
POLYCARBONATE POLYOL COMPOSITIONS AND METHODS Priority Claim This
application claims priority to United States Provisional Patent Application
Serial No. 61/095,178, filed September 8, 2008, the entire contents of
which are incorporated herein by reference. Background Aliphatic
polycarbonates (APCs) have utility as polyol building blocks for the
construction of co-polymers such as flexible urethane foams, urethane
coatings, rigid urethane foams, urethane/urea elastomers and plastics,
adhesives, polymeric coatings and surfactants among others. Examples of
such APCs include poly(propylene carbonate) (PPC); polyethylene carbonate)
(PEC); poly(butylene carbonate) (PBC); and poly(cyclohexene carbonate)
(PCHC) as well as copolymers of two or more of these. To have utility in
these applications, it is preferable that all polycarbonate polymer chain
ends terminate with hydroxyl groups. Such hydroxyl groups serve as reactive
moieties for cross-linking reactions or act as sites on which other blocks
of a co-polymer can be constructed. It is problematic if a portion of the
chain ends on the APC are not hydroxy groups since this results in
incomplete cross-linking or termination of the block copolymer. A typical
specification for aliphatic polycarbonate polyol resins for use in such
applications is that at least 98% or in some cases greater than 99% of
chain ends terminate in hydroxyl groups. In addition, these applications
typically call for relatively low molecular weight oligomers (e.g. polymers
having average molecular weight numbers (Mn) between about 500 and about
15,000 g/mol). It is also desirable that the polyols have a narrowly
defined molecular weight distribution-for example, a polydispersity index
less than about 2 is desirable, but much narrower distributions (i.e. PDI
<1.2) can be advantageous. Furthermore, for certain applications, polyol
polycarbonates having little or no contamination with ether linkages are
desirable.Aliphatic polycarbonates can be conveniently synthesized by
copolymerization of carbon dioxide and epoxides as shown in Scheme 1.
SCHEME 1 Currently, there are several catalytic systems utilized for such
syntheses, namely: heterogeneous catalyst systems based on zinc or aluminum
salts; double metal cyanide (DMC) catalysts; and homogenous catalysts based
on coordination complexes of transition metals or aluminum. The catalytic
systems using heterogeneous zinc or aluminum salts are typified by those
first described by Inoue in the 1960s (for example in US Pat. Nos.
3,900,424 and 3,953,383. Further improvements to these catalysts have been
made over the years (for example as described in W. Kuran, et al. Chem.
Macromol. Chem. Phys. 1976, 177, pp 11 - 20 and Gorecki, et al. J. Polym.
ScL Part C 1985, 23, pp. 299 - 304). Nonetheless, these catalyst systems
are generally not suitable for producing polyol resins with the low
molecular weights and narrow polydispersity demanded by many applications.
The catalysts are of relatively low activity and produce high molecular
weight polymer with broad polydispersity. Additionally, the polycarbonates
produced by these catalysts have a significant proportion of ether linkages
in the chain which can be undesirable in certain applications. A second
class of catalysts for the polymerization of epoxides and CO are the double
metal cyanide (DMC) catalysts. Such catalysts are exemplified by those
reported by Kruper and Smart in US Patent No. 4,500,704. Compared to the
Inoue-type catalysts, the DMC systems are better suited to the formation of
low molecular weight polymers and produce a predominance of chains with
hydroxyl end groups. However, these catalysts produce polymers having a
high proportion of ether linkages and the materials they produce are more
properly regarded as polycarbonate-polyether copolymers rather than as
aliphatic polycarbonates per se.A more recently developed class of
catalysts is based on coordination complexes of aluminum or a variety of
transition metals, particularly complexes of cobalt, chromium and
manganese. Examples of such catalysts are disclosed in US Patent Nos.
6,870,004 and 7,304,172. In some cases these catalytic systems are highly
active and are capable of providing aliphatic polycarbonate with narrow
polydispersity, a high percentage of carbonate linkages and good
regioselectivity (e.g. high head-to-tail ratios for incorporation of
monosubstituted epoxides). However, at high conversions under standard
conditions, these catalysts produce high molecular weight polymers that are
not suitable for many polyol applications. Additionally, using these
systems, it has not been practical to synthesize polycarbonate polyols
having a high percentage of hydroxyl end-groups. The lack of hydroxyl
end-groups is due to the fact that anion(s) associated with the metal
center of the catalyst complex become covalently bound to the polymer chain
during initiation of polymer chain growth. This is true also of anions
associated with any optionally present cationic co-catalysts used in these
reactions. Without wishing to be bound by theory or thereby limit the scope
of the present invention, the sequence shown in 



Scheme 2, depicts a probable reaction sequence showing why the anions
(denoted -X) associated with the catalyst complex (denoted ) become
covalently linked to the polycarbonate chain. Initiation SCHEME 2 The
counterions -X typically used for these catalysts include halides,
sulfonates, phenolates, carboxylates and azide. Because polymerization is
initiated when one of theseanions opens an epoxide ring, one end of each
polymer chain (the initiation end) is necessarily capped with a
non-hydroxyl moiety such as a halogen, an alkylsulfonate, a phenylether, an
acyl group, or an azide, respectively. The other factor disfavoring the use
of these catalytic systems to produce polyol resins is the fact that they
produce high molecular weight polymer when taken to high conversions.
Typical molecular weights are in the range of 20,000 to 400,000 g/mol-
values well above the molecular weight range desired for most polyol resin
applications. Potential strategies to produce lower molecular weight
materials include: stopping the polymerization at low conversion; using
high catalyst concentrations; degrading the high molecular weight polymer
to shorter chains, or using chain transfer agents (CTAs) such as alcohols
during the polymerization. Stopping the reaction at low conversion or
increasing the catalyst concentration are undesirable due to cost
considerations and added difficulties in purification occasioned by the
increased concentration of catalyst-derived contaminants in the crude
polymer. Degradation of higher molecular weight polymers to produce low
molecular weight resins leads to increased polydispersity, adds additional
steps to the production process, and leads to contamination with cyclic
by-products. Chain transfer agents can be successfully employed to lower
the molecular weight of the polymer without a significant increase in cost
or contamination. However, this strategy does not alleviate the problem of
non-hydroxyl end groups since polymer chains initiated by chain transfer
agent will still have one end capped with a non-hydroxyl moiety (i.e. an
ether corresponding to the alcohol used as the CTA). As such, there remains
a need for catalysts and methods that are capable of efficiently producing
polycarbonate polyols having high carbonate content. Summary of the
Invention In one aspect, the present disclosure encompasses polymerization
systems for the copolymerization OfCO and epoxides comprising 1) a metal
complex including a metal coordination compound having a permanent ligand
set and at least one ligand that is a polymerization initiator, and 2) a
chain transfer agent having two or more sites that can initiate
polymerization.In some embodiments, a ligand that is a polymerization
initiator has two or more sites capable of initiating polymerization, this
variation leads to polycarbonate polyols with an extremely high proportion
of -OH end groups. In certain embodiments, the chain transfer agent and the
ligand that is a polymerization initiator are the same molecule (or ionic
forms of the same molecule). In certain embodiments, a polymerization
system further includes a co-catalyst. In some embodiments, the co-catalyst
is a cationic organic molecule. In certain embodiments, an anion present to
balance the charge of a cationic co-catalyst is also a polymerization
initiator having two or more sites that can initiate polymerization. In
certain embodiments, the ligand that is a polymerization initiator, and the
counterion of the co-catalyst are the same molecule. In certain
embodiments, the chain transfer agent, the ligand that is a polymerization
initiator, and an anion associated with a co-catalyst are the same molecule
(or ionic forms of the same molecule). In some embodiments, the present
disclosure encompasses methods for the synthesis of polycarbonate polyols.
In some embodiments, a method includes the steps of: 1) providing a
reaction mixture including one or more epoxides and at least one chain
transfer agent having two or more sites capable of initiating
polymerization, 2) contacting the reaction mixture with a with a metal
complex comprising a metal coordination compound having a permanent ligand
set and at least one ligand that is a polymerization initiator, and 3)
allowing the polymerization reaction to proceed for a length of time
sufficient for the average molecular weight of the polycarbonate polyol
formed to reach a desired value. In some embodiments the method further
includes contacting the reaction mixture with a co-catalyst. In some
embodiments, the present disclosure encompasses polycarbonate polyol
compositions characterized in that polymer chains have a high percentage of
-OH end groups and a high percentage of carbonate linkages. Such
compositions are further characterized in that polymer chains contain
within them a polyfunctional moiety linked to a plurality of individual
polycarbonate chains. In certain embodiments, polycarbonate polyol
compositions are further characterized by having one or more of the
followingfeatures: a carbonate-to-ether linkage ratio of at least 10:1, a
head-to-tail ratio of at least 5:1, or a polydispersity index of less than
2. In certain embodiments of this aspect, a polymer composition is further
characterized in that a polymer contains a plurality of 



polymer chain types differentiated by the presence of different
polyfunctional polymerization initiators embedded within the chain, or by
differences in the end-groups present on the polymer chains. In certain
embodiments, polycarbonate polyol compositions of the present disclosure
are further characterized in that they contain a mixture of two or more
chain types, wherein the chain different chain types are differentiated
from one another by differences in the identity of the embedded
polyfunctional polymerization initiators, the absence of embedded
polyfunctional polymerization initiators, or the presence of nonhydroxyl
end groups on certain chains. Definitions Definitions of specific
functional groups and chemical terms are described in more detail below.
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., inside cover, and specific functional
groups are generally defined as described therein. Additionally, general
principles of organic chemistry, as well as specific functional moieties
and reactivity, are described in Organic Chemistry, Thomas Sorrell,
University Science Books, Sausalito, 1999; Smith and March March 's
Advanced Organic Chemistry, 5th Edition, John Wiley & Sons, Inc., New York,
2001; Larock, Comprehensive Organic Transformations, VCH Publishers, Inc.,
New York, 1989; Carruthers, Some Modern Methods of Organic Synthesis, 3rd
Edition, Cambridge University Press, Cambridge, 1987; the entire contents
of each of which are incorporated herein by reference. Certain compounds of
the present invention can comprise one or more asymmetric centers, and thus
can exist in various stereoisomeric forms, e.g., enantiomers and/or
diastereomers. Thus, inventive compounds and compositions thereof may be in
the form of an individual enantiomer, diastereomer or geometric isomer, or
may be in the form of amixture of stereoisomers. In certain embodiments,
the compounds of the invention are enantiopure compounds. In certain other
embodiments, mixtures of enantiomers or diastereomers are provided.
Furthermore, certain compounds, as described herein may have one or more
double bonds that can exist as either the Z or E isomer, unless otherwise
indicated. The invention additionally encompasses the compounds as
individual isomers substantially free of other isomers and alternatively,
as mixtures of various isomers, e.g., racemic mixtures of enantiomers. In
addition to the above-mentioned compounds per se, this invention also
encompasses compositions comprising one or more compounds. As used herein,
the term "isomers" includes any and all geometric isomers and
stereoisomers. For example, "isomers" include cis- and trans-isomcrs, E-
and Zisomers, R- and ^-enantiomers, diastereomers, (D)-isomers,
(L)-isomers, racemic mixtures thereof, and other mixtures thereof, as
falling within the scope of the invention. For instance, a stereoisomer
may, in some embodiments, be provided substantially free of one or more
corresponding stereoisomers, and may also be referred to as
"stereochemically enriched." Where a particular enantiomer is preferred, it
may, in some embodiments be provided substantially free of the opposite
enantiomer, and may also be referred to as "optically enriched." "Optically
enriched," as used herein, means that the compound is made up of a
significantly greater proportion of one enantiomer. In certain embodiments
the compound is made up of at least about 90% by weight of a preferred
enantiomer. In other embodiments the compound is made up of at least about
95%, 98%, or 99% by weight of a preferred enantiomer. Preferred enantiomers
may be isolated from racemic mixtures by any method known to those skilled
in the art, including chiral high pressure liquid chromatography (HPLC) and
the formation and crystallization of chiral salts or prepared by asymmetric
syntheses. See, for example, Jacques, et al., Enantiomers, Racemates and
Resolutions (Wiley Interscience, New York, 1981); Wilen, S.H., et al.,
Tetrahedron 33:2725 (1977); Eliel, E.L. Stereochemistry of Carbon
Compounds(McGraw-Hill, NY, 1962); Wilen, S.H. Tables of Resolving Agents
and Optical Resolutions p. 268 (EX. Eliel, Ed., Univ. of Notre Dame Press,
Notre Dame, IN 1972). The terms "halo" and "halogen" as used herein refer
to an atom selected from fluorine (fluoro, -F), chlorine (chloro, -Cl),
bromine (bromo, -Br), and iodine (iodo, -I). 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 1-30 carbon atoms. In
certain embodiments, aliphatic groups contain 1-12 carbon atoms. In certain
embodiments, aliphatic groups contain 1-8 carbon atoms. In certain
embodiments, aliphatic groups contain 1-6 carbon atoms. In some
embodiments, aliphatic groups contain 1-5 carbon atoms, in some
embodiments, aliphatic groups contain 1-4 carbon atoms, in yet other
embodiments aliphatic groups contain 1-3 



carbon atoms, and in yet other embodiments aliphatic groups contain 1 or 2
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. The
term "unsaturated", as used herein, means that a moiety has one or more
double or triple bonds. The terms "cycloaliphatic", "carbocycle", or
"carbocyclic", used alone or as part of a larger moiety, refer to a
saturated or partially unsaturated cyclic aliphatic monocyclic or
polycyclic ring systems, as described herein, having from 3 to 12 members,
wherein the aliphatic ring system is optionally substituted as defined
above and described herein. Cycloaliphatic groups include, without
limitation, cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl,
cyclohexyl, cyclohexenyl, cycloheptyl, cycloheptenyl, cyclooctyl,
cyclooctenyl, norbornyl, adamantyl, and cyclooctadienyl. In some
embodiments, the cycloalkyl has 3-6 carbons. The terms "cycloaliphatic",
"carbocycle" or "carbocyclic" also include aliphatic rings that are fused
to one or more aromatic or nonaromatic rings, such as decahydronaphthyl or
tetrahydronaphthyl, where the radical or point of attachmentis on the
aliphatic ring. In certain embodiments, the term "3- to 8-membered
carbocycle" refers to a 3- to 8-membered saturated or partially unsaturated
monocyclic carbocyclic ring. In certain embodiments, the terms "3- to
14-membered carbocycle" and "C3_i4 carbocycle" refer to a 3- to 8-membered
saturated or partially unsaturated monocyclic carbocyclic ring, or a 7- to
14-membered saturated or partially unsaturated poly eye lie carbocyclic
ring. In certain embodiments, the term "C3_2o carbocycle" refers to a 3- to
8- membered saturated or partially unsaturated monocyclic carbocyclic ring,
or a 7- to 20- membered saturated or partially unsaturated polycyclic
carbocyclic ring. The term "alkyl," as used herein, refers to saturated,
straight- or branched-chain hydrocarbon radicals derived from an aliphatic
moiety containing between one and six carbon atoms by removal of a single
hydrogen atom. Unless otherwise specified, alkyl groups contain 1-12 carbon
atoms. In certain embodiments, alkyl groups contain 1-8 carbon atoms. In
certain embodiments, alkyl groups contain 1-6 carbon atoms. In some
embodiments, alkyl groups contain 1-5 carbon atoms, in some embodiments,
alkyl groups contain 1-4 carbon atoms, in yet other embodiments alkyl
groups contain 1-3 carbon atoms, and in yet other embodiments alkyl groups
contain 1-2 carbon atoms. Examples of alkyl radicals include, but are not
limited to, methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl,
sec-butyl, sec-pentyl, iso-pentyl, tert-butyl, n-pentyl, neopentyl,
n-hexyl, sechexyl, n-heptyl, n-octyl, n-decyl, n-undecyl, dodecyl, and the
like. The term "alkenyl," as used herein, denotes a monovalent group
derived from a straight- or branched-chain aliphatic moiety having at least
one carbon-carbon double bond by the removal of a single hydrogen atom.
Unless otherwise specified, alkenyl groups contain 2-12 carbon atoms. In
certain embodiments, alkenyl groups contain 2-8 carbon atoms. In certain
embodiments, alkenyl groups contain 2-6 carbon atoms. In some embodiments,
alkenyl groups contain 2-5 carbon atoms, in some embodiments, alkenyl
groups contain 2-4 carbon atoms, in yet other embodiments alkenyl groups
contain 2-3 carbon atoms, and in yet other embodiments alkenyl groups
contain 2 carbon atoms. Alkenyl groups include, for example, ethenyl,
propenyl, butenyl, l-methyl-2- buten-1-yl, and the like.The term "alkynyl,"
as used herein, refers to a monovalent group derived from a straight- or
branched-chain aliphatic moiety having at least one carbon-carbon triple
bond by the removal of a single hydrogen atom. Unless otherwise specified,
alkynyl groups contain 2-12 carbon atoms. In certain embodiments, alkynyl
groups contain 2-8 carbon atoms. In certain embodiments, alkynyl groups
contain 2-6 carbon atoms. In some embodiments, alkynyl groups contain 2-5
carbon atoms, in some embodiments, alkynyl groups contain 2-4 carbon atoms,
in yet other embodiments alkynyl groups contain 2-3 carbon atoms, and in
yet other embodiments alkynyl groups contain 2 carbon atoms. Representative
alkynyl groups include, but are not limited to, ethynyl, 2-propynyl
(propargyl), 1-propynyl, and the like. The term "aryl" used alone or as
part of a larger moiety as in "aralkyl", "aralkoxy", or "aryloxyalkyl",
refers to monocyclic and polycyclic ring systems having a total of five to
20 ring members, wherein at least one ring in the system is aromatic and
wherein each ring in the system contains three to twelve ring members. The
term "aryl" may be used interchangeably with the term "aryl ring". In
certain embodiments of the present invention, "aryl" refers to an aromatic
ring system which includes, but is not limited to, phenyl, biphenyl,
naphthyl, anthracyl and the like, which may bear one or more substituents.
Also included within the scope of the term aryl", as it is used herein, is
a group in which an aromatic ring is fused to one or more additional rings,
such as benzofuranyl, indanyl, phthalimidyl, naphthimidyl, phenantriidinyl,
or tetrahydronaphthyl, and the like. In certain embodiments, the terms "6-
to 10-membered aryl" and "C -Ioaryl" refer to a phenyl or an 8- to
10-membered polycyclic aryl ring. In certain embodiments, 



