
NUCLEOSIDE PHOSPHORAMIDATE PRODRUGS This application
is being filed on March 25, 2008, as a PCT
International Patent application in the name of
Pharmasset, Inc., a U.S. national corporation,
applicant for the designation of all countries except
the US, and Michael Joseph Sofia, a citizen of the
U.S.; Jinfa Du, a citizen of the U.S.; Peiyuan Wang, a
citizen of the People's Republic of China; and
Dhanapalan Nagarathnam, a citizen of the U.S.;
applicants for the designation of the US only, and
claims priority to U.S. Provisional Application Nos.
60/909,315, filed March 30, 2007; 60/982,309, filed
October 24, 2007; and U.S. Non-Provisional Application
No. 12/053,015, filed March 21, 2008. The contents of
each of the above-noted applications is hereby
incorporated by reference in its entirety. Field of
Invention The present invention pertains to nucleoside
phosphoramidates and their use as agents for treating
viral diseases. These compounds are inhibitors of
RNA-dependent RNA viral replication and are useful as
inhibitors of HCV NS5B polymerase, as inhibitors of
HCV replication and for treatment of hepatitis C
infection in mammals. The invention provides novel
chemical compounds, and the use of these compounds
alone or in combination with other antiviral agents
for treating HCV infection. Background Hepatitis C
virus (HCV) infection is a major health problem that
leads to chronic liver disease, such as cirrhosis and
hepatocellular carcinoma, in asubstantial number of
infected individuals, estimated to be 2-15% of the
world's population. There are an estimated 4.5 million
infected people in the United States alone, according
to the U.S. Center for Disease Control. According to
the World Health Organization, there are more than 200
million infected individuals worldwide, with at least
3 to 4 million people being infected each year. Once
infected, about 20% of people clear the virus, but the
rest can harbor HCV the rest of their lives. Ten to
twenty percent of chronically infected individuals
eventually develop liver-destroying cirrhosis or
cancer. The viral disease is transmitted parenterally
by contaminated blood and blood products, contaminated
needles, or sexually and vertically from infected
mothers or carrier mothers to their offspring. Current
treatments for HCV infection, which are restricted to
immunotherapy with recombinant interferon-aalone or in
combination with the nucleoside analog ribavirin, are
of limited clinical benefit. Moreover, there is no
established vaccine for HCV. Consequently, there is an
urgent need for improved therapeutic agents that
effectively combat chronic HCV infection. The HCV
virion is an enveloped positive-strand RNA virus with
a single oligoribonucleotide genomic sequence of about
9600 bases which encodes a polyprotein of about 3,010
amino acids. The protein products of the HCV gene
consist of the structural proteins C, El, and E2, and
the non-structural proteins NS2, NS3, NS4A and NS4B,
and NS5A and NS5B. The nonstructural (NS) proteins are
believed to provide the catalytic machinery for viral
replication. The NS3 protease releases NS5B, the
RNA-dependent RNA polymerase from the polyprotein
chain. HCV NS5B polymerase is required for the
synthesis of a double-stranded RNA from a
single-stranded viral RNA that serves as a templatein
the replication cycle of HCV. Therefore, NS5B
polymerase is considered to be an essential component
in the HCV replication complex (K. Ishi, et al,
Heptology, 1999, 29: 1227-1235; V. Lohmann, et al.,
Virology, 1998, 249: 108- 118). Inhibition of HCV NS5B
polymerase prevents formation of the doublestranded
HCV RNA and therefore constitutes an attractive
approach to the development of HCV-specific antiviral
therapies. HCV belongs to a much larger family of
viruses that share many common features. Flaviviridae
Viruses The Flaviviridae family of viruses comprises
at least three distinct genera: pestiviruses, which
cause disease in cattle and pigs; flavivruses, which
are the primary cause of diseases such as dengue fever
and yellow fever; and hepaciviruses, whose sole member
is HCV. The flavivirus genus includes more than 68
members separated into groups on the basis of
serological relatedness (Calisher et al., J. Gen.
Virol, 1993,70,37-43). Clinical symptoms vary and
include fever, encephalitis and hemorrhagic fever
(Fields Virology, Editors: Fields, B. N., Knipe, D.
M., and Howley, P. M., Lippincott-Raven Publishers,
Philadelphia, PA, 1996, Chapter 31, 931-959).
Flaviviruses of global concern that are associated
with human disease include the Dengue Hemorrhagic
Fever viruses (DHF), yellow fever virus, shock
syndrome and Japanese encephalitis virus (Halstead, S.
B., Rev. Infect. Dis., 1984, 6, 251-264; Halstead, S.
B., Science, 239:476-481, 1988; Monath, T. P., New
Eng. J. Med, 1988, 319, 64 1- 643).The pestivirus
genus includes bovine viral diarrhea virus (BVDV),
classical swine fever virus (CSFV, also called hog
cholera virus) and border disease virus (BDV) of sheep
(Moennig, V. et al.Adv. Vir. Res. 1992, 41, 53- 98).
Pestivirus infections of domesticated livestock
(cattle, pigs and sheep) cause significant economic
losses worldwide. BVDV causes mucosal disease in
cattle and is of significant economic importance to
the livestock industry (Meyers, G. and Thiel, H.J.,
Advances in Virus Research, 1996, 47, 53-1 18; Moennig
V., et al, Adv. Vir. Res. 1992, 41, 53-98). Human
pestiviruses have not been as extensively
characterized as the animal pestiviruses. However,
serological surveys indicate considerable pestivirus
exposure in humans. Pestiviruses and hepaciviruses are
closely related virus groups within the Flaviviridae
family. Other closely related viruses in this family
include the GB virus A, GB virus A-like agents, GB
virus-B and GB virus-C (also called hepatitis G virus,
HGV). The hepacivirus group (hepatitis C virus; HCV)
consists of a number of closely related but
genotypically distinguishable viruses that infect
humans. There are at least 6 HCV genotypes and more
than 50 subtypes. Due to the similarities between
pestiviruses and hepaciviruses, combined with the poor
ability of hepaciviruses to grow efficiently in cell
culture, bovine viral diarrhea virus (BVDV) is often
used as a surrogate to study the HCV virus. The
genetic organization of pestiviruses and hepaciviruses
is very similar. These positive stranded RNA viruses
possess a single large open reading frame (ORF)
encoding all the viral proteins necessary for virus
replication. These proteins are expressed as a
polyprotein that is co- and
post-translationallyprocessed by both cellular and
virus-encoded proteinases to yield the mature viral
proteins. The viral proteins responsible for the
replication of the viral genome RNA are located within
approximately the carboxy-terminal. Twothirds of the
ORF are termed nonstructural (NS) proteins. The
genetic organization and polyprotein processing of the
nonstructural protein portion of the ORF for
pestiviruses and hepaciviruses is very similar. For
both the pestiviruses and hepaciviruses, the mature
nonstructural (NS) proteins, in sequential order from
the amino-terminus of the nonstructural protein coding



region to the carboxy-terminus of the ORF, consist of
p7, NS2, NS3, NS4A, NS4B, NS5A, and NS5B. The NS
proteins of pestiviruses and hepaciviruses share
sequence domains that are characteristic of specific
protein functions. For example, the NS3 proteins of
viruses in both groups possess amino acid sequence
motifs characteristic of serine proteinases and of
helicases (Gorbalenya et al., Nature, 1988, 333, 22;
Bazan and Fletterick Virology , 1989,171,637-639;
Gorbalenya et al., Nucleic Acid Res., 1989, 17,
3889-3897). Similarly, the NS5B proteins of
pestiviruses and hepaciviruses have the motifs
characteristic of RNA-directed RNA polymerases
(Koonin, E.V. and DoIj a, V.V., Crir. Rev. Biochem.
Molec. Biol. 1993, 28, 375-430). The actual roles and
functions of the NS proteins of pestiviruses and
hepaciviruses in the lifecycle of the viruses are
directly analogous. In both cases, the NS3 serine
proteinase is responsible for all proteolytic
processing of polyprotein precursors downstream of its
position in the ORF (Wiskerchen and Collett, Virology,
1991, 184, 341-350; Bartenschlager et al., J. Virol.
1993, 67,3835-3844; Eckart et al. Biochem. Biophys.
Res. Comm. 1993,192, 399-406; Grakoui et al., J.
Virol. 1993, 67, 2832-2843; Grakoui et al., Proc.
Natl. Acad Sci. USA 1993, 90, 10583-10587; Hijikata et
al., J. Virol. 1993, 67, 4665-4675; Tome et al., J.
Virol., 1993, 67, 4017-4026). The NS4A protein, in
both cases, acts as a cofactor with the NS3 serine
protease (Bartenschlager et al., J. Virol. 1994, 68,
5045-5055; Failla et al., J. Virol. 1994, 68,
3753-3760; Xu et al., J. Virol., 1997, 71:53 12-5322).
The NS3 protein of both viruses also functions as a
helicase (Kim et al., Biochem. Biophys. Res. Comm.,
1995, 215, 160-166; Jin and Peterson, Arch. Biochem.
Biophys., 1995, 323, 47-53; Warrener and Collett, J.
Virol. 1995, 69, 1720- 1726). Finally, the NS5B
proteins of pestiviruses and hepaciviruses have the
predicted RNA-directed RNA polymerases activity
(Behrens et al., EMBO, 1996, 15, 12-22; Lechmann et
al., J. Virol, 1997, 71, 8416-8428; Yuan et al.,
Biochem. Biophys. Res. Comm. 1997, 232, 231-235;
Hagedorn, PCT WO 97/12033; Zhong et al, J. Virol.,
1998, 72, 9365-9369). Currently, there are limited
treatment options for individuals infected with
hepatitis C virus. The current approved therapeutic
option is the use of immunotherapy with recombinant
interferon-a alone or in combination with the
nucleoside analog ribavirin. This therapy is limited
in its clinical effectiveness and only 50% of treated
patients respond to therapy. Therefore, there is
significant need for more effective and novel
therapies to address the unmet medical need posed by
HCV infection. A number of potential molecular targets
for drug development of direct acting antivirals as
anti -HCV therapeutics have now been identified
including, but not limited to, the NS2-NS3
autoprotease, the N3 protease, the N3 helicaseand the
NS5B polymerase. The RNA-dependent RNA polymerase is
absolutely essential for replication of the
single-stranded, positive sense, RNA genome and this
enzyme has elicited significant interest among
medicinal chemists. Inhibitors of HCV NS5B as
potential therapies for HCV infection have been
reviewed: Tan, S.-L., et al., Nature Rev. Drug
Discov., 2002, 1, 867-88 1; Walker, M.P. et al., Exp.
Opin. Investigational Drugs, 2003, 12, 1269-1280; Ni,
Z-J., et al., Current Opinion in Drug Discovery and
Development, 2004, 7, 446- 459; Beaulieu, P. L., et
al., Current Opinion in Investigational Drugs, 2004,
5, 838-850; Wu, J., et al., Current Drug
Targets-Infectious Disorders, 2003, 3, 207-219;
Griffith, R.C., et al, Annual Reports in Medicinal
Chemistry, 2004, 39, 223-237; Carrol, S., et al.,
Infectious Disorders-Drug Targets, 2006, 6, 17-29. The
potential for the emergence of resistant HCV strains
and the need to identify agents with broad genotype
coverage supports the need for continuing efforts to
identify novel and more effective nucleosides as HCV
NS5B inhibitors. Nucleoside inhibitors of NS5B
polymerase can act either as a non-natural substrate
that results in chain termination or as a competitive
inhibitor which competes with nucleotide binding to
the polymerase. To function as a chain terminator the
nucleoside analog must be taken up by the cell and
converted in vivo to a triphosphate to compete for the
polymerase nucleotide binding site. This conversion to
the triphosphate is commonly mediated by cellular
kinases which imparts additional structural
requirements on a potential nucleoside polymerase
inhibitor. Unfortunately, this limits the direct
evaluation of nucleosides as inhibitors of HCV
replication to cell-based assays capable of in situ
phosphorylation.In some cases, the biological activity
of a nucleoside is hampered by its poor substrate
characteristics for one or more of the kinases needed
to convert it to the active triphosphate form.
Formation of the monophosphate by a nucleoside kinase
is generally viewed as the rate limiting step of the
three phosphorylation events. To circumvent the need
for the initial phosphorylation step in the metabolism
of a nucleoside to the active triphosphate analog, the
preparation of stable phosphate prodrugs has been
reported. Nucleoside phosphoramidate prodrugs have
been shown to be precursors of the active nucleoside
triphosphate and to inhibit viral replication when
administered to viral infected whole cells (McGuigan,
C , et al., J. Med. Chem., 1996, 39, 1748- 1753;
Valette, G., et al., J. Med. Chem., 1996, 39,
1981-1990; Balzarini, J., et al., Proc. National Acad
Sci USA, 1996, 93, 7295-7299; Siddiqui, A. Q., et al.,
J. Med. Chem., 1999, 42, 4122-4128; Eisenberg, E. J.,
et al., Nucleosides, Nucleotides and Nucleic Acids,
2001, 20, 1091-1098; Lee, W.A., et al., Antimicrobial
Agents and Chemotherapy, 2005, 49, 1898); US 2006/024
1064; and WO 2007/095269. Also limiting the utility of
nucleosides as viable therapeutic agents is their
sometimes poor physicochemical and pharmacokinetic
properties. These poor properties can limit the
intestinal absorption of an agent and limit uptake
into the target tissue or cell. To improve on their
properties prodrugs of nucleosides have been employed.
It has been demonstrated that preparation of
nucleoside phosphoramidates improves the systemic
absorption of a nucleoside and furthermore, the
phosphoramidate moiety of these "pronucleotides" is
masked with neutral lipophilic groups to obtain a
suitable partition coefficient to optimize uptake and
transport into the cell dramatically enhancing
theintracellular concentration of the nucleoside
monophosphate analog relative to administering the
parent nucleoside alone. Enzyme-mediated hydrolysis of
the phosphate ester moiety produces a nucleoside
monophosphate wherein the rate limiting initial
phosphorylation is unnecessary. SUMMARY OF THE
INVENTION The present invention is directed toward
novel phosphoramidate prodrugs of nucleoside
derivatives for the treatment of viral infections in
mammals, which is a compound, its stereoisomers, salts
(acid or basic addition salts), hydrates, solvates, or
crystalline forms thereof, represented by the
following structure: wherein (a) R1 is hydrogen,
n-alkyl; branched alkyl; cycloalkyl; or aryl, which
includes, but is not limited to, phenyl or naphthyl,
where phenyl or naphthyl are 



optionally substituted with at least one of C1- alkyl,
C2- alkenyl, C2- alkynyl, C1-6 alkoxy, F, Cl, Br, I,
nitro, cyano, C1- haloalkyl, -N(R1)2, C1-6 acylamino,
- NHSO2C1-6 alkyl, -SO2N(Rr )2, COR1-, and -SO2C1-6
alkyl; (R1' is independently hydrogen or alkyl, which
includes, but is not limited to, C1-20 alkyl, C1-10
alkyl, or C1-6 alkyl, R1- is -OR' or -N(Rr )2); (b) R2
is hydrogen, C I-10 alkyl, R3a or R3b and R2 together
are (CH2)n so as to form a cyclic ring that includes
the adjoining N and C atoms, C(O)CR3aR3bNHR', where n
is 2 to 4 and R1, R3a, and R3b;(c) R3a and R3b are (i)
independently selected from hydrogen, C1-10 alkyl,
cycloalkyl, -(CH2)C(NR3')2, C1-6 hydroxyalkyl, -CH2SH,
-(CH2)2S(O)dMe, - (CH2)3NHC(=NH)NH2,
(1H-indol-3-yl)methyl, (1H-imidazol-4-yl)methyl, -
(CH2)eCOR3 , aryl and aryl C1-3 alkyl, said aryl
groups optionally substituted with a group selected
from hydroxyl, C1-10 alkyl, C1-6 alkoxy, halogen,
nitro and cyano; (ii) R3a and R3b both are C1-6 alkyl;
(iii) R3a and R3b together are(CH2)f so as to form a
spiro ring; (iv) R3a is hydrogen and R3b and R2
together are (CH2)n so as to form a cyclic ring that
includes the adjoining N and C atoms (v) R3b is
hydrogen and R3a and R2 together are (CH2)n so as to
form a cyclic ring that includes the adjoining N and C
atoms, where c is 1 to 6, d is 0 to 2, e is 0 to 3, f
is 2 to 5, n is 2 to 4, and where R3 is independently
hydrogen or C1-6 alkyl and R3- is -OR' or -N(R 3')2);
(vi) R3a is H and R3b is H, CH3, CH2CH3, CH(CH3)2,
CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl,
-CH2CH2SCH3, CH2CO2H, CH2C(O)NH2, CH2CH2COOH,
CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, -CH 2CH2CH2NHC(NH)NH
2, CH2-imidazol-4-yl, CH2OH, CH(OH)CH3,
CH2((4'-OH)-Ph), CH2SH, or lower cycloalkyl; or (viii)
R3a is CH3, -CH2CH3, CH(CH3)2, CH2CH(CH3)2,
CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl, -CH2CH2SCH3,
CH2CO2H, CH2C(O)NH2, CH2CH2COOH, CH2CH2C(O)NH2,
CH2CH2CH2CH2NH2, -CH 2CH2CH2NHC(NH)NH 2, CH2-
imidazol-4-yl, CH2OH, CH(OH)CH3, CH2((4'-OH)-Ph),
CH2SH, or lower cycloalkyl and R3b is H, where R3 is
independently hydrogen or alkyl, which includes, but
is not limited to, C1-20 alkyl, C1-10 alkyl, or C1-6
alkyl, R3 is -OR' or -N(R3')2); (d) R4 is hydrogen,
C1-10 alkyl, C1-10 alkyl optionally substituted with a
lower alkyl, alkoxy, di(lower alkyl)-amino, or
halogen, C1-10 haloalkyl, C3-10 cycloalkyl, cycloalkyl
alkyl, cycloheteroalkyl, aminoacyl, aryl, such as
phenyl, heteroaryl, such as, pyridinyl, substituted
aryl, or substituted heteroaryl; (e) R5 is H, a lower
alkyl, CN, vinyl, O-(lower alkyl), hydroxyl lower
alkyl, i.e., -(CH2)pOH, where p is 1 -6, including
hydroxyl methyl (CH2OH), CH2F, N3, CH2CN, CH2NH2,
CH2NHCH3, CH2N(CH3)2, alkyne (optionally substituted),
or halogen, including F, Cl, Br, or I, with the
provisos that when Xis OH, base is cytosine and R6 is
H, R5 cannot be N and when X is OH, R6 is CH or CH2F
and B is a purine base, R5 cannot be H; (f) R6 is H,
CH3, CH2F, CHF2, CF3, F, or CN; (g) X is H, OH, F,
OMe, halogen, NH2, or N3; (h) Y is OH, H, C1-4 alkyl,
C2-4 alkenyl, C2-4 alkynyl, vinyl, N3, CN, Cl, Br, F,
I, NO2, OC(O)O(C1-4 alkyl), OC(O)O(C1-4 alkyl),
OC(O)O(C2-4 alkynyl), OC(O)O(C2-4 alkenyl), OC1-10
haloalkyl, O(aminoacyl), O(C1-10 acyl), O(C1-4 alkyl),
O(C2-4 alkenyl), S(C1-4 acyl), S(C1-4 alkyl), S(C2-4
alkynyl), S(C2-4 alkenyl), SO(C1-4 acyl), SO(C1-4
alkyl), SO(C2-4 alkynyl), SO(C2-4 alkenyl), SO2(C1-4
acyl), SO2(C1-4 alkyl), SO2(C2-4 alkynyl), SO2(C2-4
alkenyl), OS(O)2(C - 4 acyl), OS(O)2(C1-4 alkyl),
OS(O)2(C2-4 alkenyl), NH2, NH(C1-4 alkyl), NH(C2-4
alkenyl), NH(C2-4 alkynyl), NH(C1-4 acyl), N(C1-4
alkyl)2, N(C -18 acyl)2, wherein alkyl, alkynyl,
alkenyl and vinyl are optionally substituted by N3,
CN, one to three halogen (Cl, Br, F, I), NO2,
C(O)O(C1-4 alkyl), C(O)O(C1-4 alkyl), C(O)O(C2-4
alkynyl), C(O)O(C2-4 alkenyl), O(C1-4 acyl), O(C1-4
alkyl), O(C2-4 alkenyl), S(C 1-4 acyl), S(C1-4 alkyl),
S(C2-4 alkynyl), S(C2-4 alkenyl), SO(C1-4 acyl),
SO(C1-4 alkyl), SO(C2-4 alkynyl), SO(C2-4 alkenyl),
SO2(C1-4 acyl), SO2(C1-4 alkyl), SO2(C2-4 alkynyl),
SO2(C2-4 alkenyl), OS(O)2(C1-4 acyl), OS(O)2(C1-4
alkyl), OS(O)2(C2-4 alkenyl), NH2, NH(C1-4 alkyl),
NH(C2-4 alkenyl), NH(C2-4 alkynyl), NH(C1-4 acyl),
N(C1-4 alkyl)2, N(C1-4 acyl)2; the base is a naturally
occurring or modified purine or pyrimidine base
represented by the following structures:wherein Z is N
or CR12 ; R7, R8,R9, R10, and Rn are independently H,
F, Cl, Br, I, OH, OR', SH, SR', NH2, NHR', NR'2, lower
alkyl of C1-C6, halogenated (F, Cl, Br, I) lower alkyl
of C1-C6, lower alkenyl of C2-C , halogenated (F, Cl,
Br, I) lower alkenyl of C -C , lower alkynyl of C2-C
such as CCH, halogenated (F, Cl, Br, I) lower alkynyl
of C2-C , lower alkoxy of C1-C6, halogenated (F, Cl,
Br, I) lower alkoxy of C1-C6, CO2H, CO2R', CONH2,
CONHR', CONR'2, CH=CHCO2H, or CH=CHCO2R', wherein R'
is an optionally substituted alkyl , which includes,
but is not limited to, an optionally substituted C1-20
alkyl, an optionally substituted C1-10 alkyl, an
optionally substituted lower alkyl; an optionally
substituted cycloalkyl; an optionally substituted
alkynyl of C2-C6, an optionally substituted lower
alkenyl of C2-C6, or optionally substituted acyl,
which includes but is not limited to C(O) alkyl,
C(O)(C1-20 alkyl), C(O)(C1-10 alkyl), or C(O)(lower
alkyl) or alternatively, in the instance of NR'2, each
R' comprise at least one C atom that are joined to
form a heterocycle comprising at least two carbon
atoms; and R12 is H, halogen (including F, Cl, Br, I),
OH, OR', SH, SR', NH2, NHR', NR'2, NO2 lower alkyl of
C1-C6, halogenated (F, Cl, Br, I) lower alkyl of
C1-C6, lower alkenyl of C2-C6, halogenated (F, Cl, Br,
I) lower alkenyl of C2-C6 , lower alkynyl of C2-C6,
halogenated (F, Cl, Br, I) lower alkynyl of C2-C6,
lower alkoxy of C1-C6, halogenated (F, Cl, Br, I)
lower alkoxy of C -C6, CO2H, CO2R', CONH2, CONHR',
CONR'2, CH=CHCO2H, or CH=CHCO2R'; with the provisothat
when base is represented by the structure c with R11
being hydrogen, R12 is not a: (i) -OC-H, (ii) -C=CH 2,
or (iii) -NO 2. DEFINITIONS The phrase "a" or "an"
entity as used herein refers to one or more of that
entity; for example, a compound refers to one or more
compounds or at least one compound. As such, the terms
"a" (or "an"), "one or more", and "at least one" can
be used interchangeably herein. The phrase "as defined
herein above" refers to the first definition provided
in the Summary of the Invention. The terms "optional"
or "optionally" as used herein means that a
subsequently described event or circumstance may but
need not occur, and that the description includes
instances where the event or circumstance occurs and
instances in which it does not. For example, "optional
bond" means that the bond may or may not be present,
and that the description includes single, double, or
triple bonds. The term "independently" is used herein
to indicate that a variable is applied in any one
instance without regard to the presence or absence of
a variable having that same or a different definition
within the same compound. 



Thus, in a compound in which R appears twice and is
defined as "independently carbon or nitrogen", both
R's can be carbon, both R's can be nitrogen, or one R'
can be carbon and the other nitrogen. The term
"alkenyl" refers to an unsubstituted hydrocarbon chain
radical having from 2 to 10 carbon atoms having one or
two olefinic double bonds, preferably one olefinic
double bond. The term "C2-N alkenyl" refers to an
alkenyl comprising 2 to N carbon atoms, where N is an
integer having the following values: 3, 4, 5, 6, 7, 8,
9, or 10. The term "C2-10 alkenyl" refers to an
alkenyl comprising 2 to 10 carbon atoms. The term
"C2-4 alkenyl" refers to an alkenyl comprising 2 to 4
carbon atoms. Examples include, but are not limited
to, vinyl, 1-propenyl, 2-propenyl (allyl) or 2-butenyl
(crotyl).The term "halogenated alkenyl" refers to an
alkenyl comprising at least one of F, Cl, Br, and I.
The term "alkyl" refers to an unbranched or branched
chain, saturated, monovalent hydrocarbon residue
containing 1 to 30 carbon atoms. The term "C1- M
alkyl" refers to an alkyl comprising 1 to M carbon
atoms, where M is an integer having the following
values: 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, or 30. The term "C1-4 alkyl" refers to an
alkyl containing 1 to 4 carbon atoms. The term "lower
alkyl" denotes a straight or branched chain
hydrocarbon residue comprising 1 to 6 carbon atoms.
"C1-20 alkyl" as used herein refers to an alkyl
comprising 1 to 20 carbon atoms. "C1-K) alkyl" as used
herein refers to an alkyl comprising 1 to 10 carbons.
Examples of alkyl groups include, but are not limited
to, lower alkyl groups include methyl, ethyl, propyl,
/-propyl, "-butyl, /-butyl, r-butyl or pentyl,
isopentyl, neopentyl, hexyl, heptyl, and octyl. The
term (ar)alkyl or (heteroaryl)alkyl indicate the alkyl
group is optionally substituted by an aryl or a
heteroaryl group respectively. The term "cycloalkyl"
refers to an unsubstituted or substituted carbocycle,
in which the carbocycle contains 3 to 10 carbon atoms;
preferably 3 to 8 carbon atoms; more preferably 3 to 6
carbon atoms (i.e., lower cycloalkyls). Examples of
cycloalkyl groups include, but are not limited to,
cyclopropyl, 2- methyl-cyclopropyl, cyclobutyl,
cyclopentyl, and cyclohexyl. The term "cycloalkyl
alkyl" refers to an additionally unsubstituted or
substituted alkyl substituted by a lower cycloalkyl.
Examples of cycloalkyl alkyls include, but are not
limited to, any one of methyl, ethyl, propyl,
i-propyl, n-butyl, i-butyl, t-butyl or pentyl,
isopentyl, neopentyl, hexyl, heptyl, and octyl that is
substituted with cyclopropyl, 2-methyl-cyclopropyl,
cyclobutyl, cyclopentyl, and cyclohexyl. The term
"cycloheteroalkyl" refers to an unsubstituted or
substituted heterocycle, in which the heterocycle
contains 2 to 9 carbon atoms; preferably 2 to 7 carbon
atoms; more preferably 2 to 5 carbon atoms. Examples
of cycloheteroalkyls include, but are not limited to,
aziridin-2-yl, N-C1-3-alkylaziridin-2-yl, azetidinyl,
N-C1.3-alkyl-azetidin-m'-yl, pyrrolidin-m'-yl, N-Q -3-
alkyl-pyrrolidin-m'-yl, piperidin-m'-yl, and
N-C1^-alkyl-piperidin-m'-yl, where m' is 2, 3, or 4
depending on the cycloheteroalkyl. Specific examples
of N-C1-3- alkyl-cycloheteroalkyls include, but are
not limited to, N-methyl-aziridin-2-yl,
N-methyl-azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-2-yl,
N-methyl-piperidin-3-yl, and N-methyl-piperidin-4-yl.
In the instance of R4, the point of attachment between
the cycloheteroalkyl ring carbon and the oxygen occurs
at any one of m' The term "heterocycle" refers to an
unsubstituted or substituted heterocycle containing
carbon, hydrogen, and at least one of N, O, and S,
where the C and N can be trivalent or tetravalent,
i.e., sp2- or sp3-hybridized. Examples of heterocycles
include, but are not limited to, aziridine, azetidine,
pyrrolidine, piperidine, imidazole, oxazole,
piperazine, etc. In the instance of piperazine, as
related to R10 for NR'2, the corresponding opposite
nitrogen atom of the piperazinyl is substituted by a
lower alkyl represented by the following structure:
Preferably, the opposite nitrogen of the piperazinyl
is substituted by a methyl group. The term
"halogenated alkyl" (or "haloalkyl") refers to an
unbranched or branched chain alkyl comprising at least
one of F, Cl, Br, and I. The term "C1-M haloalkyl"
refers to an alkyl comprising 1 to M carbon atoms that
comprises at least one of F, Cl, Br, and I, where M is
an integer having the following values: 2, 3, 4, 5, 6,
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22, 23, 24, 25, 26, 27, 28, 29, or 30. "Cr 3
haloalkyl" refers to a haloalkyl comprising 1 to 3
carbons and at least one of F, Cl, Br, and I. The term
"halogenated lower alkyl" (or "lower haloalkyl")
refers to a haloalkyl comprising 1 to 6 carbon atoms
and at least one of F, Cl, Br, and I . Examples
include, but are not limited to, fluoromethyl,
chloromethyl, bromomethyl, iodomethyl, difluoromethyl,
dichloromethyl, dibromomethyl, diiodomethyl,
trifluoromethyl, trichloromethyl, tribromomethyl,
triiodomethyl, 1-fluoroethyl, 1-chloroethyl,
1-bromoethyl, 1-iodoethyl, 2-fluoroethyl,
2-chloroethyl, 2-bromoethyl, 2-iodoethyl, 2,2-
difluoroethyl, 2,2-dichloroethyl, 2,2-dibromomethyl,
2-2-diiodomethyl, 3- fluoropropyl, 3-chloropropyl,
3-bromopropyl, 2,2,2-trifluoroethyl or 1,1,2,2,2-
pentafluoroethyl. The term "alkynyl" refers to an
unbranched or branched hydrocarbon chain radical
having from 2 to 10 carbon atoms, preferably 2 to 5
carbon atoms, and having one triple bond. The term
"C2-N alkynyl" refers to an alkynyl comprising 2 to N
carbon atoms, where N is an integer having the
following values: 3, 4, 5, 6, 7, 8, 9, or 10. The term
"C C2-4 alkynyl" refers to an alkynyl comprising 2 to
4 carbon atoms. The term "C2-10 alkynyl" refers to an
alkynyl comprising 2 to 10 carbons. Examples include,
but are limited to, ethynyl, 1- propynyl, 2-propynyl,
1-butynyl, 2-butynyl or 3-butynyl. The term
"halogenated alkynyl" refers to an unbranched or
branched hydrocarbon chain radical having from 2 to 10
carbon atoms, preferably 2 to 5 carbon atoms, and
having one triple bond and at least one of F, Cl, Br,
and I. The term "cycloalkyl" refers to a saturated
carbocyclic ring comprising 3 to 8 carbon atoms, i.e.
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl or cyclooctyl. The term "C - cycloalkyl"
as used herein refers to a cycloalkyl comprising 3 to
7 carbons in the carbocyclic ring. The term "alkoxy"
refers to an -O-alkyl group or an -O-cycloalkyl group,
wherein alkyl and cycloalkyl are as defined above.
Examples of -O-alkyl groups include, but are not
limited to, methoxy, ethoxy, n-propyloxy, ipropyloxy,
n-butyloxy, i-butyloxy, t-butyloxy. "Lower alkoxy" as
used herein denotes an alkoxy group with a "lower
alkyl" group as previously defined. "C1-10 alkoxy"
refers to an-O-alkyl wherein alkyl is C1.io. Examples
of -O-cycloalkyl groups include, but are not limited
to, -O-c-propyl, -O-c-butyl, -O-c-pentyl, and
-O-c-hexyl. The term "halogenated alkoxy" refers to an
-O-alkyl group in which the alkyl group comprises at
least one of F, Cl, Br, and I.The term "halogenated
lower alkoxy" refers to an -O-(lower alkyl) group in
which the lower alkyl group comprises at least one of
F, Cl, Br, and I. 



