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except those on the products from the ¢is- and irans-pentene,
which were run on a Perkin-Elmer 2-meter “‘A’’ column,

The results of the competition experiments are given in
Table I. All competitions were run at least in duplicate
and were found to be reproducible within =%=39%,. The com-
petition factors are good to at least 10%.

Reaction of Olefins, Bromoform and Potassium {-Butyl-
ate. (a) Pure Olefins.—The reaction for each olefin was
carried out in the same way as for chloroform, except that
the amounts of reagent were changed to 17.0 g. of olefin,
6.2 g. (0.055 mole) of potassium i~butylate and 12.7 g. (0.050
mole) of bromoform. The work-up was the same as for the
reaction with chloroform.

The relative sensitivities for the vapor fractometer were
obtained in the same manner as before. All analyses were
made on the silicone column at 140° and 10 1b. of helium.

Cyclohexene afforded 1,1-dibromonorcarane, b.p. 85.5-
86.0° (6 mm.), #%p 1.5568 (reported! b.p. 100° (8 mm.},
np 1.5578). Anal. Caled. for C;HyBr: C, 33.1; H,
4.0; Br,62.9. Found: C, 33.2; H, 4.0; Br, 62.8.

1-Pentene afforded 1,1-dibromo-2-n-propylcyclopropane,
b.p. 63.0-65.0° (10 mm.), n%¥p 1.5023; sensitivity, 1.26.
Anal. Caled. for CeHyoBr: C, 29.8; H, 4.2; Br, 66.1.
Found: C, 30.0; H, 4.3; Br, 66.2.
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2-Methyl-2-butene afforded 1,1-dibromo-2,2,3-trimethyl-
cyclopropane, b.p. 40-50° (8 mm.), n%¥D 1.5140 (reported?
b.p. 83° (24 mm.), n%p 1.5134); sensitivity, 0.66. Anal.
Caled. for C¢HpBra: C, 29.8; H, 4.2; Br, 66.1. Found:
C, 30.0; H, 4.2; Br, 66.2.

Isobutylene afforded 1,1-dibromo-2,2-dimethylcyclopro-
pane, b.p. 78-79° (23 mm.), n®p 1.5114; sensitivity, 0.98.
Anal. Caled. for CsHsBr: C, 26.3; H, 3.5; Br, 70.1.
Found: C, 26.6; H, 3.8; Br, 70.0.

2,3-Dimethylbutene-2 afforded 1,1-dibromo-2,2,3,3-tetra-
methylcyclopropane, m.p. 77.4-78.4° (reported® m.p. 77-
78°); semsitivity, 0.76. Amnal. Caled. for C;HpBra:
C, 32.8; H, 4.7; Br, 62.4. Found: C, 32.7; H, 4.9; Br,
62.6.

(b) Mixtures of Olefins.—Pairs of olefins were treated
in the same way as pairs of olefins with chloroform; 1.9
g. (0.017 mole) of potassium ¢-butylate, 3.8 g. (0.015 mole)
of bromoform and 8 g. (0.114 mole) of CsHyo (corresponding
to 7.6 equiv.) of each olefin being used.

Results are given in Table I. All competitions were run
in duplicate and are reproducible within +5%.

New HaveN, ConN.
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Rates of Solvolysis of p-Substituted Benzyldimethylcarbinyl Chlorides!
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Benzyldimethylcarbinol and its p-alkyl (CH;, Et and #-Pr) and p-halo (F, Cl and Br) derivatives were synthesized. These

carbinols were converted to the corresponding carbinyl chlorides with hydrogen chloride. drol;
The small increase in rate observed for the p-alkyl derivatives

of the chlorides were measured in aqueous ethanol at 40.8°.

The first-order rates of hydrolysis

(H = 1.00, Me = 1.55, Et = 1.40, i-Pr = 1.32) parallels that for the corresponding alkyl substituted ¢{-butyl chlorides,
both in order and in magnitude, and indicates the importance of a hyperconjugative effect, which can be relayed to the re-

action site only by induction, in stabilizing the incipient carbonium ion intermediate.

