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A new synthesis of pyrido[3,2-f][1,4]thiazepine derivatives 3
starting with 2-chloronicotinic acid (1), methylaminoacetoni-
trile hydrochloride and carbon disulfide is described. As pro-
ved by a crystal structure determination, a boat conformation
with approximated mirror symmetry can be assigned to the
1,4-thiazepine ring in 3b. 2-Chloro-N-cyanomethyl-N-
methyl-5-nitrobenzamide (5) reacts with carbon disulfide in

Introduction

Calcium channel blockers are important cardiovascular
drugs in the treatment of angina pectoris, cardial arrhyth-
mies and hypertension. Most of these agents belong either
to the 1,4-dihydropyridines or to the phenylalkylamines or
to the 1,5-benzothiazepine-2-ones, represented by Diltia-
zem[1]. Benzo- and pyridothiazepines have attracted con-
siderable attention because of their remarkable diversity of
biological activities[2]. As structural analogues of benza-
zepines- and -diazepines they show a wide range of phar-
macological properties including not only neurological ag-
ents[3] (antidepressiva, tranquilizers, neuroleptica), but also
antiarrhythmics[4], antihyperlipidemics[5] [6] [7], antihistamin-
ics [8], etc.

The extensive use of ketene dithioacetals in organic syn-
thesis clearly demonstrates their power as synthetic tools.
Among the various possible reactions available for their
preparation the dithiocarboxylation of carbanions or heter-
ocarbanions with subsequent alkylation is often preferred.
However, it was recently demonstrated in our laboratory
that the use of 2-chloro-substituted benzamides can favour
formation of 1,4-thiazepines through internal nucleophilic
aromatic substitution by the intermediate enedithiol-
ate[9] [10]. In order to extend the scope of this method we
investigated the reaction of 2-chloronicotinamide and 2-
chloro-5-nitro-benzamide with regard to their reactions as
α-heteroatom substituted C-nucleophiles with carbon disul-
fide.

Results and Discussion

In this paper we describe a conceptually and experimen-
tally simple access to the pyrido[3,2-f][1,4]thiazepine skel-
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presence of a strong base in DMF or DMSO depending on
the temperature to either the benzothiopyran compound 6
or by intramolecular aromatic nucleophilic substitution to a
seven-membered ring system as thiolate anion which can be
alkylated to give the 1,4-benzothiazepine derivative 7, or to
an open-chain amido ketene dithioacetal 8.

eton. This new general way represents the formation of the
seven membered heterocycle by the two fragments
C2C2C2N2C and C2S hitherto not reported in the re-
view literature[11] [12] [13] [14]. The synthesis of anellated 1,5-
benzothiazepines has been surveyed[15].

Cyclocondensation of 3-(N-methylacetamido)-2-chloro-
pyridine or 3-acetamido-2-chloropyridine gives 2-arylpyr-
ido[2,3-b][1,5]thiazepin-4(5H)-ones[16] and the reaction of
aromatic and heteroaromatic O-ethyl thiocarboxylates with
the anions of N-arylmethyl(2-chloropyridyl)methylide ami-
nes represents a convenient route to the barely accessible
2,3-di(hetero)arylpyrido[3,2-f][1,4]thiazepines[17]. 5-Phenyl-
5H,11H-pyrrolo[2,1-c][1,4]benzothiazepine was synthesized
by a nucleophilic aromatic fluoride displacement-cycliza-
tion procedure in 25% yield[18] and the preparation of
5H,11H-pyrrolo[2,1-c][1,4]benzothiazepine[19] is also de-
scribed by the same authors.

The N-cyanomethyl-N-methyl amides of nicotinic acid or
substituted benzoic acids are obtained in a conventional
manner by treating the acids with thionyl chloride and re-
acting the intermediate acid chloride (2-chloronicotinoyl
chloride[20] [21] [22] [23]) with methylaminoacetonitrile hydro-
chloride in a two phase system of aqueous (10%) sodium
hydroxide/toluene. The new compounds are obtained in
good to excellent yields with the exception of the new de-
rivative 2 of 2-chloro nicotinic acid which was isolated only
in 19% yield (89% yield is obtained in dichloromethane/
triethylamine at room temperature for 22h). The 2-chloro-
N-cyanomethyl-N-methyl-4-pyridinecarboxamide[24] [25] and
the 4-chloro-N-cyanomethyl-N-methyl-benzamide[26] are al-
ready described in literature.



