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The react ion of thiourea with a -ha logenoacyl  ca rbamates  has given the corresponding iso-  
thiouronium salts (stable in the case of the a -propionyl  compound), which readi ly  form 2- 
iminothiazolidin-4-one der ivat ives  in the presence  of mois ture  or  alkalis.  

In a search for  new pest icides among acyl isocyanate der ivat ives ,  it appeared of interest  to synthesize 
(~-isothiouronium-containing acyl carbamates .  For  this purpose,  in the present  work we have studied the 
react ion of the a -ha logenoacyl  ca rbamates  I-IV with the ureas  V-VII and have shown that the nature of the 
final products  of this react ion depends fundamentally on the nature of the a substituent (R = H or  CH3) in 
the initial I - IV and on the react ion conditions. 

Unlike ~-ch loroace tamide  [2] or  chloromethylaryloxy carboxylic acids [3], with the thioureas V-VII 
in boiling 99.5% ethanol or  in acetone (i.e., in the presence  of even t r aces  of water) at -4~  the chloroacetyl  
ca rbamates  I and II (R = H, R ~ = CH3, C6H 4) give, instead of the expected isothiouronium salts ,  the c o r r e s -  
ponding 2-iminothiazolidinone salts  VIII-X (Table 1), which are  readi ly  converted into the free bases  in 
boiling water  or  in aqueous sodium acetate.  

Conversely,  the a -ha logenopropionylcarbamates  III and IV (R = R" = CH 3) do not undergo cyclization 
on being boiled in 99.5% ethanol with thiourea under s imi lar  conditions but form the corresponding i so-  
thiouronium salts  XII and XIII (Table 2). These salts are  stable in boiling water ,  but on t rea tment  with 
sodium acetate are  converted into 2- imino-5-methyl th iazol id in-4-one  (XI). 

Isothiouronium salts could be obtained f rom the halogenoacetylcarbamates  I and II only by car ry ing  
out the react ion in anhydrous acetone at room tempera ture .  On heating in anhydrous acetone or  at room 
tempera tu re  in per fec t ly  anhydrous ethanol, only cyclization products  are  formed.  Thus, under these condi- 
t ions,  compounds I and V gave 2- imino-4-methoxycarbonyl iminothiazol idine  (XVIII). On being heated in 
99.5% ethanol, the isothiouronium derivat ives  of the halogenoacyl ca rbamates  XIV-XVII (Table 2) form salts  
of the 2-iminothiazolidinones VIII-X (Table 1), and on being heated in water  they form the free bases .  

The resul ts  given permi t  the assumption that in the react ion of the thioureas  V-VII with the a - h a l o -  
genoacylcarbamates  I-IV, as with a-ha logeno ketones [4,5], in all cases  the isothiouronium salts XII-XVII 
are  formed f i rs t  and then these undergo fur ther  conversion into XIX with an ease depending on whether 
there is a hydrogen atom or a CH 3 group in the ~ position. The ex t remely  unstable compound X-IX then 
splits out water  (more readi ly in ethanol than in acetone) and is converted into the more  stable XVIII which, 
however ,  hydrolyzes  under the action of water  to give VIII-X. 

*For  Communication VI, see [1]. 
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ott F o. 3 
.cH-c-N,COOR" |R-.C.--~- N .COOR" 