Likewise, the order of rates for the

p-halo derivatives (H = 1.00, F = 0.80 > Cl = 0.52 < Br = 0.55) strongly suggests the operation of an electron-supplying

resonance effect,
1.11,

This work was undertaken in an attempt to de-
termine the effect of various alkyl and halogen sub-
stituents on the rate of a reaction which proceeds
through a carbonium ion intermediate for a system
in which the steric effects of the substituents are
negligible and in which the electronic effects can be
relayed ultimately to the reaction center only by
induction.

The model compounds selected and synthesized
for the study were various heretofore unknown p-
substituted benzyldimethylcarbinyl chlorides where

.
Y— —CH,CCl
L et
CH;,
Y = Me, Et, ¢-Pr, F, Cland Br. In each of these
compounds, the p-substituted benzyl group is
obviously insulated from the reactive carbon center
by a methylene group. Thus, with the methylene
group serving as an insulator to block the tauto-
meric transmission of any electronic effect, the p-
substituent effect can be relayed ultimately to the
chlorine-bearing carbon only through an inductive
mechanism.
The reaction chosen for the rate study was sol-
volysis in 809, aqueous ethanol, which for tertiary
(1) Presented in part before the Organic Division at the 128th

National Meeting of the American Chemical Society, Minneapolis,
Minn., September 13, 1955,

A Hammett plot for the reaction rates gives a fairly good linear relationship with a reaction constant, p, of

halides has been shown by Hughes and Ingold and
their co-workers? to proceed by the mechanism

) b R/ R’
B mie XF
R//// - e t -
by R/
R R’ kg, fast
\/ ~ —> R'R"R'/OH + H*
C+
| + HzO—-' kg, fast
R olefin + H;O*

The rate-determining step is the unimolecular
ionization (k1) of the tertiary halide to yield a
carbonium ion intermediate. This ion can then
undergo either a fast substitution reaction (ks)
with the solvent to form the corresponding carbinol
or ether, or a fast elimination of a proton (kg) to
form the corresponding olefin. Although the
transition state probably does not contain a free
carbonium iom, it is thought to approach that
condition.? As a result, the effects of the substit-
uents upon the stability of the transition state and
upon the stability of the carbonium ion may be
considered as essentially identical.

Corresponding studies, first on the hydrolysis of
tertiary aliphatic chlorides, of which our p-alkyl-

(2) E. D. Hughes and B. J. MacNulty, J. Chem. Soc., 1283 (1937);

E. D. Hughes and C, K. Ingold, Trans. Faraday Soc., 37, 657 (1941).
(38) G.S. Hammond, Tu1s Journar, 77, 334 (1955).
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TaBLE I
Puavsical, PROPERTIES, YIELDS AND ANALVYSES OF THE p-SUBSTITUTED BENZYLDIMETHYILCARBINOLS
) e Analyses, % -
p-Bub- B.p. - Yield, Caled --Found-—- - - -—
stituent °C. Mm. IR o) o Halogen C H Halogen
I 92.5-93° 10 1.5105 84 80.0 9.4 8G.0 9.5
AMe 86-88 1.0 1.5106 55 80.5 9.8 80.5 9.9
Kt 122-124 15 1.5120 66 80.9 10.2 81.1 10.0
i-Pr 126.5-127 10 1.5038 64 81.2 10.5 81.2 10.3
F 87.0-87.5 4 1.4930 58 71.4 7.8 11.3 71.6 7.8 11.0
Clt 126.0-126.2 12 1.5268 63 65.0 7.1 64.9 6.9
Br 111-115 0.8 1.5499 31 52.4 5.7 34.9 52.6 5.6 34.8
¢ Reported 127-128° (14 mn.),’» 109-111° (13 nnn. )™ and 83-84° (2 mm.). 7"
TasLE 1T
PHVSICAL PROPERTIES, YIELDS AND ANALYSES OF THE BENZYILDIMETHYLCARBINYL CHLORIDES
s s e e — A malyses, T - om— - - -
e B, e Yield, = weee——Caled . meme = em——=lound - e oo
F-Substitnent °C. Mm e A b H C1l C H Cl
H 87.0-88.5 10 1.5109 HY T2 V.8 21.1 71.4 7.9 21.0
Me m4--104.5 10 1.5122 68 2.3 8.5 19. 4 2.5 8.3 19.2
lit 89-02 1.1 1.5093 543 3.3 8.7 18.0 3.1 3.5 7.8
i-Pr 86-90 1.0 1.5047 130 74.1 9.1 165.8 4.4 8.9 16.7
1> 91-93 10 1.4938 154 654.3 6.5 64.5 6.6
Cl 95-96 0.8 1.5269 52 59.1 6.0 34.9 59.4 6.1 34.8
Br 99-103 1.0 1.5479 44 4R .5 4.9 48.7 4.9

