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I n  the reaction of CF2ClCFC12 with aluminum chloride, the addition of carbon disulfide, trichloroethylene, meth- 
ylene chloride. n-hexane, cyclohexane, etc., was found to be effective in inhibiting the isomerization into CF3CC::I 
without significantly retarding the substitution, which gives CFZClCC13. Cyclohexane was also used for similar pur- 
poses to  obtain CF3CClBr2 from CF3CFBr2, CFZBrCC12Br from CFZBrCFClBr, CFaBrCClBr2 from CFZBrCFClBr 
(t .41Br3), and CF2ClCBrClz from CF2ClCFC12 (+ AlBrZ). In each of these reactions cyclohexane-methylcyclopen- 
tane equilibration as well as formation of a small amount of a hydride-transfer product, such as CFzClCHClZ, was 
noted. In the treatment of CFzClCFC12 with aluminum chloride, the isomerization was never complete as far as vig- 
orous stirring was continued. Discontinuation of the stirring afforded aluminum fluoride precipitates effective for 
the isomerization of fluorohalocarbons. Reactions of CF2CICFC12 with aluminum halides in the presence of halo- 
methanes and similar reactions of CFzBrCFClBr were also studied. For example, the reaction CF2CICFC12 t CC14 
+ AlC13 yielded CFZClCC13 and CFZC12 as the main products, but only a minor amount of CFSCC13. The substitu- 
tion reaction is considered to proceed in solution via the ion pair CF&lC+Cla.AlFC13- without rearrangement. The 
isomerization is considered predominantly a surface reaction, for which the following reactions are suggested to 
proceed when the carbonium ions are dissociated from the counteranions anchored on (or inside of) the solid sur- 
face: CF2ClCFClZ + +CFaCCl,j - CF2ClC+Clz + CF3CCl:j; CFaClC+ClZ = +CFzCCI:j. 

Substitutionl92a and isomerizationzbJa generally occur 
when chlorofluorocarbons are treated with aluminum chloride. 
However, the relationship between these two types of reac- 
tions, as well as the relationship between the isomerization 
and the disproportionation3b of chlorofluorocarbons, does not 
seem to be well understood. In repeated treatment of 
CF2C1CFC12 with aluminum chloride for the preparation of 
CF2C1CC134 (used ab the precursor of CFZ=CC12),j we noted 
that the isomerization to CF3CC13 sometimes did not occur 
when partially deteriorated aluminum chloride6a was used, 
while the substitution, which gives CF2ClCC13, always oc- 
curred without failure. This appeared to give a clue for un- 
derstanding the difference in nature between these two re- 
actions. Hence, the reaction of CF2ClCFC12 with aluminum 
chloride and related reactions have been studied in some detail 
in order to gain a mechanistic insight for these reactions as well 
as to find better ways for separate utilization of the two types 
of reactions. 

Results 
The reaction of CF2ClCFC12 with aluminum chloride 

showed a marked stirring effect. Thus the isomerization was 
never complete as far as vigorous stirring6b was continued (for 
2, 3, 5, and 7 h) with refluxing. When stirring and external 
heating were discontinued, refluxing ceased temporarily, but 
soon the reaction mixture began to reflux again, showing an 
active occurrence of the isomerization. Thirty minutes after 
the initial vigorous stirring had been stopped, unchanged 
CF2ClCFC12 was praci,ically absent from the reaction mixture. 
With less efficient stirring the isomerization was complete in 
a few hours even if the stirring was uninterrupted. 

The resulting bulky precipitates of AlF, C13-x had a cata- 
lytic activity for the isomerization and disproportionation of 
fluorohalocarbons. Urje of such precipitates provides an effi- 
cient preparative met hod of CF2ClCC13 by isomerization of 
CFC12CFC12 (a commercial sample containing CF2ClCC13). 
The experimental procedure is described in a previous paper.5 
Direct treatment of CFC12CFC12 with aluminum chloride gives 
unsatisfactory results.4~7~8 

Active mixtures of the reaction of CF2C1CFC12 with alu- 
minum chloride induced smooth isomerization of 

CF2BrCF2Br to CF3CFBr29 and subsequent reactions as 
shown in Figure 1. This smooth isomerization of CF2BrCFZBr 
is in marked contrast to the existence of long and variable 
induction periods (20-60 h, 14 h, 18 h, 33 h, >65 h: discon- 
tinued, 4 days)lo in direct treatment of CF2BrCF2Br with 
aluminum chloride under refluxing conditions.ll The isom- 
erization of CFzBrCF2Br occurred without significant in- 
duction period and was even faster than the isomerization of 
CF2ClCFC12, where a mixture of CF2BrCF2Br and 
CFZClCFC12 was treated with aluminum chloride. 

