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by measurements at the 8.36 u band of the deuterium com-
pound and the 8.59 u band of the protium compound.

Kinetics of Deuterium Exchange.—In a typical run 0.5
ml. of deuteriodifluoromethyl phenyl sulfone was pipetted
into 50 ml. of 0.0237 M sodium methoxide in methanol at
0° and the reaction flask shaken. At various recorded
times 10-ml. samples were pipetted into 70 ml. of 0.2 M
hydrochloric acid and extracted with 1.5 ml. of carbon
disulfide. After drying with a little silica gel, the carbon
disulfide solutions were analyzed for the isotopic content
of the sulfone they contained.

Since the deuterium exchange is quite rapid compared
to the rate of consumption of sodium methoxide the re-
action is first order within a given run. As we have shown
previously we need to know only the base concentration
and the deuterium content at time £ relative to that present
initially. Ignorance of the absolute deuterium content,
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variations in sample size, incomplete (but isotopically
non-selective) extraction, spillage of extract, etc., will have
no effect on the values of the rate constants obtained., Table
II1 gives data on one of the deuterium exchange runs.

The rate constants calculated in the usual manner showed
a tendency to fall as the reaction proceeded. We believe
that this is due to an increase in the reaction temperature
brought about while removing the flask from the ice-bath
for vigorous shaking at the beginning of the reaction. To
correct’for this we have used the first point taken as a ‘‘zero
point.’

Acknowledgments.,—We should like to acknowl-
edge the contributions of the U. S. Army Office of
Ordnance Research to the support of this
investigation.

[ConTrIBUTION NO, 580 FROM THE CENTRAL RESEARCH DEPARTMENT, EXPERIMENTAL STATION, E. I. DU PONT DE NEMOURS
AND Co., WiLMINGTON 98, DEL.]

Reactions of Fluorodlefins with Sulfur Trioxide

By D. C. ENGLAND, M. A. DIeTrICH AND R. V. LINDSEY, JR.
REcEIVED JuLy 12, 1960

B-Sultones have been synthesized in good yields by reaction of a variety of fluorodlefins with sulfur trioxide,

Other prod-

ucts including a cyclic sulfite from tetrafluoroethylene and adducts believed to be six-membered cyclic sulfonate-sulfate

anhydrides are also obtained depending on the structure of the fluorotlefin and the reaction conditions.

The sultones re-

arrange in the presence of bases to give derivatives of sulfodihaloacetic acids, and the mechanism of this rearrangement is con-

sidered.

Reactions of olefins with sulfur trioxide have
been rather extensively studied. These reactions
are generally quite vigorous and must be moderated
by use of inert diluents or by use of complexes of
sulfur trioxide with pyridine or dioxane., Inonlyone
case, 1.e.,, the reaction of styrene with sulfur
trioxide, has the isolation of a B-sultone been re-
ported.!

In contrast, it has recently been reported3?
that a number of fluorodlefins react with sulfur
trioxide in the absence of any complexing agent
or diluent to give @-sultones and, under some
conditions, cyclic sulfonate-sulfate anhydrides.
In studies extending over a period of several
years, we have also been examining the behavior
of fluorotlefins toward sulfur trioxide and are
prompted to submit a detailed account of our
findings, since they are at variance with those al-
ready reported in some respects and serve to ex-
tend and clarify them in many others.

Tetrafluoroethylene (TFE) reacted rapidly and
exothermically with freskly distilled sulfur tri-
oxide* in a modified Parr low-pressure hydrogena-
tion apparatus to give Q-hydroxytetrafluoro-
ethanesulfonic acid sultone (I) in nearly quanti-
tative yield. The reaction temperature was kept
below 80° by external cooling and by regulating
the rate of addition of TFE. The reaction could

(1) F. G. Bordwell, M. L. Peterson and C. S. Rondestvedt, Jr., TaIS
JourNaL, 76, 3945 (1954).

(2) S. Hsi-Kwei Jiang, Hua Hsdeh Hslieh Poo, 23,330 (1957); C. A.,
52, 15403b (1958).

(3) M. A. Dmitriev, G. A, Sokol’skil and I. L. Knunyants, Khkim,
Nauka ¢ Prom., 8, 826-8 (1958); Doklady Akad. Nauk S.5 S.R., 124,
581 (1959); C. A., 58, 11211a (1959).

(4) “Sulfan,”” purchased in 2-lb. ampoules from Genera! Chemical
Division, Allied Chemical Corp., and described in their trade literature

as ‘‘stabilized sulfur trioxide,” was used in this work. In our hands,
this material distilled practically quantitatively at 46°.

also be run at atmospheric pressure by passing a
mixture of TFE and sulfur trioxide through a
Pyrex tube packed with short sections of Pyrex
tubing. Under these conditions, a mildly exo-
thermic reaction occurred and distillation of the
product gave pure I in 449, yield. Attempts
to accomplish the reaction by bubbling TFE
through liquid sulfur trioxide at atmospheric
pressure were unsuccessful. The sultone I is a
fuming liquid that boils at 42°. TIts structure
was established from elemental analyses, neutral
equivalent determinations and the fluorine nuclear
magnetic resonance spectrum (n.m.r.).

Sultones were also prepared from several chloro-
fluorodlefins. For example, reaction of sym-
dichlorodifluoroethylene with distilled sulfur tri-
oxide at atmospheric pressure with mild heating
gave the sultone IIT in 809, yield. umsym-Di-
chlorodifluoroethylene reacted with sulfur tri-
oxide to give V as the sole product. However,
chlorotrifluoroethylene gave approximately equal
amounts of the two possible isomeric sultones VII
and VIII. These products codistilled but the
fluorine n.m.r. spectrum of the mixture was
readily interpreted as consisting of a single peak
(CFCl) and a weak-strong—strong-weak combina-
tion (CF: in an unsymmetrical ring) for each of
the two isomers present.

Treatment of the sultones with a catalytic a-
mount of base, such as triethylamine, brought
about rapid and quantitative rearrangement to
sulfonic-carboxylic acid halides. A possible mech-
anism for this rearrangement is proposed as®
In the first step, triethylamine would be expected
to attack at the sulfur atom as shown and ring-

(5) The authors are indebted to a referee for unifying and expanding
the mechanistic considerations contained in the original manuseript.
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opening at the S-O bond is indicated by the pres-
ence of a carbonyl group in the final product.
In the second step, halogen ion, X;9, is expelled.
It is of interest that in those cases in which a
choice between Cl— and F— exists, the expelled
anion is always Cl— (compounds III and VIII).
In the final step, the expelled anion displaces
triethylamine from the cation to give the final
product. Formation of free ions in the second
step (at least in part) rather than an intramolecu-
lar rearrangement is proposed to account for the
formation of some (8.59,) FOCCF,SO,F during
rearrangement of the mixture of VII and VIIIL
This product would be formed by fluoride ion
from VII attacking the cation from VIII. Simi-
larly, some FOCCFCISO,Cl would be expected
by attack of chloride ion from VIII on the cation
from VII. Evidence for the presence of this com-
pound was provided by n.m.r. although it was not
isolated.

