
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Study of the Synthesis of Dextran Derivatives
Z. A. Rogovina; A. D. Vernika; K. P. Khomiakova; O. P. Laletinaa; M. A. Penenzhika

a Moscow Textile Institute,

To cite this Article Rogovin, Z. A. , Vernik, A. D. , Khomiakov, K. P. , Laletina, O. P. and Penenzhik, M. A.(1972) 'Study of
the Synthesis of Dextran Derivatives', Journal of Macromolecular Science, Part A, 6: 3, 569 — 593
To link to this Article: DOI: 10.1080/10601327208056860
URL: http://dx.doi.org/10.1080/10601327208056860

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/10601327208056860
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. MACROMOL. SCL-CHEM., A6(3), pp. 569-593 (1972) 

Study of the Synthesis of Dextran Derivatives 

Z. A. ROGOVLN, A. D. VIRNIK, K. P. KHOMIAKOV, 
0. P. LALETINA, and M. A. PENENZHIK 

Moscow Textile Institute 

A B S T R A C T  

The synthesis of biologically active high-molecular com- 
pounds offers an interesting subject for study in polymer 
chemistry. Dextran, one of the best blood plasma ex- . 
panders, is a good product for use in synthesizing biologi- 
cally active water- soluble polymers. This paper discusses 
the synthesis of water-soluble derivatives of dextran which 
can be used a s  drug carriers or a s  independent physiologi- 
cally active compounds. The synthesis of these derivatives 
involved oxidation of dextran, 0-alkylation of dextran, 
subsequent transformation of ethers of dextran containing 
reactive functional groups, and graft polymerization. 
Periodate oxidation of dextran resulted in the production 
of a derivative of dextran containing aldehyde groups: 
dialdehydedextran. Subsequent oxidation of dialdehyde- 
dextran with sodium chlorite permitted the introduction 
of carboxyl groups into the macromolecule of dextran. 
In order to introduce sulfonic acid, phosphonic, mercapto, 
chlorhydrinic, cyano, and aromatic amino groups into the . 
macromolecuIe of dextran, dextran was alkylated with 
various alkylating reagents. The synthesized products 
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570 ROGOVIN ET AL. 

were sulfopropyl, phosphonomethyl, mercaptoethyl, 
3- chloro-2- hydroxypropyl, cyanoethyl, and 2- (3'- amino- 
4' - methoxypheny1)- sulfonylethyl ethers of dextran. 
Treatment of the 3-chloro-2- hydroxypropyl ether of 
dextran with ammonia, amines, and aliphatic and aro- 
matic amino acids produced ethers of dextran containing 
primary, secondary, and tertiary amino groups and 
quaternary ammonium groups, as well as residual 
aliphatic and aromatic amino acids. 
Cyanethyl ether of dextran was used to synthesize deriva- 
tives of dextran containing thioamide and hydrazidine 
groups. 
Graft  copolymers of dextran and polyacrylic acid and of 
dextran and poly-2-methyl-5-vinylpyridine were syn- 
thesized. Redox systems were utilized to initiate graft 
copolymerization with tetravalent cerium compounds 
used as oxidants and pentavalent vanadium with dextran 
or 2- (3'-amino-4'-methoxyphenyl)- sulfonylethyl ether of 
dextran used as reductant. This method produced graft 
copolymers with short graft chains. 
The availability of the above derivatives of dextran has 
permitted the linking of drugs to dextran by different 
types of chemical bonds. 

Advances in the chemistry of high-molecular compounds have 
led to increasing and ever wider applications in solving a variety 
of problems in biochemistry, biology, and medicine. One aspect 
d investigations in this field is the synthesis of new polymers and 
the chemical modification of known natural and synthetic polymers, 
two processes employed in the production of water-soluble high- 
molecular compounds that exhibit biological activity [ 1-71. 

