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The hexachloroantimonate salts of several stable carbonium ions have been prepared by the reaction of anti- 
mony pentachloride with certain hydrocarbons. 

In  connection with another problem it was observed 
that cycloheptatriene reacted with antimony penta- 
chloride to produce tropylium hexachloroantimonate. 
This observation was not unexpected since there are 
several reported instances of analogous reactions of 
cycloheptatriene and strong Lewis acids. For example, 
phosphorus pentachloride, stannic chloride,2 and boron 
halides3 each react with cycloheptatriene under various 
conditions to produce salts of the tropylium cation. 

However, the present reaction with antimony penta- 
chloride was intriguing in that the yields of tropylium 
salt appeared to be high and also because of the fact 
that the reaction could be carried out smoothly a t  
ambient temperatures and in such inert solvents as 
dry carbon disulfide or benzene. These factors sug- 
gested that the method might be useful for the isolation 
of salts of other carbonium ions which have been ob- 
served to be stable for prolonged periods, but only in 
solutions which did not allow for their isolation, e.g., 
the carbonium ions formed upon protonation of aroma- 
tic hydrocarbons in strong acids.4 The results of 
several such attempts are discussed. 

Results and Discussion 

The reaction of antimony pentachloride with cyclo- 
heptatriene in 2:  1 molar ratio proceeds readily a t  0' 
in solvents such as carbon disulfide and benzene to 
give a gray, crystalline precipitate of tropylium hexa- 
chloroantimonate and simultaneous formation of anti- 
mony trichloride and hydrogen chloride. I n  large 
scale preparations the salt formed is much darker and 
contains small amounts of polymeric material which 
possibly results from the impurity in the cyclohep- 
tatriene (-5%) or from other possible side reactions. 

The reaction between triphenylmethane and anti- 
mony pentachloride in carbon disulfide followed a 
similar course6 to produce yellow, crystalline triphenyl- 
methyl hexachloroantimonate together with antimony 
trichloride, both in practically quantitative yields. 
The stoichiometry of the reaction is found to  be as 
shown in the following equation. 

Ph3CH + 2SbC1, + Ph3CfSbC16- + SbC13 + HC1 

The triphenylmethyl salt obtained in this reaction 
is identical with that obtained from the reaction of 

(1) (a) D .  N. Kursanov and M. E. Volpin, Dokl. Akad.  Nouk,  SSSR, lis, 
339 (1957); (b) D .  Bryce-Smith and N. A.  Perkins, J. Chem. Soe., 1339 
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(2) Unpublished work of H. J. Dauben and K. M. Harmon (personal 
communication). Cycloheptatriene also forms tropylium salts when 
treated with stannic chloride and t-butyl chloride [D. Bryce-Smith and 
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hydride abstraction by stannic chloride is not clear. 
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triphenylmethyl chloride and antimony pentachloride. 
It reacted immediately with water to produce triphenyl- 
methanol and with cycloheptatriene to give tropylium 
hexachloroantimonate and triphenylmethane, a reac- 
tion typical of the triphenylmethyl cation.6 

The antimony trichloride produced in these reactions 
was identified by conversion to the cesium chloride 
complex' and comparison of this with authentic mate- 
rial. 

Utilizing the same reaction we have isolated the 
hexachloroantimonate salt of the 9-anthracenium u 
complex (I). 9,lO-Dihydroanthracene when treated 
with two moles of antimony pentachloride in cold 
anhydrous benzene produced a yellow, microcrystalline 
precipitate of the SbC16- salt of I in yields of better 
than 950j0. Quantitative amounts of antimony tri- 
chloride were formed and hydrogen chloride was again 
liberated. There can be little doubt that  the reaction 
has taken the same course as indicated below. The 
isolation of quantitative amounts of antimony tri- 
chloride indicates that  the salt is not an antimony 
pentachloride-hydrocarbon complex of the u type 
or charge transfer type.8 

H H  H H  

@ \ + SbCL- + SbCh + HCI 
4- H 
T 1 + ZSbCls 

The salt, I, rapidly decomposes on exposure to 
moist air. It reacts immediately with water to  form 
anthracene. Solutions of the salt in nitromethane, 
when treated with cycloheptatriene, give rise to  
tropylium hexachloroantimonate. 

