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2-Alkylamino- and 2-arylamino-1,3-thiazine-6-thiones 3 were synthesized by the reactions of 1,3-thiazine-
2,6-dithiones 1 or 2-methylthio-1,3-thiazine-6-thiones 2 with aliphatic or aromatic primary amines. 3{3-Alkyl-
thioureido)cinnamthioamides 4 were formed on treatment of compounds 3 with primary amines. The same
compounds 4 formed pyrimidine-2,4-dithiones 5 and primary amines by acid-catalyzed intramolecular
cyclization and the primary amines and compounds 5 gave compounds 4 quantitatively (vice versa). Further,
treatment of compounds 4 (R* = butyl, pentyl, hexyl) with hydrochloric acid or thermolysis of 4 gave rise to
2-alkylimino-6-amino-1,3-thiazine-5{N-alkyl)carbothioamides 6 accompanied by compounds 5. Compounds 3,
when allowed to react with the amines in aqueous ethanol gave 3-alkyl-2-alkylaminopyrimidine-6-thiones 8 in
addition to compounds 4 by two types of reactions occuring simultaneously.

On the other hand, compounds 2, when treated with thiols and alcohols instead of primary amines in the
presence of alkyl iodide, yielded alkyl 3-[bis(alkylthio)methyleneamino]dithiocinnamates 11 and alkyl
3{bis(methoxy)methyleneamino]dithiocinnamates 14 respectively.
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The mechanisms of the formation of these cyclic and acyclic compounds here obtained are also discussed

in some detail.

J. Heterocyclic Chem., 25, 835 (1988).

We have reported the synthesis of heterocyclic and fus-
ed heterocyclic compounds [2-4] by the several types of
reactions of reactive 1,3-thiazine-2,6-dithiones bearing an
electron-withdrawing group at the 5-position with various
types of amino compounds. We have also reported that the
thiazinedithiones 1 react with enaminonitriles and
enaminosulfones to give pyrimidine-4-thiones [5] and
4-mercaptopyridines or 4-thiopyridones [6] respectively by
taking two different reaction courses depending upon the
solvent used for the reaction.

An additional case of versatile reactivity of the
1,3-thiazine-2,6-dithiones was reductive alkylation of the
thiazinedithiones by the reaction with thiolate anions to
give 2-alkylthio-2,3-dihydro-1,3-thiazine-6-thiones [1].

In view of the fact that primary diamines such as ethyl-
enediamine, trimethylenediamine, and o-phenylenedi-
amine, when allowed to react with 1,3-thiazine-2,6-di-
thiones using ethanol as the solvent, lead to very smooth
reactions to give several nitrogen-containing fused ring
compounds in high yields, we thought that 2 molar equiva-
lents of primary amine, on treatment with the thiazine-
dithiones under the same reaction conditions as the
diamines or secondary amines, would give 2-amino-1,3-
thiazine-6-thiones 3 together with 2-alkyl- or 2-arylamino-
pyrimidine-2,4-dithiones 8. Unexpectedly however, in

spite of repeated attempts, the anticipated products were
never obtained, but only intractable tarry material.
When we resumed the study of this reaction, we per-
formed the reaction using 50% aqueous alcohol as the sol-
vent and first obtained a mixture of several products by
adding water to the reaction mixture, from which on
separation by column chromatography, 3-(3-alkylthio-
ureido)-N-alkylcinnamthioamides 4, pyrimidine-2,4-di-
thiones §, and, in some cases, 2-alkylimino-6-amino-1,3-
thiazine-5-carbothioamides 6 and 3-aminocinnamthio-
amide 9 were separated. The same reaction mixture, when
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treated with dilute hydrochloric acid followed by extrac-
tion with ether, did not give compounds 4 but afforded
two other types of compounds, 2-aminopyrimidine-4-
thione derivatives 8 and 1,2-dithiole-3-thiones 10 in addi-
tion to these compounds 3, 7 (hydrochloride of 6), and 9
(see Scheme 1 and 2). Aniline and toluidines, in this reac-
tion, gave 2-arylamino-1,3-thiazine-6-thiones 3 as the sole
products and never gave any products corresponding to
compounds 4, 3, 6, or 8 because further reaction of com-
pounds 3 with arylamines did not take place owing to the
weak nucleophilicity of these arylamines.

'
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*Proposed mechanism

2-Arylamino-1,3-thiazine-6-thiones, for example 3j (R*
= phenyl), however, also reacted with alkylamines such as
propyl- and tbutylamine to form the corresponding
3-(3-phenylthioureido)-N-alkylcinnamthicamides 4m,n in
quantitative yields. On the contrary, 2-pentylaminothia-
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zinethione 3g, although highly reactive to lower amines,
did not react with t-butylamine due, probably, to steric

PhNHCSNH CSNHR
m—toly CN

4m  R=C;H,
4n  R=1-C,Hs
Block 1

hindrance between t-butyl- and pentyl groups. In addition,
we found that 2-methylthio-1,3-thiazine-6-thiones 2, which
were obtained by methylation of the thiazinedithiones
with methyl iodide in the usual manner, reacted cleanly
with any primary amines to give 2-alkyl- and 2-arylamino-
1,3-thiazine-6-thiones 3 quantitatively. Further, it became
obvious that compounds 3 are important intermediates for
the formation of all other compounds here obtained.

We now report the results of the reaction of 1,3-thiazine-
2,6-dithiones and their 2-alkylthio derivatives 2 with
primary amines and the further reaction of 2-alkylamino-
1,3-thiazine-6-thiones 3 with primary alkyl amines. We
also report the reaction of compounds 2 with thiols and
alcohols instead of the amines in presence of alkyl iodide.

The simplest reaction of primary amines with the
5-cyanothiazinedithiones 1 was that giving 2-cyano-3<3-
alkylthioureido)cinnamthioamides 4a-f in very high yields
when 1 was treated with an excess of lower alkyl amines
such as aqueous methyl-, ethyl- and propylamine. Isopro-
pyl- and sec-butylamine in the same reaction, however,
never produced compounds 4 but gave corresponding
compounds 3 exclusively. Hexylamine, in the reaction with

Table 1

2-Alkylthio-1,3-thiazine-6-thiones 2a-f

:l a]T\::ISR’

Yield
Compound R? R? R? (%)
2a polyl CN Me 90
2b m-tolyl CN Me 98
2c Ph SO,Ph Me 96
2d m-tolyl S0,Me Me 100
2e Ph S0,Me Me 91
2f Ph SO,Me Et 44

S

Mp (a] Molecular Analyses %
(°C) Formula Calcd./Found
c H N
188-189 CH,N.;S, 53.80 3.48 9.65
53.85 3.43 9.61
173-174 C..H,oN,S, 53.80 3.48 9.65
53.69 3.53 9.83
170-174 [b] C,,H,,;NO,S, 52.15 3.35 3.58
52.33 3.30 3.66
151-152 C,,H,,NO,S, 45.46 3.80 4.08
45.35 3.75 3.86
176-177 C,H,NO,S, 43.75 3.26 4.25
44.07 3.26 4.65
143 C,,H,,;NO,S, 45.46 3.80 4.08
45.23 3.77 3.96

[a] Solvent for recrystallization: benzene-hexane for 2a-e; dichloromethane-hexane for 2f. [b] Lit [1] 167-172°.
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Table 2

2-Alkylamino- and 2-Arylamino-1,3-thiazine-6-thiones 3a-q

:Q;NHR’

R'

R2

Yield
Compound R! R? R? (%)

3a [b] p-tolyl CN Pr 41 [c]
3b [d] p-tolyl CN i-Pr 71 fe]

99 [}
3¢ (f] m-tolyl CN i-Pr 62 [e]

82 [¢]
3d p-tolyl CN Bu 51 {c]
3e p-tolyl CN s-Bu 40 [e]
3 m-tolyl CN s-Bu 35 [e]
3g p-tolyl CN Pe 44 [c]
3h m-tolyl CN Pe 82 [c]
3i [g] p-tolyl CN Ph 41 [e]

95 [c]
3j m-tolyl CN Ph 33 [e]

98 [c]
3k [h] p-tolyl CN m-tolyl 90 [c]
31 m-tolyl CN m-tolyl 95 [c]
3m [i] p-tolyl CN p-tolyl 92 [c]
3n m-tolyl CN p-tolyl 98 [c]
30 m-tolyl S0,Me Ph 99 [e]
3p m-tolyl S0,Me m-tolyl 98 [e]
3q m-tolyl SO,Me p-tolyl 91 [e]

