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a determination for percentage hydroxyl indicated two
hydroxyl groups in the molecule.

1,2-Cyclohexanedione Phenylosazone (IX).—Compound
VIII (1.0 g.) was suspended in a solution of 3 g. of glacial
acetic acid in 20 ml. of water and 5.0 g. of phenylhydrazine
was added slowly with stirring. An exothermic reaction
took place with the formation of a yellow solid. The reac-
tion mixture was then heated gently on a steam-bath for
10 minutes, cooled and filtered. The product was recrys-
tallized from ethanol; yield 2.2 g. (92%), m.p. 151-152° dec.

Anal. Caled. for C;sHaN,: C,73.94; H,6.91; N, 19.186.
Found: C, 73.61; H,6.91; N, 19.24.

Tx:eatment of 1,2-cyclohexanedicne (X)® with phenylhv-
drazine in acetic acid in the same manner as VIII was treated
also gave the phenylosazone IX!® (m.p. 152-153° dec.).
The infrared spectra of the two samples of the phenylosazone
IX, which were prepared from VIII and the diketone X,
were identical when run as Nujol mulls. Thestrong bandsin
these spectra appeared at 6.27, 6.42, 6.67, 8.05 and 13.35 4.

6-Oxocyclohexen-1-yl Benzoate (XI).—Compound VI1II
(2.0 g.) was suspended in 12 ml. of dry pyridine and 3.0 m!.
of benzoyl chloride was added dropwise with stirring. An
exothermic reaction occurred with the formation of a white
precipitate. The mixture was then heated on a steam-bath
for 5 minutes, cooled to room temperature, and poured
into 25 ml. of ice-water with stirring. A vellow oily mass
precipitated. The supernatant liquid was decanted, and
the yellow mass was treated twice with 20 ml. of §9, sodium
carbonate solution. The residue was then dissolved in 10
ml!. of pyridine and poured on ice. The precipitate was
filtered and recrystallized from isopropyl alcohol; yield 2.5
g. (70%), m.p. 89-90°.

Anal. Caled. for C;3H1.05: C, 72.21; H, 5.58; mol, wt.,
216. Found: C, 71.87; H, 5.76; mol wt., 221 (in acetone
by the Menzies ebullioscopic method).

When the diketone X°® was caused to react with benzoyl
chloride in pyridine in the same manner as compound VIII
was treated, theresulting productmelted at thesametempera-
ture as the benzoate X1 which was prepared from VIII (89—
90°). A mixed melting point of the two substances gave

(13) No reference could be found of the preparation of IX directly
from the diketone X; however, H. Sen and S. K, Ghosh, Quart. J
Indian Chem. Soc., 4, 477 (1927), reported the melting point of IX
to be 153-154° when prepared from 1,2-cyclohexanedione monophen-
vlhydrazone. Other references to IX give melting points which range
from 150 to 154°.
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no depression. Also, the infrared spectra of the two mate-
rials (CHCI; solution) were identical and fully agreed with
the postulated structure. The monoconjugated ketone
functional band appeared at 5.93 u. A band at 5.78 u in-
dicated an aryl ester. Bands at 6.26 and 6.68 u indicated
the phenyl ring.

1,2-Cyclohexanedione (X) from VIII.—Compound VIII
(1.0 g.) was stirred and heated at 60° in 15 ml. of 109 hy-
drochloric acid for 8 hours. The resulting yellow-green
solution was cooled, saturated with sodium chloride, and
extracted with ether. After drying the ether extract over so-
dium sulfate and evaporating the ether, there remained 0.6
g. of a yellow-green oil which contained about 80% of the
diketone X based on infrared analysis (2% CHCI; solution)
as compared with the spectrum of a pure sample of the di-
ketone X.? This represents a yield of about 53%.

The infrared spectrum of X in chloroform solution shows
that the compound exists to a considerable extent in its
monoenolic form. Strong sharp monoconjugated ketone
and hydroxyl bands appear at 5.99 and 2.89 pu, respectively.

