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Biomolecule-polymer conjugates are widely used in medicine Scheme 1. Functional RAFT Agent Synthesis from Precursor 1
and biotechnology; 2 with the biomolecule being either a macro- o}
molecule, such as a nucleic acid sequence, a peptide, or a protein, S S‘& S S‘&H
or a molecular species, such as a sugar, a lipid, or a biotin. Usually, g O—N *B-NHy —— G N—B
the biomolecule-polymer conjugate is designed such that multiple \ 4 )
I\

copies of the biomolecule are randomly bound all along the polymer 3

chain. Another interesting conjugate architecture consists of the HNTN o 2 3a
presence of a single biomolecule located, for instance, at one chain >(O NH2o

end. Such a structure may (i) favor an oriented binding of the ° o) 2 3b
polymer chain onto a specific support exhibiting complementary i o 4;

moieties to the chosen biomolecule; (ii) promote the occurrence of Ty 2 %
various types of recognition events on a single chain, if another ““g”“

kind of biomolecule is bound along the chain; (iii) lead to a great

variety of conjl_,lgates, bearing, for instance, a biomolecule_at ON€interest in the R group were recently synthesized with either a

end and_non-_blo-related compounds along the polymer Cha'n'sucmluorophorel,z carbohydrate& or a natural polymer, such as

as colorimetric or fluorgscent labels. i cotton!* However, in these various examples, the link between that
T.h e usual stra_tegy_t 0 m_trogluce a molecule_ of mtere_st a_ltapolymer molecule and the thiocarbonylthio moiety was an ester, a labile

chain end consists in binding an appropriate derivative of that group imparting a limited stability to the material. In any case, the

molecule 0?:0 g. re(jgctlvg g|:jogp Iocac;[ed at t::e polymgr ch?u‘::é"nd. modification chemistry should preserve the thiocarbonylthio moiety
However, the binding yield depends on the reactivity of the two responsible for the control of the polymerization. For instance,

counterparts and decreases W_'th the Increase in the polymer ChalrEhemistry involving amine groups should be proscribed since they
length. Another sirategy consists in introducing the molecule of rapidly degrade the thiocarbonylthio function by thioamidafion.
interest in a compound which will be used to initiate the polymer 1 o approach we propose relies on the design of RAFT agent
chains. Hence, eagh po_lymer chain will bear one bior_nolgcu!e at precursor,1, bearing an activated ester in the R group (Scheme
thea-end?~? In addition, if a homogeneous chain size distribution 1).16 Succinimidyl ester moieties readily react with nucleophiles
is required, it will be necessary to use a so-called living/controlled ;- a one-step reactiot:hence the amidation reaction bby amino
polymerization process. derivatives,2, should be favored rather than the thioamidation.

In recent years, the field of free-radical polymerization has been Moreover, the resuilting RAFT agef®,would present a more stable
revolutionized by the development of techniques for controlling link comp’ared to esters '

the molecular weight and the architecture of polymer chains. Among This synthetic approach was first assessed with a model
the most versatile approaches, the reversible addifiagmentation compound,N-aminoethylmorpholine2a. A careful optimization

Ehainl ';lr_ansfer (RAF(P polfyn:]erization ils ?arrie? O;tivgh tgtiz)car- of the conditions led to functional RAFT age3a (68% yield after
onylthio compounds (of the general formula-Z(=S)-SR, purification, full characterization in Supporting Information),

knqwn as RAFT. agents), which .rever5|bly react with growing - ithout any degradation of the thiocarbonylthio moiety as long as
radicals via chain transfer reactios! Consequently, chains the 2/1 molar ratio remained lower than 1

un(;:i_ergl;c: suc_cef_swe actlve/dorma;tl cyglttas tha? mllrtnmlze radical h The successful synthesis of the model compound prompted us
raft |ﬁahe_rm|n§ |o.r(; procis_si_s and lead to a|S|mu an((ejguts_bgrtc_Jw to explore the use of amino derivatives of biomolecules, a
ot afl chains. besides exnibiting a harrow mofar mass distribution carbohydrate derivative, 6-amino-6-desoxy-1,2:3,8dsopro-

