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The r educ t ion  of a - c y a n o a c y l u r e t h a n e s  in an aqueous m e d i u m  in the p r e s e n c e  of  h y d r o -  
ch lo r ide s  of a r o m a t i c  a m i n e s  and Nancy nickel  has  given f l - a r y l a m i n o a c r y l o y l -  and. a -  
a l k y l - f i - a r y l a m i n o a c r y l o y l u r e t h a n e s  which have been  conve r t ed  by heat ing with 10 7o 
aqueous caus t i c  a lka l i s  into 1 - a r y l -  and 5 - a l k y l - l - a r y l u r a c i l s .  

In deve lopmen t  of  p r ev ious  work [1, 2] it appea red  of  i n t e r e s t  to s tudy the ca ta ly t ic  r educ t ion  of  
c y a n o a c y l u r e t h a n e s  [3] in o r d e r  to obtain  1 - a r y l -  and 5 - a l k y l - l - a r y l u r a c i l s .  

The ini t ial  c y a n o a c e t y l u r e t h a n e  (I) and a - c y a n o p r o p i o n y l u r e t h a n e  (II) w e r e  obta ined  by the r e a c t i o n  
of  u r e t h a n e  with a p p r o p r i a t e  a - c y a n o a l k a n o i c  ac ids  in the p r e s e n c e  of ace t i c  anhydr ide .  

When I was hydrogena ted  in wa te r  at  45-50~ in the p r e s e n c e  of  Raney nickel  and of  h y d r o c h l o r i d e s  
of a r o m a t i c  amine s ,  f l - phe ny l a m i noa c ry l oy l u r e thane  [4] (III) and the p rev ious ly  unknown f l - a r y l a m i n o a c r y l -  
oy lu re thanes  (IV-VII) w e r e  obtained.  S imi la r ly ,  II and h y d r o c h l o r i d e s  of  a r o m a t i c  amines  y ie lded  the a -  
a l k y l - f l - a r y l a m i n o a c r y l o y l u r e t h a n e s  (VIII-X) (Table 1). 

The fo rma t ion  of  compounds  I I I -X  probab ly  takes  p lace ,  as  in the c a s e  of the f l - a r y l a m i n o a c r y l o y l -  
u r e a s  [1],  a s  the r e s u l t  of  the r e a c t i o n  of  the a r o m a t i c  amine  with the a - f o r m y l a c y l u r e t h a n e  (a). A v a r i a -  
tion in the nuc leophi l ic i ty  of  the amino  g r o u p  in the a r o m a t i c  amine  has  a subs tan t ia l  inf luence on this  

TABLE i .  C2HsOOCNHCOC = CH- NHC~H4-R~- p 
I 
R 

,", R R" (9 o , ~  

III '  H H 146--1484i 
IV I H CHa 1180--I81 
V H CHaO 165--166 

Vl[ H /C2H50 / 173--174[ 
VII H HO 147--148 i 

-VIII CH~ H 157--.158] 
IX CH3 CaHsO 155--156 
X[ CHs [CH~0 [ 144--145 

Empirical Found, % 

formula i c H N 

Calculated, 
go 

C H N 

-- 1733 1654 328 4,53 
11,2 1736[I~539]340 4,451 
I0,6117110]16451 a40 4,46 
13,0] I / 342 4,44 / 
11,21173ol164o } 345 4,05] 
ll,5J / i325 4,53~ 
9,6/ / t 340 4,40] 

10,01176011680 [ 337 4,391 

ClaHI6N2Oa 627,9 
CIaHInN=O4/58,8 
CI4HI6N204~ 66,6 
C12HI~N204/57,5 
CI~HI6N~Oa[ 62.9 
C~sHIsN204[ 61,9 
CI4HI6N204] 60,4 

12,9 / 66,7 5,6 
1O,7J 57,6 / 5,6 
11,3] 62,5 6,5 
9,4 61,6 / 6,8 

10,2 60,4 / 6,5 

IR [ 
ra  ~ 1  spe 

~Ogo 

56 
61 
42 
57 
21 
47 
23* 
29* 

*Yield shown on the a - c y a n o p r o p i o n i c  ac id .  

*For  Communica t ion  X, see  [1].  
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Fig. i. 

~. ~ ppm 

PMR spec t rum of V. 

process .  Thus, by the hydrogenation of cyanoacetyl-  
urethane in the presence  of a romat ic  amines with 
electron-donat ing substituents (p-toluidine, p--alkoxy- 
aniline, etc.) IV-VI were isolated with yields of about 
60 %. When aromat ic  amines with e lec t ron-accept ing 
groups (for example, p -ch lo ro -  and p-ni troanil ines,  
etc.) were used it was impossible to obtain the c o r r e -  
sponding f l -a ry laminoacryloylur  ethanes. 

