
Macromol. Symp. 2010, 296, 80–91 DOI: 10.1002/masy.20105101380
1 In

Pr

Fa
2 Bi

R

M
3 Po

St

co

Cop
Graft and RAFT Reactive Macro Reagents:

Bis-[copoly-(divinyl ether-alt-maleic anhydride)]-

trithiocarbonate
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Summary: The alternating cyclocopolymer of maleic anhydride with divinyl ether

(MADVE) hydrolyzate, as mimicker of furan related and anionic residues alternation in

nucleic acids (NA) backbone, is immune stimulating agonist and competitive

antagonist for viral genome NA interventions. The targeted pre-modification of

MADVE by antiviral vectors via grafting to the MA anhydride residues before

hydrolysis led to more potent and promising antiviral inhibitors. To develop the

MADVE capacity for novel modifications we applied the reversible addition –

fragmentation chain transfer (RAFT) technique using dibenzyl trithiocarbonate as

a RAFT agent. The insertion of trithiocarbonate unit in polymeric chain provided a

pseudo living RAFT-polymerization, resulting in: 1) the effective control of polymeri-

zation degree (increased with time and conversion), and 2) the narrow dispersive

(PDI¼ 1.1–1.2) products MADVE-S-CS-S-MADVE yield. These products can be used as

novel polymeric RAFT-agents for synthesis of new block-copolymers MADVE-(block)-

CS3-(block)-MADVE, for instance with polystyrene blocks. Combined together the

RAFT- and graft- reactivity allows both modify the polymer backbone (RAFT-synthesis)

and regulate the side groups or branches (grafted to MADVE moieties) with final

hydrolysis of unused anhydride units to acidic polyelectrolyte derivatives. This plural

reactive capacity of the obtained macro reagents essentially enhances their potential

as platform for purposed synthesis of novel (bio-) functional polymeric compounds.
Keywords: antiviral; bis-[copoly-(divinyl ether-alt-maleic anhydride)]-trithiocarbonate;
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Copolymer of Maleic Anhydride
with Divinyl Ether: Structure and
Biomedical Applicability

The radical copolymerization of maleic

anhydride (MA) with divinyl ether
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Butler[1,2] who interpreted it as the mono-

mers charge-transfer complex mediated

alternating cyclocopolymerization yielded

the product IP (X¼ 1), Figure 1.

The assumption that this process yielded

the six-membered, pyran, rings (structure

Ip and derived from it IIp) led to the fact,

that initially these products have been

widely known as so called ‘‘Pyran Copoly-

mer’’ (‘‘Pyran’’). However this concept of

the copolymer structure was revised later

in new interpretation for the furan-related

products (IF/IIF, X! 0)[3–7]. Particularly a

NMR study resulted in conclusion that

exactly the ‘‘furan kind’’ structure is

dominant (X< 0.1) modification with the

exception probably of special conditions of
, Weinheim wileyonlinelibrary.com



Figure 1.

Scheme of the MA and DVE radical copolymerization and the copolymer hydrolysis.
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CS2 usage as solvent for the copolymeriza-

tion [5]. The five- (but not six-) membered

ring structure was evidently identified also

from NMR and FTIR spectral data analysis

of the copolymer samples obtained in

chloroform and acetone,[7] as well as from

analogous analysis of samples synthesized

by our research group.[8,9] Therefore the

‘‘furan kind’’ structure IF (X! 0) is

dominant product of the MA and DVE

radical copolymerization.

A subsequent hydrolysis of IF results in

the water soluble polyelectrolyte IIF

(MADVE-COOH) acidic chain of which

can be considered as a macromolecular

mimicry for nucleic acids (NA) backbone

alteration of furan-derived and acidic units

(without imitation of genome coding

nucleotide side groups of NA).[8,10] This

mimicry allows predict a capacity of the

synthetic polymer IIF to be agonist artifi-

cially inducing bio-reactions naturally

induced by NA, and/or to be competitive

antagonist for NA in macromolecular

interactions. But in contrast with geneti-

cally aggressive NA of viral genomes the

copolymer IIF free from any genetic

information is safe for cells. From our

point of view this mimicry conception and

the agonist/antagonist interference explains

the widely represented in literature experi-

mental facts of the MADVE-COOH

immune adjuvant [3,11–13] and related anti-

viral,[3,8,10–12,14] antitumor,[3,16–19] and other

bioactivities,[3,21–23] similar to analogous

reactions induced by viral or synthetic

NA-based immunomodulators.[3,24] These

facts early covered by reference to ‘‘Pyran

copolymer’’ can be interpreted now in
Copyright � 2010 WILEY-VCH Verlag GmbH & Co. KGaA
frame of the ‘‘furan-kind’’ structure IIF of

