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We have previously  descr ibed  the synthesis  of O-acetylaminoacyl  der iva t ives  (AAD)t of the poly- 
sacchar ide  dext ran  by the condensation of acyl amino acids with Russian clinical  dext ran  ("polyglucin") 
with the aid of DCHC [2]. 

To widen the possibi l i t ies  of obtaining these der iva t ives  of dextran,  we have investigated other  
methods of forming the e s t e r  bond. This paper  cons iders  the synthesis  of AADs with the aid of the mixed 
anhydrides of N-protected amino acids with ethyl ch loroformate ,  phosphorus oxychloride,  p-toluenesulfonyl  
chlor ide ,  and benzenesulfonyl  chlor ide .  In addition, the conditions for  eliminating the N-protec t ive  groups 
(Tos,  BOC, NPS) f rom the AADs obtained are  given. The condensation of dext ran  with the N-protected 
amino acids was pe r fo rmed  in the following way: 

nR'NHRCOOH 
[CeHrO2 (OH)3] m ) [C~HTO~ (OH)3_ n (OCORNHR') n ]rn 

l - -VII  

[ CoH702 (OH)8_ n (OCORNH2)n ]m 

I R=CH2, R'=Tos 
CH,~O-- II R=CH2, R'=NPS 
i O.  III R=(CH2)e, R'=Boc 

~<~'=~-'l N .  IV R--CHCH,, R'=BOC CoHTO:(OH)a . ] / F  V R=CHCtl (CH;)) 2, R'=NPS I \ J ' "  
HO I OH VI R=CHCH~C~Hr,, R' BOC 

VII R=CHCH2C_~.H~, R'=NPS. 

The mixed anhydride of the N-pro tec ted  amino acid obtained in the usual way, in pyridine (for POC13, 
TosC1, and PhSO2C1) or  in ch lo roform containing t r ie thylamine  (for EtOCOC1), was added with cooling to 
a solution of dext ran  in a mixture  of diethyl sttlfoxide and pyridine.  On the following day the po lymer  was 
prec ip i ta ted  with ethanol. The reac t ion  products  f rom low-molecular -weight  compounds were  purified by 
gel f i l t ra t ion on Sephadex G-50. Some AADs were  synthesized by the caxbodiimide method that we have 
desc r ibed  previously  [2]. The substances obtained and the i r  p roper t i e s  axe given in Table 1. A posit ive 
hydroxamic  acid reac t ion  for  an e s t e r  group was used as proof  of the format ion  of covalent bond between 
the amino acid and the dextran.  The degree  of substitution of the dext ran  by the N-protected amino acid 
res idues  was de termined  f rom the ni trogen content of the products  (Kjeldahl). 

It has been repor ted  previously  [1] that when nonpolar groupings are  present  in the N-protec ted  
amino acids,  the solubility of the corresponding AADs in wa te r  depends on the degree  of the i r  substitution. 

* For  Communication II, see [1]. 
The following abbreviat ions have been adopted: DCHC - dicyclohexylcarbodi imide;  Tos - tosyl ;  BOC - 

te r t -bu toxycarbonyl ;  B o c - b e n z y l o x y c a r b o n y l ;  N P S - o - n i t r o b e n z e n e s u l f e n y l ;  Aen-w-aminoenan thy l ;  
and DCHA - dicyclohexylamine.  

Centra l  Order  of Lenin Institute of Hematology and Blood Transfusion.  Trans la ted  f rom Khimiya 
Pr i rodnykh Soedinenii, No. 6, pp. 698-704, November -December ,  1971. Original ar t ic le  submitted July 
8, 1971. 

© 1974 Consultants Bureau, a division of  Plenum Publishing Corporation, 227 ff'est 17th Street, .~iew York, Y. 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, microfilming, recording or otherwise, without u,ritten permission of the publisher. 1 
copy of  this article is available from the publisher for $15.00. 

