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Initiators for End-Group Functionalized Polypeptides
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Structural materials constructed of po|ypeptides are being Addition of Na-alloc-amino acid aIIyI esters to nickel should
considered for a variety of biomedical problems such as tissue occur initially at the more reactive allyl carbamate group, to yield
engineering and drug delivelyror these applications, incorpora-  -allyl nickel(ll) carbamate species, as we have demonstrated.
tion of end-group functionality onto the chains is essential for This reaction would then be followed by addition of the allyl
targeting of the drug-delivery complexes as well as substrate- carboxylate, a common substrate for oxidative addition with
specific anchoring of these materialsVe have discovered that nickel/” to give the desired metallacycle after elimination of 1,5-
amido-amidate nickelacycles are the active intermediates in thehexadiene and COThe reaction might proceed through monova-
controlled p0|ymeriza’[ion oft-amino acidN_CarboxyanhydrideS lent and trivalent nickel intermediatéyet the final pI’OdUCt should
(NCAs)2 Generation of these species from zerovalent nickel b€ the divalent nickel amido-carboxylate complex. Whén
precursors allows formation of block copolypeptides with defined Alloc-L-leucine allyl ester was heated with phenNi(COD)DMF
molecular weights, narrow molecular weight distributions, and ° ; NG .
controlled sequences and compositions of the different amino acidiglo C for 20 h, the desired phenNiNHC(GEH(CHy)z)HC
component$.All of these features are useful for controlling both  (O)O metallacycle was formed in overall 68% isolated yield. The
the structure and properties of polypeptide materials. A limitation formation of byproduct 1,5-hexadiene was also verified'Hy
of this methodology is that the active propagating species are NMR. This reaction demonstrated that our tandem cyclization
generatedn situ and thus do not allow for controlled function-  strategy was feasible; however, the amido-carboxylate species was
alization of the polypeptide chain en@iszor this reason, we  not useful since it did not efficiently initiate NCA polymerizations.
pursued alternative methods for the direct synthesis of these types To form the desired amido-amidate nickelacycles, we attempted
of initiators. Here we describe new tandem addition reactions that the related reaction where,Mlloc-amino acid allyl amides were
allow the general synthesis of amido-amidate nickelacycles usefulused as substrates (eq 4).
for preparation of polypeptides containing a variety of defined

end groups. a ; oL g
As a method for preparation of amido nickel species, the /\/O\H/N ; g/\/ % <Ni<bpy IR
reaction of allyloxycarbonyl (Allod) protected amines with 6 R PN

zerovalent nickel was utilized to prepare nickel carbamates, which

can be viewed as precursors to nickel amides upon elimination - T - \/\
of CO, (eq 1)° ’
H H
N N.
]I{. i R R bpyNi< IR bpyNi< f
NICOD), 4 /\/OYN\ L <Ni/0 Nf CH, -CH, o N —~J o
s} R C;Hy \PEE R -H -C(CHy), not formed 1

This reaction was found to be a facile method for preparation of This reaction was not expected to be highly successful since the

nickel carbamates. However, these species, because of the absenﬁé(idaﬁv_e addition of allylic amides to nickel is without precedent.

of stabilizing chelates, were found to be ineffective in controlling bpsyuNrings(anngfr\E/’v?tl#tl\\lNailItgfrl_eflgfjii?lztilrllﬁdami:jhea\t/\}:s f?j%lct)g of
NCA polymerizations. To eliminate the-allyl group and in its Ly P ; on

s oo 5 iy e e g 3 e OES oS s sood yld 6% S
cyclization strategy. This method relied on chemistry found in P ’ ’ P ’

the well-known coupling of allylic halides into dienes using PY the lack of byproduct 1,5-hexadiene. The product nickelacycle
zerovalent nickel (eq 2. was found to result from initial addition across the Alloe-O

bond, followed by a second addition across theHNbond of

. AKX ALK NS the amide, not the allylic NC bond (eq 4). As a result, the
N ):CI 5y T <Ni(xc 0] . + @ product metallacyclel, retained the allyl substituent on nitrogen,
T NiX, as determined by FAB/MSH NMR of the hydrolysis product