The term "amino acid" includes naturally occurring and
synthetic a, b g or d amino acids, and includes but is
not limited to, amino acids found in proteins, i.e.
glycine, alanine, valine, leucine, isoleucine,
methionine, phenylalanine, tryptophan, proline,
serine, threonine, cysteine, tyrosine, asparagine,
glutamine, aspartate, glutamate, lysine, arginine and
histidine. In a preferred embodiment, the amino acid
is in the L-configuration. Alternatively, the amino
acid can be a derivative of alanyl, valinyl, leucinyl,
isoleucinyl, prolinyl, phenylalaninyl, tryptophanyl,
methioninyl, glycinyl, serinyl, threoninyl, cysteinyl,
tyrosinyl, asparaginyl, glutaminyl, aspartoyl,
glutaroyl, lysinyl, argininyl, histidinyl, b-alanyl,
b-valinyl, b-leucinyl, b-isoleucinyl, b-prolinyl, b-
phenylalaninyl, b-tryptophanyl, b-methioninyl,
b-glycinyl, b-serinyl, b- threoninyl, b-cysteinyl,
b-tyrosinyl, b-asparaginyl, b-glutaminyl, b-aspartoyl,
b- glutaroyl, b-lysinyl, b-argininyl or b-histidinyl.
When the term amino acid is used, it is considered to
be a specific and independent disclosure of each of
the esters of a, b g or d glycine, alanine, valine,
leucine, isoleucine, methionine, phenylalanine,
tryptophan, proline, serine, threonine, cysteine,
tyrosine, asparagine, glutamine, aspartate, glutamate,
lysine, arginine and histidine in the D and
L-configurations. The term "aminoacyl" includes
N,N-unsubstituted, N,N-monosubstituted, and
N,N-disubstituted derivatives of naturally occurring
and synthetic a, b g or d amino acyls, where the amino
acyls are derived from amino acids. The aminonitrogen
can be substituted or unsubstituted. When the
amino-nitrogen is substituted, the nitrogen is either
mono- or di-substituted, where the substituent bound
to the amino-nitrogen is a lower alkyl or an alkaryl.
In the instance of its use for Y, the expression
"O(aminoacyl)" is used. It is understood that the C3'
carbon of the ribose is bound to the oxygen "O", which
is then bound to the carbonyl carbon of the aminoacyl.
The terms "alkylamino" or "arylamino" refer to an
amino group that has one or two alkyl or aryl
substituents, respectively.The term "protected," as
used herein and unless otherwise defined, refers to a
group that is added to an oxygen, nitrogen, or
phosphorus atom to prevent its further reaction or for
other purposes. A wide variety of oxygen and nitrogen
protecting groups are known to those skilled in the
art of organic synthesis. Nonlimiting examples
include: C(O)-alkyl, C(O)Ph, C(O)aryl, CH3, CH2-alkyl,
CH2- alkenyl, CH2Ph, CH2-aryl, CH2O-alkyl, CH2O-aryl,
SO2-alkyl, SO2-aryl, tertbutyldimethylsilyl,
tert-butyldiphenylsilyl, and 1,3-(I 1,3,3-
tetraisopropyldisiloxanylidene). The term "aryl," as
used herein, and unless otherwise specified, refers to
substituted or unsubstituted phenyl (Ph), biphenyl, or
naphthyl, preferably the term aryl refers to
substituted or unsubstituted phenyl. The aryl group
can be substituted with one or more moieties selected
from among hydroxyl, F, Cl, Br, I, amino, alkylamino,
arylamino, alkoxy, aryloxy, nitro, cyano, sulfonic
acid, sulfate, phosphonic acid, phosphate, and
phosphonate, either unprotected, or protected as
necessary, as known to those skilled in the art, for
example, as taught in T.W. Greene and P.G. M. Wuts,
"Protective Groups in Organic Synthesis," 3rd ed.,
John Wiley & Sons, 1999. The terms "alkaryl" or
"alkylaryl" refer to an alkyl group with an aryl
substituent, such as benzyl. The terms "aralkyl" or
"arylalkyl" refer to an aryl group with an alkyl
substituent. The term "di(lower alkyl)amino-lower
alkyl" refers to a lower alkyl substituted by an amino
group that is itself substituted by two lower alkyl
groups. Examples include, but are not limited to,
(CH3)2NCH2, (CH3)2NCH2CH2, (CHa)2NCH2CH2CH2, etc. The
examples above show lower alkyls substituted at the
terminus carbon atom with an N,N-dimethyl-amino
substituent. These are intended as examples only and
are not intended to limit the meaning of the term
"di(lower alkyl)amino-lower alkyl" so as to require
the same. It is contemplated that the lower alkyl
chain can be substituted with an N,N-di(lower
alkyl)-amino at any point along the chain, e.g.,
CH3CH(N-(lower alkyl)2)CH2CH2. The term "halo," as
used herein, includes chloro, bromo, iodo and
fluoro.The term "acyl" refers to a substituent
containing a carbonyl moiety and a non-carbonyl
moiety. The carbonyl moiety contains a double-bond
between the carbonyl carbon and a heteroatom, where
the heteroatom is selected from among O, N and S. When
the heteroatom is N, the N is substituted by a lower
alkyl. The non-carbonyl moiety is selected from
straight, branched, and cyclic alkyl, which includes,
but is not limited to, a straight, branched, or cyclic
C1-20 alkyl, C1-10 alkyl, or lower alkyl; alkoxyalkyl,
including methoxymethyl; aralkyl, including benzyl;
aryloxyalkyl, such as phenoxymethyl; or aryl,
including phenyl optionally substituted with halogen
(F, Cl, Br, I), hydroxyl, C1 to C4 alkyl, or C1 to C4
alkoxy, sulfonate esters, such as alkyl or aralkyl
sulphonyl, including methanesulfonyl, the mono, di or
triphosphate ester, trityl or monomethoxytrityl,
substituted benzyl, trialkylsilyl (e.g.
dimethyl-t-butylsilyl) or diphenylmethylsilyl. When at
least one aryl group is present in the noncarbonyl
moiety, it is preferred that the aryl group comprises
a phenyl group. The term "lower acyl" refers to an
acyl group in which the non-carbonyl moiety is lower
alkyl. The term "purine" or "pyrimidine" base
includes, but is not limited to, adenine,
N6-alkylpurines, N6-acylpurines (wherein acyl is
C(O)(alkyl, aryl, alkylaryl, or arylalkyl),
N6-benzylpurine, N6-halopurine, N6-vinylpurine, N6-
acetylenic purine, N6-acyl purine, N6-hydroxyalkyl
purine, N6- allcylaminopurine, N6-thioallcyl purine,
N2-alkylpurines, N2-alkyl-6-thiopurines, thymine,
cytosine, 5-fluorocytosine, 5-methylcytosine,
6-azapyrimidine, including 6-azacytosine, 2- and/or
4-mercaptopyrmidine, uracil, 5-halouracil, including
5-fluorouracil, C5-alkylpyrimidines,
C5-benzylpyrimidines, C5- halopyrimidines,
C5-vinylpyrimidine, C5-acetylenic pyrimidine, C5-acyl
pyrimidine, C5-hydroxyalkyl purine,
C5-amidopyrimidine, C5-cyanopyrimidine,
,C5-iodopyrimidine, C6-lodo-pyrimidine, C5-Br-vinyl
pyrimidine, C6-Br-vinyl pyrimidine,
C5-nitropyrimidine, C5-amino-pyrimidine,
N2-alkylpurines, N2- alkyl-6-thiopurines,
5-azacytidinyl, 5-azauracilyl, triazolopyridinyl,
imidazolopyridinyl, pyrrolopyrimidinyl, and
pyrazolopyrimidinyl. Purine bases include, but are not
limited to, guanine, adenine, hypoxanthine, 2,6-
diaminopurine, and 6-chloropurine. Functional oxygen
and nitrogen groups onthe base can be protected as
necessary or desired. Suitable protecting groups are
well known to those skilled in the art, and include
trimethylsilyl, dimethylhexylsilyl,
-butyldimethylsilyl, and r-butyldiphenylsilyl, trityl,
alkyl groups, and acyl groups such as acetyl and
propionyl, methanesulfonyl, and ptoluenesulfonyl. The
term "tautomerism" and "tautomers" have their accepted
plain meanings. The term "P*" means that the
phosphorous atom is chiral and that it has a
corresponding Cahn-Ingold-Prelog designation of "R" or
"S" which have their accepted plain meanings. It is
contemplated that compounds of the formula I are 



racemic because the chirality at phosphorous.
Applicants contemplate use of the racemate and/or the
resolved enantiomers. In some instances, an asterisk
does not appear next to the phosphoroamidate
phosphorous atom. In these instances, it is understood
that the phosphorous atom is chiral and that one of
ordinary skill understands this to be so unless the
substituents bound to the phosphorous exclude the
possibility of chirality at phosphorous, such as in
P(O)Cl . DETAILED DESCRIPTION OF THE INVENTION An
aspect of the invention is directed to a compound, its
salts, hydrates, solvates, crystalline forms, and the
like represented by formula I: wherein (a) R1 is
hydrogen, n-alkyl; branched alkyl; cycloalkyl; or
aryl, which includes, but is not limited to, phenyl or
naphthyl, where phenyl or naphthyl are optionally
substituted with at least one of C1-6 alkyl, C2-6
alkenyl, C2-6 alkynyl, C1-6 alkoxy, F, Cl, Br, I,
nitro, cyano, C1- haloalkyl, -N(R1) , C1-6 acylamino,
-NHSO2C1-6 alkyl, -SO2N(Rr )2, COR1-, and -SO2C1-6
alkyl; (R1' is independently hydrogen or alkyl, which
includes, but is not limited to, -20 alkyl, C1-10
alkyl, or C1-6 alkyl, R1" is -OR 1or -N(Rr )2); (b) R2
is hydrogen, C 1-10 alkyl, R3a or R3b and R2 together
are (CH2)n so as to form a cyclic ring that includes
the adjoining N and C atoms, C(O)CR3aR3bNHR], where n
is 2 to 4 and R1, R3a, and R3b; (c) R3a and R3b are
(i) independently selected from hydrogen, C1-10 alkyl,
cycloalkyl, -(CH2)0(NR3')2, C -6 hydroxyalkyl, -CH2SH,
-(CH2)2S(O)dMe, - (CH2)3NHC(=NH)NH2,
(1H-indol-3-yl)methyl, (1H-imidazol-4-yl)methyl, -
(CH2)eCOR3 , aryl and aryl C1-3 alkyl, said aryl
groups optionally substituted with a group selected
from hydroxyl, C1-10 alkyl, C1-6 alkoxy, halogen,
nitro and cyano; (ii) R3a and R3b both are C1-6 alkyl;
(iii) R3a and R3b together are(CH2)f so as to form a
spiro ring; (iv) R3a is hydrogen and R3b and R2
together are (CH2)n so as to form a cyclic ring that
includes the adjoining N and C atoms (v) R3b is
hydrogen and R3a and R2 together are (CH2)n so as to
form a cyclic ring that includes the adjoining N and C
atoms, where c is 1to 6, d is 0 to 2, e is 0 to 3, f
is 2 to 5, n is 2 to 4, and where R3 is independently
hydrogen or C1-6 alkyl and R3- is -OR1or -N(R 3')2);
(vi) R3a is H and R3b is H, CH3, CH2CH3, CH(CH3)2,
CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl,
-CH2CH2SCH3, CH2CO2H, CH2C(O)NH2, CH2CH2COOH,
CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, -CH 2CH2CH2NHC(NH)NH
2, CH2-imidazol-4-yl, CH2OH, CH(OH)CH3,
CH2((4'-OH)-Ph), CH2SH, or lower cycloalkyl; or (viii)
R3a is CH3, -CH2CH3, CH(CH3)2, CH2CH(CH3)2,
CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl, -CH2CH2SCH3,
CH2CO2H, CH2C(O)NH2, CH2CH2COOH, CH2CH2C(O)NH2,
CH2CH2CH2CH2NH2, -CH 2CH2CH2NHC(NH)NH 2, CH2-
imidazol-4-yl, CH2OH, CH(OH)CH3, CH2((4'-OH)-Ph),
CH2SH, or lower cycloalkyl and R3b is H, where R3 is
independently hydrogen or alkyl, which includes, but
is not limited to, C1-2Oalkyl, C1.io alkyl, or C1-6
alkyl, R3 is -OR' or -N(R3')2); (d) R4 is hydrogen,
C1-10 alkyl, C1-10 alkyl optionally substituted with a
lower alkyl, alkoxy, di(lower alkyl)-amino, or
halogen, C1-10 haloalkyl, C3-10cycloalkyl, cycloalkyl
alkyl, cycloheteroalkyl, aminoacyl, aryl, such as
phenyl, heteroaryl, such as, pyridinyl, substituted
aryl, or substituted heteroaryl; (e) R5 is H, a lower
alkyl, CN, vinyl, O-(lower alkyl), hydroxyl lower
alkyl, i.e., -(CH2)POH, where p is 1 -6, including
hydroxyl methyl (CH2OH), CH2F, N3, CH2CN, CH2NH2,
CH2NHCH3, CH2N(CH3)2, alkyne (optionally substituted),
or halogen, including F, Cl, Br, or I, with the
provisos that when X is OH, base is cytosine and R6 is
H, R5 cannot be N3 and when X is OH, R6 is CH3 or CH2F
and B is a purine base, R5 cannot be H; (f) R6 is H,
CH3, CH2F, CHF2, CF3, F, or CN; (g) X is H, OH, F,
OMe, halogen, NH2, or N3; (h) Y is OH, H, C1-4 alkyl,
C2-4 alkenyl, C2 4 alkynyl, vinyl, N3, CN, Cl, Br, F,
I, NO2, OC(O)O(C1-4 alkyl), OC(O)O(C1-4 alkyl),
OC(O)O(C2-4 alkynyl), OC(O)O(C2-4 alkenyl), OC 1-10
haloalkyl, O(aminoacyl), O(CM oacyl), O(C1-4 alkyl),
O(C2-4 alkenyl), S(C1-4 acyl), S(C1-4 alkyl), S(C2-4
alkynyl), S(C2-4 alkenyl), SO(C1-4 acyl), SO(C1-4
alkyl), SO(C2-4 alkynyl), SO(C2-4 alkenyl), SO2(C1-4
acyl), SO2(C1-4 alkyl), SO2(C2-4 alkynyl), SO2(C2-4
alkenyl), OS(O)2(C - 4 acyl), OS(O)2(C1-4 alkyl),
OS(O)2(C2-4 alkenyl), NH2, NH(C1-4 alkyl), NH(C2-4
alkenyl), NH(C2-4 alkynyl), NH(C1-4 acyl), N(C1-4
alkyl)2, N(C1-18 acyl)2, wherein alkyl, alkynyl,
alkenyl and vinyl are optionally substituted by N3,
CN, one to three halogen (Cl, Br, F, I), NO2, C(O)O(C
alkyl), C(O)O(C1-4 alkyl), C(O)O(C2-4 alkynyl),
C(O)O(C2-4 alkenyl), O(C1-4 acyl), O(C1-4 alkyl),
O(C2-4 alkenyl), S(C 4 acyl), S(C1-4 alkyl), S(C2-4
alkynyl), S(C2-4 alkenyl), SO(C1-4 acyl), SO(C1-4
alkyl), SO(C2-4 alkynyl), SO(C2-4 alkenyl), SO2(C1-4
acyl), SO2(C1-4 alkyl), SO2(C2-4 alkynyl), SO2(C2-4
alkenyl), OS(O)2(C1 acyl), OS(O)2(C1-4 alkyl),
OS(O)2(C2-4 alkenyl), NH2, NH(C1-4 alkyl), NH(C2-4
alkenyl), NH(C2-4 alkynyl), NH(C1-4 acyl), N(C1-4
alkyl)2, N(C1-4 acyl)2; the base is a naturally
occurring or modified purine or pyrimidine base
represented by the following structures:wherein Z is N
or CR12; R7, R8,R9, R10, and Rn are independently H,
F, Cl, Br, I, OH, OR', SH, SR', NH2, NHR', NR'2, lower
alkyl of C1-C6, halogenated (F, Cl, Br, I) lower alkyl
of C1-C , lower alkenyl of C -C , halogenated (F, Cl,
Br, I) lower alkenyl of C -C6, lower alkynyl of C2-C6
such as CCH, halogenated (F, Cl, Br, I) lower alkynyl
of C2-C6, lower alkoxy of C1-C6, halogenated (F, Cl,
Br, I) lower alkoxy of C1-C6, CO2H, CO2R', CONH2,
CONHR', CONR'2, CH=CHCO2H, or CH=CHCO2R', wherein R'
is an optionally substituted alkyl , which includes,
but is not limited to, an optionally substituted C1-20
alkyl, an optionally substituted C1.io alkyl, an
optionally substituted lower alkyl; an optionally
substituted cycloalkyl; an optionally substituted
alkynyl of C2-C6, an optionally substituted lower
alkenyl of C2-C , or optionally substituted acyl,
which includes but is not limited to C(O) alkyl,
C(O)(C1-20 alkyl), C(O)(C1-10 alkyl), or C(O)(lower
alkyl) or alternatively, in the instance of NR'2, each
R' comprise at least one C atom that are joined to
form a heterocycle comprising at least two carbon
atoms; and R12 is H, halogen (including F, Cl, Br, I),
OH, OR', SH, SR', NH2, NHR', NR'2, NO2 lower alkyl of
C1-C6, halogenated (F, Cl, Br, I) lower alkyl of
C1-C6, lower alkenyl of C2-C , halogenated (F, Cl, Br,
I) lower alkenyl of C2-C6 , lower alkynyl of C2-C6,
halogenated (F, Cl, Br, I) lower alkynyl of C2-C6,
lower alkoxy of C1-C6, halogenated (F, Cl, Br, I)
lower alkoxy of C1-C6, CO2H, CO2R', CONH2, CONHR',
CONR'2, CH=CHCO2H, or CH=CHCO2R'; with the provisothat
when base is represented by the structure c with R! 1
being hydrogen, R12 is not a : (i) - CC-H, (ii) -C=CH
2, or (iii) -NO 2. As can be appreciated from the
structure represented by formula I above, there are
myriad ways to express the several embodiments and
aspects of each embodiment of the present invention.
As seen below, the inventors have disclosed certain
embodiments directed to the compound of formula I ,
each 



having several aspects, based on the identity of the
modified purine or pyrimidine base. This is not
intended to be an explicit or implicit admission that
the three embodiments are independent or distinct nor
should it be interpreted as such. Rather, it is
intended to convey information so that the full
breadth of the present invention can be understood.
Furthermore, the following embodiments, and aspects
thereof, are not meant to be limiting on the full
breadth of the invention as recited by the structure
of formula I . A first embodiment of the invention is
directed to a compound represented by formula 1-1 : I
l wherein (a) R1 is hydrogen, n-alkyl; branched alkyl;
cycloalkyl; or aryl, which includes, but is not
limited to, phenyl or naphthyl, where phenyl or
naphthyl areoptionally substituted with at least one
of C1 alkyl, C2- alkenyl, C2-6 alkynyl, C1-6 alkoxy,
F, Cl, Br, I, nitro, cyano, C1-6 haloalkyl, -N(R1)2,
C1-6 acylamino, - NHSO2C1-6 alkyl, -SO2N(R )2, COR1 ,
and -SO2C1-6 alkyl; (R1' is independently hydrogen or
alkyl, which includes, but is not limited to,
C1-2Oalkyl, C1-10 alkyl, or C!-6 alkyl, R1 is -OR or
-N(Rr )2); (b) R2 is hydrogen, C1-10 alkyl, R3a or R3b
and R2 together are (CH2)n so as to form a cyclic ring
that includes the adjoining N and C atoms, C(O)CR3
R313NHR1, where n is 2 to 4 and R1, R3a, and R3b; (c)
R3a and R3b are (i) independently selected from
hydrogen, C1-10 alkyl, cycloalkyl, -(CH2)C(NR3')2,
C,-6 hydroxyalkyl, -CH2SH, -(CH2)2S(O)dMe, -
(CH2)3NHC(=NH)NH2, (1H-indol-3-yl)methyl,
(1H-imidazol-4-yl)methyl, - (CH2)eCOR3 , aryl and aryl
C1-3 alkyl, said aryl groups optionally substituted
with a group selected from hydroxyl, C1.io alkyl, C1-6
alkoxy, halogen, nitro and cyano; (ii) R3a and R3b
both are C1-6 alkyl; (iii) R3a and R3b together
are(CH2)f so as to form a spiro ring; (iv) R3a is
hydrogen and R3b and R2 together are (CH2)n so as to
form a cyclic ring that includes the adjoining N and C
atoms (v) R3b is hydrogen and R3a and R2 together are
(CH2)n so as to form a cyclic ring that includes the
adjoining N and C atoms, where c is 1 to 6, d is 0 to
2, e is 0 to 3, f is 2 to 5, n is 2 to 4, and where R3
is independently hydrogen or C1-6 alkyl and R3- is
-OR' or -N(R 3')2); (vi) R3a is H and R3b is H, CH3,
CH2CH3, CH(CH3)2, CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph,
CH2-indol-3-yl, -CH2CH2SCH3, CH2CO2H, CH2C(O)NH2,
CH2CH2COOH, CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, -CH
2CH2CH2NHC(NH)NH 2, CH2-imidazol-4-yl, CH2OH,
CH(OH)CH3, CH2((4'-OH)-Ph), CH2SH, or lower
cycloalkyl; or (viii) R3a is CH3, -CH2CH3, CH(CH3)2,
CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl,
-CH2CH2SCH3, CH2CO2H, CH2C(O)NH2, CH2CH2COOH,
CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, -CH 2CH2CH2NHC(NH)NH
2, CH2- imidazol-4-yl, CH2OH, CH(OH)CH3,
CH2((4'-OH)-Ph), CH2SH, or lower cycloalkyl and R3b is
H, where R3 is independently hydrogen or alkyl, which
includes, but is not limited to, C1-20 alkyl, C1-10
alkyl, or C1-6 alkyl, R3 is -OR' or -N(R3')2);(d) R4
is hydrogen, C1-10 alkyl, C1-10 alkyl optionally
substituted with a lower alkyl, alkoxy, di(lower
alkyl)-amino, or halogen, C1-10 haloalkyl, C3-1o
cycloalkyl, cycloalkyl alkyl, cycloheteroalkyl,
aminoacyl, di(lower alkyl)-amino, aryl, such as
phenyl, heteroaryl, such as, pyridinyl, substituted
aryl, or substituted heteroaryl; (e) R5 is H, a lower
alkyl, CN, vinyl, O-(lower alkyl), hydroxyl lower
alkyl, i.e., -(CH2)POH, where p is 1 -6, including
hydroxyl methyl (CH2OH), CH2F, N3, CH2CN, CH2NH2,
CH2NHCH3, CH2N(CH3)2, alkyne (optionally substituted),
or halogen, including F, Cl, Br, or I, with the
provisos that when X is OH, base is cytosine and R6 is
H, R5 cannot be N3 and when X is OH, R6 is CH3 or CH2F
and B is a purine base, R5 cannot be H; (f) R6 is H,
CH3, CH2F, CHF2, CF3, F, or CN; (g) X is H, OH, F,
OMe, Cl, Br, I, NH2, or N3; (h) Y is OH, H, C1-4
alkyl, C2-4 alkenyl, C2-4 alkynyl, vinyl, N3, CN, Cl,
Br, F, I, NO2, OC(O)O(C1-4 alkyl), OC(O)O(C1-4 alkyl),
OC(O)O(C2-4 alkynyl), OC(O)O(C2-4 alkenyl), OC1-10
haloalkyl, O(aminoacyl), O(C1-]0 acyl), O(C1-4 alkyl),
O(C2-4 alkenyl), S(C1-4 acyl), S(C1-4 alkyl), S(C2
alkynyl), S(C2-4 alkenyl), SO(C1 4 acyl), SO(C1-4
alkyl), SO(C2-4 alkynyl), SO(C2-4 alkenyl), SO2(C1-4
acyl), SO2(C1-4 alkyl), SO2(C2-4 alkynyl), SO2(C2-4
alkenyl), OS(O)2(C1- 4 acyl), OS(O)2(C1-4 alkyl),
OS(O)2(C2-4 alkenyl), NH2, NH(C1-4 alkyl), NH(C2-4
alkenyl), NH(C2-4 alkynyl), NH(C1-4 acyl), N(C1-4
alkyl)2, N(C1-18 acyl)2, wherein alkyl, alkynyl,
alkenyl and vinyl are optionally substituted by N3,
CN, one to three halogen (Cl, Br, F, I), NO2,
C(O)O(C1-4 alkyl), C(O)O(C1-4 alkyl), C(O)O(C2-4
alkynyl), C(O)O(C2-4 alkenyl), O(C1-4 acyl), O(C1-4
alkyl), O(C2-4 alkenyl), S(C1-4 acyl), S(C1-4 alkyl),
S(C2-4 alkynyl), S(C2-4 alkenyl), SO(C1-4 acyl),
SO(C1-4 alkyl), SO(C2-4 alkynyl), SO(C2-4 alkenyl),
SO2(C1-4 acyl), SO2(C1-4 alkyl), SO2(C2-4 alkynyl),
SO2(C2-4 alkenyl), OS(O)2(C1-4 acyl), OS(O)2(C1-4
alkyl), OS(O)2(C2-4 alkenyl), NH2, NH(C1-4 alkyl),
NH(C2-4 alkenyl), NH(C2-4 alkynyl), NH(C1-4 acyl),
N(C1-4 alkyl)2, N(C1-4 acyl)2; (i) R7, R8,R9 are
independently H, F, Cl, Br, I, OH, OR', SH, SR', NH2,
NHR', NR'2, lower alkyl, halogenated (F, Cl, Br, I)
lower alkyl, loweralkenyl of C2-C6, CO2H, CO2R',
CONH2, CONHR1, CONR'2, wherein R' is a C1- 20 alkyl; a
C1-20 cycloalkyl; a C2-C alkenyl, a C2-C6 alkynyl. A
first aspect of the first embodiment is directed to a
compound represented by formula 1-1 wherein (a) R1 is
hydrogen, n-alkyl or aryl, which includes, but is not
limited to, phenyl or naphthyl, where phenyl or
naphthyl are optionally substituted with at least one
of C1-6 alkyl, C1-6 alkoxy, F, Cl, Br, I, nitro,
cyano, C1-6 haloalkyl; (b) R2 is hydrogen or CH3; (c)
R3a and R3b are independently (i) R3a is hydrogen and
R3b and R2 together are (CH2)n so as to form a cyclic
ring that includes the adjoining N and C atoms (v) R3b
is hydrogen and R3a and R2 together are (CH2)n so as
to form a cyclic ring that includes the adjoining N
and C atoms, where c is 1 to 6, d is 0 to 2, e is 0 to
3, f is 3 to 5, n is 2 to 4, and where R3 is
independently hydrogen or C1-6 alkyl and R3 is -OR' or
-N(R 3')2); (vi) R3a is H and R3b is H, CH3, CH(CH3)2,
CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl, -
CH2CH2SCH3, CH2CO2H, CH2C(O)NH2, CH2CH2COOH,
CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, -CH 2CH2CH2NHC(NH)NH
2, CH2-imidazol-4-yl, CH2OH, CH(OH)CH3,
CH2((4'-OH)-Ph), CH2SH, or lower cycloalkyl; or (viii)
R3a is CH3, CH(CH3)2, CH2CH(CH3)2, CH(CH3)CH2CH3,
CH2Ph, CH2-indol-3- yl, -CH2CH2SCH3, CH2CO2H,
CH2C(O)NH2, CH2CH2COOH, CH2CH2C(O)NH2,
CH2CH2CH2CH2NH2, -CH 2CH2CH2NHC(NH)NH 2, CH2-
imidazol-4-yl, CH2OH, CH(OH)CH3, CH2((4'-OH)-Ph), or
CH2SH and R3b is H; (d) R4 is hydrogen, C1-10 alkyl,
C1-10 alkyl optionally substituted with a lower alkyl,
alkoxy, di(lower alkyl)-amino, or halogen, C1-10
haloalkyl, C3-10 cycloalkyl, cycloalkyl alkyl,
cycloheteroalkyl, aminoacyl, aryl, such as phenyl, 



