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The synthesis and characterizatiorfegpeptides, oligomers of
fB-amino acids, have received considerable interest in recent year

due to the ability of these peptides to resist proteases and mlmlcFe(N(TMS»S

o-peptides and to potential as biomedical matefiztidVe have
been interested in polymers gfamino acids as analogues of
poly(o-peptidesf. Poly(3-peptides) have been prepared via
condensation of short peptides,polymerization of3-amino acid-
N-carboxyanhydride31%1? and polymerization gf-lactamst3-17
However, the ring-opening gi-lactams has been the only method
shown to yield high-molecular weight polyméfsl’ These
polymerization reactions are not optimized, in that chain length
is difficult to control and side reactions such as imide formation,

racemization of chiral centers, and branching lead to heteroge-

neous products and low yield&!” We now report the discovery
that certain metatamido complexes can initiate the living
polymerization of-lactams to give poly§-peptides) and block
copoly(3-peptides) with controllable chain lengths and narrow
molecular weight distributions.
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Table 1. Polymerization ofl Using Transition Metal Initiators

initiator solvent [MJ/[I]2 [M]® time (h) vyield (%}
sodium 2-pyrrolidone CKCI, 100  0.02 0.1 64
DepeNiAAd CHCl, 100 0.02 24 99
DepeNiAA DMF 100 0.02 24 0
DepeNiAA THF 100 0.02 24 47
Co(N(TMS)), CH.Cl, 50 0.02 24 98
Mg(N(TMS),). CHCl, 100 0.02 0.2 100
BDIMgN(TMS)# CHCl, 100 0.02 0.3 100
Sc(N(TMS)); (2) CHCl, 100 0.02 12 98
Cu(N(TMS)), CHCl, 100 0.01 12 99
N(N(TMS),), CH.Cl, 100 0.1 72 65
DIZnN(TMS)® CHCl, 100 0.1 72 24
CH.CI, 100 0.02 24 87

Cr(N(TMS),); CHCl, 100 0.02 48 8
Cp.TiCINMe, CH.Cl, 25 0.02 48 0

a[M]/[I] = [1)/[initiator]. ®[M] = initial concentration ofl. ¢ Total
isolated yield of polyq). ¢ DepeNiAA (1,2-bis(diethylphosphino)-

ethane)N|(NHCH(CH(CI392)C(O)NC(CH;)3) eBDI = 2-((2,6-diiso
propylphenyl)amino)-4-((2,6-diisopropylphenyl)imino)-2-pentene.

The polymerization of-lactams was first reported by Bestigh,
who prepared poly-peptides) from racemic monomers bearing
small alkyl side chains. Functional side chains, similar to those
of natural amino acids, are more desirable since they can impart
biological activity to-peptides. In this area, Moz-Guerra and
co-workers have studied pobtalkyl-3-aspartatesy, utilizing the
anionic polymerization of readily availabtelactams of -aspartic
acid (eq 1). Under certain conditions, racemization and the

O, (>= BnOvO o
Bn0>“““ N ° EI\;=0 \(‘ﬁ/\)L)T @
1 Poly(1)

formation of imide linkages could be minimized; however chain
lengths could not be controlled, and monomer conversions were
seldom greater than 80%The best reported control jftlactam
polymerizations was obtained byelenda and Hashimoto who
prepared narrow molecular weight distribution, low-molecular
weight poly(3-peptides) anionically usiniy-acyl lactam activa-
tors1®17In addition to requiringx,a-dialkyl substituted monomers,
these were not living polymerizations since proton transfer from
backbone amide groups was found to deactivate the growing
chains!’

