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ENSEMBLES OF RINGS WITH A COUMARIN UNIT.
1. SYNTHESIS OF 3-(2-R-THIAZOL-4-YL)- AND
3-(4-R-THIAZOL-2-YL)COUMARINS

Ya. V. Belokon’, S. N. Kovalenko, A. V. Silin,
and V. M. Nikitchenko

We have synthesized 3-(2-R-thiazol-4-yl)coumarins (R = H, CHj; CH,CN, Ar) by condensation of
3-(a-bromoacetyl)coumarins with thioamides. We obtained 3-(4-R-thiazol-2-yl)coumarins (R = H, Ar) by
several methods. By reaction of 2-cyanomethyl-4-phenylthiazole with 2-hydroxybenzaldehydes, we synthesized
2-imino-3-(4-phenylthiazol-2-yl)coumarins, which were converted to the corresponding coumarins by acid
hydrolysis. For 3-(2-R-thiazol-4-yljcoumarins (R = CH,CN), we carried out reactions with aromatic aldehydes.
We propose alternative methods for synthesis of 2-[2-aryl(hetaryl)-1-cyanoethenyl]-4-(coumarin-3-yl)thiazoles.

Ensembles of rings containing coumarin units have stimulated considerable interest among researchers. These
compounds include active media for lasers with effective intramolecular energy transfer [1-3] and promising drugs [4-8]. In
this paper, we present results of an investigation of synthesis routes for 3-(2-R-thiazol-4-yl) and 3-(4-R-thiazol-2-yl)coumarins.
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I, MaR! = H; bR! = 6-OMe; c R! = 7-OH; dR! = 7-NEt); e R! = 5,6-benzo; fR! = 6-n-C¢H, 5, 7-OH;
O a R? = H; b R? = CH,CN; ¢ R? = Me; d R? = Ph; e R? = p-MeOC4H,; f R? = p-Me,NCH,; g R?
= p-CIC¢H,; h R? = p-PhCH,, i R? = p-(p-PhC¢H,) CH,; IV R? = H; VI R? = p-PhC¢H,; VII R? =
p-(p-PhC¢H,) C¢H,; IV, VII, VII a R! = H; b R! = 7-OH; ¢ R! = 7-NEt,; d R! = 5,6-benzo; e R! = 6-n-
CeH,3. 7-OH; V R? = CH,CN; Va R! = H; bR! = 7-0H; c R! = 5,6-benzo; d R! = 6-n-CgH;, 7-OH;
VIR? = Me; VIaR! = H; b R! = 6-OMe; c R! = 7-OH; d R! = 7-NEty; e R! = 5,6-benzo; fR! = 6-n-
CgH,5. 7-OH; IXa-f R? = Ph; a R! = H; bR! = 6-OMe; ¢ R! = 7-OH; dR! = 7-NEt,; e R! = 5,6-benzo;
fR! = 6-n-CgH,5, 7-OH; g-kR? = p-MeOCGH,: g R' = H; h R! = 7-OH; i R! = 7-NEt,; jR! = 56
benzo; k R! = 6-n-CgH,3, 7-OH; /,mR? = p-Me,NCH,; I R! = 7-NEt,;mR! = 5,6-benzo; n, o R? = p-
CIC¢Hy: n R! = H; o R! = H; o R! = 5,6-benzo.
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The most suitable method for building ensembles of rings containing coumarin and thiazole units is to combine a
dielectrophilic [C2]22 * synthon with a dinucleophilic [SN]—,? " synthon. As the synthetic equivalents of the [C2]22 * synthon, we
chose 3-(c-bromoacetyl)coumarins [Ia-f [9], while as the equivalents of the [SN]32 ~ synthon we chose thioformamide,
thioacetamide, thiocyanoacetamide, and aromatic thioamides I1d-i.