S

Mp [a] Molecular Analyses %
(°C) Formula Calcd./Found
C H N

209-210 C,H,;N,S, 59.77 5.02 13.94
(EtOH-hexane) 59.59 4.96 13.74
237-238 CH,N,S, 59.77 5.02 13.94
(iso-PrOH) 59.99 5.23 14.20
184-184.5 C,H,,N,S, 59.77 5.02 13.94
(iso-PrOH) 59.52 4.85 13.65
195-196 C, H,.N,S, 60.92 5.43 13.32
(EtOH-hexane) 61.18 5.48 13.25
186-187 C,H,.N,S, 60.92 5.43 13.32
(Benzene) 60.76 5.30 13.24
137-138 C,H,;N,S, 60.92 543 13.32
(Benzene) 61.19 5.35 13.37
179-180 C,.H,)N,S, 61.97 5.82 12.75
(EtOH-hexane) 61.96 5.89 12.41
131-132 C,,H,,N,S, 61.97 5.82 12.75
(EtOH-hexane) 61.92 5.91 12.51
275-277 C,,H,:N,S, 64.26 391 12,53
(EtOH) 64.26 3.87 12.75
222 C,,H,5N,S, 64.26 391 12.53
(EtOH) 64.22 4.01 12.53
274-276 C,,H,(N,S, 65.29 4.33 12.03
(EtOH-hexane) 65.54 4.37 11.77
242 C,HsN,S, 65.29 4.33 12.03
(iso-PrOH) 65.22 4.48 1191
259-260 C,,H,,N,S, 65.29 4.33 12.03
(EtOH-hexane) 65.00 4.56 11.89
254-255 C,,H4N,S, 65.29 4.33 12.03
(EtOH) 65.46 4.61 11.73
214-215 dec C,.H,(N,0,5, 55.64 4.15 7.13
(THF-hexane) 55.34 4.39 7.46
220 dec C,,H,,N,0,5, 56.68 4.51 6.96
(THF-hexane) 56.78 4.58 6.82
203-205 dec C,,H,sN,0,8; 56.68 4.51 6.96
(THF-hexane) 56.81 4.59 6.69

[a] Solvent for recrystallization in parentheses. [b] 'H nmr (deuteriochloroform): 7.86 (d, 1H,J = 8 Hz), 7.78(d, 1H,] = 8 Hz), 7.00 br (s, 0.5H), 6.48
br (s, 0.5H), 3.65 (d, t, 1H, J = 5 and 7 Hz), 3.32 (t, 1H, ] = 7 Hz), 242 (s, 3H), 1.04 (t, 1.5H, ] = 7 Hz), 1.00 ppm (¢, 1.5H, ] = 7 Hz). [c] Procedure
A. [d] *H nmr (hexadeuterioacetone): 9.3 br (s, 0.1H), 8.86 br (s, 0.9H), 7.86 (d, 1.8H, ] = 8 Hz), 7.75(d, 0.2H, ] = 8 Hz), 7.34 (d, 2H,] = 8 Hz), 4.63
(sept, 0.9H, ] = 7 Hz), 3.99 (m, 0.1H), 2.42 (s, 3H), 1.41 (d, 0.6H,J = 7 Hz), 1.33 ppm (d, 5.4H, ] = 7 Hz). [¢] Procedure B. [f] 'H nmr (hexadeuterio-
acetone): 9.5 br (s, 0.2H), 9.05 (s, 0.8H), 7.73 (m, 2H), 7.43 (m, 2H), 4.63 (sept, 0.8H, J] = 7 Hz), 4.01 (sept, 0.2H, ] = 7 Hz), 2.43 (s, 2.4H), 2.40 (s, 0.6H),
1.42(d, 1.2H,J = 7 Hz), 1.33 ppm(d, 4.8H,J = 7 Hz). [g] ‘H nmr (hexadeuteriodimethylsulfoxide): 11.80 br (s, 1H), 7.0-8.0 (m, 9H), 2.40 ppm (s, 3H).
[h] *H nmr (heptadeuteriodimethylformamide): 7.0-8.0 (m, 8H), 2.43 (s, 3H), 2.27 ppm (s, 3H). [i] 'H nmr (heptadeuteriodimethylformamide): 12.10 br

(s, 1H), 7.0-8.0 (m, 8H), 2.43 (s, 3H), 2.32 ppm (s, 3H).

the same 1 (R! = p- and m-tolyl, R? = CN), yielded only
6e,f which were isolated as their hydrochlorides. Aniline
and toluidines, when conducted with the thiazine-di-
thiones (R* = aryl, R2 = CN and SO,CH,) in 50%
aqueous alcohol, gave compounds 3 in quantitative to
medium yields. The formation of 3 by the reaction be-
tween 1 and primary amines was limited to only a few
cases and the yields were medium to low.

When compounds 3a-d,g,h,j, prepared by the reaction

of the corresponding 2 with each amine, were each treated
with neat primary alkylamine, 3+(3-alkylthioureido)cin-
namthioamides 4 were formed. Subsequent treatment of
compounds 4 with hydrochloric acid, converted them into
pyrimidine-2,4-dithiones 5 quantitatively.

Compounds 5n-q were also obtained but not an inter-
mediate compound such as compounds 3 and 4 could be
obtained.
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Table 3

3.(3-Alkylthioureido)-N-alkylcinnamthioamides 4a-k

X

Yield
Compound R! R? R (%)
4a p-tolyl CN Me 85 [b]
29 [c]
4b m-tolyl CN Me 90 [b]
4c p-tolyl CN Et 35 [b]
59 {c]
4d m-tolyl CN Et 86 [b]
4e p-tolyl CN Pr 95 [b]
91 [c]
o m-tolyl CN Pr 85 [b]
4g m-tolyl CN i-Pr 77 [d]
4h p-tolyl CN Bu 35 [d]
89 [c]
4 m-tolyl CN Bu 82 [d]
4j p-olyl CN Pe 60 [d]
97 [c]
4k m-tolyl CN Pe 60 [d]

NHCSNHR®

CSNHR®

Vol. 25
Mp [a] Molecular Analyses %
(°C) Formula Caled./Found
C H N S

>300 C,.HN,S, 55.23  5.30 1840  21.06
5520 5.44 1831 21.30
214-216 C, HN,S, 55.23  5.30 1840 21.06
55.52 517 18.13  21.30
278-281 C,H,,N,S, 57.80  6.06 16.85 19.29
57.83 597 16.55  19.55
214-216 C,H,0N,S, 57.80  6.06 1685  19.29
57.63  5.84 16.59  19.39
236-241 CH NS, 59.96 6.71 15.54 17.79
59.66  6.50 1548 18.00
220-222 C,,H, NS, 5996  6.71 15.54 17.79
59.77  6.54 1528 1795
144-145 C,H,N,S, 59.96 6.71 15.54 17.79
5995  6.79 1531 17.88
227-231 C,H,N,S, 6182  7.27 1442 1649
61.53  7.09 1431 16.73
229-231 C,H,N,S, 61.82  7.27 1442  16.49
61.81 7.39 1432  16.72
119-121 C.H, NS, 63.42 774 1345 1539
63.42  7.57 13.50 15.20
218-222 C,H;,N,S, 6342  7.74 13.45 1539
63.43  7.89 13.36  15.22

[a] Solvent for recrystallization: ethanol for 4a-d; dichloromethane-hexane for 4e-k. [b] Method A. [c] Method C. [d] Method B.

NS

S

5n R=CHs
S0 R=CyHs
5p R=CiHy

59 R=C4Hse
Block 2

It is very interesting that whereas compounds 4 whose
R? substituents are lower alkyl groups such as methyl,
ethyl, and propyl, gave, on treatment with hydrochloric
acid, pyrimidine derivatives 5 as the sole products, those
compounds 4 bearing higher alkyl groups as R® substi-
tuents gave compounds 6 in addition to compounds 3. On-
ly compound 4j gave 6¢ in nearly quantitative yields when
heated at 70° in ethanol requiring no acid catalyst. The
same compound 4j, however, when treated with hydro-
chloric acid in ethanol at 70°, gave pyrimidine derivative
5i exclusively in quantitative yield and none of compound

6¢ was obtained. In contrast, the reaction of hexylamine
differed from those of lower alkyl amines in this reaction
gave neither compounds 3, 4, nor 5, but merely yielded
compounds 6.

