
SYNTHESIS OF HYBRID BLOCK COPOLYMERS AND USES THEREOF
CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This
application claims priority to United States
provisional application serial number 60/641,170,
filed January 4, 2005, the entirety of which is hereby
incorporated herein by reference. FIELD OF THE
INVENTION [0002] The present invention relates to the
field of polymer chemistry and more particularly to
block copolymers, uses thereof, and intermediates
thereto. BACKGROUND OF THE INVENTION [0003]
Multi-block copolymers comprising a synthetic polymer
portion and a poly(amino acid) portion are of great
synthetic interest. The poly(amino acid) portion of
such polymers is typically prepared by the
ring-opening polymerization of an amino acid-
N-carboxy-anhydride (NCA). However, methods for
preparing the poly(amino acid) block that employ free
amines as initiators of the NCA polymerization afford
block copolymers with a wide range of polydispersity
indices (PDIs) that tend to be quite high. For
example, Schlaad reported PDI values of 1.12-1.60 by
initiating polymerization with amino-terminated
polystyrene. Schlaad (2003 Eur. Chem. J ) also reports
a PDI of 7.0 for crude PEG-b -poly(L-benzyl glutamate)
copolymers and a PDI of 1.4 after fractionation. Chen
(Biomaterials, 2004) reported a PDI of 1.5 for
poly(e-caprolactone) (PCL)-b- roly(ethylene glycol)
(PEG)-b-poly (g-benzyl-L-glutamate)(PBLG). It is
believed that these high PDIs are due to the highly
reactive nature of the NCAs. [0004] To date, the only
reported synthetic methods to prepare multi-block
copolymers that contain a poly(amino acid) portion
with a narrower distribution of molecular weights, is
amine-initiated NCA polymerization utilizing high
vacuum techniques developed by Hadjichristidis
(Biomacromolecules, 2004), and the nickelcatalyzed
coordination-insertion polymerization of NCAs
developed by Deming at the University of
California-Santa Barbara (see US 6,686,446).
Poly(amino acids) synthesized using high vacuum
techniques are synthetically challenging to
prepare,employ handmade reaction vessels, and require
long time periods for reagent purification and
complete polymerization to be achieved. Due to these
factors, only a few grams of poly(amino acid) can be
prepared in a single polymerization reaction. In
addition, since multi-block copolymers that comprise a
roly(amino acid) portion are typically designed for
biological applications, the use of organometallic
initiators and catalysts is undesirable. [0005]
Accordingly, there remains a need for a method for
preparing block copolymers having a synthetic polymer
portion and a poly(amino acid) portion wherein the
method is well controlled and multiple poly(amino
acid) blocks are incorporated. DETAILED DESCRIPTION OF
CERTAIN EMBODIMENTS OF THE INVENTION 1. General
Description: [0006] A method for the controlled
polymerization of an NCA, initiated by a polystyrene
amine salt, was first reported by Schlaad and
coworkers (Chem. Comm., 2003, 2944-2945). It is
believed that, during the reaction, the chain end
exists primarily in its unreactive salt form as a
dormant species and that the unreactive amine salt is
in equilibrium with the reactive amine. The free amine
is capable of ring opening the NCA, which adds one
repeat unit to the polymer chain. This cycle repeats
until all of the monomer is consumed and the final
poly(amino acid) is formed. This reported method has
limitations in that only a single poly(amino acid)
block is incorporated. In addition, this reported
method only described the use of a polystyrene
macroinitator. In another publication by Schlaad and
coworkers (Eur. Phys. J , 2003, 10, 17-23), the author
indicates that use of a PEG macroiniator results in
diverse and unpredictable PDIs. The author further
indicates that even "the coupling of preformed polymer
segments like that of a haloacylated poly(ethylene
oxide) with poly(L-aspartic acid) . . . yields block
copolymers that are chemically disperse and are often
contaminated with homopolymers." [0007] The present
invention provides methods for the synthesis of block
copotymers containing one or more poly(amino acid)
blocks and one or more synthetic polymer blocks. The
poly(amino acid) portions of these block copolymers
are prepared by controlled ring-opening polymerization
of cyclic monomers such as N-carboxy anhydrides
(NCAs), lactams, and cyclic imides wherein said
polymerization is initiated by an amine salt. The
amine salt initiators used in this invention are
polymers with terminal aminesalts (referred to herein
as "macroinitiators"). Without wishing to be bound by
any particular theory, it is believed that the amine
salt reduces or eliminates many side reactions that
are commonly observed with traditional polymerization
of these reactive monomers. This leads to block
copolymers with narrow distributions of block lengths
and molecular weights. It has been surprisingly found
that the sequential addition of monomers provides
multi-block copolymers having desirable low
polydispersity. [0008] The sequential addition of
cyclic monomers to a "living" polymer chain end (i.e.
a terminal amine salt) affords multi-block copolymers
having a variety of poly(amino acid) and synthetic
polymer block types. Accordingly, one aspect of the
present invention provides a method for preparing a
multi-block copolymer comprising two or more different
poly(amino acid) blocks and one or more synthetic
polymer blocks, wherein said method comprises the step
of sequentially polymerizing two or more different
cyclic amino acid monomers onto a synthetic polymer
having a terminal amine salt wherein said
polymerization is initiated by said amine salt. 2.
Definitions: [0009] Compounds of this invention
include those described generally above, and are
further illustrated by the embodiments,
sub-embodiments, and species disclosed herein. As used
herein, the following definitions shall apply unless
otherwise indicated. For purposes of this invention,
the chemical elements are identified in accordance
with the Periodic Table of the Elements, CAS version,
Handbook of Chemistry and Physics, 75th Ed.
Additionally, general principles of organic chemistry
are described in "Organic Chemistry", Thomas Sorrell,
University Science Books, Sausalito: 1999, and
"March's Advanced Organic Chemistry", 5th Ed., Ed.:
Smith, M.B. and March, J., John Wiley & Sons, New
York: 2001, the entire contents of which are hereby
incorporated by reference. [0010] As used herein, the
term "sequential polymerization", and variations
thereof, refers to the method wherein, after a first
monomer (e.g. NCA, lactam, or imide) is incorporated
into the polymer, thus forming an amino acid "block",
a second monomer (e.g. NCA, lactam, or imide) is added
to the reaction to form a second amino acid block,
which process may be continued in a similar fashion to
introduce additional amino acid blocks into the
resulting multi-block copolymers. [0011] As used
herein, the term "block copolymer" refers to a polymer
comprising at least one synthetic polymer portion and
at least one poly(amino acid) portion. The
term"multi-block copolymer" refers to a polymer
comprising at least one synthetic polymer and two or
more poly(amino acid) portions. These are also
referred to as triblock copolymers (having two
poly(amino acid) portions), tetrablock copolymers
(having three poly(amino acid portions), etc. Such
multi-block copolymers include those having the format
X-W-X, X-W-X', W-X-X', W-X-X'-X", X'-X- W-X-X',
X'-X-W-X"-X"\ or WX- X'-X wherein W is a synthetic
polymer portion and X, X', X", and X'" are poly(amino
acid) chains or "amino acid blocks". In certain
aspects, the synthetic polymer is used as the center
block which allows the growth of multiple blocks
symmetrically from the center. [0012] As used herein,
the term "synthetic polymer" refers to a polymer that
is not a poly(amino acid). Such synthetic polymers are
well known in the art and include polystyrene,
polyalkylene oxides, such as polyethyleneoxide (also
referred to as polyethylene glycol or PEG), and
derivatives thereof. [0013] As used herein, the term
"poly(amino acid)" or "amino acid block" refers to a
covalently linked amino acid chain wherein each
monomer is an amino acid unit. Such amino acid units
include natural and unnatural amino acids. In certain
embodiments, each amino acid unit is in the
L-configuration. Such poly(amino acids) include those
having suitably protected functional groups. For
example, amino acid monomers may have hydroxyl or
amino moieties which are optionally protected by a
suitable hydroxyl protecting group or a suitable amine
protecting group, as appropriate. Such suitable
hydroxyl protecting groups and suitable amine
protecting groups are described in more detail herein,
infra. As used herein, an amino acid block comprises
one or more monomers or a set of two or more monomers.
In certain embodiments, an amino acid block comprises
one or more monomers such that the overall block is
hydrophilic. In other embodiments, an amino acid block
comprises one or more monomers such that the overall
block is hydrophobic. In still other embodiments,
amino acid blocks of the present invention include
random amino acid blocks, ie blocks comprising a
mixture of amino acid residues. [0014] As used herein,
the phrase "natural amino acid side-chain group"
refers to the side-chain group of any of the 20 amino
acids naturally occuring in proteins. Such natural
amino acids include the nonpolar, or hydrophobic amino
acids, glycine, alanine, valine, leucine isoleucine,
methionine, phenylalanine, tryptophan, and proline.
Cysteine is sometimes classified as nonpolar or
hydrophobic and other times as polar. Natural
aminoacids also include polar, or hydrophilic amino
acids, such as tyrosine, serine, threonine, aspartic
acid (also known as aspartate, when charged), glutamic
acid (also known as glutamate, when charged),
asparagine, and glutamine. Certain polar, or
hydrophilic, amino acids have charged side-chains.
Such charged amino acids include lysine, arginine, and
histidine. One of ordinary skill in the art would
recognize that protection of a polar or hydrophilic
amino acid side-chain can render that amino acid
nonpolar. For example, a suitably protected tyrosine
hydroxyl group can render that tyroine nonpolar and
hydrophobic by virtue of protecting the hydroxyl
group. [0015] As used herein, the phrase "unnatural
amino acid side-chain group" refers to amino acids not
included in the list of 20 amino acids naturally
occuring in proteins, as described above. Such amino
acids include the D-isomer of any of the 20 naturally
occuring amino acids. Unnatural amino acids also
include homoserine, ornithine, and thyroxine. Other
unnatural amino acids side-chains are well know to one
of ordinary skill in the art and include unnatural
aliphatic side chains. Other unnatural amino acids
include modified amino acids, including those that are
N-alkylated, cyclized, phosphorylated, acetylated,
amidated, labelled, and the like. [0016] As used
herein, the phrase "living polymer chain-end" refers
to the terminus resulting from a polymerization
reaction which maintains the ability to react further
with additional monomer or with a polymerization
terminator. [0017] As used herein, the term
"termination" refers to attaching a terminal group to
a polymer chain-end by the reaction of a living
polymer with an appropriate compound. Alternatively,
the term "termination" may refer to attaching a
terminal group to an amine or hydroxyl end, or
derivative thereof, of the polymer chain. [0018] As
used herein, the term "polymerization terminator" is
used interchangeably with the term "polymerization
terminating agent" and refers to a compound that
reacts with a living polymer chain-end to afford a
polymer with a terminal group. Alternatively, the term
"polymerization terminator" may refer to a compound
that reacts with an amine or hydroxyl end, or
derivative thereof, of the polymer chain, to afford a
polymer with a terminal group. [0019] As used herein,
the term "polymerization initiator" refers to a
compound, which reacts with, or whose anion or free
base form reacts with, the desired monomer in a manner
which results in polymerization of that monomer. In
certain embodiments, the 



polymerization initiator is the compound that reacts
with an alkylene oxide to afford apolyalkylene oxide
block. In other embodiments, the polymerization
initiator is the amine salt described herein. [0020]
The term "aliphatic" or "aliphatic group", as used
herein, denotes a hydrocarbon moiety that may be
straight-chain (i.e., unbranched), branched, or cyclic
(including fused, bridging, and spiro-fused
polycyclic) and may be completely saturated or may
contain one or more units of unsaturation, but which
is not aromatic. Unless otherwise specified, aliphatic
groups contain 1-20 carbon atoms. In some embodiments,
aliphatic groups contain 1-10 carbon atoms. In other
embodiments, aliphatic groups contain 1-8 carbon
atoms. In still other embodiments, aliphatic groups
contain 1-6 carbon atoms, and in yet other embodiments
aliphatic groups contain 1-4 carbon atoms. Suitable
aliphatic groups include, but are not limited to,
linear or branched, alkyl, alkenyl, and alkynyl
groups, and hybrids thereof such as (cycloalkyl)alkyl,
(cycloalkenyl)alkyl or (cycloalkyl)alkenyl. [0021] The
term "heteroatom" means one or more of oxygen, sulfur,
nitrogen, phosphorus, or silicon. This includes any
oxidized form of nitrogen, sulfur, phosphorus, or
silicon; the quaternized form of any basic nitrogen,
or; a substitutable nitrogen of a heterocyclic ring
including -N- as in 3,4-dihydro-2 -pyrrolyl, -NH- as
in pyrrolidinyl, or N(R )- as in N-substituted
pyrrolidinyl. [0022] The term "unsaturated", as used
herein, means that a moiety has one or more units of
unsaturation. [0023] The term "aryl" used alone or as
part of a larger moiety as in "aralkyl", "aralkoxy",
or "aryloxyalkyl", refers to monocyclic, bicyclic, and
tricyclic ring systems having a total of five to
fourteen ring members, wherein at least one ring in
the system is aromatic and wherein each ring in the
system contains three to seven ring members. The term
"aryl" may be used interchangeably with the term "aryl
ring". [0024] As described herein, compounds of the
invention may contain "optionally substituted"
moieties. In general, the term "substituted", whether
preceded by the term "optionally" or not, means that
one or more hydrogens of the designated moiety are
replaced with a suitable substituent. Unless otherwise
indicated, an "optionally substituted" group may have
a suitable substituent at each substitutable position
of the group, and when more than one position in any
given structure may be substituted with more than one
substituent selected from a specified group, the
substituent may be either the same or different at
every position. Combinations of substituents
envisioned by thisinvention are preferably those that
result in the formation of stable or chemically
feasible compounds. The term "stable", as used herein,
refers to compounds that are not substantially altered
when subjected to conditions to allow for their
production, detection, and, in certain embodiments,
their recovery, purification, and use for one or more
of the purposes disclosed herein. [0025] Suitable
monovalent substituents on a substitutable carbon atom
of an "optionally substituted" group are independently
halogen; -(CH2)0-4R; -(CH2)0-4OR; -O- (CH2)0-4C(O)OR;
-(CH2)0-4CH(OR)2; -(CH2)0-4SR; -(CH 2)0-4Ph, which may
be substituted with R; -(CH2)0-4=(CH 2)0-1Ph which may
be substituted with R; -CH=CHPh, which may be
substituted with R; -NO2; -CN; -N3; -(CH2)0-4N(R)2;
-(CH2)0_ 4N(R)C(O)R; -N(R)C(S)R; -(CH2)0-4N(R)C(O)NR2;
-N(R)C(S)NR2; -(CH2)0_ 4N(R)C(O)OR; -N(R)N(R)C(O)R;
-N(R)N(R)C(O)NR2; -N(R)N(R)C(O)OR; -(CH2)0-4C(O)R;
-C(S)R; -(CH2)0-4C(O)OR; -(CH2)0-4C(O)SR;
-(CH2)0-4C(O)OSiR3; -(CH2)0-4OC(O)R;
-OC(O)(CH2)0-4SR-, SC(S)SR; -(CH2)0-4SC(O)R; -(CH2)0_
4C(O)NR2; -C(S)NR2; -C(S)SR; -SC(S)SR, -(CH2)0-4q
C(O)NR2; -C(O)N(OR)R; -C(O)C(O)R; -C(O)CH2C(O)R;
-C(NOR)R; -(CH2)0-4SSR; -(CH2)0-4S(O)2R;
-(CH2)0-4S(O)2OR; -(CH2)0-4 OS(O)2R; -S(O)2NR2;
-(CH2)0-4S(O)R; -N(R)S(O)2NR2; -N(R)S(O)2R; -N(0R)R;
-C(NH)NR2; -P(O)2R; -P(O)R2; -OP(O)R2; -OP(O)(OR)2;
SiR3; -(C1-4 straight or branched alkylene)O-N(R)2; or
-(C1-4 straight or branched alkylene)C(O)O-N(R)2,
wherein each R may be substituted as defined below and
is independently hydrogen, C1-6 aliphatic, -CH2Ph,
-O(CH2)0-1Ph, or a 5-6-membered saturated, partially
unsaturated, or aryl ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur, or, notwithstanding the definition above, two
independent occurrences of R, taken together with
their intervening atom(s), form a 3-12-membered
saturated, partially unsaturated, or aryl mono- or
bicyclic ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, which may
be substituted as defined below. [0026] Suitable
monovalent substituents on R (or the ring formed by
taking two independent occurrences of R together with
their intervening atoms), are independently halogen,
-(CH2)0-2R, -(haloR), -(CH2)0-2OH, -(CH2)0-2OR,
-(CH2)0-2CH(OR)2; - O(haloR ), -CN, -N3,
-(CH2)0-2C(O)R, -(CH2)0-2C(O)OH, -(CH2)0-2C(O)OR,
-(CH2)0- 2SR, -(CH2) O-2SH, -(CH2)0-2NH2,
-(CH2)0-2NHR, -(CH2)0-2NR 2, -NO2, -SiR 3, -OSiR
3,-C(O)SR', -(C1-4 straight or branched
alkylene)C(O)OR , or -SSR wherein each R is
unsubstituted or where preceded by "halo" is
substituted only with one or more halogens, and is
independently selected from C1-4 aliphatic, -CH2Ph,
-0(CH 2)0-1Ph5 or a 5-6- membered saturated, partially
unsaturated, or aryl ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. Suitable divalent substituents on a saturated
carbon atom of R include =O and =S. [0027] Suitable
divalent substituents on a saturated carbon atom of an
"optionally substituted" group include the following:
=O, =S, =NNR* 2, =NNHC(O)R*, =NNHC(O)OR *,
=NNHS(O)2R*, =NR*, =NOR*, -O(C(R * 2))2-3O-, or -S(C(R
* 2))2-3Swherein each independent occurrence of R* is
selected from hydrogen, C1-6 aliphatic which may be
substituted as defined below, or an unsubstituted
5-6-membered saturated, partially unsaturated, or aryl
ring having 0-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur. Suitable divalent
substituents that are bound to vicinal substitutable
carbons of an "optionally substituted" group include:
-O(CR 2)2-3O-, wherein each independent occurrence of
R is selected from hydrogen, C1-6 aliphatic which may
be substituted as defined below, or an unsubstituted
5-6-membered saturated, partially unsaturated, or aryl
ring having 0-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur. A suitable
tetravalent substituent that is bound to vicinal
substitutable methylene carbons of an "optionally
substituted" group is the dicobalt hexacarbonyl
cluster represented by when depicted with the
methylenes which bear it. [0028] Suitable substituents
on the aliphatic group of R* include halogen, -R,
-(haloR), -OH, -OR, -O(haloR ), -CN, -C(O)OH, -C(O)OR
, -NH2, -NHR, -NR 2, or -NO2, wherein each R is
unsubstituted or where preceded by "halo" is
substituted only with one or more halogens, and is
independently C1-4 aliphatic, -CH2Ph, -O(CH2)0-1Ph, or
a 5-6-membered saturated, partially unsaturated, or
aryl ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. [0029]
Suitable substituents on a substitutable nitrogen of
an "optionally substituted" group include - R1 , -NR
2, -C(O)R1 , -C(O)OR1 , -C(O)C(O)R , -C(O)CH2C(O)R*,
-S(O)2R1 , -S(O)2NR 5 -C(S)NR^, -C(NH)NR1 2, or -N(R
)S(O)2R1 ; wherein each R is independently hydrogen,
C1-6 aliphatic which may be substituted as defined
below, unsubstituted -OPh, or an unsubstituted
5-6-membered saturated, partially unsaturated, oraryl
ring having 0-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or, notwithstanding
the definition above, two independent occurrences of
taken together with their intervening atom(s) form an
unsubstituted 3-12-membered saturated, partially
unsaturated, or aryl mono- or bicyclic ring having 0-4
heteroatoms independently selected from nitrogen,
oxygen, or sulfur. [0030] Suitable substituents on the
aliphatic group of R are independently halogen, -R,
-(haloR), -OH, -OR, -O(haloR), -CN, -C(O)OH, -C(O)OR,
-NH2, -NHR, -NR 2, or -NO2, wherein each R* is
unsubstituted or where preceded by "halo" is
substituted only with one or more halogens, and is
independently C1-4 aliphatic, -CH2Ph, -O(CH2)0-1Ph, or
a 5-6-membered saturated, partially unsaturated, or
aryl ring having 0 - 4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. [0031]
Protected hydroxyl groups are well known in the art
and include those described in detail in Protecting
Groups in Organic Synthesis, T. W. Greene and P. G. M.