Nitric Acid Oxidation of VIII.—Fifteen ml. of 356% nitric
acid was heated to 80° with stirring. A small quantity of
VIII was added, whereupon the reaction mixture turned
vellow-green and then dark red-brown. The exothermic
reaction, which liberated NO. fumes, caused the tempera-
ture to rise to 100°. This temperature was maintained
while a total of 2.0 g. of compound VIII was slowly added.
After all of VIII was introduced, the reaction solution was
heated at 100° for 15 minutes. The solution was then sub-
mitted for chromatographic analysis? in order to determine
the acidic components which were formed. The analysis
revealed that 0.81 g. of 'succinic acid, 0.25 g. of glutaric acid
and 0.08 g. of adipic acid were formed.
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Preparation and Stereochemistry of d/-2-Aminocyclohexane Thiols!

By TaNezO TAGUCHI AND MaSAHARU KojiMa
RECEIVED AUcUsT 2, 1955

dl-trans-2-Aminocyclohexanethiol was obtained from either dl-frans- or dl-cis-2-benzoylaminocyclohexyl tosylate with,
respectively, retention or inversion of configuration by treatment with thiourea in absolute ethanol, and alkaline hydrolysis
of the resulting dl-trans-2-benzoylaminocyclohexylisothiuronium tosylate. The mechanisms and assignment of configura-
tions are discussed. The mechanism is supported by the fact that meso-cis-cyclohexenimine upon treatment with thiobenzoic
acid gives the N-benzoyl derivative of the same dl-2-aminocyclohexanethiol. dl-cis-2-Aminocyclohexanethiol was obtained
by fusion of di-trans-2-thiobenzoylaminocyclohexanol with phosphorus pentoxide, followed by hydrolysis. Fusion of dl-cis-
2. phenyl-4,5-cyclohexanodxazoline with phosphorus pentasulfide gave a racemic 2-phenyl-4,5-cyclohexanothiazoline which
was converted to dl-frans-2-aminocyclohexyl thiobenzoate hydrochloride by treatment with hydrochloric acid and thus desig-
nated as frans. Fusion of di-trans- or dl-cis-2-benzoylaminocyclohexanol with phosphorus pentasulfide resulted in mixtures
of dl-trans- and dl-cis-2-phenyl-4,5-cyclohexanothiazolines, The cis-thiazoline was much more stable to mineral acid than

the trans isomer.

It seemed valuable to seek information on the
stereochemistry of aminothiols, particularly in
comparison with diastereoisomeric aminoalcohols.
For this reason an investigation of the 2-amino-
cyclonexanethiols was undertaken.

Treatment of either the trans-I, or cis-1I form of
dl-2-benzoylaminocyclohexyl tosylate with thio-
urea in absolute ethanol gave a di-2-benzoylamino-

(1) Studies in Stereochemistry, VII,

cyclohexylisothiuronium tosylate, which upon alka-
line hydrolysis yielded a dI-2-benzoylaminocyclo-
hexanethiol of m.p. 161-162° (V). This suggests
that the reaction proceeds by different mechanisms
for the cis and the frans starting material.

It is well known that substitution reactions of the
trans isomer I proceed with a neighboring group
effect of the acyl group through the intermediate d!-
cis-2-phenyl-4,5-cyclohexanodxazoline (IIla), while



April 5, 1956

there is no such effect with the cis isomer II.23
Thus, it may be considered that the frans com-
pound I gives rise by the anichimeric property
of the benzoyl group to the dl-cis-oxazoline III,
which is then attacked by thiourea from the back
side at C; giving dl-trans-2-benzoylaminocyclo-
hexylisothiuronium tosylate (IV) with over-all
retention of configuration (I — III — IV). On
the other hand, the ¢is compound II gives IV by
simple SN2 reaction with inversion. On this basis
the racemic isothiuronium tosylate formed in the
above-mentioned reactions was designated as
trans. Formation of the dl-cis-oxazoline III as
the intermediate is further supported by the fact
that heating this compound with thiourea and
ethanol also gives the di-trans compound IV. Addi-
tional evidence for the frans configuration of IV is
provided by the fact that meso-cis-cyclohexenimine
gives the same epimer IV on treatment with thio-
benzoic acid; it has been generally recognized
that the cis-imine opens in the frans manner.*
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(2) S. Winstein and R. Boschan, THIS JoURNAL, 72, 4669 (1950).

