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The Hyperconjugative Effect of Methylene Groups in 5-Indanylphenylchloromethane
and 5,6,7,8-Tetrahydro-2-naphthylphenylchloromethane

By Ricaarp T. ArRNoOLD, KoTaARo MURAI! AND R. M. Dobson

Kinetic studies dealing with the hydrolysis of
benzhydryl chlorides? have shown the rate deter-
mining step of this reaction to be “unimolecular,”
and it is now generally agreed that this rate con-
trolling step essentially involves an ionization of
the halide.

previously studied,? the rate constants for the hy-
drolysis of benzhydryl chloride and p-methyl-
benzhydryl chloride were determined under the
same conditions. These values checked those
previously reported? very satisfactorily (Table I).
The hyperconjugative effect of the p-methylene
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It is also known?.that para alkyl groups increase
the rate of hydrolysis of benzhydryl chlorides in
the order (CHj);C— < (CHj):.CH~ < CH;CH,—
< CH;-. Since these rate differences can reason-
ably be attributed? to hyperconjugation (4. e., no
bond resonance) which stabilizes preferentially
the transition state, such kinetic studies offer a
sensitive measure of hyperconjugative effects in
related substituents.

In a serjes of papers from this Laboratory?® it
has been reported that measurable differences ex-
ist in the steric effect of methylene groups in five-
and six-membered rings. In order to determine
whether or not certain well known differences in
the aromatic rings of indane and tetralin can be
attributed in part to inequalities in the hypercon-
jugative effects of the methylene groups in these
two hydrocarbons, we have measured the rates of
hydrolysis of 5-indanylphenylchloromethane (I)
and 5,6,7,8-tetrahydro-2-naphthylphenylchloro-

methane (II).
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Kinetic constants for these first-order reactions
at 0° and 25°, the activation energies (E) and the
non-expotnential rate factors (B) were found to be
identical within the limits of experimental error
(Table I). It is therefore concluded that no ap-
preciable difference in the degree to which hyper-
conjugation contributes to these systems (I and
II) exists.

In order to relate the hyperconjugative effect of
the p-methylene group in fused five- and six-
membered rings to that of the alkyl substituents

(1) Abstracted from a thesis by Kotaro Murai, presented to the
Graduate Faculty of the University of Minnesota in partial fulfil-
ment of the requirements for the Ph.D. degree, October, 1949,

(2) Hughes, Ingold and Taher, J. Chem. Soc., 949 (1840).
(8) Arnold and Richter, Tuis JournaL, 70, 3505 (1948).
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group'in fused five- and six-membered rings is ap-
proximately equal to that of the p-ethyl group.

TaBLE I
kaso koo B
Substituted X 103 X 108 Eact. X 10-t
benzhydryl chloride (see, "1)¢ (sec. 1) (keal.) (sec.”1)
Compound I 1.306 6.34 19.6 2.96
Compound II 1.300 6.30 19.6 3.00
Benzhydryl chloride 0.0723 0.28¢ 20.9 1.65
0.0728" 0.282 21.0° 1.91
p-Methyl chloride 1.559 8.32 18.9 1.28
1.560° 8.35° 189" 1.23
#-Ethyl chloride 1.260° 6.26° 19.4° 2.19°

¢ The solvent for all of these determinations was pre-
pared by diluting four volumes of acetone with one volume
of water. ®These values were determined by Hughes,
Ingold and Taher, ref. 2.

Since it has recently been indicated that the
hyperconjugation of methylene groups is subject
to steric effects,* the hydrolysis of 3,4-pentameth-
ylenediphenylchloromethane is now being studied.

