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Abstract: The photochemical cycloaddition of 9-cyanoanthracene with s-cisoid 1,3-dienes (2-4) 
gave predominantly [4+4]cycloadducts (5,6a and 9a). The conformational study of the adducts by 
the spectral and X-ray analysis confirmed that 4- or 5-membered ring condensed derivatives (5 
and 6a) have symmetric C2v type structure and those with 6-membered ring (9a and 10a) are 
rapidly equilibrating between two equivalent folded structures. 

Although photochemical cycloaddition of anthracenes with various kinds of 1,3-dienes were 

extensively studied, l )  l i t t l e  is known about the react iv i ty with s-cisoid 1,3-dienes without 

alkyl substituents at diene termini. We now report the f i r s t  photochemical [4+4]cycloaddition 

of 9-cyanoanthracene (1) with such dienes (2-4) 2) and the conformation of thei r  [4+4]cyclo- 

adducts (5,6,9 and I0). 

NC CH2 NC 

(1) (2) R:-(CH2) 2- (5) (7) 

, (3) R:-(CH2) 3- (6a) (8) 

(4) R=-CH2CH=CHCH 2- (9a) 

Irradiation of a benzene solution of I and equimolar amount of the dienes (2 and 3) for 

40-50 minutes gave the [4+4]adducts (5 and 6a) 3) in 44 and 51% yields, respectively, along 

with the small amount of [4+2]adducts, 7 (9%) and 8 (10%). 3) Although [4+2]cycloadduct could 

not be obtained in the photochemical reaction of I and 1,2-dimethylenecyclohex-4-ene (4) the 

yield of [4+4]cycloaddition product (9a) was almost the same (53%) to the above mentioned 

cases. Judging from the yields of these photochemical [4+4]adducts, the react iv i ty of these 

dienes are nearly equal to that of cyclic cisoid dienes. 4) 

In the IH NMR spectra of these photoadducts (5, 6a and 9a) and the tribenzo derivative 

(10a) prepared by DDQ oxidation of 9a, the signal due to methylene protons vicinal to the 

cyano group appears as a sharp singlet, suggesting that their structures are either rapidly 

(A) (B) (C) 
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equ i l i b ra t i ng  between two equivalent fo]ded 

st ructure 5) ( A ~ B )  or a s ingle symmetric C2v 

type st ructure,  6) in which the buteno bridge 

is almost perpendicular to 9,10-dihydro- 

anthracene skeleton (C). Since i t  was d i f f i -  

cu l t  to d is t ingu ish  the two p o s s i b i l i t i e s  only 

by the IH NMR spectrum, 7) the X-ray analysis 

was then performed for  6a and 9a. 

X-ray analysis The crystallographic data are 

given in Table 1 and the molecular geometries 

are presented in Fig, I .  8) 
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Table I. Crystallographic data of 6a and 9a. 

6a 9a 

Crystal system Monocl inic Monocl inic 
. 
M. W, 

Space group P21/n o P21/a o 
a 18,076(5)A 18.753(3)A 
b 16,037(4) 13.389(2) 
o 11,237(2) 14.516(2) 
B 101.61(2) ° 111.62(I) ° 
Z 8 8 

Refl ect i  ons 4097 4373 
R O. 053 O. 076 
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Fig. 1 ORTEP drawing of 6a and 9a. 

9a 

As is c lea r l y  shown in the f igure  the cyclo-  

pentene condensed der iva t ive  (6a) has perpen- 

d icu la r  st ructure and has remarkably wide sp 2 

[137.3 ° (C2-C3:C7) and 135.9 ° (C3=C7-C8)] and 

sp 3 angles [122.1 ° (CI-C2-C3) and 120.5 ° (C7- 4- 

C8-C9)]. 6) On the other hand, the cyclohexa- 

diene condensed der iva t ive  (9a) has the folded 

st ructure in which the cyclohexadiene r ing is 

almost planar and t i l t s  at an angle of 57 ° 3- 

from the CI-C2-C9-CI0 plane. Bond angles of 

th i s  molecule are rather normal even around 

the C=C double bond of the buteno bridge. 

