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The Gould-Jacobs reaction of al position isomeric 2-aminonitrobenzothiazoles 1l with diethyl ethoxy-
methylenemal onate has been studied. The structure of substitution (1V) and cyclization (VI) products
and of the corresponding acids (VI11) was confirmed by elemental analysis, IR, UV, *H and 3C NMR
spectra. Analogous derivatives |11, V and VII, derived from the unsubstituted 2-aminobenzothiazole I,
were used as standards in interpretation of the spectra. The synthesized derivatives | — VIII were
tested for antimicrobial activity.

Substituted aminobenzothiazoles have often received attention in connection with the
synthesis of pyrimidobenzothiazoles'® as well as with their antimicrobial proper-
ties*®7. Alaimo® used 2-aminobenzothiazole and 2-amino-6-nitrobenzothiazole as start-
ing compounds in the Gould—Jacobs reaction. Substitution and cyclization products of
2-amino-5- and 2-amino-6-nitrobenzothiazole are described in a patent®. Unsubstituted
2-aminobenzothiazole (1) reacts with diethyl ethoxymethylenemalonate (EMME) to
give a cyclization product exhibiting anxiolytic activity”’.

In our present communication we have studied the chemical behaviour of all the four
position isomeric nitro-2-aminobenzothiazoles |1 under conditions of the Gould—Jacobs
reaction and isolated the individual substitution products (1V). Their subsequent cycli-
zation in an aprotic solvent (Dowtherm) required a substantially higher temperature
than the preparation of the substitution products. Since the individual starting amines |1
differed in solubility, the reaction with EMME had to be performed in different sol-
vents. The reaction conditions for the substitution reactions are given in Table |. The
thermal cyclizations, leading to esters VI, were carried out at 240 — 250 °C. The corre-
sponding acids VIII were obtained by acid hydrolysis of the esters VI. However, the
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derivative Vla resisted acid hydrolysis and therefore it was saponified with sodium
hydroxide. The physicochemical properties of the obtained derivatives are given in
Table Il. For comparison, also the physicochemical properties of compounds i1, V and
VIl derived from 2-aminobenzothiazole (I; Scheme 1) are given.

Infrared spectra of compounds Il exhibit characteristic vibrations of aromatic C-H
bonds, v(C-H), in the region 700 — 900 cm™. Bands due to symmetric and antisymme-
tric vibrations of the NO, group appear in the region 1 340 — 1 530 cm™. Introduction
of the ethylenediester fragment resultsin a marked split band of v(C=0) above 1 684 cm™.
Antisymmetric stretching vibrations of the ester or carboxyl groups, v(C-0), are lo-
cated at about 1 216 — 1 272 cm™; derivatives 1V exhibit two strong bands close to each
other (see Table I11). Weaker bands at 1 084 — 1 144 cm™ correspond to symmetric
stretching vibrations. The spectra of derivatives VI, arising by cyclocondensation of
compounds IV, exhibit two types of carbonyl bands: the ester carbonyl band above
1 700 cm™ and the pyrimidone carbonyl band below 1 700 cm™. In the spectra of
derivatives VIl these bands are shifted towards lower wavenumbers, the largest shifts
being observed for compound Vilic (Table IlI).

The ultraviolet spectra are given in Table IV. Introduction of the NO, group into
various positions of the benzene ring in benzothiazole results in appearence of a new
weak band above 330 nm, introduction of the ethylenediester moiety brings about a
marked bathochromic shift of 71 nm (see spectra of the unsubstituted compounds | and
I11). In the UV spectra of nitro derivatives |V the absorption bands are stronger due to
mutual interaction of the two chromophores; however, according to their position, this
interaction is only weak. The most complicated UV spectra were found for compounds
V and VI. The influence of the position of the nitro group on the UV spectrum is
reduced by the presence of pyrimidone ring, on the other hand, the band intensity in-
Ccreases.

In the interpretation of the IH and 3C NMR spectra we made use of a model series
based on 2-aminobenzothiazole (1), diethyl N-(2-benzothiazolyl)aminomethylene-

TaBLE |
Reaction conditions for the preparation of compound IV

Compound Solvent Sol verﬁmzlamount Reacti ﬁn time Cry:toal\l\lieznz;ti on
IVa ethanol 20 20 ether
Vb dioxane 25 20 ethanol
Ve ethanol 50 6 ethanol
I\vd butanol 100 10 hexane
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malonate (I11), ethyl 4-oxo-3-(4H-pyrimido[2,1-b]benzothiazol e)carboxylate (V) and its
hydrolysis product, 4-oxo-3-(4H-pyrimido[2,1-b]benzothiazole)carboxylic acid (VII)
(refs*89). For the nitro derivatives, the proton and carbon NMR spectra have been
hitherto described only for the 6-nitro compound llc (refs>8). The 13C NMR signals
were assigned using data for a series of 2-unsubstituted nitrobenzothiazoles®.