Reactions of CF2ClCFC12 (100 g) with aluminum chloride 
(10 g) in the presence of additives (30 mL) were also studied. 
In the presence of nitrobenzene, tetrahydrofuran, or trieth- 
ylamine, neither the isomerization nor the substitution was 
observed, except that a small amount of CF2ClCC13 was found 
in the case where triethylamine was used.12 In the presence 
of benzene, chlorobenzene, trichloroethylene, cyclohexane, 
n -hexane, carbon disulfide,l3 and methylene chloride, only 
the substitution was observed. In the presence of tetrachlo- 
roethylene, bromine, carbon tetrachloride, and chloroform, 
both the isomerization and substitution were observed, though 
the proportion of the isomerization was greatly decreased in 
some cases (vide infra). 

The reaction where cyclohexane was used as additive (Table 
I) is interesting because, although the isomerization of 
CF2C1CFC12 was practically inhibited, the isomerization of 
cyclohexane was allowed to occur. The rate of approaching 
cyclohexane-methylcyclopentane equilibrium was, however, 
only moderate.I4 The formation of CF2C1CHCl2 was con- 
firmed by the 19F NMR spectrum of a CF.&lCHC12-contain- 
ing fraction obtained from this reaction and distilling at  53-76 
"C, an authentic sample, and a mixture of the two. A further 
confirmation was obtained from the mass spectrum, which is 
identical with that  of the authentic sample in GC-mass 
spectroscopy. 

The reactions where carbon tetrachloride and chloroform 
were used as additives were characterized by the occurrence 
of exchange of chlorine and fluorine between molecules of the 
fluoroethane and halomethane a t  the expense of the isomer- 
ization of CF2ClCFC12. In  the reaction where chloroform was 
the additive, there was observed an induction period (1.5 h) 
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Table I. Reaction of Fluorohalocarbons with Aluminum Chloride or Bromide in the Presence of Cyclohexaneoab 

Substrate AlC13, Tinie, Product distribution, 
g h RFd RC1 RBr RH R'Fe - R F  

CFzClCFC12 
CF2CICFC12 

CFzBrCE'ClBr 
CF2BrCFClBr 

CF3CFBr2 
CFC13 

CF2ClCFC12"' 

30 
25 

(AlBrd 
10 
24 

( AlBr3) 
20 
10 
10 

10 

23 
5 /  

4 
2.5' 

20 
4'1 
5'1 

3 

27 
70 

76 
64 

43 
72 
70 

100 
98 
67 

70 2 0.3 
0.6 26 38 0.3 

2 1  1 " 2 
241 l h  9 

49 8 
28 
30 

2.5 
32 1 

Aluminum chloride or bromide was added to a solution of  100 g of the substrate (or combined substrates) in 30 mL of cyclohexane, 
and unless otherwise stated the resulting mixture was refluxed for the indicated period of time with stirring. The formation of 
methylcyclopentane was observed unless otherwise stated. The product distribution was determined from 19F NMR peak heights. 
The ratio CC14/CFC13 was determined by GC. Unchanged substrate. e CF3CC13 (from CFzClCFC12) or CF3CClBr2 (from 
CFzBrCFClBr). f Initial heating induced a vigorous reaction. g The ratio CF2ClCHC12iCF2ClCC12Br was determined from the ratio 
of 19F NMR areas recorded on an expanded scale. h A small concentration of this compound (CFzBrCHClBr) was practically unde- 
tectable by l9F NMR because of signal multiplicity. See the footnote m of Table 11. The ratio CFzBrCHClBr/CF2BrCClZBr or 
CFzBrCHClBr/CF2BrCClBr2 was determined from the GC area ratio assuming equal molar sensitivity. Only for the last 20 min of 
this period the reaction mixture was heated (-60 "C). Each addition of aluminum bromide (in two portions in a 1-h interval) had induced 
a vigorous reaction. 1 In addition to this compound (CFzBrCClBr2), a compound (2%) which was suspected to be CF2C1CBri3 was formed. 
See footnote g of Table 11. Equimolar 
mixture. 

