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Thiazole  analogs of natural  isof lavones were  synthesized,  and the i r  reac t ions  with alkalis ,  
phosphorus  pentasutfide,  and alkylating and acylat ing agents w e r e  studied. Data on the b io-  
logical  act ivi ty of the compounds a re  p resen ted .  

Continuing our studies of thiazole analogs of isof lavones ,  w e h a v e  obtained new 3- (4- th iazo ly l )chro-  
mones  with s t ruc tu re  A. We used two methods to obtain chromones  without subst i tuents  in the 2 posi t ion 
f r o m  the aeetophenones (I-III) that we previous ly  obtained in [1]. In one of these  two methods,  the indicated 
aeetophenones were  t r ea t ed  with excess  methyl  fo rma te  in a condensation of the Cla isen  type [2] with sub- 
sequent eycl izat ion of the ~- fo rmylace tophenones  to  IV-VI.  

A 

In Ne  second method, which consis ted  in heating aeetophenones I - I I I  with ethyl o r thoformate  in pyridine in 
the p r e senee  of catalyt ic  amounts of piper idine [3], the ch remone  s y s t e m  was fo rmed  immeNa te ly ,  and 
chromones  IV-VI were  isolated d i rec t ly  f rom the reac t ion  mix tu re  without additional t r ea tmen t .  The two 
methods give p rac t i ca l ly  identicai yields of the ehromones .  

The thsazole analogs of natural  isof lavones can also be synthes ized  by r emova l  of the 2-e thoxyearbonyl  
group f r o m  the appropr ia te  ehromones  by heating them with pyridine hydrochlor ide  [2]; this was shown in 
.the ease  of chromone VII, p rev ious ly  obtained in [1]. This reac t ion  s e rved  as an additional proof  of the 
fo rmat ion  of IV f rom acetophenone I, but this method for  the synthes is  of 2-unsubst i tu ted chromones  is less  
convenient than di rec t  r ing closing of2 ,4-d ihydroxyaee tophenones .  

The synthesis  of ehromones  eontaining a t r i f luoromethyl  group in the 2 posi t ion s e e m s  of definite 
in te res t .  This was achieved by reac t ion  of t r i f luoroace t ic  anhydride with pyridine solutions of ketones I -  
Ill .  The same  method was used to obtain 2 - t r i f luo romethy l  chromones  VIII-X and XXVIII-XXN f r o m  ~-(2- 
m e t h y l - 4 - t h i a z o l y l ) - 2 , 4 , 6 - t r i h y d r o x y - ,  ~- (4 - th i azo ly l ) -2 ,4 -d ihy roxy -6 -me thy l -  and o , - (4- thiazolyl ) -2 ,6-  
d ihydroxy-4-methylace tophenones  [1, 4]. Acetyl  (XI-XIII) or  methyl  (XIV-XVII) de r iva t ives  at the 7-hydroxy 
group were  synthes ized  for  IV-VI and IX and X, and the acetyl  der iva t ives  can be successfu l ly  used for  the 
p repa ra t ion  of a - th i azo ly l -2 -hydroxy-4 -me thoxyaee tophenones  XVIII and XIX, inasmuch as nonsolidifying 
oils  were  fo rmed  in a t tempts  to d i rec t ly  methyla te  the 4-hydroxy group of acetophenones I - I I I  with methyl  
iodide o r  dimethyl  sulfate .  

*See [2] for  communicat ion I.  
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T A B L E  2. R e s u l t s  of T e s t s  fo r  the A n t i b l a s t i c  A c t i v i t y  of  T h i a z o l e  

Ana logs  of  I so f l avones  (A) 

R' 

CH3 
CHs 
CH3 
CH3 
H 
H 
H 
COOC~H~ 
C O O C 2 H s  
COOC2Hs 
C O O C 2 H 5  
CFs 
CF, 
CF3 " 
CF3 
CH~ 
CH3 
CH~ 
CH~ 
CH~ ' 
CH~ 
C O O C s H s  
CFs 
CH~ 
CH~ 

R~ 

OH 
OH 
OH 
OCHs 
OCOCHs 
OH 
OH 
OH 
OH 
OH 
OCH3 
OH 
OH 
OH 
OCH3 
OH 
OH 
OH 
CHs 
CHs 
OH 
OH 
OH 
OCH~COOH 
OCH2CONHCH~CH~OH 

Rs 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
CHs 
CHz 
CHs 
OH 
OH 
OH 
OH 
o .  

