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Ketene dithioacetals 2 react with 2-aminothiophenol to afford
the corresponding substituted 2(3H)-methylenebenzothiazoles
3. Some compounds 3 react with o,f-unsaturated esters to give

1H-pyrido{2,1-b]benzothiazole derivatives 4 and 5 by an elec-
trophilic addition and cyclocondensation sequence.

Heterocyclic ketene aminals are versatile starting mate-
rials for the synthesis of a wide variety of fused heterocycles.
While the synthesis and reactions of heterocyclic ketene
aminals have attracted much attention'~'®, the synthesis
and reactions of their sulfur analogues, heterocyclic ketene
N,S-acetals, have only been studied in a few cases®~"1*~=2%,
Recently, the preparation and some reactions of ketene N,S-
acetals with a thiazolidine ring have been reported by us?.
Here, we describe the synthesis and some reactions of ketene
N,S-acetals with a benzothiazoline ring. In addition, we also
discuss the tautomerism problem of some benzothiazoline
ring-substituted ketene N,S-acetals.

Ketene N,S-acetals 3a—1 are obtained by the reaction of
ketene dithioacetals 2a—1 with 2-aminothiophenol. The
starting materials 2 are prepared by the reaction of active
methylene compounds 1 with sodium hydride and carbon
disulfide, followed by methyl iodide treatment in a one-pot
reaction. When both X and Y are electron-withdrawing
groups, 3a—g may be obtained by reaction of 2a—g with
2-aminothiophenol in boiling absolute ethanol, in good to
excellent yields. In the case of 2h—1, where only one elec-
tron-withdrawing group is present, 3h—1 cannot be ob-
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tained by this method. In these cases, 3h—1 may be prepared
from 2h—1 with 2-aminothiophenol in the presence of so-
dium in boiling dioxan, in order to increase the nucleophil-
icity of the 2-aminothiophenol. The reaction time is de-
pendent on the structure of 2; in general, the stronger the
electron-withdrawing effect of X and Y, the more rapid the
reaction.

Ketene N,S-acetal 3m is synthesized by the reaction of
3a with sodium methoxide by nucleophilic attack at the
acetyl groups.
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The constitutions of the products 3 are confirmed by el-
emental analyses and mass spectra. The ‘H- and *C-NMR
data are listed in Tables 1 and 2, respectively. Only one set
of signals was observed in the 'H- and *C-NMR spectra of
3a—h, indicating that these compounds are not a mixture.
The absence of a methine proton signal and the presence of
a nitrogen proton signal in the 'H-NMR spectra of these
products exclude the structure of tautomer A. The presence
of a ketonic or ester carbonyl carbon signal in the *C-NMR
spectra of these products also excludes the structure of tau-

tomer B.
HQ,
o4 O
S H s Yy

However, in the "H-NMR spectra of ketene N,S-acetals
3i—m, in addition to the signals of the nitrogen proton and
the ethylenic proton, a methylene proton signal is also ob-
served. This indicates that a tautomeric equilibrium between
enamine form 3i—m and imine form 37 —m’ exists in these
compounds. This fact is confirmed by the *C-NMR spectra,
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Table 1. 'TH-NMR data of 3 in [Ds]DMSO with TMS as internal standard
c < c L] c e
° f e f
A A o |
O N COCH3(CO,CHz, CO,CH,CH3, Cehs) N £O Z(COCHy) (e~ N 0 Z
@ O, 1 O
S COCH3(CO,CH3z, CO2CH,CHg, CN) HE I
3a-h I I I I 3i-m 9 9
¢
¢ d d f
H? H* H° H¢ He Hf He¢
3a% 7.25—17.83 (m) 1517 (s) 2.55(s)
3p” 7.47-7.69 (m) 13.75 (s) 253 (s) 3.83 ()
3¢¥ 7.14—-7.67 (m) 13.97 (s) 2.56 (5) 428 (q) 1.38 ()
3d” 7.15-7.62 (m) 13.20 (s) 425 (g) 1.35 (1)
3e 7.20—7.94 (m) 9.30 (s)
3t 7.47-7.90 (m) 13.00 (s) 3,70 (s)
3g 7.10—7.90 (m) 13.03 (s) 420 (@ 1.29 (1)
3h 7.00—8.17 (m) 9.00 (5) 7.00—8.17 (m)
3i 7.40—8.00 (m) 12.33 (s) 6.80 () 5.02 (s) 7.40—8.00 (m)
3j 7.28—8.07 (m) 1235 () 6.76 (s) 497 (s) 7.81 (d) 7.26 (d) 234 (s)
3k 7.40—8.13 (m) 12.40 (s) 6.71 () 4.93 (s) 7.85 (d) 702 (d) 3.80 ()
31 7.25—17.85 (m) 12.58 () 6.79 (s) 5.05 (s) 7.88 (d) 7.53 (d)
3m 7.25-8.12 (m) 12.07 (s) 5.94 (s) 441 (s) 2.04 (s), 227 ()
% In CDCl,.

and is in contrast to the thiazolidine ring-substituted ketene
N,S-acetals?, in which only the enamine form exists. This
difference may be due to conjugation of the —N=C bond
with the benzene ring in the imine form of benzothiazoline
substituted ketene N,S-acetals. The ratios of 3i—m to
3i' —my’, estimated roughly from the "H-NMR spectra, are
listed in Table 3.

