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A M I N O  A C I D  A N D  P E P T I D E  D E R I V A T I V E S  O F  A M I N E S  

I. SYNTHESIS AND PROPERTIES OF CHOLINE ESTERS 

OF o~- AND ~o-AMINO ACIDS 

V.  P .  S h a m s h i n ,  O.  S.  A n i s i m o v a ,  
T .  Y a .  F i l i p e n k o ,  V.  G .  V o r o n i n ,  
a n d  N .  N.  S u v o r o v  

UDC 615.31:547.466.22/.25].012.1 

The impor tan t  physiological  role  of acetylcholine as a nervous excitat ion media to r  [1] has se rved  as the 
bas i s  for  the synthes is  of numerous  analogs of this biogenic amine.  Choline e s t e r s  a r e  known of var ious a l i -  
phatic and a roma t i c  acids,  which, as a rule ,  display definite biological  act ivi ty [2-5]~ 

On this plane the in t e re s t  of inves t iga tors  in synthesis  of choline e s t e r s  of na tura l  amino acids is na tura l .  
Methods for  the synthes is  of these compounds have not been fully worked out, although some of them have va l -  
uable pharmaco log ica l  p rope r t i e s  [6, 7]. Various groups of r e s e a r c h e r s  have p repa red  choline e s t e r s  of g ly -  
cine [8, 9], L-a lanine  [9], L-val ine  [9], L -g lu tam!c  acid [7, 9], and of some other  o~- and co-amino acids [9, 10]. 
A number  of works  have beenpub l i shed in  which the synthesis  of dialkylaminoethyl  e s t e r s  of N-pro tec ted  amino 
acids has been descr ibed ,  but only in the las t  of them is the synthesis  of the choline e s t e r  of glycine repor ted  
[8]. 

The object ive of the p re sen t  work was the synthes is  of prev ious ly  undescr ibed amino acid der iva t ives  of  
choline and the development  of a reasonab le  method of p repar ing  them.  We have synthesized sa l t s  of the 
choline e s t e r s  of glycine (Via), L-a lanine  (VIb), L-val ine  (VIc), D-norval ine  (VId), f l -alanine (XIIa), and y -  
aminobutyr ic  (XI]b) and e - aminocap ro i c  (XIIc) acids by Schemes  1 and 2, 

Schcmc 1 
Synthesis of choline esters of a-amino acids 

ZXHCH (R)COOH HOCH,CH,N (CH,)~ ZNHCH (R) COOCN2CH2N (cH~).z 

h-d Ih-d | 
1 

, ZNHCH (R) COOCH~CH~.N-(CH~) 3 �9 X- [H3XCH (R) COOCH~CH~,NH (CHs)~] ].2Br- 
I Wa-d X=Br n ~  b 
~, Va, d X=I Z=COOCHo.C6Hr~ 

[H~XCH (R) COOCH~CH~'~ (CH~)3].2Br a) R=H 
b) R=CH~ 
c) R =CH (CH~) 2 

VIa-d d) R=(CH:)..,CH~ . 

Branch of S. Ordzhonilddze Sc ien t i f i e -Resea rchIns t i tu t e  of Pha rmaceu t i ca  ! Chemis t ry ,  Moscow Oblast.  
Trans la ted  f r o m  Kh imiko -Fa rma t sev t i chesk i i  Zhurnal,  Vol. 11, No. 1, pp. 47-51,  January ,  1977. Original  a r t ic le  
submit ted J anua ry  8, 1976. 

This material is protected by copyright registered in the name of  Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. No part ] 
[of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, [ 
•micr•filming• rec•rding •r •therwise• with•ut writ•en permiss••n •f the publisher. A c•py •f this article is avai•able fr•m the pub•isher f•• $7.5•. I 

41 



Scheme 2 
Synthesis of choline esters of w-amino acids 

HOCH2CHtN (CHa) ~ 
ZXH (CHJnCOOH ~- ZNH (CH:)B COOCH,CH~N (CH,)~ ---* 

! 

