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Hete rocyc l i c  de r iva t ives  of thiazol idones were  obtained by the react ion of s i x - m e m b e r e d  
ni trogen he t e rocyc le s  with thiazol idones in the p r e s e n c e  of acyl ha[ides.  The compounds 
obtained were  conver ted  to he te rocyc l ic  thioglyeolie acids by alkaline hydrolys is .  

N-Acy[cyclammonium salts in situ are convenient for electrophilie substitution of the hydrogen atom 
in nucleophilic organic compounds by a heterocyclic residue (the hetarylation reaction) [i, 2]. The het- 
arylation of thiazolidones is similarly accomplished with N-acyl pyridinium, qainolinium, isoquinolinium, 
and acridinium salts. 

We obtained the best yields of the corresponding hetarylation products in the reactions of N-acyl 
acridiniurn and isoquinolinium salts, whiI~ quinolinium salts proved to be less reactive, and N-acylpyri- 
dinium salts were even less reactive. The reaction of N-acy[ quinolinium, isoquinoliniLtm, and pyridinium 
salts gave the corresponding ~-substituted N-acy[ derivatives of 1,2-dihydroisoquinolines (1), quinolines 
(1I), and y-substituted 1,4-dihydropyridines (Ill); in the reactions of acridinium salts, products of the de- 
hydrogenation of the intermediately formed N-aeyl dihydro derivatives (IV) are obtained immediately" 

• O~_____~_ R, T " ~ O ~ F ~ N - - R '  ~ O ~ N - - R '  ~ ' O ~ N _  R, 

, , @ 
COR COR 

I II 111 IV 

l-IV R=C6H5; N-(C6H3)2, CH3; OC2Hs;fnroyl;thienyl; R'=H; C2/I~,; %I15; X=O; S: N-C6H s 

In the case of the reaction of N-acylacridiniurn salts with. dialkylanilines it has been shown [2] that 
the formation of aromatic derivatives of the IV type proceeds through a step involving formation of a 9- 
substituted N-acyl-9,10-dihydroacridine, which loses a hydride ion under the influence of excess N-acyl- 
acridinium cation to form N-acylacridan and the unstable 9-substituted N-acylacridinium cation, which is 
further decomposed by acridine to give the final reaction product. A similar scheme can apparently be 
assumed also in this case. 
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* See [i] for communication XX. 
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Acridinyl thiazol idones were  also obtained by the action of acr idine  hydroehlor ide  on thiazolidones 
under the conditions of the acr idinylat ion with acr id ine  prot ic  sa l ts  [2, 3]. 

It  is  known that  the act ivi ty  of the methylene group in 4-azol idones  in reac t ions  with e lect rophi l ic  
agents  depends on the c h a r a c t e r  of the substi tuent  in the 9. posi t ion of the thiazolidone r ing and d e c r e a s e s  
in the o rde r  rhodanine (X = S) > pseudothiohydantoin (X = NC~H s) > thiazolidine-9. ,4-dione (X = O) [4]. We also 
obse rved  this s ame  order  in the he tary la t ion  of thiazolidones with a roma t i c  N-acy l cyc l ammon ium cations,  
which is  evidence in favor  of the e lec t rophi l ic  c h a r a c t e r  of the substi tution of the thiazolidone r ing in this 
react ion.  As is  common in the e lect rophi l ic  substi tution of thiazolidones [5], r ep l acemen t  of an oxygen 
a tom in the 4 posit ion of the thiazolidine ring by sulfur  faci l i ta tes  the occur rence  of the hetaryla t ion r e -  
action. However ,  other  reac t ions  also occur  s imul taneous ly  in this ease:  acylat ion of the sulflaydryl group 
in the t au tomer ic  equi l ibr ium with the thione fo rm and d imer iza t ion  of 4-thionothiazolidone.  Fo r  example ,  
4 - acy l th io -5 -he t a ry I  der iva t ives  of 3-phenyl isorhodanine and a d imer  - 5 , 5 ' - b i s ( 3 , 3 ' - d i p h e n y l - 4 , 4 ' - d i -  
thionothiazolidine-9. ,2 '-dione) [6] - a r e  obtained in the he tary la t ion  of N~phenylisorhodanine even at room 
t empera tu r e .  The direct ion of the react ion  is  apparen t ly  de te rmined  by kinetic fac tors :  the m o r e  e l e c t r o -  
philic the N-acy l  salt ,  the f a s t e r  the hetaryla t ion reac t ion  and the higher the yield of he tary la t ion  product .  
Thus both reac t ion  products ,  with p redominance  of the he ta ry la ted  der iva t ive ,  were  i so la ted  in the r e a c -  
tion of N-acyl isoquinol inium sa l t s  with 3-phenyl isorhodanine:  

~(.. 9 J 
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Compounds VI a r e  f o r m e d  in higher  yields in the react ion  of N-acyl isoquinol inium sa l t s  with 3 -phenyl -4-  
acylthiois  orhodani ne. 