(8) T. Taguchi and M. Kojima, Pharm, Buil. (Japan), 3, 351 (1955).

(4) Olden E. Paris and Paul E. Fanta, THIS JoUurNaAL, T4, 3007
(1952).
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The di-N-benzoyl thiol V is also designated as
frans, because the formation reaction from the dl-
trans-isothiuronium salt (IV) involves no breaking
of bonds to ring atoms. This compound V was
also obtained by fusion of the dl-cis-oxazoline IIla
with phosphorus pentasulfide to give a dl-2-pheny!-
4,5-cyclohexanothiazoline (VII), followed by treat-
ment with hydrochloric acid to give dl-trans-2-
aminocyclohexyl thiobenzoate hydrochloride (VIII),
and treatment of VIII with sodium hydroxide.
Since in the reaction sequence I1I — VII — VIII —
V there seems to be no possibility of inversion ex-
cept in III — VII, the thiazoline VII is designated
as trans. dl-trans-2-Aminocyclohexanethiol hydro-
chloride (IX) was obtained by boiling the S-ben-
zoyl hydrochloride VIII in 109, aqueous hydro-
chloric acid; IX is also considered to be frans be-
cause the reaction involves no breaking of bonds to
ring atoms, dl-cis-2-Phenyl-4,5-cyclohexanothia-
zoline (XII) was obtained by treatment of di-trans-
2-aminocyclohexanol (X) with benzaldehyde and
sulfur or with methyl dithiobenzoate, and fusion
of the resulting dl-frans-2-thiobenzoylaminocyclo-
hexanol (XI) with phosphorus pentoxide. This
result is analogous to the formation of the dl-cis-
oxazoline III from the O-analog of XI by similar
treatment and suggests that the cis-thiazoline XII
might be derived from replacement of the OH group
by the S of the thiobenzoyl group by SN2 reaction at
Ci. The cis-thiazoline XII was, in contrast to the
frans-isomer, so stable that boiling in concentrated
acid did not affect it. The thiazoline ring was
opened to give dl-cis-aminocyclohexanethiol hydro-
chloride and benzoic acid only by heating with hy-
drochloric acid at 180° in a sealed tube.

S

0
Isz PLCHO, S /_\TH_C—PI‘
_— >
/ or PhCSSCH, \ /
|

X H XI OH

q ro,

aJa SN

O__

N
N

jA‘\IHZHG 180° \__[/ Iﬂf
SH sd
XI1I XII

P

Fusion of dl-trans-2-benzoylaminocyclohexanol
(XIV) with phosphorus pentasulfide gave a mix-
ture of the dl-trams- and cis-thiazolines VII and
XII which could be separated by conversion to pic-
rates and recrystallization from methanol. A more
convenient method of separation utilizes the differ-
ence in stability of the two isomers to 5%, aqueous
hydrochloric acid; the trans isomer VII is con-
verted to the hydrochloride VIII by heating, while
the ¢is isomer is unchanged. These are easily sep-
arated by difference of solubility in water. Yields
calculated on the basis of this separation method
were 99, of the trans isomer and 529, of the cis
isomer. Similar treatment of dl-cis-2-benzoyla-
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minocyclohexanol (XV) gave 109 trans- and 4.5
cis-thiazolines. The lower V1elds in this case were
caused by contamination bv a reddish gunumy ma-
terial which could not be ch aracterized.
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usual
, its hvdrochloride,

dl-trans-2- Ammocyclohexanol (X). —Prepared by
method, b.p. 105° (10 mm.), m.p. 66-68°
m.p. 14"°