Preparation of Compounds

In order to be certain of the structure of the
compounds, 5-indanyl phenyl ketone was first pre-
pared by the Friedel-Crafts reaction of 5-indan-
carbonyl chloride with benzene. The required 5-
mdancarboxyhc acid was prepared either from 5-
aminoindan via the nitrile,? or from the mixture of
4- and 5-indanyl methyl ketones® by means of the
intermediate 5-indanacylpyridinium iodide.” This
pyridinium salt was hydrolyzed to the acid with
aqueous sodium hydroxide. In contrast, the
haloform reaction on the mixture of 4- and 5-in-
danyl methyl ketones using bromine and alkali
gave a mixture of acids which was very difficult to
separate.® The 5-aminoindan was most conveni-
ently prepared by the catalytic reduction of 5-

(4) Baddeley, Chadwick and Rawlinson, Nature, 164, 833 (1949).

(5) Lindner, Schmitt and Zaunbauer, Monats., T2, 216 (1939).

(6) Borsche and Pommer, Ber,, 54, 102 (1821).
(7) L. C. King, THis JOURNAL, 66, 894 (1944).
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nitroindan® using a Raney nickel catalyst in eth-
anol.  After seed crystals were available, pure 5-
indanyl phenyl ketone could be readily prepared
by the direct benzoylation of indan using the
Friedel-Crafts reaction.’

5,6,7,8-Tetrahydro-2-naphthyvl phenyl ketone
was also prepared by two different routes; first, by
the condensation of 5,6,7,8-tetrahydro-2-naph-
thoyl chloride with benzene using aluminum chlo-
ride. The required 3,6,7,8-tetrahydro-2-naph-
thoic acid was obtained from the impure 5,6,7,8-
tetrahydro-2-naphthyl methyl ketone’ by means
of the preparation, crystallization and hydrolysis
of 5,6,7,8-tetrahydro-2-naphthacylpyridiniun io-
dide.” Most of the desired ketone was obtained
by the second procedure, the direct benzoylation
of tetralin.® /!

Both 5-indany! phenyl ketone and 5,6,7,8-tetra-
hydro-2-naphthyl pheny! ketone were reduced to
their respective carbinols by means of either a
Raney nickel or a copper chromium oxide catalyst
in ether solution. The former catalyst was pre-
ferred because the temperature required for reduc-
tion was lower. The carbinols were converted to
the respective substituted benzhydryl chlorides
{I and II) by treatment with hydrogen chloride in
benzene solution.!' All of the chlorides were
stored under nitrogen in sealed ampules and were
redistilled immediately prior to the kinetic deter-
mination.

Experimental'?

S-Indanacylpyridinium Iodide.—A mixture of 160 g
(0.1 mole) of 4-and 5-indanyl methyl ketone, 25.4 g. (0.20
mole) of iodine and 50 ml. of pyridine was heated for onc
hour on the steam-bath.
the refrigerator, the solution was filtered. The solid
product was washed twice with 100 ml. of ether and then
with 100 ml. of water. The product was crystallized
from 65% alcohol to give 13.0 g. (35.89) of 5-indanacyl-
pyridinium iodide, m. p. 203-205°.

Anal.  Caled. for CHINO: C, 52.62;
Found: C, 52.56; H, 4.73.

S-Indancarboxylic Acid.—A mixture of 25.5 g. (0.079
mole) of bH-indanacylpyridinium iodide, 20.0 g. (0.50
mole) of sodittm hydroxide and 400 ml. of water was heated
for two hours ou the steam-bath. The solution was neu-
tralized with six normal hydrochloric acid and digested for
thirty minutes on the steam-bath. After being cooled,
the product was separated by filtration. The precipitate
was dissolved in 109 sodium carbonate solution, aud the
solution was boiled with carbon (Norit) for five minutes,
then filtered through Hi-Ilo.  After being ucutralized
with 6 N hydrochloric acid, the mixture was di-
gested on the steam-bath for 30 minutes, cooled, and fil-
tered. 1o this way, 8.5 g. (759.) of 6-indancarboxylic
acid, m. p. 182-183°, wus obtained. The reported melt-
ing point® is 183--184°.