Only d imer  VII is  p r i m a r i l y  fo rmed  in the reac t ions  os l e s s  reac t ive  N-acylquinol inium sal ts  with 
3-phenylisorhodanine;  t r a c e s  of the cor responding  he ta ry Ia ted  der iva t ive  a re  detected only by ch romatog-  
raphy. We were  able to obtain s i m i l a r  compounds in the react ion  of N-acy l  sa l ts  with S-acyl isorhodanine 
(VIII). 

C()R 
 O.s ' C G  i ~176 

VIII IX X Xl 

An exception to the above is  the N,N-diphenylcarbamoylquinol in ium salt ,  which r eac t s  with 3-phenyl -  
isorhodanine to give both react ion  products  - 3 -pheny l -4 -N,N-d ipheny lca rbamoyl th io -5 - (1 -N,N-d ipheny l -  
ca rbamoyl - l ,2 -d ihydro-2 -qu ino l iny l ) i so rhodan ine  [VIII, R= (CGH5)2N] and the d imer .  I t  should be noted that  
the isoquinolinium sal t  of N,N-diphenylcarbamoyl  chlor ide also r eac t s  with 3-phenyl isorhodanine  m o r e  
smoothly (without resinification and side reactions) than does the isoquinoliniuxn salt with other acyl halides. 

Only acylation occurs during the reaction of pyridine with 3-phenylisorhodanine in the presence of 
acyl halides at room temperature, while the product of pyridylation of S-acylisorhodanine (IX) is also 
formed at higher temperatures. Both compounds - dimer VII and acridinylisorhodanine X, which we have 
also obtained in the acridinylation of S-acylisorhodanine - are also obtained in the reactions of acridinium 
salts with 3-phenylisorhodanine. 
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The react ion descr ibed above could also be ca r r i ed  out with the acridine base, but, in contras t  to the 
reaction with acr idinium salts,  it p roceeds  with N-phenylisorhodanine to give 3-phenyl -5- (9-acr id inyI) i so-  
rhodanine (XI). 

All of the heterocycl ie  der ivat ives  of isorhodanine decompose to the s tar t ing heterocycle  and 3- 
phenylisorhodanine under the influence of acids. The pierates  of the s tar t ing he terocycles  and the phenyl-  
hydrazone of 3-phenylisorhodanine were isolated in alt cases ,  even when the pierates  and hydrazones of 
the synthesized compounds were p repa red  by refluxing alcohol solutions of them with p icr ic  acid or phenyI- 
hydrazine. The ready cleavage of the C -  C bond observed in this case  is s imi lar  to the previously  de- 
scr ibed elimination of a heteroeycl ic  r ing when a strong e lec t ron-aecep tor  substituent is bonded to the 
heterocyele  [7]. 

The format ion of isorhodanine d imers  during the action of bases and air  oxygen on isorhodanines 
was also observed in [6] and is apparent ly due to the same reasons as in the oxidation of indoxyt to indigo 

O 
II 

and the dimerizat ion of pyrazolones  and other compounds that contain a --C--CH2--X--  grouping, in which 
the methylene group is connected to the e lec t ron-accep tor  C = O (or C = S) group and to some electron 
donor. 

Heteroeycl ic  thioglyeolic acids are  formed during alkaline hydrolysis  of I, II, and IV, and this may 
serve  as a convenient preparat ive  method to obtain them: 

COCsUs 
X[I Xtll XIV XV 

Attempts to accomplish the indicated reaction with 2,3-diphenyl-4-oxothiazolidone and its thio analog 
were unsuccessful .  Instead of the expected 5-hetary l  derivat ives,  we isolated the s tar t ing thiazolidines; 
this is probably explained by the insufficient activity of the methylene group in these compounds [8]. The 
hetarylat ion react ion could not be ca r r i ed  out with 2,3-diphenyl-4-oxothiazolidine S,S-dioxide, the methy-  
lene group of which has higher activity; this is probably explained by ster ic  factors .  