heteroaryl, such as, pyridinyl, substituted aryl, or
substituted heteroaryl; (e) R5 is H, CN, CH3, vinyl,
OCH3, OCH2CH3, CH2OH, CH2(halo), such as CH2F, N3,
CH2CN, CH2N3, CH2NH2, CH2NHCH3, CH2N(CH3)2,halogen,
including F, Cl, Br, or I, with the provisos that when
X is OH , base is cytosine and R6 is H, R5 cannot be
N3; (f) R6 is H, CH3, CH2F, CHF2, CF3, F, or CN; (g) X
is H, OH, F, OMe, Cl, Br, I, NH2, or N3; (h) Y is OH,
H, C1-4 alkyl, vinyl, N3, CN, Cl, Br, F, I, O(C1-6
acyl), O(C1-4 alkyl), NH2, NH(C1-4 alkyl), NH(C2-4
alkenyl), NH(C2-4 alkynyl), NH(C1-4 acyl), N(C1-4
alkyl)2, N(C1- 1 acyl)2, wherein alkyl, alkynyl,
alkenyl and vinyl are optionally substituted by N3,
CN, one to three halogen (Cl, Br, F, I), NO2,
OC(O)O(C1-4 alkyl), OC(O)O(C1-4 alkyl), OC(O)O(C2-4
alkynyl), OC(O)O(C2-4 alkenyl), OC1-4 haloalkyl,
O(aminoacyl), O(C1-4 acyl), O(C1-4 alkyl), O(C2-4
alkenyl), S(C1-4 acyl), S(C1-4 alkyl), S(C2-4
alkynyl), S(C2-4 alkenyl), SO(C1-4 acyl), SO(C1-4
alkyl), SO(C2-4 alkynyl), SO(C2-4 alkenyl), SO2(C1-4
acyl), SO2(C1-4 alkyl), SO2(C2-4 alkynyl), SO2(C2-4
alkenyl), OS(O)2(C1-4 acyl), OS(O)2(C1-4 alkyl),
OS(O)2(C2 alkenyl), NH2, NH(C1-4 alkyl), NH(C2-4
alkenyl), NH(C2-4 alkynyl), NH(C1-4 acyl), N(C1-4
alkyl)2, or N(C1-4 acyl)2; (i) R7, R8,R9 are
independently H, F, Cl, Br, I, OH, OR', SH, SR1, NH2,
NHR', NR'2, lower alkyl, halogenated (F, Cl, Br, I)
lower alkyl, lower alkenyl of C2-C6, CO2H, CO2R',
CONH2, CONHR', CONR'2, wherein R' is a C - 2oalkyl; a
C1-20 cycloalkyl; a C2-C alkenyl, a C2-C alkynyl. A
second aspect of the first embodiment is directed to a
compound represented by formula 1-1 wherein (a) R1 is
hydrogen, n-alkyl or a substituted or unsubstituted
phenyl, where the substitutent of the substituted
phenyl is at least one of a C1-3 alkyl, a C1-3 alkoxy,
F, Cl, Br, I, nitro, cyano, and a C1-3 haloalkyl; (b)
R2 is hydrogen or CH3; (c) R3a and R3b are
independently (i) R3a is hydrogen and R3b and R2
together are (CH2)n so as to form a cyclic ring that
includes the adjoining N andC atoms (v) R3b is
hydrogen and R3a and R2 together are (CH2)n so as to
form a cyclic ring that includes the adjoining N and C
atoms, where c is 1to 6, d is 0 to 2, e is 0 to 3, f
is 3 to 5, n is 2 to 4, and where R3 is independently
hydrogen or C1-6 alkyl and R3- is -OR' or -N(R 3')2);
(vi) R3a is H and R3b is H, CH3, CH(CH3)2,
CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl, -
CH2CH2SCH3, CH2CO2H, CH2C(O)NH2, CH2CH2COOH,
CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, -CH 2CH2CH2NHC(NH)NH
2, CH2-imidazol-4-yl, CH2OH, CH(OH)CH3,
CH2((4'-OH)-Ph), CH2SH, or lower cycloalkyl; or (viii)
R3a is CH3, CH(CH3)2, CH2CH(CH3)2, CH(CH3)CH2CH3,
CH2Ph, CH2-indol-3- yl, -CH2CH2SCH3, CH2CO2H,
CH2C(O)NH2, CH2CH2COOH, CH2CH2C(O)NH2,
CH2CH2CH2CH2NH2, -CH 2CH2CH2NHC(NH)NH 2, CH2-
imidazol-4-yl, CH2OH, CH(OH)CH3, CH2((4'-OH)-Ph), or
CH2SH and R3b is H; (d) R4 is hydrogen, CH3, Et, iPr,
nPr, nBu, 2-butyl, Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl,
N-methyl-aziridin-2-yl, Nmethyl- azetidin-3-yl,
N-methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl,
Nmethyl- piperidin-4-yl, lower haloalkyl, di(lower
alkyl)amino-lower alkyl, or aminoacyl; (e) R5 is H,
CN, CH3, OCH3, CH2OH, CH2(halo), such as CH2F, N3,
CH2CN, CH2N3, CH2NH2, CH2NHCH3, CH2N(CH3)2, halogen,
including F, Cl, Br, or I, with the provisos that when
X is OH , base is cytosine and R6 is H, R5 cannot be
N3; (f) R6 is H, CH3, CH2F, CHF2, CF3, F, or CN; (g) X
is H, OH, F, OCH3, NH2, or N3; (h) Y is OH, H, CH3,
vinyl, N3, CN, Cl, Br, F, I, OC(O)CH3, OCH3, NH2,
NHCH3, NH(vinyl), NH(acetyl), NH(C(O)CH3), N(CH3)2,
N(C(O)CH3)2, or O(aminoacyl); (i) R7 and R8 are
independently H, F, Cl, Br, I, OH, OCH3, SH, SCH3,
NH2, NHCH3, N(CH3)2, CH3, CH3-qXq, where X is F, Cl,
Br, or I and q is 1to 3, vinyl, CO2H, CO2CH3, CONH2,
CONHCH3, or CON(CH3)2; andG) R9 is selected from among
OH, OCH3, SH, SCH3, NH2, NHCH3, N(CH3)2, OC(O)(C 1-20
alkyl), which include but are not limited to
OC(O)(CH2)sCH3, NHC(O)(C 1-20 alkyl), which include
but are not limited to NHC(O)(CH2)SCH3, and
N(C(O)(CH2)SCH3)2, which include but is not limited to
N(C(O)(CH2)SCH3)2, where s is an integer selected from
0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, and 19. A third aspect of the first
embodiment is directed to a compound represented by
formula 1-1 wherein (a) R1 is hydrogen, n-alkyl or a
substituted or unsubstituted phenyl, where the
substitutent of the substituted phenyl is at least one
of a CH3, OCH3, F, Cl, Br, I, nitro, cyano, and a
CH3-qXq, where X is F, Cl, Br, or I, and q is 1-3; (b)
R2 is hydrogen or CH3; (c) R3a is H and R3b is H, CH3,
CH(CH3)2, CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph,
CH2-indol-3-yl, -CH2CH2SCH3, CH2CO2H, CH2C(O)NH2,
CH2CH2COOH, CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, -
CH2CH2CH2NHC(NH)NH 2, CH2-imidazol-4-yl, CH2OH,
CH(OH)CH3, CH2((4'- OH)-Ph), CH2SH, or lower
cycloalkyl or R3a is CH3, CH(CH3)2, CH2CH(CH3)2,
CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl, -CH2CH2SCH3,
CH2CO2H, CH2C(O)NH2, CH2CH2COOH, CH2CH2C(O)NH2,
CH2CH2CH2CH2NH2, - CH2CH2CH2NHC(NH)NH 2,
CH2-imidazol-4-yl, CH2OH, CH(OH)CH3, CH2((4'- OH)-Ph),
CH2SH, or lower cycloalkyl and R3b is H; (d) R4 is
hydrogen, CH3, Et, iPr, nPr, nBu, 2-butyl, 'Bu,
benzyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, N-methyl-aziridin-2-yl, Nmethyl-
azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, lower haloalkyl, di(lower
alkyl)amino-lower alkyl, or aminoacyl; (e) R5 is H,
CN, CH3, OCH3, CH2OH, CH2(halo), such as CH2F, N3,
CH2CN, CH2N3, CH2NH2, CH2NHCH3, CH2N(CH3)2, halogen,
including F, Cl,Br, or I, with the provisos that when
X is OH , base is cytosine and R6 is H, R5 cannot be
N3; (f) R6 is H, CH3, CH2F, CHF2, CF3, F, or CN; (g) X
is H, OH, F, OCH3, NH2, or N3; (h) Y is OH, H, CH3,
vinyl, N3, CN, Cl, Br, F, I, OC(O)CH3, OCH3, NH2,
NHCH3, NH(vinyl), NH(acetyl), NH(C(O)CH3), N(CH3)2,
N(C(O)CH3)2, or O(aminoacyl); (i) R7 and R8 are
independently H, F, Cl, Br, I, OH, OCH3, SH, SCH3,
NH2, NHCH3, N(CH3)2, CH3, CH3-qXq, where X is F, Cl,
Br, or I and q is 1 to 3, vinyl, CO2H, CO2CH3, CONH2,
CONHCH3, or CON(CH3)2, wherein R' is a C1-20 alkyl; a
C1-20 cycloalkyl; a C2-C alkenyl, a C2-C alkynyl'; and
(j) R9 is selected from among OH, OCH3, SH, SCH3, NH2,
NHCH3, N(CH3)2, OC(O)(C 1-20 alkyl), which include but
are not limited to OC(O)(CH2)SCH3, NHC(O)(C 1-20
alkyl), which include but are not limited to 



NHC(O)(CH2)SCH3, and N(C(O)(CH2)SCH3)2, which include
but is not limited to N(C(O)(CH2)SCH3)2, where s is an
integer selected from 0, 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, and 19. A fourth
aspect of the first embodiment is directed to a
compound represented by formula 1-21-2 wherein (a) R1
is hydrogen, methyl, ethyl, w-propyl, /-propyl, or a
substituted or unsubstituted phenyl, where the
substitutent of the substituted phenyl is at least one
of a CH , OCH , F, Cl, Br, I, nitro, cyano, and a
CH3-qXq, where X is F, Cl, Br, or I, and q is 1-3; (b)
R2 is hydrogen or CH3; (c) R3a is H and R3b is H, CH3,
CH(CH3)2, CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph,
CH2-indol-3-yl, -CH2CH2SCH3, CH2CO2H, CH2C(O)NH2,
CH2CH2COOH, CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, -
CH2CH2CH2NHC(NH)NH 2, CH2-imidazol-4-yl, CH2OH,
CH(OH)CH3, CH2((4'- OH)-Ph), CH2SH, or lower
cycloalkyl or R3a is CH3, CH(CH3)2, CH2CH(CH3)2,
CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl, -CH2CH2SCH3,
CH2CO2H, CH2C(O)NH2, CH2CH2COOH, CH2CH2C(O)NH2,
CH2CH2CH2CH2NH2, - CH2CH2CH2NHC(NH)NH 2,
CH2-imidazol-4-yl, CH2OH, CH(OH)CH3, CH2((4'- OH)-Ph),
CH2SH, or lower cycloalkyl and R3b is H; (d) R4 is
hydrogen, C1_io alkyl, C1- ]O alkyl optionally
substituted with a lower alkyl, alkoxy or halogen, C
io haloalkyl, C3-10 cycloalkyl, cycloalkyl alkyl,
cycloheteroalkyl, aminoacyl, di(lower
alkyl)amino-lower alkyl, aryl, suchas phenyl,
heteroaryl, such as, pyridinyl, substituted aryl, or
substituted heteroaryl; (e) R5 is H, CN, CH3, OCH3,
CH2OH, CH2F, N3, CH2CN, CH2N3, CH2NH2, CH2NHCH3,
CH2N(CH3)2, halogen, including F, Cl, Br, or I, with
the provisos that when X is OH , base is cytosine and
R6 is H, R5 cannot be N3; (f) R6 is H, CH3, CH2F,
CHF2, CF3, F, or CN; (g) X is H, OH, F, OCH3, Cl, Br,
I, NH2, or N3; (h) Y is OH, H, CH3, vinyl, N3, CN, Cl,
Br, F, I, OC(O)CH3, OCH3, NH2, NHCH3, NH(vinyl),
NH(acetyl), NH(C(O)CH 3), N(CH3)2, N(C(O)CH3)2, or
O(aminoacy 1) ; (i) R7 and R8 are independently H, F,
Cl, Br, I, OH, OCH3, SH, SCH3, NH2, NHCH3, N(CH3)2,
CH3, CH3-qXq, where X is F, Cl, Br, or I and q is 1 to
3, vinyl, CO2H, CO2CH3, CONH2, CONHCH3, or CON(CH3)2,
wherein R' is a C1-20 alkyl; a C1-20 cycloalkyl; a
C2-C alkenyl, a C2-C alkynyl; and ) R9 is selected
from among OH, OCH3, SH, SCH3, NH2, NHCH3, N(CH3)2,
OC(O)(C 1-20 alkyl), which include but are not limited
to OC(O)(CH2)SCH3, NHC(O)(C 1-20 alkyl), which include
but are not limited to NHC(O)(CH2)SCH3, and and
N(C(O)(CH 2)SCH3, which include but is not limited to
N(C(O)(CH2)SCH3)2, where s is an integer selected from
0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, and 19. A fifth aspect of the first
embodiment is directed to a compound represented by
formula 1-2 wherein (a) R1 is hydrogen, methyl, ethyl,
n-propyl, i-propyl, phenyl, p-tolyl, p-bromo-phenyl,
p-chloro-phenyl, p-fluorophenyl; (b) R2 is hydrogen or
CH3;(c) R3a is H and R3b is H, CH3, CH(CH3)2,
CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl,
-CH2CH2SCH3, CH2CO2H, CH2C(O)NH2, CH2CH2COOH,
CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, - CH2CH2CH2NHC(NH)NH
2, CH2-imidazol-4-yl, CH2OH, CH(OH)CH3, CH2((4'-
OH)-Ph), CH2SH, or lower cycloalkyl; (d) R4 is
hydrogen, CH3, Et, iPr, nPr, nBu, 2-butyl, 'Bu,
benzyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, N-methyl-aziridin-2-yl, Nmethyl-
azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, lower haloalkyl, di(lower
alkyl)amino-lower alkyl, or aminoacyl; (e) R5 is H,
CN, CH3, OCH3, CH2OH, CH2F, halogen, including F, Cl,
Br, or I; (f) R6 is H, CH3, CH2F, CHF2, CF3, F, or CN;
(g) X is H, OH, F, OCH3, NH2, or N3; (h) Y is OH, H,
CH3, vinyl, N3, CN, Cl, Br, F, I, OC(O)CH3, OCH3, or
O(aminoacyl); (i) R7 and R8 are independently H, F,
Cl, Br, I, OH, OCH3, SH, SCH3, NH2, NHCH3, N(CH3)2,
CH3, CH3-qXq, where X is F, Cl, Br, or I and q is 1 to
3, vinyl, CO2H, CO2CH3, CONH2, CONHCH3, or CON(CH3)2,
wherein R1 is a C1-2Oalkyl; a C1-20 cycloalkyl; a C2-C
alkenyl, a C2-C alkynyl; and (j) R9 is selected from
among OH, OCH3, SH, SCH3, NH2, NHCH3, N(CH3)2,
OC(O)(C1-20 alkyl), which include but are not limited
to OC(O)(CH2)SCH3, NHC(O)(C1-20 alkyl), which include
but are not limited to NHC(O)(CH2)SCH3, and
N(C(O)(CH2)SCH3)2, which include but is not limited to
N(C(O)(CH2)SCH3)2, where s is an integer selected from
0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, and 19. A sixth aspect of the first
embodiment is directed to a compound represented by
formula 1-2 wherein(a) R! is hydrogen, methyl, ethyl,
n-propyl, /-propyl, phenyl, p-tolyl, p-bromo-phenyl,
p-chloro-phenyl, p-fluorophenyl; (b) R2 is hydrogen or
CH ; (c) R3a is H and R3b is H, CH3, CH(CH3)2,
CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, or lower
cycloalkyl; (d) R4 is hydrogen, C1-10 alkyl, C1-10
alkyl optionally substituted with a lower alkyl,
alkoxy or halogen, C1-10 haloalkyl, C3-10 cycloalkyl,
cycloalkyl alkyl, cycloheteroalkyl, aminoacyl,
di(lower alkyl)amino-lower alkyl, aryl, such as
phenyl, heteroaryl, such as, pyridinyl, substituted
aryl, or substituted heteroaryl; (e) R5 is H, OMe, CN,
CH2F, F, Cl, Br, or I; (f) R6 is H, CH3, CH2F, CHF2,
CF3, or F; (g) X is H, OH, F, OCH3, F, Cl, Br, I, or
N3; (h) Y is H, OH, CH3, F, Cl, Br, I, or N3, OCH3,
OC(O)CH3, or O(aminoacyl); (i) R7 and R8 are
independently H, F, Br, SCH3, CH3, CH3-qXq, where X is
F, Cl, Br, or I and q is 1 to 3, vinyl, CO2CH3, CONH2,
CONHCH3, or CON(CH3)2; and O) R9 is selected from
among OH, OCH3, SH, SCH3, NH2, NHCH3, N(CH3)2,
OC(O)(C1-20 alkyl), which include but are not limited
to OC(O)(CH2)sCH3, NHC(O)(C1-20 alkyl), which include
but are not limited to NHC(O)(CH2)sCH3, and
N(C(O)(CH2)SCH3)2, which include but is not limited to
N(C(O)(CH2)SCH3)2, where s is an integer selected from
0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,
16, 17, 18, and 19. 



A seventh aspect of the first embodiment is directed
to a compound represented by formula 1-2 wherein(a) R!
is hydrogen, methyl, ethyl, "-propyl, /-propyl,
phenyl, p-tolyl, p-bromo-phenyl, p-chloro-phenyl,
p-fluorophenyl; (b) R2 is hydrogen; (c) R3a is H and
R3b is H, CH3, CH(CH3)2, CH2CH(CH3)2, CH(CH3)CH2CH3,
CH2Ph, or lower cycloalkyl; (d) R4 is hydrogen, CH3,
Et, iPr, nPr, nBu, 2-butyl, Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl,
N-methyl-aziridin-2-yl, Nmethyl- azetidin-3-yl,
N-methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl,
Nmethyl- piperidin-4-yl, lower haloalkyl, or di(lower
alkyl)amino-lower alkyl; (e) R5 is H; (f) R6 is H,
CH3, CH2F, CHF2, CF3, or F; (g) X is H, OH, OCH3, F,
or N3; (h) Y is OH, OCH3, OC(O)CH3, or O(aminoacyl);
(i) R7 and R8 are independently H, F, Br, SCH3, CH3,
CH3-qXq, where X is F, Cl, Br, or I and q is 1 to 3,
vinyl, CO2CH3, CONH2, CONHCH3, or CON(CH3)2; and G) R9
is selected from among OH, OCH3, NH2, NHCH3, N(CH3)2,
OC(O)(C1-20 alkyl), which include but are not limited
to OC(O)(CH2)SCH3, NHC(O)(C1-20 alkyl), which include
but are not limited to NHC(O)(CH2)SCH3, and
N(C(O)(CH2)SCH3)2, which include but is not limited to
N(C(O)(CH2)SCH3)2, where s is an integer selected from
among 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, 15, 16, 17, 18, and 19. An eighth aspect of the
first embodiment is directed to a compound represented
by formula 1-2 wherein (a) R1 is hydrogen, methyl,
phenyl, p-bromo-phenyl, p-chlorophenyl,
p-fluorophenyl;(b) R2 is hydrogen; (c) R3a is H and
R3b is H, CH3, CH(CH3)2, CH2CH(CH3)2, CH(CH3)CH2CH3,
CH2Ph, or lower cycloalkyl; (d) R4 is hydrogen, CH3,
Et, iPr, nPr, nBu, 2-butyl, 'Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl,
N-methyl-aziridin-2-yl, Nmethyl- azetidin-3-yl,
N-methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl,
Nmethyl- piperidin-4-yl, lower haloalkyl, or di(lower
alkyl)amino-lower alkyl; (e) R5 is H; (f) R6 is H,
CH3, CH2F, CHF2, CF3, or F; (g) X is H, OH, OCH3, F,
or N3; (h) Y is OH, OCH3, OC(O)CH3, or O(aminoacyl);
(i) R7 and R8 are independently H, F, Br, SCH3, CH3,
CH3-qXq, where X is F, Cl, Br, or I and q is 1to 3,
vinyl, CO2CH3, CONH2, CONHCH3, or CON(CH3)2; (j) R9 is
selected from among OH, OCH3, NH2, NHCH3, N(CH3)2,
OC(O)(C1-20 alkyl), which include but are not limited
to OC(O)(CH2)SCH3, NHC(O)(C1-20 alkyl), which include
but are not limited to NHC(O)(CH2)SCH3, and
N(C(O)(CH2)SCH3)2, which include but is not limited to
N(C(O)(CH2)SCH3)2, where s is an integer selected from
among 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,
14, 15, 16, 17, 18, and 19. A second embodiment of the
invention is directed to a compound represented by
formula I in which the base is a structure represented
by formula b above, wherein R1, R2, R3a, R3b, R4, R5,
R6, X, Y, R7, and R8are defined in the Summary of the
Invention section above. A first aspect of the second
embodiment is directed to a compound represented by
formula 1-31-3 wherein (a) R1 is hydrogen, n-alkyl;
branched alkyl; cycloalkyl; or aryl, which includes,
but is not limited to, phenyl or naphthyl, where
phenyl or naphthyl are optionally substituted with at
least one of C1-6 alkyl, C2-6 alkenyl, C2-6 alkynyl,
C1-6 alkoxy, F, Cl, Br, I, nitro, cyano, C1-6
haloalkyl, -N(R1)2, C1-6 acylamino, - NHSO2C 6 alkyl,
-SO2N(Rr )2, COR!-, and -SO2C1-6 alkyl; (R1' is
independently hydrogen or alkyl, which includes, but
is not limited to, C1-20 alkyl, C1-10 alkyl, or C1-6
alkyl, R1- is -OR' or -N(R' ')2); (b) R2 is hydrogen
or CH ; (c) R3a and R3b are (i) independently selected
from hydrogen, C1-10 alkyl, cycloalkyl,
-(CH2)C(NR3')2, C1-6 hydroxyalkyl, -CH2SH,
-(CH2)2S(O)dMe, - (CH2)3NHC(=NH)NH2,
(1H-indol-3-yl)methyl, (1H-imidazol-4-yl)methyl, -
(CH2)eCOR3 , aryl and aryl C1-3 alkyl, said aryl
groups optionally substituted with a group selected
from hydroxyl, C 1-10 alkyl, C1-6 alkoxy, halogen,
nitro and cyano; (ii) R3a and R3b both are C1-6 alkyl;
(iii) R3a and R3b together are(CH2)f so as to form a
spiro ring; (iv) R3a is hydrogen and R3b and R2
together are (CH2)n so as to form a cyclic ring that
includes the adjoining N and C atoms (v) R3b is
hydrogen and R3a and R2 together are (CH2)n so as to
form a cyclic ring that includes the adjoining N and C
atoms, where c is 1 to 6, d is 0 to 2, e is 0 to 3, f
is 2 to 5, n is 2 to 4, and where R3 is independently
hydrogen or C1-6 alkyl and R3 is -OR' or -N(R 3')2);
(vi) R3a is H and R3b is H, CH3, CH2CH3,
CH(CH3)2,CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph,
CH2-indol-3-yl, -CH2CH2SCH3, CH2CO2H, CH2C(O)NH2,
CH2CH2COOH, CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, -CH
2CH2CH2NHC(NH)NH 2, CH2-imidazol-4-yl, CH2OH,
CH(OH)CH3, CH2((4'-OH)-Ph), CH2SH, or lower
cycloalkyl; or (viii) R3a is CH3, -CH2CH3, CH(CH3)2,
CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl,
-CH2CH2SCH3, CH2CO2H, CH2C(O)NH2, CH2CH2COOH,
CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, -CH 2CH2CH2NHC(NH)NH
2, CH2- imidazol-4-yl, CH2OH, CH(OH)CH3,
CH2((4'-OH)-Ph), CH2SH, or lower cycloalkyl and R3b is
H, where R3 is independently hydrogen or alkyl, which
includes, but is not limited to, C1-20 alkyl, C -10
alkyl, or C1- alkyl, R3 is -OR 1or -N(R3')2); (d) R4
is hydrogen, C1 1Oalkyl, C1-10 alkyl optionally
substituted with a lower alkyl, alkoxy or halogen,
C1-10 haloalkyl, C3-10 cycloalkyl, cycloalkyl alkyl,
cycloheteroalkyl, aminoacyl, di(lower
alkyl)amino-lower alkyl, aryl, such as phenyl,
heteroaryl, such as, pyridinyl, substituted aryl, or
substituted heteroaryl; (e) R5 is H, a lower alkyl,
CN, vinyl, O-(lower alkyl), hydroxyl lower alkyl,
i.e., -(CH2)POH, where p is 1 -6, including hydroxyl
methyl (CH2OH), CH2F, N3, CH2CN, CH2NH2, CH2NHCH3,
CH2N(CH3)2, alkyne (optionally substituted), or
halogen, including F, Cl, Br, or I, with the provisos
that when X is OH, base is cytosine and R6 is H, R5
cannot be N3 and when X is OH, R6 is CH3 or CH2F and B
is a purine base, R5 cannot be H; (f) R6 is H, CH3,
CH2F, CHF2, CF3, F, or CN; (g) X is H, OH, F, OMe, Cl,
Br, I, NH2, or N3; 