the term "6- to 12-membered aryl" refers to a phenyl or an 8- to
12-membered polycyclic aryl ring. In certain embodiments, the term "C -I
aryl" refers to a phenyl or an 8- to 14- membered polycyclic aryl ring. The
terms "heteroaryl" and "heteroar-", used alone or as part of a larger
moiety, e.g., "heteroaralkyl", or "heteroaralkoxy", refer to groups having
5 to 14 ring atoms, preferably 5, 6, or 9 ring atoms; having 6, 10, or 14 p
electrons shared in a cyclic array; and having, in addition to carbon
atoms, from one to five heteroatoms. The term "heteroatom" refers to
nitrogen, oxygen, or sulfur, and includes any oxidized form ofnitrogen or
sulfur, and any quaternized form of a basic nitrogen. Heteroaryl groups
include, without limitation, thienyl, furanyl, pyrrolyl, imidazolyl,
pyrazolyl, triazolyl, tetrazolyl, oxazolyl, isoxazolyl, oxadiazolyl,
thiazolyl, isothiazolyl, thiadiazolyl, pyridyl, pyridazinyl, pyrimidinyl,
pyrazinyl, indolizinyl, purinyl, naphthyridinyl, benzofuranyl and
pteridinyl. The terms "heteroaryl" and "heteroar-", as used herein, also
include groups in which a heteroaromatic ring is fused to one or more aryl,
cycloaliphatic, or heterocyclyl rings, where the radical or point of
attachment is on the heteroaromatic ring. Nonlimiting examples include
indolyl, isoindolyl, benzothienyl, benzofuranyl, dibenzofuranyl, indazolyl,
benzimidazolyl, benzthiazolyl, quinolyl, isoquinolyl, cinnolinyl,
phthalazinyl, quinazolinyl, quinoxalinyl, 4H-quinolizinyl, carbazolyl,
acridinyl, phenazinyl, phenothiazinyl, phenoxazinyl, tetrahydroquinolinyl,
tetrahydroisoquinolinyl, and pyrido[2,3-b]-l,4-oxazin-3(4 H)-one. A
heteroaryl group may be mono- or bicyclic. The term "heteroaryl" may be
used interchangeably with the terms "heteroaryl ring", "heteroaryl group",
or "heteroaromatic", any of which terms include rings that are optionally
substituted. The term "heteroaralkyl" refers to an alkyl group substituted
by a heteroaryl, wherein the alkyl and heteroaryl portions independently
are optionally substituted. In certain embodiments, the term "5- to
10-membered heteroaryl" refers to a 5- to 6-membered heteroaryl ring having
1 to 3 heteroatoms independently selected from nitrogen, oxygen, or sulfur,
or an 8- to 10-membered bicyclic heteroaryl ring having 1 to 4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur. In certain
embodiments, the term "5- to 12-membered heteroaryl" refers to a 5- to
6-membered heteroaryl ring having 1 to 3 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or an 8- to 12-membered bicyclic
heteroaryl ring having 1 to 4 heteroatoms independently selected from
nitrogen, oxygen, or sulfur. As used herein, the terms "heterocycle",
"heterocyclyl", "heterocyclic radical", and "heterocyclic ring" are used
interchangeably and refer to a stable 5- to 7-membered monocyclic or
7-14-membered polycyclic heterocyclic moiety that is either saturated or
partially unsaturated, and having, in addition to carbon atoms, one or
more, preferably one to four, heteroatoms, as defined above. When used in
reference to a ring atom of a heterocycle, the term "nitrogen" includes a
substituted nitrogen. As an example, in asaturated or partially unsaturated
ring having 0-3 heteroatoms selected from oxygen, sulfur or nitrogen, the
nitrogen may be N (as in 3,4-dihydro-2 H-pyrrolyl), NH (as in
pyrrolidinyl), or NR (as in TV-substituted pyrrolidinyl). In some
embodiments, the term "3- to 7-membered heterocyclic" refers to a 3- to
7-membered saturated or partially unsaturated monocyclic heterocyclic ring
having 1 to 2 heteroatoms independently selected from nitrogen, oxygen, or
sulfur. In some embodiments, the term "3- to 8- membered heterocycle"
refers to a 3- to 8-membered saturated or partially unsaturated monocyclic
heterocyclic ring having 1 to 2 heteroatoms independently selected from
nitrogen, oxygen, or sulfur. In some embodiments, the term "3- to
12-membered heterocyclic" refers to a 3- to 8-membered saturated or
partially unsaturated monocyclic heterocyclic ring having 1 to 2
heteroatoms independently selected from nitrogen, oxygen, or sulfur, or a
7- to 12-membered saturated or partially unsaturated polycyclic
heterocyclic ring having 1-3 heteroatoms independently selected from
nitrogen, oxygen, or sulfur. In some embodiments, the term "3- to
14-membered heterocycle" refers to a 3- to 8- membered saturated or
partially unsaturated monocyclic heterocyclic ring having 1 to 2
heteroatoms independently selected from nitrogen, oxygen, or sulfur, or a
7- to 14- membered saturated or partially unsaturated polycyclic
heterocyclic ring having 1-3 heteroatoms independently selected from
nitrogen, oxygen, or sulfur. A heterocyclic ring can be attached to its
pendant group at any heteroatom or carbon atom that results in a stable
structure and any of the ring atoms can be optionally substituted. Examples
of such saturated or partially unsaturated heterocyclic radicals include,
without limitation, tetrahydrofuranyl, tetrahydrothienyl, pyrrolidinyl,
pyrrolidonyl, piperidinyl, pyrrolinyl, tetrahydroquinolinyl,
tetrahydroisoquinolinyl, decahydroquinolinyl, oxazolidinyl, piperazinyl,
dioxanyl, dioxolanyl, diazepinyl, oxazepinyl, thiazepinyl, morpholinyl, and
quinuclidinyl. The terms "heterocycle", "heterocyclyl", "heterocyclyl
ring", "heterocyclic group", "heterocyclic moiety", and "heterocyclic
radical", are used interchangeably herein, and also include groups in which
a heterocyclyl ring is fused to one or more aryl, heteroaryl, or
cycloaliphatic rings, such as indolinyl, 3H-indolyl, chromanyl,
phenanthridinyl, or tetrahydroquinolinyl, where the 



radical or point of attachment is on the heterocyclyl ring. A heterocyclyl
group may bemono- or bicyclic. The term "heterocyclylalkyl" refers to an
alkyl group substituted by a heterocyclyl, wherein the alkyl and
heterocyclyl portions independently are optionally substituted. As used
herein, the term "partially unsaturated" refers to a ring moiety that
includes at least one double or triple bond. The term "partially
unsaturated" is intended to encompass rings having multiple sites of
unsaturation, but is not intended to include aryl or heteroaryl moieties,
as herein defined. One of ordinary skill in the art will appreciate that
compound and synthetic methods, as described herein, may utilize a variety
of protecting groups. By the term "protecting group," as used herein, it is
meant that a particular functional moiety, e.g., O, S, or N, is masked or
blocked, permitting, if desired, a reaction to be carried out selectively
at another reactive site in a multifunctional compound. Suitable protecting
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. In certain embodiments, a protecting group reacts
selectively in good yield to give a protected substrate that is stable to
the projected reactions; the protecting group is preferably selectively
removable by readily available, preferably non-toxic reagents that do not
attack the other functional groups; the protecting group forms a separable
derivative (more preferably without the generation of new stereogenic
centers); and the protecting group will preferably have a minimum of
additional functionality to avoid further sites of reaction. As detailed
herein, oxygen, sulfur, nitrogen, and carbon protecting groups may be
utilized. By way of non-limiting example, hydroxyl protecting groups
include methyl, methoxylmethyl (MOM), methylthiomethyl (MTM),
-butylthiomethyl, (phenyldimethylsilyl)methoxymethyl (SMOM),
benzyloxymethyl (BOM), p - methoxybenzyloxymethyl (PMBM),
(4-methoxyphenoxy)methyl (p-AOM), guaiacolmethyl (GUM), -butoxymethyl,
4-pentenyloxymethyl (POM), siloxymethyl, 2- methoxyethoxymethyl (MEM),
2,2,2-trichloroethoxymethyl, bis(2-chloroethoxy)methyl,
2-(trimethylsilyl)ethoxymethyl (SEMOR), tetrahydropyranyl (THP), 3-
bromotetrahydropyranyl, tetrahydrothiopyranyl, 1-methoxycyclohexyl,
4-methoxytetrahydropyranyl (MTHP), 4-methoxytetrahydrothiopyranyl, 4-
methoxytetrahydrothiopyranyl S,S-dioxide, 1-[(2-chloro-4-methyl)phenyl]-4-
methoxypiperidin-4-yl (CTMP), 1,4-dioxan-2-yl, tetrahydrofuranyl,
tetrahydrothiofuranyl,
2,3,3a,4,5,6,7,7a-octahydro-7,8,8-trimethyl-4,7-methanobenzofuran-2-yl,
1-ethoxyethyl, l-(2-chloroethoxy)ethyl, 1-methyl- 1-methoxyethyl, 1-methyl-
1-benzyloxyethyl, 1-methyll- benzyloxy-2-fluoroethyl, 2,2,2-trichloroethyl,
2-trimethylsilylethyl, 2- (phenylselenyl)ethyl, -butyl, allyl,
/?-chlorophenyl, /?-methoxyphenyl, 2,4-dinitrophenyl, benzyl,
/?-methoxybenzyl, 3,4-dimethoxybenzyl, o-nitrobenzyl, /?-nitrobenzyl, p -
halobenzyl, 2,6-dichlorobenzyl, /?-cyanobenzyl, /?-phenylbenzyl, 2-picolyl,
4-picolyl, 3- methyl-2-picolyl JV-oxido, diphenylmethyl, p,p
'-dinitrobenzhydryl, 5-dibenzosuberyl, triphenylmethyl,
a-naphthyldiphenylmethyl, /?-methoxyphenyldiphenylmethyl, i(pmethoxyphenyl)
phenylmethyl, tri(/?-methoxyphenyl)methyl, 4-(4'-
bromophenacyloxyphenyl)diphenylmethyl, 4,4',4"-tris(4,5-
dichlorophthalimidophenyl)methyl, 4,4',4"-tris(levulinoyloxyphenyl)methyl,
4,4',4"- tris(benzoyloxyphenyl)methyl, 3-(imidazol- 1-yl)bis(4 ' ,4 '
'-dimethoxyphenyl)methyl, 1,1- bis(4-methoxyphenyl)-l'-pyrenylmethyl,
9-anthryl, 9-(9-phenyl)xanthenyl, 9-(9-phenyl- 10-oxo)anthryl,
l,3-benzodithiolan-2-yl, benzisothiazolyl S,S-dioxido, trimethylsilyl
(TMS), triethylsilyl (TES), triisopropylsilyl (TIPS),
dimethylisopropylsilyl (IPDMS), diethylisopropylsilyl (DEIPS),
dimethylthexylsilyl, -butyldimethylsilyl (TBDMS), tbutyldiphenylsilyl
(TBDPS), tribenzylsilyl, tri-/?-xylylsilyl, triphenylsilyl,
diphenylmethylsilyl (DPMS), -butylmethoxyphenylsilyl (TBMPS), formate,
benzoylformate, acetate, chloroacetate, dichloroacetate, trichloroacetate,
trifluoroacetate, methoxyacetate, triphenylmethoxyacetate,
phenoxyacetate,/?-chlorophenoxyacetate, 3- phenylpropionate,
4-oxopentanoate (levulinate), 4,4-(ethylenedithio)pentanoate
(levulinoyldithioacetal), pivaloate, adamantoate, crotonate,
4-methoxycrotonate, benzoate, /?-phenylbenzoate, 2,4,6-trimethylbenzoate
(mesitoate), alkyl methyl carbonate, 9- fluorenylmethyl carbonate (Fmoc),
alkyl ethyl carbonate, alkyl 2,2,2-trichloroethyl carbonate (Troc),
2-(trimethylsilyl)ethyl carbonate (TMSEC), 2-(phenylsulfonyl) ethyl
carbonate (Psec), 2-(triphenylphosphonio) ethyl carbonate (Peoc), alkyl
isobutyl carbonate, alkyl vinyl carbonate alkyl allyl carbonate, alkyl
/?-nitrophenyl carbonate, alkyl benzyl carbonate, alkyl /?-methoxybenzyl
carbonate, alkyl 3,4-dimethoxybenzyl carbonate,alkyl o-nitrobenzyl
carbonate, alkyl /?-nitrobenzyl carbonate, alkyl S-benzyl thiocarbonate,
4-ethoxy-l-napththyl carbonate, methyl dithiocarbonate, 2-iodobenzoate,
4-azidobutyrate, 4-nitro-4-methylpentanoate, o-(dibromomethyl)benzoate,
2-formylbenzenesulfonate, 2- (methylthiomethoxy)ethyl,
4-(methylthiomethoxy)butyrate, 2- (methylthiomethoxymethyl)benzoate,
2,6-dichloro-4-methylphenoxyacetate, 2,6-dichloro-
4-(l,l,3,3-tetramethylbutyl)phenoxyacetate,
2,4-bis(l,l-dimethylpropyl)phenoxyacetate, 



chlorodiphenylacetate, isobutyrate, monosuccinoate,
()-2-methyl-2-butenoate, o- (methoxycarbonyl)benzoate, a-naphthoate,
nitrate, alkyl N,N,N',N'- tetramethylphosphorodiamidate, alkyl
JV-phenylcarbamate, borate, dimethylphosphinothioyl, alkyl
2,4-dinitrophenylsulfenate, sulfate, methanesulfonate (mesylate),
benzylsulfonate, and tosylate (Ts). For protecting 1,2- or 1,3-diols, the
protecting groups include methylene acetal, ethylidene acetal, 1-
-butylethylidene ketal, 1- phenylethylidene ketal,
(4-methoxyphenyl)ethylidene acetal, 2,2,2-trichloroethylidene acetal,
acetonide, cyclopentylidene ketal, cyclohexylidene ketal, cycloheptylidene
ketal, benzylidene acetal, /?-methoxybenzylidene acetal,
2,4-dimethoxybenzylidene ketal, 3,4- dimethoxybenzylidene acetal,
2-nitrobenzylidene acetal, methoxymethylene acetal, ethoxymethylene acetal,
dimethoxymethylene ortho ester, 1-methoxyethylidene ortho ester,
1-ethoxyethylidine ortho ester, 1,2-dimethoxyethylidene ortho ester, a-
methoxybenzylidene ortho ester, l-(L,L/-dimethylamino)ethylidene
derivative, a-(N,N'- dimethylamino)benzylidene derivative,
2-oxacyclopentylidene ortho ester, di-tbutylsilylene group (DTBS),
l,3-(l,l,3,3-tetraisopropyldisiloxanylidene) derivative (TIPDS),
tetra--butoxydisiloxane-l,3-diylidene derivative (TBDS), cyclic carbonates,
cyclic boronates, ethyl boronate, and phenyl boronate. Amino-protecting
groups include methyl carbamate, ethyl carbamante, 9-fluorenylmethyl
carbamate (Fmoc), 9-(2- sulfo)fluorenylmethyl carbamate,
9-(2,7-dibromo)fluoroenylmethyl carbamate, 2,7-di-tbutyl-[ 9-(l 0,10-dioxo-
10,10,10,1 0-tetrahydrothioxanthyl)]methyl carbamate (DBDTmoc),
4-methoxyphenacyl carbamate (Phenoc), 2,2,2-trichloroethyl carbamate
(Troc), 2- trimethylsilylethyl carbamate (Teoc), 2-phenylethyl carbamate
(hZ), l-(l-adamantyl)-lmethylethyl carbamate (Adpoc),
l,l-dimethyl-2-haloethyl carbamate, l,l-dimethyl-2,2- dibromoethyl
carbamate (DB- -BOC), l,l-dimethyl-2,2,2-trichloroethyl carbamate (TCBOC),
1-methyl- l-(4-biphenylyl)ethyl carbamate (Bpoc), l-(3,5-di-
-butylphenyl)-lmethylethyl carbamate ( -Bumeoc), 2-(2'- and
4'-pyridyl)ethyl carbamate (Pyoc), 2-(N,Ndicyclohexylcarboxamido) ethyl
carbamate, -butyl carbamate (BOC), 1-adamantyl carbamate (Adoc), vinyl
carbamate (Voc), allyl carbamate (Alloc), 1-isopropylallyl carbamate
(Ipaoc), cinnamyl carbamate (Coc), 4-nitrocinnamyl carbamate (Noc), 8-
quinolyl carbamate, TV-hydroxypiperidinyl carbamate, alkyldithio carbamate,
benzyl carbamate (Cbz), /?-methoxybenzyl carbamate (Moz), /?-nitobenzyl
carbamate, p - bromobenzyl carbamate, /?-chlorobenzyl carbamate,
2,4-dichlorobenzyl carbamate, Amethylsulfnylbenzyl carbamate (Msz),
9-anthrylmethyl carbamate, diphenylmethyl carbamate, 2-methylthioethyl
carbamate, 2-methylsulfonylethyl carbamate, 2-(ptoluenesulfonyl) ethyl
carbamate, [2-(l,3-dithianyl)]methyl carbamate (Dmoc), Amethylthiophenyl
carbamate (Mtpc), 2,4-dimethylthiophenyl carbamate (Bmpc), 2-
phosphonioethyl carbamate (Peoc), 2-triphenylphosphonioisopropyl carbamate
(Ppoc), l,l-dimethyl-2-cyanoethyl carbamate, m-chloro-p-acyloxybenzyl
carbamate, p - (dihydroxyboryl)benzyl carbamate, 5-benzisoxazolylmethyl
carbamate, 2- (trifluoromethyl)-6-chromonylmethyl carbamate (Tcroc),
m-nitrophenyl carbamate, 3,5- dimethoxybenzyl carbamate, o-nitrobenzyl
carbamate, 3,4-dimethoxy-6-nitrobenzyl carbamate,
phenyl(o-nitrophenyl)methyl carbamate, phenothiazinyl-(10)-carbonyl
derivative, '-/?-toluenesulfonylaminocarbonyl derivative,
V'-phenylaminothiocarbonyl derivative, -amyl carbamate, S-benzyl
thiocarbamate, /?-cyanobenzyl carbamate, cyclobutyl carbamate, cyclohexyl
carbamate, cyclopentyl carbamate, cyclopropylmethyl carbamate,
/?-decyloxybenzyl carbamate, 2,2-dimethoxycarbonylvinyl carbamate,
o-(N,Ndimethylcarboxamido) benzyl carbamate, l,l-dimethyl-3-( L, -
dimethylcarboxamido)propyl carbamate, 1,1-dimethylpropynyl carbamate, di(2-
pyridyl)methyl carbamate, 2-furanylmethyl carbamate, 2-iodoethyl carbamate,
isoborynl carbamate, isobutyl carbamate, isonicotinyl carbamate, p-(p
'-methoxyphenylazo)benzyl carbamate, 1-methylcyclobutyl carbamate,
1-methylcyclohexyl carbamate, 1-methyl- 1- cyclopropylmethyl carbamate,
l-methyl-l-(3,5-dimethoxyphenyl)ethyl carbamate, 1-
methyl-l-(/?-phenylazophenyl)ethyl carbamate, 1-methyl- 1-phenylethyl
carbamate, 1- methyl-l-(4-pyridyl)ethyl carbamate, phenyl carbamate,
/?-(phenylazo)benzyl carbamate, 2,4,6-tri- -butylphenyl carbamate,
4-(trimethylammonium)benzyl carbamate, 2,4,6- trimethylbenzyl carbamate,
formamide, acetamide, chloroacetamide,
trichloroacetamide,trifluoroacetamide, phenylacetamide,
3-phenylpropanamide, picolinamide, 3- pyridylcarboxamide,
N-benzoylphenylalanyl derivative, benzamide, /?-phenylbenzamide,
o-nitophenylacetamide, o-nitrophenoxyacetamide, acetoacetamide, (N '-
dithiobenzyloxycarbonylamino)acetamide, 3-(/?-hydroxyphenyl)propanamide,
3-(pnitrophenyl) propanamide, 2-methyl-2-(o-nitrophenoxy)propanamide,
2-methyl-2-(ophenylazophenoxy) propanamide, 4-chlorobutanamide,
3-methyl-3-nitrobutanamide, onitrocinnamide, N-acetylmethionine derivative,
o-nitrobenzamide, o- (benzoyloxymethyl)benzamide,
4,5-diphenyl-3-oxazolin-2-one, N-phthalimide, Ndithiasuccinimide (Dts),
N-2,3-diphenylmaleimide, N-2,5-dimethylpyrrole, N-1,1,4,4-
tetramethyldisilylazacyclopentane adduct (STABASE), 5-substituted
l,3-dimethyl-l,3,5- triazacyclohexan-2-one, 5-substituted
l,3-dibenzyl-l,3,5-triazacyclohexan-2-one, 1- 