CO IO=ill CO "l r ,NII--CO-I H " I H2,Ni 
CHR I~IO=C CHRI co ~HR I I l I 1 i 

L o ,.0 [ ' . 4  
a I-II 

I'R=H 
II : R= CH s 

O 
Nff~CO N~. CO II R 

P ' R ' - - C 6 H 4 - N H 2 0 = t  I I [ NaOH H N / "~, 
. CHR - - O = C  CR ' ~ ] .  

I I d~N~ 
OC2H 5 OC2Hs CH--N H"-C6H4-- R " P  i 

CH I I 

N-C6H4-R'-. p C IIl-X C~ H ,--R'..P 
b XI-XIX 

Compounds II I -X fo rm color less  crys ta l l ine  substances withstanding prolonged boiling with water and 
ethanol. They, like the f l -a ry laminoacry loy lureas ,  exist  predominantly in the fo rm of the der ivat ives  c, and 
not as the Schiff 's bases  b. Thus, in the PMR spec t rum of V taken in CDC13 there  a re  no signals of the 

\ CH2--CH=N fragment  which is present  in s t ruc ture  b but there a re  signals of olefinic protons;  a doub- / 
let  with a center  at 5.97 ppm, the lines of a second doublet being strongly displaced in the downfield region 
and, apparently,  being overlaid by the signals of the protons of the benzene ring (see Fig. 1). 

The UV spect ra  of I I I -X contain absorption maxima at 330-340 nm. The 11~ spectra  lack the band 
of a CN group and have the absorpt ion bands of es ter  and amide C =Ogroups (1730-1740 cm -I  and 1640- 
1680 cm -1, respect ively) .  

When compounds II I -X were  heated with 10 % aqueous caustic soda, 1-phenyluraci l  [4] (XI) and a 
se r i e s  of other  1 - a r y l -  and 1 - a r y l - 5 - m e t h y l u r a c i l s  (XII-XIX) were obtained with yields of 80-90 % (Table 2)~ 

It has been shown that the passage  f romthe  cyanoacylurethanes to the 1 -a ry lu rac i l s  can be effected 
more  conveniently without the isolation of the f i -arylaminoacryloylure thanes  III-X: the reduction product 
together with a ca ta lys t  is heated with 10 % caust ic  soda solution and the result ing sodium salts of the 1- 
a ry lu rac i l s  a re  separated f rom the cata lyst  and converted into XI-XIX by t rea tment  with sulfuric acid. 
This method enables the 1 - a ry lu r ac i l s  to be obtained pract ical ly  in one stage with a yield of 60-65 % cal-  
culated on the a -cyanoacy lu re thanes .  

TABLE 2 

Com- e 

pound 

XI H 
Xll CH3 i 

XIII CH~O 
XIV C~HsG 
XV HO 

XVI H 

XVII CH3 
XVIII CH30 

XIX C2H50 

o 
II , 

H N " ~ / R  

# J  
I 
C6H4--R- p 

H 
H 
H 
H 
H 

CH3 

CH3 
CHa 
CH3 

mp, "C 
(from waterl 

246--2484 
234--235 
235--237 
252--253 

298 
199--200 

(cf.[~]) 
217--218 
214--215,5 
190--191 

Empirical 
formula 

CuHIoN202 
CnHtoN2Os 
CmH~2N203 
CloHsN~O3 

CI~HI2N202 
CmHI2N2Oa 
Cl~HI4N203 

Found, 

C H 

60,414,7 
62,2 5,1 
%0 50 

66,7 5,5 
62,2 5,1 
63,5 5,8 

% Calculated 
% 

N C N 

13_8 ~,4 ~,9 13,s 
12,9 60,514,6 12,8 
12,1 62,1[5,2 12,1 
14,6 58,813,9 13,7 

127 667 56 130 
122 621,52 121 
117 63:415:7 11,4 

UV spectra 

~zna~, 
nm 1 l~ e 

265 4,09 
267 4,07 
265 4,11 

265 3,93 
275 4,15 

276 428 
273 4,09 
270 4,05 
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The s t r u c t u r e s  of XII-XIX were  conf i rmed by the i r  UV spec t ra .  Thus, in the spec t r a  of the 1 - a r y l -  
u rac i l s  XI-XV there  a r e  absorpt ion  max ima  at 265 nm coinciding with the absorpt ion  m a x i m u m  of the known 
1-phenylurac i l  [4]. In the spec t r a  of the 1 - a r y l - 5 - m e t h y l u r a c i l s  XVI-XIX, this band exhibits a ba thochromic  
shif t  of 5-10 nm. 

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

Cyanoethylurethane (I) was obtained by the method of Conrad and Schulze [6]. 