Water-soluble polymers are  extensively used in the making of 
blood plasma substitutes. Polymers, specifically polymeric metal 
complexes, are used as models of enzymes. Another sigmficant 
field of study concerns production of water-soluble polymers con- 
taining residues of chemically combined low-molecular drugs. 
Compounds of this class are  synthesized in order to prolong the 
period of their efficacy, decrease their toxicity, increase their 
solubility, and change their distribution in a living organism. 
Dissolved polymers are  used as  detoxicators. Some water- 
soluble polymers containing acidic groups inhibit virus infection. 
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DEXTRAN DERIVATIVES 571 

There is evidence of the possibility of using polymers with electron- 
exchange properties both in modeling biochemical processes and 
for medicinal purposes. 

on synthetic o r  natural polymers. Most experiments described in 
the literature have involved the use of synthetic carbon-chain 
polymers. Evidence of the possibility of the use of carbon-chain 
polymers in order to modify the properties of medicinal drugs 
has been provided by studies carried out by Ushakov, Kropachev, 
et al., who synthesized a large number of polymeric drug com- 
pounds based on polyvinyl alcohol, i ts  derivatives, and copolymers 
of vinyl alcohol and vinylpyrrolidone [ 2, 4, 81. 

In synthesizing polymers intended for introduction into a living 
organisms, especially by injection, due regard should be given to 
their ability to be assimilated and then to be rejected by the 
organism after they have fulfilled their function. Carbon-chain 
polymers such as polyvinyl alcohol and polyvinylpyrrolidone 
introduced into a living organism a re  not susceptible to enzymic 
decomposition. The high stability of carbon-chain polymers- 
blood plasma expanders operates both as an advantage (long 
presence in the organism) and as a significant shortcoming, viz., 
given too great a molecular weight they tend to accumulate and 
become deposed in various tissues, thereby disturbing the normal 
functioning of the organs [ 9, lo]. For  this reason the most 
promising choices for the production of biologically active water- 
soluble compounds a r e  offered by natural polymers, specifically 
polysaccharides. These have a big advantage Over carbon-chain 
polymers in that they a re  gradually hydrolyzed by the enzymes 
in the organism. With natural polymers use can probably be made 
of compounds with high-molecular weights, free of the fear of 
deposition in organic tissues. 

The gradual enzymatic decomposition of polysaccharides 
that goes on in the organism may not allow medicinal drugs the 
same prolonged period of efficacy as with synthetic carbon-chain 
polymers, i.e., 20 to 30 days. Even so, this is not a requirement 
in many cases, for a few days or  hours is often sufficient. The 
decomposing ability of polysaccharides in the organism is an 
obvious advantage where the aim in adding a medicinal drug to 
a polymer is to make the latter soluble and lower i ts  toxicity. 

major promise for the synthesis of biologically active water- 
soluble compounds. 

Biologically active water-soluble polymers may be based either 

Dextran, one of the best known blood plasma expanders, holds 
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572 ROGOVIN ET BE. 

Basically, there are  two types of biologically active water- soluble 
compounds that can be evolved around dextran; 

1) Compounds in which dextran and i ts  derivatives are polymeric 
carriers of low-molecular drugs whose properties they enhance. 

2)  Dextran derivatives, specifically compounds containing iono- 
genic, electron-exchanging, and complexing groups used as 
independent biologically active compounds (detoxication, 
models of enzymic processes, inhibition of virus reproduc- 
tion, introduction of micrometric elements into the organism, 
diagnostics). 

Direct interaction between dextran and a drug is not always 
possible because d the absence of functional groups which could 
react under mild conditions and maintain the drug's activity. This 
necessitates a preliminary chemical modification of dextran through 
the introduction of reactive groups. 

derivatives containing new types of functional groups: 
The following methods have been employed to synthesize dextran 

1) Oxidation of dextran and its derivatives. 
2) Synthesis of dextran ethers in the 0-alkylation reaction and 

by transformation of dextran ethers containing reactive groups. 
3) Synthesis of graft copolymers of dextran. 

The basic ingredient was dextran with a weight-average molecular 
weight of 55,000-60,000, synthesized with the strain Leuconostoc 
mesenteroides SF-4. 

SYNTHESIS  O F  DEXTRAN D E R I V A T I V E S  
BY OXIDATION 

Dextran derivatives containing aldehyde and carboxyl groups 
[ 111 were produced by oxidation. 

