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The synthesis  of O-aminoacy l  de r iva t ives  of dextran by the condensation of N-acylamino  acids with dextran 
under the action of d icyc lohexylcarbodi imide  (DCHC) has been repor ted  prev ious ly  [1]. In these de r iva t ives  the 
amino acids a r e  attached to the dextran by a re la t ive ly  labi le  e s t e r  bond, which is inconvenient under the conditions 
of chemica l  and b iochemica l  hydrolysis  [2]. Consequently,  it was neces sa ry  to synthes ize  aminoaeyl  de r iva t ives  of 
dextran with the m o r e  hydrolyt ical ly  r e s i s t an t  amide bond. 

This  pape r  desc r ibes  the p repara t ion  by the acid chlor ide and the carbodi imide  methods (the la t te r  gave good 
results} of N-aminoacyI  de r iva t ives  of carboxymethyldextran  (CMD) in which the amino acid is attached to the 
po lysacehar ide  molecu le  by an amide bond through the carboxyl  group. 

We obtained the init ial  CMD in the fo rm of the Na salt  by the alkylation with ch toroace t ic  acid in an alkal ine 
medium of the Russ i an -made  "c l in ica l"  dextran "Polyglucin",  see [3]. Depending on the reac t ion  conditions (time, 
t empera tu re ,  ra t io  of the reagents) ,  the degree  of substitution of the CMD va r i e s  f rom T 3 to T 140": 

[ C6H702 (OH)aim -> [ C6HTOa (OH)a-n" (OCHaCOONa)n ],n" 
Na salt  of CMD 

The acid chlor ide  of CMD (II) was obtained f rom the Na salt  of CMD [1], T = 56, and thionyl ch lor ide  in a 
he terogeneous  medium,  like the acid chlor ide  of ca rboxymethylce l lu lose  [4]. The acid ch lor ide  of CMD (II) was 
condensed with the ethyl e s t e r  of glycine in ether ,  again in a heterogeneous medium,  with the fo rmat ion  of the ethyl 
e s t e r  of g lycyl-CMD (II1). F r o m  the r e su l t s  of e l ementa ry  analysis ,  the degree  of substitution of the carboxyl groups 
of CMD by aminoacyl  r e s idues  was only 5%. 

[C6H70 a (OH)a_ n (OCH~COONa]~ I + [C+H 0 (OH) (OCH~COCI~ n ] -+ 
" I ~ ,Ll j l n  [ b 7 2 3 - n x  I I  ~ * j i l l  

--> [ C6HTOa (OH)a n (OCH CONHCI%COOEt~ n]m + 

- -  k l l I  2 2 ! 

Since the acid chlor ide  method leads to a de r iva t ive  with a low degree  of substi tution and, apparently,  to the 
fo rmat ion  of a nonhomogeneous po lymer ,  for the synthesis  of N-aminoacyl  de r iva t ives  of CMD we subsequently used 
the carbodi imide  method of condensation developed prev ious ly  for the synthesis  of N-aminoacyl  de r iva t ives  of uronic 
acids [5, 6]. 

I n  aqueous pyr idine,  the condensation of e s t e r s  of amino acids and uronic acids under the action of 
d icyc lohexylcarbodi imide  (DCHC) takes p lace  speci f ica l ly  with the format ion  of amides  and not e s t e r s ,  thanks to 
which t he r e  is no necess i ty  fo r  the protec t ion  of the hydroxyl groups of the sugars .  The reac t ion  of CMD with 
hydrochlor ides  of e s t e r s  of amino acids IV may take p lace  in the following way: 

