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Previous communications have reported upon the
bromide ion?- and chloride ion®*-promoted elimination
from 2-benzyl-2-bromo-4,4-dimethyl-1-tetralone (I) in
solvent acetonitrile to yield only the endocyclic a,8-un-
saturated ketone, 2-benzyl-4,4-dimethyl-1-keto-1,4-di-
hydronaphthalene (II). In this investigation it is
shown that chloride ion-promoted elimination from 2-
benzyl-2-chloro-4,4-dimethyl-1-tetralone  (III) also
yields only the endocyeclic @,8-unsaturated ketone II.

In bromide ion-promoted elimination from bromotet-
ralone I any concurrent substitution would merely re-
generate the bromotetralone and it was not possible to
establish whether substitution accompanied elimina-
tion. . The kinetic pattern of the chloride ion-promoted
elimination from bromotetralone I showed that reaction
could not involve a rapid substitution of chloride for
bromide followed by elimination either from chlorotet-
ralone III or from an equilibrium mixture of bromotet-
ralone I and chlorotetralone ITI. In this investigation
by use of radiochloride ion (C1®) it has been found
possible to investigate directly the extent of substitu-
tion accompanying chloride ion-promoted elimination
from both bromotetralone I and chlorotetralone II1.

Although at complete reaction only endocyeclic «,5-
unsaturated ketone II is isolated, during the earlier
stages of reaction substitution may initially accompany
elimination only for the substitution product formed to
undergo eventually also an elimination reaction. The
reactions of radiochloride - ion with bromotetralone I
and with chlorotetralone III were stopped at partial
reaction and the organic component of the reaction
mixture isolated. The radioactivity incorporated into
the organic component gave a direct measure of the
amount of substitution accompanying elimination.
For chloride ion-promoted elimination from bromotet-
ralone I at 24.5° it was found that each act of substitu-
tion was accompanied by about 200 of elimination;
this low value for the substitution—elimination ratio is
consistent with the clean second-order kinetics pre-
viously observed for the elimination reaction.! For
chloride ion-promoted elimination from chlorotetralone
IIT at 90.6° it was found that each act of substitution
was accompanied by about 59 of elimination.

Bunnett, Davis, and Tanida, in attacking the merged
mechanism,* considered the absence of any substitution
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product in their systems to indicate that their elimina-
tion reactions followed an E2 rather than a merged sub-
stitution—elimination mechanism. This argument is
fallacious since two reaction paths are available on
either the merged mechanism or on the mixed E2-Sx2
reaction scheme. Although in general substitution will
accompany elimination on either scheme, in practice
many instances will occur in which one reaction path is
sufficiently favored as for it to swamp out the alterna-
tive. This has long been recognized for the mixed E2-
Sn2 reaction scheme and identical arguments must hold
for the merged substitution—elimination scheme. In
the elimination reactions discussed within this commu-
nication a small degree of substitution is indeed found to
accompany elimination but we do not consider this to be
a requisite of the merged substitution—elimination mech-
anism which has been previously proposed for these
elimination reactions.®

The kinetics of the chloride ion-promoted elimination
from chlorotetralone IIT have not previously been in-
vestigated. A brief investigation was carried out, and
it was found that the kinetics were of second order,
first order in chlorotetralone III and first order in tet-
raethylammonium chloride. The reaction was found
to have a high activation energy of 24.6 kcal./mole, to-
gether with a counterbalancing high frequency factor
of 10!2.71. moles—'sec.~ ™.

Experimental

The concentrations reported in this paper are uncorrected for
expansion of the solvent from room temperature to reaction
temperature. Other entities quoted which are concentration de-
pendent are similarly uncorrected.

Materials.—Preparation of 2-benzyl-2-bromo-4,4-dimethyl-1-
tetralone® and of tetraethylammonium chloride® have previously
been deseribed. Tetraethylammonium radiochloride was pre-
pared in the same manner as was tetraethylammonium chloride
but using a solution of HCI®¥. The acetonitrile was Matheson,
Coleman and Bell spectroquality reagent.

2-Benzyl-2-chloro-4,4-dimethyl-1-tetralone (III).—A 12-g.
(0.045 mole) sample of 2-benzyl-4,4-dimethyl-1-tetralone was
dissolved in 50 ml. of chloroform. A 360-ml. portion of 0.125 M
chlorine solution in chloroform was added over a period of 45
min,, the reaction mixture being irradiated with ultraviolet light.
The solution was allowed to stand for a further 10 min. and then
evaporated under vacuum. Recrystallization from petroleum
ether, b.p. 60~70°, yielded 11 g. of colorless crystals, m.p. 70-75°.
Repeated recrystallization from petroleum ether gave pure chloro-
tetralone ITI, m.p. 77-78°; Amax 256 mu (€ 12,200); Amin 228 my
(e, 2400); ycm0 1694/86.