O — O

3i-m 31-3m’

It is observed that the electron-withdrawing effect of sub-
stituents in the aroyl group favors the enamine form, and
increase of the polarity of the solvent is also favorable for
the enamine form.

The stereochemical problem of distinguishing the E and
Z isomers of 3 is solved by intramolecular hydrogen bond
formation. In general, compounds with intramolecular hy-
drogen bonds are more stable. Intramolecular hydrogen
bond formation is proven by the downfield shift (6 =
12.07—15.17, see Table 1) of the nitrogen proton signal in
the 'H-NMR spectra, and it suggests that 3b and ¢ are Z
configurated, whereas 3f,g, 3i—m prefer the E configura-
tion. By this method, the stereochemical problem of 3h is
still unsolved.

From the spectroscopic data listed in Tables 1 and 2 and in the
experimental part, a bathochromic shift of the carbonyl and double
bond absorptions in the IR spectra and upfield shift of the carbonyl
carbon signal in the *C-NMR spectra are observed, due to con-
jugation of the carbonyl group with the double bond and nitrogen
and sulfur atoms. The upfield shift of the C-8 signal indicates that

this atom possesses higher electron density, and electrophilic attack
may be expected to occur at this carbon atom. Recently, we have
reported the reaction of thiazolidine ring substituted ketene N,S-
acetals with o f-unsaturated esters to give thiazolo[3,2-a]pyridin-
5-one derivatives by an electrophilic addition and cyclocondensa-
tion sequence?. Similarly, the reactions of 3i—m with o,B-unsat-
urated esters provide 1H-pyrido[2,1-b]benzothiazole derivatives.

3i—m react smoothly with methyl propiolate in boiling
absolute ethanol to give crystalline products in good to ex-
cellent yields. The elemental analyses and mass spectra in-
dicate that an addition of 3i—m to methyl propiolate takes
place, which is accompanied, however, by a condensation
reaction with elimination of one mole of methanol. The
downfield shift of H? signals (‘"H NMR) and amide carbonyl
carbon signal (*C NMR) prove the structure of the products
to be 4a —e and exclude their isomer C. The reaction mech-
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Table 2. *C-NMR data of 3 in [D]DMSO with TMS as internal standard
1 910 9 10 9 10 11 9
A LT
5 @Er 78 COCH3(CO2CH3, CO,CH,CH3, CN)
M S
% / COCH3(CO,CH3, CO,CHoCHs, CN)
6 1213 12 13 12 13 14 12
3a-g
C-1 C-2 C-3 C-4 C-5 C-6 C-7 C-8 C-9 Cc10 C-11 C12 C13  C-14
3a 135.3 114.9 126.8 1241 121.9 130.9 1721 94.8 192.6 31.0 192.6 31.0
3b? 138.3 113.7 126.9 124.0 121.6 128.6 169.2 97.5 193.2 30.0 168.5 51.3
3c? 138.3 113.5 1267 1239 1215 1285 169.0 976 1931 30.2 1680 603 142
3d 138.7 1137 1263 1230 1225 126.8 168.3 989  166.8 593 139 1668 593 139
3e 141.1 113.8 127.6 124.0 122.7 124.9 170.8 98.8 115.6 115.6
3f 139.5 113.7 1271 123.6 122.2 128.5 168.2 98.8 166.0 514 114.1
3g 1394 113.7 1271 123.5 1221 128.6 168.2 94.7 165.9 60.0 14.5 117.0
1 1 . L 12,
1 2 \ / 13 9 14 1 9 \ / 13 9" 14
Ve LMy 1V
s N £O —@—z (COCH) 8} —@—z (COCHj)
QL 1 O
H 7 H
/ 10 4 10’ 14
6 & e
3i-m 3 -m
C-1-C-6 C-10-C-13 C-14 , , ,
CA’—C-6' C10'—C-13 C-7 C-8 Gy G ©7 C-8 C-9
3i¥ 139.2 1387 1358 1344 1338 1313 1303 1679 908 1795 165.5 437 1924
128.5 126.4 1259 125.0 124.7 124.1 121.4
119.9 119.8
3j¢ 1448 1406 1360 1333 1320 1295 1292 1682 903 1802 21.6 1657 438 1936
128.8 1284 128.3 126.4 125.9 1254 125.0 21.5
124.6 124.4 124.0 122.9 121.5 119.8
3k® 1639 1615 1358 1333 1324 131.8 1309 1681 893 1788 554 1660 434 1924
127.5 126.3 126.1 125.8 1249 123.7 122.7 55.2
1214 121.2 1194 1143 1139 113.3
k18 139.6 138.0 136.0 133.2 131.2 130.0 129.7 167.7 90.9 179.6 164.9 440 192.8
1294 1288 12814 1278 1277 1273 1264
124.8 1243 122.8 1214 119.9 119.8
3m? 1394 135.6 126.0 1254 125.0 123.7 1234 169.5 924 193.2 29.7 162.6 48.2 202.0
1227 1216 1214 1209 1194 220
9 In CDCl,,.

