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S Y N T H E S I S  A N D  C H E M I C A L  P R O P E R T I E S  O F  

1-  E T H Y L -  3 - A R Y L -  2 -  I M I D A  ZO L I D I N O N E S  W I T H  

A H Y D R O X Y U R E A  F R A G M E N T  I N  T H E  4 P O S I T I O N  

T .  G. S i m o n o v a ,  S. P .  E p s h t e i n ,  
Y u .  C.  P u t s y k i n ,  a n d  Y u .  A .  B a s k a k o v  

UDC 547.781.3'783.07:543.422.4 

T r e a t m e n t  of 2 -e thy lamino-2 -me thy lp ropano l  oxime with a ry l  i socyana tes  leads to 4 - [N- (a ry l -  
c a rbamoy l )hyd roxyam i no  [ - 1 - e t h y l - 3 - a r y l - 5 , 5 - d i m e n t h y l - 2 - i m i d a z o l i d i o n o n e s ,  which a re  
aeyla ted  by acid chlor ides  and methyl  i socyana te  to give the cor responding  O-acy l  de r iva t ives  
and a r e  conver ted  to 2 - ( 2 - o x o - l - e t h y l - 3 - a r y l - 5 , 5 - d i m e t h y l - 4 - i m i d a z o l i d i n y l ) - 4 - a r y l - l , 2 , 4 -  
oxadiazol idine-3,  5-diones by the act ion of methyl  eh lorocarbonate .  

Continuing our  invest igat ion of the cycl iza t ion of acyla ted  de r iva t ives  of a - s u b s t i t u t e d  ox imes ,  we have 
es tab l i shed  that t r ea tmen t  Of 2 -e thy l amino -2 -me thy lp ropana l  oxime (I) [1] with a ry l  i socyana tes  does not 
lead to N - a r y l c a r b a m o y l  de r iva t ives ,  as in the ca se  of 2 -hydroxyamino-2 -me thy lp ropana l  oxime [2],  o r  to 
the i r  cycl iza t ion  products ,  viz. ,  4 -hydroxyamino-2- imidazo l ind inones  [3,4],  but r a t he r  to products  of c a r -  
bamoyla t ion  of the l a t t e r ,  i .e . ,  to 4- [ (N-a ry l ea rbamoy l )hyd roxyamino  [- 1 - e t h y l - 3 - a r y l - 5 , 5 - d i m e t h y l - 2 - i m i d a -  
zolidinones (II).  In addition, the reac t ion  mix tu re  contains s ta r t ing  L When an i socyanate  is also added, the 
reac t ion  goes to complet ion,  and only II a r e  fo rmed .  

The in t e rmed ia t e s  a r e  p robab ly  N - e a r b a m o y l  de r iva t ives  of I, which read i ly  undergo i n t r amo lec u l a r  
cyc l iza t ion  to give 4 - h y d r o x y a m i n o - l - e t h y l - 3 - a r y l - 5 , 5 - d i m e t h y l - 2 - i m i d a z o l i d i n o n e s  (III) (hydroxyamino de-  
r iva t ive  IIId was i so la ted) ,  which undergoes  ca rbamoy la t ion  to give II. 

T r e a t m e n t  of  I all  at  once with a twofold excess  of phenyl i socyanate  gives  4 - [O-(phenylcarbamoyl )  
hyd roxyamino] -  1 -e thy l -3 -pheny l -5 ,5 -d ime thy l -2 - imidazo l id inone  (IV), which is p robab ly  the product  of i n t r a -  
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molecular  eyelizat ion of the O,N-bis (phenylcarbamoyl)  derivative.  A mixture of II and IV, which cannot be 
separated,  is isolated with other  a ry l  isocyanates .  The ra tes  of the second carbamoylat ion and cyelizat ion 
evidently become comparable  in these cases .  However, the stepwise t rea tment  of I with aryl  isocyanates  al-  
ways leads to II. 

A band at 1630-1640 em -1, which is cha rac te r i s t i c  for the N-carbamoyl  derivat ives of hydroxylamine 
[5], and a band of a ring carbonyl  group at 1680-1700 cm -1 a re  observed  in the I1R spec t ra  of carbamoyl  de-  
r ivat ives  II in the region of absorption of earbonyl  groups.  In addition, whereas  two doublets of CHNH protons 
a re  observed at 5.0-6.5 ppm in the PMR spec t rum of IIId with an unsubstituted hydroxyamino group, only a 
singlet of a 4-H proton at ~6 ppm is p resen t  in the spec t ra  of II. The convers ion of the hydroxyamino group 
in, for  example, IIId to the hydroxyurea  f ragment  of II is also manifested in the charac te r i s t i c  shift of the sig-  
nal of the proton of the hydroxy group f rom 7 ppm to the 9 ppm region. Carbamoyl  derivat ives II form blue-  
g reen  complexes with fe r r i c  chloride that a re  charac te r i s t i c  for  hydroxyureas  [6 ]. 

