
A Z O L I D I N E - 4 - T H I O N E S  - T H E I R  D E R I V A T I V E S  A N D  

IX.* STUDY OF THE SYNTHESIS OF SOME 1,3-THIAZAN-4-ONES 

A.  P .  G r i s h c h u k  a n d  G. I .  R o s l a y a  

A N A L O G Y  

UDC 547 

The conditions for  the synthes is  of th iazan-2 ,4-d iones  by the condensation of f l - e h l o r o p r o -  
pionie, fi - c h l o r o -  and f i -b romobutyr ic ,  and fi - ch lo ro i sobu ty r i e  acids  with th iourea  in ace t ic  
anhydride,  wa te r ,  and f o r m i c  and ace t ic  acids were  studied.  S -Guany lmercap tohydrac ry l i c  
acids ,  2 - i m i no -  and 2 -ace ty l imino th iazan-4 -ones  and the i r  hydrochlor ides ,  and th i azan -2 ,4 -  
diones were  isolated.  The i r  i n t e rconver s ions  w e r e  studied. 

1 ,3 -Th iazan-2 ,4 -d iones  a re  chemica l ly  iner t ,  but the i r  act ivat ion by sulfurat ion to th iazan-4- th iones  
[1] and th iazan-2 ,4-d i th iones  [2] makes  them valuable  s ta r t ing  compounds for  the p r epa ra t i on  of va r ious  1, 
3- thiazan der iva t ives  [3]. In this  connection, we invest igated the synthes is  of unsubsti tuted t h i azan -2 ,4 -d i -  
one (VI) and i ts  homologs (Xt and XII) .  

O 

I R-H,  X~NH'HCI;  11 R=H, X~NH; I l l  R :CH 3, X,:.NH; IV R=R'-H, X~ NH-HCI;  

V R = r t = n ,  X=NH; VI R=Rt=H, X=O; VII R=RI-:H, X=NCOCHz. HCI; VIII R- RI- I t ,  X=NCOCH3; 

IX R=CH3, RI:=H,X: NH.HCI; X R CH3, RI H,X=NH; Xl R.CH3, Ri~:H ' X=O; 

Xll R H, RI-=CH3, x =O; XII! R~H, RI -CHy X. NH 

In a s ea r ch  for  the opt imum conditions fo r  the synthes is  of VI, which was  f i r s t  obtained f r o m  xantho-  
genamide and iodopropionic acid [4], we decided upon the condensation of the readi ly  access ib le  ~ - c h l o r o -  
propionic acid with th iourea  in wate r ,  or  ace t ic  o r  f o r m i c  acids ,  re jec t ing  the reac t ion  in ace t ic  anhydride 
[5], s ince the yield of VI is only 22%. Other  methods [6-8] a r e  also inefficient.  

By changing the medium and the condensation t ime,  we obtained va r ious  re la ted  compounds ( I -XII I )  
of s i m i l a r  composi t ion that  also had a number  of s i m i l a r  p r o p e r t i e s  (mel t ing  points,  color ,  and c rys t a l  
f o r m ) ;  this made the i r  identif ication difficult.  The fo rmat ion  of p ie ro lona tes ,  which is pecu l ia r  only to i m i -  
no compounds I I  and V, is useful in this case .  The pr inc ipa l  t r an s fo rma t ions  a r e  p resen ted  in the scheme .  
It turned out that  ace t ic  anhydride is n e c e s s a r y  for  the p repa ra t ion  of 2- iminoth iazans  IV and V and ace ty l -  
iminothiazans  VII and VIII [7,9]. At the s ame  t ime,  the bes t  medium for  the synthes is  of  dione VI and its 
homolog (XI) proved to be 85% fo rmic  acid, while wa te r  was the bes t  medium for  dione XII (85% yie ld) ;  VI 
and XI a r e  also fo rmed  in reasonab le  y ie lds  (44 and 47%) in wa te r .  When f i -b romopr0p ion ic  acid and th io -  
u r e a  a r e  used, the imino group is not hydrolyzed,  and dione VI is not obtained. (See scheme  on following 
page.) This is  in a g r e e m e n t  with the l i t e ra tu re  data [5,10], but is not genera l  in cha rac t e r ,  s ince dione 
XII is fo rmed  in high yield with both fl - c h l o r o -  and/3 - b r o m o b u t y r i c  acids .  In f o r m i c  acid, the t rans i t ion  
f rom chlorine to b romine  r a i s e s  the yield of XII f r o m  64 to 76%, but r educes  it f r om 88 to 72% in wate r .  It  
was also noted that XII is fo rmed  more  readi ly  f rom fi - ch lo robu ty r i c  acid than XI is fo rmed  f rom fi - c h l o r o -  
i sobutyr ic  acid; i .e . ,  a methyl  group in the a -pos i t i on  re la t ive  to the carboxyl  group hinders  the cyel izat ion 
by weakening (by the +I ef fec t )  the e lec t rophi l ic i ty  of the carboxyl  carbon.  The convers ion  of VIII to I d e m -  