Tab. 3. The ratios of 3i—m to 3i"— of these products are similar to 4 and were confirmed to be

5a—e by spectroscopic data and elemental analyses.

3i/3  3j3j’ 3kA3k’ 331 3m/3m’
CO,CH5
In [DDMSO  82/18  78/22  65/35  92/8  46/54 ¢ N —CO,CH3
In CDCl 67/33 5347 33/67  81/19  30/70 Siem + I —
c
|
CO,CHy 5a-e

anism probably resembles the reaction of ketene aminals

with propiolate™. 3i—m react sluggishly with methyl acrylate, only the

3i—m react easily with dimethyl acetylenedicarboxylate
to give crystalline products in excellent yields. The structures
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more reactive 4-methoxybenzoyl-substituted ketene N,S-ac-
etal 3k can react with methyl acrylate, and an addition
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Table 4. '"H-NMR data of 4, 5, and 6 in CDCl; with TMS as internal standard
h t
8 H9 HY He
Ha A t d Ha l t d H® l
@E Ny l l N—co,cH; l l . @5 co OCH3
c == c == >=<
s CO—@—Z (COCH3) s CO—QZ (COCH3) S CHoCH,C0,CH3
HE
Hd He Hd  He
4 5 6 \/ I
g
H* H* H¢ H¢ He H' He H"
4a 9.19-9.36 (m) 7.41—7.71 (m) - 6.38 (d) 7.84 (d)
4b 9.19—-9.35 (m) 7.13—=7.48 (m) 7.61 (d) 7.21 (d) 2.40 (s) 6.36 (d) 7.84 (d)
4c 9.15—-9.31 (m) 7.34—17.70 (m) 7.55 (d) 687 (d) 3.81 (s) 6.35 (d) 7.83 (d)
4d 9.19—-9.35 (m) ——7.29~7.75 (m) 6.37 (d) 7.77 (d)
4e 9.14-9.30 (m) 7.35—7.75 (m) 2.53 (s) 6.40 (d) 7.89 (d)
5a% 9.04—9.18 (m) 8.11 —8.26 (m) 7.60—7.78 (m) ~ 6.77 (s) 3.20 (s)
5p® 9.02—9.19 (m) 7.96-—8.16 (m) 7.16—7.63 (m) ———— 2.35 (s) 6.59 (s) 3.18 (s)
5¢9 9.10—9.27 (m) 8.03—8.18 (m) 7.50—7.73 (m) 7.60 (d) 7.01 (d) 3.80 (s) 6.64 (s) 3.27 (s)
54 8.97—9.13 (m) 7.97—8.13 (m) ———7.44—7.60 (m) 6.59 (s) 323 (s)
Se 9.12—9.29 (m) 7.39—7.82 (m) 2.42 (s) 6.52 (s) 3.95(s)
6 7.22—7.88 (m) 5.31 (s) 8.08 (d) 6.87 (d) 3.80 (s) 2.20—2.67 (m) 3.60 (s)

9 In [Ds]DMSO.

product with the assumed structure 6 is isolated in poor
yield.

b @Nﬂco—@‘ow s

3k + |
S CH,CH,CO,CH3

The 'H- and *C-NMR data of 4, 5 and 6 are listed in
Tables 4 and 5, respectively.

This work was supported by the National Nature Science Foun-
dation of China.

Experimental

Melting points are not corrected. — IR: Perkin-Elmer 782. —
UV: Hitachi 340. — 'H NMR: Varian EM-360L. — *C NMR: Jeol
FX-100. — MS: AEI MS-50. — Elemental analyses: Analytical
Laboratory of the Institute.