MADVE-COOH. In any case the

MADVE-COOH is polymeric product

highly valuable for a biomedical applica-

tion. Particularly the bio- modulating

properties of MADVE-COOH and of

structure-related copolymers have been

included in focus of our research interest

resulted in artificial polymers generation

promising for antitumor and antiviral

protection, for example, to block the eastern

equine encephalomyelitis-, tick-born encepha-

litis-, rabies-, Crimean hemorrhagic fever-,

meningoencephalomyelitis and other viral

infections.[8,25] However this action was

targeted to viruses not directly, but via

immune mediation (in part, through ago-

nistic interferon induction). The antiviral

effects were observed most evidently

in vivo without significant manifestation

in vitro. Recently we initiate a novel

strategy to transform this polymeric plat-

form toward bi-level active generations,

acting both in vivo and in vitro.[8,10,26,27] The

direct targeting toward viral nano-objects

has been achieved through the purposed

MADVE side groups (Z) step-by-step

graft-modulation (Figure 2).

Where the -Zi are regulated combina-

tions of ‘‘antiviral vectors (pharmaco-

phors)’’ specially designed and synthesized

in form of graft-suitable mono-amino-/oxy-

reagents (HZi), which as a rule were

ineffective in small molecular state, but

provided a cooperative potentiation of the

antiviral effects on the macromolecular

integrated level.[8] In frame of this strategy

the novel hybrid-macromolecular genera-

tions for the combined antiviral protection
, Weinheim www.ms-journal.de



Figure 2.

Scheme of the MADVE combinatorial (step-by-step) graft-modulation by variable combinations of virus-

sensitive side-groups (Z1, Z2, Z3 . . .), and final hydrolysis of the unused anhydride units (Z residual¼OH).
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have been created,[8,10,26–43] patented [44,45]

and advanced in potent antivirals, including

agents effectively inhibiting both human

immunodeficiency virus (HIV) and human

cytomegalovirus infections (the factor and

co-factor of AIDS).[46–49] So the purposed

graft-conversion of MADVE leads to new

products very promising for at least bio-

medical aims. But a successful advance-

ment of the MADVE derivates was limited

by problem of the polymerization degree

precise regulation, and too wide polydis-

persity. Another limitation was only graft-

allowed capacity to the bio-targeted mod-

ifications without any ability to modulate

the main polymeric chain construction for

novel block-, or gradient- type macromo-

lecules. To overcome these problems we

undertook efforts to modulate the MA and

DVE radical copolymerization process

using the RAFT technique.
RAFT-Controlled Copolymerization

A required graft-ability of MADVE is

provided by the anhydride function of MA

units. In view of the strong reactivity of MA

itself and of MA residues in polymeric

chain a RAFT-modulation of the MA

copolymerization without (partial) loss of

the anhydride function could be seemed as

a not altogether trivial task. And at the

present day efforts to solute this task are

known as only isolated cases, for example,

for MA – styrene,[50–53] or MA – N-

vinylpyrrolidone [54,55] copolymers. For

the MA and DVE copolymerization this

approach was developed by our group. In

this article we describe a MADVE mod-
Copyright � 2010 WILEY-VCH Verlag GmbH & Co. KGaA
ulation for RAFT-reactivity located at a

central position of the polymeric chain. For

this task the dibenzyl trithiocarbonate

(BTC), as a RAFT-agent, was applied in

intention for the bis-[copoly-(maleic anhy-

dride–alt–divinyl ether)]-trithiocarbonate

macro reagents (MADVE-CS3-MADVE)

synthesis in accordance with the scheme,

represented on Figure 3.