Methylcyclopentane was not fm3und in the resulting mixture. Mixture of equal weights. 

I CF,CCIBr,, 1 

T i m e  i h r l  

Figure 1. Reaction profile of room temperature treatment of 
CFZBrCF2Rr with active precipitate obtained from CFZClCFCl:! and 
aluminum chloride. (The active precipitate together with the ac- 
companying liquid was placed in an NMR tube and the tube cooled 
with ice and sealed after addition of CF2BrCF2Br.) 

for the formation of CF3CC13 (and CHFB) probably due to  
ethanol present as stabilizer in chloroform, while CFZClCClB 
was formed from the beginning, After this period a brisk. ev- 
olution of a gas (mostly CHF3)15 occurred over a short period 
(0.2 h) ,  leaving a solidified mixture whose main component 
was hexachloroethane. On the other hand, when the reaction 
in which carbon tetrachloride was the additive was followed, 
there was observed a gradual and steady evolution of a gas 
(CF2C12 and small amounts of CFC13 and CF3Cl). 

In the reaction system CF2ClCFC12 + CFClB + AlC13 the 
initial reaction was the substitution reaction and dispropor- 
tionation of CFCIB. The formation of CF2C1CCl3 became ap- 
preciable (0.4%) only after 80% of the CFC13 had been con- 
verted into Cell and CFZC12. 

When aluminum bromide (10 g) was added to  a solution of 
CF2BrCFC1Br (100 g) in carbon tetrachloride (200 mLi, an 
exothermic reaction occurred. The determined fluoroethane 
distributions of the resulting mixture after 4 min and 3.5 h 

(given in this order) were as follows: CFsCClBr2, 85, 86%; 
CFZBrCC12Br, 8,3%; CF&lCClBr2,7,11%. Isomerization of 
CFzBrCCl2Br to CF2ClCClBr2, besides isomerization of 
CF2BrCFClBr to CF3CC1Br2,16 is apparent. It is also evident 
that  the amount of CF2BrCC12Br initially formed was equal 
to  or greater than the amount of CF2ClCClBr2 initially 
formed. 

Discussion 
Substitution Reaction a n d  Relative Carbonium Ion 

Stability. The  rate of the substitution reaction is controlled 
by the solubilization of aluminum chloride as shown by the 
fact that, in spite of their considerable difference in reactivity 
under competitive conditions (Table I), CF2ClCFClz and 
CFC13 undergo the substitution reaction at comparable rates 
when individually treated. The  first step of the  substitution 
reaction, in the early stages, is considered the formation of ion 
pair CFZClCC12+.AlFC13- from interaction with monomeric 
aluminum chloride, which exists in equilibrium with the 
dimer, the major soluble species. The decomposition of the 
ion pair into CF2ClCC13 and AlFC12 does not seem to  be 
spontaneous (in view of the formation of condensation prod- 
ucts a t  the expense of CF2ClCClz in the presence of ben- 
zene). 

The absence of rearrangement in the substitution reactions 
of this type is indicated by the formation of CF2ClCC12Br and 
CF2BrCC12Br as the exclusive substitution products of the 
following reactions:17 

AIBr3 (cyclohexane) 
CF2ClCFC12 - CF2ClCC12Br 

AIC13 (cyclohexane) 
CF2BrCFClBr -+ CF2BrCClzBr 

Since CF2BrCC12Br is thermodynamically less stable than 
CF2ClCClBr2, as shown by the observation that the former 
was converted into the latter under isomerizing conditions, 
the generality of the absence of rearrangement in the substi- 
tution reactions of this type is little doubted." 

The relative stabilities of fluorohalocarbonium ions can be 
inferred from the reactivities of fluorohalocarbons with re- 
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spect to the substitution with aluminum halides. For example, 
CF2ClC+C12 is suspected to be more stable than +CF2CC13 
from the much greater reactivity of CFzClCFClz as compared 
with that of CF3CC13. This view is supported by the much 
greater reactivity of the chlorine atoms of the CC13 group of 
CF2ClCC13 than that of the chlorine atom of the CFzCl group 
of this compound with respect to the substitution of fluorine 
for chlorine with antimony fluorides. 