2(3H )-(Diacetylmethylene )benzothiazole (3a): A mixture of
0.82 g (4 mmol) of 2a and 0.51 g (4.1 mmol) of 2-aminothiophenol
in 25 ml of absolute ethanol was heated for 16 h at reflux. On
cooling, the product crystallized; 0.80 g (86%) of 3a was obtained
by recrystallization from absolute ethanol, m.p. 158.5—-159.5°C. —
IR (KBr). v = 3140 cm~' (NH), 1595 (C=0), 1545, 1490. — UV
(ethanol): A, (Ig €) = 238 nm (3.65), 260 (3.79), 272 (3.77), 340
4.45). — MS: m/z = 233 [M*].
Ci;H;;NO,S (233.3) Caled. C 61.78 H 4.75 N 6.00
Found C 61.52 H 4.60 N 5.89

2(3H)-[(Z )} Acetyl(methoxycarbonyl )methylene [ benzothiazole
(3b): Preparation as described for 3a; 0.80 g (80%) of 3b, m.p.
155—156°C (ethanol), from 0.88 g (4 mmol) of 2b and 0.51 g (4.1
mmol) of 2-aminothiophenol. — IR (KBr): ¥ = 3180 cm~! (NH),
1648 (ester C=0), 1560 (C=0), 1500. — UV (ethanol):

hansx (1g€) = 240 nm (3.90), 252 (sh), 338 (4.52). — MS: m/z = 249

[M*].

C;;H; NO,S (249.3) Caled. C 57.81 H 445 N 5.62

Found C 57.59 H 442 N 5.72

2(3H)-[(Z)Acetyl({ethoxycarbonyl)methylene Jbenzothiazole
(3¢): Preparation as described for 3a; 0.83 g (79%) of 3¢, m.p.
128.5—129.5°C (ethanol), from 0.94 g (4 mmol) of 2¢ and 0.51 g
(4.1 mmol) of 2-aminothiophenol. — IR (KBr): v = 3175 cm™!
(NH), 1640 (ester C=0), 1555 (C=0), 1500. — UV (ethanol):
Amax (Ig€) = 240 nm (3.91), 252 (sh), 339 (4.67). — MS: m/z =
263 [M*].

Ci;H;3NOsS (263.3)  Caled. C 59.30 H 498 N 532
Found C 59.30 H 4.88 N 5.22

2(3H )-[ Bis(ethoxycarbonyl )methylene Jbenzothiazole (3d): Prep-
aration as described for 3a; 0.92 g (78%) of 3d, m.p. 137.5—138.5°C
(ethanol), from 1.06 g (4 mmol) of 2d and 0.51 g (4.1 mmol) of 2-
aminothiophenol. — IR (KBr): ¥ = 3170 cm ' (NH), 1634 (ester
C=0), 1605, 1585, 1508. — UV (ethanol): Ap,, (Ige) = 234 nm
(4.12), 330 (4.65). — MS: m/z = 293 [M*].

CisHsNO,S (293.3) Caled. C 57.32 H 5.15 N 4.78
Found C 5741 H 510 N 4.64

2(3H }-( Dicyanomethylene )benzothiazole (3e). Preparation as de-
scribed for 3a; 0.72 g (90%) of 3e, m.p. 289.5—290.5°C (dimethyl
sulfoxide), from 0.68 g (4 mmol) of 2e and 0.51 g (4.1 mmol) of 2-
aminothiophenol (reflux, 6 h). — IR (KBr): v = 3160 cm~! (NH),
2215 (CN), 2200 (CN), 1600, 1565. — UV (ethanol): Ay, (ge) =
228 nm (3.89), 327 (4.79). — MS: m/z = 199 [M*].

CioHsN3S (199.2) Caled. C 60.28 H 2.53 N 21.09
Found C 60.25 H 2.50 N 21.18

2(3H)-{(E )-Cyano(methoxycarbonyl )methylene [benzothiazole
(3f). Preparation as described for 3a; 0.82 g (88%) of 3f, m.p.
245—246°C (dimethyl sulfoxide), from 0.81 g (4 mmol) of 2f and
0.51 g (4.1 mmol) of 2-aminothiophenol (reflux, 10 h). — IR (KBr):
¥ = 3160 cm ' (NH), 2205 (CN), 1680 (ester C=0), 1546. — UV
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Table 5. ®*C-NMR data of 4 and 5 in CDCl; with TMS as internal
standard

