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No. 9 from CClz=CFCF; to CCIF=CFCCIF; or possibly
CCLFCF=CF,

No. 10 from CCLBrCFBrCF; to CCIFBrCFBrCCIF; or
possibly CCL,FCFBrCF,Br

tion of antimony trifluoride on CHCLCCLCCl; is
CHCL,CCLCCLF — CHCLCCLCCIF; — CHCl-
CCIFCCIF; — CHCIFCCIFCCIF,.

Physical properties of CHCIFCCIFCCIF;, CClp-
FCCIFCCIF:, and CCL,CCIFCF; are tabulated.

CoLumBus, OHIO

Summary

A corrected representation of the stepwise ac- RECEIVED AUGUST 11, 1941

[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY AT THE OmIO STATE UNIVERSITY]

A New Method of Synthesizing Organic 1,1,1-Trifluorides

By ALBeRrT L. HENNE, ATHERTON M. WHALEY AND JaMes K. STEVENSON

The origin of the present work is the discovery
that hexachloropropylene, CCle—=CCICCl,, heated
with antimony trifluoride without the usual salt
of pentavalent antimony as a “fluorine carrier,”
is easily and completely transformed into CCle=
CCICF;. The novel features of this re-
action are: (1) substitution proceeds |
smoothly and rapidly; (2) no salt of
pentavalent antimony is needed or
wanted as a ‘“‘fluorine carrier”’; (3) a —CF; group
is generated where antimony fluoride was expected
to substitute only two halogen atoms and to create
a —CCIF; group. It is concluded that substitu-
tion of fluorine for chlorine is facilitated and made
more complete because the three replaceable halo-
gen atoms are linked to a carbon atom once re-
moved from a double bond, and can therefore be
regarded as “allylic” in nature.

In order to establish the generality of the
method as well as its limitations, the following
additional experiments were performed: (1) CF;
=CCICCIF; was transformed into CF;=CCICFj,
(2) CHCI=CCICC]; into CHCl==CCICF; (3)
CClL=CFCC; into CCle=CFCFjs, (4) CCl=CH-
CCl; into CCl,=CHCF; In contrast, it was
found impossible to replace the chlorine by fluo-
rine in CH;=CHCC]; and the reagents were re-
covered unaffected. In the case of CH=CHCHS,-
Cl, extensive decomposition occurred and no re-
action product was obtained. These experiments
were interpreted as an indication that the doubly
linked carbon atoms must bear some halogen
atoms.

There is a strong experimental resemblance be-
tween the synthesis of CCl;=CCICF; from CCly==
CCICCls and that Of CeHsCFs from CeHsCCla
Both occur very fast and take place by heating
the organic chloride with antimony trifluoride to
125-140°. The only difference is that the first

CH—CH=C—CCJ;

reaction occurs almost quantitatively, while the
second one gives only 609 yields and is accom-
panied by extensive decomposition. The struc-
ture resemblance of the reagents is best illustrated
by their developed formulas.

RR’'C=C—-CCl; Cl.C=C—CCl,

I
CH—CH=CH R” Cl
Benzotrichloride —>» General formula <€— Hexachloropropylene

The olefinic compounds prepared, together with
such of their dichlorides as are new, are listed in
TableI. Thecompound CF;=CCICF;, which was
too volatile to be handled conveniently, was im-
mediately transformed into its dichloride, CF.-
CICCLCF;. The compound CCl=CFCF; was
transformed into its dichloride at once, lest the
small amount prepared be lost during its purifica-
tion. The compound CCl==CHCF; was pre-
pared on a very small scale. All dichlorides were
thoroughly purified and analyzed.

In Table I, MRy is the molecular refraction cal-
culated by means of the Lorentz-Lorenz formula.
ARy is the atomic refraction for fluorine, obtained
by subtracting from MR the generally accepted
increments for C (2.418), H (1.100), Cl (5.967)
and double bond (1.733).

Chlorine analyses are reported for all com-
pounds which could be handled conveniently;
when this was impractical, the chlorine analysis of
their dichlorides is given. Fluorine analyses,
which are difficult and tedious, were performed at
crucial points only. In general, the analytical re-
sults have a tendency to be slightly low, and this is
attributed to the great difficulty of obtaining a
complete decomposition of these extremely stable
compounds. The results are listed in Table II.

