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E N S E M B L E S  O F  R I N G S  W I T H  A C O U M A R I N  U N I T .  

1 .  S Y N T H E S I S  O F  3 - ( 2 - R - T H I A Z O L - 4 - Y L ) -  A N D  

3 - ( 4 - R - T H I A Z O L - 2 - Y L )  C O U M A R I N S  

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, CH 3, CH2CN, 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-yl)coumarins (R = CH2CN), we carried out reactions with aromatic aldehydes. 
We propose alternative methods for synthesis of 2-[2-ary l (hetary l)- l-cyanoet.heny l]-4- (coumarin- 3-y l) thiazoles. 

E n s e m b l e s  o f  r i ngs  con t a in ing  c o u m a r i n  un i t s  have  s t i m u l a t e d  c o n s i d e r a b l e  i n t e r e s t  a m o n g  r e s e a r c h e r s .  T h e s e  

c o m p o u n d s  inc lude  ac t ive  m e d i a  f o r  l a se r s  w i t h  e f f ec t i ve  i n t r a m o l e c u l a r  e n e r g y  t r a n s f e r  [1-3] a n d  p r o m i s i n g  d r u g s  [4-8].  In  

this p a p e r ,  w e  p r e s e n t  resu l t s  o f  an  i n v e s t i g a t i o n  o f  syn thes i s  rou tes  f o r  3 - (2 -R- th i azo l -4 -y l )  a n d  3 - ( 4 - R - t h i a z o l - 2 - y l ) c o u m a r i n s .  

S c h e m e  1 

O O 

R t - ~ ~ O  Me Br2.: R I _ ~ ~  CH2Br 

Ia- f IIa-,f 

H~N'JI~R 2 R 2 

IIIa-i D- R 1 - ~ ~ - N  
v "O" "O 

IVa-e, Va-d, Via-f, Viia-e, Vll]a-e, IXa-o 

I, 11 a R 1 = H; b R t = 6-OMe; c R 1 = 7-OH; d R l = 7-NEt2; e R 1 = 5,6-benzo; f R  l = 6-n-C6H13 , 7-OH; 

rll a R 2 = H; b R 2 = CH2CN; c R 2 = Me; d R 2 = Ph; e R 2 = p-MeOC6H4; f R 2 = p-Me2NC6H4; g R 2 

= p-CIC6H4; h R 2 = p-PhC6H 4, i R 2 = p-(p-PhC6H4) C6H4; IV R 2 = H; VII R 2 = p-PhC6H4; VIII R 2 = 
p-(p-PhC6H4) C6H4; IV, VII, VIII a R 1 = H; b R 1 = 7-OH; c R 1 = 7-NEt2; d R 1 = 5,6-benzo;. e R t = 6-n- 

C6H13, 7-OH; V R 2 = CH2CN; V a R 1 = H; b R 1 = 7-OH; c R I = 5,6-benzo; d R 1 = 6-n-C6HI3, 7-OH; 
VI R 2 = Me; V I a  R l = H; b R 1 = 6-OMe; c R l = 7-OH; d R l = 7-NE~; e R 1 = 5,6-benzo; f R  1 = 6-n- 

C6H13, 7-OH; IXa-f R 2 = Ph; a R l = H; b R l = 6-OMe; c R t = 7-OH; d R l = 7-NEt2; e R l = 5,6-benzo; 
f R l = 6-n-C6H13, 7-OH; g- kR 2 = p-MeOC6H4; g R 1 = H; h R l = 7-OH; i R l = 7-NE~; j R 1 = 5,6- 

benzo; k R 1 = 6-n-C6H13, 7-OH; l, mR 2 = p-Me2NC6H4; l R l = 7-NEt2;mR l = 5,6-benzo; n, o R 2 = p- 

C1C6H4; n R 1 = H; o R 1 = H; o R l = 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] 2+ synthon with a dinucleophilic [SN] 2-  synthon. As the synthetic equivalents of the [C2122+ synthon, we 

2 -  
chose 3-(o~-bromoacetyl)coumarins IIa-f [9], while as the equivalents of the [SN] 3 synthon we chose thioformamide, 
thioacetamide, thiocyanoacetamide, and aromatic thioamides IId-i. 

