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2-Methyl-1,3-dithietanes bearing electron withdrawing groups on the methylene carbon atom were syn-
thesized and their reactivities were studied. These compounds readily underwent a ring-opening reaction
with a variety of nucleophic reagents such as amines, alcoholate and thiolate anions to yield thioamides,
thionoesters and dithioesters, respectively. The products were applied for synthesis of heterocycles such as

thiadiazoles, isothiazolones and pyrazoles.
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The small ring heterocyclic compounds are known to be
susceptible to ring-opening due to the ring strain [1]. In
spite of the versatility of 2-methylene-1,3-dithietanes, little
attention has been devoted to the application of these
compounds for synthesis [2). We found some of them
underwent ring-opening reactions with nucleophiles to af-
ford thiocarbonyl compounds. The utility of thiocarbonyl
compounds [3] for construction of various heterocycles
prompted us to investigate the reaction.

The 2-methylene-1,3-dithietanes 1 were synthesized by
the methods reported earlier [4].

This paper describes the synthesis of some thiocarbonyl
and heterocyclic compounds from 2-methylene-1,3-dithie-
tanes [4].

Results and Discussion.

1 The Reaction of 2-Methylene-1,3-dithietane with
Nucleophiles.

1-1 Reaction with N-Nucleophiles.

The treatment of 2+2,6-dioxo-4,4-dimethylcyclohexyl-
idene)-1,3-dithietane (la) with excess dimethylamine in
acetonitrile at room temperature for 2 hours afforded
1-N,N-dimethylthiocarbamoyl-2,6-dioxo-4,4-dimethylcyclo-
hexane (3a).
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Similarly the reaction of the other 2-methylene-1,3-di-
thietanes 1 with excess aliphatic amines afforded corres-

Table 1-1

Preparation of Thioamides 3
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a —~CH,C(CH,),CH,— CH; CH, 100
b —CH,C(CH,),CH,— ~(CHys— 74
c —CH,C(CH,),CH,- -(CH,),O(CHy) - 100
d CH;4 -OC,H; CH; CH, 50
e CH; -OC,H; ~(CHys~ 77
f CH,4 -NH, CHy CH, 68
g CH,4 -NH, ~(CHy 4~ 35
h CH,4 -NH, -(CH,),O0(CHy) - 21
i CH, -NHC¢H;s CH; CH, 45
Table 1-2
Preparation of Thioamide 3