I n  a similar manner, reaction of antimony penta- 
chloride with dihydrotetracene gave a yellow precipi- 
tate to which addition of water produced tetracene. 
Although in this instance the yield of salt was less 
than the previous cases (25% based on recovered 
tetracene) it seems certain that the material involves 
the protonated tetracene u complex 11. The salt also 
rapidly decomposes on exposure to air. 

H H  

\ 0 , D  
+ CH 
I1 + 

I11 
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In view of the stability of the protonated anthracene 
cation attempts were made to prepare the chloroanti- 
monate salt of the diphenylmethyl cation (111) in a 
similar manner from diphenylmethylane and antimony 
pentachloride. Although copious amounts of hydrogen 
chloride were liberated, the reaction did not lead to 
the separation of a solid salt. However, it seems most 
likely that a salt of the cation 111 is formed to some 
extent at least. The ultraviolet spectrum of a solution 
of diphenylmethane in methylene chloride containing 
antimony pentachloride shows a strong absorption at 
451 mp; this same peak appears in  the spectrum of 
the hexachloroantimonate salt of 111 prepared as 
described later. Gold and Tye4 report that the cation 
displays a strong broad absorption peak a t  446 mp 
when dissolved in concentrated sulfuric acid. 

The hexachloronatimonate salt of TI1 is easily pre- 
pared by treatment of antimony pentachloride with 
diphenylchlorometharie in ai1 iiirrt solvent such as 
carbon d i~ul f ide .~  The yellow salt is fairly stable when 
kept in an inert atmosphere; when treated with water 
it forms bisdiphenylmethyl ether and it reacts with 
cycloheptatriene to give tropylium hexachloroantimon- 
ate and diphenylmethane. 

As yet we have no evidence for any mechanism which 
might apply in the reactions just described. A direct 
hydride ion abstraction seems to be the simplest explan- 
ation. 

ItHz + SbCI, + R H +  + IISt)C15- 
HSbCIs- + SbCls + SbCIs- + SbCli + HCI 

However, in view of the charge transfer reactions 
known to occur between aromatic hydrocarbons and 
strong IRwis acids,s a possible alternative for the first 
step in this sequence is indicated. 

RHB + SbCls + RHz+ + SbC15- + I t H +  + HSbCls- 

It should be noted that Harmon and co-workers3 
have shown, in the case of cycloheptatriene a t  least, 
that such a direct hydride abstraction is not the 
mechanism common to all Lewis acids. 

Experimental 
Tropylium Hexach1oroantimonate.-.A solution. of antimony 

pentachloride (30.0 g.) in cartmn disulfide (30 nil.) was added 
dropwise with stirring to  a solution of cycloheptatriene (5.2 9.) 
in carbon disulfide (100 nil.) contnined in :in ice-water bath. 
After the addition, the mixture was stirred fnr 10 min. and the 
brown precipitate of tropylium hexachloroantimonate (22.0 g.) 
waa filtered. The pure salt was obtained as pale yellow prisms, 
m.p. 190", from nitromethane.10 

Anal. Calcd. for C,H,ShC16: (:, 19.72; CI, 50.00; H, 1.64. 
Found: C, 20.01; CI, 40.99; H ,  1.44. 

In  a separate experiment on 0.2 the preceding scale the mother 
liquors from the initial reaction Rave, upon evaporation, 2.3 g. of 
antimony trichloride. This waa converted to the (CsCIk(SbC1~)z 
romplcs in the manner desc r ih l .  The X-ray powder pattern 
of this material was identical to that  of an authentic samp1e.l' 

(9) This same salt of 111 has :11so been prepared by a n  identical method 
by H. .I. Dauben and co-worker8 (personal communication from H. J. 
Dauben). These workers also f o u n d  that I I I  ahstracts tiydride ion from 
cyclohrptatriene. 

(10) The mrlting point npprars to vary as rniicli as 10' deliending on the 
rate of heating. 

(11) We tlrank Mr. David Butler  for providing the X-ray data. 

Triphenylmethyl Hexach1oroantiponate.-Antimony penta- 
chloride (18.0 g.) in carbon disulhde (20 ml.)  was added slowly to 
a solution of triphenylmethane (7.3 g.) in carbon disulfide (100 
ml.) and the mixture waa stirred a t  room temperature for 1 hr .  
The yellow crystals of triphenylmethyl hexachloroantimonate 
were collected (17.0 g.); evaporation of the mother liquors af- 
forded white prisms of antimony trichloride (6.1 g.). The salt 
crystallized from nitromethane in yellow prisms, m .TI. 218" . l o  

Anal. Calcd. for CloH&bCls: C ,  39.45; H, 2.60; CI, 38.85. 
Found: C,, 39.58; H ,  2.57; CI, 36.73. 

