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The reaction of various potassium or ammonium salts [RNHC(=S)SM, M = K or NH,; R = N(CH,),, mor-
pholino, pyrrolidino, piperidino, and hexahydro-1{1H)-acepinyl] with 2-chlorocyclohexanone in alcohol at
25-30° afforded the title compounds 1 and 3-6. The treatment of these compounds with a catalytic amount of
p-toluenesulfonic acid in refluxing benzene furnished the dehydrated products 2 and 7-10. The reaction of
potassium dithiocarbazate with 2-chlorocyclohexanone or 3-chloro-3,4-pentanedione in refluxing ethanol af-
forded 11, a six membered heterocycle and 12, a five membered heterocycle, respectively. Possible mecha-
nisms and supporting nmr, ir, uv mass spectral data are discussed.

J. Heterocyclic Chem., 23, 105 (1986).

In a previous communication [2] we reported that the re-
action of potassium substitutedaminodithiocarbamates
RNHC(=S)SK, R = -N(CH,),, morpholino, pyrrolidino, pi-
peridino, and hexahydro-1{1H)-azepinyl] with 3-chloro-
2,4-pentanedione in ethanol at 25-30° afforded the 1-ace-
tylacetonyl substitutedaminodithiocarbamates RNHC-
(=S)SCH(COCH,),. Under refluxing temperatures, the
same reactions furnished 3-substituted-4-methyl-5-acetyl-
4-thiazoline-2-thiones.
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Thus, it appeared expedient to continue our investigation
of the above salts and potassium or ammonium salts of di-
thiocarbazates with 2-chlorocyclohexanone.

The reaction of 2-chlorocyclohexanone with the appro-
priate ammonium or potassium substitutedaminodithioar-
bamates in alcohol at 25-30° afforded 3a,4,5,6,7a-hexahy-
dro-3a-hydroxy-3<{dimethylamino)-2-benzothiazolinethi-
one (1), 3a,4,5,6,7a-hexahydro-3a-hydroxy-3-pyrrolidinyl-
2-benzothiazolinethione (3), 3a,4,5,6,7a-hexahydro-3a-hy-
droxy-3-morpholino-2-benzothiazolinethione (4), 3a,4,5,-
6,7a-hexahydro-3a-hydroxy-3-piperidino-2-benzothiazo-
linethione (3) or 3a,4,5,6,7a-hexahydro-3a-hydroxy-3-(hexa-
hydro-1H-1-azepinyl)-2-benzothiazolinethione (6).

Increasing the temperature from 25 to 80° in the reac-
tion between potassium dimethylaminodithiocarbamate
and 2-chlorocyclohexanone furnished the dehydrated pro-
duct, 4,5,6,7-tetrahydro-3-{dimethylamino)-2-benzothiazo-
linethione (2). However, the 80° reaction temperature in
the reaction of potassium piperidinodithiocarbamate and
2-chlorocyclohexanone did not give the expected dehy-
drated product (9) but instead furnished 5. The above re-
actions are depicted in Figure 1. However, based on ele-
mental analysis and molecular weight determinations, the
following ester structures of substituted aminodithiocarba-
mic acids had to be considered:

HAS N /N
R-NC-$S , R=-N(CH3)2, -N\_(gng),, n=4,5,6, -N o

o]

The ir spectra obviated the above ester structures as no
C=0 or NH adsorption bands were observed, while OH
adsorption bands at 3500-3100 ¢m™ were found. More-
over, the nmr spectra exhibited OH protons, which ex-
changed with deuterium oxide and the absence of the NH
protons. Furthermore, the mass spectrum for 4 is in com-
plete agreement with the proposed structure. The mass
fragmentation pattern is shown in Scheme 1. In conclu-
sion, the ir, nmr, and mass spectral data confirm the pro-
posed structures 1, 3, 4, 5, and 6 and ruled out the open
chain ester structures.

The proposed mechanism for the formation of 1, 3, 4,
5, and 6 is shown in Scheme II.

The treatment of 3, 4, 5, and 6 with a catalytic amount
of p-toluenesulfonic acid in refluxing benzene for 3 hours
effected the desired dehydration reaction to afford the
corresponding 4,5,6,7-tetrahydro-2-benzothiazolinethi-
ones, 7, 8, 9, and 10 shown in Table 1 and Figure 1. The
elemental analysis and nmr spectral data confirmed these
proposed structures for 2, 7, 8, 9, and 10. Moreover, the
electron mass spectrum for 8 afforded the molecular
weight in the form of M! at m/e 256. The mass fragmenta-
tion (Scheme III) is consistent for structure 8. The dehy-
dration of 1, 3, 4, 5, and 6 to give 2, 7, 8, 9, and 10, re-
spectively, constitutes additional proof of structure for the
former compounds.