substituted 3,5-dinitro-4-pyridone, N-methylamine, N-allylamine, N-[2-
(trimethylsilyl)ethoxy]methylamine (SEM), N-3-acetoxypropylamine,
N-(l-isopropyl-4- nitro-2-oxo-3-pyroolin-3-yl)amine, quaternary ammonium
salts, N-benzylamine, N-di(4- methoxyphenyl)methylamine,
N-5-dibenzosuberylamine, N-triphenylmethylamine (Tr), N-
[(4-methoxyphenyl)diphenylmethyl]amine (MMTr), N-9-phenylfluorenylamine
(PhF), N- 2,7-dichloro-9-fluorenylmethyleneamine, N-ferrocenylmethylamino
(Fcm), N-2- picolylamino N '-oxide, N-l,l-dimethylthiomethyleneamine,
N-benzylideneamine, N-/?- methoxybenzylideneamine,
N-diphenylmethyleneamine, N-[(2- pyridyl)mesityl]methyleneamine, N-(N ' N
'-dimethylaminomethylene)amine, N N '- isopropylidenediamine,
N-p-nitrobenzylideneamine, N-salicylideneamine, N-5-
chlorosalicylideneamine, N-(5-chloro-2-hydroxyphenyl)phenylmethyleneamine,
Ncyclohexylideneamine, N-(5 ,5-dimethyl-3-oxo-1-cyclohexenyl)amine,
N-borane derivative, N-diphenylborinic acid derivative,
N-[phenyl(pentacarbonylchromium- or tungsten)carbonyl]amine, N-copper
chelate, N-zinc chelate, N-nitroamine, N-nitrosoamine, amine N-oxide,
diphenylphosphinamide (Dpp), dimethylthiophosphinamide (Mpt),
diphenylthiophosphinamide (Ppt), dialkyl phosphoramidates, dibenzyl
phosphoramidate, diphenyl phosphoramidate, benzenesulfenamide,
o-nitrobenzenesulfenamide (Nps), 2,4- dinitrobenzenesulfenamide,
pentachlorobenzenesulfenamide, 2-nitro-4- methoxybenzenesulfenamide,
triphenylmethylsulfenamide, 3-nitropyridinesulfenamide (Npys),
/?-toluenesulfonamide (Ts), benzenesulfonamide,
2,3,6,-trimethyl-4-methoxybenzenesulfonamide (Mtr),
2,4,6-trimethoxybenzenesulfonamide (Mtb), 2,6-
dimethyl-4-methoxybenzenesulfonamide (Pme), 2,3 ,5 ,6-tetramethyl-4-
methoxybenzenesulfonamide (Mte), 4-methoxybenzenesulfonamide (Mbs), 2,4,6-
trimethylbenzenesulfonamide (Mts), 2,6-dimethoxy-4-methylbenzenesulfonamide
(iMds), 2,2,5,7,8-pentamethylchroman-6-sulfonamide (Pmc),
methanesulfonamide (Ms), b- trimethylsilylethanesulfonamide (SES),
9-anthracenesulfonamide, 4-(4',8'-
dimethoxynaphthylmethyl)benzenesulfonamide (DNMBS), benzylsulfonamide,
trifluoromethylsulfonamide, and phenacylsulfonamide. Exemplary protecting
groups are detailed herein, however, it will be appreciated that the
present invention is not intended to be limited to these protecting groups;
rather, a variety of additional equivalent protecting groups can be readily
identified using the above criteria and utilized in the method of the
present invention. Additionally, a variety of protecting groups are
described by Greene and Wuts {supra). 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 this invention
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. Suitable monovalent substituents on a substitutable carbon atom of
an "optionally substituted" group are independently halogen; -(CH 2V R0;
-(CH 2)o^OR; -O-(CH 2)0 4C(O)OR; -(CH 2)o^CH(OR)2; -(CH 2V 4SR0; -(CH 2V
4Ph, which may be substituted with R; -(CH 2V 4O(CH2ViPh which may be
substituted with R; -CH=CHPh, whichmay be substituted with R; -NO 2; -CN;
-N3; -(CH 2)o 4N(R0)2; -(CH 2)o 4N(R0)C(0)R 0; - N(R)C(S)R; -(CH 2)o
4N(RO)C(O)NR O 2; -N(R)C(S)NR 2; -(CH 2)0 4N(R)C(O)OR; - N(R)N(R)C(O)R;
-N(R)N(R)C(O)NR 2; -N(R)N(R)C(O)OR; -(CH 2)0 4C(O)R; -C(S)R 0; -(CH 2) O
4C(O)OR; -(CH 2)0 4C(O)N(R)2; -(CH 2)0 4C(O)SR; -(CH 2)0 4C(O)OSiR3; -(CH
2)0 4OC(O)R; -OC(O)(CH 2)0 4SR-, SC(S)SR0; -(CH 2)0 4SC(O)R; - (CH2)o
4C(O)NR2; -C(S)NR 2; -C(S)SR 0; -SC(S)SR 0, -(CH 2)0 4OC(O)NR2; -
C(O)N(OR)R; -C(O)C(O)R 0; -C(O)CH 2C(O)R0; -C(NOR)R; -(CH 2)0 4SSR; -
(CH2)o 4S(O)2R; -(CH 2) O 4S(O)2OR; -(CH 2)0^OS(O) 2R; -S(O) 2NR0 ; -(CH
2)0 4S(O)R; -N(R)S(O) 2NR2; -N(R)S(O) 2R; -N(OR)R; -C(NH)NR 2; -P(O) 2R0; -
P(O)R2; -OP(O)R 2; -OP(O)(OR) 2; SiR3; -(C 1-4 straight or branched
alkylene)ON( R)2; or -(Ci_ 4 straight or branched alkylene)C(O)O-N(R) 2,
wherein each R0 may be substituted as defined below and is independently
hydrogen, Ci_8 aliphatic, -CH 2Ph, - 0(CH 2)o iPh, 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 R0,
taken together with their intervening atom(s), form a 3-12-membered
saturated, partially unsaturated, or aryl 



mono- or polycyclic ring having 0-4 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, which may be substituted as defined below.
Suitable monovalent substituents on R0 (or the ring formed by taking two
independent occurrences of R0 together with their intervening atoms), are
independently halogen, -(CH 2)0 2R*, -(haloR*), -(CH 2)0 2OH, -(CH 2)0
2OR*, -(CH 2)0 2CH(OR*)2; - O(haloR'), -CN, -N3, -(CH 2)0 2C(O)R*, -(CH 2)0
2C(O)OH, -(CH 2)0 2C(O)OR*, -(CH 2)0 4C(O)N(R)2; -(CH 2) O 2SR*, -(CH 2)0
2SH, -(CH 2)0 2NH2, -(CH 2)0 2NHR*, -(CH 2)0 2NR*2, -NO 2, -SiR* 3, -OSiR*
3, -C(O)SR*, -(C 1-4 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 Ci_4
aliphatic, -CH 2Ph, -0(CH 2)o 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 R0 include =0 and =S. Suitable divalent
substituents on a saturated carbon atom of an "optionally substituted"
group include the following: =0, =S, =NNR * 2, =NNHC(0)R *, =NNHC(0)0R *,
=NNHS(O) 2R*, =NR*, =N0R *, -O(C(R * 2))2 30 - or -S(C(R * 2))2 3S-,
wherein each independent occurrence of R is selected from hydrogen, Ci_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, Ci_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 substituents on the aliphatic group of R include halogen, -R*,
-(haloR*), -OH, -OR*, -O(haloR'), -CN, -C(O)OH, -C(O)OR*, -NH 2, -NHR*,
-NR* 2, or -NO 2, wherein each R* is unsubstituted or where preceded by
"halo" is substituted only with one or more halogens, and is independently
aliphatic, -CH 2Ph, -O(CH 2)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 substituents on a substitutable
nitrogen of an "optionally substituted" group include - R , -NR 2, -C(O)R ,
-C(O)OR , -C(O)C(O)R , -C(O)CH 2C(O)R 1 , - S(O)2R , -S(O) 2NR 2, -C(S)NR
2, -C(NH)NR 2, or -N(R t )S(O) 2Rt ; wherein each R is independently
hydrogen, Ci_6 aliphatic which may be substituted as defined below,
unsubstituted -OPh, or an unsubstituted 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 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. Suitable
substituents on the aliphatic group of R are independently halogen, -R*,
-(haloR*), -OH, -OR*, -O(haloR'), -CN, -C(O)OH, -C(O)OR*, -NH 2, -NHR*,
-NR*2, or -NO 2, wherein each R* is unsubstituted or where preceded by
"halo" is substituted only with one or more halogens, and is independently
aliphatic, -CH 2Ph, -0(CH 2)o iPh, or a 5-6-membered saturated, partially
unsaturated, or aryl ring having 0-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur. As used herein, the term "tautomer"
includes two or more interconvertable compounds resulting from at least one
formal migration of a hydrogen atom and at least one change in valency
(e.g., a single bond to a double bond, a triple bond to a single bond, or
vice versa). The exact ratio of the tautomers depends on several factors,
including temperature, solvent, and pH. Tautomerizations (i.e., the
reaction providing a tautomeric pair) may be catalyzed by acid or base.
Exemplary tautomerizations include keto-to-enol; amide-to-imide;
lactam-to-lactim; enamine-to-imine; and enamine-to-(a different) enamine
tautomerizations. As used herein, the term "catalyst" refers to a substance
the presence of which increases the rate and/or extent of a chemical
reaction, while not being consumed or undergoing a permanent chemical
change itself.Detailed Description of Certain Embodiments / .
Polymerization Systems of the Invention In one aspect, the present
invention provides polymerization systems for the copolymerization of CO
and epoxides to produce polycarbonate polyol resins with a high proportion
of -OH end-groups. A polymerization system includes 1) a metal complex
including a permanent ligand set and at least one ligand that is a
polymerization initiator, 



and 2) a chain transfer agent having a plurality of sites capable of
initiating polymer chains. In some embodiments, a polymerization system
further includes a co-catalyst. In certain embodiments, a ligand that is a
polymerization initiator has a plurality of polymer initiation sites. La.
Chain Transfer Agents Chain transfer agents suitable for the present
invention include any compound having two or more sites capable of
initiating chain growth in the co-polymerization of an epoxide and carbon
dioxide. Preferably such compounds do not have other functional groups that
interfere with the polymerization. Suitable chain transfer agents may have
a broad array of chemical structures. In general, the only requirement is
that each molecule of the chain transfer agent be capable of initiating two
or more polycarbonate chains, this can occur by several mechanisms
including: by ring-opening an epoxide monomer, by reacting with carbon
dioxide molecules to yield a moiety capable of sustaining polymer chain
growth, or by a combination of these. In some embodiments, a chain transfer
agent may have two or more functional groups independently capable of
reacting with carbon dioxide or an epoxide; examples of these include, but
are not limited to molecules such as diacids, glycols, diols, triols,
hydroxyacids, amino acids, amino alcohols, dithiols, mercapto alcohols,
saccharides, catechols, polyethers, etc. In some embodiments, the chain
transfer agent may include a multiply active functional group that is
itself able to react multiple times to initiate more than one polymer
chain. Examples of the latter include, but are not limited to functional
groups having a single atom capable of reacting multiple times such
asammonia, primary amines and water, as well as functional groups having
more than one nucleophilic atom such as amindines, guanidines, urea,
boronic acids, ect. In certain embodiments, chain transfer agents of the
present disclosure have a structure Y-A-(Y) , where: each -Y group is
independently a functional group capable of initiating chain growth of
epoxide CO copolymers and each Y group may be the same or different, -A- is
a covalent bond or a multivalent compound; and n is an integer between 1
and 10 inclusive. In some embodiments each Y group is independently
selected from the group consisting of: -OH, -C(O)OH, -C(ORy)OH, -OC(Ry)OH,
-NHRy, -NHC(O)Ry, -NHC=NRy; -NRyC=NH; -NRyC(NRy 2)=NH; -NHC(NRy 2)=NRy;
-NHC(O)ORy, -NHC(0)NR y 2; -C(O)NHRy, -C(S)NHRy, -OC(O)NHRy, -OC(S)NHRy,
-SH, -C(O)SH, -B(0R y)0H, -P(0) (Ry) (0R y)c(0X/H, -OP(O) (Ry) (ORy)c(O)
/H, -N(R y)0H, -ON(Ry)H; =N0H, =NN(Ry)H, where each occurrence of Ry is
independently -H, or an optionally substituted radical selected from the
group consisting of Ci_2oaliphatic, Ci_2o heteroaliphatic, 3- to
12-membered heterocyclic, and 6- to 12-membered aryl, a and b are each
independently 0 or 1, c is 0, 1 or 2, d is 0 or 1, and the sum of a, b, and
c is 1 or 2. In some embodiments, an acidic hydrogen atom bound in any of
the above functional groups may be replaced by a metal atom or an organic
cation without departing from the present invention (e.g. -C(O)OH may
instead be -C(O)O Na+, -C(O)O N+(R)4, -C(O)O (Ca2+V5, -C(O)O PPN+ or -SH,
may be - SNa+ etc.) such alternatives are specifically included herein and
alternate embodiments employing such salts are implicitly encompassed by
the disclosure and examples herein. In some embodiments, one or more Y
groups are hydroxyl or a hydroxy salt. In certain embodiments, each
hydroxyl group is a primary or secondary alcohol. In other embodiments, a
hydroxyl group is bonded to an aromatic or heteroaromatic ring. In certain
embodiments, a hydroxyl group is a phenol. In some embodiments, a hydroxyl
group is benzylic, allylic or propargylic. In other embodiments, hydroxyl
groups are part of a carbohydrate. In other embodiments, a hydroxyl group
is part of a polymer or oligomersuch as a polyether, a polyester, a
polyvinyl alcohol or a hydroxy-functionalized or hydroxy-terminated
polyolefn. In some embodiments, a chain transfer agent is a polyhydric
alcohol. In certain embodiments, a polyhydric alcohol is a diol, while in
other embodiments the polyhydric alcohol is a triol, a tetraol or a higher
polyol. In certain embodiments, n is 1, (i.e. two Y groups are present) and
both Y groups are hydroxyl groups (i.e the chain transfer agent is a diol).
In some embodiments, two hydroxyl groups are on adjacent carbons (i.e. the
chain transfer agent is a glycol). In some embodiments, two hydroxyl groups
are on non-adjacent carbons. In certain embodiments, two hydroxyl groups
are on the opposite ends of a chain (i.e. the chain transfer agent is an
a-w diol). In certain embodiments, such a-w diols include C3 to C20
aliphatic chains (i.e. -A- is an optionally substituted C3_2o aliphatic
chain). In certain embodiments, such a-w diols comprise a polyether (i.e.
-A- is a polyether chain). In 



certain embodiments, such a-w diols comprise a hydroxy-terminated polyolefn
(i.e. -A- is a polyolefn chain). In certain embodiments, such a-w diols
comprise paraformaldehyde (i.e. -A- is a polyoxymethylene chain). In
certain embodiments, -A- is a covalent bond. For example, when Y-A-(Y) is
oxalic acid, -A- is a covalent bond. In some embodiments, one -OH group of
a diol is phenolic and the other is aliphatic. In other embodiments each
hydroxy group is phenolic. In certain embodiments, a chain transfer agent
is an optionally substituted catechol, resorcinol or hydroquinone
derivative. In some embodiments where a Y-group is -OH, the -OH group is an
enol tautomer of a carbonyl group. In some embodiments where a Y group is
-OH, the -OH group is a carbonyl hydrate or a hemiacetal. In other
embodiments where n is 1, only one Y group is -OH, and the other Y group is
selected from the group consisting of: -C(O)OH, -C(0R y)0H, -0C(R
y)0H,-NHRy, -NHC(O)Ry, -NHC(O)ORy, -C(O)NHRy, -C(S)NHRy, -OC(O)NHRy,
-OC(S)NHRy, -SH, -C(O)SH, -B(ORy)OH, -P(O) (Ry) (ORy)cOH, -OP(O) (Ry)
(ORy)cOH, -N(R y)OH, -ON(Ry)H; =NOH, =NN(Ry)H. In particular embodiments, n
is 1, one Y group is -OH, and the other Y group is selected from the group
consisting of -SH, -C(O)OH, -NHRy, and -C(0)NHR y. In certain embodiments,
n is 1, one Y group is -OH, and the other Y group is -C(O)OH. In other
embodiments where n is 1, one Y group is -OH and the other Y group is -SH.
In other embodiments where n is 1, one Y group is -OH and one Y group is
-NHRy. In certain embodiments, n is 2, and each Y group is -OH (i.e. the
chain transfer agent is a triol). In particular embodiments where n is 2,
two Y groups are -OH, and the third Y group is selected from the group
consisting of -SH, -C(O)OH, -NHRy, and -C(0)NHR y. In other embodiments
where n is 2, only one Y group is -OH, while the other two Y groups are
independently selected from the group consisting of -SH, -C(O)OH, -NHRy,
and -C(0)NHR y. In some embodiments, polyalcohol chain transfer agents
encompass naturally occurring materials such as sugar alcohols,
carbohydrates, saccharides, polysaccharides, starch, starch derivatives,
lignins, lignans, partially hydrolyzed triglycerides, and the like, as well
as known derivatives of any of these materials. In certain embodiments, a
chain transfer agent is starch. In certain embodiments, a chain transfer
agent is isosorbide. In other embodiments, at least one Y group of a chain
transfer agent is an amine. In some embodiments, at least one Y group is a
primary amine. In other embodiments, at least one Y group is a secondary
amine. In certain embodiments, at least one Y group is an aniline or
aniline derivative. In some embodiments, at least one Y group is an N-H
group that is part of a heterocycle. In certain embodiments, a chain
transfer agent is a polyamine. In some embodiments, a chain transfer agent
is a diamine. In other embodiments, a chain transfer agent is a triamine,
tetraamine or a higher amine oligomer. In certain embodiments, at least one
Y group is an amine and one or more additional Y groups are independently
selected from the group consisting of -OH, -C(O)OH, -C(0R y)0H, -0C(R y)0H,
-NHC(O)Ry, -NHC(0)0R y, -C(O)NHRy,-C(S)NHRy, -OC(O)NHRy, -OC(S)NHRy, -SH,
-C(O)SH, -B(ORy)OH, -P(O)W(Ry) (ORy)cOH, -OP(O)W(Ry) (ORy)cOH, -N(R y)OH,
-ON(Ry)H; =NOH, =NN(Ry)H. In certain embodiments, at least one Y group is
an amine and one or more additional Y groups are independently selected
from the group consisting of -OH, -SH, -C(O)OH, and -C(0)NHR y. In some
embodiments, a chain transfer agent is an amino alcohol. In some
embodiments, a chain transfer agent is an amino acid. In some embodiments,
a chain transfer agent is an amino thiol. In some embodiments, a chain
transfer agent is an amino amide. In some embodiments, at least one Y group
is a carboxylic acid or a salt thereof. In some embodiments, all Y groups
present are carboxylic acid salts thereof, while in other embodiments, one
or more carboxylic acid Y groups are present along with one or more other
functional groups that can initiate the copolymerization. In certain
embodiments, at least one Y group is a benzoic acid derivative. In certain
embodiments, a chain transfer agent is a diacid, a triacid or a higher
polyacid. In some embodiments, a chain transfer agent is a diacid. In
certain embodiments, n is 1, and both Y groups present are carboxylic
acids. In certain embodiments, a diacid is phthalic acid, isophthalic acid,
terephthalic acid. In certain embodiments, a diacid is maleic acid,
succinic acid, malonic acid, glutaric acid, adipic acid, pimelic acid,
suberic acid, or azelaic acid. In some embodiments, a chain transfer agent
is a triacid. In certain embodiments, a triacid is citric acid, isocitric
acid, cis- or trans-aconitic acid, propane- 1,2,3-tricarboxylic acid or
trimesic acid. In certain embodiments, at least one Y group is a carboxylic
acid or carboxylate and one or more additional Y groups are independently
selected from the group consisting of -OH, -C(ORy)OH, -OC(Ry)OH, -NHRy,
-NHC(O)Ry, -NHC(O)ORy, -C(O)NHRy, 



