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log (k/kmo) = 2.59En — 0.052H (7

T are given in Table 1II along with chosen litera-
ture constants® for comparative purposes.

TasLe IT]

CoMPARISON OF THE NucLeEOPHILIC CONSTANT (En) AND
Acipity (H) FuwncerioN oF DEHYDRODITHIZONE TO A SE-
LECTED GROUP OF NUCLEOPHILES

Nucleophile En H Nucleophile En H
ST 3.08 14.69 (NHj):L=S 2.18 .80
S0s™ 2.57 9.00 CN~ 2.02 10.88
S:0:™ 2.52 3.60 SCN - 1.83 (1.00)

]S 2.34 0.17 SO&™ 0.59 3.74
N N
ON
PhN-=XNPh

It may be noted that of those nucleophiles which
are particularly effective toward the sp? carbon,
I possesses the lowest value of H. The high
values of both Exn and H possessed by some of the
other nucleophiles such as S= and SOy~ provide
these bases with the ability to undergo displace-
ment reactions at the sp® and sp? carbon atoms.
This should not be expected of I on the basis of
its very low H wvalue. Experimentally, this is
found to be the case, and I, unlike these other bases
with large En values, is incapable of displacing
p-nitrophenol from p-nitrophenyl acetate.

The somewhat higher value of Ex for I as com-
pared to thiourea and thiocyanate (which also
possess the N—-C-S configuration) may be attributed
to a greater polarizability of the molecule, which
might result from its ‘‘meso-ionic” structure.
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Aside from the apparent increased polarizability
of I, it does not, as a ‘‘meso-ionic”’ compound,
appear to be unusual in its sensitivity to electronic
effects, nor in its sensitivity to the nature of leaving
groups. Thus, the rate ratios ka/kam and kr:ks::
ke compare with those previously listed for other
nucleophiles possessing high En values.>

Experimental

Materials.—Dehydrodithizone was that of anotlier study .4
Bromoacetamide was prepared by the method of Papen-
dick.” The haloacetates were obtained commercially and
recrystallized to constant m.p. from petroleum ether.

Apparatus.—The determination of pH values was carried
out with a model 22 Radionieter pH meter. All spectro-
photometric measurements were made with a model PMQ
I1 Zeiss spectrophotometer fitted with a special hollow
brass cuvette holder thermostated at 30 == 0.01° by a
Haake constant temperature circulating bath.

Kinetics.—For iodoacetic and cliloroacetic acids the sub-
strate was employed as buffer. For bromoacetamide and
bromoacetic acid 0.01 M tartrate buffer was employed.
All reactions were followed at ionic strengths (calculated)
of 0.125-0.05 M provided by KCl. The disappearance of
dehydrodithizone was followed at 250 mu (Amax). Specific
procedures for the kinetic experiments and method of
calculation of observed rate constants have heen given
previously.?
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Addition of Iodine Halides to Fluorinated Olefins. I. The Direction of Addition of
Todine Monochloride to Perhaloolefins and Some Related Reactions

By MURRAY HAUPTSCHEIN, MILTON BRAID AND ARNOLD H. FAINBERG
RECEIVED NOVEMEER 29, 1960

Contrary to prior reports, the addition of iodine monochloride to chlorotrifiuoroethylene is bidirectional and both isomers
CFCICFCII (I) and CFCI,CF,l (II) are formed. The isomer ratio was shown to be temperature dependent with higlier
temperatures favoring isomer II, If the reaction is carried out at 0° or lower, nearly pure I can be obtained. In the pres-
ence of iron, however, the isomer mixture consisted of about 659, of II even at 0°. Pure II was isolated in quantity from
isomer mixtures by the selective reaction of I at 50° with chlorosulfonic acid. In the presence of aluminum chloride
third possible CyClsF4l isomer, the rearranged CF;CClI, was produced in 1009, isomeric purity in low yield. The
addition of iodine monochloride to 1,1-dichlorodifluoroethylene gave the isomer CF,CICClLI exclusively at —10°, but at
higher temperatures or in the presence of iron, the isomer CCl;CF,I also was produced. The formation of relatively large
amounts of the chlorination product CF,CICCl; was favored under the latter conditions, At 98° the addition of iodine
monochloride to perfluoropropene gave an isomer composition of 91.5% CF;CFICF;Cl and 8.59% CF;CFCICF:I. The
direction of the thermal addition of fluorocarbon iodides to some fluorinated olefins has been determined. The great utility
of vapor-liquid partition chromatography in both the analysis and separation of the addition compounds is described and

characteristic elution time ratios for a series of isomeric fluoroiodides are presented.

This is the first paper in a series dealing with the
addition of iodine halides to fluorinated olefins and
is concerned primarily with the direction of addition
of iodine monochloride to various perhalodlefins.

The Addition of Iodine Monochloride to Chloro-
trifluoroethylene.—The addition of jodine mono-
chloride to chlorotrifluoroethylene has been re-
ported to give CF,CICFCII (I) as the exclusive
ICI adduct.*? We now wish to report that this

(1) R. N. Haszeldine, J. Chem. Soc., 4423 (1952).

addition is in fact bidirectional under the various
conditions reported!? and that at the reaction
temperatures previously used, i.e., room tempera-
ture to 50°, the adduct actually consists of at
least 20-309, of the isomer CFCLCF,I (II).?