W. Dölling, M. Biedermann, H. HartungFULL PAPER
Amides are known to exist as syn- and anti-rotamers.

Therefore, NMR spectra of these unsymmetrically substi-
tuted amides 2 and 5 show a double set of signals (see ex-
perimental section).

Compound 2 reacts in dry DMSO with carbon disulfide
in presence of sodium hydride at 50260°C giving a cyclised
intermediate which may be alkylated to the pyridothiaze-
pines 3 with acceptable yield. This reactivity can be ex-
plained by the intermediacy of the enedithiolate and the
intramolecular aromatic nucleophilic substitution of the 2-
chloro-substituent by thiolate anion. The constitution of
the new compounds 3a and 3b is supported by analytical
and spectroscopical findings. Moreover, 3b has been struc-
turally characterized in detail by X-ray analysis.

Scheme 1

The molecular structure and crystallographic atom num-
bering of 3b used in this section are displayed in Figure 1.
The conformation of the 1,4-thiazepine ring is charac-
terized by the endocyclic torsion angles (enumerated clock-
wise and starting with S12C12C22N1) 10.5(4), 255.0(4),
1.1(4), 49.8(5), 25.9(4), 258.6(3), 56.2(3)°. The thiazepine
ring assumes a boat conformation with approximated mir-
ror symmetry; the mirror plane is defined by S1 atom and
the median perpendicular to the C32N1 bond. The April
1997 version of the Cambridge Structural Database[27] was
searched for pyrido[3.2-f][1,4]thiazepines (and other related
1,4-thiazepines, too) but only 5-(4-methyl-piperazinylpy-
rido[3,2-f][1,4]benzothiazepine[28] as a compound with a
suitable comparative structure was found. Its seven-mem-
bered ring conformation is close to that of 3b, the maximum
difference of corresponding torsion angles in the two struc-
tures is less than 10°. The N1 atom in 3b is sp2 hybridized
(bond angles sum to 359.8°). Due to their different environ-
ments the two endocyclic bond lengths N12C2 [1.420(5)
Å] and N12C3 [1.352(5) Å] are significantly unequal. The
standard values for a C(sp2)2N(sp2) single and double
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bond are given in the literature[29] with 1.40 and 1.29 Å,
respectively. Compared with these values, N12C2 is slightly
longer than a usual normal single bond and N12C3 length
is the average between a single and double bond. The two
bond lengths C12S1 [1.750(4) Å] and C82S1 [1.785(4) Å]
deviate only slightly from each other having the standard
value of 1.76 Å for a C(sp2)2S single bond[29] in between.
Anomalously high values of the displacement parameters
(see Figure 1) and unusual geometric parameters indicate a
certain degree of disorder of the ethylthio substituent. The
pyridine ring is exactly planar with no atom deviating by
more than 0.008 Å from the l.s. plane.

Figure 1. Molecular structure and atom numbering of 3b. Displace-
ment ellipsoids are drawn at the 30% probability level and H atoms

as small circles of arbitrary radii.

Thus, deprotonation of the α-aza methylene group of
these especially designed 2-chloro substituted aromatic ami-
des with sodium hydride or potassium tert-butoxide yields
the corresponding α-aza carbanions which are stable and
react with carbon disulfide. Heating the reaction mixture
for 6 hours at 1302150°C ensures the completion of the
nucleophilic aromatic substitution[30238], clearly demon-
strating the versatility of this synthetic strategy for the for-
mation of arene or hetarene anellated 1,4-thiazepines
(Scheme 1).

