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The condensation of thiazolldine-2,4-dione, rhodanine, isorhodanine, 
2-thiohydantoin, and pseudothiohydantoin with diethyl oxalate has 
given products which are azolidone-5-glyoxalic acids or their esters. 
In these compounds, the glyoxalic acid residue is readily replaced 
under the action of diazoninm salts, aromatic nitroso compounds, and 
aromatic aldehydes with the formation of 5-arylazo-, 5-arylimino-, 
and 5-arylideneazolidones. 5 =Arylldenerhodanines are also formed 
from 5-isopropylidene- and 5-(~-acetyl-a-methylethylidene)rhodanines 
by their reaction with aromatic aldehydes and ketones. 

F r e e  2 - p h e n y l i m i n o - 4 - t h i a z o l i d o n e - 5 - g l y o x a l i c  acid 
has been obtained f rom the r eac t ion  of diethyl  oxalate  
(I) with 2 -pheny l im ino -4 - th i azo l i done  [ 1]. 

In the p r e s e n t  work the r eac t i ons  of rhodan ine ,  i so -  
rhodanine  [2], pseudothiohydantoini  t h i a z o l i d i n e - 2 , 4 -  
dione,  2- th iohydantoin ,  and 1 -ace ty l -2 - th iohydan to in  
with I have been studied.  In alcoholic  so lu t ions  in the 
p r e s e n c e  of sodium alkoxides ,  one ethoxy group r e a c t s  
with the fo rmat ion  of azol idone de r iva t i ve s  con ta in ing  
a glyoxalic acid or glyoxalie e s t e r  r e s i due  in pos i t ion  
5. When the r eac t ion  is  c a r r i e d  out in me thano l  in the 
p r e s e n c e  of sodium methoxide ,  the t r a n s e s t e r i f i c a t i o n  
of I takes  place with the fo rmat ion  of the me thy l  azo-  
l idone-5 -g lyoxa la t e .  In  the r eac t i on  of I with 1 - a c e t y l -  
2- th iohydantoin ,  the ace ty l  r e s idue  is  saponif ied ,  and 
the product  is  iden t ica l  with that of the r eac t i on  of 2-  
thiohydantoin with I. 

The compounds obtained apparen t ly  m u s t b e  a s s u m e d  
to exhibit  ke to -eno l  t a u t o m e r i s m .  

Z = C - - N H  ~ Z = C------~1H 
0 I , oc-~-,(Lx c=v Rooc-~=(l...xc=, 

o a oN b 

II X=$; Y=Z=O; R=CH~ VII X=NH; Y~S; Z=O; R=CH~ 
I l l  X=S; YffiZ=O; R=C2H5 VIII X=NH; Y~S; Z=O; R=C2H~ 
IV X=S; YffiZ=O R=H IX XffiS; YffiNH; Z=O; RffiH 
V XffiY=S; Z=O; RfCH3 X X=ZffiS; Y=O; R=CH~ 

VI XffiY=S; Z=O; R=C2H~ 

All  the compounds given pos se s s  acidic p r o p e r t i e s .  
0.01 M solut ions  of the methyl  e s t e r s  have pH va lues  
f rom 2.5 to 4.4 and two d i ssoc ia t ion  cons tan t s ;  for  
example ,  compound V has PKai = 3.2 and pK_ = 7.6. 
The p roduc t s  give a b l a c k - g r e e n  co lora t ion  with f e r -  
r i c  ch lor ide  solut ion,  which is c h a r a c t e r i s t i c  for  c o m -  
pounds of type b. 

When compounds II, V, and VII are  t r ea t ed  with 
a roma t i c  a ldehydes ,  n i t r o so  compounds ,  and d iazo-  
n ium sa l t s  (Scheme),  the glyoxalic acid r e s idue  is  
d isp laced  with the fo rmat ion  of 5 - a r y l i d e n e ,  5 - a r y l i -  
m ine ,  and 5 - a r y l a z o  de r iva t ives  of the c o r r e s p o n d i n g  
4-azo l idone .  The s t r uc tu r e  of the r eac t ion  p roduc t s  
was shown by compar ing  the i r  phys ica l  and chemica l  

p r o p e r t i e s  with the p r o p e r t i e s  of subs t ances  de sc r i be d  
in the l i t e r a t u r e  and also by the i r  chemica l  r e ac t i ons  
and the r e s u l t s  of e l e m e n t a r y  ana lys i s .  