Reactions of the sultone I with nucleophilic
reagents® such as alcohols, sodium methoxide,
primary amines, secondary amines, urea and
potassium thiocyanate gave derivatives of fluoro-
sulfonyldifluoroacetic acid (see Table I). The
acid itself was formed by reaction of I with water.
These products can be accounted for by assuming
that these reagents initially bring about rear-
rangement of I to fluorosulfonyldifluoroacetyl
flucride, FOCCF.SO,F (II), according to the
mechanism described above for triethylamine
followed by reaction of the reagent with the acid
fluoride group which is much more reactive than
the sulfonyl fluoride group. Alternatively, there
may be initial formation of the fluoroacyldifluoro-
sulfonic acid derivative followed by interchange
with the acid fluoride group.

Reaction of the sultone IIT with two tnoles of
diethylamine gave the same fluorosulfonyl deriva-
tive, FO,SCFCICON(C,Hs;)s, as was obtained from
VII, rather than the chlorosulfonyl derivative,
CIO,SCFCICON(CyHj),.  Similarly, reaction of
sultone VIII with two moles of diethylamine gave
the same fluorosulfonyl derivative, FO;SCF,-
CON(C;Hs)2, as was obtained from I, rather than

(8) D. C. England, U. S. Patent 2,852,554 (1938).
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the chlorosulfonyl derivative, ClO;SCF;CON(Cy-
Hs).. This indicated that halogen exchange had
occurred between the diethylamine hydrofluoride
and the sulfonyl chloride group to give diethyl-
amine hydrochloride and the sulfonyl fuoride.
Such an exchange was demonstrated by addition
of a mixture of FO,SCFCICOF and ClO:SCF.COF
to triethylamine hydrofluoride. An exothermic
reaction occurred togiveamixture of FO,SCFCICOF

Under Friedel-Crafts conditions using aluminum
chloride, fAuorosulfonyldifluoroacetyl fluoride (II)
reacted with benzene to give about 8% yield each
of benzoyldifluoromethyl phenyl sulfone, 2,2-
difluoroacetophenone and  2-chloro-2,2-difluoro-
acetophenone,

A decreasing tendency toward G-sultone forma-
tion was observed with a series of hydrofluoro-
olefins representing successive replacement of
fluorine by hydrogen in TFE. Thus, whereas
TFE gave a quantitative yield of §-sultone, tri-
fluoroethylene under comparable conditions gave
a 609, yield of the sultone XI, which could be re-
arranged to fluorosulfonylfluoroacetyl fluoride
(XII), and a 349 yield of a higher-boiling product.
This product was shown by analyses to contain
the fluoroélefin and sulfur trioxide in the ratio 1:2.
From the established structure of the 1:1 adduct

0
$F2——o FO,SCHFCOF ?Fg ?O-z
CHF—S0, XI1 CHF O
\SOz/
X1 XIIT

X1, in which oxygen is attached to the CF; group,
and by analogy to the structure of the 1:2 ethylene/
sulfur trioxide product,” this compound is deduced
to be the cyclic sulfonate-sulfate anhydride XIII.
Vinylidene fluoride was exothermically absorbed
by sulfur trioxide to give a solid mass of crystals.
The reaction ceased abruptly after approximately
one-half mole of fluorodlefin had been absorbed.
Thus, it appears that vinylidene fluoride gives
exclusively a 1:2 adduct of the same type as XIII.
The crystalline product was unstable and was con-
verted to an amber liquid on standing overnight
in a sealed container at room temperature. Vinyl
fluoride reacted uncontrollably with sulfur trioxide
to give tar.

Alkyl- and fluoroalkyl-substituted derivatives
of TFE also gave g-sultones. For example,
hexafluoropropene reacted with sulfur trioxide in
a sealed glass tube at 100° to give 2-hydroxy-1-
trifluoromethyl - 1,2,2 - trifluoroethanesulfonic acid
sultone (XIV) in 859, yield. This product rear-
ranged in the presence of a catalytic amount of
triethylamine to give CF;C(COF)FSO,F, and re-
acted with water to give CF;CHFSO.,F by de-

Ty T T
CF;CF—S0; CH,CF—S0. H(CF;);CF—S80;
X1V XV XV1

carboxylation of the unstable intermediate carbox-

(7) ¥, G
(1954).

Bordwell and M. 1.. Peterson, THIS JOURNAL, T6, 3957
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ylic acid. Good yields of the sultones XV and XVI
were obtained from m-butyltrifluoroethylene and
w-hydroperfluoro-1-octene, respectively.

Several of the sultones in addition to I were
treated with alcohols and amines to give deriva-
tives of their rearrangement products. These
compounds are also listed in Table I.

The importance of using freshly distilled sulfur
trioxide in preparing the sultones must be em-
phasized. In our work with TFE, the use of
Sulfan* that had not been distilled prior to use
almost invariably led to a mixture of products
as discussed below. This was true whether Sulfan
from a previously used or freshly opened ampoule
was employed. Furthermore, in contrast to the
reaction of TFE with freshly distilled sulfur tri-
oxide, which could be scaled up manyfold, all
attempts to scale up the reaction with Sulfan in
the Parr apparatus beyond about 0.2 mole quan-
tities resulted in rapidly decreasing absorption of
TFE and reaction soon became negligible. Since
this inhibition was not appreciable in the atmos-
pheric pressure apparatus, most of the experi-
ments with TFE and Sulfan were conducted in
this equipment.

The products obtained under these conditions
consisted of a low-boiling mixture of two 1:1
adducts that could not be separated by distillation
and a higher-boiling product. One component
of the low-boiling mixture was clearly recognized
as I by n.m.r. The other component was deduced
to be the cyclic sulfite XVII on the basis of the
following information: (a) in addition to the two

o
CF,0 /
¢F S0,
50 1 |
¢/, O
CFO \so,”
XVII XVIIL

characteristic peaks of the sultone I, the n.m.r.
spectrum of the mixture showed a pattern expected
for structure XVII, assuming that the ring is non-
planar; (b) neutral equivalent determinations on
the mixture gave values between that established
for the sultone (45) and that calculated for the
sulfite (22.5) from the equation

XVII + 8NaOH —>
(COONa); + 4NaF + NayS0; + 4H,0

Percentage compositions of mixtures estimated
from n.m.r, spectra agreed closely with those based
on neutral equivalent determinations; and (c)
mixtures reacted with aniline and cyclohexylamine
to give oxanilide and N,N’-dicyclohexyloxamide,
respectively. These products were not obtained
from pure I. In typical preparations, the sulfite
was estimated to constitute about 159 of the low-
boiling product. By careful fractional distillation,
samples containing about 559, sulfite and 459,
sultone were obtained, but pure sulfite was never
isolated.