[CSH,~ (mh-. t+~,+ce~:+,, I,,, Hz,cHecoon' (~L 
D C H C  , ' ~ ' 5  3 N 

=:,- [C~H+ I b (~),~., (011,~ cn0H)r,.-p (0r:H~ C0NHcHRe001~")p ]m 

c R=H, RI=cbl£Ph 

*T r e p r e s e n t s  the number  of substi tut ing groups in 100 anhydroglucose units. 
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The condensation was ca r r i ed  out in aqueous pyr id ine  at 20 ° C for  48 hr. The Na salt  of CMD [1] was 
p rev ious ly  conver ted into the acid by its pas sage  through KU-2 ion-exchange res in ,  and an equivalent amount of 
t r i e thy lamine  and a threefold excess  of DCHC were  used. At a ra t io  of pyr id ine  to water  of 3 : 1 the reac t ion  mix ture  
was heterogeneous  and the degree  of substi tution of the carboxymethyl  groups of the CMD by amino acid res idues  
was 15.1% foc the methyl  e s t e r  of glycine (from e lementa ry  analysis  fo r  nitrogen). At a pyr id ine  to water  rat io of 
1 .5 :1  (homogeneous medium, pH 7.0), the degree  of substi tution of the carboxymethyl  groups of the CMD was 100%. 
The modified po lymer  obtained was desal ted by gel f i l t ra t ion through Sephadex G-50 in water .  

In addition to the methyl  e s t e r  of glycyl-CMD (Va) with a degree  of substitution of 100% that has been mentioned,  
the methyl  e s t e r  of (N~-L-his t idy l ) -CMD (Vb) with a degree  of substi tution of 11.4% and benzyl e s t e r s  of g lyeyl-CMD 
(Vc) with var ious  degrees  of substi tution were  obtained by this method. The solubil i ty of the methyl e s t e r s  of the 
(N-aminoacy[)-CMDs (Va, b) is p rac t i ca l ly  independent of the degree  of substitution, while that of the benzyl e s t e r s  
(Vc) does depend on the degree  of substitution. When all the carboxyl groups were  aminoacylated,  a benzyl  e s t e r  (Vc) 
complete ly  insoluble  in water,  par t ia l ly  soluble only in dimethyl sulfoxide, and insoluble in other  organic  solvents  
was obtained° 

To obt~dn a wa te r - so lub le  product,  a benzyl e s t e r  of glyeyl-CMD (Vc) with a lower degree  of substi tut ion was 
synthesized.  This compound dissolved in water  but, in contras t  to the methyl  e s t e r s  Va and Vb was not p rec ip i ta ted  by 
ethanol f rom aqueous solutions,  and we the re fo re  used dioxane. 

HydrolTsates  of the e s t e r s  V gave a posi t ive  ninhydrin react ion.  

The s t ruc tu re  of the e s t e r s  of the (N-aminoacyl)-CMDs (V) was conf i rmed by thei r  TR spect ra .  These  compounds 
showed c h a r a c t e r i s t i c  absorpt ion in the 1740-1748 cm -1 region (es ter  and carboxyl groups) and at 1670 cm -1 (amide 
group and cacboxylate  ion). All the bands were  fa i r ly  broad,  which made it imposs ib le  to dist inguish the absorpt ion 
caused by each of the groups mentioned. 

A change in the CMD under the action of DCHC is not excluded, s ince CMD contains - -OH and- -COOH groups.  
Consequently,  we checked the absence of changes in the bas ic  c h a r a c t e r i s t i c s  of CMD under the action of DCHC under 
the condition~ of a blank exper iment .  However,  in spite of the isolat ion of the theore t ica l  amount of d icyelohexylurea ,  
no e s t e r  bonds were  fo rmed  in the CMD. The TR spec t ra  of the ini t ial  CMD and of the reac t ion  product  were  
p rac t i ca l ly  identical ,  and the unchanged nature of the Sephadex G-200 f ract ionat ion curves  (Fig. 1), the s i m i l a r  values  
of the sedimenta t ion  coeff icients  (for CMD, $1~ = 2.71 x 10-13; for  CMD + DCHC, $19 = 2.79 x 10 -~3) and the i r  behavior  
on e l ec t rophores i s  (Fig. 2a, b) show that the m a e r o m o l e c u l a r  s t ruc tu re  of the CMD was essent ia l ly  unchanged. 
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Fig.  1. Frac t iona t ion  curves  on Sephadex 
G-200 of carboxymethyldext ran  (CMD) 
before  and af ter  t r ea tment  with 
d icyclohexylcarbodi imide:  1) CMD; 2) 

CMD + DCHC. Frac t iona t ion  in water .  