Condensation of eoumarins IIa-f with thioarnides 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, VIIa-e, VIIIa-e, IXa-o by treatment with 
an aqueous ammonia solution. The 3-(thiazol-4-yl)coumarins IVa-e were synthesized both by reaction of IIa,c-f with 
thioformamide IIIa [11] (method A) and with the help of a modified Hantsch reaction, and the coumarin IIa,c-f was treated 
with formamide and phosphorus pentasuifide (method B) (Scheme t). 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-(cx-bromoacetyl)coumarins. 4-Substituted thiobenzamides IIIe-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-benzylidenecyanothioacetamides Xa-f [14] as the thioamide component allowed us to obtain 
2-[2-aryl0aetaryI)-l-cyanoethenyI]-4-(coumarin-3-yl)thiazoles XIa-h (method A). With the goal of confh'ming the structure, we 
carried out alternate syntheses of compounds XIa-h by condensation of 3 (2-cyanomethylthiazol-4-yl)coumarins Va,c and 
aldehydes XIIa-g (method B) and three-component condensation of the derivatives IIa,e, IIIb and the aldehydes XIIa-g (method 
C) (Scheme 2). 

Scheme 2 

l~a,e + (t f 
CN v -0"  ~O 

X a - f  XI a -h  

J L ~  J ~ ' 1 "  l 
c 

Va,c + --~- ~.-3 
1-1 K I I 
X l l a - g  l l a , e +  l l l b  + X l l a - g  

X I a - g  R I = H;  X,  X t ,  XII  a R 3 = 4-CIC6H4;  b R 3 = 4 -BrC6H4;  c R 3 = 4 - F C 6 H 4 ;  d R 3 = 4-  

M e O C 6 H 4 ;  e R 3 = 4 -O2NC6H4;  f R 3 = 4 -Me2NC6H4;  g R 3 = fu r fu ry t -2 ;  X I  h R 1 = 5 , 6 - b e n z o ;  

R 3 = 4 -CIC6H 4 

Upon reaction of 2-iminocoumarin-3-thiocarboxamides XIIIa-f [15] with a-halocarbonyl compounds XVa-c, the 
compounds XVIIIa-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 XVIIIa-m to coumarins XVIa-m was accomplished via acid hydrolysis. Synthesis of compounds 
X'VIa-e, where the a-halocarbonyI 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 XIIIa-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-l-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 XVII/a,b, in the first stage the Hantsch reaction was carried out and 2-cyanomethyl-4-phenytthiazole 
(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-hydrochtoride acid system, the compounds XVIf, g are formed in high yields 
(Scheme 3). 
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Scheme 3 

S 

R t ~  z _ 

x m  a-f 

H20 ~ H + S 

R t ~ 2 !  

~ o . , . , , ~ o  
XIV a-f 

NCCH2~  ~ ~--Ph 

XVII 

A: R2COCH2B~ 
B: (EtO)zCHCH2Br 

H + 
I t  

O 

XIXa,b 

R I ~  R2 

XVI a-m 

IH" 
R I ~  Ph 

XVIII a,b 

Xrn', XIV, XIX a R 1 = H; b R t = 6-OMe; c R 1 = 7-OH; d R 1 = 7-NEt2; e R l = 5,6-benzo; f R t = 

6-n-C6HI3, 7-OH; XV a R 2 = H; b R 2 = Ph; c R 2 = 4-PhC6H4; XVIa-e R 2 = H; a R l = H; b R 1 = 

7-OH: c R ! = 7-NEt2; d R l = 5,6-benzo; e R 1 = 6-n-C6H13, 7-OH; f-h ~2 = Ph; f R 1 = H; g R t = 

6-OMe; h R 1 = 5,6-benzo; i-m R 2 = 4-PhC6H4; i R 1 = H; j R 1 = 7-OH; k R 1 = 7-NEu2; l R l = 

5,6-benzo; m R 1 = 6-n-C6H13, 7-OH; XVIII a R l = H; b R 1 = 6-OMe 

In the IR spectra, among the characteristic bands confn-ming the structure of 2- and 4-(coumarin-3-yl)thiazoles IVa-e, Va-d, 

Via-f, VIIa-e, VIIIa-e, IXa-o, XIa-h, XVIa-m we should pick out the vibrations of the lactone C = O group which appear at 
1684-1743 cm -1 [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 -1 [22, 23] (Tables I and 3). The electronic absorption and fluorescence 

spectra of thiazolylcoumarins IVa-e, Va-d, Via-f, VIIa-e, VIIIa-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, l, 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 IXc, d, e, the peak 

for most of the molecular ions has maximum intensity (Table 4), which is typical for many bis-heteroaromatic com~pounds. 