In the nmr spectra of compounds 7-10 the protons adja-
cent to the nitrogen and in close proximity to the cyclohex-
ene and thiocarbonyl moieties are of particular interest.
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The large shift of the downfield protons is attributed to
the large deshielding effect of the thiocarbonyl group.

Potassium dithiocarbazate was prepared by the method
described by Busch and Starke [3].

{CH3)2CHOH

il
NHgNH, + CSp + KOH ——————>  NHpNHC-SK (3]

However, this salt is stable for only 3 to 4 hours after isola-
tion. The freshly prepared potassium dithiocarbazate was
reacted with 2-chlorocyclohexanone in ethanol at reflux to
give 5,6,7,8-tetrahydro-1H-4,1,2-benzothiadiazin-3-(2H)-

thione (11), plus an insoluble polymeric material.
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Attempts to isolate 11 from the polymer by treatment with
dilute sodium hydroxide/hydrochloric acid proved partial-
ly successful. Under these conditions, a small portion of 11
could be recovered. However, the sensitivity of crude 11 to
alkali or acid excluded this treatment and the separation
could be better effected by a recrystallization of the crude
mixture from ethyl acetate to give a 30% yield of 11, mp
136-137°. The elemental analysis and molecular weight
data for 11 afforded an empirical formula, C,H,(N,S, and
alternate structure A, had to be considered.
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However, structure A was ruled out by nmr, ir, uv and
mass spectral data:
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nmr: 6 1.00-3.02 (m, 8, a), 3.48-4.02 (m, 1, b), 10.68 (broad
s, 1, ¢). The large downfield shift of one of the NH protons
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(10.68 ppm) is the key to ruling out structure A in favor of
the proposed structure 11. It not only indicates non-equi-
valence of the two NH protons but also suggests one is aci-
dic which could not be the case if the -NH, were present as
in A. However, this evidence would be expected in the in-
dicated thioamide tautomerism shown above. The exis-
tence of this tautomerism was confirmed for 11 as a sam-
ple could be titrated potentiometrically in isopropyl alco-
hol with tetrabutylammonium hydroxide to give a neutral
equivalent of 182, theory -186. In addition, recrystallized
11, mp 136-137°, was soluble in dilute sodium hydroxide
and reprecipitated upon the addition of dilute hydrochlo-
ric acid. The pv spectral data are in agreement with the
proposed structure for 11. A, = 81.7 at 323 mp in metha-
ncl; A, = 44.6 at 325 my in methanol + sodium hydrox-
ide. From the ir spectral study, it can be concluded that 11
in the solid state exists mainly in the thioamide form L
This conclusion was based on the absence of the -SH ab-
sorption band at 2400-2575 cm™ and the presence of the
following. absorption bands (potassium bromide): 3216
(NH of a secondary NH), 1301 ( >N-C(=S)-S- mode) and
1086 (C=S) ecm™.

The electron impact mass spectrum for 11 furnished the
molecular weight data in the form of M! at m/e 186. The
mass fragmentation pattern (Scheme IV) is in agreement
with the proposed structure of 11. The proposed mecha-
nism for the formation of 11 is depicted in Scheme V.

It was anticipated that since the reaction of potassium
dithiocarbazate with 2-chlorocyclohexanone furnished the
six-membered heterocycle, 11, replacing the above electro-
phile with 3-chloro-2,4-pentanedione [4] should under the
same conditions result in formation of structure B.
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Structure B

However, this postulate was not substantiated and the pro-
duct isolated in this reaction was 5-acetyl-3-amino-4-meth-
yl-4-thiazolin-2-thione (12).