From similar cons,iderations, a carbonium ion having cy- 

chlorine is generally inferred to be more stable than the cor- 
responding carbonium ion having e-fluorine (at  least for the 
ion pair state).lB The reverse of this inference is often as- 
sumed.lY However, the relative overall order of u-fluorine and 
0-chlorine in stabilizi.ag the carbonium ion apparently has not 
been established, though greater “back-donating ability” 2O 

of u-fluorine is unequivocal. 
N a t u r e  of Isomerization Catalyst  and Effect of Stir- 

ring. The behavior of CF2BrCF2Br on treatment with alu- 
minum chloride can be explained in terms of the view21,22 that 
catalytically active aluminum fluoride is formed from alu- 
minum chloride by the substitution reaction with CF2ClCFC12 
and other fluorohalocarbons. The catalytic activity of alu- 
minum chloride as such for the isomerization of CF2BrCF2Br 
seems to be negligibly small. The substitution of chlorine for 
fluorine in CFYBrCF-Br also does not occur before the isom- 
erization is induced. On the other hand, the isomerization 
product CFnCFBr2 u:ndergoes smooth substitution with alu- 
minum chloride to give CF&C1Br2 (Table I). Hence, once the 
isomerization is started somehow in the presence of aluminum 
chloride, the isomeri:cation and substitution proceed rapid- 
ly. 

The increase in catalytic activity with an increase in the 
extent of substitution of fluorine for chlorine of aluminum 
chloride is basically attributable to the increase in the stable 
coordination number around the aluminum atom (while the 
valence of aluminum is kept at  three). The stable coordination 
number is six ahere the coordinating atoms are fluorine23 and 
four where the coordinating atoms are chlorine. Hence, with 
aluminum fluoride even the solid surface has a coordinating 

whereas with aluminum chloride only the mono- 
meric species is capable of coordination. Aluminum chloride 
fluorides may have intermediate properties. 

The stirring effect on the isomerization is also explicable 
in terms of the catalyt,ic activity of aluminum fluoride formed 
by the substitution reaction. The solubility of aluminum 
chloride in fluclrohalocarbons is low in comparison with the 
rate of its consumption hy the substitution reaction of 
CF2CICFC12, and the supply of aluminum chloride to the so- 
lution is greatly dependent on the efficiency of stirring (and 
particle size). When the stirring is stopped or its speed slowed 
down :after vigorous stirring has been continued for some time, 
the supply of aluminum chloride is greatly reduced. Then the 
x value denoting the average composition AlF,C13-x of the 
solid surface and soluble species will sharply rise as the sub- 
stitution reaction proceeds and approach three (or possibly 
to a somewhat lower value), giving active aluminum fluo- 
ride. 

Two conceivable modes of interaction of such a solid surface 
with RF is reversible (eq 1) and irreversible (eq 2 )  ionization 
of the latter: 

RF + A1F:j 2 R+ + AIF4- (1) 

where A1F3 represents an active point of the solid surface and 
AlF4- the corresponding fluoride-coordinated form. The 
mode (eq 2) action results in a catalytic activity if the carbo- 
nium ion abstracts a fluoride ion (and/or a chloride ion) from 
a neutral molecule. Irreversible ionization is also expected to 

occur by such processes as the occlusion of the fluoride ion 
inside of an aluminum fluoride cluster. 

Isomerization and  Related Reactions. The results of the 
reaction of CFzCICFCln with aluminum chloride in the pres- 
ence of additives indicate that the carbonium ion character 
is much greater in the isomerization than in the substitution 
reaction. More specifically, the necessity of a more reactive 
carbonium ion or related species and/or a longer existence of 
such an intermediate are suggested for the isomerization. 

For the isomerization of CFyClCFClz the following mech- 
anism is suggested,26 where the carbonium ionsz7 apparently 
have to be dissociated from the counteranions for the reaction 
to proceed. This mechanism constitutes a chain process, 
though the chain nature of the reaction may be obscured by 
the interaction of carbonium ions27 with counteranions. 

CF2ClCFC12 + +CF2CC13 - CF2ClC’Cl? + CF3CClZ 

CF&lC+C12 F? +CF2CC13 
According to this mechanism the isomerization involves 

intermolecular transfer of fluoride28 and intramolecular 
chloride shift (mechanistically, shift of chlorine having a 
partial positive charge), while related disproportionation re- 
actions involve intermolecular transfer of fluoride28 and 
chloride. It is implied that the fluoride transfer would be 
considerably easier than the chloride transfer. 

The isomerization of CFzBrCFzBr is similarly represented 
by the following equations. 

