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ture. Distillation afforded 7.5 g (35%) of 1,1,1,3,3-pentachloro-
propene, 1.7 g (13%) of trichloroethylene, and 1.8 g (11%) of
perchloroallene dimer which crystallized from the residue of the
distillation, mp 90-91° (lit.®* 90-91°). The ir spectrum was
identical with that reported in the literature.?

Pyrolysis of 5 g of 1,1,1,3,3-pentachloropropene under identical
conditions at 25-mm pressure produced products in the Dry Ice—
acetone trap which gave a band in the ir at 1962 cm ™! at low
temperature.

Decarboxylation of XIII.—A 20-g (0.09 mol) portion of XIII
was pyrolyzed in a ketene generator under reduced pressure as
described above. A 13-g (809) portion of 1,1,1,3-tetrachloro-
propene was isolated from the Dry Ice trap. This olefin was
approximately an equal amount of cis and trans isomers as
evidenced by the nmr coupling constants for the vinyl protons.¢
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The first examples of a-hydroxy ketones undergoing the Favorskil reaction are presented. The alcohols 1-
acetyl-1-hydroxy-3-methoxy-1,2,3,4-tetrahydronaphthalene (1a) and 3-phenyl-3-hydroxy-2-butanone (2a) un-
dergo the rearrangement with NaH in diethyl carbonate to give the esters ethvl 5-methoxy-1,2,3,4-tetrahydro-

naphthalene-1-acetate (3a) and ethyl 3-phenylbutyrate (4), respectively.

Possible mechanisms are discussed,

and a cyclopropanone intermediate has been verified by the use of the 80-labeled ketone (2a).

Apart from o-halo ketones,? there is only one reported
instance® of an effective a leaving group (2,3-epoxy
ketones) generating the necessary intermediate, under
the right experimental conditions, to yield the “Favor-
skii” type of products. We now wish to report a dem-
onstration that the «-hydroxy ketones la and 2a can
undergo the Favorskil rearrangement under suitable
conditions. '
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The a-hydroxy ketone la was prepared by the
mercury-catalyzed hydration of 1-ethynyl-1-hydroxy-5-
methoxy-1,2,3,4-tetrahydronaphthalene, which in turn
was obtained from 5-methoxy-1-tetralone and acetyl-
enemonomagnesium bromide.* Treatment of la with
NaH in diethyl carbonate at 100° under N, gave
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(instead of the desired Claisen condensation) the ester
3a in nearly quantitative yield. The structure 3a was
confirmed by hydrolysis to the corresponding acid 3b,
and also by its reduction to the aleohol 3¢ (3,5-dinitro-
benzoate). Under the same conditions, the analogous
open-chain alechol 2a was converted to 4 and identified
by comparison (tlc and ir) with an authentic sample.

It is generally believed that the Favorskii reaction of
an «-halo ketone with an &’ hydrogen atom oceurs via a
symmetrical (eyclopropanone)® intermediate, whereas
a-halo ketones devoid of an o’ hydrogen follow a semi-
benzilic mechanism.

The cyclopropanone mechanism is feasible in the
present instance and could operate if the tertiary alecohol
2a were converted into a carbonate leaving group.
This could oceur (Scheme I) by base-catalyzed trans-
esterification with diethyl carbonate to form a mixed
carbonate ester, with loss of ethoxide ion, Proton
abstraction from the o-methyl group and internal
attack with displacement of carbonate ion would then
give the eyclopropanone 5.  Attack by ethoxide ion and
collapse of the intermediate 6 by cleavage of bond a to
afford the rearranged ester 4 correlates well with the
expected” greater stability of the benzylic carbanion 8
over the primary carbanion 9 formed by fission of bond
b. No trace of the isomeric ester 7 was found.

The semibenzilic mechanism, proceeding wvie an
intermediate dianion, which was originally proposed®
only for a-halo ketones without an «’ hydrogen, has in
fact been shown?® to oceur also in «-halo ketones with an
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a’ hydrogen atom but is here excluded by reason of the
product structure, and the ketene mechanism of
Richard® is inapplicable in our instances since the
tertiary carbon atom bearing the leaving group is
incapable of forming the intermediate carbene.
However, an additional possibility exists of the
reaction taking place via an epoxide mechanism, in-
volving a Claisen condensation with formation of the
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epoxide dianion' intermediate 10, which rearranges
with loss of carbon dioxide to give 4 (Scheme T1).