X-CHCONIfCOOR" + R 'NHCSNH:~S/ -  ~ - |  I R HV V-VII [I 

XII-XVII XIX 

R-C H--(~ =:N COOR" +H20  R--CH--(:=O 
-limb ~\cfN H ~H2NCOOR" ~.,,C ..~ H 

II -HX il 
NR'.HX NR' 
XVI|! VIII-X 

R=H,CH3; R '=H,Mt~l ,  a ry l  R"=Cff 3, s X=CI, Br 

The reason  for  the h igher  s tabi l i ty  of the isothiouronium sa l t s  XII and XIII containing a propionyl  
res idue  is apparen t ly  (by analogy with [6, 7]) that in the f i r s t  case  the (~-methyl group s t e r i ea l ly  inhibits 
the i n t r amoleeu la r  nuoleophflic a t tack  of the n i t rogen a tom on the earbon a tom of the carbonyl  group.  Con- 
sequently,  the sa l t s  XII and XIII p rove  to be fa i r ly  s table  compounds which do not decompose  even on being 
boiled in wa t e r  and oyolize only when they a re  neu t ra l ized ,  i .e . ,  when the nueleophil iei ty of the ni t rogen 
a toms  is subs tant ia l ly  r a i s ed .  In the case  of compounds XIV-XVII,  where  the sereening  action of an a -  
methyl  group is absent ,  the i r  cyol izat ion into XIX takes  place f a r  m o r e  read i ly  even on boiling in m~hydrous 
acetone or  in the p r e s e n c e  of such po la r  solvents  as ethanol and, pa r t i cu l a r ly ,  wa te r .  

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

Methyl and phenyl N - c b l o r o a c e t y l c a r b a m a t e s  (I and II, respect ive ly)  and methyl  N - a - e h l o r o -  and N - a -  
b r o m o p r o p i o n y l c a r b a m a t e s  (HI and IV, respect ive ly)  were  obtained by the action of the appropr ia te  a - h a l o -  
genoacyl  i soeyana tes  on methanol  or  phenol [8] o r  by the acylat ion of methyl  o r  phenyl c a r b a m a t e s  [9]. 
Pheny l -  and oc ty lu reas  we re  obtained by published methods [10, 11]. 

2 - Iminoth iazo l id in-4-one  (VIII). A. Solutions of 1.52 g (0.01 mole) of I and 0.76 g (0.01 mole) of 
th iourea  (V) in 20 ml  of ethanol each were  mixed at room t e m p e r a t u r e  and boiled with s t i r r ing  for  1 h 30 
rain in the wa te r  bath. Then the reac t ion  mix tu re  was  cooled and the yellow prec ip i ta te  was f i l te red  off to 
give 1.37 g of the hydrochlor ide  of VIII. In boiling wa te r  or  under  the action of aqueous sodium aceta te  solu-  
tion this  fo rmed  the f r ee  base  VIII (Table 1). The IR spec t r a  of these  and the other  2- iminothiazol id inones  
that  we obtained exhibit  bands in the 1650, 1700, and 1750 em -I  reg ions  which, according to the l i t e r a tu re  
[13-17] apparen t ly  m e a n s ,  in the f i r s t  p lace ,  that the reac t ion  products  a re  obtained in the f o r m  of tau to-  
m e r i c  m ix tu r e s  and, in the second place ,  that the imino f o r m  p redomina te s  in these  mix tu re s  if the subs t i tu-  
ent is a ry l  and the amino f o r m  if the subst i tuent  is alkyl.  The mel t ing  points  of compound VIII and its 
hydrochlor ide  coincide with those of s am p l e s  obtained by independent synthes is  f r o m  ethyl ch loroace ta te  
and th iourea  [12]. 

B__~. A suspension of 1 g (0.0066 mole) of I in 15 ml  of acetone was t r e a t ed  over  30 rain at - 4  ~ to 0~ 
with 0.5 g (0.0066 mole) of V in 30 ml  of acetone,  and the mix tu re  was s t i r r ed  at this t e m p e r a t u r e  for  5 h. 
The p rec ip i t a te  that deposi ted was f i l t e red  off at 0~ and washed with acetone,  giving 0.30 g (85%) of a m -  
monium chlor ide .  The f i l t ra te  was evapora ted  in vacuum at 0~ and the res idua l  oil, consis t ing of VIII con- 
taining XIV as an impur i ty  (identified by th in - l aye r  chromatography) ,  was  r e c r y s t a l l i z e d  f rom wa te r  or  
ethanol,  giving 0.69 g (90%) of VIII. 