A s im i l a r  pa t te rn  is found in a compar i son  of the f ract ionat ion curves  of CMD and the methyl  e s t e r  of g lycy l -  
CMD (Va) on Sephadex G-50 (Fig. 3), and also in a compar i son  of e l ee t rophores i s  fo r  the same compounds (see Fig. 2b). 
Thus, in this case,  also,  the m a c r o m o l e c u l a r  s t ruc tu re  of the compounds is bas ica l ly  retained.  
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Fig.  2. E l ec t rophoreg rams :  a) carboxymethyldext ran  (CMD); 
b) CMD + DCHC; c) methyl  e s t e r  of glycyl-CMD (veronal 

buffer ,  pH 8.6, # ~ 0.1). 

Der iva t ives  with f r e e  carboxyl groups were  obtained f rom the methyl  e s t e r s  Va and Vb by alkaline hydrolys is  
and f rom the benzyl  e s t e r  Vc by hydrogenolysis .  As has been shown on the bas is  of the hydrolys is  of the ethyl e s t e r  of 
g lycylga lac turonic  acid, the amide linkage is stable under the hydrolys is  conditions [6]. The alkaline hydrolys is  of the 
methyl  e s t e r  of glycyl-CMD (Va) was ca r r i ed  out at 20 ° C in 1 N NaOH: 

[ C6H702 (OH)a_ n (OCH2COOH', n [OCH,,CONHCH COOMe'~ 1 
' ) - - P  \ " V a  2 ] P  J rn 

[ C6H~O2 (OH)a-n IOCH~COOH~n (OCHaCONHCH2COOH)p ] m ~, VI 2 ) -p 

The benzyl group was e l iminated f rom the benzyl e s t e r  of glycyl-CMD (Vc) by hydrogenation over  Pd /C in 
w at er:  

[ C6H702 (on)a--n (OCH.COOH)n p (OCH,,CONHCH2COOCHaPh)p l 

[ C~H702 (OH)3-~ (OCH2COOH)~-P (OCH2CONHCH2COOH)p ]rn" 
VI 

In both cases ,  t i t ra t ion of the (N-glycyl)-CMD (VI) showed that the e s t e r  groups had been conver ted  complete ly  
into carboxyl  groups. 
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Fig.  3. Frac t iona t ion  curves  on Sephadex G-50 of 
carboxymethyldext ran  (CMD) and the methyl  e s t e r  
of (N-glyeyl) carboxymethyldextran:  1) CMD; 2) 
methyl  e s t e r  of (N-glycyl)-CMD. Frac t iona t ion  in 

water .  

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

Dry "Polyglucin"  "c l in ical"  dextran with a we igh t -ave rage  tool. wt. of 55 a= 15 thousand was used to obtain the 
CMD. The aminoaeyl  de r iva t ives  were  synthesized f rom the CMD that we obtained, and also f rom the Na salt  of CMD. 
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E l e c t r o p h o r e s i s  w as  c a r r i e d  out  (by N. D. P a p u s h )  on  a K a r l  Z e i s s  (GDR) E F - 3 5  i n s t r u m e n t  by  t h e  m o b i l e  
b o u n d a r y  m e t h o d  a t  100 V and  11.2 m A ,  in v e r o n a l  b u f f e r ,  pH 8.6. T h e  e v a p o r a t i o n  and  d r y i n g  of the  s u b s t a n c e s ,  
ge l  f i l t r a t i o n ,  t i t r a t i o n ,  u l t r a c e n t r i f u g i n g ,  and t h e  s p e c t r a l  i n v e s t i g a t i o n s  w e r e  c a r r i e d  ou t  as  d e s c r i b e d  p r e v i o u s l y  
[1] [ the IR s p e c t r a  w e r e  r e c o r d e d  by  M. M. U s h a k o v a  and i n t e r p r e t e d  b y  O. S. Ch izhov ,  and the  u l t r a c e n t r i f u g e  
i n v e s t i g a t i o n s  w e r e  p e r f o r m e d  by  V. M. Sh l imak] .  