S.Indanyl Phenyi Ketone.---A mixture of 9.0 g. (0.046
mole) of H-indancarbonyl chloride!® (prepared from the
acid with thionyl chloride), 6.5 g. (0.049 mole) of alumi-
num chloride and 80 ml. of anhydrous benzene was heated
under reflux for two hours. The mixture was poured into

H, 4.43.

(8) Arnold and Zaugyg, THIs JOURNAL, 63, 1317 (1941,
i Scharwin, Ber,, 835, 2611 11902y,
(10) Orchin, Woolfolk and Reggel, Tuis Journan, T1, {26 (10400
t11) Boesekeu, Rec. trav. chim., 38, 301 (1903).
i12) Microanalyses by William Cummings and Ralph Kelly.
13) v Bruun, Kirschbuum and Schubhmang, Ber, 83, 1135 (1920
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After heing cooled overnight in:
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a4 slurry of equal parts of ice and 12 N hydrochloric acid.
The organic layer was separated, washed with five per cent.
sodium carbonate solution, dried over anhydrous caleium
chloride, and the solvent was removed. Distillation of
the residue yielded 9.0 g. (899%) of 5-indanyl phenyl ke-
tone, b. p. 1905-203° (13 mm.) By crystallization from
absolute ethanol at —~40°, a solid product was obtained,
m. p. 33-36°. The compound is reported as an oil, b. p.
203-204 7 {8 mnL Lt and as a solid® with a melting point
of over 40°.

d-Indanyl phenyl ketoue, m. p. 35-36°, was also pre-
pared by the direct henzoylation of indan and was crys-
tullized from absolute alcohol at —40°. The oximes ob-
tained from the above ketones both melted at 148-149°
and showed no Jdepression of melting point when mixed.
The reported melting points of 5-indanyl pheuyl ketoxime
arc 915270 and 153310498

5.,6,7,8-Tetrahydro-2 -naphthacylpyridinium Iodide.—A
mixture of 90 g. (0.5316 mole) of 5,6,7,8-tetrahydrn-2-
{and 1)-naphthyl methyl ketone, 132 g. (0.516 mole) of
iodine aud 260 ml. of pyridine was warmed on the steain-
bath for one hour. The mixture was allowed to stand
overnight in the refrigerator and then was filtered. The
product was washed twice with 100 ml. of ether and then
with 100 inl. of water. After crystallization from 659,
aleohol, the yellow product, m. p. 213-214°, weighed 79.0
g. (40.59).

Anal.  Caled. for CpH;§INO: C, 53.84;
l'ound: C, d4.11; H, 5.08.

5,6,7,8-Tetrahydro-2-naphthoic Acid.—A suspension of
79.0 g. (0.208 mole) of 5,6,7,8-tetrahydro-2-naphtha-
cylpyridinium iodide and 80 g. (2 moles{ of sodium hy-
droxide in 300 ml. of water was heated on the steam-bath
for two hours. The acid was isolated as described above.
After being crystallized from 65%, alcohol, the white prod-
uct, m. p. 153-154°, weighed 25.2 g. (699%). The acid
is reported to melt at 152~153°.

5,6,7,8-Tetrahydro-2-naphthyl Phenyl Ketone.—A mix-
wure of 25.0 g. of 5,6,7,8-tetrahydro-2-naphthoyl chloride!s
‘prepared from the acid with thionyl chloride), 21.9 g. of
:luminum chloride and 75 ml. of anhydrous benzene was
heated under reflux for three hours. The product was
isolated as described above. Distillation yielded 20.0 g.
(610} of the desired ketone, b. p. 237° (19 mm.). A
small samnple of the ketone was crystallized from absolute
cthanol at —40° and melted at 41-42°. 5,6,7,8-Tetra-
hydro-2-naphthyl phenyl ketone, m. p. 41-42°, was also
prepared by the direct benzoylation of tetralin ! followed
by crystallization from absolute ethanol at —20°. The
ketone is reported to have a boiling point of 222-223° (12
mmn.)® and a melting point of 40.4-41.2°,1°

Anel. Caled. for CH 50 C, 86.41; 1, 6.82.
C,86.59; H, 6.73.