benzyldimethylcarbinyl chlorides may be considered
as vinylogs, have been reported by Brown and
Fletcher,* and later on the hydrolysis of the
homologous alkylphenyldimethylcarbinyl chlorides?®
and halophenyldimethylcarbinyl chlorides® by
Brown and co-workers.

The rates of hydrolysis of the p-substituted
benzyldimethylcarbinyl chlorides were determined
in 80%, aqueous ethanol at 40.8° from the increase
in hydrogen ion concentration as the reaction
proceeded. Titration of aliquot portions of the
reaction mixture at suitable intervals gives a direct
measure of the number of millimoles of chloride
hydrolyzed.

Results

A series of p-substituted benzyldiniethylcarbiols
in which the p-substituents are H, Me, Et, ¢-Pr, F,
Cl and Br, respectively, were synthesized by re-
action of the Grignard reagent of the appropriately
p-substituted benzyl chloride with acetone and
isolated in pure form in yields of 30-809;. Beuzyl-
dimethvlcarbinol, itself, and p-fluorodimethyl-
benzylcarbinol also were prepared by reaction of the
correspouding phenylacetone with methylmagne-
siuni iodide. With the exception of the parent
tertiary carbinol,” the compounds are new. Their
physical properties, yields and aualyses are re-
ported in Table I.

The corresponding benzyldimethylcarbinyl chlo-
rides were synthesized by the action of gaseous hy-
drogen chloride on the appropriate pure tertiarv
carbinol. The utmost precautions were required
in order to obtain the chlorides inn pure forms. The
procedure  whiclt ultimately proved successful
involved washing of the product with concentrated

(4) 11, C. Brown aud R. S. Fletcher, THis Journarn, T1, 1845 (1949).

() H. C. Brown, J. D. Brady, M. Grayson and W. H. Bonner,
ibid., 19, 1897 (1957).

(68) H. C. Brown, Y. Okamoto and G. Ham, {bid., 79, 1906 (1957).

(7) (a) A. Klages and H. Haehn, Ber., 37, 1723 (1804); (b) T. A.
Zolesskuvu, TGy, Cheor (TS S R Y, 17, 4RO (1047

sulfuric acid in the cold, immiediate separation of
layers by means of centrifugation, treatment of the
organic layer with calcium carbonate and distilla-
tion of the chloride under reduced pressure. The
physical properties, yields and analyses of the
benzyldimethylcarbinyl chlorides, all new com-
pounds, are reported in Table II.

Hydrolysis of each of the benzyldimethylcarbinyl
chlorides in 809, ethanol at 40.8° proceeded by
clear-cut first-order kinetics. Both the absolute
and relative rate constants are shown inn Table I11.

TaBLE II1

RATE DATA FOR THE FIRST-ORDER HYVYDROLYSIS OF p-
SUBSTITUTED BENZYLDIMETHYLCARBINYL CHLORIDES AT
40.8° 1§ 809, Agueous ETHANOL

k1, sec, "1 X 108 Relative rate

p-Substituent

H 1.236 1.00
Me 1.913 1.55
Et 1.727 1.40
i-Pr 1.637 1.32
F 0.992 0.803
Ct 642 .o19
Br 075 546