~ -Cyanoprop ionylure thane  (II). A mix tu re  of 14 g (0.142 mole)  of ~-cyanopropionic  acid, 12.6 g (0.142) 
mole)  of ure thane,  and 35 ml  of acet ic  acid was heated in the boiling water  bath for  3 hr .  The acet ic  acid 
and the excess  of acet ic  anhydride were  evapora ted  off to d ryness ,  and the res idue  was dis t i l led in vacuum 
the f rac t ion  with bp 73~ (3 mm)  being collected.  The oily subs tance  was t r i t u ra t ed  with ethanol until c r y s -  
ta l l izat ion began and was lef t  for  10-12 hr .  The c r y s t a l s  that had deposi ted were  f i l te red  off, giving 3.1 g 
(24 %) of a subs tance  with mp 86-87~ Color less  c ry s t a l s  with mp 89~ (from pe t ro leum ether)  soluble in 
water ,  ethanol and acetone.  Found, %: C 49.4; H 6.0; N 16.8. Calculated for  CTHIoN203, %: C 49.4; H 
5.9; N 16.5. 

Genera l  Method for  the P repa ra t i on  of the f l -Ary laminoaery loy lu re thanes  (III-X). A mix tu re  of 0.03 
mole  of an ~ -cyanoacy lu re thane ,  0.03 mole  of the hydrochlor ide  of an a roma t i c  amine ,  and 8 g of a moi s t  
pas te  of Raney nickel  in 100-125 ml  of water  was hydrogenated at  45-500C for  2-3 hr .  The reac t ion  mix -  
ture  was cooled to 15-20~ and the prec ip i ta te  was f i l te red  off together  with the ca ta lys t  and ex t rac ted  with 
ethanol and then with acetone.  The ethanolic and acetonic ex t r ac t s  were  combined, evapora ted  to 1/3 of 
the i r  or iginal  volume and cooled to 5-10~ and the f l - a ry laminoacry loy lu re thane  that  deposited was f i l te red  
off and r ec rys t a l l i z ed .  Evapora t ion  of the mother  solution and t r e a t m e n t  of the res idue  with water  gave an 
additional amount  of f l - a ry laminoacry loy lu re thanes .  In the synthes is  of IX and X technical  II was used with- 
out purif icat ion by vacuum dist i l lat ion and rec rys t a l l i za t ion .  

Genera l  Method for  Obtaining the 1 -Ary lu r ac i l s  XI-XX. A. At 90~ 0.03-0~ mole  of a f l - a ry lamino-  
ac ry loy lure thane  was added to 10-15 ml  of a 10 % aqueous solution of caust ic  soda, and the mix tu re  was 
s t i r r e d  at this t e m p e r a t u r e  until the subs tance  had dissolved complete ly .  The solution was acidif ied to pH 
3 and cooled to 10-150C and the prec ip i ta te  of 1 - a ry lu r ac i l  that had deposi ted Was f i l te red  off, washed with 
water ,  dr ied,  and r ec rys t a l l i z ed .  Yield 80-90 %. 

B___~. Hydrogenation was c a r r i e d  out as  desc r ibed  above with 0.03 mole  of an ~ -cyanoacy lu re thane ,  
0.03 mole  of the hydrochlor ide  of an a rom a t i c  amine,  and 8 g of nickel ca ta lys t  in 100-125 ml  of water .  The 
f l - a ry laminoacry loy lu re thane  that s epa ra t ed  out was f i l te red  off together  with the ca ta lys t  and t r a n s f e r r e d  
into 20-25 ml of a 10 % aqueous solution of caust ic  soda (or caust ic  potash) heated to 90-95~ After  the 
mix tu re  had been s t i r r e d  at  this t e m p e r a t u r e  for  3-5 min, the solution was acidif ied to pH 3 and t r ea t ed  as 
desc r ibed  for  method A. The yield of 1 - a r y l u r a c i l  was 60-65 % calculated on the ~ -cyanoacy lu re thane .  

Substances  XIandXIV were  ch romatographed  on pape r  (ascending chromatography)  in s y s t e m s  1-3~ 
System 1 : n- C4HsOH- CH3COOH-H20 (4 : 1 : 5); system 2: n-C4HgOH- CH3COOH-H20 (4 : 1:1); system 3: 
i-C3H?OH-NH3-H20 (10 : 1 : 1). They had the foUowing Rf values in the given systems: XI - 0~ (i); 0.71 
(2); 0.73 (3); XIV-0.87 (1); 0.82 (2); 0.90 (3). 

The IR spectra were taken on a UR-10 instrument in paraffin oil and the UV spectra on an SF-4 
instrument. The PIV[R spectrum was taken on a JNM-4N-100 instrument with TMS as internal standard in 
CDC13. 
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