VUa-c VIIIa-c [ 

---~ ZHN (CH~)aCOOCX~CH,zN'(CHz) 3 �9 X [H:.N (CH~)aCOOCHzCH2XH- (CHs):].2Br- 
i Xa-c  X=Br 

XIb X = I  lXb, c 

[H,N (CHt)BCOOCH2CH~.N (CHa)s].2Br Z=CO(~H~C~H 6 
XlIa-c a n---.2 

b n----3 
C I1=5 

The dlmethylaminoethyl  e s t e r s  IIa-d and VIIIa-c were  p repa red  bas ica l ly  by the method of azeotropic  
dis t i l la t ion of  wa te r  [12] on boiling the N-carbobenzoxy amino acids wi th/3-dimethylaminoethanol  in xylene, 
in yields  of about 70% (Tables  1 and 2, method A). The synthesis  of compounds Ha and c and VIIIc by the 
mixed anhydride method [11, 13] f rom dimethylaminoethanol  and the N-carbobenzoxy amino acids (Ia and c, 
VIIc) with the aid of isobutyl ch lo roformate  proved to be less  effect ive (Table 2, method B). Upon the action 
of hydrogen b romide  in glacial  acet ic  acid on e s t e r s  II and VIII, only the d ihydrobromides  of the corresponding 
e s t e r s  of glycine (Ilia), L-a lanine  (IIIb), y -aminobu ty r i c  acid (IXb) and s  acid (IXc) were  isolated 
in pure  fo rm;  the ~n~logous der iva t ives  of the remaining amino acids proved to be very  hygroscopic.  The e s -  
t e r s  of the N-carbobenzoxy  amino acids and choline bromide  (IVa-d and Xa-c) were  p repa red  by the react ion 
of  methyl  b romide  with the e s t e r s  II and VIII. It should be noted that all the methebromides  except  IVa proved 
to be e x t r e me ly  hygroscopic  and the re fo re  were  brought into fu r ther  react ion without isolation and purif ication.  

�9 On reac t ion  of e s t e r s  II and VIII with methyl  idodide in absolute alcohol or  acetone,  as in the method of [12], 
only the methiodides Va and d and XIb were  isolated,  due to the hygroscopic i ty  of the remaining analogous de-  
r iva t ives .  

By the action of hydrogen bromide  in glacial  acet ic  acid on the methebromides  IV and X we synthesized 
the hydrobromides  of e s t e r s  of the unprotected amino acids and choline sal ts  (VIa-d and XIIa-c) (Table 3). 

S t ruc tures  of all the compounds p repared  were  confirmed by data f rom IR, NMR, and mass  spec t ra .  In 
the IR spec t ra  of the dimethylaminoethyl  e s t e r s  of N-carbobenzoxy-glycine  (HaL -L-a lan ine  (Ilb), -L-va l ine  
(IIc), and - s  acid (VIIIc) there  a re  absorpt ion maxima at 1760-1740 and 1725-1695 cm -1, which 
a r e  assignable to the e s t e r  and amide carbonyls ,  respec t ive ly .  It should be noted that the frequencies  of the 
s t re tch ing  vibrat ions of the NH of the amide group in compounds Ha a n d b  and VIHa are  in the 3430-3410 cm -1 
region.  After  r emova l  of the N-pro tec t ive  groups in compounds III, VI, IX, and XII the absorpt ion maxima in 
the 1725,1680 cm -t region a re  absent  but the absorpt ion in the 1760-1740 cm -t region is retained,  which indi- 
ca tes  the p r e se nce  of an e s t e r  carbonyl  and the absence of an amide bond in the molecule .  

In the mass  spec t r a  of compounds IIa-c and VIiib and c, peaks a re  observed  for molecular  ions whose 
mass  numbers  co r r e spond  to the proposed s t ruc tu re s  (IIa, 280; IIb, 294; IIc, 322; VIIIb, 308; VIIIc, 336). The 
molecu la r  ion peaks in these  e s t e r s  have a ve ry  low intensity,  and in some of them (IId and VIIIa) they are  not 
observed  at all, which is apparent ly  caused by the eff ic iency of decomposit ion to fo rm the stable f ragments  
CH 2 = N+(CH3)2 (m/e  58)', CH 2 = CH-N(CH3) ~ (m/e  71), CsHsCH~- (m/e  91), C6H~CH~O + (m /e  107), and 
C6HsCHzOH + by the scheme  

I08 250 
--ZH 

C6Hr.CH.-- --O--C--/---'NH--CH--C--O--I--'CH~.--I--CH.,--N (CHub 
i~ [ t U I 
o o I 