The proton chemical shifts for 2-aminobenzothiazole (1), the nitro compounds Il and
their derivatives Il and IV are given in Table V. Attachement of the ethylenediester
fragment to the 2-amino group results in a downfield shift of all the aromatic protons
(about 0.4 ppm). The olefinic proton signal appears in the region 8.60 — 8.72 ppm. The

S 6 A 7a_S 2

/ NH, ——— / NH ~ iCOQE’(

N 5 3a N 8 9 CO,Et
R

N
R 4
/) /)
Y COOH 0 CO,Et
VII, VIIT vV, VI
R R
I, 111 H v, ViI H
IIa, IVa 4-NO, Via, Viiia 6-NO,
IIb, IVY 5-NO, VIb, VIIIb 7-NO,
IIc, IVe 6-NO, Vie, VIIIc 8-NO,
IId, Ivd 7-NO, VId, VIIId 9-NG,
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TaBLE I
Physicochemical properties of compounds IV, VI and VIII

. Calculated/Found
Compound Formula M.p., °C
M.w.) Yield, %
%C %H % N %S
IVa C15H15N306S 128 — 129 49.27 414 11.50 8.77
(365.4) 61 49.01 431 11.26 8.50
IVb C15H15N306S 180 — 182 49.27 414 11.50 8.77
(365.4) 52 49.19 4.12 11.36 8.69
Ve C15H15N306S 198 — 201 49.27 414 11.50 8.77
(365.4) 59 49.05 4.20 11.32 8.96
Ivd C15H15N306S 138 — 140 49.27 414 11.50 8.77
(365.4) 43 49.53 441 11.67 8.70
Via C13H9N30sS 216 — 217 48.90 2.82 13.15 10.04
(319.3) 72 49.09 2.74 13.28 10.26
Vib C13H9N30sS 255 — 258 48.90 2.82 13.15 10.04
(319.3) 68 49.10 2.63 13.36 9.78
Vic C13H9N30sS 251 - 254 48.90 2.82 13.15 10.04
(319.3) 68 49.02 2.96 13.28 10.08
vid C13H9N30sS 225 -230 48.90 2.82 13.15 10.04
(319.3) 80 48.81 2.92 13.17 10.22
Villa C11HsN30sS 140 — 142 45.36 1.72 14.43 11.01
(291.3) 93 45.12 197 14.17 10.84
Villb C11HsN30sS 263 — 265 45.36 1.72 14.43 11.01
(291.3) 70 45.59 1.96 14.12 10.82
Vilic C11HsN30sS 254 — 258 45.36 1.72 14.43 11.01
(291.3) 75 4521 197 14.16 11.28
Villd C11HsN30sS 260 — 262 45.36 1.72 14.43 11.01
(291.3) 86 45.18 183 14.11 10.79
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TasLE I

Infrared spectra of compounds |1, 1V, VI and VIII

- _ _ _ _ V¢(NO,)
Compound v(C-H) v(C=C), v(C=N) v(C=0) v,{(C-0) Vo(NO,)
lla 728 1448, 1 528, 1 656 - - 1344
880 1528
Ib 734 1424, 1 505, 1 652 - - 1339
881 1537
llc 750 1424, 1 505, 1 653 - - 1329
887 1531
Id 729 1448, 1 493, 1 655 - - 1341
883 1500
IVa 758 1416, 1612, 1 664 1720 1225 1334
792 1708 1216 1524
Vb 736 1429, 1 600, 1 664 1704 1256 1344
796 1684 1232 1516
Ve 736 1440, 1 596, 1 656 1696 1264 1336
800 1688 1232 1504
Ivd 736 1416, 1 608, 1 664 1728 1256 1336
812 1702 1228 1520
Via 768 1292, 1504, 1536 1740 1264 1360
792 1688 1524
Vib 742 1296, 1 493, 1 529 1732 1263 1344
796 1668 1529
Vic 740 1300, 1492, 1584 1740 1272 1348
792 1696 1525
Vid 740 1292, 1 504, 1 560 1740 1268 1344
792 1672 1552
Villa 760 1412, 1 476, 1576 1728 1256 1344
800 1620 1532
VIiib 736 1420, 1 472, 1 560 1728 1248 1348
800 1624 1520
Villc 744 1448, 1 472, 1 560 1680 1260 1344
784 1616 1548
Viiid 736 1384, 1504, 1576 1708 1252 1328
812 1650 1548
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position of this signal is only little affected by the position of the nitro group; this
indicates only a weak conjugation of the aminoethylene moiety with the benzothiazole
nucleus. The ester groups appear as two triplets and two quartets, which shows that the
ethoxycarbonyl groups are not equivalent.