D i a l d e  h y  d e d e x t r a n  

The simplest way of introducing aldehyde groups into the macro- 
molecule of dextran is provided by oxidation with sodium periodate. 
In this case the reactions shown possibly depend on the composition 
of the individual polysaccharide links. 
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DEXTRAN DERIVATIVES 5 73 

210; 

CHO H 

+210; +HC02H + 10; no oxidation 

100 

80 

60 

40 

20 

f 

B 

20 22 24 ( I )  

FIG. 1. Concentration of NaI04 in the oxidation of dextran a s  a 
function of the time of reaction. (A) Concentration of NaIO, (% of 
initial value). (B) Time of reaction (min). Quantity of molecules 
of NaI04 introduced in the reaction per 100 elementary dextran 
links: (1) 100, (2 )  40, (3) 20, and (4) 10. 

Dextran was oxidized in a homogeneous medium at a pH of 4.0 
and 20°C. The reaction proceeds at  a high rate (see Fig. 1). 

It will be seen from Table 1 that there are more oxidized 
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5 74 ROGOVIN ET AL. 

TABLE 1. Degree of Oxidation of Dextran as a Function of the 
Amount Of NaIOs 

Content of aldehyde groups- 
Amount of NaIOI Number of aldehyde 
(molecules per Iodine value groups per 100 
100 elementary of dialdehyde- elementary dextran 
dextran links) dextran % links 

10 20.8 3.0 16 

20 36.7 5.3 28 

40 66.8 9.7 52 

70 100.3 14.5 78 

elementary links in all the products than might be expected if two 
molecules of NaIOr were used to oxidize a single link. A possible 
explanation for this is the presence of side chains in dextran 
macromolecules. Products of dialdehydedextran are  water- soluble, 
the rate of solution decreasing as the content of aldehyde groups 
increases. 

The intensity of the band at 1740 cm" in the ir spectrum of 
dialdehydedextran containing 13% aldehyde groups is very small 
[ 121. This shows that aldehyde groups a re  bonded and a re  probably 
part of hemialdal and hemiacetal structures. Such structures have 
been found in cellulose oxidized with sodium periodate (dialde- 
hydecellulose) [ 131. 

D i c a r b o x y l d e x t r a n  

When dialdehydedextran is treated with sodium chlorite (10 
molecules of NaClOa per oxidized link of dialdehydedextran, pH 
3.0, 20°C), aldehyde groups may be fully oxidized into carboxyl 
groups. The sodium salt of dicarboxyldextran formed in such a 
reaction is easily soluble in water. Dicarboxyldextran was obtained 
in the form of an acid by treating the Na-salt with hydrochloric acid. 
The dissociation constants of carboxyl groups of dicarboxyldextran, 
found by potentiometric titration, a r e  KI = 6.03 X lo4 and KZ = 
7.94 x 10-5. 
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D E X "  DERNATNES 515 

S Y N T H E S I S  O F  E T H E R S  O F  D E X T R A N  

The following ethers of dextr+ were obtained in the equations 
listed: sulfopropyl (1 ), phosphonomethyl (2), mercaptoethyl (3) ,  
3-chloro-2-hydroxypropyl (4), cyanoethyl ( 5 ) ,  2-(3'-amin0-4'- 
methoxypheny1)- sulfonyl-ethyl (6 ) [ 2-( 3'- amino-4'- methoxy- 
pheny1)-sulfonylethyl ether was obtained for subsequent use in 
the synthesis of graft copolymers of dextran (see the section on 
Synthesis of Graft Copolymers of Dextran)] [ 14- 171. 