CH~ CH, 

llc 

In the spec t rum of IIc, moreove r ,  due to the eff iciency of charge localizat ion upon el imination of the i so-  
propyl  group, an ion peak for  [M -CH(CH3)~] + i s  obse rved ,  plus ions having m / e  equal to 250 and 206, caused 
by stepwise breakup of the molecule  as shown in the scheme.  It is in teres t ing to note that the ion having m / e  = 
206 decomposes  fu r the r  with el iminat ion of CO2, which is accompanied by migra t ion of the benzyl group and 
format ion  of a f ragment  having the mass  number  162. 
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TABLE 1. NMR Spectra of Dimethylaminoethyl Esters  of N-carbo-  
b e n z o x y - a -  and co-Amino Acids  

Choline fragment Amino acid fragment 
T~-~ - 7--T--T- t ~ - -  

Compound ,~.~ ~o ~ :::i o .,-.~ ~ _~-,-.r r162 CH, ~-CH. CH,, CH. ?-CH, CH~ e-CH~ 

I I l a  
l l l b  

Va  

Via  
VI b 
VI c 
V l d  

XII a 
X l l b  
Xll c 

2.97 
2,98 
3,11 

3,24 
3.24 
3,24 
3,23 
3,23 
2.98 
3,22 

4,63 
4.63 
4,56 

4.60 
4.77 
4,77 
4,65 
4,62 
4,45 
4,57 

3.59 4,04 ~s) 
3,59 4,32 (gu) 
3,65 3,97 (s) 

3,83 4,05 (s) 
3,84 4,31 (qu) 
3.84 4,18 (d] 
3,82 4,27 ~tr) 
3,83 2,91 (tr) 
3,53 2,61 (tr) 
3,76 2.47 {tr) 

1.58 (d7 
5, I0 {s) 
(CHs ia benzy9 

1,58 (dl 

1,92 (m) 
3,32 (tr) + 
1,97 (m) 
1,37--1,87 (m) 
(ft. ~,, 6-CH~) 

7,13 (s) 
( aromatic protons) 

1,05 (2;:d) 
1,44 (m) 

3,10 (tr) 

o.92(~0 

Note.  s) Singlet; d) doublet; tr) triplet; qu) quartet; m) multiplet.  

TABLE 2. Dimethylaminoethyl  Esters  of N-carbobenzoxy-ce-  
and co-Amino Acids 

Compound 

l la  
11b 
I le  
lid 

Vi l l a  
V l l l b  
Vl I l c  

Yield, % 

A 

7614 23.8 
78,0 
81,3 
83,0 - -  
60,0 
70,0 
74.4 50 

Folmd, % 

9,71 
9,13 
8,31 
8,76 
9,25 
9,18 
7.89 

Empirical 
formula C H 

60,4 7,21 
61,64 7,22 
63.60 8,09 
63.70 7.96 
61.67 7,23 
61172 7,76 
64,6 8,25 

C14H~oN,O4 
CxsH~.2NsOt 
Ca:Hs~NsOi 
C~;H~N~O~ 
C~sH~N~OI 
C~H~N~Oa 
C~sH~sN.,O~ 

l _ Calculated. % 
c H N 

59,99 7,19 9,99 
61,22 7,53 9,52 
63,31 8,13 8,69 
63,31 8.13 8,69 
51,22 7153 9,52 
62,30 7,84 9,30 
64,27 8,41 8,30 

TABLE 3. Dimethylaminoethyl  Esters  of c~- and co-Amino Acids 
and Their Quaternary Salts 

o r 

o L~ 

l l I a  
l l l b  
IVa 
Va 
Vd 

VI a 
VI b 
VI c 

VId 
IXb  
IXe  

Xlb  
Xl l a  
X l l b  
X I I e  

2 

, ! 

