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The base-promoted elimination reaction of substituted g-phenylethyl halides, tosylates and sulfonium salts has bhecn

studied as a function of substituents.

Good fits to a Hammett ¢—p plot were obtained, indicating that the acidity of the
hydrogen being removed is controlling the direction of elimination.

In contrast to their reactivity in solvolysis and dis-

placement reactions, tosylates are eliminated very slowly as compared to bromides and iodides.

In connection with a general study of electronic
effects in elimination reactions,!® we were led to an
investigation of the electronic effects in the E,
reaction, both because of the interest in the reaction
for its own sake? and because such a study would
serve as a reference for our investigation in the
similar 1,3-diphenylpropyl system. Surprisingly,
uo comprehensive investigation of substituent
effects on E, eliminations has been reported® ex-
cept for some polyhalo compounds?* and for a few
B-phenylethyl chlorides.® Quantitative data on
E, tosylate eliminations are likewise unavailable.®

Our data for the elimination of B-phenylethyl-
dimethylsulfonium iodide, 3-phenylethyl bromide,
iodide and tosylate are summarized in Tables I
and IT. For the sulfonium salts p = 2.75 = 0.21,
the highest value of p for the series. For the bro-
mides p = 2.14 = 0.15 and for the iodides p =
2.07 = 0.09. Omitting the point for the p-
methoxy group, p = 2.50 £ 0.06 for the tosylates.
A high positive value for p implies that in the tran-
sition state of the reaction a large amount of nega-
tive charge has developed, and those groups which
make a negative charge more stable speed up the
reaction.”

It has been suggested that the Saytzeff rule is a
consequence of a transition state in which the
stability of the incipient double bond is the dom-
inant characteristic.?2® Qur results indicate that
when the hydrogen being removed is on a carbon
adjacent to a benzene ring, the stability of the prod-
uct being formed is not of importance,® for if it
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were the p-methoxystyrene should be formed most
rapidly.i».1% The fact that the sulfonium salts,
bromides and iodides, and to a major extent the
tosylates,® all show a good correspondence of rate
with a measure of hydrogen acidity is to be con-
trasted with our results with acetate pyrolysis re-
actions in which a good correlation with product
stability was observed! in an analogous system.
In these two cases we have demonstrated the ex-
tremes of transition state structural wvariation,
from one in which double bond development is too
small to be significant (E;) to one in which the
stability of the double bond being formed deter-
mines the rate of elimination,

TABLE I
RaTES oF THE ELIMINATION REAcTION oF XCeH,CH,CH,Y
at 30.10°
Olefin,
X Y k % kEa
H Br 4.10 X 107¢ 100 4.10 X 10~¢
p-Cl Br 1.88 X 1073 100 1.88 X 1078
p-OCH; Br 1.73 X 10~¢ 100 1.73 X 104
m-Br Br 3.71 X 1073 100 3.71 X 1078
H I 2,66 X 1078 100 2.66 X 10~
p-Cl I 1.05 X 1072 100 1.05 X 102
p-OCH; 1 9.56 X 10~ 100 9.56 X 10~¢
m-Br I 2.03 X 1072 100 2.03 X 1072
H OTos 1.18 X 10~ 33 3.92 X 1075
p-Cl OTos 2,03 X 107¢ 47 1.38 X 107
p-OCH;z; OTos 8.61 X 1075 20 1.69 X 1078
w-Br OTos 5.53 X 107¢ 67 3.69 X 107
H S(CH;)eI™ 3.79 X 1078 100 3.79 X 108
p-Cl1 S(CH3)I- 2,18 X 107¢ 100 2.18 X 102
p-CHy  S(CH;)I ™ 9.13 X 1074 100 V.13 X 107+
TaprLe 1I
» Jog ka
(uetlrod of (caled.)
least squares) Intercept
Tosylates (owitting p-niethoxy) 2.50 £ 0.06 —4.427
Tosylates (including p-methoxy) 2.04 &= .47 —4.280
Bromides 2.14 & .15 —3.260
Iodides 2.07 £ .09 —2.497
Sulfoniuin salts 2.75 £ .21 —2.330