Discussion of Results

First of all, it is noteworthy that the rates of
hydrolysis of all of the benzyldinethylcarbinyl
chlorides are significantly lower than that of /-
butyl chloride. The rate constants for the hy-
drolysis of #-butyl chloride in 809, ethanol over a
range of temperatures® indicate that at 40.8° #-
butyl cliloride is hyvdrolyzed about six timies as
rapidly as is benzvldimethylcarbinyl chloride, for
exaniple. ‘This is inn keeping with the positive
Hammett o-coustant for m-CeHs and with the
generalization of the English school that the induc-
tive effect of the phenyl group is one of electrou

8Y 10D TTaghes, J .l Soco, 255 (1935).
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withdrawal.? It also indicates that neighboring
aryl group participation is not an important con-
tributing factor in this tertiary halide system, as
already has been suggested for C,-tertiary systems
in general by the work of Winstein and co-workers.*
Rigorous studies designed to reveal any possibility
of aryl participation in this system are now in
progress in these laboratories.

A comparison of the relative rates of hydrolysis
of the p-alkylbenzyldimethylcarbinyl chloride with
those of the simple vinylogous alkyl-substituted #-
butyl chlorides* is striking. As is shown in Table
1V, not only are the relative orders of reactivity the
same in the two series, but the relative magnitudes
as well. The differences in the p-alkylbenzyl-
dimethylcarbinyl chloride series are almost certainly
attributable to electronic, and not to steric, factors.
The data would suggest strongly that the same is
true for the corresponding alkyl-substituted ¢
butyl chlorides, which, for the simple compounds
under consideration, the original authors?! had
implied to be the case.

TABLE IV
RELATIVE RATES OF HYDROLYSIS OF ALKYL-SUBSTITUTED i-
ButyL CHLORIDES AT 25° AND OF $-ALKYLBENZYLDIMETHYL~
CARBINYL CHLORIDES AT 40.8°

Y = H Me Et
i
YCHZCI)CI 1.00 1.67 1.58
CH;
.
#-YCHCH,CCl 1.00 1.55 1.40
CH;

The data in Table III afford a convincing argu-
ment in favor of the importance of the contribution
to the incipient carbonium ion intermediate of
resonance structures of the tvpe

Such structures emphasize the effect of Y in bring-
ing about an increase in the electron density at the
p-position, whence it can be relayed to the reaction
site only by induction.!

For the p-alkylbenzyldiniethylcarbinyl chlorides,
in which Y = an alkyl group, this effect is, of
course, that of hyperconjugation, and the order of
relative rates of hydrolysis for these compounds
can be explained best on the basis that hyperconju-
gation is the controlling factor. For series of
compounds in which the hyperconjugative effect
of the alkyl group can be relayed directly to the
reaction center through resonance, the relative
order of rates is exactly the same, although, as

(9) See C. K. Ingold, Cheri. Revs., 18, 225 (193-4); and C. K. Ingold,
*‘Structure and Mechanism in Orgunic Chemistry,’” Cornell University
Press, Ithaca, N. Y., 1953, pp. 72-73.

(10) S. Winstein and B. K. Morse, THis JOURNAL, T4, 1133 (1952);
S. Winstein, B, K. Morse, E. Grunwald, K. C. Schreiber and J. Corse,
ibid., T4, 1113 (1952).

(11) A comparable effect was reported for the m-alkylphenyldi-

methylcarbinyl chlorides® and the m-halophenyldimethylearbinyl chlo-
rides s
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expected, the magnitudes of the effect are consider-
ably greater. Thus for the hydrolysis of the p-
alkylbenzhydryl chlorides in 809, agueous acetone
at 25° the relative rates are H (1.00) < Me (21.4) >
Et (17.3) > ¢-Pr (13.8).12 Similarly, for the hy-
drolysis of the p-alkylphenyldimethylcarbinyl chlo-
rides in 809, aqueous acetone at 25°, the relative
rates are H (1.00) < Me (26.0) > Et (22.0) > 4-Pr
(18.8).5 In both cases, the observed order is at-
tributed to hyperconjugative stabilization of the
incipient carbonium ion.