Condensation of coumarins Ila-f with thioamides IIIb-i was carried out with equimolecular amounts of reagents. The
hydrogen halides formed in this case were converted to the free bases Va-d, VIa-f, VIla-e, VIIla-e, IXa-0 by treatment with
an agueous ammonia solution. The 3-(thiazol4-yl)coumarins IVa-e were synthesized both by reaction of Ila,c-f with
thioformamide ITla [11] (method A) and with the help of a modified Hantsch reaction, and the coumarin Ila,c-f was treated
with formamide and phosphorus pentasulfide (method B) (Scheme 1). We found that in most cases, the use of thioformamide,
despite its low stability, is preferred due to the elimination of secondary reactions of pentasulfide with
3-(a-bromoacetyl)coumarins. 4-Substituted thiobenzamides Ille-g were obtained from the corresponding aldehydes by the
method suggested in [12], while the thioamides IIId,h,i were obtained by treatment of the corresponding amides with
phosphorus pentasulfide [13].

The use of 4-R-benzylidemecyanothioacetamides Xa-f [14] as the thicamide component allowed us to obtain
2-[2-aryl(hetaryl)-1-cyanoethenyl]-4-(coumarin-3-yl)thiazoles XIa-h (inethod A). With the goal of confirming the structure, we
carried out alternate syntheses of compounds Xla-h by condensation of 3-(2-cyanomethylthiazol-4-yl)coumarins Va,c and
aldehydes X1la-g (method B) and three-component condensation of the derivatives IIa,e, IIIb and the aldehydes XIla-g (method
C) (Scheme 2).

Scheme 2

Xlla-g ITa,e+ IIIb + XHa-g

Xlag R = H; X, XL, XI a R® = 4-CIC;H,; b R® = 4-BrCH,; ¢ R® = 4-FCH,; d R® = 4-
MeOCGH,; e R* = 4-0,NC¢H,; f R® = 4-Me,NCH,; g R® = furfuryl-2; XI h R! = 5,6-benzo;
R = 4.CICH,

Upon reaction of 2-iminocoumarin-3-thiocarboxamides XIlla-f [15] with «-halocarbonyl compounds XVa-c, the
compounds XVIIla-m are formed. However, this reaction may be complicated by hydrolysis of the imino group as a result of
the hydrogen bromide and water liberated. Therefore, at the end of the reaction, complete conversion of the mixture of
compounds formed XVIa-m and XVIIla-m to coumarins XVIa-m was accomplished via acid hydrolysis. Synthesis of compounds
XVla-¢, where the «-halocarbonyl component was bromoacetaldehyde, caused certain difficulties concerning purification of
the compounds obtained because of the high reactivity and instability of bromoacetaldehyde. It was established that the use of
the diethylacetal of bromoacetaldehyde XVd can also lead to the desired compounds; furthermore, when using the acetal, the
synthesis is simplified and the yields are increased. If in the first stage the iminocoumarins XIlla-f are hydrolyzed to the
corresponding coumarins XIVa-f, then the end product of the reaction with haloketones XVa-c will be compounds XVIa-m.

In order to obtain 3-hetaryl-substituted 2-imino-2H-1-benzopyrans, the simplest and most elegant method is the
Knoevenagel condensation [16,17] using salicylaldehydes and hetarylacetonitriles. For synthesis of 2-imino-3-(4-phenyl-
thiazol-2-yl)coumarins XVIIla,b, in the first stage the Hantsch reaction was carried out and 2-cyanomethyl-4-phenylthiazole
(XVII) was obtained [18]; then 2-iminocoumarins XVIIIa,b were obtained by the Knoevenagel reaction. This synthesis route
is preferred, since the process of closure of the iminocoumarin ring is not complicated by hydrolysis of the imino group. Upon

boiling compounds XVIIIa,b in an alcohol —water —hydrochloride acid system, the compounds X VIf,g are formed in high yields
(Scheme 3).
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Scheme 3

A: R’COCH,Br .
R

B: (E10),CHCH,Br

X111 a-f a*
H,0 * H* g
x
R! | 2
X - (o)