(h) Y is OH, H, C1-4 alkyl, C2-4 alkenyl, C2-4
alkynyl, vinyl, N3, CN, Cl, Br, F, I, NO2, OC(O)O(C1-4
alkyl), OC(O)O(C1-4 alkyl), OC(O)O(C2-4 alkynyl),
OC(O)O(C2-4 alkenyl), OC1-10 haloalkyl, O(aminoacyl),
O(C1-10 acyl), O(C1-4 alkyl), O(C2-4 alkenyl), S(C1-4
acyl), S(C1-4 alkyl), S(C2-4 alkynyl), S(C2-4
alkenyl), SO(C1-4 acyl), SO(C1-4 alkyl), SO(C2-4
alkynyl), SO(C2-4 alkenyl), SO2(C1-4 acyl), SO2(C1-4
alkyl), SO2(C2-4 alkynyl), SO2(C2-4 alkenyl), OS(O)2(C
- 4 acyl), OS(O)2(C1-4 alkyl), OS(O)2(C2-4 alkenyl),
NH2, NH(C1-4 alkyl), NH(C2-4alkenyl), NH(C2-4
alkynyl), NH(C1-4 acyl), N(C1-4 alkyl)2, or N(Cu
acyl)2, wherein alkyl, alkynyl, alkenyl and vinyl are
optionally substituted by N , CN, one to three halogen
(Cl, Br, F, I), NO2, C(O)O(C1 alkyl), C(O)O(C1-4
alkyl), C(O)O(C2-4 alkynyl), C(O)O(C2-4 alkenyl),
O(C1-4 acyl), O(C14 alkyl), O(C2-4 alkenyl), S(C1-4
acyl), S(C14 alkyl), S(C2-4 alkynyl), S(C2-4 alkenyl),
SO(C1-4 acyl), SO(C14 alkyl), SO(C2-4 alkynyl),
SO(C2-4 alkenyl), SO2(C1-4 acyl), SO2(C14 alkyl),
SO2(C2-4 alkynyl), SO2(C2-4 alkenyl), OS(O)2(C1-4
acyl), OS(O)2(C14 alkyl), OS(O)2(C2-4 alkenyl), NH2,
NH(C1-4 alkyl), NH(C2-4 alkenyl), NH(C2-4 alkynyl),
NH(C1-4 acyl), N(C1-4 alkyl)2, or N(C1-4 acyl)2; (i)
R7 and R8 are independently H, F, Cl, Br, I, OH, OR',
SH, SR', NH2, NHR, NR'2, lower alkyl, halogenated (F,
Cl, Br, I) lower alkyl, lower alkenyl of C2-C6, CO2H,
CO2R', CONH2, CONHR', CONR'2, wherein R' is a C1- 20
alkyl; a C1-20 cycloalkyl; a C2-C6 alkenyl, a C2-C6
alkynyl. The second aspect of the second embodiment is
directed to a compound represented by formula 1-3
wherein (a) R1 is hydrogen, n-alkyl or aryl, which
includes, but is not limited to, phenyl or naphthyl,
where phenyl or naphthyl are optionally substituted
with at least one of C1-6 alkyl, C1- alkoxy, F, Cl,
Br, I, nitro, cyano, C1_6 haloalkyl; (b) R2 is
hydrogen or CH3; (c) R3a and R3b are independently (i)
R3a is hydrogen and R3b and R2 together are (CH2)n so
as to form a cyclic ring that includes the adjoining N
and C atoms (v) R3b is hydrogen and R3a and R2
together are (CH2),, so as to form a cyclic ring that
includes the adjoining N and C atoms, where c is 1 to
6, d is 0 to 2, e is 0 to 3, f is 3 to 5, n is 2 to 4,
and where R3 is independently hydrogen or C1-6 alkyl
and R3- is -OR' or -N(R 3')2); (vi) R3a is H and R3b
is H, CH3, CH(CH3)2, CH2CH(CH3)2, CH(CH3)CH2CH3,
CH2Ph, CH2-indol-3-yl, - CH2CH2SCH3, CH2CO2H,
CH2C(O)NH2, CH2CH2COOH, CH2CH2C(O)NH2,
CH2CH2CH2CH2NH2, -CH 2CH2CH2NHC(NH)NH 2,
CH2-imidazol-4-yl, CH2OH, CH(OH)CH3, CH2((4'-OH)-Ph),
CH2SH, or lower cycloalkyl; or (viii)R3a is CH3,
CH(CH3)2, CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph,
CH2-indol-3- yl, -CH2CH2SCH3, CH2CO2H, CH2C(O)NH2,
CH2CH2COOH, CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, -CH
2CH2CH2NHC(NH)NH 2, CH2- imidazol-4-yl, CH2OH,
CH(OH)CH3, CH2((4'-OH)-Ph), or CH2SH and R3b is H; (d)
R4 is hydrogen, C1-10 alkyl, C1-10 alkyl optionally
substituted with a lower alkyl, alkoxy or halogen, Q
-,0 haloalkyl, C3-10 cycloalkyl, cycloalkyl alkyl,
cycloheteroalkyl, aminoacyl, di(lower
alkyl)amino-lower alkyl, aryl, such as phenyl,
heteroaryl, such as, pyridinyl, substituted aryl, or
substituted heteroaryl; (e) R5 is H, CN, CH3, vinyl,
OCH3, OCH2CH3, CH2OH, CH2(halo), such as CH2F,N3,
CH2CN, CH2N3, CH2NH2, CH2NHCH3, CH2N(CH3)2, halogen,
including F, Cl, Br, or I; (f) R6 is H, CH3, CH2F,
CHF2, CF3, F, or CN; (g) X is H, OH, F, OMe, halogen,
NH2, or N3; (h) Y is OH, H, C1-4 alkyl, vinyl, N3, CN,
Cl, Br, F, I, O(C1-6 acyl), 0(C 1-4 alkyl), NH2,
NH(C1-4 alkyl), NH(C2-4 alkenyl), NH(C2-4 alkynyl),
NH(C1-4 acyl), N(C1-4 alkyl)2, N(C1-18 acyl)2, wherein
alkyl, alkynyl, alkenyl and vinyl are optionally
substituted by N3, CN, one to three halogen (Cl, Br,
F, I), NO2, OC(O)O(C1-4 alkyl), OC(O)O(C1-4 alkyl),
OC(O)O(C2-4 alkynyl), OC(O)O(C2-4 alkenyl), OC1-10
haloalkyl, O(aminoacyl), 0(C 1-4 acyl), 0(C 1-4
alkyl), 0(C 2-4 alkenyl), S(C1-4 acyl), S(C1-4 alkyl),
S(C2-4 alkynyl), S(C2-4 alkenyl), SO(C1-4 acyl),
SO(C1-4 alkyl), SO(C2-4 alkynyl), SO(C2-4 alkenyl),
SO2(C1-4 acyl), SO2(C1-4 alkyl), SO2(C2-4 alkynyl),
SO2(C2-4 alkenyl), OS(O)2(C1-4 acyl), OS(O)2(C -4
alkyl), OS(O)2(C2-4 alkenyl), NH2, NH(Q 4 alkyl),
NH(C2-4 alkenyl), NH(C2-4 alkynyl), NH(C1-4 acyl),
N(C1-4 alkyl)2, N (C1-4 acyl)2; (i) R7 and R8 are
independently H, F, Cl, Br, I, OH, OR', SH, SR', NH2,
NHR', NR'2, lower alkyl, halogenated (F, Cl, Br, I)
lower alkyl, lower alkenyl of C2-C6, CO2H, CO2R',
CONH2, CONHR1, C0NR' 2, wherein R' is a Q - 20 alkyl;
a C1-20 cycloalkyl; a C2-C alkenyl, a C2-C alkynyl.The
third aspect of the second embodiment is directed to a
compound represented by formula 1-3 wherein (a) R1 is
hydrogen, n-alkyl or a substituted or unsubstituted
phenyl, where the substitutent of the substituted
phenyl is at least one of a C1-3 alkyl, a C1-3 alkoxy,
F, Cl, Br, I, nitro, cyano, and a C1-3 haloalkyl; (b)
R2 is hydrogen, CH3, R3a or R3b and R2 together are
(CH2)3 so as to form a cyclic ring that includes the
adjoining N and C atoms, C(O)CR3 R3 1NHR1, where n is
2 to 4 and R1, R3a, and R3b are as defined herein; (c)
R3a and R3b are independently (i) R3a is hydrogen and
R3b and R2 together are (CH2)n so as to form a cyclic
ring that includes the adjoining N and C atoms (v) R3b
is hydrogen and R3a and R2 together are (CH2)n so as
to form a cyclic ring that includes the adjoining N
and C atoms, where c is 1 to 6, d is 0 to 2, e is 0 to
3, f is 3 to 5, n is 2 to 4, and where R3 is
independently hydrogen or C1-6 alkyl and R3- is -OR1or
-N(R 3')2); (vi) R3a is H and R3b is H, CH3, CH(CH3)2,
CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl, -
CH2CH2SCH3, CH2CO2H, CH2C(O)NH2, CH2CH2COOH,
CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, -CH 2CH2CH2NHC(NH)NH
2, CH2-imidazol-4-yl, CH2OH, CH(OH)CH3,
CH2((4'-OH)-Ph), CH2SH, or lower cycloalkyl; or (viii)
R3a is CH3, CH(CH3)2, CH2CH(CH3)2, CH(CH3)CH2CH3,
CH2Ph, CH2-indol-3- yl, -CH2CH2SCH3, CH2CO2H,
CH2C(O)NH2, CH2CH2COOH, CH2CH2C(O)NH2,
CH2CH2CH2CH2NH2, -CH 2CH2CH2NHC(NH)NH 2, CH2-
imidazol-4-yl, CH2OH, CH(OH)CH3, CH2((4'-OH)-Ph),
CH2SH, or lower cycloalkyl and R3b is H; (d) R4 is
hydrogen, CH3, Et, iPr, nPr, nBu, 2-butyl, tBu,
benzyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, N-methyl-aziridin-2-yl, Nmethyl-
azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, CN, CH3, OCH3, CH2OH, CH2(halo), such as
CH2F,N3, CH2CN, CH2N3, CH2NH2, CH2NHCH3, CH2N(CH3)2,
halogen, including F, Cl, Br, or I; (f) R6 is H, CH3,
CH2F, CHF2, CF3, F, or CN; (g) X is H, OH, F, OCH3,
halogen, NH2, or N3 (h) Y is OH, H, CH3, vinyl, N3,
CN, Cl, Br, F, I, OC(O)CH3, OCH3, NH2, NHCH3,
NH(vinyl), NH(acetyl), NH(C(O)CH3), N(CH3)2,
N(C(O)CH3)2; (i) R7 and R8 are independently H, F, Cl,
Br, I, OH, OCH3, SH, 



SCH3, NH2, NHCH3, N(CH3)2, CH3, CH3-qXq, where X is F,
Cl, Br, or I and q is 1to 3, vinyl, CO2H, CO2CH3,
CONH2, CONHCH3, or CON(CH3)2. The fourth aspect of the
second embodiment is directed to a compound
represented by formula 1-3 wherein (a) R1 is hydrogen,
n-alkyl or a substituted or unsubstituted phenyl,
where the substitutent of the substituted phenyl is at
least one of a CH3, OCH3, F, Cl, Br, I, nitro, cyano,
and a CH3-qXq, where X is F, Cl, Br, or I, and q is
1-3; (b) R2 is hydrogen or CH3; (c) R3a is H and R3b
is H, CH3, CH(CH3)2, CH2CH(CH3)2, CH(CH3)CH2CH3,
CH2Ph, CH2-indol-3-yl, -CH2CH2SCH3, CH2CO2H,
CH2C(O)NH2, CH2CH2COOH, CH2CH2C(O)NH2,
CH2CH2CH2CH2NH2, - CH2CH2CH2NHC(NH)NH 2,
CH2-imidazol-4-yl, CH2OH, CH(OH)CH3, CH2((4'- OH)-Ph),
CH2SH, or lower cycloalkyl or R3a is CH3, CH(CH3)2,
CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl,
-CH2CH2SCH3, CH2CO2H, CH2C(O)NH2, CH2CH2COOH,
CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, - CH2CH2CH2NHC(NH)NH
2, CH2-imidazol-4-yl, CH2OH, CH(OH)CH3, CH2((4'-
OH)-Ph), CH2SH, or lower cycloalkyl and R3b is H; (d)
R4 is hydrogen, CH3, Et, iPr, nPr, nBu, 2-butyl, 'Bu,
benzyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, N-methyl-aziridin-2-yl,
Nmethyl-azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, CN, CH3, OCH3, CH2OH, CH2(halo), such as
CH2F, N3, CH2CN, CH2N3, CH2NH2, CH2NHCH3, CH2N(CH3)2,
halogen, including F, Cl, Br, or I; (f) R6 is H, CH3,
CH2F, CHF2, CF3, F, or CN; (g) X is H, OH, F,
OCH3,NH2, or N3; (h) Y is OH, H, CH3, vinyl, N3, CN,
Cl, Br, F, I, OC(O)CH3, OCH3, NH2, NHCH3, NH(vinyl),
NH(acetyl), NH(C(O)CH3), N(CH3)2, N(C(O)CH3)2; (i) R7
and R8 are independently H, F, Cl, Br, I, OH, OCH3,
SH, SCH3, NH2, NHCH3, N(CH3)2, CH3, CH3-qXq, where X
is F, Cl, Br, or I and q is 1to 3, vinyl, CO2H,
CO2CH3, CONH2, CONHCH3, or CON(CH3)2, wherein R' is a
C1-20 alkyl; a C1-20 cycloalkyl; a C2-C alkenyl, a
C2-C alkynyl. The fifth aspect of the second
embodiment is directed to a compound represented by
formula 1-4 1-4 wherein (a) R is hydrogen, methyl,
ethyl, n-propyl, /-propyl, or a substituted or
unsubstituted phenyl, where the substitutent of the
substituted phenyl is atleast one of a CH , OCH , F,
Cl, Br, I, nitro, cyano, and a CH3-qXq, where X is F,
Cl, Br, or I, and q is 1-3; (b) R2 is hydrogen or CH ;
(c) R3a is H and R3b is H, CH3, CH(CH3)2, CH2CH(CH3)2,
CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl, -CH2CH2SCH3,
CH2CO2H, CH2C(O)NH2, CH2CH2COOH, CH2CH2C(O)NH2,
CH2CH2CH2CH2NH2, - CH2CH2CH2NHC(NH)NH 2,
CH2-imidazol-4-yl, CH2OH, CH(OH)CH3, CH2((4'- OH)-Ph),
CH2SH, or lower cycloalkyl or R3a is CH3, CH(CH3)2,
CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl,
-CH2CH2SCH3, CH2CO2H, CH2C(O)NH2, CH2CH2COOH,
CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, - CH2CH2CH2NHC(NH)NH
2, CH2-imidazol-4-yl, CH2OH, CH(OH)CH3, CH2((4'-
OH)-Ph), CH2SH, or lower cycloalkyl and R3b is H; (d)
R4 is hydrogen, CH3, Et, iPr, nPr, nBu, 2-butyl, 'Bu,
benzyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, N-methyl-aziridin-2-yl, Nmethyl-
azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, CN, CH3, OCH3, CH2OH, CH2F,N3, CH2CN,
CH2N3, CH2NH2, CH2NHCH3, CH2N(CH3)2, halogen,
including F, Cl, Br, or I; (f) R6 is H, CH3, CH2F,
CHF2, CF3, F, or CN; (g) X is H, OH, F, OCH3, Cl, Br,
I, NH2, or N3; (h) Y is OH, H, CH3, vinyl, N3, CN, Cl,
Br, F, I, OC(O)CH3, OCH3, NH2,NHCH3, NH(vinyl),
NH(acetyl), NH(C(O)CH3), N(CH3)2, N(C(O)CH3)2; (i) R7
and R8 are independently H, F, Cl, Br, 1, OH, OCH3,
SH, SCH3, NH2, NHCH3, N(CH3)2, CH3, CH3-qXq, where X
is F, Cl, Br, or I and q is 1to 3, vinyl, CO2H,
CO2CH3, CONH2, CONHCH3, or CON(CH3)2, wherein R' is a
C1-20 alkyl; a C1-2Ocycloalkyl; a C2-C alkenyl, a
C2-C6 alkynyl, The sixth aspect of the second
embodiment is directed to a compound represented by
formula 1-4wherein (a) R1 is hydrogen, methyl, ethyl,
"-propyl, /-propyl, phenyl, p-tolyl, p-bromo-phenyl,
p-chloro-phenyl, p-fluorophenyl; (b) R2 is hydrogen or
CH3; (c) R3a is H and R3b is H, CH3, CH(CH3)2,
CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl,
-CH2CH2SCH3, CH2CO2H, CH2C(O)NH2, CH2CH2COOH,
CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, - CH2CH2CH2NHC(NH)NH
2, CH2-imidazol-4-yl, CH2OH, CH(OH)CH3, CH2((4'-
OH)-Ph), CH2SH, or lower cycloalkyl; (d) R4 is
hydrogen, CH3, Et, iPr, nPr, nBu, 2-butyl, 'Bu,
benzyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, N-methyl-aziridin-2-yl, Nmethyl-
azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, CN, CH3, OCH3, CH2OH, CH2F, halogen,
including F, Cl, Br, or I; (f) R6 is H, CH3, CH2F,
CHF2, CF3, F, or CN; (g) X is H, OH, F, OCH3, NH2, or
N3; (h) Y is OH, H, CH3, vinyl, NH2, N3, CN, Cl, Br,
F, I, OC(O)CH3, OCH3; (i) R7 and R8 are independently
H, F, Cl, Br, I, OH, OCH3, SH, SCH3, NH2, NHCH3,
N(CH3)2, CH3, CH3-qXq, where X is F, Cl, Br, or I and
q is 1to 3, vinyl, CO2H, CO2CH3, CONH2, CONHCH3, or
CON(CH3)2, wherein R' is a C1-20 alkyl; a C1-20
cycloalkyl; a C2-C6 alkenyl, a C2-C alkynyl. The
seventh aspect of the second embodiment is directed to
a compound represented by formula 1-4 wherein(a) R1 is
hydrogen, methyl, ethyl, ^-propyl, /-propyl, phenyl,
p-tolyl, p-bromo-phenyl, p-chloro-phenyl,
p-fluorophenyl; (b) R2 is hydrogen or CH ; (c) R3a is
H and R3b is H, CH3, CH(CH3)2, CH2CH(CH3)2,
CH(CH3)CH2CH3, CH2Ph, or lower cycloalkyl; (d) R4 is
hydrogen, CH3, Et, iPr, nPr, nBu, 2-butyl, 'Bu,
benzyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, N-methyl-aziridin-2-yl, Nmethyl-
azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl; 



(e) R5 is H, OMe, CN, CH2F, F, Cl, Br, or I; (f) R6 is
H, CH3, CH2F, CHF2, CF3, or F; (g) X is H, OH, F,
OCH3, F, Cl, Br, I, NH2 or N3; (h) Y is H, OH, CH3, F,
Cl, Br, I, NH2 or N3, OCH3, or OC(O)CH3; (i) R7 and R8
are independently H, F, Br, SCH3, CH3, CH3-qXq, where
X is F, Cl, Br, or I and q is 1 to 3, vinyl, CO2CH3,
CONH2, CONHCH3, or CON(CH3)2; The eighth aspect of the
second embodiment is directed to a compound
represented by formula 1-4 wherein (a) R1 is hydrogen,
methyl, ethyl, ^-propyl, /-propyl, phenyl, p-tolyl,
p-bromo-phenyl, p-chloro-phenyl, p-fluorophenyl; (b)
R2 is hydrogen; (c) R3a is H and R3b is H, CH3,
CH(CH3)2, CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, or lower
cycloalkyl;(d) R4 is hydrogen, CH3, Et, iPr, nPr, nBu,
2-butyl, 'Bu, benzyl, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl,
Nmethyl- azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H; (f) R6 is H, CH3, CH2F, CHF2, CF3, or F;
(g) X is H, OH, OCH3, F, NH2 or N3; (h) Y is OH, NH2
OCH3, or OC(O)CH3; (i) R7 and R8 are independently H,
F, Br, SCH3, CH3, CH3-qXq, where X is F, Cl, Br, or I
and q is 1 to 3, vinyl, CO2CH3, CONH2, CONHCH3, or
CON(CH3)2. The ninth aspect of the second embodiment
is directed to a compound represented by formula 1-4
wherein (a) R1 is hydrogen, methyl, phenyl,
p-bromo-phenyl, p-chlorophenyl, p-fluorophenyl; (b) R2
is hydrogen; (c) R3a is H and R3b is H, CH3, CH(CH3)2,
CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, or lower
cycloalkyl; (d) R4 is hydrogen, CH3, Et, iPr, nPr,
nBu, 2-butyl, 'Bu, benzyl, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl,
Nmethyl- azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H; (f) R6 is H, CH3, CH2F, CHF2, CF3, or F;
(g) X is H, OH, OCH3, F, or N3; (h) Y is OH, OCH3, or
OC(O)CH3; (i) R7 and R8 are independently H, F, Br,
SCH3, CH3, CH3-qXq, where X is F, Cl, Br, or I and q
is 1 to 3, vinyl, CO2CH3, CONH2, CONHCH3, or
CON(CH3)2. Athird embodiment of the invention is
directed to a compound represented by formula I in
which the base is a structure represented by formula c
above, wherein R1, R2, R3a, R3b, R4, R5, R6, X, Y, Z,
R10, R11, and R12 are defined in the Summary of the
Invention section above; with the proviso that R11 is
not H. A first aspect of the third embodiment is
directed to a compound represented by formula 1-5 1-5
wherein (a) R1 is hydrogen, n-alkyl; branched alkyl;
cycloalkyl; or aryl, which includes, but is not
limited to, phenyl or naphthyl, where phenyl or
naphthyl are optionally substituted with at least one
of C1- alkyl, C2- alkenyl, C2-6 alkynyl, C1-6 alkoxy,
F, Cl, Br, I, nitro, cyano, C1-6 haloalkyl, -N(R1)2,
C1-6 acylamino, - NHSO2C1-6 alkyl, -SO2N(Rr )2, COR1-,
and -SO2C1-6 alkyl; (R1' is independently hydrogen or
alkyl, which includes, but is not limited to, C1-20
alkyl, C1-10 alkyl, or C1-6 alkyl, R1- is -OR' or
-N(Rr )2);(b) R2 is hydrogen or CH ; (c) R3a and R3b
are (i) independently selected from hydrogen, C1-10
alkyl, cycloalkyl, -(CH2)C(NR3')2, C1-6 hydroxyalkyl,
-CH2SH, -(CH2)2S(O)dMe, - (CH2)3NHC(=NH)NH2,
(1H-indol-3-yl)methyl, (1H-imidazol-4-yl)methyl, -
(CH2)eCOR3 , aryl and aryl C1-3 alkyl, said aryl
groups optionally substituted with a group selected
from hydroxy1, C 1-10 alkyl, C1-6 alkoxy, halogen,
nitro and cyano; (ii) R3a and R3b both are C1-6 alkyl;
(iii) R3a and R3b together are(CH2)f so as to form a
spiro ring; (iv) R3a is hydrogen and R3b and R2
together are (CH )M so as to form a cyclic ring that
includes the adjoining N and C atoms (v) R3b is
hydrogen and R3a and R2 together are (CH2)n so as to
form a cyclic ring that includes the adjoining N and C
atoms, where c is 1 to 6, d is 0 to 2, e is 0 to 3, f
is 2 to 5, n is 2 to 4, and where R3 is independently
hydrogen or C1- alkyl and R3- is -OR' or -N(R 3')2);
(vi) R3a is H and R3b is from H, CH3, CH2CH3,
CH(CH3)2, CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph,
CH2-indol-3-yl, - CH2CH2SCH3, CH2CO2H, CH2C(O)NH2,
CH2CH2COOH, CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, -CH
2CH2CH2NHC(NH)NH 2, CH2-imidazol-4-yl, CH2OH,
CH(OH)CH3, CH2((4'-OH)-Ph), CH2SH, or lower
cycloalkyl; or (viii) R3a is CH3, -CH2CH3, CH(CH3)2,
CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl,
-CH2CH2SCH3, CH2CO2H, CH2C(O)NH2, CH2CH2COOH,
CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, -CH 2CH2CH2NHC(NH)NH
2, CH2- imidazol-4-yl, CH2OH, CH(OH)CH3,
CH2((4'-OH)-Ph), CH2SH, or lower cycloalkyl and R3b is
H, where R3 is independently hydrogen or alkyl, which
includes, but is not limited to, C1-20 alkyl, C1-10
alkyl, or C1-6 alkyl, R3 is -OR' or -N(R3')2); (d) R4
is hydrogen, C1-10 alkyl, C1-10 alkyl optionally
substituted with a lower alkyl, alkoxy or halogen,
C1-10 haloalkyl, C3-10 cycloalkyl, cycloalkyl alkyl,
cycloheteroalkyl, aminoacyl, di(lower
alkyl)amino-lower alkyl, aryl, such as phenyl,
heteroaryl, such as, pyridinyl, substituted aryl, or
substituted heteroaryl; (e) R5 is H, a lower alkyl,
CN, vinyl, O-(lower alkyl), hydroxyl lower alkyl,
i.e., -(CH2)POH, where p is 1 -6, including hydroxyl
methyl (CH2OH), CH2F, N3, CH2CN, CH2NH2, CH2NHCH3,
CH2N(CH3)2, alkyne (optionallysubstituted), or
halogen, including F, Cl, Br, or I, with the provisos
that when X is OH, base is cytosine and R6 is H, R5
cannot be N3 and when X is OH, R6 is CH or CH F and B
is a purine base, R5 cannot be H; (f) R6 is H, CH3,
CH2F, CHF2, CF3, F, or CN; (g) X is H, OH, F, OMe,
halogen, NH2, or N3; (h) Y is OH, H, C1-4 alkyl, C2-4
alkenyl, C2-4 alkynyl, vinyl, N3, CN, Cl, Br, F, I,
NO2, OC(O)O(C1-4 alkyl), OC(O)O(C1-4 alkyl),
OC(O)O(C2-4 alkynyl), OC(O)O(C2-4 alkenyl), OC1-10
haloalkyl, O(aminoacyl), O(C1-!0 acyl), 0(C 1-4
alkyl), 0(C 2-4 alkenyl), S(C1-4 acyl), S(C1-4 alkyl),
S(C2-4 alkynyl), S(C2-4 



alkenyl), SO(C1-4 acyl), SO(C1-4 alkyl), SO(C2-4
alkynyl), SO(C2-4 alkenyl), SO2(C1-4 acyl), SO2(C1-4
alkyl), SO2(C2-4 alkynyl), SO2(C2-4 alkenyl),
OS(O)2(C1- 4 acyl), OS(O)2(C1-4 alkyl), OS(O)2(C2-4
alkenyl), NH2, NH(C1-4 alkyl), NH(C2 alkenyl), NH(C2-4
alkynyl), NH(C1-4 acyl), N(C1-4 alkyl)2, N(C1-18
acyl)2, wherein alkyl, alkynyl, alkenyl and vinyl are
optionally substituted by N3, CN, one to three halogen
(Cl, Br, F, I), NO2, C(O)O(C1-4 alkyl), C(O)O(C1-4
alkyl), C(O)O(C2-4 alkynyl), C(O)O(C2-4 alkenyl), 0(C
1-4 acyl), 0(C 1-4 alkyl), O(C2-4 alkenyl), S(C1-4
acyl), S(C1-4 alkyl), S(C2-4 alkynyl), S(C2-4
alkenyl), SO(C1-4 acyl), SO(C1-4 alkyl), SO(C2-4
alkynyl), SO(C2-4 alkenyl), SO2(C1-4 acyl), SO2(C1-4
alkyl), SO2(C2-4 alkynyl), SO2(C2-4 alkenyl),
OS(O)2(C1-4 acyl), OS(O)2(C1-4 alkyl), OS(O)2(C2-4
alkenyl), NH2, NH(C1-4 alkyl), NH(C2-4 alkenyl),
NH(C2-4 alkynyl), NH(C1-4 acyl), N(C 4 alkyl)2, N(C1-4
acyl)2; (i) R10 and R1] are independently H, F, Cl,
Br, I, OH, OR', SH, SR', NH2, NHR', NR'2, lower alkyl
of C1-C6, halogenated (F, Cl, Br, I) lower alkyl of
C1-C , lower alkenyl of C2-C , halogenated (F, Cl, Br,
I) lower alkenyl of C2-C6, lower alkynyl of C -C such
as CCH, halogenated (F, Cl, Br, I) lower alkynyl of
C2-C , lower alkoxy of C1-C6, halogenated (F, Cl, Br,
I) lower alkoxy of - C6, CO2H, CO2R', CONH2, CONHR',
CONR'2, CH=CHCO2H, or CH=CHCO2R', with the proviso
that when R10 is OH and R1 1 is not NH2; wherein R' is
an optionally substituted alkyl , which includes, but
is not limited to, an optionally substituted C1-20
alkyl, an optionally substituted C1-10 alkyl, an
optionally substituted lower alkyl; an optionally
substituted cycloalkyl;an optionally substituted
alkynyl of C -C , an optionally substituted lower
alkenyl of C2-C , or optionally substituted acyl,
which includes but is not limited to C(O) alkyl,
C(O)(C1-20 alkyl), C(O)(C1-10 alkyl), or C(O)(lower
alkyl) or alternatively, in the instance of NR , each
R' comprise at least one C atom that are joined to
form a heterocycle comprising at least two carbon
atoms; and (j) Z is N or CR12 ; and R12 is an H,
halogen (including F, Cl, Br, I), OH, OR', SH, SR',
NH2, NHR', NR'2, NO2 lower alkyl of C1-C6, halogenated
(F, Cl, Br, I) lower alkyl of C1-C6, lower alkenyl of
C2-C6, halogenated (F, Cl, Br, I) lower alkenyl of
C2-C , lower alkynyl of C2-C6, halogenated (F, Cl, Br,
I) lower alkynyl of C2-C , lower alkoxy of C1-C6,
halogenated (F, Cl, Br, I) lower alkoxy of C1-C6,
CO2H, CO2R', CONH2, CONHR', C0NR' 2, CH=CHCO2H, or
CH=CHCO2R'. A second aspect of the third embodiment is
directed to a compound represented by formula 1-5
wherein (a) R1 is hydrogen, methyl, ethyl, ^-propyl,
/-propyl, phenyl, p-tolyl, p-bromo-phenyl,
p-chloro-phenyl, p-fluorophenyl; (b) R2 is hydrogen or
CH ; (c) R3a is H and R3b is H, CH3, CH(CH3)2,
CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl,
-CH2CH2SCH3, CH2CO2H, CH2C(O)NH2, CH2CH2COOH,
CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, - CH2CH2CH2NHC(NH)NH
2, CH2-imidazol-4-yl, CH2OH, CH(OH)CH3, CH2((4'-
OH)-Ph), CH2SH, or lower cycloalkyl; (d) R4 is
hydrogen, CH3, Et, iPr, nPr, nBu, 2-butyl, 'Bu,
benzyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, N-methyl-aziridin-2-yl, Nmethyl-
azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, lower haloalkyl, or di(lower
alkyl)amino-lower alkyl;(e) R5 is H, CN, CH3, OCH3,
CH2OH, CH2F, halogen, including F, Cl, Br, or I, with
the provisos that when X is OH, R6 is CH3 or CH2F, R5
cannot be H. (f) R6 is H, CH3, CH2F, CHF2, CF3, F, or
CN; (g) X is H, OH, F, OCH3, Cl, Br, I, NH2, or N3;
(h) Y is OH, H, CH3, vinyl, NH2 N3, CN, Cl, Br, F, I,
OC(O)CH3, OCH3; (i) R10 and R1 are independently H, F,
Br, I, OH, OR', NH2, NHR', NR'2, CO2R', CONH2, CONHR',
CONR 2, CH=CHCO2H, or CH=CHCO2R', with the proviso
that when R10 is OH and R1 is not NH2; wherein R' is a
lower alkyl, a lower cycloalkyl, or C(O)(lower alkyl)
or alternatively, in the instance of NR'2, each R
comprise at least one C atom that are joined to form a
heterocycle comprising at least two carbon atoms; and
G) Z is N or CR12 ; and R12 is an H, halogen
(including F, Cl, Br, I), OR', NH2, NHR', NR'2, NO2,
lower alkyl of C1-C6, CO2R , CONH2, CONHR', CONR 2,
CH=CHCO2H, or CH=CHCO2R'. A third aspect of the third
embodiment is directed to a compound represented by
formula 1-5 wherein (a) R1 is hydrogen, methyl, ethyl,
n-propyl, z-propyl, phenyl, p-tolyl, p-bromo-phenyl,
p-chloro-phenyl, p-fluorophenyl; (b) R2 is hydrogen or
CH3; (c) R3a is H and R3b is H, CH3, CH(CH3)2,
CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, or lower
cycloalkyl;(d) R4 is hydrogen, CH3, Et, Pr, nPr, nBu,
2-butyl, 'Bu, benzyl, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl,
Nmethyl- azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, CN, CH2F, F, Cl, Br, or I; with the
proviso that X is OH, R6 is CH3 or CH2F, R5 cannot be
H; (f) R6 is H, CH3, CH2F, CHF2, CF3, or F; (g) X is
H, OH, F, OCH3, F, Cl, Br, I, NH2 or N3; (h) Y is H,
OH, CH3, F, Cl, Br, I, NH2 or N3, OCH3, or OC(O)CH3;
(i) R10 and R1 are independently H, F, Br, I, OH, OR1,
NH2, NHR', NR'2, CO2R', CONH2, CONHR', CONR'2,
CH=CHCO2H, or CH=CHCO2R', with the proviso that when
R10 is OH and R1 1 is not NH2; wherein R' is a lower
alkyl, a lower cycloalkyl, or C(O)(lower alkyl) or
alternatively, in the instance of NR'2, each R'
comprise at least one C atom that are joined to form a
heterocycle comprising at least two carbon atoms; and
G) Z is N or CR12; and R12 is an H, halogen (including
F, Cl, Br, I), OR', NH2, NHR', NR'2, NO2, lower alkyl
of C1-C6, CO2R', CONH2, CONHR1, C0NR' 2, CH=CHCO2H, or
CH=CHCO2R'. A fourth aspect of the third embodiment is
directed to a compound represented by formula 1-5
wherein (a) R1 is hydrogen, methyl, ethyl, rc-propyl,
/-propyl, phenyl, p-tolyl, p-bromo-phenyl,
p-chloro-phenyl, p-fluorophenyl; (b) R2 is hydrogen;
(c) R3a is H and R3b is H, CH3, CH(CH3)2, CH2CH(CH3)2,
CH(CH3)CH2CH3, CH2Ph, or lower cycloalkyl; (d) R4 is
hydrogen, CH3, Et, iPr, nPr, nBu, 2-butyl, 'Bu,
benzyl, 



cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
N-methyl-aziridin-2-yl, Nmethyl- azetidin-3-yl,
N-methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl,
Nmethyl- piperidin-4-yl, lower haloalkyl, or di(lower
alkyl)amino-lower alkyl; (e) R5 is H, with the
provisos that when X is OH, R6 is CH3 or CH2F, R5
cannot be H; (f) R6 is H, CH3, CH2F, CHF2, CF3, or F;
(g) X is H, OH, OCH3, F, NH2 or N3; (h) Y is OH, NH2,
OCH3, or OC(O)CH3; (i) R10 and R11 are independently
H, F, Br, I, OH, OR', NH2, NHR', NR'2, CO2R', CONH2,
CONHR', C0NR' 2, CH=CHCO2H, or CH=CHCO2R , with the
proviso that when R10 is OH and R1 1 is not NH2;
wherein R' is a lower alkyl, a lower cycloalkyl, or
C(O)(lower alkyl) or alternatively, in the instance of
NR'2, each R' comprise at least one C atom that are
joined to form a heterocycle comprising at least two
carbon atoms; and G) Z is N or CR12 ; and R12 is an H,
halogen (including F, Cl, Br, I), OR', NH2, NHR',
NR'2, NO2, lower alkyl of C1-C6, CO2R', CONH2, CONHR',
CONR2, CH=CHCO2H, or CH=CHCO2R'. A fifth aspect of the
third embodiment is directed to a compound represented
by formula 1-5 wherein (a) R1 is hydrogen, methyl,
phenyl, p-bromo-phenyl, p-chlorophenyl,
p-fluorophenyl;(b) R2 is hydrogen; (c) R3a is H and
R3b is H, CH3, CH(CH3)2, CH2CH(CH3)2, CH(CH3)CH2CH3,
CH2Ph, or lower cycloalkyl; (d) R4 is hydrogen, CH3,
Et, iPr, nPr, nBu, 2-butyl, 'Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl,
N-methyl-aziridin-2-yl, Nmethyl- azetidin-3-yl,
N-methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl,
Nmethyl- piperidin-4-yl, lower haloalkyl, or di(lower
alkyl)amino-lower alkyl; (e) R5 is H, with the
provisos that when X is OH, R6 is CH3 or CH2F, R5
cannot be H; (f) R6 is H, CH3, CH2F, CHF2, CF3, or F;
(g) X is H, OH, OCH3, F,NH2 or N3; (h) Y is OH, NH2,
OCH3, or OC(O)CH3; (i) R10 and R1 are independently H,
F, Br, I, OH, OR', NH2, NHR', NR'2, CO2R', CONH2,
CONHR', C0NR' 2, CH=CHCO2H, or CH=CHCO2R', with the
proviso that when R10 is OH and R1x is not NH2;
wherein R' is a lower alkyl, a lower cycloalkyl, or
C(O)(lower alkyl) or alternatively, in the instance of
NR'2, each R' comprise at least one C atom that are
joined to form a heterocycle comprising at least two
carbon atoms; and (j) Z is N or CR12; and R12 is an H,
halogen (including F, Cl, Br, I), OR', NH2, NHR',
NR'2,NO2, lower alkyl of C1-C6, CO2R', CONH2, CONHR',
CONR'2, CH=CHCO2H, or CH=CHCO2R'. A sixth aspect of
the third embodiment is directed to a compound
represented by formula 1-5 wherein(a) R1 is hydrogen,
methyl, ethyl, w-propyl, /-propyl, phenyl, p-tolyl,
p-bromo-phenyl, p-chloro-phenyl, p-fluorophenyl; (b)
R2 is hydrogen or CH3; (c) R3a is H and R3b is H, CH3,
CH(CHa)2, CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph,
CH2-indol-3-yl, -CH2CH2SCH3, CH2CO2H, CH2C(O)NH2,
CH2CH2COOH, CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, -
CH2CH2CH2NHC(NH)NH 2, CH2-imidazol-4-yl, CH2OH,
CH(OH)CH3, CH2((4'- OH)-Ph), CH2SH, or lower
cycloalkyl; (d) R4 is hydrogen, CH3, Et, iPr, nPr,
nBu, 2-butyl, 'Bu, benzyl, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl,
Nmethyl- azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, CN, CH3, OCH3, CH2OH, CH2F, halogen,
including F, Cl, Br, or I, with the provisos that when
X is OH, R6 is CH3 or CH2F, R5 cannot be H. (f) R6 is
H, CH3, CH2F, CHF2, CF3, F, or CN; (g) X is H, OH, F,
OCH3, Cl, Br, I, NH2, or N3; (h) Y is OH, H, CH3,
vinyl, NH2,N3, CN, Cl, Br, F, I, OC(O)CH3, OCH3; (i)
R10 is NH2 and R1 is H, F, Br, I, OH, OR', NH2, NHR',
NR 2, CO2R', CONH2, CONHR', CONR'2, CH=CHCO2H, or
CH=CHCO2R'; wherein R' is a lower alkyl, a lower
cycloalkyl, or C(O)(lower alkyl) or alternatively, in
the instance of NR'2, each R' comprise at least one C
atom that are joined to form a heterocycle comprising
at least two carbon atoms; and C) Z is N or CR12 ;
andR12 is an H, halogen (including F, Cl, Br, I), OR',
NH2, NHR', NR'2, NO2, lower alkyl of C1-C6, CO2R',
CONH2, CONHR', CONR'2, CH=CHCO2H, or CH=CHCO2R'. A
seventh aspect of the third embodiment is directed to
a compound represented by formula 1-5 wherein (a) R1
is hydrogen, methyl, ethyl, ^-propyl, /-propyl,
phenyl, p-tolyl, p-bromo-phenyl, p-chloro-phenyl,
p-fluorophenyl; (b) R2 is hydrogen or CH ; (c) R3a is
H and R3b is H, CH3, CH(CH3)2, CH2CH(CH3)2,
CH(CH3)CH2CH3, CH2Ph, or lower cycloalkyl; (d) R4 is
hydrogen, CH3, Et, iPr, nPr, nBu, 2-butyl, 'Bu,
benzyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, N-methyl-aziridin-2-yl, Nmethyl-
azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, CN, CH2F, F, Cl, Br, or I; with the
proviso that X is OH, R6 is CH3 or CH2F, R5 cannot be
H; (f) R6 is H, CH3, CH2F, CHF2, CF3, or F; (g) X is
H, OH, F, OCH3, F, Cl, Br, I, NH2 or N3; (h) Y is H,
OH, CH3, F, Cl, Br, I, NH2 or N3, OCH3, or OC(O)CH3;
(i) R10 is NH2 and R1 is H, F, Br, I, OH, OR', NH2,
NHR', NR'2, CO2R', CONH2, CONHR', C0NR' 2, CH=CHCO2H,
or CH=CHCO2R'; wherein R' is a lower alkyl, a lower
cycloalkyl, or C(O)(lower alkyl) or alternatively, in
the instance of NR'2, each R' comprise at least one C
atom that are joined to form a heterocycle comprising
at least two carbon atoms; and (j) Z is N or CR12 ;
andR12 is an H, halogen (including F, Cl, Br, I), OR',
NH2, NHR', NR'2, NO2, lower alkyl of C1-C6, CO2R',
CONH2, CONHR', CONR'2, CH=CHCO2H, or CH=CHCO2R1. 



An eighth aspect of the third embodiment is directed
to a compound represented by formula 1-5 wherein (a)
R1 is hydrogen, methyl, ethyl, n-propyl, /-propyl,
phenyl, p-tolyl, p-bromo-phenyl, p-chloro-phenyl,
p-fluorophenyl; (b) R2 is hydrogen; (c) R3a is H and
R3b is H, CH3, CH(CH3)2, CH2CH(CH3)2, CH(CH3)CH2CH3,
CH2Ph, or lower cycloalkyl; (d) R4 is hydrogen, CH3,
Et, iPr, nPr, nBu, 2-butyl, 'Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl,
N-methyl-aziridin-2-yl, Nmethyl- azetidin-3-yl,
N-methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl,
Nmethyl- piperidin-4-yl, lower haloalkyl; (e) R5 is H,
with the provisos that when X is OH, R6 is CH3 or
CH2F, R5 cannot be H; (f) R6 is H, CH3, CH2F, CHF2,
CF3, or F; (g) X is H, OH, OCH3, F, NH2 or N3; (h) Y
is OH, NH2, OCH3, or OC(O)CH3; (i) R10 is NH2 and R1!
is H, F, Br, I, OH, OR', NH2, NHR', NR'2, CO2R ,
CONH2, CONHR', CONR'2, CH=CHCO2H, or CH=CHCO2R1;
wherein R' is a lower alkyl, a lower cycloalkyl, or
C(O)(lower alkyl) or alternatively, in the instance of
NR'2, each R' comprise at least one C atom that are
joined to form a heterocycle comprising at least two
carbon atoms; and Q) Z is N or CR12 ; andR12 is an H,
halogen (including F, Cl, Br, I), OR', NH2, NHR',
NR'2, NO2, lower alkyl of C1-C6, CO2R', CONH2, CONHR',
CONR'2, CH=CHCO2H, or CH=CHCO2R'. A ninth aspect of
the third embodiment is directed to a compound
represented by formula 1-5 wherein (a) R1 is hydrogen,
methyl, phenyl, p-bromo-phenyl, p-chlorophenyl,
p-fluorophenyl; (b) R2 is hydrogen; (c) R3a is H and
R3b is H, CH3, CH(CH3)2, CH2CH(CH3)2, CH(CH3)CH2CH3,
CH2Ph, or lower cycloalkyl; (d) R4 is hydrogen, CH3,
Et, iPr, nPr, nBu, 2-butyl, Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl,
N-methyl-aziridin-2-yl, Nmethyl- azetidin-3-yl,
N-methyl-pyrrolidin-3-yl, or N-methyl-pyrrolidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, with the provisos that when X is OH, R6
is CH3 or CH2F, R5 cannot be H; (f) R6 is H, CH3,
CH2F, CHF2, CF3, or F; (g) X is H, OH, OCH3, F, NH2 or
N3; (h) Y is OH, NH2, OCH3, or OC(O)CH3; (i) R10 is
NH2 and R1' is H, F, Br, I, OH, OR', NH2, NHR', NR'2,
CO2R , CONH2, CONHR', CONR 2, CH=CHCO2H, or
CH=CHCO2R'; wherein R' is a lower alkyl, a lower
cycloalkyl, or C(O)(lower alkyl) or alternatively, in
the instance of NR'2, each R' comprise at least one C
atom that are joined to form a heterocycle comprising
at least two carbon atoms; and ) Z is N or CR12 ; andR
is an H, halogen (including F, Cl, Br, I), OR', NH2,
NHR1, NR 2, NO2, lower alkyl of C1-C6, CO2R , CONH2,
CONHR, CONR 2, CH=CHCO2H, or CH=CHCO2R'. A tenth
aspect of the third embodiment is directed to a
compound represented by formula 1-6 1-6 wherein (a) R1
is hydrogen, n-alkyl; branched alkyl; cycloalkyl; or
aryl, which includes, but is not limited to, phenyl or
naphthyl, where phenyl or naphthyl are optionally
substituted with at least one of C1-6 alkyl, C2-6
alkenyl, C2-6 alkynyl, C1-6 alkoxy, F, Cl, Br, I,
nitro, cyano, C1-6 haloalkyl, -N(Rr )2, C1-6
acylamino, - NHSO2C1-6 alkyl, -SO2N(Rr )2, COR1-, and
-SO2C1-6 alkyl; (R1' is independently hydrogen or
alkyl, which includes, but is not limited to, C1-20
alkyl, C1-10 alkyl, or C1-6 alkyl, R1- is -OR or -N(Rr
)2); (b) R2 is hydrogen or CH ; (c) R3a and R3b are
(i) independently selected from hydrogen, C1-10 alkyl,
cycloalkyl, -(CH2)C(NR3')2, C1-6 hydroxyalkyl, -CH2SH,
-(CH2)2S(O)dMe, - (CH2)3NHC(=NH)NH2,
(1H-indol-3-yl)methyl, (1H-imidazol-4-yl)methyl, -
(CH2)eCOR , aryl and aryl C1-3 alkyl, said aryl groups
optionally substituted with a group selected from
hydroxyl, C1-10 alkyl, C1-6 alkoxy, halogen, nitro and
cyano; (ii) R3a and R3b both are C1-6 alkyl; (iii) R3a
and R3b together are(CH2)f soas to form a spiro ring;
(iv) R3a is hydrogen and R3b and R2 together are
(CH2)n so as to form a cyclic ring that includes the
adjoining N and C atoms (v) R3b is hydrogen and R3a
and R2 together are (CH ) so as to form a cyclic ring
that includes the adjoining N and C atoms, where c is
1 to 6, d is 0 to 2, e is 0 to 3, f is 2 to 5, n is 2
to 4, and where R3 is independently hydrogen or C1-6
alkyl and R3- is -OR' or -N(R 3')2); (vi) R3a is H and
R3b is H, CH3, CH2CH3, CH(CH3)2, CH2CH(CH3)2,
CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl, -CH2CH2SCH3,
CH2CO2H, CH2C(O)NH2, CH2CH2COOH, CH2CH2C(O)NH2,
CH2CH2CH2CH2NH2, -CH 2CH2CH2NHC(NH)NH 2,
CH2-imidazol-4-yl, CH2OH, CH(OH)CH3, CH2((4'-OH)-Ph),
CH2SH, or lower cycloalkyl; or (viii) R3a is CH3,
-CH2CH3, CH(CH3)2, CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph,
CH2-indol-3-yl, -CH2CH2SCH3, CH2CO2H, CH2C(O)NH2,
CH2CH2COOH, CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, -CH
2CH2CH2NHC(NH)NH 2, CH2- imidazol-4-yl, CH2OH,
CH(OH)CH3, CH2((4'-OH)-Ph), CH2SH, or lower cycloalkyl
and R3b is H, where R3 is independently hydrogen or
alkyl, which includes, but is not limited to, C1-20
alkyl, C1-10 alkyl, or C1-6 alkyl, R3- is -OR' or
-N(R3')2); (d) R4 is hydrogen, C1-10 alkyl, C1-10
alkyl optionally substituted with a lower alkyl,
alkoxy or halogen, C1-10 haloalkyl, C3-10 cycloalkyl,
cycloalkyl alkyl, cycloheteroalkyl, aminoacyl,
di(lower alkyl)amino-lower alkyl, aryl, such as
phenyl, heteroaryl, such as, pyridinyl, substituted
aryl, or substituted heteroaryl; (e) R5 is H, a lower
alkyl, CN, vinyl, O-(lower alkyl), hydroxyl lower
alkyl, i.e., -(CH2)POH, where p is 1 -6, including
hydroxyl methyl (CH2OH), CH2F,N3, CH2CN, CH2NH2,
CH2NHCH3, CH2N(CH3)2, alkyne (optionally substituted),
or halogen, including F, Cl, Br, or I, with the
provisos that when X is OH, base is cytosine and R6 is
H, R5 cannot be N3 and when X is OH, R6 is CH3 or CH2F
and B is a purine base, R5 cannot be H; (f) R6 is H,
CH3, CH2F, CHF2, CF3, F, or CN; (g) X is H, OH, F,
OMe, Cl, Br, I, NH2, or N3;(h) Y is OH, H, C1-4 alkyl,
C2-4 alkenyl, C2-4 alkynyl, vinyl, N3, CN, Cl, Br, F,
I, NO2, OC(O)O(C1-4 alkyl), OC(O)O(C1-4 alkyl),
OC(O)O(C2-4 



alkynyl), OC(O)O(C2-4 alkenyl), OC1-10 haloalkyl,
O(aminoacyl), 0(C 1-10 acyl), 0(C 1-4 alkyl), 0(C 2-4
alkenyl), S(C1-4 acyl), S(C1-4 alkyl), S(C2-4
alkynyl), S(C2-4 alkenyl), SO( C1-4 acyl), SO(C1-4
alkyl), SO(C2-4 alkynyl), SO(C2-4 alkenyl), SO2(C1-4
acyl), SO2(C1-4 alkyl), SO2(C2-4 alkynyl), SO2(C2-4
alkenyl), OS(O)2(C - 4 acyl), OS(O)2(C1-4 alkyl),
OS(O)2(C2-4 alkenyl), NH2, NH(C1-4 alkyl), NH(C2-4
alkenyl), NH(C2-4 alkynyl), NH(C1-4 acyl), N(C1-4
alkyl)2, N(CM 8 acyl)2, wherein alkyl, alkynyl,
alkenyl and vinyl are optionally substituted by N ,
CN, one to three halogen (Cl, Br, F, I), NO2,
C(O)O(C1-4 alkyl), C(O)O(C1-4 alkyl), C(O)O(C2-4
alkynyl), C(O)O(C2-4 alkenyl), 0(C 1-4 acyl), 0(C 1-4
alkyl), 0(C 2-4 alkenyl), S(C1-4 acyl), S(C1-4 alkyl),
S(C2-4 alkynyl), S(C2-4 alkenyl), SO(C1-4 acyl),
SO(C1-4 alkyl), SO(C2-4 alkynyl), SO(C2-4 alkenyl),
SO2(C1-4 acyl), SO2(C1-4 alkyl), SO2(C2-4 alkynyl),
SO2(C2-4 alkenyl), OS(O)2(C1-4 acyl), OS(O)2(C1-4
alkyl), OS(O)2(C2-4 alkenyl), NH2, NH(C1-4 alkyl),
NH(C2-4 alkenyl), NH(C2-4 alkynyl), NH(C1-4 acyl),
N(C1-4 alkyl)2, N(C1-4 acyl)2; (i) R10 and R1 are
independently H, F, Br, I, OH, OR', NH2, NHR', NR'2,
CO2R', CONH2, CONHR', CONR'2, CH=CHCO2H, or
CH=CHCO2R', with the proviso that when R10 is OH and
R1 1 is not NH2; wherein R' is a lower alkyl, a lower
cycloalkyl, or C(O)(lower alkyl) or alternatively, in
the instance of NR'2, each R' comprise at least one C
atom that are joined to form a heterocycle comprising
at least two carbon atoms; and (j) Z is N or CR12 ;
and R12 is an H, halogen (including F, Cl, Br, I),
OR', NH2, NHR', NR'2,NO2, lower alkyl OfC-C 6, CO2R',
CONH2, CONHR', CONR'2, CH=CHCO2H, or CH=CHCO2R'. An
eleventh aspect of the third embodiment is directed to
a compound represented by formula 1-6 wherein(a) R1 is
hydrogen, methyl, ethyl, w-propyl, /-propyl, phenyl,
p-tolyl, p-bromo-phenyl, p-chloro-phenyl,
p-fluorophenyl; (b) R2 is hydrogen or CH3; (c) R3a is
H and R3b is H, CH3, CH(CH3)2, CH2CH(CH3)2,
CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl, -CH2CH2SCH3,
CH2CO2H, CH2C(O)NH2, CH2CH2COOH, CH2CH2C(O)NH2,
CH2CH2CH2CH2NH2, - CH2CH2CH2NHC(NH)NH 2,
CH2-imidazol-4-yl, CH2OH, CH(OH)CH3, CH2((4'- OH)-Ph),
CH2SH, or lower cycloalkyl; (d) R4 is hydrogen, CH3,
Et, iPr, nPr, nBu, 2-butyl, 'Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl,
N-methyl-aziridin-2-yl, Nmethyl- azetidin-3-yl,
N-raethyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl,
Nmethyl- piperidin-4-yl, lower haloalkyl, or di(lower
alkyl)amino-lower alkyl; (e) R5 is H, CN, CH3, OCH3,
CH2OH, CH2F, halogen, including F, Cl, Br, or I, with
the provisos that when X is OH, R6 is CH3 or CH2F, R5
cannot be H; (f) R6 is H, CH3, CH2F, CHF2, CF3, F, or
CN; (g) X is H, OH, F, OCH3, Cl, Br, I, NH2, or N3;
(h) Y is OH, H, CH3, vinyl, NH2, N3, CN, Cl, Br, F, I,
OC(O)CH3, OCH3; (i) R10 and R1' are independently H,
F, Br, I, OH, OR', NH2, NHR', NR'2, CO2R', CONH2,
CONHR', C0NR' 2, CH=CHCO2H, or CH=CHCO2R', with the
proviso that when R10 is OH and R1 1 is not NH2;
wherein R' is a lower alkyl, a lower cycloalkyl, or
C(O)(lower alkyl) or alternatively, in the instance of
NR'2, each R' comprise at least one C atom that are
joined to form a heterocycle comprising at least two
carbon atoms; and O) Z is N or CR12 ; andR12 is an H,
halogen (including F, Cl, Br, I), OR1, NH2, NHR',
NR'2, NO2, lower alkyl of C1-C6, CO2R', CONH2, CONHR',
CONR'2, CH=CHCO2H, or CH=CHCO2R'. A twelvth aspect of
the third embodiment is directed to a compound
represented by formula 1-6 wherein (a) R1 is hydrogen,
methyl, ethyl, r-propyl, /-propyl, phenyl, p-tolyl,
p-bromo-phenyl, p-chloro-phenyl, p-fluorophenyl; (b)
R2 is hydrogen or CH3; (c) R3a is H and R3b is H, CH3,
CH(CH3)2, CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, or lower
cycloalkyl; (d) R4 is hydrogen, CH3, Et, rPr, nPr,
nBu, 2-butyl, 'Bu, benzyl, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl,
Nmethyl- azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, CN, CH2F, F, Cl, Br, or I, with the
provisos that when X is OH, R6 is CH3 or CH2F, R5
cannot be H; (f) R6 is H, CH3, CH2F, CHF2, CF3, or F;
(g) X is H, OH, F, OCH3, F, Cl, Br, I, NH2 or N3; (h)
Y is H, OH, CH3, F, Cl, Br, I, NH2 or N3, OCH3, or
OC(O)CH3; (i) R10 and R1' are independently H, F, Br,
I, OH, OR', NH2, NHR1, NR'2, CO2R', CONH2, CONHR',
CONR 2, CH=CHCO2H, or CH=CHCO2R', with the proviso
that when R!0 is OH and Rn is not NH2; wherein R' is a
lower alkyl, a lower cycloalkyl, or C(O)(lower alkyl)
or alternatively, in the instance of NR'2, each R'
comprise at least one C atom that are joined to form a
heterocycle comprising at least two carbon atoms;
andQ) Z is N or CR12 ; and R12 is a H, halogen
(including F, Cl, Br, I), OR1, NH2, NHR1, NR2,NO2,
lower alkyl of C1-C6, CO2R', CONH2, CONHR', CONR2,
CH=CHCO2H, or CH=CHCO2R1. Athirteenth aspect of the
third embodiment is directed to a compound represented
by formula 1-6 wherein (a) R1 is hydrogen, methyl,
ethyl, n-propyl, /-propyl, phenyl, p-tolyl,
p-bromo-phenyl, p-chloro-phenyl, p-fluorophenyl; (b)
R2 is hydrogen; (c) R3a is H and R3b is H, CH3,
CH(CH3)2, CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, or lower
cycloalkyl; (d) R4 is hydrogen, CH3, Et, iPr, nPr,
nBu, 2-butyl, 'Bu, benzyl, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl,
Nmethyl- azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, with the provisos that when X is OH, R6
is CH3 or CH2F, R5 cannot be H; (f) R6 is H, CH3,
CH2F, CHF2, CF3, or F; (g) X is H, OH, OCH3, F, NH2 or
N3; (h) Y is OH, NH2, OCH3, or OC(O)CH3; (i) R10 and
R1' are independently H, F, Br, I, OH, OR', NH2, NHR',



NR'2, CO2R', CONH2, CONHR', C0NR' 2, CH=CHCO2H, or
CH=CHCO2R', with the proviso that when R10 is OH and
R11 is not NH2;wherein R' is a lower alkyl, a lower
cycloalkyl, or C(O)(lower alkyl) or alternatively, in
the instance of NR , each R' comprise at least one C
atom that are joined to form a heterocycle comprising
at least two carbon atoms; and G) Z is N or CR12 ; and
R12 is an H, halogen (including F, Cl, Br, I), OR',
NH2, NHR', NR'2, NO2, lower alkyl of C1-C6, CO2R',
CONH2, CONHR', CONR'2, CH=CHCO2H, or CH=CHCO2R'. A
fourteenth aspect of the third embodiment is directed
to a compound represented by formula 1-6 wherein (a)
R1 is hydrogen, methyl, phenyl, p-bromo-phenyl,
p-chlorophenyl, p-fluorophenyl; (b) R2 is hydrogen;
(c) R3a is H and R3b is H, CH3, CH(CH3)2, CH2CH(CH3)2,
CH(CH3)CH2CH3, CH2Ph, or lower cycloalkyl; (d) R4 is
hydrogen, CH3, Et, iPr, nPr, nBu, 2-butyl, 'Bu,
benzyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, N-methyl-aziridin-2-yl, Nmethyl-
azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, with the provisos that when X is OH, R6
is CH3 or CH2F, R5 cannot be H; (f) R6 is H, CH3,
CH2F, CHF2, CF3, or F; (g) X is H, OH, OCH3, F, NH2 or
N3; (h) Y is OH, NH2, OCH3, or OC(O)CH3;(i) R10 and
R11 are independently H, F, Br, 1, OH, OR', NH2, NHR',
NR'2, CO2R', CONH2, CONHR', CONR'2, CH=CHCO2H, or
CH=CHCO2R', with the proviso that when R10 is OH and
R1 1 is not NH2; wherein R' is a lower alkyl, a lower
cycloalkyl, or C(O)(lower alkyl) or alternatively, in
the instance of NR'2, each R' comprise at least one C
atom that are joined to form a heterocycle comprising
at least two carbon atoms; and (j) Z is N or CR12 ;
and R!2 is an H, halogen (including F, Cl, Br, I),
OR', NH2, NHR', NR'2, NO2, lower alkyl of C1-C6,
CO2R', CONH2, CONHR', CONR'2, CH=CHCO2H, or
CH=CHCO2R'. A fifteenth aspect of the third embodiment
is directed to a compound represented by formula 1-6
wherein (a) R1 is hydrogen, n-alkyl; branched alkyl;
cycloalkyl; or aryl, which includes, but is not
limited to, phenyl or naphthyl, where phenyl or
naphthyl are optionally substituted with at least one
of C1-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C1-6
alkoxy, F, Cl, Br, I, nitro, cyano, C1-6 haloalkyl,
-N(R1)2, - acylamino, - NHSO2C1-6 alkyl, -SO2N(R 1')2,
COR1", and -SO2C1-6 alkyl; (R1' is independently
hydrogen or alkyl, which includes, but is not limited
to, C1-2Oalkyl, C1-10 alkyl, or C1-6 alkyl, R1- is -OR
or -N(Rr )2); (b) R2 is hydrogen or CH3; (c) R3a and
R3b are (i) independently selected from hydrogen,
C1-!0 alkyl, cycloalkyl, -(CH2)C(NR3')2, C1-6
hydroxyalkyl, -CH2SH, -(CH2)2S(O)dMe, -
(CH2)3NHC(=NH)NH2, (1H-indol-3-yl)methyl,
(1H-imidazol-4-yl)methyl, - (CH2)eCOR3 , aryl and aryl
C1-3 alkyl, said aryl groups optionally substituted
with a group selected from hydroxyl, C1-10 alkyl, C1-6
alkoxy, halogen, nitro and cyano; (ii) R3a and R3b
both are C1-6 alkyl; (iii) R3a and R3b together
are(CH2)f so as to form a spiro ring; (iv) R3a is
hydrogen and R3b and R2 together are (CH2)n so as to
form a cyclic ring that includes the adjoining N and C
atoms (v) R3b ishydrogen and R3a and R2 together are
(CH ) so as to form a cyclic ring that includes the
adjoining N and C atoms, where c is 1 to 6, d is 0 to
2, e is 0 to 3, f is 2 to 5, n is 2 to 4, and where R3
is independently hydrogen or C1-6 alkyl and R3 is -OR'
or -N(R 3')2); (vi) R3a is H and R3b is H, CH3,
CH2CH3, CH(CH3)2, CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph,
CH2-indol-3-yl, -CH2CH2SCH3, CH2CO2H, CH2C(O)NH2,
CH2CH2COOH, CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, -CH
2CH2CH2NHC(NH)NH 2, CH2-imidazol-4-yl, CH2OH,
CH(OH)CH3, CH2((4'-OH)-Ph), CH2SH, or lower
cycloalkyl; or (viii) R3a is CH3, -CH2CH3, CH(CH3)2,
CH2CH(CHa)2, CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl,
-CH2CH2SCH3, CH2CO2H, CH2C(O)NH2, CH2CH2COOH,
CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, -CH 2CH2CH2NHC(NH)NH
2, CH2- imidazol-4-yl, CH2OH, CH(OH)CH3,
CH2((4'-OH)-Ph), CH2SH, or lower cycloalkyl and R3b is
H, where R3 is independently hydrogen or alkyl, which
includes, but is not limited to, C1-2Oalkyl,
C1-1Oalkyl, or C1 alkyl, R3 is -OR' or -N(R3')2); (d)
R4 is hydrogen, C1-10 alkyl, C1-10 alkyl optionally
substituted with a lower alkyl, alkoxy or halogen, C
1-10 haloalkyl, C3_io cycloalkyl, cycloalkyl alkyl,
cycloheteroalkyl, aminoacyl, di(lower
alkyl)amino-lower alkyl, aryl, such as phenyl,
heteroaryl, such as, pyridinyl, substituted aryl, or
substituted heteroaryl; (e) R5 is H, a lower alkyl,
CN, vinyl, O-(lower alkyl), hydroxyl lower alkyl,
i.e., -(CH2)POH, where p is 1 -6, including hydroxyl
methyl (CH2OH), CH2F, N3, CH2CN, CH2NH2, CH2NHCH3,
CH2N(CH3)2, alkyne (optionally substituted), or
halogen, including F, Cl, Br, or I, with the provisos
that when X is OH, base is cytosine and R6 is H, R5
cannot be N3 and when X is OH, R6 is CH3 or CH2F and B
is a purine base, R5 cannot be H; (f) R6 is H, CH3,
CH2F, CHF2, CF3, F, or CN; (g) X is H, OH, F, OMe,
halogen, NH2, or N3; (h) Y is OH, H, C1-4 alkyl, C2-4
alkenyl, C2-4 alkynyl, vinyl, N3, CN, Cl, Br, F, I,
NO2, OC(O)O(C1-4 alkyl), OC(O)O(C1-4 alkyl),
OC(O)O(C2-4 alkynyl), OC(O)O(C2-4 alkenyl), OC1-10
haloalkyl, O(aminoacyl), 0(C 1-10 acyl),0(C 1-4
alkyl), 0(C 2-4 alkenyl), S(C1-4 acyl), S(C1-4 alkyl),
S(C2-4 alkynyl), S(C2-4 alkenyl), SO(C1-4 acyl),
SO(C1-4 alkyl), SO(C2-4 alkynyl), SO(C2-4 alkenyl),
SO2(C1-4 acyl), SO2(C1-4 alkyl), SO2(C2-4 alkynyl),
SO2(C2 alkenyl), OS(O)2(C1- 4 acyl), OS(O)2(C1-4
alkyl), OS(O)2(C2-4 alkenyl), NH2, NH(C1-4 alkyl),
NH(C2-4 alkenyl), NH(C2-4 alkynyl), NH(C1-4 acyl),
N(C1-4 alkyl)2, N(C1- 8acyl)2, wherein alkyl, alkynyl,
alkenyl and vinyl are optionally substituted by N ,
CN, one to three halogen (Cl, Br, F, I), NO2,
C(O)O(C1-4 alkyl), C(O)O(C1-4 alkyl), C(O)O(C2 4
alkynyl), C(O)O(C2-4 alkenyl), 0(C 1-4 acyl), O(C1-4
alkyl), 0(C 2-4 alkenyl), S(C1-4 acyl), S(C1-4 alkyl),
S(C2-4 alkynyl), S(C2-4 alkenyl), SO(C1-4 acyl),
SO(C1-4 alkyl), SO(C2-4 alkynyl), SO(C2-4 alkenyl),
SO2(C1-4 acyl), SO2(C1-4 alkyl), SO2(C2-4 alkynyl),
SO2(C2-4 alkenyl), OS(O)2(C1-4 acyl), OS(O)2(C1-4
alkyl), OS(O)2(C2-4 alkenyl), NH2, NH(C1-4 alkyl),
NH(C2-4 alkenyl), NH(C2-4 alkynyl), NH(C1-4 acyl),
N(C1-4 alkyl)2, N(C1-4 acyl)2; (i) R10 is NH2 and R1
is H, F, Br, I, OH, OR1, NH2, NHR', NR'2, CO2R',
CONH2, CONHR', CONR'2, CH=CHCO2H, or CH=CHCO2R';
wherein R' is a lower alkyl, a lower cycloalkyl, or
C(O)(lower alkyl) or 