CF2BrCF2Br + +CF2CFBr2 - CF2BrC+FBr + CF3CFBi-2 

CF2BrC+FBr F? +CFzCFBrz 

The isomerization of CF2BrCF2Br, once appropriate isom- 
erizing conditions are realized, is faster than that of 
CF2ClCFC12 as confirmed by the reaction CF2ClCFC12 + 
CF2BrCF2Br + AlC13.29 This is attributable to easier intra- 
molecular bromide shift, as compared with intramolecular 
chloride shift, coupled with the existence of fluoride acceptors 
sufficiently strong to abstract fluoride from CF2BrCF2Br as 
well as from CF2C1CFC12.30 

The retardation of isomerization of CF2ClCFClz by carbon 
tetrachloride is ascribed to chloride transfer from carbon 
tetrachloride in competition with fluoride transfer from 
CF2ClCFC12. CFC13 is formed by fluoride transfer to +CC13 
from CF2ClCFC12. 

CC14 + CFZClC+C12 + +CC13 + CF2ClCCl:j 

CF2ClCFC12 + +CC13 + CF2ClC+CI:! + CFC13 

Likewise CF2C12 is considered as resulting from fluoride 
transfer to +CFC12 from CFzClCFC12 and from CFC13. The 
importance of the latter process is evident from the results of 
the reaction CF2ClCFCl2 + CFC13 + AlC13, where the dis- 
proportionation, as well as the substitution reaction, of CFCIH 
occurred in preference to the formation of CF2C1CC1:3. 

CFCl3 + +CFClz - +CC& + CF~CIZ 

CFC13 + +CC13 + +CFC12 + CC1, 
A straightforward explanation for the inhibiting action of 

cyclohexane and n-hexane and for t,he formation of 
CF2CICHC12 is hydride transfer, a well-known mode of reac- 

L J 



O k u h a r a  2748 J .  Org. Chem., Vol. 43, No. 14, 1978 

T a b l e  11. Phys ica l  Data a n d  Method of P r e p a r a t i o n  of Fluorohalocarbons  

Starting 
Registry n2OD or 19F NMR, ppma compd Registry 

Compd no. BP, "C fp,  " C  CF3 CF2 CF and reagent no. 

CF3CC17 
CF3CC12Br 
CF?CCIBrZ 
CF3CBr 3 
CF3CFBr2 
CFZClCHC12 
CF2ClCCl.I 
CFlCICC12Br 
CF,$lCClBrZ 
CFZBrCClZBr 
CFrBrCCIBra' 
CFZBrCF2Br 
CF2BrCFClBr 

CF2C1CFC1Zk 
CFC12CFC12 
CFCIPCCI~ 
CFClBrCFClBr 

354-58-5 
354-50-7 
754-17-6 
354-48-3 

27366-23-8 
354-21-2 

76-11-9 
60994-70-2 
215856-30-8 

558-57-6 
66270-59-5 

124-73-2 
3 54 - 5 1 - 8 

76-13-1 
76-12-0 

354-56-3 

45-47 
67 
90-91 

115 
46.5 
71 
92-93 

111-112.5 
137 
136 
85 

92 

9 1.5-93 
139 
138-138.5 

1.3599 
25 
45 
69 

1.3708 
1.3918 
40.5 
49 
72 
45 
58 

1.3704 
1.428:! 

1.358'1 
25 
98 
30 

3.0 
1.8 
0.6 

-0.5 
3.3d 

-16.0e 
-14.2 
-16.0 
-17.4 
-22.9 
-24.4 
-15.7 
-18.51 
-20.21 
-11.1 

CF2ClCFC12, i 

CF3CFBi-2, ii 
CF*BrCF*Bi-, iv 

-1.3d C F ~ B ~ C F Z B ~ ,  iv 

C 

CHC12CC13, vi 76-01-7 
f 

CF2CICFC12, v 
CFClBrCFClBr, iii 

CF2BrCFClBr, v 
CF2=CC12, vii 79-35-6 

-10.2 CF2=CFCl, vii 79-38-9 

-7.1 
-11.5 CC13CC13, vi 67-72-1 

-14.7' CFCl=CFCl, vii 598-88-9 
-16.1 CC13CC13, vi 

-15.6' 