H 

R* 

H 
CH, 
C6H~ 
C6Hs 

CH~ 
H 
CH3 
C6H5 
C6H5 
H 
CH~ 
C8H5 
C6H~ 
H 
CH3 
C6H5 
H 
CH3 
CH3 
CH~ 
CH3 
H 
H 

Zone diameter, mm, 
! for the following con- 
! centrations,/~g/ml 

i }0 ~ 30 

15 20 
20 20 25 
50 55 65 
30 ~0 
30 ~0 
15 20 
40 10 50 

0 10 
0 10 

40 45 5ff 
0 l0 
0 10 
0 10 
0 10 
0 10 
0 10 

20 30 3@ 
15 20 
0 I0 
0 10 

35 45 
15 2O 
0 10 

15 20 
t5 

We s tud ied  the ac t ion  of a lka l i s  on 3 - t h i a z o l y l c h r o m o n e s  with  s t r u c t u r e s  XIV and XVII and on the 

p r e v i o u s l y  p r e p a r e d  [1] XX, XXII, and XXIII.  

~ s  

I - I I I  ~ IV-VI V i i  

XIV, XV Xl-Xlll OH- / XXlll 

o.l  / 

XVIII, Xlg ~ XXlV XX-iXl| 

HO F~ CH~O CF 3 ~ [" [[ [I N~TzR 

VIII-X XVI-XVII XXV-XXVII 

I,IV, VII, V~II. XI. XIV, XVIII, XX. XXIII, XXV R : H ;  II,V.IX. XII, XVI, XXI, XXVI RffiCH3; 

I1! VL X, XIII, XV, XVII, XIX, XXII. XXVII R ~ C~H 5 

When the i n d i c a t e d  e h r o m o n e s  w e r e  hea ted  with a four fo ld  e x c e s s  of 5% aqueous  s o d i u m  hydrox ide  so lu -  
t ion,  the p y r o n e  r i n g  opened  to g ive  ke tones  XVIII and XIX, p robab ly  t h rough  a s tep  invo lv ing  the f o r m a -  
t ion of a - a c y l a c e t o p h e n o n e s  of the XXIV type.  It should  be  noted  tha t  the r a t e  of a lka l ine  c l e a v a g e  depends  

on the  n a t u r e  of  the subs t i t uen t s  in the 2 pos i t i on  of the c h r o m o n e .  3 - T h i a z o l y c h r o m o n e s  wi th  e l e c t r o n -  

a c e e p t o r  subs t i t uen t s  and 2 - u n s u b s t i t u t e d  e h r o m o n e s  unde rgo  m o r e  r ap id  r i n g  opening than the c o r r e s p o n d -  

lag  2 - m e t h y l e h r o m o n e s .  The  p r e s e n c e  of a f r e e  7 - h y d r o x y  g roup  m a r k e d l y  s t a b i l i z e s  the c h r o m o n e s  with 
r e s p e c t  t o  the ac t ion  of a l k a l i s .  Ring  opening of  t h e s e  compounds  unde r  s i m i l a r  condi t ions  p r o c e e d s  v e r y  

s lowly ,  and the  p r o d u c t s  a r e  ob ta ined  in low y ie lds  and a r e  d i f f icu l t  to pur i fy .  The  4 - m e t h o x y a c e t o p h e -  
nones  (XVIII and XIX) ob ta ined  by opening of  7 - m e t h o x y c h r o m o n e s  XIV, XXII, and XVII w e r e  r e c y c l i z e d  to 
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XIV and XV by react ion with methyl formate  or  ethyl or thoformate,  and this was an additional confirmation 
of the s t ruc ture  of the chromones  mentioned above. 