Leistner and co-workers [7], in the study of the reaction
of trithioisatoic anhydride and hexahydro-3,1-benzothia-
zine-2,4(4H)-dithione with various reagents, synthesized
2-anilino-3-phenyl-4-thioxchexahydroquinazoline from the
benzothiazinedithione and aniline. They postulated an in-
termediate similar to compounds 4 for the formation of
the quinazoline derivative which corresponds to com-
pounds 8, though they could not isolate the intermediate.
Furthermore, the pyrimidines 3, when treated with an
amine at room temperature, reverted into compounds 4
quantitatively and never gave compounds 8, which were
obtained in low yields only when either the thiazinedi-
thiones or 2-alkylaminothiazinethiones 3 were allowed to
react with an excess of amine in 50% ethanol. Use of an
organic solvent and a high amine concentration converted
compounds 3 to compounds 4. The best procedure for the
formation of 4 is, accordingly, to dissolve compounds 3 in
the neat amine.

It may be reasonable to consider that such a marked dif-
ference in the course of the reaction of compounds 3
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Compound

4a

4b

4c

4

4e [a]

4

4g [b]

4h

4i

1,3-Thiazine-2,6-dithiones. Part 7 839

Table 4

Spectral Properties of Compounds 4a-k

R!

NHCSNHR®

R27>CSNHR®

UV & Visible
\ max (EtOH)

(log €), nm

282 (4.50)
309 (4.38)
390 (4.05)

284 (4.42)
315 (4.31)
395 (4.02)
284 (4.51)
314 (4.38)
396 (4.11)

282 (4.51)
311 (4.41)
390 (4.11)

285 (4.50)
313 (4.36)
396 (4.04)

282 (4.44)
315 (4.33)
395 (4.04)

243 (4.32)
314 (4.11)
358 (4.10)

286 (4.50)
314 (4.35)
396 (4.04)

284 (4.45)
315 (4.35)
395 (4.06)

'H NMR (CD,COCD,) (5, ppm)

7.71(d, 2H, J = 8 Hz), 7.32 (d, 2H,
J = 8 Hz), 4.21 (s, 3H), 3.38 (s,
2.7H), 2.67 (s, 0.3H), 2.40 (s, 3H),
3.15 br (s, 3H)

7.56 (m, SH), 7.34 (m, 2H), 4.22 (s,
3H), 3.33 (s, 2H), 2.64 (s, 0.3H),
2.56 (s, 0.7H), 2.39 (s, 3H)

7.68 (d, 2H, ] = 8 Hz), 7.30 (d, 2H,
J = 8 Hz), 5.18 (g, 2H, J = 7 Hz),
3.77(q, 1.3H, J = 7 Hz), 3.30 br (s,
3H), 3.09 (g, 0.7H, ] = 7 Hz), 2.39
(s, 3H), 1.40 (t, 3H, J] = 7 Hz), 1.29
(t,2H,J = 7Hz), 1.21 (1, 1H, J =
7 Hz)

7.54 (m, 2H), 7.33 (m, 2H), 5.20 (q,
2H,J = 7Hz),3.75 (g, 1H,J =

7 Hz), 3.38 (g, 0.3H, ] = 7 Hz),
3.05 q, 0.7H, ] = 7 Hz), 1.40 (1,
3H,J =128, 1.5H,] = 7 Hz),
1.20 1, 0.5H, J = 7 Hz), 1.19 (s,
1H,]J = 7 Hz)

7.66 (d, 2H, ] = 8 Hz), 7.28 (d, 2H,
J = 8 Hz), 494 (t,2H,J] = 7 Hz),
3.56 (t, 1.4H, J = 7 Hz), 2.72 (t,
1.4H, ] = 7 Hz), 2.73 (s, 3H), 1.85
(sext, 2H, J = 7 Hz), 1.64 (sext,
0.6H,J = 7 Hz), 1.53 (sext, 1.4H, J
= 7 Hz), 0.90 (t, 3H, ] = 7 Hz),
0.88 (t, 3H,J = 7 Hz)

7.66 (m, 2H), 7.35 (m, 3H), 5.03 (t,
2H,J = 7 Hz), 368 (t, 1.5H,] =

7 Hz), 3.27 (t, 0.1H, ] = 7 Hz), 2.98
(t, 0.4H, J = 7 Hz), 2.39 (s, 3H),
1.97 (m, 2H), 1.74 (m, 2H), 0.94 (t,
3H,] = 7 Hyz)

8.46 br (s, 1H), 7.53 br (s, 2H), 7.4
(m, 4H), 4.73 (d, sept, 1H,J = 5
and 6 Hz), 4.10 (d, sept, 1H,J = 5
and 6 Hz), 2.40 (s, 3H), 1.34 (d, 6H,
J = 6 Hz),0.84 (d, 6H,J = 6 Hz)
7.67 (d, 2H,J = 8 Hz), 7.29 (d, 2H,
J = 8 Hz), 5.10 (m, 2H), 3.68 (t,
2H, J = 7 Hz), 3.39 (s, 3H), 1.92
(m, 2H), 1.39 (m, 4H), 0.94 (1, 3H, J
= 7 Hz), 0.88 (t, 2H, ] = 7 Hz),
0.83 (t, 1H, J = 7 Haz)

7.54 (m, 2H), 7.34 (m, 2H), 5.10 (m,
2H), 3.66 (1, 2H, J] = 7 Hz), 2.39 (s,
3H), 1.92 (m, 2H), 1.62 (m, 2H), 1.37
(m, 4H), 0.98 (1, 3H, J] = 7 Hz),
0.88 (1, 2H, ] = 7 Hz), 0.83 (1, 1H,
J = 7Hz)

Table 4 (continued)

UV & Visible
X\ max (EtOH)

Compound (log ¢€), nm 'H NMR (CD,COCD,) (6, ppm)
4j 286 (4.49) 9.40 br (s, 1H), 7.71 (d, 2H, J =
310 (4.35) 8 Hz), 7.22 (d, 2H, ] = 8 Ha),
396 (4.03) 4.70 br (s, 2H), 3.46 (m, 2H), 2.36
(s, 3H), 1.88 (m, 2H), 1.39 (m, 6H),
1.12 {(m, 2H), 0.80 (m, SH), 0.78 (t,
3H,J] = 7 Hz)
4k 284 (4.46) 7.53 (m, 2H), 7.33 (m, 2H), 5.09 (m,
314 (4.35) 2H), 3.65 (t, 2H, J = 7 Hz), 2.39
395 (4.07) (s, 3H), 1.95 (m, 2H), 1.65 (m, 2H),

1.35 (m, 8H), 0.94 (1, 3H,J = 7
Hz), 0.86 (m, 3H)

[a] Hexadeuteriodimethylsulfoxide used for nmr. [b] Only compound 4g
showed abnormal A max because no geometrical isomerization arose.

depending upon the solvent employed is due, on one hand,
to the change in the most reactive position: the 2-position
in compounds 1 and 2 into the 6-position in compounds 3.
On the other hand, solvation of the reactive position by
polar solvent such as water is also concerned in the reac-
tion course. Thus, it is suggested that when the reaction of
3 with an amine is performed in 50% alcohol, the amine
adds, predominantly, to C=N double bond to give pyrimi-
dine derivatives 8 via intermediate B formed by ring open-
ing of the precursor A (see Scheme 2) and by-products 9
and 10 are also produced through further reaction of the
intermediate B with the amine employed or hydrogen
sulfide respectively. In contrast, compounds 3, when
dissolved in neat amine or in the aqueous solution of high
amine concentration, will first undergo the addition of the
amine to C=S double bond and subsequent ring opening
reaction with another mole of the amine will produce com-
pounds 4.