3 R, R, R Ry Yield (%)
] -OC,Hy -OC,Hj, CH,4 CH; 74
k  -CH,C(CH,),CHy— H CHy 78
1 —CH,C(CH;),CH,— H H 92
m  —CH,C(CH;),CHy- H -C¢Hs—4-Cl 81
n  -CH,C(CH;),CH,— H —CH,CH(OC;Hy), 93
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Table 2-1
Analytical and Spectral Data of Thioamides 3
Analysis (%) IR TH-NMR |[a]
Compound mp (°C) Formula Calcd. (found) vem™! 8 ppm
C H N (nujol) (TMS)
3a 211-213 C,;H;NO,S 58.12 7.54 616 1575 1.12 (s, 6H) 2.40 (s, 4H), 3.35 (s, 6H, br), 11.04
(58.31 7.58 6.22) (s, 1H) [A]
3b 146-148 C,4H,NO,S 62.89 7.92 524 1595 1.10 (s, 6H), 1.73 (s, 6H), 2.40 (s, 4H), 3.87 (s, 4H,
(62.88 7.99  525) br), 10.76 (s, 1H) [A]
3¢ 137-138 C,3HgNO;S 57.97 7.11 5.20 1600 1.03 (s, 6H), 2.40 (s, 4H), 3.83 (s, 8H, br), 10.90
(58.00 7.10 5.16) (s, 1H) [A]
3d (liquid) CoH sNO;S 49.75 696 645 1640 1.30 (t, 3H, J = 7 Hz), 2.05 (s, 3H), 3.25 (s, 3H),
(49.70 690 6.50) 1715 3.55 (s, 3H) [A]
3e (liquid) C,;H gNO5S 56.01 7.44 544 1.30 (t, 3H, J = 7.5 Hz), 1.73 (s, 6H), 2.07 (s, 3H),
(56.03 17.67 531 3.63 (s, 2H), 4.33 (m, 4H), 12.63 (s, 1H) [A]
3f 145-147 C;H,,N,0,8 44.66 6.43 14.88 1.90 (s, 3H), 3.30 (s, 3H), 3.52 (s, 3H), 6.60 (s, 2H,
(4454 6.43 14.68) br), 14.95 (s, 1H) [B]
3g 122-124 CyH4N,0,5 5045 6.59 13.07 3.50 (s, 3H), 2.00-2.30 (m, 4H), 3.50-4.00 (m, 4H)
(50.47 6.60 13.10) [A]
3h 173-175 CoH,; 4/N,055 4694 6.13 12.16 1.94 (s, 3H), 3.50-3.90 (m, 8H), 5.70-5.90 (s, 2H, br)
(46.99 6.06 12.13) Al
Table 2-2
Analytical and Spectral Data of Thioamides 3
Analysis (%) IR 'H-NMR [a]
Compound  mp (°C) Formula Caled. (found) vem™! S ppm
C H N (nujol) (TMS)
3i 142-143 C3H gN,0,8 59.07 6.10 10.60 1615 1.90 (s, 3H), 3.35 (s, 3H), 3.58 (s, 3H) 7.10-7.40
(59.10 6.15 10.57) (m, 5H) [A]
3j (liquid) C,oH/NO,S 48.57 6.93  5.66 1730 1.30 (t, 6H, J = 7 Hz), 3.25 (s, 3H), 3.50 (s, 3H),
(48.40 6.96  5.60) 4.30 (q, 4H, J = 7 Hz, 5.00 (s, 1H) [A]
3k (liquid) C,H;NO,S 58.12 754 6.16 1625 1.16 (s, 6H), 1.36 (t, 3H, J = 7 Hz), 2.42 (s, 2H),
(58.15 7.60  6.23) 2.60 (s, 2H), 3.70 (dt, 2H, J = 7, 4.4 Hz), 12.20 (1H,
br), 17.20 (s, 1H) [A]
31 155-156 CyH(3NO,S 5425 658 7.03 1530 1.10 (s, 6H), 2.42 (s, 2H), 2.62 (s, 2H), 11.10 (s, 2H,
(54.24 6.63  6.96) 1590 br), 16.70 (s, 1H) [A]
3m 141.5-143 C,sHgNO,SCl1 58.15 5.21 4.52 1550 1.12 (s, 6H), 2.50 (s, 2H), 2.68 (s, 2H), 7.41 (s, 4H),
(57.95 530 4.60) 1620 14.00 (s, 1H, br), 17.30 (s, 1H, br) [A]
3n (liquid) C,sH,5NO,S 57.12 799 4.44 1530 1.10 (s, 6H), 1.28 (t, 6H, J = THz), 2.42 (s, 2H), 2.60
(57.00 7.90 4.46) 1630 (s, 2H), 3.50-3.90 (m, 6H), 4.76 (t, 1H, J = THz),

fa] Measured solvent: [A] = deuterochloroform. [B] = DMSO-dg.

ponding thioamides 3 (Scheme 1) in yields of 35-100%, as
summarized in Table 1. The reaction was not complete
even after a prolonged reaction time when an equivalent
amount of the amine was applied, thus it was shown that
the presence of excess amine is necessary in this reaction.

The reaction of la with excess ethylamine in aceto-
nitrile at room temperature gave a mixture of thioamide

12.40 (s, 1H, b, 17.00 (s, 1H) [A]

3k and dihydro-1,3,5-dithiazine 4a (Scheme 1). The form-
ation of 4a is explicable by a three step process; Michael
addition of ethylamine to the sp2-carbon of 1,3-dithietane,
ring-opening of the adduct to afford thioamide 3k with
concomitant liberation of thioformaldehyde and conden-
sation of the latter with ethylamine to yield dihydro-1,3,5-
dithiazine 4a.
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The treatment of 1,3-dithietane la with aqueous am-
monia in a similar manner afforded thioamide 31.