-C(S)NHRy, -OC(O)NHRy, -OC(S)NHRy, -SH, -C(O)SH, -B(0R y)0H, -P(O)W(Ry)
(ORy)cOH, -OP(O)W(Ry) (ORy)cOH, -N(R y)0H, -0N(R y)H; =N0H, =NN(Ry)H. In
certain embodiments, at least one Y group is a carboxylic acid and one or
more additional Y groups are independently selected from the group
consisting of -OH, - SH, -NHRy, and -C(0)NHR y.In some embodiments, a chain
transfer agent is an amino acid. In certain embodiments, amino acid chain
transfer agents include the naturally occurring amino acids. In certain
embodiments, amino acid chain transfer acids include peptides. In some
embodiments, the peptides contain between 2 and about 20 amino acid
residues. In other embodiments, the chain transfer agent is a thiol acid.
In some embodiments, the chain transfer agent is a hydroxy acid. In some
embodiments, hydroxy acids are alpha-hydroxy acids. In certain embodiments
an alpha hydroxy acid is selected from the group consisting of: glycolic
acid, DL-lactic acid, Dlactic acid, L-lactic, citric acid and mandelic
acid. In some embodiments, a hydroxy acid is a beta-hydroxy acid. In
certain embodiments, a beta hydroxy acid is selected from the group
consisting of: 3-hydroxypropionic acid, DL 3-hydroxybutryic acid, D-3
hydroxybutryic acid, L 3-hydroxybutyric acid, DL-3 -hydroxy valeric acid,
D-3 -hydroxy valeric acid, L-3-hydroxy valeric acid, salicylic acid, and
derivatives of salicylic acid. In some embodiments, a hydroxy acid is an
a-w hydroxy acid. In certain embodiments, a-w hydroxy acids are selected
from the group consisting of optionally substituted C3_2o aliphatic a-w
hydroxy acids. In certain embodiments, an a-w hydroxy acid is a polyester
oligomeric ester. In some embodiments, where one or more Y groups is a
carboxyl group, a chain transfer agent is provided as a carboxylate salt.
In certain embodiments, a carboxylate salt is a group I or II metal salt.
In some embodiments, a carboxylate salt is an ammonium salt. In certain
embodiments, an ammonium cation is NH4 +. In some embodiments, an ammonium
cation is a protonated primary, secondary, or tertiary amine. In some
embodiments, a salt is a quaternary ammonium salt. In some embodiments, a
quaternary ammonium cation of a salt is tetramethyl, tetrabutyl, or
trahexylammonium ammonium. In certain embodiments, a carboxylate salt is a
phosphonium carboxylate. In other embodiments, at least one Y group of a
chain transfer agent is a thiol. In some embodiments, at least one Y group
is a primary thiol. In other embodiments, at least one Y group is a
secondary or tertiary thiol. In certain embodiments, at least one Y group
is a thiophenol or thiophenol derivative.In certain embodiments, a chain
transfer agent is a polythiol. In some embodiments, a chain transfer agent
is a dithiol. In some embodiments, a chain transfer agent is a trithiol,
higher thiol oligomer. In certain embodiments, at least one Y group is a
thiol and one or more additional Y groups are independently selected from
the group consisting of -OH, -C(O)OH, -C(0R y)0H, -0C(R y)0H, -NHRy,
-NHC(0)R y, -NHC(0)0R y, -C(O)NHR y, -C(S)NHR y, -0C(0)NHR y, -OC(S)NHR y,
-C(O)SH, -B(0R y)0H, -P(0) (Ry) (0R y)c0H, -0P(0) (Ry) (0R y)c0H, -N(R
y)0H, -0N(R y)H; =N0H, =NN(Ry)H. In certain embodiments, at least one Y
group is a thiol and one or more additional Y groups are independently
selected from the group consisting of -OH, -NHRy, -C(O)OH, and -C(0)NHR y.
In some embodiments, a chain transfer agent is a thio alcohol. In some
embodiments, a chain transfer agent is an amino thiol. In some embodiments,
a chain transfer agent is a thiol carboxylic acid. In certain embodiments,
a Y group of a chain transfer agent is an active NHcontaining functional
group. In certain embodiments, a nitrogen atom of the NHcontaining
functional group is nucleophilic. In certain embodiments, a active
NHcontaining functional group is selected from the group consisting of
C-linked amides, TVlinked amides, 0-linked carbamates TV-linked carbamates,
ureas, guanidines, amidines, hydrazones, and TV- or C-linked thioamides. In
certain embodiments, one or more Y groups is a primary amide. In certain
embodiments, polymerization systems of the present invention include only
one chain transfer agent, while in other embodiments, mixtures of two or
more chain transfer agents are used. In certain embodiments, polymerization
systems of the present invention include a solvent in which a chain
transfer agent dissolves. In certain embodiments, a chain transfer agent is
poorly soluble in the epoxide, but is soluble in a mixture of epoxide and
another solvent added to the reaction mixture. In certain embodiments, the
solvent added to the polymerizations system is chosen from the group
consisting of esters, nitriles, ketones, aromatic hydrocarbons, ethers,
amines and combinations of two or more of these.In some embodiments, a
polymerization initiator includes a multiply active functional group that
is itself able to react multiple times to initiate more than one polymer
chain. One subset of such multiply-active functional groups react multiple
times at the same atom. Examples of such groups include, but are not
limited to ammonia, primary 



amines, hydrogen sulfide and water, all of which remain nucleophilic after
the first addition and are thereby able to react again initiating
additional polymer chains. Another subset of multiply active functional
groups can react at different atoms in the functional group to initiate
multiple chains. Examples of such groups include, but are not limited to
guanidines, ureas, boronic acids, hydroxyl amines, and amidines. In some
embodiments, a chain transfer agent may contain a single multiply active
functional group. In some embodiments, the chain transfer agent may contain
a single multiply active functional group in addition to one or more of the
Y-groups described above. In certain embodiments, a chain transfer agent
may contain two or more multiply active functional groups. In certain
embodiments, a chain transfer agent may contain two or more multiply active
functional groups in combination with one or more of the Y groups described
hereinabove. Lb Metal Centered Catalysts In certain embodiments, provided
metal complexes are transition metal catalysts. Thus, in some embodiments,
polymerization systems of the present invention incorporate transition
metal catalysts capable of catalyzing the copolymerization of carbon
dioxide and epoxides. In certain embodiments, the polymerization systems
include any of the catalysts disclosed in US Patent Numbers 7,304,172, and
6,870,004; in PCT Application Numbers WO2008136591A1, WO2008150033A1,
PCT/US09/042926; and PCT/US09/054773 and in Chinese Patent Application
Numbers CN2007 100 10706, and CN2008 10229276, the entirety of each of
which is hereby incorporated herein by reference. In certain embodiments,
polymerization systems of the present invention include metal complexes
denoted Lp-M-(Lf) ,, where Lp is a permanent ligand set, M is a metal atom,
and L/ is a ligand that is a polymerization initiator, and m is an integer
between 0 and 2 inclusive representing the number of initiating ligands
present.Lb.1 Metal Atoms In some embodiments, a metal atom, M, is selected
from periodic table groups 3-13, inclusive. In certain embodiments, M is a
transition metal selected from periodic table groups 5-12, inclusive. In
some embodiments, M is a transition metal selected from periodic table
groups 4-1 1, inclusive. In certain embodiments, M is a transition metal
selected from periodic table groups 5-10, inclusive. In certain
embodiments, M is a transition metal selected from periodic table groups
7-9, inclusive. In some embodiments, M is selected from the group
consisting of Cr, Mn, V, Fe, Co, Mo, W, Ru, Al, and Ni. In some
embodiments, M is a metal atom selected from the group consisting of:
cobalt; chromium; aluminum; titanium; ruthenium, and manganese. In some
embodiments, M is cobalt. In some embodiments, M is chromium. In some
embodiments, M is aluminum. In certain embodiments, a metal complex is a
zinc, cobalt, chromium, aluminum, titanium, ruthenium, or manganese
complex. In certain embodiments, a metal complex is an aluminum complex. In
other embodiments, a metal complex is a chromium complex. In yet other
embodiments, a metal complex is a zinc complex. In certain other
embodiments, a metal complex is a titanium complex. In still other
embodiments, a metal complex is a ruthenium complex. In certain
embodiments, a metal complex is a manganese complex. In certain
embodiments, a metal complex is cobalt complex. In certain embodiments
where a metal complex is a cobalt complex, the cobalt metal has an
oxidation state of +3 (i.e., Co(III)). In other embodiments, the cobalt
metal has an oxidation state of +2 (i.e., Co(II)). I.b.2 Permanent Ligand
Sets A permanent ligand set 'Lp' comprises one or more ligands that remain
coordinated with a metal center throughout the catalytic cycle. This is in
contrast to other ligands such as polymerization initiators, monomer
molecules, polymer chains, and solvent molecules that may participate in
the catalytic cycle or may be exchanged under the polymerization
conditions.In certain embodiments, a permanent ligand set comprises a
single multidentate ligand that remains associated with the metal center
during catalysis. In some embodiments, the permanent ligand set includes
two or more ligands that remain associated with the metal center during
catalysis. In some embodiments, a metal complex comprises a metal atom
coordinated to a single tetradentate ligand while in other embodiments, a
metal complex comprises a chelate containing a plurality of individual
permanent ligands. In certain embodiments, a metal complex contains two
bidentate ligands. In some embodiments, a metal complex contains a
tridentate ligand. In various embodiments, tetradentate ligands suitable
for metal complexes of the present invention may include, but are not
limited to: salen derivatives 1, derivatives of salan ligands 2,
bis-2-hydroxybenzamido derivatives 3, derivatives of the Trost ligand 4,
porphyrin derivatives 5, derivatives of tetrabenzoporphyrin ligands 6,
derivatives of corrole ligands 7, phthalocyaninate derivatives 8, and
dibenzotetramethyltetraaza[14]annulene (tmtaa) derivatives 9 or 9'.
wherein, 



Q, at each occurrence is independently O or S;R1 and R1 are independently
selected from the group consisting of: -H, optionally substituted Ci to C12
aliphatic; optionally substituted 3- to 14-membered carbocycle; optionally
substituted 3- to 14-membered heterocycle; and R2 1; R2 and R2 are
independently selected from the group consisting of: -H; optionally
substituted Ci to Ci aliphatic; optionally substituted 3- to 14-membered
carbocycle; optionally substituted 3- to 14-membered heterocycle; R14 ;
R20; and R2 1; R3 and R3 are independently selected from the group
consisting of: -H; optionally substituted Ci to Ci aliphatic; optionally
substituted 3- to 14- membered carbocycle; optionally substituted 3- to
14-membered heterocycle, and R2 1; Rc at each occurrence is independently
selected from the group consisting of: -H; optionally substituted Ci to Ci2
aliphatic; an optionally substituted 3- to 14- membered carbocycle; an
optionally substituted 3- to 14 membered heterocycle; R20; and R2 1,where
two or more Rc groups may be taken together with intervening atoms to form
one or more optionally substituted rings and, when two Rc groups are
attached to the same carbon atom, they may be taken together along with the
carbon atom to which they are attached to form a moiety selected from the
group consisting of: an optionally substituted 3- to 8- membered
spirocyclic ring, a carbonyl, an oxime, a hydrazone, and an imine; Rd at
each occurrence is independently selected from the group consisting of:
optionally substituted Ci to Ci2 aliphatic; optionally substituted 3- to
14- membered carbocycle; optionally substituted 3- to 14-membered
heterocycle; R20; and R2 1, where two or more Rd groups may be taken
together with intervening atoms to form one or more optionally substituted
rings; and ' represents an optionally substituted moiety covalently linking
two nitrogen atoms, where any of [R2' and R3'], [R2 and R3], [R1 and R2],
and [R1' and R2'] may optionally be taken together with intervening atoms
to form one or more rings which mayin turn be substituted with one or more
groups selected from R14; R20; and R2 1; and where R14 at each occurrence
is independently selected from the group consisting of: halogen; optionally
substituted Ci to C12 aliphatic; optionally substituted 3- to 14-membered
carbocycle; optionally substituted 3- to 14-membered heterocycle; -OR 10 ;
-OC(O)R 13 ; -OC(O)OR 1VOC(O)NR 1 1R12 ; -CN; - CNO; -C(R 13)ZH(3-Z) ;
-C(O)R 13 ; -C(O)OR 13 ; -C(O)NR 1 1R12 ; -NR 1 1R12; - NR1 1C(O)R13 ; -NR
1 1C(O)OR13 ; -NR 1 1SO2R13 ; -N+R1 1R12R13 X ; - P+(R1 XT; -P(R 11
=N+=P(R1 X ; -As +R11R12R13 XT; -NCO; -N3; - NO2; -S(O) xR13 ; and -SO 2NR1
1R12 , R20 at each occurrence is independently selected from the group
consisting of: halogen; -OR 10 ; -OC(O)R 13 ; -OC(O)OR 13 ; -N+(Rp )3 X ; -
P+(Rp )3 X ; - P(R11 =N+=P(R1 XT; -As +R1 1R12R13 XT; -OC(O)NR 1 1R12 ;
-CN; - CNO; -C(O)R 13 ; -C(O)OR 13 ; -C(O)NR 1 1R12 ; -C(R 13)zH(3 z); -NR
1 1R12; - NR1 1C(O)R13 ; -NR 1 1C(O)OR13 ; -NCO; -NR 1 1SO2R13 ; -S(O) xR13
; -S(O) 2NR1 1R12 ; -NO 2; -N3; and -Si(R 13)(3 z)[(CH2)kR14]z, R2 1 at
each occurrence is independently selected from the group consisting of: -
(CH2) R20; -(CH 2VZ-HCH 2 R20; -C(R 17)zH(3 z) ; -(CH 2 C(R17)zH(3 z); -(CH
2) -Z"-(CH2) C(R17)zH(3 z) ; -(CH 2VZ"-R 16 ; X is any anion, Z" is a
divalent linker selected from the group consisting of -(CH=CH)a-;
-(CHCH)a-; -C(O)-; -C(=N0R p )-; -Q=NNR 11R12)-; -0-; -OC(O)-; -C(O)O-;
-OC(O)O-; -N(R1 1)-; -N(C(O)R13)-; -C(O)NR13 -; -N(C(0)R 13)0-;
-NR13C(O)R13N-; -S(O) -; a polyether; and a polyamine, R10 at each
occurrence is independently selected from the group consisting of: -H;
optionally substituted C 2 aliphatic; an optionally substituted 3- to
14-membered carbocycle; an optionally substituted 3- to 14-membered
heterocycle -S(O) 2R13 ; -Si(R 15)3; -C(O)R 13 ; and a hydroxyl protecting
group,R1 1 and R12 at each occurrence are independently selected from the
group consisting of: -H; optionally substituted Ci to C12 aliphatic; an
optionally substituted 3- to 14-membered carbocycle; an optionally
substituted 3- to 14-membered heterocycle; where two or more R1 1 or R12
groups can optionally be taken together with intervening atoms to form an
optionally substituted 3- to 10-membered ring, R13 at each occurrence is
independently selected from the group consisting of: -H; optionally
substituted Ci to C12 aliphatic; an optionally substituted 3- to
14-membered carbocycle; and optionally substituted 3- to 14- 



membered heterocycle, where two or more R13 groups on the same molecule may
optionally be taken together to form ring. R15 at each occurrence is
independently selected from the group consisting of: optionally substituted
C 2 aliphatic, an optionally substituted 3- to 14- membered carbocycle; and
an optionally substituted 3- to 14-membered heterocycle, a is 1, 2, 3, or
4, k is independently at each occurrence an integer from 1 to 8, inclusive,
m is 0 or an integer from 1 to 8, inclusive, q is 0 or an integer from 1 to
5, inclusive, x is 0, 1, or 2, and z is 1, 2, or 3. In certain embodiments,
of complexes 1 through 4, ' is selected from the group consisting of a C I
carbocycle, a C6-10 aryl group, a 3- to 14-membered heterocycle, and a 5-
to 10-membered heteroaryl group; a polyether group, or an optionally
substituted C2-20 aliphatic group, wherein one or more methylene units are
optionally and independently replaced by -NR y-, -N(R y)C(O)-, -C(O)N(R
5)-, -OC(O)N(R 5)-, -N(R y)C(0)0-, -OC(O)O-, -O-, -C(O)-, -OC(O)-, -C(O)O-,
-S-, -SO-, -SO 2-, -C(=S)-, -C(=NR y)-, -C(=NOR y)-or -N=N-.In some
embodiments, one or more of the substituents on metal complexes 1 through
9' is an activating moiety ""( p , where "- " represents a covalent linker
containing one or more atoms selected from the group consisting of C, O, N,
S, and Si; "Z" is an activating functional group having co-catalytic
activity in epoxide CO copolymerization, and/? is an integer from 1 to 4
indicating the number of individual activating functional groups present on
a given activating moiety. In certain embodiments, the linker moiety "-
(tm) " is as described in co-pending PCT application number PCT/US09/54773.
In some embodiments, the one or more Z group(s) present on the activating
moiety is independently selected from the group consisting of PPN+
derivatives (-PR =N+=PRs); ammonium salts; phosphonium salts; or an
optionally substituted TV-linked imidazolium, thiazolium, or oxazolium
group. In certain embodiments, a Z group is an optionally substituted
/V-linked piperidine or /V-linked pyrrolidine. In some embodiments, a Z
group is an optionally substituted guanidine. In other embodiments, a Z
group is any of those described in PCT/US09/54773. In some embodiments,
provided metal complexes have a structure selected from the group
consisting of: wherein: M, L7, m R1, R1', R2, R2', R3, R3' and R1 1 are as
defined above.In some embodiments, a permanent ligand set is a salen
ligand. In certain embodiments, a metal complex is a metallosalenate. In
certain embodiments, a metal complex is a cobalt salen complex. In certain
embodiments, a metal complex is a chromium salen complex. In other
embodiments, a metal complex is an aluminum salen complex. In certain
embodiments, metal complexes of the present invention have the formula:
wherein: M is the metal atom; L/ is a nucleophile capable of ring opening
an epoxide; m is an integer from 0-2 inclusive; and is the permanent ligand
set; wherein ' is as defined previously and each R' independently
represents one or more substituents optionally present on the phenyl rings.
In certain embodiments, each R' is independently an Rd group or a " "(Z p
group, where two or more adjacent R' groups can be taken together to form
an optionally substituted saturated, partially unsaturated, or aromatic 3-
to 12- membered ring containing 0 to 4 heteroatoms,In certain embodiments,
the moiety is selected from the group consisting of: Rc and R' are as
previously defined, Y is a divalent linker selected from the group
consisting of: -N(R11)-; -O-; -S(O)x-; -(CH2V ; -C(O)-; -C(=NOR10)-; -C(RC)
H2 -; a polyether; an optionally substituted 3- to 8-membered carbocycle;
and an optionally substituted 3- to 8-membered heterocycle, q is 0 or an
integer from 1 to 5 inclusive, and x is 0, l , or 2, In certain embodiments
provided metal complexes have a structure selected from the group
consisting of: wherein: M, Rc, R', L/, and m are as defined above; R4a,
R4a', R5a, R5a', R6a, R6a', R7a, and R7a' are each independently hydrogen,
a 



