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In preceding  papers  [1, 2] we have descr ibed  var ious  methods of acylat ing dext ran  (the domes t ic  
c l inical  p r epa ra t i on  "Polyglucin*) with N-subs t i tu ted  amino acids .  Some of these  methods (with d icyclo-  
hexylcarbodi imide  and with benzenesulfonyl  chloride) a r e  fully sa t i s f ac to ry  for  p r e p a r a t i v e  purposes .  So 
fa r  as concerns  the e l iminat ion of the N-p ro tec t ive  groups f rom the dextran  de r iva t ives  obtained, the s i tu -  
ation is m o r e  complex.  Up to the p r e s en t  t ime ,  only the hydrogenolys is  of the benzyloxycarbonyl  group 
[1], taking p lace  in quanti tat ive yield, and the th iolysis  of the o-ni t rophenylsul fenyl  group [2] can be con-  
s idered  to be appl icable .  The appl icat ion of the method of ac idolys is ,  which is widespread  in peptide c h e m -  
i s t ry ,  to dext ran  de r iva t ives ,  as to o ther  po lysacchar ides ,  is compl ica ted  by the low stabi l i ty  of the g lyco-  
sidic bonds in an acid medium.  Consequently,  the r e m o v a l  of even such an ac id- lab i le  N-pro tec t ion  as the 
t e r t -bu toxyca rbony l  (BOC) group in a O- (BOC-aminoacy l )dex t ran  takes  place to an insignificant extent o r  
i s  accompanied  by side reac t ions  involving the decomposi t ion of the po lymer  [2]. 

N - P r o t e c t i v e  groups that can be r emoved  in an alkaline medium cannot be used  for  dext ran  e s t e r s  
because  of the high labil i ty of the e s t e r  bond. F u r t h e r m o r e ,  the N-subs t i tu ted  amino acids that a r e  widely 
used  in peptide c h e m i s t r y  a re ,  as a rule ,  nonpolar .  When nonpolar  res idues  a r e  introduced into the dex-  
t r an  m a c r o m o l e c u l e ,  the solubil i ty of the modif ied po lysacchar ide  in wa te r  and s o m e t i m e s  i ts  solubil i ty in 
dimethyl  sulfoxide (DMSO) falls [2, 3], which also has an a d v e r s e  effect  on the poss ib i l i ty  of e l iminat ing 
the N-p ro t ec t ive  groups.  

Consequently,  it was n e c e s s a r y  to find a protec t ion  for  the amino group of the amino acid es te r i fy ing  
the dext ran  which could be e l iminated eas i ly  and comple te ly  under  mild  conditions with the re tent ion both 
of the glycosidic  bonds of the dext ran  i t se l f  and of the e s t e r  bonds between the amino-ac id  res idues  and the 

TABLE 1 

Substance 
M•eth. 
Iration 

Trifluoroacetate of Gly-dexr~an (Va) { A B 

Trifluoroacetate of Aen*-dextran ¢Vb) { A B 

Trtfiuoroacetate of L-Leu-dextran (re) { B A 

Trifluoroacetate of L-Phe-dextxan (Vd) { A B 

TriPluoroacetate of L-His-dextran (Ve) { B A 

Hydrochloride of L-His-dextran (vf) { A B 
( 

Trifiuoroacetate of L-Ala-L-His-dextran (Vg) 

* Aen - o.~aminoenanthyl. 

0,2301 2,70 
0,701 Ill ,1 
0,185[ 2,19 
0,13211,49 
0,070l 0,82 
o, 139J 1,64 
o,o541 o,6s 
0,280| 3,53 
o,o3o/o,~ 
0,161/ 1,91 
0,050[ 0,5~ 
0,267 / 3,17 
0,070| 0,0~ 
0,778] 0,82 

5,40 0,66 
2,2 1,87 
4,38 0,75 
2.98 0,58 
1,64 0,16 
3,28 0,74 
1,26 0,16 
7,06 2,13 
0,90 -- 
3,82 
1,18 
6,34 
0,16 
1.64 

4,10 
5 , ~  
2,64 

2,57 
5 ,~  
2,21 
3 ,~  
1,~ 
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polysacchar ide .  Recently,  A. A. Kraevsk i i ,  N. B. Tarusova ,  and B. P Gottikh [4] have proposed to in t ro-  
duce aminoacyl  res idues  into the ca rbohydra te  moie ty  of nucleosides and nucleotides with the aid of imi -  
dazolides of t r i f luoroace ta tes  of amino acids [CFsCOO]-[H3NCHRCOJm] +, where Jm =N- imidazo ly l .  We 
decided to use  a s i m i l a r  method to obtain e s t e r s  of dext ran  with amino acids .  