0o~ o
XIV a-f -@E“\"
1
}P., T
NCCHz XIXa,b

XII, XIV, XIX a R! = H; b R! = 6-OMe; ¢ R! = 7-OH; d R! = 7-NE,; e R! = 5,6-benzo; f R!
6-0-C¢H 5, 7-OH; XV aR? = H; b R? = Ph; ¢ R? = 4-PhCH,; XVIae R> = H;aRl = H; b R! =
7-OH: ¢ R! = 7-NEt,; d R! = 5,6-benzo; e R! = 6-n-C(H,,, 7-OH; f-h R? = Ph; fR! = H; g R!
6-OMe; h R! = 5,6-benzo; i-m R* = 4-PhCH,; iR! = H; j R! = 7-OH; k R! = 7-NE,; / R!
5,6-benzo; m R! = 6-n-C¢Hy;, 7-OH; XVII a R! = H; b R! = 6-OMe

XVII a,b

In the IR spectra, among the characteristic bands confirming the structure of 2- and 4-(coumarin-3-yl)thiazoles IVa-e, Va-d,
Vla-f, Vlla-e, Vllla-e, IXa-0, Xla-h, XVIa-m we should pick out the vibrations of the lactone C=0 group which appear at
1684-1743 cm™~! [19-21], and the absence of this absorption band for compounds XVIIIa,b; vibrations of the C—H bond of
the thiazole ring are found in the range 3036-3156 cm™! [22, 23] (Tables 1 and 3). The electronic absorption and fluorescence
spectra of thiazolylcoumarins IVa-e, Va-d, VIa-f, VIla-e, VIIla-e, IXa-o, XVIa-i, XVIIIa,b have bands characteristic for
3-substituted coumarins, with pronounced vibronic structure (Table 1). Analysis of the PMR spectra of compounds Va, VIb,
d, f, IXa, b, [, n, XIa-h, XVIb, XVIIIb showed (Tables 2 and 3) that the proton signals from these compounds are found in
the region typical for coumarins and thiazoles [24]. In the mass spectra of compounds VIa-e, VIIa, c, e, and [Xc, d, e, the peak
for most of the molecular ions has maximum intensity (Table 4), which is typical for many bis-heteroaromatic compounds.
Fragmentation of the molecular ion occurs according to a scheme typical for 2,4-disubstituted thiazoles: rupture of the 12
and 3—4 bonds of the thiazole ring with elimination of a molecule of the corresponding nitrile and localization of the charge
on the sulfur-containing moiety is most characteristic.

EXPERIMENTAL

The IR spectra of the synthesized compounds were recorded on a Specord M-80 in KBr pellets. The electronic spectra
were recorded on a Specord M40 in 2-propanol. The fluorescence spectra were recorded on a Hitachi F-4010. The mass
spectra were obtained on a Finnigan MAT-4615 B, ionization energy 70 eV, with ballistic heating of the sample. The PMR
spectra were recorded on a Bruker WP-200 in DMSO-Dy, (compounds XIa-h, in CDCl,), internal standard TMS.

The purity of the compounds was monitored by TLC on Silufol UV-254 plates in a 9:1 chloroform — ethanol system.

The physicochemical characteristics of the synthesized compounds [Va-e, Va-d, Vla-f, VIla-e, VIiIa-e, IXa-o, XIa-h,
XVIa-m, XVIIIa,b are presented in Tables 1-4. '

General Procedure for Obtaining 3-(2-R-thiazol-4-yl)-2H-1-benzopyran-2-ones IVa-e, Va-d, Vla-f, VIIa-e, VIIIa-e,
IXa-o (Table 1). A. Equimolecular amounts of 3-(«-bromoacetyl)coumarins Ila-f and the corresponding compound containing
a thioamide group IIla-i (0.01 moles) in 20-49 ml of 2-propanol or ethanol were boiled for 10-20 min (until a precipitate fell
out of solution), then cooled and diluted with water and alkalized with an aqueous solution of ammonia or ammonium acetate
up to pH ~7. The precipitate was separated and washed with water and ethanol on the filter, dried, and crystallized from an
appropriate solvent.
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TABLE 2. PMR Spectra of Compounds Va, Vb, d, f, IXa, b, /, n, XVIb, XVIIIb