To our surprise another reaction pathway was found in
the case of the treatment of 2-chloro-N-cyanomethyl-N-
methyl-5-nitrobenzamide (5) with sodium hydride in
DMSO or DMF and carbon disulfide. In contrast to the
expected formation of a compound analogous to 3 a hal-
ogen metal exchange in ortho position occured[39] [40] [41] fol-
lowed by attack of carbon disulfide and cyclization to
4-methoxy-3-methylthio-6-nitro-2-benzothiopyran-1-thione
(isothiocumarin-thione) (6).
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Scheme 2

The structure assigned to product 6 is supported by spec-
tral and analytical data as follows: The mass spectrum con-
tains peaks at m/z 255 (M 2 CS) and 135 (MeOC6H4CO,
85%) and the 1H-NMR spectral properties are character-
istic for a nitrophenyl, methoxy (but not for a methylamino)
and methylthio group. There is no CN-absorption in the IR
spectrum. In the 13C-NMR a relatively low field signal for
the thiocarbonyl group was observed (see experimental sec-
tion).

There is some evidence for the existence of compounds
like 6 in literature[42] [43].

Furthermore, we were able to isolate the ketene di-
thioacetal 8 by reaction of 5 with carbon disulfide. The
NMR spectrum obtained at 30°C shows a double set of all
expected signals in the ratio of 1 to 5 (see experimental sec-
tion).

Another result should be mentioned in this connection.
In the case of 4-nitro derivative instead of 5 at 1302150°C
the formation of 4-methyl-2-methylthio-8-nitro-5(4H)-oxo-
1,4-benzothiazepine-3-carbonitrile (yield 19%) in analogy
to that of 3 is observed whereas at lower temperatures no
reaction took place. [50] This behaviour is quite different
from that of the benzamide 5 bearing the nitro group in 5-
position. For 5 already at 50°C cyclization and ring trans-
formation to 7 occurs whereas at 0°C the appropriate ke-
tene dithioacetal 8 is formed (cf. Scheme 2).

Apparently, reaction pathway is influenced by the pres-
ence of the nitro group in 4- or 5-position.

The structure of compound 7 was confirmed by 1H- and
13C-NMR-investigations, IR spectroscopy as well as mass
spectrometry. In 1H-NMR spectrum only two signals (δ
7.47 and 8.38) were observed in the aromatic region. At δ
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5.78 there is a singlett corresponding to an olefinic proton.
At δ 2.61 and 3.30 there are singletts of the protons of the
S-methyl or N-methyl group, respectively. A 4J coupling of
the two hydrogen atoms in ortho position to the nitro group
indicating the initially postulated 2-methylthio-compound
is not observed and the signal at δ 52 in the 13C-NMR gives
a C2H coupling of 158 Hz. That means that H and SCH3

have changed their positions. The conversion presumably
proceeds via ring transformation. In a first step the ene-
dithiolate cyclises and its H atom in 6-position is converted
into a hydride ion. The latter then opens the ring formed in
the first step to an enthiolate which for its part substitutes
the chlorine atom in 2-position. As the result of the de-
scribed sequence after reaction with iodomethane com-
pound 7 is formed.

Comparable difficulties concerning the presence of a
nitro group were reported in literature. 2-Chloro-5-nitro-29-
mercaptobenzanilide fails to undergo cyclization to a di-
benzothiazepinone by hot aq. alkali [44]. It readily changes
to the benzothiazole derivative, whereas 2-chloro- and 2,5-
dichloro-29-mercaptobenzanilides can be readily converted
into the expected anellated heterocycles.

The support by the Fonds der Chemischen Industrie is gratefully
acknowledged. The authors thank Mr. Frédéric Géraud (ENSCR,
Rennes, France) and Mr. Jan Procházka (University of Pardubice,
Czech Republic) for experimental work during a practical trainee
course.

