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Catalytic hydrogenation® of the hydroperoxide in ethyl
acetate, using PtO, catalyst, produced a crude alcohol
n%’ 1.4612, which was similar to that obtained by sodium
sulfide reduction. The hydroperoxide absorbed 1.01 moles
of hydrogen per mole.

A portion of the alcohol mixture remaining after crystal-
lization of cis-terpin was distilled at a pressure of 0.9 mm,
of mercury. The first fraction (about 5%) had b.p. 48-54°,
n’ 1.4561., This was primarily ketonic material and was
discarded. The main fraction (about 729%,) had b.p. 54—
57°/0.9 mm. 207-209°/approximately 760 mm., n%y 1.4610.
Infrared spectral datal® (Fig. 2) indicated that this product
was & mixture of p-menthanols with a trace of ketone (5.8
micron band). Attempts to obtain solid derivatives from it
were unsuccessful.

Reduciion of p-menthane hydroperoxide from cis-p-men-
thane. Preparation and reduction were carried out as de-
scribed for the trans isomer. The crude reduction product
was steam distilled to give a product having n} 1.462, d3°
0.910 and an infrared spectrum quite similar to that of the
product from trans-p-menthane. A small amount of non-

(16) All spectra were obtained on the neat liquids using
a Perkin-Elmer 21 spectrophotometer with NaCl optics and
an 0.025 mm. cell.
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steam volatile matter was recovered by ether extraction.
After removal of the ether and addition of pentane, crystals
melting at 115-130° were obtained. Recrystallization re-
duced the melting range to 122-124°, The amount was too
small for further purification and identification.

Acidic oxidation products Acidification of the sodium car-
bonate extracts obtained during preparation of the hydro-
peroxide and extraction with chloroform yielded a liquid
product, neut. equiv. 208, Partition chromatographic
analysis'? of this material indicated the presence of both
mono- and dicarboxylic acids. On the basis of a quantitative
hypoiodite oxidation, only 609, of the monocarboxylic
acid fraction was the methyl keto acid which would be
expected as a decomposition product of p-menthane-1-
hydroperoxide.

Thermal decomposition of p-menthane hydroperoxide.
Thermal decomposition was carried out in the same manner
as previously described for pinane hydroperoxide.’ In the
present case 0.3 g. samples of a p-menthane oxidate con-
taining 259, of hydroperoxide by weight were used.

OLUSTEE, Fra.

(17) D. E. Baldwin, V. M. Loeblich, and R. V. Lawrence,
Anal. Chem., 26, 760 (1954).
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The influence of substituents on the rearrangement of g-hydroxyethylcarbamates in the presence of thionyl chloride is
discussed. Analogous reactions of epoxides in strongly acid media are related.

It was recently shown that structurally isomeric
B-hydroxyethylearbamates react with SOClL to
give the same B-chloroethylearbmate through
rearrangement of one of the isomers.* This rear-
rangement has now been confirmed by several more
examples. (Table I)

ArOCH,CHCH,OCONH,
OH sock (ArOCH,)CHCH,CI
qQor —_—
(ArOCH,)CHCH,0H OCONH,
OCONH,

Further investigation of the generality of this
process, however, revealed that the nature of the
substituent in B-hydroxyethylecarbamates deter-
mined the position of the chloro group formed by
reaction with thionyl chloride. When the substit-
uent was phenyl, the rearrangement occurred to
give the chlorocarbamate in which the chlorine
was attached to a secondary carbon atom.

The synthetic method was the same as was pre-
viously described.?

(1) M. M. Baizer, J. R. Clark and J. Swidinsky, J. Org.
Chem., 22, 1595 (1957).