H i g h l y - s u b s t i t u t e d  c a r b o x y m e t h y l d e x t r a n  (CMD) (with the  p a r t i c i p a t i o n  of T. V. P o l u s h i n a ) .  To a s o l u t i o n  of 
10 g of d e x t r a n  in  80 m l  of w a t e r  a t  1 8 - 2 0  ° C was  g r a d u a l l y  added  12.3 g of NaOH in t h e  f o r m  of a 50% a q u e o u s  
so lu t i on ,  and  t h i s  was  fo l lowed ,  d r o p w i s e  o v e r  30 m i n ,  by  a f r e s h l y - p r e p a r e d  s o l u t i o n  of N a m o n o c h l o r o a c e t a t e  
( f r o m  29 g of m o n o c h l o r o a c e t i c  ac id  in  50 m l  of w a t e r  and  15 g of so l i d  a n h y d r o u s  s o d i u m  c a r b o n a t e ) .  T h e  r e s u l t i n g  
s o l u t i o n  was  h e a t e d  a t  6 0 - 6 5  ° C f o r  1.5 h r ,  c o o l e d  to 20 ° C, and n e u t r a l i z e d  wi th  cone  HC1 to pH 7. T h e  h i g h -  
m o l e c u l a r - w e i g h t  r e a c t i o n  p r o d u c t  w as  p r e c i p i t a t e d  wi th  1.3 v o l u m e s  of e t hano l  wi th  v i g o r o u s  s h a k i n g ,  and  a f t e r  1.5 h r  
t he  s o l u t i o n  was  d e c a n t e d  off and  t h e  r e s i d u e  was  d i s s o l v e d  in 100 m l  of w a t e r  and a g a i n  p r e c i p i t a t e d  w i th  an  equa l  
v o l u m e  of e thano l .  A f t e r  1.5 h r  the  s o l u t i o n  was  d e c a n t e d  off and  the  r e s i d u e  was  d i s s o l v e d  in 100 m l  of w a t e r  and  
f r e e z e - d r i e d  ( f r e e z i n g  onto  the  w a l l s  of t he  v e s s e l  a t  - 4 0  to - 4 5  ° C, v a c u u m  s u b l i m a t i o n  to 20 ° C, and f i n a l  d r y i n g  
at  4 0 - 5 0  ° C). T h e  y i e ld  of t he  Na s a l t  of CMD w as  14.7 g. Whi t e  a m o r p h o u s  p o w d e r  r e a d i l y  s o l u b l e  in  w a t e r  and  
i n s o l u b l e  in o r g a n i c  s o l v e n t s .  