di-trans-2-Benzoylaminocyclohexanol (XIV).—The gen-

erg)l method of Leffler and Adams? was applied, m.p. 169-
170°

di-trans-2- Benzoylaminocyclohexy] Tosylate (1}: prepared
by the author’s improved procedure reported previously,?
m.p. 123°,

dl-cis-2- Benzo;laminocyclohexanol (XV): prepared by

detosvlation® of di-trans-N-benzovl-O-tosylate (I}, m.p.
1R4-185°

dl-cis-2- Benzoylaminocyclohexvl Tosylate (I1): prepdred
by the author s improved procedure,® m. £8 174-175° (listed

as 163-165° by MeCasland’ and 162-163° by W mstemz).

di-cis-2-Phenyl-4,5-cyclohexanosxazoline (IIla) was pre-
pared by the aduaptation of Winstein’s procedure,? m.p. 46—
47°, its tosylate 111, m.p. 159~160°.

1eso-cls- Cvclohexemmme (VI): The procedure of Paris
and Fantu was used; m.p. 20°, b.p. 140-150°,

dl-trans-2- Benzoylammocyclohexylxsothmromum Tosylate
(IVi. {aj.—A mixture of 2.4 g. of di-frans-2-benzovlamino-
cyvelol 1cxy1 tosvlate (1IN and 4 g. of thiourea in 16 ml. of ab-
solute cthanol was refluxed on a water-bath for ten hours.
After cooling, the precipitated thiourea was filtered and the
ethanolic mother liquor evaporated to dryvuess. On dis-
soiving the residue in 5 1nl. of water, erystals soon appeared.
After filtration the crude product weighed 2.5 g., melted at
134-136° dec. zml recryat: Lllin 1 from methanol to give color-

less cubes of m.p. 13%8° dec. .lnal. Caled. for CoHuNg-
5040 C, 54.87; H 322, N, 0.60. Found: C, 54.40; H,
6 34; N, 0.65.

(b).—A mixture of 1 g. of di-cis-2-benzovlaminocyclohexyl

tosyliute (IT) and 1 g. of thiourea in 20 ml. of absolute cth-
anol wus refluxed on a water-bath for 23 hours. The reac-
tion mixture was treated as described under (a) except that
the residue from the ethanolic mother liquor was crystallized
on addition of 4 ml. of wuter and 4 ml. of cther, The re-
sulting crystuls weighed 1.55 g. and melted at 138° dec.
alone and on admixture with the dJdi-frans-isothiuronium
tosylate (IV),

(c).—To 1 g. of dl-¢cis-2-phenyl-1,5-cyclohexanoéxazoline
tosylate (I11) and 1.2 g. of thiourea was added 14 ml. of ab-
solute ethanol and the mixture refluxed on a water-bath for
five hours. Working up exactly as in (a) resulted in color-
less cubes of m.p. 138° dec. which were identical with the di-
trans-isothiuronium tosylate (IV) by a mixed m.p. deter-
mination; weight 0.66 g. To the aqueous filtrate from re-
moval of IV was added 8 ml. of water and 5 ml. of 109,
aqueous sodium hydroxide. The resulting precipitate,
fotcr tlltmtxon and recrystallization, melted at 182-183°

(7 All melting points are uncorrected.

(6) M. T. Lefiller and Roger Adams,
(1937).

(7) T. Taguchi and M. Nakavama, ibid., 73, 5679 (1951).