alternatively, in the instance of NR'2, each R'
comprise at least one C atom that are joined to form a
heterocycle comprising at least two carbon atoms; and
(j) Z is N or CR12 ; and R12 is an H, halogen
(including F, Cl, Br, I), OR', NH2, NHR', NR'2, NO2,
lower alkyl of C1-C6, CO2R', CONH2, CONHR', CONR 2,
CH=CHCO2H, or CH=CHCO2R'. An sixteenth aspect of the
third embodiment is directed to a compound represented
by formula 1-6 wherein (a) R1 is hydrogen, methyl,
ethyl, n-propyl, /-propyl, phenyl, p-tolyl,
p-bromo-phenyl, p-chloro-phenyl, p-fluorophenyl; (b)
R2 is hydrogen or CH3;(c) R3a is H and R3b is H, CH3,
CH(CH3)2, CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph,
CH2-indol-3-yl, -CH2CH2SCH3, CH2CO2H, CH2C(O)NH2,
CH2CH2COOH, CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, -
CH2CH2CH2NHC(NH)NH 2, CH2-imidazol-4-yl, CH2OH,
CH(OH)CH3, CH2((4'- OH)-Ph), CH2SH, or lower
cycloalkyl; (d) R4 is hydrogen, CH3, Et, iPr, nPr,
nBu, 2-butyl, 'Bu, benzyl, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl,
Nmethyl- azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, CN, CH3, OCH3, CH2OH, CH2F, halogen,
including F, Cl, Br, or I, with the provisos that when
X is OH, R6 is CH3 or CH2F, R5 cannot be H; (f) R6 is
H, CH3, CH2F, CHF2, CF3, F, or CN; (g) X is H, OH, F,
OCH3, Cl, Br, I, NH2, or N3; (h) Y is OH, H, CH3,
vinyl, NH2,N3, CN, Cl, Br, F, I, OC(O)CH3, OCH3; (i)
R10 is NH2 and R1' is H, F, Br, I, OH, OR', NH2, NHR',
NR'2, CO2R', CONH2, CONHR', C0NR' 2, CH=CHCO2H, or
CH=CHCO2R'; wherein R' is a lower alkyl, a lower
cycloalkyl, or C(O)(lower alkyl) or alternatively, in
the instance of NR'2, each R' comprise at least one C
atom that are joined to form a heterocycle comprising
at least two carbon atoms; and G) Z is N or CR12 ; and
R12 is an H, halogen (including F, Cl, Br, I), OR',
NH2, NHR', NR'2, NO2, lower alkyl of C1-C6, CO2R',
CONH2, CONHR, C0NR' 2, CH=CHCO2H, or CH=CHCO2R'. A
seventeenth aspect of the third embodiment is directed
to a compound represented by formula 1-6wherein (a) R1
is hydrogen, methyl, ethyl, rc-propyl, /-propyl,
phenyl, p-tolyl, p-bromo-phenyl, p-chloro-phenyl,
p-fluorophenyl; (b) R2 is hydrogen or CH ; (c) R3a is
H and R3b is H, CH3, CH(CH3)2, CH2CH(CH3)2,
CH(CH3)CH2CH3, CH2Ph, or lower cycloalkyl; (d) R4 is
hydrogen, CH3, Et, iPr, nPr, nBu, 2-butyl, 'Bu,
benzyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, N-methyl-aziridin-2-yl, Nmethyl-
azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, CN, CH2F, F, Cl, Br, or I, with the
provisos that when X is OH, R6 is CH3 or CH2F, R5
cannot be H; (f) R6 is H, CH3, CH2F, CHF2, CF3, or F;
(g) X is H, OH, F, OCH3, F, Cl, Br, I, NH2 or N3; (h)
Y is H, OH, CH3, F, Cl, Br, I, NH2 or N3, OCH3, or
OC(O)CH3; (i) R10 is NH2 and R1 is H, F, Br, I, OH,
OR', NH2, NHR', NR'2, CO2R', CONH2, CONHR', C0NR' 2,
CH=CHCO2H, or CH=CHCO2R'; wherein R' is a lower alkyl,
a lower cycloalkyl, or C(O)(lower alkyl) or
alternatively, in the instance of NR'2, each R'
comprise at least one C atom that are joined to form a
heterocycle comprising at least two carbon atoms; and
G) Z is N or CR12 ; and R12 is an H, halogen
(including F, Cl, Br, I), OR', NH2, NHR', NR'2, NO2,
lower alkyl of C1-C6, CO2R', CONH2, CONHR', C0NR' 2,
CH=CHCO2H, or CH=CHCO2R'. An eighteenth aspect of the
third embodiment is directed to a compound represented
by formula 1-6wherein (a) R1 is hydrogen, methyl,
ethyl, ^-propyl, /-propyl, phenyl, p-tolyl,
p-bromo-phenyl, p-chloro-phenyl, p-fluorophenyl; (b)
R2 is hydrogen; (c) R3a is H and R3b is H, CH3,
CH(CH3)2, CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, or lower
cycloalkyl; (d) R4 is hydrogen, CH3, Et, iPr, nPr,
nBu, 2-butyl, 'Bu, benzyl, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl,
Nmethyl- azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, with the provisos that when X is OH, R6
is CH3 or CH2F, R5 cannot be H; (f) R6 is H, CH3,
CH2F, CHF2, CF3, or F; (g) X is H, OH, OCH3, F, NH2 or
N3; (h) Y is OH, NH2, OCH3, or OC(O)CH3; (i) R10 is
NH2 and R1 is H, F, Br, I, OH, OR', NH2, NHR', NR'2,
CO2R', CONH2, CONHR', C0NR' 2, CH=CHCO2H, or
CH=CHCO2R'; wherein R' is a lower alkyl, a lower
cycloalkyl, or C(O)(lower alkyl) or alternatively, in
the instance of NR'2, each R' comprise at least one C
atom that are joined to form a heterocycle comprising
at least two carbon atoms; and (j) Z is N or CR12 ;
and R12 is an H, halogen (including F, Cl, Br, I),
OR', NH2, NHR', NR'2,NO2, lower alkyl of C1-C6, CO2R',
CONH2, CONHR', C0NR' 2, CH=CHCO2H, or CH=CHCO2R'. A
ninteenth aspect of the third embodiment is directed
to a compound represented by formula 1-6wherein (a) R1
is hydrogen, methyl, phenyl, p-bromo-phenyl,
p-chlorophenyl, p-fluorophenyl; (b) R2 is hydrogen;
(c) R3a is H and R3b is H, CH3, CH(CH3)2, CH2CH(CH3)2,
CH(CH3)CH2CH3, CH2Ph, or lower cycloalkyl; (d) R4 is
hydrogen, CH3, Et, iPr, nPr, nBu, 2-butyl, 'Bu,
benzyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, N-methyl-aziridin-2-yl, Nmethyl-
azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, with the provisos that when X is OH, R6
is CH3 or CH2F, 



R5 cannot be H; (f) R6 is H, CH3, CH2F, CHF2, CF3, or
F; (g) X is H, OH, OCH3, F, NH2 or N3; (h) Y is OH,
NH2, OCH3, or OC(O)CH3; (i) R10 is NH2 and R1 are
independently H, F, Br, I, OH, OR1, NH2, NHR', NR'2,
CO2R', CONH2, CONHR', C0NR' 2, CH=CHCO2H, or
CH=CHCO2R'; wherein R' is a lower alkyl, a lower
cycloalkyl, or C(O)(lower alkyl) or alternatively, in
the instance of NR'2, each R' comprise at least one C
atom that are joined to form a heterocycle comprising
at least two carbon atoms; and (j) Z is N or CR12 ;
and R12 is an H, halogen (including F, Cl, Br, I),
OR1, NH2, NHR1, NR'2, NO2, lower alkyl of C-C 6,
CO2R', CONH2, CONHR, C0NR' 2, CH=CHCO2H, or
CH=CHCO2R'.A fourth embodiment of the invention is
directed to a compound represented by formula I in
which the base is a structure represented by formula c
above, where R1 1 is H and R2, R3a, R3b, R4, R5, R6,
X, and Y are defined in the Summary of the Invention
section above. A first aspect of the fourth embodiment
is directed to a compound represented by formula 1-7
1-7 wherein (a) R1 is hydrogen, n-alkyl; branched
alkyl; cycloalkyl; or aryl, which includes, but is not
limited to, phenyl or naphthyl, where phenyl or
naphthyl are optionally substituted with at least one
of C1- alkyl, C2- alkenyl, C2- alkynyl, C1-6 alkoxy,
F, Cl, Br, I, nitro, cyano, C1-6 haloalkyl, -N(R1)2,
C1-6 acylamino, - NHSO2C1-6 alkyl, -SO2N(Rr )2, COR1-,
and -SO 2C 6 alkyl; (R1' is independently hydrogen or
alkyl, which includes, but is not limited to, C1 2
alkyl, C1-10 alkyl, or C1-6 alkyl, R1- is -OR' or
-N(Rr )2); (b) R2 is hydrogen or CH3; (c) R3a and R3b
are (i) independently selected from hydrogen, C -10
alkyl, cycloalkyl, -(CH2)C(NR3')2, C1-6 hydroxyalkyl,
-CH2SH, -(CH2)2S(O)dMe, - (CH2)3NHC(=NH)NH2,
(1H-indol-3-yl)methyl, (1H-imidazol-4-yl)methyl, -
(CH2)eCOR3 , aryl and aryl C1-3 alkyl, said aryl
groups optionally substituted with a group selected
from hydroxyl, C1-10 alkyl, C1-6 alkoxy, halogen,
nitro andcyano; (ii) R3a and R3b both are C1-6 alkyl;
(iii) R3a and R3b together are(CH2)f so as to form a
spiro ring; (iv) R3a is hydrogen and R3b and R2
together are (CH2)n so as to form a cyclic ring that
includes the adjoining N and C atoms (v) R3b is
hydrogen and R3a and R2 together are (CH2)n so as to
form a cyclic ring that includes the adjoining N and C
atoms, where c is 1to 6, d is 0 to 2, e is 0 to 3, f
is 2 to 5, n is 2 to 4, and where R3 is independently
hydrogen or C1-6 alkyl and R3- is -OR' or -N(R 3')2);
(vi) R3a is H and R3b is H, CH3, CH2CH3, CH(CH3)2,
CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl,
-CH2CH2SCH3, CH2CO2H, CH2C(O)NH2, CH2CH2COOH,
CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, -CH 2CH2CH2NHC(NH)NH
2, CH2-imidazol-4-yl, CH2OH, CH(OH)CH3,
CH2((4'-OH)-Ph), CH2SH, or lower cycloalkyl; or (viii)
R3a is CH3, -CH2CH3, CH(CH3)2, CH2CH(CH3)2,
CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl, -CH2CH2SCH3,
CH2CO2H, CH2C(O)NH2, CH2CH2COOH, CH2CH2C(O)NH2,
CH2CH2CH2CH2NH2, -CH 2CH2CH2NHC(NH)NH 2, CH2-
imidazol-4-yl, CH2OH, CH(OH)CH3, CH2((4'-OH)-Ph),
CH2SH, or lower cycloalkyl and R3b is H, where R3 is
independently hydrogen or alkyl, which includes, but
is not limited to, C1-20 alkyl, C1-10 alkyl, or C1-6
alkyl, R3 is -OR' or -N(R3')2); (d) R4 is hydrogen,
C1-1Oalkyl, C1-10 alkyl optionally substituted with a
lower alkyl, alkoxy or halogen, C1-10 haloalkyl, C -10
cycloalkyl, cycloalkyl alkyl, cycloheteroalkyl,
aminoacyl, di(lower alkyl)amino-lower alkyl, aryl,
such as phenyl, heteroaryl, such as, pyridinyl,
substituted aryl, or substituted heteroaryl; (e) R5 is
H, a lower alkyl, CN, vinyl, O-(lower alkyl), hydroxyl
lower alkyl, i.e., -(CH2)POH, where p is 1 -6,
including hydroxyl methyl (CH2OH), CH2F,N3, CH2CN,
CH2NH2, CH2NHCH3, CH2N(CH3)2, alkyne (optionally
substituted), or halogen, including F, Cl, Br, or I,
with the provisos that when X is OH, base is cytosine
and R6 is H, R5 cannot be N3 and when X is OH, R6 is
CH3 or CH2F and B is a purine base, R5 cannot be H;
(f) R6 is H, CH3, CH2F, CHF2, CF3, F, or CN; (g) X is
H, OH, F, OMe, halogen, NH2, or N3;(h) Y is OH, H,
C1-4 alkyl, C2-4 alkenyl, C2-4 alkynyl, vinyl, N3, CN,
Cl, Br, F, I, NO2, OC(O)O(C14 alkyl), OC(O)O(C1-4
alkyl), OC(O)O(C2-4 alkynyl), OC(O)O(C2-4 alkenyl),
OC1-10 haloalkyl, O(aminoacyl), O(C1-]0 acyl), 0(C 1-4
alkyl), 0(C 2 4 alkenyl), S(C1-4 acyl), S(C1-4 alkyl),
S(C2-4 alkynyl), S(C2-4 alkenyl), SO(C14 acyl),
SO(C1-4 alkyl), SO(C2-4 alkynyl), SO(C2-4 alkenyl),
SO2(C1-4 acyl), SO2(C1-4 alkyl), SO2(C2-4 alkynyl),
SO2(C2-4 alkenyl), OS(O)2(C1- 4 acyl), OS(O)2(C1-4
alkyl), OS(O)2(C2-4 alkenyl), NH2, NH(C1-4 alkyl),
NH(C2-4 alkenyl), NH(C2-4 alkynyl), NH(C1-4 acyl),
N(C1-4 alkyl)2, N(C1-18 acyl)2, wherein alkyl,
alkynyl, alkenyl and vinyl are optionally substituted
by N , CN, one to three halogen (Cl, Br, F, I), NO2,
C(O)O(C1-4 alkyl), C(O)O(C1-4 alkyl), C(O)O(C2-4
alkynyl), C(O)O(C2-4 alkenyl), 0(C 1-4 acyl), 0(C 1-4
alkyl), 0(C 2-4 alkenyl), S(C14 acyl), S(C1-4 alkyl),
S(C2-4 alkynyl), S(C2-4 alkenyl), SO(C1-4 acyl),
SO(C1-4 alkyl), SO(C2-4 alkynyl), SO(C2-4 alkenyl),
SO2(C1-4 acyl), SO2(C14 alkyl), SO2(C2-4 alkynyl),
SO2(C2-4 alkenyl), OS(O)2(C1-4 acyl), OS(O)2(C14
alkyl), OS(O)2(C2-4 alkenyl), NH2, NH(C14 alkyl),
NH(C2-4 alkenyl), NH(C2-4 alkynyl), NH(C14 acyl),
N(C14 alkyl)2, N(C1-4 acyl)2; (i) R10 is H, F, Cl, Br,
I, OH, OR', SH, SR', NH2, NHR', NR 2, lower alkyl of
C1-C , halogenated (F, Cl, Br, I) lower alkyl of C1-C
, lower alkenyl of C -C , halogenated (F, Cl, Br, I)
lower alkenyl of C2-C6, lower alkynyl of C2-C6 such as
CCH, halogenated (F, Cl, Br, I) lower alkynyl of
C2-C6, lower alkoxy of C1-C6, halogenated (F, Cl, Br,
I) lower alkoxy of C1-C6, CO2H, CO2R', CONH2, CONHR',
CONR 2, CH=CHCO2H, or CH=CHCO2R', wherein R' is an
optionally substituted alkyl , which includes, but is
not limited to, an optionally substituted C1-20 alkyl,
an optionally substituted C1-10 alkyl, an optionally
substituted lower alkyl; an optionally substituted
cycloalkyl; an optionally substituted alkynyl of
C2-C6, an optionally substituted lower alkenyl of
C2-C6, or optionally substituted acyl, which includes
but is not limited to C(O) alkyl, C(O)(C1-20 alkyl),
C(O)(C1-10 alkyl), or C(O)(lower alkyl) or
alternatively, in the instance of NR'2, each R'
comprise at least one C atom that are joined to form a
heterocycle comprising at least two carbon atoms; and
(j) Z is N or CR12 ; andR12 is H, halogen (including
F, Cl, Br, I), OH, OR', SH, SR1, NH2, NHR', NR , NO2
lower alkyl of C1-C6, halogenated (F, Cl, Br, I) lower
alkyl of C1-C6, lower alkenyl of C2-C6, halogenated
(F, Cl, Br, I) lower alkenyl of C2-C , lower alkynyl
of C2-C6, halogenated (F, Cl, Br, I) lower alkynyl of
C2-C6, lower alkoxy of C1-C6, halogenated (F, Cl, Br,
I) lower alkoxy of C1-C6, CO2H, CO2R', 



CONH2, CONHR', CONR'2, CH=CHCO2H, or CH=CHCO2R'; with
the proviso that R12 is not a: (i) - CC-H, (ii) -C=CH
2, or (iii) -NO 2. A second aspect of the fourth
embodiment is directed to a compound represented by
formula 1-7 wherein (a) R1 is hydrogen, methyl, ethyl,
n-propyl, /-propyl, phenyl, p-tolyl, p-bromo-phenyl,
p-chloro-phenyl, p-fluorophenyl; (b) R2 is hydrogen or
CH3; (c) R3a is H and R3b is H, CH3, CH(CH3)2,
CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl,
-CH2CH2SCH3, CH2CO2H, CH2C(O)NH2, CH2CH2COOH,
CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, - CH2CH2CH2NHC(NH)NH
2, CH2-imidazol-4-yl, CH2OH, CH(OH)CH3, CH2((4'-
OH)-Ph), CH2SH, or lower cycloalkyl; (d) R4 is
hydrogen, CH3, Et, iPr, nPr, nBu, 2-butyl, 'Bu,
benzyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, N-methyl-aziridin-2-yl, Nmethyl-
azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, CN, CH3, OCH3, CH2OH, CH2F, halogen,
including F, Cl, Br, or I, with the provisos that when
X is OH, R6 is CH3 or CH2F, R5 cannot be H. (f) R6 is
H, CH3, CH2F, CHF2, CF3, F, or CN; (g) X is H, OH, F,
OCH3, halogen, NH2, or N3;(h) Y is OH, H, CH3, vinyl,
NH2, N3, CN, Cl, Br, F, I, OC(O)CH3, OCH3; (i) R10 is
H, F, Br, I, OH, OR', NH2, NHR', NR'2, CO2R1, CONH2,
CONHR', CONR'2, CH=CHCO2H, or CH=CHCO2R1, wherein R'
is a lower alkyl, a lower cycloalkyl, or C(O)(lower
alkyl) or alternatively, in the instance of NR'2, each
R1comprise at least one C atom that are joined to form
a heterocycle comprising at least two carbon atoms;
and G) Z is N or CR12 ; and R12 is H, halogen
(including F, Cl, Br, I), OR1,NH2, NHR', NR'2, NO2,
lower alkyl of C1-C6, CO2R', CONH2, CONHR', CONR 2,
CH=CHCO2H, or CH=CHCO2R'; with the proviso that R12 is
not a : (i) - CC-H, (ii) -C=CH 2, or (iii) -NO 2.
Athird aspect of the third embodiment is directed to a
compound represented by formula 1-7 wherein (a) R1 is
hydrogen, methyl, ethyl, n-propyl, /-propyl, phenyl,
p-tolyl, p-bromo-phenyl, p-chloro-phenyl,
p-fluorophenyl; (b) R2 is hydrogen or CH3; (c) R3a is
H and R3b is H, CH3, CH(CH3)2, CH2CH(CH3)2,
CH(CH3)CH2CH3, CH2Ph, or lower cycloalkyl; (d) R4 is
hydrogen, CH3, Et, iPr, nPr, nBu, 2-butyl, 'Bu,
benzyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, N-methyl-aziridin-2-yl, Nmethyl-
azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, CN, CH2F, F, Cl, Br, or I; with the
proviso that X is OH, R6 is CH3 or CH2F, R5 cannot be
H; (f) R6 is H, CH3, CH2F, CHF2, CF3, or F;(g) X is H,
OH, F, OCH3, F, Cl, Br, I, NH2 or N3; (h) Y is H, OH,
CH3, F, Cl, Br, I, NH2 or N3, OCH3, or OC(O)CH3; (i)
R10 is H, F, Br, I, OH, OR', NH2, NHR', NR'2, CO2R',
CONH2, CONHR', CONR'2, CH=CHCO2H, or CH=CHCO2R',
wherein R' is a lower alkyl, a lower cycloalkyl, or
C(O)(lower alkyl) or alternatively, in the instance of
NR'2, each R' comprise at least one C atom that are
joined to form a heterocycle comprising at least two
carbon atoms; and G) Z is N or CR12 ; and R12 is H,
halogen (including F, Cl, Br, I), OR, NH2, NHR', NR'2,
NO2, lower alkyl of C1-C6, CO2R', CONH2, CONHR',
CONR'2, CH=CHCO2H, or CH=CHCO2R'; with the proviso
that R12 is not a: (i) - CC-H, (ii) -C=CH 2, or (iii)
-NO 2. A fourth aspect of the fourth embodiment is
directed to a compound represented by formula 1-7
wherein (a) R1 is hydrogen, methyl, ethyl, ^-propyl,
z-propyl, phenyl, p-tolyl, p-bromo-phenyl,
p-chloro-phenyl, p-fluorophenyl; (b) R2 is hydrogen;
(c) R3a is H and R3b is H, CH3, CH(CH3)2, CH2CH(CH3)2,
CH(CH3)CH2CH3, CH2Ph, or lower cycloalkyl; (d) R4 is
hydrogen, CH3, Et, iPr, nPr, nBu, 2-butyl, 'Bu,
benzyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, N-methyl-aziridin-2-yl, Nmethyl-
azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or diower alkyl)amino-lower alkyl;
(e) R5 is H, with the provisos that when X is OH, R6
is CH3 or CH2F, R5 cannot be H;(f) R6 is H, CH3, CH2F,
CHF2, CF3, or F; (g) X is H, OH, OCH3, F, NH2 or N3;
(h) Y is OH, NH2, OCH3, or OC(O)CH3; (i) R10 and R1'
H, F, Br, I, OH, OR1, NH2, NHR', NR'2, CO2R1, CONH2,
CONHR', CONR'2, CH=CHCO2H, or CH=CHCO2R', wherein R'
is a lower alkyl, a lower cycloalkyl, or C(O)(lower
alkyl) or alternatively, in the instance of NR'2, each
R1comprise at least one C atom that are joined to form
a heterocycle comprising at least two carbon atoms;
and Q) Z is N or CR12 ; and R12 is an H, halogen
(including F, Cl, Br, I), OR', NH2, NHR', NR'2,NO2,
lower alkyl of C,-C6, CO2R', CONH2, CONHR', C0NR' 2,
CH=CHCO2H, or CH=CHCO2R'; with the proviso that R12 is
not a: (i) - CC-H, (ii) -C=CH 2, or (iii) -NO 2. A
fifth aspect of the fourth embodiment is directed to a
compound represented by formula 1-7 wherein (a) R1 is
hydrogen, methyl, phenyl, p-bromo-phenyl,
p-chlorophenyl, p-fluorophenyl; (b) R2 is hydrogen;
(c) R3a is H and R3b is H, CH3, CH(CH3)2, CH2CH(CH3)2,
CH(CH3)CH2CH3, CH2Ph, or lower cycloalkyl; (d) R4 is
hydrogen, CH3, Et, iPr, nPr, nBu, 2-butyl, 'Bu,
benzyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, N-methyl-aziridin-2-yl, Nmethyl-
azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, with the provisos that when X is OH, R6
is CH3 or CH2F, R5 cannot be H; 