20% solution in carbon tetrachloride. Upfield relative to  external CF3COzH. Chemical shifts and coupling constants for compounds 
not isolated pure are given in footnote m. (i) AlC13; (ii) AI(& + cyclohexane; (iii) active mixture obtained from CF2ClCFC12 + AlC13; 
(iv) AIBr,; (v) AlBr3 t cyclohexane; (vi) SbF3 + SbClj; (vii) Br2. A mixture of 100 g of CF3CFBrZ,72 g of CF3CC13, and 20 g of aluminum 
chloride was refluxed for a total of 70 h, and 8.6 g of CF3CBrC12 was isolated. J = 10 Hz. e J F H  = 6 Hz. f See the text. g Contaminated 
with -7% of a compound showing a singlet a t  -18.4 ppm and thought to be CF2CICBr3. At 65 mm. Daiflon 114B2, donated by Daikin 
C,o. Ltd.  1 An AB pattern, J = 167 Hz; each peak further split into a doublet, J = 14 and 13 Hz. See J. J. Drysdale and  W. D. Phillips, 
J .  Am. Chem. SOC., 79,319 (1957). Daiflon S3, a commercial product. T h e  value -14.7 for the meso form and the value -15.6 for 
the d, l  pair. See D. S. Thompson, R. A. Newmark, and C. H .  Sederholm, J .  Chem. Phys., 37,411 (1962). CF3CFCIBr ( the cold t r a p  
condensate of a reaction CFaClCFC12 + CF2BrCFzBr + AlC13, CC14 solution): 5.2 (doublet), -1.6 (quadruplet), J = 8 Hz. CF3CFC12 
(same as  before): 6.2 (doublet), - 1.4 (quadruplet), J = 6 H?:. CF3CF2Br (same as before): 7.4 (triplet), -8.1 (quadruplet), J = 2.4 Hz. 
CFZBrCHClBr (a  fraction boiling at 53-81 "C (65 mm),  neat): a n  AB pat tern,  -26.3, -23.0, J = 161 Hz; each peak further split in to  
a doublet, JFH = 6 and 8 Hz; see the literature given in footnote j .  CF3CHBr2 (a  fraction boiling at 68-73 "C, neat): -3.4, JFH = 6 
Hz. 

t ion in the liquid phase31 as well as in  the gas phase.32 This also 
explains  why the isomerization of cyclohexane, which is, not 
induced b y  aluminum chloride alone,33 occurs in the reaction 
system. 

Experimental Section 
19F NMR spectra were recorded on a JNM-C-60 during the early 

period of the study and on a Hitachi R-20BK during the later period. 
Unless otherwise stated. the relative amounts of fluorine compounds 
(including those for the figures) were determined from peak heights 
on charts recorded from full-range sweeps of 90 or 100 ppm, where 
signals of fluorohalocarhons were practically sharp lines. (The per- 
formance of the sliding resistor used in the scanning mechanism was 
critical for reproducibility in peak height on each of the instruments.) 
It was assumed that the ratios of peak heights are equal to the ratios 
of the numbers of the corresponding 19F nucleus. That  this method 
gives results reasonably accurate for the present purpose was con- 
firmed in the following cases, where the ranges obtained from seven 
to ten sweeps each were compared with the theoretical values (:iven 
in parentheses). The CF3CC13 percentages for neat mixtures of 
CF3CCI:j and CF2C1CFC12 were 19.5-21.1 (19.8), 36.6-41.9 U9.61, 
56.9-60.1 (59.4), and 76.3-78.2 (79.2). The CFzCICC13 percentages 
for solutions of CF2ClCClz and CFZClCFC12 in tetrachloroethylene 
were 11.4-13.4 (12.2) and 36.7-41.2 (40.7). The CFzBrCF2Br per- 
centage of a neat mixture of CF2BrCF2Br and CFzClCFCl:! was 
40.5-43.4 (41.9). 

GC works were Derformed using a 4-m column of Silicon-DC 550. .~ Y 

The relative amount of two compounds (e.g., methylcyclopentane/ 
cyclohexane) was determined from peak heights using refereme so- 
lutions containing known amounts of the two compounds. 

Temperatures are uncorrected. For withdrawal of aliquots of re- 
action mixtures which contained solids (aluminum chloride) and 
tended to  solidify (due to the presence of CCI&C13), a special pipet 
was used, which has a relatively large bore on the bottom and contains 
a glass ball. For most of the experiments sublimed aluminum chloride 
powder (Merck 1081, as received) was used. The preparation and 
source of fluorohalocarhons are summarized in Table 11. 