Anal. Caled. for C,H,OClL: C, 76.36; H, 6.41; Cl, 11.87.
Found: C, 76.36; H, 6.44; Cl, 11.82.

Elimination from Chlorotetralone III as Promoted by Tetra-
ethylammonium Chloride.—A 50-ml. portion of an acetonitrile
solution 0.0400 J in chlorotetralone III and 0.0470 M in tetra-
ethylammonium chloride was maintained at 90.6° for 40 hr.
Titration against standard sodium methoxide in the usual manner
indicated that 949, of stoichiometrically possible acid formation
had taken place. Recovered was 0.464 g. of crude product (989,
yield), m.p. 109-110.5°. The crude product had infrared and
ultraviolet spectra superimposable upon those of an authentic
sample of the endocyclic «,8-unsaturated ketone II.8 After
recrystallization from methanol the m.p. was 110.5-112.5°;
endocyclic «,8-unsaturated ketone, 113-114°.6

Radioactive Tracer Techniques.—Counting was performed us-
ing a Tracerlab ‘100 scaler’” employing a T.G.C.2. mica end-
window geiger tube operating at 1400 volts. Measurements were
carried out employing a 1-ml. sample of an acetonitrile solution of
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the material to be counted, contained in a glass dish at a standard
distance from the end-window. Immediately before and after
each counting operation the background count was determined
and the mean value subtracted from the observed count. The
usual counting time was 10 min. and the readings were then cor-
rected to number of counts per minute.

Radioactive Count of Pure Tetraethylammonium Radiochlo-
ride.—A 1-ml. sample of a 0.0286 M solution of NEt,Cl* in
acetonitrile was counted by the above procedure. The over-all
count was found to be 3075 counts per min., which after correction
for the background count of 33 counts per min., gave an actual
solution count of 3042 per min.

Extent of Exchange Accompanying Chloride Ion-promoted Elim-
ination from Bromotetralone I.—A 50-ml. portion of an aceto-
nitrile solution 0.0300 3 in bromotetralone I and 0.0263 M in
NEt,Cl%* was maintained at 24.5° for 80 min. A 5-ml. sample was
removed and found to require 5.50 ml. of 0.0090 M sodium meth-
oxide for neutralization. The acid formation corresponded to
33% elimination. To the remainder of the solution petroleum
ether was added and the solution washed well with water until
the washings were found to be nonradioactive. The petroleum
ether solution was then evaporated to dryness under reduced pres-
sure. A solution containing 0.0180 g. of produect per ml. of ace-
tonitrile was counted by the standard technique. The actual
count on the sample was found to be only 6.0 per min. The prod-
uct was redissolved in petroleum ether and again washed well
with water; a repeat of the above procedure then led to an actual
count of 7.0 per min. showing the small count to be due to an
actual incorporation of radiochlorine into the organic residue and
not due to a trace of radiochloride ion impurity.

Since the radiochlorine count is extremely low we can to an
excellent approximation assume the organic residue to be a mix-
ture of bromotetralone I (contaminated with a trace of chloro-
tetralone III) and endocyeclic «,8-unsaturated ketone II. To
0.0180 g. of residue was added a little acetonitrile and excess
piperidine and the mixture allowed to stand for 24 hr. Then 30
ml. of acetone and excess nitric acid were added and the bromide
ion concentration determined by potentiometric titration was
equivalent to 3.68 ml. of 0.0100 M silver nitrate. This corre-
sponds to a bromotetralone I mole fraction of 0.63 in excellent
agreement with the 339, elimination as determined by acid titra-
tion.

The concentration of bromotetralone I in the counted solution
was 0.0378 M and for a concentration of 0.0286 M the count
would have been 4.9 per min. The percentage uptake of radio-
chlorine into the bromotetralone is therefore 4.9/3042 X 100%;;
1.e., 0.16%,. When 339, elimination has occurred the remaining
bromotetralone I has 0.169, of its bromine atoms replaced by
radiochlorine atoms and for every act of substitution about 200
of elimination have taken place.