Dextran- 
O( CH z hSO3Na 

Dextran- 
OCHz PO( ONa)z 

Dextran-OH 
NaOH Dextran- 

OCHzCH2SNa 

Dextran- 
* OCHzCHCH2Cl 

AH 

CHz=CH-CH NaOH Dextran- 
OCHz CHzCN 

I CH2=CH-SO2 0 OCH3 N Z  Dextran- 

NHz O C H z C H 2 - 0  - -0CH3 

NH z (6) 

S u l f o p r o p y l  E t h e r  of D e x t r a n  [ 1 4 1  

Synthesis of sulfopropyl ether of dextran, which the authors 
believed to have the properties of a strong polyelectrolyte, has 
interesting aspects. 
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5 76 ROGOVIN ET AL, 

Interaction between the alkylating agent sultone of y- hydroxy- 
propyl-sulfonic acid and dextran proceeds at a high rate and under 
relatively mild conditions (35'C, 10-30 min). An important factor 
affecting the composition of the ether thus formed is provided by 
the molar ratio of the sultone of y-hydroxy-propyl-sulfonic acid 
and sodium hydrate (Table 2). In order to achieve the maximum 
degree of alkylation, an equimolar quantity of the above compounds 
should be introduced into the reaction. 

The degree of substitution of sulfopropyl ether of dextran may 
be greatly increased by a second treatment with sultone of 
7-hydroxy-propyl-sulfonic acid. Thus by a second reaction with 
sulfopropyl ether of dextran containing 9*4% sulfur (DS = 0.82) a 
product was obtained that contained 13.4% sulfur (DS = 1.7). The 
sulfopropyl ether of dextran is easily soluble in water. The dis- 
sociation constant of sulfonic groups is K = 1.54 X loe3. 

M e r c a p t o e t h y l  E t h e r  of D e x t r a n  [ 1 5 1  

By treating dextran with ethylene sulfide in the presence of 
NaOH, a product is obtained that contains mercapto groups. The 
prodclct was also found to contain disulfide groups which were 
reduced to mercapto groups by the action of sodium hydrosulfite. 
The electron-exchange capacity of synthesized water-soluble 
mercaptoethyl ether of dextran (DS = 1.65) was 6.2 mg-equiv/g. 
A by-product of the synthesis of mercaptoethyl ether of dextran 
is a nonwater-soluble graft copolymer of dextran and polyethylene- 
sulfide whose qiiantity was 50% of the weight of mercaptoethyl 
ether of dextran. 

P h o s p h o n m e t h y l  E t h e r  of D e x t r a n  [ 1 6 1  - 
In the synthesis of phosphonmethyl ether of dextran an adequate 

degree of substitution of hydroxyl groups, one equal to 0.53, was  
achieved only under fairly rigid conditions (125'C, 1 hr, 25% solu- 
tion of NaOH), which caused heavy destruction of polymers. 

The dissociation constants of the phosphone group are 
Kl = 9.13 X loe4 and KZ = 1.45 X loe7. 

C y a n o e t h y l  E t h e r  of D e x t r a n  [ 163 

Introduction of cyan0 groups into the macromolecule of dextran 
opens up possibilities of the production of dextran derivatives 
containing electron-exchange and complexing groups. 
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578 ROGOVIN ET AE. 

Some of the aspects of the reaction between dextran and 
acrylonitrite in alkaline medium are  shown in Fig. 2. 

The reason for the decreasing content of nitrogen in cyanoethyl 
ether of dextran at temperatures above 60'C is the partial hydrolysis 
of the C-0 bond, which is the result of the I-effect of the cyano 
group of the alkyl residue as well  as the partial saponification of 
the cyano group into a carboxyl group. A product of cyanoethyl 
ether of dextran obtained at 78'C contained 1.2% carboxyl groups 
while products obtained at 60 and 40'12 contained no carboxyl 
groups. 

of dextran is soluble in water and dimethylformamide. When the 
degree of substitution is 2.5, i t  is not soluble in water but is 
soluble in formamide, dimethylformamide, and dimethylsulfoxide, 
and exhibits heavy swelling in acrylonitrile. This swelling of the 
product in acrylonitrile is apparently the reason for the increased 
rate of reaction during the synthesis of cyanoethyl ether of dextran 
after the degree of substitution has passed 1.5. 