The dextran  was aminoacyla ted  by the following route: 

[CFsCO0]- [H3NRCOOH] + , -,a,-~, 

I 

-~ [CF~COO]- [H~RCOJ. ] + 
~V 

- - - +  { qH,tO2 (OH)3_n[OCORNI-Ia]: 

V 
l, IV, V a. R=CH2 

b. R = (CH2h 
c. R = CHCH~CH (CHah 
d. R = CHCH~C6H5 

e. R = CHCH~CaH3N2 

f. R = CHCH=~H3N~ (C l -  in place of CFaCO0-) 
g. R = CH (CH3) CONHCH (CI-I~C_,aHsN~). 

JmiXO(ll. III) 

[ % H~ O,(ONh}m__ ~ 

[CFsCOOI~ },. 

C~,O - 

O, 
0 x-S,  $ x=C 

The t r i f luo roace ta te  of an amino acid (Ia-e) o r  of a peptide (Ig) was t r ea t ed  in d imethy l fo rmamide  
solution of sulf lnyldi imidazole (II) [5] in t e t rahydrofuran .  The imidazol ide of the t r i f luoroace ta te  (IVa-e,  g) 
so fo rmed was caused to r eac t  with a solution of dext ran  in wa te r  (method A) o r  in DMSO (method B). The 
react ion with hist idine hydrochlor ide  (Ie) was c a r r i e d  out in the s ame  way as with the t r i f luoroace ta te  (Id). 
The reac t ion  products  were  f reed f rom low-molecu la r -we igh t  impur i t i es  by gel f i l t ra t ion on Sephadex G-50. 
The m a c r o m o l e c u l a r  s t ruc tu re  of the dextran in the aminoacyl  der iva t ives  obtained was conf i rmed by the 
resu l t s  of compara t ive  gel ch romatography  on Sephadex G-75, as we have descr ibed  previous ly  [1]. Table  
1 gives the c h a r a c t e r i s t i c s  of the aminoacyl  der iva t ives  of dextran (V) obtained via the imidazol ides  of the 
protonated amino acids (IV). 

The number  of amino-ac id  res idues  introduced per  100 anhydroglucose units of dext ran  (1/tot) was 
de te rmined  f rom the ni t rogen contents of the der iva t ive  (V) found by the Kjeldahl method.  The eff iciency 
of the aminoacyla t ion reac t ion  was judged f rom the ra t io  Ttot /3 ' sud,  where  Ysud is the degree  of subst i tu-  
tion of the dextran by amino-ac id  res idues  (per 100 anhydroglucose units) that  could be achieved if the 
acylat ion react ion  took place quanti tat ively (for all  the compounds (V) given in Table  1, Tsud = 50). It  can 
be seen f rom Table  1 that in an anhydrous medium acylat ion usual ly  takes  place m o r e  effect ively than in 
an aqueous organic  medium.  F u r t h e r m o r e  the eff iciency depends s t rongly  on the s t ruc tu re  of the acylat ing 
amino acid o r  peptide, although the react ion  takes  place both for  di-  and t r i funct ional  a - a m i n o  acids (gly- 
cine, L - p h e n y l a l a n i n e - L - l e u c i n e ,  L-hist idine)  and for  co-amino acids (¢o-aminoenanthic acid), and also for  
peptides ( L - a l a n y l - L - h i s t i d i n e ) .  Acylation is poss ib le  not only with t r i f luo roace ta t e s  but also with hydro-  
chlor ides  (exemplif ied by L-his t idine) ,  with approx imate ly  the s ame  effect.  All the dext ran  der iva t ives  
shown in Table  1 a r e  soluble in water .  

We obtained in teres t ing  resu l t s  by the mild  alkaline hydro lys i s  of the aminoacyldext rans  (V). When 
the hydro lysa tes  were  subjected to amino-ac id  analys is ,  the amount of amino acid o r  peptide l ibera ted  on 
hydro lys i s  was in all  ca ses  less  than that de te rmined  by the ni t rogen-content  analysis  of the cor responding  
aminoacyldext ran .  The c h r o m a t o g r a m s  of the hydro lysa tes  analyzed showed, in addition to the peaks  c o r -  
responding to the amino acids ,  additional peaks which, in the case  of (Va) were  identified as glycine, digly-  
cine, and polyglycines.  Under the conditions of alkaline hydro lys i s ,  only the e s t e r  bonds between the amino 
acid and the dextran a r e  cleaved.  Consequently,  the resu l t s  of the amino-ac id  analys is  can be explained by 
the p re sence  in (V) of not only single amino-ac id  res idues  but a lso  a ce r ta in  number  of poly(amino acid) 
chains: 

{ C 6 H,O2/OH--s_ n [OCO (RNHCO)p N H,] +.  [CFsCOO]~ }m 
(p ---- i, 2, 3 ...) 