Z>P group, halogen. -NO2, -CN, -SR 13 , -S(O)R 13 , -S(O) 2R13 ,-NR 1
1C(O)R 13 , -OC(O)R 13 , -CO 2R13 , -NCO, -N3, -OR 10, -OC(O)NR 1 1R12,
-Si(R 13)3, -NR 1 1R12, -NR 1 1C(O)R 13 , and -NR 11C(O)OR 13 ; or an
optionally substituted radical selected from the group consisting of Ci_2o
aliphatic; Ci_2o heteroaliphatic; 6- to 10-membered aryl; 5- to 10-membered
heteroaryl; and 3- to 7-membered heterocyclic, where [Rla and R4a], [Rla
and R4A ] and any two adjacent R4a, R4a' , R5a, R5a', R6a, R6a' , R7a, and
R7a' groups can be taken together with intervening atoms to form one or
more optionally substituted rings optionally containing one or more
heteroatoms; n is Oor an integer from 1 to 8, inclusive; and p is Oor an
integer from 1 to 4, inclusive. In some embodiments, Rl a, Rla' , R4a,
R4a', R6a, and R6a' are each -H. In some embodiments, R5a, R5a , R7a and
R7a are each optionally substituted Ci-Ci aliphatic. In some embodiments,
R4a, R4a', R5a, R5a', R6a, R6a' , R7a, and R7a' are each independently
selected from the group consisting of: -H, -SiR 3; methyl, ethyl, n-propyl,
/-propyl, n-butyl, sec-butyl, /-butyl, isoamyl, t-amyl, thexyl, and trityl.
In some embodiments, Rl a, Rla' , R4a, R4a', R6a, and R6a' are each -H. In
some embodiments, R7a is selected from the group consisting of -H; methyl;
ethyl; n-propyl; /-propyl; n-butyl; sec-butyl; /-butyl; isoamyl; /-amyl;
thexyl; and trityl. In some embodiments, R5a and R7a are independently
selected from the group consisting of -H; methyl; ethyl; n-propyl;
/-propyl; n-butyl; c-butyl; /-butyl; isoamyl; /-amyl; thexyl; and trityl.
In certain embodiments, one or more of R5a, R5a , R7a and R7a is a " "(Z p
group. In some embodiments, R5a and R5a are each a z )p group. In some
embodiments, R5a is a "(z)p group and R5a is Ci_8 aliphatic. In some
embodiments, R7a and R7a are each a (z )p group. In some embodiments, R7a
is a """(Z group and R7a is Ci_g aliphatic. In certain embodiments,
provided metal complexes have a structure selected from the group
consisting of:and where R,1aa .through R,7aa'are as defined above. In
certain embodiments, provided metal complexes have a structure selected
from the group consisting of: ; and where R5a, R5a , R7a, and R7a are as
defined above. In certain embodiments, each pair of substituents on the
salicaldehyde portions of the complexes above are the same (i.e.R>5aa &o
TR5aa' are tihe same andi tR7aa &p rR> aa' are the same). In other
embodiments, at least one of R 5a & R 5a' r R 7a & R 7a c different from
one ano ther. In certain embodiments, a metal complex has formula III: In
certain embodiments, a metal complex has formula IV: In certain
embodiments, wherein a metal complex has formula V: Rc, R , L/ , m, and q
are as described above, and R4, R4', R5, R5', R6, R6', R7, and R7' are each
independently selected from the group consisting of: -H; - R20; -R2 1;
optionally substituted Ci-Ci 2 aliphatic; optionally substituted 3- to
14-membered carbocycle; and optionally substituted 3- to 14-membered
heterocycle; where [R1 and R4], [R1' and R4'] and any two adjacent R4, R4',
R5, R5', R6, R6', R7, and R7 groups can optionally be taken together with
intervening atoms toform one or more rings optionally substituted with one
or more R20 groups. In certain embodiments, wherein a metal complex has
formula III, R1, R1, R4, R4 , R6, and R6 are each -H. In certain
embodiments, wherein a metal complex has formula III, R5, R5 , R7 and R7
are each optionally substituted C1-C12 aliphatic. In certain embodiments,
wherein a metal complex has formula III, R4, R4 , R5, R5 , R6, R6 , R7, and
R7 are each independently selected from the group consisting of: -H, -
Si(R13)3;-Si [(CH2)kR22]z(R13 )(3-z); methyl, ethyl, n-propyl, /-propyl,
n-butyl, sec-butyl, tbutyl, isoamyl, /-amyl, thexyl, trityl, -C(CH3)Ph2,
-(CH 2) C[(CH2)pR22]zH(3 z), and - Si(R13)(3_z)[(CH2)kR22]z, where/? is an
integer from 0 to 12 inclusive and R22 is selected from the group
consisting of: a heterocycle; an amine; a guanidine; -N+(R1 )3 X ; - P+(R11
X ;-P(R 11 =N+=P(R11)3X ;-As +(R1 1)3 X , and optionally substituted
pyridinium. In certain embodiments, wherein a metal complex has formula
III, R7 is selected from the group consisting of -H; methyl; ethyl;
n-propyl; /-propyl; -butyl; sec-butyl; tbutyl; isoamyl; -amyl; thexyl; and
trityl; and R5 is selected from the group consisting of - (CH 2) H
(3_Z)[(CH 2)PR22]Z and -Si(R 13)(3 z)[(CH2)kR22]z. In certain embodiments,
a metal complex has formula IV, R1, R1, R4, R4 , R6, and R6 are each -H. In
certain embodiments, wherein the complex is a metallosalenate complex of
formula IV, R5, R5 , R7 and R7 are each optionally substituted Ci-Ci 2
aliphatic. In certain embodiments, wherein a metal complex has formula IV,
R4, R4 , R5, R5 , R6, R6 , R7, and R7 are each independently selected from
the group consisting of: -H, - Si(R13)3;-Si(R 13)(3_z)[(CH2)kR22]z; methyl,
ethyl, n-propyl, /-propyl, n-butyl, sec-butyl, tbutyl, isoamyl, -amyl,
thexyl, trityl,-(CH 2) C[(CH2)pR22]zH(3_z ) . In certain embodiments,
wherein a metal complex has formula IV, R7 is selected 



from the group consisting of -H; methyl; ethyl; n-propyl; /-propyl; -butyl;
sec-butyl; tbutyl; isoamyl; -amyl; thexyl; and trityl; and R5 is selected
from the group consisting of - (CH 2) H (3_Z)[(CH 2)PR22]Z and -Si(R 13)(3
z)[(CH2)kR22]z.In certain embodiments, wherein a metal complex has formula
V, R1, R1 , R4, R4 , R6, and R6 are each -H. In certain embodiments,
wherein a complex is a metallosalenate complexof formula V, R5, R5 , R7 and
R7 are each optionally substituted C1-C12 aliphatic. In certain
embodiments, wherein a metal complex has formula V, R4, rR>4', R 5, R5' R6,
R6 , R7, and R7 are each independently selected from the group consisting
of: -H, - [(CH2)kR, 2I ]Z(r R 13 )(3-z>; methyl, ethyl, n-propyl, /-propyl,
w-butyl, sec-butyl, tbutyl, isoamyl, f-amyl, thexyl, trityl, -(CH 2)
CH(3z)[(CH2)pR22h] z z)[(CH2)kR22h] z. In certain embodiments, wherein a
metal complex has formula V, R7 is selected from the group consisting of
-H; methyl; ethyl; -propyl; /-propyl; -butyl; sec-butyl; tbutyl; isoamyl;
/-amyl; thexyl; and trityl; and R5 is selected from the group consisting of
- (CH 2)/ H (3_Z)[(CH 2)PR22]Z and -Si(R 13)(3 z)[(CH2)kR22]z. In some
embodiments, a metal complex has a structure Lp-M-(Lz) ,, where L -M is
selected from the group consisting of:In other embodiments, the permanent
ligand set comprises a porphyrin ring and Lp- M has the structure: XLVIII,
wherein: M, L/, Rc, and Rd are as defined above and any two adjacent Rc or
Rd groups can be taken together to form one or more rings optionally
substituted with one or more R20 groups In certain embodiments where the
permanent ligand set comprises a porphyrin ring, M is a metal atom selected
from the group consisting of: cobalt; chromium; aluminum; titanium;
ruthenium, and manganese. As noted above, in some embodiments herein, the
permanent ligand set may comprise a plurality of discrete ligands. In
certain embodiments the permanent ligand set includes two bidentate
ligands. In certain embodiments, such bidentate ligands may have the
structure1 where Rd and R1 1 are as defined hereinabove. Metal complexes
having two such ligands may adopt one of several geometries, and the
present disclosure encompasses complex having any of the possible
geometries, as well as mixtures of two or more geometrical isomers. In
certain embodiments, metal complexes including two bidentate ligands may
have structures selected from the group consisting of: N-R 1 I I J) where
each N 0 re Presents a hgand: I.a.3 Initiating Ligands In addition to a
metal atom and a permanent ligand set described hereinabove, metal
complexes suitable for polymerization systems of the present invention
optionally include one or more initiating ligands -L . In some embodiments,
these ligands act as polymerization initiators and become a part of a
growing polymer chain. In certain embodiments, there is one initiating
ligand present (i.e. m = 1). In other embodiments, there are two initiating
ligands present (i.e. m =2). In certain embodiments, an intiating ligand
may be absent (i.e. m =0). In certain embodiments, a metal complex may be
added to a reaction mixture without an initiating ligand, but may form a
species in situ that includes one or two initiating ligands.In certain
embodiments, -L is any anion. In certain embodiments, -L is a nucleophile.
In some embodiments, initiating ligands -L are nucleophiles capable of
ringopening an epoxide. In some embodiments, a polymerization initiator L/
is selected from the group consisting of: azide, halides, alkyl sulfonates,
carboxylates, alkoxides, and phenolates. In some embodiments, initiating
ligands include, but are not limited to, -ORX, -SRX, -OC(O)RX, -OC(O)ORX,
-OC(O)N(RX)2, -NRXC(O)RX, -CN, halo (e.g., -Br, -I, -Cl), -N3, and -OSO R5
wherein each Rx is, independently, selected from hydrogen, optionally
substituted aliphatic, optionally substituted heteroaliphatic, optionally
substituted aryl and optionally substituted heteroaryl and where two Rx
groups can be taken together to form an optionally substituted ring
optionally containing one or more additional heteroatoms. In certain
embodiments, -L1 is -OC(O)RX, wherein Rx is selected from optionally
substituted aliphatic, fluorinated aliphatic, optionally substituted
heteroaliphatic, optionally substituted aryl, fluorinated aryl, and
optionally substituted heteroaryl. 



In certain embodiments, -L is -OC(O)RX, wherein Rx is optionally
substituted aliphatic. In certain embodiments, -L1 is -OC(O)RX, wherein Rx
is optionally substituted alkyl or fluoroalkyl. In certain embodiments, -L
is -OC(O)CH or -OC(O)CF . Furthermore, in certain embodiments, -L is
-0C(0)R x, wherein Rx is optionally substituted aryl, fluoroaryl, or
heteroaryl. In certain embodiments, -L1 is -0C(0)R x, wherein Rx is
optionally substituted aryl. In certain embodiments, -L is -0C(0)R x,
wherein Rx is optionally substituted phenyl. In certain embodiments, -L1 is
-OC(O)CeH5 Or -OC(O)C 6F5. In certain embodiments, -L is -ORX, wherein Rx
is selected from optionally substituted aliphatic, optionally substituted
heteroaliphatic, optionally substituted aryl, and optionally substituted
heteroaryl. For example, in certain embodiments, -L is -ORX, wherein Rx is
optionally substituted aryl. In certain embodiments, -L is -ORX, wherein Rx
is optionally substitutedphenyl. In some embodiments, -L is a
2,4-dinitrophenolate anion. In certain embodiments, -L/ is -OC H5. In
certain embodiments, -L is halo. In certain embodiments, -L is -Br. In
certain embodiments, -L1 is -Cl. In certain embodiments, -L1 is -I. In
certain embodiments, -L is -0(SO )R5 . In certain embodiments -L is -OTs.
In certain embodiments -L/ is -OSO Me. In certain embodiments -L/ is
-OSO2CF3. In some embodiments, metal complexes include one or more
initiating ligands -L1 characterized in that each ligand is capable of
initiating two or more polymer chains. In some embodiments, the initiating
ligand is any of the molecules described above as being suitable as chain
transfer agents. In certain embodiments, an initiating ligand is an anion
derived from any of the chain transfer agents described hereinabove. In
some embodiments, a polymerization initiator - L1 comprises a compound of
the formula -Q'-A'-(Z%, wherein: -Q'- is a carboxy or alkoxy group, -A'- is
a covalent bond or a multivalent moiety, each Z' is independently a
functional group that can initiate a polymer chain, and n is an integer
between 1 and 10 inclusive. In certain embodiments wherein a polymerization
initiator comprises a compound having the formula -Q'-A'(Z%, each -Z', is a
functional group independently selected from the group consisting of: -OH,
-C(O)OH, -C(ORy)OH, -OC(Ry)OH, -NHRy, -NHC(O)Ry, -NHC=NRy; -NRyC=NH;
-NRyC(NRy 2)=NH; -NHC(NRy 2)=NRy; -NHC(O)ORy, -NHC(0)NR y 2, -C(O)NHRy,
-C(S)NHRy, -OC(O)NHRy, -OC(S)NHRy, -SH, -C(O)SH, -B(ORy)OH, -P(O) (Ry)
(ORy)c(OH) -OP(O) (Ry) (ORy)c(OH) - N(Ry)0H, -0N(R y)H; =N0H, =NN(Ry)H,
where each occurrence of Ry is independently - H, or an optionally
substituted radical selected from the group consisting of Ci_2oaliphatic,
Ci_2oheteroaliphatic, 3- to 12-membered heterocyclic, and 6- to 12-membered
aryl, a and b are each independently Oor 1, c is O, 1 or 2, <iis Oor 1, and
the sum of a, b, and c is 1 or 2; and-A'- is selected from the group
consisting of: a) C2-C20 aliphatic b ) a C3-C20 carbocycle; c) a 3- to
12-membered heterocycle; d) a saccharide; e) an oligosaccharide; f) a
polysaccharide; and g) a polymer chain, wherein any of (a) through (g) are
optionally substituted with one or more R20 groups. In certain embodiments
wherein a polymerization initiator comprises a compound having the formula
-Q'-A'-(Z%, each -Z', is independently selected from the group consisting
of: -OH; and -C(O)OH-. In some embodiments, -A'- is a covalent bond. In
certain embodiments wherein a polymerization initiator comprises a compound
having the formula -Q'-A'-(Z%, -A'- is a C2-20 aliphatic group, and n is an
integer from 1 to 5. In certain embodiments wherein a polymerization
initiator comprises a compound having the formula -Q'-A'(Z%, -A'- is a
C2-12 aliphatic group, and n is an integer from 1 to 3. In certain
embodiments wherein a polymerization initiator comprises a compound having
the formula -Q'-A'(Z%, Q' is -OC(O)-; -A'- is a C2-20 aliphatic group; Z'
is -OH; and n is an integer from 1 to 3. In certain embodiments, where a
polymerization initiator has more than one site capable of coordinating
with a metal atom, a single polymerization initiator may be shared by
multiple metal complexes (each metal complex including at one metal atom
and a permanent ligand set). For example, when L/ is a diacid, each
carboxyl group of the diacid may be coordinated to a metal atom of a
separate metal complex (i.e. a dimeric or pseudodimeric complex having a
formula L -M- q 2C-A'-C q 2-M-L , where A', M, and Lp 