679 



TABLE 1. P r o p e r t i e s  of the Der iva t ives  of Dext ran  and N-Pro tec t ed  
Amino Acids 

anhydro~lu-Amt(m°le)/. ~. Iff- 1~, ,-, , ~ 
cose  um~t of I~ '~ : ~ 

Condensing agent the dextran le -o g .~g 1 '~  1"~ R 
,AD a.d ba,e - -  t= J g 

0 = 0 , ~  

,~ ,~ o .~ / ~  l i n E . - / ' <  

Tos-Oly- (dextran) (1) 

NPS-Gly4dextran) (II) 
Bco- Gly- (dextrar0 

Bco- Aen-(dextran) (ill) 

BOC-L-Ala- 
(dextran) (IV) 

NPS-L-Val- (dextran) (V) 
BOC-L-Phe- 
(dextran) (VI) 

NPS-L-Phe- 
(dextran) (VII) 

Ac-L-Hls-(dextran) 

POCIa/CsHsN 
TosCI/CsHsN 
D CH C/CsH:,N 
Et OCOCI/EtaN 
DCHC/CsHsN [2] 
DCHC/CsHsN [2] 
PhsO~CI/CsHsN 
Et OCOCI/EtaN 
DCHC'CsHsN [2] 

' DCHC/CsH:N 
Et OCOCI/EtaN 
DCHCA~sHsN 
DCHOCsHsN 

DCHC/CsHsN 

DCHC/CsHsN [2] 

0,2 
0,4 
0,5 
0,5 
1,0 
0,1 
0,1 
0,5 
0,1 
0,5 
0,5 
1.0 
0.4 

0,5 

0,1 

0,2 
0,2 
1,5 
0,5 
4,0 
0,12 
0,1 
0,5 
0,12 
1,0 
0,5 
1,0 
1,9 

1,0 

0,12 

),76 
),47 
i,7 
, ,39 
[,1 
. > , 8  
1,08 
L68 
~,2 
),82 
),24 
1,42 
3.7 

5,9 

,05 

3,8 -~- 290 
2,4 + 290 
1,41 ÷ 287 
2,81 q- 287,405 
1,I -~ !8,0 -F 287 287 
O, 8 / 287 
7,4 287 
~2,0 287 
9,6/ + - 
11'9{,4[ -}--F ;242, ~5, 390 
~1,2[tlight I 287 

~3,81 390I" 
! 

0,51 

*3/ r e p r e s e n t s  the number  of subst i tuents  per  100 anhydroglucose units 
of the dextran.  
~" In dimethyl  sulfoxide. 

Thus, the AADs (VI) and, par t i cu la r ly ,  (VII) with T = 13.7 and 16.9, r e spec t ive ly ,  are  spar ingly  soluble in 
wa te r  (they dissolve in dimethyl  sulfoxide). With lower degrees  of substi tution of the radica l  on the ni t ro-  
gen atom, wa te r - so lub le  AADs are  obtained [for example ,  (V)]. 

The m a c r o m o l e c u l a r  s t ruc tu re  of the dext ran  is p r e s e r v e d  in the AADs, as is conf i rmed by the gel 
ch romatography  of the l a t t e r  on Sephadex G-75 [1, 2]. None of the methods of fo rming  an e s t e r  bond used 
leads to appreciable  degradat ion of the polysacchar ide  chains,  as is shown by the coincidence of the elu- 
tion curves  of the AADs and the curve for  dext ran  [2]. In some ca se s  [for example ,  the AADs (III) obtained 
by different  methods],  the r e su l t s  of gel ch romatography  were  conf i rmed by molecular -weight  de te rmina -  
t ions and sedimenta t ion ana lyses  by the method of unestabl ished equi l ibr ium.  No appreciable  d i f fe rences  
in M w between the AADs and the initial dext ran  were  found. 