(2) J. T. Barr, J. D. Gibson and R. H. Lafferty. J. Am. Chem. Soc.,
78, 1352 (1951), did not investigate the structure of the adduct but
assigned the structure CF:CICFCII by analogy to other addition re-
actions of the olefin CFy=CFCl,

(3) Professor R. N, Haszeldine, University of Manchester, has re-
cently informed us that he has independently discovered that the ad-
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Furthermore, it now has been discovered that the
isomer ratio I:1I is temperature dependent with
higher temperatures favoring isomer II production
up to a maximum of about 609, of II. At tempera-
tures of 0° or below almost isomerically pure I was
obtained. Thus at 0° and at —8 to —5°, the ad-
ducts were 97 and 989, pure I. The data summa-
rized in Table II (Experimental), runs 1-5, il-
lustrate clearly this effect of increasing tempera-
ture on isomer composition. On the other hand,
if the reaction is carried out in the presence of a
reactive form of metallic iron, such as iron gauze
or ferric chloride, the major product is isomer II,
even when the reaction is carried out at 0°. This
effect was first noted when the reaction was per-
formed in an iron vessel (run 7, Table II). By
further study of this unexpected result, the cata-
Ivtic effect of iron was demonstrated unequivocally
(run 6 vs. run 2, Table IT). It should be noted that
despite temperature variations (in the presence of
iron), there was a maximum of about 659 of II
in the products. This suggested the possibility
that the isomeric ratio may have been the result
of a chemical equilibrium. This possibility, how-
ever, was not confirmed. The isomer composi-
tions were not altered significantly when nearly
pure isomer I or isomer II was heated at 40-50° in
the presence of iodine monochloride and iron.
Thus iron was shown not to be a catalyst for “equi-
libration” of the mixture.

The reaction has been carried out in the presence
and absence of solvents. At low temperatures
(below 0°) the heterogeneous reaction of solid ICIl
with CF,=CFCl is very slow and use of a solvent
is advantageous. Methylene chloride and 1,2,2-
trichlorotrifluoroethane have been employed, al-
though the solubility of the ICIl in the latter is
low and therefore the use of trichlorotrifluoroethane
is not recommended. The most efficient reaction
system is the solution of the reactants in I, itself.

The pure isomers could be separated by vapor—
liquid partition chromatography (V.L.P.C.); see
Table I. The ultraviolet spectra in isooctane
exhibited maxima at 286 mu for I and at 274 mu
for II which are entirely consistent with the re-
spective CF,CICFCIl and CFCLCF,I structures.*
It should be noted in this connection that a mix-
ture of isomers I and II will show an unresolved
single maximum (rather than two maxima) at
some wave length intermediate between 286 and
274 mu with the position dependent on the iso-
meric composition. Thus mixtures containing, for
example, 75, 60 and 25% of I, will have respective
maxima at 283, 281 and 277 mu.

A previously discovered reaction of fluorocarbon
iodides with halosulfonic acid to produce fluoro-
carbon halosulfates® and carboxvlic acids there-
from® was employed advantageously to effect the
separation of pure II in sizable quantities. Thus
at a temperature of about 50°, isomer I was
preferentially and completely converted by reac-

dition of iodine monochloride to chlorotrifluoroethylene can be bi-
directional and that the direction of radical attack on perfluoropropene
may also be varied.

(4) See R. N. Haszeldine, J. Chem. Soc., 1764 (1953), for ultraviolet
spectroscopic data,

(5) M. Hauptachein and M. Braid, forthcoming publications.
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tion with chlorosulfonic acid to the chlorosulfate
CF.CICFCIOSO,Cl, which was removed after
basic hydrolysis, as the water-soluble sodium chloro-
difluoroacetate. This reaction as well as the re-
action of the chlorosulfate with ethanol and with
ammonia and conversions thereby to the known
ester and amide, respectively, also served to con-
firm the structure for 1.

CF,CICFCII + CISO,H —> CF.CICFCIOS0.Cl

l NH;
CF.CICONH: CF.CICOOXNa CF.CICOOEt

Isomer II would have given carboxylic acid deriva-
tives of dichlorofluoroacetic acid, 7.e., CFCI,COONa
CFCLCOOEt and CFCL,CONH,. Both of the
novel isomeric chlorosulfates CF,CICFCIOSO,Cl
and CFCLCF,0580,Cl formed at a higher tempera-
ture, z.e., 100°, have been characterized.

Finally, in order to investigate the effect of
another Lewis acid, the reaction of ICI with CFy=
CFCI was carried out using a rather large amount
of aluminum chloride. It was a complete surprise
to discover that the sole ICI adduct obtained was
neither I nor II but the new rearranged product
CF,CCLI! Only 139 of the total product was
the ICl adduct; 609 of the product consisted of
isomerically pure CCLCCIF,; 159, of C.CLF;
(mostly CF;CCly); and the remainder consisted
principally of CCl==CCIF, CCL=CCl, and in-
terestingly CF,—CCII. CF;CCLI also has been
prepared by the novel and much superior method
mvolving the addition of iodine monofluoride (IF;
+ 2I, — 5IF) to CF,—CCl,.¢ This reaction can
give either CF3CCLI or the previously characterized
CFCLCF.I (II). The ultraviolet maximum in iso-
octane at 296 mu was consistent only with the
structure CF;CCl,1.

The Addition of Iodine Monochloride to 1,1-
Dichloro-2,2-difluoroethylene.—The addition of ICI
to CFy=CCl, was next examined.” This reaction
also was found to be bidirectional but to a lesser
extent than in the case of the addition of ICI to
CF,=CFCl. At -10° CFCICCLI was pro-
duced in 1009 isomeric purity (z.e., to the limit of
detection, which is less than 0.59, in this case).
At 0-3° the adduct consisted of 999, CF.,CICCLI
and 19, CCLCF,I. At 5 to 15° the isomeric
purity of the adduct CF,CICCLI ranged from 98
to 979.. At about 20°, using a reverse addition
procedure, an isomer mixture consisting of about
909, CF,CICCILI and 109 CC1;CF.I was obtained.
In the presence of iron at temperatures between 5
and 13° the adduct contained about 209, of CCls-
CF,I. The higher temperatures had an even more
profound effect on the formation of the undesired
chlorination by-product CClCF,Cl. Thus at 0-3°
only 19 of the total product was CCI;CF,Cl while
the addition of CFs==CCl, to ICI at about 20° re-
sulted in the formation of about 209, of the tetra-
chlorodifluoroethane.