The reaction of 1a with 4-chloroaniline under the same
conditions as above did not proceed. However, on conduc-
ting the reaction at reflux temperature in acetonitrile,
thioamide 3m and dihydro-1,3,5-dithiazine 4b were ob-
tained.

The 2-methylene-1,3-dithietanes 1, thus, easily reacted
with amines to afford thioamides in good yields as sum-
marized in Tables 1 and 2.

This new ring-opening reaction provides an attractive
synthetic route to thioamides bearing electron-with-
drawing groups on the methylene carbon atom. Thio-
amides of secondary amines like 3a ~j can be obtained by
other methods, for example by the reaction of aryl sulfonyl
thioformamides with active-methylene compounds [5}.
However, the present method represents an improvement
over the methods reported earlier with respect to the
yields and versatility.

1-2 Reaction with O and S-Nucleophiles.

Treatment of 1a with sodium methylate in methanol at
room temperature afforded thionoester 5a in a yield of
99%, the treatment of la with sodium methanethiolate af-
forded dithioester 3b in a yield of 77% (Scheme 2).

Scheme 2
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2 The Synthetic Application of 2-Methylene-1,3-dithie-
tanes 1 for Heterocycles.

2-1 Thiazolidines, Thiazolines.

When thioamide 3n obtained from la and 2,2-diethoxy-
ethylamine was treated with hydrochloric acid at room
temperature, thiazolidines 6 was obtained. The 'H nmr
spectrum of the product showed a broad signal (LH) of an
acidic hydrogen at 6 12.00.

The reaction of 6 with hydrochloric acid upon heating
afforded thiazolines 7 (Scheme 3). The 'H nmr spectrum of
the product also exhibited a broad signal of an acidic
hydrogen centered at 6 14.80. The broadness of the acidic
hydrogen signals in their *H nmr spectra are attributable

to the presence of their tautomers.
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almost quantitative yields. These products could contain
tautomeric mixtures of 10a~¢ and 10'a~c¢ in similar
manner described for 6 and 7 (Scheme 4). On application
of the method of Nakayama et al. [6a,b], hydrazone 11 was
heated with isocyanate in chloroform to result in thiadi-
azolidines 12a,b in excellent yields (Scheme 5).

2-3 Isothiazolones.

The oxidation of thioamides 3f~i with bromine in

hours yielded 1,3-dimethyl-4-ethoxycarbonyl-5-mercapto-
pyrazole 14a in good yield (Scheme 7).

Table 3

Preparation of isothiazolones 13

pyridine at room temperature yielded 3-isothiazolones 13 o 0
(Scheme 6), as summarized in Tables 3 and 4. Cﬂsg s R CH,C o
>_E—N/ Br,,C;HsN [{
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2-4 5-Mercaptopyrazoles and 5-Methylthiopyrazoles.
. , . & H —~(CHy),0(CHy) 35
As reported previously [7] the reaction of 1b with excess 4
methylhydrazine in acetonitrile at reflux temperature for 3 CeHls- CH; CH, 26
Scheme 7
1 ¢
S
RC S CH,CN R,C il Ry Ry
D= > + RNHNH, _— >—C-N-Nt | e o i
R3 s R3 Il{ N\N SH
! [
R,
1 16 14
Ry R, Ry R;
\j: CH;ONa, CHyl \‘—]:
N\ll\I - - N\Iﬁ -
R, R,
14 15



Mar-Apr 1990 Thiocarbonyl and Heterocyclic Compounds from 2-Methylene-1,3-dithietanes 571

Table 4

Analytical and Spectral Data of Isothiazolones

Analysis (%)

Compound mp (°C) Formula Calcd. (Found)
C H N
13a 144.5-145.5 C;H;gN,O,S 45.15 5.41 15.04

(45.44 5.44 15.08)

13b 177-179 CoHN,0,8 5092 570 1320
(51.05 5.72 13.11)

13c 184-186 CH; N0,  47.36 530 1227
(47.08 525 12.28)

13d 84-86 Ci3HN,0,8 5952 5.38 1068
(59.22 539 10.61)