(vI) 

2 6 6  



TABLE 2 

Solvent Y md 
N [Ytot ~H+ 
cont. Ytot I ~--~u d 

S 
DMSO -DMFA 
DMSO - DMFA 
DMSO - DMFA 
DMSO - DMFAt 
Water - DMFA 
1 M imidazole buffer - DMFA 
1 M imidazole buffer - DMFA 
1 M imidat, ole buffer - 

2O 

I0 DMFAt 
;~ Substance insoluble in water.  

q . 1,~2 9,81 38,1- 
0,25 3,03 15,2 
0,17 2,O0 20,0 
0,12 1,41 28,2 
0,87 :1,9 23,8 
0,38 4,70 9,4 
0,20 2,41 12,1 

2,8o 2",0 

t T i m e  of obtaining the imidazolide 10 min. 

0,48 
0,36 
0,15 

0 ~73 
0,42 

0,28 

6,32 
6,25 
9,40 

6,44 
5,73 

10,00 

The presence  of poly(amino acid) chains in (V) is confirmed by thei r  IR spec t ra  (-CONH groups) and 
by the resul ts  of the t i t rat ion of the t r i f luoroaceta te  groups in these substances by alkali in the presence  e f  
phenolphthalein. The number  of protonated amino groups in compounds (V) determined by t i t rat ion YNHs + 
per  100 anhydroglucose units of the dextran) was less than the total number  of amino-acid  residues 7tot  
[titration was not per formed on compounds (Ve-g) containing histidine]. 

F rom the values of 7tot  and 7NH3 + found, we calculated the mean degree of polymerizat ion of the 
amino-ac id  residues in the chains: 

~-= *(tot. 
"fNH~" 

To determine the influence of the react ion conditions and the ratio of the reagents (7sud) on the s t ruc -  
tures  of the aminoacyldextrans  (V) formed,  we ca r r i ed  out a ser ies  of experiments  on the acylation of dex- 
t ran  with the imidazolide of the t r i f lu0roacetate  of L-phenylalanine (IVd). In contrast  to the preceding ex- 
per iments ,  the imidazolide (IVd) was obtained with the aid of carbonyldiimidazole (III) [6]. Acylation was 
effeeted by adding the imidazolide in dimethylformamide (DMFA) to a solution of dextran in DMSO, water,  
o r  1 M imidazole buffer; the subsequent procedure  was as descr ibed in [1]. 

Table 2 gives the conditions of the aminoacylation react ion and the charac te r i s t i cs  of the t r i f luoro-  
acetates  of the L-phenylalanyldextrans (Vd). The replacement  of sulfinyldiimidazole (II) by carbonyldi imi-  
dazole (HI) increases  the efficiency of the reaction (Ytot/Ysud) and, as in the experiments  shown in Table 
1, the efficiency is higher  in an anhydrous medium. In all the experiments ,  a considerable  part  of the 
phenylalanine entering the polysaeeharide was present  in poly(amino acid) chains. The solvent, the presence  
of imidazole,  and the rat io of the reactants  affect the mean length of the polyphenylalanine chains, but it is 
impossible  to avoid the formation of such chains. 

It has been established that the par t ia l  polymerizat ion of the imidazolides (IV) takes place even during 
thei r  formation.  Thus, the hydrolysis  of the imidazolide (IVa) in water  for 24 h gave a hydrolysate  contain- 
ing not only glyeine but also polyglyeines.  

However, the proposed method is convenient for  the introduction of amino-acid  residues into dextran 
in that case where it is neces sa ry  to introduce some total amount of amino acids,  and also to obtain dextran 
derivat ives with free amino groups.  

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

The genera l  methods of working have been descr ibed previously [1]. The alkaline hydrolysis  of the 
aminoacyldextrans  was per formed in 1 N NaOH (1 h at 20°C), i.e., under  the conditions used in peptide syn-  
thesis  for the hydrolysis  of the es te r  group. The amino-ac id  analysis was per formed on a Hitachi KLA-3B 
instrument  by a known method [7]. 