To compare  the var ious  methods  of obtaining AADs it is convenient to use the ra t io  Tfound/Ytheor, 
where  the f i r s t  magni tude  is the degree  of substi tut ion of the dext ran  by acylaminoacyl  r e s idues  found 
( f rom the ni t rogen content) and the second is that degree  of substi tut ion that would have been obtained if 
the acylat ion reac t ion  had taken place to the extent of 100%. This ra t io  re f lec t s  the eff iciency of the acyl-  
ating agent at low degrees  of substitution, when the groups introduced into the molecule  st i l l  have no effect  
on the ease  of acylation.  It can be seen f rom Table 1 that the bes t  r e su l t s  were  obtained in the acylat ion 
of the dext ran  with DCHC and benzenesulfonyl  chloride.  In the case  of ethyl ch lo roformate ,  the reac t ion  
depends s trongly on the smal l  amount of wa te r  p resen t  in the dextran;  phosphorus oxychloride and tosyl  
chloride a re  ineffective as condensing agents.  F u r t h e r m o r e ,  in the mixed anhydride method it is impos-  
sible to use an excess  of condensing agent as this could lead to the acylation of the po lymer  by it. Conse-  
quently, it may  be cons idered  that the carbodi imide  method for  the O-aminoacyla t ion  of dext ran  has  advan- 
tages  over  the mixed anhydride method using benzene sulfonyl chlor ide.  

Various methods were  t r ied  for the el iminat ion of the N-pro tec t ive  groups f rom the AADs synthe- 
s ized.  We have previous ly  descr ibed  the e l iminat ion of the Boc groups for  AADs by hydrogenat ion [2]. 
However ,  the use  of the method is l imited because  of the smal l  number  of hydrogenolyzable  N-pro tec t ive  
groups.  In addition, hydrogenat ion is compl ica ted for  de r iva t ives  of sul fur-conta ining amino acids.  Since 
for  the synthes is  of O-aminoacyldex t rans  containing tr i funct ional  amino acids and also for  O-pept idyldex-  
t r ans  we must  choose protec t ive  groups capable of se lec t ive  el iminat ion,  we invest igated the behav ior  of 
the AADs under  the conditions used in peptide synthesis  for  the e l iminat ion of Tos,  BOC, and NPS groups.  
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TABLE 2. Resul ts  of a Compar ison of the Methods of Eliminating the 
N-Pro tec t ive  Groups f rom the O-Acylaminoacyl  Derivat ives  of Dextran 

Starting material Reaction conditions and ResuRs obtained 
medium 

Tos-Gly- (dextran)(l) 

B O( 7C5-1.7-)P h e-(dextran) (Vl) 
(7-13,7) 

EOC-L-Phe-(dextran) (VI) 
t~-13, 7) 

BOC-L-Phe- (dextran) (Vl) 
(,-13,7) 

BOC-L-AIa- (dextran) (IV) 
(7-9,82} 

NPS-L-Phe- (dextran) (Vll) 
(~-16,9) 

NPS-L-Phe- (dextran) (VII) 
(~-16,9) 

NPS-L-Phe- (dextran) (VII) 
(7-16.9) 

NPS-Oly. (dextran)(ll) 
(7-1.39) 

NPS-L-Val- (dextran) (V) 
(7-1,42) 

NPS-GIy- (dextran) (ll) 
(7-1,39) 

NPS-L-Val-(dextran) (V) 
(7-1,42) 

Na + solution of the polymer 
in liquid NH s 

Anhydrous CF.COOH; the 
polymer graaually dimolvet 

50~ CFsCOOH; the polymer 
gradually dimolves 

Suspension of the polymerin 
4 M HCI in anhydrous 
dioxane 

Dowex 50x2 cation-exchan~ 
resin or SE-Sephadex C-50 
aqueous soln.offlie polyme 

Suspension of the polymer in 
in 4 M HC1 in dioxane 

Solution of the polymer in 
4 bi HC1 in PhNOz 

Solution of the polymer and 
PhSH in a mixture of DMSO 

Comt)lete ammono.lyds of the 
glybine- dextran 15ond 

BOC protection eliminated 
with considerable cleavage 
of the polymer, accompanied 
by tfifluoroacetylation 

BOC protection eliminated 
with cleavage of the polymer 

Cleavage of the polymer 

De~re¢ of elimination of the 
BOC groups insignificant 

NPS protection eliminated 
only from the surface of 
the granules 

Cleavage of the polymer 

7590 of NPS groupssplit off' 

and pyridine (1:1) 
The same 80%ofNPS groups split off 

The same 50% of NPSgroupssplit off 

Aqueous sol.utlonofthepoly- 87.5°7~ofNPSgroupssplit 
mer tmatexl with solutlons off 
of Na#zOs and KI 

The same 55%ofNPS groups split off 

* The macromolecu la r  s t ructure  of the polymer  is retained.  