For the p-halobenzyldimethylcarbinyl chlorides,
the rates of hydrolysis are reduced over that of the
parent compound, as would be predicted from the
inductive effect of the halogens. But once again,
the order of rates, this time an irregular one, for
the various halogen substituents [H (1.00) > F
(0.80) > C1 (0.52) < Br (0.55)], suggests the op-
eration of a small electron-supplying resonance
component which here opposes the inductive effect.
A similar explanation appears necessary to account
for the comparative data dealing with the solvolysis
of p-chlorobenzyldimethylcarbinyl chloride and
chloromethyldimethylearbinyl  chloride  (1,2-di-
chloro-2-methylpropane). As can be seen from
Table II1, the rate of hydrolysis of -chlorabenzyl-
dimethylcarbinyl chloride, where the resonance
effect of the chlorine, which tends to stabilize the
incipient carbonium ion, can oppose the destabil-
izing —I effect, is reduced over that of the unsub-
stituted compound (Y = H) by less than 50%.
On the other hand, for chloromethyldimethyl-
carbinyl chloride, where only the —1I and not the
resonarce, effect of the chlorine can be operative,
the chlorine substituent reduced the rate of hy-
drolysis to a value 2.53 X 10~* that of the unsub-
stituted compound (¢-butyl chloride).®

A plot of the logarithms of the relative rates of
hydrolysis of the p-substituted benzyldimethyl-
carbinyl chlorides against the substituent constants
(o-values) of Jaffél! gives a fairly good linear rela-
tionship (Fig. 1), with a reaction constant, p, of 1.11.

Experimental®®

p-Substituted Benzyldimethylcarbinols.—The p-alkyl-
and p-halobenzyldimethylcarbinols were all prepared by the
general procedure described in detail for p-isopropylbenzyl-
dimethylcarbinol:

A mixture of 50 ml, of dry ether, 8.6 g. (0.34 mole) of
magnesium and 5 g. of p-isopropylbenzyl chloride was added
to a round-bottomed flask. As soon as a vigorous reaction
had begun, 1000 ml. of dry ether was added and 55 addi-
tional g. (total of 0.35 mole) of p-isopropylbenzyl chloride
was added dropwise with vigorous stirring under a nitrogen
atmosphere. The mixture was hvdrolyzed at ice tempera-
ture by the dropwise addition of an ice-cold solution of 17 g.
of concentrated sulfuric acid in 300 ml. of water. The
organic layer was removed, dried for 12 hr. over anhydrous
magnesium sulfate, filtered, the ether removed and the
residue distilled under reduced pressure through a 25-cm.
Vigreux column to yield 44 g. (649,) of analytically pure p-
isopropylbenzyldimethylcarbinol, b.p. 126-128° (10 mm.),
m.p. 24.4-25.6° (reported™ 24°).

(12) E. D. Hughes, C. K. Ingold and N. A. Taher, J. Chem. Soc.,
949 (1940); see also the interesting work of V. J. Shiner, Jr., and (. J.
Verbanic, THis Journarn, 79, 368 (1957).

(13) H. C. Brown, M. S. Kharasch and 1. 1I. Chao, T'nis Jorryan
62, 3435 (1940).

(14) H. H. Jaffé, Chem. Revs., B3, 191 (1953).

(15) Boiling points uncorrected. Analyses hy
Micreanalvtieal T.ahoratory, Woodside, W, V.

Schwarzkopf
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Fig. 1.—Hydrolysis of p-substituted benzyldimethylcarbinyl
chlorides at 40.8°.

_Benzyldimethylcarbinol and p-fluorobenzyldimethylcar-
binol also were prepared by reaction of the appropriately
substituted phenylacetone with methylmagnesium iodide,
as described in detail for the former compound.