Experimental Conditions for

Polymerization

The polymerization was carried out (see

Table 1) under the temperature range from

60 to 80 8C in solutions of dry acetic

anhydride, cyclohexanone or methyl ethyl

ketone (MEK). The first solvent was

selected as a most suitable to prevent a

side reaction of hydrolysis of the anhydride

units, whereas second solvent provided best

homogeneity of the reaction media. The

typical example of the reaction mixture

included the following initial concentra-

tions (mol/L): [MA]0¼ 2.0, [DVE]0¼ 1.0,

[BTC]0¼ 0.03, and [Initiator]0¼ 0.003

(main line of experiment) or [BTC]0¼ 0

(blank experiment). As a comparative

control the analogous reaction mixtures

at presence of the dibenzyl dithiobenzoate

(BTB) instead of BTC were tested too. For

the radical initiation the 2,2-azo-bis-isobu-

tyronitrile (AIBN) has been applied. The

reaction mixtures were degassed by four

freeze-vacuum-thaw cycles, sealed in

ampoules in vacuum, and thermostated at

the desired temperature for the required

time (from 2 to 80 hours). The yielded

polymeric products were separated by

precipitation in dry diethyl ether, purified

via extraction of non-polymeric species in
, Weinheim www.ms-journal.de



Figure 3.

Scheme of the MA and DVE alternating radical cyclocopolymerization controlled via RAFT-mechanism mediated

by BTC (-Y¼ -CH2-Ph).
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the boiling dry ether (or benzene), and

dried in vacuum to constant weigh. To

prevent a hydrolysis of the MA-derived

anhydride units all operations from the

reagents and reaction mixture preparation

till the polymer products purification and

keeping were carried out under a dry inert

atmosphere or in vacuum.

Polymerization Rate and Yield

In comparison with a common radical

copolymerization of MA and DVE (blank

line of experiment) the addition of the BTC

in the reaction media did not decreased the

reaction rate in contrast with an essential
Copyright � 2010 WILEY-VCH Verlag GmbH & Co. KGaA
retardation observed if the BTB have been

added (Figure 4).

Unlike the BTB-controlled MA and

DVE copolymerization the BTC usage

resulted in high yields of polymeric product

under the mild conditions (at 60 8C).

All solvents, both acetic anhydride and

cyclohexanone or MEK, supported the

good yields of the copolymer. But although

the acetic anhydride was probably more

suitable for prevention of hydrolytic side

reaction, this solvent, as well as MEK, did

not provided an expected homogeneity of

the reaction media after conversions more

than 30–40%. So the cyclohexanone (sup-
, Weinheim www.ms-journal.de



Table 1.
Experimental conditions for the copolymerization and yields of copolymer.

Initial concentrations (mol/L) Solvent Temperature (8C) Time intervals (h) Yields (%)

MA DVE AIBN BTC BTB

Main experimental line (BTC-control)
2.0 1.0 0.003 0.03 0 Ac2O 608 2, 5, 10, 20, 40 8.1–82.0

MEK 608 5, 10, 20 31.1–90.4
Cyclo-hexanon 608 2, 5, 10, 20, 40 15.1–84.9

708 5 67.5
808 2 59.8

Comparative line (BTB-control)
2.0 1.0 0.003 0 0.03 Ac2O 608 2, 10, 20, 40, 60 0.0–4.4

Cyclo-hexanon 608 2, 5, 10, 20, 40 0.0–7.4
708 5, 10 2.6–3.6
808 2, 5, 10 1.5–8.6

Blank line (no RAFT agent)
2.0 1.0 0.003 0 0 Ac2O 608 2, 10, 20, 40, 60 2.9–28.8

MEK 608 5 22.7
Cycl8-hexan8n 608 2, 5, 10, 20, 40 2.3–86.5

708 5, 10, 20 47.9–76.5
808 5 52.0
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porting homogeneity) could be selected as a

preferable solvent.

Polymer Products Characterization

The products were characterized by the

element analysis (C, H, N, S), FTIR-,

NMR-, UV-visible- spectroscopy, viscosi-

metry, and GPC.

Similarly to samples of MADVE synthe-

sized without RAFT-agents (blank experi-

mental line) the BTC-controlled polymeric

products element analysis closely corre-

sponded to the molar ratio of monomer

residues in copolymer MA:DVE¼ 2:1, but
Figure 4.

Dependence of monomers conversion (polymer yield) o
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with correction to a presence of S atoms.

Just the S content was a first confirmation of

the trithiocarbonate incorporation in the

copolymer macromolecules MADVE-CS3-

MADVE. And this parameter was used to

calculating the polymerization degree (Pn)

as well.

An independent direct evidence of the

trithiocarbonate (from BTC) and dithio-

benzoate (from BTB) groups insertion in

the polymeric molecules MADVE-CS3-

MADVE and MADVE-CS2Ph followed

also from the UV-visible spectra: the

thiocarbonyl characteristic absorbance at
n polymerization time at 600C.