100 m l  of a 10% s o l u t i o n  of t he  Na s a l t  of CMD was  p a s s e d  t h r o u g h  a c o l u m n  c o n t a i n i n g  30 g of KU-2  c a t i o n -  
e x c h a n g e  r e s i n  in  t he  H - f o r m ,  and f r o m  t h e  e lua t e ,  w i th  pH 2 . 1 - 2 . 2 ,  t he  p o l y m e r  was  p r e c i p i t a t e d  wi th  ~ 4 . 5  v o l u m e s  
of e t h a n o l  wi th  v i g o r o u s  shak ing .  A f t e r  1 h r  t he  l iqu id  was  d e c a n t e d  off and  t h e  r e s i d u e  was  t r i t u r a t e d  w i th  96% and 
then  wi th  a b s o l u t e  e thano l  and was  d r i e d  in v a c u u m .  Y ie ld  9.5 g. T h e  Na c o n t e n t  (0.038%) was  d e t e r m i n e d  on a G P -  
21A f l a m e  p h o t o m e t e r .  T h e  d e g r e e  of s u b s t i t u t i o n  of t he  d e x t r a n  w i t h  f r e e  c a r b o x y m e t h y l  g r o u p s  (44%) was  found  by  
t i t r a t i o n  witL 0.1N NaOH to p h e n o l p h t h a l e i n  a f t e r  gel  f i l t r a t i o n  t h r o u g h  Sephadex  G-50  ( c o a r s e ) .  The  ac id  n u m b e r  was  
2.8; [ ~ ] ~  + 151.9 ° (e 1; w a t e r ) .  T h e  s e d i m e n t a t i o n  c o e f f i c i e n t  of t he  CMD at  pH 2.1 and  p ~ 0.1 was  Sis = 2.71 x 10-13; 
f o r  d e x t r a n  u n d e r  the  s a m e  c o n d i t i o n s ,  $19 = 2.71 × 10 -13. 

C a r b o x y m e t h y l d e x t r a n  w i th  a low d e g r e e  of s u b s t i t u t i o n .  To a s o l u t i o n  of 7 g of d e x t r a n  in 50 m l  of w a t e r  a t  5 ° C 
was  g r a d u a l l y  added  8.6 g of NaOH in  t he  f o r m  of a 50% a q u e o u s  s o l u t i o n ,  and  then ,  d r o p w i s e ,  a s o l u t i o n  of Na 
m o n o c h l o r o a c e t a t e  ( f r o m  18 g of m o n o c h l o r o a c e t i c  ac id  in  32 m l  of w a t e r  and  10 g of a n h y d r o u s  s o d i u m  c a r b o n a t e ) .  
The  s o l u t i o n  was  s t i r r e d  at  20 ° C, 1 7 - m l  s a m p l e s  b e i n g  t a k e n  a f t e r  1, 3, and  26 h r .  Wi th  coo l ing ,  t he  s a m p l e s  w e r e  
b r o u g h t  to pH 3 w i t h  c o n c e n t r a t e d  HC1 and  the  CMD was  p r e c i p i t a t e d  f r o m  the  s o l u t i o n  wi th  two v o l u m e s  of e t h a n o l  
and  was  t r i t u r a t e d  w i t h  96% and a b s o l u t e  e t h a n o l s  and d r i e d .  T h e  p r o d u c t  was  d e s a l t e d  by  gel  f i l t r a t i o n  t h r o u g h  
S e p h a d e x  G-50  ( c o a r s e )  and  w as  p a s s e d  tw ice  t h r o u g h  KU-2  i o n - e x c h a n g e  r e s i n  (2 × 15 g). T h e  d e g r e e s  of s u b s t i t u t i o n  
of t he  d e x t r a n  w i t h  f r e e  e a r b o x y m e t h y l  g r o u p s  f o r  t h e  CMD f r a c t i o n s  o b t a i n e d  ( t i t r a t i o n  to p h e n o l p h t h a l e i n )  w e r e ,  
r e s p e c t i v e l y ,  3, 8, and 140. 

A c i d  c h l o r i d e  of c a r b o x y m e t h y l d e x t r a n  (II). A s o l u t i o n  of 0.4 m l  of f r e s h l y - d i s t i l l e d  th iony l  c h l o r i d e  in 1.5 m l  
of a b s o l u t e  b e n z e n e  was  added to a s u s p e n s i o n  of 800 m g  of the  Na  s a l t  of CMD [1] (T 56) in  3 .5  m l  of a b s o l u t e  b e n z e n e ,  
and  the  m i x t u r e  w a s  h e a t e d  a t  72 ° C f o r  4 h r .  A f t e r  two days  a t  5 ° C, t he  c l e a r  b e n z e n e  l a y e r  was  d e c a n t e d  off and 
t he  g e l - l i k e  r e s i d u e  w as  w a s h e d  r e p e a t e d l y  w i t h  a b s o l u t e  e t h e r  un t i l  t he  r e a c t i o n  f o r  C1- was  n e g a t i v e  and  was  t hen  
d r i e d .  Y ie ld  880 g (84.4%). F o u n d ,  %: C1 2.5, w h i c h  c o r r e s p o n d s  to t he  s u b s t i t u t i o n  of 26.4% of t he  c a r b o x y m e t h y l  
g r o u p s  of the  CMD. 