Com- Chemical shift, ppm, spin—spin coupling constant (J, Hz)
pound oy ¢y | 4H s Ar other protons
Va 8,41 8,74 7,39 - 7,94 (4H,m) 4,64 (2H, s, CH2)
VIb 8,25 8,77 7.50 (1H, d, 5-H; 2,5); 2,73 (3H, s, CH3);
7,22 (1H, d.d, 7-H; 8,5; 3,82 (3H, s, 6-OCH3)
2,5); 7,38 (1H, d, 8-H; 8,5)
vid 8,03 8,63 7.65 (1H, d, 5-H; 8,5); 3,48 (4H, q, 7-
6,76 (1H, d.d, 6-H; 8,5; N(CH:CH3)2); 1,16 (6H, t
2,0); 6,60 (1H, d, 8-H; 2,0) { 7-N(CH2CH3)2); 2,73 (3H,
s, CHz)
VIf 8,07 8,63 7,50 (14, s, 5-H); 6,78 1,57 (2H, q,
(I1H, s, 8-H) CHs(CH2)«CH>); 1,29 (8H,
s, CH3(CH2)4);
0,87 (3H, t,
CH3(CH2)4CH>)
IXa 8,40 8,90 7,34.- 8,03 (9H, m) —
IXb 8,44 8,92 7,20 - 8,06 (8H, m) 3,84 (3H, s, 6-OCH3)
Xi 8,04 8,72 7,84 (2H, d; 8.5); 7,61 3,46 (4H.q, 7-
(1H, d, 5-H, 8.5); 6,80 N{(CH2>CH3)2); 1,17 (6H, t,
(2H,d; 8,5); 6,70 (14, d, 7-N(CH2CH3)2); 3,00 (6H,
d, 6-H;, 8,5; 2,0); 6,57 S, 4-N(CHz3)2)
(1H, d, 8-H; 2,0)
IXn 8,42 8,88 7.62 - 8,05 (8H, m) —
XVIb 8,27 9,05 7,27 - 8,09 (8H, m) 3,82 (3H, s, 6-OCH3)
Xvinb 7,91 8,90 7,52-7,71 (8H, m) 4,07 (3H, s, 6-OCH3)

*PMR spectrum in CF,COOD.

B. 0.013 moles formamide and 0.003 moles phosphorus pentasulfide in 50 ml 1,4-dioxane were allowed to stand at
room temperature for 1 h. 0.01 moles coumarin Ila-e was added to the mixture and then this was heated on a water bath for
1 h. The precipitate of compounds [Va-e¢ was filtered off, washed with water and ethanol, dried, and crystallized from an
appropriate solvent.

General Procedure for Obtaining 2-(Aryl-1-cyanoethenyl)-4-(coumarin-3-yl)thiazoles XIa-h (Table 3). A
Equimolecular amounts of coumarins [Ia-f and the corresponding 4-R-benzylidenecyanothioacetamides Xa-f (0.01 moles) in
20 ml DMF were heated for 10-20 min at 80-90°C, cooled, diluted with water, and alkalized with an aqueous solution of
ammonia or ammonium acetate up to pH ~ 7. The precipitate was separated, washed with water and ethanol on the filter, dried,
and crystallized from a 1-butanol -DMF mixture.

B. Equimolecular amounts of 3-(2-cyanomethylthiazol-4-yl)coumarins Va,c and aldehydes XIla-g (0.01 moles) were
dissolved in 30-40 ml 2-propanol or ethanol, then 1-2 drops of piperidine were added. The reaction mixture was heated for
5 min at a temperature of 40-50°C, then stirred at room temperature until a precipitate fell out of solution. The precipitate was
separated, washed with 2-propanol or ethanol on the filter, dried, and crystallized.