Experimental Section
General: All dithiocarboxylation reactions were carried out un-

der argon atmosphere. Melting points were determined with a
Kofler hot stage microscope and are uncorrected. Infrared spectra
were measured with an IR-spectrophotometer 0Specord“ Carl Zeiss
Jena or FTIR-spectrometer 1000 of Perkin-Elmer. 1H- and 13C-
NMR spectra were recorded with either a Bruker WP 200 or AC
80 or a Varian Gemini 200 or Unity 500 spectrometer in CDCl3.
Mass spectra (70 eV) were measured with an AMD 402 of the
AMD Intectra GmbH. Reactions were monitored by TLC using
DC Alufolien, Kieselgel 60 F254 (Merck) plates and were visualized
under UV irradiation. Column chromatography was performed
with Kieselgel 60 (Merck; particle size 0.06320.2 mm). The el-
emental analyses were performed with an elementary analyser Va-
rio EL Foss Heraeus of Elementar-Analysen-Systeme GmbH.

2-Chloro-N-cyanomethyl-N-methylnicotinamide (2): Methyl-
aminoacetonitrile hydrochloride (10.56 g, 0.1 mol) was dissolved in
water (60 ml). 2-Chloronicotinoyl chloride, [prepared by reacting
2-chloronicotinic acid (1) (15.76 g, 0.1 mol) in thionyl chloride (70
ml) and distillation of the excess SOCl2] dissolved in toluene (60
ml) was added. Under cooling and vigorous stirring a sodium hy-
droxide solution was added until the reaction mixture was alkaline.
After one hour stirring the layers were separated. The organic one
was washed three times with water, dried with anhydrous sodium
sulfate and concentrated to give 4.0 g (yield: 19%) of a colourless
solid which may be purified by recrystallisation from water, m.p.
78281 oC. 2 IR (KBr): ν̃ 5 3064, 3026, 2994, 2965, 2935, 2253,
1642, 1605, 1580, 1561, 1499, 1491, 1449, 1437, 1405, 1397, 1339,
1296, 1263, 1237, 1205, 1134, 1107, 1061, 1047, 985, 961, 927, 889,
825, 774, 761, 736, 682, 638, 617 cm21. 2 1H-NMR (CDCl3): δ 5

3.02 (s, 2.57 H, NCH3), 3.25 (s, 0.43 H, NCH3), 4.07 (s, 0.3 H,
NCH2), 4.53 (s, 1.7 H, NCH2), 7.36 (dd, H, H-4, 3J 5 7.62 Hz,
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4J 5 4.88 Hz), 7.69 (dd, H, H-5, 3J 5 7.62 Hz, 4J 5 1.95 Hz), 8.48
(dd, H, H-6, 3J 5 4.88 Hz, 4J 5 1.95 Hz) . 2 MS; m/z (%): 209
(M1, 7), 174 (16), 140 (100), 112 (46), 85 (7), 76 (29). 2

C9H8ClN3O (209.6): calcd. C 51.55, H 3.85, N 20.04, Cl 16.91;
found C 51.53, H 3.90, N 20.22, C 16.89.

2-Chloro-N-cyanomethyl-N-methyl-5-nitrobenzamide (5): Methyl-
aminoacetonitrile-HCl (10.56 g, 0.1 mol) was dissolved in water (40
ml). 2-Chloro-5-nitro benzoyl chloride (prepared by refluxing of
20.16 g, 0.1 mol 2-chloro-5-nitro benzoic acid (4) and thionyl chlo-
ride) in toluene (40 ml) was added. Under cooling and vigorous
stirring a sodium hydroxide solution was added until the reaction
mixture was alkaline. After one hour stirring the product precipi-
tated was separated by filtration to give 25.21 g (yield: 99%) of a
colourless solid, m.p. 121 oC. 2 IR (KBr): ν̃ 5 3099, 3075, 3036,
2995, 2951, 2864, 2403, 2347, 2245, 1920, 1641, 1593, 1527, 1497,
1467, 1404, 1349, 1299, 1261, 1221, 1185, 1142, 1121, 1088, 1043,
989, 961, 924, 911, 876, 839, 773, 750, 727, 697, 655, 608, 540, 486,
417 cm21. 2 1H-NMR (CDCl3): δ 5 2.99 (s, 2.6 H) and 3.26 (s,
0.4 H, CH3), 4.03 (s, 0.28 H) and 4.54 (s, 1.72 H, NCH2), 7.52 (d,
H, 3J 5 8.4 Hz, aromatic H-3), 8.211 (dd, H, 3J 5 8.4 Hz, 4J 5

2.15 Hz, aromatic H-4), 8.307 (d, H, 3J 5 2.15 Hz, aromatic, H-6)
. 2 MS; m/z (%): 253 (11), 218 (13), 184 (100), 168 (5), 154 (8),
138 (32), 126 (15), 110 (15), 75 (19). 2 C10H8ClN3O3 (253.7): calcd.
C 47.35, H 3.18, N 16.57; found C 47.44, H 3.17, N 16.36.