We next focused upon other reactions of 2-alkylthio-5-

SR3
R! I J:(SRq
R27>NCSSRS

P’\” ] @
- HSR I

SR3

i 3
| \\SrSR R4SH, R R! | ;5 ) SR4
: R2 de ®)
S \

wn
~

H
2 Rl N~ SR3(R%
| H
RZ

S
12

Scheme 3
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Compound

S5a
5b

5c

5¢
Sg
5h
5i
5§
5k
51

Sm

Rl

p-tolyl
m-tolyl
p-tolyl
m-tolyl
p-tolyl
m-tolyl
p-tolyl
m-tolyl
p-tolyl
m-tolyl
Ph
m-tolyl

m-tolyl

RI

CN
CN
CN
CN
CN
CN
CN
CN
CN
CN
$0,Ph
SO,Me

SO,Me

T. Yamamoto and M. Muraoka

R3

Me

Me

Et

Et

Pr

Pr

Bu

Bu

Pe

Pe

Me

Et

Bu

Table 5

Rl
RZ

Yield
(%)
93 [b]
98 [b]
100 [b)
87 [b]
98 [b]
99 [b]
57 [b]
28 [b]
93 [b]
18 [b]
67 [d]
58 [d]

29 [d]

3-Alkylpyrimidine-2,4-dithiones Sa-m

S

NR3

Mp [a]
°C)

236
(EtOH)
240-242
(EtOH-hexane)
198-199
(EtOH-hexane)
282-283 [c]
(EtOH-hexane)
192
(EtOH)
239-240
(EtOH)
155-156
(EtOH) -
222.5
(EtOH)
207-208
(EtOH-hexane)
149
(Etoh-hexane)
246-247
(Dioxane-H,0)
229-230
(BuOH)
168.5
(MeOH)

Molecular
Formula
CH,,N,S,
C,,H,;N,S,
CH,:NS,
C,H,,N,S,
C,sHsN;S,
CsHsN,S,
C,¢H,,N,S,
C,.H,;N,S,
C,,H,,N,S,
C,,H,,N,S,
C,,H,,N,0,S,
C, H,(N,0,S,

C,H3oN;0,8,

[a] Solvent for recrystallization in parentheses. [b] Method A. [c] In sealed tube. [d] Method B.

Compound

6a
6b

g

6f

Rl

m-tolyl
p-tolyl
m-tolyl
p-tolyl
p-tolyl

m-tolyl

RJ

Bu
Bu
Pe
Pe
hexyl

hexyl

Table 6

6-Amino-2-atkylimino-1,3-thiazine-5{N-alkyl)carbothioamides 6a-f

Yield
(%)
38
22
63
88
37

35

R
R3NHSC

Mp [a]
°C)
144-146
145-146
217218
138-139
178-179

122-123

_NNR?
NS

NH,

UV & Visible
A\ max (EtOH)
(log €), nm

279 (4.34)
380 (3.99)
284 (4.40)
380 (4.00)
280 (4.41)
380 (4.01)
283 (4.51)
380 (4.03)
282 (4.33)
381 (3.93)
280 (4.36)
380 (4.01)

[a] Solvent for recrystallization: acetone-water for 6a,b,e; ethanol-water for 6c,d,f.

Molecular
Formula
C,oH, NS,
C,H,eN,S,
C,.H,,N,S,
C,.H,,N,.S,
G, H (NS,

C24H 36NISZ

57.12
57.20
57.12
57.40
58.68
58.68
58.68
58.97
59.77
60.06
59.77
60.07
60.92
60.83
60.92
60.63
61.97
62.08
61.97
62.10
54.52
54.24
49.38
49.60
52.15
51.89

61.83
61.94
61.83
61.94
63.42
63.24
63.42
63.61
64.82
64.56
64.82
64.58

Analyses %
Calcd./Found
H

4.06
4.09
4.06
4.15
4.56
4.70
4.56
4.69
5.02
5.21
5.02
497
5.43
5.37
5.43
5.48
5.82
5.77
5.82
5.90
3.7
3.69
4.74
4.69
5.47
5.67

Analyses %
Calcd./Found
H

7.25
7.27
7.25
7.27
7.74
7.98
7.72
7.96
8.16
7.94
8.16
7.94

Vol. 25

15.37
15.35
15.37
15.10
14.62
14.92
14.62
14.53
13.94
13.71
13.94
13.68
13.32
13.09
13.32
13.13
12.76
12.82
12.76
12.55
7.47

7.30

8.22

8.50

7.60

7.31

14.42
14.18
14.42
14.18
13.45
13.11
13.45
13.17
12.60
12.47
12.60
12.47
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Compound R*
8a p-tolyl
8b m-tolyl
8c Ph
8d m-tolyl
8e m-tolyl

[a] Solvent for recrystallization in parentheses.

Compound
1la
11b
1ic
11d
1le
11f
1lg
11h

11i

Ph
Ph
Ph
Ph
Ph
Ph
m-tolyl
m-tolyl

m-tolyl

-
CN
CN

SO,Ph

SO,Me

SO,Me

R?
SO,Me
SO, Me
S0,Me
S0,Ph
S0,Ph
50,Ph
SO,Me
S0,Me

S0,Me

[a] Ethanol used for recrystallization.

1,3-Thiazine-2,6-dithiones. Part 7

Table 7

3-Alkyl-2-alkylaminopyrimidine-4-thiones 8a-e

Ril

Pe

Pe

Me

Me

Bu

R! NHR3
™y
NR?

R2
S
Yield Mp [a]
(%) °C
26 192-193
(EtOH-hexane)
20 155-157
(Cyclohexane)
33 292293
(DMF-water)
29 > 300
(DMF-water)
16 168-168.5
(DMF-water)
Table 8

3{Bis(alkylthio)methyleneamino]dithiocinnamic Acid Esters 11a-i

Me

Me

Me

R‘

Me

Me

Et

Me

Me

Et

Me

Me

Et

R
ol
R*
Me
Et
Me
Me
Et
Me
Me
Et

Me

methylsulfonylthiazine-6-thiones 2 with thiols or alcohols
expecting the same type thiazine ring opening reactions as
those for primary amines to occur. In our previous paper,
we reported the reductive S-alkylation reaction of com-
pounds 1 with thiolates [1]. Very interestingly, compounds
1 and thiolate anions, in the presence of alkyl halides such

SR3
N<SR4
CSSR®

Yield
(%)

32
69
60
64
68
78
51
60

41

Molecular
Formula
C
C,.H, NS 69.07
68.80
C,,H,N,S 69.07
68.70
C,,H,,N;0,5,; 58.20
58.02
C,H,,)N,0,S, 51.99
52.07
C,.H,,N,0,S, 58.93
58.87
Mp [a] Molecular

(°C) Formula

131132 C,,H,,NO,S;

108109  C,H,,NO,S,

112116  C,;H,,NO,S,

109 C,,H,,NO,S,

92925  C,H,NO,S,

78 C,oH,NO,S,

98100  C,H,,NO,S,

124 C,,H,,NO,S,

92.93 C,H,,NO,S;

841
Analyses %
Calcd./Found
H N
7.91 14.65
7.68 14.37
7.91 14.65
791 14.96
4.61 11.32
4.55 11.04
5.30 12.99
5.30 12.93
7.17 10.31
6.99 10.13
Analyses %
Calcd./Found
C H N
4294 438 3.58
42,67  4.25 3.58
44.41 4.72 3.45
4417 461 3.36
44.41 4.72 3.45
44.34 445 3.37
50.30 4.12 3.09
50.12 417 3.00
5136  4.52 2.99
51.38  4.69 2.81
51.36  4.52 2.99
51.30 433 2.99
44.41 472 345
44.39  4.62 3.38
45.79  5.04 3.34
45.60  4.95 3.36
4579  5.04 3.34
4553  4.83 3.29

as methyl or ethyl iodide, took another reaction course giv-
ing 3-bis(alkylthio)methyleneamino]dithiocinnamates 11
as sole products in moderate yields. None of reductively
S-alkylated compounds were obtained except in one case
(a trace of compound 12, see Scheme 3).
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Compound

11a

11b

11e

11d

1le

11f

11g

11h

11i

T. Yamamoto and M. Muraoka

Table 9

Spectral Properties of Compounds 11a-i

UV & Visible
\ max (EtOH)

(log €), nm

230 (4.14)
256 (4.15)
321 (3.86)
232 (4.15)
261 (4.20)
323 (3.82)

259 (4.10)
323 (3.74)

228 (4.30)
261 (4.16)
323 (3.88)
228 (4.22)
266 (4.02)
332 (3.72)
366 (3.53)

229 (4.23)
263 (4.13)
324 (3.86)
262 (4.19)
323 (3.85)

262 (4.18)
323 (3.82)

262 (4.14)
323 (3.82)

SR?
N s

R2“~ CSSRS

'H NMR (CDCl,) (8, ppm)

7.2-7.6 (m, 5H), 3.27 (s, 1H), 3.19
(s, 2H), 2.70 (s, 3H), 2.53 (s, 3H),
2.31 (s, 3H)

7.2:1.6 (m, 5H), 3.25 (q, 2H, J =
7 Hz), 3.24 (s, 3H), 2.70 (s, 1H),
2.53 (s, 2H), 2.31 (s, 3H), 1.48 (t,
3H,J = 7 Hz)