CHART I
CGHscH'—(FHz
2 03
CsH.CHOHCH,0H %, O\c 0

1 I

O R

CsH;CHOHCH,0CONH: + C¢H;,CHCH,OH

|
I OCONH,
S0Cl, 1I

C:H;CHCICH,OCONH,
e

The importance of the substituent in g-hydroxy-
ethylecarbamates, as shown in Chart I, was em-
phasized by contrast with our previous experience.!
In that case, rearrangement of the primary carba-
mate occurred and was assumed to result from addi-
tion of the chloride ion to the primary carbon atom
of a carbonium ion intermediate, but in both in-

ArOCH.,CH—CH, ’
O/——(IJ—\O Cclr — ArOCHg(EHCHZCl

NH, OCONH,

stances a chlorosulfite intermediate is presumably
decomposed to give the carbonium jon.!
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TABLE 1
A= @OCHQ— -
CH;
B=QOCH2- D= < N_CHZ_
Section I
R-fCH—?Hz
O\C/O
i
0
Analyses
M.P,, Caled. Found
R Formula °C. C H N Cl C H N Cl
IA C1oH,Cl0, 109.0-109.3 52.52 3.93 53.15 3.96
1B* 95.4-96.0
1C CusH1:0,4 127.0-127.5 68.84 4.95 69.23 5.09
1D? CsHiNOy 58.35 8.16 7.56 60.17 8.51 8.14
SectioN II
RCH(OCONH,)CH,0H
ITA CiH:CINO, 123.2-123.5 48 .87 4.92 5.70 49.49 5.01 6.07
I11B CuHisNOy 115.0-115.6 58.65 6.71 6.22 58.82 6.69 6.58
II1C CuHisNO, 150.8-151.0 64.36 5.79 5.36 64.38 5.70 5.68
IID¢ CoH,3CIN,0; 170.0-171.0 45.70 8.02 11.32 45.34 8.16  11.47
Secriox 11T
RCHOHCHOCONH,
IITA C1H;.CINO, 98.4-08.8 48.87 4.92 5.70 48.99 5.16 5.74
I11B¢ 92.0-93.0
IIIC CuHisNO, 144 .5-145.0 64.36 5.79 5.36 64.40 5.86 5.88
1D CoH5N,05 121.5-122.0 53.39 8.97 13.85 52.99 8.79 13.71
Secrion IV
RCH(OCONH,)CH,Cl1
IVA CioHuCLNO; 81.2-82.0 45.45 4.17 5.30 45.72 4.35 5.48
IVB CuHiCINO; 87.2-88.0 54.21  5.79 5.756 14.55 54.36  6.04 5.68 14.30
IvC CH,1CINO; 125.5-126.0 60.11 5.05 5.01 12.67 60.05 5.01 4.45 12.05
IVDe CoH;7CIN,0,-H,0 142-143 45.60 802 11.73 14.85 45.56 7.84 11.57 15.20

¢ Described by B. J. Ludwig and E. C. Piech, J. Am. Chem. Soc., 73, 5894 (1951). ? A redistilled oil, b.p.

130-132° (0.5

mm.), ny 1.4798; picrate, m.p. 145°, with neut. equiv. caled. 414 and found by non-aqueous titration, 420. ¢ An oil, isolated
as the hydrochloride salt, for which the m.p. and analysis are given. ¢ Described by H. L. Yale, E. J. Pribyl, W. Braker,
F. H. Bergeim, and W. A. Lott, J. Am. Chem. Soc., 72, 3715 (1950). ¢ Isolated as the monohydrate, for which the m.p. and

analysis are given.

A related reaction was found to occur when
styrene oxide was treated with phosgene.? In this
case the secondary carbon atom, influenced by the

-
CaHs(fH—*?Hz
0 0]

N crr

CsH;CHCICH,0COCl]

[
Cl
(2) J. 1. Jones, J. Chem. Soc., 2735 (1957). The chloro-

carbamate (IV) was incorrectly described by Jones as 1-
phenyl-1-carbamoxy-2-chloroethane, m.p. 71°C. It was
derived from the reaction of styrene oxide with phosgene
and subsequent treatment of the chloroformate ester with
ammonia.

electron-repelling phenyl group, is attacked.
In both reactions addition of the chloride ion to the
carbonium ion oeccurs where the electron cloud is
least dense.