(8) G. . MeCusland, R. K. Clark, Jr., and H. E. Carter, ¢bid., 71,
637 (1919).
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and was identical with dl-c/s-2-henzoylaminoeyclohexanol;
weight 0.22 g.
dl-trans-2-Benzoylaminocyclohexanethiol (V) (a).-—
One gram of the di-fraps-isothiuraninm tosyvlate (I\'} in 10
ilof 1095 aqueous sodium hvdroxide was boiled for five
minutes.  To the mixture, after cooling, was added 10 ml.
of water and a small anmount of undissolved substance was
removed by filtration.  The filtrite was acidified with 109,
aqueons hydrochloric acid and chilled,  The precipitate was
Jltercd 0.5¢g., mdtmg at 151-162°,  Recryvst: Lllimtion from
50%% aqueous ethanol gave colorless needles, n.p. 161-162°
which gave o positive sodium nitroprusside test for the mer-
capto_group. Awnal. Caled, for CuHENSO: C, 66.32
H, 7.28; N, 5.095. Fouud: C.66.00; H,6.05; N, 6.26.
b)4~To 0.5 g. of meso-cis-cvelohexenimine (VI dis-
solvcd in 4 ml. of benzene waus added 2 solution of 0.7 g. of
thiobenzoic acid in 5 ml. of benzence.,  On stunding crystals
appeared which were collected; weiglit 1.05 g, Reerystalli-
zation from H007 agueous cthanol guve colorless needles
which showed m.p. 161-162° alone and on admixture with
a sample of di-trans-N-benzoyvithiol V.

(c).—A small amount of d/-fraps-2-aminocvelohexylithio-
benzoate hydrochloride (VITI; wus dissolved in 59 sodiwm
hydroxide and the solution was aciditfied with 59 uqueous
hydrochloric acid. The prumn ited eryvstals were filtered
and recrystallized from 3o aquecus cthanol, mup. 161-

162° alone and wlso on wdmisture with an authentie
sample.

dl-trans-2-Phenyl-4,5-cyclohexanothiazoline (VII).—A
well-ground mixture of 3 g. of d/-cis-oxnzaline (I1Tarand 3 g.
of phosphorus pentasulfide wus fused at 130 1807 in an oil-

b lth till iy drogen sulfide gas ceased to evolve, On heuting
in 30 ml. of 109% aqueous soditm hyvdroxide the fused mass
went into solution, leaving an oilv luver which wus extracted
with ether, washed with water and then shaken with 10 ml.
of 5% aqueous hydrochloric ucid three times.  On neutraliz-
ing with sodium bicarbonate au oily substunce separated.
The oily luyer was extracted with cether, dried over fused so-
dium sulfate and evaporated to dryness. The remaining
light vellowish oil hoiled at 157-150° (3 mm.}, melted at H1-
52°% and vielded 1.02 g.

The picrate when recrystuallized from methanol gave yellow

needles, m.p. 105-106°. . dnal. Caled. for CpHNSO;:
C, 51.10; H, 4.00; N, 12.55. Found: C, 51.00; H, 1.06
N, 12.54.

dl-trans-2-Aminocyclohexyl Thiobenzoate Hydrochloride
(VIII).—To 1 g. of the {rans-thiazoline VII was added 5 ml.
of 5% aqueous hvdrochloric acid and heated on a boiling
water-bath for an hour. On cooling, colorless needles pre-
cipitated, m.p. 221° dec., weight 1.9 g.  Recrystallization
from 3% aqueous hivdrochloric wcid? gave colorless needles,
m.p. 22«3 dec. dwnal. Caled. for CipHI s NSOCH: C, 57.42;
H, 6.6 N, 5.15. Found: C, 57.3%; H, 6.45; N, 3.25.
The piCrate was recrystallized from methanol as
vellow needles, m.p. 167-168°,  .lual. for Cigtla-
N.80s: N, 12.07. Tound: N, 12.34.
dl-trans-2-Aminocyclohexanethiol Hydrochloride (IX).—
To 1 g. of the di-trans-S- henm_\'huninothiol hydrochloride
{(VIIT) was added 10 ml. of 105 wqueous hydrochloric acid
and the mixture boiled for three hours.  After cooling, the
precipitated benzoic acid was filtered and the mother Hguor
was evaporated to dryness under reduced pressure. The
residue was rcgr\xtallimd from methanol to give codorless
plates, m.p. 225, weight 0.5 g., which gave a positive so-
divin mtropruablde test for the mercapto group. .lnal.
Caled. for CgHiSCI: C, 42.94; H, 8.41; N, 8&.35. Tound:
C, 43.15; H, 8.00; N, 8.36.
dl-cis-2-Phenyl-4,5-cyclohexanothiazoline (XII).—One
gram of phosphorus pentasulfide and 0.85 g. of dl-trans-2-
thiobenzoylaminocyclohexanol were ground well and mixed,
avoiding moisture. The mixture was fused at 150° in an
oil-bath. After cooling, 7 ml. of 109} aqueous sodium hy-
droxide was added and the mixture heated on a boiling
water-bathi.  The separated oily layer was extracted with
ether, washed with water, dried over fused sodium sulfate
and evaporated to dryness. The residue weighed 0.6+ g.