. o ) ) ) from reaction with HCI, andC labeling studie$.The N—H
The byproduct of this reaction is a divalent nickel halide. We aqdition was also verified by use oMy -2-hexenyloxycarbonyl-
were intrigued by the possibility of replacing the halides with  aming acid allyl amide in the reaction which resulted in the
carbamate and carboxylate groups, tethered in a single moleculesormation of byproduct hexenes that were identified#/{ H}
to now form an amido-carboxylate metallacycle as the desired NMR. The reaction of readily synthesizég-Alloc-amino acid
product, with the diene as the byproduct (eq 3). allyl amides with zerovalent nickel was found to be general for
different substituents (Rand R') and donor ligands, allowing
the use of many combinations of amino acids and primary amines
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Table 1. Example Initiators Synthesized from Different
N-Alloc-a-amino Amides, Bidentate Ligands, and Ni(CQD)

[¢]
. H
AllocNH\:)L g/R-- Ni(COD), L:N{\N + AN\
L L L 1:1" 0 + 2COD
. M\

Initiator L L K R'_'- Yield[% ]a
1 bpy /\r X 60(95)
2 Phel'l /Y /\)\ 72(94)
3 depe —CH, O 42(98)
4 depe —< A~ 39(97)

[0}
5 phen —H \)I\N/\/k 59(94)
H
6 phen 62(96)

a|solated yield of initiator. Yield of crude product, as determined
by FTIR spectroscopy, is given in parentheses.

Table 2. Synthesis of Polypeptides and Block Copolypeptides
Using 4 in DMF at 20°C. Lys NCA=
€-CBZ-L-lysine-N-carboxyanhydride

first diblock
first second segmerit copolymef  yig|qo
monomet monomet My My/Mn M, MJ/M, (%)
25 GluNCA none 5190 1.37 88
50 GluNCA none 13450 1.31 83
200 Glu NCA none 49340 1.24 90
25GIuNCA 71 Lys NCA 5190 1.37 28880 1.18 75
25Lys NCA 87 GluNCA 8760 1.06 25600 1.15 77

aFirst and second monomers added stepwise to the initiator; number
indicates equivalents of monomer pér® Molecular weight and
polydispersity index after polymerization of the first mononféevio-
lecular weight and polydispersity index after polymerization of the
second monomef.Total isolated yield of polypeptide or block
copolypeptide.

in the construction of initiator complexes (Table 1). This method
is therefore amenable to incorporation of a wide variety of end-
group functionalities onto polypeptides through amide linkages.
At this point, it was necessary to determine if these functional
groups, once attached to the initiating complex, were then
quantitatively incorporated as end groups on polypeptide chains.
Polymerizations of-benzyli-glutamate NCA (Glu NCA) using
nickel complexes containing different bidentate donor ligands
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revealed that alkyl phosphine ligands (dmpe and depe) promoted
the most efficient initiation. These initiators were able to prepare
block copolypeptides of defined sequence and composition (Table
2). It was also found that the initiators could be used for
polymerization without isolation from the crude reaction mixture.
This feature greatly simplifies the use of these complexes, which
are formed in near-quantitative yield but can be tedious to isolate
from the reaction solvent. Hence, polymerizations were conducted
using either isolated or in situ initiators with no noticeable
differences in results.

Concerning the degree of functionalization of the polymers,
reaction of initiator4 with one equivalent otis-5-norbornene-
ende2,3-dicarboxylic anhydride, which should add to the initiator
like an NCA monomer but not form polymer, followed by
hydrolysis of the product with HCI, resulted in complete
consumption o4 to yield the addition product (eq 9.
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No unreacted monopeptide from hydrolysis of unreactedas
detected, showing that all metal centers were active. Furthermore,
polymerization studies using initiat8rgave polypeptides with a
1-naphthyl end group. These end groups were then quantitated
using fluorescence spectroscopy, which showed that the number
of end groups increased commensurately with the number of
polymer chains.These fluorescent tags are useful for monitoring
polypeptide location and mobility, desirable for applications such
as the monitoring of drug-delivery complexes in vittdzinally,
MALDI-MS analysis of phenylglycine oligomers prepared using
a nickel complex containing a leucine isoamylamide initiating
group revealed that nearly all chains were end-functionalized with
the leucine residue of the initiatdiOnly very small peaks were
observed for nonfunctionalized oligo(phenylglycines), indicating
that the degree of chain functionalization was greater than 98%.
We have demonstrated an unprecedented general method for
synthesis of amido-amidate nickelacycles. These complexes are
valuable for the synthesis of polypeptides and block copolypep-
tides with well-defined and functional end groups. Potential
applications range from labeling of polypeptide chains to the
incorporation of ligands on chains for substrate-specific binding
or recognition.
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