The apparent analogy between the reaction of
phosgene with epoxides®® and the reaction of
thionyl chloride with B-hydroxyethylcarbamates
bears a striking resemblance to earlier work with
hydrohalides and epoxides. Tiffeneau first described
the “reverse”” addition of hydriodic acid to styrene

(3) L. K. Frevel and L. J. Kressley, U. S. Patents 2,820,-
809 and 2,820,810, Jan. 21, 1958, Chem. Abstr., 52, 11897c.
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oxide* and similar additions to styrene oxide were
studied by Golumbic and Cottle.®

Our findings appear to be in accord with the
excellent discussion published by Kadesch® on his
work with 3,4-epoxy-1-butene. Other related re-
actions of epoxides are described in the review by
Winstein and Henderson.”

The effect of the substituent may best be il-
lustrated by general equations. Where A is an
electron -repelling group, B is an electron -attract-
ing group and X is a halogen, these three sets of
equations summarize the expected reactions:

HX
ACH—CH,; —>» ACHXCH,0H

(1a)
AN
0o
HX
BCH—CH, —> BCHOHCH,X (1b)
ANV4
COXe
AC{I—CHz —> ACHXCH,0C0X (2a)
0
COX;
BCH—CH, —> BCH(0COX)CH,X (2b)
NS
SOChk
A(j)HCHgOH —— > ACHCICH,OCONH,
OCONH,
or ACHOHCH,OCONH, (3a)
SOCL
BCHOHCH,OCONH, — B(FHCHQCI )
OCONH.
or BCHCH,OH
CONH,

Structural Investigation. IV was also prepared
by addition of HCI to styrene oxide and successive
treatment with phosgene and ammonia. That this

HC1
CsHsC{I”}CHz — CoHsCHClCHQOH

VI
N(Et)s | COClL

NH
C:H,CHCICH,OCONH; -— C:H.CHCICH,OCOCl (1)
v

is an ““abnormal’’ addition to an epoxide was con-
firmed by the following independent synthesis of
the structurally isomeric chlorocarbamate. 1-
Phenyl-1-hydroxy-2-chloroethane (VII) was pre-
pared by the reduction of phenacyl chloride®

(4) M. Tiffenean, Ann. chim. phys. [8] 10, 322 (1907),
Chem. Abstr., 2, 265.

(5) C. Golumbic and D. L. Cottle, J. Am. Chem. Soc., 61,
996 (1939).

(6) R. G. Kadesch, J. Am. Chem. Soc., 68, 41 (1946).

(7) S. Winstein and R. B. Henderson in Heterocyclic
Compounds, R. C. Elderfield, editor, John Wiley and Sons,
Inc., New York, 1950, Vol. I, pp. 1-60.

(8) T. Bergkvist, Svensk Kem. Tid., 59, 24 (1947),
Chem. Abstr., 41, 511%h.
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VII was identified by its known p-nitrobenzoate?
and converted to the carbamate (VIIT) by stepwise
treatment with phosgene and ammonia.

Al(OCH(CHj)2)s
C¢H;COCH-C] ————n—> C:H.CHOHCH.CI
VII
N(Et); { COCL
NH;

| 2
OCONH, 0COC!
VIII

The structure of IV was further confirmed by
cyclization to 4-phenyl-2-oxazolidinone,* by a pro-
cedure which we soon hope to describe. By the
same method, 1-(2-chlorophenoxy)-2-carbamoxy-3-
chloropropane and 1-(2-methylphenoxy)-2-carba~
moxy-3-chloropropane, respectively, were cyclized
to known 5-substituted oxazolidinones.!*

EXPERIMENTAL!?

4-Phenyl-2-diozolone (I). Styrene glycol (138 g., 1 mole)
was stirred mechanically and heated in a 2-liter flask with
236 g. (2 moles) of diethyl carbonate and 2.8 g. of sodium
methylate for approximately 2 hr. while distilling the alcohol
which was formed through a short helices-packed column.
When the still temperature had reached 124° the distillation
had virtually ceased and the residue was treated with 6 g.
of ammonium chloride. The excess ethyl carbonate was dis-
tilled n vacuo (10 mm.) with the final temperature of the
still at 124°. A sample of the residue (I) was recrystallized
twice from ethanol; m.p. 55.7-56.7°.