C_._~. A mix tu re  of 1 g of XVIII and 10 rnl of ethanol was boiled for  2 h and cooled, and 0.62 g (85%) of 
the hydrochlor ide  of VIII was  f i l t e red  off. 

D_,. A mix tu re  of 1 g of XVIII and 10 ml  of wa t e r  was  boiled for  30 min and cooled, and 0.51 g (92%) of 
the f r ee  base  XVIII, identified by a compar i son  of IR spec t r a ,  as  in the case  of all the subs tances  obtained, 
was f i l te red  off. 

The Thiazol idinones IX-XI.  A. Compounds IX and X (Table 1) were  obtained in a s im i l a r  manne r  to 
method A desc r ibed  p rev ious ly .  

B_2. One g r a m  of the hydrochlor ide  XVII was boiled in 99.5% ethanol fo r  1 h, the solution was cooled, 
and 0.59 g (94%) of the light yellow c rys ta l l ine  hydrochlor ide  of IX was f i l te red  off. The f i l t ra te  was evap-  
o ra ted ,  giving 0.35 g (93%) of phenyl c a r b a m a t e ,  mp 141~ (f rom water ;  according to [18], mp 141~ 

C_. 2. Compound XI (Table 1) was fo rmed  when XII and XIII were  heated in aqueous sodium aceta te  solu-  
t ion. 
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S- [~- (Methoxycarbony lca rbamoyl )e thy l ] i so th iourea  Hydrobromide  (XII). A solution of 0.61 g (0.008 
mole) of V in 30 ml of ethanol was added to a solution of 1.6 g (0.0076 mole) of IV in 40 ml of ethanol.  The 
reac t ion  mix tu re  was boiled fo r  4 h, cooled, and t r ea t ed  with e ther ,  and 1.5 g of co lo r l e s s  c rys ta l l ine  XII 
was  f i l te red  off. Compound XIII (Table 2) was obtained s imi l a r ly .  

S - (Methoxycarbony lca rbamoylmethy l ) i so th iourea  Hydrochlor ide  (XIV). Suspensions of 1.52 g (0.01 
mole) of I and 0.76 g (0.01 mole) of V, each in 20 ml  of anhydrous acetone,  were  mixed at r oom t e m p e r a -  
tu re .  The c l ea r  solution that fo rmed  a f t e r  5 rain was  then s t i r r ed  at 20~ for  3 h, and the g r e a s y  c r y s t a l -  
line p rec ip i ta te  was  sepa ra ted  off and subjected to prolonged drying in vacuum,  giving 2.2 g of XIV. Com-  
pounds XV-XVH (Table 2) were  synthes ized  s imi l a r ly .  

2 - Imino-4 -methoxyca rbony l imino th iazo l id ine  Hydrochlor ide  (XVIII). A. A mix tu re  of 1.52 g (0.01 
mole) of I and 0.76 g (0.01 mole) of V in 40 ml  of anhydrous acetone was boiled for  5 h 30 min,  and the p r e -  
cipi tate was  f i l te red  off and washed with acetone to give 2 g (95%) of XVIII, mp 175~ (decomp.).  Found %: 
N 20.30, 19.90; S 15.02, 15.22. CsHTN302S �9 HC1. Calculated %: N 20.05; S 15.27. Gas- l iquid  ch roma tog raphy  
of the mothe r  solution showed that wa t e r  was l ibe ra ted  during the reac t ion .  The IR spec t r a  of XVIII con-  
tain bands at 1630 cm -1, 1720 c m  -1 (m), and 1780 cm -1 (s). 

B__~. A mix tu re  of 1.52 g (0.01 mole) of I and 0.76 g (0.01 mole) of V in 40 ml of anhydrous ethanol was 
s t i r r ed  at r oom t e m p e r a t u r e  for  10 h, and the p rec ip i t a te  was f i l te red  off to give 1.5 g (71%) of XVIII, mp 
175~ (decomp.).  The e l e m e n t a r y  ana lyses  and IR spec t r a  of the s amples  of XVIII obtained in acetone and 
in ethanol were  identical .  
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