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CRYSTALLINE-STATE REACTION OF A S  YN-TRICYCLO[4.2.0.02~5]O(JT- 
ANE DERIVATIVE TO A CIS, CZS-CYCLOOCTA- 1,5-DENE DERIVATIVE 

AKIRA MORI, NOBUO KATO, SUSUMU MORISHITA, 
AND HITOSHI TAKESHITA 
Institute of Advanced Material Study, 86, Kyushu University, Kasuga, Fukuoka 
8 16, Japan 

Abstract A syn-tricyclo[4.2.0.022,5]octane derivative isomerized to a cycloocta-1J- 
diene derivative on exposure to X-ray radiation keeping the single crystal structure. 
The two half-cylindrical molecules formed a cavity, in which three cyclohexanes 
used as recxystallization solvent were included. The single crystal obtained from a 
mixture of chloroform and ether was analyzed at -140 T by X-ray crystallography, 
which confirmed the structure of syn-tricyclo[4.2.0.02~~]octane. 

JNTRODUCTION 

The gas phase reactions of syn- and mti-tricyclo[4.2.O.O~~~]octanes (1, 2) have been 
studied to give (E, Z)- and (2, Z)-cycloocta- 1 ,5-dienes (3, 4) as the major products. 1 

From kinetic analyses, the bicyclo[4.2.0]octane-2,5-diyl biradical(5) was involved in a 
key intermediate. 

1 

a) 

0, 5 

(€,Z)-COD (Z,Z)COD 

a) 117-146 "C, 1-10 Torr. b) 139-172 "C, 1-10 Torr. 

The thermal reaction of anti-tetracyanotricyclo[4.2.0.0~.5]octane (6 )  in the solid state 
at 105 T gave (E,Z)-tetracy~anocycloocta-l,kiiene (7) in 96% yield along with a trace 
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amount of (2,Z)-isomer 8.2 At 270 T, only (2,Z)-isomer was obtained in 78% yield. 
Then, (E,Z)-isomer is the primary product of the kinetically controlled [2+2] cyclo- 
reversion. Valence isomerization reactions of the arylated cage molecule 9 to diene 10 
were observed upon irradiation with a 300 nm lamp. The homolytic cleavage to give a 
radical intermediate, which was stabilized by the aryl groups, was   refer red.^ 
Photosensitized isomerizations of 9 to 10 were also observed via an efficient cation- 
radical chain process in the presence of a quinone or a cyanoaromatic compound as a 
sensitizer.4 

NC 

6 

105 "C 

72 h 
solid state 

- & 
NC CN 7 

96% 

42% 
165 "C 
30 min 

270 "C 

___) 

+ 

NC 

8 NC ($ CN 

trace 

48% 

The irradiation of tetraphenyltricyclo[4.2.O.O~~~]wtane (1 l), whose stereochemistry 
was not specified, in the presence of 9,lO-dicyanoanthracene (DCA) afforded (2,Z)- 
tetraphenylcycloo1,J-diene (1 2) and tetraphenyltricyclo[3.3.O.O~~6]octane (1 3) > 
while 1 1 was quantitatively converted at 150 9= into 12.6 The structure of 13 was 
elucidated by X-ray crystallographic analysis. 

hv 

with or without a sensitizer 

9 
10 

h v l  DCA 
CH2CI2 

I 
Ph Ph 11 

150 "C, quant. 
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CRYSTALLINE-STATE REACTION OF A SYN-TRICYCLOOCTANE [373]/13 