T r e a t m e n t  of 1,1,2-Trichloro-1,2,2-trifluoroethane 
(CF2ClCFClZ) with Aluminum Chloride in  Prepara t ive  Scale. 
(A) In the  Presence of Carbon Tetrachlor ide.  A mixture of 
CF2ClCFC12 (1000 g, 5.34 mol), carbon tetrachloride (300 mL, 479 g, 
3.11 mol), and aluminum chloride (100 g, 0.75 mol) was refluxed with 
stirring for 5.5 h, during which time the refluxing temperature in- 
creased from 55 to 74 "C. Volatile products were collected in a trap 
cooled with dry ice-acetone. Workup and fractional distillation af- 
forded an isomeric mixture (124 g) of CFzCICFClz (77%) and CF3CC13 
(23%), carbon tetrachloride (193 g), and CF2ClCC13 (576 g, 53% based 
on charged CFzCICFClZ). The cold trap condensate, whose main in- 
gredient was CFzC12, steadily increased its weight (final weight 270 
g). 

(B)  I n  the Presence of Carbon Disulfide. A mixture of 
CFZClCFC12 (1000 g, 5.34 mol), carbon disulfide (200 mL, 256 g), and 
aluminum chloride (200 g, 1.50 mol) was refluxed for 20.5 h with 
stirring. Workup and fractional distillation afforded CS+2FzCICFC12 
azeotrope (bp 38 "C, 604 g), CFZClCFC12 (89 g, hp 47 "C), and 
CFzCICC13 (415 g, 38%). As the content of CFzClCFCl:! in the azeo- 
trope was determined as 63% by GC, the total amount of recovered 
CF2ClCFC12 was calculated to be 470 g. Hence the yield of CFZClCC13 
corresponds to 72% of unrecovered CFZClCFC12. 

(C) I n  the Presence of n-Hexane. From a similar experiment 
where the additive was n-hexane (200 mL, 134 g) and the refluxing 
time was 24 h were obtained CFZClCFC12 (487 g), n-hexane (52 g), and 
CFZClCC13 (347 g, 32% and 62% yield based on charged and unreco- 
vered CF&ICFC12, respectively). 

Isomerization of 1,2-Dibromo-1,2-dichloro-l,2-difluoroethane 
(CFClBrCFClBr). A mixture of CFzClCFClZ (200 g) and aluminum 
chloride (20 g, 0.15 mol) was refluxed with efficient stirring for 2 h, 
after which time an exothermic isomerization of CFzClCFCIZ into 
CF3CC13 was induced by discontinuation of stirring and external 
heating. CFClBrCFClBr (218 g, 0.745 mol) was added, hut the isom- 
erization into CFzClCCIBrz occurred only to a small extent in 18 min. 
(The failure of a smooth isomerization is suspected to be due to pos- 
sible impurities, such as ethanol, in the substrate.) The resulting 
mixture was refluxed for 50 min and left standing overnight. The 
solidified mixture no longer contained CFClBrCFClBr. Hydrolysis, 
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workup, and  fractional dist i l lat ion afforded CFzClCClBrz (93 g, 43%); 
hp 137 O C ;  fp 72 "C T h e  sample was found  t o  conta in  -3% 
CFZBrCClZBr. 

R e g i s t r y  d i- 
CFClBrCFClBr. 42067-863-0; CFCl3,75-69-4; AlC13.7446-70-0; A1Br3, 
7727-15-3. 

S u p p l e m e n t a r y  M a t e r i a l  Ava i l ab le :  P roduc t  yields o f  t he  
reaction o f  CF&lCFCl:I  w i t h  a l u m i n u m  chloride in the presence o f  
addit ives (Table 111); p roduc t  d is t r ibut ions o f  t he  reactions of 
CF2CICFC12 and CFZBrCFzBr w i t h  a luminum halides in the presence 
of halomethanes (Table IV);  a n d  reaction profi les o f  the fo l lowing 
reaction systems: ( i )  CF&lCFClZ + CFZBrCFzBr + A1C13; ( i i )  
CFzCICFClz t AlC13; ( i i i )  CFZClCFClZ + a smal l  p ropor t i on  o f  
(C;?Hs)::N + AlCl::; ( i v )  CF2ClCFC12 + CC14 + AlC13 (8 pages). Or- 
der ing i n fo rma t ion  is given o n  any current  masthead page. 
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