 4004 (1980) .  
37. D.J. B e l l v i l l e ,  D . D .  Wir th  and N.L. Bauld, J.Am.Chem.Soc., 103, 718 (1981).  
38. A.  Wel le r ,  2 .  Phys. Chem., 133, 93 (1982).  
39. D .  Va len t ine ,  N.J. Tu r ro  and G.S. Hammond, J.Am.Chem.Soc., as, 5202 (1964).  

(1974).  

(1975).  

4644 (1982).  