(6) M. Hauptschein and M. Braid, forthcoming publication, which
also describes the addition of IF to CFe==CFCl and to CF:=CFCFs
to give CFsCFCIl + CFyCICF,I and CFiCFICFs, respectively. The
respective V.L.P.C. elution time ratios of these compounds have been
included in Table I for completeness.

(7Y R. N Huszaldine, Canadian Patent 603,718 (1060).

l NaOH l EtOH
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The isomers were separated by V.L.P.C. As
would be expected, the ultraviolet maximum (in
isodetane) for CF,CICCLI at 302.5 mp is much
higher than the maximum for CCIL,CF,I which is
at 274.5 mu. The infrared absorption spectra of
both of these isomers were different from that of the
other possible isomer, the very unlikely rearranged
product CCLFCCIFI® prepared by addition of
IClto CFCI=CFCI.

The Addition of Iodine Monochloride to Per-
fluoropropene.—The products of a related reac-
tion which preceded the aforementioned work were
next re-examined.

The reaction of perfluoropropene with iodine
monochloride at 98° was shown to produce an ad-
duct consisting of 91.59, CF;CFICF,Cl (ultra-
violet maximum in isodctane at 277.5 mu; com-
pare CFsCFICF; Apax 279 mu) and 8.59, CF;-
CFCICF,I (ultraviolet maximum in isodctane at
273 mp). On the basis of the previously dis-
cussed studies it would appear likely that the yield of
CF;CFICF,Cl would be increased by decreasing
the reaction temperature and that iron may pos-
sibly function as a catalyst to raise the yield of
CF;CFCICF.I.

Chain Transfer Efficiencies and Miscellaneous
Telomerizations.—The discovery of the bidirec-
tional nature of the addition of ICI to CF—=CFC(Cl
and of methods for preparing the individual isomers
is of more than cursory interest. Isomer I is much
more active than II as a chain transfer agent for
various telomerization reactions. In the thermal
telomerization of CF,=CFCI, for example, I is
effective both as an initiator and as a chain transfer
agent at 160°, at which temperature little reaction
occurs if IT is used instead as the telogen. In the
latter case a reaction temperature of at least 185° is
necessary and this telomerization process is not
nearly as well controlled. Greater quantities of
solid telomers consequently are formed in the re-
sulting wider spread in molecular weight ranges.®
Also where I has been used as a means of introduc-
ing the perfluorovinyl group, e.g.

—HI

Zn
CF.CICFCICH=CF; —> CF;=CFCH==CF,,

etc., it is obvious that the presence of II would
result in reduced yields and/or side reactions.

The efficiency of a fluorocarbon iodide acting
as a chain transfer agent is related to the stability
of the C~I bond, which to a first approximation
may be considered as varying inversely with the
wave length of the maximum in the ultraviolet
gpectrum. It has been found® that CF;CCl,I
(2906 mu) and CF,CICCLI (302.5 mu) are in fact
the most efficient of the C,CLF:;I and C,CLF,I
series in agreement with the above theory.

The direction of the thermal addition of CF,I
and of #-C3F;I to perfluoropropene previously has
been shown by chemical and/or ultraviolet spectro-
scopic evidence to produce R;CF,CFICF; where
R = CFyor n-CyF7.° By themorerefined V.L.P.C.

(8) M. Hein, Ph.D. Thesis, University of Colorado, Boulder, Colo..
1954

(9) M. Hauptschein, M. Braid and F. B. Lawlor; J. dm. Chem. Soc.,
79, 2549 (1957).
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analytical technique it has now been determined for
two specific cases that the 1:1 adducts of CF:l
and #-C;FyI with CF,—CFCF; had isomeric
compositions of 929, CF,CF,CFICF,; and 8%
(CF;):CFCF,I for the former and of 989, CF;CF,-
CF)CFZCFICFS and 2% CF&CFgCFzCF(CFg)CFQI
for the latter adduct.

It was previously shown by V.L.P.C. that the
composition of the 1:1 adduct of the thermal re-
action of #-C;F;I with CH;=CF; was 959, C;F;-
CHzCFzI and 5% CgF'yCFgCHzI.m

Unpublished observations by the authors also
indicate that the 1:1 adduct of the thermal reaction
of CF,CICFCII with CF,=—CFCI consists of a few
per cent. of CF,CICFCICFCICF,I in addition to
the main product, CFy,CICFCICF,CFCIL.

In view of all of the above findings, it should be
expected that the products resulting from the
thermal telomerizations of unsymmetrical olefins
will generally contain at least a small percentage
of other isomers.

Vapor-Liquid Partition Chromatography.—Dur-
ing the course of this research a careful study was
made of the use of vapor-liquid partition chroma-
tography as a tool for the analysis and separation
of closely boiling isomeric perfluoro- and perfluoro-
chloro-alkyl iodides. Table I summarizes their
characteristic elution time ratios, f./tccy,, in three
different chromatographic columns for the tempera-
tures indicated. This ratio is that of the elution

TABLE I

CHaRrRAcCTERISTIC V.L.P.C.* ELuTIiON TIME RATIOS OF ISo-
MERIC FLUOROIODIDES

Molecular Structural ——tc/tcely at 75%0-——
formula formulas “B"b K'"ec R'd
CiFil {CF,«,CFzCFzIf 0.16 0.13 0.18
CF;CFICFy 22 .24 .27

CUFLL { (CF3).CFCF,I .29 .21 .32
CF;CF,CFICF; .36 .32 .43

CoFul { CF;CF,CF,CF(CF;)CF,l .62 .34 .66
CF;CF,CF,CF,CFICF, 7752 .90
CF,CICF.I’ .53 .66 .60

CoCIF {CF3CFC1I° 59 .85 .70
CF;CFCICF.I .76 .76 .88

CiCIFL {CF;CFICF&I 1.02 1.30 1.26
{CFClzCle 2.6 3.7 3.0

C.CLF;I { CF,CICFCII 2.9 4.6 3.4
CF,;CCllI 3.2 6.0 4.0

CCLCF.l 8.8¢ 10.1¢

CoClFal {ccmccm 10.5° 13.0¢
e V.L.P.C. = Vapor liquid partition chromatography.