�9 I-- z 
�9 

i r - ,  o I Ha l  N 

Empirical formula 

17,3 
20 

66 
82,0 
72,0 

81.6 
33,2 
65 
70 

1~5--8 I - -  52.91 
136--9 l --4 { 49,98 
118--121] - -  121,48 
195--8 I -- I -- 1 95-97 -2.3 i 27,63 
257--9 I - -  150,531 
213--6 :-3,4 , 48,03 
229--2321-1.2 i 44.52 [ 

(c, 0 5) 
120--3 --210 i 44,08 
t73,5--5 I - -  [47:76[ 
169--172] - -  44,36 ] 
~dec.) I ! 
123-5 I - 28,68i 
185--7 I - -  47.54 [ 
158--16( 1 -- 46,02 
127--13C I - -  41.24[ 

9.13 
8.26 
7,49 

61~o 
8.93 
8.74 
8,11 

7,73 
8.10 
8,02 

6.20 
8,23 
8.31 
6,82 

C6HI ~N~O~.2HBr 
C rH 1 s-Y~O 2. 2HBr 
C~sH..sBrN~O~ 

C18H~9IN~O4 
C~H 1 :BrN20 ~. HBr 
CsH 19BrN~O~. HBr 
C1 oH2.~BrN202. HBr 

C 1 oHe3BrN20 z. HBr 
CsHlsN=O z. 2HBr 
C I oH22N202. 2HBr 

CITH~rIN~O4 
CsH 1 ~BrN~O~. HBr 
CgH~IBrN20 ~. HBr 
CnH~sBrN~O ~. HBr 

i Calculated, % 

Hal N 

51,90 9,10 
[ 49,63 8,70 

21.38 7,46 

t275o 6~5 
I 49,60 8,70 
/ 47,60 8,32 

44,0 7,7 

44,0 7,7 
47,60 8,32 
43,90 7,8O 

28,20 6,22 
47,60 8,32 
45,57 8,05 
40,80 7,14 

* Y i e l d s  o f  a l l  c o m p o u n d s  e x c e p t  V i a  w e r e  c a l c u l a t e d  o n  H o r  VI I I ;  

t h e  y i e l d  o f  V i a  w a s  c a l c u l a t e d  o n  I V a .  

~ A c c o r d i n g  to  t h e  l i t e r a t u r e ,  t h e  m . p .  o f  I I I a  i s  1 8 9 - 1 9 1  ~ [11]  o r  

1 8 6 - 1 8 7 ~  t h a t  o f  V a ,  1 1 0 - 1 1 2  ~ [12] ;  o f  V i a ,  2 4 9 - 2 5 1 ~  o f  VIb ,  

2 1 2 - 2 1 5 ~  o f  V I c ,  2 1 0 - 2 5 1  ~ [9] .  
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Charac t e r i s t i c  s ignals  a r e  obse rved  in the NMR spec t ra ,  cor responding  to the s t r u c t u r e s  of  compounds 
I l ia  and b, Va, Via-d, and XIIa-c  (see Table 1). 

The compounds obtained were  tes ted  for  psychotropic  and ant iconvulsive act ivi ty  by the i r  effect  on the 
behav ior  of m a l e  m i c e  20-22 g in weight, on the durat ion of ch lora l  hydra te  and hexenal  s leep  (60 mg/kg) ,  and 
on hyperk ines i s  and convulsions caused by m a x i m u m  e lec t r i c  shock (MES; 50 mA, 0.2 sec,  50 Hz). Moreover ,  
we studied the ef fec t  of the subs tances  on an isola ted segment  of the sma l l  intest ine of ra ts ,  on the spontaneous 
cont rac t ing  act ivi ty  and on the ef fec ts  of acetylchol ine (10 -~ m o l e / l i t e r ) .  The subs tances  studied did not displa)  
psychot rop ic  or  chol inergic  act ivi ty .  In the MES t e s t  they exer ted  a weak ant iconvulsive action. Substances 
Via  and VIb exe r t ed  a hypo the rmal  action.  

The authors  e x p r e s s  the i r  gra t i tude  to P r o f e s s o r  A. S. Saratikov, d i r ec to r  of the depa r tmen t  of p h a r m a -  
cology of the Tomsk  medica l  inst i tute,  for  tes t ing  the compounds synthes ized.  