, Weinheim www.ms-journal.de
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430 and 495 nm were recorded correspon-

dently (and were used for calculation of

polymerization degree too).

Another evidence for the benzyl resi-

dues of BTC inclusion into the copolymer

has been obtained from 1H NMR spectra

(Figure 5), where the polymer-linked

benzyl residues were clearly detected

within the 7.2-7.3 ppm region (protons at

aromatic cycle). A quantitative analysis of

the 1H NMR signals of BTC-, MA- and

DVE-residues protons was used for calcu-

lation of the Pn independently from the

element (S) and UV-visible analysis data.

The observed decrease of the Ph peaks

intensity with the reaction time (Figure 5)

correspondents to reducing the BTC-

derived residues molar content in the

copolymer. This indicates to enhancement

of polymerization degree with the time.

The IR spectra (Figure 6) cannot be used

correctly to a quantitative estimation of the

residues of BTC insertion because of too

weak absorbance of the BTC groups against

the strong absorbance of dominant MA

(and DVE) derived groups. But the IR data

were completely responded to the main

structural component of the MADVE,
Figure 5.

Typical 1H NMR spectra of the MADVE-CS3-MADVE sampl

Copyright � 2010 WILEY-VCH Verlag GmbH & Co. KGaA
particularly to a presence of the MA

residues anhydride groups required for

keeping a graft-reactivity.

Totally the analysis of the polymeric

products yielded from the radical copoly-

merization of MA and DVE at the presence

of BTC led to conclusion that the BTC does

not affect alternating structure of main

polymeric chain (it is the MADVE like

chain), but really modulate the macromo-

lecules by the BTC residues insertion

accordantly the formula MADVE-CS3-

MADVE, expected from the RAFT-con-

trolled mechanism (Figure 3).

RAFT Control of Polymerization Degree

and Pseudo-living Chain Growth

The number-average values of the Pn of

polymeric products MADVE-CS3-

MADVE were calculated from data of

element (S) analysis, 1H NMR, and UV-

visible spectra, resulting in comparable

values, Figure 7. As it seen from the

Figure 7, a linear dependence of polymer-

ization degree on conversion was observed

in all used solvents (acetic acid, MEK, and

cyclohexanone). Simultaneously an analo-

gical tendency of characteristic viscosity
es in comparison with the MADVE (blank line sample).

, Weinheim www.ms-journal.de



Figure 6.

FTIR spectra of the obtained MADVE-CS3-MADVE samples (main experimental line of BTC-control) in comparison

with the spectra of the BTC itself, MADVE-CS2Ph (comparable line, BTB-control), and MADVE (blank experiment

without any RAFT-control).
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increasing with the time of reaction / with

conversion was revealed too.

The observed linear relation Pn¼
f(conversion), and value of the chain
Figure 7.

Dependence of polymerization degree (Pn¼ 2m) on

conversion (main experimental line, 600C). The Pn
values were calculated from the element analysis

(S), 1H NMR (NMR) and UV-Vis (UV) spectral data.

The theoretical predicted line was calculated from

relation: Pn¼ q[M]0 [BTC]�1
0 , where: q is conversion,

[M]o¼ 1 mol/L - initial concentration of monomers

reduced to the comonomers unit composition

(MA2DVE), and [BTC]0¼ 0.03 mol/L – initial concen-

tration of BTC.

Copyright � 2010 WILEY-VCH Verlag GmbH & Co. KGaA
transfer coefficient (Ctr> 40, estimated

from equation Ctr � d{ln[BTC]}/d{ln[M]}

at minimal experimental conversion) cor-

roborated the assumption that BTC is

enough efficient RAFT agent for copoly-

merization of MA and DVE. In all tested

solvents it provided the pseudo living

elongation of the polymeric chain, where

the grade of polymerization was regulated

by conversion (0< q< 1) in frame of the

equation Pn¼ q[M]0 [BTC]�1
0 (Figure 7).

Due to a living character of the MADVE-

CS3-MADVE, as a RAFT-active product,

the correspondent one-step achieved max-

imum (Pn)max¼ [M]0[BTC]�1
0 can be

enhanced via next-step(s) copolymeriza-

tion in same reaction media with new

portions of MA and DVE monomers (that

has been tested experimentally).