T00%

Caled.

and boiled at 135-157° (3 mm.). Picrate: yellow plates
(from methanol), m.p. 131-132°. 4nal. Caled. for Ci-

HisNeSOq: C, 51.10; H, 4.06; N, 12.535. Found: C, 51.09;

H, 3.98; N, 12.38.

(9) Recrystallization from water was partially accompanied by
hydrolysis to give di-fraus-2-benzoylaminocyelohexanethiol (V).
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dl-cis-2-Aminocyclohexanethiol Hydrochloride (XIII).—
To 1 g. of di-cis-2-phenyl-t,i-cyclohexanothiazoline (XI1)
wits added 4 ml. of 2067 aqueous hivdrochloric acid and the
mixture heated at 160 18072 for three hours. To the mix-
ture was added 5 ml of wiater and undissolved henzoie acid
was Nltered off, The filtrate was evaporated to dryness
under reduced pressure. The residue was reeryvstallized
from methunol giving colorless plates, mup. 285 247° dee.,
weight 005 go, which gave a positive sodium nitroprusside
test for the mercapto group.  .tnel. Caled. for CilT;,SCl:
C. 42,04 11, 841 N, S35, Found: C, 420495 I, 8.01;
N, S5,

di-trans-2-Thiobenzoylaminocyclohexanol (XI;.—(a) A
well-ground mivture of 1.5 g, of dl-trans-2-aminocycelohexanol
ENO, 02 goof benzaldehyde and U4 g.of suliur was heated
e botling water-bath.,  After three hours the misture
converted to o reddish sirupy substance.  The substance,
after cooling, was dissolved in 5 ml. of ethanol, unreacted
<ulfur Gltered off and ethanol distilled off.  Addition of 6
il of carbon tetreehloride to the residue atforded vellow
crvstals, mLp. 11511870 weight 1.63 go Reervstallization
from curbon tetrachloride gave light vellow cubes or silky

needles, map. 1200217, dwal. Caled. for Ci1:NSO:
C, 6632, HL7.25; N, 5.95. Found: C, 66.13; I, 7.36;