We replaced the carbonyl  oxygen atom of the chromones  by a sulfur atom by heating XX-XXII in 
pyridine with phosphorus pentasulfide. The formation of thiones shows up distinctly in the UV spec t ra  
with respec t  to the shift in the absorption maximum to the long-wave region by 80 am as compared  with 
the s tar t ing compounds [1]. In cont ras t  to the s tar t ing color less  chromones,  the thiones obtained are  r ed-  
orange crysta l l ine  substances ,  

In the alkylation of 7-hydroxychromones  the format ion of derivat ives involving the nitrogen atom of 
the thiazole ring, in addition to derivat ives involving the phenolic hydroxyl group, is possible.  Thus in the 
react ion of 2 -methy l -3 - (4 - th iazo ly l ) -7 -hydroxychromone  [1] with ethyl b romoace ta te  in acetone solution 
in the p resence  of potass ium carbonate,  alkylation takes place at the 7-hydroxy group, whereas when it is 
heated with ethyl p-toluenesulfonate the nitrogen atom of the thiazole r ing undergoes react ion to give qua- 
t e rna ry  salt  XXXI. 

P-CHaCoH4SO 3 
XXXl 

For  convenience in pharmacological  tests  of the compounds obtained f rom 2-methy l -3- (4- th iazo ly l ) -7 -  
e thoxycarbonylmethoxychromone (XXXIII), water-soluble  compounds - acid XXXIV and amide XXXV - were  
prepared .  

The 3- th iazolylchromones  and thei r  derivat ives are  color less  crys ta l l ine  substances with ra ther  high 
melt ing points and are  quite soluble in ord inary  organic solvents.  The s t ruc ture  of the new substances is 
conf i rmed by the resul ts  of e lementary  analysis ,  LW and IR spec t ra  (Table 1), and, in a number of cases ,  
by alternative syntheses .  

Tests  of the antiblastic activity of the synthesized thiazole analogs of isoflavones were made in v i t ro  
experiments  by the method of se r ies  cul tures  and diffusion in a g a r - a g a r  [5, 6] at concentrat ions f rom 10 
to 30 gg of the substance per  mil i l i ter  of solvent. __Staphylococcus aureus UF 3 was used as the s tar t ing 
tes t  culture.  The activity of the tes ted compound was evaluated f rom the d iameter  of the zone in which 
the growth of the Staphylococcus aureus UF 3 was absent.  A 10 ~g per  mil i l i ter  sample of the individual 
substance was taken for the quantitative evaluation of the activity per  unit effect.  The data presented in 
Table 2 constitute evidence for a relat ionship between the biological activity of the 3- th iazolylchromones  
and their  s t ruc ture .  The nature of substituent R 1 and R 4 has a par t icu la r ly  pronounced effect on the phy-  
siological  activity of the investigated chromones .  Thus, for example, 2 -me thy! -3 - (2 -pheny l -4 - th iazo ly l ) -7 -  
hydroxychromone displays considerable  antiblastic activity.  Replacement  of the phenyl group in the thia-  
zole ring of this chromone by a methyl  group or a hydrogen atom and increas ing the electronegativity of 
substituent R 1 are  accompanied by a sharp  drop in the biological activity. 

EXPERIMENTAL METHOD 

The UV spec t ra  of ethanol solutions of the compounds (2.10 -5 and 5 �9 10 -5 mole) and of ethanol solu- 
tions of the compounds containing dioxane (2 �9 10 -5 mole) were r ecorded  with SF-4A and Unicam SP-800 
spect rophotometers ,  respect ively .  The IR spec t ra  of KBr pellets of the compounds were recorded  with a 
UR-10 spec t romete r .  The puri ty of the chromones  was monitored by th in - l aye r  chromatography (TLC) 
on Merck G si l ica gel. A mixture of ch loroform and methanol (9:1) and, in some cases ,  a mixture of ben-  
zene and ethanol (95:5) were used as the eluents.  

3 -Thiazo ly l -7 -hydroxychromones  (IV-VI). A) A 10-mmole  sample of sodium tert-butoxide was added 
with s t i r r ing  in an a tmosphere  of an iner t  gas to a cooled (to 0-3 o) solution of 1 mmole of acetophenone (I- 
III) in 4 ml of dry methyl formate .  After  10-15 rain, the mixture was heated to 22 ~ and s t i r r ing  was con- 
tinued for  3 h, after  wich the solvent was evaporated, and the dry res idue was t rea ted  with 45 ml of 1% 
hydrochlor ic  acid solution to pH 1, and the resul t ing precipitate was removed by filtration. An alcohol 
solution of the precipi ta te  was refluxed with hydrochlor ic  acid (0.5 ml of concentrated HC1 per  g r a m  of 
the compound) for  10 min. The mixture was cooled, and the solid was removed by fi l tration and washed 
with water  to remove the acid. 
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B) A mix tu re  of 1 mmole  of aeetophenone (I-HI) and 6 mmole  of ethyl o r thofo rmate  in 1 ml  of p y r i -  
dine was hea ted  in the p r e s e n c e  of one to two drops  of p ipe r id ine  at 120-130 ~ for  3-5 h (the end of the r e a c -  
t ion was de t e rmined  f rom a negative t e s t  with an alcohol solut ion of f e r r i c  ch lo r ide  or  by chromatography) .  
The m i x t u r e  was then poured  into 25 ml  of water ,  and the so l id  produc t  was r e m o v e d  by f i l t r a t ion .  