® Perkin-Elmer 2 meter *'B”
sebacate stationary liquid phase). ¢ Perkin-Elmer 2 meter
“K’” column (Carbowax 1500). ¢ Perkin-Elmer 2 meter
“R’ column (Ucon polyglycol LB-550-X). ¢ Tempera-
ture was 100°. /M. Hauptschein and A. V. Grosse, J.
Am. Chem. Soc., 73,2461 (1951). ¢ Seeref.6.

column (di-2-ethylhexy!

time for the compound to the elution time for the
reference standard, carbon tetrachloride (both
measured from the time of emergence of the air
peak). This ratio is a characteristic constant
for each compound in the specified column at the
stated temperature, and is independent both of
column parameters such as column length, di-

(10} M. Hauptschein and R, B. Qesterling, thid., 82, 2868 (1960).
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TaBLE 11
REACTIONS OF JODINE MONOCHLORIDE WITH CHLOROTRIFL.UOROETHYLENE
Isomeric composition, %,
Ruu Temp., °C. Reactor® Catalyst Solvent CF;CICEPCII CFCl1:CFal
1 --8to =5 Glass Nomne CH.Cl, 98 2
2 0 Glass None CH,ClL, 97 3
3 15 to 20 Glass None CF,;CICFClye 79 21
4 25 to 30 Monel® None Nomne 70 30
5 50 Glass None None 45 55
6 0 Glass Fe wire gauze CH,Cl, 37 63
7 40 Iron® RN Notme 38 62
8 a0) Glass Fe wire gauze None 34 66
9 40-50 Glass FeCly None 34 66
10 100 Stainless steel® Fe wire gauze None 40 60

@ All reactions at atmospheric pressure except as noted.
or shaking under a pressure of about 5 atniospheres.

¢ CF,CICFC(l; is a very poor solvent for ICl.

b Pressure, ca. 5 atm., 7.¢., olefin added to reactor while stirring

The adducts C,Cl:F;lI

are excellent solvents for ICl, and the reaction niixture becomes more homogeneous as the reaction progresses and produces

more ICl adduct.

ameter, percentage of stationary liquid phase and
of operating parameters such as pressure and
flow rate. Thisratio s dependent ouly on tempera-
ture for any particular column.

The three columns used are particularly suited
for the separation of isomeric iodides, their ef-
ficiency increasing in the order “B” < “R” <
"K.” Two interesting observations are worthy
of note. First, the secondary iodides invariably
emerged later than the isomeric primary iodides.
Second, the elution times for the isomeric perfluoro-
chloroalkyl iodides were in the order -CILI <
-CFCII < -CClLI1.

Experimental

Reactions of Chlorotrifiuoroethylene with Iodine Mono-
chloride. (a) In Glass Reactors,—All reactions were car-
ried out under a dry nitrogen atmosphere at atmospheric
pressure. At temperatures of 0-50° chlorotrifluoroethyl-
ene was bubbled through iodine monocliloride directiy or
througl a solution of iodine nionochloride in solvents such
as methylene chloride. In somie cases small bits of iron
wire gauze or ferric chloride catalyst were added. The
temnperature was maintained by external heating or cooling
as required. Unreacted olefin, which was collected in
receivers cooled at —78°, was often recycled until all of the
ICl was reacted. Reuaction mixtures were first washed
with water, then witl saturated aqueous sodium bisulfite
solution, then again with water, and then dried with
anhydrous calcium sulfate or magnesium sulfate. Solvents
were removed by distillation as was any by-product CF.-
CICFCl; formed in trace amounts at the lower temperature
runs and up to several per cent, at the liigher temperatures.
Tlie isomeric composition of the ICl adducts was determined
by v)apor—liquid partition chromatographic analysis (V.L.
P.C.).

For reactions carried out at temperatures below (° the
following modified procedure was employed:

To 415 g. (3.56 rmoles) of condensed chlorotrifluoroethylene
cooled by a Dry Ice-acetone-bath there was added during
0.75 hr. while stirring 500 g. (3.08 moles) of icdine mono-
chloride dissolved in 750 ml. of methylene chloride. The
temperature of the reaction misture was allowed to rise to
—8 to —5° and was maintained at this temperature for
4 hours by the refluxing of the excess olefin (using a Dry
Ice-cooled condenser). The excess olefin then was allowed
to boil off and tlie reaction mixture was worked up as de-
scribed above. After removal of the solvent there remained
430 g. of crude adduct CyCl:F;I of which the isomer content
was shown by V.L.P.C. to be 989, CF,CICFCII (I) and
29, CFCLCF.I (II). Tle pure isonter I (Anal. Caled.
C, 881. Found: C, 8.79) was obtained by preparative
chromatography and had the physical constants: b.p.
101° (45° at 100 mm.), »#2p 1.4493, d%, 2.199; MR?*p
found 34.03, caled. 34.1 based on atomic refractions of C,
2.58; F, 1.17; Cl, 5.85: I, 13.7.11  The principal absorp-