S 2.47 ﬁ 5265
It A 78-~80° CHz~===T-C~CH3
NHpNHCSK  + CH3C-C-C-CHy  ——> o .
[ CoHgOH b i70-170.5
A 2H5 2 \n/ mp
76% yield & 640 S

12

In the above reaction, no evidence for the formation of B
or polymers was detected. The nmr, up, ir and mass spec-
tral data ruled out structure B and confirmed the propos-
ed structure 12. If structure B were the correct structure,
two non-equivalent N-H protons should be observed in the
nmr spectrum. This was not the case and the two equiva-
lent NH, protons were observed at 6 6.10.
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Table 1
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No. Mp °C Yield CDCl,(Me,Si) Formula Calcd. Found Caled. Found Caled. Found Caled. Found
7(6] 184-185(1] 56 1.57-2.30 (m, 8, a) C,,H,(N,S, 5496 5490 6.71 6.71 11.65 11.52 26.68 26.52

2.30-2.67 (m, 4, b)

2.87-3.27 (m, 2, )

4.03-4.47 (m, 2, d)
846 184185[2) 97 1.50-2.10 (m, 4, a) C,,H,.N,08, 5653 5631 629 6.12 1093 10.78 2501 2491

2.09-2.63 (m, 4, b)

2.61-3.00 (m, 2, ¢)

3.28-4.08 (m, 4, d)

4,61-5.03 (m, 3, e)
9[6] 151 (3] 97 1.08-2.13 (m, 10, a) C,.H,N,S, [5] 56.65 56.83 7.3 7.30 11.01 1101 25.21 25.13

2.14-2.66 (m, 4, b)

2.68-3.18 (m, 2, c)

4.28-4.81 (m, 2, d)
10(6) 118119[1] 87 1.09-2.01 (m, 12, a) C,.HoN,S, [6] 58.16 58.14 7.51 7.53 10.44 1044 2389 23.79

2.29-2.70 (m, 4, b)
2.72-3.31 (m, 2, c)
3.95-4.49 (m, 2, d)

[1] Recrystallization from heptane-ethanol. [2] Recrystallization from ethyl acetate. {3] Recrystallization from heptane-2-propanol (1:1). [4] Elec-
tron mass spectrum m/e (relative intensity) M 256 (18), 171 (100), 143 (18), 138 (17), 126 (3), 112 (5), 111 (5), 95 (6), 86 (30), and 85 (32). [5] Caled. MW
254.4. Found: 260 (DMF). [6] Calcd. MW 268.4. Found: 268 (DMF). [7] The methylene protons adjacent to the C=S group(din7,9,10 and e in 8§)

were found further downfield due to the deshielding effect of the thiocarbonyl moiety.
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The uv spectral data also supported the proposed struc-
ture 12. The spectrum in methanol shows A, = 93.4 at 353
my (which does not change with sodium hydroxide. In ad-
dition no evidence of acidic protons was found upon at-
tempted titration of a sample of 12 with 0.1N tetrabutyl

ammonium hydroxide. Moreover, the ir spectral data were
in complete agreement for the proposed structure 12. This
conclusion was based on the observance of the following
absorption bands: (potassium bromide), 3227 and 3144
(H-bonded NH of NH,), 1676 (C=0), 1606 (NH, deform),
1276 and 1234 (>N-C(=S)-S-) and 1174 (C=S) cm™*. The
electron impact mass spectrum for 12 furnished the mole-
cular weight in the form of M? at m/e 188. Furthermore,

S
=5+ Heo
N
|
R

the fragmentation pathway for 12 (Scheme VI) is consis-
tent with the proposed structure 12. A proposed mecha-
nism for the formation of 12 is shown in Scheme VII. An
isomer of 12 was reported [3] as illustrated by the follow-
ing reaction:

CH3z COCH3 NaOGt CH3 =T cocHy  [s]
M i +  NH40H N .
5o
V excess 0-5 X
SH SNHp
mp 83-5°