To check the retention of the macromolecu la r  s t ruc ture ,  as in the condensation reaction,  we used compara -  
tive gel chromatography of the s tar t ing mater ia l s  and the react ion products .  In those cases  in which the 
AADs after the appropriate  t rea tment  were  eluted with a volume of water  g rea te r  than V~ (the pore volume 
within the gel granules) ,  it was considered that appreciable degradation of the macromolecule  had taken 
place during the elimination of the protective groups.  

The resul ts  of the exper iments  per formed on the elimination of the Tos, BOC, and NPS protect ive 
groups f rom the AADs are given in Table 2. Reduction with sodium in liquid ammonia,  which is used in 
peptide chemis t ry  for  splitting off not only tosyl  but also a number of other protective groups (N-Boc, S, 
and Nim-benzyl  groups,  etc.), leads in the AADs to the complete ammonolysis  of the e s t e r  bond between the 
acyl amino acid and the dextran (apparently, because of the presence  of t r aces  of mois ture  in the AADs) ; 
consequently it is not applicable. The acidolytic el imination of BOC and NPS protect ive groups cannot be 
used on the AADs, ei ther .  In a homogeneous medium the glucosidic bonds of the dextranundergo acidolysis ,  
while in anhydrous t r i f luoroacet ic  acid the hydroxy groups of the carbohydrate  undergo t r i f luoroace ty la-  
tion, in addition. In a heterogeneous medium, the protective groups are  split off only f rom the surface of 
the par t ic les  of the AADs; we were  unable to br ing about a deeper  reaction.  In view of the macromolecu-  
l a r  nature of BOC-L-Ala -dex t r an  (IV), we per formed acidolysis  with Dowex 50 × 2 cat ion-exchange res in  
or  with SE-Sephadex C-50 in a coa r se -po red  hydrophilic matr ix.  However, in both cases  only about 3o/o of 
the amino groups was l iberated.  Under the same conditions BOC-L-alanine  was converted almost  com-  
pletely into L-alanine.  Consequently, the cause of the small  extent to which the react ion proceeds  is the 
polymer ic  nature of the AADs. 

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

The general  p rocedures  (evaporation, drying, gel chromatography,  detection of the polysaccharide) 
have been descr ibed in the previous paper [2 ]. 
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I .  S y n t h e s i s  o f  t h e  A A D s  

1. O-(Tos-Glycyl)dextran (I). A. With Tosyl Chloride. To a solution of 4.04 g (17.6 mmoles) of 
N-Tos-g lyc ine  in 40 ml of absolute pyridine was added dropwise 1.68 g (8.8 mmoles) of tosyl  chloride in 
10 ml of pyridine, and the mixture was s t i r red  at 0°C for 30 min. The result ing solution was poured into 
an ice-cooled solution of 7.15 g (44.1 mmoles) of dextran in 100 ml of absolute dimethyl sulfoxide and 40 
ml of absolute pyridine.  This mixture was s t i r red  at 0°C for 2 h and at 20°C for 24 h. The polymer was 
precipitated with ethanol and, after decantation, it was t r i tura ted in ethanol, dried, and subjected to gel 
f i l trat ion on Sephadex G-50. The eluates containing the polymer  were  concentrated to ~ 20 ml. The prod- 
uct was again precipitated with ethanol, t r i tura ted in ethanol, and dried.  Yield 6.09 g. Found, %: N 0.40; 

?found = 0.47 (7theor = 20). 

B. With Phosphorus Oxychloride. The react ion was performed as in experiment 1A with 7.79 g 
(48.1 mmoles) of dextran and the products  of the interaction of 2.18 g (9.6 mmoles) of N-Tos-glycine  and 
0.87 ml (9.6 mmoles) of f reshly distilled phosphorus oxychloride. The react ion product was purified as 
descr ibed above. Yield 6.35 g. Found, %: N 0.65; ?found = 0.76 (Ttheor = 20). 