Both samples of the ketone formed oximes which melted
at 141-142° and which showed no melting point depression
when mixed. The reported? melting point of 5,6,7,8-
tetrahydro-2-naphthyl phenyl ketoxime is 142°.

5.6,7,8-Tetrahydro-2-naphthylphenylcarbinol. —A solu-
tion of 110 g. (0.416 mole) of 5,6,7,8-tetrahydro-2-
naplithy! phenyl ketone in 230 inl. of cther was reduced at
1252 and 1400-1700 pounds per square inch of hydrogen
using a Raney nickel catalyst. To insure complete re-
duction of the ketone, the reduction was continued until
slightly more than one mole of hydrogen was absorbed.
Three distillations of the product yielded two separate
fructions. Fraction I, L. p. 163-165° (2 mm.), #%¥D
1.5818 weighed 12 g. Fraction lI, b. p. 168.5-170° (2
mm.), #%p 1.5910, weighed 44.0 g. (44.5%). Fraction
11 was the desired carbinol.

Anal. Caled. for CyH30: C, 85.78; H, 7.60. Found:
C, 86.01; H, 7.31.

Fraction 1 was 5,6,7,8-tetrahydro-2-naphthylphenyl-
ethane.

Anal. Caled. for CpHys: C, 91.83; H, 8.16. Fouud:
C,ut63; 1, 814,

H, 4.7%.

Found:

1§ Freser und Hershbery, Cies Journan, 62, 49 (1040).
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5-Indanylphenylearbinol was obtained from the reduc-
tiott of 5-indanyl phenyl ketone in ethano! by the proce-
dure described above. By fractional distillation 46.0 g.
(45.2%) of the desired earbinol, b. p. 168-172° (5 mm.),
n¥p 1.3700, was obtained.

Anal, Caled. for C;sH1i0: C, 85.66; H, 7.19. Found:
C, 85.77; H, 7.04.

S-Indanylphenylchloromethane (I).—A solution of 2.0
g. of 5-indanylphenylcarbinol in 50 ml. of anhydrous ben-
zetie was cooled to 0°. Anhydrous calcium c¢hloride (10
g.) was introduced and dry hydrogen chloride was bubbled
through the mixture for twelve hours. The calcium chlo-
ride was replaced with 10 g. of fresh material, and the
stream of gas was continued for another twelve hours.
The solution was filtered and the benzene removed. Dis-
tillation under nitrogen yielded 1.10 g. (50.69,) of the
desired chloride, I, b. p. 149-152° (1 mm.), #%p 1.5920.

Anal. Caled. for CHisCl: C, 79.16; H, 6.23; CI,
14.61. Found: C,78.92; H, 6.14; Cl, 14.59.

5,6,7,8-Tetrahydro-2 -naphthylfhenylchloromethane
(IT) was prepared from the carbinol by the method de-
scribed above except that the total time of reaction was
reduced from 24 to 12 hours. From 2.00 g. of carbinol,
1,13 g. (809%) of the desired chloride, II, b. p. 161-163°
(1.5 mm.), n%p 1.5961.

Anal. Caled. for CyH;;Cl: C, 79.52; H, 6.67; Cl,
13.81. Found: C, 79.78; H, 6.46; Cl, 13.76.

Benzhydryl chloride, b. p. 162° (13 mm.), was pre-
pared from benzhydrol by the use of thionyl chloride.
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p-Methylbenzhydryl chioride, b. p. 187.5~168° (5 mm.),
was also prepared from the corresponding alcohol by the
use of thiony! chloride.