(11) The atomic refractions used arc hased on unpublished work of
A. H. Fainberg and W. T. Miller, Jr,

fion maxima (in microns) for the isomer I iu the vapor
infrared spectrum were at 8.34vs, 8.49vs, 8.59ssh, 9.06vs,
9.67vs, 11.48vs, 12.02vs, 12.50vs, 13.52vvs (s = strong,
vs = very strong, vvs = very, very strong, m = medium,
sli = shoulder). Tlie ahsorption maximum of this isomer
in the ultraviolet spectrum taken in isodctane was at 286
g,

(b) In Autoclaves,—Tlie autoclave was cliarged with
ioditte monochloride and the vessel was sealed, cooled in
Dry Ice, and evacuated. The autoclave was heated to
slightly less than the desired reaction temperature and
citlorotrifluoroethylene was pressured in at such a rate that
the temperature remained fairly constant or varied as indi-
cated in Table II. For the lower temperature runs the
olefin was admitted slowly to the autoclave witlt external
cooling to maintain tlie reaction temperature. When olefin
absorption ceased, tlie reaction mixture was brought to
room temperature aud worked up as previously described.

The results of typical glass reactor and autoclave runs are
summarized in Table IT,

Reaction of 1,2-Dichloro-1,2,2-trifluoro-1-iodoethane with
Chlorosulfonic Acid.—To 93 g. (0.8 mole) of chlorosulfonic
acid heated to 50° was added during 10 minutes while stir-
ring vigorously 23 g. (0.0825 mole) of CF.CICFCII (con-
taining ce. 309, CFCL,CF.I). The reaction mixture was
heated to 60° aud stirred for 2 additional liours. After
cooling, the reaction mixture was hydrolyzed rapidly by
pouring over chipped ice. The lower water-insoluble layer
was dried with Drierite and distilled. Tliere was collected
some CF,;CICFCl;; after recovery only of unreacted isomer
CFCIL.CF.I, 12 g. of crude chlorosulfate, CF:CICFCIOS0,Cl,
b.p. (middle cut on redistillation) 76° at 100 mm., #¥p
1.392, having the cliaracteristic chlorosulfate bands at
6.90 (liquid) and 6.84 u (vapor) in tlie infrared,’ was ob-
tained. The principal bands in the vapor spectrum were
at 6.84vs, 8.04ssli, 8.18vs, 8.24vs, 8.42vs, 8,78vs, 9.23vs,
9.77vvs, 9.85vssh, 10.72vs, 11.70vs, 12.29vs, 12.9s, 14.3s,
14.8s u. The characteristic elution time ratio f/fcou
( Perkin—-Elmer ““B"’ column at 75°) was 3.8. Thus it was
shown that under these conditions, only CF.CICFCII is
completely converted to the chlorosulfate.

Amnal, Caled. for C,CLF;0:S: C, 9.0; S, 12.0.
C, 9.4; S. 12.0.

Preparation of Pure Isomer CFCL.CF.l (II).—The product
of the reaction of IC! with chlorotrifluoroethylene at 50° in
the presence of irou, t.e., containing 669, CFCL.CF,I and
349, CF.CICFCII (see Table II), was treated with an ex~
cess of chlorosulfonic acid while stirring at 50-52° for 2.5
hours and then poured over chipped ice. The lower or-
ganic layer was separated and stirred with 10% aqueous
sodium hydroxide until it remained permanently basic
after standiug in contact with water. [Tlhis treatment con-~
verts the chlorosulfate CF;CICFCIOSO:C! into the carbox-
ylic acid salt CF.CICOONa which is soluble in the water
layer (see below).] After washing the remaining lower
layer with water and dryiug over Drierite, the crude prod-
uct was distilled in a small Vigreux unit. There was col-
lected an almost colorless liquid, b.p. 101°, n%p 1.4446,
g2, 2.189, MR?»p found 33.88, caled. 34,1, shown by
V.L.P.C. to consist only of the isomer II (Anal. Calcd,:
C, 8.61. Found: C, 8.81). This isomer is considerably

Found:
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less light sensitive and much less lachrymatory than the
isomer I. These isomers boil within 1° of one another and
are difficult or impossible to separate by simple fractional
distillation. The isomer CFCI,CF;l appears to be the
slightly lower boiling iodide as showu by the enrichment
of successive fractions in CF.CICFCII during distillation.
The infrared spectrum of II (vapor) has strong absorption
maxima (in u) at 8.45vs, 8.62vs, 9.01vs, 9.85vs, 9.94ssh,
11.08vs, 11.85s, 13.3vvs. The absorption maximum in
the ultraviolet spectrum taken in isodctane was at 274
mu.

Reaction of 1,1-Dichloro-1,2,2-trifluoro-2-iodoethane with
Chlorosulfonic Acid.—To 70 g.(0.601 mole) of chlorosulfonic
acid there was added drop by drop during 0.5 hr. a total of
30 g. (0.108 mole) of CFCLCF,I while stirring. During
the addition, the reaction temperature was raised gradually
until the liberation of iodine and the evolution of sulfur
dioxide were observed at 100° when about 8 g. of the iodide
had been added. The addition was completed, and the re-
action mixture was then stirred for 2 hr. longer at 100°.
After cooling, the contents of the flask were poured into
chipped ice and the lower layer was separated, washed once
with cold water, dried with a niixture of calcium and mag-
nesium sulfates, and distilled in a small still packed with
glass helices. There was collected, after a small forerun
containing unreacted iodide and 1,1,2-trichlorotrifluoro-
ethane, 15 g. of the chlorosulfate, CFCL;,CF.0S0:Cl, b.p.
middle cut 76° (100 mm.), a colorless liquid, #%p 1.3943.