and a controlled chain length, the obtained polymer chains are _ . L L
characterized b theI rese%ce of the RI andpz yrﬁ{[lmn trlle p_yI|(_jene-6a-p-galactopyrg nqséZb, and a biotin dgrlvatlve,#()-
RAET yh . P d d Vel 9 biotinyl-3,6-dioxaoctanediamin@c. They reacted witd under the
agent-at t_glra_— andw-ends, respectively. same conditions as fa2a (Scheme 1). After purification, pure
Then, the modification of the structure of the RAFT agent, that o -+ agents3b and 3c were isolated (66 and 72% vyield
is, the R and Z groups, appears as a highly powerful means for respectively) and characterized By and 13C NMR, elemental ’

introducing a mglecule of interest at polymer ‘?ha'_” ends. As Fhe z analyses, and mass spectrometry (Figure 1 and Supporting Informa-
group may easily be removed from the chain via hydrolysis or tion)
amln(_)ly3|s, th(t:usmgSon ngéil'ﬁ_ modlf;catt)lons_ Seems Ito ble af To assess the control efficiency of the new functional RAFT
promising strategy. Severa agents bearing a molecule o agents, the polymerization of a biocompatible acrylamide derivative,
t Ecole Normale Sufrieure de Lyon. N-acr_yloylmo_rphollne (NAM), was_performed in the presence of
# Laboratoire de Chimie et Prodes de Polymésation. 3ausing previously optimized conditions for NAMA conversion

2546 = J. AM. CHEM. SOC. 2006, 128, 2546—2547 10.1021/ja057481c CCC: $33.50 © 2006 American Chemical Society



COMMUNICATIONS

s B & o
3 s 9 2 5 17
2 SJ}W/H\/\ 0O 2 NN
4 7 won N owow
1 3 o 13 by b
2 HN
=0

In conclusion, we have developed a new straightforward approach
to prepare functional RAFT agents for applications in various fields.
The use of a precursor RAFT agent bearing a succinimidyl activated
ester group favors the reaction of amino derivatives without any
competitive degradation of the thiocarbonylthio function. The
generated amido link makes these RAFT agents very stable. In
addition to precursof (leading to a secondary fragment radical
during the RAFT process), another precursor leading to a tertiary
fragment radical has been synthesizédsgee Supporting Informa-

s, ¢ ® ¢ ° 2 ! tion).16 This molecule was prepared at the same time by Pan et al.
z©‘/iis - nv"'\o'&/o\/"\,‘wu coch to elaborate dithioester-terminated dendriniéra.wide range of
N ™ monomers may be polymerized with the two RAFT agent precursors

2 8 Nj’f 10 o or with their amido-linked derivatives, giving rise to polymer chains
b) 1 i f carrying a succinimidyl ester or a biomolecule asdhend group.
Py 2 ! B gm ili/ Other amino derivatives, either bio-related (nucleotides, lipids,

{ “ l f J l| H | | l“ || | peptides) or non-bio-related (fluorophores, silanes, polymer chains)

, , , ; , . , . . : may be introduced into RAFT agents according to this very general
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Figure 1. (a)'H NMR (200 MHz) and (b)}*C NMR (50 MHz) spectra of

3cin CDCl; with the corresponding assignments.
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strategy.
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Figure 2. N-Acryloylmorpholine (NAM) polymerization mediated [8a

in dioxane at 90C; [NAM] o = 1.6 motL~%; [NAM] o/[3a]o = 355; [3a]o/

[AIBN]o = 10. (a) Kinetics plots. (b) Evolution of molar masses and

polydispersity indexes (PDI) versus conversion.

Table 1. Theoretical and Experimental Molar Masses Obtained by
Size Exclusion Chromatography (using light scattering detection)
for N-Acryloylmorpholine RAFT Polymerization Mediated by 1 or
3b or 3c in Dioxane at 90 °C; [NAM]o = 1.6 mol-L~%; [NAM]o/
[RAFT Agent]o = 355; [RAFT Agent]o/[AIBN]p = 10

Supporting Information Available: Materials and methods and
characterizations of the different RAFT agents. This material is available
free of charge via the Internet at http://pubs.acs.org.
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