Wuts, 3rd edition, John Wiley & Sons, 1999, the
entirety of which is incorporated herein by reference.
Examples of suitably protected hydroxyl groups further
include, but are not limited to, esters, carbonates,
sulfonates allyl ethers, ethers, silyl ethers, alkyl
ethers, arylalkyl ethers, and alkoxyalkyl ethers.
Examples of suitable esters include formates,
acetates, proprionates, pentanoates, crotonates, and
benzoates. Specific examples of suitable esters
include formate, benzoyl formate, chloroacetate,
trifluoroacetate, methoxyacetate,
triphenylmethoxyacetate, p-chlorophenoxyacetate,
3-phenylpropionate, 4-oxopentanoate,
4,4-(ethylenedithio)pentanoate, pivaloate
(trimethylacetate), crotonate, 4-methoxy-crotonate,
benzoate, p-benylbenzoate, 2,4,6-trimethylbenzoate.
Examples of suitable carbonates include
9-fluorenylmethyl, ethyl, 2,2,2-trichloroethyl, 2-
(trimethylsilyl)ethyl, 2-(phenylsulfonyl)ethyl, vinyl,
allyl, and p-nitrobenzyl carbonate. Examples of
suitable silyl ethers include trimethylsilyl,
triethylsilyl, t-butyldimethylsilyl,
t-butyldiphenylsilyl, triisopropylsilyl ether, and
other trialkylsilyl ethers. Examples of suitable alkyl
ethers include methyl, benzyl, p-methoxybenzyl,
3,4-dimethoxybenzyl, trityl, t-butyl, and allyl ether,
or derivatives thereof. Alkoxyalkyl ethers include
acetals such as methoxymethyl, methylthiomethyl,
(2-methoxyethoxy)methyl, benzyloxymethyl,
beta-(trimethylsilyl)ethoxymethyl, and
tetrahydropyran-2-yl ether. Examples of suitable
arylalkyl ethers include benzyl, p-methoxybenzyl
(MPM), 3,4-dimethoxybenzyl, Onitrobenzyl,
p-nitrobenzyl, p-halobenzyl, 2,6-dichlorobenzyl,
p-cyanobenzyl, 2- and 4- picolyl ethers.[0032]
Protected amines are well known in the art and include
those described in detail in Greene (1999). Suitable
mono-protected amines further include, but are not
limited to, aralkylamines, carbamates, allyl amines,
amides, and the like. Examples of suitable
mono-protected amino moieties include
t-butyloxycarbonylamino (-NHBOC),
ethyloxycarbonylamino, methyloxycarbonylamino,
trichloroethyloxycarbonylamino, allyloxycarbonylamino
(-NHAUoc), benzyloxocarbonylamino (-NHCBZ),
allylamino, benzylamino (-NHBn),
fluorenylmethylcarbonyl (-NHFmoc), formamido,
acetamido, chloroacetamido, dichloroacetamido,
trichloroacetamido, phenylacetamido,
trifluoroacetamido, benzamido, t-butyldiphenylsilyl,
and the like. Suitable di-protected amines include
amines that are substituted with two substituents
independently selected from those described above as
mono-protected amines, and further include cyclic
imides, such as phthalimide, maleimide, succinimide,
and the like. Suitable di-protected amines also
include pyrroles and the like,
2,2,5,5-tetramethyl-[l,2,5]azadisilolidine and the
like, and azide. [0033] Protected aldehydes are well
known in the art and include those described in detail
in Greene (1999). Suitable protected aldehydes further
include, but are not limited to, acyclic acetals,
cyclic acetals, hydrazones, imines, and the like.
Examples of such groups include dimethyl acetal,
diethyl acetal, diisopropyl acetal, dibenzyl acetal,
bis(2- 



nitrobenzyl) acetal, 1,3-dioxanes, 1,3-dioxolanes,
semicarbazones, and derivatives thereof. [0034]
Protected carboxylic acids are well known in the art
and include those described in detail in Greene
(1999). Suitable protected carboxylic acids further
include, but are not limited to, optionally
substituted C1-6 aliphatic esters, optionally
substituted aryl esters, silyl esters, activated
esters, amides, hydrazides, and the like. Examples of
such ester groups include methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, benzyl, and phenyl ester,
wherein each group is optionally substituted.
Additional suitable protected carboxylic acids include
oxazolines and ortho esters. [0035] Protected thiols
are well known in the art and include those described
in detail in Greene (1999). Suitable protected thiols
further include, but are not limited to, disulfides,
thioethers, silyl thioethers, thioesters,
thiocarbonates, and thiocarbamates, and the like.
Examples of such groups include, but are not limited
to, alkyl thioethers, benzyl and substituted benzyl
thioethers, triphenylmethyl thioethers, and
trichloroethoxycarbonyl thioester, to name but a
few.[0036] A "crown ether moiety" is the radical of a
crown ether. A crown ether is a monocyclic polyether
comprised of repeating units of -CH2CH2O-. Examples of
crown ethers include 12-crown-4, 15-crown-5, and
18-crown-6. [0037] Unless otherwise stated, structures
depicted herein are also meant to include all isomeric
(e.g., enantiomeric, diastereomeric, and geometric (or
conformational)) forms of the structure; for example,
the R and S configurations for each asymmetric center,
Z and E double bond isomers, and Z and E
conformational isomers. Therefore, single
stereochemical isomers as well as enantiomeric,
diastereomeric, and geometric (or conformational)
mixtures of the present compounds are within the scope
of the invention. Unless otherwise stated, all
tautomeric forms of the compounds of the invention are
within the scope of the invention. Additionally,
unless otherwise stated, structures depicted herein
are also meant to include compounds that differ only
in the presence of one or more isotopically enriched
atoms. For example, compounds having the present
structures except for the replacement of hydrogen by
deuterium or tritium, or the replacement of a carbon
by a C- or C-enriched carbon are within the scope of
this invention. Such compounds are useful, for
example, as analytical tools or probes in biological
assays. [0038] As used herein, the term "detectable
moiety" is used interchangeably with the term "label"
and relates to any moiety capable of being detected
(e.g., primary labels and secondary labels). A
"detectable moiety" or "label" is the radical of a
detectable compound. [0039] "Primary" labels include
radioisotope-containing moieties (e.g., moieties that
contain 32P, 33P, 35S, or 14C), mass-tags, and
fluorescent labels, and are signal-generating reporter
groups which can be detected without further
modifications. [0040] Other primary labels include
those useful for positron emission tomography
including molecules containing radioisotopes (e.g. F)
or ligands with bound radioactive metals (e.g. 62Cu).
In other embodiments, primary labels are contrast
agents for magnetic resonance imaging such as
gadolinium, gadolinium chelates, or iron oxide (e.g
Fe3O4 and Fe2O3) particles. Similarly, semiconducting
nanoparticles (e.g. cadmium selenide, cadmium sulfide,
cadmium telluride) are useful as fluorescent labels.
Other metal nanoparticles (e.g colloidal gold) also
serve as primary labels. [0041] "Secondary" labels
include moieties such as biotin, or protein antigens,
that require the presence of a second compound to
produce a detectable signal. For example, in the case
of a biotin label, the second compound may include
streptavidin-enzymeconjugates. In the case of an
antigen label, the second compound may include an
antibody-enzyme conjugate. Additionally, certain
fluorescent groups can act as secondary labels by
transferring energy to another compound or group in a
process of nonradiative fluorescent resonance energy
transfer (FRET)3 causing the second compound or group
to then generate the signal that is detected. [0042]
Unless otherwise indicated, radioisotope-containing
moieties are optionally substituted hydrocarbon groups
that contain at least one radioisotope. Unless
otherwise indicated, radioisotope-containing moieties
contain from 1- 40 carbon atoms and one radioisotope.
In certain embodiments, radioisotope-containing
moieties contain from 1-20 carbon atoms and one
radioisotope. [0043] The terms "fluorescent label",
"fluorescent group", "fluorescent compound",
"fluorescent dye", and "fluorophore", as used herein,
refer to compounds or moieties that absorb light
energy at a defined excitation wavelength and emit
light energy at a different wavelength. Examples of
fluorescent compounds include, but are not limited to:
Alexa Fluor dyes (Alexa Fluor 350, Alexa Fluor 488,
Alexa Fluor 532, Alexa Fluor 546, Alexa Fluor 568,
Alexa Fluor 594, Alexa Fluor 633, Alexa Fluor 660 and
Alexa Fluor 680), AMCA, AMCA-S, BODIPY dyes (BODIPY
FL, BODIPY R6G, BODIPY TMR, BODIPY TR, BODIPY 530/550,
BODIPY 558/568, BODIPY 564/570, BODIPY 576/589, BODIPY
581/591, BODIPY 630/650, BODIPY 650/665),
Carboxyrhodamine 6G, carboxy-X-rhodamine (ROX),
Cascade Blue, Cascade Yellow, Coumarin 343, Cyanine
dyes (Cy3, Cy5, Cy3.5, Cy5.5), Dansyl, Dapoxyl,
Dialkylaminocoumarin, 4',5'-
Dichloro-2',7t-dimethoxy-f uorescein, DM-NERF, Eosin,
Erythrosin, Fluorescein, FAM, Hydroxycoumarin, IRDyes
(IRD40, IRD 700, IRD 800), JOE, Lissamine rhodamine B,
Marina Blue, Methoxycoumarin, Naphthofluorescein,
Oregon Green 488, Oregon Green 500, Oregon Green 514,
Pacific Blue, PyMPO, Pyrene, Rhodamine B, Rhodamine
6G, Rhodamine Green, Rhodamine Red, Rhodol Green,
2',4',5',7'-Tetra-bromosulfonefluorescein,
Tetramethyl-rhodamine (TMR),
Carboxytetramethylrhodamine (TAMRA), Texas Red, Texas
Red-X. [0044] The term "mass-tag" as used herein
refers to any moiety that is capable of being uniquely
detected by virtue of its mass using mass spectrometry
(MS) detection techniques. Examples of mass-tags
include electrophore release tags such as
N-[3-[4'-[(p- Methoxytetrafluorobenzyl)oxy]phenyl]
-3-metliylglyceronyl]isonipecotic Acid, 4' -[2,3 ,5,6-
Tetrafluoro-4-(pentafluorophenoxyl)]methyl
acetophenone, and their derivatives. Thesynthesis and
utility of these mass-tags is described in United
States Patents 4,650,750, 4,709,016, 5,360,8191,
5,516,931, 5,602,273, 5,604,104, 5,610,020, and
5,650,270. Other examples of mass-tags include, but
are not limited to, nucleotides, dideoxynucleotides,
oligonucleotides of varying length and base
composition, oligopeptides, oligosaccharides, and
other synthetic polymers of varying length and monomer
composition. A large variety of organic molecules,
both neutral and charged (biomolecules or synthetic
compounds) of an appropriate mass range (100-2000
Daltons) may also be used as masstags. [0045] The term
"substrate", as used herein refers to any material or
macromolecular complex to which a functionalized
end-group of a block copolymer can be attached.
Examples of commonly used substrates include, but are
not limited to, glass surfaces, silica surfaces,
plastic surfaces, metal surfaces, surfaces containing
a metalic or chemical coating, membranes (eg., nylon,
polysulfone, silica), micro-beads (eg., latex,
polystyrene, or other polymer), porous polymer
matrices (eg., polyacrylamide gel, polysaccharide,
polymethacrylate), macromolecular complexes (eg.,
protein, polysaccharide). 3 . Description of Exemplary
Embodiments: [0046] As described generally above, one
aspect of the present invention provides a method for
preparing a multi-block copolymer comprising one or
more poly(amino acid) blocks and one or more synthetic
polymer blocks, wherein said method comprises the
steps of sequentially polymerizing one or more cyclic
amino acid monomers onto a synthetic polymer having a
terminal amine salt wherein said polymerization is
initiated by said amine salt. In certain embodiments,
said polymerization occurs by ring-opening
polymerization of the cyclic amino acid monomers. In
other embodiments, the cyclic amino acid monomer is an
amino acid NCA, lactam, or imide. [0047] As described
generally above, the synthetic polymers used in
methods of the present invention have a terminal amine
salt for initiating the polymerization of a cyclic
amino acid monomer. Such salts include the acid
addition salts of an amino group formed with an
inorganic acid such as hydrochloric acid, hydrobromic
acid, phosphoric acid, sulfuric acid or perchloric
acid. It is also contemplated that such amine salts
include the acid addition salts of an amino group
formed with an organic acid such as acetic acid,
oxalic acid, maleic acid, tartaric acid, citric acid,
succinic acid, malonic acid, and the like, or by using
other methods used in the art such as ion
exchange.[0048] As described generally above, the
synthetic polymers used in methods of the present
invention have a terminal amine salt. In certain
embodiments, the synthetic polymer is poly(ethylene
glycol) (PEG) having a terminal amine salt ("PEG
macroinitiator") which initiates the polymerization of
NCAs to provide PEG-poly(amino acid) multi-block
copolymers. Such synthetic polymers having a terminal
amine salt may be prepared from synthetic polymers
having a terminal amine. Such synthetic polymers
having a terminal amine group are known in the art and
include PEG-amines. PEGamines may be obtained by the
deprotection of a suitably protected PEG-amine.
