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UV Photolysis, Quantum Yields, 
Chlorinated Tricyclic Dienes 

The UV-behaviour of some chlorinated tri-
cyclic dienes (la-e) was studied in acetone. 
Cycloaddition (2a-b and 2d-c), hydrogen-
transfer (3c' and 3d) and photo ene-(3c)-reaction 
products could be isolated and identified with 
the help of spectroscopic methods. 

I m G e g e n s a t z z u d e n i n t e r m o l e k u l a r e n P h o t o -
c y c l o a d d i t i o n e n d e s T y p s [ 2 + 2 ] , d i e h ä u f i g v o n 
u n t e r s c h i e d l i c h e n K o n k u r r e n z r e a k t i o n e n b e g l e i t e t 
w e r d e n [ 1 - 3 ] , findet m a n be i i n t r a m o l e k u l a r e n [ 2 + 2 ] 
P r o z e s s e n n u r s e l t e n N e b e n r e a k t i o n e n [4]. I n d e r 
v o r l i e g e n d e n A r b e i t w i r d a m B e i s p i e l h e x a c h l o r i e r -
t e r t r i c y c l i s c h e r D i e n e ( l a - e ) g e z e i g t , d a ß s o w o h l d i e 

Tab. I. Photoprodukte (2a-b, 2d-c, 3c, 3c' und 3d) der tricyclischen Diene la -c . 

Verbindung 
[2 + 2]-Pliotocyclo-
additionsprodukt 
Ausbeute [ % ] 3>Pa 

Aceton x 10~2 

Konkurrenzprodukt 
Ausbeute [ % ] <£pa 

Aceton X 10-2 

2 

•t=f CM 

2a 

2b 

73 

2.35 

0.35 

CI-T 
J 3 

[12 au 
a V -

a l 1 ci 
2d 

0.30 

a Quantenausbeute der Bildung der Reaktionsprodukte in Dioxan/Acetophenon bei 20 °C in Totalabsorption. 
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P h o t o E n - R e a k t i o n [5], a l s a u c h d i e i n t r a m o l e k u l a r e 
W a s s e r s t o f f t r a n s f e r r e a k t i o n [6—8], e r f o l g r e i c h m i t 
d e r [ 2 + 2 ] - P h o t o c y c l o a d d i t i o n k o n k u r r i e r e n k a n n , 
d a e i n i g e d i e s e r V e r b i n d u n g e n s t e r i s c h g ü n s t i g a n -
g e o r d n e t e W a s s e r s t o f f a t o m e a u f w e i s e n . 

D i e a c e t o n s e n s i b i l i s i e r t e n B e s t r a h l u n g e n d e r V e r -
b i n d u n g e n l a - e l i e f e r n m i t A u s n a h m e d e r V e r b i n -
d u n g l c d i e V o l l k ä f i g i s o m e r e n 2 a - b u n d 2 d - e . D i e 
d a b e i e r z i e l t e n A u s b e u t e n d e u t e n d a r a u f h i n , d a ß 
d i e s t r u k t u r e l l e n V o r a u s s e t z u n g e n f ü r d i e [ 2 - f 2 ] -
P h o t o c y c l o a d d i t i o n i m F a l l e d e r V e r b i n d u n g l a 
a m g ü n s t i g s t e n s i n d . D i e R i n g e r w e i t e r u n g u m n u r 
e i n e C H 2 - G r u p p e i m n i c h t c h l o r i e r t e n T e i l d e s M o l e -
k ü l s v e r u r s a c h t b e r e i t s e i n e e r h e b l i c h e V e r m i n d e -
r u n g d e r A u s b e u t e d e s [ 2 - j - 2 ] - C y c l o a d d i t i o n s p r o -
d u k t s 2 b ( T a b . I ) . V e r b i n d u n g l c , d i e a u s H e x a -
c h l o r c y c l o p e n t a d i e n - ( 1 . 3 ) ü b e r e i n e D i e l s - A l d e r -
R e a k t i o n l e i c h t z u g ä n g l i c h i s t , z e i g t e i n v ö l l i g a n d e -
r e s p h o t o c h e m i s c h e s V e r h a l t e n . H i e r w i r d d i e 
[ 2 + 2 ] - P h o t o c y c l o a d d i t i o n t o t a l b l o c k i e r t . D i e s e n -
s i b i l i s i e r t e B e s t r a h l u n g l i e f e r t l e d i g l i c h d i e P r o d u k t e 
3 c u n d 3 c ' , d i e i n e i n e r i n t r a m o l e k u l a r e n P h o t o E n -
b z w . W a s s e r s t o f f t r a n s f e r r e a k t i o n e n t s t e h e n . D i e 
V e r b i n d u n g l d u n d e d a g e g e n , w e l c h e e i n C y c l o -
h e p t e n - b z w . C y c l o o c t e n s t r u k t u r e l e m e n t a u f w e i s e n , 
r e a g i e r e n p h o t o c h e m i s c h w i e d e r z u d e n V o l l k ä f i g -
i s o m e r e n 2 d u n d e. D i e B e s t r a h l u n g d e r V e r b i n d u n g 
l d l i e f e r t a u ß e r d e m d u r c h e i n e W a s s e r s t o f f ü b e r -
t r a g u n g s r e a k t i o n d i e V e r b i n d u n g 3 d . 