The conclusion about the living mode of

the studied copolymerization conforms also

to GPC estimation of polydispersity of the

copolymer samples (the GPC was recorded

for the hydrolyzed polymers semi-Na salts in

0.1 M NaNO3 aqua solution on Ultrahydrogel
, Weinheim www.ms-journal.de
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1000 column, Waters). Whereas the blank

experiment MADVE samples had rela-

tively wide polydispersity (Mw/Mn> 1.4-

1.6), the MADVE-CS3-MADVE samples

obtained at the BTC presence possessed

narrow dispersity (Mw/Mn � 1.1-1.2),

typical exactly for the RAFT-controlled

pseudo living radical polymerization pro-

ducts.
RAFT Reactivity Tested by the
Block-Copolymerization with
Styrene

To evaluate if the newly synthesized

MADVE-CS3-MADVE is an effective

macro reagent, suitable for living copoly-

merization with other monomers, as a new

polymeric RAFT-agent, the test-experi-

ment was performed with styrene. A

scheme of the block-copolymerization

and subsequent graft-modulation of the

MADVE blocks is shown on Figure 8.

Typical experimental conditions for the

test-reaction were following: a sample of

the pre-synthesized and purified MADVE-
Figure 8.

Scheme of the RAFT-block-copolymerization of MADVE-C

(-PSt-) growth at center of the polymeric chain. The ob

retain the applicability to subsequent graft-modulation

Copyright � 2010 WILEY-VCH Verlag GmbH & Co. KGaA
CS3-MADVE was dissolved in dry cyclo-

hexanone to concentration of 0.03 mol/L

with simultaneous addition of styrene

(3.0 mol/L) and AIBN (0.003 mol/L). After

degassing the reaction mixture was sealed

in ampoule, kept 72 hour at 80 8C resulting

in homogenous solution from which the

yielded polymeric product was separated

by precipitation in dry diethyl ether,

purified by non-polymeric species extrac-

tion in boiling ether, and dried in vacuum at

60 8C to constant weigh. Under this condi-

tions one-step reaction resulted in 35%

conversion of styrene. At the similar

conditions, but without the MADVE-CS3-

MADVE, the styrene homopolymerization

has been carried out too (blank experi-

ment).

The block-copolymer products were

verified for absence of separable polystyrene

fractions by test-solutions in the different

solvents. Unlike the homopolymer of

styrene, the obtained block-copolymers

were fully insoluble in benzene or in toluene

(no detectable amount of a polystyrene

fraction has been separated by extraction

in these solvents). But the all block-
S3-MADVE with styrene resulting in polystyrene block

tained block copolymers MADVE-PSt-CS3-PSt-MADVE

within the MADVE moieties.

, Weinheim www.ms-journal.de
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copolymers (like the MADVE-CS3-

MADVE, MADVE, and polystyrene) were

wholly soluble in cyclohexanon, dimethyl

sulfoxide, and dimethyl formamide.

The products were characterized by

element analysis (C, H, N, S), FTIR-,

NMR- and UV-Vis spectroscopy. In com-

parison with starting MADVE-CS3-

MADVE macro reagents the obtained

polymers were identified as the MADVE-

PSt-CS3-PSt-MADVE block-copolymers

(Figure 8). The polystyrene (PSt) block

insertion corresponded to all the analysis

data. Particularly in IR spectra the aromatic

rings of the PSt were identified by char-

acteristic peaks (cm�1): within 3000-3100

(triplet, stretching vibrations), 700 and 756

(deformation vibrations), 1605 and 1497

(skeletal vibrations). And most evidently

the PSt blocks incorporation was registered

from the 1H NMR spectra, Figure 9.

The potent increase of peaks intensity in

region of 6.5-7.4 ppm (phenyl protons),

typical for PSt moieties, clearly indicated

the PSt blocks presents. The integral
Figure 9.
1H NMR spectra of MADVE-CS3-MADVE and of it’s block-

The spectras were recordered in acetone-D6 solution.
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intensity of these peaks with correction to

weakly intensive signal of chain terminated

Ph residues from BTC and in relation with

clearly defined peaks of MA/DVE residues

(1, 3, 4, Figure 9) were applied for

computing the ratio (m: b) of the MADVE

and PSt blocks length in the macromole-

cules. The known polymerization degree

(2m) of the starting macro reagent

MADVE-CS3-MADVE allowed calculate

the absolute value of same parameter (2b)

for the PSt block in MADVE-PSt-CS3-PSt-

MADVE too.
Hydrolytic and Graft-Allowed
Conversion Toward Biocompatible
and Potentially Bioactive
Modifications

The polyanhydride (MADVE) moieties of

the obtained MADVE-CS3-MADVE and

of their block-copolymers MADVE-PSt-

CS3-PSt-MADVE are easily convertible to

carboxyacidic polyelectrolyte derivates by
copolymer with styrene - MADVE-PSt-CS3-PSt-MADVE.