See [14] for  communica t ion  VIII. 
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ons t ra ted  that  a dione is not a lways fo rmed  during acid hydro lys i s  and that  the poss ibi l i ty  of r ing opening 
should be taken into account.  

E X P E R I M E N T A L  

S-Guany lmercap tohydrac ry l i c  Acid (II)  [7,12,13]. A mix tu re  of 6.6 g (0.02 mole  ) of P - c h l o r o p r o p i -  
onie acid, 6.0 g of th iourea ,  and 6 ml  of w a t e r  was heated until an exo the rmic  reac t ion  commenced  and was  
then poured into a dish and dr ied  in a vacuum des i cca to r .  Crys ta l l i za t ion  f rom acet ic  a c i d - d i o x a n e  gave 
snow-white,  rhombic  p la tes  of hydroehlor ide  I with mp 139-140 deg. Neutra l iza t ion with 25% aqueous so -  
dium aceta te  gave 7.8 g (88%) of oval,  ac ieu la r  p la tes  of II with mp 173 deg ( f rom w a t e r ) .  Compound II  is 
a lso fo rmed  in f o r m i c  or  acet ic  acids or  f rom b romoprop ion ie  acid in wa te r .  Found: N 18.96; S 21.34%. 
CtHsN202S. Calculated: N 18.91; S 21.34%. The p icro lonate  was  obtained in ace t ic  acid as golden " c o mp ass  
needles"  with mp 203-205 deg (dec. ,  f r o m  methanol ) .  

S-Guanyl-fi - m e r c a p t o b u t y r i c  Acid ( I I I ) .  This  was s i m i l a r l y  obtained in 45% yield f r o m  fi - ch lo robu -  
t y r i c  or  f i - b r o m o b u t y r i c  acid and th iourea .  The square  p la tes  mel ted  at 182 deg ( f rom w a t e r ) .  Found: N 
16.88; S 20.17%. ChH10N202S. Calculated: N 17.26; S 19.77%. 

2 - I m i n o - l , 3 - t h i a z a n - 4 - o n e  (V) .  A mix tu re  of 3 ml  of ace t ic  anhydride,  0.04 mole  of ehloropropionic  
acid,  and 0.04 mole  of th iourea  was heated for  1 h. The hot mix tu re  was  diluted with ethanol and heated,  
and 0.46 g of NH4C1 was r em oved  by f i l t ra t ion.  The c r y s t a l s  that  p rec ip i ta ted  a f t e r  cooling were  t r ea t ed  
with boiling dichloroethane to give 3.6 g (60%) of hydroehlor ide  IV. Recrys ta l l i za t ion  f r o m  acet ic  acid gave 
polyhedrons  with mp 194-198 deg. A 1 - g s a m p l e  of IV was introduced into a sa tu ra ted  aqueous NaHCO 3 so lu-  
t ion to give 0.55 g (64%) of V with mp 168 deg ( f r o m  methanol ) .  Found: N 21.58; S 24.37%. C4ttsN2OS. Cal-  
culated: N 21.52; S 24.62%. The p icro lonate  was obtained as pale yellow c r y s t a l s  with mp 209 deg that  we re  
sl ightly soluble in methanol .  