D i e s e E r g e b n i s s e w e i s e n f e r n e r d a r a u f h i n , d a ß 
d i e P h o t o r e a k t i o n d e r V e r b i n d u n g e n l a - e v o r w i e -
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g e n d v o n d e r s t e r i s c h g ü n s t i g e n C - C - V e r k n ü p f u n g 
k o n t r o l l i e r t w i r d , d i e i m P r i m ä r s c h r i t t z u r B i l d u n g 
d e s C y c l o b u t a n r i n g e s f ü h r t . D i e a u s d e m M o d e l l e n t -
n o m m e n e n A b s t ä n d e C s - C g ( l b ) = 2 , 6 3 , C ö - C g ( l c ) 
= 2 , 6 3 , C 7 - C H . ( l d ) = 2 , 7 9 u n d C 8 - C N = 2 , 9 6 Ä 
m a c h e n d e u t l i c h , d a ß e s s i c h h i e r u m e i n e n g e o -
m e t r i e a b h ä n g i g e n P h o t o p r o z e ß h a n d e l t . S o w o h l 
d i e P h o t o E n - R e a k t i o n ( B i l d u n g d e r V e r b i n d u n g 
3 c) a l s a u c h d i e W a s s e r s t o f f ü b e r t r a g u n g s r e a k t i o n e n 
( B i l d u n g d e r V e r b i n d u n g e n 3 c ' u n d 3 d ) v e r l a u f e n 
s t r e n g i n t r a m o l e k u l a r . D i e B e s t r a h l u n g d e r V e r -
b i n d u n g e n l c u n d l d i n D e - A c e t o n e r g i b t , d a ß k e i n 
D e u t e r i u m i n d i e b e t r e f f e n d e n P h o t o i s o m e r i s i e -
r u n g s p r o d u k t e 3 c , 3 c ' u n d 3 d i n k o r p o r i e r t w i r d . D i e 
I n t r a m o l e k u l a r i t ä t d e r P h o t o r e a k t i o n e n w i r d z u -
s ä t z l i c h d u r c h d a s U V - V e r h a l t e n d e r 4-enc?o-D-mar-
k i e r t e n V e r b i n d u n g 1 c b e s t ä t i g t . N a c h d e r B e s t r a h -
l u n g w i r d D e u t e r i u m i n d e n e r w a r t e t e n 9 P o s i -
t i o n e n d e r P h o t o p r o d u k t e 3 c u n d 3 c ' n a c h g e w i e s e n . 