Preparation of such suitably protected PEG-amines, and
methods of deprotecting the same, is described in
detail in United States patent application serial
number 11/256,735, filed October 24, 2005 the entirety
of which is hereby incorporated herein by reference.
[0049] As described in USSN 11/256,735, suitably
protected PEG-amines may be formed by terminating the
living polymer chain end of a PEG with a terminating
agent that contains a suitably protected amine. The
suitably protected amine may then be deprotected to
generate a PEG that is terminated with a free amine
that may subsequently be converted into the
corresponding PEG-amine salt macroinitiator. In
certain embodiments, the PEG-amine salt macroinitiator
of the present invention is prepared directly from a
suitably protected PEG-amine by deprotecting said
protected amine with an acid. Accordingly, in other
embodiments, the terminating agent has suitably
protected amino group wherein the protecting group is
acid-labile. [0050] Alternatively, suitable synthetic
polymers having a terminal amine salt may be prepared
from synthetic polymers that contain terminal
functional groups that may be converted to amine salts
by known synthetic routes. In certain embodiments, the
conversion of the terminal functional groups to the
amine salts is conducted in a single synthetic step.
In other embodiments, the conversion of the terminal
functional groups to the amine salts is achieved by
way of a multi-step sequence. Functional group
transformations that afford amines, amine salts, or
protected amines are well known in the art and include
those described in Larock, R.C., "Comprehensive
Organic Transformations," John Wiley & Sons, New York,
1999. [0051] Alternatively, and as described in detail
in USSN 11/256,735, suitably protected PEG-amines may
be formed by initiating the polymerization of ethylene
oxide with a compound that contains a suitably
protected amino moiety. The PEG formed therefrom may
be terminated by any manner known in the art,
including those described inUSSN 11/256,735. The
method of termination may incorporate a additional
suitably protected amine functional group, or a
precursor thereto, such that each terminus of the PEG
formed therefrom may be subsequently converted to an
amine salt that may be employed in the polymerization
of the cyclic monomers described herein. In certain
embodiments, only one terminus of such a PEG is
converted to an amine salt that is then employed in
the formation of one or more poly(amino acid) blocks.
Following such polymerizations, the amine salt
terminus may be converted to an unreactive form, and
then the other terminus may be converted to an amine
salt for use in the introduction of additional
poly(amino acid) blocks. [0052] In another embodiment,
both termini of a PEG are converted to amine salts
that are then employed in bidirectional polymerization
to introduce poly(amino acid) blocks concomitantly at
each end. Such bidirectional polymerization is
depicted in Scheme 2, below. [0053] One of ordinary
skill in the art would recognize that the embodiments 



described above and herein that employ PEG as the
synthetic polymer block can be readily applied to
other synthetic polymers. Therefore, this invention
contemplates multiblock copolymers of the permutations
described herein that employ synthetic polymers other
than PEG. In certain embodiments, the synthetic
polymer block is polypropylene oxide (PPO),
PEG-PPO-PEG block copolymers (Pluronics(r)),
polyesters, polyamides, poly(ethylene imine),
polyphosphazines, polyacrylates, or polymethacrylates.
[0054] In certain embodiments, the synthetic polymer
is poly(ethylene glycol) (PEG) having one or two
terminal amine salt (s) ("PEG macroinitiator") to
initiate the polymerization of NCAs to provide a
PEG-poly(amino acid) multi-block copolymer as
illustrated in Schemes 1 and 2, below.Scheme 1 [0055]
Scheme 1 above depicts a polymerization method of the
present invention. A macroinitiator of formula I is
treated with a first amino acid NCA to form a compound
of formula I-a having a first amino acid block. The
second amino acid NCA is added to the living polymer
of formula I-a to form a compound of formula II having
two differing amino acid blocks. Each of the R1,A, n,
Q, Rx, Ry, m, and m' groups depicted in Scheme 1 are
as defined and described in classes and subclasses,
singly and in combination, herein. Scheme 2[0056]
Scheme 2 above depicts the synthesis of a
PAA-b-PAA-b-PEG-b-PAA-b-PAA pentablock copolymer
according to the present invention, wherein each of
Rx, Ry, m, m', n, A, and Q are as defined herein and
in classes and subclasses, singly and in combination.
[0057] Another aspect of the present invention
provides a method of for preparing a multi-block
copolymer comprising two or more different poly(amino
acid) blocks and a PEG synthetic polymer block,
wherein said method comprises the steps of: (a)
providing a compound of formula I : wherein: n is
10-2500; R1 is -Z(CH2CH2Y)p(CH2)tR3, wherein: Z is
-O-, -S-, -OC-, or -CH2-; each Y is independently -O-
or -S-; p is 0-10; t is 0-10; and R3 is - N3, -CN, a
mono-protected amine, a di-protected amine, a
protected aldehyde, a protected hydroxyl, a protected
carboxylic acid, a protected thiol, a 9-30-membered
crown ether, or an optionally substituted group
selected from aliphatic, a 5-8 membered saturated,
partially unsaturated, or aryl ring having 0-4
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, an 8-1 0 membered saturated,
partially unsaturated, or aryl bicyclic ring having
0-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or a detectable moiety; Q is a
valence bond or a bivalent, saturated or unsaturated,
straight or branched C1- 2 alkylene chain, wherein 0-6
methylene units of Q are independently replaced by
-Cy-, -O-, -NH-, -S-, -OC(O)-, -C(O)O-, -C(O)-, -SO-,
-SO2-, -NHSO2-, - SO2NH-, -NHC(O)-, -C(O)NH-,
-OC(O)NH-, or -NHC(O)O-, wherein: -Cy- is an
optionally substituted 5-8 membered bivalent,
saturated, partially unsaturated, or aryl ring having
0-4 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an optionally substituted 8-10
membered bivalent saturated, partially unsaturated, or
aryl bicyclic ringhaving 0-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur; and A is a
suitable acid anion, (b) polymerizing a first cyclic
amino acid monomer onto the amine salt terminal end of
formula I ; (c) optionally polymerizing a second
cyclic amino acid monomer onto the living polymer end,
wherein said second cyclic amino acid monomer is
different from said first cyclic amino acid monomer;
and (d) optionally polymerizing additional cyclic
amino acid monomers onto the living polymer end.
[0058] In certain embodiments, the cyclic amino acid
monomers include N-carboxy anhydrides (NCAs), lactams,
and cyclic imides. According to one embodiment, the
cyclic amino acid monomer is an NCA. NCAs are well
known in the art and are typically prepared by the
carbonylation of amino acids by a modification of the
Fuchs-Farthing method (Kricheldorf,
a-Aminoacid-N-Carboxy-Anhydrides and Related
Heterocycles: Syntheses, Properties, Peptide
Synthesis, Polymerization, 1987). Although reaction
conditions vary among different amino acids, most, if
not all, natural and unnatural, 2- substituted amino
acids can be converted to N-carboxy anhydrides using
phosgene gas or triphosgene (for ease of handling). It
will be appreciated that, although a-amino acids are
described below, one of ordinary skill in the art
would recognize that NCAs may be prepared from b- and
g-amino acids as well. In addition, NCAs can be
prepared from dimers or trimers of amino acids. Using
an amino acid having an Rx side-chain, as defined
herein, as an example, Scheme 3 below depicts the
typical formation of an NCA using phosgene. Scheme 3
[0059] NCAs exhibit reactivity that is well-suited for
ring-opening polymerization (ROP). Primary, secondary,
and tertiary amines as well as alcohols, water, and
acid are known to initiate the ring opening of the
NCA. Thus, solvents and all starting
materials,including initiators and the NCA monomers,
are substantially free from impurities and moisture.
[0060] Because a wide variety of functionalities can
initiate the polymerizations of NCAs, amino acids
containing alcohol, amine, and carboxylic acid
functionality are typically protected before
polymerization. Such protected hydroxyl groups,
protected amine groups, and protected carboxylic acids
are well known in the art and include those described
above and in Greene (1999). [0061] Examples of
suitable hydroxyl protecting groups include, but are
not limited to, esters, allyl ethers, ethers, silyl
ethers, alkyl ethers, arylalkyl ethers, and
alkoxyalkyl ethers. Examples of such esters include
formates, acetates, carbonates, and sulfonates.
Specific examples include formate, benzoyl formate,
chloroacetate, trifluoroacetate, methoxyacetate,
triphenylmethoxyacetate, p-chlorophenoxyacetate,
3-rhenylpropionate, 4-oxopentanoate,
4,4-(ethylenedithio)pentanoate, pivaloate
(trimethylacetyl), crotonate, Amethoxy- crotonate,
benzoate, p-benylbenzoate, 2,4,6-trimethylbenzoate,
carbonates such as methyl, 9-fluorenylmethyl, ethyl,
2,2,2-trichloroethyl, 2-(trimethylsilyl)ethyl, 2-
(phenylsulfonyl)ethyl, vinyl, allyl, and
p-nitrobenzyl. Examples of such silyl ethers include
trimethylsilyl, triethylsilyl, t-butyldimethylsilyl,
t-butyldiphenylsilyl, triisopropylsilyl, and other
trialkylsilyl ethers. Alkyl ethers include methyl,
benzyl, pmethoxybenzyl, 3,4-dimethoxybenzyl, trityl,
t-butyl, allyl, and allyloxycarbonyl ethers or
derivatives. Alkoxyalkyl ethers include acetals such
as methoxymethyl, methylthiomethyl,
(2-methoxyethoxy)methyl, benzyloxymethyl, beta-
(trimethylsilyl)ethoxymethyl, and tetrahydropyranyl
ethers. Examples of arylalkyl ethers include benzyl,
p-methoxybenzyl (MPM), 3,4-dimethoxybenzyl,
O-nitrobenzyl, pnitrobenzyl, p-halobenzyl,
2,6-dichlorobenzyl, p-cyanobenzyl, 2- and 4-picolyl.
[0062] Suitable amino protecting groups include, but
are not limited to, aralkylamines, carbamates, cyclic
imides, allyl amines, amides, and the like. Examples
of such groups include t-butyloxycarbonyl (BOC),
ethyloxycarbonyl, methyloxycarbonyl,
trichloroethyloxycarbonyl, allyloxycarbonyl (Alloc),
benzyloxocarbonyl (CBZ), allyl, phthalimide, benzyl
(Bn), fluorenylmethylcarbonyl (Fmoc), formyl, acetyl,
chloroacetyl, dichloroacetyl, trichloroacetyl,
phenylacetyl, trifluoroacetyl, benzoyl, and the like.
In certain embodiments, the amino protecting group is
phthalimido. In other embodiments, the amino
protecting group is mono- or di-benzyl or mono- or
di-allyl, In still other embodiments, the amino
protecting group is a tert-butyloxycarbonyl (BOC)
group.[0063] Suitable carboxylate protecting groups
include, but are not limited to, substituted C1-
aliphatic esters, optionally substituted aryl esters,
silyl esters, activated esters, amides, hydrazides,
and the like. Examples of such ester groups include
methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
tert-butyl, benzyl, and phenyl wherein each group is
optionally substituted. [0064] Both D and L NCA
enantiomers can be synthesized and any combination of
the two stereoisomers can undergo ring-opening
polymerization. Advanced Chemtech
(http://www.advancedchemtech.com) and Bachem
(www.bachem.com) are commercial and widely-referenced
sources for both protected and unprotected amino
acids. It will be appreciated that amino acid dimers
and trimers can form cyclic anhydrides and are capable
of ROP in accordance with the present invention.
[0065] In certain embodiments, the cyclic amino acid
monomer is a carboxylateprotected aspartic acid NCA, a
hydroxyl-protected tyrosine NCA, or an amino-protected
lysine NCA. In other embodiments, the cyclic amino
acid monomer is a t-butyl protected aspartic acid NCA,
a benzyl-protected tyrosine NCA, or a BOC-protected
lysine NCA. [0066] In certain embodiments, the R3
moiety of the R1 group of formula I is -N . [0067] In
other embodiments, the R3 moiety of the R1 group of
formula I is -CN. [0068] In still other embodiments,
the R3 moiety of the R1 group of formula I is a
mono-protected amine or a di-protected amine. [0069]
In certain embodiments, the R3 moiety of the R1 group
of formula I is an optionally substituted aliphatic
group. Examples include t-butyl, 5-norbornene-2-yl,
octane-5-yl, acetylenyl, trimethylsilylacetylenyl,
triisopropylsilylacetylenyl, and
tbutyldimethylsilylacetylenyl. In some embodiments,
said R3 moiety is an optionally substituted alkyl
group. In other embodiments, said R3 moiety is an
optionally substituted alkynyl or alkenyl group. When
said R3 moiety is a substituted aliphatic group,
suitable substituents on R3 include CN, N3,
trimethylsilyl, triisopropylsilyl,
t-butyldimethylsilyl, Nmethyl propiolamido,
N-methyl-4-acetylenylanilino,
N-niethyl-4-acetylenylbenzoamido,
bis-(4-ethynyl-benzyl)-amino, dipropargylamino,
di-hex-5-ynyl-amino, di-pent-4-ynylamino,
di-but-3-ynyl-amino, propargyloxy, hex-5-ynyloxy,
pent-4-ynyloxy, di-but-3- ynyloxy,
N-methyl-propargylamino, N-methyl-hex-5-ynyl-amino,
N-methyl-pent-4-ynylamino, N-methyl-but-3-ynyl-amino,
2-hex-5-ynyldisulfanyl, 2-pent-4-ynyldisulfanyl, 2-
but-3-ynyldisulfanyl, and 2-propargyldisulfanyl. In
certain embodiments, the R1 group
is2-(N-methyl-N-(ethynylcarbonyl)amino)ethoxy,
4-ethynylbenzyloxy, or 2-(4- ethynylphenoxy)ethoxy .
[0070] In certain embodiments, the R3 moiety of the R1
group of formula I is an optionally substituted aryl
group. Examples include optionally substituted phenyl
and optionally substituted pyridyl. When said R3
moiety is a substituted aryl group, suitable
substituents on R3 include CN, N3, NO2, -CH3 -CH2N3,
-CH=CH2, -OCH, Br, I, F, bis-
(4-ethynyl-benzyl)-amino, dipropargylamino,
di-hex-5-ynyl-amino, di-pent-4-ynyl-amino,
di-but-3-ynyl-amino, propargyloxy, hex-5-ynyloxy,
pent-4-ynyloxy, di-but-3-ynyloxy, 2-
hex-5-ynyloxy-ethyldisulfanyl,
2-pent-4-ynyloxy-ethyldisulfanyl,
2-but-3-ynyloxyethyldisulfanyl,
2-propargyloxy-ethyldisulfanyl, bis-benzyloxy-m ethyl,
[l,3]dioxolan-2- yl, and [l,3]dioxan-2-yl. [0071] In
other embofiments, the R3 moiety is an aryl group
substituted with a suitably protected amino group.
According to another aspect, the R3 moiety is phenyl
substituted with a suitably protected amino group.
[0072] In other embodiments, the R3 moiety of the R1
group of formula I is a protected hydroxyl group. In
certain embodiments the protected hydroxyl of the R3
moiety is an ester, carbonate, sulfonate, allyl ether,
ether, silyl ether, alkyl ether, arylalkyl ether, or
alkoxyalkyl ether. In certain embodiments, the ester
is a formate, acetate, proprionate, 



pentanoate, crotonate, or benzoate. Exemplary esters
include formate, benzoyl formate, chloroacetate,
trifluoroacetate, methoxyacetate,
triphenylmethoxyacetate, pchlorophenoxyacetate,
3-phenylpropionate, 4-oxopentanoate, 4,4-
(ethylenedithio)pentanoate, pivaloate
(trimethylacetate), crotonate, 4-methoxy-crotonate,
benzoate, p-benylbenzoate, 2,4,6-trimethylbenzoate.
