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A new method for  the synthes is  of azolidones by d i rec t  condensat ion of ch loroace t ie  acid and 
a r o m a t i c  amines  was developed,  s y m - D i a l k y l u r e a s  a re  fo rmed  in the case  of al iphatic amines .  

The known methods for  the synthes is  of monosubst i tu ted hydantoins,  which consis t  in the condensation of 
a r o m a t i c  amines  with ch loroaoe ty lure thane  [1], of  amino acids with u r e a  [2] o r  po ta s s ium cyanate  [3, 4], o r  of 
monosubst i tu ted  u r e a  with glyoxal [5], a re  labor ious  in mos t  cases  and lead to the format ion  of the final p rod-  
ucts  in low yie lds .  

In this  connection we a t tempted  to develop a s imple  and p r e p a r a t i v e l y  convenient method for the synthes is  
of  subst i tuted hydantoins based on the use  of r ead i ly  access ib le  s t a r t ing  m a t e r i a l s .  

We have found [6] that  1 -a ry lhydanto ins  I a re  fo rmed  in 50-60% yields  in the d i rec t  condensation of ani-  
l ines with ohloroacet io  acid ~tud u r e a  in the absence  of a solvent .  The bas io i t ies  of the~amines have a subs tan-  
t ia l  ef fect  on the d i rec t ion  of the reac t ion  and the c h a r a c t e r  of the products .  Thus monoalkylhydantoins a re  
not fo rmed  in the case  of al iphatic  amines ,  and N ,N ' -d i a lky lu rea s  II a re  the pr inc ipa l  products .  However ,  
a roma t i c  amines  - aniline,  anisidine,  and toluidine - give p r i m a r i l y  1-ary lhydanto ins .  In the case  of anilines 
with e l co t ron -aooep to r  subst i tuents  (bromine and chlorine) d iketopiperazine  de r iva t ives  III a re  formed along 
with I. The condensation with N-pheny lu rea  or  th iourea  under  s i m i l a r  conditions leads to, r e spec t ive ly ,  1,3- 
diphenylhydantoin (IV) and 2 -a ry l imino -2 - th i azo l idones  V. 
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We have advanced the assumpt ion  that  aniline (which is a s t ronge r  base  than urea)  in the monochloro-  
acet ic  a c i d - a n i l i n e - u r e a  s y s t e m  p r i m a r i l y  pa r t i c ipa t e s  in an a c i d - b a s e  equi l ibr ium with monochloroace t ic  
acid. This is also conf i rmed by the fact  that  the introduction of p rev ious ly  p r e p a r e d  aniline monochloroace ta te  
into r eac t ion  with u r e a  does not have an apprec iab le  effect  on the t rend of the reac t ion  or the cha rac t e r  of the 
products .  U r e a  subsequent ly  deprotonates  adduct VI because  of level ing of the bas ic i t i e s  of  the a roma t i c  amine 
and u r e a  in acidic media ,  t he reby  faci l i ta t ing its ,conversion to ary lg lycine  VII. The resu l t ing  u r e a  hydrochlor ide  
(VIII) r e a c t s  with the a ry lg lyc ine  e i ther  d i rec t ly  or  through its decomposi t ion  product  - i socyanic  acid (IX) - 
to give the arylhydantoin:  
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This pathway is conf i rmed by the fact  that  the condensation of p rev ious ly  p r epa red  ary lg lyc ines  and the 
u r e a  sa l t s  postulated as in t e rmed ia tes  in this reac t ion  is equivalent  to the p roce s s  descr ibed  above and leads 
to the fo rmat ion  of 1-subs t i tu ted  hydantoIns.  
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It  should be noted that  in both the f o r m e r  and la t te r  cases  diketopiperazine  de r iva t ives  a re  fo rmed  as 
side products  along with the 1-arylhydantoins  when less  bas ic  a roma t i c  amines  a re  used.  This again conf i rms  
the c o r r e c t n e s s  of the p roposed  scheme,  in which the p r o c e s s  actual ly  r educes  to the format ion  of ary lg lycines  
and protonated u r ea .  In the case  of anil ines that  contain e l e c t r o n - a c c e p t o r  subst i tuents  the r a t e  of format ion  of 
i socyanic  acid p reva i l s  ove r  the ra te  of format ion  of the arylglycine  because  of the reduced bas ic i ty  of the amino 
group.  Because of the volat i l i ty  of i socyanic  acid, this leads to a dec r ea se  in the yields of the 1-arylhydantoins  
and to the fo rmat ion  of d ike topiperaz ines  Ill as side products .  The r a t e s  of fo rmat ion  of the arylglycine  and 
isocyanic  acid a re  approx imate ly  equal  for anilines having donor subst i tuents ,  and this also leads to the f o r m a -  
tion of exc lus ive ly  1-monosubs t i tu ted  hydantoins I. 

If  one t akes  into account the avai lable  data that  the condensation of a ry lg lyc ines  with u r e a s  is a slow 
p r o c e s s  that  is r ea l i zed  at 160~ our  obse rved  acid ca ta lys i s  of:this r eac t ion  faci l i ta tes  the p repa ra t ion  of a 
hydantoin via the amino acid method cons iderably .  