Anal.1#14 Caled. for CoH0;: C, 65.85; H, 4.91. Found:
C, 65.11; H, 4.83.

1-Phenyl-1-carbamozy-2-hydroxyethane (1I) and 1-phenyl-
I1-hydroxy-2-carbamoxzy ethane (III). The crude I, without
isolation, was stirred overnight with 1000 ml. of isopropyl
alcoho! containing 40 g. of ammonia in a tightly stoppered
flask. The nearly clear solution was heated to reflux to remove
the excess ammonia and filtered hot after stirring with char-
coal. The solvent was removed in vacuo on a steam bath to
recover 190 g. of crude oily hydroxycarbamates. A 5 g.
sample of the mixture was dissolved in 50 ml. of isopropyl
acetate and chromatographed through a 15-inch column of
active alumina. Two fractions, which crystallized on
evaporation of the solvent, were recrystallized from iso-
propyl alcohol to obtain isomeric carbamates; m.p. 100°
and 111°, respectively. The mixture melting point of these
isomers was from 80-90°,

Using these crystals as seeds it was possible to frac-
tionally crystallize the mixture from isopropyl aleohol to
obtain sufficient material for further work.

Anal. Caled. for C;HyNO;: C, 59.65; H, 6.12; N, 7.73.
Found II, m.p. 100.2-101.4°: C, 60.07; H, 5.94; N, 7.63.
III, m.p. 111.6-112.6°: C, 60.34; H, 6.13; N, 7.97.

1-Phenyl-1-chloro-2-carbamozxyethane (IV). A. The crude
mixture of hydroxycarbamates (18.1 g., 0.10 mole) was sus-

(9) W. E. Hanby and H. N. Rydon, J. Chem. Soc., 114
(1946).

(10) M. 8. Newman and W. M. Edwards, J. Am. Chem.
Soc., 76, 1840 (1954).

(11) Y. M. Beasley, V. Petrow, O. Stephenson, and A. J.
Thomas, J. Pharm. and Pharmacol., 9, 13 (1957).

(12) Melting points are corrected unless otherwise stated,
boiling points are not.

(13) Microanalyses by Schwarzkopf Microanalytical
Laboratory, Woodside, L. I., N. Y.

(14) Reported? 54-56°.
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pended by stirring in 80 ml. of dry toluene and 13 g. (0.11
mole) of thionyl chloride was added at 30°. The evolution of
hydrogen chloride was rapid at about 35°, and the mixture
was slowly heated to 85°. It was then heated rapidly to
110°, and at reflux temperature for 2 hr. while passing in
a slow stream of nitrogen to remove sulfur dioxide. The hot
solution was then treated with charcoal and filtered. After
concentrating to about 40 ml. and cooling, the crystalliza-
tion was rapid. The total crude yield was 14.43 g., m.p.
67-71° (uncorrected). A sample of this was recrystallized
twice from toluene-cyclohexane to obtain pure IV; m.p.
67.5-68.5°.

Anal. Caled. for C,H,,CINO,: C, 54.65; H, 5.01; N, 7.02;
Cl, 17.76. Found: C, 54.36; H, 5.35; N, 7.01; Cl, 17.57.

B. A sample of IV was also prepared from 5 g. of styrene
oxide according to the procedure of J. I. Jones? without
purification of the intermediate chloroformate. On recrystal-
lization of the crude product from toluene-cyclohexane, a
yield of 4.29 g. (52.3%,) of IV was obtained; m.p. 66.5-68°.
This gave no depression in a mixture melting point with
crystals from A.

C. Commercial styrene oxide (28 ml.) was added with
cooling at 30-35° to 150 ml. of concentrated hydrochloric
acid. The oil which separated was extracted with benzene,
washed with water, dilute sodium carbonate, and finally
with water. The solution was dried over sodium sulfate and,
after removal of the solvent, was distilled at 110-114°/8
mm.; ny = 1.5532. Only 11 g. of the crude chlorohydrin
(VI) was obtained by this procedure, while the major por-
tion remained as a polymer in the still.