O = C - - N H  
i J 

Ar --CH =C\x~C= u 

O = C - - N H  i , 

o=c--N, o=c--N,. 
Ar--N=C\x~C=Y Ar--NH--N=C. xrC~Y 

The fo rma t ion  of 5 - a r y l i d e n e r h o d a n i n e s  and 5 - a r y l -  
azorhodan ines  can be c a r r i e d  out both in an a lkal ine  
m e d i u m  and in acet ic  acid in the p r e s e n c e  of sodium 
ace ta te ,  while the c o r r e s p o n d i n g  5 - subs t i t u t ed  d e r i v -  
a t ives  of t h i a z o l i d i n e - 2 , 4 - d i o n e  and 2- th iohydantoin  
can be obtained only in an a lka l ine  med ium.  

The act ion of pheny lhydraz ine  on V gave the diphe-  
ny lhydraz ide  of oxalic  acid and the 2 -pheny lhydrazone  
of t h i a z o l i d i n e - 2 , 4 - d i o n e .  

The ease  of r e p l a c e m e n t  of the glyoxalic  acid r e s -  
idue in the compounds obtained can be explained by 
the weakness  of the c a r b o n - c a r b o n  bond between the 
glyoxal ic  acid r e s idue  and the azolidone r i n g  because  
of the accumula t ion  of e l ec t ronega t ive  groups in po-  
s i t ion 5. However ,  this  phenomenon is  apparen t ly  
c o n s i d e r a b l y  m o r e  complex ,  s ince  we have e s t ab l i shed  
that  the fo rma t ion  of 5 - a r y l i d e n e r h o d a n i n e s  a lso  takes  
p lace  in the r eac t ion  of 5 - i s o p r o p y l i d e n e -  or  5- ( f l -  
a c e t y l - a - m e t h y l e t h y l i d e n e ) r h o d a n i n e  with a roma t i c  
a ldehydes or acetophenone.  The y ie ld  and ra te  of f o r -  
mat ion  of the 5 - a r y l i d e n e r h o d a n i n e s  r i s e  if an a r o -  
mat ic  aldehyde con ta in ing  an e l ec t ronega t ive  subs t i t -  
uent  is used  in the r eac t ion .  

The s u b s t a n c e s  obtained a re  c h a r a c t e r i z e d  in 
Tab les  1 - 3 .  

EXPERIMENTAL 

Methyl thiazolidlae-2,4-dione-5-glyoxalate (II). With stirring, 
11.7 g (0.1 mole) of thiazolidine-2, 4-dione and 15 ml of I were added 
to a solution obtained by dissolving 4.6 g of Na in 75 ml of methanol 
After 24 bx, the yellow mass was filtered off, washed with ether, and 
decomposed with 10% hydrochloric acid. The substance isolated was 
filtered off and dried. Yield 33 g (87%). Colorless plates with mp 
181 ~ C (from dichloroethane or ethanol). 

Compounds V, VII, IX, and X were obtained similarly to II from 
I and, respectively, rhodanine, 2-thiohydantoin or 1-acetyl-2-thio- 
hydantoin, pseudothiohydantoin, and isorhodanine, and compounds 
III, VI, and VIII were obtained in ethanol in the presence of sodium 
ethoxide from I and, respectively, thiazolidine-2,4-dione, rhodanine, 
and 2-thiohydantoin. 

ThiazoRdine-2, 4-dione-5-glyoxalic acid (IV). The yellow mass 
formed from I and thlazolidinedione was dissolved in water, and the 

solution was acidified with hydrochloric acid (as in the preparation 

of If) and extracted with ether, after which the ether was distilled 

off under reduced pressure at room temperature. The li was extracted 

from the residue twice with boiling dichloroe~hane and the undissolved 
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Com- 
pound 

XXIII 

XXIII 

XXIII 

XXIII 

XXIV 

XXIV 

XXIV 

XXV 

XXVI 

XXVII 

XXVIII 

XXIX 

XXX 

XXXI 

T a b l e  3 

P r e p a r a t i o n  of  5 - A r y l i d e n e  D e r i v a t i v e s  of 4 - A z o l i d o n e s  and  t h e i r  

C h a r a c t e r i s t i c s  

Name 

S-p-Nitrobenzylidene- 
rhodanine 
5-p-Nitrobenzylidene- 
rhodanine 
5-p-Nitrobenzylidene- 
rhodanine 

5-p-Nitroben zylidene- 
rhodanine 

5-p-Chlorobenzylide- 
nerhodanine 
5-p-Chlorobenzylide- 
nerhodanine 

5 -p-Chlorobenzylide- 
nerhodanine 

5-Benzylidenethia- 
zolidine-2,4-dione 
5 -p-Chlorobenzylide- 
nethiazolidine-2,4- 
dione 