OV spectra To examine the conformation of 2- 

these adducts in solution, the UV spectra 

were measured and given in Fig. 2 together 

with those of some reference compounds. The 

spectra of 5 and 6a are very similar to each 
1- 

other, suggesting that they have the same 

conformation in solution. The lack of the 

transannular interaction between the p-orbit- 

als of the buteno bridge and benzene rings in 

5 and 6a was confirmed by the fact  that  these 

logc 

',, lOa 
lOa 12 

• " ~  . . S "  ~ ' ~ ' "  ~ ' ' ~  " ' '  

, ,  , , , .  ; , ' , .  

• "3 
9 a  , ; I 

• s .  . ~ i 
• • / ° ,  ~ I 

' , ~ loge 
5 ' ; , m 

\ ',,;, +i. 0 

. 5  

. 0  
! ! 

250 300 nm 

Fig. 2 UV spectra of the adducts in EtOH. 
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spectra are very s im i la r  to that of the butano bridged compounds (11), in which there is no 

double bond to in teract  wi th benzene r ings. From th i s  resu l t ,  we can conclude that  both 5 and 

6a have perpendicular conformation in so lut ion.  9) 

A l l  the compounds which have six-membered carbocycles condensed onto the buteno bridge 

(lOa, 9a, and i t s  dihydro der iva t ive  12), however, showed the small bathochromic s h i f t  (3-4 

nm) of these bands. These spectral changes together wi th the disappearance of the va l l ey  

around 240 nm observed in 5, 6a, and I I ,  apparently suggested the presence of the s izable 

transannular in terac t ion  between the buteno bridge and the 9,10-dihydroanthracene, and hence 

the folded st ructure in every cases as in the c rys ta ls .  These resul ts  were fu r ther  confirmed 

by NMR spectra. 

tm4R spectra The 13C NMR spectra of the decyano der ivat ives I0) (6b, 9b, and lOb) are very 

informative, The quaternary carbon of the benzene r ing in the r i g i d  folded compound (13) 4a) 

appeared at a low f i e l d  (144.9 ppm) owing to the p-orb i ta l  compression e f fec t  I I )  by the double 

bonds of the buteno bridge, whi le that  of 6b having the perpendicular s t ructure appeared at a 

normal pos i t ion of 9,10-dihydroanthracene (140.7 ppm). 

142.8 140.7 

(lOb) (6b) 
144.9 ppm 142.2 

(13) (gb) 

In comparison with these values, the corresponding signals of 9b and lOb appeared around 
t 

the midpoint (142.2 and 142.8 ppm, respect ive ly) .  Since these compounds have folded st ructure 

even in so lu t ion,  the quaternary benzene carbons should have an intermediate chemical s h i f t  

between the normal and the s t e r i c a l l y  compressed values (~141 ppm and ~145 ppm, respect ive ly) ,  

i f  the f l i pp i ng  of the buteno bridge occurs rap id ly  ( A ~ B ,  vide supra). From the above 

mentioned chemical sh i f t ,  the f l i pp ing  of the 

buteno bridge is proven to be operative both in 

9b and lOb at room temperature. 

Variable temperature IH NMR spectra of lOa 

were then examined in order to f ind the ac t iva-  

t ion  energy of th i s  dynamic process, paying the 

at tent ion to the two sharp signals due to 

methylene hydrogens of the buteno bridge. By 

lowering the temperature the signals gradual ly 

became broad and at -126°C they reached to a 

so-cal led coalescence state (Fig, 3). From 

these spectral changes, the ac t iva t ion  energy 

of th is  conformational equi l ibr ium was e s t i -  

mated to be 6.7±0.3 kcal/mol. 12) 

_126oC 

4 3 ppm 

Fig.3 VT-NMR of 10a. 
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