Cyanoethyl ether of dextran with a degree of substitution of 3.0 
may also be obtained at 20°C (concentration of dextran in aqueous 
solution, 33%; NaOH, 3%; quantity of acrylonitrile, 300% of the 
weight of aqueous solution, period of treatment 48 hr). 

properties [ 161 were obtained by transforming cyanoethyl ether 
of dextran as shown in Eqs. (7) and (8). 

With a degree of substitution equal to 1.0, the cyanoethyl ether 

. 
Dextran derivatives having electron-exchange and cornplexing 

dextran-OCHn , I @NH 

\ SH 
C 

dextran-OCHZ- CHZ 

HaN-NHa dextran-OCH2- CH2 - 
n I / N H  
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580 ROGOVIN ET AL. 

3- C h l o r o -  2- h y d r o x y p r o p y l  E t h e r  of D e x t r a n  [ 141 

Synthesis of the 3-chloro-2-hydroxypropyl ether of dextran is 
of interest as a method of introducing reactive chlorohydrinic 
groups into a macromolecule of dextran. The latter may subse- 
quently be used to obtain new derivatives of dextran that contain 
other functional groups and to join drugs with the dextran macro- 
molecule by means of covalent bonds. 

Depending on the concentration of the catalyst Zn(BF1) in the 
reaction mixture, the products obtained were varieties of the 
3-chloro-2-hydroxypropyl ether which contained from 2.2 to 16.4% 
C1 (DS from 0.1 to 1.3) and practically no epoxy groups. 

In interacting with the hydroxyl groups of dextran? the epoxy 
ring of epichlorohydrin is opened as  indicated in the above 
formulas. The reason for this is that, owing to the I-effect of the 
atom of C1 in the molecule of epichlorohydrin, the polarizability 
of the adjacent C-0 bond is lower and is therefore less susceptible 
to opening than any other C-0 bond of the epoxy group. 

The action of nucleophilic reagents (ammonia, aliphatic amines, 
aliphatic and aromatic amino acids, and hydrazine) was utilized in 
the general formula 

HX dextran-0 CH a - CH - CH CI - -- - - - dext ran- 0 CH - CH- CH X 
I 
OH 

I 
OH 

to obtain derivatives of dextran, wherein the X stands for 

-NHCHaCOONa; -NH- CHCHaCOONa; -NH-CHCHa CHaCOONa; 
I 
COONa 

I 
COONa 

CHa COONa 

'CHa COONa 1; I N 

-N/ ; -NH-CHCHa 

COONa \CH' 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



DEXTRAN DERIVATIVES 58 1 

-NH- CH- (CHz h-NH- C, pH ; - N H e  
NH z 

'COONa COONa 
I 

COONa 

-0Qn-1~; - -NHNH-Q . 
I \ 

COONa CBONa 

It should be noted that dextran ethers containing primary and 
secondary amino groups, hydrazino groups, and residual amino 
acids cannot be obtained by direct interaction between dextran and 
an alkylating agent containing the said groups. 

Table 3 l ists  the optimal conditions for the synthesis of various 
derivatives of dextran obtained by transforming the 3-chloro-2- 
hydroxypropyl ether of dextran. This ether of dextran reacts with 
the sodium salts of glycine and other amino acids, but does not 
react with glycine, glutamic, and aspartic acids. The reason for 
this is that where the pH value i s  approximately equal to the iso- 
electric point of the aqueous solution, a-amino acids a re  generally 

found a s  bipolar ions (e.g., in glycine; N&CHzCOO-), and protonized 
amino acids do not react with chlorohydrinic groups of the 3-chloro-2- 
hydroxypropyl ether of dextran. 

The reason for the relatively low rate of interaction of this ether 
with sodium sal ts  of amino acids compared with amines is the induc- 
tion effect of the carboxy group. The rate of reaction of the 3-chloro- 
2-hydroxypropyl ether of dextran with the Na-salt of aminobenzoic 
acid is much lower than with aliphatic a-amino acids because of the 
more intensive electrophilic action of the carboxy group in aromatic 
amino acid. The presence in 0-hydrazinobenzoic acid of the hydra- 
zino group, both of whose nitrogen atoms have an undivided electron 
pair, contributes, owing to the so-called a-effect, to the faster rate 
of reaction between this compound and the 3-chloro-2-hydroxypropyl 
ether of dextran. 

