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PHOTOCHROMIC BEHkVIOUR OF 2,3-SUBSTITUTED 
NORBORN ADIENE S 

VLADIMIR I. MIMKIN, VLADIMIR A .  BREF , VLADIMIR A. 
CHERNOIVANOV, ALEXAITDER D. DUBONOSOV and SERGE1 
V. GALICHEV 
Institute of Physical. and Organic Chemistry, Rostov 
State University, Rostov on Don, Russia 

Abstract A series of novel 2,3-substituted norbor- 
nadienes has been prepared. Under UV- and Vis-irradi- 
ation in isopropanol and acetonitrile compounds un- 
dergo (2+2) valence isomerization into the correspon- 
ding quadricyclanes, the back interconversion being 
catalysed by CF3COOH or Moo3. 

Norbornadiene-quadricyclane rearrangements represent the 
most promising molecular system for the solar energy sto- 

sorption in the visible region of the Sun light spectrum 
appropriate substituents should be attached to the double 
bonds t o  sensitize the intramolecular cycloaddition reac- 
tion (1) to the Sun light. For this purpose some novel 
norbornadienes containong chromophores Lmproving spectral 
characteristics of the 1+2 photochromjc system have been 
synt he s i z e d. 

Since unsubstituted norbornadiene does not ab- 

&ph* ePh 2 

R P CHO (a), CH=NAr (b), CH=NmHAr (c ) ,  
CONHAr (d), CH=CHCOAr (el, COCH=CHPh (f >, 

CH=C (COOEt  (i ) , 
CH=C(CN)2 ( g ) ,  GH=C(CN)COOEt (h), 

Compound la was prepared by use of Diels-Alder reaction 
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152 V.I. MlNKIN ET AL. 

4 between cyclopentadj ene and corresponding acetylene . Bor-  
bornadienes Ib,c,e,g-1 have been synthesized by coupling 
la with various compounds containing active methylene or 
mine groups . TIorbornadienes Id,f were obtained from 
chloromhydri.de of 3-phenylnorbornadiene-2-carboxylic acid 
and 3-phenyl-2-acetylnorbornadiene. 

are batochromically shifted to 370-420 nm as compared to 
230 nm (shoulder) in the absorption maximum o f  unsiibstitu- 
ted norbornadiene, the absorption edge (he) of Ij being 
expanded to 520 nm. 

5 

The long-wave absorption bands of norbornadienes 1 

TX3LE 1 UV spectra in isopropmol and quantum 
yields of the photocycloaddition of 
norbornadienes 1. 

- 
of  I ,  nm of I, q b  X a  o f  2, max e Compound 

nm ( &.10-3/mol- 1 3  dm cm" ) nm 

a 318 (9.6) 400 0.40 330 
b ( Ar-Ph) 343 (16.6) 425 0.15 350 
c (Ar=Ph ) 373 (30.6) 455 0.05 370 
d ( Ar-Ph ) 280 (9.0) 375 0.53 295 
e(Ar=Ph) 377 (16.9) 4-70 0. 10 41 5 

8 382 (21.5) 480 0.74 330 
2 420 (5.0) 520 0.12 350 

a Absorption edge (&=O). Aberchrome 540 was used as an 
actinometer. 

Quadricyclanes 2 were readily formed (Fig.1) by ir- 
radiation of  isopropanol or acetonitrile solutions of nor- 
bornadienes 1 with filtered light of high pressure lamp 
DRSH ( 250 W) . Irradiation of the f ollovring nave-lengths 
has been applied: 313 nm for la,k,l, 365 nm for Ib-i and 
436 nm f o r  lj. The structure of photochemically obtained 
products was elucidated by use of H NMR spectral data. 1 
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250 300 350 400 A ,nm 

Electronic absorption spectra of compound 
Ib in isopropanol before (a) and after ir- 
radiation with 365 nm filtered light: 20 s 
( b ) ,  40 s (c), 60 s (a), 120 s (el. 

The reverse reaction of carbonylcontaining quadricyc- 
lanes 2 occurs almost instantaneously when trifluoroacetic 
acid is add to toluene solution of 2 at room temperature 

geneous catalyst bloO can also be used (shaking of 2 ml 
of toluene 5.10-5 mol/dm3 solution with 0.2-0.5 mg of 
kIo0 during 10-20 mi-nutes). In the latter case the cycle 
1=2 can be repeated many times. 
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