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Thermoresponsive Semitelechelic Polymers
Containing Single Terminal Cysteine Derivatives
Including a Cys-Gly-OH Dipeptide
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Scheme 1. General Reaction for the Chain Transfer
Polymerization in Superheated Methanol Employing Cysteine
Derivatives as Chain Transfer Reagent
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Macromolecules with a single end group attached to the
polymer chain are described as semitelechelic polymers. The
terminal functions are chemically different from the rest of the
polymer and thus have a relatively important influence in short
polymer chains. Semitelechelic polymers have a unique feature
that allows a further functionalization based on their particular
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Table 1.M, and M, of Polymerized N-Isopropylacrylamide with
Derivatives of Cysteine Used as Chain Transfer Reagents

chemical properties, enabling the development of applications  chain transfer Mn My Mw/Mp2  yield

in various fields. The approach with peptide fragments in reagent [g/mol]  [g/mol] PD %] T[°C]
presented research is promising for applications such as cysteine 1762 1849 1.05 74 110
downstream processing in biotechnology or the delivery of L-CyS_(-jn}ethyl ester 1664 1790 1.08 50 100
her i r mol les. guanidyl-Cys 1580 1676 1.06 38 100
therapeutic drug molecules Cys-Gly-OH 1679 1897 1.13 24 100

Chain transfer polymerization with cysteine derivatives
including a cysteine containing dipeptide yielded—241%
polymer—peptide-conjugates linked by a sulfur atom bridge.
The terminal group contains in all examples a cysteine as a (AIBN) in superheated (86120°C) methanol or other solvents.
template structure, being part of a very short peptide type Preliminary experiments showed that cysteine in combination
moiety. The conjugates were formed in particular with cysteine, with N-isoproylacrylamide does not react rapidly by the radical
L-cysteine-methyl ester, guanidylcysteine, and cysteinre mechanism that is already known from other thiols like
glycine. The results are compared with the well-known chain 3-mercaptopropionic acitiThe standard reaction conditions for
transfer reagent 3-mercaptopropionc acid, whose structure isthis kind of polymerizations are reflux/1 atm, producing the
found as backbone in all four chain transfer reagents examined.desired polymers in about 5 h. A faster radical reaction is
MALDI-TOF mass spectroscopy is applied to determine the possible in superheated methahgioviding high yields. In a
exact size of the polymer including the terminal group and to typical procedure 2 mmol of chain transfer reagents was reacted
calculate average molecular mass and the number of chainsWith 50 mmol of monomer in 15 mL of methanol (HPLC grade)
the basis for a polydispersity determinatiom addition to the ~ employing small amounts of AIBN as initiator. The reaction
chemical specificity, a physical property was recorded in form mixtures were rapidly heated in an autoclave to 10Gor 1 h.
of a variable lower critical solution temperature (LCST) of The isolated yields with underivatized cysteine are slightly lower
aqueous polymer mixtures. The standard LCST value for poly- than with mercaptopropionic acid, but with 74% in a productive
(N-isopropylacrylamide) in pure water is 32. The investiga- range (Table 1). With increasing molecular weight of the chain
tions reveal an increase of these temperatures up3® °C transfer reagent the polymer yields decrease, but average chain
depending on the terminal group. The slightly elevated phase lengths remain in a comparable range.
transition temperaturesA( ~ 1—3 °C) depend in a first The best information on the analysis of semitelechelic
approximation on the mass ratio of the end group with the polymers is obtained by high-accuracy mass spectroscopy.
overall average mass of the polymer. MALDI-TOF MS was therefore used for the molecular mass

The use of cysteine as chain transfer reagent is described fordetermination, and th#1, and My, values were derived from
N-acetyl+ -cysteiné in the polymerization of methyl methacry-  the mass spectt#o calculate the polydispersity (Table 1). The
late and styrene and for cystetaf acrylamide. The combina-  polydispersity of isolated conjugates of 1-61.013 is as low
tion of cysteine derivatives with thermoresponsive or smart as expected for chain transfer polymers with mercaptarise
polymers into polyll-isopropylacrylamide) is not described. In ~ precision of the measurements may also depend on the chain
addition, the use of a peptide as chain transfer reagent like Cys-length, which increases if the size is relatively low, as lower
Gly-OH offers an interesting method for protein immobilization masses are more easily extracted from the matrix by the laser
in general. beam. We found that deamidation is sometimes possible and

The tests started with unprotected cysteine, subsequentlyexplained it either that it happens during the polymerization or
employing derivatives such as the proteaterysteine-methyl with the fact that the laser beam adjustment to an optimal
ester, guanidytcysteine, and the dipetide cysteinglycine— threshold is not always possible, as it depends on the size of
OH (Scheme 1). The polymerization is possible as cysteine the analyte and the kind of matrix. The phase transition
contains a thiol function as side chain, which can be transformed temperature (LCST) largely depends on the monomer structure
into a thio radical by thermolysis of 2;2zobis(isobutyronitrile) ~ and the interaction with solvent molecules (). The phase
transfer phenomenon has been described for compounds such
as poly(alkyl ether)phosphazenepply(N-vinylcaprolactam),
and poly(N-vinylpyrrolidone} as well as a number of other

a Mw/M, describes a low polydispersity (PD).
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Figure 2. Clouding temperatures of cysteine derivatives. 3-Mercap-
topropionic acid is a backbone structure found in all five chain transfer
reagents. Th&-axis describes mass percent of the terminal gidup/
TheY-axis shows the variation of the lower critical solution temperature.
M is the monomer N-isopropylacrylamide), and the indices specify
how many times on average it is part of the polymer chain.
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Figure 1. MALDI-TOF MS of semitelechelic poly{-isopropylacryl-
amide)s: (A)L-cysteinr-methyl ester and (B) guanidykysteine as
terminal functions.

chain. This analysis shows that if the mass percentage ef 4.4
10.6% of the terminal group increases, also the LCST temper-
structures. The LCST withN-isopropylacrylamide only works  ature is rising (Figure 2).

in H20O, including O, which induces just slightly different

physical properties. No other pure solvent is known to cause Acknowledgment. We thank the University of Applied
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EtOH, and tensio-active compounds have a pronounced influ-  Supporting Information Available: A description of a typical
ence on the clouding point, depending on the concentration. In MALDI-TOF MS sample preparatiortH NMR of PNIPAM, and
addition, chirality influences the LCST as described for poly- other information. This material is available free of charge via the
N-(9-secbutylacrylamideeo-N-isoproylacrylamidé? Equally Internet at http://pubs.acs.org.
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