Anal. Caled. for C;CLF;0:S: C, 8.98; S, 11.99. Found:
C,9.25; S, 12.24.

Tlie absorption band for the clilorosulfate group in the
vapor infrared spectrum is at 6.82 u; in the infrared spectrum
of the liquid it is at 6.89 u. The principal peaks in the vapor
spectrumn were at 6.82vs, 7.85vs, 8.16vs, 8.84vvs, 9.02vs,
10.54vs, 10.9vs, 12.1s, 13.5vs u. The characteristic elu~
tion4ti5ne ratio f/iccy (Perkin-Elmer “B”’ column at 75°)
was 4.2.

Reactions of CF,CICFCIOSO.Cl. (a) Hydrolysis.—
Dilute sodium hydroxide was added drop by drop to a
mixture of 1 g. (0.00374 mole) of CF:CICFCIOSO,Cl and 10
ml. of water until solution was complete and the solution
remained neutral., Water was renioved by evaporation
and the remaining salts, after drying at 110° in an oven,
were extracted with absolute ethanol. The ethanol was
evaporated, and there remained ca. 0.6 g. of CF,CICOONa,
of which the infrared spectrumn matched that of an authentic
sample of sodium clilo: odifluoroacetate prepared by hy-
drolysis (aqueous NaOlI) of known CF,CICOOC,Hj;.

(b) Esterification.—Three grams (0.065 mole) of absolute
ethauol was added dropwise to 2.3 g. (0.0086 mole) of CF.-
CICFCIOSO:ClI cooled to 0°. When the resulting vigorous
reactionn had subsided, the reaction mixture was refluxed
for 3 lir. at 80°. After cooling, ice-water was added, and
the resulting lower laver was separated and dried witht
Dricrite. There was obtained 1.5 g. of colorless liquid
shown by infrared spectroscopic analysis to be the known
CF,CICOOC.H;.

(c¢) Ammonolysis.-—Anlhydrous animouia was passed for
0.25 lir. iuto 0.4 g. (0.0015 mole) of CF.CICFCIOSO.Cl
in 15 ml. of anhydrous etlier cooled to 0°. The solution
was filtered to remove ammonium chloride. fluoride
and suliate, Tlie solvent was rewnoved from tlie fil-
trate by distillation. The remaining wlite solid (0.3 g.)
was recrystallized froni carbon tetrachloride-niethylene
chloride. There was obtained ca. 0.2 g. of CF,CICONH,,
wlite solid, m.p. 81-82° (uot depressed on admixtire witl
CF,CICONH,; prepared by ammonolysis of known CFs-
CICOOC H;). Tlie infrared spectrum of this solid matched
that of an authentic sample of CF,C1CONHa,

Reactions of Dichloroiodotrifiuoroethanes with Iodine
Monochloride in the Presence of Iron.—Approximately 5-
ml, portions of CF,CICFCII and CFCLCF;I shown by
chromatographic analysis to be 98 and 969, pure in each
isomer, respectively, were heated separately under a nitro-
gen atmosphere with equal volumes of iodine nmionochloride
in the presence of iron strands at 40-50° for 2.5 hr. with oc~
casional shaking. After the products were worked up as
described earlier, reanalysis by V.L.P.C. showed that the
isomer composition of CFCL,CF.l remained at 96% while
that for CF,CICFCII was 96%.

Reaction of Chlorotrifiuoroethylene with Iodine Mono-~
chloride in the Presence of Aluminum Chloride.—Into
a three-necked flask equipped with a thermometer, con-
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deuser, and gas inlet tube was placed 200 g. of iodine'mo.no-
chloride, 80 g. of aluminum chloride and 2 g. of iodine.
Over a period of 3 hours 195 g. of chlorotrifluoroethylene
was introduced, the reaction temperature being maintained
at 35-40°. About 50 g. of chlorotrifluoroethylene was re-
covered in a Dry Ice trap attached to the system. The
reaction product was washed and dried as above using CFe-
CICFC; ‘as a diluent (a considerable quantity of suspended
solids was present). After removing the solvent by ghstll-
lation, about 50 g. of product remained. This mixture
was analyzed by V.L.P.C. using a 2-meter Perkin-Elmer
“B’’ column at 75°. The following compounds were
separated and identified spectroscopically (compound, ap-
proximate weight per cent., and the characteristic elution
time ratios fo/fccn, in order): CiFiCly (90% CFyCCly,
109 CF,CICFCly), 15, 0.23; CCl=CCIF, 5, 0.66; CCls-
CCIF; (isomerically pure), 60, 1.2; CFy=CCII,2 2, 1.3;
CF,CClLI¢ (isomerically pure) 15, 3.2; CCl==CCl, 1,
3.5. Two unidentified olefins possessing infrared maxima
at 6.1 and 6.16 u constituted about 2% of the product.

CF;CClLI boiled at 45° at 100 mm., m.p. 21°, #2?°p 1.4535,
and had the following characteristic bands in the infrared
spectrum (vapor): 7.81m, 8.09vs. 8.23vvs, 11,22s, 11.90vs,
12.78vs, 14.4s u. The absorption maximum in the ultra-
violet spectrum takei in isobctane was at 296 mpu.

Anal. Caled. for C.CLF,I: C, &8.61; Cl, 25.43; I, 45.51.
Found: C, 8.68; Cl,25.14; 1, 45.88.