S y n t h e s i s  o f  A m i n o a c y l  D e r i v a t i v e s  o f  D e x t r a n  (V) 

w i t h  t h e  A i d  o f  S u l f i n y l d i i m i d a z o l e  ( I I )  

Sulfinyldiimidazole (II). At 0°C, 1.35 ml (18.5 mmoles)  of thionyl chloride in 5 ml of absolute t e t r a -  
hydrofuran was added to a solution of 5.54 g (81.4 mmoles)  of imidazole in 25 ml of absolute te t rahydrofuran.  
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The mix tu re  was heated to 20°C, and a f t e r  30 min the imidazole  hydrochlor ide  was f i l tered off without the 
access  of mo i s t u r e  and was washed with 10 ml  of t e t rahydrofuran .  The f i l t ra tes  were  combined and were  
used in the following s tage as a solution of sulf inyldi imidazole.  

Imidazol ides  of Protonated Amino Acids and Peptides (IV). The solution of sulf inyldi imidazole (II) i n  
t e t rahydrofuran  was added to a suspension of 18.5 m m o l e s  of the t r i f luoroace ta te  (or hydrochloride)  of the 
amino acid (or peptide) (I) in 25 ml  of absolute  DMFA, the mix tu re  was s t i r r ed  for  30 min,  and the resul t ing 
c l ea r  solution of imidazolide was divided into two equal pa r t s ,  which were  used as descr ibed  below. 

Synthesis of the .~minoaeyldextrans (V) in an Aqueous Organic  Medium (Method A). The solution of 
the imidazolide of the protonated amino acid or  peptide (IV) (half of the solution obtained above) was added 
dropwise  to a solution of 3.0 g (18.5 mmoles )  of dextran in 25 ml  of water ,  the mix tu re  was s t i r r ed  for  1 h, 
and the po lyme r  was precipi ta ted  with ethanol. To f ree  it f rom low-molecu la r -we igh t  impur i t i es ,  the poly-  
m e r  was subjected to gel f i l t ra t ion on Sephadex G-50 and worked up as descr ibed  prev ious ly  [1]. 

Synthesis of the Aminoacyldext rans  (V) in an Anhydrous Medium (Method B). The solution of the imi -  
dazolide of the protonated amino acid or  peptide (IV) (the second half  of the solution obtained above) was 
added to a solution of 3 g (18.5 mmoles )  of dextran in 25 ml  of absolute DMSO, and the mix tu re  was s t i r r ed  
for  12 h and prec ip i ta ted  with ethanol. The r e m a i n d e r  of the p roce s s  was analogous to the preceding case .  
The p rope r t i e s  of the aminoacyldext rans  obtained a r e  given in Table 1. 

S y n t h e s i s  o f  D e r i v a t i v e s  o f  L - P h e n y l a l a n i n e  w i t h  D e x t r a n  (Vd)  

w i t h  t h e  A i d  o f  C a r b o n y l d i i m i d a z o l e  ( I I I )  ( s e e  T a b l e  2) 

Imidazol ide  of the Tr i f luoroace ta te  of L-Phenyla lan ine  (IVd). A 10% m o l a r  excess  of carbonyld i imi-  
dazole was added to a solution of the t r i f luoroace ta te  of L-phenylalanine  (Id) in absolute DMFA, and a f t e r  
the evolution of gas had ceased  (not m o r e  than 5 min) the product was used in the react ion with dextran.  

T r i f luo roace ta t e s  of L-Phenyla lany ldex t rans  (Vd). The solution of the imidazol ide of the t r i f l uo ro -  
ace ta te  of L-phenylalanine  (IVd) obtained above was added to a solution of 2 g (12.35 mmoles)  of dextran in 
20 ml  of DMSO, or  water ,  o r  1 M imidazole  buffer  (pH 7.08). The mix tu re  was s t i r r ed  for  1-1.5 h (18 h 
when the react ion  was pe r fo rmed  in DMSO), and the po lymer  was prec ip i ta ted  with ethanol and worked up 
as descr ibed  above. The rat io  of the reagents  and the p rope r t i e s  of the compounds (Vd) a r e  given in Table  
2. 

S U M M A R Y  

1. A method is p roposed  for  obtaining O-aminoacy ldex t rans  by the aeylat ion of dextran with imida-  
zolides of N-protonated  amino acids and peptides in aqueous organic and anhydrous media .  

2. On the basis  of the resu l t s  of a de terminat ion of total  ni t rogen by the Kjehldahl method,  the t i t r a -  
tion of the protonated t e rm i na l  amino groups,  amino-ac id  analys is ,  and the IR spec t r a  of the products  of 
aminoacylat ion,  it has been es tabl ished that  not only single amino acids but also poly(amino acid) chains 
add to dextran.  

3. Der iva t ives  of dextran with glycine, L-phenylalanine,  L- leuc ine ,  L-his t id ine ,  a~-aminoenanthic 
acid, and L -a l any l -L -h i s t i d ine  have been obtained. 
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