Exemplary carbonates include 9- fluorenylmethyl,
ethyl, 2,2,2-trichloroethyl, 2-(trimethylsilyl)ethyl,
2- (phenylsulfonyl)ethyl, vinyl, allyl, and
p-nitrobenzyl carbonate. Examples of suitable silyl
ethers include trimethylsilyl, triethylsilyl,
t-butyldimethylsilyl, t-butyldiphenylsilyl,
triisopropylsilyl ether, and other trialkylsilyl
ethers. Exemplary alkyl ethers include methyl, benzyl,
p-methoxybenzyl, 3,4-dimethoxybenzyl, trityl, t-butyl,
and allyl ether, or derivatives thereof. Exemplary
alkoxyalkyl ethers include acetals such as
methoxymethyl, methylthiomethyl,
(2-methoxyethoxy)methyl, benzyloxymethyl, beta-
(trimethylsilyl)ethoxymethyl, and tetrahydropyran-2-yl
ether. Examplary arylalkyl ethers include benzyl,
p-methoxybenzyl (MPM), 3,4-dimethoxybenzyl,
O-nitrobenzyl, pnitrobenzyl, p-halobenzyl,
2,6-dichlorobenzyl, p-cyanobenzyl, 2- and 4-picolyl
ethers.[0073] In certain embodiments, the R3 moiety of
the R1 group of formula I is a monoprotected or
di-protected amino group. In certain embodiments R3 is
a mono-protected amine. In certain embodiments R3 is a
mono-protected amine selected from aralkylamines,
carbamates, allyl amines, or amides. Examplary
mono-protected amino moieties include
t-butyloxycarbonylamino, ethyloxycarbonylamino,
methyloxycarbonylamino,
trichloroethyloxy-carbonylamino,
allyloxycarbonylamino, benzyloxocarbonylamino,
allylamino, benzylamino, fluorenylmethylcarbonyl,
formamido, acetamido, chloroacetamido,
dichloroacetamido, trichloroacetamido,
phenylacetamido, trifluoroacetamido, benzamido, and
t-butyldiphenylsilylamino. In other embodiments R3 is
a di-protected amine. Exemplary di-protected amines
include di-benzylamine, diallylamine, phthalimide,
maleimide, succinimide, pyrrole, 2,2,5,5-tetramethyl-
[l,2,5]azadisilolidine, and azide. In certain
embodiments, the R3 moiety is phthalimido. In other
embodiments, the R3 moiety is mono- or di-benzylamino
or mono- or diallylamino. In certain embodiments, the
R1 group is 2-dibenzylaminoethoxy. [0074] In other
embodiments, the R3 moiety of the R1 group of formula
I is a protected aldehyde group. In certain
embodiments the protected aldehydo moiety of R3 is an
acyclic acetal, a cyclic acetal, a hydrazone, or an
imine. Exemplary R3 groups include dimethyl acetal,
diethyl acetal, diisopropyl acetal, dibenzyl acetal,
bis(2-nitrobenzyl) acetal, 1,3- dioxane,
1,3-dioxolane, and semicarbazone. In certain
embodiments, R3 is an acyclic acetal or a cyclic
acetal. In other embodiments, R3 is a dibenzyl acetal.
[0075] In yet other embodiments, the R3 moiety of the
R1 group of formula I is a protected carboxylic acid
group. In certain embodiments, the protected
carboxylic acid moiety of R3 is an optionally
substituted ester selected from C1-6 aliphatic or
aryl, or a silyl ester, an activated ester, an amide,
or a hydrazide. Examples of such ester groups include
methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
benzyl, and phenyl ester. In other embodiments, the
protected carboxylic acid moiety of R3 is an oxazoline
or an ortho ester. Examples of such protected
carboxylic acid moieties include oxazolin-2-yl and 2-
methoxy-[l,3]dioxin-2-yl. In certain embodiments, the
R1 group is oxazolin-2-ylmethoxy or
2-oxazolin-2-yl-l-propoxy. [0076] According to another
embodiments, the R3 moiety of the R1 group of formula
I is a protected thiol group. In certain embodiments,
the protected thiol of R3 is a disulfide, thioether,
silyl thioether, thioester, thiocarbonate, or a
thiocarbamate. Examples of such protected thiols
include triisopropylsilyl thioether,
t-butyldimethylsilyl thioether, t-butylthioether,
benzyl thioether, p-methylbenzyl thioether,
triphenylmethyl thioether, and
pmethoxyphenyldiphenylmethyl thioether. In other
embodiments, R3 is an optionally substituted thioether
selected from alkyl, benzyl, or triphenylmethyl, or
trichloroethoxycarbonyl thioester. In certain
embodmients, R3 is -S-S-pyridin-2-yl, -SSBn, -S-SCH3,
or -S-S(p-ethynylbenzyl). In other embodmients, R3 is
-S-S-pyridin-2-yl. In still other embodiments, the R1
group is 2-triphenylmethylsulfanyl-ethoxy. [0077] In
certain embodiments, the R3 moiety of the R1 group of
formula l is a crown ether. Examples of such crown
ethers include 12-crown-4, 15-crown-5, and 18-crown-6.
[0078] In still other embodiments, the R3 moiety of
the R1 group of formula I is a detectable moiety.
According to one aspect of the invention, the R3
moiety of the R1 group of formula I is a fluorescent
moiety. Such fluorescent moieties are well known in
the art and include coumarins, quinolones,
benzoisoquinolones, hostasol, and Rhodamine dyes, to
name but a few. Exemplary fluorescent moieties of the
R3 group of R1 include anthracen-9-yl, pyren-4-yl, 9-/
-carbazol-9-yl, the carboxylate of rhodamine B5 and
the carboxylate of coumarin 343. [0079] In certain
embodiments, the R3 moiety of the R1 group of formula
I is a group suitable for Click chemistry. Click
reactions tend to involve high-energy ("springloaded")
reagents with well-defined reaction coordinates,
giving rise to selective bondforming events of wide
scope. Examples include the nucleophilic trapping of
strained-ring electrophiles (epoxide, aziridines,
aziridinium ions, episulfonium ions), certain forms of
carbonyl reactivity (aldehydes and hydrazines or
hydroxylamines, for example), and several types of
cycloaddition reactions. The azide-alkyne 1,3-dipolar
cycloaddition is one such reaction. Click chemistry is
known in the art and one of ordinary skill in the art
would recognize that certain R3 moieties of the
present invention are suitable for Click chemistry.
[0080] Compounds of formula I having R3 moieties
suitable for Click chemistry are useful for
conjugating said compounds to biological systems or
macromolecules such as proteins, viruses, and cells,
to name but a few. The Click reaction is known to
proceed quickly and selectively under physiological
conditions. In contrast, most conjugation reactions
are carried out using the primary amine functionality
on proteins (e.g. lysine or protein end-group).
Because most proteins contain a multitude of lysines
and arginines, such conjugation occurs uncontrollably
at multiple sites on the protein. This is particularly
problematic when lysines or arginines are located
around the active site of anenzyme or other
biomolecule. Thus, another embodiment of the present
invention provides a method of conjugating the R1
group of a compound of formula I to a macromolecule
via Click chemistry. Yet another embodiment of the
present invention provides a macromolecule conjugated
to a compound of formula I via the R1 group. [0081] As
defined generally above, Q is a valence bond or a
bivalent, saturated or unsaturated, straight or
branched C1-12 alkylene chain, wherein 0-6 methylene
units of Q are independently replaced by -Cy-, -O-,
-NH-, -S-, -OC(O)-, -C(O)O-, -C(O)-, -SO-, - SO2-,
-NHSO2-, -SO2NH-, -NHC(O)-, -C(O)NH-, -OC(O)NH-, or
-NHC(O)O-, wherein - Cy- is an optionally substituted
5-8 membered bivalent, saturated, partially
unsaturated, or aryl ring having (0-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur, or an optionally substituted 8-10 membered
bivalent saturated, partially unsaturated, or aryl
bicyclic ring having 0-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. In certain
embodiments, Q is a valence bond. In other
embodiments, Q is a bivalent, saturated C1-12 alkylene
chain, wherein 0-6 methylene units of Q are
independently replaced by -Cy-, -0-, -NH-, -S-,
-OC(O)-, -C(O)O-, or -C(O)-, wherein - Cy- is an
optionally substituted 5-8 membered bivalent,
saturated, partially unsaturated, or aryl ring having
0-4 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an optionally substituted 8-10
membered bivalent saturated, partially unsaturated, or
aryl bicyclic ring having 0-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. [0082] In certain embodiments, Q is -Cy- (i.e.
a C1 alkylene chain wherein the methylene unit is
replaced by -Cy-), wherein -Cy- is an optionally
substituted 5-8 membered bivalent, saturated,
partially unsaturated, or aryl ring having 0-4
heteroatoms independently selected from nitrogen,
oxygen, or sulfur. According to one aspect of the
present invention, -Cy- is an optionally substituted
bivalent aryl group. According to another aspect of
the present invention, -Cy- is an optionally
substituted bivalent phenyl group. In other
embodiments, -Cy- is an optionally substituted 5-8
membered bivalent, saturated carbocyclic ring. In
still other embodiments, -Cy- is an optionally
substituted 5- 8 membered bivalent, saturated
heterocyclic ring having 1-2 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. Exemplary
-Cy- groups include bivalent rings selected from
phenyl, pyridyl, pyrimidinyl, cyclohexyl, cyclopentyl,
or cyclopropyl. [0083] Multi -block copolymers of the
present invention may be of the form X-W-X', W-X-X',
W-X-X'-X", X'-X-W-X-X', X'-X-W-X"-X'", or W-X-X'-X.
For example,when W is a PEG having two terminal amine
salts, a first cyclic amino acid monomer X may be
polymerized onto the amine salt terminal ends of W. A
second cyclic amino acid monomer X' may then be
polymerized onto the resulting amine salts thus
forming a multiblock copolymer of the form X'
-X-W-X-X', as illustrated in Scheme 2, wherein W is a
synthetic polymer portion and X, X', and X" are
differing poly(amino acid) chains. In an alternate
example, when W is a PEG having one terminal amine
salt and one protectedamine terminus, a first cyclic
amino acid monomer X may be polymerized onto the amine
salt terminal end of W, following which the protected
amine, at the other terminus, may be deprotected and
the corresponding amine salt formed. A second cyclic
amino acid monomer X' may then be polymerized onto the
resulting amine salt thus forming a multiblock
copolymer of the form X-W-X'. [0084] After
incorporating the poly (amino acid) block portions
into the multi-block coploymer of the present
invention resulting in a multi-block copolymer of the
form W-XX', the other end-group functionality,
corresponding to the R1 moiety of formula I, can be
used to attach targeting groups for cell specific
delivery including, but not limited to, detectable
moieties, such as fluorescent dyes, covalent
attachment to surfaces, and incorporation into
hydrogels. Alternatively, the R1 moiety of formula I
is bonded to a biomolecule, drug, cell, or other
suitable substrate. [0085] According to another
embodiment, the cyclic amino acid monomer is a lactam.
Lactams are another class of monomers that can be
polymerized by cationic ROP. (Odian, Principles of
Polymerization, Ch. 7) Such lactams suitable for the
present invention include the four, five
(pyrrolidone), six (piperidone) and seven
(caprolactam) membered rings depicted below: wherein
each R is independently halogen; N3, CN, R; OR; SR;
phenyl (Ph) optionally substituted with R; -0(Ph)
optionally substituted with R; (CH2)i-2(Ph),
optionally substituted with R; CH=CH(Ph), optionally
substituted with R; NO2; CN; N(R)2; NRC(O)R;
NRC(O)N(R) 2; NRCO2R; NRNRC(O)R; NRNRC(O)N(R) 2;
NRNRCO 2R; C(O)C(O)R; C(O)CH2C(O)R; CO2R; C(O)R;
C(O)N(R)2;OC(O)N(R) 2; S(O)2R; SO2N(R) 2; S(O)R; NRSO
2N(R) 2; NRSO 2R; C(=S)N(R) 2; C(=NH)-N(R) 2; or
(CH2)o-2NHC(O)R wherein each R may be substituted as
defined below and is independently hydrogen, C1-6
aliphatic, -(CH2)0-1 Ph, -O(CH 2)0-1Ph, or a 5-6-
membered saturated, partially unsaturated, or aryl
ring having 0-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or, notwithstanding
the definition above, two independent occurrences of
R, on the same substituent or different substituents,
taken together with the atom(s) to which each R group
is bound, form a 3-8- membered cycloalkyl,
heterocyclyl, aryl, or heteroaryl ring having 0-4
heteroatoms independently selected from nitrogen,
oxygen, or sulfur. Suitable monovalent substituents on
R, are independently halogen, -(CH2)0-2R, -(haloR'),
-(CH2)0-2OH, -(CH2)0-2OR, -(CH2)0-2CH(OR )2; -O(haloR
), -CN, -N3, -(CH2)0-2C(O)R , -(CH2)0-2C(O)OH,
-(CH2)o_ 2C(O)OR , -(CH2)0-2SR, -(CH2) O-2SH,
-(CH2)0-2NH2, -(CH2)0-2NHR , -(CH2)0-2NR 2, - NO2,
-SiR  3, -OSiR  3, -C(O)SR , -(C1-4 straight or
branched alkylene)C(O)OR', or -SSR  



wherein each R' is unsubstituted or where preceded by
"halo" is substituted only with one or more halogens,
and is independently selected from C1-4 aliphatic,
-CH2Ph, -O(CH2)0- iPh, or a 5-6-membered saturated,
partially unsaturated, or aryl ring having 0-4
heteroatoms independently selected from nitrogen,
oxygen, or sulfur. Suitable divalent substituents on a
saturated carbon atom of R include =0 and =S. [0086]
Substitution a to the amide carbonyl allows for
incorporation of almost unlimited types of chemical
functionality into the polymer backbone. As is the
case with NCA polymerization, potential nucleophiles
incorporated into the monomer may be protected prior
to prevent any undesired branching reactions. [0087]
Another aspect of the present invention provides a
method for preparing a multi-block copolymer of
formula II: wherein: n is 10-2500; m is 1to 1000; m'
is 0 to 1000;Rx and Ry are each independently a
natural or unnatural amino acid side-chain group,
wherein Rx and Ry are different from each other; R1 is
-Z(CH2CH2Y)p(CH2)tR3, wherein: Z is -O-, -S-, -CC-, or
-CH2-; each Y is independently -O- or -S-; p is 0-10;
t is 0-10; and R3 is -N3, -CN, a mono-protected amine,
a di-protected amine, a protected aldehyde, a
protected hydroxyl, a protected carboxylic acid, a
protected thiol, a 9-30-membered crown ether, or an
optionally substituted group selected from aliphatic,
a 5-8 membered saturated, partially unsaturated, or
aryl ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, an 8-10
membered saturated, partially unsaturated, or aryl
bicyclic ring having 0-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or a
detectable moiety; Q is a valence bond or a bivalent,
saturated or unsaturated, straight or branched C1- I2
alkylene chain, wherein 0-6 methylene units of Q are
independently replaced by -Cy-, -O-, -NH-, -S-,
-OC(O)-, -C(O)O-, -C(O)-, -SO-, -SO2-, -NHSO2-, -
SO2NH-, -NHC(O)-, -C(O)NH-, -OC(O)NH-, or -NHC(O)O-,
wherein: -Cy- is an optionally substituted 5-8
membered bivalent, saturated, partially unsaturated,
or aryl ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or an
optionally substituted 8-10 membered bivalent
saturated, partially unsaturated, or aryl bicyclic
ring having 0-5 heteroatoms independently selected
from nitrogen, oxygen, or sulfur; and A is a suitable
acid anion, wherein said method comprises the steps
of: (a) providing a compound of formula I : wherein: n
is 10-2500;R1 is -Z(CH2CH2Y)p(CH2)tR3, wherein: Z is
-O-, -S-, -C=C-, or -CH2-; each Y is independently -O-
or -S-; p is 0-10; t is 0-10; and R3 is - N3, -CN, a
mono-protected amine, a di-protected amine, a
protected aldehyde, a protected hydroxyl, a protected
carboxylic acid, a protected thiol, a 9-30-membered
crown ether, or an optionally substituted group
selected from aliphatic, a 5-8 membered saturated,
partially unsaturated, or aryl ring having 0-4
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, an 8-10 membered saturated,
partially unsaturated, or aryl bicyclic ring having
0-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or a detectable moiety; Q is a
valence bond or a bivalent, saturated or unsaturated,
straight or branched C1 . 12 alkylene chain, wherein
0-6 methylene units of Q are independently replaced by
-Cy-, -O-, -NH-, -S-, -OC(O)-, -C(O)O-, -C(O)-, -SO-,
-SO2-, -NHSO2-, - SO2NH-, -NHC(O)-, -C(O)NH-,
-OC(O)NH-, or -NHC(O)O-, wherein: -Cy- is an
optionally substituted 5-8 membered bivalent,
saturated, partially unsaturated, or aryl ring having
0-4 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an optionally substituted 8-10
membered bivalent saturated, partially unsaturated, or
aryl bicyclic ring having 0-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; and A is a suitable acid anion, (b)
polymerizing a first cyclic amino acid monomer onto
the amine salt terminal end of formula I , wherein
said first cyclic amino acid monomer comprises Rx; and
(c) optionally polymerizing a second cyclic amino acid
monomer, comprising Ry, onto the living polymer end,
wherein said second cyclic amino acid monomer is
different from said first cyclic amino acid monomer.