When II a re  allowed to stand in a solution of methyl isoeyanate in the presence  of catalytic amounts of 
t r iethylamine,  they a re  conver ted to the corresponding 4-[ 0 - (me thy lca rbamoyl ) -N- (a ry lea rbamoyl )  hydroxy-  
amino ] -  1 -e thy l -3 -a ry l -5 ,  5-dimethyl-2- imidazol idinones  (V). 

Compounds II a re  also readi ly  acylated with acid chlorides in the presence  of equimolar  amounts of 
t r ie thylamine to give 0-aeyl  der ivat ives  VI and VII. 

However, t r ea tment  of them with methyl chlorocarbonate  does not lead to the corresponding O-(methoxy- 
carbonyl)  der ivat ives .  Workup of the reac t ion  masse s  yielded VIII, the IR spec t ra  of which contain three ab- 
sorption bands of earbonyl  groups at 1710-1715, 1745-1750, and 1825 cm-l; however,  no absorption is present  
in the region of the s t re tching vibrations of NH and OH groups.  The ra ther  high value of the band at 1825 cm -1 
and its dec reased  intensity are  cha rac te r i s t i c  for an oxo group in the 5 posit ion of 1,2,4-oxadiazolidine-3,5- 
crones, which, as is well known, can be formed in the in t ramolecular  cycl izat ion of O-(a lkoxycarbonyl ) -N-  
carbamoylhydroxylamines  (for example, see [7]). The signals of the protons of N - O H  and NH groups at 8.7 
and 9.46 ppm that are  p resen t  in the PMR spec t ra  of II a re  absent in the spec t ra  of VIII. These data made it 
possible to ass ign the 2-(2-•x•-•-ethy•-3-ary•-5•5-dimethy•-4-imidaz••idiny•)-4-ary•-••2•4-•xadiaz••idine- 
3,5-dione s t ruc ture  to VIII. 
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T A B L E  1. S u b s t i t u t e d  2 - I m i d a z o l i d i n o n e s  
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178--179}65,3 
19&--199|54,4 

176 159,4 
176--177~59,4 
186--187/54,7 
200--201147,4 
183--184|51,4 
197--199|55,4 
168--169|62,0 
159--161/53.0 
!63--164|46,7 

164 /64,2 
144--145/55,0 
143--I44/51,5 
166--168/59,8 
169--170/55,2 
175--178|53,0 
121--122|64,1 
146--148|54,3 
104--107/58,9 
101--105/58.7 
153--15415412 

Found, % 

11 C1 

Calc., % IR spectrum 
Empirical (KBr), UCO, 
formula 

C I [  

i 
65,2 } ,6  
54,9 :,, 1 
59,6 5,8 
59,~ 5,8 
54,9 511 
47,4 4,0 
50,9 415 
54,9 5.1 
62,1 5,4 
53,4 5,1 
46,9 4,1 
64,4 6,4 
55,1 5,1 
51.4 4,5 
59,9 4.8 
56,3 4,4 
53,1 4,7 
63,9 5,6 
5,1,4 4,4 
58,8 4,9 
58,8 4,9 
54,4 4,4 

16,2 
8,8 
8,8 

i6,2 
28,0 
22,5 
16,2 

25,2 

,20.7 
13.1 
18,~ = 

83 

N c m  - I  

1670,1690 
1670,1695 
1670,1690 
1680" 
1675,1690 
1680" 
1680" 
1675,1690 
1690,1710,1760 
1685,1715,1760 
1695,1715,1765 
1675,1695,1800 
1670,1700,1800 
1665, I695,1800 
1655,1718,1775 
1675,1695,1775 
1655,1718,1775 
I715,1750,1825 
1710,1750,1825 
1710,1745,1825 
17t0,1745, i825 
1715,1750,1825 

3,4 / --  
3,2 16,3 
5,81 8.6 
5,7[ 9,3 
5,3116,0 
3,7127,6 
L6/22,0 
~,2/15,8 
5,6 --  
5,2[14,3 
4,3/25,o 
6,5 - -  
5,3114,4 
4,6/2o,3 
4,8/13,0 
4,3|18,5 
4,7|22,9 
5,4 --  
4;4 / 15s 
5,Ol 8,0 
4,8 / 8,3 
4,6/15,1 