The higher-boiling product, which constituted
about 30% of the total, was a fuming liquid.
About half of it boiled at 100~108° and was shown
by analyses to contain TFE and sulfur trioxide
in approximately a 1:2 ratio. By analogy to
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similar products obtained in this work, it is assumed
to have structure XVIII. Neither this product
nor the sulfite (XVII) was ever obtained from the
reaction of TFE with freshly distilled sulfur
trioxide.

The reaction of hexafluoropropene with Sulfan
also gave a different product from that (XIV)
obtained with distilled sulfur trioxide. This prod-
uct contained two moles of sulfur trioxide and was
presumably a cyclic sulfonate-sulfate anhydride.

The marked difference in results obtained with
Sulfan before and after distillation may be caused
by differences in the amount of polymeric sulfur
trioxide present. It is known that monomeric
liquid sulfur trioxide polymerizes quite readily
and that this polymerization is promoted by water.®
In our work freshly distilled sulfur trioxide to
which a small amount of water had been added
showed greatly reduced reactivity toward TFE
in the Parr apparatus and the product obtained
contained some sulfite, XVII. Similar treatment
of Sulfan completely inhibited its reaction with
TFE under these conditions. Reaction of TFE
with solid polymeric sulfur trioxide was very slug-
gish even at 100° and gave only a low yield of
sultone and some sulfite. Another cause for the
difference in reaction with Sulfan and freshly
distilled sulfur trioxide could be the stabilizing
agent used in Sulfan. Although the particular
agent used is not known, one which has been
disclosed,? boric anhydride, did not affect the re-
activity of freshly distilled sulfur trioxide.

Acknowledgment.——The authors are indebted to
Drs. W. D. Phillips and Harlan Foster and Mr.
C. B. Matthews for determining and interpreting
the n.m.r. spectra upon which most of the struc-
tural assignments are based, to Dr. R. A. Carboni
for experimental work on hexafluoropropene, and
to Dr. J. L. Anderson for helpful suggestions.

Experimental?

Reaction of TFE with Freshly Distilled Sulfur Trioxide.
(A) Under Pressure—The bottle (400 ml.) of a Parr low-
pressure hydrogenation apparatus was fitted with a two-hole
rubber stopper through which were passed a thermocouple
well made of 5-mm. glass tubing and a gooseneck made of 8-
mm. heavy-walled glass tubing. The thermocouple well
extended to within about 2 cm. of the bottom of the bottle.
The gooseneck extended 1 cm. into the bottle and the other
end was connected directly to a manifold system with heavy-
walled Tygon polyvinyl chloride pressure tubing using screw
clamps. Also attached to the manifold system through
needle valves were a vacuum line, a storage cylinder of TFE,
a pressure gage and a vent line.

The bottle was charged with 212 g. of freshly distilled
sulfur trioxide (condensed at room temperature since cooling
promotes polymerization) and clamped into the metal cage
of the shaking apparatus. The bottle was evacuated briefly
to remove most of the air present and was pressured to 2.7
atm. gage with TFE. A rapid, exothermic absorption of
TFE began as soon as shaking was started. The tempera-

(8) H. V. Sidgwick, ‘The Chemical Elements and Their Com-
pounds,” Clarendon Press, Oxford, 1950, Vol. IL, p. 901.

(9) H. G. McCann, U. S. Patent 2,458,718 (1949).

(10} All boiling points and melting points are uncorrected. Nuclear
magnetic resonance (n.m.r.) spectra were obtained by means of a high
resolution nuclear magnetic resonance spectrometer and associated
electromagnet, both manufactured by Varian Associates, Palo Alto,
Calif,, operating at 56.4 Mc. and approximately 14,000 gauss. Spec-
tra were calibrated in cycles per second (c.p.s.) from the fluorine
resonance of trifluorcacetic acid using the side-band technique. Posi-
tive signs refer to the high field side from the reference.
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ture was kept below 80° by regulating the rate of addition of
TFE and by cooling the vessel externally with a stream of
ice-water. Absorption was complete in about 1 hr. The
total gain in weight was 265 g. Distillation of the product
gave 442 g. (98%) of 2-hydroxytetrafluoroethanesulfonic
acid sultone (I), b.p. 42°, m.p. —35°. The fluorine n.m.r.
spectrum showed two peaks of equal intensity at 768 and

1305 c.p.s. Fine structure showed each of these peaks to
be a triplet.
Anal., Caled. for C,HO0;S: F, 42.2; S, 17.8; neut.

equiv., 45.0. Found: F, 41.6; S, 18.0; neut. equiv., 44.9.

The reaction was repeated with 46.7 g. of sulfur trioxide to
which two drops of water had been added to obtain 48 g.
(46%) of product, b.p. 42°. The n.m.r. spectrum of this
product showed the presence of a second component, sub-
sequently identified as the sulfite XVII (see below). A
considerable amount of higher-boiling material was also
formed.

(B) At Atmospheric Pressure. —TFE was metered at a
rate of 1 mole per hour into the top of a vertically mounted
25-mm. o.d. glass tube 20 inches long packed with short
sections of 8mm. glass tubing. Freshly distilled sulfur
trioxide was added dropwise at the same rate. Near the
bottom of the tube a hot spot of about 45° developed. The
product was collected in a trap cooled in a bath of solid car-
bon dioxide in acetone, From 54 g. of sulfur trioxide there
was obtained 53 g. (44%) of I, b.p. 42°, which was pure by
n.m.r. Considerable sulfur trioxide polymer was formed.
When TFE was bubbled through freshly distilled sulfur
trioxide at atmospheric pressure in a moisture-protected
flask, essentially no reaction was observed.

Reaction of TFE with Sulfan. (A) Under Pressure.—
A 16-g. (0.2 mole) sample of Sulfan from a freshly opened
ampoule absorbed 16 g. of TFE in the Parr apparatus in
about 10 min. Distillation of the crude product gave 22 g.
(61 %) of 2-hydroxytetrafluoroethanesulfonic acid sultone,
b.p. 42°, characterized by n.m.r. and neutral equivalent
(found 45.5). Higher-boiling material was also found.

This result was duplicated in an immediately following
experiment with sulfur trioxide from the same ampoule.
All subsequent experiments on the 0.2-mole scale 1n the Parr
apparatus gave sultone contaminated with the sulfite XVII,
even with Sulfan from freshly opened ampoules. In runs
made on a larger scale, absorption of TFE diminished rapidly
and little product was obtained.