C. Equimolecular amounts of coumarins ITa-f, aldehydes X1Ila-g, and 1 g thiocyanoacetamide ITIb (0.01 moles) in 20-30
ml 2—propanol or ethanol were boiled for 10 min, then 1-2 ml piperidine were added. The reaction mixture was heated for 5
min af a temperature of 50-60°C, then stirred at room temperature. The precipitate was separated, washed on the filter with
2-propanol or ethanol, dried, and crystallized from a 1-butanol—DMF mixture.

General Procedure for Obtaining 3-(4-R-thiazol-2-yl)-2H-1 of Benzopyran-2-omes XVIa-m (Table 1). A.
Equimolecular amounts of 2-imino-2H-1-benzopyran-3-thiocarboxamides XIlla-f and the corresponding «-halocarbonyl
compounds XVa-c (0.01 moles) in 20-40 ml of 2-propanol or ethanol were boiled for 10-20 min (until a precipitate fell out
of solution), then 10 ml each concentrated hydrochloric acid and water were added; this was boiled for 10-20 min more,
cooled, diluted with water and alkalized with an aqueous solution of ammonia or ammonjum acetate up to pH ~7. The
precipitate was separated, washed on the filter with water and ethanol, dried, and crystallized from an appropriate solvent.

B. Equimolecular amounts of 2-imino-2H-1-benzopyran-3-thiocarboxamides XIIla,c-f and diethylacetal of
bromoacetaldehyde XVd (0.01 moles) in 20-40 ml 2-propanol or ethanol were boiled for 15-25 min (until a precipitate fell out
of solution); 10 ml each concentrated hydrochloric acid and water were added and this was boiled for 15-20 min more, cooled,
diluted with water and alkalized with an aqueous solution of ammonia or ammonium acetate up to pH ~ 7. The precipitate was
separated, washed on the filter with water and ethanol, dried, and crystallized from an appropriate solvent.
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TABLE 3. Physicochemical Characteristics of Synthesized Compounds XIa-h -

Found IR Chemical shift. Yield, %
Com- Empirical N. % T oc |spectra ppm, splm—spm ( em. d;
T Tareq | mp ? coupling metho:
pound formula Ca}:uglted em=1 constant (J, Hz)
Xla | CaHuCIN20:8 7,23 223224 | 3127, | 8,56 (1H, s, §-H); | 81(A),
7,17 2231, | 8,84 (I1H, s, 4-H); | 77(B),
1m2 | 7,31..8,10 70(C)
(8Hafom'+ 1H, m,
| CH=)
Xib | CaHuBrN20:8 6,40 225227 | 3117, | 8,58 (H, s, 5-H); | 79 (A),
6,44 2231, | 8,84 (1H, s, 4-FD; | 77 (B).
1713 | 7,32...8,08 69 (C)
(8Harom + IH, m,
CH=)
Xic C21H11FN2028 7,43 199200 | 3143, | 8,54 (1H, s, 5-H); | 85 (A),
7,48 2216, | 8,84 (1H, s, 4-H); | 87 (B),
1721 | 7,31...8.10 71 (C)
(8Hzrom + IH, m,
CH=)
XId | CzH1aN203S 7,19 207208 | 3146, | 8,56 (1H, s, 5-H); | 81 A),
7,25 2223, | 8,88 (1H, S, 4-H); | 73(B),
1712 | 7.04...8,36 71(C)
(8Harom + 1H, m,
CH-); 3,89 (3H, s,
OCH3)
Xle C21H11IN304S 10,39 260-261 | 3126, | 8,64 (1H, s, 5-H); | 70 (A),
10,47 2229, | 8,84 (1H, §, 4-H); | 59 (B),
1718 | 7,31..8,37 47 (C)
(8H:.arom + 1H, m,
CH=)
XIf | CaH17N3028 10,49 | 248-250 | 3136, | 8,41 (IH,s, 5'-H); | 69 (A),
10,52 2215, | 8,84 (IH, s, 4-H); | 67 (B),
119 | 6,72...7,96 41 (C)
(8Harom + 1H, m,
CH=); 3,10 (6H, s,
4-N(CH3)2)
Xig { CisHioN2038 8,08 214216 | 3141, | 8,52 (1H, s, §-H); | 7T1(A),
8,09 2214, | 8,82 (IH, §, 4-H); | 72(B),
1720 | 7,29...7,98 39(C)
(TH:arom + 1H, m,
CH=)
XIh | CasHisCIN20z8 6,29 240-242: | 3127, | 8,60 (IH, s, 5-H); | 77 (A),
6,36 2213, |9,37 (H, S, 4-H); | 71 (B),
1719 | 7,43...8,10 52(C)
(10Harom + 1H, m,
CH=)