4-Methyl-2-methylthio-5(4H)-oxopyrido[3,2-f][1,4]thiazepine-
3-carbonitrile (3a): Sodium hydride (0.5g 80% in paraffin oil, 10
mmol) was added to a solution of 2-chloro-N-cyanomethyl-N-
methylnicotinamide (2) (1.05 g, 5 mmol) and carbon disulfide (0.38
g, 0.3 ml, 5 mmol) in dry DMSO (20 ml) at 10 oC. After the ad-
dition, the mixture was warmed up to 50260°C and stirred for 6
h. After this time iodo methane (1.53 g, 0.66 ml, 10 mmol) was
added and the resulting mixture was stirred for 3 h at room temp.
Then the solution was poured into ice water. The precipitate was
filtered off and dried. This yellow solid material (1.76 g) obtained
was heated with methanol and filtered off. The filtrate was cooled
and a pale yellow substance precipitated. Recrystallization from
methanol gave the pure sample (0.55 g, yield: 42%) as colourless
needles, m.p. 1762177.5 oC. 2 IR (KBr): ν̃ 5 2928, 2210, 1649,
1575, 1557, 1471, 1452, 1403, 1365, 1297, 1232, 1173, 1116, 1079,
1029, 962, 926, 894, 820, 793, 757, 716, 642, 582, 523 cm21. 2 1H-
NMR (CDCl3): δ 5 2.62 (s, 3 H, SCH3), 3.37 (s, 3 H, NCH3), 7.41
(dd, H, 3J 5 7.82 Hz and 4.85 Hz, pyrid. H-7), 8.12 (dd, H, 3J 5

7.82 Hz, 4J 5 1.95 Hz, pyrid. H-6) , 8.52 (dd, H, 3J 5 4.75 Hz,
4J 5 1.95 Hz, pyrid. H-8) . 2 13C-NMR (CDCl3): δ 5 166.4 (C5

O), 156.6 (C-9a), 153.2 (C-2), 151.5 (C-8), 140.7 (C-6), 133.5 (C-
5a), 124.5 (C-7), 113.4 (CN), 113.3 (C-3), 35.6 (N-CH3), 18.3
(SCH3) . 2 MS; m/z (%): 263 (M1, 35), 217 (100), 196 (47), 189
(16), 152 (69), 109 (8), 91 (53), 77 (17), 67 (56). 2 C11H9N3OS2

(263.3): calcd. C 50.17, H 3.44, N 15.96; found C 50.01, H 3.46,
N 15.48.