E t h y l  e s t e r  of ( N - g l y c y l ) - C M D  (III). A s o l u t i o n  of 620 m g  of the  e thyl  e s t e r  of g l y c i n e  in 5 m l  of a b s o l u t e  e t h e r  
was  added  to 500 m g  of IL T he  m i x t u r e  w as  s t i r r e d  a t  20 ° C f o r  24 h r ,  and t h e  p r e c i p i t a t e  was  f i l t e r e d  off, w a s h e d  
w i th  m e t h a n o l  (3 x 5 ml )  and  w i t h  e t h e r  (2 × 5 ml ) ,  and d r i e d .  D e s a l t i n g  was  c a r r i e d  out  by  ge l  f i l t r a t i o n  t h r o u g h  
S e p h a d e x  G-50  ( c o a r s e ) .  Y ie ld  470 m g ,  71.6%; [ a ] ~  + 132.9 °. F o u n d ,  %: N 0.19,  wh ich  c o r r e s p o n d s  to t he  s u b s t i t u t i o n  
of 5.22% of the  c a r b o x y l m e t h y l  g r o u p s  of the  CMD. 

M e t h y l  e s t e r  of ( N - g l y c y l ) - C M D  (Va). A s o l u t i o n  of 1.2 g of the  h y d r o c h l o r i d e  of t he  m e t h y l  e s t e r  of g l y c i n e  and  
1.34 m l  of t r i e t h y l a m i n e  in 2 m l  of w a t e r  coo led  to 5 ° C was  g r a d u a l l y  added  to a s o l u t i o n  of 21 g of CMD (T 44) in  8 m l  
of w a t e r  coo led  to the  s a m e  t e m p e r a t u r e ,  a f t e r  w h i c h  the  m i x t u r e  was  i m m e d i a t e l y  t r e a t e d  wi th  5 m l  of p y r i d i n e .  
T h e n  a s o l u t i o n  of 5 g of DCHC in  10 m l  of p y r i d i n e  was  g r a d u a l l y  added ,  wi th  s t i r r i n g ,  to the  r e s u l t i n g  so lu t i on .  A f t e r  
48 h r  a t  20 ° C the  r e a c t i o n  m i x t u r e  was  d i l u t ed  w i th  t h r e e  v o l u m e s  of w a t e r  and  the  p r e c i p i t a t e d  d i c y c l o h e x y l u r e a  was  
f i l t e r e d  off. The  f i l t r a t e  was  e x t r a c t e d  wi th  e t h e r  (3 × 20 ml)  to e l i m i n a t e  t h e  u n c h a n g e d  DCHC, and the  aqueous  l a y e r  
was  c o n c e n t r a t e d  in v a c u u m  to 8 - 1 0  m l  and  s u b j e c t e d  to gel  f i l t r a t i o n  t h r o u g h  Sephadex  G-50  ( c o a r s e ) .  The  f r a c t i o n s  
c o n t a i n i n g  t he  p o l y m e r  w e r e  a n a l y z e d  by  t he  m e t h o d  d e s c r i b e d  p r e v i o u s l y  [1], c o m b i n e d ,  and  c o n c e n t r a t e d  in v a c u u m  to 
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5-8  ml,  and the po lymer  was prec ip i ta ted  with ethanol. The prec ip i ta te  was t r i tu ra ted  success ive ly  with 96% and 
absolute ethanols and dried.  Yield 2.3 g. White hygroscopic  powder soluble in wa te r  and insoluble in organic  solvents .  
The degree  of substi tut ion of the COOH groups with aminoes t e r  res idues  was 100%. Found, %: N 3.46; [o~]~ + 138.3 ° 
(c 1~ water) .  