The structures of synthesized compounds were confirmed by ir 
spectroscopy [ 1'71. A Van Slyke test to determine the content of 
amino nitrogen in the product obtained by treating the 3-chloro-2- 
hydroxypropyl ether of dextran with a large quantity of ammonia 
showed that all the nitrogen is part  of the primary amino groups, 
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5 84 ROGOVIN ET AL, 

hence each molecule of ammonia reacts only with one chlorohydrinic 
group. 

The products of interaction between an ether of dextran with 
2-aminoethyl and sodium salts of glycine, aspartic, and glutamic 
acids did not contain any primary amino groups, which proves that 
the reaction is based solely on the amino groups of the above 
nucleophilic reagents. 

The association of histidine with a molecule of the 3-chloro-2- 
hydroxypropyl ether of dextran is based largely (about 90%) on the 
action of the a-amino groups, as was made obvious by the content 
of primary a-amino groups in the product of the interaction between 
the ether of dextran and the Na-salt of histidine. The reason for the 
ability of the iminazole ring of histidine to react is that one of the 
two undivided electron pairs of the nitrogen atoms of the iminazole 
ring does not form part of the r-electronic system. 

The pK value of the guanidino group of arginine is 12.5. Where 
the pH value is 9.0 i t  has a positive charge and cannot react, so  the 
association of arginine with the polymer is based solely on the 
a-amino group. About 50% of the nitrogen in the product of inter- 
action between the 3-chloro-2-hydroxypropyl ether of dextran and 
5-aminosalicylic acid is found in the primary aromatic amino 
groups. Consequently, 50% of the molecules of 5-aminosalicylic 
acid are W e d  by amino groups, with the remaining 50% linked by 
phenolic hydroxyls. 

The reason for the incomplete substitution of the atoms of 
chlorine in the 3-chloro-2-hydroxypropyl ether of dextran by 
nitrogen groups during the synthesis of the above derivatives of 
dextran is that some of the epoxy groups formed in the first stage 
are hydrolyzed and that not all chlorine atoms form part of the 
highly reactive chlorohydrinic groups. 

In order to determine the degree of destruction of dextran during 
chemical transformation, the molecular weight of some of its ethers 
was  found osmometrically. Acetone was used a s  solvent. In order 
to make the products acetone-soluble, they were nitrated under con- 
ditions that ruled out destruction of polymer. The coefficient of 
polymerization of the macromolecule of dextran remained practically 
unchanged in the synthesis of the cyanoethyl ether of dextran (DS = 1.0) 
and the 2-(3'-amino-4'-methoxyphenyl)-sulfonyl ether of dextran 
(DS = 0.05). The polymerization coefficient of the 3-chloro-2-hydroxy- 
prowl ether of dextran (DS = 0.32) was 53% less than the polymeri- 
zation coefficient of the original dextran and failed to change in 
subsequent treatment of the ether in an alkaline medium (pH = 9.0; 
t = 100°C; 30 hr). 
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Syn the sized de rivative s of dex t r  an containing various c omplerdng 
groups {compounds Nos. 3 and 12-15 in Table 3 )  form water-soluble 
metal-ion complexes with a'+, Co'+, and Nizf .  The stability 
constants of complex polymeric compounds calculated by the 
Bjerrum formula a re  close to the stability constants of complex 
compound formed by appropriate low-molecular complexing 
compounds. 

Experiments have demonstrated that an ether of dextran con- 
taining quaternary ammonium groups is in vitro bacteriostatically 
active, that the sulfopropyl ether of dextran has blood-anticoagulant 
activity, and that the complexing derivatives of dextran may be 
used as polymeric catalysts. 