RESULTS AND DISCUSSION 

Recently, we found the cleavage of the central four membered ring of a syn-tricyclo- 
[4.2.0.02~5]0ctane derivative (1 4) during the X-ray crystallographic analysis? When 
the single crystal 14A, obtained from a mixture of cyclohexane and chloroform, was 
irradiated by Cu Ka line at room temperature, the intensity of one of the monitoring 
reflections for data collection gradually decreased. After 6 h, the intensity of the reflm 
tion became nearly constant to make it possible to collect three-dimensional intensity data, 
where the cell parameters were ~ 1 5 . 9 5 3  (4), b10.543 (l), and ~ 2 6 . 1 8 1  (3) 8, with 
p=95.66 (1)'and V=4382.2 A3. However, no apparent change of the crystal was ob- 
served during the period. This means that a chemical change occurred without disrupt- 
ing the single crystalline state. The final molecular structure was a cycloocta-l,5-diene 
derivative (15A) as shown in Figure 1. Indeed, the 1H NMR spectrum of the sample 
recovered from the X ray work was identical with that of authentic 15. The cell dimen- 
sions after exposure to the X-ray were -15.950 (5), k10.543 (2), and ~ 2 6 . 3 7 0  (6) 8, 
with k95.72 (2)'. The change in the cell dimensions throughout the X ray irradiation 
was certainly as small as less than 1%. 

The X ray analysis of a single crystal 15 B, which was obtained by recrystallhation 
from a mixed solution of cyclohexane and chloroform, was independently carried out to 
get the same conclusion; the cell dimensions were (~15.968 (2), b19.548 (l), and 
-26.406 (2) 8, with p=95.72 (2)k being slightly larger than those of H A .  This 
indicates that the 15A formed by the single crystalline state reaction from 14A has a 
strain to minimize the molecular motion within the lattice. It is noteworthy that the 
crystal structures of 15 A and 1 5 B possessed a unique feature; both 15 A and 1 5 B 
prepared by recrystallization from a mixture of cyclohexane and chloroform provided a 
spherical space to include cyclohexanes in the circular column formed by two hemi- 
cylindrical molecules as shown in Figure 2. 
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FIGURE 1 ORTEP drawing of the cycloocta- 1,5-diene derivative 15A from 14A. 

d -  

FIGURE 2 ORTEP drawing of the cycloocta-1,5-diene derivative 15B. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

0:
50

 1
8 

Fe
br

ua
ry

 2
01

3 



CRYSTALLINE-STATE REACTION OF A SYN-TRICYCLOOCTANE [375]/15 

A single crystal 14B, obtained from a mixture of chlorofom and ether, was 
analyzed at room temperature to determine the crystal structure using Cu Ka radiation. 
Again, the central four membered ring was cleaved. In this case, two hemicylindrical 
molecules did not form a cavity. They faced each other with a slip of the half of the 
molecular length to reduce the molecular volume as shown in Figure 3. 
sions of 14B at the initial stage were ac8.372(2), b=25.297 (4), and ~ 1 7 . 1 5 6  (4) 8, 
with p=98.78 (2)”and V=3591 (1) 8,3, whereas those of the fmal stage were ~ 8 . 3 3 8  (2), 
b=25.765 (4), and ~ 1 7 . 3 4 1  (5)  8, with p=102.35 (2)Oand V=3639 (2) 8,3. The angle 
p changed largely. 

The cell dimen- 

FIGURE 3 ORTEP drawing of the cycloocta- 1,5-diene derivative from 14 B. 

When a single crystal of 14B was analyzed at -140 “c, the cell dimensions were 
~ 8 . 3 1 7  (3), k25.090 (2), and ~ 1 7 . 0 5 8  (3) 8, withp=98.41 (2)”and V=3521 (2) 8,3. 

The crystal had a syn-tricyclo[4.2.0.@2.5]octane structure. The central cyclobutane ring 
had been retained. 

Consequently, it is clear that 14 had a syn-tricyclo[4.2.0.02~~]octane structure and 
that the X-ray radiation induced a cleavage of the bonds of the central four membered ring 
to give 15 within a single crystal lattice. It has been reported that structural investiga- 
tions on syn- and rmti-tricyclo[4.2.0.0~~~]octane derivatives are very rare.8 Then, it may 
be inteqmted that the deformation of the crystal lattice caused by the structural change of 
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crystalline 1 4  into crystalline 1 5 could be negligible since the reaction occurred in the 
center of the molecule and the bulky substituents would keep the intermolecular distance 
approximately constant during the reaction. Relaxation of the local stress generated in 
the crystal should occur with minimal atomic and molecular rearrangement. 
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