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

The IR s p e c t r a  we re  r eco rded  on a UR-10 ins t rument  in vase l ine  oil; the NMR spec t ra ,  on an INM-4H- 
100 in s t rumen t  in D20, with to r t -bu ty l  alcohol as an internal  s tandard (6 = 1.23 ppm); m a s s  spec t ra ,  on an 
MKh-1303 i n s t rumen t  provided with a s y s t e m  for  d i r ec t  introduction of the sample  into the source ,  ionizing 
vol tage,  30 eV. The chemica l  pur i ty  of the compounds p r e p a r e d  was checked by th in - l aye r  ch romatography  on 
p la tes  of  Silufol UV2~ in the following s y s t e m s :  acetone and a c e t o n e - c h l o r o f o r m  (1:8) for  the d ime thy lamino-  
ethyl  e s t e r s  of  the N-ca rbobenzoxy  amino acids (the c h r o m a t n g r a m s  were  developed with UV light and iodine); 
and b e n z e n e - b u t a n o l - a q u e o u s  am m on i a  (1 : 4 : 1) and i s o p r o p a n o l - w a t e r  (7 : 3) for the e s t e r s  of amino acids 
which were  not p ro tec ted  on ni t rogen (developed with iodine vapor) .  Specific rotat ion was de te rmined  in me th -  
anol, in an A1-SPU-M s p e c t r o p o l a r i m e t e r .  Melting points  a re  uncor rec ted ;  they were  de te rmined  on a 
Kauff ler  b lock.  

f l -Dimethy laminoe thy l  E s t e r s  of N-Carbobenzoxy  Amino Acids (II, VIII) .  A. A mix ture  of 0.02 mole  of 
the acid and 0.04 mole  of f l -d imethylaminoethanol  in 100 ml  of absolute xylene was boiled under ref lux with a 
Dean- -S ta rk  t r a p  fo r  15-18 h; the mix tu re  was cooled; the res idue  was washed out with 100 ml  of benzene into 
a s e p a r a t o r y  fi~nnel; i t  was  washed  with a 2.5% sodium bicarbonate  solution (2 • 25 ml); then washed repea ted ly  
with wa t e r  to pH 7.0; it was  dr ied and evapora ted ;  and compounds II o r  VIII were  obtained (see Table 2), B. 
To a mix tu re  of 0.04 mole  of I and 6 ml  (0.04 mole) of t r ie thylamine  in 30 ml  of absolute  toluene a t  - 1 0  ~ with 
s t i r r i ng ,  was  added dropwise  a solution of 3 ml  (0.04 mole) of isobutyl  ch lo ro fo rma te  in 5 ml of absolute  toluenr 
which had been cooled to -10~  the mix tu re  was s t i r r ed  for  20 rain; and a solution of 4 g (0.04 mole) of f l -  
d imethylaminoethanol  in 5 ml  of absolute  toluene which had been chilled to - 1 0  ~ was added; the mix tu re  was 
s t i r r e d  for  another  20 rain a t - 1 0 ~  it was  al lowed to stand overnight  at 20~ and it was worked up s i m i l a r l y  to 
method A; compounds Ha and c, and VIIIc we re  so obtained (see Table 2). 

D ihydrobromides  of Dimethylaminoethyl  E s t e r s  of Amino Acids (HI, IX). To 0.005 mole  of II o r  VIII was 
added 10 ml  of  a 28% solution of hydrogen b romide  in glacia l  acet ic  acid; the mix tu re  was allowed to stand at 
about 20 ~ for  40 min;  100 ml  of absolute  e the r  was added, a f t e r  2 h (at about 0 ~ the p rec ip i ta te  was f i l tered off; 
i t  was  washed with a mix tu re  of absolute  alcohol and e the r  (1 : 1) and then with absolute e ther ,  and was r e p r e c i -  
p i ta ted  f r o m  a mi x t u r e  of absolute  alcohol  and e ther ;  compounds IJI o r  IX were  so obtained (see Table  3). 

Dimethylaminoethyl  N-Carbobenzoxyglyc ina te  Methobromide (IVa). Through a solution of 0.5 g (0.003 
mole) of Ha in 15 ml  of absolute  acetone was pa s sed  gaseous  methyl  b romide  for  2 h; thereupon a prec ip i ta te  
began to fa l l  a f t e r  30 min ,  the amount  of it i nc reas ing  with t ime.  Af t e r  12 h at about 0 ~ the prec ip i ta te  was f i l -  
t e r e d  off; it was  washed with absolute  e ther ,  and dr ied,  and 0.4 g of IVa was obtained.  F r o m  the mo th e r  l iquor 
an additional 0.23 g of  m a t e r i a l  was  prec ip i ta ted  with absolute e the r .  In all, 0.63 g (58.4%) of IVa was obtained, 

m .p .  118-121 ~ 

Methiodides of Dimethylaminoethyl  E s t e r s  of N-Carbobenzoxy  Amino Acids (V, XD- To a solution of 
0.005 mole  of II o r  VIII in 20 m l  of absolute acetone was added 0.0052 mole  of methyl  iodide; the mix tu re  was 
al lowed to stand fo r  a day at about 20 ~ 100 ml  of absolute  e ther  was added, a f t e r  2 h (at about 0 ~) the p r e c i p i -  
tate was f i l t e red  off, i t  was  dr ied  in a vacuum des icca to r ,  r ep rec ip i t a t ed  f r o m  absolute  alcohol and e ther ,  and 