1_; 

Methyl e s t e r  of (57-histidyl)-CMD (Vb). As in the preced ing  exper iment ,  a solution of 93 mg of the 
d ihydrochlor ide  of the methyl  e s t e r  of his t idine and 0.11 ml of t r i e thy lamine  in 3.4 ml of pyridine,  followed by a 
solution of 158 mg of DCHC in 4 ml of pyr id ine  were  added to a solution of 1 g of CMD (~/44) in 4 ml  of water .  Af ter  
48 hr  at 20 ° C, the reac t ion  mix tu re  was worked up. This gave 930 mg of a white hygroscopic  powder soluble in wate r  
and insoluble in organic  solvents.  The degree  of substitution of the carboxyl groups with amino e s t e r  res idues  was 
11.4%. Found, %: 57 1.08. 

Benzyl e s t e r  of (N-glycyl)-CMD (Vc). Under the same conditions, 1.28 g of CMD (T 44) in 8 ml of water ,  1.38 g 
of the hydrochlor ide  of the benzyl e s t e r  of glycine,  and 0.7 ml of t r i e thy lamine  in 3 ml of water ,  5 ml of pyridine,  and 
a solution of 2.6 g of DCHC in 11 ml of pyr id ine  were  brought to react ion.  Af te r  48 hr at 20 ° C, the mix tu re  was 
diluted with 80 ml of water  and the d ieyc lohexylurea  that had deposited, with mp 231-234 ° C, was f i l t e red  off. The 
turbid f i l t r a t e  was centr i fuged for  20 rain at 2000 rpm and an additional smal l  p rec ip i t a te  of d icyc lohexylurea  was 
separa ted  off. The supernatent  liquid, also turbid, was decanted off and ext rac ted  with e ther  (3 x 60 ml) to e l imina te  
the unchanged DCHC, and the aqueous l aye r  was evaporated to dryness .  The res idue ,  which was insoluble in water  
and acetone, pa r t i a l ly  soluble in ethanol, methanol,  ethyl acetate,  dioxane, and dimethylsulfoxide,  and swelled in 
f o r m a m i d e  and pyridine,  was t r i tu ra ted  with ethanol cooled to 0 ° C (4 x 30 ml). The ext rac t  was evaporated,  giving 
i g of l o w - m o l e c u l a r - w e i g h t  products .  The f rac t ion  of the res idue  insoluble in ethanol was t r i tu ra ted  with dimethyl 
sulfoxide (3 x 30 ml) and the ge l - l i ke  m a s s  fo rmed  was centr i fuged at 2000 rpm for  30 min. The supernatant  liquid 
was separa ted  off and the res idue  was washed with dimethyl  sulfoxide (2 x 70 ml). The solution obtained was 
concentra ted to 10 ml in vacuum at 58-61 ° C, the po lymer  was prec ip i ta ted  with three  volumes  of ethanol, and the 
p rec ip i t a t e  was t r i tu ra ted  with ethanol (2 × 30 ml) and dried. Samples fo r  analysis  were  t r i tu ra ted  with 0.1 N HC1 
(2 x 1.5 ml) to e l imina te  bas ic  substances,  washed with water  to neutral i ty,  and dried. The yield of product  soluble in 
dimethyl sulfoxide was 0.87 g. Found, %: N 2.64, which cor responds  to 100% of the carboxymethyl  groups of the CMD. 
The ge l - l i ke  t r anspa ren t  product  insoluble in dimethyl sulfoxide was t rea ted  with 50 ml of ethanol and the white f loes  
fo rmed  w e r e  separa ted  off, t r i tu ra ted  with ethanol (3 x 30ml), t r ea ted  with 20 ml  of absolute ethanol, and evaporated,  
and the r e s idue  was dried. Yield 0.7 g. Found, %: N 2.62, i . e .  100% substi tution of the carboxymethyl  groups of the 

CMD. 

