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A n u m b e r  of O-  (benzyloxyearbonylglycyl)  de r iva t ive  s of a lky l - ,  phenyl - ,  and py r idy l -  sub sti tuted 
ox imes  were  synthes ized ,  and the i r  chemica l  p r o p e r t i e s  and r eac t iv i t i e s  under  amino lys i s  con-  
di t ions w e r e  studied. The p r inc ipa l  f ac to r  that  d e t e r m i n e s  the r eac t iv i t i e s  of the invest igated 
compounds dur ing the fo rma t ion  of a peptide bond is  the p r e s e n c e  of a weakly acidic cata lys t ;  
the d i f ferent  r eac t iv i t i e s  of the compounds under  the s a m e  condit ions a re  due to the influence 
of the e l e c t r o n - a c c e p t o r  ef fec ts  of the subst i tuents  a t tached to the ca rbon  a tom of the oxime 
group.  

The  poss ib i l i t i e s  fo r  the appl icat ion of O-acy laminoacy l  de r iva t i ve s  of ox imes  as ac t ivated e s t e r s  fo r  the 
synthes is  of pept ides  have  been  inves t igated in s e v e r a l  l a b o r a t o r i e s  [1-5]o The acylat ing capaci ty  of these  r e l -  
a t ively  inact ive compounds i n c r e a s e s  m a rke d ly  in the p r e sence  of carboxyl ie  acid [6, 7]. Recent ly  in a study 
of the pecu l i a r i t i e s  of the amino lys i s  of O-acy l  de r iva t ives  of 4 -pyr id inea ldox ime  the r e a s o n  for  the obse rved  
cata ly t ic  effect  was  a s c r i bed  to the influence of acet ic  acid in the ro le  of a coordinate  bifunctional  ca ta lys t ,  but 
we also did not exclude the t r a n s m i s s i o n  of the cata lyt ic  effect  through the conjugated sy s t em of 4 -py r id inea ld -  
oxime in the ca se  of d i r ec t  protonat ion of the bas ic  ni t rogen a tom of the pyr id ine  r ing [8-10]. 

To inves t iga te  the effect  of subst i tuents  at tached to the ca rbon  a tom of the oxime group on the r eac t iv i t i e s  
of O-(acylaminoacyl )  de r iva t ives  of ox imes  and to m o r e  c l ea r ly  a s c r i b e  the obse rved  cata ly t ic  effect  to one of 
the r ea sons  ci ted above we synthes ized a numer  of model  compounds - O-(benzyloxycarbonylglycyl)  de r iva t ives  
of va r ious  ox imes  [ syn-benza ldox ime  (I), s y n - 2 - ,  3 - ,  and 4 -pyr id inea ldox imes  (H-IV, r e spec t ive ly ) ,  a c e t o x i m e  
(V), ace tophenoneoxime (VI), and 2- ,  3 - ,  and 4 -pyr idy l  methyl  ke tox imes  (VII-IX)] - and compared  the acylat ing + 
abi l i t ies  of these  compounds  on reac t ion  with p r i m a r y  amines .  

The syn thes i s  of model  compounds I - IX (see Table  1) was c a r r i e d  out with the u se  of d icyc lohexylcarbodi -  
imide or  1 -e thoxyca rbony l -2 -e thoxy- l , 2 -d ihydroqu ino l ine  as  the condensing agents .  
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The e s t e r  bond of I - IX is  uns table  under  the conditions of r e m o v a l  of the benzyloxycarbonyl  p ro tec t ive  group 
and is c leaved  by the act ion of hydrogen b romide  in g lac ia l  acet ic  acid o r  by cata ly t ic  hydrogenat ion.  

As  a model  r eac t ion  fo r  the study of the re la t ive  r eac t iv i t i e s  of O-acy laminoacy l  de r iva t ives  I - IX with 
p r i m a r y  amines  we se lec ted  the i r  r eac t ion  with an equivalent amount of benzylamine  in dioxane both in the 
absence  of acet ic  acid o r  in the p r e s e n c e  of an equivalent  amount of acet ic  acid as  the ca ta lys t .$  

*The authors  thank the Pol i sh  Academy of Sciences fo r  f inancial  support  (s tate subsidy MR 1.12.1.6.t .5) .  