[0088] Each of the classes and subclasses as described
for the R1 (including R3 and other variables contained
therein) and Q groups of formula I also apply singly
and in combination to the R1 and Q groups of formula
II.[0089] In certain embodiments, m' is 0. In other
embodiments, m' is 1-1000. According to other
embodiments, m and m' are independently 10 to 100
repeat units. In still other embodiments, m is 1-20
repeat units and m' is 10-50 repeat units. [0090] In
certain embodiments, one of Rx and Ry is a
hydrophilic, or crosslinkable, amino acid side-chain
group, or suitably protected form thereof, and the
other of Rx and Ry is a hydrophobic, or ionic amino
acid side-chain group, or suitably protected form
thereof. In other embodiments, Rx is a hydrophilic or
crosslinkable amino acid side-chain group and Ry is a
hydrophobic, or ionic amino acid side-chain group.
Such hydrophilic, or crosslinkable, amino acid
side-chain groups include tyrosine, serine, cysteine,
threonine, aspartic acid (also known as aspartate,
when charged), glutamic acid (also known as glutamate,
when charged), asparagine, and glutamine. Such
hydrophobic amino acid sidechain groups include a
suitably protected tyrosine side-chain, a suitably
protected serine side-chain, a suitably protected
threonine side-chain, phenylalanine, alanine, valine,
leucine, tryptophan, proline, benzyl and alkyl
glutamates, or benzyl and alkyl aspartates or mixtures
thereof. Such ionic amino acid side chain groups
includes a lysine side-chain, arginine side-chain, or
a suitably protected lysine or arginine side-chain, an
aspartic acid side chain, glutamic acid side-chain, or
a suitably protected aspartic acid or glutamic acid
side-chain. One of ordinary skill in the art would
recognize that protection of a polar or hydrophilic
amino acid side-chain can render that amino acid
nonpolar. For example, a suitably protected tyrosine
hydroxyl group can render that tyrosine nonpolar and
hydrophobic by virtue of protecting the hydroxyl
group. Suitable protecting groups for the hydroxyl,
amino, and thiol, and carboylate functional groups of
Rx and Ry are as described herein. [0091] In other
embodiments, Ry comprises a mixture of hydrophobic and
hydrophilic amino acid side-chain groups such that the
overall poly(amino acid) block comprising Ry is
hydrophobic. Such mixtures of amino acid side-chain
groups include phenylalanine/tyrosine,
phenalanine/serine, leucine/tyrosine, and the like.
According to another embodiment, Ry is a hydrophobic
amino acid side-chain group selected from
phenylalanine, alanine, or leucine, and one or more of
tyrosine, serine, or threonine. [0092] In other
embodiments, one or both of Rx and Ry comprise
functional groups capable of forming cross-links.
According to another embodiment, Rx comprises a
functional group capable of forming cross-links. It
will be appreciated that a variety of functional
groups are capable of such cross-linking, including,
but not limited to,carboxylate, hydroxyl, thiol, and
amino groups. Examples of NCA' s having functional
groups capable of forming cross-links, or protected
forms thereof, include protected glutamic and aspartic
acids, such as: protected cysteines capable of forming
disulfide crosslinking via the corresponding thiol,
such as: protected serines capable of glutaraldehyde
crosslinking via the corresponding hydroxyl, such as:
aldehyde and protected aldehyde capable of
glutaraldehyde crosslinking, such as: [0093] As
discussed above, the preparation of poly(amino acid)
containing polymers synthesized by the initiation of
NCAs using free amine macroinitiators affords block
copolymers with a wide range of PDIs. In certain
embodiments, the sequentialpolymerization methods of
the present invention result in the preparation of
multi-block copolymers of the present invention having
a PDI about equal to or lower than that of the
starting synthetic polymer. [0094] Other nonlimiting
examples of amino acid monomers suitable for the
methods of the present invention include protected
glutamic and aspartic acids, such as: protected
lysine, such as: protected arginine, such as:
protected histidine, such as: [0095] Another aspect of
the present invention provides a compound of formula
II:wherein: n is 10-2500; m is 1 to 1000; m' is Oto
1000; Rx and Ry are each independently a natural or
unnatural amino acid side-chain group, wherein Rx and
Ry are different from each other; R1 is
-Z(CH2CH2Y)p(CH2)tR3, wherein: Z is -O-, -S-, -CC-, or
-CH2-; each Y is independently -O- or -S-; p is 0-10;
t is 0-10; and R is - N3, -CN, a mono-protected amine,
a di-protected amine, a protected aldehyde, a
protected hydroxyl, a protected carboxylic acid, a
protected thiol, a 9-30-membered crown ether, or an
optionally substituted group selected from aliphatic,
a 5-8 membered saturated, partially unsaturated, or
aryl ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, an 8-10
membered saturated, partially unsaturated, or aryl
bicyclic ring having 0-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or a
detectable moiety; Q is a valence bond or a bivalent,
saturated or unsaturated, straight or branched C1- I2
alkylene chain, wherein 0-6 methylene units of Q are
independently replaced by -Cy-, -O-, -NH-, -S-,
-OC(O)-, -C(O)O-, -C(O)-, -SO-, -SO2-, -NHSO2-, -
SO2NH-, -NHC(O)-, -C(O)NH-, -OC(O)NH-, or -NHC(O)O-,
wherein: -Cy- is an optionally substituted 5-8
membered bivalent, saturated, partially unsaturated,
or aryl ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or an
optionally substituted 8-10 membered bivalent
saturated, partially unsaturated, or aryl bicyclic
ring having 0-5 heteroatoms independently selected
from nitrogen, oxygen, or sulfur; and 



A is a suitable acid anion,wherein said compound is
prepared by a method comprising the steps of: (a)
providing a compound of formula I : wherein: n is
10-2500; R1 is -Z(CH 2CH2Y)p(CH2)tR3, wherein: Z is
-O-, -S-, -C C-, or -CH2-; each Y is independently -O-
or -S-; p is 0-10; t is 0-10; and R3 is - N3, -CN, a
mono-protected amine, a di-protected amine, a
protected aldehyde, a protected hydroxy., a protected
carboxylic acid, a protected thiol, a 9-30-membered
crown ether, or an optionally substituted group
selected from aliphatic, a 5-8 membered saturated,
partially unsaturated, or aryl ring having 0-4
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, an 8-10 membered saturated,
partially unsaturated, or aryl bicyclic ring having
0-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or a detectable moiety; Q is a
valence bond or a bivalent, saturated or unsaturated,
straight or branched C1 12 alkylene chain, wherein 0-6
methylene units of Qs are independently replaced by
-Cy-, -O-, -NH-, -S-, -OC(O)-, -C(O)O-, -C(O)-, -SO-,
-SO2-, - NHSO 2 , -SO2NH-, -NHC(O)-, -C(O)NH-,
-OC(O)NH-, or -NHC(O)O-, wherein: -Cy- is an
optionally substituted 5-8 membered bivalent,
saturated, partially unsaturated, or aryl ring having
0-4 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an optionally substituted 8-10
membered bivalent saturated, partially unsaturated, or
aryl bicyclic ring having 0-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; and A is a suitable acid anion,(b)
polymerizing a first cyclic amino acid monomer onto
the amine salt terminal end of formula I , wherein
said first cyclic amino acid monomer comprises Rx; and
(c) optionally polymerizing a second cyclic amino acid
monomer, comprising Ry, onto the living polymer end,
wherein said second cyclic amino acid monomer is
different from said first cyclic amino acid monomer.
[0096] According to another embodiment, the present
invention provides a compound of formula II: wherein:
n is 10-2500; m is 1 to 1000; m' is 0 to 1000; Rx and
Ry are each independently a natural or unnatural amino
acid side-chain group, wherein Rx and Ry are different
from each other; R1 is -Z(CH2CH2Y)p(CH2)tR3, wherein:
Z is -O-, -S-, -CC-, or -CH2-; each Y is independently
-O- or -S-; p is 0-10; t is 0-10; and R3 is - N3, -CN,
a mono-protected amine, a di-protected amine, a
protected aldehyde, a protected hydroxyl, a protected
carboxylic acid, a protected thiol, a 9-30-membered
crown ether, or an optionally substituted group
selected from aliphatic, a 5-8 membered saturated,
partially unsaturated, or aryl ring having 0-4
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, an 8-10 membered saturated,
partially unsaturated, or aryl bicyclic ring having
0-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or a detectable moiety; Q is a
valence bond or a bivalent, saturated or unsaturated,
straight or branched C1- I2 alkylene chain, wherein
0-6 methylene units of Q are independently replaced by
-Cy-, -O-, -NH-, -S-, -OC(O)-, -C(O)O-, -C(O)-, -SO-,
-SO2-, -NHSO2-, - SO2NH-, -NHC(O)-, -C(O)NH-,
-OC(O)NH-, or -NHC(O)O-, wherein:-Cy- is an optionally
substituted 5-8 membered bivalent, saturated,
partially unsaturated, or aryl ring having (M-
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an optionally substituted 8-10
membered bivalent saturated, partially unsaturated, or
aryl bicyclic ring having 0-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; and A is a suitable acid anion. [0097] In
certain embodiments, the m' group of formula II is
1-1000. In certain embodiments, the m' group of
formula II is 0. In other embodiments, m' is 1-1000.
According to other embodiments, m and m' are
independently 10 to 100 repeat units. In still other
embodiments, m is 1-20 repeat units and m' is 10-50
repeat units. [0098] In certain embodiments, the R3
moiety of the R1 group of formula II is -N3. [0099] In
other embodiments, the R3 moiety of the R1 group of
formula II is -CN. [00100] In certain embodiments, the
R3 moiety of the R1 group of formula II is an
optionally substituted aliphatic group. Examples
include t-butyl, 5-norbornene-2-yl, octane-5-yl,
acetylenyl, trimethylsilylacetylenyl,
triisopropylsilylacetylenyl, and
tbutyldimethylsilylacetylenyl. In some embodiments,
said R3 moiety is an optionally substituted alkyl
group. In other embodiments, said R3 moiety is an
optionally substituted alkynyl or alkenyl group. When
said R3 moiety is a substituted aliphatic group,
suitable substituents on R3 include CN, N3,
trimethylsilyl, triisopropylsilyl,
t-butyldimethylsilyl, Nmethyl propiolamido,
N-methyl-4-acetylenylanilino,
N-methyl-4-acetylenylbenzoamido,
bis-(4-ethynyl-benzyl)-amino, dipropargylamino,
di-hex-5-ynyl-amino, di-pent-4-ynylamino,
di-but-3-ynyl-amino, propargyloxy, hex-5-ynyloxy,
pent-4-ynyloxy, di-but-3- ynyloxy,
N-methyl-propargylamino, N-methyl-hex-5-ynyl-amino,
N-methyl-pent-4-ynylamino, N-methyl-but-3-ynyl-amino,
2-hex-5-ynyldisulfanyl, 2-pent-4-ynyldisulfanyl, 2-
but-3-ynyldisulfanyl, and 2-propargyldisulfanyl. In
certain embodiments, the R1 group is
2-(N-methyl-N-(ethynylcarbonyl)amino)ethoxy,
4-ethynylbenzyloxy, or 2-(4- ethynylphenoxy)ethoxy .
[00101] In certain embodiments, the R3 moiety of the
R1 group of formula II is an optionally substituted
aryl group. Examples include optionally substituted
phenyl and optionally substituted pyridyl. When said
R3 moiety is a substituted aryl group, suitable
substituents on R3 include CN, N3, NO2, -CH3, -CH2N3,
-CH=CH2, -C CH, Br, I, F, bis-
(4-ethynyl-benzyl)-amino, dipropargylamino,
di-hex-5-ynyl-amino,
di-pent-4-ynyl-amino,di-but-3-ynyl-amino,
propargyloxy, hex-5-ynyloxy, pent-4-ynyloxy,
di-but-3-ynyloxy, 2- hex-5-ynyloxy-ethyldisulfanyl,
2-pent-4-ynyloxy-ethyldisulfanyl,
2-but-3-ynyloxyethyldisulfanyl,
2-propargyloxy-ethyldisulfanyl, bis-benzyloxy-methyl,
[l,3]dioxolan-2- yl, and [1,3]dioxan-2-yl. [00102] In
other embodiments, the R moiety is an aryl group
substituted with a suitably protected amino group.
According to another aspect, the R3 moiety is phenyl
substituted with a suitably protected amino group.
[00103] In other embodiments, the R3 moiety of the R1
group of formula II is a protected hydroxyl group. In
certain embodiments the protected hydroxyl of the R3
moiety is an ester, carbonate, sulfonate, allyl ether,
ether, silyl ether, alkyl ether, arylalkyl ether, or
alkoxyalkyl ether. In certain embodiments, the ester
is a formate, acetate, proprionate, pentanoate,
crotonate, or benzoate. Exemplary esters include
formate, benzoyl formate, chloroacetate,
trifiuoroacetate, methoxyacetate,
triphenylmethoxyacetate, p-chlorophenoxyacetate,
3-phenylpropionate, 4-oxopentanoate, 4,4-
(ethylenedithio)pentanoate, pivaloate
(trimethylacetate), crotonate, 4-methoxy-crotonate,
benzoate, p-benylbenzoate, 2,4,6-trimethylbenzoate.
Exemplary carbonates include 9- fluorenylmethyl,
ethyl, 2,2,2-trichloroethyl, 2-(trimethylsilyl)ethyl,
2- (rhenylsulfonyl)ethyl, vinyl, allyl, and
p-nitrobenzyl carbonate. Examples of suitable silyl
ethers include trimethylsilyl, triethylsilyl,
t-butyldimethylsilyl, t-butyldiphenylsilyl,
triisopropylsilyl ether, and other trialkylsilyl
ethers. Exemplary alkyl ethers include methyl, benzyl,
p-methoxybenzyl, 3,4-dimethoxybenzyl, trityl, t-butyl,
and allyl ether, or derivatives thereof. Exemplary
alkoxyalkyl ethers include acetals such as
methoxymethyl, methylthiomethyl,
(2-methoxyethoxy)methyl, benzyloxymethyl, beta-
(trimethylsilyl)ethoxymethyl, and tetrahydropyran-2-yl
ether. Examplary arylalkyl ethers include benzyl,
p-methoxybenzyl (MPM), 3,4-dimethoxybenzyl,
O-nitrobenzyl, pnitrobenzyl, p-halobenzyl,
2,6-dichlorobenzyl, p-cyanobenzyl, 2- and 4-picolyl
ethers. [00104] In certain embodiments, the R3 moiety
of the R1 group of formula II is a monoprotected or
di-protected amino group. In certain embodiments R3 is
a mono-protected amine. In certain embodiments R3 is a
mono-protected amine selected from aralkylamines,
carbamates, allyl amines, or amides. Examplary
mono-protected amino moieties include
t-butyloxycarbonylamino, ethyloxycarbonylamino,
methyloxycarbonylamino,
trichloroethyloxy-carbonylamino,
allyloxycarbonylamino, benzyloxocarbonylamino,
allylamino, benzylamino, fluorenylmethylcarbonyl,
formamido,acetamido, chloroacetamido,
dichloroacetamido, trichloroacetamido,
phenylacetamido, trifluoroacetamido, benzamido, and
t-butyldiphenylsilylaniino. In other embodiments R3 is
a di-protected amine. Exemplary di-protected amines
include di-benzylamine, diallylamine, phthalimide,
maleimide, succinimide, pyrrole, 2,2,5,5-tetramethyl-
[l,2,5]azadisilolidine, and azide. In certain
embodiments, the R3 moiety is phthalimido. In other
embodiments, the R3 moiety is mono- or di-benzylamino
or mono- or diallylamino. In certain embodiments, the
R1 group is 2-dibenzylaminoethoxy. [00105] In other
embodiments, the R3 moiety of the R1 group of formula
II is a protected aldehyde group. In certain
embodiments the protected aldehydo moiety of R3 is an
acyclic acetal, a cyclic acetal, a hydrazone, or an
imine. Exemplary R3 groups include dimethyl acetal,
diethyl acetal, diisopropyl acetal, dibenzyl acetal,
bis(2-nitrobenzyl) acetal, 1,3-dioxane, 1,3-dioxolane,
and semicarbazone. In certain embodiments, R3 is an
acyclic acetal or a cyclic acetal. In other
embodiments, R3 is a dibenzyl acetal. [00106] In yet
other embodiments, the R3 moiety of the R1 group of
formula II is a protected carboxylic acid group. In
certain embodiments, the protected carboxylic acid
moiety of R3 is an optionally substituted ester
selected from C1-6 aliphatic or aryl, or a silyl
ester, an activated ester, an amide, or a hydrazide.