On the basis of our success using amido-containing metalla-
cycles as initiators for poly(-peptide) synthesi® we explored
the use of metatamido complexes to contrgtlactam polymer-
izations. The readily availablg-lactam of a-benzyli-aspartic
acid (1)'°was chosen to evaluate different initiators. We screened
a number of metatamido complexes and sodium pyrrolidone
for their ability to initiate and control polymerization &f(Table
1). From these studies, it appeared that most complexes were
efficient initiators, although polymerization activity varied widely.
Complexes of Ni, Co, Cu, Fe, Sc, and Mg were promising as
they gave near quantitative yields of polymer with no detectable
imide content or racemization, as seen in anionic polymeriza-
tions!*17The most important parameter for identifying a suitable
initiator was control over polymer chain lengthWhile some
metal complexes (e.g., those of Mg) were extremely active, they
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Table 2. Synthesis of Poly§-peptides) and Block 120
Copoly(3-peptides) Usin@ at 20°C
diblock copolymer
f|rs_t segm?nt_ second  yiel 90
solvent 42 Mp°®  Mw/M,® monomet My® My/M,¢ (%)
CHLCl, 10 19820 1.19 - - - 97 M, B
CHCl, 25 25910 119 - - - 98 x 10 % T
CHCl, 50 49980 1.23 - - - 96
CHCl, 75 62870 1.07 - - - 95
CHCl, 150 100500 1.21 - - - 94 30 L A
THF 25 49580 1.15 - - - 99
THF 75 96470 1.07 - - - 97
CHCl, 50 49980 1.23 g 54790 1.26 95
CHCl, 25 32000 1.07 5@ 70550 1.09 94 0 ‘ : —
CH.Cl, 20 20010 1.20 5@ 72590 1.09 93 0 25 50 73 100
CHCl, 50 49980 1.23 16 61220 1.25 95 Conversion (%)
aEquivalents of monomer per initiator added to prepare the first Figure 1. Molecular weight of poly) versus monomer conversion.
and second polymer segmerftdolecular weight (g/mol) and poly- _qu_ymerlzatlon was carried out at 2G in CHCl, using initiator2 W|t_h
dispersity index after polymerization of the first mononfevlolecular initial [4] = 0.02 M and #]/[2] = 150.A = theoretical molecular weight
weight (g/mol) and polydispersity index after polymerization of the calculated from monomer conversidd.= molecular weight of polyf)
second monomef. Total isolated yields of poly) and block copolyg- determined by GPC/LS in 0.1 M LiBr in DMF at 6@ (dn/dc?> = 0.105
peptides). mL/g).

also gave molecular weights, estimated by viscosity measure- | jqinq initi )

' . sing initiator 2, we were able to prepare the first examples
ments?* that were far greater than predicted by theory. These ¢ 40 3nd triblock copolyg-peptides) (Table 2¢ LS-GPC
results indicated that only a fraction of the metal complexes were chromatograms of the initial segments and complete block copoly-
active during polymenzgtlon. Better results were obtalined W|th (5-peptides) were all unimodal with narrow MWD, indicating no
Sc(N(TMS))s (2) as qh;a_ln Iengths were _Iovx_/er, _correlatlng with deactivation of growing chain ends between monomer additions.
the low monomer-to-initiator ratios, and indicating that a greater No homopolymer contaminants could be detected by selective
portion of the scandium centers were acfive. : 4

: : . solvent extractions, and NMR measurements confirmed the
To obtain accurate molecular weight data, we synthesized expected comonomer compositions and lack of chain branéhing.
monomers that would give poj{peptide)s with greater solubility Using 2, we were also able to synthesize a triblock copolymer

than poly(). Transesterification oi?3 with tri- and tetraethyl- h .
poly(4)4s-b-poly(1)10-b-poly(4)ss, which gave a unimodal GPC
eneglycol monomethyl ethers gave monom@rand 4 (eq 2). peak withM,? = 58 350 g/mol andvi,/M,? = 1.17, indicating

that sequences of greater complexity can be prepgared.

0 0
ROH . o . . . .
>"“”(>:0 -%@r >\"'<>=O + BnOH (@ With the ability to readily transesterify, a variety of different
BnO N ‘ RO N side-chain functionalized polgfaspartates) can be prepared to
1 3 R=-(CH,CH,0),CH, modify polymer properties (eq 2, Table 2). For example, block

copolymerization of4 with 5 gave surfactant-like hydrophilic-
b-hydrophobic materials. These copolymers should also display
interesting properties arising from their ability to adopt secondary
structures. Using CD spectroscopy, Pdjyyas found to adopt

an ordered conformation inJ®,22 similar to the 13-helix found

for poly(1)** and the 3-helix of short3-peptide sequencéd.ike

4 R=-(CH,CH,0),CH,
5 R=-CH,CH(CH,),

The polymer of4 was found to be soluble in many solvents
including HO and DMF such that molecular weight data could

be obtained using tandem LS-GPPolymerization of4 with fide ol th block | be thought of
the initiator 2 at different monomer-to-initiator ratios and at B-peptide oligomers, these block copolymers can be thought o
as mimics of theiro-peptide analogues with the benefit of

different extents of reaction gave the data in Table 2 and Figure ; e ; ; . h .

1. Poly(3-peptide)s were obtained with narrow molecular weight 'T‘C“?as‘*d Stab'"_ty. against enzymatic degraglatlpn. Thus, identi-

distributions (MWD), and chain lengths could be controlled by fication of these Initiators fgﬁ-lactam polyr_nerlzanon_s opens up

both stoichiometry and monomer conversion, characteristic of a Many new areas of investigation fBrpeptide materials.

living polymerization syster®? Kinetic analysis of polymeriza-
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were active in initiating chain growth. Preliminary mechanistic

studies usingH NMR revealed that HN(TMS)was liberated S ting Information Available: Details of all reactions and
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nitrogen bonds, relative to their alkali metal counterparts, serves JA0110022

to substantially eliminate side reactions.
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