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11.4 g. (0.11 mole) of ethyl glycolate. When solution was
complete, 40.2 g. (0.15 mole) of ethyl 4,4,5,5,6,6,6-hepta-
fluoro-2-hexenoate was added and the solution was heated
at 110° for 2 hr. and refluxed an additional 2 hr. Dilution
with 200 ml. of ether was followed by washing with water to
remove the basic catalyst. After drying over magnesium
sulfate, the ether solution was distilled to give 28.9 g. (71%,
recovery) of ethyl 4,4,5,5,6,6,6-heptafluoro-2-hexenoate
and 3.0 g. (9.29% conversion) of carbethoxymethyl 4,4,5,5,-
6,6,6-heptafluoro-2-hexenocate, b.p. 56° (0.6 mm.), n2’D
1.3712, dog 1.380.

Anal. Caled. for C;yHoF:04: C, 36.82; H, 2.78. Found:
C, 36.88; H, 2.85.

Diethyl 4-Perfluoropropyl-3-azahexanedioate.—A solu-
tion of 4.6 g. (0.2 g. atom) of metallic sodium in 150 ml. of
absolute alcohol was added to 27.8 g. (0.2 mole) of ethyl
glycinate hydrochloride in 50 ml. of alcohol. The sodium
chloride was removed by filtration and the alcoholic solution
was reduced in volume to approximately 25 ml. by distillation
at reduced pressure. The solution was again filtered and
53.6 g. (0.2 mole) of ethyl 4,4,5,5,6,6,6-heptafluoro-2-hex-
enoate was added. After refluxing for 2 hr. the mixture
was fractionated to give 19.9 g. (37% recovery) of the un-
saturated ester and 34.85 g. (75%) of diethyl 4-perfluoro-
propyl-3-azahexanedioate, b.p. 80° (0.11 mm.), #%¥D
1.3831, d%», 1.326.

Anal. Caled. for CoH;sF:O4N: C, 38.82; H, 4.34; N,
3.78; MRp, 65.08. Found: C, 39.10; H, 4.25; XN, 4.04;
MRp, 65.34,
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4-Perfluoropropyl-3-azahexanedioic Acid,—A mixture of
10 g. (0.027 mole) of diethyl 4-perfluoropropyl-3-azahexane-
dioate and 35 ml. of 109, sodium hydroxide was heated
under reflux for 16 hr. After diluting with 100 ml. of water,
dilute (1:1) hydrochioric acid was added dropwise until a
thick paste was produced. The solid was removed by filtra-
tion and recrystallized from 1200 «ml. of distilled water to
give 7.6 g. (899%) of the dicarboxylic acid, m.p. 156-157°
dec.

Anal. Caled. for CH;F:ON; C, 30.48; H, 2.56; N,
4,45, Found: C, 30.70; H, 2.69; N, 4.75.

Diethyl 4-Perfluoropropyl-3-methyl-3-azahexanedioate.—
Into a combustion tube were placed 20.9 g. (0.07 wmole)
of ethyl 3-methylamino-4,4,5,5,6,6,6-heptafluorohexanoate,
11.7 g. (0.07 mole) of ethyl bromoacetate and 11.0 g. (0.08
mole) of anhydrous potassium carbonate. The tube was
sealed and heated at 125° for 24 hr. The tube contents were
diluted with 200 ml. of ether and the ether sohition was
washed with water and dried with magnesium sulfate.
Fractionation led to 8.55 g. (409, recovery) of the methyl-
amino ester and 9.15 g. (349, conversion, 589, yield) of di-
ethyl 4-perfluoropropyl-8-azahexanedioate, b.p. 95° (1.9
mm,), #2p 1.3860, 420, 1.298.