5,3 C2oi I24N4Oa 
2,6 C2oHz2C12N4Oa 
3,7 IC2~I I2aCIN4Oa 
4,2[CsoH23CIN4Oa 
2,8]C2otq22C12N403 
0,7[C2o112oC14N4Oa 
1,81C2oH21C13N4Oa 
2 4|C2oII22CI2N4Oz 
613/C~1127N504 
4,01 C~2H2sC12N504 
2,51 C22H~aCI4N~O4 
3,8] Cz~t{2GN404 
: 1,8] C~oI I=4C12N404 
[0,8 i C2~I~128C1~N 404 
[0,1 C,TfI26CIsN~O4 
9,8 C~71-I2~Ct3N404 
8,9 C:7H~aC14N404 

t4,1 C21t]22N~O4 
12,3 C2~H2oCI2N,O4 
13,2 C~IH21CIN404 
12,8 C21t121CIN404 
11,8 C2jFI2oCt2N404 

* B r o a d  band.  
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E X P E R I M E N T A L  

The IR s p e c t r a  of  K B r  p e l l e t s  and s o l u t i o n s  of  the c o m p o u n d s  in c a r b o n  t e t r a c b l o r i d e  and d ioxane  w e r e  
r e c o r d e d  wi th  UR-10  and P e r k i n - E l r a e r  457 s p e c t r o m e t e r s .  The PMR s p e c t r a  of 10% so lu t i ons  of  the  c o m -  
pounds  in  (CD3)2SO and (CD3)2CO w e r e  r e c o r d e d  wi th  T e s l a  BS-487C and B r u c k e r  HX-90E s p e c t r o m e t e r s  
wi th  h e x a m e t h y l d i s i l o x a n e  as  the  i n t e r n a l  s t a n d a r d .  The r e s u l t s  of  e l e m e n t a r y  a n a l y s i s ,  the m e l t i n g  po in t s ,  
and the s p e c t r a l  c h a r a c t e r i s t i c s  of  II and  V-VII I  a r e  p r e s e n t e d  in  T a b l e  1. 

4-[ N - ( A r y l c a r b a m o y l )  h y d r o x y a r a i n o  ] - 1 - e t h y l -  3 - a r y l -  5, 5 - d i r a e t h y l -  2 - i m i d a z o l i d i n o n e s '  ( I I ) .  A so lu t ion  
of  0.01 m o l e  of a r y l  i s o c y a n a t e  in  10-15 m l  of  t e t r a h y d r o f u r a n  ( T H F )  was  a d d e d  a t  5~ to a so lu t ion  of  1.3 g 
(0.01 m o l e )  of  a m i n o  o x i m e  I [1] in  35 ra l  of  T H F ,  and the  m i x t u r e  was  a l l ow e d  to s t a n d  fo r  10-15 rain.  
A n o t h e r  0.01 m o l e  of  a s o l u t i o n  of a r y l  i s o c y a n a t e  in  T H F  was  added ,  and the r e a c t i o n  m i x t u r e  was  s t i r r e d  a t  
20~ fo r  1 h. The s o l v e n t  was  e v a p o r a t e d  in vaeuo ,  and the r e s u l t i n g  o i l  was  t r e a t e d  wi th  e t h e r  o r  b e n z e n e  to 
g ive  II. 

4 - H y d r o x y a r a i n o -  1 - e t h y l -  3-(3,  4 - d i c h l o r o p h e n y l ) -  5, 5 - d i m e t h y l -  2 - i m i d a z o l i d i n o n e  (IIId) : A so lu t i on  of  
t .88  g (0.01 m o l e )  of  3 , 4 - d i c h l o r o p h e n y l  i s o c y a n a t e  w a s  a d d e d  a t  - 2 0 ~  to a s o l u t i o n  of  1.3 g (0.01 m o l e )  of 
I in  40 m l  of ace tone .  A f t e r  10 rain,  the s o l v e n t  was  e v a p o r a t e d  in vaeuo ,  and the r e s i d u e  was  w a s h e d w i t h  co ld  
e t h e r  to g ive  2.16 g (68%) of  IIId wi th  rnp 158-160~ IR s p e c t r u m  ( K B r ) :  1670 c m  -1 (C = O ) .  Found:  C 49.0; 
H 5.4; C1 21.8; N 13.1%. ClaH17C12NaO2, C a l c u l a t e d :  C 49.1; H 5.4; C1 22.2; N 13.2%. A b r i g h t - r e d  c o l o r a t i o n  
(a q u a l i t a t i v e  r e a c t i o n  fo r  an u n s u b s t i t u t e d  h y d r o x y a m i n o  g r o u p  [ 8 ]) w a s  o b s e r v e d  when  2 , 3 , 5 - t r i p h e n y l t e t r a -  
zo le ,  o b t a i n e d  b y  n e u t r a l i z a t i o n  of a 1% s o l u t i o n  of  i t s  h y d r o c h l o r i d e  wi th  a 2% s o l u t i o n  of NaOH, was  a d d e d  
to an  a c e t o n e  s o l u t i o n  of  Hid.  