(B) At Atmospheric Pressure.—TFE and Sulfan (99 g.)
were passed through the tube at the rate of one mole of each
per hour. A hot spot of 38° developed near the bottom of
the tube. Distillation of the product gave 95 g. (43%) of
material, b.p. 36-40°, and 44 g. of material boiling at 40~
109°. The fluorine n.m.r. spectrum of the product boiling
at 36—40° showed a weak-strong-~strong-weak combination
of peaks at 106, 244, 348 and 486 c.p.s. (data taken at 30
Mec. and converted to 56.4 Mc.) in addition to the two peaks
characteristic of I. This new combination of peaks is that
predicted for the sulfite XVII, assuming a non-planar ring.
On the basis of the spectrum, the mixture was estimated to
contain approximately 85% I and 159, XVII. The neutral
equivalent determined on the mixture was 30.0, from which
a ratio of 84:16 for the two components was calculated.

Redistillation of the higher-boiling material gave 2 g. of a
fuming liquid boiling at 100-108°. Analytical values were
in fair agreement with those calculated for a TFE/2 SO,
adduct (XVIII).

Anal. Caled. for CoFS:0q: S, 24.6; F, 29.2. Found:
S, 23.8; F, 27.2.

By conducting this reaction at higher temperatures, prod-
ucts containing a higher proportion of the sulfite were
obtained, although over-all yields were lower. Thus, TFE
and Sulfan (99 g.) were passed through the tube at an exter-
nal temperature of 378° to obtain 75 g. (349%,) of product,
b.p. 37-38°, neut. equiv., 34,7, and 25 g. of product boiling
at 38-180°. From the neutral equivalent of the lower-boil-
ing fraction, it was calculated to contain 29.5 g. of the sulfite.
Redistillation of sultone-sulfite mixtures that had been
stored in glass for several weeks gave fractions containing a
higher proportion of sulfite and some high-boiling material.
Precision distillation of one such sample gave a product, b.p.
44-45°, neut. equiv., 29.2, containing 559, sulfite and 45%,
sultone, Pure sulfite was never obtained.

Reaction of a Mixture of I and XVII with Aniline.—A solu-
tion of 18 g. (0.1 mole) of a mixture of I and XVII (ca.
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85:15 by n.m.r.) in 75 g. of ether was added slowly with
cooling in ice to a solution of 46.5 g. (0.5 mole) of aniline in
75 g. of ether. The reaction mixture was allowed to stand
at room temperature overnight and the resulting slurry was
diluted with 200 ml, of ether and filtered. The precipitate
was washed well with ether and with methanol to obtain
4.5 g. of product, m.p. 253°, undepressed when mixed with
an authentic sample of oxanilide, m.p. 255°.1t The re-
mainder of the product was not isolated and characterized.
No oxanilide was formed from pure I (see Table I).

Reaction of a Mixture of I and XVII with Cyclohexyl-
amine.—A solution of 14.4 g. of a mixture of I and XVII (ca.
85:15) in 50 ml. of cyclohexane and 10 ml. of dry ether was
added to a solution of 39.6 g. of cyclohexylamine in 50 ml. of
cyclohexane, After standing overnight, the mixture was
filtered and the solid was washed with ether, The dried
solid (42 g.) was extracted with methanol and the insoluble
portion, 9.4 g., was recrystallized from dimethylformamide,
m.p. 274-275°, undepressed on admixture with an authentic
sample of N,N’-dicyclohexyloxamide, m.p. 275-276°.12

Evaporation of the original filtrate and ether washings
gave 9 g. of solid. Evaporation of the methanol extracts
gave 33 g. of solid that was washed with water to obtain & g.
of insoluble product. These two samples were the same by
melting point and mixed melting point (126-130°) and were
combined. A portion recrystallized from benzene~petroleum
ether melted at 129-133° and gave the correct analysis for
N-cyclohexyleyclohexylsulfamyldifluoroacetamide.

Anal. Caled. for CuI“IquNanSZ N, 8.3;
Found: N, 8.6; F, 11.6.

Rearrangement of I to II.—The sultone I (180 g.) was
placed in a 1-1. flask fitted with a stirrer and an efficient
reflux condenser with drying tube attached. The sultone
was cooled to about 0-10° in an ice-bath and 3 drops of tri-
ethylamine added through the condenser with stirring.
After the rapid exothermic reaction had subsided, the mate-
rial was distilled to give 162 g. (90%) of fluorosulfonyldi-
fluoroacetyl fluoride (II), b.p. 20-30°, The fluorine n.m.r.
spectrum of the product showed three peaks in the intensity
ratio of 1:1:2 at —6724, —5663 and 1568 c.p.s, Fine
structure showed the first two peaks (SO;F and COF, re-
spectively) to be triplets and the CF; peak to be a quadru-
plet. Peaks characteristic of the sultone were absent.

Anal. Caled. for CoF.0;S: neut. equiv., 45.0. Found:
neut. equiv., 44.9.

Reaction of Hexafluoropropene with Freshly Distilled
Sulfur Trioxide.—Distilled sulfur trioxide (28 g., 0.35 mole)
and hexafluoropropene (52 g., 0.35 mole) were heated at
100° for 15 hr. in a Carius tube., The fuming mixture was
distilled to obtain 68 g. (85%) of 2-hydroxy-1-trifinoro-
methyl-1,2,2-trifluoroethanesulfonic acid sultone (XIV),
b.p. 46.5°. This structure was supported by n.m.r. and
by the structure of its hydrolysis product described below.
Fluorine n.m.r. showed a CF; peak at —150 ¢.p.s., a weak-
strong-strong-weak combination for CF, at 309, 419, 645
and 756 c.p.s. and a CF peak at 4320 c.p.s.

Anal. Caled. for CyFs0:S: C, 15.7; S, 13.9; F, 49.5.
Found: C, 15.6; S, 14.0; F, 48.7.

When the reaction was carried out in the Parr apparatus
as described for TFE, absorption of hexafluoropropene was
very slow. The product, b.p. 38.5°, appeared to be an azeo-
trope of sulfur trioxide with the sultone XIV in equimolar
proportions.

Anal. Caled. for CyFe0:S-80:: F, 36.8; S, 20.6;
neut. equiv., 51.7. Found: F, 33.6; S, 20.2; neut. equiv.,
50.0.

Reaction of Hexafluoropropene with Sulfan.—A mixture
of 38 g.(0.04 mole) of Sulfan and 75 g. (0.05 mole) of hexa-
fluoropropene was sealed in a stainless steel tube and heated
to 60° for 5 hr. Distillation gave 55 g. of an unidentified
mixture, b.p. 50-65°, which was not characterized, and a
fraction (25 g., 17%) boiling at 114-115°, Analytical re-
sults for the high-boiling product suggest a cyclic sulfonate-
sulfate anhydride structure.

Anal. Caled. for C3Fs0sS:: F, 86.8. Found: F, 35.1.

This reaction proceeded very slowly in the Parr apparatus
at 2.7 atm. gage pressure and gave the same product in
slightly lower yield.

F, 11.2.