The proton spectra of the cyclized products V, VI, VIl and VIII are givenin Table VI.
The cyclization results in a marked downfield shift of the 6-proton signal (more than 1 ppm)
caused by interaction of the mentioned proton with the carbonyl oxygen atom in posi-
tion 4 of the obtained pyrimido[2,1-b]benzothiazole derivative™®,

Signals in 3C NMR spectra of the nitro-substituted 2-aminobenzothiazoles are in
accord with the corresponding signals of the 2-unsubstituted analogues®. Signals of the
benzene carbon atoms bearing the nitro groups are markedly shifted downfield into the

TABLE IV
Ultraviolet spectrum of compounds | — VIII

Compound Amaxe NM (l0g €)

| 223 (3.27), 262 (3.13)

la 217 260 367

b 216 (3.01), 263 (3.49), 307 (2.80), 333 (2.54)
llc 224 (3.52), 258 (2.88), 355 (3.42)

1d? 213 267 333

1 214 (3.50), 333 (3.54)

IVa 208 (3.50), 304 (3.37), 349 (3.37)

Vb 203 (3.52), 246 (3.17), 321 (3.57)

Ve 217 351

Ivd 208 (3.52), 316 (3.35)

v 204 (3.14), 291 (2.10), 343 (3.30)

Via® 214 284 368

Vib? 226 356

Vic? 223 250 308 367

Vid? 206 267 289 370

Vi 205 (3.38), 292 (2.71), 355 (2.97)

Villa 216 (3.41), 243 (3.27), 276 (3.20), 335 (2.18)
VilIb? 203 279 333

Vil 210 258 370

Villd? 207 289 369

& Saturated solution.
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TaBLEV

'H NMR chemical shifts* (ppm) for compounds | — IV

Compound H-4 H-5 H6 H7 NH, NH CH CH, CH;

| 763d 720t 700t 7.33d 746 - - - -

lla - 803d 714t 791d 829 - - - -

b 803d - 791dd 78d 795 - - - -

lic 740d 808dd - 866d 823 - - - -

Id 772d 747t 797d - 791 - - - -

i 791d 742t 728t 775d -  1122s 867s 421,427 127,129
IVa - 834d 744t 811d - 1160s 872s 419,426 126,128
IVb 850d - 812dd 822d - 1151ls 867s 419,426 127,129
IVe 790d 826dd -  900d - 116ls 867s 420,427 126,128
Ivd 813d 767t 821d - ~  1137s 862s 421,428 128130

23 (Hz) for I: J(4,5) = J(6,7) = 8.1, J(4,6) = J(5,7) = 1.2; lla: I(5,6) = J(6,7) = 8.0; I1b: J(6,7) = 8.5,
J4,6) = 1.9; llc: J(4,5) = 8.8, J@45) = 25; 11d: J@4,5) = I(5,6) = 8.L; 11z J45) = J(6,7) = 8.1, J(5,6) = 7.6;
IVa: J(5,6) = J(6,7) = 8.5; IVb: J(6,7) = 8.7, J(4,6) = 2.0; IVC: J(4,5) = 8.9, J(5,7) = 2.4; IVd: J(4,5)
= J(5,6) = 8.1.

TasLE VI

'H NMR chemical shifts* (ppm) for compounds V — V11

Compound H-6 H-7 H-8 H-9 H-2 CH, CHs
v 892d 755m 755m 8.04d 851s 4.22 1.26
Via - 8.44 dd 780t 806dd  859s 4.26 1.29
Vib 9.71d - 849dd  843d 867s 431 1.33
Vic 9.15d 8.49 dd - 9.15d 865s 4.29 1.32
Vid 9.42d 797t 858d - 8.68s 433 1.34
VI 897dd 768m°P 765m° 815dd  869s - -
Villa - 820d 7.76 t 8.00d 8.46's - -
Villb 845d - 828dd  7.86d 8.40s - -
Vilic 911d 8.42 dd - 9.14d 884s - -
Viiid 9.40d 798t 859d - 871s - -

a3 (Ha) for V: J(6,7) = J(89) = 7.5, Via: J7.,8) = J89) = 8.1, J7.9) = 0.9; VIb: J89) = 9.0, J6,8) = 2.1
Vic J(6,7) = 9.3, J(7.9) = 2.7 VId: J(6,7) = J(7,8) = 86: VII: J(6,7) = J89) = 7.2; Vllla: J(6,7) =
J(7.8) = 8.1; VIIIb: J(89) =87, J6.8) = 2.4 VIlic: J6.7) = 95, (7.9) = 1.8, VIIId: J (6.7) = J(7.8) = 84.
b Signals may be interchanged.
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TaBLe VII
13C NMR spectra of compounds | and 11