Examples of such ester groups include methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, benzyl, and phenyl
ester. In other embodiments, the protected carboxylic
acid moiety of R3 is an oxazoline or an ortho ester.
Examples of such protected carboxylic acid moieties
include oxazolin-2-yl and 2- methoxy-[l,3]dioxin-2-yl.
In certain embodiments, the R1 group is
oxazolin-2-ylmethoxy or 2-oxazolin-2-yl-l-propoxy.
[00107] According to another embodiments, the R3
moiety of the R1 group of formula II is a protected
thiol group. In certain embodiments, the protected
thiol of R3 is a disulfide, thioether, silyl
thioether, thioester, thiocarbonate, or a
thiocarbamate. Examples of such protected thiols
include triisopropylsilyl thioether,
t-butyldimethylsilyl thioether, tbutyl thioether,
benzyl thioether, p-methylbenzyl thioether,
triphenylmethyl thioether, and
p-methoxyphenyldiphenylmethyl thioether. In other
embodiments, R3 is an optionally substituted thioether
selected from alkyl, benzyl, or triphenylmethyl, or
trichloroethoxycarbonyl thioester. In certain
embodiments, R3 is -S-S-pyridin-2-yl, -SSBn, -S-SCH3,
or -S-S(p-ethynylbenzyl). In other embodiments, R3 is
-S-S-pyridin-2-yl. In still other embodiments, the R1
group is 2-triphenylmethylsulfanyl-ethoxy.[00108] In
certain embodiments, the R3 moiety of the R1 group of
formula II is a crown 



ether. Examples of such crown ethers include
12-crown-4, 15-crown-5, and 18-crown-6. [00109] In
still other embodiments, the R3 moiety of the R1 group
of formula II is a detectable moiety. According to one
aspect of the invention, the R3 moiety of the R1 group
of formula II is a fluorescent moiety. Such
fluorescent moieties are well known in the art and
include coumarins, quinolones, benzoisoquinolones,
hostasol, and Rhodamine dyes, to name but a few.
Exemplary fluorescent moieties of the R3 group of R1
include anthracen-9-yl, pyren-4-yl, 9- -carbazol-9-yl,
the carboxylate of rhodamine B, and the carboxylate of
coumarin 343. [00110] As defined generally above, the
Q group of formula II is a valence bond or a bivalent,
saturated or unsaturated, straight or branched C 12
alkylene chain, wherein 0-6 methylene units of Q are
independently replaced by -Cy-, -O-, -NH-, -S-,
-OC(O)-, - C(O)O-, -C(O)-, -SO-, -SO2-, -NHSO2-,
-SO2NH-, -NHC(O)-, -C(O)NH-, -OC(O)NH-, or -NHC(O)O-,
wherein -Cy- is an optionally substituted 5-8 membered
bivalent, saturated, partially unsaturated, or aryl
ring having 0-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or an optionally
substituted 8-10 membered bivalent saturated,
partially unsaturated, or aryl bicyclic ring having
0-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur. In certain embodiments, Q is a
valence bond. In other embodiments, Q is a bivalent,
saturated C1-12 alkylene chain, wherein 0-6 methylene
units of Q are independently replaced by -Cy-, -O-,
-NH-, -S-, -OC(O)-, -C(O)O-, or -C(O)-, wherein -Cy-
is an optionally substituted 5-8 membered bivalent,
saturated, partially unsaturated, or aryl ring having
0-4 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an optionally substituted 8-10
membered bivalent saturated, partially unsaturated, or
aryl bicyclic ring having 0-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur. [00111] In certain embodiments, Q is -Cy-
(i.e. a Ci alkylene chain wherein the methylene unit
is replaced by -Cy-), wherein -Cy- is an optionally
substituted 5-8 membered bivalent, saturated,
partially unsaturated, or aryl ring having 0-4
heteroatoms independently selected from nitrogen,
oxygen, or sulfur. According to one aspect of the
present invention, -Cy- is an optionally substituted
bivalent aryl group. According to another aspect of
the present invention, -Cy- is an optionally
substituted bivalent phenyl group. In other
embodiments, -Cy- is an optionally substituted 5-8
membered bivalent, saturated carbocyclic ring. In
still other embodiments, -Cy- is an optionally
substituted 5-8 membered bivalent, saturated
heterocyclic ring having 1-2 heteroatoms independently
selected from nitrogen, oxygen, or sulfur. Exemplary
-Cy- groups include bivalent rings selected from
phenyl, pyridyl, pyrimidinyl, cyclohexyl, cyclopentyl,
or cyclopropyl. [00112] In certain embodiments, the R3
moiety of the R1 group of formula II is a group
suitable for Click chemistry. Click reactions tend to
involve high-energy ("springloaded") reagents with
well-defined reaction coordinates, giving rise to
selective bondforming events of wide scope. Examples
include the nucleophilic trapping of strained-ring
electrophiles (epoxide, aziridines, aziridinium ions,
episulfonium ions), certain forms of carbonyl
reactivity (aldehydes and hydrazines or
hydroxylamines, for example), and several types of
cycloaddition reactions. The azide-alkyne 1,3-dipolar
cycloaddition is one such reaction. Click chemistry is
known in the art and one of ordinary skill in the art
would recognize that certain R3 moieties of the
present invention are suitable for Click chemistry.
[00113] Compounds of formula II having R3 moieties
suitable for Click chemistry are useful for
conjugating said compounds to biological systems or
macromolecules such as proteins, viruses, and cells,
to name but a few. The Click reaction is known to
proceed quickly and selectively under physiological
conditions. In contrast, most conjugation reactions
are carried out using the primary amine functionality
on proteins (e.g. lysine or protein end-group).
Because most proteins contain a multitude of lysines
and arginines, such conjugation occurs uncontrollably
at multiple sites on the protein. This is particularly
problematic when lysines or arginines are located
around the active site of an enzyme or other
biomolecule. Thus, another embodiment of the present
invention provides a method of conjugating the R1
groups of a compound of formula II to a macromolecule
via Click chemistry. Yet another embodiment of the
present invention provides a macromolecule conjugated
to a compound of formula II via the R group. [00114]
After conjugation to a biomolecule, drug, cell, or the
like, the other end-group functionality, corresponding
to free amine or salt thereof, group of formula II,
can be used to attach targeting groups for cell
specific delivery including, but not limited to,
detectable moieties, such as fluorescent dyes,
covalent attachment to surfaces, and incorporation
into hydrogels. [00115] According to one embodiment,
the R3 moiety of the R1 group of formula II is an
azide-containing group. According to another
embodiment, the R3 moiety of the R1 group of formula
II is an alkyne-containing group. In certain
embodiments, the R3 moietyof the R1 group of formula
II has a terminal alkyne moiety. In other embodiments,
R3 moiety of the R1 group of formula II is an alkyne
moiety having an electron withdrawing group.
Accordingly, in such embodiments, the R3 moiety of the
R1 group of formula I I is wherein E is an electron
withdrawing group and y is 0-6. Such electron
withdrawing groups are known to one of ordinary skill
in the art. In certain embodiments, E is an ester. In
other embodiments, the R3 moiety of the R1 group of
formula II is wherein E is an electron withdrawing
group, such as a -C(O)O- group and y is 0-6. [00116]
Another aspect of the present invention provides a
method for preparing a compound of formula II':
wherein: n is 10-2500; m is 1 to 1000; m' is Oto 1000;
Rx and Ry are each independently a natural or
unnatural amino acid side-chain group, wherein Rx and
Ry are different from each other; R1 is
-Z(CH2CH2Y)p(CH2)tR3, wherein: Z is -O-, -S-, -C C-,
or -CH2-; each Y is independently -O- or -S-; p is
0-10; t is 0-10; and R3 is -N3, -CN, a mono-protected
amine, a di-protected amine, a protected aldehyde, a
protected hydroxyl, a protected carboxylic acid, a
protected thiol, a 9-30-membered crown ether, or an
optionally substituted group selected from aliphatic,
a 5-8 membered saturated, partially unsaturated, or
aryl ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, an 8-10
membered saturated, partially unsaturated, oraryl
bicyclic ring having 0-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or a
detectable moiety; and Q is a valence bond or a
bivalent, saturated or unsaturated, straight or
branched C1- 12 alkylene chain, wherein 0-6 methylene
units of Q are independently replaced by -Cy-, -O-,
-NH-, -S-, -OC(O)-, -C(O)O-, -C(O)-, -SO-, -SO2-,
-NHSO2-, - SO2NH-, -NHC(O)-, -C(O)NH-, -OC(O)NH-, or
-NHC(O)O-, wherein: -Cy- is an optionally substituted
5-8 membered bivalent, saturated, partially
unsaturated, or aryl ring having 0-4 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur, or an optionally substituted 8-10 membered
bivalent saturated, partially unsaturated, or aryl
bicyclic ring having 0-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, wherein
said method comprises the steps of: (a) providing a
compound of formula I : wherein: n is 10-2500; R1 is
-Z(CH2CH2Y)p(CH2)tR3, wherein: X is -0-, -S-, -C=C-,
or -CH2-; each Y is independently -O- or -S-; p is
0-10; t is 0-10; and R3 is -N3, -CN, a mono-protected
amine, a di-protected amine, a protected aldehyde, a
protected hydroxyl, a protected carboxylic acid, a
protected thiol, a 9-30-membered crown ether, or an
optionally substituted group selected from aliphatic,
a 5-8 membered saturated, partially unsaturated, or
aryl ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, an 8-10
membered saturated, partially unsaturated, or aryl
bicyclic ring having 0-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or a
detectable moiety;Q is a valence bond or a bivalent,
saturated or unsaturated, straight or branched C1- 12
alkylene chain, wherein 0-6 methylene units of Q are
independently replaced by -Cy-, -O-, -NH-, -S-,
-OC(O)-, -C(O)O-, -C(O)-, -SO-, -SO2-, -NHSO2-, -
SO2NH-, -NHC(O)-, -C(O)NH-, -OC(O)NH-, or -NHC(O)O-,
wherein: -Cy- is an optionally substituted 5-8
membered bivalent, saturated, partially unsaturated,
or aryl ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or an
optionally substituted 8-10 membered bivalent
saturated, partially unsaturated, or aryl bicyclic
ring having 0-5 heteroatoms independently selected
from nitrogen, oxygen, or sulfur; and A is a suitable
acid anion, (b) polymerizing a first cyclic amino acid
monomer onto the amine salt terminal end of formula I
, wherein said first cyclic amino acid monomer
comprises Rx; (c) optionally polymerizing a second
cyclic amino acid monomer, comprising Ry, onto the
living polymer end, wherein said second cyclic amino
acid monomer is different from said first cyclic amino
acid monomer, to form a compound of formula II: and
(d) treating said compound of formula II with a base
to form a compound of formula II'. [00117] One of
ordinary skill in the art would appreciate that a
variety of bases are suitable for forming the
free-base compound of formula II' from the salt form
of formula II. Such bases are well known in the art.
In certain embodiments, the base utilized at step (d)
is pyridine, or a derivative thereof, such as
dimethylaminopyridine ("DMAP"), lutidine or collidine.
In other embodiments, the base utilized at step (d) is
dimethylaminopyridine ("DMAP"). In still other
embodiments, inorganic bases are utilized and include
ammonia, potassium hydroxide, sodium hydroxide, sodium
carbonate, sodium bicarbonate, potassium carbonate, or
potassium bicarbonate. [00118] According to yet
another embodiment, the present invention provides a
compound of formula II':wherein: n is 10-2500; m is 1
to 1000; m' is 0 to 1000; Rx and Ry are each
independently a natural or unnatural amino acid
side-chain group, wherein Rx and Ry are different from
each other; R1 is -Z(CH2CH2Y)P(CH2)tR3 wherein: Z is
-O-, -S-, -C C-, or -CH2-; each Y is independently -O-
or -S-; 



p is 0-10; t is 0-10; and R is - N3, -CN, a
mono-protected amine, a di-protected amine, a
protected aldehyde, a protected hydroxyl, a protected
carboxylic acid, a protected thiol, a 9-30 membered
crown ether, or an optionally substituted group
selected from aliphatic, a 5-8 membered saturated,
partially unsaturated, or aryl ring having 0-4
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, an 8-10 membered saturated,
partially unsaturated, or aryl bicyclic ring having
0-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or a detectable moiety; and Q is a
valence bond or a bivalent, saturated or unsaturated,
straight or branched C1 I2 alkylene chain, wherein 0-6
methylene units of Q are independently replaced by
-Cy-, -O-, -NH-, -S-, -OC(O)-, -C(O)O-, -C(O)-, -SO-,
-SO2-, -NHSO2-, - SO2NH-, -NHC(O)-, -C(O)NH-,
-OC(O)NH-, or -NHC(O)O-, wherein: -Cy- is an
optionally substituted 5-8 membered bivalent,
saturated, partially unsaturated, or aryl ring having
0-4 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an optionally substituted 8-10
membered bivalent saturated, partially unsaturated, or
aryl bicyclic ring having 0-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur.[00119] Each of the embodiments relating to the
R1, Q, n, m, m' Rx and Ry groups of formula II apply
to the R1, n, m, m', Rx and Ry groups of formula II'
both singly and in combination. [00120] It will be
appreciated to one of ordinary skill in the art that a
compound of formula II' may be further derivatized by
treatment of that compound with a suitable terminating
agent. Thus, another embodiment provides a method for
preparing a compound of formula III: wherein: n is
10-2500; m is 1 to 1000; m' is Oto 1000; Rx and Ry are
each independently a natural or unnatural amino acid
side-chain group, wherein Rx and Ry are different from
each other; R1 is -Z(CH 2CH2Y)p(CH2)tR3, wherein: Z is
-O-, -S-, -C C-, or -CH 2- ; each Y is independently
-O- or -S-; p is 0-10; t is 0-10; and R3 is - N3 -CN,
a mono-protected amine, a di-protected amine, a
protected aldehyde, a protected hydroxyl, a protected
carboxylic acid, a protected thiol, a 9-30-membered
crown ether, or an optionally substituted group
selected from aliphatic, a 5-8 membered saturated,
partially unsaturated, or aryl ring having 0-4
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, an 8-10 membered saturated,
partially unsaturated, or aryl bicyclic ring having
0-5 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or a detectable moiety; Q is a
valence bond or a bivalent, saturated or unsaturated,
straight or branched C1- 1 alkylene chain, wherein 0-6
methylene units of Q are independently replacedby
-Cy-, -O-, -NH-, -S-, -OC(O)-, -C(O)O-, -C(O)-, -SO-,
-SO2-, -NHSO 2-, - SO2NH-, -NHC(O)-, -C(O)NH-,
-OC(O)NH-, or -NHC(O)O-, wherein: -Cy- is an
optionally substituted 5-8 membered bivalent,
saturated, partially unsaturated, or aryl ring having
0-4 heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or an optionally substituted 8-10
membered bivalent saturated, partially unsaturated, or
aryl bicyclic ring having 0-5 heteroatoms
independently selected from nitrogen, oxygen, or
sulfur; R2a is a mono-protected amine, a di-protected
amine, -NHR 4, -N(R 4)2, -NHC(O)R 4, -NR4C(O)R 4,
-NHC(O)NHR 4, -NHC(O)N(R 4)2, -NR4C(O)NHR 4, -
NR4C(O)N(R 4)2, -NHC(O)OR 4, -NR4C(O)OR 4 -NHSO 2R4,
or -NR4SO2R4; and each R4 is independently an
optionally substituted group selected from aliphatic,
a 5-8 membered saturated, partially unsaturated, or
aryl ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, an 8-10-
membered saturated, partially unsaturated, or aryl
bicyclic ring having 0-5 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or a
detectable moiety, or: two R on the same nitrogen atom
are taken together with said nitrogen atom to form an
optionally substituted 4-7 membered saturated,
partially unsaturated, or aryl ring having 1-4
heteroatoms independently selected from nitrogen,
oxygen, or sulfur; wherein said method comprises the
steps of: (a) providing a compound of formula I :
wherein: n is 10-2500; R1 is -Z(CH 2CH2Y)p(CH2)tR3,
wherein: Z is -0-, -S-, -CC-, or -CH2-; each Y is
independently -O- or -S-; p is 0-10;t is 0-10; and R3
is - N3 -CN, a mono-protected amine, a di-protected
amine, a protected aldehyde, a protected hydroxyl, a
protected carboxylic acid, a protected thiol, a
9-30-membered crown ether, or an optionally
substituted group selected from aliphatic, a 5-8
membered saturated, partially unsaturated, or aryl
ring having 0-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, an 8-10 membered
saturated, partially unsaturated, or aryl bicyclic
ring having 0-5 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or a detectable
moiety; Q is a valence bond or a bivalent, saturated
or unsaturated, straight or branched C1- xi alkylene
chain, wherein 0-6 methylene units of Q are
independently replaced by -Cy-, -O-, -NH-, -S-,
-OC(O)-, -C(O)O-, -C(O)-, -SO-, -SO2-, -NHSO2-, -
SO2NH-, -NHC(O)-, -C(O)NH-, -OC(O)NH-, or -NHC(O)O-,
wherein: -Cy- is an optionally substituted 5-8
membered bivalent, saturated, partially unsaturated,
or aryl ring having 0-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or an
optionally substituted 8-10 membered bivalent
saturated, partially unsaturated, or aryl bicyclic
ring having 0-5 heteroatoms independently selected
from nitrogen, oxygen, or sulfur; and A is a suitable
acid anion, (b) polymerizing a first cyclic amino acid
monomer onto the amine salt terminal end of formula I,
wherein said first cyclic amino acid monomer comprises
Rx; (c) optionally polymerizing a second cyclic amino
acid monomer, comprising Ry, onto the living polymer
end, wherein said second cyclic amino acid monomer is
different from said first cyclic amino acid monomer,
to form a compound of formula II: (d) treating said
compound of formula II with a base to form a compound
of formula II':and (e) treating said compound of
formula II' with a suitable terminating agent to form
the compound of formula III. [00121] In certain
embodiments, the m' group of formula III is 1-1000. In
certain embodiments, the m' group of formula III is 0.