C. With DCHC. The react ion was per formed as descr ibed previously [2] with 4.0 g (24.7 mmoles) 
of dextran, 7.62 g (37 mmoles) of DCHC, and 2.82 g (12.3 mmoles) of N-Tos-glycine .  Yield 3.87g. Found,%: 
N 0.46; Tfound = 5.70 (~theor = 50). 

2. O-(Boc-c0-Aminoenanthyl)dextran (III). A._. WithBenzenesulfonyl Chloride. Compound (III) was 
obtained in a s imi lar  manner  to compound (I) in experiment  1A f rom 7.56 g (46.7 mmoles) of dextran, dis-  
solved in 60 ml of absolute dimethyl sulfoxide, and 20 ml of absolute pyridine, to which the mixture ob- 
tained by the react ion of 1.30 g (4.67 mmoles) of N-Boc-w-aminoenanthic  acid in 35 ml of absolute pyridine 
containing 0.6 ml (4.67 mmoles) of benzenesulfonyl chloride was added dropwise.  The product was purified 
as described above. Yield 6.85 g. Found, %: N 0.33; ~/found = 4.08 (~theor = 10). 

B. With Ethyl Chloroformate.  To a solution of 4.71 g (16.8 mmoles) of N-Boc-w-aminoenanthic  acid 
in 70 ml of absolute chloroform was added 2.4 ml (16.8 mmoles) of tr iethylamine,  and then the mixture 
was cooled to -10°C and, with s t i r r ing,  1.53 ml (16 mmoles) of ethyl chloroformate  in 10 ml of chloroform 
was added. ; Stirring was continued for another 10 min, and then to the solution cooled to -8°C  was added 
4.86 g (30 mmoles) of dextran in 100 ml of dimethyl sulfoxide and 20 ml of pyridine. The result ing mixture 
was s t i r red  at 0°C for 1 h and at 20°C for 16 h. The polymer  was precipitated with ethanol and was then 
t reated in the usual way. Yield 3.7 g. Found, %: N 0.30; Tfound = 3.86 (~/theor = 50). 

3. O-(NPS-Glycyl)dextran (II). With Ethyl Chloroformate.  The react ion was per formed in a s imi-  
lar  manner  to the preparat ion of (III) (experimental 2B) using 3 g (18.5 mmoles) of dextran, 2.22 g (9.7 
mmoles)  of N-NPS-glycine,  and 0.88 ml (9.2 mmoles) of ethyl chloroformate .  Yield 2.43 g. Found %: 

N 0.12; ?found = 1.39 (Ttheo r = 50}. 

4. O-(BOC-L-Alanyl)dextran (IV). A. With Ethyl Chloroformate.  This was obtained in the same 
way as (IV) (experiment 2B) f rom 4 g (24.7 mmoles) of dextran, 2.46 g (13 mmoles) of BOC-L-alanine,  and 
1.18 ml (12.3 mmoles) of ethyl chloroformate .  Yield 3.68 g. Found, %: N 0.08; 7found = 0.94 (Ttheor=50). 

B. With DCHC. The method of synthesis has been described previously [2l; 5 g (30.9 mmoles  of 
dextran, 2.9 g (15.5 mmoles) of ]3OC-L-alanine, and 6.35 g (30.9 mmoles) of DCHC were used. Yield 4.18 
g. Found, %: N 0.77; 7fotmd = 9.82 (Ttheo r = 50). 

5. O-(NPS-L--Valyl)dextran (V). With DCHC. Compound (V) was obtained by the method descr ibed 
in [2] f rom 2.4 g (14.8 mmoles) of dextran, 2 g (7.4 mmoles) of NPS-L--valine, and 3.06 g (14.8 mmoles) of 
DCHC. Yield 2.56 g. Found, %: N 0.24; Tfound = 1.42 (Ttheor = 100). Yellow water-soluble  powder. 

6. O-(BOC-L-Phenylalanyl)dextran (VD. With DCHC. The react ion was per formed as before [2] 
with 3 g (18.6 mmoles) of dextran, 7.21 (35 mmoles) of DCHC, and the BOC-L-phenylalanine f rom 4 g 
(8.2 mmoles) of its DCHA salt. After the precipitat ion of the polymer f rom the react ion mixture with eth- 
anol, it was washed with absolute ethanol and with hot n-butanol and was reprecipi ta ted with butanol f rom 
dimethyl sulfoxide. Yield 2.71 g. Found %: N 0.95; Tfound = 13.7 (Ttheor = 48.5). White powder sparingly 
soluble in water .  