The fact  that  the condensation of unsubst i tuted glycine with u r e a  and sulfur ic  acid leads to the format ion  
of a hydantoin (X) in high yield while an a t tempt  to synthes ize  an unsubsti tuted hydantoin d i rec t ly  f rom mono-  
ch loroace t ic  acid, ammonium carbonate ,  and u r e a  was unsuccessful ,  was unexpected.  This also pe r t a ins  to a l i -  
phatic amines ,  in which case  the change in the d i rec t ion of the reac t ion ,  as we have a l ready noted above, is due 
to the difficulty in the deprotonat ion of the al iphatie amine monochloroaee ta te  by u r e a  in connection with its 
h igher  bas ic i ty  [7, 8]. The convers ion  r educes  to the fo rmat ion  of sal t l ike product  XI, which on heat ing r eac t s  
with u r e a  in the s ame  way as in the case  of the reac t ion  of amine hydroch lor ides  with u reas ,  which gives 
p r i m a r i l y  subst i tuted u r e a s .  

R--NH2 + CICH2COOH + H2NCONH2 ~ R--N~I~OOCH2CI + (NH2)~CO ~ RNHCONHI( 
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E X P E R I M E N T A L  

1-Phenylhydanto in .  A mix ture  of equ imola r  amounts of aniline, u rea ,  and chloroace t ic  acid was heated at 
120-130~ for 20-30 min.  The reac t ion  is exo the rmie  and is accompanied  by vigorous  gas evolution. At the end 
of the p r o c e s s  the mix tu re  solidified complete ly .  The 1-phenylhydantoin obtained in this way was c rys ta l l i zed  
succes s ive ly  f r o m  alcohol to give a product  with mp 193-194~ (in a g r e e m e n t  with t he  l i t e ra tu re  value) :in 60% 
yield.  

1 - (p -To ly l ) -  (in 55%yield, mp 213~ 1 - (p -an i sy l ) -  (in 57% yield, mp 196-197~ and 1-(p-phenylethyl) -  
hydantoin (in 56% yield,  mp 165~ were  obtained by a s i m i l a r  method.  

1-(p-Bromophenyl)hydantoin .  A) A mix tu re  of s to ich iomet r i c  amounts of p -bromoant l ine ,  chloroacet ic  
acid, and u r e a  was heated without a solvent  on a wa te r  bath af 120-130=C. The exo the rmic  reac t ion  was com-  
ple te  a f te r  20-30 rain, and the r eac t ion  mix ture  solidified.  The mix ture  was then ref luxed success ive ly  in wa te r  
and methanol ,  and the methanol  mix tu re  was f i l tered.  The methanol  f i l t ra te  was cooled, and the prec ip i ta ted  1- 
(p-bromophenyl}hydantoin was r em oved  by f i l t ra t ion to give a product  with mp 234-235~ (in ag reement  with the 
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l i t e ra tu re  value) in 60% yield.  The undissolved port ion was c rys ta l l i zed  f rom acet ic  acid to give a color less  
product  with mp 300~ in 19% yield.  No melt ing-point  depress ion  was observed  for a mixture  of this product  
with 1,4-bis  (p-bromophenyl) -2 ,5-diketopiperz ine  obtained by condens ation of p-bromophenylglycine.  

1-(p-Chlorophenyl)hvdantoin with mp 230-231~ was s imi la r ly  obtained in 53% yield.  

B) A mixture  of 1-(p-bromophenyt)glycine,  urea ,  and sulfur ic  acid in a molar  ra t io  of 1 : 1 : 0.5 was 
heated at 120-130~ for 15-20 min, a f te r  which it was worked up as descr ibed  above to give 1-(p-bromophenyl) -  
hydantoin (58%) and 1,4-bis  (p-bromophenyl)2,5-diketopiperazine (20%). 

_I-Iydantoin, A mixture  of glycine, u rea ,  and sulfur ic  acid (molar ra t io  1 : 1 �9 0.5) was heated at 120-130~ 
for  15-20 min, At the end of the reac t ion  the solidified mass  was ref luxed in acet ic  acid for 30 rain, and the 
mixture  was f i l te red .  The f i l t ra te  was cooled and worked up to give acicular  c rys ta l s  of hydantoin with mp 
220~ in 70%yield. 

1,3-Diphenylhydantoin. A mixture  of equimolar  amounts of chloroacet ic  acid, N-phenylurea,  and aniline 
was heated on an oil  bath at 110-120~ for  20-30 min, af ter  which it was ref luxed in benzene, and the benzene 
solution was f i l te red  to r emove  the undissolved mate r ia l .  The benzene f i l t ra te  was t r ea ted  with hexane, and 
the prec ip i ta ted  co lor less  plates  of 1,3-diphenylhydantoin were  removed  by f i l t rat ion to give a product  with mp 
138-:139~ (from ethanol) in 60-70% yield.  No melt ing-point  depress ion  was observed for a mixture  of this 
product  with a genuine sample.  

Thiazol id ine-2 ,4-dione .  A mixture  of equimolar  amounts of thiourea,  chloroacet ic  acid, and aniline was 
heated on an oil  bath at 115-120~ for  20 rain. At the end of  the react ion,  a solution of hydrochlor ic  acid (1 : 1) 
was added to the solidified reac t ion  mass ,  and the mixture  was ref luxed for  30-40 rain. It was then cooled and 
worked up to give 3-phenyl thiazol idine-2,4-dione with mp 144~ in 12% yield. The f i l t ra te  f rom the separat ion 
of the precipi ta te  was evaporated,  and the resul t ing  thiazol idine-2,4-dione was c rys ta l l ized  f rom water  to give 
a product  with mp 122~ in 65% yield.  

s y m - D i b e n z y l u r e a . . 4  mixture  of monochloroacet ic  acid, benzylamine,  and u rea  in a rat io of 1 : 1 : 1 was 
heated to 100-120~ for  20-30 min, af ter  which the reac t ion  mass  was c rys ta l l ized  f rom alcohol to give co lo r -  
less  needles  with mp 167-168~ in 46% yield.  
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