2-Ethylthio-4-methyl-5(4H)-oxopyrido[3,2-f][1,4]thiazepine-3-
carbonitrile (3b): Sodium hydride (0.5g 80% in paraffin oil, 10
mmol) was added to a solution of 2-chloro-N-cyanomethyl-N-
methylnicotinamide (2) (1.05 g, 5 mmol) and carbon disulfide (0.38
g, 0.3 ml, 5 mmol) in dry DMSO (20 ml) at 10 oC. After the ad-
dition, the mixture was warmed up to 50260°C and stirred for 6
h. After this time iodoethane (1.53 g, 0.66 ml, 10 mmol) was added
and the resulting mixture was stirred for 3 h at room temp. Then
the solution was poured into ice water. The oily precipitate was
extracted several times with ethyl acetate, washed with water and
dried over anhydrous sodium sulfate. The residue was filtered off
and dried. This material (2.12 g) obtained was dissolved in di-
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chloromethane and purified by column chromatography on silica
gel (Merck 60, eluent ethyl acetate/n-hexane 1:1) to afford 0.39 g
of a green white solid. Recrystallization from methanol gave the
pure sample (0.30 g, yield: 22%) as a colourless solid, m.p.
1352136.5 oC. 2 IR (KBr): ν̃ 5 3050, 2927, 2212, 1652, 1575,
1557, 1450, 1421, 1402, 1373, 1295, 1253, 1170, 1112, 1077, 1060,
1028, 974, 930, 894, 825, 795, 759, 734, 716, 643, 582, 524, 478,
427 cm21. 2 1H-NMR (CDCl3): δ 5 1.18 (t, 3 H, CH3), 3.17 (br
s, 2 H, SCH2), 3.40 (s, 3 H, NCH3), 7.44 (dd, H, 3J 5 7.81 Hz and
4.69 Hz, pyrid.part H-7), 8.15 (dd, H, 3J 5 7.72 Hz, 4J 5 1.95 Hz,
pyrid.part H-6), 8.55 (dd, H, 3J 5 4.69 Hz, 4J 5 1.95 Hz, pyrid.part
H-8) . 2 13C-NMR (CDCl3): δ 5 166.5 (C5O), 156.6 (C-9a), 151.8
(C-2), 151.5 (C-8), 140.7 (C-6), 133.4 (C-5a), 124.4 (C-7), 114.5
(CN), 113.4 (C-3), 35.7 (N-CH3), 29.7 (SCH2), 15.1 (CH3) . 2 MS;
m/z (%): 279 (M12, 4; two sulfur atoms), 277 (M1, 44), 217 (100),
210 (23), 204 (12), 182 (18), 152 (19), 105 (13), 77 (16), 67 (58). 2

C12H11N3OS2 (277.4): calcd. C 51.96, H 4.00, N 15.15; found C
51.81, H 3.89, N 15,21.

4-Methoxy-3-methylthio-6-nitro-2-benzothiopyran-1-thione
(Isothiochromene-1-thione) (6): Sodium hydride (0.5g 80% in paraf-
fin oil, 10 mmol) was added to a solution of 2-chloro-N-cyano-
methyl-N-methyl-5-nitrobenzamide (5) (1.27 g, 5 mmol) and car-
bon disulfide (0.38 g, 0.3 ml, 5 mmol) in dry DMF (20 ml) at
210 oC. After the addition, the mixture was warmed up to room
temperature and stirred for 6 h at 150 oC. After this time it was
cooled to 210 oC. Iodomethane (1.53g, 0.66 ml, 10 mmol) was
added and the resulting mixture was stirred for 1 h at room temp.
Then the solution was poured into ice water. The precipitate was
filtered off and dried. This material (2.12 g) obtained was dissolved
in dichloro methane and purified by column chromatography on
silica gel (Merck, Kieselgel 60, eluent ethyl acetate/n-hexane 1:1) to
afford 0.2 g of an oil. Recrystallization from ethanol gave the pure
sample (0.18 g, yield: 12%) as a colourless solid (Rf 5 0.68, ethyl
acetate/n-hexane 1:1), m.p. 1702171 oC. 2 IR (KBr): ν̃ 5 2922,
2852, 1673, 1583, 1549, 1419, 1380, 1335, 1288, 1254, 1197, 1143,
1119, 1089, 1059, 952, 845, 833, 759, 677, 602 cm21. 2 1H-NMR
(CDCl3): δ 5 2.52 (s, 3 H, SCH3), 3.90 (s, 3 H, OCH3), 6.87 (d, H,
4J 5 1.95 Hz, aromatic H-6), 7.216 (dd, H, 3J 5 8.59 Hz, 4J 5

1.95 Hz, aromatic H-8), 8.17 (d, H, 3J 5 8.59 Hz, aromatic H-9) .
2 13C-NMR (CDCl3): δ 5 192.0 (C5S), 160.3 (C-6), 148.5 (C-8a),
136.9 (C-4), 131.6(C-8), 124.7 (C-4, C-7), 118.8 (C-4a), 116.3 (C-
3), 34.7 (O-CH3), 14.6 (SCH3) . 2 MS; m/z (%): 255 [M1-CS] (49),
222 (4), 182 (100), 167 (7), 153 (8), 139 (22), 122 (9), 95 (16), 69
(10), 63 (13). 2 C11H9NO3S3 (299.3): calcd. C 44.13, H 3.03, N
4.67; found C 44.07, H 3.30, N 4.72.