(9) G.Richard, C. R, Acad. Sci., 197, 1432 (1933).
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86, 3273 (1963).
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Since the epoxide mechanism cannot be excluded on
the basis of product strueture, and sinee both the eyclo-
propanone and the semibenzilic pathways have recently
been shown®!! to be applicable, under different experi-
mental conditions, to the same compound, it was neces-
sary to distinguish between the two possible mecha-
nisms in the present instance. Such a distinetion can be
made by the use of 2a labeled with *O in the keto group.
Mechanism I would result in retention of the isotope in 4
while mechanism II involves loss of isotope as C#0,.

The labeled 2a was prepared by the hydration of
3-phenyl-3-hydroxy-1-butyne with 10 atom 9, H,%0
and was accompanied by a by-product identified as the
corresponding methyl ether 2b. Although the parent
peak in the electron-impact mass spectrum of a tertiary
aleohol is either absent or extremely weak,!? it was
possible to use chemical ionization mass spectrometry*?
to determine the amount and location of label in the
starting alcohol 2a and also in the by-product 2b. ¢

From the differences in the ratios of the PH+/(PH*
+ 2) peaks between labeled and unlabeled 2a and 2b, an
incorporation of 8.8 = 0.49%, 80 was calculated. The
use of collision-stabilized dimer and trimer peaks
permitted an independent check on isotope content.
Utilizing the labeled compound 2a, the isotope peaks of
the parent ion minus H,O indicated that the O was
still completely present, whereas the isotope peaks of the
parent ion minus CH;CHO indicated total loss of un-
natural 20, clearly showing that the label was all in the
carbonyl oxygen.

The observed isotope content of 8.8%, 0 in 2a also
casts some additional light on the mechanism of hydra-
tion of alkynes.® The original 10 atom 9, 0 will be
diluted to 9.659, by the H,*O formed from the reaction
of the H,80. and HgO (see Experimental Section), and
this in turn will be diluted to a maximum of ~8.7%, by
the H,*%O generated during the formation of the ether
by-product 2b, if we assume that the rates of formation
of 2a and 2b are approximately equal.’® From Scheme
111, which shows the generally accepted sequence of
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events in hydrations of this type,* it can be seen that
hydrolysis of intermediate 11 may oceur a priort either
with 8—0O or C-O bond cleavage. That the hydrolysis
does indeed oceur with C~O bond cleavage, as in the case
of an alkyl sulfate,' is shown by the 20 incorporation
results. Attack of H,0 at sulfur followed by S-O
cleavage would cause additional *Q incorporation into
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2a with dilution of the label to ~7.79, by scrambling all
the oxygens of the sulfate with the H,®0. TUnder
similar conditions no oxygen exchange between H,S04
and H.®O has been observed.’* The experimentally
found isotope content (8.89, B0) in both 2a and 2b is
thus in agreement with a mechanism involving C-O
bond cleavage of the intermediate 11. Experiments
using the 0 labeled 2a showed that the product 4 re-
tained 91 = 49, of its isotope label, supporting mecha-
nism I.1?

Experimental Section

1-Acetyl-1-hydroxy-5-methoxy-1,2,3,4-tetrahydronaphthalene

(1a).—A solution of 0.50 g (2.6 mmol) of 1-ethynyl-1-hydroxy-5-
methoxy-1,2,3,4-tetrahydronaphthalene in ethanol was heated to
reflux with mercury p-toluenesulfonamide® (1.0 g) for 18 hr.
Hydrogen sulfide gas was bubbled through the cooled solution to
decompose the complex, and filtration, evaporation, and recrys-
tallization (hexane) afforded 500 mg (90%) of white crystals:
mp 54-54.5°%; ir (Nujol) 3400 (OH), 1710 (C==0), 1590 em ™
(OMe); nmr (CCly) 8 6.8 (3 H, m, aromatics), 4.1 (1 H, broad s,
replaceable OH proton), 3.7 (3 H, s, OCHj;), 3.0-1.5 (6 H, m,
methylenes), 1.9 (3 H, s, CH;CO); mass spectrum peak at m/e
220 (M), exact mass 220.10989, Ci3H,60; requires 220.10994.

Anal. Caled for CisHieOs: C, 70.91; H, 7.27. Found: C,
70.77; H,7.33.

This material was also prepared by hydrolysis of 1b with KOH
in ethanol.