Fragmentation of the molecular ion occurs according to a scheme typical for 2,4-disubstituted thiazoles: rupture of the 1 - 2  

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 M-40 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-D6, (compounds XIa-h, in CDC13), 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 IVa-e, Va-d, Via-f, VIIa-e, VIIIa-e, "IXa-o, XIa-h, 
XVIa-m, XVIIIa,b are presented in Tables 1-4. 

GeneralProcedure for Obtainin g 3-(2-R-thiazol-4-yl)-2H-1 -benzopyran-2-ones IVa-e, Va-d, Via-f, VIIa-e, VIIIa-e, 

IXa--o (Table 1). A. Equimolecular amounts of 3-(~-bromoacetyl)coumarins IIa-f and the corresponding compound containing 

a thioamide group IIIa-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, VIb, d, f, IXa, b, l, n, XVIb, XVIIIb 

Com- 
pound 

Va 
VIb 

Vld 

Vhf 

IXa 
IX, b 
IXl 

I X n  

XVIb 
XVIII,~ 

ppm, s p i n - s p i n  coupling constant (J, Hz) 

At 

,39 - 7,94 (4H,m) 
,50 (1H, d, 5-H; 2,5); 
,22 (IH, d.d, 7-H; 8,5; 
,5); 7,38 (1H, d, 8-H; 8,5) 
,65 (1H, d, 5-H; 8,5); 
,,76 (1H, d.d, 6-H; 8,5; 
,,0); 6,60 (1H, d, 8-H; 2,0) 

,50 (1H, s, 5-H); 6,78 
IH, s, 8-H) 

',34.- 8,03 (9H, m) 
',20 - 8,06 (8H, m) 
',84 (2H, d; 8,5); 7,61 
1H, d, 5-H; 8,5); 6,80 
2H, d; 8,5); 6,70 (IH, d, 
,6-H;  8,5; 2,0); 6,57 
IH, d, 8-H; 2,0) 
',62 - 8,05 (8H, m) 
',27 - 8,09 (8H, m) 
',52 - 7,71 (8H, m) 

other protons 

4,64 (2H, s, CH2) 
2,73 (3H, s, CH3); 
3,82 (3H, s, 6-OCH3) 

3,48 (4H, q, 7- 
N(.~,l~CI-h)2); 1,16 (6H, t 
7-N(CH~CH~)2); 2,73 (3H, 
s, CI-h) 
1,57 (2H, q, 
CH3(CH2)4CH~); 1,29 (SH, 
S, CH3 (.~,,l~) 4) ; 
0,87 (3H, t, 
CI-h (CH2) ~",1:[2) 

3,84 (3H, s, 6-OCH3) 
3,46 (4H, q, 7- 
N(CH)CH3)2); 1,17 (6H, t, 
7-N(CH~CI-I~)2); 3,00 (6H, 
s, 4-N(CH3)2) 

3,82 (3H, S, 6-OCH3) 
4,07 (3H, s, 6-OCH3) 

*PMR spectrum in CF3COOD. 

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 IIa-e was added to the mixture and then this was heated on a water bath for 

1 h. The precipitate of compounds IVa-e was filtered off, washed with water and ethanol, dried, and crystallized from an 
appropriate solvent. 

General Procedure for Obtaining 2-(Aryl-l-cyanoethenyl)-4-(coumarin-3-yl)thiazoles XIa-h (Table 3). A. 
Equimolecular amounts of coumarins IIa-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~ 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 XIIa-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~ then stirred at room temperature until a precipitate fell out of solution. The precipitate was 

separated, washed with 2-propanol or ethanol on the triter, dried, and crystallized. 