It will be seen from Fig. 3 that the initial rate of decomposition 
of HZOZ in the presence of the complex compound 3-(2'-aminoethyl)- 
amino-2-hydroxypropyl ether of dextran and Cuz* is 20 times higher 
than that of Hz02 in the presence of an equivalent amount of Cuz* 
ions. Studies conducted jointly with Platte and Davydova have shown 
that an ether of dextran containing residual 1-glutamic acid may be 
used to modify the catalyst in the hydrogenation of poly-P-ketoethers 
in order to effect asymmetric induction into a macromolecular 
substrate. 

S Y N T H E S I S  O F  G R A F T  C O P O L Y M E R S  
O F  D E X T R A N  

One of the most effective methods of chemical modification of 
polymers including saccharides is provided by the synthesis of 
graft copolymers. This type of synthesis of t!!e dextran deriva- 
tives has so  fa r  been the subject of only limited study [ 19-21]. 

This paper presents a study of the synthesis of graft copolymers 
of dextran with poly-2-methyl-5-vinylpyridine and polyacrylic acid 
[ 16, 221. 

Fully aware of the danger inherent in introducing carbon-chain 
polymers with their high molecular weights into an organism, the 
authors thought i t  best to use those methods of synthesis which 
permit adjustment of the length of grafted chains and obtain graft 
copolymers with short side-chains. 

In order to initiate the reaction of graft copolymerization, the 
redox system was used in which dextran or  2(3'-amino-4'-methoxy- 
pheny1)-sulfonylethyl dextran ether were reductants and the oxidants 
were presented as compounds of tetravalent cerium or  pentavalent 
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5 86 ROGOVIN ET AE. 

tima(minl 

FIG. 3. Quantity of H a 0 2  decomposed in the presence of C'u2'(1) 
and of the complex compound 3- (N-2'-aminoethyl)-amino- 2-hydroxd.- 
propyl ether of dextran and Cu"(2) as a function of reaction time 
(0.09 N solution of H z O ~ ,  30'C, pH = 11, Cu' = 7.5 X mole/liter). 

vanadium, respectively. In the second case the initiation of graft 
copolymerization can be represented by Eq. (9) [ 231. 

These methods of synthesis of graft copolymers permit regulation 
of the length of the grafted chain and the obtaining of copolymers 
without the concomitant formation of a carbon-chain homopolymer. 

The grafted chains of polyacrylic acid and poly-2-methyl-5- 
vinylpyridine were separated from the dextran macromolecule 
by acetolysis and hydrolysis of the latter. The molecular weight 
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of polyacrylic acid separated by acetolysis of dextran was  determined 
by a viscometric test in a 2-N aqueous solution of NaOH. The molec- 
ular weight of poly- 2- methyl- 5-vinylpyridine separated by hydrolysis 
of dextran was determined by a viscometric test in absolute dimethyl- 
formamide as well as with reference to the content of aldehyde groups 
bonded with the grafted chains of residual glucose, or with reference 
to the content of sulfur present in the residual 4-&hydroxyethyl- 
sulfonyl-2- aminoanisole bonded with the separate grafted chains. 
The readings of molecular weights of the grafted chains of poly-2- 
methyl-5-vinylpyridine determined as above proved to be close to 
each other, e.g., M = 3200 and Mw = 3700 during initiation with 

graft copolymerization of Ce", or Mn = 1200 and Mw = 1700 during 
initiation with compounds V5+. 

features of the reaction discussed above are: 

n 

It will be seen from Tables 4 and 5 that the characteristic 

1) High rate of reaction. The reaction takes 30 min at 50'C 
where compounds of pentavalent vanadium are used to initiate 
graft copolymerization and 5 min where tetravalent cerium is 
used. It should be noted that the rate of grafting these monomers 
to cellulose (heterogeneous process) is much slower. 

2) Graft copolymers having relatively short chains are  formed. 
A significant effect on the composition of the components of graft 
copolymers, on the molecular weight of grafted chains, and on the 
solubility of graft copolymers is exercised by the molar ratio 
between the HVOS and amino groups. When the above molar 
weight drops to 1.6 (see Table 4, Expt 5) and 2.0 (see Table 5, 
Expt 14), the molecular weight of grafted chains goes sharply up 
with the products of the reaction becoming partly or wholly insol- 
uble in water. 