Kimetic Determinations.—The experiments were per-
formed at 0.0 and 25.0° (£0.05°) using the same methods
and conditions as previously degcribed.? All kinetic de-
terminations were run in duplicate and they checked each
other to within 29%,. Several kinetic runs were also checked
by titration of the chiloride ion with silver nitrate using
potassiutn chromate as the indicator,

Summary

1. 5-Indanylphenylchloromethane and 5,6,7,8-
tetrahydro-2-naphthylphenylchloromethane were
prepared and their rates of hydrolysis in ‘809"
acetone were measured. The kinetic constants for
the first-order hydrolysis at 0° and 25°, the activa-
tion energy (E), and the non-exponential rate fac-
tor (B) were found to be identical within experi-
mental error.

2. The hyperconjugative effect of the p-meth-
ylene group in fused five- and six-membered rings
is approximately equal to that of the p-ethyl
group.
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Addition of Acetic Acid to Perfluoro-2-butyne

By AvLBERT L. HENNE, JOHN V. ScaMITz! AND WiLLIAM G. FINNEGAN

Addition of symmetrical reagents to a double or
a triple bond flanked by CF; groups is sluggish but
slowly proceeds to completion; for instance, the
chlorination and the hydrogenation of CF,CH==
CH;, CF;CH=CHCF; and CF;C=CCF; have
been performed under experimental conditions
favoring free radical addition.? Polar addition of
unsymmetrical reagents has been found difficult,
vet hydrogen chloride and hydrogen bromide have
been added to CF;CH=CH, in the presence of a
Lewis acid,?® and alcohols and amines have been
added to CF;C==CCF; in the presence of a base.?
In contrast, we have not been able to add acetic
acid to either CF;CH=CH, or CF;CH=CHCF;
in the presence of a weak base,* and it has recently
been stated that “‘trifluoromethyl olefins, CF;-
CH=CHR were not attacked by nucleophilic rea-
gents such as sodium methoxide, primary amines,
sodium malonic ester, etc., under the conditions
used.”’®

We are now reporting the addition, in basic me-
dium, of one or of two molecules of acetic acid
across the triple bond of CF;C=CCF; to yield an
enol acetate CF;CH==C(CF;)0Ac, (I) or a diace-

(1) Ametrican Chemical Society Predoctoral Fellow.

(2) (a) Henne and Kaye, THis JoUurNar, 78, 3369 (1950); (I»
Henue and Finnegan, ibid., T1, 298 (1949).

(3) W. T. Miller, private communication.

(4) Henne and Pelley, unpublished.

(5) Campbell and Knobloch, Abstracts of Papers, 118th meeting,
Am. Chem. Soc., 6M, Atlantic City, September, 1949.

tate CFyCH,C(CF;)(0Ac),;, (IT), from either of
which the ketone CF;CH,COCF; (III) has been
prepared.

The reagents used were acetic acid, acetic an-
hydride and sodium acetate, in varied combina-
tions. The reaction products were the monoace-
tate I, the diacetate II, trifluoroacetone CF;-
COCH; (1V), and acetyl fluoride. With equal
molar quantities of acid, anhydride and salt, a
vigorous reaction took place at 55-60°, which
yielded 409, of monoacetate I, and 349 of trifluo-
roacetone, with small amounts of diacetate I1 and
acetyl fluoride; at a higher temperature more di-
acetate 1T was formed at the expense of monoace-
tate I. In the absence of sodium acetate, no re-
action took place up to 70°, the highest tempera-
ture tested. In the absence of anhydride, a mix-
ture of acid and salt reacted exothermically with
the alkyne at 90-95° to give much acetyl fluoride,
small amounts of the diacetate II, and practically
no monoacetate I. In the absence of acid, a mix-
ture of anhydride and sult reacted slowly with the
alkyne at about 65° over several hours to give
an extensively decomposed product from which
only acetyl fluoride could be collected.

Of the reaction products, the more useful is the
monoacetate I, because it can be very efliciently
(909 and up) converted into CF,COCH,CF; by
mere refluxing with an excess of butanol treated
with a few drops of sulfuric acid; the diacetate 1I