~See [11] fo r  our  p r e l i m n a r y  communica t ion .  

SBenzyloxycarbonylglycine  benzylamide  was  isola ted in 70-90% yield when the cor responding  expe r imen t s  were  
c a r r i e d  out on a p r e p a r a t i v e  sca le .  
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T A B L E  1. O-Benzyloxycarbonylglyeine Derivat ives  of Aldoximes and Ketoximes 
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Fig.  1. Dependence of the 
amount of converted  benzy lamine  
on the t ime  in the a m i n o l y s i s  of 
benzy loxyc  arbonylglycine  
e s t e r s  in the absence  (a) and in 
the p r e s e n c e  of an equivalent  
amount of acet ic  acid (the num-  
bers  of the curves  correspond  
to the numbers  of the compounds  
in Table 1 and in the text) .  
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The react ion  w a s  carr i ed  out by the method in [12], which is  based on the determinat ion  of the amount of 
unchanged b e n z y l a m i n e .  Benzy loxycarbonylg lyc ine  p-ni trophenyl  e s t er  (X) [13] was  used  as  the standard c o m -  
pound for  c o m p a r i s o n  of the re su l t s  with the re su l t s  descr ibed  in the l i terature .  

It fo l lows  f r o m  Fig.  1 that in the absence  of a weakly  acidic  catalyst  the rate of a m i n o l y s i s  of all of the 
invest igated O - a c y l a m i n o a c y l  der ivat ives  I-IX i s  v e r y  low and, in conformity  with the rat io  of the pK a va lues  
of hydroxyl -conta in ing  components  (10.0 for  4 -pyr id inea ldoxime [14] and 7.14 for  p-ni trophenol  [15]), i s  much 
lower  than the rate of a m i n o l y s i s  of e s t er  X. In this  c a s e ,  despite  the higher apparent activity of der ivat ives  
of pyr id inea ldox imes  and pyridyl  methy l  k e t o x i m e s ,  we  w e r e  unable to es tabl i sh  any definite  pr inc ip les .  How-  
ever ,  in the p r e s e n c e  of acet ic  acid the reac t iv i t i e s  of all  of the invest igated der ivat ives  I-IX i n c r e a s e  sharply,  
whereas  the react ivity  of standard X changes only relatively slightly. Compounds I-X are arranged in the or-  
der: II ~ IV > HI ~ VII  ~ VII I  ~ IX  > VI  > X > I > V with respect  to the rate of aminolys is  in the presence  of 
an equivalent amount of acet ic  acid. 

When the curves  of the convers ion  of model  compounds  I and H and III and IV, as  wel l  a s  VI and VII and 
VIII and IX (Fig.  1), are  compared ,  it i s  seen  that the principal  port ion of the catalyt ic  effect  is  provided by 
the react ion  of the exocyc l i c  ox ime  group and acet ic  acid,  w h e r e a s  the d i f f erences  in the reac t iv i t i e s  of I-IX 
in the presence  of a weakly acidic catalyst  are due to the influence of the e lectron-acceptor  effects  of the s u b -  

s t i t u e n t s  attached to the carbon atom of the oxime group. Thus,  despite the increased act ivit ies  of derivatives  
of heterocycl ic  o x i m e s  I I - I V  a n d  V I I - I X  as compared with the corresponding derivat ives  of benzaldoxime I and 
acetophenoneoxime VI, the protonation of the heterocycl ic  nitrogen atom is  not the principal reason for the cata- 
lytic effect. The main reason for the catalytic effect should evidently be ascribed to the influence of acetic acid 
a s  a coordinate bifunctional catalyst .  
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E X P E R I M E N T A L  