3-(4-Tl~iazolu (IV). A mixture of 0.63 g (2 mmole) of VII and 2.1 g (18 mmole) 
of pyridine hydroehloride was heated gradually with raising of the temperature from 160-170 ~ to 210-220 ~ 
in I h (the end of the reaction was determined from cessation of the evolution of bubbles of carbon dioxide), 
after which it was diluted with 6 ml of water, and the resulting precipitate was removed by filtration and 
washed on the filter with sodium bicarbonate solution and water to give 0.4 g of product. 

2-Trifluoromethyl-3-thiaz01ylehromones (VIII-X, XXVIII-XXX). A 2-mmole sample of trifluoroaeetic 
anhydride was added dropwise to a cooled (to 0 ~ solution of I mmole of aeetophenone in the minimum volume 
of absolute pyridine, after which the mixture was cooled with shaking for 5-10 rain and allowed to stand at 
room temperature for 24 h. It was then added to 70-90 ml of water, and the solid precipitate was removed 
by filtration. 

�9 3-Thiazolyl-7-acetoxy-ehrom0nes (XI-XIII). A 5-mmole sample of acetic anhydride was added to a 
warm solution of 1 mmole of IV-VI in pyridine, and the mixture was allowed to stand at room temperature 
for 24 h. The product was then removed by filtration and washed on the filter with ether. 

3-Thiazolyl-7-methoxychromones (XIV-XVII). An acetone solution of I mmole of ehromone (IV-VI, 
IX, and X) and 4 mmole of methyl iodide was stirred at 40-50 ~ for 3-5 h with 3 mmole of freshly calcined 
potassium carbonate, after which the hot solution was filtered. The solid remaining after removal of the 
solvent by distillation was washed with a small amount of alcohol. 

3-(2-Phenyl-4-thiazolyl)-7-methoxychromone (XV). A) A 0.48-g (5 mmole) sample of sodium tert- 
butoxide was added with stirring in an inert gas atmosphere to a cooled (to 0-3 ~ solution of 0.16 g (0.5 
mmole) of XIX in absolute methyl formate, after which stirring was continued at 15-20 ~ for 4 h. The sol- 
vent was then evaporated, and the dry residue was treated with 0.5 ml of concentrated hydrochloric acid, 
0.5 ml of glacial acetic acid, and 1-2 ml of water. The resulting solid was refluxed for 30 rain with 0.2 
ml of concentrated HC1 in 15 ml of methanol, after which the cold solution was diluted with 5 ml of water, 
and the resulting crystals were removed by filtration to give 0.12 g of product. 

B) The method used to obtain IV was used to prepare chromone XV from 0.32 g (I mmole) of XIX and 
1 ml of ethyl orthoformate in 1 ml of pyridine in the presence of two drops of piperidine. The reaction 
time was 30 rain, and the yield was 0.24 g (71~c}. 

3-(4-Thiazolyl)-7-methoxychromone (XIV). Method B for the preparation of XV was used to obtain 
this compound from XVIII. 

a-(4-Thiazolyl)-2-hydroxy-4-methoxyacetophenone (XVIII). A solution of 0.4 g (1.54 mmole) of 
XVII in 20 ml of alcohol and 15 ml of water was refluxed for 10 rain with 5.1 ml (6.4 mmole) of 5% sodium 
hydroxide solution, after which the solution was diluted to twice its original volume with water and neu- 
tralized to pH 6 with dilute hydrochloric acid. The resulting precipitate was removed by filtration to give 
0.35 g (92%) of product. Compound XVIII was similarly obtained in 52% yield from chromone XX (reaction 
time 50 rain) and from chromone XXIII in 92%yield (reaction time 35 rain); mp 82 ~ (from aqueous alcohol). 
IR spectrum: 1630 (C ---- O) and 1520 em -I. Found: N 5.7; S 12.2~c. C12HIINO3S. Calculated: N 5.6; S 
12.4%. 