The position in which the fluorine atoms enter
the molecule is demonstrated by the fact that
identical samples of CCl;CCl,CF; were obtained



Dec., 1941 SYNTHESIS OF ORGANIC 1,1,1-TRIFLUORIDES 3479
Tagre I
PrYSICAL PROPERTIES
Name F.p, °C, B.p., °C. d%, n¥p MRp ARr
CCl=CCICCLF Glass 170.2 1.7041 1. 5050 40.43 1.60
CCl;=CCICCIF; —103.0 128.0 1.6598 1.4573 35.43 1.29
CCly=CCICF; —114.7 88.3 1.6188 1.4095 30.48 1.20
CCl3CClL,CFs +109.1 153.1 .. .. .. ..
CF,=CCICF,Cl —-121.2 44.7 1.5406 1.3484 25.45 1.13
CFy=CCICF; —130.4 6.8 .. .. .. ..
CF.CICCI,CF; — 4.30 72.0 1.6681 1.3519 30.77 1.12
CCl=CFCF, .. 46.0 (approximate) .. ..
CCIL;,CCIFCF, + 12.1 112.4 1.7254 1.4002 35.69 1.14
CHC1=CCICF; —109.23 53.7 1.4653 1.3870 25.27 1.08
CCl,=CHCF; .. 54.5 1.3688
TaBLE II of CCly=CCICF; (b. p. 88°), 289 of CCl==CCICCIF,
ANALYSES (b. p. 128°), 13% of CCli=CCICCI,F (b. p. 170°), and 109,
9, Chlorine % Fluorine of recovered CCl,=CCICCl,.

Name Caled.  Found  Caled.  Found Preparation of CF—CCICF,;.-—The starting material,
CCl,=CCICCLF 76.3 75.6 CFs=CCICF.Cl, was obtained quantitatively by a treat-
CClL,=CCICCIF,  65.7  65.5 ment of CF,CICCL,CF,;CI? with zinc in absolute alcohol.
CCl=CCICF; 53.3 53.3 28.6 28.3 One-half a mole of this material was placed in a steel con-
CClL,CCLCF, 85.7 85.6 tainer together with 0.3 mole of ground antimony fluoride.
CF=CCICF.Cl 38.8 38.7 The container was surmounted by a metal pipe bearing a
CF.CICCLCF; 44.8 44.4 40.0 40.0 pressure gage and a releasing needle valve, The whole
CClL,CCIFCF, 55.9 55.5 29.9 29.1 equipment was tested beforehand to withstand a working
CHC1=CCICF; 43.0 42.6 The reaction vessel was

by two different sequences of reaction, thus: (1)
CCl;=CCICCl; — CCl=CCICF; — CClCCl-
CFa and (2) CHaCHzCClg b CH3CH2CF3 d CC13-
CCLCF;.! Samples of CF:;CICCLCF; prepared
in two different ways were also found to be identi-
cal: (1) CF;=CCICF:Cl — CF;=CCICF; —
CFzClCClzCFg and (2) CHaCHgCFa - CCI;;CCIT
CF; — CF:CICCL,CF;.?

Experimental

The substitutions of fluorine for chlorine were performed
by experiments analogous to the following.

Preparation of CCle=CCICF;.—Four moles of CCly=
CCICCl; and six moles of finely ground antimony tri-
fluoride were placed in a metal container surmounted by a
one meter length of pipe to act as dephlegmator. The top
of the pipe was fitted with a thermometer well, and de-
livered into a metal, water-cooled downward condenser.
The container was placed in an oil-bath which had been
heated to 150°. The purpose of this was to carry out the
reaction as quickly as possible, because this procedure
minimizes decomposition. The reaction started promptly,
and the reaction product distilled rapidly at 90-105°.
When the distillation slowed down, the oil-bath was re-
moved, and the reaction vessel heated with a free flame
until all the organic material had been removed. The dis-
tillate was steam distilled, dried, and rectified to give 43%,

(1) A. M Whaley, Dissertation,
1941

(2) James K. Stevenson. M.8. Thesis, The Ohio State University,
1942,

The Ohio State University,

pressure of forty atmospher:s.
heated to 200° in an oil-bath. The pressure rose progres-
sively to 18 atmospheres, then rapidly to about 23 atmos-
pheres. The oil-bath was removed and the reaction vessel
allowed to cool to room temperature. The needle valve
was opened and the CF=CCICF; (b. p. 7°) was allowed to
distill into a receiver cooled with dry-ice. The valve was
closed, the vessel heated again to 200° and tapped inter-
mittently until the pressure no longer rose. At this point,
the unreacted material was allowed to distill to be recov-
ered. The yields of repurified product were 47 %, of CFy=—
CCICF; (b. p. 7°), and 15%, of recovered CFy=CCICF,Cl
(b. p. 45°). Handling losses were relatively large on
account of the small amount of material used, its low boil-
ing point, and the high temperature prevailing in the
laboratory during the operations.

Preparation of CF;CICCLCF;.—CF==CCICF; was
placed in a flask surmounted by a dry-ice reflux condenser.
Chlorine was bubbled through the liquid, part of it adding
readily. An excess of chlorine was introduced into the
liquid, and the mixture was allowed to reflux in strong sun-
light for two hours. After removal of the excess of chlo-
rine, CF,CICC1,CF; (b. p. 72°) was obtained quantitatively.

Summary

A —CCl; group once removed from a double
bond is rapidly and quantitatively transformed
into a —CCLF, —CCIF; or —CF; group by halo-
gen interchange with antimony trifluoride, in the

absence of the usual catalyst.
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