N, 5.0

(b A uniforn mixture of 0.5 g of d/-trans-2-qminocyclo-
hexanol < Nand 0.7 gL of methyt dithiobenzoate was heated
on w hoiling water-batly till methyl mereaptan ceased to
cvolve.,  During the rcaction, the mixture changed to a
sirupy substance which became reddish and then brownish.
On standing at room temperature the sirup solidified gradu-
allv, After washing with ether, recrystallization from car-
bon tetrachloride gave light vellow cubes, m.p. 115-117°
alone and on admixture with a sumple obtained in procedure
(a).
The Formation of d/-frans- and Jd/-cis-2-Phenyl-2 4-cyclo-
hexanothiazolines (VII and XII) by Fusion of di-trans-2-
Benzoylaminocyvclohexanol (XIV) with Phosphorus Penta-
sulfide.——Thirtyv-six grams of d/-frans-2-benzovlaminocyclo-
hexanol (NIV) and 35 g. of plhiosphorus pentasulfide were
well ground end mixed avoiding moisture. The ruixture
was heated at 150° till hivdrogen sulfide gas ceased to evolve,
After cooling, 300 mi. of 507 nqueous sodium hyvdroxide was
added and the misture warmed on a water-bath till the whole
content dissolved lcaving an oily product. The oily layer
was extracted with 100 ml. of ether twice, washed with
water and extracted with 100 mi. of 1097 aqueous hydro-
chloric weid three times.  The hydrochloric acid solution
wois wvashed with ether, neutralized with sodium bicarbonate
and extracted with ethier, The ether layer, dried over fused
sodium <! re and evaporated to dryviess, vielded 26 g, of a
vellowish oil. To alittle of the muaterial was added a satu-
rated etheresd solition of picric acid and the precipitate was
recry=tallized from methanol to give two types of crystals,
viellow necdles of mp. 1951067 and yvellow plates of m.p.
131-15270 The {ormer was tdeatical with the di-trans-
thinzoline : VI pier ce o the Litter with the dl-cis-thinzo-
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line XII picrate by mixed m.p. determinations. To the
remainder of the yellowish oil was added 100 ml. of 5%
aqueous hydrochloric acid and the mixture warmed on
hotling water-bath,  After cooling, the precipitated crvstals
were collected and the filtrate, on concentrating to Himl,,
vielded a further crop. After filtration the mother liquor,
on adding acctone, gave a further crop, total weight 4.1 g.
Reervstallization from 3¢7 aqueous hydrochloric acid guve
colorless necdles of m.p. 223° dec. which were identicidwith
the di/-trans-2-aminocyclohexyl thiobenzoate hydrochloride
(VIIT) by a mixed m.p. determination; picrate: reerystalhi-
zation from 70S% aqueous methanol gave vellow needles,
m.p. 187-1687 alone and on admixture with the dl-frane-2-
aminocyclohexyl thiobenzoate (V1T picrate.

The agueous and acetonic mother liguors were combined
and evaporated to driness under reduced pressurc. The
residual gummy product wus dizsolved in water and on
making alkaline with 109 aqueous sodium hydroxide an oil
separuted.  Tlie oil was extracted with ether, washed with
water, dried over fused sodium sulfate and evaporated to
dryness.  The remaining oil weighed 18,5 g. and boiled at
156-159° (3 mm.); picrate, vellow plates (from methunol),
m.p. 132-133°, which were identical with the di-c/s-thinzo-
line XII picrate by a mixed m.p. determination.

The Formation of d/-{rans- and J/-c/s-2-Phenyl4,5-cyclo-
hexanothiazolines (VII and XII) by Fusion of d/-ris-2-
Benzoylaminocyclohexanol (XV) with Phosphorus Penta-
sulfide.—A well-ground mixture of 5 g. of d/-cis-2-benzoyl-
aminocyelohexanol and 5 g. of phosphorus pentasulfide was
lieated at 150° in an oil-bath till hydrogen sulfide ceased to
cvolve. After cooling the fused mass was dissolved in a0
ml. of warm uqueous sodium hydrovide and a reddish oily
product separated. The oily layer wis extracted with ether
and the ether solution was shaken with 20 ml. of 59 aqueous
hydrochloric acid three times. On evaporation to dryness
the c¢thereal solution vielded 0.73 g. of a reddish gummy
product. The hydrochloric acid solution was neutralized
with sodium bicarbonate yielding an orunge-vellowish oil.
The extraction of the oil with ether followed by the treat-
ments with hydrochiloric acid and then sodium bicarbonate
was repeated.  The oil was extracted with ether, dried over
fused sodium sulfate, evaporated to dryness and boiled at
130-140° (2 mm.), weight 0.85 g. Henceforth, on treat-
ment as above a little of the distiiled oil was converted to
picrates of dl-trans- and dl-cis-thizzolines, The remuinder
was separated il}to dil-trens-2-aminocycelohexyl thiobenzoate
and the dl-cis-thiazoline (NXII) which were identified as hy-
drochloride VIIT and picrate, respectively, weight (.5% and
0.32 g.
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