[a] Measured solvent: [A] = deuteriochloroform. [B] = DMSO-d6

Table 5

Preparation of Mercapto and Methylthiopyrazoles 14 and 15

(o}
1
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1
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(%) (%)
CH, -CH, -COOC,Hs 142 9 152 @
CH, -CH; -CO-NH, 14b 97 15b 86
CH, -CH, -CONHCH; 1l4c 91 15¢ 76
CH; Cdls -COOGH; 144 98 15¢ 1

The reason why the formation of the 3-mercapto isomers
were excluded is as follows; 14a was converted to 5-methyl-
thiopyrazole 15a by the reaction with iodomethane, sum-
marized in Tables 5 and 6 [8]. 1,3-Dimethyl-4-ethoxycar-
bonyl-5-methylthiopyrazoles (15°) was prepared by other
methods [9,10,11]. The physical properties and spectral
data of 15a were consistent with those of 15°.

In a similar manner, the other 1,3-dithietanes 1 were
converted to S-mercaptopyrazoles and 5-methylthio-
pyrazoles (Scheme 7). The results were summarized in
Tables 5 and 6.

This reaction is considered to proceed through the

R "H-NMR [a]

vem™! S ppm

(nujol) (TMS)

1610 2.55 (s, 3H), 3.05 (s, 6H) 10.00 (s, 1H) [A]

1655

1615 1.80-2.20 (m, 4H), 2.60 (s, 3H), 3.20-3.50 (m, 4H), 8.50
1650 (s, 1H, br) [Al

1650 2.48 (s, 3H), 3.23-3.33 (m, 4H), 3.77-3.90 (m, 4H) [B}
1590 2.62 (s, 3H), 3.08 (s, 6H), 7.20-7.60 (m, SH) [A)

1640

formation of thiohydrazides 16 as intermediates and sub-
sequent intramolecular cyclization to afford pyrazoles 14.

In summary, this study reports some examples of the
synthesis of thiocarbonyl compounds from 2-methylene-
1,3-dithietanes and the transformation of the compounds
to a variety of heterocyclic compounds.

EXPERIMENTAL

All melting points were determined on a Yanagimoto micro
melting point apparatus and are uncorrected. The ir spectra were
recorded with a Shimadzu IR-420 spectrophotometer. The 'H
nmr spectra were recorded on a Varian EM-390 (90 MHz)
spectrometer using tetramethylsilane as a internal standard.

Reaction of la with Secondary Amines. General Procedure for
Preparation of 3.

To a solution of 245,5-dimethyl-1,3-dioxocyclohexane-2-
ylidene)-1,3-dithietane (1a, 20 mmoles) in acetonitrile (10 ml) was
added piperidine (40 mmoles) dropwise over 30 minutes. The
reaction mixture was stirred at room temperature for 3 hours.
The resulting precipitate was collected by filtration and
recrystallized from acetonitrile to afford 3b. Results are sum-
marized in Tables 1 and 2.

Reaction of 1a with Ethylamine. Preparation of 3k and 4a.

To a solution of 1a (5.0 g, 20 mmoles) in acetonitrile (30 ml)
was added ethylamine (70%, aqueous solution, 2.8 g, 47 mmoles)
at room temperature. The reaction mixture was stirred for 3
hours at room temperature. The resulting precipitates were col-
lected by filtration and desolved in water (30 ml). The solution
was acidified with 1 N hydrochloric acid and extracted with
dichloromethane. The organic layer was collected, washed with
water, then dried over anhydrous magnesium sulfate. The solu-
tion was concentrated under reduced pressure to dryness to yield
3.5 g of 3k as an amorphous powder Tables 1 and 2. The filtrate
from the reaction mixtures was concentrated under reduced
pressure and the residue was chromatographed on a silica gel col-
umn using n-hexanelethyl acetate (2:1) as an eluent to yield 600
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Table 6