7. O-(NPS-L-Phenylalanyl)dextran (VII). With DCHC. The react ion was performed as described 
previously [2], using 2.98 g (18.5 mmoles) of dextran, 3.78 g (18.3 mmoles) of DCHC, and 2.92 g (9.25 
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mmoles)  of NPS-L-phenyla lan ine ,  and the product  was  worked up as in the preceding  exper iment .  Yield 
2.54 g. Found, % : N 1.18. "/found = 16.9 ("/theor = 50). Yellow wa te r - in so lub le  powder.  

I I .  R e m o v a l  o f  t h e  P r o t e c t i v e  G r o u p s  f r o m  t h e  A A D s  

1. Reductive El iminat ion  of the Tosyl  Group with Sodium in Liquid Ammonia .  To 100 ml  of liquid 
a m m o n i a  that  had been  dis t i l led over  sodium was  added 0.50 g of Tos-g lycy ldext ran( I )  with "/ = 5.7,which 
had been dr ied to constant  weight,  and this  was  followed by  meta l l i c  sodium in smal l  por t ions  until the so-  
lution had acquired  a s table  blue color  which did not d i sappear  for  3 rain. The excess  of sodium was  de-  
composed  by the addition of solid ammonium chlor ide .  The a m m o n i a  was  allowed to evapora te  (with s t i r -  
ring) and, with cooling, the solid white res idue  was  acidified with dilute hydrochlor ic  acid to pH ~ 6. The 
po lymer  was  prec ip i ta ted  f r o m  the resu l t ing  solution with ethanol and was  desal ted with Sephadex G-50 
twice.  Then the po lymer  obtained was  isolated in the usual  way. Yield 0.38 g. In an alkaline hydrolyza te  
of the p o l y m e r ,  an amino-ac id  ana lys i s  showed a smal l  amount of only one n inhydr in-pos i t ive  substance,  
which was  not glycine.  

2. El iminat ion  of the o-Ni t ropbenylsul fenyl  Group. A. With Thiophenol. A solution of 0.8 g of O- 
(NPS-I . , -phenylalanyl)dextran (VII) with "/ = 16.9 (0.63 meq  of NPS groups) in 20 m l  of a 1 : 1 mix tu re  of 
d imethyl  sulfoxide and pyridine was  mixed with 3.2 ml  (31.6 mmoles)  of thiophenol and the mix tu re  was  
lef t  overnight .  The po lymer  was  prec ip i ta ted  f r o m  the light yel low solution with ethanol,  and, a f te r  de- 
cantat ion,  the prec ip i ta te  was  t r i t u r a t ed  in ethanol and was  twice r ec ip rec ip i t a t ed  f r o m  dimethyl  sulfoxide 
with ethanol.  Yield 0.6 g. Yellow wa te r - inso lub le  substance .  A m e a s u r e m e n t  of the optical  dens i t ies  at 
390 nm of solut ions in dimethyl  sulfoxide of the s t a r t i n g m a t e r i a l  and the reac t ion  product  (with a l inear  r e -  
la t ionship between the concent ra t ion  of NPS groups  and the optical  densi ty of the solution) showed that  
75.5% of the pro tec t ive  groups  had been spli t  off. After  r e t r e a t m e n t  of the reac t ion  product  with thiophenol 
under  the s a m e  condit ions,  i ts  optical  densi ty at 390 nm had r ema ined  unchanged. 

The reac t ion  with 0.050 g of O-(NPS-g lycy l )dex t ran  (II) having " /= 1.39 was  p e r f o r m e d  s imi la r ly .  
Yield 0.40 g. The faintly yel low product  was  read i ly  soluble in wa te r .  The amount of NPS groups  in the 
p o l y m e r  was  de te rmined  spec t ropho tomet r i ca l ly  in w a t e r  as desc r ibed  above.  The NPS groups had been  
r emoved  to the extent  of 79.9%. 