C. Equimolecular amounts of coumarins IIa-f, aldehydes XIIa-g, and 1 g thiocyanoacetamide IIIb (0.01 moles) in 20-30 

ml 2-propanol or ethanol were boiled for 10 rain, then 1-2 ml piperidine were added. The reaction mixture was heated for 5 

rain at a temperature of 50-600C, then stirred at room temperature. The precipitate was separated, washed on the filter with 
2-propanol or ethar~ol, dried, and crystallized from a 1-butanol-DMF mixture. 

General Procedure for Obtaining 3-(4-R-thiazol-2-yl)-2H-1 of Benzopyran-2-ones XVIa-m (Table 1). A. 
Equimolecular amounts of  2-imino-2H-l-benzopyran-3-thiocarboxamides XIIIa-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 rain (until a precipitate fell out 

of solution), then 10 ml each concentrated hydrochloric acid and water were added; this was boiled for 10-20 rain 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. 

B. Equimolecular amounts of 2-imino-2H-l-benzopyran-3-thiocarboxamides XIIIa,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 

Com- 
pound 

Xla 

Xlb 

XIc 

Xld 

Xle 

xI f  

Xlg 

X_th 

Empirical 
formula 

C21HIICIN202S 

C21HIIBrN202S 

C21HIIFN202S 

C22HI4N203S 

C21HllN304S 

C23HI7N302S 

C19HIoN203S 

C25HDCIN202S 

Chemi~ l  shiR.. 
ppm, s p m - s p m  

coupling 
constant (J, I-Iz) 

8,56 (IH, s, Y-H); 
8,84 (1H, s, 4-H); 
7,31 ...8,10 " 
(8Harom, + 1H, m, 
CH-) 
8,58 (1H. s, Y-H); 
8,84 (IH. s. 4-H); 
7,32...8,08 
(8Harom + IH, m, 
CH-) 
8,54 ( 1 H, s, Y-H); 
8,84 (1H, s, 4-H); 
7,31 ...8.10 
(SHarom + 1H, m, 
CH-) 
8,56 (IH, s, 5'-H); 
8,88 (IH, S, 4-H); 
7,04. _8,36 
(8Harom + IH, m, 
CH-);  3,89 (3H, s, 
OCH3) 
8,64 (IH~ s, Y-H); 
8,84 (1H, s, 4-H); 
7,31...8,37 
(8H:arom + IH, m, 
CH-) 
8,41 (1H, s, Y-H); 
8,84 (1H, s, 4-H); 
6,72...7,96 
(8Hatom + 1H, m, 
CH-); 3,10 (6H, s, 
4-N (CH3) 2) 
8,52 (IH, s, Y-H); 
8,82 (1H, ~;, 4-H); 
7,29...7,98 
(7I-hrom + IH, m, 
CH-) 
8,60 (IH, s, 5'-H); 
9,37 (IH, $~ 4-H); 
7,43...8,10 
(10Harom + tH, m, 
C H - )  

Yield, % 

(method) 

81 (A), 
77 (B), 
7o(c) 

79 (A), 
77 (B). 
69 (C) 

85 (A), 
87 03), 
71 (C) 

81~A), 
7303), 
71(c) 

70 (A), 
59 03), 
47 (c) 

69 (A), 
67 03), 
41 (c) 

71 (A), 
72 (B), 
39 (C) 

77 (A), 
71 (B), 
52 (C) 

TABLE 4. Mass Spectra of  Compounds Via-e, VIIa, c, e, IXc, d, e 

Com- 
pound m/z (Ire 1%) 

Via 

r ib  
VIc 

r i d  
Vie 

VIla 
VHc 
Vile 
IXc  
IXd 
IX,e 

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 (I00), 216 (50), 116 (95), 77 (80) 
481 (M +, 40), 410 (70), 290 (55), 275 (100), 219 (95) 
321 (M +, I00), 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 (17), 224 (22), 219 (8) 

*Peaks with Irel -> 5 % are given. 
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C. Equimolecular amounts of2-oxo-2H-1-benzopyran-3-thiocarboxamides XIVa-fand the corresponding ot-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 2-1mino-3-(4-R-thiazol-2-yl)-2H-l-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 20-40 ml 2-propanol or ethanol, then 1-2 drops piperidine was added. The reaction mixture was heated for 

5 min at a temperature of 40-50~ 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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