7.2-7.7 (m, SH), 3.28 (s, 1.5H), 3.20
(s, 1.5H), 3.12 (q, 1H, J] = 7 Ha),
2.90 (q, 1H,J = 7 Hz), 2.70 (s,
1.5H), 2.52 (s, 1.5H), 2.31 (s, 3H),
1.28 (m, 3H)

7.1-8.2 (m, 10H), 2.54 (s, 3H), 2.29
(s, 3H), 2.25 (s, 3H)

7.2-8.2 (m, 10H), 3.71 (q, 1.3H, ] =
7 Hz), 3.02 (q, 0.7H, J = 7 Hz),
2.28 (s, 2H), 2.25 (s, 2H), 1.56

(s, 1H), 1.52 (s, 1H), 1.24 (1, 1H, J
= 7Hz), 1.15(t, 2H, ] = 7 Hz)

7.1-7.5 (m, 4H), 3.28 (s, 1H), 3.19
(s, 2H), 2.72 (s, 2H), 2.55 (s, 2H),
2.39 (s, 1H), 2.32 (s, 4H)

7.1-7.5 (m, 4H), 3.23 (q, 2H, ] =

7 Hz), 3.22 (s, 3H), 2.55 (s, 1H), 2.39
(s, 3H), 2.32 (s, SH), 1.50 (1, 3H, J
= 7 Hz)

7.0-7.5 (m, 4H), 3.27 (q, 1H, J =

7 Hz), 3.20 (s, 3H), 2.89 (q, 1H, ] =
7 Hz), 2.72 (s, 1.5H), 2.54 (s, 1.5H),
2.39 (s, 3H), 2.32 (s, 3H), 1.28 (m,
3H)

2c¢

CHaSH
CHst

SCHs

Pha N R
Lo X
CH30,5~ ~CSSCaHs R2

b

Vol. 25

In this reaction, alkyl halide plays a role alkylating the
dithiocarboxylate formed transiently on opening of the
thiazine ring. The suggested mechanism in Scheme 3 was
confirmed by the following experiments; when a mixture
of compound 2¢ (R' = Ph, R? = SO,CH,, R® = CH,) and
methyl iodide was treated with an excess of ethanethiolate,
corresponding dithiocinnamic acid methyl ester 11c was
obtained. Moreover, the same methyl dithiocinnamate 11c
was also prepared when compound 2f (R' = Ph, R? =
S0,CH,, R® = C,H;) was conducted with methyl iodide
and methanethiolate. On the other hand, compound 2c,
when mixed with ethyl iodide and methanethiolate, gave
compound 11b (R* = R* = CH,, R® = C,H,). These
results support the proposed mechanism (Sheme 4) for the
formation of compounds 11 and hence, both isomeric
structures, C and D, were ruled out.

The thiazinedithiones bearing cyano group at 5-position
were resistant to undergo this reaction under any reaction
conditions.

Towards the thiazinedithiones, alcohols have shown no
reactivity even in the presence of triethylamine. In fact, we
have often made use of alcohols as excellent solvents for
reactions of the title compounds. 2-Methylthio-1,3-thia-
zine-6-thione 2¢, however, when dissolved in methanol in
the presence of triethylamine, produced brownish powder-
like product 13 (11%). On the other hand, all the com-
pounds 2, when dissolved in methanol containing an alkyl
halide under similar reaction conditions, always produced
red crystals 14a-e together with compounds 11 in almost
equal molar ratio. These results seem to prove that an in-
termediate 13 is first formed and liberated methanethiol
reacts exclusively with compound 2 very quickly to yield
compounds 1la,b,d,e,h respectively. 3-[Bis(methoxy)-
methyleneamino]dithiocinnamic acid esters 14a-e are
formed by the slow reaction of compounds 13 and
methanol (see Scheme 5). Compound 14a was also obtain-
ed in 31 % yield when compound 13 was dissolved again in
methanol containing methyl iodide and triethylamine.

SCHs

AR ;g/SCH3c2m5H Ph I :{SCZHS s Ph | :g/scsz
CHs!l
CH30,S 5 CHs0,5 7 ~CSSCH3 ¥ CH30,5
s S

lle 2f
—sSR3 3
N—(SRs R'?:E[\'CSSR
SR4
4
CSSR R SRS

D

Scheme 4
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Table 10

Alkyl 3{Bis(methoxy)methyleneamino]dithiocinnamates 14a-e

I'N#

OCH,
OCH,

R20,5°>CSSR®

Yield
Compound R! R? R® (%)
14a Ph Me Me 11
14b Ph Me Et 21
14¢ Ph Ph Me 23
14d Ph Ph Et 41
14e m-tolyl Me Et 22

[a] Solvent for recrystallization: ethanol for 14a,b,d,e; methanol for 14¢.

In addition to these compounds 11 and 14, 6-thioxo-
thiazin-2-one 15, methyl 3-ethoxycarbonylaminodithio-
cinnamate 16, and methyl N{2-methylsulfonyl-1-phenyl)-
vinyl carbamate 17 were also isolated in low yields respec-
tively. These by-products 15, 16, and 17 arise by
hydrolysis by trace of water in the solvent.

H s
RO Ei ROH | SR
mLcn':): 2 : =~ i | OR?)
’ . R20,S
8
ROSH S
Hl
- ROSH

CH
3 3
R T o8 _CHyOH, RY INZ(tc))CH,
RQORS R20,S R20,5” “CSSR®
15 I3 14
1H.O
PhINHCOOCsz e R'SINHCOOR’ - s, PhSINHCOOCH,

. Sl

Ph0,S” ~CSSCHy Ri=R2=pn [RZ20,5~ CSSH R=Ph  C}.0,
R=CqHy R2=R3=CH,

16 17
Scheme 5 * Liberoted one

5-Cyanothiazinedithiones did not readily undergo this
reaction. 2-Methylthiocyclopenta[d][1,3}thiazine-4-thione
was too unstable to be isolated and could not be used in
those reactions mentioned above.

All the compounds isolated here, including compounds
2, had satisfactory microanalyses. All the proposed struc-
tures for compounds 2-17 were based upon the elemental
analyses and nmr, ir, uv-vis., and partly mass spectra as
well as chemical reactions.

Mp [a] Molecular Analyses %
(°C) Formula Caled./Found
o H N S

128.5 C,,H,;NO,S, 46.78 471 390 26.74
46.53 471 385  26.83
113.5-114 C,;H,,NO,S, 4823 513 3.75 25.75
4798  4.88 373 2592
150-151 C,,H,,NO,S, 54.13 455 3.32 2282
54.00 435 328 2311
146.5-147 C,H;;,NO,S, 55.14  4.86 324 2209
54.87  4.63 314 2233
168.5 C,H,,NO,S, 49.58 546 3.62  23.38

49.32 5.21 3.47 23.55

Table 11

Spectral Properties of Compounds 14a-e
CH
R'IN_<%CHS,
R20,5

UV & Visible
A\ max (EtOH)

Compound (log €), nm 'H NMR (CDCl,) (8, ppm)

14a 231 (4.43) 7.2-7.6 (m, 4H), 3.85 (s, 6H), 3.31
253 (4.32) (s, 3H), 2.51 (s, 3H)
324 (4.10)
505 (2.47)

14b 247 (4.13) 749 (d, 2H,J = 8 Hz), 7.25 (m,
328 (4.03) 3H), 3.84 (s, 6H), 3.30 (s, 3H), 3.10
505 (2.05) (9, 2H,J = 7 Hz), 1.09 (1, 3H, ] =

7 Hz)

14c 249 (4.08) 8.14 (d, 2H,J = 6 Hz), 7.1-7.6
329 (4.00) (m, 8H), 3.61 (s, 6H), 2.51 (s, 3H)
505 (2.44)

14d 250 (4.23) 8.13(d, 2H, ] = 8 Hz), 7.1-7.6 (m,
326 (4.08) 8H), 3.61 (s, 6H), 3.09 (q, 2H, ] =
505 (2.44) 7 Hz), 1.08 (t, 3H, ] = 7 Hz)

14e 250 (4.13) 7.0-7.4 (m, 4H), 3.85 (s, 6H), 3.29 (s,
330 (4.03) 3H), 3.10 (g, 2H, ] = 7 Hz), 2.29
505 (2.25) (s, 3H), 1.10 (1, 3H,J = 7 Hz)

EXPERIMENTAL

Melting points are uncorrected. Infrared spectra were determined on a
Nippon-Bunko IRA-302 infrared spectrophotometer. The 'H- and
BC-nmr spectra were recorded on a JEOL-JNM-GX 270 spectrometer
with TMS as internal standard. The electronic absorption spectra were
measured with a Hitachi 557 double wavelength double beam spectro-
photometer. Mass spectra were determined with a JEOL JMS-DX 300
mass spectrometer. 1,3-Thiazine-2,6-dithiones were prepared by the
published literature procedures [8-10].
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2-Alkylthio-1,3-thiazine-6-thiones 2

These compounds were prepared by a literature procedure [1] using
tetrahydrofuran as solvent instead of ethanol.
Physical properties of compounds 2a-f are shown in Table 1.