14 15 16

V5 T
i©(s La\c: Z (COCH,
Taabie

1213 17 1213

©\v: /1\0/64001-1/ /17
4 s B co Z (COCH5
TR

6 1213 16 12 13
14 15

C1 C2 C3 C4 C5 C6 C7 C8 C9H C-10

4a 1379 1271 128.5 121.7 1204 129.5 154.7 109.7 139.3 111.6
4b 137.1 126.8 127.0 121.7 1202 1294 154.2 110.0 139.4 111.6
4¢ 1374 127.0 1271 121.7 1204 128.9 154.7 110.2 139.4 111.6
4d 136.2 126.6 127.3 121.5 1204 129.0 152.5 107.9 139.1 111.9
4e 136.6 126.7 1269 121.5 120.1 128.7 156.6 110.5 137.1 111.9
5a% 1384 1264 1269 122.0 118.8 130.0 154.8 105.3 140.8 112.6
5b? 136.6 126.4 126.9 122.0 118.6 127.3 156.7 108.2 140.7 112.6
Sc¥ 136.6 126.2 126.8 121.9 118.8 127.3 159.2 108.2 140.5 112.5
5d¥ 137.1 126.8 128.0 121.9 118.8 127.5 157.0 112.6 140.8 112.8
Se 136.7 127.0 127.3 121.5 120.2 129.2 158.5 112.3 141.8 112.6

C11 C-12 C-13 C-14 C15 C-16 C17 C-18 C-19
4a 162.0 190.7 1373 1287 1285 1314
4b 1621 1904 1349 129.1 1289 1421 21.5
4c¢ 1622 1900 1303 1311 1140 162.7 555
44 1622 190.0 1343 130.1 1289 139.9
4e 1620 1924 255
5a% 1599 1909 136.5 128.0 127.5 131.7 164.9 51.7
5b* 159.8 190.5 1350 128.6 127.7 1423 20.6 1650 51.8
5¢¥ 160.5 1894 130.8 130.0 113.6 162.5 552 164.9 519
542 1599 190.7 136.4 129.2 128.1 1384 164.8 51.8
5¢ 160.7 1924 280 167.6 53.3

% In [D¢]DMSO.

(ethanol): A, (Ig€) = 230 nm (4.01), 330 (4.62). — MS: m/z =
232 [M*]

Ci1HgN,O,S (232.3) Caled. C 56.88 H 3.47 N 12.06

Found C 56.93 H 3.34 N 12.09

2(3H )-[ (E)-Cyano(ethoxycarbonyl)methylene |benzothiazole
(3g): Preparation as described for 3a; 0.85 g (86%) of 3g, m.p.
219.5—220.5°C (dimethyl sulfoxide), from 0.87 g (4 mmol) of 2g
and 0.51 g (4.1 mmol) of 2-aminothiophenol (reflux, 10 h). — IR
(KBry ¥ = 3160 cm™' (NH), 1660 (ester C=0), 1534. — UV
(ethanol): A, (Igg) = 230 nm (3.97), 331 (4.61). — MS: m/z =
246 [M+].

C2HoN,0,S (246.3) Caled. C 58.52 H 4.09 N 11.38

Found C 5854 H 397 N 11.15
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2(3H )-[ Cyano(phenyl )methylene [benzothiazole (3h): 0.02 g of
sodium was added to a solution of 0.51 g (4.1 mmol) of 2-amino-
thiophenol in 30 ml of dry dioxan. When the sodium had reacted,
0.89 g (4 mmol) of 2h was added, and the mixture was heated for
26 h at reflux. After removal of the solvent, the crude product was
washed with ca. 5 ml of ethanol; 0.76 g (76%) of 3h was obtained
by recrystallization from ethyl acetate, m.p. 107.5—108.5°C. — IR
(KBr): ¥ = 3165 cm " (NH), 2175 (CN), 1595, 1575. — UV (ethan-
ol): Ay (Ig€) = 252 nm (3.60), 348 (3.66). — MS: m/z = 250 [M*].
CisHyoN,S (250.3) Caled. C 71.97 H 4.03 N 11.19
Found C 7143 H 4.00 N 11.06

2(3H )«[ (E)-Benzoylmethylene [benzothiazole (3i). Preparation

as described for 3h; 0.88 g (87%) of 3i, m.p. 113—114°C (ethyl

acetate), from 0.90 g (4 mmol) of 2i, 0.51 g (4.1 mmol) of 2-ami-

nothiophenol, and 0.02 g of sodium (reflux, 22 h). — IR (KBr): vV =

3220 cm~! (NH), 1605 (C=0), 1565, 1490. — UV (ethanol):

Amax (8€) = 248 nm (3.91), 380 (3.74). — MS: m/z = 253 [M*].

CsH;)NOS (253.3) Caled. C 7112 H 438 N 5.53
Found C 7099 H 447 N 5.54

2(3H)-[(E)-(4-Methylbenzoyl )methylene benzothiazole (3j):

Preparation as described for 3h; 0.88 g (82%) of 3j, m.p. 1325 to

133.5°C (ethyl acetate), from 0.95 g (4 mmol) of 2j, 0.51 g (4.1 mmol)

of 2-aminothiophenol and 0.02 g of sodium (reflux, 24 h). — IR

(KBr): v = 3320 cm~! (NH), 1675, 1600 (C=0), 1565, 1490. — UV

(ethanol):. Apa (Ige) = 256 nm (4.07), 378 (4.53). — MS: m/z =

267 [M*].