The s a m e  t r e a t m e n t  of O- (NPS-L-va ly l )dex t r an  (V) with " /= 1.42 led to the spl i t t ing off of 49.2% of 
the NPS groups .  It can be seen  f r o m  the ni t rogen content of the reac t ion  (found, N %: 0.20) that no valine 
r e s idues  w e r e  spli t  off s imul taneous ly  with the NPS groups .  

B. With Sodium Thiosulfate  and Po ta s s ium Iodide. A solution of 0.5 g of O-(NPS-glycyl )dext ran  (II) 
with "/ = 1.39 in 10 ml  of wa t e r  was  t r ea t ed  with 1 ml  of 2 M sodium thiosulfate  solution and 0.5 ml  of 1 M 
p o t a s s i u m  iodide solution. After  20 rain, the po lymer  was  prec ip i ta ted  with ethanol and was  then worked 
up in the usual  way.  This gave a faintly ye l low-co lo red  wa t e r - so lub l e  substance.  Yield 0.37 g. It was  
found spec t ropho tomet r i ca l ly  (in w a t e r  at 405 nm) that  87.5% of the NPS groups  had been spli t  off. 

In a s i m i l a r  t r e a t m e n t  of O- (NPS-L-va ly l )dex t r an  (V) with "/ = 1.42, 55.9% of the NPS groups  were  
spli t  off. 

3. El iminat ion  of the t e r t -Bu ty loxyca rbony l  Group.  A. On SE-Sephadex C-50 in the H + F o r m .  
O- (BOC-L-a l any l )dex t r an  {IV) with "/ = 9.82 (2 g| 1.15 meq of BOC groups) in 5 ml  of wa t e r  was  deposi ted 
on a column (3 × 20 cm) containing 360 ml  of SE-Sephadex C-50 in the H + f o r m  swollen in w a t e r  (24 meq 
of SO~- groups) and left  at 20°C for  5 h. During this  per iod of standing, the column was  washed per iod ica l ly  
with smal l  amounts  of w a t e r  such that  the volume of eluate issuing did not exceed V 0 of the column (~ 100 
ml) .  The column was  washed with wa te r  until the reac t ion  for  ca rbohydra t e  ( test  with sulfuric  acid) was  
negat ive ,  and the eluate was  concent ra ted  to ~ 5 ml ,  acidified with concent ra ted  hydrochlor ic  acid to pH 4, 
and f reed  f r o m  exces s  of acid by f i l t ra t ion  through Sephadex G-50.  The po lymer  was  isolated in the usual  
way and dr ied.  Yield 1.78 g. F r o m  the r e su l t s  of the t i t ra t ion  of the hydrochlor ide  groups of the po lymer  
with alkal i  to phenolphthalein,  3.70/o of the total  BOC groups  had been spli t  off. 

B. With Dowex 50 × 2 Cat ion-Exchange Res in  in the H + F o r m .  The reac t ion  with O-(BOC-I_,-al- 
anyl)dextran (IV) was  p e r f o r m e d  as  desc r ibed  in the preceding  expe r imen t .  The propor t ion  of BOC groups 
e l imina ted  was  ~ 30/o. 
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CONCLUSIONS 

1. New methods for the O-arninoacylation of dextran (Hpolyglucin~) with mixed anhydrides of N- 
protected amino acids with benzenesulfonyl chloride, tosyl chloride, ethyl chloroforma~e, and phosphorus 
oxychloride have been proposed. 

2. By these methods, and also by the method developed previously using dicyclohexylcarbodiimide, 
esters of dextran with N-tosylg]ycine, N-o-nitrophenylsulfenylglycine, N-benzyloxycarbonyl-w-aminoen- 
anthic acid, N-tert-butoxycarbonyl- I.- alanine, N-tert-butoxycarbonyl- L-phenylalanine, N-o-nitrophenyl- 
sulfenyl-L-phenylalanine, and N-o-nitrophenylsulfenyl-L-valine have been synthesized. 

3. Methods for eliminating the o-nitrophenylsulfenyl group from esters of NPS amino acids with 
dextran by means of thiophenol or a mixture of Na2S203 + KI have been recommended. 
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