Reaction of 1,1-Dichloro-2,2-difiuoroethylene with Iodine
Monochloride.—To 300 g.’(2.25 moles) of CFs=CCl; in
a glass flask cooled to 0~3°, there was added drop by drop
over a period of 3.5 hr. 292.5 g. (1.18 moles) of iodine mono-
chloride while stirring. (An atmosphere of dry high-purity
nitrogen was maintained in all the procedures and manipu-~
lations to exclude air and moisture wheu necessary.) Stir-
ring was continued for another 2.75 hr. after which the crude
product was worked up to yield 149 by weight of unreacted
CFy=CCly, 1% by weight of CF,CICClL, 85% by weight of
CsCl,F,I shown by V.L.P.C. to cousist of 999, CF,CICCLI
and 1% of CClyCFI. Tlhe pure isomer CFsCICCLI (Anal.
Caled.: C, 8.1; Cl, 86.0; I, 42.98. Found: C, 8.0; 7.9;
Cl, 36.3; I, 42.87) separated by preparative chromatog-~
raphy, boiled at 75° at 75 mm. and melted at 37°. The
principal absorption maxima (in g) in the infrared spectrum
of the vapor are 8.60vvs, 9.82vs, 11.83vs, 12.00vs, 13.0vs
and 14.5vs. The absorption maximum in the ultraviolet
spectrum taken in isodctane is at 302.5 mu. CF,CICClI
is a powerful lachrymator and very light sensitive.

When this reaction was carried out at —10° none of the
isomer CCI;CF;l could be detected chromatographically.

Wheu this reaction was carried out from 5 to 15° the io-
dine monochloride adduct ranged from 98 to 97% CFs-
CICCLI isomeric purity aud the product contained 2 to 3
wt. % CCLCF:Cl, respectively. Total couversion to
adducts was about 90-929,. At this temperature range
but in the presence of iron powder the couversion to the
isomer CCL;CF.I and to CCL,CF;Cl increased. Specifically,
at 5-7° for 5.5. hr., iu the presence of 0.5 wt. Y iron there
was a 587, couversion to adduct consisting of 83%, of CFq
CICCLI and 179, of CCL;CF,I, and 10.5 wt. 9 of tlie prod-
uct was the chloride CF,CICCl;. Under identical condi-
tionis but at 10-13° for 6 hr. in thie presence of 0.5 wt. %
iron there was a 599, conversion to adduct consisting of
80% of CF.CICCHhI and 20% of CCLiCFsl, and 14 wt. 9, of
the product was CF.CICCl,.

In one experiment the addition procedure was reversed and
a 109, excess of the olefin CFs==CCl; was added to the
iodine monochloride in a glass flask equipped with a Dry
Ice-filled reflux condeunser. The reaction mixture was
worked up after refluxing of tlie clefin (b.p. 20°) liad ceased.
Under tliese conditions tlie adduct consisted of about 90%
CF;CICCl,I and 10% CCIL;CF,I and the weight percentage
of by-product CF,CICCl; was about 209%,. The isomer
CCIl;CF,l was separated by preparative chromatography
and showed an absorption maximum in tlie ultraviolet
spectrum taken in isodctane at 274.5 mu. The principal
absorption maxima in the infrared spectrum of the vapor
are at 8.70vvs, 10.12vs, 11.67vs, 11.93m, 13.6msl1, 13.85vs u.

Reaction of Perfluoropropene with Iodine Monochloride.
—Into a 1-liter Monel autoclave containing 826 g. of iodine
monochloride, 629 g. of perfluoropropene was transferred
in vacuo. The autoclave was sealed and allowed to shake

(12) J. D, Park, et al., J. Org. Chem., 28, 1661 (1958).
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overnight at 98°. Due to a partial leak only about 550 g.
of liquid product boiling above room temperature was col-
lected in addition to a considerable amount of solid iodine.
This liquid was washed with sodium thiosulfate solution,
dried over Drierite and distilled through a fractionating
column. There was collected 40 g. of material boiling at
35-78°, n®*p 1.337, consisting mostly of a mixture of CFs-
CFCICF.Cl, the chlorine adduct of perfluoropropene, and
C;sClIFel, and 437 g. of C;CIFsI, b.p. 78-78.5°, n%p 1.375.
An additional 37 g. of residue consisted mostly of C;CIFI.
The 437-g. fraction of ICl adduct C;ClFsI was shown by
V.L.P.C. to consist of 91.5% CF;CFICF:Cl and 8.5, CF;s-

CFCICF.I. The pure isomers were separated by prepara-
tive chromatography.
CF;CFICF.Cl: #%p 1.3757, ultraviolet maximum in

isobctane at 277.5 my; principal infrared absorption bands
(vapor) at 7.89vs, 8.07vssh, 8.14vvs, 8.37m, 8.62s, 8.72
msh, 8.94vs, 9.46s, 9.69vs, 10.80vs, 11.13vs, 11.44s,
11.88vs, 17.7vs, 13.64m, 14.0s 4.

CF;CFCICF.I: %%p 1.3741, ultraviolet maximum in iso-
octane at 273 my; principal infrared absorption bands
(vapor) at 7.84vs, 8.07vvs, 8.46m, 8.68s, 8.90s, 9.58s,
9.85m, 10.35vs, 11.59m, 12.42vs, 12.8m, 13.6m, 14.17vs u.

Anal. Caled. for C;CIFI: C, 11.53; Cl, 11.35; 1, 40.63.
Found for CF;CFICF,Cl: C, 11.54; Cl, 11.35; I, 40.51.
Found for CF;CFCICF.I: C, 11.38; Cl, 11.11; I, 40.04.

Separation of (CF;):CFCF:I from CF;CF.CFICF;.—
Thie thermal reaction of CF;I with perflucropropene was
carried out at 195° in a stainless steel autoclave by the pro-
cedure previously described.® A middle cut of the 1:1
adduct, b.p. 64°, was analyzed by V.L.P.C. and shown to
consist of 929, CF;CF:CFICF; and 89 (CF;):CFCF.l.
The pure isomers were separated by preparative chroma~
tography.

