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The trimerization of alkyl and aryl substituted 
acetylenes to  give substituted benzenes is well 
known,' but there appear to be no reports of tri- 
merization of a fluoroalkyl acetylene.2 

We have found that the novel hexakis(trifluor0- 
methy1)benzene (11) can be obtained in yields of 
70 to 75% by heating hexafluoro-2-butyne (I) 
with trifluoromethyl iodide or iodine a t  260" 
under pressure. Smaller yields have also been ob- 
tained by heating the butyne alone a t  275". 

C Fj C zz C C Fd- cF3&cF3 

I CF3 , c F3 
C F; 
I1 

Hexakis(trifluoromethy1)benzene (11) is a color- 
less, crystalline, readily sublimable compound 
melting a t  210-212' (sealed capillary). The fluorine 
nuclear magnetic resonance spectrum in acetone 
consists of a single, unsplit resonance line, indi- 
cating that the fluorine atoms are all equivalent. 
The results of cryoscopic molecular weight measure- 
ments in benzene were about 4 to 77, higher than 
the value calculated for the trimer, while the 
molecular weight determined by the x-ray method 
was 3% low. However, mass spectrometric analysis 
showed the parent ion of mass 486 and a series of 
ions logically derived from it. 

The infrared spectrum of the trimer is char- 
acterized by many of the bands reported by Brown3 
for a compound, m.p. 208-209", which was obtained 
by heating I at 320", and to which the tetrameric 
structure I11 was assigned on the basis of an ebul- 
lioscopio molecular weight determinat i~n.~ The 
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(1) (a) A. W. Reppe and W. J. Schweckendiek, Ann., 
560, 104 (1948); (b) D. C. McKinley, Id. Eng. Chent., 44, 
995 (1952). 

(2) Monofluoroacetylene has been reported to trimeriae 
spontaneously; W. J. Middleton and W. H. Sharkey, J. Am. 
Chem. Soc., 81,803 (1959). 

(3) H. C. Brown, J. Org. Chem., 22, 1256 (1957). 

ultraviolet spectrum of the trimer is also strikingly 
similar (A,,, 287 mp, log a 2.22) to that reported 
by Ekstrom5 for Brown's compound (A,,, 287 
mp, log F. 2.24). The similarities in reaction condi- 
tions, melting point, and, NMR infrared and ultra- 
violet spectra lead us to  suggest that Brown's 
compound is actually the trimer (11). 

Because of the bulkiness of trifluoromethyl 
groups, it was not possible to construct a model 
(Stuart-Briegleb) of the trimer without distorting 
the benzene ring from its normal planar configura- 
tion. It was, in fact, not possible to place more than 
three trifluoromethyl groups in adjacent positions 
without ring distortion. The resulting model had the 
trifluoromethyl groups locked in a highly crowded 
conformation. The unusual behavior of the trimer 
toward basic hydrolysis (see below) might be at- 
tributed to its highly crowded structure. 

The trimer was found to be resistant to hydrolysis 
by sulfuric acid or by a chlorosulfonic acid-sulfuric 
acid mixture, in contrast to the ready hydrolysis 
reported for m- and p-bis(trifluoromethy1) benzene 
under these conditions.6 However, hydrolysis by 
bases occurs readily; treatment of the trimer with 
two moles of potassium hydroxide in ethanol led 
to the formation of ethyl pentakis(trifluoromethy1)- 
benzoate (IV) in 27% yield. 
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Hezakis( trifEuoromethy2)benzene (11). a. Catalyiic. A mix- 
ture of 11.1 g. (0.068 mole) of hexafluoro-2-butyne, 1.8 g. 
(0.009 mole) of trifluoromethyl iodide, and 0.3 ml. of per- 
fiuorodimethylcyclohexane was sealed in a platinum tube 
under a nitrogen atmosphere, and thc tube pressured 
externally with nitrogen. The tube was heated a t  260' under 
1000 atm. pressure for 15 hr. The reaction mixture was 
cooled below O0, filtered, and the solid residue was air-dried. 
There was thus obtained 7.89 g. (71.150 of hexakis(tri- 
fluoromethy1)benzene (11), melting a t  209-210' (sealed 
capillary). The melting point was unchanged by recrystal- 
lization from acetone, benzeiir, or methanol. 

Anal. Calcd. for ClpF18: C, 29.65; F, 70.35; mol. 1% t., 486. 
Found: C, 29.78, F, 70.45, mol. wt., 505, 522 (cryo,icopic in 
benzene). 

Replacement of the trifluoromethyl iodide catalyht with 
(4) Ebullioscopic molecular weight determinations (ben- 

zene) on the trimer carried out in our laboratory resulted in 
very high values (825, 850). This ma) be due to thp volatility 
of the compound, resulting in the loss of material during the 
determination. 

( 5 )  B. Ekstrom, Chem. Ber., 92,  749 (1959). 
(6) P. G. Scheurer and G. M. le Fabe, J. Ani. Chem. Soc., 

72, 3308 (1950). 
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iodine (0.1 mole per mole of hexafluoro-2-butyne) gave a 
70.5% yield of nearly pure I1 as a pale yellow solid, m.p. 
209-211' (with previous softening). 