Extent of Exchange Accompanying Chloride Ion-promoted
Elimination from Chlorotetralone III.—A 60-ml. portion of solu-
tion 0.0167 M in chlorotetralone III and 0.0182 M in NEt,Cl%*
was maintained at 90.6° for 95 min. A 5-ml. portion was found
to require 4.62 ml. of 0.00900 M sodium methoxide for neutraliza-
tion. This corresponds to 509, elimination reaction having taken
place. To the remainder of the solution petroleum ether was
added and the solution water washed until the washings were
nonradioactive. The petroleum ether solution was then evapo-
rated to dryness under reduced pressure.

A solution containing 0.0170 g. of product per ml. of acetoni-
trile was counted by the standard technique. The actual count
on the sample was found to be 20.9 per min. To 0.0173 g. of
sample was added a little acetonitrile and excess piperidine; the
solution was maintained at 90.6° for 24 hr. and then 30 ml. of
acetone was added and the solution acidified with nitric acid.
The chloride ion was found by potentiometric titration to be
equivalent to 2.90 ml. of 0.0100 M silver nitrate; this corresponds
to a chlorotetralone III mole fraction of 0.47, in excellent agree-
ment with the 509, elimination as determined by acid titration.

The concentration of chlorotetralone ITI in the counted solution
was 0.0290 M and the percentage of C1% present was 20.9/3042 X
1009,; t.e., 0.69%. In determining the amount of exchange al-
lowance must be made for dilution of the Cl1% by hydrogen chlo-
ride eliminated from the chlorotetralone. At 509 elimination
[NEt,CI%] is 0.0182 M and [HC]] is 0.00835 M. The true per-
centage of chlorine exchange is, therefore, 0.69[0.0182 4 0.00835/
2]/0.0182; i.e., 0.859%. When 509 elimination has occured the
remaining chlorotetralone III hag 0.859; of its chlorine atoms ex-
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changed with those present as chloride ion in solution and for
every act of substitution 59 of elimination have taken place.

Kinetics of the Chloride Ion-promoted Elimination from Chloro-
tetralone III.—All runs were carried out by the sealed bulb tech-
nique using 5.05-ml. aliquots. Titration of acid production was
in 30 ml. of acetone previously rendered neutral to lacmoid indi-
cator, against a standard solution of sodium methoxide in meth-
anol. One run was followed by potentiometric titration against
standard silver nitrate in a titration medium consisting of 30 ml.
of acetone containing about 1 ml. of 1 N nitric acid. A silver
wire electrode and a potassium nitrate—agar bridge to a diptype
calomel reference electrode were used.

Throughout each individual run the first-order rate coefficients
with respect to chlorotetralone III fell in value as reaction pro-
ceeded. Such a fall was observed and discussed for the bromide
ion-promoted elimination from bromotetralone I.2

TasrLE I

InrTiaL SEcOND-ORDER RATE COEFFICIENTS, ki, FOR AcCID

PropucTioN IN THE REACTION OF 2-BENZYL-2-CHLORO-4,4-

DIMETHYL-1-TETRALONE WITH TETRAETHYLAMMONIUM CHLORIDE
IN SOLVENT ACETONITRILE

10%ks,
t, °C. [Chlorotetralone] [NEt:Cl] 1. moles~? gec.”!
61.3 0.0200 0.0769 0.45
75.5 .0100 .00398 2.01e
75.5 .0200 .00961 1.93
75.5 .0200 .0769 1.86
90.6 .0200 .00961 8.9

¢ Initial second-order rate coefficient for bromide ion production
i8 2.06 X 10-3 1. moles~1sec.”; ky = Ae—E/BT; A = 101271,
moles™! gec.”!; E = 24.6 keal./mole.

An illustrative run is given below; the first-order rate coef-
ficients, k; (sec. ), are with respect to chlorotetralone III.

90.6°; 5.05-Mvr. Arrquots At 24°; {CHLORO-
0.0200 M; [NEtCl]: 0.00961; Trrers ARE IN
ML. or 0.00900 M NaOMEe
Time, min. 0 10 20 30 40 50 60
Titer 0.25 0.76 1.20 1.60 1.97 2.30 2.58
10° &y: 7.98 7.58 7.31 7.12 6.90 6.64

TEMPERATURE:
TETRALONE |:

Initial & is 8.55 X 10~ 5sec. ™, corresponding to an initial sec-
ond-order rate coefficient of 8.9 X 1073 1. moles~! sec.™ 1.
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Interest in this laboratory in the thermal decomposi-
tion of aryldiazonium hexafluorophosphates to the
corresponding aromatic fiuorocarbons? has led to the
discovery of a new deamination procedure. It has
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