Analytical and Spectral Data of Mercapto and Methythiopyrazoles 14 and 15

Compound 14

Compound 15

mp L.NMR [a} mp Formula Analysis (%) L.NMR [a]
C) & ppm C) Calcd. (Found) & ppm
(TMS) C H N (TMS)
a  64-66 1.35 (t, 3H, J = 7 Hz, 2.37 (s, 33-34 CoH,N,0,8 50.45 6.59 13.07 1.40 (t,3H,J =7 Hz) 2.45 (s,
3H), 3.67 (s, 3H), 4.30 (q, 2H, (50.44 6.70 13.11) 6H), 3.92 (s, 3H), 4.35 (q, 2H,
J =7 Hz), 6.55 (s, 1H, br) [A]) J =7 Hz) [A]
b 212-214 245 (s, 3H), 3.92 (s, 3H), 194.5-195.5 C;H,;N;0S 4539 599 22.68 2.37 (s, 3H), 2.50 (s, 3H), 3.92
7.05-7.70 (g, 2H, J = 7 Hz), (4554 591 22.59) (s, 3H), 6.00 (s, 1H, br), 7.30
7.20-7.70 (m, 5H) [B] (s, 1H) [A]
¢ (oil) 2.37 (s, 3H), 3.92 (s, 3H), 98.5-100.5 C,3H;sN;0S 59.74 5.79 16.08 2.37 (s, 3H), 2.52 (s, 3H), 3.92
7.05-7.70 (m, 5H) [A] (59.80 5.88 16.00) (s, 3H), 7.05-7.70 (s, SH), 9.45
(s, 1H, b1) [A]
d (oil) 1.15 (t, 3H, J = 7 Hz), 3.85 (s, (oil) CiH;gN,O,8S  60.85 5.84 10.14 1.18 (t, 3H, ] = 7 Hz), 2.50 (s,

3H), 4.20 (q, 2H, ] = 7 Hz),
7.20-7.60 (m, SH) [A]

[a] Measured solvent: [A] = deuteriochloroform. [B] = DMSO-dg.

mg of 4a as an oil; '"H-nmr (deuteriochloroform): 1.08 (t, 3H, J =
8 Hz), 3.08 (q, 2H, J = 8 Hz), 4.10 (s, 2H), 4.45 (s, 4H).

Anal. Caled. for C;H,,NS;: C, 40.23; H, 7.43; N, 9.38. Found: C,
40.37; H, 7.68; N, 9.45.

Reaction of 1b with p-Chloroaniline. Preparation of 4b.

Compound 4b was afforded by the reaction of la and
p-chloroaniline as crystals; mp 155-156°; ir (nujol): 1590, 1495
cm™'; 'H nmr (deuteriochloroform): 4.29 (s, 2H), 4.95 (s, 4H), 7.15
(dd, 4H,J = 8, 11.6 Hz), 17.30 (s, 1H, br).

Anal. Caled. for CoH,(NSCl: C, 46.64; H, 4.35; N, 6.04. Found:
C, 46.44; H, 4.35; N, 5.99,

Reaction of 1a with Sodium Methylate. Preparation of 5a.

To a solution of 1a (2.0 g, 8.8 mmoles) in anhydrous methanol
(30 ml) was added sodium methylate (28% in methanol, 1.0 g, 19
mmoles). The reaction mixture was stirred for 1.5 hours at room
temperature. The insoluble material was filtered and the filtrate
was concentrated under reduced pressure. The residue was
suspended in water (30 ml), acidified with dilute hydrochloric
acid and extracted with dichloromethane. The organic layer was
washed with water, dried over magnesium sulfate, then
evaporated to dryness. The residue was chromatographed on a
silica gel column using hexanelethyl acetate (5:1) as an eluent to
give 5a (1.9 g) as crystals, yield 99%, mp 69-70°; 'H nmr
(deuteriochloroform): 1.10 (s, 6H), 2.38 (s, 2H), 2.60 (s, 2H), 4.20
(s, 3H), 14.80 (s, 1H); ir (nujol): » 1530, 1665 cm-*.

Anal. Caled. for C,oH,,0,S: C, 56.05; H, 6.59. Found: C, 56.08;
H, 6.62.

Reaction of 1a with Sodium Methanethiolate. Synthesis of 5b.