These data on the isomeric structure furnished additio-
nal support for the validity of proposed structure 12.
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CHg—r— o
THpN-N __S t
s L( cu3-|—=Tg-cH3 ~-CH3 CH3 = c=0"
CHzC=D & HoN-N s HaN-N_ S
m/e 43 (100) 11/ \rsﬁ/
2
M?, m/e 188 (57) m/e 173 (9)
&7 -NH=N-C/SI l =0
s s
M +*
+
m/e 57 (1) ﬁH H3C r——T-C=0"
—C=EC~C-CH
ors-onc-L-or, T
m/e 83 (12) HaN
m/e 129 (3)
/_co
' ~HN=NHp .
H2=c=c=s_]' — HpC=C=C=5-N~NHp
m/e 70 (11) m/e 101 (2)
Scheme Vi| stirring at 25-30° for 1 hour, 66.3 g (1.0 mole) of 2-chlorocyclohexanone
Iti‘ﬂp 0 was added dropwise while maintaining the temperature at 5-15°. The re-
CH3C — CHch3 action mixture was stirred at 25-30° for 3 days. After cooling to 5°, 2000
WL S A i G > HaN-N /_l' g of ice water was added and stirring continued at 0-10° for 1 hour. The
ocr o (‘";ﬁ solid was collected by filtration, washed with water until neutral and air-
s dried at 25-30°. Crude 1, mp 137-139°, was obtained in 92% yield. After
recrystallization from ethanol, it melted at 142-143°; ir (potassium bro-
mide): 3500-3100 (OH), 2950 (C-H), 1450 (CH, def), 1370 and 1333 (ON-
C(=5)-S- mode) cm™!; nmr (deuteriodimethylsulfoxide): 5 1.61-2.06 (m, 8,
COCH3 a), 3.50-3.75 and 3.75-4.03 (2m, 1, b), 3.20 (s, 6, -N(CH,),),
CH 3(< s Lon b
Hen s cH3E"]cocH 3 o u
s
| HpN~-N S G
s
" Y L
Structure 8 a OH \N(CH3)2
l 2.70 and 6.70 (2s, 1, OH) exchanged with deuterium oxide.
Anal. Caled. for C,;H,(N,0S,: C, 46.52; H, 6.94; N, 12.06; O, 6.89; S,
CH3 T=="T"COCH3 27.60. Found: C, 46.54; H, 7.03; N, 11.88; 0, 7.09; S, 27.43. Calcd. MW
HgN-NYS 232.4. Found: 234 (C,H,).
s 4,5,6,7a-Tetrahydro-3{dimethylamino)-2-benzothiazolinethione (2).
12 To a stirred solution at 0° containing 60 g (1.0 mole) of 1,1-dimethylhy-
drazine and 1500 ml of diethyl ether, 66 g (1.0 mole) of powdered 85%
EXPERIMENTAL potassium hydroxide was added in one portion. After stirring for 30 mi-

The nmr spectra were obtained with a Varian T-60 nmr spectrometer.
The chemical shifts are reported in ppm §, using tetramethylsilane as re-
ference. All melting points were taken upon a Fisher-Johns block and are
uncorrected. The infrared spectra for 1, 2, 6, 11, and 12 were obtained
with a Perkin-Elmer Model 21 spectrophotometer with a sodium chloride
prism. The ultraviolet spectra for 11 and 12 were obtained using a Cary
Model 11 spectrophotometer and matched 1-cm quartz cells. The elec-
tron impact mass spectra for 4, 8, 11, and 12 were determined with a
Varian-MAT CH-7A mass spectrometer operating at an ionizing poten-
tial of 70 eV using a direct insertion probe technique with a source tem-
perature of 250°.

3a,4,5,6,7a-Hexahydro-3a-hydroxy-3-(dimethylamino)-2-benzothiazoline-
thione ().
To a stirred solution containing 30 g (0.5 mole) of 1,1-dimethylhydra-

zine, 50 g of concentrated ammonium hydroxide and 200 ml of ethanol,
38 g (0.5 mole) of carbon disulfide was added dropwise at 0 to 10°. After

nutes, 83.4 g (1.1 moles) of carbon disulfide was added dropwise at 0-10°
over a 1 hour period. The reaction mixture was stirred at 25-30° for 24
hours. The solid was collected by filtration, washed with 500 ml of diethyl
ether and air-dried at 25-30°. The potassium dimethylaminodithiocarba-
mate [(CH,),N-NH-C(=S)SK] was obtained in 95% yield and was used
without further purification.

To a stirred slurry containing 43.6 g (0.25 mole) of the above potas-
sium salt and 400 ml of ethanol, 33.2 g (0.25 mole) of 2-chlorocyclohexa-
none was added in one portion. After stirring for 35 minutes, the tempe-
rature had risen from 20° to 34°. The stirred reaction mixture was heat-
ed at reflux (78-80°) for 3 hours and then allowed to cool and stir at
25-30° for 24 hours. After cooling to 5°, 600 g of the water was added
and stirring continued at 0-10° for 30 minutes. The solid was collected by
filtration, washed with water until neutral and air-dried at 25-30°. Crude
2, mp 63-63°, was obtained in 80% yield. After recrystallization from
heptane, it melted at 67.0-67.5°; ir (potassium bromide): 2950 (C-H), 1675
(C=C), 1445 (CH, def) and 1305 (>N-C(:S)-S-) c¢cm™'; nmr (deuteriochloro-
form): 6 1.51-1.94 (m, 4, a), 2.15-2.60 (m, 4, b), 3.18 (s, 6, -N(CH,),).
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Anal. Caled. for C,H,,N,S,: C, 50.53; H, 6.58; N, 13.07; S, 29.92.
Found: C, 50.30; H, 6.70; N, 13.03; S, 29.72. Caled. MW 214.4. Found:
216 (CHy).