CO R6 is H, CH3, CH2F, CHF2, CF3, or F; (g) X is H,
OH, OCH3, F, NH2 or N3; (h) Y is OH, NH2, OCH3, or
OC(O)CH3; (i) R10 is H, F, Br, I, OH, OR', NH2, NHR',
NR'2, CO2R', CONH2, CONHR', C0NR' 2, CH=CHCO2H, or
CH=CHCO2R', wherein R' is a lower alkyl, a lower
cycloalkyl, or C(O)(lower alkyl) or alternatively, in
the instance of NR2, each R' comprise at least one C
atom that are joined to form a heterocycle comprising
at least two carbon atoms; and (j) Z is N or CR12 ;
and R12 is H, halogen (including F, Cl, Br, I), OR',
NH2, NHR', NR2, NO2, lower alkyl of C1-C6, CO2R',
CONH2, CONHR', CONR'2, CH=CHCO2H, or CH=CHCO2R'. A
sixth aspect of the fourth embodiment is directed to a
compound represented by formula 1-8 1-8 wherein(a) R1
is hydrogen, n-alkyl; branched alkyl; cycloalkyl; or
aryl, which includes, but is not limited to, phenyl or
naphthyl, where phenyl or naphthyl are optionally
substituted with at least one of C1-6 alkyl, C -
alkenyl, C2- alkynyl, C1-6 alkoxy, F, Cl, Br, I,
nitro, cyano, C1-6 haloalkyl, -N(R1)2, C1-6 acylamino,
- NHSO2C1-6 alkyl, -SO2N(R!')2, COR1", and -SO2C1-6
alkyl; (R1' is independently hydrogen or alkyl, which
includes, but is not limited to, C1-2Oalkyl, Q.io
alkyl, or C1-6 alkyl, R! is -OR' or -N(Rr )2); (b) R2
is hydrogen or CH ; (c) R3a and R3b are (i)
independently selected from hydrogen, C io alkyl,
cycloalkyl, -(CH2)C(NR3')2, C1-6 hydroxyalkyl, -CH2SH,
-(CH2)2S(O)dMe, - (CH2)3NHC(=NH)NH2,
(1H-indol-3-yl)methyl, (1H-imidazol-4-yl)methyl, -
(CH2)eCOR3 , aryl and aryl C1-3 alkyl, said aryl
groups optionally substituted with a group selected
from hydroxyl, - 1Oalkyl, C1-6 alkoxy, halogen, nitro
and cyano; (ii) R3a and R3b both are C1-6 alkyl; (iii)
R3a and R3b together are(CH2)f so as to form a spiro
ring; (iv) R3a is hydrogen and R3b and R2 together are
(CH2)n so as to form a cyclic ring that includes the
adjoining N and C atoms (v) R3b is hydrogen and R3a
and R2 together are (CH2)n so as to form a cyclic ring
that includes the adjoining N and C atoms, where c is
1 to 6, d is Oto 2, e is Oto 3, f is 2 to 5, n is 2 to
4, and where R3 is independently hydrogen or C1-6
alkyl and R3- is -OR' or -N(R 3')2); (vi) R3a is H and
R3b is H, CH3, CH2CH3, CH(CH3)2, CH2CH(CHa)2,
CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl, -CH2CH2SCH3,
CH2CO2H, CH2C(O)NH2, CH2CH2COOH, CH2CH2C(O)NH2,
CH2CH2CH2CH2NH2, -CH 2CH2CH2NHC(NH)NH 2,
CH2-imidazol-4-yl, CH2OH, CH(OH)CH3, CH2((4'-OH)-Ph),
CH2SH, or lower cycloalkyl; or (viii) R3a is CH3,
-CH2CH3, CH(CH3)2, CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph,
CH2-indol-3-yl, -CH2CH2SCH3, CH2CO2H, CH2C(O)NH2,
CH2CH2COOH, CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, -CH
2CH2CH2NHC(NH)NH 2, CH2- imidazol-4-yl, CH2OH,
CH(OH)CH3, CH2((4'-OH)-Ph), CH2SH, or lower cycloalkyl
and R3b is H, where R3 is independently hydrogen or
alkyl, which includes, but is not limited to,
C1-2Oalkyl, C1-10 alkyl, or C1-6 alkyl, R3 is -OR' or
-N(R3')2);(d) R4 is hydrogen, C1-10 alkyl, C1-10 alkyl
optionally substituted with a lower alkyl, alkoxy or
halogen, C1-1Ohaloalkyl, C3-10 cycloalkyl, cycloalkyl
alkyl, cycloheteroalkyl, aminoacyl, di(lower
alkyl)amino-lower alkyl, aryl, such as phenyl,
heteroaryl, such as, pyridinyl, substituted aryl, or
substituted heteroaryl; (e) R5 is H, a lower alkyl,
CN, vinyl, O-(lower alkyl), hydroxyl lower alkyl,
i.e., -(CH2)POH, where p is 1 -6, including hydroxyl
methyl (CH OH), CH2F, N3, CH2CN, CH2NH2, CH2NHCH3,
CH2N(CH3)2, alkyne (optionally substituted), or
halogen, including F, Cl, Br, or I, with the provisos
that when X is OH, base is cytosine and R6 is H, R5
cannot be N3 and when X is OH, R6 is CH or CH2F and B
is a purine base, R5 cannot be H; (f) R6 is H, CH3,
CH2F, CHF2, CF3, F, or CN; (g) X is H, OH, F, OMe,
halogen, NH2, or N3; (h) Y is OH, H, C1-4 alkyl, C2-4
alkenyl, C2-4 alkynyl, vinyl, N3, CN, Cl, Br, F, I,
NO2, OC(O)O(C1-4 alkyl), OC(O)O(C2-4 alkynyl),
OC(O)O(C2-4 alkenyl), OC1-10 haloalkyl, O(aminoacyl),
0(C 1-10 acyl), 0(C 1-4 alkyl), 0(C 2-4 alkenyl),
S(C1-4 acyl), S(C1-4 alkyl), S(C2-4 alkynyl), S(C2-4
alkenyl), SO(C1-4 acyl), SO(C1-4 alkyl), SO(C2-4
alkynyl), SO(C2-4 alkenyl), SO2(C1-4 acyl), SO2(C1-4
alkyl), SO2(C2-4 alkynyl), SO2(C2-4 alkenyl), OS(O)
2(C1-4 acyl), OS(O)2(C1-4 alkyl), OS(O)2(C2-4
alkenyl), NH2, NH(C1-4 alkyl), NH(C2-4 alkenyl),
NH(C2-4 alkynyl), NH(C1-4 acyl), N(C1-4 alkyl)2,
N(C1-18 acyl)2, wherein alkyl, alkynyl, alkenyl and
vinyl are optionally substituted by N3, CN, one to
three halogen (Cl, Br, F, I), NO2, C(O)O(C1-4 alkyl),
C(O)O(C1-4 alkyl), C(O)O(C2-4 alkynyl), C(O)O(C2-4
alkenyl), 0(C 1-4 acyl), 0(C 1-4 alkyl), 0(C 2-4
alkenyl), S(C1-4 acyl), S(C1-4 alkyl), S(C2-4
alkynyl), S(C2-4 alkenyl), SO(C1-4 acyl), SO(C1-4
alkyl), SO(C2-4 alkynyl), SO(C2-4 alkenyl), SO2(C1-4
acyl), SO2(C1-4 alkyl), SO2(C2-4 alkynyl), SO2(C2-4
alkenyl), OS(O)2(C1-4 acyl), OS(O)2(C1-4 alkyl),
OS(O)2(C2-4 alkenyl), NH2, NH(C1-4 alkyl), NH(C2-4
alkenyl), NH(C2-4 alkynyl), NH(C1-4 acyl), N(C1-4
alkyl)2, N(C1-4 acyl)2; (i) R10 is H, F, Br, I, OH,
OR', NH2, NHR', NR'2, CO2R', CONH2, CONHR', CONR'2,
CH=CHCO2H, or CH=CHCO2R',wherein R' is a lower alkyl,
a lower cycloalkyl, or C(O)(lower alkyl) or
alternatively, in the instance of NR'2, each R'
comprise at least one C atom that are joined to form a
heterocycle comprising at least two carbon atoms; and
G) Z is N or CR12 ; and R12 is H, halogen (including
F, Cl, Br, I), OR', NH2, NHR', NR'2, NO2, lower alkyl
of C1-C6, CO2R', CONH2, CONHR', CONR'2, CH=CHCO2H, or
CH=CHCO2R'; with the proviso that when base is
represented by the structure c with Ru being hydrogen,
R!2 is not a: (i) - CC-H, (ii) -C=CH 2, or (iii) -NO
2. A seventh aspect of the fourth embodiment is
directed to a compound represented by formula 1-8
wherein (a) R1 is hydrogen, methyl, ethyl, n-propyl,
/-propyl, phenyl, p-tolyl, p-bromo-phenyl,
p-chloro-phenyl, p-fluorophenyl; (b) R2 is hydrogen or
CH ; (c) R3a is H and R3b is H, CH3, CH(CH3)2,
CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl,
-CH2CH2SCH3, CH2CO2H, CH2C(O)NH2, CH2CH2COOH,
CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, - CH2CH2CH2NHC(NH)NH
2, CH2-imidazol-4-yl, CH2OH, CH(OH)CH3, CH2((4'-
OH)-Ph), CH2SH, or lower cycloalkyl; (d) R4 is
hydrogen, CH3, Et, iPr, nPr, nBu, 2-butyl, 'Bu,
benzyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, N-methyl-aziridin-2-yl, Nmethyl-
azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl; 



(e) R5 is H, CN, CH3, OCH3, CH2OH, CH2F, halogen,
including F, Cl, Br, or I, with the provisos that when
X is OH, R6 is CH3 or CH2F, R5 cannot be H; (f) R6 is
H, CH3, CH2F, CHF2, CF3, F, or CN;(g) X is H, OH, F,
OCH3, halogen, NH2, or N3; (h) Y is OH, H, CH3, vinyl,
NH2, N3, CN, Cl, Br, F, I, OC(O)CH3, OCH3; (i) R10 is
H, F, Br, I, OH, OR', NH2, NHR', NR'2, CO2R', CONH2,
CONHR', C0NR' 2, CH=CHCO2H, or CH=CHCO2R', wherein R'
is a lower alkyl, a lower cycloalkyl, or C(O)(lower
alkyl) or alternatively, in the instance of NR'2, each
R' comprise at least one C atom that are joined to
form a heterocycle comprising at least two carbon
atoms; and O) Z is N or CR12 ; and R12 is an H,
halogen (including F, Cl, Br, I), OR', NH2, NHR',
NR'2, NO2, lower alkyl of C1-C6, CO2R', CONH2, CONHR',
CONR'2, CH=CHCO2H, or CH=CHCO2R'; with the proviso
that R12 is not a : (i) - CC-H, (ii) -C=CH 2, or (iii)
-NO 2. An eighth aspect of the fourth embodiment is
directed to a compound represented by formula 1-8
wherein (a) R1 is hydrogen, methyl, ethyl, n-propyl,
z-propyl, phenyl, p-tolyl, p-bromo-phenyl,
p-chloro-phenyl, p-fluorophenyl; (b) R2 is hydrogen or
CH3; (c) R3a is H and R3b is H, CH3, CH(CH3)2,
CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, or lower
cycloalkyl; (d) R4 is hydrogen, CH3, Et, iPr, nPr,
nBu, 2-butyl, 'Bu, benzyl, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl,
Nmethyl- azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl , Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, CN, CH2F, F, Cl, Br, or I, with the
provisos that when X is OH, R6 is CH3 or CH2F, R5
cannot be H;(f) R6 is H, CH3, CH2F, CHF2, CF3, or F;
(g) X is H, OH, F, OCH3, F, Cl, Br, I, NH2 or N3; (h)
Y is H, OH, CH3, F, Cl, Br, I, NH2 or N3, OCH3, or
OC(O)CH3; (i) R10 is H, F, Br, I, OH, OR1, NH2, NHR',
NR'2, CO2R1, CONH2, CONHR', CONR'2, CH=CHCO2H, or
CH=CHCO2R', wherein R1 is a lower alkyl, a lower
cycloalkyl, or C(O)(lower alkyl) or alternatively, in
the instance of NR'2, each R' comprise at least one C
atom that are joined to form a heterocycle comprising
at least two carbon atoms; and O) Z is N or CR12 ; and
R12 is an H, halogen (including F, Cl, Br, I), OR',
NH2, NHR', NR'2, NO2, lower alkyl of C1-C6, CO2R',
CONH2, CONHR', CONR'2, CH=CHCO2H, or CH=CHCO2R'; with
the proviso that R12 is not a: (i) - CC-H, (ii) -C=CH
2, or (iii) -NO 2. A ninth aspect of the fourth
embodiment is directed to a compound represented by
formula 1-8 wherein (a) R1 is hydrogen, methyl, ethyl,
n-propyl, z-propyl, phenyl, p-tolyl, p-bromo-phenyl,
p-chloro-phenyl, p-fluorophenyl; (b) R2 is hydrogen;
(c) R3a is H and R3b is H, CH3, CH(CH3)2, CH2CH(CH3)2,
CH(CH3)CH2CH3, CH2Ph, or lower cycloalkyl; (d) R4 is
hydrogen, CH3, Et, iPr, nPr, nBu, 2-butyl, 'Bu,
benzyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, N-methyl-aziridin-2-yl, Nmethyl-
azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, with the provisos that when X is OH, R6
is CH3 or CH2F, R5 cannot be H; (f) R6 is H, CH3,
CH2F, CHF2, CF3, or F; (g) X is H, OH, OCH3, F, NH2 or
N3; (h) Y is OH, NH2, OCH3, or OC(O)CH3; (i) R10 is H,
F, Br, I, OH, OR', NH2, NHR', NR'2, CO2R', CONH2,
CONHR', C0NR' 2, CH=CHCO2H, or CH=CHCO2R', wherein R'
is a lower alkyl, a lower cycloalkyl, or C(O)(lower
alkyl) or alternatively, in the instance of NR'2, each
R' comprise at least one C atom that are joined to
form a heterocycle comprising at least two carbon
atoms; and O) Z is N or CR12 ; and R12 is an H,
halogen (including F, Cl, Br, I), OR, NH2, NHR', NR'2,
NO2, lower alkyl of C1-C6, CO2R', CONH2, CONHR', C0NR'
2, CH=CHCO2H, or CH=CHCO2R ; with the proviso that R12
is not a: (i) - CC-H, (ii) -C=CH 2, or (Hi) -NO 2.
Atenth aspect of the fourth embodiment is directed to
a compound represented by formula 1-8 wherein (a) R1
is hydrogen, methyl, phenyl, p-bromo-phenyl,
p-chlorophenyl, p-fluorophenyl; (b) R2 is hydrogen;
(c) R3a is H and R3b is H, CH3, CH(CH3)2, CH2CH(CH3)2,
CH(CH3)CH2CH3, CH2Ph, or lower cycloalkyl; (d) R4 is
hydrogen, CH3, Et, iPr, nPr, nBu, 2-butyl, 'Bu,
benzyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, N-methyl-aziridin-2-yl,
Nmethyl-azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, with the provisos that when X is OH, R6
is CH3 or CH2F, R5 cannot be H; (i) R6 is H, CH3,
CH2F, CHF2, CF3, or F; (g) X is H, OH, OCH3, F, NH2 or
N3; (h) Y is OH, NH2, OCH3, or OC(O)CH3; (i) R10 is H,
F, Br, I, OH, OR1, NH2, NHR', NR'2, CO2R', CONH2,
CONHR', CONR'2, CH=CHCO2H, or CH=CHCO2R', wherein R'
is a lower alkyl, a lower cycloalkyl, or C(O)(lower
alkyl) or alternatively, in the instance of NR'2, each
R' comprise at least one C atom that are joined to
form a heterocycle comprising at least two carbon
atoms; and Q) Z is N or CR12 ; and R12 is an H,
halogen (including F, Cl, Br, I), OR', NH2, NHR1,
NR'2, NO2, lower alkyl of C,-C6, CO2R', CONH2, CONHR',
C0NR' 2, CH=CHCO2H, or CH=CHCO2R'; with the proviso
that R12 is not a : (i) - CC-H, (ii) -C=CH 2, or (Ui)
-NO 2. A fifth embodiment of the invention is directed
to a compound represented by formula I in which the
base is a structure represented by formula d above,
wherein R1, R2, R3a, R3b, R4, R5, R6, X, and Y are
defined in the Summary of the Invention section above.



The first aspect of the fifth embodiment is directed
to a compound represented by formula 1-91-9 wherein
(a) R is hydrogen, n-alkyl; branched alkyl;
cycloalkyl; or aryl, which includes, but is not
limited to, phenyl or naphthyl, where phenyl or
naphthyl are optionally substituted with at least one
of C1-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, C1-6
alkoxy, F, Cl, Br, I, nitro, cyano, C1-6 haloalkyl,
-N(R1)2, C1-6 acylamino, - NHSO2C1-6 alkyl, -SO2N(R
)2, COR1-, and -SO2C1-6 alkyl; (R1' is independently
hydrogen or alkyl, which includes, but is not limited
to, C1-20 alkyl, C1-10 alkyl, or C1-6 alkyl, R1 is
-OR' or -N(Rr )2); (b) R2 is hydrogen or CH3; (c) R3a
and R3b are (i) independently selected from hydrogen,
C1.io alkyl, cycloalkyl, -(CH2)C(NR3')2, C1-6
hydroxyalkyl, -CH2SH, -(CH2)2S(O)dMe, -
(CH2)3NHC(=NH)NH2, (1H-indol-3-yl)methyl,
(1H-imidazol-4-yl)methyl, - (CH2)eCOR3 , aryl and aryl
C1-3 alkyl, said aryl groups optionally substituted
with a group selected from hydroxyl, C1-1Oalkyl, C1-6
alkoxy, halogen, nitro and cyano; (ii) R3a and R3b
both are C1-6 alkyl; (iii) R3a and R3b together
are(CH2)f so as to form a spiro ring; (iv) R3a is
hydrogen and R3b and R2 together are (CH2)n so as to
form a cyclic ring that includes the adjoining N and C
atoms (v) R3b is hydrogen and R3a and R2 together are
(CH2)n so as to form a cyclic ring that includes the
adjoining N and C atoms, where c is 1to 6, d is 0 to
2, e is 0 to 3, f is 2 to 5, n is 2 to 4, and where R3
is independently hydrogen or C1-6 alkyl and R3 is -OR'
or -N(R 3')2); (vi) R3a is H and R3b is H, CH3,
CH2CH3, CH(CH3)2, CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph,
CH2-indol-3-yl, -CH2CH2SCH3,CH2CO2H, CH2C(O)NH2,
CH2CH2COOH, CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, -CH
2CH2CH2NHC(NH)NH 2, CH2-imidazol-4-yl, CH2OH,
CH(OH)CH3, CH2((4'-OH)-Ph), CH2SH, or lower
cycloalkyl; or (viii) R3a is CH3, -CH2CH3, CH(CH3)2,
CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl,
-CH2CH2SCH3, CH2CO2H, CH2C(O)NH2, CH2CH2COOH,
CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, -CH 2CH2CH2NHC(NH)NH
2, CH2- imidazol-4-yl, CH2OH, CH(OH)CH3,
CH2((4'-OH)-Ph), CH2SH, or lower cycloalkyl and R3b is
H, where R3 is independently hydrogen or alkyl, which
includes, but is not limited to, C1-2Oalkyl, C -10
alkyl, or C1-6 alkyl, R3 is -OR' or -N(R3')2); (d) R4
is hydrogen, C -10 alkyl, C1-1Oalkyl optionally
substituted with a lower alkyl, alkoxy or halogen, C
-10 haloalkyl, C3-io cycloalkyl, cycloalkyl alkyl,
cycloheteroalkyl, aminoacyl, di(lower
alkyl)amino-lower alkyl, aryl, such as phenyl,
heteroaryl, such as, pyridinyl, substituted aryl, or
substituted heteroaryl; (e) R5 is H, a lower alkyl,
CN, vinyl, O-(lower alkyl), hydroxyl lower alkyl,
i.e., -(CH2)POH, where p is 1 -6, including hydroxyl
methyl (CH2OH), CH2F, N3, CH2CN, CH2NH2, CH2NHCH3,
CH2N(CH3)2, alkyne (optionally substituted), or
halogen, including F, Cl, Br, or I, with the provisos
that when X is OH, base is cytosine and R6 is H, R5
cannot be N3 and when X is OH, R6 is CH3 or CH2F and B
is a purine base, R5 cannot be H; (f) R6 is H, CH3,
CH2F, CHF2, CF3, F, or CN; (g) X is H, OH, F, OMe,
halogen, NH2, or N3; (h) Y is OH, H, C1-4 alkyl, C2 4
alkenyl, C2-4 alkynyl, vinyl, N3, CN, Cl, Br, F, I,
NO2, OC(O)O(C1-4 alkyl), OC(O)O(C1-4 alkyl),
OC(O)O(C2-4 alkynyl), OC(O)O(C2-4 alkenyl), Od -10
haloalkyl, O(aminoacyl), 0(C 1-10 acyl), 0(C 1-4
alkyl), 0(C 2-4 alkenyl), S(C1-4 acyl), S(C1-4 alkyl),
S(C2-4 alkynyl), S(C2-4 alkenyl), SO(C1-4 acyl),
SO(C1-4 alkyl), SO(C2-4 alkynyl), SO(C2-4 alkenyl),
SO2(C1-4 acyl), SO2(C1-4 alkyl), SO2(C2 alkynyl),
SO2(C2-4 alkenyl), OS(O)2(C,- 4 acyl), OS(O)2(C1-4
alkyl), OS(O)2(C2-4 alkenyl), NH2, NH(C1-4 alkyl),
NH(C2-4 alkenyl), NH(C2-4 alkynyl), NH(C1-4 acyl),
N(C1-4 alkyl)2, N(C1-18 acyl)2,wherein alkyl, alkynyl,
alkenyl and vinyl are optionally substituted by N3,
CN, one to three halogen (Cl, Br, F, I), NO2,
C(O)O(C1-4 alkyl), C(O)O(C1-4 alkyl), C(O)O(C2-4
alkynyl), C(O)O(C2-4 alkenyl), 0(C 1-4 acyl), 0(C 1-4
alkyl), 0(C 2-4 alkenyl), S(C1-4 acyl), S(C1-4 alkyl),
S(C2-4 alkynyl), S(C2-4 alkenyl), SO(C1-4 acyl), SO(C1
alkyl), SO(C2-4 alkynyl), SO(C2-4 alkenyl), SO2(C1-4
acyl), SO2(C1-4 alkyl), SO2(C2-4 alkynyl), SO2(C2-4
alkenyl), OS(O)2(C1-4 acyl), OS(O)2(C1-4 alkyl),
OS(O)2(C2-4 alkenyl), NH2, NH(C1-4 alkyl), NH(C2-4
alkenyl), NH(C2-4 alkynyl), NH( C1-4 acyl), N(C1-4
alkyl)2, N(C1-4 acyl)2. A second aspect of the fifth
embodiment is directed to a compound represented by
formula 1-9 wherein (a) R1 is hydrogen, methyl, ethyl,
n-propyl, /-propyl, phenyl, p-tolyl, p-bromo-phenyl,
p-chloro-phenyl, p-fluorophenyl; (b) R2 is hydrogen or
CH3; (c) R3a is H and R3b is H, CH3, CH(CH3)2,
CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl,
-CH2CH2SCH3, CH2CO2H, CH2C(O)NH2, CH2CH2COOH,
CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, - CH2CH2CH2NHC(NH)NH
2, CH2-imidazol-4-yl, CH2OH, CH(OH)CH3, CH2((4'-
OH)-Ph), CH2SH, or lower cycloalkyl; (d) R4 is
hydrogen, CH3, Et, iPr, nPr, nBu, 2-butyl, 'Bu,
benzyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, N-methyl-aziridin-2-yl, Nmethyl-
azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, CN, CH3, OCH3, CH2OH, CH2F, halogen,
including F, Cl, Br, or I, with the provisos that when
X is OH, R6 is CH3 or CH2F, R5 cannot be H. (f) R6 is
H, CH3, CH2F, CHF2, CF3, F, or CN; (g) X is H, OH, F,
OCH3, halogen, NH2, or N3;(h) Y is OH, H, CH3, vinyl,
NH2 N3, CN, Cl, Br, F, I, OC(O)CH3, OCH3; A third
aspect of the fifth embodiment is directed to a
compound represented by formula 1-9 wherein (a) R1 is
hydrogen, methyl, ethyl, "-propyl, /-propyl, phenyl,
p-tolyl, p-bromo-phenyl, p-chloro-phenyl,
p-fluorophenyl; (b) R2 is hydrogen or CH3; (c) R3a is
H and R3b is H, CH3, CH(CH3)2, CH2CH(CH3)2,
CH(CH3)CH2CH3, CH2Ph, or lower cycloalkyl; (d) R4 is
hydrogen, CH3, Et, rPr, nPr, nBu, 2-butyl, Bu, benzyl,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
N-methyl-aziridin-2-yl, Nmethyl- azetidin-3-yl,
N-methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl,
Nmethyl- piperidin-4-yl, lower haloalkyl, or di(lower
alkyl)amino-lower alkyl; (e) R5 is H, CN, CH2F, F, Cl,
Br, or I; with the proviso that X is OH, R6 is CH3 or
CH2F, R5 cannot be H; (f) R6 is H, CH3, CH2F, CHF2,
CF3, or F; (g) X is H, OH, F, OCH3, F, Cl, Br, I, NH2
or N3; 



(h) Y is H, OH, CH3, F, Cl, Br, I, NH2 N3, OCH3, or
OC(O)CH3; A fourth aspect of the fifth embodiment is
directed to a compound represented by formula 1-9
wherein (a) R1 is hydrogen, methyl, ethyl, "-propyl,
/-propyl, phenyl, p-tolyl, p-bromo-phenyl,
p-chloro-phenyl, p-fluorophenyl; (b) R2 is hydrogen;
(c) R3a is H and R3b is H, CH3, CH(CH3)2, CH2CH(CH3)2,
CH(CH3)CH2CH3, CH2Ph, or lower cycloalkyl; (d) R4 is
hydrogen, CH3, Et, iPr, nPr, nBu, 2-butyl, 'Bu,
benzyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, N-methyl-aziridin-2-yl, Nmethyl-
azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, with the provisos that when X is OH, R6
is CH3 or CH2F, R5 cannot be H; (f) R6 is H, CH3,
CH2F, CHF2, CF3, or F; (g) X is H, OH, OCH3, F, NH2 or
N3; (h) Y is OH, NH2, OCH3, or OC(O)CH3; A fifth
aspect of the fifth embodiment is directed to a
compound represented by formula 1-9 wherein (a) R1 is
hydrogen, methyl, phenyl, p-bromo-phenyl,
p-chlorophenyl, p-fluorophenyl; (b) R2 is hydrogen;
(c) R3a is H and R3b is H, CH3, CH(CH3)2, CH2CH(CH3)2,
CH(CH3)CH2CH3, CH2Ph, or lower cycloalkyl; (d) R4 is
hydrogen, CH3, Et, iPr, nPr, nBu, 2-butyl, rBu,
benzyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, N-methyl-aziridin-2-yl, Nmethyl-
azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, with the provisos that when X is OH, R6
is CH3 or CH2F, R5 cannot be H; (f) R6 is H, CH3,
CH2F, CHF2, CF3, or F;(g) X is H, OH, OCH3, F, NH2 or
N3; (h) Y is OH, NH2, OCH3, or OC(O)CH3; A sixth
aspect of the fifth embodiment is directed to a
compound represented by formula 1-10 1-10 wherein (a)
R1 is hydrogen, methyl, ethyl, ^-propyl, /-propyl, or
a substituted or unsubstituted phenyl, where the
substitutent of the substituted phenyl is at least one
of a CH3, OCH3, F, Cl, Br, I, nitro, cyano, and a
CH3-qXq, where X is F, Cl, Br, or I, and q is 1-3; (b)
R2 is hydrogen or CH3; (c) R3a is H and R3b is H, CH3,
CH(CH3)2, CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph,
CH2-indol-3-yl, -CH2CH2SCH3, CH2CO2H, CH2C(O)NH2,
CH2CH2COOH, CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, -
CH2CH2CH2NHC(NH)NH 2, CH2-imidazol-4-yl, CH2OH,
CH(OH)CH3, CH2((4'- OH)-Ph), CH2SH, or lower
cycloalkyl or R3a is CH3, CH(CH3)2, CH2CH(CH3)2,
CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl, -CH2CH2SCH3,
CH2CO2H, CH2C(O)NH2, CH2CH2COOH, CH2CH2C(O)NH2,
CH2CH2CH2CH2NH2, - CH2CH2CH2NHC(NH)NH 2,
CH2-imidazol-4-yl, CH2OH, CH(OH)CH3, CH2((4'- OH)-Ph),
CH2SH, or lower cycloalkyl and R3b is H;(d) R4 is
hydrogen, CH3, Et, iPr, nPr, nBu, 2-butyl, 'Bu,
benzyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, N-methyl-aziridin-2-yl, Nmethyl-
azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, CN, CH3, OCH3, CH2OH, CH2F, N3, CH2CN,
CH2N3, CH2NH2, CH2NHCH3, CH2N(CH3)2, halogen,
including F, Cl, Br, or I, with the provisos that when
X is OH, R6 is CH3 or CH2F, R5 cannot be H; (f) R6 is
H, CH3, CH2F, CHF2, CF3, F, or CN; (g) X is H, OH, F,
OCH3, Cl, Br, I, NH2, or N3; (h) Y is OH, H, CH3,
vinyl, N3, CN, Cl, Br, F, I, OC(O)CH3, OCH3, NH2,
NHCH3, NH(vinyl), NH(acetyl), NH(C(O)CH3), N(CH3)2,
N(C(O)CH3)2; A seventh aspect of the fifth embodiment
is directed to a compound represented by formula 1-10
wherein (a) R1 is hydrogen, methyl, ethyl, "-propyl,
/-propyl, phenyl, p-tolyl, p-bromo-phenyl,
p-chloro-phenyl, p-fluorophenyl; (b) R2 is hydrogen or
CH3; (c) R3a is H and R3b is H, CH3, CH(CH3)2,
CH2CH(CH3)2, CH(CH3)CH2CH3, CH2Ph, CH2-indol-3-yl,
-CH2CH2SCH3, CH2CO2H, CH2C(O)NH2, CH2CH2COOH,
CH2CH2C(O)NH2, CH2CH2CH2CH2NH2, - CH2CH2CH2NHC(NH)NH
2, CH2-imidazol-4-yl, CH2OH, CH(OH)CH3, CH2((4'-
OH)-Ph), CH2SH, or lower cycloalkyl; (d) R4 is
hydrogen, CH3, Et, iPr, nPr, nBu, 2-butyl, 'Bu,
benzyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, N-methyl-aziridin-2-yl, Nmethyl-
azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, CN, CH3, OCH3, CH2OH, CH2F, halogen,
including F, Cl, Br, or I, with the provisos that when
X is OH, R6 is CH3 or CH F, R5 cannot be H; (f) R6 is
H, CH3, CH2F, CHF2, CF3, F, or CN; (g) X is H, OH, F,
OCH3, Cl, Br, I, NH2, or N3; and (h) Y is OH, H, CH3,
vinyl, NH2, N3, CN, Cl, Br, F, I, OC(O)CH3, OCH3. An
eighth aspect of the fifth embodiment is directed to a
compound represented by formula 1-10 wherein (a) R1 is
hydrogen, methyl, ethyl, n-propyl, /-propyl, phenyl,
p-tolyl, p-bromo-phenyl, p-chloro-phenyl,
p-fluorophenyl; (b) R2 is hydrogen or CH3; (c) R3a is
H and R3b is H, CH3, CH(CH3)2, CH2CH(CH3)2,
CH(CH3)CH2CH3, CH2Ph, or lower cycloalkyl; (d) R4 is
hydrogen, CH3, Et, 1Pr, nPr, nBu, 2-butyl, 'Bu,
benzyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, N-methyl-aziridin-2-yl, Nmethyl-
azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, CN, CH2F, F, Cl, Br, or I, with the
provisos that when X is OH, R6 is CH3 or CH2F, R5
cannot be H; (f) R6 is H, CH3, CH2F, CHF2, CF3, or F;
(g) X is H, OH, F, OCH3, F, Cl, Br, I, NH2 or N3; 