Experimenteller Teil 
D i e B e s t r a h l u n g e n w u r d e n i n e i n e r P y r e x - A p p a -

r a t u r d u r c h g e f ü h r t (C = 2 • 10~ 2 M ) . A l s L i c h t -
q u e l l e d i e n t e e i n e H g - H o c h d r u c k l a m p e H P K 1 2 5 W 
P h i l i p s . D i e I s o l i e r u n g d e r P h o t o p r o d u k t e e r f o l g t e 
d u r c h S ä u l e n c h r o m a t o g r a p h i e ( K i e s e l g e l 0 , 2 - 0 , 0 6 
M e r c k , L a u f s y s t e m n - H e x a n ) . Z u r B e s t i m m u n g d e r 
Q u a n t e n a u s b e u t e w u r d e e i n e s p e z i e l l e A p p a r a t u r 
v e r w e n d e t [9], ( X B O 4 5 0 W - 4 - O s r a m m i t d e m 
V o r s c h a l t g e r ä t T N X - H e i n z i n g e r ; M o n o c h r o m a t o r 
B a u s c h - f L o m b ; Q u a r z k ü v e t t e Q S 1 1 0 - H e l m a m i t 
1 0 m m S c h i c h t t i e f e ) . D i e q u a n t i t a t i v e A u s w e r t u n g 
d e r B e s t r a h l u n g s e x p e r i m e n t e e r f o l g t e g a s c h r o m a t o -
g r a p h i s c h , ( D e t e k t o r : F I D ; G l a s k o l o n n e , 1 , 5 m ; 0 : 
2 , 2 m m ; 3 % O V 1 a u f C h r o m o s o r b W - A W - D M C S 
8 0 - 1 0 0 m e s h ; S ä u l e n t e m p . : 200 °C) . 

Tab. II. Schmelzpunkte und spektroskopische Daten der Verbindungen 2d-e, 3c, 3c' und 3d. 

Verbindung Schmp. m/e [rel. Int. %] IR (KBr) cm"1 IH-NMR (CDC13) 13C-NMR (CDCI3) 
[°C] (Cl = 35) <5 [ppm] <5 [ppm] 

1.2.3.11.12.12-Hexachlor- 185 
pentacyclo[7.3.0.02>5.03.11.04.10]. 
dodecan (2d) 
1.2.3.12.13.13-Hexachlor- 130 
pentacyclo[8.3.0.02.5.03,l2.04,ll]-
tridecan (2e) 

1.8.9.10.11.11-Hexachlor- 116 
tetracyclo[6.2.1.02>7.03>10]. 
undecen-(4) (3e) 

1.8.9.10.11.11-Hexachlor- 104 
tetracyclo[6.2.1.02.7.05,10], 
undecen-(3) (3c') 

1.9.10.11.12.12-Hexachlor. 150 
tetracyclo[7.2.1.02.8.06(7),11]-
dodecen-(3) (3d) 

M+, 364(10) 2990, 2920, 2855 
M-C1+, 329(100) 2845, 1455, 1440 
M-C1-HC1+, 293(65) 
M+, 378(5) 2995, 2915, 2880 
M-C1+, 343(100) 1460, 1455, 1445 
M-C1-HC1+, 307(75) 

M+, 350(7) 3050, 3030, 2970 
M-C1+, 315(100) 2900, 1480, 1360 
M-C1-HC1+, 279(55) 

M+, 350(15) 3040, 3020, 2950 
M-C1+, 315(100) 2920, 1460, 1320 
M-C1-HC1+, 279(55) 

M+, 364(15) 3020,2950,2905 
M-C1+, 329(100) 1470, 1420, 1395 
M-C1-HC1+, 293(72) 

4H (1,20-2,00, m) 
4H (3,05-3,45, m) 

8H (1,20-2,20, m) 99,00, 82,19, 81,01 
4H (3,05-3,80, m) 75,41, 74,25, 47,76 

46,98, 45,16, 42,97 
21,62, 21,40, 21,10 
20,21 

3H (2,30-270,m); 1H (3,25,m) 137,76, 128,42,96,83 
1H (4,10, ddd); 1 H (4,95, s) 83,36, 74,77,73,39 
1H (6,05, ddd); 1H (6,80, ddd) 69,00, 51,61,46,88 

46,19, 33,09 
2H (2,40, m); 1H(2,65, dd) 
1 H (3,50, m); 1H(3,55, dd) 
1 H (4,90, s); 1H (5,75, ddd) 
1H (6,15, ddd) 
1H (l,60,m); 3H(2,15-2,65,m) 
2H (2,80-3,10, m); 1 H (4,00, dd) 
1H (4,95, s); 1H(5,45, m) 
1 H (5,75, m) 
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