The s t ruc tures  of the synthesized compounds flow out of the method used to prepare  them and are  
conf i rmed by e lementary  analysis ,  chemical  t ransformat ions ,  and IR spectra.  The IR spec t ra  of 5-het -  
aryl thiazol idones of the I, II, and Ili type contain three charac te r i s t i c  absorption bands at 1600-1730 cm -/, 
which are  re la ted to the s t re tching vibrat ions of the C= O groups of thiazolidones (1700-1730 cm -l) and 
amides [1650-1680 cm -1 (UC= O ) and 1610-1620 em - i  (uC3 = C4)]. In addition, there are  charac te r i s t i c  bands 

of s t retching vibrations of the C = S bond (1250 era-l). Bands of the stretching vibrations of C = O groups 
(1700 and 1750 cm -1) and C = S groups (1250 em -1) are  observed in the spect ra  of IV, but there are no bands 
at 1650-1680 cm -~. 

EXPERIMENTAL 

The UV spectra of ethanol solutions were recorded with an SF-4A spectrometer. The IR spectra of 
chloroform solutions or KBr pellets were recorded with a UR-20 spectrophotometer. Chromatography,in 
a thin layer of aluminum oxide (activity ]7) was accomplished by elution with benzene- hexane- chloroform 
(6 : 1 : 30) and development by iodine vapors in UV light. 

Hetarylation of Thiazolidones with N-Acyl Qainolinium (Isoquinolinium) Salts (Typical Method). A 
solution of 0.025 mole of isoquinoline, 0.005 mole of benzoyl chloride, and 0.005 mole of 3-phenylrhodanine 
in 10-15 ml of absolute benzene was heated at 80-90 ~ until the start ing thiazolidone in the reaction mixture 
had vanished, as moni tored by th in- layer  chromatography.  The precipitate that formed after  cooling was 
removed by filtration, washed with methanol, dried, and ree rys ta l l i zed  from a suitable soIvent. Theyie lds ,  
cha rac te r i s t i c s ,  and  resul ts  of e lementary  analysis  of the compounds obtained by this method are  presented 
in Table 1. 

3-Phenyl-4-N,N-diphenylcar bamoylthio-5-(2-N,N-dipheaylcar bamoyl- 1,2-dihydro- l-isoquinolinyl)- 
2-thiazolidone (VI). A solution of 6.5 g (0.05 mole) of isoquinoline, 1.4 g (0.005 mole) of N,N-diphenyl- 
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carbamoyl chloride, and i.i g (0.005 mole) of 3-phenylisorhodanine in 25 ml of absolute benzene was held 

at room temperature for 24 h, after which the precipitate was removed by filtration and washed with meth- 
anol to g~lve 2.5 g (49%) of a product with rnp 269-270 ~ (from hexanol) and Rf 0.26. Found: C 72.3; H 4.6; 

N 7.6; S 8.7%. C44~I32N403S2. Calculated: C 72.5; H 4.4; N 7.7; S 8.8%. 

A total of 0.4 g of a dimer - 5,5T-bis(3,3'-diphenyl-4,4r-dithionothiazolidine-2,2r-dione) (VII) - was 

isolated from the reaction mass and was identified by comparison with a genuine sample [6]. 

3-•~ (VI). This corn- 
pound was similarly obtained in 11% yield and had mp 182-183 ~ (from butanol) and Rf 0.31. Found: C 70.7; 
H 4.0; N 5.1; $ 11.4%. C3zH22N2OaS 2. Calculated: C 70.3; H 4.1; N 5.1; S 11.7%. This product was also ob- 
tained by the reaction of isoquinoline, benzoyl chloride, and 3-phenyl-4-benzoylthio-2-thiazolidone in ab- 
solute benzene at i00 ~ for 7 h, and the yield was 65%. The substance was identical to that described above, 
as confirmed by the absence of a melting-point depression for a mixture with a genuine sample, chroma- 
tography in a thin layer of aluminum oxide, and identical IR spectra. 

3-1~he nyl-4-N,N-diphenylcar bamoylthio-5- (l-N,N-diphenylcar bamoyl- 1,2-dihydro-2-quinolinyl)-2 - 
thiazolidone (VIII). This compound was similarly obtained in 21% yield and had mp 95-96 ~ (from butanol) 
and Rf 0.20. Found: C 72.1; H 4.6; N 7.4; S 8.6%. C44H32N403S 2. Calculated: C 72.5; H 4.4; N 7.7; S 8.8%. 