Anal. Caled. for C3HiF7O4N: C, 40.52; H, 4.71; N,
3.64; MRp, 69.68. Found: C, 40.46; H, 4.99; N, 3.94;
MRp, 69.70.
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Ester-ethers Derived from 2,2,3,3,4,4-Hexafluoropentanediol~
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The disodium salt of (HOCH,CF:).CF; was treated with ethyl bromoacetate to give (EtO,CCH,-O-CH,CF,),CF,. Acidol-

ysis with formic acid gave the corresponding dicarboxylic acid from'which the ac@d chloride was prepared.
ethylation of (HOCH,CF;);CF; gave a mixture of the mono- and dicyanoethylation products.
A mixture of adducts was also obtained from the addition of hexafluoropentane-

verted to the corresponding ethyl esters.
diol to methyl acrylate,

Recent interest in polyesters containing a high
percentage of fluorine* led to an investigation of
synthetic routes to new fluorine-containing mono-
mers. Several dicarboxylic acids and derivatives
containing perfluoroalkyl side chains have been
reported in earlier papers.® Straight chain mono-
mers containing difluoromethylene groups and two
ether functions are the subjects of the present
paper. These compounds are derivatives of di-
carboxylic acids having the general formula

HO,C(CH;),—0—CH,(CF3); CH;—0—(CH,),CO,H
and were prepared from 2,2,3,3,4,4-hexafluoropen-
tane diol.®

Fluorine-containing ethers generally have been
prepared by the addition of alcohols to fluorinated

(1) A portion of this investigation was performed on a subcontract
with Hooker Electrochemical Co. and was supported by the United
States Air Force as part of Contract AF 33(616)-2421 monitored by
Materials Laboratory, Directorate of Research, Wright Air Develop-
ment Center,

(2) From a thesis submitted by Gordon Wilson, Jr.. to the
Graduate School, Purdue University, in partial fulfillment of the re.
quirements for the degree of Doctor of Philosophy.

(3) Procter and Gamble Fellow, 1956-1957.

(4) G. C. Schweiker and P. Robitschek, J. Polymer Sci., 24, 33
(1957).

(5) E. T. McBee, C. W. Roberts and G. Wilson, Jr., THIS JOURNAL,
79, 2323 (1957);: 80, 1719 (1958).

(6) E. T. McBee, W. F. Marzluff and O. R, Pierce, ibid., T4, 444
(1932),

The cyano-
These nitriles were con-

olefins or the reaction of a metal alcoholate with an
alkyl halide, .e., a Williamson etlier synthesis.
Henne and Smook” utilized the latter procedure to
prepare simple ethers from a 1,1-dihydroperfluoro
alcohol, but diethers of the glycols obtained by re-
duction of perfluorinated dicarboxylic acids have
not been reported previously., The monoethyl
ether of 2,2,3,3,4,4,4-hexafluoropentanediol, how-
ever, has been prepared by treating the diol with
ethyl sulfate in alkaline solution,$

The preparation of the disodium salt of 2,2,3,-
3,4,4-hexafluoropentanediol for use in Williamson-
type ether syntheses presented unexpected difficul-
ties. From the acidity constants for the next
higher and lower analogs,® the diol is expected to re-
act at a rapid rate with metallic sodium or with
sodium hydride. However, in hydrocarbon or
ether solvents the sodium salt of the diol was found
to be very insoluble and the initial vigorous reac-
tion rapidly subsided due to coating of the metal or
its hydride with the salt. At thereflux temperature
of dioxane where the sodium was in the molten state,
complete solution of an equivalent of the metal was
achieved but only at the expense of degradation of
the diol. Similar results were obtained using
either dibutyl ether or diethylene glycol ether as

(7) A. L. Henne and M. A. Smook, bid., T2, 4378 (1950).



1722

the solvent. The use of metallic potassium in
tetrahydrofuran or dioxane also led to rupture of
carbon—fluorine bonds. A convenient preparation
of the disodium salt was achieved by adding an
ethanolic solution of sodium ethoxide to the diol in
dioxane, and then by removing the ethanol by
fractional distillation,

Treatment of the disodium salt of 2,2,3,3,4,4-
hexafluoropentanediol with ethyl bromoacetate
gave diethyl 5,5,6,6,7,7-hexafluoro-3,9-dioxaundec-
anedioate. Henne and Smook’ have noted that
the ether linkage of S-fluorinated ethers is very
easily hydrolyzed. All attempts to hydrolyze the
hexafluorodioxaundecanedioate under acidic or
basic conditions resulted in isolation of the original
hexafluoropentanediol. However, 5,5,6,6,7,7-hexa-
fluoro-3,9-dioxaundecanedioic acid was obtained
by acidolysis® of the diethyl ester with formic acid.
The acid was treated with thionyl chloride to give
the corresponding acid chloride, 5,5,6,6,7,7-hexa-
fluoro-3,9-dioxaundecanedioyl chloride.