The chlorohydrin (VI) (7.85 g., 0.05 mole) was added
with 5.05 g. (0.05 mole) of triethylamine in 50 ml. of dry
toluene to 5.45 g. (0.055 mole) of phosgene in 50 ml. of
toluene while stirring at 5~7°. The mixture was then washed
with ice water to remove triethylamine hydrochloride and
added below 15° to 100 ml. of concentrated ammonium
hydroxide with rapid stirring. After standing overnight at
room temperature the toluene solution was evaporated
in vacuo and the residue was recrystallized to obtain 2.5 g.
of IV; m.p. 66-68°. A mixture melting point with material
prepared by method A showed no depression. The low yield
in this experiment may be accounted for by the relative ease
with which IV is hydrolyzed.?

D. Samples of both II and IITI yielded IV on treatment
with thiony! chloride as deseribed in method A.

1-Phenyl-1-carbamoxy-2-chloroethane (VIII). Phenacyl
chloride (15.3 g., 0.109 mole) was reduced in 100 ml. of
isopropanol with aluminum powder (1.8 g.) and 0.1 g. mer-
curie chloride according to the procedure described by
Bergkvist.® The yield of 1-phenyl-1-hydroxy-2-chloroethane
(VII) was 11.5 g. (73%,), b.p. 82-85°/0.5 mm., n% 1.5480.
This formed a p-nitrobenzoate,® m.p. 80-81°.
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A sample of VII (7.84 g., 0.05 mole) with triethylamine
(5.05 g., 0.05 mole) in 30 ml. of dry toluene was added at
3~7° with good stirring to phosgene (5.45 g., 0.055 mole)
in 50 ml. of toluene. The amine salt was removed by wash-
ing with ice water and the toluene solution was added to 50
ml. of 289, ammonium hydroxide at 10~15°.

After stirring 1 hr. longer, the toluene was separated and
washed with water. The solvent was distilled ¢n vacuo and
the residue was recrystallized from cyclohexane to recover
5.5 g. of crude VIII; m.p. 83.5-84.5°. A sample recrystallized
twice from cyclohexane-toluene yielded pure VIII; m.p.
84.2-84.8°.

Anal. Caled. for CyH,CINO,: C, 54.65; H, 5.01; N, 7.02;
Cl, 17.76. Found: C, 54.95; H, 5.09; N, 7.05; Cl, 17.56.

A mixture melting point of VIII with IV was 48.0-
50.0°.

1-(2-M ethozyphenoxy)-2-carbamoxy-3-chloropropane.  Al-
though no yield data is given in Table I for the compounds
described, the high yields which can be obtained are illus-
trated by the following three step synthesis.

The crude mixture of hydroxycarbamates, obtained from
the stepwise treatment of I-(2-methoxyphenoxy)-2,3-
propanediol (99 g., 0.5 mole) with diethyl carbonate and
ammonia,! was stirred in 400 ml. of toluene and 65 g. (0.55
mole) of thionyl chloride was added at room temperature.
The mixture was heated slowly to 85° while passing in a
slow stream of nitrogen and stirred 3 hr. longer at this
temperature.

The mixture was cooled slowly, finally in an ice bath, and
filtered. After washing with 50 ml. of benzene the 1-(2-
methoxyphenoxy)-2-carbamoxy-2-chloropropane was dried
to obtain 110 g. (859%) of virtually pure product, m.p. 105.0~-
106.0°.

1-{1-Piperidyl)-2-carbamozy-3-chloropropane (IVD). IVD
was prepared by a procedure analogous to that used in the
three step synthesis of the 1-aryloxy-2-carbamoxy-3-chloro-
propanes already deseribed. In the chlorination-rearrange-
ment step excess thionyl chloride, however, was used as
solvent for the reaction rather than toluene. The product
was isolated by distillation of the excess thionyl chloride
and treatment of the residue with aqueous sodium carbonate.
The chlorocarbamate was extracted with chloroform, and
the residual oil from evaporation of the solvent was re-
crystallized from isopropanol.
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