1-Acetyl-1-hydroxy-5-methoxy-1,2,3,4-tetrahydronaphthalene

1~Acetate (1b).—A mixture of 20 g (0.104 mol) of l-ethynyl-1-
hydroxy-5-methoxy-1,2,3,4-tetrahydronaphthalene and 40 g of
mercuric acetate was stirred at room temperature for 24 hr in 900
ml of ethyl acetate. Hydrogen sulfide gas was bubbled through
the mixture to decompose the complex and filtration followed by
evaporation afforded 17.0 g (619,) of the keto acetate 1b. Dis-
tillation at 130° (0.01 mm) afforded a colorless liquid: ir (neat)
1745 and 1720 (C=0), 1570 em~! (OCH;); nmr (CCL) 8 7.0
(3 H, m, aromatics), 3.8 (3 H, s, OCHs), 2.9-1.7 (6 H, m, methy-
lenes), 2.6 and 2.3 (3 H each, s, methyl protons).

Anal. Caled for Ci;HiOs: C, 68.7; H, 6.87. Found: C,
68.89; H, 7.06.

3-Phenyl-3-hydroxy-2-butanone-¥0 (2a).—A mixture of 0.25
g (2.5 mmol) of concentrated H,SO, and 0.5 g of 10 atom 9, H,®#0

(18) J. Halperin and H, Taube, J. Amer, Chem. Soc., 74, 375 (1952).
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was poured into 12.5 ml of dry methanol in a 100-ml, three-
necked, round-bottom flask and heated to 55° at which time 0.30
g of red HgO was added. A solution of 7.0 g (0.048 mol) of 3-
phenyl-3-hydroxy-1-butyne in 12.5 ml of dry methanol containing
0.75 g of 10 atom 9, H;80 was introduced into the mixture during
1 hr. When half of the alkyne had been added, a further 0.25 g
of HgO was introduced.?* After the addition was complete, the
solution was then stirred for 30 min at 55°, cooled, and poured
into 200 ml of a NaCl-H,O solution. Work-up gave 8.0 g of
crude liquid. Spinning-band distillation at 60-62° (0.017 mm)
gave the pure keto alcohol, 6.0 g (76%), lit.»® bp 89-91° (2.5
mm). The nmr and ir spectra were in accord with the desired
structure.

A lower boiling fraction, 1.5 g (18%,) from the distillation, bp
50-52° (0.017 mm), was identified on the basis of its nmr, ir, and
mass spectra as 3-phenyl-3-methoxy-2-butanone (2b), lit.?2 bp
92° (8 mm).

Ethyl 5-Methoxy-1,2,3,4-tetrahydronaphthalene-1l-acetate (3a).
—1-Acetyl-1-hydroxy-5-methoxy-1,2,3,4-tetrahydronaphthalene
(1a) (1.1 g, 5 mmol) in diethyl carbonate (3 ml) was added over
3 hir to sodium hydride (1.2 g free from oil) in diethyl carbonate
(3 ml) at 100° under N.. The reaction mixture was stirred for a
further 30 min and then cooled and diluted with HOAc¢ (0.5 ml),
H,0 (5 ml), and ether (50 ml). The ethereal layer was washed
with water, dried (MgSO,), filtered, and evaporated to give an
oil (1.2 g, 1009,). Distillation at 120° (0.01 mm) gave a colorless
liquid: ir (neat) 1745 (ester C=0), 1595 em™! (OCH;); nmr
(CCL) 5 6.8 (3 H, m, aromatics), 4.1 (2 H, q, CH;CH,), 3.7 (3
H, s, OCH;), 3.25 (1 H, broad m, benzylic H), 2.55 and 1.75 (4
H each, m, methylenes), 1.2 (3 H, t, CH,;CH,).

Anal. Caled for CHy0s: C, 72.58; H, 8.0. Found: C,
72.55; H, 8.19.

The ester was converted to 5-methoxy-1,2,3,4-tetrahydro-
naphthalene-1-acetic acid (3b) in 939, yield by hydrolysis with
aqueous sodium hydroxide, mp 145.5-147°, lit.23 mp 146-147°.

The ester was reduced with LiAlH, in ether to give 2-(5-
methoxy-1,2,3,4-tetrahydronaphthyl)ethyl alcohol (3¢), the 3,5-
dinitrobenzoate of which had mp 105~106°, 1it.23 mp 107-108°.

Ethyl 3-Phenylbutyrate-1¥0 (4).—This material was prepared
in 299, yield from 2a under conditions similar to the preparation
of 3a. Tts identity was confirmed by nmr and ir comparison with
an authentic sample.

The labeled 4 had 8.0% more ®O than a similarly prepared
sample of unlabeled 4 as measured by M*/(M* + 2) ratios in
their mass spectra. Taking into consideration the amount of 80
in the starting alcohol 2a, this means the amount of label retained
in 4 is in the range of 91 = 49%,.

Registry No.—1a, 35031-30-2; 1b, 35031-31-3; 2a,
3155-01-9; 3a, 35026-46-1.
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