5-p-Nitrobenzylide- 
ne-2-thiohydantoin 

5-p-Chlorobenzylide- 
ne-2-thiohydantoin 
5 -Benzylidenerhoda- 
nine 

5-Cinnamylidenerho- 
danine 

5-a-Phenylethylide- 
nerhodanine 

Starting 
material 

V 

5-Isopropyli- 
denerhodanine 
5-(3-acetyl-a- 
methylethyl- 
idene)rhoda- 
nine 
5-(3-acetyl-a- 
methylethyl- 
idene)rhoda- 
nine 

V 

5-(3~aeetyl-a- 
methylethyl- 
idene)rhoda- 
nine 
5-(3-acetyl-a- 
methylethyl- 
idene)rhoda- 
nine 

II 

II 

VII 

VII 

5-(fl-acetyl-a- 
methylethyl- 
idene)rhoda- 
nine 
5-(3-acetyl-a- 
methylethyl- 
idene)rhoda- 
nine 
5-(3-acetyl-a- 
methylethyl- 
idene)rhoda- 
nine 

Condensation 
conditions 

ROH, NH4C1 , NH4OH 

ROH, NH4Cl , NH4OH 

ROH, NH4CI, NH4OH 

CH3COOH, CH3COONa 

ROH, NH4C1 , NH40H 

ROH, NH4C1, NH40H 

ROH, RONa 

ROH, NH4CI, NH4OH 

ROH, NH4CI, NH4OH 

ROH, NH4Cl , NH4OH 

ROH, NH4CI , NH4OH 

ROH, RONa 

ROH, RONa 

ROH, NH4Cl, NH4OH 

o C 

literature 
data 

!50--2527 

250--2527 

!50--2527 

!50--2527 

2318 

231 a 

2318 

140--2429 

'23--225 m 

266" 

65--268 u 

200,3 

20--221 Is 

65--166'~ 
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matter was recrystallized from water. Flat light yellow crystals as- 
sociated into clusters with mp 249* C. 

5-o-Carboxypheaylazothiazolidine-2, 4-dione (Xl). A solution of 
diazotized amhranille acid was added to a solution of 2.03 g (0.01 
mole) of II in 5% ammonia. After 20 m/n, the solution was acidified 
with hydrochloric acid and the yellow substance was filtered off. Yield 
2.4 g (90%), mp 259 ~ C with decomposition (from aqueous dioxane ). 

Under similar conditions, compounds XII-XVI were obtained from 
If, XV and XVI from V, and XVII and XVIII from VII and the appro- 
priate diazonium saks. 

5-p-Diethylaminophenylimino-2-thiohydamoin (XIX). A solution 
of 2.2 g (0.01 mote) of VII and 1.78 g of p-niuosodiethylanihne in 
30 ml of methanol was boiled for 20 min, cooled, and treated with 
40 mi of water, and the dark violet precipitate was filtered off. Yield 
1.2 g (43~ mp 195 ~ C (from methanol). Compound XX was obtained 
similarly from VI and p-nitrosodierhylaniline. 

Methyl 2-methylthio-4-thiazolin-one-5-glyoxalate (XXI). Three 
milliliters of CH3I was added to a solution of 0.46 g of Na and 2.19 g 
of V in 30 ml of methanol. The precipitate that deposited was filtered 
off and dissolved in water, and the solution was acidified with hydro- 
chloric acid. Yield 1.86 g (80%), mp 203 ~ C (from acetone), with 
decomposition and the formation of a mercaptan. With ferric chloride 
the substance gave a dark green coloration. 

2-Phenylhy&azone of thiazolidine-2, 4-dione (XXII). A solution 
of 2.19 g (0.01 mole) of V and 3.3 g (0.03 mole) of phenylhydrazine 
in 30 ml of methanol was boiled until the evolutionofhydxogensulfide 
ceased, and the crystals of oxalic acid diphenylhydrazide that had 
deposited were filtered off. The solution was evaporated and diluted 
with water, and the precipitate of XXII was filtered off. Yield 0.83 g 
(40%), mp 176" C (from ethanol). 

5 -p- Nitrobenzylidenerhodanine (XXIII). 
a) A mixture consisting of 0.55 g (0.0025 mole) of V, 0.38 g of 

p-nitrobenzaldehyde, 1 g of NH4C1, 1 ml of NH4OH , and 10 ml of 
methanol was boiled for 1 hr, after which it was diluted with an equal 
volume of water and the product was filtered off. Yield 0.4 g (600]0). 
Yellow needles with mp 250 ~ C (from CHuCOOH). 