In other embodiments, m' is 1-1000. According to other
embodiments, m and m' are independently 10 to 100
repeat units. In still other embodiments, m is 1-20
repeat units and m' is 10-50 repeat units. [00122] As
described generally above, R1 is -Z(CH2CH2Y)p(CH2)yR3,
wherein Z is -O-, -S-, -C C-, or -CH2-; each Y is
independently -O- or -S-; p is 0-10; y is 0-10; and R3
is - N3, -CN, a mono-protected amine, a di-protected
amine, a protected aldehyde, a protected hydroxyl, a
protected carboxylic acid, a protected thiol, a
9-30-membered crown ether, an optionally substituted
aliphatic group, an optionally substituted
5-8-membered saturated, partially unsaturated, or aryl
ring having 0-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, an optionally
substituted 8-10-membered saturated, partially
unsaturated, or aryl bicyclic ring having 0-5
heteroatoms independently selected from nitrogen,
oxygen, or sulfur, or a detectable moiety. [00123] In
certain embodiments, the R3 moiety of the R1 group of
formula III is -N3. [00124] In other embodiments, the
R3 moiety of the R1 group of formula III is -CN.
[00125] In certain embodiments, the R3 moiety of the
R1 group of formula III is an optionally substituted
aliphatic group. Examples include t-butyl,
5-norbornene-2-yl, octane-5-yl, acetylenyl,
trimethylsilylacetylenyl, triisopropylsilylacetylenyl,
and tbutyldimethylsilylacetylenyl. In some
embodiments, said R3 moiety is an optionally
substituted alkyl group. In other embodiments, said R3
moiety is an optionally substituted alkynyl or alkenyl
group. When said R3 moiety is a substituted aliphatic
group, suitable substituents on R3 include CN, N3,
trimethylsilyl, triisopropylsilyl,
t-butyldimethylsilyl, Nmethyl propiolamido,
N-methyl-4-acetylenylanilino,
N-methyl-4-acetylenylbenzoamido,
bis-(4-ethynyl-benzyl)-amino, dipropargylamino,
di-hex-5-ynyl-amino, di-pent-4-ynylamino,
di-but-3-ynyl-amino, propargyloxy, hex-5-ynyloxy,
pent-4-ynyloxy, di-but-3- ynyloxy,
N-methyl-propargylamino, N-methyl-hex-5-ynyl-amino,
N-methyl-pent-4-ynylamino, N-methyl-but-3-ynyl-amino,
2-hex-5-ynyldisulfanyl, 2-pent-4-ynyldisulfanyl, 2-
but-3-ynyldisulfanyl, and 2-propargyldisulfanyl. In
certain embodiments, the R1 group is
2-(N-methyl-N-(ethynylcarbonyl)amino)ethoxy,
4-ethynylbenzyloxy, or 2-(4- ethynylphenoxy)ethoxy. In
certain embodiments, R1 is other than -OMe.[00126] In
certain embodiments, the R3 moiety of the R1 group of
formula III is an optionally substituted aryl group.
Examples include optionally substituted phenyl and
optionally substituted pyridyl. When said R3 moiety is
a substituted aryl group, suitable substituents on R3
include CN, N3, NO2 -CH3, -CH2N3, -CH=CH2, -CCH, Br,
I, F, bis- (4-ethynyl-benzyl)-amino, dipropargylamino,
di-hex-5-ynyl-amino, di-pent-4-ynyl-amino,
di-but-3-ynyl-amino, propargyloxy, hex-5-ynyloxy,
pent-4-ynyloxy, di-but-3-ynyloxy, 2-
hex-5-ynyloxy-ethyldisulfanyl,
2-pent-4-ynyloxy-ethyldisulfanyl,
2-but-3-ynyloxyethyldisulfanyl,
2-propargyloxy-ethyldisulfanyl, bis-benzyloxy-methyl,
[l,3]dioxolan-2- yl, and [l,3]dioxan-2-yl. [00127] In
other embodiments, the R3 moiety of the R1 group of
formula III is a protected hydroxyl group. In certain
embodiments the protected hydroxyl of the R3 moiety is
an ester, carbonate, sulfonate, allyl ether, ether,
silyl ether, alkyl ether, arylalkyl ether, or
alkoxyalkyl ether. In certain embodiments, the ester
is a formate, acetate, proprionate, pentanoate,
crotonate, or benzoate. Exemplary esters include
formate, benzoyl formate, chloroacetate,
trifluoroacetate, methoxyacetate,
triphenylmethoxyacetate, p-chlorophenoxyacetate,
3-phenylpropionate, 4-oxopentanoate, 4,4-
(ethylenedithio)pentanoate, pivaloate
(trimethylacetate), crotonate, 4-methoxy-crotonate,
benzoate, p-benylbenzoate, 2,4,6-trimethylbenzoate.
Exemplary carbonates include 9- fluorenylmethyl,
ethyl, 2,2,2-trichloroethyl, 2-(trimethylsilyl)ethyl,
2- (phenylsulfonyl)ethyl, vinyl, allyl, and
p-nitrobenzyl carbonate. Examples of suitable silyl
ethers include trimethylsilyl, triethylsilyl,
t-butyldimethylsilyl, t-butyldiphenylsilyl, 



triisopropylsilyl ether, and other trialkylsilyl
ethers. Exemplary alkyl ethers include methyl, benzyl,
p-methoxybenzyl, 3,4-dimethoxybenzyl, trityl, t-butyl,
and allyl ether, or derivatives thereof. Exemplary
alkoxyalkyl ethers include acetals such as
methoxymethyl, methylthiomethyl,
(2-methoxyethoxy)methyl, benzyloxymethyl, beta-
(trimethylsilyl)ethoxymethyl, and tetrahydropyran-2-yl
ether. Examplary arylalkyl ethers include benzyl,
p-methoxybenzyl (MPM), 3,4-dimethoxybenzyl,
O-nitrobenzyl, pnitrobenzyl, p-halobenzyl,
2,6-dichlorobenzyl, p-cyanobenzyl, 2- and 4-picolyl
ethers. [00128] In certain embodiments, the R3 moiety
of the R1 group of formula III is a mono-protected or
di-protected amino group. In certain embodiments R is
a monoprotected amine. In certain embodiments R3 is a
mono-protected amine selected from aralkylamines,
carbamates, allyl amines, or amides. Examplary
mono-protected amino moieties include
t-butyloxycarbonylamino,
ethyloxycarbonylamino,methyloxycarbonylamino,
trichloroethyloxy-carbonylamino,
allyloxycarbonylamino, benzyloxocarbonylamino,
allylamino, benzylamino, fluorenylmethylcarbonyl,
formamido, acetamido, chloroacetamido,
dichloroacetamido, trichloroacetamido,
phenylacetamido, trifluoroacetamido, benzamido, and
t-butyldiphenylsilylamino. In other embodiments R3 is
a di-protected amine. Exemplary di-protected amines
include di-benzylamine, diallylamine, phthalimide,
maleimide, succinimide, pyrrole, 2,2,5,5-tetramethyl-
[l,2,5]azadisilolidine, and azide. In certain
embodiments, the R3 moiety is phthalimido. In other
embodiments, the R3 moiety is mono- or di-benzylamino
or mono- or diallylamino. In certain embodiments, the
R1 group is 2-dibenzylaminoethoxy. [00129] In other
embodiments, the R3 moiety of the R1 group of formula
III is a protected aldehyde group. In certain
embodiments the protected aldehydo moiety of R3 is an
acyclic acetal, a cyclic acetal, a hydrazone, or an
imine. Exemplary R groups include dimethyl acetal,
diethyl acetal, diisopropyl acetal, dibenzyl acetal,
bis(2-nitrobenzyl) acetal, 1,3-dioxane, 1,3-dioxolane,
and semicarbazone. In certain embodiments, R3 is an
acyclic acetal or a cyclic acetal. In other
embodiments, R3 is a dibenzyl acetal. [00130] In yet
other embodiments, the R3 moiety of the R1 group of
formula III is a protected carboxylic acid group. In
certain embodiments, the protected carboxylic acid
moiety of R3 is an optionally substituted ester
selected from C1-6 aliphatic or aryl, or a silyl
ester, an activated ester, an amide, or a hydrazide.
Examples of such ester groups include methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, benzyl, and phenyl
ester. In other embodiments, the protected carboxylic
acid moiety of R3 is an oxazoline or an ortho ester.
Examples of such protected carboxylic acid moieties
include oxazolin-2-yl and 2- methoxy-[l,3]dioxin-2-yl.
In certain embodiments, the R1 group is
oxazolin-2-ylmethoxy or 2-oxazolin-2-yl-l-propoxy.
[00131] According to another embodiments, the R3
moiety of the R1 group of formula III is a protected
thiol group. In certain embodiments, the protected
thiol of R3 is a disulfide, thioether, silyl
thioether, thioester, thiocarbonate, or a
thiocarbamate. Examples of such protected thiols
include triisopropylsilyl thioether,
t-butyldimethylsilyl thioether, tbutyl thioether,
benzyl thioether, p-methylbenzyl thioether,
triphenylmethyl thioether, and
p-methoxyphenyldiphenylmethyl thioether. In other
embodiments, R3 is an optionally substituted thioether
selected from alkyl, benzyl, or triphenylmethyl, or
trichloroethoxycarbonyl thioester. In certain
embodmients, R3 is -S-S- ryridin-2-yl, -SSBn, -S-SCH3,
or -S-S(p-ethynylbenzyl). In other embodmients, R3 is
-S-S-pyridin-2-yl. In still other embodiments, the R1
group is 2-triphenylmethylsulfanyl-ethoxy. [00132] In
certain embodiments, the R3 moiety of the R1 group of
formula III is a crown ether. Examples of such crown
ethers include 12-crown-4, 15-crown-5, and 18-
crown-6. [00133] In still other embodiments, the R3
moiety of the R1 group of either of formula III is a
detectable moiety. According to one aspect of the
invention, the R3 moiety of the R1 group of formula
III is a fluorescent moiety. Such fluorescent moieties
are well known in the art and include coumarins,
quinolones, benzoisoquinolones, hostasol, and
Rhodamine dyes, to name but a few. Exemplary
fluorescent moieties of the R3 group of R1 include
anthracen-9-yl, pyren-4-yl, 9-/7-carbazol-9-yl, the
carboxylate of rhodamine B, and the carboxylate of
coumarin 343. [00134] In certain embodiments, the R3
moiety of the R1 group of formula III is a group
suitable for Click chemistry. Click reactions tend to
involve high-energy ("springloaded") reagents with
well-defined reaction coordinates, that give rise to
selective bondforming events of wide scope. Examples
include nucleophilic trapping of strained-ring
electrophiles (epoxide, aziridines, aziridinium ions,
episulfonium ions), certain carbonyl reactivity (e.g.,
the reaction between aldehydes and hydrazines or
hydroxylamines), and several cycloaddition reactions.
The azide-alkyne 1,3-dipolar cycloaddition is one such
reaction. Click chemistry is known in the art and one
of ordinary skill in the art would recognize that
certain R3 moieties of the present invention are
suitable for Click chemistry. [00135] Compounds of
formula III having R3 moieties suitable for Click
chemistry are useful for conjugating said compounds to
biological systems or macromolecules such as proteins,
viruses, and cells, to name but a few. The Click
reaction is known to proceed quickly and selectively
under physiological conditions. In contrast, most
conjugation reactions are carried out using the
primary amine functionality on proteins (e.g. lysine
or protein end-group). Because most proteins contain a
multitude of lysines and arginines, such conjugation
occurs uncontrollably at multiple sites on the
protein. This is particularly problematic when lysines
or arginines are located around the active site of an
enzyme or other biomolecule. Thus, another embodiment
of the present invention provides a method of
conjugating the R1 groups of a compound of formula III
to a macromolecule via Click chemistry. Yet another
embodiment of the present invention provides a
macromolecule conjugated to a compound of formula III
via the R1 group.[00136] After conjugation to a
biomolecule, drug, cell, substrate, or the like, the
other end-group functionality, corresponding to the
R2a moiety of formula III, can be used to attach
targeting groups for cell-specific delivery including,
but not limited to, detectable moieties, such as
fluorescent dyes, covalent attachment to surfaces, and
incorporation into hydrogels. [00137] According to one
embodiment, the R3 moiety of the R1 group of either of
formula III is an azide-containing group. According to
another embodiment, the R3 moiety of the R group of
either of formula III is an alkyne-containing group.