Approximately 250 ml. of dry ether, 30.7 g. (1.26 moles)
of magnesium and 10 g. of methyl iodide were placed in a
dry flask. After a vigorous reaction had begun, 750 ml.
of ether was first added and then 169.2 g. (total of 1.26
mples) of methyl iodide was added dropwise with vigorous
stirring under a nitrogen atmosphere. After all the methyl
iodide had been added, the mixture was stirred for 2.5 hr.
Then 154 g. (1.15 moles) of phenylacetone was added drop-
wise and the mixture stirred for an additional 30 minutes.
Hydrolysis was effected by the addition of an ice-cold solu-
tion containing 58 g. of concentrated sulfuric acid in 500 ml.
of water. The organic layer was separated, washed with
100 ml. of 5% sodium thiosulfate solution to remove free
iodine, and dried over magnesium sulfate. The ether was
removed and the residue distilled under reduced pressure
through a 25-cm. Vigreux column to afford 145 g. (84.0%)
of benzyldimethylcarbinol, b.p. 94-96° (10 mm.), n¥p
1.5102.

p-Substituted Benzyldimethylcarbinyl Chlorides.—The
p-alkyl- and halobenzyldimethylcarbinyl chlorides were
prepared by treatment of the corresponding carbinol with
hvdrogen chloride according to a procedure of which the
synthesis of benzyldimethylcarbinyl chloride is typical.

Gaseous hydrogen chloride was bubbled into an ice-cooled
mixture of 82 g. of benzyldimethylecarbinol and 25 ml. of
concentrated hydrochloric acid at 0° for 15 minutes and
finally for 30 minutes at room temperature. The lower
aqueous layer was removed and the crude chloride was
treated for 12 hr, with a mixture of powdered calcium car-
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bonate and anhydrous sodium sulfate. Distillation of the
decantate through a 25-cm. Vigreux column under reduced
pressure afforded 54 g. (59%) of benzyldimethylcarbinyl
chloride, b.p. 88-92° (10 mm.). The product was further
purified by washing with cold concentrated sulfuric acid,
the acid layer separated by centrifugation and the organic
layer immediately treated with powdered calcium carbonate
for 12 hr. The decantate was distilled under reduced
pressure to yield 49 g. of analytically pure benzyldimethyl-
carbinyl chloride, b.p. 88-90° (10 mm.).

Kinetic Measurements.—The rate measurements were
made by an adaptation of the method of Brown and Flet-
cher.* The solvent was prepared by the addition of suffi-
cient water to 800 ml. of absolute ethanol at 25° to bring
the total volume to 1000 ml. The solvent, 100 ml., was
placed in a long necked flask and brought to reaction tem-
perature (40.8 == 0.02°) in a constant temperature bath.
Approximately 3 ml, of the benzyldimethylcarbinyl chlo-
ride was added with thorough mixing. At definite time
intervals, 5-ml. aliquot portions of the solution were added
to 50 ml. of absolute ethanol at 0° in order to quench the
solvolysis. The hydrochloric acid formed was determined
by titration against 0.04 N sodium hydroxide solution with
methvl red as the indicator. The original concentration of
the halide was determined by allowing the reaction mixture
to stand for at least ten times the measured half-life of the
chloride being solvolyzed to provide an aliquot for the in-
finity titer. Each determination was run at least four
times as a check of the precision of the results.

Determination of the Rate Data.—The first-order rate
constants were obtained by a plot of lot (¢ — %) ws. {, where
a is the original concentration of the alkyl chloride and (@ —
x) is the concentration of the unhydrolyzed chloride at time
t, in hours. For a first-order reaction of this type, the con-
centrations may be expressed conveniently in terms of the
ml. of the standard sodium hydroxide solution required for
the titration of the 5-ml. aliquots of the reaction mixture.
In all cases, the hydrolvses of the beuzyldimethylearbinyl
chlorides showed excellent first-order kinetics. The specific
rate constant in all cases agreed to within 49, and in most
cases to within 29,. Experimental data for a typical run
are shown in Table V.

TABLE V

RATE DATA FOR Tut HYDROLYSIS OF $-FLUOROBENZYLDI-
METHYLCARBINYL CULORIDE 1N 809, ETnaNoL AT 40.8°

Time, x, (a — =),

r. ml, ml, log (a — %)
0.00 0.00 21.06 1.323
2.00 1.53 19.53 1.291
3.00 3.52 17.54 1.244
8.32 5.48 13.61 1.134
12.32 7.45 13.61 1.134
16.18 9.22 11.84 1.073
25.47 12.45 8.61 0.935
26.63 13.00 8.06 0.906
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