3a,4,5,6,7a-Hexahydro-3a-hydroxy-3-pyrrolidinyl-2-benzothiazolinethione
@)

To a stirred slurry containing 24.6 g (0.2 mole) of n-aminopyrrolidine
hydrochloride and 200 ml of 2-propanol, 26.4 g (0.4 mole) of 85% potas-
sium hydroxide was added in one portion. After stirring at 25-30° for 30
minutes and cooling to 5°, 15.2 g (0.2 mole) of carbon disulfide was ad-
ded dropwise at 0-10°. After stirring at 25-30° for 5 hours and cooling to
0°, 26.6 g (0.2 mole) of 2-chlorocyclohexanone was added in one portion.
The reaction mixture was stirred at 25-30° for 18 hours. To the stirred
reaction mixture, 700 ml of water was added and stirring continued at
25-30° for 30 minutes. The solid was collected by filtration, washed with
water until neutral and air-dried at 25-30°. Crude 3, mp 124-126°, was
obtained in 87% yield. After recrystallization from isopropyl alcohol and
heptane (1:1), it melted at 137.5-138.5°; nmr (deuteriodimethylsulfoxide):
6 1.09-1.96 (m, 8, a), 1.96-2.39 (m, 4, b), 3.09-3.94 (m, 3, ), 6.49 (s, 1, OH)
exchanged with deuterium oxide.

a 5}

s
¢ Nca
b § |
"o

L) ¢ a

Anal. Caled. for C,,H,,N,0S,: C, 51.13; H, 7.02; N, 10.84; O, 6.19; S,
24.82. Found: C, 51.12; H, 7..02; N, 10.72; 0, 5.99; S, 24.62. Caled. MW
258.4. Found: 262 (CHCl,).

3a,4,5,6,7a-Hexahydro-3a-hydroxy-3-morpholino-2-benzothiazolinethione
(4) and 3a,4,5,6,7a-Hexahydro-3a-hydroxy-3-piperidino-2-benzothiazoline-
thione (5).

The potassium morpholino or piperidinodithiocarbamates weré pre-
pared in 95% yields by the same procedure described for potassium di-
methylaminodithiocarbamate except the 1,1-dimethylhydrazine was sub-
stituted with either N-aminomorpholine or N-aminopiperidine. The salts
were used without any further purification.

To a stirred slurry at 15° containing 0.2 mole of either potassium mor-
pholino or piperidinodithiocarbamate in 270 ml of ethanol, 26.6 g (0.2
mole) of 2-chlorocyclohexanone was added in one portion. The stirred re-
action mixture was maintained at 25-30° for 24 hours. After cooling to
10°, 600 g of ice water was added and stirring continued at 10-15° for 30
minutes. The solid was collected by filtration, washed with water until
neutral and air-dried at 25-30°. Crude 4, mp 173-175°, and crude 5, mp
151-152°, were obtained in 84 and 90%, respectively. Compound 4 melted
at 175-176° after recrystallization from ethyl acetate and DMF (5 g-400 ml
of ethyl acetate + 200 ml of DMF). The melting point of 5 remained un-
changed after recrystallization from ethyl acetate; 4, nmr (deuteriodime-
thylsulfoxide): 6 1.85-2.35 (m, 8, a), 2.57-3.02 (m, 2, b), 3.30-4.00 (m, 5, c),
4.00-4.76 (m, 2, d), 6.54 (s, 1, OH) exchanged with deuterium oxide;

(4
9 H
s
a
Yes
G N
ﬂ()Hldc
N [o]
a —/
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electron impact mass spectrum: m/e (relative intensity) M* 274 (3), 256 (2)
(M=H,0), 190 (10), 171 (10), 144 (38), 130 (37), 101 (12), 97 (11), 86 (100)
and 85 (32).

Anal. Caled. for C;,H ;N,0,S,: C, 48.14; H, 6.61; N, 10.21; O, 11.66; S,
23.37. Found: C, 47.96; H, 6.58; N, 10.02; O, 11.88; S, 23.10.