3-1~ (VIII). This com- 
pound was obtained in 30% yield by the reaction of quinoline with 3-phenyl-4-benzoylthio-2-thiazolidone 

and benzoyl chloride by heating at 90-95 ~ for 8 h. The product had mp 180-181 ~ (from butanol) and Rf 0.77. 
Found: C 69.9; H 3.9; N 5.3; S 11.8%. C32H22N203S 2. Calculated: C 70.3; H 4.0; N 5.1; S 11.7%. 

3-Phenyl-4-benzoylthio-5-(l-benzoyl-l,4-dihydro-4-pyridyl)-2-thiazolidone (IX). This compound 
was obtained in 76% yield as described above by reaction of pyridine with 3-phenylisorhodanine and benzoyl 
chloride at 70-75 ~ for 6 h. The product had mp 221-222 ~ (from butanol) and Rf 0.64. Found: C 67.5; H3.9; 

N 5.9; S 12.7%. C28H20N203S 2. Calculated: C 67.7; H 4.0; N 5.6; S 12.9%. 

3-1~henyl-4-benzoylthio-5-(9-acridinyl)-2-thiazolidone (X). This compound was obtained in 37% 
yield by reaction of acridine with 3-phenyl-4-benzoylthio-2-thiazolidone and benzoyl chloride by heating 
at 90-95 ~ for 7-8 h. The product had mp 202-203 ~ (from butanol) ant Rf 0.32. Found: C 70.9; H 4.0; N 

5.7; S 13.2%. C29HIsN202S 2. Calculated: C 71.0; H 3.7; N 5.7; S 12.8 . %- 

3-!Ohenyl-5-(9-acridinyl)isorhodanine (XI). This compound was obtained in 21% yield by reaction of 
acridine with 3-phenylisorhodanine. The product had mp 140-141 ~ (from butanol) and Rf 0.65. Found: C 
68.6; H 3.8; N 7.1; S 16.3%. C22HI4N2OS 2. Calculated: C 68.4; H 3.6; N 7.2; S 16.6%. 

3-Phenyl-5-(9-acridinyl)rhodanine (IV). A solution of 2.1 g (0.01 mole) of 3-phenylrhodanine, 3.6 g 
(0.02 mole) of acridine, and 1.4 g (0.01 mole) of benzoyl chloride in 40 ml of absolute benzene was heated 
at 90-95 ~ for 6 h. The reaction mixture was treated with water and petroleum ether, and the insoluble res- 
idue was crystallized from butanol to give 3.2 g (83%) of a product with mp 164-165 ~ (from butanol) and Rf 
0.65. Found: C 68.2; H 3.6; N 7.3; S 16.5%. C22Ht4N2OS 2. Calculated: C 68.4; H 3.6; N 7.2; S 16.6%. The 
picrate had mp 261-262 ~ (from acetic acid). Found: N 11.8%. C22HI4N2OS 2 . C~H3N307. Calculated: N 11.4%. 

The reaction of acridine hydrochloride with 3-phenylrhodanine in dimethylformamide at 90 ~ for 8 h 
gave 3-phenyl-5-(9-acridinyl)rhodanine in 90% yield. The product did not depress the melting point of the 
sample described above. 

3-Ethyl-5-(9-acridinyl)rhodanine (IV). This compound was obtained in 60% yield by the reaction of 
acridine hydrochloride with 3-ethylrhodanine and had mp 166-167 ~ (from butanol) and Rf 0.75. Found: C 
63.8; H 4.0; N 8.3; S 18.9%. CIsHI4N2OS~. Calculated: C 63.9; H 4.2; N 8.3; S 18.9%. The picture had mp 
244-245 ~ (from acetic acid). Found: N 12.1%. CIsHt4N2OS2"C6H3N307. Calculated: N 12.3%. 

3-1~ (IV). This compound was obtained in 74% yield by 
the reaction of acridine hydrochloride with 3-phenylthiazolidine-2,4-dione and had mp 154-155 ~ (from bu- 
tanol) and Rf 0.60. Found: C 71.0; H 3.8; N 7.7; S 8.5%. C22HI4N202S. Caleulated: C 71.3; H 3.8; N 7.6; 
S 8.6%. The picrate had mp 250-251 ~ (from acetic acid). Found: N 11.9%. C22HI4N202S- C6H3N307. Cal- 
culated: N ii.7%. 