2-Alkylamino- and 2-Arylamino-1,3-thiazine-6-thiones 3.
(Procedure A).

To an ethanolic solution (5 ml) containing 3% amine, was suspended
2-methylthio-1,3-thiazine-6-thione 2 (1 mmole). The mixture was warmed
at 70° for 3 minutes and kept standing at room temperature for 4 hours.
Hexane (20 ml) was added to the reaction mixture and the resulting
precipitates were collected, dried, and recrystallized.

(Procedure B).

A mixture of a 1,3-thiazine-2,6-dithione (I mmole), an amine (1.5
mmoles), ethanol (4 ml), and water (4 ml) was shaken mechanically at
room temperature for 2 hours. Water was added and the solid which
separated was collected and recrystallized.

Yields, mps, solvent for recrystallization, electronic spectra, and
elemental analyses of compounds 3 are listed in Table 2 and representa-
tive 'H nmr spectral data are shown in the footnotes of Table 2.

3{3-Alkylthioureido}N-alkylcinnamthioamides 4.
Method A.

To a solution of 5-cyano-4-aryl-1,3-thiazine-2,6-dithione (1 mmole) in
ethanol (4 ml), an amine [11] (5 mmoles) was added. After 3 hours, water
(5 ml) was added to the reaction mixture and the resulting yellow solid
product was collected, dried, and recrystallized.

Method B.

5-Cyano-2-alkylamino-4-aryl-1,3-thiazine-6-thione 3 (1 mmole) was
dissolved in each amine (0.5 ml) and to this, hexane (10 ml) was added.
The solid which precipitated was collected, washed with hexane, and
recrystallized to give each corresponding 5-cyano-3{(3-alkylthioureido)
N-alkylcinnamthioamides 4g-k.

Method C.

Each alkylamine (7.5 mmoles) was added to an ethanolic solution of
S-cyano-3-alkyl-6-arylpyrimidine-2,4-dithione 5 (1 mmole) and kept stand-
ing for a few minutes. The mixture was evaporated to dryness in vacuo
and recrystallized.

Compounds 4a,c,e,h,j were obtained by method C as well as method
A. Quantitative yields were attained when neat amine was employed.

2-Cyano-3<3-phenylthioureido)-N-propyl-(3'-methyl)cinnamthioamide
(4m).

Compound 4m was synthesized by method B mentioned above (93 %),
mp 135-140° (ethanol-hexane); uv-vis (ethanol): N\ max (log €) 264 (4.33),
306 sh (4.21), 426 nm (4.02); ir (potassium bromide): 3040, 2960, 2880,
2200, 1560, 1510, 1380, 1305, 1260, 930, 760 cm™'.

Anal. Caled. for C, H,,N,S,: C, 63.93; H, 5.62; N, 14.20. Found: C,
64.00; H, 5.58; N, 14.16.

2-Cyano-3-(3-phenylthioureido)-N-¢-butyl-(3'-methyl)cinnamthioamide
(4n).

Compound 4n was prepared similarly to compound 4m (96%), mp
220-221° (acetone-hexane); uv-vis (ethanol): X\ max (log ¢) 264 (4.33), 306
sh (4.21), 426 nm (4.01); ir (potassium bromide): 3120, 3050, 2970, 2200,
1575, 1510, 1480, 1370, 1300, 1260, 1210, 1130, 930, 730, 690 cm™'.

Anal. Caled. for C,,H,N,S,: C, 64.67; H, 5.89; N, 13.70. Found: C,
64.76; H, 5.89; N, 13.67.

Yields, solvent for recrystallization, mps, and elemental analyses of
compounds 4a-1 are listed in Table 3 and electronic and 'H nmr spectral
data are provided in Table 4.

3-Alkylpyrimidine-2,4-dithiones 3.
Method A.

A suspension of each compound 4 (I mmole) in ethanol (4 ml) was
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made acid (pH ca. 1) by adding 2M-hydrochloric acid and then water (10
ml) was added. Pale yellow powder-like crystals were precipitated instan-
taneously, which were collected, washed with water, dried, and recrystal-
lized. Compounds 5a-j were prepared by this Method.

Method B.

To a suspension of each 1,3-thiazine-2,6-dithione (1 mmole) in 50%
ethanol, each amine (1 ml) was added and the mixture was heated at 70°
for 5 hours. The mixture was cooled to 0° and acidified with 2M-hydro-
chloric acid. The resulting solid product which separated was collected,
washed with water, dried, and recrystallized. Compounds Sk-m were
prepared by this method B. Yields, solvent for recrystallization, mps,
electronic spectral data and elemental analyses are shown in Table 5.

Compounds 5n-q were also synthesized according to the method B us-
ing 1,5,6,7-tetrahydrocyclopentafd]1,3]thiazine-2,4-dithione [8] as the
starting material.

3-Methyl-3,5,6,7-tetrahydrocyclopentale]pyrimidine-2,4{1 H)-dithiones
(5n).

This compound was obtained in a yield of 25%, mp >280°
(2-butanone); uv-vis (ethanol): A max (log €) 296 (4.26), 360 nm (4.07); ir
(potassium bromide): 3200, 3120, 3030, 2975, 2900, 1635, 1570, 1450,
1430, 1405, 1275, 1260, 1070 cm™".

Anal. Caled. for C,H,(N,S,: C, 48.45; H, 5.09; N, 14.13. Found: C,
48.69; H, 5.01; N, 14.04.

3-Ethyl-3,5,6,7-tetrahydrocyclopentale]pyrimidine-2,4(1 H}-dithione (50).

This compound was obtained in a yield of 67 %, mp 200-201° (benzene-
hexane); uv-vis (ethanol): A max (log €) 297 (4.44), 360 nm (4.05); ir
(potassium bromide): 3200, 3140, 3020, 2950, 1630, 1560, 1445, 1330,
1260, 1240, 1215, 1080 cm™.

Adnal. Caled. for C,H,N,;S,: C, 50.91; H, 5.70; N, 13.19. Found: C,
50.93; H, 5.59; N, 13.22.

3-Propyl-3,5,6,7-tetrahydrocyclopentale]pyrimidine-2,4(1 H}-dithione (3p).

This compound was obtained in a yield of 87 %, mp 189-190° (hexane);
uv-vis (ethanol): N\ max (log €) 290 (4.39), 361 nm (4.03); ir (potassium
bromide): 3200, 3140, 3020, 2960, 1645, 1550, 1450, 1365, 1330, 1260,
1235, 1200, 1100 cm™.

Anal, Caled. for C H,N,S,: C, 53.06; H, 6.24; N, 12.37. Found: C,
53.26; H, 5.98; N, 12.47.

3-Butyl-3,5,6,7-tetrahydrocyclopentale]pyrimidine-2,4(1 H}dithione (3q).

This compound was obtained in a yield of 72%; mp 213-214° (benzene-
hexane); uv-vis (ethanol): N max (log €) 298 (4.37), 361 nm (4.03); ir
(potassium bromide): 3180, 3120, 3020, 2960, 1620, 1550, 1440, 1365,
1330, 1300, 1260, 1200, 1100 cm™.

Anal. Caled. for C,H(N,S,: C, 54.96; H, 6.71; N, 11.65. Found: C,
54.73; H, 6.92; N, 11.71.

6-Amino-2-butylimino-4«m-tolyl)-1,3-thiazine-5-(/N-butyl)carbothioamide
(6a).