Compound 5 nmr (deuteriodimethylsulfoxide): 6 0.90-1.83 (m, 12, a),
1.90-2.41 (m, 2, b), 2.68-3.17 (m, 2, c), 3.28-3.52 (m, 1, d), 3.91-4.40 (m, 2,
e),

6.49 (s, 1, OH) exchanged with deuterium oxide.
Anal. Caled. for C,,H,(N,0S,: C, 52.94; H, 7.40; N, 10.28; O, 5.87; §,
23.54. Found: C, 53.05; H, 7.54; N, 10.40; O, 5.71; S, 23.45.

3,4,5,6,7a-Hexahydro-3a-hydroxy-3-(hexahydro-1H-1-azepinyl)-2-benzo-
thiazolinethione (6).

To a stirred solution at 5° containing 70.6 g (0.5 mole) of N-aminoho-
mopiperidine, 50 g of concentrated ammonium hydroxide and 300 ml of
ethanol, 38.g (0.5 mole) of carbon disulfide was added dropwise at 0-10°.
After stirring at 25-30° for 1 hour and cooling to 5°, 66.3 g (0.5 mole) of
2-chlorocyclohexanone was added in one portion. The stirred reaction
mixture was maintained at 25-30° for 3 days. The reaction mixture was
poured into 2000 g of ice water and stirred at 0-10° for 30 minutes. The
solid was collected by filtration, washed with water until neutral and air-
dried at 25-30°. Crude 6, mp 141-143°, was obtained in 96% yield. After
recrystallization from ethanol, it melted at 151-152°; ir (potassium
bromide): 3600-3100 (OH), 2950 and 2860 (C-H), 1450 (CH, def), 1332 and
1308 (CN-C(=S)S- mode) em™; nmr (deuteriodimethylsulfoxide): &
1.00-1.92 (m, 14, a),

1.92-2.57 (m, 2, b), 2.80-3.26 (m, 2, c), 3.26-3.57 (m, 1, d), 3.75-4.12 (m, 2,
e), 6.37 (s, 1, OH) exchanged with deuterium oxide.

Anal. Caled. for C,,H,,N,0S,: C, 54.50; H, 7.74; N, 9.78; 0, 5.59; S,
22.39. Found: C, 54.70; H. 7.70; N, 9.66; 0, 5.79; S, 22.29.

4,5,6,7-Tetrahydro-3-pyrrolidinyl-2-benzothiazolinethione (7), 4,5,6,7-Te-
trahydro-3-morpholino-2-benzothiazolinethione (8), 4,5,6,7-Tetrahydro-
3-piperidino-2-benzothiazolinethione (9) and 4,5,6,7-Tetrahydro-3-(hexa-
hydro-1{1H)-azepinyl)}-2-benzothiazolinethione (10).

A stirred slurry comprising 0.2 mole of 3, 4, 5, or 6, 2 g of p-toluene-
sulfonic acid monchydrate, and 200 ml of benzene was heated at reflux
for 3 hours or until 2.7 ml of water was collected. Benzene (160 ml) was
removed by distillation. To the cooled residue at 30°, 100 ml of petro-
leum ether was added and the slurry stirred at 0-10° for 30 minutes. The
solid was collected by filtration and air-dried at 25-30°. The data are
summarized in Table 1.

5,6,7,8-Tetrahydro-1H-4,1,2-benzothiadiazine-3(2H)-thione (11).