4-  [O•(Pheny•carbara•y•)hydr•xyamino]-1-e thyl -3-pheny•-5•5-dimethy•-2- i ra idaz•• id in•ne  ( IV) .  A c a t a -  
l y r i c  a m o u n t  of  t r i e t h y l a m i n e  and a s o l u t i o n  of  2.38 g (0.02 m o l e )  of  pheny l  i s o c y a n a t e  in  15 ral  o f  t e t r a h y d r o -  
f u r a n  ( T H F )  w e r e  a d d e d  s u c c e s s i v e l y  to a s o l u t i o n  of 1.3 g (0.01 m o l e )  of a m i n o  ox i rae  I in  30 m l  of  THF.  A t  
the end of the  r e a c t i o n  (as  d e t e r r a i n e d  by  c h r o m a t o g r a p h i c  m o n i t o r i n g ) ,  the  s o l v e n t  w a s  e v a p o r a t e d  in vacuo ,  
and the r e s i d u e  was  r e c r y s t a l l i z e d  f r o m  a m i x t u r e  of  e t h e r  and hexane  to g ive  2.35 g (64%) of IV with  m p  
122-123~ IR s p e c t r u m  ( K B r ) :  1690, 1740 c m  -1 (C = O ) ;  (CC14): 3430 e ra  - i  ( N - - H ) .  P M R  s p e c t r u m  [(CDa)2SO]:  
1.11 (3H, t)  and 3.22 (2H, q, 1-C2H5) , 1.28 (3H, s)  and 1.44 [3H, s,  5- (CHa)2] ,  4.93 (1H, d, J = 7 Hz, 4 ' H ) ,  8.0 
(1H, d, J = 7 Hz) ,  and 6 .93 -7 .78  ppra  (10H, m,  C6H5). Found:  C 64.9; H 6.7; N 15.1%. C20H24N403. C a l c u l a t e d :  
C 65.2; H 6.6; N 15.2%. M i x t u r e s  of  the c o r r e s p o n d i n g  N-  (II) and  O - c a r b a r a o y l  (IV) d e r i v a t i v e s  w e r e  f o r m e d  
when o t h e r  a r y l  i s o c y a n a t e s  w e r e  u sed .  

4-[ O-(  M e t h y l c a r b a m o y l  ) - N - ( a r y l c a r b a m o y l  ) h y d r o x y a r a i n o  [ - 1 - e t h y l -  3 - a r y l -  5, 5 - d i r a e t h y l i r a i d a z o l i d i n o n e  s 
(V) .  Two to t h r e e  d r o p s  of  t r i e t h y l a r a i n e  w e r e  a d d e d  to 1 m r a o l e  of  II in 3 ra l  of  m e t h y l  i s o c y a n a t e ,  d u r i n g  
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which a 10-15~ r i s e  in the t e m p e r a t u r e  was observed ,  the reac t ion  m a s s  liquefied, and a p rec ip i t a te  began 
to f o r m  immed ia t e ly .  The excess  methyl  i socyana te  was r emoved  in vacuo, 5 ml  of e ther  was added to the 
res idue ,  and the p rec ip i t a t e  was r e m o v e d  by f i l t rat ion.  

4-[ O-Acyl  ~ N - ( a r y l c a r b a m o y l )  hydroxyamino ] - 1-e thyl -  3 - a r y l -  5, 5-dimethyl imidazol id inones  (VI and VII).  
A 2 . 2 - m m o l e  sample  of t r i e thy lamine  and 2.2 mmole  of acetyl  chloride (benzoyl chloride)  were  added suc-  
ce s s ive ly  to a solution of 2 m m o l e  of II in 30 ml  of ch lo ro fo rm at  0~ and the mix tu re  was mainta ined at 20- 
25~ for  2-3 h (the reac t ion  was moni tored  by ch roma tog raphy  and a negative t e s t  with f e r r i c  chlor ide) .  
Water  (20 ml)  and 150 ml  of e the r  w e r e  then added, and the organic l aye r  was sepa ra t ed  and dr ied  with m a g -  
nes ium sulfate.  The solvent  was evapora ted  in vacuo, and the res idue  was r e c r y s t a l l i z e d  f r o m  benzene.  

2 - (2 -Oxo-  1-e thy l -  3 - a r y l -  5, 5 -d imethy l -4 - imidazo l id iny l  ) - 4 - a r y l -  1, 2, 4-oxadiazol id ine-  3, 5-diones (VIII). 
Five  to seven  drops  of  t r i e thy lamine  were  added to a mix tu re  of  1 mmole  of II and 2 ml  of methyl  c h l o r o c a r -  
bonate,  during which pronounced heat  evolution Was observed ,  and the reac t ion  m a s s  l iquefied and hardened 
instantaneously.  The resu l t ing  m a s s  was washed with wa te r  (two 3 -ml  por t ions ) ,  dr ied in vacuo ove r  m a g -  
nes ium sulfate,  and r e c r y s t a l l i z e d  f r o m  benzene.  

I. 
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3. 
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