2 - I m i n o - 5 - m e t h y l t h i a z a n - 4 - o n e  (X).  gydroch lo r ide  IX was  obtained like IV f r o m  th iourea  and f l -  
ch loro i sobutyr ic  acid (0.04 mole  each)  in 43% yield and had mp 187-190 deg ( f r o m  ethanol) .  Neu t ra l i za -  
tion of 0.5 g of IX gave 0.32 g (74%) of X. Recrys ta l l i za t ion  f rom dichloroethane gave co lo r l e s s  r ec t angu-  
l a r  p la tes  with mp 165 deg. Found: N 19.78; S 21.87%. C4HsON2S. Calculated:  N 19.40; S 22.22%. 

2 - I m i n o - 6 - m e t h y l t h i a z a n - 4 - o n e  (XIII) .  This  was obtained by ref luxing a mix tu re  of 0.04 mole  each 
of/~ - ch lo robu ty r i c  acid and th iourea  in 3 ml  of acet ic  anhydride for  2 h. Addition of excess  ethanol to the 
cooled reac t ion  solution prec ip i ta ted  1.46 g (23.3%) of long pla tes  with mp 218 deg ( f r o m  methano l ) .  The 
product  was soluble in hot wa t e r  and ethanol.  Found: N 19.60; S 22.52%. C5I-IsN2OS. Calculated:  N 19.40; 
S 22.23%. 

2 -Ace ty l imino th iazan-4-one  (VIII) .  A) A 3.0 g (0.016 mole )  sample  of I was d isso lved  by heat ing 
in 6 ml  of acet ic  anhydride.  After  20 min,  the solution was cooled, and the p rec ip i t a te  was f i l t e red  and 
washed with dichloroethane to give 2.5 g {75%) of oval p la tes  of VII with mp 163-167 deg ( f rom ace t ic  acid) 
gave co lo r l e s s  p r i s m s  of VIII with mp 199-200 deg. Substance VIII did not f o r m  a p ic ro lona te .  

B) Crys ta l l i za t ion  of I I  f rom ace t ic  anhydride gave 65-70% of VIII. Found: N 16.12; S 18.89%. C6H 8- 
N202S. Calculated: N 16.2; S 18.62%. 

Evapora t ion  of a solution of VIII in 15% HC1 gave 60% of I. 
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1,3-Thiazan-2 ,4-diones  (VI, XI, and XII). A mixture  of 0.1 mole of f i -ha locarboxyl ic  acid, 0.13 mole 
of thiourea,  and 10 ml of 85% fo rmic  acid (or  7.5 ml of wa te r  or  6 ml of glacial  acet ic  acid)  was ref luxed 
for  5-6 h and cooled. The precipi ta te  was f i l te red  and washed with a small  amount of wa te r  to give 42% of 
VI in fo rmic  acid (rap 161-162 deg); 55% of XI f rom f l - ch lo ro i sobu ty r i c  acid in fo rmic  acid [rap 111 deg 
( f rom wate r ) ] .  Found: N 9~ S 22.07%. CsHTNO2S. Calculated: N 9.65; S 22.09%. XII was obtained f rom 
f i -ch lo robu tyr ic  acid in wate r  (88% yie ld) ,  and in fo rmic  acid (64% yie ld) .  It was also obtained f rom ~ -  
bromobutyr ic  acid in fo rmic  acid (76% yield)  and in wate r  (72% yie ld) .  The product  was obtained as r e e -  
tangular  plates with mp 129 deg ( f rom water  and then f rom methanol) .  Found: N 9.67; S 22.17~. CsHTNO2S. 
Calculated: N 9.65; S 22.09%. 
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