Two different approaches to the synthesis of a
higher analog of diethyl 5,5,6,6,7,7-hexafluoro-3,9-
dioxaundecanedioate were studied. The first in-
volved the cyanoethylation of 2,2,3,3,4,4-hexa-
fluoropentanediol with subsequent conversion to the
acid or ester. Since the cyanoethylation of alco-
hols is an equilibrium reaction,? the use of a large
excess of acrylonitrile at elevated temperatures was
expected to favor formation of the dicyanoethyla-
tion product. It was found that these conditions
led to low polymers of acrylonitrile which could not
be separated completely from the desired product.
The latter was best obtained by using no more
than a 1009% excess of acrylonitrile, 409, aqueous
potassium hydroxide as the catalyst and conducting
the reaction at 25°. The substances isolated from
such a reaction were the original diol (5-149 re-
covery), 9-hydroxy-6,6,7,7,8,8-hexafluoro-4-oxa-
nonanonitrile (30-429; conversion) and the di-
cyanoethylation product, 6,6,7,7,8,8-hexafluoro-4,-
10-dioxatridecanodinitrile (26-289, conversion).

Hydrolysis of 6,6,7,7,8,8-hexafluoro-4,10-dioxa-
tridecanodinitrile with either aqueous alkali or acid
was accompanied by cleavage of both ether linkages
and formation of the original diol. Similar diffi-
culties have been reported for the hydrolysis of the
cyanoethylation product of 1,4-pentanediol.’” The
diether-dinitrile was converted to the diethylimino-
ester dihydrochloride by the method of Christian
and co-workers!! and the salt was hydrolyzed to
give diethyl 6,6,7,7,8,8-hexafluoro-4,10-dioxatridec-
anedioate without cleavage of the ether linkages.
By treating 9-hydroxy-6,6,7,7,8,8-hexafluoro-4-oxa-
nonanonitrile in a similar manner, ethyl-9-hydroxy
6,6,7,7,8,8-hexafluoro-4-oxanonanoate was obtained,

As an alternate and more direct route to an ester
of  6,6,7,7,8,8-hexafluoro-4,10-dioxatridecanedioic
acid, the addition of 2,2,3,3,4,4-hexafluoropen-
tanediol to methyl acrylate, was studied. The re-

(8) C. E. Rehberg, "Organic Syntheses,” Coll. Vol, IT1, John Wiley
and Sons, Inc., New York, N. Y., 1955, p. 33.

(9) H. A. Bruson, "Organic Reactions,” Vol. V, John Wiley and
Sons, Inc., New York, N. Y,, p. 89.

(10) R. V. Christian, Jr., and R, M. Hixon, ‘T a1s JourNaL, T0, 1333
(1948),

(11) R, V. Cliristian, Jr., H. D. Brown and R. M. Hixou, 7bid., 69,
1061 (1047).
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sults of these experiments were similar to the
cyanoethylation reaction in that a mixture of sub-
stances was obtained. Thus, using dioxane as a
solvent and the disodium salt of the diol as a cat-
alyst, the compounds isolated were methyl O-
hydroxy-6,6,7,7,8,8-hexafluoro-4-oxanonanoate, di-
methyl 6,6,7,7,8,8-hexafluoro-4,10-dioxatridecane-
dioate and the original diol. Attempts to convert
the monoadduct to the diadduct by further addi-
tion to methyl acrylate also resulted in a mixture
of the same three compounds.

