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cis- and frans-dypnone oxides of established configurations were converted to the corresponding chlorohydrins by the ac-
tion of hydrogen chloride in acetic acid. The diastereomeric chlorohydrins were shown to be g-chloro-a-hydroxy ketones

by oxidation of each to the same a-diketone, 3-chloro-1,3-diphenyl-1,2-butanedione.
the B-chlorohydrin, derived from cis-dypnone oxide, was converted to {rans-dypnone oxide.
hydrin, derived from ¢rans-dypnone oxide, was transformed by sodium methoxide to czs-dypnone oxide.
in the latter case was a yellow oil, considered to be 1,3-diphenyl-1,2-butanedione.

By the action of sodium methoxide,
The diastereomeric a-chloro-
A side-product
These results are interpreted on the

basis of a retention of configuration in the step involving opening of the epoxide ring.

In the formation of epoxides by the reactions of
halohydrins with base, it is well established that the
ring-closure is an intramolecular displacement in-
volving Walden inversion.? Likewise, the opening
of epoxide rings by hydrogen halides to form halo-
hydrins is generally considered to proceed vie in-
version of configuration, since one can regenerate,
with base, the same epoxide from which the halohy-
drin was derived.®® Thus, cis-stilbene oxide is
converted by hydrogen chloride to the tireo-chloro-
hydrin, while {rans-stilbene oxide yields the erythro
isomer under the same conditions. When
treated with base, the threo-chlorohydrin reverts to
the cis-oxide, and the erythro isomer, to the trans-
oxide.! On the other hand, there is some evidence
to indicate that certain epoxides may undergo
ring opening by a process which does not involve
inversion of configuration. For example, frans-
epoxysuccinic acid is hydrolyzed to a mixture of
threo- and erythro-diols,” indene oxide yields predomi-
nantly cis-diol on acid hydrolysis,® and trans-3-
phenylglycidic acid opens in acid to form the threo-
diol.® The present paper describes the reactions of
a pair of cis- and trans-epoxides with hydrogen chlo-
ride in which halohydrin formation takes place
clearly with retention of configuration.

cis- and trans-dypnone oxides (I and II) were
treated with hydrogen chloride, in acetic acid or in
ethanol, to form the respective chlorohydrins. As-
signment of configuration to the starting epoxides
was based on their ultraviolet absorption spectra?®
and an independent stereospecific synthesis of the
trans-oxide from trans-dypnone.®

The a-chlorohydrin which was formed in 709,
yield from the trans-oxide, melted at 97-98° dec. and
had a distinctly different infrared spectrum from
that of the B-chlorohydrin (m.p. 100-101°), formed
in 849, yield from cis-dypnone oxide. A mixture
of the two chlorohydrins melted 92-96°.
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The gross structure of the two chlorohydrins was
established as that corresponding to 3-chloro-1,3-
diphenyl-2-hydroxy-1-butanone (III) on the basis of
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the following evidence: (i) neither product liber-
ated iodine from potassium iodide in acetic acid, in-
dicating absence of an a-haloketone groupingl®!l;
(i1) both chlorohydrins could be oxidized by potas-
stum dichromate to the same product (superimpos-
able infrared spectra), 3-chloro-1,3-diphenyl-1,2-
butanedione (IV). The empirical composition and
infrared spectrum?!? of this a-diketone (strong bands
at 5.80 and 5.93 u) are in accord with the assigned
structure. Since all differences between the two
chlorohydrins are removed by the oxidation reac-
tion, the two substances must differ only in the con-
figuration at C-2 (III). The fact that only one di-
astereomer is formed from each epoxide in the forma-
tion of the halohydrins indicates that the ring
opening reaction of the dypnone oxides under these
conditions is stereospecific.!®

The two chlorohydrins showed completely dif-
ferent behavior when treated with sodium methox-
ide in ethanol. The B-chlorohydrin IIIb was con-
verted in 909, yield to trans-dypnone oxide, whereas
the a-chlorohydrin IIla, under identical condi-
tions, formed cis-dypnone oxide in 509, yield. In
the latter case there was also formed a yellow oil, the
infrared spectrum of which is in accord with the a-
diketone structure VI.1* In both of the above ring-
closure reactions, only one epoxide was isolated
from each chlorohydrin.
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These reactions, illustrated in Chart I, represent
cases where, in the successive opening and reforma-
tion of the epoxide ring, an odd number of inver-
sions takes place. It is suggested that the open-
ing of the epoxide ring takes place with retention of
configuration, whereas the ring closure involves
Walden inversion.

There are analogies for the retention of configura-
tion in the opening of systems related to dypnone
oxide. Reaction of a-phenylethanols with hydro-
gen halides at low temperatures has been reported
to bring about C-0 cleavage with retention of con-
figuration,’® and recent studies!® on the cleavage of
optically active a-phenethyl aryl ethers by hydro-
gen chloride provide further examples of retention
in cleavage of the carbon-oxygen bond. The struc-
tural feature which makes these systems (alcohols,
ethers and epoxides) susceptible to this type of
cleavage appears to involve the attachment of a
phenyl group to the carbon undergoing C-O fission.