4-Methyl-6-methylthio-7-nitro-5(4H)-oxo-1,4-benzothiazepine-3-
carbonitrile (7): Sodium hydride (0.5g 80% in paraffin oil, 10 mmol)
was added to a solution of 2-chloro-N-cyanomethyl-N-methyl-5-
nitrobenzamide (5) (1.27 g, 5 mmol) and carbon disulfide (0.38 g,
0.3 ml, 5 mmol) in dry DMSO (20 ml) at 10°C. After the addition,
the mixture was warmed up to room temperature and stirred for 6
h at 50260 oC. After this time it was cooled to room temp. Iodome-
thane (1.53g, 0.66 ml, 10 mmol) was added and the resulting mix-
ture was stirred for 2 h at room temp. Then the solution was poured
onto ice water containing some drops of conc. hydrochloric acid.
The oily precipitate was three times extracted with ethyl acetate
and dried with sodium sulfate. The material (2.12 g) obtained by
evaporation of the solvent was dissolved in dichloromethane and
purified by column chromatography on silica gel (Merck 60, eluent
ethyl acetate/n-hexane 1:1) to afford 0.21 g of a yellow solid.
Recrystallization from methanol gave the pure sample (0.18 g,
yield: 12%) as yellow crystals, m.p. 180 oC (decomp.). 2 IR (KBr):
ν̃ 5 3098, 3076, 2989, 2928, 2856, 2212, 1929, 1812, 1655, 1594,
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1583, 1521, 1466, 1443, 1423, 1394, 1352, 1303, 1291, 1246, 1166,
1121, 1061, 1033, 981, 955, 926, 909, 874, 848, 788, 766 cm21. 2
1H-NMR (CDCl3): δ 5 2.61 (s, 3 H, SCH3), 3.30 (s, 3 H, NCH3),
5.78 (s, H, H-2) 7.47 (d, H, 3J 5 8.83 Hz, aromatic H-9), 8.38 (d,
H, 3J 5 8.83 Hz, aromatic H-8) . 2 13C-NMR (125,705 MHz,
[D6]DMSO): δ 5 164.5 (C5O), 149.3 (C-7), 138.4 (C-6), 133.2 (C-
5a), 127.7 (d, J (C, H) 5 169.8 Hz, C-8), 127.6 (C-9a), 126.1 (d,
J (C, H) 5 169.8 Hz, C-9), 113.8 (d, J (C5CH) 5 10 Hz, C-3),
112.5 (CN), 52.0 (d, J (C, H) 5 156.8 Hz, C-2), 27.6 (q, J (C, H) 5

140 Hz, N-CH3), 13.5 (q, J (C, H) 5 141 Hz, SCH3) . 2 MS; m/z
(%): 277 (14), 263 (100), 246 (18), 233 (15), 216 (65), 200 (13), 186
(34), 170 (14), 159 (30), 142 (29), 121 (14), 91 (32), 75 (29), 50 (62).
2 C12H9N3O3S2 (307.4): calcd. C 46.90, H 2.95, N 13.67, S 20.80;
found C 47.21, H 3.17, N 14.32, S 20.78.