The same salt was ol)tained in quantitative yield upon vigorous 
shaking of equimolar amounts of triphenylmrthyl chloridc :inti 
antimony pentachloride in carhon tetrachloritic. 

Reaction of the salt (5.0 g . )  in dry nitromethane (20 nil.) with 
cycloheptatriene (1 .O g.), followed by addition of dry ether, gave 
tropylium hexachloroantirnonate (3.5 g.) and, upon ev:q)oration 
of the solvent, triphenylmethane (2.0 g.). 

9-Anthracenium Hexach1oroantimonate.-Antimony penta- 
chloride (8.0 g.) in carbon disulfide (20 m1.3 was added to a stirred 
solution of 9,10-dihydroanthracene (1.8 g.)  in dry carhon tii- 
sulfide ( 1 0 0  ml.) a t  0". The yellow precipitate was collcctecl 
upon a pad of Celite under nitrogen, then washed several tinirs 
with dry carbon disulfide and benpene. Evaporation of thc: 
mother liquors gave antimony trichloride (2.3 g . ) .  The salt, 
togethcr with the Celite, waa immedlate1)'~haken with a mixture 
of benmne and dilute hydrochloric acid. The benzene layer, aftcr 
drying and treatment with decolorizing charcoal, gave, upon 
evnparation of the solvent, anthracene (1.7 g.). 

The dalt had a Xmax a t  448 mp (log e,  4.0).'*. When treated with 
cycloheptatriene in nitromethane in the usual fianner the niatrrial 
gave tropylium hexachloroantimonate. 

9-Tetracenium Hexach1oroantimonate.-Dihydrotetracenc 
(0.40 g.) in dry benzene (75ml.) was treatedwithantimonypenta- 
chloride (1.5 g.) in the usual way. The yellow material which 
separated was collected on Celite, washed several times with 
benzene, then shaken with a mixture of benzene and dilute hydro- 
chloric acid. The residue obtained after evaporation of the 
benzene and trituration with hot ethanol was tetracene (0.10 g.), 
identified by means of ita characteristic ultraviolet absorption 
s jmtrum and comparison with that  of an authentic specimen. 

Diphenylmethyl Hexach1oroantimonate.-Antimony penta- 
chloride (8.0 g.)  in carbon disulfide (50 ml.) was added with 
stirring to diphenylchloromethane (5.0 g.) in carbon disulfide 
(150 ml.). The yellow precipitate was collected under nitrogen, 
washed several times with dry carbon disulfide, then transferred 
to a flask, and the excess solvent removed under reduced pressure. 
The yield of salt is quantitative; m.p.  98-90'; Am.., 461 nip 
(log 6 4.6).  

Anal.  Calcd. for C,aHIISbC16: C ,  31.11; 13, 2.19. Found: 
C ,  31.02; 13, 2.62. 

The salt derived from 5.0 E.  of tlinhenvlchloromethane wt~s 
added at - 10' to nitromethane (30 m'l.) containing cyclohepta- 
triene (2 .5  g.). Themixture was allowed to warm to 10" and dry 
ether (300 ml.) then added. Tropylium hexachloroantimcnate 
(4.4 g.) separated and was collected. The mother liquore were 
washed several times with water and dilute hydrochloric acid; 
removal of the solvent followed by chromatography of the residue 
on alumina and elution with pentane gave diphenylmethane (1.1 
9.) identified by a comparison of its infrared spectrum and v.p.c. 
retention time with that  of an authentic sample. 

In  a separate experiment,.the salt derived from 5.0 g. of di- 
phenylmethyl chloride was shaken vigorously with a mixture of 
benzene and water. Evaporation of the organic layer and re- 
crystallization of the residue from ethanol afforded bisdiphcnyl- 
methyl ether (1.6 g . ) ,  m.p. 10n-llOo. 
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(12) The spectra were determined i n  methylene Chloride. The  salt 
decomposes slowly in this solvent and t h e  log t values quoted were obtained 
by extrapolation to zero time. Solutions in methylene chloride containing 
1% antimony pentachloride are much more stable. 