To account for the retention of configuration in
the case of the alcohols, an internal displacement
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mechanism (Sni) has been proposed,” while Hart!®
has suggested that the mechanism of retention in
the a-phenethyl aryl ether cleavages involves an
oxonium ion-pair. Decomposition of the ion-pair is
thought to take place in such a way that the phenol
molecule leaves from the side to which the enter-
ing halide becomes attached. It is possible that
the dypnone oxide-halohydrin conversions proceed
by a process similar to those described above.!®
Studies in progress on halohydrin formation from
substituted a-methylstyrene oxide systems should
shed further light on the mechanism of the reaction.

It is noteworthy that under the conditions which
bring about nearly complete conversion of the §-
chlorohydrin to the trans-epoxide, the a-chlorohy-
drin yields a considerable amount of «-diketone
as well as cis-epoxide. These differences in reac-
tivity of the two diastereomers can be explained
by considering the steric factors operating in the
pertinent transition states.

J_
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In the formation of epoxide from the 8-chlorohy-
drin, the bulky phenyl and benzoyl groups would be
oriented frans in the transition state (VII, R; =
COC¢Hs;, R; = H) whereas the corresponding tran-
sition state for ring closure of the a-chlorohydrin
has a ¢is arrangement of bulky groups (VII, Ry = H,

COC¢H;).1* On the other hand, the elimi-

(17) W. A. Cowdry, E. D. Hughes, C. K. Ingold, S. Masterman and
A. D. Scott, J. Chem. Soc., 1252 (1937).

(18) An alternative mechanism for the retention in the epoxy

aroyl system involves a double inversion, with participation of the
adjacent carbomnyl group (¢érans-case shown)

CeMs

inversion

OH
Cl

I

3 6 5 CH cocsn_,,
CHB COC6H5
(19) D. Y. Curtin, Abstracts of the Thirteenth National Organic
Chemistry Symposium of the American Chemical Society, June 15-18,
1953, Ann Arbor, Mich., pp. 40-49, has reviewed a number of cases
where elimination and ring-closure reactions of diastereomers show
dependence on the steric factors involved in the transition states.
Among the examples chosen to illustrate this phenomenon, termed
the ‘‘cis effect,”” is the difference in the rates of formation of cis- and
trans-stilbene oxides from the threo- and erythro-bromohydrins, re-
spectively.
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nation of hydrogen halide from the «-chlorohydrin
takes place through a sterically favorable transition
state VIII and the latter reaction, leading to the enol
of the «-diketone, thus competes with epoxide
formation.

Experimental®

cis- and {rans-Dypnone Ozxides.—The cis- and trans-
dypnone oxides used as starting material in this work were
prepared by a method previously reported.?! The cis form
(B) melted 163-164°, Amax 247, € 13,300; the {rans form
(a) melted 94-95°, Amax 249, € 16,600.

«-3-Chloro-1,3-diphenyl-2-hydroxy-1-butanone. (Chloro-
hydrin from ¢rans-Dypnone Oxide.}—To 5.1 g. (0.021 mole)
of trans-dypnone oxide (a-isomer, m.p. 93°) was added a
cold, saturated solution of hydrogen chloride in glacial acetic
acid. The reaction flask was placed in a water-bath, main-
tained at 20°, and allowed to stand for 40 minutes. The
mixture was then chilled in an ice-bath, and the precipitate
which formed, filtered. Additional material was obtained
by diluting the filtrate. The solid was washed once with
water, dried, and taken up in ether. The ether solution
was washed with cold, dilute sodium bicarbonate solution,
then with water, and dried over sodium sulfate. Removal
of the ether left 4.5 g. (76%) of slightly yellow crystals.
After one recrystallization from ligroin, the product (3.9 g.,
67%) melted 97-98° dec. Repeated recrystallization raised
the melting point to 98-99° (the heating rate was 1°/
minute), This material did not liberate iodine from po-
tassium iodide in glacial acetic acid. The mixture m.p. with
th% chlorohydrin derived from cis-dypnone oxide was 92—
96°.

Anal. Caled. for CyisHs0:Cl: C, 69.94; H, 5.50; Ci,
12.91. Found: C, 69.69; H, 5.81; Cl, 12.99.

Treatment of «-3-Chloro-1,3-diphenyl-2-hydroxy-1-bu-
tanone with Base.—Omne gram (0.0037 mole) of the chloro-
hydrin of {rans-dypnone oxide was dissolved in 30 ml. of
95% ethanol and the mixture was cooled in an ice-bath.
A solution of sodium methylate (0.0037 mole of sodium in
12 ml. of methanol) was added dropwise during stirring over
a period of eight minutes. Stirring was continued for 20
minutes, the reaction mixture diluted with water, and the
precipitate whiclh formed filtered immediately. The
slightly yellow solid thus obtained was washed with water
and dried. The infrared spectrum of this crude material
was identical with that of cis-dypnone oxide; yield, 0.43 g.
(50%), m.p. 146-154°. One recrystallization from eth-
anol gave 0.40 g. of white needles, m.p. 161-163.5°. Ad-
mixture with pure cis-dypnone oxide gave no depression of
the melting point.