CF,CF,CFICF;: #%p 1.3290, ultraviolet maximum in
isodctane at 279 myu; principal infrared absorption bands for
vapor at 7.43m, 7.55s, 7.8lvs, 7.99vvs, 8.07vssh, 8.13-
vssh, 8.28vs, 8.47s, 8.95s, 9.22m, 9.32s, 9.54m, 10.67s,
11.18s, 11.38m, 11.59s, 12.20s, 13.42s, 13.81s, 14.15s5 u.

(CF3):CFCF.I: #x2p 1.3330, ultraviolet maximum in
isodctane at 275myu; principal infrared absorption bands for
vapor at 7.71vs, 7.90vvs, 8.44ssh, 8.47s, 8.72s, 8.82ssh,
9.53s, 9.80m, 10.11vs, 11.54m, 12.30vs, 13.36s, 13.90s .

Anal. Caled. for CiFeI: C, 13.9; I, 36.7. Found for
CF;;CFQCFICFs; C, 14.0; I, 37.2. Found for (CFs)z*
CFCF,I: C, 13.9.
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Separation of CF;CF:CF.CF(CF;)CF,I from CF;CF.CF;-
CF,CFICF;.—The thermal reaction of CF;CF.CF.I with
perfluoropropene was carried out at 190-194° in a stainless
steel autoclave by the reported procedure.f A middle cut
of the 1:1 adduct, b.p. 111°, was analyzed by V.L.P.C.
and shown to consist of 989 CF;CF:CF.CF.CFICF;
and 29 CFCF:.CF,CF(CF;)CF:I. The pure isomers were
separated by preparative chromatography.

CF;CF.CF.CF,CFICF;: 72%p 1.3287, ultraviolet maximum
in isobctane at 280 my, principal infrared absorption bonds
for vapor at 7.38s, 7.71msh, 7.83vs, 8.0lvvs, 8.12vssh,
8.21vssh, 8.73s, 8.92m, 9.30m, 9.56m, 10.36m, 10.541n,
10.88m, 11.22s, 12.0m, 12.5m, 12.7m, 13.52m, 13.77m,
14.17s, 14.74s u. The liquid infrared spectrum was identi-
cal with that!? for the known analyzed adduct.®

CF;CF.CF.CF(CF;)CF,I: Sufficient sample was separated
to take the infrared spectrum only. Altliough this struc-
ture, therefore, cannot be considered to be unequivocally
proved, we believe it to be correct by virtue of the char-
acteristic elution time ratios (Table I) which are consistent
with the ratios obtained with the pair of C.FyI isomers.
Tlie principal infrared bands for tlie vapor were at 7.43s,
7.75vs, 7.93vvs, 8.12vs, 8.22vssh, 8.53s, 8.68vs, 8.84s,
8.93ssh, 9.56s, 9.97s, 10.10s, 10.8m, 11.2n1, 11.4m, 11.7m,
11.8s, 12.26m, 12.63s, 12.89m, 13.39s, 13.64s, 13.98s,
14.2m, 14.6m u, which is also consistent with the assigned
structure.

Vapor-Liquid Partition Chromatography.—A Perkin-
Elmer model 154 Vapor Fractometer was used.

Infrared Spectra,—A Perkin-Elmer Infracord model 137
was used. Tle individual spectrograms were calibrated im-
mediately after they were run using a polystyrene film as a
standard. The absorption wave lengths are believed ac-
curate to ==0.02 u.

Ultraviolet Spectra.—A Beckman ratio recording spectro-
photometer, model DK-2, was used. The wave length
accuracy was checked by means of the mercury-in-quartz
arc lamp.
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Fluorocarbon Halosulfates and a New Route to Fluorocarbon Acids and Derivatives.
I. Polyfluoroalkyl Chlorosulfates'

By MURRAY HAUPTSCHEIN AND MILTON BRAID
RECEIVED DECEMBER 22, 1960

Novel reactions of chlorosulfonic acid with fluorocarbon iodides have been discovered by whicli fluorocarbon chlorosulfates,
a new class of compounds, or fluorocarbon chlorides are prepared. The physical aud chemical properties of C;F,0S0.Cl,
C3F:[CF,CF(CF;)][CF,CF3]n080,Cl, C,FsCF(CFs)[CH,CF,]50S0,Cl. and similar chlorosulfates are presented. Tle
mechanism of chlorosulfate formation is discussed. Coutvenient one-step syntheses of carboxylic acids and derivatives from
these chlorosulfates have been accomplished. Thus C;FsCOX, C;F:[CF:CF(CF3)]¢[CF:CF:]n—1CF,COX. CoFsCF(CFy)-
[CH:CF;],CH,COX. ete. where X = OH, OR or NH,, have been synthesized by direct reaction of the corresponding chlorc-
sulfate (cited above) with water, alcohol or ammonia. Tlie mechanism of these interesting transformations is discussed.

The use of the versatile reagent chlorosulfouic able for reaction, c.g., perfluoro aromatics. It was

acid in sulfonation, sulfation, chlorosulionation,
and chlorosulfation reactions is well known in
hydrocarbon chemistry. These reactions with
arowatic compounds, alcohols, etc., are generally
inapplicable to fluorocarbon chemistry since the
fluorocarbon analogs either are unknown, eg.,
perfluoro alcohols, or have no hydrogens avail

(1) The work herein reported was carried out in part under contract
between the Office of Naval Research and the Pennsalt Chemicals
Corp., 1956--1957.

evident, therefore, that if this reagent were to find
general usefulness in the field of fluorocarbon
chemistry, reactions in hitherto unexplored areas
would have to be investigated. For this new ap-
proach it was considered promising to examine as
reactants fluorocarbon iodides®> which were cur-
rently under investigation in this Laboratory and

(2) No reactions of hydrocarbon alkyl halides, including the indides
with chlorosulfonic acid have been reported.