In certain embodiments, the R3 moiety of the R1 group
of formula III has a terminal alkyne moiety. In other
embodiments, the R3 moiety of the R1 group of formula
III is an alkyne moiety having an electron withdrawing
group. Accordingly, in such embodiments, the R3 moiety
of the R1 group of formula III is wherein E is an
electron withdrawing group and y is 0-6. Such electron
withdrawing groups are known to one of ordinary skill
in the art. In certain embodiments, E is an ester. In
other embodiments, the R3 moiety of the R1 group of
formula III is wherein E is an electron withdrawing
group, such as a -C(O)O- group and y is 0-6. [00138]
Exemplary R1 groups of compounds of the present
invention are set forth in Table 1, below. Table 1:
Representative R1 GroupsSYSTEM AND METHOD FOR
MULTIPLEXING PDH AND PACKET DATA BACKGROUND Digital
transmission of signals has become widespread. To this
end, a variety of digital transmission media are
available which have different transmission
characteristics and different information capacity. In
order to make efficient use of the various
transmission media, a hierarchy of transmission
systems has been developed which operates at different
transmission bit rates. In North America, the
hierarchy includes the DSl signal transmitted at 1.544
Mb/sec, the DS2 signal transmitted at 6.312 Mb/sec and
the DS3 signal transmitted at 44.736 Mb/sec on
multiple Tl channels. In Europe, a similar but
different hierarchy includes multiple El channels
transmitted at 2.048 Mb/sec. The digital signals to be
transmitted over a medium enter and leave the digital
hierarchy by means of a signal conversion apparatus.
In order to go from one digital transmission rate to a
different digital transmission rate, one or more
multiplexing steps may be required. For high capacity
transmission, it is desirable to efficiently combine
or multiplex a plurality of one or more of the digital
signals in the hierarchy without the need for
intermediate multiplexer (demultiplexer) stages or a
number of different multiplexing (demultiplexing)
schemes. Additionally, it is equally desirable to
efficiently add and/or drop one or more digital
signals of one or more digital transmission bit rates
without the need for multiple multiplexing and/or
demultiplexing processes. There are several known
methods utilized to combine or multiplex digital
signals such as Plesiochronous Digital Hierarchy (PDH)
, Synchronous Digital Hierarchy (SDH) , and
asynchronous data with packet data. Some methods
include Asyncrhonous Transfer Mode (ATM) or mapping
the signals into aSynchronous Optical Network (SONET)
or an SDH frame. These methods are subject to several
known problems. For example, in the asynchronous mode,
ATM information may be transferred in standard-length
53-byte ATM cells. However, the payload transferred on
the radio path does not usually measure 48 bytes, i.e.
384 bits, wherefore padding oits are needed. In
addition, if the payload in a block on the radio path
is longer than 48 bytes, the content of one block must
be transmitted in several ATM cells. Thus, ATM mapping
generally is not the most efficient method of
utilizing bandwidth. Another problem with ATM and
SONET/SDH mapping is that the addition of padding bits
and/or division of the payload between a plural number
of cells adds to the processing of the information to
be transferred when the transmission network is
entered or exited. Such characteristics are
undesirable in point-to-point radio applications which
require efficient bandwidth utilization and low
latency per link. Thus, a need exists in the art to
efficiently combine or multiplex digital signals,
i.e., Tl or El, having various digital hierarchies
with packet or Ethernet signals for transmission as a
single data stream. Ic is therefore an object of the
present disclosure to provide a novel method of
transmitting data in a communication system that is
adapted to receive a first type of data having two
data streams with different clocks and a second type
of data. The novel method comprises the steps of
receiving data from the first and second types of
sources, providing a frame having plural bit
positions, synchronizing the received first type of
data thereby generating a synchronized data rate,
assigning the 



synchronized first type of data in ones of the bit
positions of the frame, distributing the second type
of data in ones of the unassigned bit positions as a
function of the synchronized data rate, and
transmitting the frame.It is a further object of the
present disclosure to provide a novel method for
transmitting communication signals in a predetermined
frame format. The novel method comprises the steps of
receiving data from a plurality of sources including a
first and second type of data source, synchronizing
the received first type of data source to thereby
generate a synchronized data rate, and transmitting
the synchronized first type of data and received
second type of data in a predetermined frame format
whereby the packet data is assigned in the
predetermined frame format as a function of the
synchronized data rate. It is another object of the
present disclosure to provide a novel method where
data from plural PDH sources and from a packet source
are received, .assigned to bit positions in a frame,
and transmitted as a single data stream whereby the
data received from the packet source is arranged in
the data stream as a function of a synchronized data
rate of the received PDH sources. It is still another
object of the present disclosure to provide a novel
method of combining data from plural first type of
data sources and at least one second type of data
source. The novel method comprises the steps of
synchronizing the plural first type of data sources to
thereby generate a synchronized data rate, providing a
frame having plural bit positions, assigning the
synchronized first type of data in ones of the bit
positions of the frame, and arranging the second type
of data in the frame as a function of the synchronized
data rate to thereby combine data from different types
of data sources. It is an object of the present
disclosure to provide a novel method of transmitting
data received from plural sources that are not
synchronized with each other and a packet source as a
single data stream. The novel method comprises the
steps of synchronizing data received from the plural
sources thatare not synchronized with each other to
thereby generate a synchronized data rate, providing a
frame format comprising a plurality of frames each
frame having plural sub-frames the number of which
correlates to the number of received plural sources
that are not synchronized with each other and each
sub-frame comprising a plurality of blocks, assigning
the synchronized data and data received from the
packet source in bit positions of the frame format,
and transmitting the assigned data as a single data
stream. It is also an object of the present disclosure
to provide a novel system where data from sources
having different synchronisms and packet sources is
transmitted in a frame format as a single data stream
the improvement wherein the packet data is arranged in
said data stream as a function of a data rate of said
sources having differeit synchronisms. These objects
and other advantages of the disclosed subject matter
will be readily apparent to one skilled in the art to
which the disclosure pertains from a perusal of the
claims, the appended drawings, and the following
detailed description of the preferred embodiments.
BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is an
illustration of a Tl/El and Ethernet data multiplexer
according to an embodiment of the present subject
matter. Figure 2 is an illustration of an exemplary
frame format according to an embodiment of the present
subject matter. Figure 3 is a representative flow
chart for the operation of a communication system
according to a.i embodiment of the present subject
matter. Figure 4 is a representative flow chart for
the operation of a communication system according to
another embodiment of the present subject
matter.DETAILED DESCRIPTION The present disclosure is
generally directed to a onestep programmable data
multiplex scheme to combine a mixture of standard
Plesiochronous Digital Hierarchy (PDH) , Synchronous
Digital Hierarchy (SDH) and asynchronous data sources
such as multiples of El and Tl data with packet data
sources for transmission over a medium such as a radio
link, cable, fiber or other suitable transmission
medium. With reference to Figure 1 , an embodiment of
the present disclosure is illustrated that enables
flexible transmission of many different capacities of
either mixed PDH data and packet data, all PDH data,
or all packet data in a given payload capacity. No
constraint exists on the embodiment illustrated in
Figure 1 with regard to the data received therein; PDH
data is shown for exemplary purposes only and should
not be construed to limit the disclosure. A s shown,
all PDH tributaries or sources 1 , 2 , 3 , ..., N to
be multiplexed in a predetermined frame format having
plural sub-frames are synchronized by a synchronizer
11, 12, 13, ..., SN . The synchronizers 11, 12, 13,
..., SN may be provided with a multiplex synchronous
clock 52 or other known clock means to produce a
synchronized data rate. Several known methods may be
utilized to synchronize the PDH source data. For
example, the PDH source data may be synchronized by
positive bit stuffing. In an embodiment of the present
disclosure, at least one stuffing opportunity may be
assigned to each PDH data source per frame and the
stuffing occurrence will be indicated through stuffing
indication bits in its associated sub-frame. Thus, the
stuffing opportunity for PDH1 is in subframe 1 , and
the stuffing opportunity for PDH2 is in sub-frame 2 ,
and so on. When the maximum number of PDH data sources
is less than that of the number of sub-frames, the
number of stuffing opportunities for each PDH source
per frame may beincreased to improve the jitter
performance of a communication system. As shown in
Figure 1 , Ethernet or packet data is received by
multiple ports El,... EN such as 10/100 Base-T ports
or other suitable ports adapted to receive packet
data. The ports El,... EN provide the packet data to
an Ethernet switch 70 or bridge (not shown) . The
Ethernet switch 70 may be provided with an Ethernet
capacity clock 54 having an input from a multiplexer
50 or from another suitable clock means. The
multiplexer 50 may also be provided with a clock
source 56 from a master clock or other suitable means.
The synchronized data from the plurality of PDH data
sources are provided to a respective plurality of data
selectors 21, 22, 23,... DN . Each data selector may
also be provided with an input from the Ethernet
switch 70 thereby providing a packet data input to the
plurality of data selectors. It is also envisioned
that multiple Ethernet switches may be utilized
thereby providing multiple packet data inputs to the
plurality of data selectors. The data selectors 21,
22, 23, ..., DN may be programmed by software to
provide the multiplexer 50 with data from plural or
select sources or exclude plural or select sources.
Synchronized PDH data and packet data provided to the
multiplexer 50 are arranged in the frame format in the
multiplexer 50 which then provides a single data
stream 58 for transmission over a medium. The packet
data to be transmitted is arranged in the frame format
to have an integer t (t=l, 2 , 3 , 4 , ...) multiple
of the synchronized PDH data rate. Although the actual
PDH source number to be multiplexed may be limited due
to practical application purposes, the aggregate
payload data rate of the transmitted single data
stream 58 using the multiplexing scheme according to
an embodiment of the present disclosure can be as low
as ITl or IEl to as high as over 100Tl or over 100El
equivalent capacity.With reference to Figure 2 , an
embodiment of the frame format of the present
disclosure comprises at least one frame 100 having
plural sub-frames 110. Each sub-frame 110 comprises
plural blocks 120 having a plurality of sub-blocks
130. A s illustrated, each sub-block 130 includes one
bit position for each synchronized PDH source and/or
one bit position for the packet data that is
equivalent to the synchronized data rate. Each block
120 within a sub-frame 110 includes n sub-blocks 130,
one or more frame complementary overhead bit positions
112, n bit positions for synchronized data from each
PDH source and (t*n) bit positions for packet data.
Any of the n bit positions for the synchronized data
from each PDH source may be filled with packet data if
the bit positions are not provisioned to carry the
synchronized PDH data. Thus, packet data to be
multiplexed may occupy part of all of the bit
positions for synchronized PDH data. The synchronized
PDH data and/or packet data may also be sequentially
bit interleaved in each block or arranged in the frame
format by other known suitable sequencing means . For
systems having maximum N*PDH data sources with
additional t*Tl or t*El equivalent packet data rate
capacity, there will be n* (N+t) bit positions for
synchronized PDH data 



and packet data per block. Thus, in the instance that
the total mixed data capacity exceeds the capacity
designated for the PDH data, additional capacity for
packet data may be added in the increment of t (t=l, 2
, 3 , 4 , ...) times the synchronized PDH (i.e., Tl or
El) rate. As discussed above, this is accomplished by
adding (t*n) bits for the additional packet data per
block in all the blocks of the frame. A s shown in
Figure 2 , the frame complementary overhead bit
positions 112 may contain auxiliary data to be
transmitted with the main payload. This auxiliary data
may be used to carry network management data, service
channel data and other data. The frame complementary
overhead bit positions 112 mayalso provide frame house
keeping bits such as a Frame Alignment Word (FAW) 114,
stuffing indication bits, parity bits and other known
housekeeping bits. The stuffing indication bits,
parity bits and other known housekeeping bits may be
distributed throughout the frame in unused overhead
bit positions 112. To speed up frame acquisition time,
bunched FAW (i.e., 1111011000101000) may be utilized.
The FAW 114 would be arranged in the first block of
the first sub-frame and the frame complementary
overhead bit positions 112 designated for the FAW 114
in the sub-frames may be filled with synchronized PDH
data bits and/or packet data bits. It is also
envisioned that other housekeeping bits, such as
parity bits may be utilized in overhead bit positions
of the first sub-frame. The FAW 114 may also be
distributed in the embodied frame format. In such an
embodiment, the FAW bits are distributed in the
complementary overhead bit positions 112. The minimum
number of sub-frames 110 required in the frame 100
depends on the maximum number of PDH sources received.
For example, if the maximum number of PDH sources is
16, a minimum of 16 sub-frames 110 per frame 100 are
used. The number of sub-blocks 130 per block 120 and
the number of blocks 120 per sub-frame 110 are
determined by the required capacity of the auxiliary
data, the number of stuffing indication bits (C bits)
, the number of parity bits, the size of the frame
(bits per frame) and/or the available bandwidth in the
transmission medium. With reference to Figure 3 , a
representative flow chart is shown illustrating the
operation of a communication system according to an
embodiment of the present subject matter. A
communication system 300 may be adapted to receive a
first type of data having at least two data streams
with different clocks and a second type of data from a
first and second types of sources, as shown in Block
310. The system 300synchronizes the received first
type of data thereby generating a synchronized data
rate, as shown in Block 320. A frame format is
provided having plural bit positions, as shown in
Block 330. The synchronized first type of data are
assigned in ones of the bit positions of the frame
while the second type of data are distributed in ones
of the unassigned bit positions as a function of the
synchronized data rate, as shown in Block 340. The
system 300 then transmits the frame as shown in Block
350. With reference to Figure 4 , a representative
flow chart is shown illustrating for the operation of
a communication system according to another embodiment
of the present subject matter. A communication system
400 is adaptable to receive data from a plurality of
sources including a first and second type of data
source, as shown in Block 410. The received first type
of data source is synchronized to thereby generate a
synchronized data rate, as shown in Block 420. The
synchronized first type of data and received second
type of data is transmitted in a predetermined frame
format whereby the packet data may be assigned in the
predetermined frame format as a function of the
synchronized data rate, as shown in Block 430. While
preferred embodiments of the disclosed system and
method have been described, it is to be understood
that the embodiments described are illustrative only
and that the scope of the embodiments of the disclosed
system and method are to be defined solely by the
appended claims when accorded a full range of
equivalence, many variations and modifications
naturally occurring to those of skill in the art from
a perusal hereof.CLAIMS 1 . A method for transmitting
communication signals in a predetermined frame format
comprising the steps of: (a) receiving data from a
plurality of sources including a first and second type
of data source; (b) synchronizing the received first
type of data source to thereby generate a synchronized
data rate; and (c) transmitting the synchronized first
type of data and received second type of data in a
predetermined frame format whereby the packet data is
assigned in the predetermined frame format as a
function of the synchronized data rate. 2 . The method
of Claim 1 wherein the step of providing a frame
includes providing a frame having plural sub-frames
with plural blocks and sub-blocks, each sub-block
including a synchronized first type of data bit
position or a second type of data bit position and
each block having at least one overhead bit position
and further including the steps of: inserting a frame
alignment word in bit positions of the first block of
the first sub-frame; and distributing synchronized
data bits of the first type of data or data bits of
the second type of data in unused overhead bit
positions of other blocks. 3 . The method of Claim 2
further comprising the step of distributing parity
bits in unused overhead bit positions. 4 . The method
of Claim 1 wherein the received first type of sources
are synchronized by bit stuffing. 5 . The method of
Claim 1 wherein the first type of data source includes
at least one of synchronous, asynchronous, and
plesiochronous sources.6 . The method of Claim 1
wherein the second type of data source is a packet
data source. 7 . The method of Claim 1 further
comprising the step of sequentially bit interleaving
synchronized first type of data and second type of
data in the frame format. 8 . A system adaptable to
receive data from plural first type of data sources
and at least one second type of data source that are
not synchronized with each other and to transmit the
data as a single data stream, wherein if data from
both the plural first type of data source and second
type of data source ar; received, the plural first
type of data source is synchronized to thereby
generate a synchronized data rate, a frame is provided
having plural bit positions, the synchronized first
type of data are assigned in ones of the bit positions
of the frame format, and the second type of data are
arranged in the frame format as a function of the
synchronized data rate for transmission thereof,
wherein if data from only the first type of data
source is received, the plural first type of data
source is synchronized to thereby generate a
synchronized data rate, a frame format is provided
having plural bit positions, and the synchronized
first type of data are assigned in ones of the bit
positions of the frame format for transmission
thereof, wherein if data from only the second type of
data source is received, a frame format is provided
having plural bit positions and the second type of
data are arranged in the frame format for transmission
thereof.9 . The system of Claim 8 wherein said frame
format comprises a plurality of frames each frame
having plural sub-frames the number of which
correlates to the number of received plural sources
that are not synchronized with each other and each
sub-frame comprising a plurality of blocks each block
comprising: at least one overhead bit position, (n)
bit positions of synchronized data from the plural
sources; (m) bit positions of data received from the
packet source arranged as a function of the
synchronized data rate, and a plurality of sub-blocks
each having a bit position for the synchronized data
or a bit position for data received from the packet
source. 10. The system of Claim 8 wherein the
synchronized first type of data bits and the second-
type of data bits are sequentially bit interleaved in
the frame format. 