are as defined previously). Similarly, a triacid may be coordinated to one
two or three metal centers, or a hydroxy acid, a dialkoxide, amino acid or
other polyfunctional compound can coordinate with two or more L -M
groups.In certain embodiments, an initiating ligand is a polycarboxylic
acid having 2 to 4 carboxyl groups. In certain embodiments, an initiating
ligand is a C2-20 diacid. In certain embodiments, an initiating ligand is
selected from the group consisting of 1-1 through I - 24: YV V Y " Y .OH M
; O O 1-2; Y " 1-3 ;VO VO " . 1-4 .. ; VYO YY O " 1-5; 1-20; 1-21;. 1-22;
1-23; and In certain embodiments, an initiating ligand having a plurality
of polymer initiation sites may be a hydroxy acid. In certain embodiments,
a hydroxy acid is selected from the group consisting of: 1-31; 1-32; 1-33;
1-34;1-35; 1-39; In certain embodiments, a polymerization initiator having
a plurality of polymer initiation sites is a polyhydric phenol derivative.
In certain embodiments, a polymerization initiator is selected from the
group consisting of: 1-55; 1-56; 1-57; and In some embodiments, an
initiating ligand is a polyalcohol. In certain embodiments, a polyalcohol
is a diol. Suitable diols include but are not limited to: 1,2- ethanediol,
1,2-propanediol, 1,3-propanediol, 1,2-butanediol, 1,3-butanediol, 1,4-
butanediol, 1,5-pentanediol, 2,2-dimethylpropane-l,3-diol,
2-butyl-2-ethylpropane-l,3-diol, 1,5-hexanediol, 1,6-hexanediol,
1,8-octanediol, 1,10-decanediol, 1,12-dodecanediol,
2,2,4,4-tetramethylcyclobutane-l,3-diol, 1,3-cyclopentanediol,
1,2-cyclohexanediol, 1,3-cyclohexanediol, 1,4- cyclohexanediol,
1,2-cyclohexanedimethanol, 1,3- cyclohexanedimethanol,
1,4-cyclohexanedimethanol, and 1,4-cyclohexanediethanol. In some
embodiments, an initiating ligand is an alkoxide derived from a compound
selected from the group consisting of: diethylene glycol, triethylene
glycol, tetraethylene glycol, pentaethylene glycol, higher poly(ethylene
glycol), dipropylene glycol, tripropylene glycol, and higher poly(propylene
glycol). In some embodiments, higher poly(ethylene glycol) compounds are
those having number average molecular weights of from 220 to about 2000
g/mol. In some embodiments, higher poly(propylene glycol) compounds are
those having number average molecular weights of from 234 to about 2000
g/mol. In some embodiments, suitable diols include
4,4'-(l-methylethylidene) bis[cyclohexanol], 2,2'-methylenebis[phenol],
4,4'-methylenebis[phenol], 4,4'- (phenylmethylene)bis [phenol],
4,4'-(diphenylmethylene)bis[phenol], 4,4'-(l,2- ethanediyl)bis[phenol],
4,4'-(l,2-cyclohexanediyl)bis[phenol], 4,4'-(l,3- cyclohexanediyl)bis
[phenol], 4,4'-(l,4-cyclohexanediyl)bis[phenol], 4,4'- ethylidenebis
[phenol], 4,4'-(l-phenylethylidene)bis[phenol],
4,4'-propylidenebis[phenol], 4,4'-cyclohexylidenebis [phenol],
4,4'-(l-methylethylidene)bis[phenol], 4,4'-(lmethylpropylidene) bis
[phenol], 4,4'-(l-ethylpropylidene)bis[phenol], 4,4'-
cyclohexylidenebis[phenol],
4,4'-(2,4,8,10-tetraoxaspiro[5.5]undecane-3,9-diyldi-2, 1-
ethanediyl)bis[phenol], 1,2-benzenedimethanol, 1,3-benzenedimethanol, 1,4-
benzenedimethanol, 4,4'-[l,3-phenylenebis(l-methylethylidene)]bis[phenol],
4,4'-[l,4- phenylenebis(l-methylethylidene)]bis[phenol] , phenolphthalein,
4,4'-(l-methylidene)bis[2- methylphenol],
4,4'-(l-methylethylidene)bis[2-(l-methylethyl)phenol], 2,2'- methylenebis
[4-methyl-6-(l-methylethyl)phenol] , In some embodiments, a polyol is a
triol. Suitable triols may include, but are not limited to: aliphatic
triols having a molecular weight less than 500 such as trimethylolethane;
trimethylolpropane; glycerol; 1,2,4-butanetriol; 1,2,6-hexanetriol; tris(2-
hydroxyethyl)isocyanurate; hexahydro-l,3,5-tris(hydroxyethyl)-s-triazine;
6- methylheptane-l,3,5-triol; polypropylene oxide triol; and polyester
triols.In certain embodiments, a polyol is a tetraol. Examples of suitable
tetraols include, but are not limited to: erythritol, pentaerythritol;
2,2'-dihydroxymethyl-l, 3-propanediol; and 2,2'-(oxydimethylene)
bis-(2-ethyl-l,3- propanediol). In certain embodiments, a metal
coordination complex is selected from the group 



consisting of:COMMON MODE AND UNIFIED FRAME FORMAT Claim of Priority under
35 U.S.C. 119 [0001] The present Application for Patent claims priority to
Provisional Application No. 61/095,509 filed September 9 2008, and assigned
to the assignee hereof and hereby expressly incorporated by reference
herein. BACKGROUND Field [0002] Certain aspects of the present disclosure
generally relate to a wireless communication and, more particularly, to a
method for generating a frame structure that is common for different
transmission schemes. Background [0003] Millimeter wave communications
represent communications using a carrier frequency of approximately 60 GHz.
A dual-mode millimeter-wave Physical Layer (PHY) can support a single
carrier (SC) modulation and an Orthogonal Frequency Division Multiplexing
(OFDM) modulation by employing a common mode (CM) transmission. [0004] The
CM is a single-carrier mode used by both SC and OFDM based devices for
beaconing, network-control signaling, and base-rate data communications.
The CM can be typically employed for interoperability between different
devices and different networks. However, a frame structure of the SC
transmission mode is substantially different from a frame structure of the
OFDM transmission mode, which limits the level of interoperability between
the SC and OFDM devices and networks. [0005] Therefore, there is a need in
the art for a method to generate a frame structure suitable for use by both
SC-modulated and OFDM-modulated transmission signals.SUMMARY [0006] Certain
aspects provide a method for wireless communications. The method generally
includes generating a preamble and a data payload, and transmitting a frame
comprising the preamble and the data payload, wherein the preamble is
transmitted according to a single carrier (SC) transmission scheme at a
first chip rate and the data payload is transmitted according to an OFDM
transmission scheme at a second chip rate different from the first chip
rate. [0007] Certain aspects provide an apparatus for wireless
communications. The apparatus generally includes a generator configured to
generate a preamble and a data payload, and a transmitter configured to
transmit a frame comprising the preamble and the data payload, wherein the
preamble is transmitted according to a single carrier (SC) transmission
scheme at a first chip rate and the data payload is transmitted according
to an Orthogonal Frequency Division Multiplexing (OFDM) transmission scheme
at a second chip rate different from the first chip rate. [0008] Certain
aspects provide an apparatus for wireless communications. The apparatus
generally includes means for generating a preamble and a data payload, and
means for transmitting a frame comprising the preamble and the data
payload, wherein the preamble is transmitted according to a single carrier
(SC) transmission scheme at a first chip rate and the data payload is
transmitted according to an Orthogonal Frequency Division Multiplexing
(OFDM) transmission scheme at a second chip rate different from the first
chip rate. [0009] Certain aspects provide a computer-program product for
wireless communications. The computer-program product includes a
computer-readable medium comprising instructions executable to generate a
preamble and a data payload, and transmit a frame comprising the preamble
and the data payload, wherein the preamble is transmitted according to a
single carrier (SC) transmission scheme at a first chip rate and the data
payload is transmitted according to an Orthogonal Frequency Division
Multiplexing (OFDM) transmission scheme at a second chip rate different
from the first chip rate.[0010] Certain aspects provide a wireless node.
The wireless node generally includes at least one antenna, a generator
configured to generate a preamble and a data payload, and a transmitter
configured to transmit via the at least one antenna a frame comprising the
preamble and the data payload, wherein the preamble is transmitted
according to a single carrier (SC) transmission scheme at a first chip rate
and the data payload is transmitted according to an Orthogonal Frequency
Division Multiplexing (OFDM) transmission scheme at a second chip rate
different from the first chip rate. [0011] Certain aspects provide a method
for wireless communications. The method generally includes receiving a
frame comprising a preamble and a data payload, wherein the preamble was
transmitted over a wireless channel according to a single carrier (SC)
transmission scheme at a first chip rate and the data payload was
transmitted according to an Orthogonal Frequency Division Multiplexing
(OFDM) transmission scheme at a second chip rate different from the first
chip rate, and detecting the preamble and the 



data payload. [0012] Certain aspects provide an apparatus for wireless
communications. The apparatus generally includes a receiver configured to
receive a frame comprising a preamble and a data payload, wherein the
preamble was transmitted over a wireless channel according to a single
carrier (SC) transmission scheme at a first chip rate and the data payload
was transmitted according to an Orthogonal Frequency Division Multiplexing
(OFDM) transmission scheme at a second chip rate different from the first
chip rate, and a detector configured to detect the preamble and the data
payload. [0013] Certain aspects provide an apparatus for wireless
communications. The apparatus generally includes means for receiving a
frame comprising a preamble and a data payload, wherein the preamble was
transmitted over a wireless channel according to a single carrier (SC)
transmission scheme at a first chip rate and the data payload was
transmitted according to an Orthogonal Frequency Division Multiplexing
(OFDM) transmission scheme at a second chip rate different from the first
chip rate; and means for detecting the preamble and the data payload.
[0014] Certain aspects provide a computer-program product for wireless
communications. The computer-program product includes a computer-readable
medium comprising instructions executable to receive a frame comprising a
preamble and a datapayload, wherein the preamble was transmitted over a
wireless channel according to a single carrier (SC) transmission scheme at
a first chip rate and the data payload was transmitted according to an
Orthogonal Frequency Division Multiplexing (OFDM) transmission scheme at a
second chip rate different from the first chip rate, and detect the
preamble and the data payload. [0015] Certain aspects provide a wireless
node. The wireless node generally includes at least one antenna, a receiver
configured to receive via the at least one antenna a frame comprising a
preamble and a data payload, wherein the preamble was transmitted over a
wireless channel according to a single carrier (SC) transmission scheme at
a first chip rate and the data payload was transmitted according to an
Orthogonal Frequency Division Multiplexing (OFDM) transmission scheme at a
second chip rate different from the first chip rate, and a detector
configured to detect the preamble and the data payload. BRIEF DESCRIPTION
OF THE DRAWINGS [0016] So that the manner in which the above-recited
features of the present disclosure can be understood in detail, a more
particular description, briefly summarized above, may be had by reference
to aspects, some of which are illustrated in the appended drawings. It is
to be noted, however, that the appended drawings illustrate only certain
typical aspects of this disclosure and are therefore not to be considered
limiting of its scope, for the description may admit to other equally
effective aspects. [0017] FIG. 1 illustrates an example wireless
communication system, in accordance with certain aspects of the present
disclosure. [0018] FIG. 2 illustrates various components that may be
utilized in a wireless device in accordance with certain aspects of the
present disclosure. [0019] FIG. 3 illustrates an example transmitter that
may be used within a wireless communication system in accordance with
certain aspects of the present disclosure. [0020] FIG. 4 illustrates an
example receiver that may be used within a wireless communication system in
accordance with certain aspects of the present disclosure.[0021] FIG. 5
illustrates operations for generating and processing a frame structure
common for multiple transmission schemes in accordance with certain aspects
of the present disclosure. [0022] FIG. 5A illustrates example components
capable of performing the operations illustrated in FIG. 5 . [0023] FIG. 6
illustrates a millimeter-wave frame structure for a common mode (CM)
transmission in accordance with certain aspects of the present disclosure.
[0024] FIG. 7 illustrates a preamble structure of the millimeter-wave frame
for the CM transmission in accordance with certain aspects of the present
disclosure. [0025] FIG. 8 illustrates a logic block diagram of a linear
feedback shift register (LFSR) for generating a spreading sequence for the
CM preamble in accordance with certain aspects of the present disclosure.
[0026] FIG. 9 illustrates output signals of a receiver matched-filter for
coherently detected and differentially detected start frame delimiter (SFD)
sequence in accordance with certain aspects of the present disclosure.
[0027] FIG. 10 illustrates an example of a single carrier (SC) frame
structure in accordance with certain aspects of the present disclosure.
[0028] FIG. 11 illustrates another example of a frame structure for SC
transmission scheme in accordance with certain aspects of the present
disclosure. [0029] FIG. 12 illustrates a unified frame structure supporting
both SC and Orthogonal Frequency Division Multiplexing (OFDM) transmission
schemes in 



accordance with certain aspects of the present disclosure. [0030] FIG. 13
illustrates a structure of a common short header within the unified frame
in accordance with certain aspects of the present disclosure. DETAILED
DESCRIPTION [0031] Various aspects of the disclosure are described more
fully hereinafter with reference to the accompanying drawings. This
disclosure may, however, be embodied inmany different forms and should not
be construed as limited to any specific structure or function presented
throughout this disclosure. Rather, these aspects are provided so that this
disclosure will be thorough and complete, and will fully convey the scope
of the disclosure to those skilled in the art. Based on the teachings
herein one skilled in the art should appreciate that the scope of the
disclosure is intended to cover any aspect of the disclosure disclosed
herein, whether implemented independently of or combined with any other
aspect of the disclosure. For example, an apparatus may be implemented or a
method may be practiced using any number of the aspects set forth herein.
In addition, the scope of the disclosure is intended to cover such an
apparatus or method which is practiced using other structure,
functionality, or structure and functionality in addition to or other than
the various aspects of the disclosure set forth herein. It should be
understood that any aspect of the disclosure disclosed herein may be
embodied by one or more elements of a claim. [0032] The word "exemplary" is
used herein to mean "serving as an example, instance, or illustration." Any
aspect described herein as "exemplary" is not necessarily to be construed
as preferred or advantageous over other aspects. [0033] The teachings
herein may be incorporated into (e.g., implemented within or performed by)
a variety of wired or wireless apparatuses (e.g., nodes). In some aspects,
a wireless node implemented in accordance with the teachings herein may
comprise an access point or an access terminal or a piconet controller or
other type of wireless device. [0034] An access point ("AP") may comprise,
be implemented as, or known as NodeB, Radio Network Controller ("RNC"),
eNodeB, Base Station Controller ("BSC"), Base Transceiver Station ("BTS"),
Base Station ("BS"), Transceiver Function ("TF"), Radio Router, Radio
Transceiver, Basic Service Set ("BSS"), Extended Service Set ("ESS"), Radio
Base Station ("RBS"), or some other terminology. [0035] An access terminal
("AT") may comprise, be implemented as, or known as an access terminal, a
subscriber station, a subscriber unit, a mobile station, a remote station,
a remote terminal, a user terminal, a user agent, a user device, user
equipment, or some other terminology. In some implementations, an access
terminal may comprise a cellular telephone, a cordless telephone, a Session
Initiation Protocol ("SIP") phone, awireless local loop ("WLL") station, a
personal digital assistant ("PDA"), a handheld device having wireless
connection capability, or some other suitable processing device connected
to a wireless modem. Accordingly, one or more aspects taught herein may be
incorporated into a phone (e.g., a cellular phone or smart phone), a
computer (e.g., a laptop), a portable communication device, a portable
computing device (e.g., a personal data assistant), an entertainment device
(e.g., a music or video device, or a satellite radio), a global positioning
system device, or any other suitable device that is configured to
communicate via a wireless or wired medium. [0036] Although particular
aspects are described herein, many variations and permutations of these
aspects fall within the scope of the disclosure. Although some benefits and
advantages of the preferred aspects are mentioned, the scope of the
disclosure is not intended to be limited to particular benefits, uses, or
objectives. Rather, aspects of the disclosure are intended to be broadly
applicable to different wireless technologies, system configurations,
networks, and transmission protocols, some of which are illustrated by way
of example in the figures and in the following description of the preferred
aspects. The detailed description and drawings are merely illustrative of
the disclosure rather than limiting, the scope of the disclosure being
defined by the appended claims and equivalents thereof. AN EXAMPLE WIRELESS
COMMUNICATION SYSTEM [0037] The techniques described herein may be used for
various broadband wireless communication systems, including communication
systems that are based on a single carrier transmission. Aspects disclosed
herein may be advantageous to systems employing Ultra Wide Band (UWB)
signals including millimeter-wave signals. However, the present disclosure
is not intended to be limited to such systems, as other coded signals may
benefit from similar advantages. [0038] FIG. 1 illustrates an example of a
wireless communication system 100 in which aspects of the present
disclosure may be employed. The wireless communication system 100 may be a
broadband wireless communication system. The wireless communication system
100 may provide communication for a number of cells 102, each of which is
serviced by a base station 104. A base station 104 may be a fixed station
that 



communicates with user terminals 106. The base station 104 may
alternatively bereferred to as an access point, a Node B or some other
terminology. A cell 102 within the wireless communication system 100 may be
a piconet comprising a collection of one or more logically associated
devices that share a single identifier with a common coordinator, such as,
for example, a piconet controller. [0039] FIG. 1 depicts various user
terminals 106 dispersed throughout the system 100. The user terminals 106
may be fixed (i.e., stationary) or mobile. The user terminals 106 may
alternatively be referred to as remote stations, access terminals,
terminals, subscriber units, mobile stations, stations, user equipment,
etc. The user terminals 106 may be wireless devices, such as cellular
phones, personal digital assistants (PDAs), handheld devices, wireless
modems, laptop computers, personal computers, etc. [0040] A variety of
algorithms and methods may be used for transmissions in the wireless
communication system 100 between the base stations 104 and the user
terminals 106. For example, signals may be sent and received between the
base stations 104 and the user terminals 106 in accordance with UWB
techniques. If this is the case, the wireless communication system 100 may
be referred to as an UWB system. [0041] A communication link that
facilitates transmission from a base station 104 to a user terminal 106 may
be referred to as a downlink (DL) 108, and a communication link that
facilitates transmission from a user terminal 106 to a base station 104 may
be referred to as an uplink (UL) 110. Alternatively, a downlink 108 may be
referred to as a forward link or a forward channel, and an uplink 110 may
be referred to as a reverse link or a reverse channel. [0042] A cell 102
may be divided into multiple sectors 112. A sector 112 is a physical
coverage area within a cell 102. Base stations 104 within a wireless
communication system 100 may utilize antennas that concentrate the flow of
power within a particular sector 112 of the cell 102. Such antennas may be
referred to as directional antennas. [0043] FIG. 2 illustrates various
components that may be utilized in a wireless device 202 that may be
employed within the wireless communication system 100. The wireless device
202 is an example of a device that may be configured to implement
thevarious methods described herein. The wireless device 202 may be a base
station 104 or a user terminal 106. [0044] The wireless device 202 may
include a processor 204 which controls operation of the wireless device
202. The processor 204 may also be referred to as a central processing unit
(CPU). Memory 206, which may include both read-only memory (ROM) and random
access memory (RAM), provides instructions and data to the processor 204. A
portion of the memory 206 may also include non- volatile random access
memory (NVRAM). The processor 204 typically performs logical and arithmetic
operations based on program instructions stored within the memory 206. The
instructions in the memory 206 may be executable to implement the methods
described herein. [0045] The wireless device 202 may also include a housing
208 that may include a transmitter 210 and a receiver 212 to allow
transmission and reception of data between the wireless device 202 and a
remote location. The transmitter 210 and receiver 212 may be combined into
a transceiver 214. An antenna 216 may be attached to the housing 208 and
electrically coupled to the transceiver 214. The wireless device 202 may
also include (not shown) multiple transmitters, multiple receivers,
multiple transceivers, and/or multiple antennas. [0046] The wireless device
202 may also include a signal detector 218 that may be used in an effort to
detect and quantify the level of signals received by the transceiver 214.
The signal detector 218 may detect such signals as total energy, energy per
subcarrier per symbol, power spectral density and other signals. The
wireless device 202 may also include a digital signal processor (DSP) 220
for use in processing signals. [0047] The various components of the
wireless device 202 may be coupled together by a bus system 222, which may
include a power bus, a control signal bus, and a status signal bus in
addition to a data bus. [0048] FIG. 3 illustrates an example of a
transmitter 302 that may be used within a wireless communication system 100
that utilizes a single-carrier (SC), an Orthogonal Frequency Division
Multiplexing (OFDM) or some other transmission technique. Portions of the
transmitter 302 may be implemented in the transmitter 210 of a
wirelessdevice 202. The transmitter 302 may be implemented in a base
station 104 for transmitting data 304 to a user terminal 106. The
transmitter 302 may also be implemented in a user terminal 106 for
transmitting data 304 to a base station 104 on an uplink 110. [0049] Data
304 to be transmitted are shown being provided as input to a mapper 306.
The mapper 306 may map the data stream 304 onto constellation points. The
mapping may be done using some modulation constellation, such as binary
phase-shift keying (BPSK), quadrature phase-shift keying (QPSK), 8
phase-shift keying (8PSK), 