The mel t ing  points  (uncorrected)  were  de te rmined  in open cap i l l a r i e s .  The individuality of the compounds 
was  moni to red  by  t h i n - l a y e r  ch rom a t og raphy  (TLC) on Merck  k iese lge l  G in a h e x a n e -  e t h e r -  acetone sys t em 
(2 : 1 : 1) (A), h e x a n e - e t h e r - a c e t o n e  (1 : 1 : 1) (B), 1 - b u t a n o l - a c e t i c  a c i d - w a t e r  (4 : 1 : 1) (C), and b e n z e n e -  
ethyl ace ta te  (2 : 3) (D) sys t ems ;  the c h r o m a t o g r a m s  were  developed in iodine vapo r s  with ninhydrin as  the 
reagen t ,  w h e r e a s  they were  developed with a 0.5% solution of f e r r i c  chlor ide in 50% methanol  in the case  of 
2 -pyr id inea ldox ime  and 2 -pyr idy l  methyl  ke tox ime  de r iva t ives .  E lec t rophore t i c  ana lys i s  was c a r r i e d  out on 
Whatman No. 1 p a p e r  in 1 N acet ic  acid at  a potent ia l  gradient  of 11 V / c m ;  the mobi l i t i e s  of the compounds 
w e r e  e x p r e s s e d  with r e s p e c t  to histidine~ The spots  on the e l e e t r o p h o r e g r a m s  were  detected in UV light at 
254 nm and with ninhydrin as  the reagent~ The IR spec t r a  of m i n e r a l  oil suspens ions  of the compounds were  
r e c o r d e d  with a P e r k i n - E l m e r  257 s p e c t r o m e t e r .  The solvents  w e r e  pur i f ied by the method in [16]. The 
pyr id inea ldox imes  and pyr idy l  methy l  ke tox imes  were  obtained by the method in [17] f r o m  the cor responding  
a ldehydes  and ke tones  and hydroxy lamine  hydrochlor ide .  

O-(Benzyloxycarbonylglycyl)oximes (I-IX) (Table 1). A) A solution of 2.26 g (11 mmole)  of d icyclohexyl -  
ca rbod i imide  in 15 ml  of methy lene  chlor ide  was added in the cou r se  of 30 min  to a cooled (to 0~ solution of 
2.09 g (10 mmole)  of benzyloxycarbonylg lyc ine  and 12 m m o l e  of the appropr i a t e  oxime in 150-200 ml  of me th y l -  
ene chlor ide ,  and the r eac t ion  m i x t u r e  was  then allowed to stand at  r oom t e m p e r a t u r e  fo r  12 h. The p r ec ip i t a -  
ted d icyc lohexylurea  was  r em oved  by f i l t ra t ion,  and the f i l t ra te  was  evapora ted .  The  res idua l  oil was  washed 
with e the r  and c rys t a l l i zed  f r o m  ethyl ace ta te  or  a mix tu re  of ethyl ace ta te  with e ther  or  pe t ro l eum ether .  

B) A solution of 0.395 g (lo6 mmole)  of 1 -e thoxyca rbony l -2 -e thoxy- l ,2 -d ihydroqu ino l ine  in 10 ml  of 
methy lene  chlor ide  was added to a solution of 0.313 g (1.5 mmole)  of benzyloxycarbonylg lyc ine  and 1.6 m m o l e  
of the appropr i a t e  oxime in 50 ml  of methylene  chlor ide ,  and the mix tu re  was  allowed to stand at r oom t e m p e r -  
a t u r e f o r 1 2 h .  The solvent  was then evapora ted ,  and the res idue  was worked up as  in Method A. 

Amino lys i s  of O- (Benzy loxycarbony lg lycy l ) -2 -pyr idy l  Methyl Ketoxime (VII) with Benzylamine .  A 0.050- 
g (0.5 mmole)  s ample  of benzy lamine  was  added to a solution of 0.165 g (0.5 mmole)  of oxime e s t e r  VH in 5 ml  
of benzene ,  and the mix tu re  w a s a l l o w e d  to stand at r oom t e m p e r a t u r e  for  2 ho The resul t ing  p rec ip i t a te  was 
r emoved  by f i l t ra t ion  and washed with benzene to give 0.11 g (75%) of benzyloxycarbonylglyc ine  benzylamide 
with mp  118-]19~ (f rom ethanol) (mp 117-118~ [18]) and Rf 0.46 ( sys t em D). 