Ci6H3NOS (267.3) Caled. C 71.88 H 490 N 5.24
Found C 71.93 H 495 N 5.20

2(3H )-[ (E)-(4-Methoxybenzoyl)methylene [benzothiazole (3k):

Preparation as described for 3h; 0.85g (75%) of 3k, mp.

117—118°C (ethyl acetate), from 1.02 g (4 mmol) of 2k, 0.51 g

(4.1 mmol) of 2-aminothiophenol, and 0.02 g of sodium (reflux,

30 h). — IR (KBr): ¥ = 3300 cm~! (NH), 1615 (C=0), 1600, 1507,

1470. — UV (ethanol): Ay, (Ige) = 272 nm (3.93), 378 (4.21). —

MS: mfz = 283 [M*].

Cy¢H,3NO,S (283.3) Caled. C 67.82 H 4.62 N 4.94
Found C 67.75 H 476 N 494

2(3H )-[(E )-(4-Chlorobenzoyl)methylene [benzothiazole (k1)

Preparation as described for 3h; 1.04 g (90%) of 31, m.p.

140.5—141.5°C (ethyl acetate), from 1.04 g (4 mmol) of 2, 0.51 g

(4.1 mmol) of 2-aminothiophenol, and 0.02 g of sodium (reflux,

19 h). — IR (KBr): ¥ = 3300 cm~* (NH), 1613 (C=0), 1582, 1560,

1485. — UV (ethanol): Ay, (I2€) = 251 nm (4.05), 384 (4.65). —

MS: m/z = 287 [M*].

CysH(CINOS (287.8) Caled. C 62.61 H 3.50 N 4.87
Found C 62.70 H 3.73 N 470

2(3H )-[ (E)-Acetylmethylene [benzothiazole (3m): A mixture of
2.33 g (10 mmol) of 3a and sodium methoxide (1.00 g of sodium in
30 ml of methanol) was heated for 4 h at reflux. 20 ml of water was
then added. The crude product precipitated; 1.79 g (94%) of 3m
was obtained after recrystallization from absolute ethanol, m.p.
114—115°C. — IR (KBr): ¥ = 3115 cm~! (NH), 1605 (C=0),
1585,1510. — UV (ethanol): Ap., (Ig€) = 250 nm (sh), 352 (3.91). —
MS: mfz = 191 [M*].
CioHyNOS (191.2) Caled. C 62.80 H 4.74 N 7.32
Found C 62.94 H 4.84 N 7.34

4-Benzoyl-1H-pyrido[ 2,1-b [benzothiazol-{-one (4a). A mixture of
0.51 g (2 mmol) of 3i and 0.18 g (2.1 mmol) of methyl propiolate
in 20 ml of absolute ethanol was heated for 35 h at reflux. After
partial removal of the solvent, the product crystallized; 0.48 g (79%)
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of 4a was obtained after recrystallization from dimethyl sulfoxide,
m.p.238—239°C. — IR (KBr): ¥ = 1662 cm ' (amide C=0), 1605
(C=0), 1553. — UV (ethanol) A, (Ige) = 246 nm (4.02),
330 (4.05), 368 (4.17). — MS: m/z = 305 [M*].

C;sH;yNO,S (305.3) Caled. C 70.80 H 3.63 N 4.59
Found C 70.89 H 3.79 N 4.41

4-(4-Methylbenzoyl)-1H-pyrido[2,1-b [benzothiazol-1-one  (4b).
Preparation as described for 4a; 052 g (82%) of 4b, m.p.
240.5-241.5°C (dimethyl sulfoxide), from 0.53 g (2 mmol) of 3j and
0.18 g (2.1 mmol) of methyl propiolate (reflux, 32 h). — IR (KBr):
¥ = 1680 cm ™! (amide C=0), 1610 (C=0), 1600, 1550. — UV
(ethanol): A, (Ige) = 260 nm (4.06), 332 (4.12), 368 (4.23). — MS:
mjz = 319 [M*].