3,3-Bis(methylthio)-2-[N-(2-chloro-5-nitrobenzoyl)-N-
methylamino]acrylonitrile (8): Sodium hydride (0.5g 80% suspen-
sion in paraffin oil, 10 mmol) was added with stirring and in an
argon atmosphere to a solution of 2-chloro-N-cyanomethyl-N-
methyl-5-nitrobenzamide (5) (1.27g, 5 mmol) and carbon disulfide
(0.38 g, 0.3 ml, 5 mmol) in DMF (30 ml, dried with CaH2 and
stored over molecular sieves) at 0°C. After the addition, the mix-
ture was stirred for 2 h. Iodomethane (1.53 g, 0.66 ml, 10 mmol)
was added and the resulting mixture was stirred for 1 h at room
temp. Then the solution was poured into ice water and acidified by
adding hydrochloric acid. The precipitate was extracted with ethyl
acetate. This material (2.07 g) obtained after evaporation was puri-
fied by column chromatography on silica gel (Merck 60, eluent
ethyl acetate/n-hexane 1:1) to afford 0.96 g of a yellow oil. Recrys-
tallization from ethanol gave the pure sample (0.86 g, yield: 48%)
as yellow crystals (Rf 5 0.44, ethyl acetate/n-hexane 1:1), m.p.
912109 oC. 2 IR (KBr): ν̃ 5 3094, 2928, 2204, 1669, 1597, 1530,
1477, 1424, 1347, 1292, 1255, 1186, 1139, 1121, 1108, 1075, 1055,
1029, 974, 928, 895, 874, 838, 780, 760, 745, 721, 661, 490, 413
cm21. 2 1H-NMR (CDCl3): δ 5 2.23 (s, 2.4 H, SCH3), 2.43 (s, 2.4
H, SCH3), 2.51 (s, 0.6 H, SCH3), 2.57 (s, 0.6 H, SCH3), 3.00 (s, 0.6
H, NCH3), 3.28 (s, 2.4 H, NCH3), 8.1 (dd, 0.8 H, 4J 5 2.15 Hz,
3J 5 8.5 Hz, H-4, aromatic), 7.56 (d, 0.2 H, 3J 5 8.5 Hz, H-3,
aromatic), 7.63 (d, 0.8 H, 3J 5 8.5 Hz, H-3, aromatic), 8.21 (dd,
0.2 H, 4J 5 2.15 Hz, 3J 5 8.5 Hz, H-4, aromatic), 8.27 (d, 0.8 H,
4J 5 2.15 Hz, H-6, aromatic), 8.31 (d, 0.2 H, 4J 5 2.15 Hz, H-6,
aromatic) . 2 MS; m/z (%): 310 (M1-SCH3, 100), 264 (9), 184 (13),
173, (18), 138 (13), 91 (25). C13H12ClN3O3S2 (357.8): calcd. C
43.64, H 3.38, N 11.74; found C 43.54, H 3.03,N 11.85.

Crystal Structure Analysis [45]. 2 Crystal Data: C12H11N3OS2,
Mr 5 277.36, monoclinic, space group Pn (No. 7), a 5 4.5810(3),
b 5 14.094(1), c 5 10.3379(8) Å, ß 5 95.033(7)°, V 5 664.89(9)
Å3, Z 5 2, µ 5 0.391 mm21, dcalcd 5 1.385 g/cm3; Data collection:
Stoe STADI4 diffractometer, crystal size 0.42 3 0.25 3 0.17 mm,
T 5 293(2) K, Mo-Kα radiation (graphite monochromator, λ 5

0.71073 Å), Θ/2Θ scan mode, Θ range 2.45230.00°, h,k,l range
6̄/6,19/19,14/14, 3930 measured reflections, 2732 unique observed
reflections [I > 2σ(I)]; Structure solution and refinement: Heavy
atom method, full-matrix least-squares refinement on F2, hydrogen
atoms at geometrically calculated positions and treated according
to the riding model, all non-hydrogen atoms refined anisotropically,
23.8 reflections/parameter, max. and min. electron density in last
difference Fourier synthesis 0.369 and 20.333 e/Å3, (∆/σ)max in last
l.s. cycle 0.000, R1 5 0.0581 for I > 2σ(I), wR2 5 0.1379 and S 5

1.178 for all data, w 5 1/[σ2(Fo
2)1(a?P)21b?P] with P 5 1/

3(Fo
212Fc

2) and a 5 0.0304, b 5 0.3477, absolute configuration
[Flack parameter[46] 5 20.08(11)]. Programs used: SHELXS-86[47],
SHELXL-93[48], XP/PC[49].
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