The fact that the p-value for the sulfonium salts
is larger than that for the bromides and iodides im-
plies that the transition state for Hofmann elimi-
nations has significantly more carbanionic character
than that for the elimination of iodides or bromides.
Whether this difference would be enough to ac-
count for some of the differciices in direction of
halide and ’onium salt eliminatious in strictly ali-
phatic systemns? cannot yet be said with certainty.

(10) C. K. lngold and C. W. shoppee, J. Chem. Soe., $47 (1929).
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Perhaps the most surprising result of this in-
vestigation is the very slow rate of elimination of
the tosylates. For the unsubstituted cases, ki/
kTos = 68 and kn:/Etos = 10. In the case of di-
rect displacement reactions, sulfonic acid esters
appear to be more reactive than either bromides or
iodides,!! although admittedly the data are meager.
This slowness in the elimination reaction has a
synthetic as well as a theoretical value. From
Table I it can be seen that the percentage olefin in
the product varies from 20 to 679, for the tosylate
eliminations. In all other cases of leaving groups
studied, the olefin yield was close to 100%. Hence,
while the E, reaction is slow, apparently the SN2
reaction remains fast. For this reason the tosylate
can be useful in preparing the corresponding ethers
or amines!?> when the iodides and bromides lead
only to olefin. The meagerness of available data
makes a firm theoretical conclusion hazardous, and
we shall discuss in subsequent papers the results of
a more detailed study of tosylate elimination.
The p-methoxy tosylate eliminates significantly
faster than would be predicted on the basis of the
p-value of the reaction. This may imply that, in
this relatively unactivated case, some effect of the
olefin stability is being felt in the transition state.

Experimental

Preparation of 2-Arylethanols. 2-(m-Bromophenyl)-eth-
anol.—m-Bromoacetophenone was prepared by bromina-
tion of acetophenone in the presence of excess anhydrous
aluminum chloride.’® This was transformed into m-bromo-
phenylacetic acid by heating under reflux for 16 hr. 103 g.
of the ketone with 68 g. of morpholine and 25 g. of sulfur.
The resulting thioinorpholide was hydrolyzed by boiling with
10% potassium hydroxide for 18 hr. and then acidifying.
The precipitated m-bromophenylacetic acid weighed 78.7 g.
(70.7% vield) and had m.p. 99-100° (lit.!* m.p. 100°).
Lithium aluminum hydride reduction of the ethyl ester gave
the alcohol, b.p. 107-110° (1 mm.).

2-(p-Chlorophenyl)-ethanol was prepared by refluxing p-
chlorobenzyl cyanide with 959, ethanol and concentrated
sulfuric acid?!® to yield the ethyl ester of p-chlorophenylacetic
acid, Reduction with lithium aluminum hydride gave the
aleohol (75.5% yield), b.p. 98-100° (1 mm.) (lit.}¥ b.p.
110° (0.5 mm.)).

2-(p-Methoxyphenyl)-cthanol was prepared from p-
mecthoxyacetophenone by the same methodV as the 2-(m-
bromophenyl)-ethanol, b.p. 110-113° (1 mm.) (lit.}s 148°
(19 mm.)).

2-Phenylethanol was Eastmian Kodak Co. White Label,
Preparation of Tosylates.—The tosylates were preparcd
from the corresponding alcohol by Tipson’s procedure.l?
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2-(m-Bromophenyl)-ethyl-p-toluenesulfonate, m.p. 43—
44°, Anal. Caled. C, 50.75; H, 4.26; S, 9.02. Found:
C, 51.05; H, 4.54; S, 9.44.

2-(p-Chlorophenyl)-ethyl p-toluenesulfonate, m.p. 79.3—
80.3°. Amal. Caled. C, 58.00; H, 4.87; S, 10.32.
Found: C, 58.00; H, 4.76; S, 10.69.