(11) J. Th. Boonwater, Rec. irav. chim., 81, 108 (1912).
(12) M. Grunfeld, Compt. rend., 194, 893 (1932).
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Rearrangement of XIV. 2-Fluorosulfonyl-2,3,3,3-tetra-
fluoropropionyl Fluoride.—Five drops of triethylamine was
added to 41 g. of XIV and the mixture was heated to reflux
for 0.5 hour. Distillation gave 38 g. (93%) of 2-flucro-
sulfonyl-2,3,3,3-tetrafluoropropiony! fluoride, b.p. 44.5°,
characterized by n.m.r. which showed an SO.F peak at
—7332 c.p.s., a COF peak at —6157 c.p.s., a CF; peak at
—194 c.p.s. and a CF peak at 4738 c.p.s.

Anal. Caled. for C3FeS0;: F, 49.6; S, 13.9. Found: F,
49.7; S, 14.1.
Hydrolysis of XIV. 1,2,2,2-Tetrafluoroethylsulfonyl Fluo-

ride.—The sultone XIV (80 g.) was added dropwise to 200
g. of ice with stirring while maintaining the temperature
below 10°. Stirring was continued for 3 hr. at room tem-
perature after the addition was complete, Gas was evolved
during this period. The lower layer was separated, dried
over magnesium sulfate and distilled to obtain 40.1 g. (62.5
%) of 1,2,2,2-tetrafluoroethylsulfonyl fluoride, b.p. 62-63°,
characterized by n.m.r., infrared spectra and elemental
analyses. The fluorine n.m.r. peaks appeared at —7239
(SO,F), —248 (CF;) and 4670 c.p.s. (CF).

Anal. Caled. for C;HF;S0,: C, 13.1; H, 0.6; S, 17.4;
F, 51.6. Found: C, 13.1; H,0.7; 5,17 3; F, 53.6.

Reaction of Chlorotrifiuoroethylene with Sulfur Trioxide.
—-This reaction was exactly analogous to the reaction of TFE
with distilled sulfur trioxide and was carried out in the same
way in the Parr apparatus. From 46.5 g. (0.58 mole) of
distilled sulfur trioxide there was obtained 97 g. (85%) of
product, b.p. 76-78°. Nuclear magnetic resonance indica-
ted that the product was an equimolar mixture of the two
possible sultones, 2-hydroxy-1-chloro-1,2,2-trifluoroethane-
sulfonic acid sultone (VII), and 2-hydroxy-2-chloro-1,1,2-
trifluoroethanesulfonic acid sultone (VIII), The fluorine
n.m.r. peaks appeared at —287 c¢.p.s. (doublet, CF), a
weak-strong-strong-weak combination for CF; at 296, 391,
520 (doublet) and 615 c.p.s. (doublet), another weak-—
strong-strong-weak combination for CF, at 703, 857, 963
(doublet) and 1117 c.p.s. (doublet) and a CF peak at 1418
c.p.s. (doublet).

Amnal. Caled. for C;CIF;0,8: F, 29.0; Cl, 18.1; S, 16.3;
neut. equiv., 49.1. Found: F, 30.0; Cl, 18.0; S, 16.7;
neut. equiv., 49.1.

A small amount of higher-boiling residue was not distilled
or characterized.

Rearrangement of a Mixture of VII and VIII.—A mixture
of VII and VIII (83 g.) prepared as described in the preced-
ing experiment was placed in a 200-ml, still-pot attached to a
12-inch distillation column (0.5-inch diameter, packed with
glass helices) protected from moisture by a calcium chloride
drying tube. The mixture was cooled to —10°, stirred with
a magnetic stirrer and 5 drops of triethylamine was added.
The mixture was then allowed to warm spontaneously with
stirring. After 2 hours without external heating, it was re-
fluxing vigorously (pot temperature about 75°). When re-
fluxing subsided, the product was carefully distilled to ob-
tain 6.5 g. (8.3%,), b.p. 30°, which was characterized by
fluorine n.m.r. as II; 57.5g. (73.2%), which was collected as
several fractions over the range 73-76°; and 14.5g. (18.5%)
distilling mostly at 110-150°. A mid-fraction of the material
boiling between 73 and 76° corresponded in composition to,
and gave the expected fluorine n.m.r. pattern for, a mixture
of IX and X.

Anal. Calcd. for C;CIF:0:8: F, 29.0; CI, 18.1; S, 186.3.
Found: F, 20.2; Cl, 18.0; S, 16.9.

A fraction boiling at 73-74° was nearly pure IX as shown
by fluorine n.m.r. peaks of equal intensity at —6646 (SO,F),
~5628 (COF) and 2090 c.p.s. (CF). A fraction boiling at
76° was nearly pure X, showing two peaks in the intensity
ratio of 1:2 at —5910 (COF) and 1371 c.p.s. (CF;). The
fluorine n.m.r. spectrum of the material boiling at 110-
150° contained two fluorine peaks, one of which was attrib-
utable to a COF group.

Conversion of X to II by Reaction with Amine Hydro-
fluorides.—A mixture of IX and X (18 g.) was added rapidly
to 7 g. of triethylamine hydrofiuoride through the side
arm of a flask attached to a 12-inch distillation column
(0.5-inch diameter, packed with glass helices) protected
from moisture by a calcium chloride drying tube, An ex-
othermic reaction occurred and II began to distill at 30°.
When the reaction had subsided, the flask was heated to ob-
tain. 6.0 g. of II, 2 g. of intermediate mixture and 4.5 g. of
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unchanged IX, b.p. 73-74°. These compounds were char-
acterized by fluorine n.m.r. Near the end of the distillation
some decomposition occurred in the flask. When diethyl-
amine hydrofluoride was used in place of triethylamine
hydrofluoride, decomposition occurred after about 2 g. of
II (characterized by boiling point and fluorine n.m.r.) had
been collected.

Reaction of 1,2-Dichloro-1,2-difluoroethylene with Sulfur
Trioxide.—To 55 g. of 1,2-dichloro-1,2-difluoroethylene in a
flask cooled with an ice-bath and fitted with an ice-cooled
reflux condenser was added dropwise with stirring over a
period of 10 min., 33 g. of freshly distilled sulfur trioxide.
The mixture was stirred at room temperature for 1 hr. and
distilled to obtain 4 g. of unreacted fluoroslefin and 65.7 g.
(809%,) of 2-hydroxy-1,2-dichloro-1,2-difluoroethanesulfonic
acid sultone (III), b.p. 110-113°. The fluorine n.m.r.
spectrum indicated the product to consist of an equimolar
mixture of the ¢4s and frans isomers showing peaks of equal
intensity (all doublets) at —890, —601, 691 and 979 c.p.s.

Anal. Caled. for CF:CleSO;: Cl, 83.3; S, 15.0; F,
17.8; neut. equiv., 52.3. Found: Cl, 32.2; S, 13.4; F,
16.0; neut. equiv., 53.2.