To a solution of 1a (3.0 g, 13 mmoles) in acetonitrile (30 ml)
was added sodium methanethiolate (1.8 g, 26 mmoles). The reac-
tion mixture was stirred at room temperature for 4 hours, then
concentrated under reduced pressure. After adding water (30 ml)
to the residue, the solution was acidified with dilute hydrochloric
acid to pH 2. The resulting precipitate was collected by filtration
and chromatographed on a silica gel column using hexane/ethyl

(60.88 5.84 10.15) 3H), 4.00 (s, 3H), 4.24 (q, 2H,

J = 7THz), 7.20-7.60 (m, SH) [A]

acetate (5:1) as an eluent, then recrystallized from ethanol to af-
ford 5b (2.0 g) as pale yellow crystals, yield 77%, mp 104-105°; ir
(nujol): » 1520, 1645 cm"*; *H nmr (deuteriochloroform): 1.10 (s,
6H), 2.49 (s, 2H), 2.68 (s, 2H), 17.35 (s, 1H).

Anal. Caled. for C,0H,40,S;: C, 52.14; H, 6.13. Found: C, 52.17;
H, 6.18.

22,6-Dioxo-4,4-dimethylcyclohexylidene)-5-ethoxythiazolidine
6).

A mixture of 3n (1.0 g, 3.2 mmoles) and concentrated
hydrochloric acid (20 ml) was stirred at room temperature for 2
hours. The reaction mixture was extracted with dichloromethane.
The organic layer was washed with water, dried over anhydrous
sodium sulfate and concentrated under reduced pressure to yield
6 (0.7 g) as crystals, yield 82%, mp 168-170°; ir (nujol): » 1580,
1630, 3150 cm™'; 'H nmr (deuteriochloroform): 1.08 (s, 6H), 1.20
(t, 3H,J = 7 Hz), 2.40 (s, 4H), 3.50-4.10 (m, 4H), 5.30 (d, 1H, br),
12.00 (s, 1H, br).

Anal. Caled. for C,,H,,NO,S: C, 57.97; H, 7.10; N, 5.20. Found:
G, 57.62; H, 6.92; N, 5.15.

22,6-Dioxo-4,4-dimethylcyclohexylidene)-3 H-thiazoline (7).

A suspension of 6 (1.4 g, 5.2 mmoles) in concentrated
hydrochloric acid was heated under reflux for 7.5 hours. The
reaction mixture was extracted with dichloromethane. The
organic layer was washed with water, dried over anhydrous
sodium sulfate and evaporated to dryness. The residue was
chromatographed on a silica gel column using hexane/ethyl
acetate (1:2) as an eluent to give 7 (0.8 g) as crystals, yield 70%,
mp 193-194°; ir (nujol): » 1565, 1610, 3100, 3150 cm*; *H nmr
(deuteriochloroform): 1.10 (s, 6H), 2.50 (s, 4H), 7.00 (d, 1H, ] = 3
Hz), 7.40 (1H, br), 14.80 (s, 1H, br).

Anal. Calcd. for C,,H,5NO,S: C, 59.17; H, 5.87; N, 6.27. Found:
C, 59.05; H, 5.78; N, 6.20.

2,6-Dioxo-4,4-dimethylcyclohexylthiocarbohydrazide (8).

To a solution of 1a (5.0 g, 22 mmoles) in acetonitrile (30 ml)
was added hydrazine monohydrate (3.3 g, 22 mmoles) at 5-8°.
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The reaction mixture was stirred for 2.5 hours at 10-15°. The
resulting precipitate was collected by filtration and then suspend-
ed in water (30 ml). The suspension was acidified with dilute
hydrochloric acid and extracted with dichloromethane. The
organic layer was dried over anhydrous magnesium sulfate and
concentrated to dryness under reduced pressure. The residue
was chromatographed on a silica gel column using hexane/ethyl
acetate (5:1) as an eluent to give 8 (2.0 g) as crystals, yield 43%,
mp 119-121.5% ir (nujol): » 1625, 3220, 3320 cm™'; 'H nmr
(deuteriochloroform): 1.56 (s, 6H), 2.42 (s, 2H), 2.59 (s, 2H), 5.00
(s, 2H, br), 13.30 (s, 1H, br), 16.30 (s, 1H).

Anal. Caled. for CoH,4N,0,S: C, 50.44; H, 6.59; N, 13.07.
Found: C, 49.95; H, 6.6}; N, 12.88.