V o r  XI was obtained (see Table  3). 

f l -D!methyl~minoethyl  E s t e r s  of Amino Acids,  Methobromide Hydrobromides  (VI, XID. A. Methyl 
b r o m i d e  Was p a s s e d  through a solution of  0.05 mole  of  II  o r  Viii in 25 ml  of absolute  acetone ur  alcohol at  about 
0 ~ for  20 min;  then the ice  bath  was r e m o v e d  and methyl  b romide  was pas sed  through for  2-5 h; the mix tu re  
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was allowed to stand overnight  at about 20~ 100 ml of absolute e ther  was added; a f ter  2 h (at about 0 ~ the so l -  
vent was decanted f rom the oily prec ip i ta te  which had separa ted ,  and it was washed by decantation with ab-  
solute e ther  (2 • 30 ml) .  To the me thobromides  so obtained, without fu r ther  purif ication,  was added 10 ml  of 
a 28% solution of hydrogen b romide  in glacia l  acet ic  acid; a f te r  40 min (at about 20 ~ 50 ml  of absolute e ther  
was  added,:and the mix tu re  was al lowed to stand overnight  at about 0 ~ The prec ip i ta te  was f i l tered off and 
washed with a mix tu re  of abso lu te  alcohol and e ther  (1 : 1), then with absolute ether ,  and VI or  XII was obtained 
(see Table 3). B. To 0.4 g of IVa was added 5 ml  of a 28% solution of hydrogen b romide  in glacial  acet ic  acid, 
the mix tu re  was allowed to stand at about 20 ~ for 40 min with per iodic  shaking; 20 ml of absolute e ther  was 
added, and the mix tu re  was cooled to about 0 ~ After  1 h the prec ip i ta te  was f i l tered off; i t  was washed with a 
mix tu re  of absolute alcohol and ether ,  then with absolute ether ;  it was dried under vacuum over  calc ium 
chloride,  and 0.34 g (73%) of VI was obtained. 
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S Y N T H E S I S  A N D  A N T I M I C R O B I A L  A C T I V I T Y  

O F  N - C I N N A M O Y L  A N D  f l - S U B S T I T U T E D  

N - A C R Y L O Y L  D E R I V A T I V E S  O F  U R E A  

V.  N .  K u s h n i r ,  M. I .  S h e v c h u k ,  
A .  V.  D o m b r o v s k i i ,  G .  K .  P a l i i ,  
Y u .  L .  V o l y a n s k i i ,  a n d  E .  I .  T i s h c h e n k o  

UDC 615.28 5.7:54 7.495.2 ]. 012,1 

The biological  act ivi ty of  acyI u reas  as herbic ides ,  r e t a rdan t s  [1, 2 ], and pharmacolog ica l  agents is 
known. New he te rocyc l ic  compounds may  be synthesized on the bas i s  of s t ruc tu ra l  f r agments  of ure ides  [7]. 
Chloroacetyla ted de r iva t ives  of amines  and u reas  a re  able to f o r m  phosphonium sal ts  with t r iphenylphosphine 
[8], which pos se s s  an t imic rob ia l  p rope r t i e s  [9-11]. 

The a im of the p r e s en t  work  was the invest igat ion of the in teract ion of N - a r y l - N ' - h a l o a c e t y l u r e a s  with 
t r iphenylphosphine and the synthes is  of new phosphonium sa l t s  and yl ides  of phosphorus-conta in ing u rea  f r a g -  
ments .  The synthes is  was a lso  effected by the Wittig reac t ion  of N-c i rmamoyl-  and f l -subst i tu ted  N - a e r y l o y i -  
de r iva t ives  of u r e a  which a r e  acces s ib l e  with difficulty by other  routes .  The an t imicrobia l  act ivi ty  of the syn-  
thes ized compounds was  studied.  
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