2-(p-Methoxyphenyl)-ethyl p-toluenesulfonate, m.p.
58.6-59.6°. Anal. Caled. C, 62.72; H, 5.92; S, 10.46.
Found: C, 62.86; H, 5.82; S, 10.60.

2-Phenylethyl p-toluenesulfonate, m.p. 38.5-39°. Anal.
Caled. C, 65.20; H, 5.84; S, 11.60. Found: C, 65.45;
H, 5.77; 8, 11.25.

Preparation of 2-Arylethyl Bromide.—The bromides were
prepared by addition of the appropriate tosylate to a solu-
tion of anhydrous lithium bromide in acetone® and careful
fractionation of the resultant bromides: 2-(m-bromophenyl)-
ethyl bromide, b.p. 98-100° (1 mm.); 2-(p-chlorophenyl)-
ethyl bromide, b.p. 79° (0.5 mm.); 2-(p-methoxyphenyl)-
ethyl bromide, b.p. 79° (0.5 mm.); 2-phenylethyl bromide
was Eastman Kodak Co. White Label which was redis-
tilled, b.p. 65° (2 mm.).

Preparation of 2-Arylethyl Iodides.—The iodides were
prepared by addition of the appropriate tosylate to a solu-
tion of anhydrous sodium iodide in acetone® and fractiona-
tion: 2-(m-bromophenyl)-ethyl iodide, b.p. 105-110° (1
mm.); 2-(p-chlorophenyl)-ethyl iodide, b.p. 115-117° (1
mm.); 2-(p-methoxyphenyl)-ethyl iodide, b.p. 117-119°
(1 mm.); 2-phenylethyl iodide was Eastman Kodak Co.
White Label which was redistilled, b.p. 95° (3 mm.).

Preparation of Sulfonium Salts.—The sulfonium salts
were prepared by treating the appropriateiodide with sodium
methylmercaptide8; this gave the sulfide. The sulfide was
then treated with methyl iodide? in acetonitrile which gave
the dimethylsulfonium iodide: 2-(p-chlorophenyl)-ethyl-
dimethylsulfonium iodide, m.p. 127-128°; 2-(p-methoxy-
phenyl)-ethyldimethylsulfonium iodide, m.p. 118-119°;
2-phenylethyldimethylsulfonium iodide, m.p. 124-125°.

Procedure for Kinetics.—The reactions were carried out
in 100-ml. volumetric flasks. About 0.06 mole of the de-
sired compound was placed in the volumetric flask and
weighed accurately. Then 0.12 &V sodium ethoxide in abso-
lute ethanol, previously equilibrated thermally with the bath,
was added to the calibration mark of the volumetric flask.
After adequate agitation, the flask was placed in the bath and
allowed to come to thermal equilibrium. Aliquots were then
withdrawn periodically with a calibrated automatic pipet.

A modification of this method was necessary for the sul-
fonium salts because of their slow rate of dissolution. The
weighed sulfonium salt was dissolved in 50 ml. of absolute
ethanol and 0.24 N sodium ethoxide in absolute ethanol
added so the total volume was 100 ml.

Olefin Determinations.—The reactions were allowed to go
to completion, and 25-ml. aliquots were poured into water
and extracted with carbon tetrachloride (3 X 10 ml.), the
extract washed with water and the amount of olefin deter-
mined by bromination with standard bromide-bromate
solution.?! Duplicate runs agreed to within 19%,.

In the bromination of the p-methoxystyrene it was neces-
sary to modify the above method by adding the bronide-
bromate solution in 1-ml. aliquots until a color remained to
the solution. This was necessary to minimize substitution
by avoiding an excess of bromine. In the case of sulfonium
salts it was necessary to wash the carbon tetrachloride layer
twice with saturated mercuric chloride solution to extract
dimethyl sulfide.
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