A suspension of compound 4i (0.194 g, 0.500 mmole) in ethanol (2 ml)
was acidified to pH ca. 1 with 2M-hydrochloric acid and to this, water (10
ml) and ether (10 ml) were added. On allowing the mixture to stand for 1
hour at 0° a white solid product 7 and the hydrochloride of 6a
precipitated, which was collected and suspended again in ethanol. Tri-
ethylamine (0.05 g, 0.5 mmole) and water (10 ml) were added in turn and
the resulting solid was collected, dried, and recrystallized; 'H nmr (hexa-
deuterioacetone): 7.5 (m, 4H), 4.69 (s, 2H), 3.45 (m, 2H), 2.92 br (s, 3H),
2.34 (s, 3H), 1.85 (m, 2H), 1.44 (m, 2H), 1.25 (m, 2H), 0.97 (t, 3H), 0.94 (m,
2H, 0.72 ppm (t, 3H); ’C nmr (hexadeuterioacetone): 186.0, 173.0, 153.7,
149.5, 137.0, 129.8, 128.9, 127.8, 125.6, 112.2, 48.8, 44.9, 28.3, 26.4, 20.7,
19.4, 18.9, 13.5 ppm.

6-Amino-2-butylamino-4-(m-tolyl)-5-butyl(thiocarbamoyl)-1,3-thiazinium
Chloride (7).

Compound 7, the hydrochloride of compound 6a, was purified as only
one case of these hydrochlorides of compounds 6a-f, mp 153-154°
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(ethanol-hexane); 'H nmr (hexadeuteriodimethylsulfoxide): 7.55 (s, 4H),
5.64 br (s, 4H), 4.06 (t, 2H, ] = 7 Hz), 3.19(t, 2H, ] = 7 Hz), 2.41 (s, 3H),
1.71 (quint, 2H, J] = 7 Hz), 1.55 (quint, 2H,J = 7 Hz), 1.35 (m, 3H), 0.94
(t, 3H,J = 7 Hz), 0.89 ppm (t, 3H, J = 7 Hz); **C nmr (hexadeuterio-
dimethylsulfoxide): 179.9, 163.0, 155.9, 149.3, 139.1, 133.8, 129.6, 128.7,
125.7, 100.6, 56.0, 49.5, 42.3, 28.9, 20.9, 19.6, 13.4 ppm.

Anal. Caled. for C,H,,CIN,S,: C, 56.51; H, 6.88; N, 13.18. Found: C,
56.82; H, 7.12; N, 12.99.

Other hydrochlorides of 6b-f were directly converted into compounds
6b-f without purification. Compounds 6b,c were also prepared by
similar procedure to that for the synthesis of compound 6a.

6-Amino-2-pentylimino-4<p-tolyl}-1,3-thiazine-5{(N-pentyl)carbothioamide
(6d).

An ethanolic solution (3 ml) of compound 4j (0.15 g, 0.36 mmole) was
heated at 70° for 1 hour. Water (5 ml) was added to the solution and the
solid which separated was collected, dried, and recrystallized; ‘H nmr
(hexadeuteriodimethylsulfoxide) 7.88 br (s, 2H), 7.58 (d, 2H, J = 8 Hz),
7.18(d, 2H, ] = 8 Hz), 4.57 br (s, 1H), 2.31 (s, 3H), 1.7} (m, 2H), 1.36 ppm
(m, 4H); **C nmr (hexadeuterioacetone): 191.2, 177.8, 156.8, 153.6, 139.2,
134.8, 128.3, 128.1, 108.7, 48.6, 45.2, 28.3, 28.0, 25.8, 24.5, 21.8, 20.8,
13.8, 13.6 ppm.

6-Amino-2-hexylimino-4-(p-tolyl)-1,3-thiazine-5(/N-hexyl)carbothicamide
(6e).

The molar ratio of reactants and the reaction conditions were simlar to
those of procedure A for compounds 3. The reaction mixture to which
ether and 2M-hydrochloric acid were added, was allowed to stand for 1
hour. The white crystalline solid which separated as hydrochloride of 6e
was treated with triethylamine and resulting pale yellow solid was col-
lected, washed with water, dried, and recrystallized from acetone-water;
'H nmr (hexadeuteriodimethylsulfoxide): 10.34 br (s, 1H), 7.91 br (s, 2H),
7.58(d, 2H,] = 8 Hz), 7.17(d, 2H, J = 8 Hz), 4.58 (m, 2H), 3.34 (m, 4H),
2.31 (s, 3H), 1.70 (m, 2H), 1.33 (m, 6H), 1.16 (m, 6H), 0.84 ppm (m, 6H).

Compound 6f was also obtained by a similar procedure to that for the
preparation of compound 6e.

Physical properties of compounds 6 are provided in Table 6.

5-Cyano-3-pentyl-2-pentylamino-6<p-tolyl)pyrimidine-4-thione (8a).

A mixture of 5-cyano-2-pentylamino-4{p-tolyl}1,3-thiazine-6-thione
(3g) (23 mg, 0.07 mmole), pentylamine (61 mg, 0.7 mmole), ethanol (1 ml),
and water (1 ml) was allowed to stand at room temperature for 1 hour.
Ether and 2M-hydrochloric acid were added to this reaction mixture and
filtered. The ethereal layer was dried and evaporated to dryness. The
residue was chromatographed (silica gel 60, 400 mesh; 20 x 1.0 cm) with
benzene to give pure compound 8a (7 mg, 26%) (See also Table 7). Com-
pound 5i was also obtained in 41% yield along with compound 8a.

Reaction of 5-Cyano-4{m-tolyl}1,3-thiazine-2,6-dithione with Pentyl-
amine in 50% Ethanol. Isolation of Compounds 5i, 6¢*HCI, 8b, and
10a.

A mixture of 5-cyano-4{(m-tolyl}1,3-thiazine-2,6-dithione (0.276 g, 1
mmole), pentylamine (0.87 g, 10 mmoles), ethanol (4 ml), and water (4 ml)
was kept standing at room temperature for 2 hours. The mixture, after
ether and 2M-hydrochloric acid were added, was shaken mechanically for
1 hour. The resulting solid product (hydrochloride of compound 6e, yield
43%) was filtered off. The ethereal layer was dried and the ether was
removed under diminished pressure to give solid matter, which was
chromatographed over silica gel 60 (Merck 230-400 mesh, benzene) to
separate compounds 5j (25%), 4-cyano-5{m-tolyl)}-1,2-dithiole-3-thione
(10a) (2%), mp 183° (Lit [12] 183°), and 5-cyano-3-pentyl-2-pentylamino-
6-(m-tolyl)pyrimidine-4-thione (8b, 20%).
3-Methyl-2-methylamino-5-methylsulfonyl-6{m-tolyl)pyrimidine-4-thione
(8c).

A solution of 4-phenyl-5-phenylsulfonyl-1,3-thiazine-2,6-dithione (0.77
g, 1 mmole) in 5% methylamine (5 ml) was allowed to stand at room
temperature for 3 hours. The solid which separated was collected, dried,
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and recrystallized.

Compounds 8d,e were also prepared similarly to the preparation of
compound 8¢ and the mother liquors, when acidified (pH ca. 1) with
2M-hydrochloric acid, gave compounds 5k (40%) and 5m (27 %). Yields,
mps, and elemental analyses of compounds 8a-e are shown in Table 7.

3-Amino-2-cyano-N-pentyl{4"-methyl)cinnamthioamide (9).

The molar ratio of reactants, reaction conditions, and work up pro-
cedure were similar to those for the preparation of compound 8b, yield
7%, mp 144.5°; ir (potassium bromide): 3320, 3030, 2950, 2920, 2860,
2190, 1600, 1515, 1500, 1480, 1420, 1260, 1225, 955, 830 cm™; uv
(ethanol): X\ max (log €) 233 sh (4.27), 285 (4.14), 3.24 nm, (4.20); ‘H-nmr
(deuteriochloroform): 12.13 br (s, 1H), 7.51 br (s, 1H), 7.45(d, 2H,J = 8
Hz), 7.29 (d, 2H, J = 8 Hz), 5.80 br (s, 1H), 3.70 (dt, 2H, J = 5 and 7 Hz),
2.41 (g, 3H), 1.69 (t, 2H, J = 7 Hz), 1.38 (m, 4H), 0.92 ppm (1, 3H,J = 7
Hz).

Anal. Caled. for C,H, N,S: C, 66.87; H, 7.37; N, 14.62; S, 11.14.
Found: C, 66.69; H, 7.17; N, 14.48; S, 11.40.

Compound 9 was accompanied by compounds 5i (14%), 6d°HCI
(39%), 8a (10%), and 4-Cyano-5{p-tolyl)-1,2-dithiole-3-thione (10b) (2%),
mp 210.5° (Lit [12] 210.5°).