a-(2-Phenyl-4-thiazolyl)-2-hydroxy-4-methoxyacetophenone (XIX). As in the preparation of XVIII, 
this compound was obtained from chromone XVII in 64% yield (reaction time 20 rain) and from chromone 
XXII in 61%yield (reaction time 50 rain); rap 75 ~ (from aqueous alcohol). IR spectrum: 1645 (C ----- O) and 
1522 cm -i. Found: N 4.2; S 9.9%. CIsHtsNO3S. Calculated: N 4.3; S 9.9%. 

2-Methyl-3-thiazolyl-4-thioxo-7-methoxychromones (XXV-XXVII). A finely ground mixture of 1 
mmole of ehromone (XX-XXII) and 0.6 mmole of phosphorus peutasulfide in 5-6 ml of absolute pyridine 
was heated at 100 ~ for 1.5 h, after which it was added to 50 ml of water, and the resulting precipitate was 
removed by filtration, washed thorougly on the filter with water, and recrystallized from alcohol. 

4-(2-Methyl-7-hydroxy-3-chromonyl)-3-ethylthiazolium Tosylate (XXXI). A mixture of 0.52 g (2 
mmole) of 2-methyl-3-(4-thiazolyl)-7-hydroxychromone [1] and 0.8 g (4 mmole') of ethyl p-toluenesulfonate 
was hea ted  at  130-140 ~ for  3.5 h, a f te r  which i t  was cooled,  and the r e d - b r o w n  me l t  was t r i t u r a t e d  with 
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benzene .  The mix tu re  was f i l tered,  and the solid was washed on the f i l te r  with e ther  to give 0.65 g (70~) 
of co lor lesw needles  with mp 122-123 ~ ( f rom water) .  Found: S 14.2~c. C22H21NO6S2. Calculated:  S 14.0%. 
P e r c h l o r a t e  XXXII, with mp 189 ~ was f o r m e d  by the action of sodium pe rch lo ra t e  on an aqueous solution of 
the tosyla te .  Found: C1 8.4; S 7.7%. C15H14C1NOTS. Calculated:  C1 8.8; S 8.0%. 

2 -Methy l -3 - (4 - th i azo ly l ) -7 -e thoxyca rbony lme thoxychromone  (XXXIII). This  compound was obtained 
f r o m  2.08 g (8 mmole)  of 2 - m e t h y l - 3 - ( 4 - t h i a z o l y l ) - 7 - h y d r o x y c h r o m o n e  [1] and 4.44 g (32 mmole)  of ethyl 
b r o m o a c e t a t e  in the p r e s e n c e  of 3.36 g (24 mmole)  of f resh ly  calcined p o t a s s i u m  carbonate .  The reac t ion  
t ime  was 2 h, and the yield was 1.97 g. 

2 - M e t h y l - 3 - ( 4 - t h i a z o l y l ) - 7 - c a r b o m e t h o x y c h r o m o n e  (XXXIV). A solution of 0.35 g (1 mmole)  of 
XXXIII in 5 ml  of alcohol was ref luxed for  a few seconds with 0.8 ml  (1 mmole)  of 5~ sodium hydroxide 
solution, a f te r  which the solution was diluted with 3.5 ml  of hot water ,  and the resu l t ing  mix ture  was r e -  
fluxed for  another  minute and neut ra l ized  to pH 6 with dilute hydrochlor ic  acid.  The yie ld  was 0.3 g. 

2 -Me thy l -3 - (4 - th i azo ly l ) -7 -N-e thy lo l ca rbamoy lme thoxych romone  (XXXV). A solution of 0.35 g (1 
mmole)  of XXXIII in 5 ml  of absolute alcohol was ref luxed with 3 ml  of an 1 N solution of monoethanolamine  
in alcohol for  3 h, a f te r  which the mix tu re  was cooled, and the resu l t ing  sol id was r emoved  by f i l t ra t ion  and 
washed with alcohol.  The yield was 0.38 g. 

1. 
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3. 
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