Similarly, V and p-chlurobenzaldehyde gave XXIV, II and ben- 
zaldehyde and p-chlorobenzaldehyde gave XXV and XXVI, and VII 
and p-nirxobenzaldehyde and p-chlorobenzaldehydegave, respectively, 
XXVII and XXVIII. 

b) A mixture consisting of 0.87 g (0.005 mole) of 5-isopropylidene- 
thodanine, 0.76 g of p-nitrobenzaldehyde, 1 g of NHaC1, 1 ml of 
NH4OH, and 10 ml of methanol was boiled for 10 min and was then 
dituted with water and the precipitate was filtered off, Yield 1.33 g 
(100~ Yellow needles with mp 250* C (from CH3COOH). 

c) Under the same conditions, 5-(/3-acetyl-a-methylethylidene)- 
rhodanine was boiled with p-nittobenzaldehyde for 30 min. Theyield 
of XXIII was about 100%, mp 250* C (from CHsCOOH ). Similarly, 
5- (13- acetyl- c~- methylethylid ene)rhodanine and p- chlorobenz aldehyde 
gave XXIV. 

d) A mixture of 1.07 g of 5-(B-acetyl-a-methylethylidene)rho- 
danine and 0.76 g of p-Ditrobenzaldehyde in 10 mlofglacial CHaCOOH 

and 2 g of CH3COONa was boiled for 1 hr. The yield was about 100%, 
mp 250 ~ C. 

5-Benzylidenerhodanine (XXIX). This was obtained from 5-(/3- 
acetyl-c~-methylethylidene)thodanine and benzaldehyde by boiling 
them in methanol in the presence of sodium methoxide for I hr. The 
solvent was evaporated off, the residue was acidified with hydrochloric 
acid, and the precipitate was filtered off and recrystallized from eth- 
anol. Mp 204 ~ C, yield about 50%. 

Compounds XXIV and XXX were obtained similarly from p-chlo- 
tobenzaldehyde and cinnamaldehyde, respectively. 

5-a-Phenylethylidenerhodanine (XXXI). A mixture consisting of 
1.07 g (0.005 mole) of 5-(5-acetyl-a-methylethylidene)rhodanine. 
0.6 g of acetophenone, i g of NH4C1, 1 ml of NH4OH, and 10 ml 
of methanol was boiled for 5 hr and was then diluted with water, and 
the substance that deposited was recrystallized from ethanol. Yield 
0.94 g (80%), mp 167 ~ C. 

R E F E R E N C E S  

1. H. L. W h e e l e r  and  G. S. J a m i e s o n ,  J .  A m .  

C h e m .  S o c . ,  25 ,  366 ,  1903. 

2. A. P.  G r i s h c h u k ,  I. D. K o m a r i t s a ,  and  S. N. 

B a r a n o v ,  KhGS [ C h e m i s t r y  o f  H e t e r o c y c l i c  C o m -  

p o u n d s ] ,  706,  1966. 

3. I. Z u g r a v e s c u  and  E .  C a r p ,  An. S t i in t .  Un iv .  

J a s i ,  s e c .  1, 4 ,  151, 1958; R Z h K h ,  22424,  1960. 

4. A. P.  G r i s h c h u k  and  S. N. B a r a n o v ,  Z h O K h ,  

28,  897,  1958. 

5. S. N. B a r a n o v  and  T. V.  P e r o v a ,  KhGS [ C h e m -  

i s t r y  of  H e t e r o c y c l i c  C o m p o u n d s ] ,  326,  1967. 

6. E.  M a m e l i  and  L. Z o r z i ,  F a r m a c o .  Ed.  s c i e n t .  , 

9,  691,  1 9 5 4 ; R Z h K h ,  43057 ,  1955. 

7. R. A n d r e a s c h ,  M o n . ,  8 ,  357,  1887. 

8. N. C a m p b e l l  and  J .  E. M c K a i l ,  J .  C h e m .  S o c . ,  

1251,  1948. 

9. Ch.  G r ~ n a c h e r ,  He lv .  C h i m .  A c t a ,  3 ,  152, 1919. 

10. C . - P .  Lo ,  E.  S h r O p s h i r e ,  and W. J .  C r o x a l l ,  

J .  A m .  C h e m .  S o c . ,  75 ,  4845 ,  1953. 

11. V. G. N a m j o s h i  and  D. S i k h i b h u s h a n ,  J .  Ind ian  

C h e m .  S o c . ,  8 ,  2 4 1 - 2 4 6 ,  1931; C . ,  2 ,  2608 ,  1931. 

12. M. N e n c k l ,  B e t . ,  17,  2277 ,  1884. 

13. G. B a r g e l l i n i ,  G a z z .  C h i m .  I t a l . ,  36 ,  2,  129,  

1906. 

14. F .  C. B r o w n ,  C. K. B r a d s h e r ,  I. G. M c C a l l u m ,  

and  M. P o t t e r ,  J .  O r g .  C h e m . ,  15, 174, 1950. 

14 M a r c h  1966 L lvov M e d i c a l  I n s t i t u t e  