Potassium dithiocarbazate was prepared by the method described by
Busch and Starke [3]. A charge containing 66 g (1.0 mole) of 85% potas-
sium hydroxide and 800 ml of 2-propanol was stirred for 15 minutes or
until a solution resulted. After cooling the stirred solution to 0°, 33.8 g
(1.0 mole) of 95% hydrazine was added in one portion, followed by the
dropwise addition of 76 g (1.0 mole) fo carbon disulfide at 0-10°. The re-
action mixture was stirred at 25-30° for 24 hours. The solid was collected
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by filtration, washed with 800 ml of 2-propanol and air-dried at 25-30°
for only 3 hours. If the potassium dithiocarbazate is allowed to dry
longer than 3 hours, it decomposes. The potassium dithiocarbazate was
obtained in 98% yield and was used without any further purification.
To a stirred slurry comprising 43.9 g (0.3 mole) of freshly prepared po-
tassium dithiocarbazate and 300 ml of ethanol, 39.8 g (0.3 mole) of
2-chlorocyclohexanone was added in one portion. After stirring for 25 mi-
nutes, the temperature rose from 24 to 44°. The stirred reaction mixture
was heated at reflux (78-80°) for 3 hours, then allowed to cool and stir at
25-30° for 18 hours. After cooling to 0°, 600 g of ice water was added and
stirring continued at 0-10° for 30 minutes. The solid was collected by
filtration, washed with water until neutral and air-dried at 25-30°. The
crude product (48 g), mp 100-110°, contains 11 which is soluble in dilute
sodium hydroxide and an unidentified polymer. Attempts to separate 11
from the polymer by the sodium hydroxide-hydrochloric acid treatment
proved partially successful. Under these conditions, only a small amount
of 11 could be recovered. The alkali-acid sensitivity of 11 containing the
polymer excluded this treatment for the separation of 11 from the poly-
mer. The separation can be effected by recrystallization from ethyl ace-
tate. Thus 48 g of crude 11 was recrystallized from 240 ml of ethyl ace-
tate to give 16.8 g of 11 (30% yield), mp 136-137°; ir (potassium
bromide): 3216 (NH of secondary NH), 2939 (CH, asym), 2860 (CH, sym),
1654 (C=C), 1449 (CH, deform), 1301 (>N-C(=S)-S- mode) and 1086
(C=S) cm™; electron impact mass spectrum: m/e (relative intensity) M?
186 (67), 110 (20), 93 (111), 81 (100), 76 (9) and 59 (14); nmr (deuteriochlo-
roform): 6 1.00-3.02 (m, 8, a), 3.48-4.02 (m, 1, b), 10.68 (br s, 1, c);

a H

11 was titrated potentiometrically in 2-propanol with (C,H,),NOH,
equivalent weight found: 182, calculated or theory: 186. The uv spectral
data also confirmed the proposed structure for 11.

a, = 81.7 at 323 my in methanol

a, = 44.6 at 325 my in methanol + sodium hydroxide

Anal. Caled. for C;H  N,S,: C, 45.13; H, 5.41; N, 15.04; S, 34.42.
Found: C, 45.30; H, 5.52; N, 15.14; S, 34.50.
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5-Acetyl-3-amino-4-methyl-4-thiazoline-2-thione (12).

To a stirred slurry comprising 146.3 g (1.0 mole) of freshly prepared
potassium dithiocarbazate and 1000 ml of ethanol, 134.5 g (1.0 mole) of
3-chloro-2,4-pentanedione [4] was added in one portion. An exothermic
reaction set in causing a temperature rise from 23° to 54° over a 1 mi-
nute period. The stirred reaction mixture was heated at reflux (78-80°)
for 3 hours and then allowed to stir at 25-30° for 24 hours. After cooling
to 0°, 1000 g of ice water was added and stirring continued at 0-10° for
30 minutes. The solid was collected by filtration, washed successively
with water until neutral, then with 250 ml of heptane and air-dried at 25-
30°. Crude 12, mp 154-157°, was obtained in 76% yield. After recrystalli-
zation from ethanol-ethyl acetate (1:1), it melted at 170.0-170.5°; nmr
(deuteriodimethylsulfoxide): 6 2.47 (s, 3, CH,C=), 2.65 (s, 3, -COCH,),
6.10 (br s, 2, -NH,). The uv spectral data also supported the proposed
structure for 12; uv (methanol): a, = 93.4 at 353 mp (no changed with so-
dium hydroxide). In addition 12 would not titrate with 0.1 tetrabutyl-
ammonium hydroxide. Electron impact mass spectrum: m/e (relative in-
tensity) M* 188 (57), 173 (9), 129 (3), 101 (2), 83 (12), 70 (11), 57 (11), and
43 (100); ir (potassium bromide): 3227 and 3141 (H bonded NH of NH,),
2992 (CH), 1676 (C=0), 1650 (C=C), 1606 (NH, deform), 1557 (v mode of
thiazoline ring), 1377 and 1370 (CH, deform), 1276 and 1234 ( >N-C(=S)-
S- mode) and 1174 (C=S) cm™".

Anal. Caled. for C(H,N,0S,: C, 38.27; H, 4.28; N, 14.88; O, 8.50; S,
34.06. Found: C, 38.25; H, 4.35; N, 14.85; O, 8.66; S, 33.86.
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