In this case the quantity of vanadic acid used in the reaction is 
probably inadequate to break off the growing chains, and the brealung- 
off of the chain may partly occur as  the result of recombination of 
the growing macromolecules. 

Involved in the reaction of graft polymerization with polyacrylic 
acid under the conditions of Expts 2 and 8 (see Table 4) are, respec- 
tively, 47 and 67% of macromolecules of the 2-(3'-amino-4'- 
methoxypheny1)-sulfonylethyl ether of dextran. The polymerization 
coefficient of the ether of dextran under such conditions is, respec- 
tively, 35 and 50% lower. Under the conditions of graft polymeriza- 
tion involving Ce'+, the polymerization coefficient for dextran is 
17% lower. 
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590 ROGOVIN ET AL. 

It will be seen from the available findings that it is feasible to 
regulate within a wide range the lengths of chains of carbon-chain 
polymers grafted onto dextran and to obtain copolymers with shorter 
grafted chains. It can be inferred from this that graft copolymeriza- 
tion is a promising method of modifying dextran and that graft co- 
polymers of dextran can probably be used, in principle, in the 
synthesis of polymeric compounds containing residual low- molecular 
drugs. 

SYNTHESIS  O F  DERIVATIVES O F  DEXTRAN 
CONTAINING RESIDUAL DRUGS 

The properties of polymeric drug compounds will, to a large 
extent, depend on the nature of the bond between the polymer and 
the drug. One interesting study is a comparison of the pharma- 
ceutical properties of polymeric compounds wherein the same 
drug is linked to the carrier polymer by different types of chemical 
bonds. The synthesis of such products has been made possible by 
the existence of the above-described derivatives of dextran contain- 
ing diverse functional groups. 

Typical formulas of reactions whereby drugs are  linked with the 
above dextran derivatives are  given below. The basic products used 
for the synthesis of polymeric drug compounds were dicarboxyldex- 
tran (Formula l), carboxylmethyl (Formulas 2 and 41, sulfopropyl 
(Formula 3), 3-chloro-2-hydroxypropyl ethers of dextran (Formula 
51, and dialdehydedextran (Formulas 6 and 7) [ 24-27]. 

1. dextran-CCOOH + H2N-drug - dextran-OCHzC&H3k-drug 
2. dextran-OCHzCOONa + HCl.HzN-drug - 
3. dextran-0CHzCH2CHzSO3Na + HCImHzN-drug - dextran-OCH2COOHj~-drug + NaCl 

dextran--(CHz),SOSHsN-ddrug + NaCI 

4. dextran-OCHzCOONa + Cl-C--OCzHs - 

- +  

0 n 
li-OCaH5 +NaCI 

dextran-OCHz-C-0- 
ll 
0 0  

dextran-OCH2C-0- -0CzH5 + HzN-drug a 6  
dextran-OCHzC-HN-drug + HO- n 

0 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



D E X "  DERIVATIVES 59 1 

5. dextran-OCHa- H-CHzCl + NHz-drug - 
dextran-OCH 2 - CH- CHz - HN-drug + HCl 

F 
OH 

I 
OH 

6. dextran-CHO + HzN-drug - dextran-C=N-drug + HzO 
7. dextran-CHO + HzN-HN-drug - dextran-C=N-NH-drug + H a 0  

Animal tests have shown that linking with dextran or its derivatives 
provides one of the ways to improve the properties of low-molecular 
drugs, i.e., to prolong and improve the efficacy of drug action, lower 
toxicity, and make the drugs water-soluble [ 25-28]. 

Available findings suggest the tentative assumption that curative 
action is a function of low-molecular drugs whose bond with the 
polymer is gradually hydrolyzed. In order to modify the proper- 
ties of low-molecular drugs, they should be linked to a polymer 
by gradually hydrolyzing covalent bonds. The ionic bond must be 
such as to assure changes in the properties of low-molecular 
drugs containing two ionogenic groups. The reason for the latter 
circumstance is probably the simultaneous linking of a low- 
molecular drug to two ionogenic polymeric groups. 
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