Experimental!*

Diethyl 5,5,6,6,7,7-Hexafluoro-3,9-dioxaundecanedioate.
—A solution of sodium ethoxide prepared froin 4.6 g. (0.2 g.
atom) of sodium and 110 ml. of absolute ethanol was added
to a solution of 21.2 g. (0.1 mole) of 2,2,3,3,4,4-hexafluoro-
pentanediol® in 200 ml. of dioxane. After removal of the
ethanol by distillation through a 30-cm. Vigreux column, a
solution of 33.4 g. (0.2 mole) of ethyl bromoacetate in 100
ml. of dioxane was added and the mixture was refluxed for
5 hr. The solvent was removed by distillation, the residue
was diluted with 500 ml. of benzene and the sodium bromide
and unreacted diol were removed by washing with water.
After drying with Drierite, the benzene solution was frac-
tionated to give 29.6 g. (779) of the diester-diether, b.p.
134-135° (0.1 mm.), »%p 1,4010, 420, 1.345.

Anal. Caled. for CisHisFeOs: C, 40.63; H, 4.72;
69.58. Found: C, 40.93; H, 4.50; M Rbp, 69.40.

5,5,6,6,7,7-Hexafluoro-3,9-dioxaundecanedioic Acid.—A
solution of 6.0 g. (0.016 mole) of diethyvl 5,5,6,6,7,7-hex§1-
fluoro-3,9-dioxaundecanedioate in 50 ml. of 909 formic acid
was fractionally distilled until no further ethyl formate cou}d
be obtained. The excess formic acid was removed by .dIS-
tillation at 100 mm. and the solid residue was recrys;alhz_ed
from toluene to give 3.9 g. (76%) of the dicarboxylic acid,
m.p. 82-83°.

Anal. Caled. for C;HwFsOs: C, 32.94; H, 3.07.
C, 32.89; H, 3.09.

5,5,6,6,7,7-Hexafluoro-3,9-dioxaundecanedioyl Chloride.
—Thionyl chloride (17.9 g., 0.15 mole) was added to 16.4 g.
(0.05 mole) of 5,5,6,6,7,7-hexafluoro-3,9-dioxaundecane-
dioic acid and the mixture was refluxed for 3.5 hr. The
excess thionyl chioride was removed by distillation at 100
mm. pressure and the residue was distilled ¢n vacuo to give
16.9 g. (93%) of slightly vellow liquid product, b.p. 110
(0.1 mm.), m.p. 40-52°. Recrystallization frown hexane
produced a pure sample, m.p. 52.5-33°.

Angl. Caled. for CoHsFsO4Cly: C, 29.61; H, 2.21; Ci,
19.42. Tound: C, 29.61; H, 2.43; Ci, 19.20.

The diamide, obtained by passing ammonia into an ethe-
real solution of the acid chloride, was recrystallized from
959, ethanol, m.p. 146.5-147.5°.

Anal. Caled. for CoHpFsOsNy: C, 33.14; I, 3.71; N,
8.39. TFound: C, 33.05; H, 3.90; N, 8.77.

9-Hydroxy-6,6,7,7,8,8-hexafluoro-4-oxanonanonitrile and
6,6,7,7,8,8-Hexafluoro4,10-dioxatridecanodinitrile. —A re-
action mixture consisting of 21.3 g. (0.1 mole) of 2,2,3,3,-
4,4-hexafluoropentanediol, 2.4 g. of 40% aqueous potas-
sium hydroxide and 21.2 g. (0.4 mole) of acrylonitrile in 300
ml. of ether was stirred at 25° for 31 hr. The ether solution
was washed with water until the washings were neutral to
litmus, dried with magnesium sulfate and fractionated to
give 11.05 g. (429) of the monocyanoethylation prodnct,
b.p. 126° (0.08 mm.), »®p 1.3881, d%, 1.481.

MRb,

Found:

Anal. Caled. for CsHyFeON: C, 36.23; H_, 3.4}2;_ N,
5.28; MRp, 43.55. Found: C, 36.00; H, 3.27; N, 5.36;
MRp, 42.27.

A higher-boiling fraction consisted of 8.85 g. (289%) of
the dicyanoethylation product, b.p. 180° (0.08 wm.),
7D 1.4040, 42, 1.381.