CisH;3sNO,S (319.4) Caled. C 71.45 H 4.10 N 4.39

Found C 71.57 H 4.07 N 441

4-(4-Methoxybenzoyl)-1H-pyrido[2,1-b [benzothiazol-1-one (4c):.
Preparation as described for 4a; 0.58 g (87%) of 4¢, m.p.
226 —227°C (dimethy! sulfoxide), from 0.57 g (2 mmol) of 3k and
0.18 g (2.1 mmol) of methyl propiolate (reflux, 30 h). — IR (KBr):
¥ = 1678 cm ™' (amide C=0), 1600 (C=0), 1552. — UV (ethanol);
Amax (12€) = 265 nm (3.85), 333 (4.12), 368 (4.24). — MS: m/z = 335

M*].
C ]C19H13N038 (335.4) Caled. C 68.04 H 391 N 4.18
Found C 67.82 H 3.84 N 4.10

4-(4-Chlorobenzoyl)-1H-pyrido[2,1-b [ benzothiazol-1-one  (4d):
Preparation as described for 4a, 048 g (71%) of 4d; m.p.
246.5—247.5°C (dimethyl sulfoxide), from 0.58 g(2 mmol) of 3} and
0.18 g (2.1 mmol) of methyl propiolate (reflux, 40 h). — IR (KBr):
¥ = 1690 cm ™! (amide C=0), 1610 (C=0), 1582, 1560, 1550. —
UV (ethanol): Ap., (Ig€) = 256 nm (4.04), 333 (4.04), 368 (4.16). —
MS: m/z = 339 [M*].

C1sHoCINO,S (339.8) Caled. C 63.62 H 2.97 N 4.12
Found C 63.49 H 297 N 4.10

4-Acetyl-1H-pyrido[ 2,1-b |benzothiazol- 1-one (4 ¢). Preparation as
described for 4a, 0.43 g (89%) of 4e, m.p. 223.5—224.5°C (dimethyl
sulfoxide), from 0.38 g (2 mmol) of 3m and 0.18 g (2.1 mmol) of
methyl propiolate (reflux, 28 h). — IR (KBr): ¥ = 1660 cm ' (am-
ide C=0), 1625 (C=0), 1564. — UV (ethanol): Amy (ige) =
237 nm (4.02), 318 (4.45), 349 (4.17), 362 (4.16). — MS: m/z = 243

[M*].

CisHyNO,S (243.3) Caled. C 64.18 H 3.73 N 5.76

Found C 6445 H 3.73 N 6.03

Methyl 4-Benzoyl-1-oxo-1H-pyridof2,1-bbenzothiazole-3-car-
boxylate (Sa). A mixture of 0.51 g (2 mmol) of 3i and 028 g
(2 mmol) of dimethyl acetylenedicarboxylate in 25 ml of methanol
was stirred at ambient temperature for 2 h, then heated for 6 h at
reflux. After partial removal of the solvent the product crystallized;
0.65 g (89%) of 5a was obtained by recrystallization from dimethyl
sulfoxide, m.p. 245.5—246.5°C. — IR (KBr): ¥ = 1715 cm~* (ester
C=0), 1670 (amide C=0), 1615 (C=0), 1592, 1555, 1488. — UV
(ethanol): Amex (Ig€) = 223 nm (3.97), 250 (4.12), 356 (3.93). — MS:
mfz = 363 [M*].

CpH3sNO,S (363.4) Caled. C 66.10 H 3.61 N 3.85

Found C 66.00 H 3.48 N 3.86

Methyl 4-(4-Methylbenzoyl)-1-oxo-1H-pyrido[2,1-b [benzothi-
azole-3-carboxylate (Sb). Preparation as described for 5a; 0.68 g
(90%) of §b, m.p. 204.5—-205°C (dimethyl sulfoxide), from 0.53 g
(2 mmol) of 3j and 0.28 g (2 mmol) of dimethyl acetylenedicarbox-
ylate (reflux, 6 h). — IR (KBr): ¥ = 1712 cm ™! (ester C=0), 1666
(amide C=0), 1625 (C=0), 1598, 1555, 1492. — UV (ethanol):
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Amax (1g€) = 225 nm (4.17), 255 (4.23), 352 (4.05). — MS: m/2 = 377
M*].
C,H;sNO,S (377.4) Caled. C 66.83 H 401 N 3.71

Found C 66.87 H 4.17 N 3.59

Methyl 4-(4-Methoxybenzoyl)-1-oxo-1H-pyrido[2,1-b [benzo-
thiazole-3-carboxylate (5¢): Preparation as described for 5a; 0.71 g
(90%) of 5¢, m.p. 216—217°C (dimethyl sulfoxide), from 0.57 g
(2 mmol) of 3k and 0.28 g (2 mmol) of dimethyl acetylenedicar-
boxylate (reflux, 4 h). — IR (KBr): ¥ = 1715cm™! (ester C=0),
1662 (amide C=0), 1625 (C=0), 1600, 1555, 1495. — UV (ethan-
ol): Amac (Ig€) = 226 nm (4.42), 247 (4.05), 279 (3.95), 348 (4.09). —
MS: m/z = 393 [M*].