Acylation of 8. General Procedure for the Preparation of 9.

To a mixture of 8 (4.7 mmoles), triethylamine (4.7 mmoles) and
chloroform (20 ml) was added acetic anhydride (4.7 mmoles) at
5°. The reaction mixture was stirred for 1 hour at the same
temperature, then 4 hours at room temperature and evaporated
to dryness under reduced pressure. The residue was
chromatographed on a silica gel column using hexane/ethyl
acetate (1:2) as an eluent to afford 9.

Compound 9a.

This compound was obtained in a yield of 69%, mp
124-125.5°; ir (nujol): 1630, 1655, 3080, 3150 cm™; 'H nmr
(deuteriochloroform): 1.10 (s, 6H), 2.18 (s, 3H), 2.48 (s, 2H), 2.62
(s, 2H), 9.70 (d, 1H, br), 15.00 (d, 1H, br), 15.80 (s, 1H).

Anal. Caled. for C, H,sN,0,S: C, 51.54; H, 6.29; N, 10.93.
Found: C, 51.27; H, 6.16; N, 11.20.

Compound 9b.

This compound was obtained in a yield of 76%, mp 239-242°;
*H nmr (deuteriochloroform): 1.20 (s, 6H), 2.38 (s, 2H), 2.60 (s,
2H), 7.20-8.00 (m, 5H), 11.90 (s, 1H).

Anal, Caled. for C,sH;sN.0:S: C, 60.36; H, 5.70; N, 8.80.
Found: C, 60.33; H, 5.79; N, 8.80.

Compound 9c.

This compound was obtained in a yield of 70%, mp 85-88°; ir
(nujol): » 1620, 1655, 1675, 3330 cm''; 'H nmr
(deuteriochloroform): 1.10 (s, 6H), 1.32 (s, 9H), 2.50 (s, 2H), 2.60
(s, 2H), 5.40 (s, 1H, br) 15.00 (s, 1H, br).

Anal. Caled. for C,,H;,N,0,S: C, 56.35; H, 7.43; N, 9.39.
Found: C, 56.40; H, 7.50; N, 9.40.

General Procedure for the Preparation of 10.

A mixture of 9 (2.0 mmoles) and concentrated hydrochloric
acid (15 ml) was stirred at room temperature for 2 hours. The
reaction mixture was extracted with dichloromethane. The
organic layer was washed with water, dried over anhydrous
magnesium sulfate and concentrated to dryness under reduced
pressure. The residue was recrystallized from ethanol to afford
10 as crystals.

Compound 10a.

This compound was obtained in a yield of 99%; mp
224-224.5% ir (nujoly: » 1575, 2850, 3100 cm; 'H nmr
(deuteriochloroform): 1.10 (s, 6H), 2.48 (s, 4H), 2.68 (s, 3H), 14.40
(s, 1H).

Anal. Caled. for C.,H.4sN;0,S: C, 55.44; H, 5.92; N, 11.76.
Found: C, 55.42; H, 5.92; N, 11.65.
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Compound 10b.

This compound was obtained in a yield of 99%; mp
175-175.5% ir (nujol)}: » 1580, 1622, 3200 cm"% 'H nmr
(deuteriochloroform): 1.15 (s, 6H), 2.53 (s, 4H), 7.40-8.05 (m, 5H),
14.46 (s, 1H, br), 15.00 (s, 1H, br).

Anal. Caled. for C,¢H,sN,0,S: C, 63.98; H, 5.37; N, 9.33.
Found: C, 63.46; H, 5.31; N, 9.11.

Compound 10c.

This compound was obtained in a yield of 99%, mp
152-153.5%; ir (nujol): » 1570, 1620, 1670, 3200 cm™; 'H nmr
(deuteriochloroform): 1.10 (s, 6H), 1.48 (s, 9H), 2.50 (s, 4H), 14.46
(s, 1H, br).

Anal. Caled. for C.4HN,0,S: C, 59.97; H, 7.19; N, 9.99.
Found: C, 59.97; H, 7.19; N, 9.93.

2-Isopropylidenehydrazin0-2,6-Dioxo-4,4-dimethylcyclohexyl
Thioketone (11).