Continued distillation gave 7 g. of material, b.p. 140-
145°, which is presumed to be the impure cyclic sulfonate-
sulfate anhydride.

Anal. Caled. for CzeClegOe:
Found: neut. equiv., 42.8.

Rearrangement of III. Chlorosulfonylchlorofluoroacetyl
Fluoride (IV).—Five drops of triethylamine was added
to 30.5 g. of III and the mixture was heated to reflux
for 2 hr. Distillation gave 19 g. (62%) of chlorosulfonyl-
chlorofluorcacetyl fluoride (IV), b.p. 113°, characterized by
n.m.r. and neutral equivalent. Fluorine n.m.r. peaks
(doublets) of equal intensity occurred at —5832 (COF) and
1676 c.p.s.

Anal. Caled. for CoF;Cl:S0;: neut. equiv., 53.2. Found:
neut. equiv., 52.2,

Reaction of 1,1-Dichloro-2,2-difluoroethylene with Sulfur
Trioxide —Freshly distilled sulfur trioxide (56 g., 0.075
mole) was added to 11 g. (0.083 mole) of 1,1-dichloro-2,2-
difluorcethylene in a Carius tube cooled in a solid carbon
dioxide-bath. The tube was sealed, heated overnight on the
steam-bath, cooled in solid carbon dioxide and opened. The
contents were distilled to obtain 9 g. (56%,) of product, b.p.
110-112°, The fluorine n.m.r. spectrum, which showed a
single peak at 107 ¢.p.s., supported the structure 2-hydroxy-
1,1-dichloro-2,2-difluoroethanesulfonic acid sultone (V).

Anal. Caled. for C,CLF,80;: Cl, 33.3; F, 17.8; S,
15.0; neut. equiv., 53.2. Found: Cl, 32.7; F, 18.0; S,
16.0; neut. equiv., 53.2.

Further structural proof was provided by an examination
of the rearrangement product as described below.

Rearrangement of V. Fluorosulfonyldichloroacetyl
Fluoride (VI).—Six drops of triethylamine was added to 6
ml. of V. The mixture was refluxed for 30 min. and dis-
tilled. Essentially all of the material boiled at 110°. The
fluorine n.m.r. spectrum showed two peaks (doublets) of
equal intensity at —6535 (SO,F) and —5609 (COF) c.p.s.
and, thus, was in agreement with structure VI.

Amnal. Caled. for C:F,Cl,80,: neut. equiv.,
Found: neut. equiv., 53.4.

Reaction of Trifluoroethylene with Sulfur Trioxide.—
This reaction was run in the Parr apparatus as described
for TFE. Freshly distilled sulfur trioxide (48 g., 0.6 mole)
rapidly and exothermally absorbed 41 g. (0.5 mole) of tri-
fluoroethylene. The crude product was distilled to obtain
49.5 g. (61%) of 2-hydroxy-1,2,2-trifluorcethanesulfonic acid
sultone (XI), b.p. 103°. The structure was established by
the fluorine n.m.r. spectrum of the sultone and its rearrange-
ment product described below. The fluorine n.m.r. showed
a weak-strong-strong—weak combination of peaks for CF; at
254, 362, 564 and 674 c.p.s. and a CHF peak (doublet) at
5123 and 5172 c.p.s.

Anal. Caled. for C.F;80:;H;: F, 35.2; S, 19.8; neut.
equiv., 40.5. Found: F, 35.0; S, 19.9; neut. equiv., 40.9.

Continued distillation gave 29 g. (249%) of material, b.p.
156-157°, which may be the cyclic sulfonate-sulfate anhy-
dride XIII.

neut. equiv., 49.0.

53.2.

Anal. Caled. for CoF3HS:Os: F, 23.5; S, 26.4; neut.
equiv., 680.5. Found: F, 24.9; S, 26.1, mneut. equiv.,
56.5.
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Rearrangement of XI. Fluorosulfonylfluoroacetyl Fluo-
ride (XII).—Three drops of triethylamine was added to 25 g.
of XI and the mixture was refluxed for 30 min, Distillation
gave 18.5 g. of product boiling mostly at 103°. The fluorine
n.m.r. spectrum was consistent with that expected for
fluorosulfonylfluoroacetyl fluoride (XI1)in that it showed an
SO,F peak at —7141 c.p.s., a COF doublet at —6274 and
--6240 c.p.s. and eight peaks for CHF due to splitting by
hydrogen and both of the other fluorine atoms. These peaks
occurred at 5881, 5888, 5913, 5921, 5926, 5934, 5951 and
5965 c.p.s.

Synthesis of «w-Hydroperfluoro-l-octene.—7This com-
pound was prepared according to a known method!? for
preparation of terminal fluorodlefins. A solution of w-hydro-
perfluorononanoic acid!¢ (80 g.) in 100 ml. of water was
neutralized with sodium hydroxide to a phenolphthalein
end-point. The resulting solution was placed in a crystal-
lizing dish and dried in a vacuum oven at 90° for 60 hr.
The dried salt (79 g.) was transferred to a still-pot attached
to an 18-inch spinning-band still and heated to about
350° (thermocouple between heating mantle and still-pot)
to obtain 57 g. (88%,) of w-hydroperfluoro-l-octene, b.p. 66°
at 130 mm., ¥ 1.2960.

Reaction of w-Hydroperfluoro-l1-octene with Sulfur
Trioxide.—A mixture of 25 g. (0.065 mole) of w-hydroper-
fluoro-1-octene and 3 ml. (5.7 g., 0.07 mole) of freshly dis-
tilled sulfur trioxide was sealed in a glass tube, heated over-
night on a steam-bath, and distilled to obtain 27.4 g. (90%,)
of 2.hydroxy-1-(w-hydroperfluorohexyl)-1,2,2-trifluoro-
ethanesulfonic acid sultone (XIV), b.p. 76° at 22 mm. As-
signment of this structure is based on analogy to the forma-
tion of XIV from perfluoropropene.

Anal. Caled. for C;HF1:0:S: F, 61.8; S, 6.9. Found:
F, 63.7; S, 7.1.

Reaction of Butyltrifluoroethylene with Sulfur Trioxide.—
Freshly distilled sulfur trioxide (20 g., 0.25 mole) was added
dropwise with stirring to butyltrifiuoroethylene!® (27.6 g.,
0.2 mole) in a flask cooled with an ice-bath. The mixture
was allowed to warm to room temperature and distilled at
reduced pressure to obtain 31.4 g. (729%) of 2-hydroxy-1-
butyl-1,2,2-trifluoroethanesulfonic acid sultone (XV), b.p.
63-65° at 20 mm. This structure is proposed by analogy to
the formation of X1V from perfluoropropene.

Anal., Caled. for CeHoF30;s: F, 26.1; S, 14.7. Found:
F,26.6; S, 15.0.