C:HsNOsS (3934) Caled. C 64.11 H 3.84 N 3.56
Found C 64.11 H 3.79 N 3.58

Methyl 4-(4-Chlorobenzoyl)-1-oxo-1H-pyrido[2,1-b ]benzothi-
azole-3-carboxylate (5d): Preparation as described for Sa; 0.67 g
(84%) of 5d, m.p. 215—-216°C (dimethyl sulfoxide), from 0.58 g
(2 mmol) of 31 and 0.28 g (2 mmol) of dimethyl acetylenedicarbox-
ylate (reflux, 7 h). — IR (KBr): ¥ = 1720 cm ! (ester C=0), 1665
(amide C=0), 1620 (C=0), 1580, 1550, 1490. — UV (ethanol):
Amax (1g€) = 222 nm (4.25), 255 (4.41), 357 (4.14). — MS: mfz = 397
[M*]

CyH;,CINO,S (397.8) Calcd. C 60.38 H 3.04 N 3.52
Found C 60.30 H 3.19 N 3.49

Methyl 4-Acetyl-1-oxo-1H-pyrido[2,1-b Jbenzothiazole-3-carbox-
ylate (5e): Preparation as described for 5a; 0.55 g (91%) of Se, m.p.
205.5—206.5°C (dimethyl sulfoxide), from 0.38 g (2 mmol) of 3m
and 0.28 g (2 mmol) of dimethyl acetylenedicarboxylate (reflux,
2 h). — IR(KBr): ¥ = 1720 cm~! (ester C=0), 1675 (amide C=0),
1630 (C=0), 1550, 1480. — UV (ethanol): A, (Igg) = 226 nm
(3.84), 246 (3.92), 326 (4.05), 351 (3.94), 366 (3.91). — MS: m/z =
301 [M*].

CisHi1NO,S (301.3) Caled. C 59.79 H 3.68 N 4.65
Found C 59.70 H 3.72 N 4.80

2(3H )-[(E )-1-(4-Methoxybenzoyl )-3-(methoxycarbonyl) prop-
ylidene Jbenzothiazole (6): A mixture of 1.42 g (5 mmol) of 3k and
0.86 g (10 mmol) of methyl acrylate in 30 m! of methanol was
heated for 100 h at reflux. After removal of the solvent, 6 crystallized
from the viscous residue on standing for several days, yield 0.66 g
(36%), m.p. 74.5—75.5°C. — IR (KBr): ¥ = 3200 cm~! (NH), 1730
(ester C=0), 1670, 1600, 1570, 1510. — UV (ethanol): A, (Ige) =
228 nm (4.32), 291 (4.18). — MS: m/z = 369 [M*].

CyHsNO,S (369.4) Caled. C 6502 H 518 N 3.79
Found C 64.69 H 523 N 3.35

CAS Registry Numbers

la: 123-54-6 / 1b: 105-45-3 / 1¢: 141-97-9 /1d: 105-53-3 / 1e: 109-
77-3 / 1£: 105-34-0 / 1g: 105-56-6 / 1h: 140-29-4 / 1i: 98-86-2 / 1j:
122-00-9 / 1k: 100-06-1 / 11: 99-91-2 / 1m: 67-64-1 / 2a: 15908-
50-6 / 2b: 29866-43-1 / 2¢: 54893-95-7 / 2d: 55084-15-6 / 2e: 5147-
80-8 / 2f: 3490-92-4 / 2g: 17823-58-4 / 2h: 29866-38-4 / 2i: 13636-
88-9/2j:41467-27-0 / 2k: 33868-76-7 / 21: 41467-26-9 / 2m: 17649-
86-4 / 3a: 123150-21-0 / 3b: 123150-22-1 / 3¢: 123150-23-2 / 3d:
49811-47-4 / 3e: 4464-52-2 / 3f: 123150-24-3 / 3g: 123150-25-4 /
3h: 123150-26-5 / 3i: 123150-27-6 / 3j: 123150-28-7 / 3k: 123150-
29-8 / 31: 123150-30-1 / 3m: 123150-31-2 / 4a: 123150-32-3 / 4b:
123150-33-4 / 4¢: 123150-34-5 / 44d: 123150-35-6 / 4e: 123150-
36-7 / 5a: 123150-37-8 / 5b: 123150-38-9 / 5¢: 123150-39-0 / 5d:
123150-40-3 / Se: 123150-41-4 / 6: 123150-42-5 / 2-aminothiophe-
nol: 137-07-5 / methyl propiolate: 922-67-8 / dimethyl acetylene-
dicarboxylate: 762-42-5 / dimethyl acrylate: 96-33-3
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