From the above ethanolic mother liquors there was ob-

(20) All melting points are corrected. Microanalyses are by the
Schwarzkopf Microanalytical Laboratory, Woodside 17, N. Y. The
infrared spectra were determined with a Perkin—Elmer double beam
infrared spectrophotometer, model 21.
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tained, by dilution with water and extraction with ether,
0.30 g. of a yellow oil. The infrared spectrum of this crude
material shows strong bands at 5.80 and 5.95 p and corre-
sponds very closely to the spectrum of 1,3-diphenyl-1,2-
butanedione,?? a yellow oil obtained by the isomerization of
dypnone oxide in warm potassium hydroxide. The latter
formed a mono-2,4-dinitrophenythydrazone, m.p. 196-197°.

Anal. Caled. for CpH;sNOs (mono-DNP): C, 63.15;
H, 4.33; N, 13.39. Found: C, 62.89; H, 4.15; N, 13.07.

B-3-Chloro-1,3-diphenyl-2-hydroxy-1-butanone. (Chloro-
hydrin from cis-Dypnone Oxide.)—Finely ground cis-dyp-
none oxide?! (1.43 g., 0.0060 mole) (B-isomer, m.p. 160--
162°) was added to a cold saturated solution of hydrogen
chloride in glacial acetic acid. The reaction flask was
allowed to stand at room temperature for 35 minutes, The
mixture was chilled and the product, which gradually sepa-
rated, was removed by filtration. The solid was washed
thoroughly with water, taken up in ether, washed with di-
lute aqueous sodium bicarbonate, and dried. The yield of
crude material was 1.39 g. (84%), m.p. 96-101°. Onue re-
crystallization from benzene-ligroin gave 1.25 g. of product,
m.p. 100-101°, Repeated recrystallization failed to alter
the melting point. No isomeric crystalline material was
found. This product did not liberate iodine from potassium
iodide in glacial acetic acid. On admixture of this product
with the chlorohydrin derived fromn {rans-dypnone oxide the
melting point was 92-96°.

Anal. Caled. for CgH;50.Cl: C, 69.94; H, 5.50; CI,
12,91. Found: C, 69.81; H, 5.54; Cl, 12.52.

Treatment of 3-3-Chloro-1,3-diphenyl-2-hydroxy-1-bu-
tanone with Base.—One gram (0.0037 mole) of the g-cliloro-
hydrin derived from c¢is-dypnone oxide was dissolved in 30
ml. of 959, ethanol, and the solution was cooled in an ice-
bath. A solution of sodium methylate (0.0037 mole of
sodiwm in 12 ml. of methanol) was added over a period of
eight minutes. Stirring was continued for 22 ininutes. A
small amount of water was then added and the solid which
formed was filtered immediately. The white solid was
washed with water and dried. The infrared spectrum of
this product was identical in every respect with that of trans-
dypnone oxide; yield 0.81 g. (93%), m.p. 89-92.2°. A
mixture melting point with pure {rans-dypnone oxide showetd
no depression.

Oxidation of the Chlorohydrins Derived from Dypnone
Oxide. Formation of 3-Chloro-1,3-diphenyl-1,2-butanedi-
one.—One gram (0.0037 mole) of the @-chlorohydrin de-
rived from c¢is-dypnone oxide was dissolved in 27 ml. of gla-
cial acetic acid. An oxidizing solution consisting of 1.20
g. (0.0041 mole) of potassium dichromate in 20 ml. of water,
5 ml. of concentrated sulfuric acid and 10 ml. of acetic acid
was added dropwise during stirring. The addition of oxi-
dant took one hour; stirring was contiuued for an additional
two hours., The mixture was then diluted with wuater,
saturated with sodium chloride and extracted with ether.
The ecther extracts were washed with sodium bicarbonate
solution and dried. Removal of the ether gave 0.65 g. of yel-
low oil. This material was purified by molecular distilla-
tion at 1 mm., #2p 1.5788.

ldentical treatment of the chlorohydrin from (frans-
dypnone oxide gave 0.50 g. of yellow oil which was purified
inn the same manuer; #28p 1.5760.

The infrared spectra of these two products are superim-
posable. Strong bands in the carbonyl region at 5.80 and
5.92 p are characteristic of e~diketones in this series.!2

Anal. Caled. for CisH;30:Cl: C, 70.46; H, 4.81; CI,
13.00. Found: C, 70.08; H, 5.24; Cl, 13.22.
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(22) We are indebted to Joan $. Mazo for the preparalinn of this
compound and its dinitrophenylhydrazone.