A mixture of 8 (3.0 g, 14 mmoles) and acetone (10 ml) was stir-
red at room temperature for 2 hours. The resulting precipitate
was collected by filtration, recrystallized from ethanol to afford
11 (2.7 g) as pale yellow crystals, yield 76%, mp 199-200°; ir (nu-
jol): » 1570, 1620, 3150, 3200 cm™*; 'H nmr (deuteriochloroform):
1.05 (s, 6H), 1.67 (s, 6H), 2.40 (s, 4H), 4.78 (s, 1H, br), 12.50 (5, 1H,
br).

Anal. Caled. for C,,H,sN.0,S: C, 56.67; H, 7.13; N, 11.01.
Found: C, 56.81; H, 7.12; N, 10.97.

General Procedure for Preparation of 12.

A mixture of 11 (4.7 mmoles) and 4-chlorophenyl isocyanate
(4.7 mmoles) in chloroform (30 ml) was stirred for 15 hours at
room temperature. The reaction mixture was concentrated under
reduced pressure, the residue was chromatographed on a silica
gel column using hexane/ethyl acetate (4:1) as an eluent to afford
12 as crystals.

Compound 12a.

This compound was obtained in a yield of 9%, mp 178-180°;
ir (nujol): » 1590, 1655, 3350 cm™*; 'H nmr (deuteriochloroform):
1.12 (s, 6H), 1.98 (s, 6H), 2.38 (s, 2H), 2.60 (s, 2H), 7.30-7.40 (m,
4H), 12.20 (s, 1H).

Anal. Calcd. for C,sH,:N30,SCL: C, 55.94; H, 5.44; N, 10.30.
Found: C, 55.87; H, 5.50; N, 10.15.

Compound 12b.

This compound was obtained in a yield of 91%, mp 152-154°;
ir (nujol): » 1580, 1650, 3400 cm™*; 'H nmr (deuteriochloroform):
1.20 (s, 6H), 1.95 (s, 6H), 2.85 (d, 3H, ] = 5 Hz), 5.25 (s, 1H, br),
12.80 (s, 1H).

Anal. Caled. for C..H,:N,0,S: C, 54.00; H, 6.80; N, 13.49.
Found: C, 53.76; H, 6.22; N, 13.20.

General Procedure for the Preparation of 13.

To a solution of 3h (8.7 mmoles) in pyridine (20 ml) was added
a solution of bromine (8.7 mmoles) in ethyl acetate (10 ml) at
room temperature. The reaction mixture was stirred at room
temperature for 30 minutes, poured into ice water (50 ml) and ex-
tracted with ethyl acetate. The organic layer was washed with
water, dried over anhydrous sodium sulfate and concentrated
under reduced pressure to afford 13 as crystals. Results are sum-
marized in Tables 3 and 4.
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General Procedure for the Preparation of 14.

To a solution of 1 (21 mmoles) in acetonitrile (30 ml) was added
methyl hydrazine (43 mmoles) at room temperature. The reaction
mixture was heated under reflux for 3 hours, concentrated under
reduced pressure. The residue was added water (30 ml), acidified
with dilute hydrochloric acid to pH 2 and extracted with ethyl
acetate. The organic layer was washed with water, dried over
anhydrous sodium sulfate and concentrated to dryness under
reduced pressure. The residue was chromatographed on a silica
gel column using hexane/ethyl acetate (2:1) as an eluent to afford
14 as crystals. Results are summarized in Tables 5 and 6.

General Procedure for the Preparaton of 15.

To a solution of 14 (2.9 mmoles) in methanol (30 ml) was added
sodium methoxide (28% in methanol, 3.0 mmoles) and then
iodomethane (3.5 mmoles) at room temperature. The reaction
mixture was stirred at room temperature for 1 hour and concen-
trated under reduced pressure. The residue was added water (30
ml), acidified with dilute hydrochloric acid to pH 2 and extracted
with dichloromethane. The organic layer was washed with water,
dried over anhydrous sodium sulfate, evaporated to dryness to af-
ford 15 as crystals. Results are summarized in Tables 5 and 6.
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