Reaction of Vinylidene Fluoride with Sulfur Trioxide.—
In the Parr apparatus, freshly distilled sulfur trioxide (127
g., 1.6 moles) rapidly and exothermally absorbed 46 g.
(0.72 mole) of vinylidene fluoride after which the reaction
stopped. The product was a crystalline solid that may be a
cyclic sulfonate-sulfate anhydride based on the molar ratio
of the reactants. On standing overnight at room temperature
in the sealed reaction vessel, the product was converted to a
dark amber liquid. Only about one-half of this oil could be
gliséilled at reduced pressure. It was not further character-
ized.

Reactions of I and II with Water. Fluorosulfonyldi-
fluoroacetic Acid.—A solution of 94 g. of fluorosulfonyldi-
fluoroacetyl fluoride (II) in 200 ml. of petroleum ether (b.p.
30-60°) was stirred and cooled to —10° and 9.5 g. of water
was added dropwise. When addition was complete, the
product (86 g.) was separated as a heavy lower layer from
petroleum ether. Distillation gave 70 g. (75%) of fluoro-
sulfonyldifluoroacetic acid, b.p. 88-90° at 45 mm., n%p
1.3604. Both fluorine and hydrogen n.m.r. spectra were in
agreement with this structure,

Anal. Caled. for C;HF,S0,: F, 32.0; S, 18.0; neut.
equiv., 59.3. Found: F,30.4; S, 17.3; neut. equiv., 62.8.

Reaction of 90 g. of B-hydroxytetrafluoroethanesulfonic
acid sultone (I) in 300 ml. of petroleum ether (b.p. 30-60°)
with 18 g. of water in the same way as described above gave
56 g. (62%) of fluorosulfonyldifluoroacetic acid.

Hydrolysis of Fluorosulfonyldifiuoroacetic Acid. Car-
boxydifluoromethanesulfonic Acid.—Fluorosulfonyldi-
fluoroacetic acid (17.8 g., 0.1 mole) was added to a solution
of 12 g. (0.3 mole) of sodium hydroxide in 500 ml. of water

(13) A. M. Lovelace, D. A. Rausch and W. Postelnek, ‘“Aliphatic
Fluorine Compounds,’”” Reinhold Publishing Corp., New York, N. Y.,
1958, p. 107,

(14) R. M, Joyce, Jr,, U. 8. Patent 2,559,628 (1951).

{15) 8. Dixon, J. Org. Chem., 21, 400 (1956).
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and the mixture was allowed to stand for 18 hr. at room
temperature. An ion-exchange column was prepared by
packing a 80 X 1 inch glass tube with Amberlite IR-120 and
washing it with distilled water until the efluent was colorless
and pH 6. The above solution was slowly passed through
this column followed by distilled water until the pH of the
effluent changed from less than 1 to 5. The total efluent
(about 2 liters) was evaporated at room temperature over a
period of 12 days to a sirupy residue (24 g.). A sample (10
g.) placed in an evaporating dish in a vacuum desiccator
over phosphorus pentoxide for 48 hr. gave 7.75 g. of hygro-
scopic solid, m.p. 45-47°, characterized as carboxydifluoro-
methanesulfonic acid containing 1.5 moles of water of crys-
tallization by elemental analyses and by examination of its
n.m.r. and infrared spectra.

Anal. Caled. for C:H,F,80;-1.5H,0: F, 18.7; S, 15.8.
Found: F, 18.8; S, 15.7.

A sample of the hydrated acid (4.06 g.) in 25 ml. of water
was added to a clear solution of 6.31 g. of barium hydroxide
octahydrate in 100 ml. of water. The mixture was filtered to
remove a little gelatinous precipitate and evaporated in air
at room temperature. The crystalline white residue was
dried in a vacuum desiceator over phosphorus pentoxide to
give 6.25 g. (95%) of a monohydrated barium salt of car-
boxydifluoromethanesulfonic acid, which was soluble in
cold water.

Anal. Caled. for C:F30sSBa-H,0O: Ba, 41.7; S, 9.7.
Found: Ba, 41.0; S, 9.9.

Similar treatment of a 2.03 g. (0.01 mole) sample of the
hydrate dissolved in 25 ml. of distilled water with 1.0 g.
(0.01 mole) of calcium carbonate gave 2.6 g. (97%,) of a tri-
hydrated calcium salt of carboxydifluoromethanesulfonic
acid.

Anal. Caled. for CoFs0;SCa-3H,0: Ca, 14.9; H,0,
20.2. Found: Ca, 14.3; H,0, 20.9.

Reaction of II with Benzene.—One mole (180 g.) of
fluorosulfonyldifluoroacetyl fluoride (II) was dissolved in
1000 g. of carbon bisulfide, the solution was chilled to 0° and
2 moles (267.2 g.) of aluminum chloride was added gradually
with vigorous stirring. The mixture was stirred for approxi-
mately 2 hr. in an ice-bath to form a smooth yellow slurry.
Approximately 3 moles (225 g.) of sodium-dried benzene
was added slowly with vigorous stirring. After addition was
complete, the reaction mixture was allowed to come to room
temperature. Bubbling occurred, fumes were given off, and
the mixture became black. After standing overnight, the
mixture was refluxed for 2 hr. and poured into 1500 g. of
cracked ice to which 200 ml. of concd. hydrochloric acid had
been added. The mixture was extracted repeatedly with
ether, the extracts were dried over anhydrous MgSO,, and
the solvent was removed by distillation. The tar-like residue
was distilled at reduced pressure to yield: (1) 49.5 g. of a
liquid boiling at 65-183° at 9-3 mm., and (2) 23.0 g. of a
white solid which collected in the distillation column and
fraction cutter.

Redistillation of the liquid yielded 25 g., b.p. 96-08° at
40 mm., n¥ 1.4943. Nuclear magnetic resonance and in-
frared spectra showed that this liquid was a mixture of two
components, one of which appeared to be difluoroaceto-
phenone. A small quantity of the liquid was treated with
2,4-dinitrophenylhydrazine to give a yellow solid (approxi-
mately 359 yield), m.p. 216°, undepressed on admixture
with an authentic sample of the 2,4-dinitrophenylhydrazone
of difluoroacetophenone.!®

Separation of the components was accomplished by
shaking the liquid mixture with 109, sodium bisulfite in
which the difluoroacetophenone (approximately 35%) dis-
solved. The insoluble portion, b.p. 98-99° at 40 mm., n%p
1.4940, »%p 1.4956, was identified as chlorodifluoroaceto-
phenone (lit. values,!” b.p. 95-97° at 37 mm., n2p 1.4054).
Our observations substantiate the report!® that the chloro
compound does not form a dinitrophenylhydrazon: .

The solid product was identified as benzoyldifluoro-
methyl phenyl sulfone, m.p. 78-80°.