3{Bis(alkylthio)methyleneamino]dithiocinnamates 11.

A mixture of 6-methylsulfonyl-2-methylthio-4-phenyl-1,3-thiazine-6-
thione (0.329 g, 1 mmole), methyl iodide (0.426 g, 3 mmoles), 15%
sodium methanethiolate (2.8 ml, 2 mmoles), triethylamine (0.303 g, 3
mmoles), and tetrahydrofuran (10 ml) was refluxed at 75° for 6 hours and
cooled. Water (20 ml) and ether (50 ml) were added to the reaction mix-
ture and the aqueous layer was extracted with ether. The combined ether
extracts were washed with 2M-hydrochloric acid and then with water,
dried, and evaporated irn vacuo. The residual material was washed with
ethanol and recrystallized from hot ethanol to give methyl 3{bis(methyl-
thio)methyleneamino}-2-methylsulfonyldithiocinnamate (11a) as pale
yellow crystals; ms: 391 (M*, 2), 344 (M*-47, 81), 312 (M*-79, 25), 145
(Ph-C=C-C=S*, 100).

Yields, mps, solvent for recrystallization, and elemental analyses of
compounds 1la-i are listed in Table 8 and spectral data are listed in
Table 9.

2-Methoxy-5-methylsulfonyl-4-phenyl-1,3-thiazine-6-thione (13).

5-Methylsulfonyl-2-methylthio-4-phenyl-1,3-thiazine-6-thione (2e)
(0.493 g, 1.5 mmoles) and triethylamine (0.303 g, 3.0 mmoles) were
dissolved in a mixed solvent of methanol (10 ml}tetrahydrofuran (2 ml)
and allowed to stand for 24 hours. Water was added to the mixture and
the aqueous layer was washed with ether and then acidified (pH ca. 1) and
extracted with ether. The ethereal layer was dried, evaporated, and a
small quantity of ethanol was added to the residue. The resulting brown
powder-like product was collected {0.13 g, 27%) and recrystallized from
acetone-water, mp 161°; ir (potassium bromide): 3000, 2950, 2930, 1600,
1530, 1450, 1430, 1380, 1310, 1230, 1135, 1105, 1030, 1020 cm™; uv-vis
(ethanol): A max (log €): 247 (4.00), 317 (3.86), 333 (3.87), 352 (3.86), 430 sh
nm (3.39); ms: 313 (M*, 42), 282 (M*-31, 2), 234 (M*-79, 100).

Anal. Caled. for C,H,;,NO,S,: C, 45.98; H, 3.54; N, 4.47; S, 30.68.
Found: C, 46.02; H, 3.72; N, 4.52; S, 30.65.

Methyl 3-[Bis(methoxy)methyleneamino}-2-methylsulfonyldithiocin-
namate (14a).

To a mixture of 5-methylsulfonyl-4-phenyl-1,3-thiazine-2,6-dithione
(3.15 g, 10 mmoles), triethylamine (2.0 g, 20 mmoles), and methanol (50
ml), was added methyl iodide (7.10 g, 50 mmoles) dropwise at 0° and then
shaken mechanically at room temperature for 1 hour. Water (100 ml) and
ether (100 ml) were added to the reaction mixture. The ethereal layer was
washed with 2M-hydrochloric acid and then with water and kept standing
for 1 hour at 0°. The organic layer, after the removal of brown crystals
(¢, 10%) which precipitated from the layer, was dried and evaporated.
The residual material was dissolved in a small amount of methanol and
allowed to stand for a few minutes. The resulting red crystals were col-
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lected, washed with a small quantity of ethanol, and recrystallized. Com-
pound 1la was also obtained from the mother liquor (19%).

Compounds 14b-e were prepared similarly. Yields, mps, solvent for
recrystallization, and elemental analyses of compounds 14a-e are provid-
ed in Table 10 and the 'H nmr and electronic spectral data are provided
in Table 11.

Reaction of Compound 13 with Methanol. Formation of Compound 14a.

A mixture of 2-methoxy-5-methylsulfonyl-4-phenyl-1,3-thiazine-6-
thione (13) (0.130 g, 0.4 mmole), triethylamine (0.050 g, 0.5 mmole),
methyl iodide (0.142 g, 1.0 mmole), and methanol (2 ml) was kept stand-
ing for 2 hours and to the reaction mixture was added water (5 ml) and
ether (10 ml). The organic layer was washed once with 2M-hydrochloric
acid, once with water, dried over magnesium sulfate, and evaporated in
vacuo to give compound 14a in 31% yield.

The ir spectrum was identical with that of the compound prepared
from corresponding compound 1 and methanol/methyl iodide by the
above procedure.

4-Phenyl-5-phenylsulfonyl-6-thioxo-1,3-thiazin-2-one (15).

A solution of 2-methylthio-4-phenyl-5-phenylsulfonyl-1,3-thiazine-6-
thione (2d, 0.782 g, 2.0 mmoles) in methanol (15 ml) containing triethyl-
amine (0.404 g, 4.0 mmoles) was heated at 70° for 2 hours and to this was
added ether (50 ml) and water (30 ml). The aqueous layer, after being
washed with ether and the ether remaining being removed under_
diminished pressure, was acidified with 2M-hydrochloric acid (pH ca. 1)
to give brown precipitates which were collected, washed with water, and
dried. Recrystallization from acetone-water gave brown crystals, yield
15%, mp 188-189°; ir (potassium bromide): 3140, 1700, 1600, 1525, 1460,
1330, 1305, 1250, 1150, 1110, 1080, 1020 cm™; uv-vis {ethanol): A max
(log €) 310 (4.17), 408 sh (3.51), 470 sh nm (3.16).

Anal. Caled. for C,(H,;;NO,S;: C, 53.17; H, 3.07; N, 3.88; S, 26.61.
Found: C, 52.90; H, 3.07; N, 3.61; S, 26.72.

The ethereal layer was washed once with 2M-hydrochloric acid and
once with water, dried, and evaporated. The resulting oil was dissolved in
a small amount of ethanol to separate yellow crystals, which were col-
lected, washed with ethanol and recrystallized from hot ethanol to give
2-methylthio-4-phenyl-5-phenylsulfonyl-2,3-dihydro-1,3-thiazine-6-thione
(12) (10%), mp 204-205° (Lit [1] 204-205°).

Methyl 3-Ethoxycarbonylamino-2-phenylsulfonyldithiocinnamate (16).

The molar ratio of reactants, conditions, and work up procedure were
similar to those of compound 14a except for the use of ethanol as the sol-
vent. Recrystallization from hot ethanol gave yellow crystals of com-
pound 16 (25%), mp 135-136°; ir (potassium bromide): 3340, 2970, 2920,
1760, 1580, 1560, 1475, 1440, 1340, 1300, 1200, 1140, 1075, 1060, 1020
em™; 'H nmr (deuteriochloroform): 9.73 br (s, 1H), 7.0-8.2 (m, 10H), 4.04
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(g, 2H, J = 7 Hz), 2.36 (s, 3H), 1.19 ppm (t, 3H, J = 7 Hz); **C nmr
(deuteriochloroform): 221.2, 151.8, 147.3, 140.5, 133.9, 133.4, 129.9,
128.9, 1284, 127.7, 62.3, 21.3, 14.2 ppm.

Anal. Caled. for C,H,,NO,S,: C, 54.14; H, 4.54; N, 3.32; S, 22.82.
Found: C, 54.31; H, 4.50; N, 3.01; S, 22.55.

Methyl N{2-Methylsulfonyl-1-phenyl}vinyl Carbamate (17).

Compound 17 was prepared similarly to the synthesis of compound 13
with the exception that the reaction temperature and time were 65° and
3 hours respectively. Recrystallization from hot ethanol gave white
crystals of compound 17 (32%), mp 129-130°; ir (potassium bromide):
3300, 1725, 1605, 1490, 1440, 1290, 1230, 1215, 1110, 1035 cm™; uv
(ethanol): A max (log €} 264 nm (4.19); 'H nmr (deuteriochloroform): 9.18
br (s, 1H), 7.4 (m, 5H), 5.53 (s, 1H), 3.65 (s, 3H), 3.05 ppm (s, 3H); **C nmr
(deuteriochloroform): 152.6, 151.4, 134.5, 130.5, 128.4, 127.3, 107.6, 53.0,
44.3 ppm.

Anal. Caled. for C,H,,NOS: C, 51.75; H, 5.13; N, 5.49. Found: C,
51.62; H, 4.83; N, 5.38.
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