quadrature amplitude modulation (QAM), etc. Thus, the mapper 306 may output
a symbol stream 308, which may represent an input into a preamble insertion
unit 310. [0050] The preamble insertion unit 310 may be configured for
inserting a preamble sequence at the beginning of the input symbol stream
308, and may generate a corresponding data stream 312. The preamble may be
known at the receiver and may be utilized for time and frequency
synchronization, channel estimation, equalization and channel decoding. The
output 312 of the preamble insertion unit 310 may then be upconverted to a
desired transmit frequency band by a radio frequency (RF) front end 314. An
antenna 316 may then transmit a resulting signal 318 over a wireless
channel. [0051] FIG. 4 illustrates an example of a receiver 402 that may be
used within a wireless device 202 that utilizes a single-carrier or some
other transmission technique. Portions of the receiver 402 may be
implemented in the receiver 212 of a wireless device 202. The receiver 402
may be implemented in a user terminal 106 for receiving data 404 from a
base station 104 on a downlink 108. The receiver 402 may also be
implemented in a base station 104 for receiving data 404 from a user
terminal 106 on an uplink 110. [0052] When a signal 404 is received by an
antenna 406, it may be down-converted to a baseband signal 410 by an RF
front end 408. A frame format of the received signal for single-carrier
data communications typically comprises a preamble followed by a data
portion. A portion of the preamble 412 may be used for channel estimation
by unit 416. Received data 414 may be processed by an equalization unit 420
employing previously computed channel estimates 418.[0053] A demapper 424
may input an equalized data stream 422 and may perform the inverse of the
symbol mapping operation that was performed by the mapper 306 from FIG. 3
thereby outputting a data stream 426. Ideally, this data stream 426
corresponds to the data 304 that was provided as input to the transmitter
302, as illustrated in FIG. 3. COMMON MODE FRAME STRUCTURE [0054] The
wireless system 100 illustrated in FIG. 1 can represent an ultrawideband
(UWB) system that may be used for millimeter wave communications (e.g.,
communications with a carrier frequency of about 60 GHz). A dual-mode UWB
physical layer (PHY) may support a single carrier (SC) modulation and an
Orthogonal Frequency Division Multiplexing (OFDM) modulation by employing a
common mode (CM) transmission scheme. The CM is a single-carrier mode used
by both SC and OFDM devices for beaconing, network-control signaling, and
base-rate data communications . [0055] The CM may be typically required for
interoperability between different wireless devices and different wireless
networks. It may be also advantageous, especially for low-power wireless
devices, that the CM scheme employs a continuous phase modulation (CPM)
providing a transmission signal with constant envelope. This transmission
approach may ensure that power amplifiers at a transmitter operate at a
maximum level of output power without affecting a spectrum of the CPM-based
transmission signal. [0056] Certain aspects of the present disclosure
support methods for generating a frame structure that may be used for
transmission of SC-modulated and OFDMmodulated signals. In one aspect, a
chip rate of an OFDM transceiver may be set as 1.5 times a single carrier
(SC) chip rate. The chip rate is also known as a sampling rate in the case
of OFDM transmission scheme. For example, if the SC chip rate is set to
1728 MHz, which corresponds to the 3 dB bandwidth of 2160 MHz channel
separation, then the OFDM sampling rate (i.e., the OFDM chip rate) may be
2592 MHz. If the OFDM mode employs a total of 512 subcarriers, then 154 of
the subcarriers may be assigned as guard subcarriers (77 on each side of
the occupied bandwidth), and there may be 354data-bearing subcarriers
occupying approximately 1728 MHz that may correspond to the bandwidth of
the SC transmission mode. [0057] The SC signal may employ p / 2 -BPSK
modulation and may be spread by Golay codes before transmission. This may
provide a quasi-constant envelope of the transmitted SC signal. Length- 128
Golay codes may be used within a preamble and length-64 Golay codes may be
used for spreading of data. [0058] FIG. 5 summarizes operations for
generating and processing a frame structure common for both SC and OFDM
transmission schemes. Operations 510-520 may be performed at a transmitting
side of the UWB system, and operations 530-540 may be performed at a
receiver side of the UWB system. [0059] At 5 10, a preamble and a data
payload may be first generated at a transmitter. Following that, at 520, a
frame comprising the preamble and the data payload may be transmitted over
the wireless channel. The preamble may be transmitted over a wireless
channel according to the SC transmission scheme at a first chip rate, and
the data payload may be transmitted according to the OFDM transmission
scheme at a 



second chip rate different from the first chip rate. At 530, the frame
comprising the preamble and the data payload may be received at a receiver,
wherein the received frame may be corrupted due to various effects of the
wireless channel. At 540, the preamble and the data payload may be detected
within the received frame. [0060] FIG. 6 illustrates a millimeter-wave
frame structure 602 comprising a preamble 610 composed of at least one
repetition of a length- 128 Golay codea 128 , a header 620 and a data
payload 630. The data payload 630 may be spread using a length- 64 Golay
code pair (i.e., a 64 and/or b 64 codes). [0061] The preamble 610 may
further comprise a synchronization (SYNC) sequence field 612, a start-
frame delimiter (SFD) field 614, and a channel-estimation sequence (CES)
field 616. The SYNC field 612 may be used at the receiver for automatic
gain control (AGC), DC-offset removal, frame detection, coarse frequency
estimation, antenna switching, signal-direction finding, fine frequency
estimation and channel estimation. The SFD field 614 may be used to
indicate an end of the SYNCfield 612 and a start of the CES field 616. The
CES field 616 may be used for channel estimation and fine frequency
estimation. [0062] The SYNC sequence 612 may consist of a repetition of
ones spread by Golay codes a 4 and/or b 64(i.e., codes generated from the
Golay codes a 64 and b 64 using a cyclic shift to the right of i samples).
The SFD field 614 may comprise a sequence { 1 - 1 1 - 1 . ..} spread by the
Golay codes a 4 and/orb' 64 . The CES field 616 may be also spread using
the Golay codes a 4 and/orb'64 . The CES may be formed from a repetition of
code a 4 followed by a repetition of codeb'64 . The header field 620 and
the data field 630 may be binary or complex-valued, and may be also spread
using the Golay codes a 4 and/orb'64 . [0063] FIG. 7 illustrates a detailed
structure of the frame 602 from FIG. 6, which is labeled as the frame 702.
A Golay sequence a 128 of length 128 samples may be used for spreading to
obtain the preamble 610. For example, complementary Golay code pairs may be
generated using a delay vector D = [64 32 16 1 8 2 4] and a seed vector W =
[l 1 1 1 - 1 - 1 l ] . The generated complementary Golay code pairs may be
expressed in hexadecimal notation as follows: a 128 =
30A99A0330A965FCCF5665FC30A965FC, (V) b 128 =
C0596AF3C059950C3FA6950CC059950C, (2) wherein the least significant byte is
to the left and the most significant byte is to the right. [0064] The
sequence a 128 may be selected such that to ensure the following
properties: zero mean after being rotated by p / 2 allowing easy DC-offset
estimation, zero correlation zone (ZCZ) of 32 samples on each side of a
main peak, a low side-lobe level of 16 samples outside the ZCZ.
Furthermore, the Golay sequence a 128 may ensure that a parallel Golay
matched filter can be employed at the receiver for detecting the
preamble.[0065] The length-64 complementary Golay codes may be used for
spreading to generate the header 620 and the data payload 630. The Golay
code a 64 may be used alone or in pair with the Golay code b M . The
following complementary Golay code pair may be generated using a delay
vector D = [4 32 8 1 2 16] and a seed vectorW = [- l -1 1 1 1 l ] : aM =
8822BB1 1782D4BIE, (3) b 64 = 77DDBB1 187D24BIE. (4) [0066] The pair of
complementary Golay sequences given by equations (3)-(4) may provide a low
level of cross-correlation with the preamble, a low side-lobe level of
eight samples for any data sequence (e.g., if a H code is followed by a 64
or - a H or b or - b , and if \ >M code is followed by a 64 or - a H or \
>M or - 1) 64 ), and a parallel Golay matched filter may be efficiently
employed at the receiver for detecting the preamble and the data payload.
[0067] In one aspect of the present disclosure, the spreading sequence may
be changed randomly (or, more precisely, pseudo-randomly) from a 64 code to
b code. For example, a linear feedback shift register (LFSR) may be
employed, such as the one illustrated in FIG. 8. If a value at a selection
input 820 of a multiplexer 810 is equal to zero, then the sequence a 64 may
be selected for spreading of a current bit of a seed vector. Otherwise, the
sequence \ >M may be selected for spreading of the current bit of the seed
vector. This randomization approach may whiten the spectrum of a
transmission signal and remove all spectral lines. The randomization may
also improve channel tracking at the receiver because a sum of matched
filter outputs froma 64 and b 64 sequences, when combined, may provide the
ideal Dirac signal characteristics (i.e. no side-lobes are present). [0068]
In one aspect of the present disclosure, the SFD sequence within the
preamble may be generated from a seed vector W = [- 1 - 1 - 1 1 - 1 1 - 1 -
1 - l ] spread with the Golay code a 128 from 



equation (1). Therefore, the SFD sequence [ - a 128 - a 128 - a 128 a 128 -
a 128 a 128 - a 128- a 128 - a 128 ] may be obtained. This SFD sequence may
be detected at the receiver either coherently or differentially. Matched-
filter (MF) outputs for the coherently detected SFD and the differentially
detected (DD) SFD are illustrated in FIG. 9. [0069] In aspect of the
present disclosure, the header and data payload may be encoded using a
rate-1/2 Low Density Parity Check (LDPC) codes. Other aspects of the
present disclosure support encoding of the header and data payload based on
some other Forward Error Correction (FEC) codes. [0070] The channel
estimation sequence (CES) within the preamble may utilize a complementary
pair of Golay codes of length 256 samples or of length 128 samples. A delay
vector D = [l 28 64 32 8 2 16 1 4] and a seed vector W = [l 1 1 1 1 - 1 1 l
] may be employed to generate the following complementary Golay codes of
length 256 samples: "256 = 0 5 C C OO CA F O C C OFA C OF A A F F A C OO C
C OF A C O (5) and b 256 = FSSQ CAOFSC CSFFSSQ CAOOASQQSAOOAC
QSSFOASQQSAOFSSQ CAOOASQ Q3AO. (6) [0071] The pair of complementary Golay
codes given by equations (5)-(6) may provide a low level of
cross-correlation with the preamble sequence, a low side-lobe level of 16
samples, zero correlation zone (ZCZ) of 64 samples on each side of a main
peak, and may be efficiently processed with the parallel Golay matched
filter such that a common matched filter can be configured for processing
the CES, the whole preamble, and the payload. SINGLE CARRIER FRAME
STRUCTURE [0072] The single-carrier (SC) frame structure may be similar to
the CM frame structure illustrated in FIGS. 6 and 7. However, an SC
preamble may be shortercompared to a CM preamble. The SC preamble may
support two preamble modes, i.e., a medium-sized preamble and a short-sized
preamble. Difference between long, medium, and short preambles may be in
the number of repetitions of Golay sequence a 128 given by equation (1)
within the SYNC field, within the SFD length, as well as in the number of
repetitions of Golay sequences a 256 and b 256 from equations (5)-(6) (or,
alternatively, a 128 and b 128 sequences from equations (l)-(2)) within the
CES field. [0073] In order to achieve medium and high data rates, a burst
structure may be employed for data transmissions. FIG. 10 illustrates an
example of a bursty SC frame structure. The SC frame (i.e., a data packet)
1002 may be first encoded utilizing some Forward Error Correction (FEC)
code and may be mapped into either p / 2 -BPSK or p / 2 -QPSK modulations.
After that, the modulated data packet 1002 may be partitioned into a
plurality of data bursts 1010, as illustrated in FIG. 10. The data burst
1010 may comprise a data portion 1014 preceded by a known Golay sequence
1012 (i.e., a Pilot Word (PW)) of length 64 samples or 16 samples. The
burst length may be fixed in both cases to 256 samples. [0074] The
length-64 PW may be used for severe multipath environments (i.e.,
environments with a large number of channel paths), whereas the length- 16
PW may be used for quasi-line-of-sight environments with few channel paths.
A header portion of a sequence 1020 may employ PWs of length 64 samples for
all types of signaling. On the other hand, a data portion of the sequence
1020 may employ a PW of length 64 or 16 samples, and the length of the PW
may be signaled within the header portion of the sequence 1020 using a
one-bit PW Flag. For example, if the PW Flag is equal to 0, then the length
of the PW is 64 samples, and if the PW Flag is equal to 1, then the length
of the PW is 16 samples. [0075] For the PW length of 64 samples, the Golay
sequences a H and I) 64 used for spreading of data samples may be also
directly used as the PW. On the other hand, the length- 16 PWs may employ
the following Golay complementary code pairs with the ZCZ of four samples,
and the side-lobe level of four samples: a 16 = 2Dl 1, b 16 = 7844 obtained
using a delay vector D = [4 8 2 l ] and a seed vector W = [l - 1 1 l ] . In
one aspect of the present disclosure, only a pilot word of aGolay type (a)
(i.e. Golay codes a 64 or a 16 ) may be used. In another aspect of the
present disclosure, the data payload may be partitioned into sub-blocks.
Even-numbered sub-blocks may use Golay type (a) codes and odd-numbered
sub-blocks may use Golay type (b) codes. [0076] In one aspect of the
present disclosure, such as the one illustrated in FIG. 11, the PW may be
further randomized by using Golay codes a and - a for even subblocks of
data, while Golay codes b and - b may be used for odd sub-blocks of data. A
data packet 1102 may be partitioned into data bursts 1110 and 1120. The
burst 1110 may comprise a data portion 1114 preceded by a Golay type (a)
code 1112, and the 



burst 1120 may comprise a data portion 1124 preceded by a Golay type (b)
code 1122, as illustrated in FIG. 11. [0077] An LFSR similar to the one
illustrated in FIG. 8 may be employed for selection of spreading sequences.
For example, if a first LFSR output is 0, then the Golay code a may be used
for spreading to generate a sub-block 1132, and if the first LFSR output is
1, then the Golay code - a may be used for spreading to generate the
sub-block 1132. If a second LFSR output is 0, then the sequence b may be
used for spreading to generate a sub-block 1134, and if the second LFSR
output is 1 then the sequence - b may be used for spreading to generate the
sub-block 1134, and so on. This particular randomization may whiten a
spectrum of the transmission signal and may remove spectral lines. The
randomization may also improve timing, frequency and channel tracking at
the receiver because a sum of matched-filter outputs from sequences a H
andb 64 , when combined, may provide the ideal Dirac impulse response. OFDM
FRAME STRUCTURE [0078] An OFDM preamble may employ the same Golay delay
vector D = [64 32 8 2 16 1 4] utilized for generating the preamble in the
SC transmission scheme in order to reuse the same hardware resources. In
one aspect of the present disclosure, this particular delay vector may be
employed along with a seed vector W = [- 1 - 1 - 1 1 - 1 j l ] to generate
the following length- 128 preamble sequences for OFDM transmission scheme:a
R128 = 5063C9FAAF6336FA5063C9FA509CC905, (7) a I128 =
FAC9635005C99C50FAC96350FA3663AF, (8) where a R128 is a real part of thea
128 sequence, and a I128 is an imaginary part of the a 128 sequence, since
the sequence a 128 is a complex sequence (i.e., a 128 = a R128 + j a I128 )
. In one aspect of the present disclosure, the OFDM transmission scheme may
employ a sampling rate of 2592 MHz (i.e., 1.5 times a sampling rate of the
SC transmission scheme). [0079] The OFDM Golay sequence a 128 given by
equations (7)-(8) may be generated to have the following properties: zero
mean on both real part and imaginary part allowing easy DC offset
estimation, zero correlation zone (ZCZ) of 32 samples on each side of a
main peak, a low side-lobe level of 16 samples outside the ZCZ.
Furthermore, the OFDM Golay sequence a 128 may allow the efficient use of a
parallel Golay matched filtering at a receiver, as well as a low
peak-to-average power ratio after filtering (i.e., less than 3 dB). [0080]
A channel estimation sequence (CES) within the OFDM preamble may use
compatible complementary Golay codes of length 512 samples. For example, a
delay vector D = [256 128 64 32 8 2 16 1 4] and a seed vector W = [- 1 - j
- 1 j j 1 1 - j j ] may be used to produce the following complementary
complex Golay codes: R S1?
FF69990FA533C355009666FOA533C3555A333C55FF9699F05A333C550069660FFF
69990FA533C355009666FOA533C355A5CCC3AA0069660FA5CCC3AAFF9699FO, (9) a i512
5A333C55FF9699FOA5CCC3AAFF9699F0009666F05ACC3CAA009666FOA533C3
555A333C55FF9699FOA5CCC3AAFF9699FOFF69990FA533C355FF69990F5ACC3 CAA, (10)R
5 12 ~~ OFQQ QFFSSCSSSASFO Q OOSSCSSSASAACSCCASOF QOOAACSCCASFOQQQ F FOFQQ
QFFSSCSSSASFO Q OOSSCSSSASSSSCSSSAFOQQQ FFSSSCSSSAOF QOO, (H) b I512 =
AACSCCASOF bbbQOOSSSCSSSAOFbbbQOOFObbQbOOAASCCCSAFO bbQbOOSSCSSSA
SAACSCCASOF bbbQOOSSSCSSSAOFbbbQOOOFQQbQFFSSCSSSASOFQQbQFFAASCCC 5A. (12)
[0081] The complex Golay codes given by equations (9)-(10) and ( 11)-(12)
may have the following properties: a low level of cross-correlation with
the preamble sequence, a low side-lobe level of 36 samples, a ZCZ of 128
samples on each side of a main peak, and may allow for efficient parallel
Golay matched filtering at the receiver, wherein a single matched filter
may be configured for detecting the CES and the remaining part of the
preamble. Furthermore, both complex Golay codes given by equations (9)-(10)
and equations ( 11)-(12) may be compatible with the preamble, i.e., the
delay vector of the preamble may be included in the delay vector of the
CES. In one aspect of the present disclosure, a single configurable
parallel matched filter may be used for detecting all sequences within the
preamble for both SC and OFDM transmission schemes. [0082] For the OFDM
transmission, preamble sequences may have a length of 256 