The infrared spectrum (carbon tetrachloride) has strong 
absorption a t  8.1-8.3, 8.51, and 9.51 p, with much weaker 
bands a t  7.12, 7.43, 7.61, and 7.73 p. Additional bands for 
I1 a t  8.63m, 8.75m, 12.41s, 13.35s and 13.79s p are detected 
by use of a potassium bromide wafer. The trimer crystals 
are monoclinic. X-ray diffraction data were determined from 
a single crystal grown from acetone. There are four formula 
weights per unit cell with a space group of CsznP21/c, aa = 
9.42, bo = 16.54, co = 8.98. The ,3 angle is 99.5'. Assuming 
a molecular weight of 486.24, the x-ray density is 2.33.7 
The density at 25' ("Ultracene") is 2.2603, corresponding 
to a molecular weight of 470. 

The trimer (50y0 in acetone) has an F19 resonance a t  
-945 C.P.S. a t  40 mc./sec., relative to trifluoroacetic acid = 
0.8 

b. Thermal. An 80-cc. stainless steel bomb containing 25 
g. (0.155 mole) of I was heated for 7 hr. a t  275" and 7 hr. 
a t  285'. A pressure drop from 905 p.s.i. a t  275" to 390 p.8.i. 
a t  285' occurred during this time. After cooling and venting 
the bomb, there was obtained 15.1 g. of fluffy solid. Sublima- 
tion of 14 g. of this material a t  looo, 1 mm. for 2 hr. yielded 
5.47 g. of wet crystals. Pentane extraction of this material 
left 3.53 g. of 11, m.p. 210-212" (sealed capillary). 

Hydrolysis of 11. Approximately one half of 11.0 g. (0.023 
mole) of I1 was dissolved in 1 1. of hot absolute ethanol. 
Then one third of a solution of 3.4 g. (0.052 mole) of potas- 
sium hydroxide in 35 ml. of ethanol and 2 ml. of water was 
added during 20 min. The rest of the trimer was dissolved 
in the mixture, and the remainder of the base was added 
slowly. After standing overnight a t  room temperature, the 
volume was reduced to 150 ml., and the hot solution was 
decanted from precipitated potassium fluoride. Upon cooling 
the solution in an ice-salt bath, there was obtained 4.22 g. 
of colorless leaflets, m.p. 72-76'. Recrystallization from 
pentane gave 3.0 g. (27%) of ethyl pentakis(trifluoromethy1)- 
benzoate (IV). m.p. 89-90'. 

Anal. Calcd. for CI4HSFl5O2: C, 34.30; H, 1.03; F, 58.14. 
Found: C, 34.51; H, 1.40; F, 58.24. 

Carbonyl absorption in the infrared was at  5.67 p (potas- 
sium bromide disk) and the proton XMR spectrum indi- 
cated the presence of an ethyl group. The fluorine NMR 
spectrum had complex absorption in the CF, region which 
is consistent with the unsymmetrical, highly crowded struc- 
ture IV. 

Attempts to isolate other hydrolysis products from this 
reaction were unsuccessful. 
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The thermal reaction of perfluorobutyne-2 under 
autogenous pressure has been reported previously3 

as producing a white, crystalline compound be- 
lieved to be the polycyclic tetramer. Further exami- 
nation of this compound by Ekstrom4 led to the 
incorrect assignment of the structure as octa(per- 
fluoromethyl) cyclooctatetraene. 

A redetermination of the molecular weight of 
the product, both by ebullioscopic method in ben- 
zene and by isothermal distillation in benzene, gave 
a value of 472, which is reasonably close to the 
value of 486 expected for the trimer of perfluoro- 
butyne. Further consideration has therefore been 
given to the structure and additional data obtained 
which shows conclusively that this compound is 
actually the previously unreported hexa(trifluor0- 
methy1)beneene (I). 
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The fluorine nuclear magnetic resonance in dilute 
tetrahydrofuran of tu70 samples of the trimer was 
determined at  40 megacycles/sec. and about 
10,000 gauss and only one, single unsplit peak 
was found. This peak is found displaced 433 C.P.S. 
to lower magnetic fields than the fluorine resonance 
of benzotrifluoride and some 2,320 C.P.S. t.0 higher 
fields from the fluorine peak of tribromofluoro- 
methane, the latter being used as an internal stand- 
ard. It was shown conclusively that this one peak 
contained all the fluorine atoms in the fluoro- 
carbon, as no detectable resonance could be found 
at  f 5,000 C.P.S. from the observed peak. Further- 
more, known solutions of the perfluorobutyne 
trimer and benzotrifluoride were prepared in which 
the ratios of the number of fluorine atoms due to 
the trimer to those due to benzotrifluoride were 
0.988 : 1,010. The spectra were run and the inte- 
grated areas of the two peaks determined with a 
planimeter which gave values of 0.99 f 0.09 and 
1.11 f 0.12 for the ratios. Coupled with the ob- 
servation that only one peak can be detected, this 
result shows clearly that the trimer contains only 
one type of fluorine atom. 

The ultraviolet absorption spectrum (max 285 
mp, log e = 2.20) of the perfluorobutyne trimer 
tends to confirm the presence of an aromatic ring. 
The ultraviolet extinction coefficient of this com- 
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