Carbon | Ila Ilb llc Ild
C-2 166.4 170.1 169.0 171.7 169.2
C-3a 152.8 146.3 153.2 155.6 155.4
C-4 117.3 137.9 111.4 117.6 126.2
C-5 125.4 126.3 146.0 122.0 123.6
C-6 120.8 119.7 115.3 140.7 116.5
C-7 120.8 121.4 121.5 116.8 141.6
C-7a 130.9 1345 139.1 131.6 127.0

TasLE VIII

13C NMR spectra of compounds 111 and 1V

Carbon I IVa Vb Ve Ivd
C-2 160.5 164.8 164.9 166.4 164.0
C-3a 149.8 142.6 150.0 154.7 151.9
C-4 120.4 140.1 115.0 1219 125.8
C-5 126.0 122.2 146.5 120.4 126.6
C-6 1214 123.1 118.0 143.0 119.3
C-7 1235 127.8 123.0 118.9 141.6
C-7a 131.8 135.6 139.7 132.9 1275
C-8 145.2 1443 144.3 143.0 144.0
C-9 100.0 101.6 101.6 102.0 101.5

=0 164.2 164.3 164.3 164.3 164.1

165.1 164.8 164.4 164.7 164.6

CH2 59.8 60.3 60.4 60.4 59.9
60.0 60.5 60.5 60.5 60.1

CHs 13.7 13.9 14.0 14.0 13.7
13.8 14.0 141 141 13.8
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region 137.9 — 146.0 ppm, whereas those of the unsubstituted carbon atoms appear in
the region 111.4 — 126.3 ppm. Spectra of the substitution products 111 and IV show no
significant changes in the aromatic carbon shifts. Two nonequivalent ethoxycarbonyl
groups can be distinguished (Tables VII and VIII).

Thermal cyclization of the substitution products I11 and 1V, leading to tricyclic deri-
vatives, is accompanied by a significant change in chemical shifts of quaternary carbon
atoms 5a and 9a, common for the benzene and the thiazole rings. The 13C NMR data
for compounds V — VIII are given in Table IX.

The results of antimicrobial activity assays for compounds | — IV are summarized in
Table X. None of them showed any significant in vitro antimicrobial activity against
Gram-positive or Gram-negative bacteria tested or against yeast fungus Saccharomyces
cerevisiae. Compounds V — VIII did not inhibit the microorganism growth even at the
highest concentration used (500 pg ml™3).

TaBLE IX
13C NMR spectra of compounds V — VI

Carbon \% Via Vib Vic vid Vil Villa  VIlIb  Vilic  Viiid

C-2 156.0 1569 1568 156.8 1561 156.6 150.2 1494 1610 156.5
C-3 110.3 1098 1111 1110 1115 109.7 1031 1027 1039 1115
C-4 163.1 1627 1632 1632 1628 1641 159.2 160.6 1642 162.0
C-5a 1357 1285 1326 1454 1377 1356 1465 1429 1455 1376
C-NO2 - 1411 146.0 1403 1410 - 138.2 1471 1409 1413
C-6toC9 1191 - - - - 119.3 - - - -

1269 1228 1141 1227 1283 1231 1255 1245 1187 1231
122.8 1277 1220 1198 1247 1272 1315 1253 1190 1249
127.1  128.0 1244 1194 1228 1274 1339 1286 1225 1285

C-9a 1242 1277 1322 1264 1220 1245 1265 1335 1295 1221
C-10a 156.5 156.1 1569 1569 1564 159.2 1495 1495 1527 1579
=0 166.2 1674 1670 167.7 166.5 - - - - -

CH2 60.1 60.6 60.7 60.6 60.4 - - - - -
CHs 13.8 141 14.1 141 13.8 - - - - -
COOH - - - - - 166.3 163.2 1630 1646 163.8
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EXPERIMENTAL

Infrared spectra were recorded on a double-beam UR 20 Zeiss spectrophotometer using the KBr tech-
nigue (0.5 mg/300 mg KBr), UV spectra were taken on a Specord UV-VIS Zeiss spectrometer at
room temperature; concentration 1 . 10™* mol 1! or saturated solution in ethanol. Proton and
13C NMR spectra (8, ppm) were measured on a Varian VXR-300 instrument in hexadeuterio-
dimethyl sulfoxide at 298 — 353 K. Elemental analyses were performed on a CHNS+O Mod 1108
Carlo Erba analyzer.