samples and a compatible set of CES sequences of length 512 samples may be
used. The following complex preamble sequence of length 256 samples may be
generated using a delay vector D = [l 28 64 32 8 2 16 1 4] and a seed
vectorW = [l j 1 j - 1 1 j j ] : a R256 = 6 6 F OOO OF OO C A C A OF F F F
O F F C A C A , (13)a i256 =
C3AAA5CCC355A53366F0009699FOFF963C555A333CAA5ACC66F0009699FOFF 96, (14)
while the compatible set of length-512 complex CES sequences generated
using a delay vector D = [256 128 64 32 8 2 16 1 4] and a seed vector W =
[l - j 1 j j 1 1 - j j ] may be: a R512 ~~
FF69990FA533C355FF69990F5ACC3CAA5A333C55FF9699FOA5CCC3AAFF9699
FO009666F05ACC3CAA009666FOA533C3555A333C55FF9699FOA5CCC3AAFF96 99FO, (15) a
i512 = 5A333C55FF9699F05A333C550069660F009666F05ACC3CAAFF69990F5ACC3CA
AA5CCC3AA0069660FA5CCC3AAFF9699F0009666F05ACC3CAAFF69990F5ACC 3CAA, (16) R
5 12 OF9969FF55C333A50F9969FFAA3CCC5AAAC3CCA50F666900553C335AOF6669
00F0669600AA3CCC5AF066960055C333A5AAC3CCA50F666900553C335AOF666 900, (17) b
I512 = AAC3CCA50F666900AAC3CCA5F09996FFF0669600AA3CCC5AOF9969FFAA3CC
C5A553C335AF09996FF553C335AOF666900F0669600AA3CCC5AOF9969FFAA3C CC5A. (18)
UNIFIED FRAME STRUCTURE [0083] The common mode (CM) transmission scheme
enables coexistence between different modes, such as a single carrier (SC)
mode and a High Speed Interface (HSI) OFDM mode. However, a wireless system
may be further configured to operate in a Carrier Sense Multiple Access
with Collision Avoidance (CSMA/CA) mode, which is the mode employed in the
Institute of Electrical and Electronics Engineers (IEEE)802.1 1 protocol
using a Clear Channel Assessment (CCA). A subscriber device may be able to
determine whether a transmission medium is busy by detecting a preamble and
by determining from the preamble a duration of the frame. Once the
subscriber device knows the frame length, it will be also known that the
medium will be in use for a specific period of time. [0084] In order to
facilitate operation in a Contention Access Period (CAP) part of a
super-frame in the IEEE 802.15.3 specification, a unified frame format 1210
illustrated in FIG. 12 may be employed, wherein the IEEE 802.15.3
super-frame may comprise at least one unified frame 1210. A preamble 1212
of the frame 1210 may be transmitted using the SC scheme, while the frame
1210 may be either the SC frame or the OFDM frame. The preamble 1212 may
use the same sequences as for the common mode, but a number of repetitions
of sequences in each field including the SFD field may vary. The preamble
1212 may be transmitted at the SC chip rate of, for example, F =1728 MHz.
[0085] A common short header 1214 may be employed in order to allow the
subscriber device to determine for how long the transmission medium is
busy. The common short header 1214 may be transmitted at the SC chip rate,
and may comprise the following fields illustrated in FIG. 13: a frame
length field 1302, a Modulation and Coding Scheme (MCS) field 1304, an
SC/OFDM bit 1306 indicating if the SC or the OFDM transmission scheme is
employed for transmission of the frame 1210, a Reserved (RES) field 1308,
and a Cyclic Redundancy Check (CRC) field 1310. The frame length specified
within the frame length field 1302 may be given in octets. [0086] Value of
the MCS field 1304 and information about the frame length may enable the
subscriber device to compute the frame duration. Alternatively, the common
short header 1214 may contain the frame duration in some units, such as,
for example, in milliseconds. The SC transmission mode may employ various
MCSs. Depending on which MCS is utilized, different data rates may be
achieved, such as, for example, 350 Mbps, 700 Mbps, 1.5 Gbps, and 3 Gbps.
[0087] The common short header 1214 may be transmitted in two bursts
following a Forward Error Correction (FEC) encoding, such as a Low Density
Parity Check (LDPC) encoding. A shortened LDPC code may be generated from a
rate-1/2 LDPC code, as illustrated in FIG. 13. A first step may provide for
appending 288 zeros to 48 bits of theshort header 1214. A second step may
provide for encoding the short header 1214 using a rate- 1/2 LDPC(672, 336)
code. After discarding the 288 zeros, a resulting code may 



be shortened to LDPC(384, 48) code. A third step may provide for
transmitting the first 192 bits in a first data slot (i.e., a PW 1314 which
may be the Golay code a H and a common header portion 1312) and for
transmitting remaining 192 bits in a second data slot (i.e., a PW 1318
which may be the Golay code a 64 and a common header portion 1316). [0088]
Referring back to FIG. 12, a short Guard interval 1216 following the common
short header 1214 may allow switching from the SC chip rate to the OFDM
chip rate (e.g., fromF = 1728 MHz tol.5F = 2592MHz). A remaining portion
1218 of the frame 1210 (i.e., the header and the data portion) may be
transmitted either in the SC mode or in the OFDM mode using the
corresponding chip rate. [0089] The various operations of methods described
above may be performed by any suitable means capable of performing the
corresponding functions. The means may include various hardware and/or
software component(s) and/or module(s), including, but not limited to a
circuit, an application specific integrate circuit (ASIC), or processor.
Generally, where there are operations illustrated in Figures, those
operations may have corresponding counterpart means-plus-function
components with similar numbering. For example, blocks 510-540 illustrated
in FIG. 5 correspond to circuit blocks 510A- 540A illustrated in FIG. 5A.
[0090] As used herein, the term "determining" encompasses a wide variety of
actions. For example, "determining" may include calculating, computing,
processing, deriving, investigating, looking up (e.g., looking up in a
table, a database or another data structure), ascertaining and the like.
Also, "determining" may include receiving (e.g., receiving information),
accessing (e.g., accessing data in a memory) and the like. Also,
"determining" may include resolving, selecting, choosing, establishing and
the like. [0091] The various operations of methods described above may be
performed by any suitable means capable of performing the operations, such
as various hardware and/or software component(s), circuits, and/or
module(s). Generally, any operations illustrated in the Figures may be
performed by corresponding functional means capable of performing the
operations.[0092] The various illustrative logical blocks, modules and
circuits described in connection with the present disclosure may be
implemented or performed with a general purpose processor, a digital signal
processor (DSP), an application specific integrated circuit (ASIC), a field
programmable gate array signal (FPGA) or other programmable logic device
(PLD), discrete gate or transistor logic, discrete hardware components or
any combination thereof designed to perform the functions described herein.
A general purpose processor may be a microprocessor, but in the
alternative, the processor may be any commercially available processor,
controller, microcontroller or state machine. A processor may also be
implemented as a combination of computing devices, e.g., a combination of a
DSP and a microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other such
configuration. [0093] The steps of a method or algorithm described in
connection with the present disclosure may be embodied directly in
hardware, in a software module executed by a processor, or in a combination
of the two. A software module may reside in any form of storage medium that
is known in the art. Some examples of storage media that may be used
include random access memory (RAM), read only memory (ROM), flash memory,
EPROM memory, EEPROM memory, registers, a hard disk, a removable disk, a
CDROM and so forth. A software module may comprise a single instruction, or
many instructions, and may be distributed over several different code
segments, among different programs, and across multiple storage media. A
storage medium may be coupled to a processor such that the processor can
read information from, and write information to, the storage medium. In the
alternative, the storage medium may be integral to the processor. [0094]
The methods disclosed herein comprise one or more steps or actions for
achieving the described method. The method steps and/or actions may be
interchanged with one another without departing from the scope of the
claims. In other words, unless a specific order of steps or actions is
specified, the order and/or use of specific steps and/or actions may be
modified without departing from the scope of the claims. [0095] The
functions described may be implemented in hardware, software, firmware or
any combination thereof. If implemented in software, the functions may be
stored as one or more instructions on a computer-readable medium. A storage
media may be any available media that can be accessed by a computer. By way
of example,and not limitation, such computer-readable media can comprise
RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic disk
storage or other magnetic storage devices, or any other medium that can be
used to carry or store desired program code in the form of instructions or
data structures and that can be accessed by a computer. Disk and disc, as
used herein, include compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk, and Blu-ray (r) disc where disks usually



reproduce data magnetically, while discs reproduce data optically with
lasers. [0096] Thus, certain aspects may comprise a computer program
product for performing the operations presented herein. For example, such a
computer program product may comprise a computer readable medium having
instructions stored (and/or encoded) thereon, the instructions being
executable by one or more processors to perform the operations described
herein. For certain aspects, the computer program product may include
packaging material. [0097] Software or instructions may also be transmitted
over a transmission medium. For example, if the software is transmitted
from a website, server, or other remote source using a coaxial cable, fiber
optic cable, twisted pair, digital subscriber line (DSL), or wireless
technologies such as infrared, radio, and microwave, then the coaxial
cable, fiber optic cable, twisted pair, DSL, or wireless technologies such
as infrared, radio, and microwave are included in the definition of
transmission medium. [0098] Further, it should be appreciated that modules
and/or other appropriate means for performing the methods and techniques
described herein can be downloaded and/or otherwise obtained by a user
terminal and/or base station as applicable. For example, such a device can
be coupled to a server to facilitate the transfer of means for performing
the methods described herein. Alternatively, various methods described
herein can be provided via storage means (e.g., RAM, ROM, a physical
storage medium such as a compact disc (CD) or floppy disk, etc.), such that
a user terminal and/or base station can obtain the various methods upon
coupling or providing the storage means to the device. Moreover, any other
suitable technique for providing the methods and techniques described
herein to a device can be utilized. [0099] It is to be understood that the
claims are not limited to the precise configuration and components
illustrated above. Various modifications, changes andvariations may be made
in the arrangement, operation and details of the methods and apparatus
described above without departing from the scope of the claims.CLAIMS 1. A
method for wireless communications, comprising: generating a preamble and a
data payload; and transmitting a frame comprising the preamble and the data
payload, wherein the preamble is transmitted according to a single carrier
(SC) transmission scheme at a first chip rate and the data payload is
transmitted according to an Orthogonal Frequency Division Multiplexing
(OFDM) transmission scheme at a second chip rate different from the first
chip rate. 2. The method of claim 1, wherein the second chip rate is 1.5
times higher than the first chip rate. 3. The method of claim 1, wherein
the preamble or the data payload is generated by using one or more Golay
codes. 4. The method of claim 1, wherein the preamble comprises a
Synchronization (SYNC) sequence, a Start Frame Delimiter (SFD) and a
Channel Estimation Sequence (CES), and wherein the SYNC, the SFD and the
CES are all spread by using Golay codes. 5. The method of claim 1, wherein
transmitting the frame comprises transmitting in a contention access period
(CAP) of a super-frame defined by a piconet controller. 6. The method of
claim 5, further comprising: generating a short header within the frame;
and transmitting the short header following the preamble, wherein the short
header is transmitted according to the SC transmission scheme at the first
chip rate. 7. The method of claim 6, wherein the short header comprises
information indicating duration of the frame. 8. The method of claim 6,
wherein the short header is generated by using a lowdensity parity-check
(LDPC) encoding.9. An apparatus for wireless communications, comprising: a
generator configured to generate a preamble and a data payload; and a
transmitter configured to transmit a frame comprising the preamble and the
data payload, wherein the preamble is transmitted according to a single
carrier (SC) transmission scheme at a first chip rate and the data payload
is transmitted according to an Orthogonal Frequency Division Multiplexing
(OFDM) transmission scheme at a second chip rate different from the first
chip rate. 10. The apparatus of claim 9, wherein the second chip rate is
1.5 times higher than the first chip rate. 11. The apparatus of claim 9,
wherein the preamble or the data payload is generated by using one or more
Golay codes. 12. The apparatus of claim 9, wherein the preamble comprises a
Synchronization (SYNC) sequence, a Start Frame Delimiter (SFD) and a
Channel Estimation Sequence (CES), and wherein the SYNC, the SFD and the
CES are all spread by using Golay codes. 



13. The apparatus of claim 9, wherein the transmitter configured to
transmit the frame of data comprises a circuit configured to transmit in a
contention access period (CAP) of a super-frame defined by a piconet
controller (PNC), wherein the apparatus and the PNC are in the same
piconet. 14. The apparatus of claim 13, further comprising: a generating
circuit configured to generate a short header within the frame; and a
circuit configured to transmit the short header following the preamble,
wherein the short header is transmitted according to the SC transmission
scheme at the first chip rate. 15. The apparatus of claim 14, wherein the
short header comprises information indicating duration of the frame.16. The
apparatus of claim 14, wherein the short header is generated by using a
lowdensity parity-check (LDPC) encoding. 17. An apparatus for wireless
communications, comprising: means for generating a preamble and a data
payload; and means for transmitting a frame comprising the preamble and the
data payload, wherein the preamble is transmitted according to a single
carrier (SC) transmission scheme at a first chip rate and the data payload
is transmitted according to an Orthogonal Frequency Division Multiplexing
(OFDM) transmission scheme at a second chip rate different from the first
chip rate. 18. The apparatus of claim 17, wherein the second chip rate is
1.5 times higher than the first chip rate. 19. The apparatus of claim 17,
wherein the preamble or the data payload is generated by using one or more
Golay codes. 20. The apparatus of claim 17, wherein the preamble comprises
a Synchronization (SYNC) sequence, a Start Frame Delimiter (SFD) and a
Channel Estimation Sequence (CES), and wherein the SYNC, the SFD and the
CES are all spread by using Golay codes. 21. The apparatus of claim 17,
wherein the means for transmitting the frame comprises means for
transmitting in a contention access period (CAP) of a super-frame defined
by a piconet controller (PNC), wherein the apparatus and the PNC are in the
same piconet. 22. The apparatus of claim 21, further comprising: means for
generating a short header within the frame; and means for transmitting the
short header following the preamble, wherein the short header is
transmitted according to the SC transmission scheme at the first chip
rate.23. The apparatus of claim 22, wherein the short header comprises
information indicating duration of the frame. 24. The apparatus of claim
22, wherein the short header is generated by using a lowdensity
parity-check (LDPC) encoding. 25. A computer-program product for wireless
communications, comprising a computer-readable medium comprising
instructions executable to: generate a preamble and a data payload; and
transmit a frame comprising the preamble and the data payload, wherein the
preamble is transmitted according to a single carrier (SC) transmission
scheme at a first chip rate and the data payload is transmitted according
to an Orthogonal Frequency Division Multiplexing (OFDM) transmission scheme
at a second chip rate different from the first chip rate. 26. A wireless
node, comprising: at least one antenna; a generator configured to generate
a preamble and a data payload; and a transmitter configured to transmit via
the at least one antenna a frame comprising the preamble and the data
payload, wherein the preamble is transmitted according to a single carrier
(SC) transmission scheme at a first chip rate and the data payload is
transmitted according to an Orthogonal Frequency Division Multiplexing
(OFDM) transmission scheme at a second chip rate different from the first
chip rate. 27. A method for wireless communications, comprising: receiving
a frame comprising a preamble and a data payload, wherein the preamble was
transmitted over a wireless channel according to a single carrier (SC)
transmission scheme at a first chip rate and the data payload was
transmitted according to an Orthogonal Frequency Division Multiplexing
(OFDM) transmission scheme at a second chip rate different from the first
chip rate; and detecting the preamble and the data payload.28. The method
of claim 27, wherein detecting the preamble and the data payload comprises
filtering the frame using a common configurable parallel matched filter.
29. The method of claim 28, wherein a Synchronization (SYNC) sequence, a
Start Frame Delimiter (SFD) and a Channel Estimation Sequence (CES) of the
preamble are 



all detected using the common configurable parallel matched filter. 30. The
method of claim 27, wherein the second chip rate is 1.5 times higher than
the first chip rate. 31. The method of claim 27, wherein the preamble
comprises Golay codes. 32. An apparatus for wireless communications,
comprising: a receiver configured to receive a frame comprising a preamble
and a data payload, wherein the preamble was transmitted over a wireless
channel according to a single carrier (SC) transmission scheme at a first
chip rate and the data payload was transmitted according to an Orthogonal
Frequency Division Multiplexing (OFDM) transmission scheme at a second chip
rate different from the first chip rate; and a detector configured to
detect the preamble and the data payload. 33. The apparatus of claim 32,
wherein the detector configured to detect the preamble and the data payload
comprises a circuit configured to filter the frame using a common
configurable parallel matched filter. 34. The apparatus of claim 33,
wherein a Synchronization (SYNC) sequence, a Start Frame Delimiter (SFD)
and a Channel Estimation Sequence (CES) of the preamble are all detected
using the common configurable parallel matched filter. 35. The apparatus of
claim 32, wherein the second chip rate is 1.5 times higher than the first
chip rate. 36. The apparatus of claim 32, wherein the preamble comprises
Golay codes. 37. An apparatus for wireless communications, comprising:means
for receiving a frame comprising a preamble and a data payload, wherein the
preamble was transmitted over a wireless channel according to a single
carrier (SC) transmission scheme at a first chip rate and the data payload
was transmitted according to an Orthogonal Frequency Division Multiplexing
(OFDM) transmission scheme at a second chip rate different from the first
chip rate; and means for detecting the preamble and the data payload. 38.
The apparatus of claim 37, wherein the means for detecting the preamble and
the data payload comprises means for filtering the frame using a common
configurable parallel matched filter. 39. The apparatus of claim 38,
wherein a Synchronization (SYNC) sequence, a Start Frame Delimiter (SFD)
and a Channel Estimation Sequence (CES) of the preamble are all detected
using the common configurable parallel matched filter. 40. The apparatus of
claim 37, wherein the second chip rate is 1.5 times higher than the first
chip rate. 41. The apparatus of claim 37, wherein the preamble comprises
Golay codes. 42. A computer-program product for wireless communications,
comprising a computer-readable medium comprising instructions executable
to: receive a frame comprising a preamble and a data payload, wherein the
preamble was transmitted over a wireless channel according to a single
carrier (SC) transmission scheme at a first chip rate and the data payload
was transmitted according to an Orthogonal Frequency Division Multiplexing
(OFDM) transmission scheme at a second chip rate different from the first
chip rate; and detect the preamble and the data payload. 43. A wireless
node, comprising: at least one antenna; a receiver configured to receive
via the at least one antenna a frame comprising a preamble and a data
payload, wherein the preamble was transmitted over a wirelesschannel
according to a single carrier (SC) transmission scheme at a first chip rate
and the data payload was transmitted according to an Orthogonal Frequency
Division Multiplexing (OFDM) transmission scheme at a second chip rate
different from the first chip rate; and a detector configured to detect the
preamble and the data payload. 