Anal. Caled. for C HoF20sS: C, 56.75; H, 3.37; F,
13.84; S, 10.81. Found: C, 57.39; H, 3.73; F, 12.81; S,
10.60.

(16) J. H, Simons and D. F, Herman, THiS JourNaL, 65, 2064
(1943).

(17) 8. G. Cohen, H. T. Wolsinski and P. J. Scheuer, #b¢d., T4, 8439
(1949),
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It formed a 2,4-dinitrophenylhydrazone, m.p. 188-190°.

11%’71'”. Calced. for C5H FsNOgF: N, 11.76. Found: N,

Reactions of I and II with Other Reagents.—These reac-

W. M. ScHUBERT AND RoOBERT G. MINTON
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exothermic and were moderated by using diethyl ether or
petroleum ether as solvent. The products were usually
washed with water and distilled. Regardless of whether the
sultone or its rearrangement product was tused, the same

tions are summarized in TableI. In general, they were very  product was obtained.

[CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY OF THE UNIVERSITY OF WASHINGTON, SEATTLE 5, WasH. ]

Alkyl Substituents. VII. Solvent Dependence of the Baker-Nathan Effect in the
Solvolysis of m-Alkylbenzhydryl Chlorides?

By W. M. SCHUBERT AND ROBERT G. MINTON?
RECEIVED MAY 26, 1960

Values of k, AH+ and AS ¥+ have been determined conductimetrically for the solvolysis of 3,5-dimethyl- and 3,5-di-f-butyl-
benzhydryl chloride in “80% acetone and ‘‘80%,” ““87% and “90%’ ethanol. Where literature data were unavailable,
kinetic parameters for the solvolysis of benzhydryl chloride and m-methyl and m-t-butylbenzhydryl chloride also were de-
termined. The Baker-Nathan effect on the rate constants has been found to be both temperature and solvent dependent.
The changes in kinetic parameters brought about by the introduction of the second m-methyl and the second m-¢-buty! groups
follow the predictions of the hypothesis that the Baker~Nathan effect is due to steric hindrance to solvation in the vicinity

of bulky alkyl substituents.

In chemical transitions in solution that place
a high electron demand on an alkyl substituent
bonded to an unsaturated system, rate constants
tend to take the order Me > Et > ¢-Pr > ¢
Bu.%% This experimental phenomenon has been
termed the Baker-Nathan effect. The hypothesis
of Baker and Nathan, that this is due to C-H
hyperconjugative electron release (in the order of
the number of a-hydrogens) becoming predominant
over inductive release (in the opposite order)®
when the electron demand placed on the alkyl
substituent is sufficiently large, has enjoyed wide-
spread acceptance and stimulated much re-
search.** However, it has been recognized more
recently that the hypothesis is unable to account
satisfactorily for a number of facts presumably
within its domain and suggestions for its modi-
fication® or complete replacement!™® have ap-
peared.

A typical instance of the Baker—Nathan effect
is found in the rate constants for the solvolysis of
p-alkylbenzhydryl chlorides, e.g., in 809 acetone
(Table I). Hughes, Ingold and Taher considered
these results to be in support of the hypothesis of
Baker and Nathan.® However, Schubert and
Sweeney have pointed out that the orders of the
rate constants and heats of activation, as well as
the order of the entropies of activation, are equally
consistent with their hypothesis that, even in the
face of high electron demands, the inherent stabi-
lizing effect of alkyl is in the inductive order, and
that steric hindrance to solvation in the vicinity
of bulky alkyl groups acts to invert the order of

(1) Preliminary results were reported at the Hyperconjugation Con-
ference, Bloomington, Ind., June 2, 1958; see Tetrahedron, 8§, 194
(1959).

(2) National Science Foundation predoctoral Fellow, 19056-1958.

(8) J. W. Baker, “Hyperconjugation,” Oxford University Press,
London, 1953,

(4) Hyperconjugation Conference, Tetrahedron, 5, 107 (1959).

(5) J. W. Baker and W. S. Nathan, J. Chem. Soc., 1844 (1035).

{6) V.J.Shiner, Jr., THIS JOURNAL, 76, 1603 (1954); Tetrahedron, 8,
243 (1059).

(7) (a) W. A. Sweeney and W. M. Schubert, THIS JOURNAL, 76,
4825 (1954); (b) J. Org. Chem., 21, 110 (1956).

(8) A. Burawoy and E. Spinner, J. Chem. Soc., 83752 (1854).

(9) E. D. Hughes, C., K. Ingold and N. A. Taher, £bid., 949 (1840).

the heats of activation, hence also to invert the
rate order.”!%1!1 Direct support for this hy-
pothesis has been found in the principal electronic
transition energies of p-alkylnitrobenzenes and
acetophenones, in the gas phase and in a variety of
solvents.!?

A mild Baker-Nathan effect is found in the rate
constants for the solvolysis of m-alkylbenzhydryl
chlorides in ‘809" acetone (Table V)% and for the
solvolysis of m-alkylphenyldimethylcarbinyl chlo-
rides in ““90%," acetone.’* Brown, Brady, Gray-
son and Bonner, and Berliner and Chen have
attributed these results to a slight predominance
of C-H hyperconjugative over inductive release
from the m-position.'8 Schubert and Sweeney
have pointed out that these results are equally
consistent with mild steric hindrance to ring
solvation, acting to invert an inherent inductive
order of stabilization of the polar transition state
relative to the ground state. It is presumed that
a bulky substituent will be less efficient in shield-
ing ring solvation when it is mefa than when it is
para. When meta, the alkyl group is somewhat
removed from the sites of greatest electron de-
ficiency in the ring, i.e., the o- and p-positions.
When para, the alkyl group is directly on one of the
sites of greatest electron deficiency.

Shiner and Verbanic have observed that for the
solvolysis of m-methyl- and m-t-butylbenzhydryl
chloride at 0°, the rate constants are in the indue-

(10) The position taken by these authors has sometimes been mis-
understood. They do not maintain that C-H hyperconjugative re-
lease is necessarily inoperative; only that the total stabilizing effect
of alkyl substituents on electron deficiencies, even when these de-
ficlencies are large, is in the inductive order.

(11) Steric hindrance to solvation acts to raise both AH ¥ and AS ¥
leading to cancelling effects on the rate constant. It is assumed that
AHF/T is increased more than AS ¥.7b

(12) W. M. Schubert, J. Robing and J. L. Haun, THIS JOURNAL, 79,
910 (1957).

(13) E. Berliner and M, M. Chen, #¥id., 80, 343 (1958).

(14) H. D. Brown, J. D. Brady, M, Grayson and W. H. Bonner,
sbid., 79, 1897 (1967).

(15) It Is to be noted that m-alkyl substitution increases the rate
constant only siightly, much less than does p-alkyl substitution. This
can be taken as an indication that the electron demand placed on the
m-alkyl substituent in the transition state is small,



