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Abstract 

The synthesis of 1,2,3,4,5,6-hexakis(trifluoromethyl)tetracyclo[4,2,O,O24,O35]oct-7-ene is described 
by a three-step sequence involving the application of a photofragmentation reaction in the final step. 

I t  is well established that fluorine or trifluoromethyl substituents enhance the 
thermal stability of strained alicyclic systems. A number of recent syntheses attest 
to this f a ~ t , l - ~  especially in the CnHn carbocyclic framework, although some of the 
C4H4 network have yet to yield to this, or any other, synthetic ~ t r a t agem.~  

This communication deals with a member of the C8H8 series, namely 1,2,3,4,5,6- 
hexakis(trifluoromethyl)tetracyclo[4,2,0,02~4,03~5]oct-7-ene (5; R = H). The present 
synthesis utilizes our 1,2-photoaromatization reaction, shown schematically in 
equation (1). Since our initial enunciation of the synthetic potential of this reaction,' 
numerous examples of its application to synthesis have appeared. The present 
example joins a growing list6-l8 of highly strained and/or reactive molecules which 
have yielded to this method. These include dih~drobarrelenes,~-9 barrelene,g benzo- 
barrelenes,l0,l1 four-membered  heterocycle^'^-^^ and cyc l~bu t ad i enes .~~ - l~  
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Previously two routes to this ring system have appeared in the literature. The first 
was utilized in the synthesis of the parent member of this system (6).19 While this 
involved a multistep sequence it does appear a versatile route capable of extension 
to other examples. The second method used a sensitized photochemical [,2,f ,2,] 
cycloaddition of dialkyl alkynes onto hexakis(trifluoromethyl)benzvalene to yield 
dialkyl derivatives (5; R = alkyl) of the present ~ y s t e m , ~  but it is significant that the 
reaction with acetylene was not reported. 

(two stereoisomers) 

(2) 

Scheme I 

Pentacyclo[4,4,0,02~4,03~5,07~10]dec-8-ene (1) is available4* as a mixture of stereo- 
isomers from the cycloaddition of cyclobutadiene [generated by cerium(~v) oxidation 
of the cyclobutadiene tricarbonyl iron(11) complex] with hexakis(trifluoromethy1)- 
benzvalene (Scheme 1). This mixture was used as the starting material for reaction 
with 2,5-dimethyl-3,4-diphenylcyclopenta-2,4-dienone which formed two 1 : 1 adducts 
(2) in excellent yield (92 %). The stereochemistry of these adducts was not determined, 
since it was not critical to the subsequent steps. Photolysis was carried out in ether 
solution (Vycor filter) at 0". Smooth conversion into the o-terphenyl (4) and tetra- 
cyclooctene (5) was achieved. The latter was purified by g.l.c., and obtained as a 
waxy solid. The structure of the product followed from the lH n.m.r. spectrum (singlet 
at 6 6.69) and the 19F n.m.r. spectrum [multiplets at 6 25.80, 20.20 (bicyclobutyl CF, 

* A recent X-ray analysis has shownz0 that our original stereochemical assignment was not correct. 
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groups), 14.90 (C2,5-cyclopropyl CF,), 11.18 (C 1,6-cyclobutyl CF,)]. The lack of 
ultraviolet absorption ruled out the related valene structure. 

Typical of poly(trifluoromethy1)-substituted alicyclics, this compound was par- 
ticularly stable and could be recovered upon heating up to 300°C. 

Experimental 
I,12 - Dimethyl- 13,14- diphenyl- 4,5,6,7,8,9 - hexakis(tripuoromethyl)heptacyclo[10,2,1,02~1 1,03s10,04s9,- 
05~7,06~81pentadec-13-en-lS-ones (2) 

A mixture of the syn and anti cyclobutenes (269 mg, 0.5 mmol), 2,5-dimethyl-3,4-diphenyl- 
cyclopenta-2,4-dienone dimer (130 mg, 0.25 mmol) and deuterochloroforn~ (0.4 ml) were sealed into 
a glass vial and heated in an oil bath at 100". Reaction was complete after 8 h (p.m.r. analysis). The 
solution was evaporated to dryness, triturated with n-hexane to yield the product (367 mg, 92%) as 
colourless prisms. The mixture of isomers had m.p. 162-169" (Found: C, 52.5; H, 2.6; F, 42.9. 
C35H~OF180 requires C, 52.6; H, 2.5; F, 42.8%). P.m.r. (CDC1,)-isomer A: 6 1.22 (s, 6H, 
C 1,12-Me), 2.64, 3.10 (br s, 2H, 2H, C2,3,10,1l-cyclobutyl); 6.9-7.4 (m, 10H, ArH); isomer B: 
6 1.21 (s, 6H, C 1,12-Me), 2.75, 3.04 (br s, 2H, 2H, C2,3,10,11 cyclobutyl), 6.9-7.4 (m, IOH, ArH). 

1.r. (Nujol mull): v,,, 697ms, 767m, 1075ms, 1160-1390 (a series of unresolved absorption 
bands), 1768s, 1779s cm-l. U.V. (EtOH): I,,, (8 )  260 nm (7700). Mass spectrum mle 798 (M+, 7%), 
779 (S), 770 (31), 258 (100). 

A mixture of the abovementioned adducts (2) (200 mg, 0.25 mmol) was dissolved in dry ether 
(1.0 ml) under nitrogen in a thin quartz tube and irradiated at 0" with an American Hanovia (450 W) 
lamp and Vycor filter for 2 h. After this time c. 80% conversion into photoproducts had occurred. 
The ether was carefully removed at O n  by distillation under reduced pressure (12 mm), while sublimation 
of the residue at room temperature (0.05 mm) gave the colourless waxy crystalline product (5) (37 mg, 
27%). An analytical sample was obtained by g.1,~. (Found: C, 32.6; H, 0.3. C14HzFl8 requires 
C, 32.8; H, 0.4%). P.m.r. (CDC1,) 6 6.69 (s, C 7,8-vinylic H). 19F n.m.r. (ether) 6 11 .I8 (m, 6F, 
Cl,6-cyclobutyl CF,), 14.90 (m, 6F, C2,5-cyclopropyl CF,), 20.20, 25.80 (m, m, 3F, 3F, C3,4- 
bicyclobutyl CF3). 1.r. (CC14): IJ,,, 884m, 1073w, 1 lgOm, 1209s, 1221ms, 1240s, 1316ms cm-l. 
U.V. : no absorption above 225 nm. Mass spectrum mle 51 1.9870 [M', Cl4H2Fl8 requires 51 1.98691 
(12%), 493 (la), 443 (56), 424 (lo), 405 (181, 374 (21), 355 (25), 305 (19), 69 (100). 

Pyrolysis of 1 , 2 , 3 , 4 , 5 , 6 - H e x a k i s ( t r i f E u o m e t h y 1 ) t e ~ e n e  at 300°C 

A small sample of the tetracyclooctene (c. 5 rng) was carefully sealed into a small glass tube (ap- 
proximate volume 1 ml), and completely immersed in a Wood's metal bath at 300" for 2 min. G.1.c. 
(6 ft by 318 in column of 1076 SE30 on Embacel, 75") examination of the product showed that only 
one compound was present, whose retention time, infrared and ultraviolet spectra were identical to 
that of the starting material. 
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