2-Benzoyl-l,2-dihydro-l-isoquinolinylthioglycolic Acid (XII). A 2.l-g sample of 3-phenyl-5-(2- 
benzoyl-l,2-dihydro-l-isoquinofinyl)rhodanine was heated for 4-5 h in 40 ml of 5% sodium hydroxide so- 
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lution. The mixture was then cooled, filtered, and neutralized with hydrochloric acid (i : 20). The light- 
yellow substance that formed was separated and reprecipitated from 5% sodium hydroxide solution by the 
addition of hydrochloric acid (i : 20) to give 0.65 g (42%) of a product with mp 141-142 ~ Found: C 66.7; 
H 5.0; N 4.6; S 9.9%. Ci81-1isNO3S. Calculated: C 66.4; H 4.7; N 4.3; S 9.8%. 

The alkaline hydrolysis of 3-phenyl-5-(2-benzoyl-l,2-dihydro-l-isoquinolinyl)thiazolidine-2,4-dione 
gave the above-described 2-benzoyl-l,2-dihydro-l-isoquinolinylthioglycolic acid. The product did not de- 
press the melting point of a genuine sample. 

l-Benzoyl-l,2-dihydro-2-quinolinylthioglycolic Acid (XIID. The reaction of 0.7 g (0.005 mole) of 3- 
ethylrhodanine, 3.2 g (0.025 mole) of quinoline, and 0.7 g (0.005 mole) of benzoyl chloride in i0 ml of ben- 
zene gave 1 g of 3-ethyl-5-(2-benzoyl-l,2-dihydro-l-quinolinyl)rhodanine, the alkaline hydrolysis of which 
gave 0.23 g (35%) of l-benzoyl-l,2-dihydro-2-quinolinylthioglycolic acid with mp 105-106 ~ Found: C 66.2; 
H 4.8; N 4.2; S 10.0%. CIsHIsNOaS. Calculated: C 66.4; H 4.6; N 4.3; S 9.9%. 

9-Acridinylthioglycolic Acid (XV). This compound was obtained in 31% yield by the alkaline hydrol- 
ysis of 3-phenyl-5-(9-acridinyl)rhodanine as described above and had mp 115-116 ~ Found: C 66.7; H 4.0; 
N 5.5; S 11.9%. CIsHilNO2S. Calculated: C 66.9; H 4.1; N 5.2; S 11.9%. 

2-Quinolinylthioglycolic Acid (XIV). This compound was similarly obtained. The reaction of 2.1 g 
(0.01 mole) of 3-phenylrhodanine, 6.5 g (0.05 mole) of quinoline, and 1.4 g (0.01 mole) of benzoyl chloride 
gave 1.6 g of 3-phenyl-5-(l-benzoyl-l,2-dihydro-2-quinolinyl)rhodanine, the hydrolysis of which with al- 
kali gave 0.4 g (50%) of XIV with mp 70-72 ~ Found: C 59.9; H 4.4; N 6.6; S 14.9%. CitHgNO2S. Calculated: 
C 60.3; H 4.1; N 6.4; S 14.6%. 

LITERATURE CITED 

i. A.K. Sheinkman, A. N. Kost, A. N. Prilepskaya, and N. A. Klyuev, Khim. Geterotsikl. Soedin., 1105 
(1972). 

2. A.K. Sheinkman, S. G. Potashnikova, and S. N. Baranov, Zh. Organ. Khim., 6, 614 (1970). 
3. V.A. Trofimov, O. N. Chupakhin, Z. V. Pushkareva, and V. L. Rusikov, Khim. Geterotsikl. Soedin., 

112 (1971). 
4. S.N. Baranov and I. D. Komaritsa, Khim. Geterotsikl. Soedin., 69 (1965). 
5. A.P. Grishchuk, I. D. Komaritsa, and S. N. Baranov, Khim. Geterotsikl. Soedin., 706 (1966). 
6. R.O. Kochkonyan, Khim. Geterotsikl. Soedin., No. 3, 140 (1971). 
7. A.K. Sheinkman and A. K. Tokarev, Zh. Organ. Khim., 7, 856 (1971). 
8. S.N. Baranov, Zh. Obshch. Khim., 32, 1230 (1962). 

1234 