The antibacterial activity of the twenty derivatives was tested in vitro using a selected spectrum of
standard strains of Gram-positive and Gram-negative bacteria (Table X). Strains No. 1, 3 and 6 were
from Czechoslovak national collection of type cultures in Prague, strains No. 2, 4 and 5 from Cze-
choslovak collection of microorganisms in Brno and strain No. 7 from collection of microorganisms
of the Department of Microbiology and Virology, Faculty of Natural Sciences, Comenius University,
Bratislava. The tested derivatives were dissolved in dimethyl sulfoxide. Starting from concentration
500 pg mi~L, ten concentrations in the range 500 — 1.25 ug ml~* were obtained by dilution. The anti-
bacterial activity was characterized as the minimum inhibitory concentration (MIC) in pug mi~* and
was determined using the test-tube dilution method. The cultivation medium (2 ml of Muller—Hinton
medium for strains No. 1 — 6 and 2 ml of Sabourad medium for strain No. 7) contained defined
concentration of the compound tested together with starting inoculum of the given strain (10° cells
per ml). The MIC data were evaluated after cultivation at 37 °C for 24 h.

The starting 2-aminonitrobenzothiazoles were prepared by described methods: 2-amino-4-
nitrobenzothiazole!!, 2-amino-5-nitrobenzothiazole?, 2-amino-6-nitrobenzothiazole'® and 2-amino-7-
nitrobenzothiazol e,

TaBLE X
Antimicrobial activity of compounds® | — 1V, MIC (ug mi™)

Compound 1 2 3 4 5 6 7
I 500 500 >500 250 500 500 500
Ila >500 >500 >500 >500 500 500 125
I1b >500 500 >500 500 125 500 250
llc 500 500 500 500 125 250 125
Id >500 >500 >500 >500 500 500 50
" >500 500 >500 250 250 >500 125
IVa >500 >500 >500 500 500 500 125
Vb >500 >500 >500 >500 >500 >500 >500
Ve >500 >500 >500 >500 >500 >500 >500
Ivd >500 >500 >500 250 250 500 >500

@ Strain: 1 Escherichia coli Ec 326/71, 2 Serratia marcescens CCM 303, 3 Pseudomonas aer uginosa
Ps 133/71, 4 Bacillus subtilis CCM 2216, 5 Enterococcus faecalis CCM 1875, 6 Saphylococcus
aureus Mau 78/71, 7 Saccharomyces cerevisiae DT XII.
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Diethyl 2-[5(6,7 or 8)-Nitrobenzothiazolyl]aminomethylenemal onates (IVa — 1Vd)

A solution of nitro-substituted 2-aminobenzothiazole Ila — 11d (1.95 g, 0.01 mol) in an appropriate
solvent was refluxed for 6 — 20 h. The reaction mixture was concentrated to a half, cooled, the de-
posited product was collected, washed with the solvent and recrystallized. The reaction conditions for
the individual compounds are given in Table I.

Ethyl Nitro-Substituted 4-Oxo-4H-pyrimido[2,1-b]benzothiazole-3-carboxylates (Vla — VId)

Diethyl ester IVa — IVd (2.0 g, 0.0055 mol) was dissolved in warm Dowtherm (50 ml) and the tem-
perature was gradually increased to 240 — 250 °C. This temperature was maintained for 1 h under
simultaneous removal of the arising ethanol by distillation. Then Dowtherm was distilled off in
vacuo (30 ml) and the reaction mixture was cooled. The deposited product was collected, washed
with hexane and ether and crystallized from dioxane or butanol. The yields of the cyclizations were
68 — 80%.

Nitro-Substituted 4-Oxo-4H-pyrimido[2,1-b]benzothiazole-3-carboxylic Acids (VIlia — VIIId)

Ester VIb — VId (1.0 g, 0.003 mol) was heated at 85 — 95 °C with a mixture of concentrated hydro-
chloric acid and concentrated acetic acid (1 : 10, 30 ml). After cooling and dilution with water (20 ml),
the deposited acid was collected and washed with a small amount of cold water. Yield 70 — 86%.

A mixture of ester Vla (1.0 g, 0.003 mol) and 1 m» NaOH (20 ml) was heated at 85 — 95 °C for
45 min. The brown-red solution was filtered and adjusted to pH 5 with 4% hydrochloric acid. The
beige precipitate was collected, washed with water and dried in vacuo at 70 °C. Yield 93%.
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