Under the conditions of the preced ing  exper iment ,  2 g of CMD (T 44), 88.8 mg of the hydrochlor ide  of the benzyl  
e s t e r  of glycine,  3.66 g of DCHC, and 0.61 ml  of t r i e thy lamine  in 33 ml  of pyr id ine  and 22 ml of water  gave a product  
soluble in water .  Af te r  gel f i l t ra t ion  through Sephadex G-50 (coarse) the f rac t ions  containing the po lymer  were  
combined and concentra ted,  and the po lymer  was prec ip i ta ted  with three  volumes  of dioxane (no p rec ip i t a t e  was 
fo rmed  with ethanol). The supernatant  liquid was decanted off and the ge l - l ike  r e s idue  was t rea ted  with 30 ml of 
e ther  and the solvent  was evaporated to dryness .  This t r ea tmen t  was repeated twice.  The yield of white a m o r p h o u s  

powder soluble in water  was 1.8 g. Found, %: N 0.80. 

(N-Glycyl)-CMD (VI) by the saponification of the e s t e r  Va. A solution of 250 mg of the methyl  e s t e r  of (N- 
glycyl)-CMD (Va) in 5 ml  of wa te r  was t rea ted  with 5 ml of 2 N NaOH, and af ter  1 hr  at 20 ° C it  was neut ra l ized  to 
pH 7 with 1 N HC1, concentra ted to 5 ml,  and subjected to gel f i l t ra t ion  through Sephadex G-50. The reac t ion  product  
was prec ip i ta ted  f r o m  the f rac t ions  containing the po lymer  with three  volumes of ethanol, and the p rec ip i t a t e  was 
t r i tu ra ted  with 96% and absolute ethanols,  and dried. Yield 191.4 rag. 100 mg of this product  was passed through 3 g 
of KU-2 ca t ion-exchange  r e s in  in the H-form.  The acid number  of this product  was 2.7. F o r  a po lymer  with all  the 
e s t e r  groups complete ly  hydrolyzed,  calc. 2.8. Found, %: 57 2.92. Sedimentat ion coefficient ,  Sts = 2.19 × 10-1~; IR 

spec t rum:  1742 and 1668 em -1. 

(N-GlycyI)-CMD (VI) by the hydrogenolysis  of the e s t e r  Vc. A solution of 520 mg of the benzyI e s t e r  of (N- 
glycyl)-CMD (Vc) in 30 ml  of wa te r  was hydrogenated over  600 mg of 5% Pd/C until the absorpt ion of hydrogen 
ceased.  The catalyst  was f i l t e r ed  off and washed with water ,  and the solution was repeatedly  f i l te red  to r emove  the 
carbon through a l aye r  of Sephadex G-50 (coarse) and an SF asbestos  plate.  The co lo r l e s s  solution was subjected to gel 
f i l t ra t ion  through Sephadex G-50. The f rac t ions  containing the po lymer  w e r e  combined and t rea ted  in the usual way. 
Yield 292 rag. White amorphous powder soluble in water .  Acid number:  found, 2.7; calculated for  the comple te  
r emova l  of the benzyl group: 2.8. Found, %: N 0.30. Sedimentat ion coefficient ,  S18 =2.17 × 10-1~; IR spec t rum:  1740 

and 1640 cm -i .  
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CONCLUSIONS 

1. Acid chloride and carbodi imide methods for the synthesis  of N-aminoacyl  der ivat ives  of 
carboxymethyldextran have been developed. 

2. Using these methods, der ivat ives  of carboxymethyldextran containing res idues  of glycine es te rs  (with 
different degrees of substitution) and res idues  of the methyl  e s te r  of L-his t id ine  have been synthesized. 

3. A method for obtaining carboxymethyldextrans  with different degrees  of subst i tut ion has been developed. 
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