(12) All temperatures are uncorrected. Amnalyses were made by
Dr. C. 8. Yeh and Mrs. S. L. Margerum of this department. Calcu-
lated molecular refractions were obtained by addition of the bond
refractions of K. . Denbigh, Trans. Faraday Soc., 36, 936 (1940).
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Amnal. Caled. for C 3 H1sFsOsNo: C, 41.52; H, 3.80; N,
8.80; MRp, 56.54. Found: C, 41.39; H, 3.79; N, 8.99;
MRp, 56.36.

Ethyl 9-Hydroxy-6,6,7,7,8,8-hexafluoro-4-oxanonanoate.
—A solution of 19.2 g. (0.073 mole) of 9-hydroxy-6,6,7,7,8,-
8-hexafluoro-4-oxanonanonitrile in 30 ml. of absolute eth-
anol was saturated with hydrogen chloride at —20°. After
storage in a refrigerator for 20 days, a portion of the excess
hydrogen chloride and ethanol was removed by evaporation
at 110 mm. and the remaining oil was heated with 100 mil.
of water at 65° for 1 hr. The ether extracts of the aqueous
suspension were dried with magnesium sulfate and fraction-
ated to yield 17.55 g. (78%) of the product, b.p. 112-113°
(0.5 mm.), n2p 1.3916, 420, 1.386.

Anal. Caled, for C,oH14FsOy: C, 38.47; H, 4.52; MRp,
53.70. Found: C, 38.23; H, 4.69; M Rbp, 53.58.

Diethyl 6,6,7,7,8,8-Hexafluoro-4,10-dioxatridecanedioate.
—By the foregoing procedure, 10.0 g. (0.031 mole) of 6,6,-
7,7,8,8-hexafluoro-4,10-dioxatridecanodinitrile led to 9.00 g.
(709%,) of the diester-diether, b.p. 131-132° (0.07 mm.),

TopoBENZENE DICHLORIDE IN CARBON TETRACHLORIDE
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Methy! 9-Hydroxy-6,6,7,7,8,8-hexafluoro-4-0xanonano-
ate and Dimethyl 6,6,7,7,8,8-Hexafluoro-4,10-dioxatridec-
anedioate.—Methyl acrylate (20 g., 0.23 mole) was added
to a2 mixture of 21.2 g. (0.1 mole) of 2,2,3,3,4,4-hexafluoro-
pentanediol, 1.0 g. (0.004 mole) of the disodium salt of the
diol and 200 ml. of anhydrous ether. After stirring at 25°
for 8 Iir., the reaction mixture was heated under reflux for
5 hr., cooled, washed with water and dried over magnesium
sulfate. After evaporation of the ether, thie residue was
taken up in 250 ml. of hot benzene and cooled to give 6.75
g. (419, recovery) of hexafluoropentanediol. Fractional
distillation of the filtrate gave 12.25 g. (419, conversion,
549, vield) of methyl 9-hydroxy-6,6,7,7,8,8-hexafluoro-4-
oxanonanoate, b.p. 110° (0.4 mm.), »®p 1.3900, d*, 1.443.

Anal. Caled. for CiHsFeOy: C, 36.25; H, 4.06; MRb,
48.97. Found: C, 36.19; H, 4.29; M Rp, 48.98.

A higher-boiling fraction from the above preparation con-
sisted of 3.8 g. (199, conversion, 229, yield) of dimethyl
6,6,7,7,8,8-hexafluoro-4,10-dioxatridecanedioate, h.p. 125°
(0.06 mm.), b 1.4028, d2, 1.348.

n®p 1.4041, d®, 1.287. Anal. Caled. for C;H;sFsOs: C, 40.63; H, 4.72; MRp,
Anal. Caled. for CuHuFeOs: C, 43.70; H, 5.38; MRb, 69.58. Found: C, 40.79; H, 4.83; M Rb, 69.54.
78.84. Found: C, 43.84; H, 5.58; M Rp, 78.38. WEST LAFAYETTE, INDIANA
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The Formation and Dissociation of Iodobenzene Dichloride in Carbon Tetrachloride