, Weinheim www.ms-journal.de
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simple hydrolysis (Figure 8, -Z¼ -OH), or

to more biocompatible poly-salts via an

alkaline hydrolysis (-Z¼ -ONa/K/Li).

Whereas the MADVE-CS3-MADVE

hydrolyzates become well soluble in aqua

(physiological) media, the block-copoly-

mers with styrene possessed more limited

solubility, restricted by the hydrophobic

PSt block. Thus the MADVE-PSt-CS3-PSt-

MADVE sample with a comparable length

of the both type of blocks, 2m¼ 2b¼ 17

�2, converted to polyacidic form (Figure 8,

�Z¼OH), was practically insoluble in aqua

media. But its alkali metal salts derivatives

(�Z¼-OM, M¼H!Na/K) become cap-

able to penetrate in aqua media in colloid-

like state forming strongly opalescent

solutions. Recently the more suitable

block-copolymers with shorter chains

of the PSt blocks were synthesized too.

Therefore the hydrolytic conversion of

anhydride groups can be used to obtain

the block-structured amphiphilic macro-

molecules compatible with aqua media

and possessing potency to supramolecular

self-organization (pre-recorded by viscosi-

metry). Early a prototype behavior was

reported, for example, for the RAFT-

synthesized block-copolymers of maleic

acid and styrene, that self-assembling to

nano-particles.[56]

From other hand the graft-reactivity of

the anhydride groups permits to convert the

MADVE-CS3-MADVE reagents and their

block-copolymer derivatives not only via

simplest hydrolysis, but through more

complex step-by-step graft-modulation.

Similarly to that of MADVE prototype

modulations (see first part of the article) it

can leads to strongly bioactive products.

Particularly, now we exploring this possi-

bility in focus of grafting the special amino

reagents (-Z¼ -NH-AV) to required por-

tion of the anhydride units within the

MADVE moieties on the preliminary

step(s) with the full hydrolysis of the

residual anhydride units on the next (final)

step. The applied –AV, side groups or

branches covalently (amide-kind) grafted

to the polymers, were predesigned and

synthesized as ‘‘antiviral vectors’’. Now we
Copyright � 2010 WILEY-VCH Verlag GmbH & Co. KGaA
deal with the –AV on base of sulfoacidic

mimickers of active centers from the viruses

used heparan sulfate and HIV-sensitive

chemokine receptors of human cells. Syn-

thetic polypeptide fragments from HIV-1

proteins are evaluated too.

In view of the RAFT-allowed capacity to

synthesis of self-assembling amphiphilic

block-copolymers, the self-assembly could

be very interesting novel aspect for an

amplification, at least, a virus inhibiting

activity due to targeting interfere with viral

life cycle processes based on naturally

occurred self-assembly of viral biopoly-

meric components.[27] The correspondent

possibilities now are under development.
Conclusion

The alternating radical cyclocopolymeriza-

tion of maleic anhydride with divinyl ether

was restudied under conditions of RAFT-

controlled pseudo living synthesis using

the dibenzyl trithiocarbonate as a RAFT

agent. The obtained narrow dispersive bis-

[copoly-(divinyl ether-alt-maleic anhy-

dride)]-trithiocarbonate products with con-

trolled grade of polymerization can be

qualified as the novel poly-functional

graft-co-RAFT-active macro reagents.

The inserted in middle of polymeric chain

trithiocarbonate group has been shown to

be efficient reactive center of pseudo living

RAFT reactivity, applicable for subsequent

block-copolymer synthesis with other

monomers (styrene, e. g.). Simultaneously

the maleic anhydride residues along the

chain provide the graft-reactivity, suitable

for grafting broad spectrum of side groups

(or branches), including conversions to

biocompatible and bio-selective derivatives.

As a result, the obtained polymeric tem-

plates can be applied as a productive plat-

form to advanced structure-function design

and synthesis toward new bioactive and self

assembling macromolecular systems.
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