Cata ly t ic  Hydrogenat ion of O-(Benzyloxycarbonylglycyl)  Der iva t ive  VII.  A 10-mg sample  of ca ta lys t  (5% 
Pd on act ive charcoal)  was  added to a solution of 0.02 g of V]-[ in m e t h a n o l - a c e t i c  a c i d - w a t e r  (6:1 : 1), and 
hydrogen was bubbled through the suspens ion at r oom t e m p e r a t u r e  and a tmosphe r i c  p r e s s u r e .  The reac t ion  
mix tu r e  was analyzed a f t e r  90 min  by TLC ( sys tem C): Rf 0.17 (glycine) and 0.38 (amine).  I t  was  also sub- 
jected to e l ec t rophore t i c  analys is :  EHis  0.61 (glycine) and 1~ (amine).  

Action of Hydrogen B rom i de  in Acet ic  Acid on O-(Benzyloxycarbonylglycyl)  Der iva t ive  VII.  A 1 -ml  s a m -  
ple of a 36% solution of hydrogen b romide  in acet ic  acid was added to a solution of 0.02 g of VII in 1 ml  of 
acet ic  acid.  The r eac t ion  mix tu re  was analyzed by TLC ( sys tem C) a f t e r  30 min: Rf 0.17 (glycine) and 0.70 
(2-pyr idyl  methy l  ketoxime) .  I t  was a lso  subjected to e lec t rophore t ic  ana lys i s  a f t e r  120 rain: EHi s 0.59 
(glycine). 

Inves t iga t ion  of the Dependence of the Aminolys i s  of O-(Benzyloxycarbonylg lycy l )ox imes  on T ime .  A 
solution of 0.25 m m o l e  of the oxime e s t e r  in 20 ml  of dioxane was p laced in a 50 ml  vo lumet r i c  f lask  (in the 
ca se  of ca ta ly t ic  amino lys i s  1 ml  of a 0.25 N solution of acet ic  acid in dioxane was added). The solution was 
t h e r m o s t a t t e d  at 20.0 �9 0.1~ 25 ml  of a 0.01 N solution of benzy lamine  in dioxane was added, and the mix tu re  
was  diluted to the m a r k  with dioxane.  E v e r y  15-30 rain,  5 - m l  s amp le s  of the solution w e r e  se lec ted  and added 
to 5 ml  of g lac ia l  ace t ic  acid,  and the amount  of unchanged benzylamine  was de te rmined  by t i t r a t ion  with 0.0t 
N pe rch lo r i c  acid in the p r e s e n c e  of Crys t a l  Violet  indicator .  The end point of the t i t r a t ion  was  de te rmined  
f r o m  the change in the co lor  of the indicator  f r o m  viole t  to blue.  The r e su l t s  of the de te rmina t ions  a r e  p r e -  
sented in Fig.  1. 
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O R G A N I C  C O M P O U N D S  OF S E L E N I U M  AND T E L L U R I U M  

I I.* SYNTHESIS OF BENZO[b]SELENOPHENE DERIVATIVES BY 

REACTION OF DIBENZAL- AND BENZALACETONE WITH 

SELENIUM TE TRABROMIDE 

V. L .  L e n d e l ,  Yu .  V. M i g a l i n a ,  
S. V. G a l l a ,  A. S. K o z ' m i n ,  
and  N. S. Z e f i r o v  

UDC 547.739.3 

2,3-Disubstituted 2,3-dihydrobenzo[b] selenophenes were obtained in the form of trans isomers 
by the action of selenium tetrabromide on dibenzal- and benzalacetone in benzene. 

It has been previously shown [1] that the addition of selenium tetrahalides to 1,5- and 1,6-diolefins and 
their  derivatives is accompanied by the formation of unique products -he te rocycl ic  compounds containing 
selenium in the ring. It might have been assumed that dibenzalacetone, as a 1,4-diolefin derivative, would be- 
have like the indicated dienes in the reaction with selenium tetrabromide. However, the high selectivity of 
electrophilic addition could be disrupted owing to competitive substitution in the aromatic ring [2]. 

A study of the reaction of selenium tetrabromide with dibenzalacetone showed that the only products 
are benzo[b] selenophene derivatives Ha and IHa. The structures of the isolated compounds were confirmed by 
IR, PMR, and UV spectral data and the results of analysis. Benzoselenophene derivatives are evidently formed 

*See [1] for communication I. 
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