By L. J. ANDREWS AND' R. M. KEEFER
RECEIVED NOVEMBER 5, 1957

The reaction of iodobenzene with chlorine to form iodobenzene dichloride in carbon tetrachloride is extremely slow in the
dark unless a polar catalyst is present. Reaction is induced either by iodine monochloride or by the concomitant action of
water and hydrogen chloride. Through the use of iodine monochloride as the catalyst the equilibrium constants for dichlo-
ride dissociation in carbon tetrachloride at 25.0° and 45.4° have been evaluated and the kinetics of equilibration have been
studied. The degree of dissociation is larger in the non-polar medium than in acetic acid, although the enthalpy of dis-
sociation is insensitive to the change in solvent. The reactions which lead to equilibration are second order with respect to
the catalyst. The activation energy for the dissociation step is very small, and that for the reverse process is negative.
It is presumed that the catalyst provides a favorable atmosphere for polarization of the reactants iu the activated complex.

Under reflux in non-polar media iodobenzene di-
chloride reacts with acenaphthylene! and p-diox-
ene’ to give irams-dichlorides of the unsaturated
starting materials. When the iodo compound is
replaced by molecular chlorine and the reactions
are carried out at ice temperature, cis-dichlorides
are produced in substantial amount. Although an
unequivocal statement cannot be made on the basis
of existing information, it seems unlikely that the
trans products form through dissociation of iodo-
benzene dichloride and then reaction of free
chlorine with the unsaturates.

The formation of ¢is-dichloride? in the reaction of
cholesteryl benzoate with iodobenzene dichloride
in dry chloroform is presumed* to result from a
direct interaction of the two reactants by a proc-
ess which leads to a cyclic activated complex.?
In moist chloroform the product configuration
shifts to trans as the water content of the medium is
increased. Presumably moisture favors dissocia-
tion of the iodobenzene dichloride to free chlorine
(or its hydrate), since the product of reaction of

(1) S. J. Cristol, F. R. Stermitz and P. S. Ramey, THIS JOURNAL,
78, 4939 (1956).

(2) R. K. Summerbell and H. E. Luak, ibid.. 79, 4802 (1957).

(8) C.J. Berg and E. S. Wallis, J. Biol. Chem., 162, 683 (1946).

(4) D. H. R, Barton and R. Miller, Taxs JournaLr, 72, 370 (1950).

(8) Cf. M. J. S. Dewar, Ind. chim. belg., 15, 181 (1950); C. 4., 47,
9118 (1953).

molecular chlorine and cholesteryl benzoate in
chloroform is also trans.6

The reaction of rubber with iodobenzene dichlo-
ride in carbon tetrachloride also is believed to occur
by a radical’® or other* process without the libera-
tion of free chlorine.

It has been demonstrated® that, in the polar
medium acetic acid, iodobenzene dichloride can
function as a halogenating agent through prior dis-
sociation to iodobenzene and chlorine. In this
solvent the dichloride equilibrates with its com-
ponents at a reasonably rapid but easily measurable
rate, and the rates of nuclear chlorination of mesity-
lene and pentamethyvlbenzene by reaction with the
dichloride in acetic acid are identical with the rate
of dichloride dissociation.®® The entropy of acti-
vation for the dissociation is negative,!! a fact which

(8) The apparent discrepancy in the stereochemistry of the addition
products reported for acenaphthylene and p-dioxene as coinpared to
that for the cholesteryl benzoate adduct has not been fully explained
(see ref. 2).

(7) G. F. Bloomfield, J. Chem. Soc., 114 (1944).

(8) C. S. Ramakrishnan, D. Raghunath and J. B. Pande, Trans.
Inst. Rubber Ind., 80, 129 (1954); C. A., 49, 657 (1955).

(9 R. M. Keefer and L. J. Andrews, THIS JoURNAL, T9, 4348
(1957).

(10) E. Zappi and Sta. J. Cortelezzi, Bull. soc. chim., {5] 1, 509
(1934), have given cryoscopic evidence that iodobenzene dichloride is
also partially dissociated in nitrobenzene and in phosphorus oxychloride.

(I1) R. M. Keeferand 1. J. Andrews, THIS JoURNAL, 80, 277 (1958).