TABLE 4. Mass Spectra of Compounds Vla-e, VIla, c, ¢, IXc, d, e

Com-
pound

m/z (I, %)

Via

VIb
Vic

vid
Vie

VIla
Vic
Ve
IXc
1Xd
IXe

*Peaks with [,y = 5% are given.

243 (M", 100, 215 (15), 202 (28), 174 (32), 174 (32), 146 (18), 145 (21),
130 (7), 101 (6), 102 (34)

273 (M*, 100), 245 (13), 232 (9), 230 (7), 204 (10), 202 (12), 161 (11)

259 (M", 38), 231 (7), 218 (6), 205 (6), 204 (44), 190 (20), 189 (100), 162
(6), 161 (11), 134 (8), 105 (20)

314 (M*, 11), 299 (17), 260 (6), 259 (41), 245 (15), 244 (100), 216 (18)

293 (M*, 100), 266 (6), 265 (35), 252 (6), 224 (29), 196 (5). 195 (26), 163
(7), 152 (24), 151 (14), 150 (8), 147 (6)

381 (M", 100), 174 (20), 145 (14, 101 (15)
452 (M", 65), 437 (45), 259 (70), 244 (100), 216 (50}, 116 (95), 77 (830
481 (M, 40), 410 (70), 290 (55), 275 (100), 219 (95)

321 (M*, 100), 293 (13), 259 (8), 244 (17), 218 (18)

376 (M*, 85), 361 (100), 332 (34), 304 (13), 247 (10), 229 (41)
355 (M*, 100), 328 (31), 244 (1), 224 (22), 219 (8)
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C. Equimolecular amounts of 2-oxo-2H-1-benzopyran-3-thiocarboxamides XIVa-fand the corresponding c-halocarbonyl
compound XVa-c (0.01 moles) in 20-40 ml of 2-propanol or ethanol were boiled for 10-20 min (until a precipitate fell out of
solution); then this was cooled, diluted with water, and alkalized with an aqueous solution of ammonia or ammonium acetate
up to pH ~7. The precipitate was separated, washed on the filter with water and ethanol, dried, and crystallized.

D. 0.01 moles of the corresponding 2-iminocoumarin XVIIIa, b was dissolved in 20 ml 1,4-dioxane, then 5-7 ml
concentrated hydrochloric acid was added. The solution was heated for 5 min, diluted with 60 ml water, alkalized with an
aqueous solution of ammonia up to pH ~ 7-8. The precipitate was filtered off and recrystallized from butanol.

General Procedure for Obtaining 2-Imino-3-(4-R-thiazol-2-yl)-2H-1-benzopyrans XVIIIa,b (Table 1).
Equimolecular amounts of the corresponding salicylaldehyde XIXa, b and 2-cyanomethyl-4-phenylthiazole XVII (0.01 moles)
was dissolved in 2040 ml 2-propanol or ethanol, then 1-2 drops piperidine was added. The reaction mixture was heated for
S min at a temperature of 40-50°C, and then was stirred at room temperature until a precipitate fell out of solution. The
precipitate was separated, washed on the filter with 2-propanol or ethanol, dried, and crystallized from 1-butanol.
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