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Abstract  - Triethylamine so lub i l i sed  phosphorous penta- 

sulphide (pqslO) h a s  been evolved a s  t h e  t h i a t i o n  agent i n  

heterocycles  such a s  subs t i tu ted  benzoxazin-4-ones,2-pyra- 

zolin-4-ones and pyrimidine-2,5-dione der ivat ives .  The 

simple and convenient operation involving s t i r r i n g  (24 h )  

of t h e  react ion mixture a t  room temperature r e s u l t s  i n  t h e  

i s o l a t i o n  of t h e  des i red  products i n  quan t i t a t ive  y ie ld .  

Diverse syn the t i c  methods a r e  avai lable  f o r  t h e  f a c i l e  conversion of 

1 ketones t o  thioketones employing conventional reagents l i k e  H2S/HC1 o r  

PqS10/NaHC03.2 Phosphorous and sulphur compounds such a s  p-methoxyphenyl- 

4 thionophosphine sulphide3 and phosphorous pentasulphide (P4SI0) have 

received much a t t e n t i o n  i n  recent  years  f o r  t h e  ketone - thioketone 

conversions i n  a l i p h a t i c  and aromatic systems. Conversion i n  t h e  l a t t e r  

case  i s  general ly  achieved by t h e  react ion of t h e  subs t ra te  with phosphorous 

pentasulphide i n  high bo i l ing  solvents. The react ions  a r e  genera l ly  f a s t e r  

. i n  polar  solvents  l i k e  ace ton i t r i l e .=  I t  i s  known t h a t  t h e  r e a c t i v i t y  of 

P4SI0 could be enhanced by rapid cooling of t h e  molten P4SI0 and t h i s  

highly a c t i v e  form might be deactivated t o  t h e  des i red  l e v e l s  by heating it 

below i t s  melting point .  

Triethylamine so lub i l i sed  phosphorous pentasulphide has  been e f f e c t i v e l y  

used i n  carbonyl t o  thiocarbonyl conversions i n  solvents l i k e  a c e t o n i t r i l e  

and d i c h l ~ r o m e t h a n e . ~  This reagent has  been found t o  be more e f f e c t i v e  

than t h e  conventional Scheeren's reagent.' Such conversion react ions  i n  



heterocyclic systems a re  scarce i n  l i t e r a t u r e .  The present study repor ts  

the  t h i a t i o n  of ketones i n  heterocycles. The react ion i s  clean and f a s t  

and the  products are  obtained i n  quan t i t a t ive  yields.  I n  view of t h e  

paramount i n t e r e s t  and of t h e  need f o r  improved methods f o r  the  preparation 

of th ia ted   heterocycle^,^'^ we have careful ly  se lected a few nitrogen 

heterocycles such a s  4 - p y r a z o l i n o n e ~ , ~  benzoxazin-4-ones8 and pyrimidine-2, 

5-diones9 synthesized i n  our laboratory and studied t h e i r  t h i a t i o n  behaviour 

employing t h i s  reagent. 

The general procedure involves t h e  addit ion of tr iethylamine (4 equiv.) t o  

a suspension of P ~ s ~ ~ ( ~  equiv.) i n  ace ton i t r i l e ,  which r e s u l t s  i n  an 

immediate exothermic dissolut ion of P4S10 giving a c l e a r  b r igh t  yellow 

solution turning brown on standing. A vigorous s t i r r i n g  of t h i s  solut ion 

with the  representative heterocycl ic  ketone followed by washing with cold 

water, af fords  t h e  corresponding thione. It i s  presumed t h a t  the  in te rac t ion  

of tr iethylamine with P-s linkage i n  P4SI0 possibly gives r i s e  t o  a polar 

s t ruc tu re  represented by' (1). which could readi ly  account f o r  both the  

s o l u b i l i t y  and the  g rea te r  r e a c t i v i t y  of P4S10. This d ipo la r  intermediate 

(I) a t t acks  the  carbonyl s i t e  of the  heterocycle, thus  resu l t ing  i n  the  

conversion. - + 
p4s10 + E ~ ~ N  - P S ~ - S - P S ~ - N ( E ~ )  

A - 
Reactions of 1.3.5-triaryl-2-pyrazolin-4-ones and the  4.6-diaryldihydro- 

pyrimidine-2,5-dioncs with Et3N-P S afforded t h e i r  t h i o  analogues (2 )  4 10 
and (4) respectively. The infrared spectra  of t h e  pyrazolin-4-thiones (2 )  

gave peaks a t  1680 (C=N), 1310 (C=S) and the  PMR spectra (CC14) showed a 

s ingle  proton s i n g l e t  a t  5.65 6 ( F h )  and a mul t ip le t  corresponding t o  t h e  
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bulk aromatic protons beyond 7.3 6 . The IR spectra of (4) showed sharp 

peaks at 1310, 1250 (CSS), 1580 (c=N) and 3300 (NH) cm-' and the PMR(CDC~~) 

spectra showed a singlet at 5.86 for the benzylic proton and a complex 

multiplet at 7.6 6 for the bulk aromatic protons and the NH protons. In 

the case of 2-subatituted 3,1-benzoxazin-4-ones, surprisingly, the totally 

thiated product, 2-substituted 3,1-benzothiazin-4-thiones (3) were obtained 

in excellent yields as against two products produced with p-methoxyphenyl- 

thionophosphine sulphide.6 Compounds (1) gave IR peaks around 1310 an -1 

(C=s) and 1580 cm-' (C=N). We propose a tentative mechanism for this 

conversion. in accordance with that of Lawesson and c~workers,~ where the 

benzothiazin-4-one is formed by the rearrangenent of the intermediate which 

in turn is transformed by (1) to benzothiazin-4-thiones(3) (Scheme). 

EXPERIMENT& 

Melting points are uncorr=cted. Infrared spectra were recorded on a 

Perkin-Elmer 137 Infracord Spectrophotometer. PMR spectra were determined 

on a Varian model A60-D spectrometer. Chemical shifts are reported on 

solutions as 6 values relative to TMS as the internal standard. 

Thiated heterocycles with triethylamine solubilised phosphorous 

pentasulphide (P4S1,,): General procedure : 

The ketone (1 equiv.) in acetonitrile (generally 10 % solution) was treated 



with P4S10 (1 equiv.), and t o  t h i s  s t i r r e d  suspension was added t r i e thy l -  

amine (4 equiv.) i n  three  portions while cooling the  mixture i n  ice-water 

t o  moderate t he  exothermic reaction. The resulti-ng solution was l e f t  

s t i r r e d  a t  mom temperature f o r  24 h and poured i n to  cold-water. The 

product was f i l t e r e d  and c ry s t a l l i s ed  from ethanol. The physical da ta  of 

the  products are  given i n  t he  t ab l e s  1.11 and 111. 

A r  
1 ~ l r ~  Ar3 Yield nnalysis(%) 

6% (%) N S 
Pound (Calcd. 
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R mp Yield Molecular Analysis(%) 
OC % Formula N s 

Pound (Calcd. 

Ar A r  mp Yield Molecular Analysis (%I 1 

(OC) (%) Formula N S 
Found (calcd.) 
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