(h) Y is H, OH, CH3, F, Cl, Br, I, NH2 or N3, OCH3, or
OC(O)CH3; A ninth aspect of the fifth embodiment is
directed to a compoundrepresented by formula 1-10
wherein (a) R1 is hydrogen, methyl, ethyl, ^-propyl,
/-propyl, phenyl, p-tolyl, p-bromo-phenyl,
p-chloro-phenyl, p-fluorophenyl; (b) R2 is hydrogen;
(c) R3a is H and R3b is H, CH3, CH(CH3)2, CH2CH(CH3)2,
CH(CH3)CH2CH3, CH2Ph, or lower cycloalkyl; (d) R4 is
hydrogen, CH3, Et, iPr, nPr, nBu, 2-butyl, 'Bu,
benzyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, N-methyl-aziridin-2-yl, Nmethyl-
azetidin-3 -yl, N-methy l-pyrrolidin-3 -y1,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, with the provisos that when X is OH, R6
is CH3 or CH2F, R5 cannot be H; (f) R6 is H, CH3,
CH2F, CHF2, CF3, or F; (g) X is H, OH, OCH3, F, NH2 or
N3; (h) Y is OH, NH2, OCH3, or OC(O)CH3; A tenth
aspect of the fifth embodiment is directed to a
compound represented by formula 1-10 wherein (a) R1 is
hydrogen, methyl, phenyl, p-bromo-phenyl,
p-chlorophenyl, p-fluorophenyl; (b) R2 is hydrogen;
(c) R3a is H and R3b is H, CH3, CH(CH3)2, CH2CH(CH3)2,
CH(CH3)CH2CH3, CH2Ph, or lower cycloalkyl;(d) R4 is
hydrogen, CH3, Et, iPr, "Pr, nBu, 2-butyl, 'Bu,
benzyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, N-methyl-aziridin-2-yl, Nmethyl-
azetidin-3-yl, N-methyl-pyrrolidin-3-yl,
N-methyl-pyrrolidin-4-yl, Nmethyl- piperidin-4-yl,
lower haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R5 is H, with the provisos that when X is OH, R6
is CH3 or CH2F, R5 cannot be H; (f) R6 is H, CH3,
CH2F, CHF2, CF3, or F; (g) X is H, OH, OCH3, F, NH2 or
N3; (h) Y is OH, NH2, OCH3, or OC(O)CH3. The following
tables contain numeric identifiers associated with
various substituent designators that should be viewed
in light of the accompanying structure. These
structures are contemplated species of the various
aspects of the disclosed embodiments and are not
intended to be limiting on full breadth of the
contemplated compound represented by the structure of
formula I . However, it is contemplated that any one
of the exemplified nucleoside bases can be used in
combination with any one of contemplated species that
specify a particular combination of R1, R2, R3a, R3b,
R4, R5, R6, X, and Y. In each of the presented tables,
the phosphoramidate substituent containing the
substituents R3a and R3b are depicted without
reference to stereochemical structure {cf. structures
1-1, 1-3, 1-5, 1-7, and 1-9 above). It is contemplated
that the compounds recited below embody compounds in
which R3a projects toward the viewer while R3b
projects away from the viewer (cf. structures 1-2,
1-4, 1-6, 1-8, and 1-10). Moreover, it is contemplated
that the compounds recited below also embody compounds
in which R3a projects away from the viewer while R3b
projects towards the viewer. Not meant to be limiting,
however, it is contemplated that preferred compounds
are those in which R3a projects towards the viewer and
R3b projects away from the viewer such that the
natural L-amino acid (S)-configuration is presented.
Additionally, the inventors recognize that the
phosphorus atom of the phosphoramidate moiety is
another source of chirality. Although the structures
below do not specifically depict chirality at
phosphorus, the inventors recognize that
stereochemical configurations are possible such that
in a staggered (or zigzag) line structure the
oxo-substitutent projects towards the viewer while the
OR1 substitutent projects away from the viewer, and
vice versa, i.e., where the Cahn-Ingold-Prelog
stereochemical designation of phosphorous is either R
or S. Therefore, the structures below include all
possible stereochemical configurations possible for
phosphorus. IIIMPROVED FREQUENCY OFFSET ESTIMATOR
CROSS REFERENCE TO RELATED APPLICATIONS [0001] The
present Non-provisional Application for Patent claims
priority to Provisional Patent Application No.
60/908,180 filed on March 26, 2007 and entitled A
METHOD AND APPARATUS FOR IMPROVED FREQUENCY OFFSET
ESTIMATOR FOR INITIAL ACQUISITION IN E-UTRAN SYSTEMS,
assigned to the assignee hereof and hereby expressly
incorporated by reference herein. BACKGROUND I. Field
[0002] The following relates generally to wireless
communication, and more specifically to determining a
frequency offset for a signal received over a wireless
channel. II. Background [0003] Wireless communication
systems are widely deployed to provide various types
of communication content such as, e.g. , voice
content, data content, and so on. Typical wireless
communication systems can be multiple-access systems
capable of supporting communication with multiple
users by sharing available system resources (e.g.,
bandwidth, transmit power). Examples of such
multiple-access systems can include code division
multiple access (CDMA) systems, time division multiple
access (TDMA) systems, frequency division multiple
access (FDMA) systems, orthogonal frequency division
multiple access (OFDMA) systems, and the like. [0004]
Generally, wireless multiple-access communication
systems can simultaneously support communication for
multiple mobile devices. Each mobile device can
communicate with one or more base stations via
transmissions on forward and reverse links. The
forward link (or downlink) refers to the communication
link from base stations to mobile devices, and the
reverse link (or uplink) refers to the communication
link from mobile devices to base stations. Further,
communications between mobile devices and base
stations can be established via single-input
singleoutput (SISO) systems, multiple-input
single-output (MISO) systems, multiple-input
multiple-output (MIMO) systems, and so forth.[0005]
MIMO systems commonly employ multiple (TVr) transmit
antennas and multiple (NR) receive antennas for data
transmission. A MIMO channel formed by the NT transmit
and NR receive antennas can be decomposed into Ns
independent channels, which can be referred to as
spatial channels, where . Each of the Ns independent
channels corresponds to a dimension. Moreover, MIMO
systems can provide improved performance (e.g.,
increased spectral efficiency, higher throughput
and/or greater reliability) if additional
dimensionalities created by the multiple transmit and
receive antennas are utilized. [0006] Wireless signals
received at a mobile device, whether sent by a
multiple output or single output transmission, can
typically be replicated at the device for 



analysis, demodulation, or other forms of signal
processing or data analysis. Where a replica fails to
accurately represent the transmitted signal, signal
corrections can be implemented. For instance, if a
received signal and device-generated replica are
shifted in frequency or phase, an offset can be
determined and utilized as a correction factor. The
received signal or the replicated signal, or both
signals in some instances, can be adjusted based on
the offset/correction factor. Accordingly, analysis of
the received signal can more accurately reflect data
transmitted by the transmission system. SUMMARY [0007]
The following presents a simplified summary of one or
more aspects in order to provide a basic understanding
of such aspects. This summary is not an extensive
overview of all contemplated aspects, and is intended
to neither identify key or critical elements of all
aspects nor delineate the scope of any or all aspects.
Its sole purpose is to present some concepts of one or
more aspects in a simplified form as a prelude to the
more detailed description that is presented later.
[0008] In accordance with one or more aspects of the
claimed subject matter and corresponding disclosure
thereof, a frequency offset of a received signal is
determined utilizing two or more multipath components
of the received signal. In some aspects, the received
signal is correlated with a synchronized signal in a
time domain, resulting in separation of the two or
more multipath components of the received signal.
Analysis of at least one of the multipath components
can provide a frequency offset of the received
signal.[0009] In some aspects, the multipath
component(s) is separated into two or more time based
portions. A differential product is applied to the
time based portions of the multipath component(s), and
the frequency offset can be obtained there from.
According to further aspects, applying the
differential product to multiple multipath components
can improve the offset frequency. [0010] According to
still other aspects, a received signal is rotated by
an initial frequency offset estimation and then
correlated with the synchronized signal in a frequency
domain. A resulting signal can then be converted back
to a time domain to distinguish multipath components
of the resulting signal. Analysis of one or more of
such distinguished multipath components can then
provide the frequency offset of the received signal.
Thus, as described herein, the frequency offset can be
applied to a received signal to improve wireless
communication with a receiving mobile device. [0011]
According to further aspects, disclosed is a method of
wireless communication. The method can comprise
correlating a received signal with a synchronization
sequence, wherein a resulting correlated signal
comprises two or more separate multipath components.
Further, the method can comprise analyzing at least
one of the two or more separate multipath components
and obtaining a frequency offset of the received
signal from the analysis. [0012] In addition to the
foregoing, according to some aspects provided is an
apparatus that provides wireless communication. The
apparatus can comprise a processing module that
correlates a received signal with a synchronization
sequence, wherein a resulting correlated signal
comprises two or more separate multipath components.
The apparatus can further comprise a multipath
analysis module that evaluates at least one of the two
or more separate multipath components and obtains a
frequency offset of the received signal. [0013]
According to other aspects, provided is an apparatus
that provides wireless communication. The apparatus
can comprise means for correlating a received signal
with a synchronization sequence, wherein a resulting
correlated signal comprises two or more separate
multipath components. Additionally, the apparatus can
comprise means for analyzing at least one of the two
or more separate multipath components and for
obtaining a frequency offset of the received signal
from the analysis. [0014] In accordance with still
other aspects, disclosed is a processor that provides
wireless communication. The processor can comprise a
first moduleconfigured to correlate a received signal
with a synchronization sequence, wherein a resulting
correlated signal comprises two or more separate
multipath components. The processor can further
comprise a second module configured to analyze at
least one of the two or more separate multipath
components and obtain a frequency offset of the
received signal from the analysis. [0015] According to
at least one aspect, provided is a computer-readable
medium comprising instructions configured to provide
wireless communication. The instructions can be
executable to cause at least one computer to correlate
a received signal with a synchronization sequence,
wherein a resulting correlated signal comprises two or
more separate multipath components. The instructions
can be further executable to cause at least one
computer to analyze at least one of the two or more
separate multipath components and obtain a frequency
offset of the received signal from the analysis.
[0016] Additionally, according to further aspects
disclosed is a method of remote communication. The
method can comprise transmitting a wireless signal and
a synchronization sequence and receiving a replica of
the wireless signal, wherein the replica comprises at
least two multipath components. The method can further
comprise correlating the replica of the wireless
signal with the synchronization sequence, wherein a
resulting correlated signal comprises at least two
distinct multipath components. Additionally, the
method can comprise determining a frequency offset
between the wireless signal and the replica of the
wireless signal from one or more of the at least two
distinct multipath components. [0017] According to one
or more other aspects, provided is an apparatus that
facilitates remote communication. The apparatus can
comprise a transmitter that sends a wireless signal
and a synchronization sequence and a receiver that
obtains a replica of the wireless signal, wherein the
replica comprises at least two multipath components.
Further, the apparatus can comprise a signal processor
that correlates the replica of the wireless signal
with the synchronization sequence, wherein a resulting
correlated signal comprises at least two distinct
multipath components that are received at the mobile
device. Moreover, the apparatus can comprise an
analysis module that determines a frequency offset
between the wireless signal and the replica of the
wireless signal from one or more of the at least two
distinct multipath components.[0018] According to
further aspects, disclosed is an apparatus that
facilitates wireless communication. The apparatus can
comprise means for transmitting a wireless signal and
a synchronization sequence and means for receiving a
replica of the wireless signal, wherein the replica
comprises at least two multipath components. In
addition, the apparatus can comprise means for
correlating the replica of the wireless signal with
the synchronization sequence, wherein a resulting
correlated signal comprises at least two distinct
multipath components. Moreover, the apparatus can
comprise means for determining a frequency offset
between the wireless signal and the replica of the
wireless signal from one or more of the at least two
distinct multipath components. [0019] According to one
or more additional aspects, provided is a processor
that provides wireless communication. The processor
can comprise a first module configured to transmit a
wireless signal and a synchronization sequence and a
second module configured to receive a replica of the
wireless signal, wherein the replica comprises at
least two multipath components. The processor can
additionally comprise a third module configured to
correlate the replica of the wireless signal with the 



synchronization sequence, wherein a resulting
correlated signal comprises at least two distinct
multipath components. Moreover, the processor can
comprise a fourth module configured to determine a
frequency offset between the wireless signal and the
replica of the wireless signal from one or more of the
at least two distinct multipath components. [0020]
According to at least one further aspect, disclosed is
a computer-readable medium comprising
computer-readable instructions configured to provide
wireless communication. The instructions can be
configured to cause at least one computer to transmit
a wireless signal and a synchronization sequence and
to receive a replica of the wireless signal e, the
replica comprises at least two multipath components.
The instructions can be further configured to cause at
least one computer to correlate the replica of the
wireless signal with the synchronization sequence,
wherein a resulting correlated signal comprises at
least two distinct multipath components. Moreover, the
instructions can be further configured to cause at
least one computer to determine a frequency offset
between the wireless signal and the replica of the
wireless signal from one or more of the at least two
distinct multipath components. [0021] To the
accomplishment of the foregoing and related ends, the
one or more aspects comprise the features hereinafter
fully described and particularly pointedout in the
claims. The following description and the annexed
drawings set forth in detail certain illustrative
aspects of the one or more aspects. These aspects are
indicative, however, of but a few of the various ways
in which the principles of various aspects can be
employed and the described aspects are intended to
include all such aspects and their equivalents. BRIEF
DESCRIPTION OF THE DRAWINGS [0022] Fig. 1 illustrates
a block diagram of a sample communication environment
that provides wireless communication. [0023] Fig. 2
depicts a block diagram of an example communications
apparatus for employment with a wireless communication
environment. [0024] Fig. 3 illustrates a block diagram
of a sample system that facilitates determination of a
frequency offset of a received wireless signal. [0025]
Fig. 4 depicts a block diagram of an example system
that correlates and analyzes received wireless signals
according to aspects of the subject disclosure. [0026]
Fig. 5 illustrates a block diagram of a sample system
that analyzes correlated signals to determine a
frequency offset according to other aspects. [0027]
Fig. 6 illustrates a block diagram of a sample system
that filters multipath components of a received
wireless signal according to further aspects. [0028]
Fig. 7 depicts a block diagram of an example of
filtering a received multipath wireless signal
according to particular aspects disclosed herein.
[0029] Fig. 8 illustrates a block diagram of an
example system that determines a frequency offset of a
multipath signal according to still other aspects.
[0030] Fig. 9 depicts a block diagram of an example
mobile device that can determine a frequency offset of
a received signal according to one or more other
aspects. [0031] Fig. 10 illustrates a block diagram of
an example base station that can facilitate
determining a frequency offset of wireless signals
received at a mobile device. [0032] Fig. 11
illustrates a sample methodology for determining a
frequency offset from multipath components of a
received wireless signal. [0033] Fig. 12 depicts an
example methodology for determining a frequency offset
of a received wireless signal according to one or more
other aspects.[0034] Fig. 13 illustrates an example
methodology for facilitating determination of a
frequency offset of a wireless signal received at a
mobile device. [0035] Figs. 14 and 15 depict block
diagrams of example systems that facilitate
determining a frequency offset of wireless signals
received at a mobile device. DETAILED DESCRIPTION
[0001] Various aspects are now described with
reference to the drawings, wherein like reference
numerals are used to refer to like elements
throughout. In the following description, for purposes
of explanation, numerous specific details are set
forth in order to provide a thorough understanding of
one or more aspects. It can be evident, however, that
such aspect(s) can be practiced without these specific
details. In other instances, well-known structures and
devices are shown in block diagram form in order to
facilitate describing one or more aspects. [0036] In
addition, various aspects of the disclosure are
described below. It should be apparent that the
teaching herein can be embodied in a wide variety of
forms and that any specific structure and/or function
disclosed herein is merely representative. Based on
the teachings herein one skilled in the art should
appreciate that an aspect disclosed herein can be
implemented independently of any other aspects and
that two or more of these aspects can be combined in
various ways. For example, an apparatus can be
implemented and/or a method practiced using any number
of the aspects set forth herein. In addition, an
apparatus can be implemented and/or a method practiced
using other structure and/or functionality in addition
to or other than one or more of the aspects set forth
herein. As an example, many of the methods, devices,
systems and apparatuses described herein are descried
in the context of determining characteristics of one
or more wireless channels and providing a handover
determination based in part on magnitudes of the
determined characteristics. One skilled in the art
should appreciate that similar techniques could apply
to other communication environments. [0037] As
described herein, the subject disclosure provides for
determining a frequency offset for received wireless
communication. The frequency offset can pertain to a
static or variable difference in frequency of a
received signal versus frequency of a generated
signal. More particularly, the generated signal can
comprise a replica of the received signal generated at
a receiving device.[0038] Mobile devices can often
replicate received wireless communications to process,
analyze, or demodulate, etc., the wireless
communications. However, depending on quality of
hardware and/or software components utilized to
generate the replica {e.g., a signal oscillator), the
generated signal can often contain significant
differences from the received signal. As one example,
a significant difference in carrier wave frequency can
result if a relatively low quality signal oscillator
is utilized to replicate the carrier wave at a
receiving mobile device. If differences in
characteristics of a received signal and a generated
signal are not properly corrected, data processing
errors can result. [0039] The subject disclosure
provides for utilizing separate multipath components
of a received signal to determine a frequency offset
of the received signal. The frequency offset can be,
for instance, in comparison to a replica of a carrier
wave associated with the received signal. In modern
wireless communications, received wireless signals
often include two or more replications of a
transmitted signal, called multipath signals, or
multipath components. Multipath is a propagation
phenomenon affecting electromagnetic waves and signals
{e.g., radio frequency [RF] waves, microwave frequency
[MF] waves, optical frequency waves, X-Rays, and so
on). In some instances, multipath signals can be
reflected, refracted and/or scattered components of a
transmitted signal that arrive at a receiver. The
multipath signals can be generated by atmospheric
conditions {e.g., atmospheric ducting, ionospheric
reflection/refraction/scattering), reflections or
scattering off of terrestrial objects {e.g., 



mountains, buildings), or the like. Because the
multipath signals propagate at substantially the same
speed, yet arrive at a receiver along paths of varying
length, the signals can arrive at the receiver at
distinct points in time. [0040] Multipath signals are
generally replications of a transmitted signal, and
thus information about the transmitted signal can be
obtained from any suitable multipath signal. As
described herein, multipath components of a received
signal can be utilized to determine information about
the received signal. Such information can be utilized
to identify an offset frequency of the received signal
with respect to a devicegenerated replica. In
addition, by analyzing multiple multipath components,
errors in offset frequency can be mitigated as
compared with single path analysis. Accordingly, the
subject disclosure provides an improved mechanism to
determine a frequency offset of a received signal as
compared with a single path analysis.[0041] As used in
the subject disclosure, the terms "component,"
"system," and the like are intended to refer to a
computer-related entity, either hardware, software,
software in execution, firmware, middle ware,
microcode, and/or any combination thereof. For
example, a component can be, but is not limited to
being, a process running on a processor, a processor,
an object, an executable, a thread of execution, a
program, and/or a computer. One or more components can
reside within a process and/or thread of execution and
a component can be localized on one computer and/or
distributed between two or more computers. Also, these
components can execute from various computer readable
media having various data structures stored thereon.
The components can communicate by way of local and/or
remote processes such as in accordance with a signal
having one or more data packets (e.g., data from one
component interacting with another component in a
local system, distributed system, and/or across a
network such as the Internet with other systems by way
of the signal). Additionally, components of systems
described herein can be rearranged and/or complemented
by additional components in order to facilitate
achieving the various aspects, goals, advantages,
etc., described with regard thereto, and are not
limited to the precise configurations set forth in a
given figure, as will be appreciated by one skilled in
the art. [0042] Furthermore, various aspects are
described herein in connection with a subscriber
station. A subscriber station can also be called a
system, a subscriber unit, mobile station, mobile,
remote station, remote terminal, access terminal, user
terminal, user agent, a user device, or user
equipment. A subscriber station can be a cellular
telephone, a cordless telephone, a Session Initiation
Protocol (SIP) phone, a wireless local loop (WLL)
station, a personal digital assistant (PDA), a
handheld device having wireless connection capability,
or other processing device connected to a wireless
modem or similar mechanism facilitating wireless
communication with a processing device. [0043]
Moreover, various aspects or features described herein
can be implemented as a method, apparatus, or article
of manufacture using standard programming and/or
engineering techniques. The term "article of
manufacture" as used herein is intended to encompass a
computer program accessible from any computerreadable
device, carrier, or media. For example,
computer-readable media can include but are not
limited to magnetic storage devices (e.g., hard disk,
floppy disk, magneticstrips. ..), optical disks (e.g.,
compact disk (CD), digital versatile disk (DVD). ..),
smart cards, and flash memory devices (e.g., card,
stick, key drive. ..). Additionally, various storage
media described herein can represent one or more
devices and/or other machinereadable media for storing
information. The term "machine-readable medium" can
include, without being limited to, wireless channels
and various other media capable of storing,
containing, and/or carrying instruction(s) and/or
data. [0044] Moreover, the word "exemplary" is used
herein to mean serving as an example, instance, or
illustration. Any aspect or design described herein as
"exemplary" is not necessarily to be construed as
preferred or advantageous over other aspects or
designs. Rather, use of the word exemplary is intended
to present concepts in a concrete fashion. As used in
this application and the appended claims, the term
"or" is intended to mean an inclusive "or" rather than
an exclusive "or". That is, unless specified
otherwise, or clear from context, "X employs A or B"
is intended to mean any of the natural inclusive
permutations. That is, if X employs A; X employs B; or
X employs both A and B, then "X employs A or B" is
satisfied under any of the foregoing instances. In
addition, the articles "a" and "an" as used in this
application and the appended claims should generally
be construed to mean "one or more" unless specified
otherwise or clear from context to be directed to a
singular form. [0045] As used herein, the terms to
"infer" or "inference" refer generally to the process
of reasoning about or inferring states of the system,
environment, and/or user from a set of observations as
captured via events and/or data. Inference can be
employed to identify a specific context or action, or
can generate a probability distribution over states,
for example. The inference can be probabilistic-that
is, the computation of a probability distribution over
states of interest based on a consideration of data
and events. Inference can also refer to techniques
employed for composing higher-level events from a set
of events and/or data. Such inference results in the
construction of new events or actions from a set of
observed events and/or stored event data, whether or
not the events are correlated in close temporal
proximity, and whether the events and data come from
one or several event and data sources. [0002]
Referring now to the figures, Fig. 1 illustrates a
block diagram of a sample communication environment
that provides wireless communication. Wireless
communication system 100 can comprise multiple base
stations 110 and multiple terminals 120, and can be
utilized in conjunction with one or more aspects of
the subjectdisclosure. A base station can generally be
a fixed station that communicates with the terminals
and can also be called an access point, a Node B, or
some other terminology. Each base station 110 provides
communication coverage for a particular geographic
area, illustrated as three geographic areas, labeled
102a, 102b, and 102c. The term "cell" can refer to a
base station and/or its coverage area depending on the
context in which the term is used. To improve system
capacity, a base station coverage area can be
partitioned into multiple smaller areas (e.g., three
smaller areas, according to cell 102a in Fig. 1),
104a, 104b, and 104c. Each smaller area can be served
by a respective base transceiver subsystem (BTS). The
term "sector" can refer to a BTS and/or its coverage
area depending on the context in which the term is
used. For a sectorized cell, the BTSs for all sectors
of that cell are typically co-located within the base
station for the cell. The transmission techniques
described herein can be used for a system with
sectorized cells as well as a system with
un-sectorized cells. For simplicity, in the following
description, the term "base station" is used
generically for a fixed station that serves a sector
as well as a fixed station that serves a cell. [0046]
Terminals 120 can typically be dispersed throughout
the system, and each terminal can be fixed or mobile.
A terminal can also be called a mobile station, user
equipment, a user device, or some other terminology. A
terminal can be a wireless device, a cellular phone, a
personal digital assistant (PDA), a wireless modem
card, and so on. Each terminal 120 can communicate
with zero, one, or multiple base stations on the
downlink and uplink at any given moment. The downlink
(or forward link) refers to the communication link
from the base stations to the terminals, and the
uplink (or reverse link) refers to the communication
link from the terminals to the base stations. 



[0047] For a centralized architecture, a system
controller 130 couples to base stations 110 and
provides coordination and control for base stations
110. For a distributed architecture, base stations 110
can communicate with one another as needed. Data
transmission on the forward link occurs from one
access point to one access terminal at or near the
maximum data rate that can be supported by the forward
link and/or the communication system. Additional
channels of the forward link (e.g., control channel)
can be transmitted from multiple access points to one
access terminal. Reverse link data communication can
occur from one access terminal to one or more access
points.[0048] Fig. 2 is an illustration of an ad hoc
or unplanned/semi-planned wireless communication
environment 200, in accordance with various aspects.
System 200 can comprise one or more base stations 202
in one or more sectors that receive, transmit, repeat,
etc., wireless communication signals to each other
and/or to one or more mobile devices 204. As
illustrated, each base station 202 can provide
communication coverage for a particular geographic
area, illustrated as four geographic areas, labeled
206a, 206b, 206c and 206d. Each base station 202 can
comprise a transmitter chain and a receiver chain,
each of which can in turn comprise a plurality of
components associated with signal transmission and
reception {e.g., processors, modulators, multiplexers,
demodulators, demultiplexers, antennas, and so
forth.), as will be appreciated by one skilled in the
art. Mobile devices 204 can be, for example, cellular
phones, smart phones, laptops, handheld communication
devices, handheld computing devices, satellite radios,
global positioning systems, PDAs, and/or any other
suitable device for communicating over wireless
network 200. System 200 can be employed in conjunction
with various aspects described herein in order to
facilitate determining wireless channel
characteristics and/or determining mobile handover
based on differences in such determined
characteristics, as set forth with regard to
subsequent figures. [0049] Fig. 3 illustrates a block
diagram of a sample system 300 that facilitates
determination of a frequency offset of a received
wireless signal. System 300 can include a wireless
transmitter 302 that transmits one or more wireless
signals {e.g., RF signals, WF signals, and so on). A
mobile device receiver 304 can obtain the wireless
signals transmitted by the transmitter 302 {e.g., by
way of an antenna, not depicted). The wireless signals
received at the mobile device receiver 304 can
comprise two or more multipath components. Such
components can result from reflection, refraction
and/or scattering of the wireless signals transmitted
by transmitter 302. [0050] In some aspects of the
subject disclosure, mobile device receiver 304 can
generate a replica of a carrier frequency associated
with received signals. The carrier frequency replica
can be utilized by the receiver (304) and other
components of system 100 {e.g., 306, 308). For
instance, the replicated carrier frequency can be
utilized to process and/or analyze information
associated with the received signal. [0051] System 100
can further include a processing module 306.
Processing module can obtain the received wireless
signals, including the two or more
multipathcomponents, from the mobile device receiver
304. In addition, processing module can correlate the
received signal with a synchronization sequence. An
output of the processing module 306 can comprise a
signal having two or more separate multipath
components. [0052] A synchronization sequence utilized
by processing module 306 can comprise a primary
synchronization channel (PSC), a secondary
synchronization channel (SSC), or a combination
thereof or of the like. The synchronization sequence,
or data identifying the synchronization sequence, can
be transmitted by transmitter 302 and included within
the received signal obtained by the mobile device
receiver 304. A sequence identified within the
received signal can be extracted there from and/or
forwarded to the processing module 306 along with the
received signal or a portion thereof. In some aspects,
by correlating the received signals with the
synchronization sequence the two or more multipath
components can be separated out of the received
signals. In at least one aspect, the two or more
multipath components can be separated out of the
received signals by correlating the received signal
with multipath-dependent components of the
synchronization sequence. [0053] According to at least
one specific aspect, processing module 306 can split
the received signal and synchronization sequence into
multiple corresponding time segments for each
multipath component. In addition, corresponding
segments of the received signal and the
synchronization sequence, or a modified form of the
synchronization sequence, can be correlated. In at
least one example, the corresponding time segments can
be correlated with a despreading function. Once each
signal time segment is correlated with a corresponding
sequence time segment, the time-based results can be
summed into one or more time-based correlation
segments. According to at least one additional aspect,
processing module 306 can correlate the received
signal with one or more synchronization sequences at
least in part in a frequency domain, rather than (or
in addition to) a time domain. [0054] System 300 can
also include a multipath analysis component 308.
Multipath analysis component 308 can analyze at least
one of the two or more separate multipath components
provided by the processing module 306, and obtain a
frequency offset of the received signal from the
analysis. In at least one aspect, the multipath
analysis component 308 can employ a differential
product to analyze the at least one multipath
component. According to one or more additional
aspects, if processingmodule 306 outputs multiple time
based correlated segments, the analysis (e.g.,
differential product) can be applied to at least two
corresponding time based segments. According to at
least one other aspect, if processing module 306
correlates the received signals with two or more
synchronization functions in a frequency domain, the
analysis can be conducted with respect to
corresponding multipath segments of the resulting
correlated signals. [0055] As described, system 300
can distinguish and employ multipath segments of a
received wireless signal to generate an offset
frequency for the wireless signal. Accordingly,
accuracy of the offset frequency generated at a
receiving device can be greatly improved by employing
the multipath segments as described herein. Thus,
costs associated with processing and/or analyzing
received wireless communications can be reduced by
utilizing the improved frequency offset. [0056] Fig. 4
depicts a block diagram of an example system 400 that
correlates and analyzes received wireless signals
according to aspects of the subject disclosure.
Transmitted data 402 can comprise at least a PSC or an
SSC, or both. The transmitted data 402 can also
comprise at least one carrier signal. The transmitted
data is received at mobile device receiver 404.
Furthermore, as received, the transmitted data 402 can
comprise at least two multipath components of an
original transmitted signal (not depicted). [0057]
Mobile device receiver 402 can generate a replica of
the transmitted data as received, or a portion of such
data or one or more aspects of such data (e.g., a
carrier frequency), or a suitable combination thereof
or of the like. A frequency offset between the
generated replica and the received signal can be
determined by additional modules (406, 408, 412, 414)
of system 400. The mobile device receiver 402 can
forward the received signal as well as one or more PSC
or SSC sequences to processing module 406. 



[0058] Processing module 406 can correlate the
received signal with one or more of the PSC and/or SSC
sequences. In addition, the PSC and/or SSC sequences
can be generated as a function of multipath components
of the received signals (e.g. , such sequences can be
delayed an amount of time that corresponds to a
multipath component). A signal resulting from the
correlation, or a resulting correlation signal, can
comprise two or more separated multipath components.
Furthermore, the processing module 406 can provide
received signals and/or synchronization sequencesto a
timing module 408. Timing module 408 can split such
signals into a plurality of time segments. As a
particular example, the timing module 408 can split
each of the signals into 64 time based segments,
wherein each time based segment of the received signal
corresponds to an appropriate time based segment of a
synchronization sequence(s). The time segments can be
provided to processing module 406, which can correlate
the signals as described herein at least as a function
of time based segments. [0059] In at least one aspect
of the subject disclosure, system 400 can include a
despreading function 410 for correlating the received
signal, and multipath components thereof, with the
synchronization sequence(s). Further, the dispreading
function 410 can be applied to corresponding time
segments of the received signal and synchronization
sequence(s), where applicable (e.g., if the received
signal and synchronization sequence(s) are split into
multiple corresponding time based segments by timing
module 408). As an example, the despreading function
can have the following form: L 1 O(/) =  /(/)/(")JC* (
-/) B=O where z [ ) {l) is a correlated result
associated with multipath component / , for PSC / SSC
sequence i , and time-based summation j (where
applicable); where N is a number of corresponding time
segments of the received signal and synchronization
sequence (where applicable) and n is an instance of N
; where /(/) is a function that removes unqualified
multipath components (e.g., 1(1) having a value of 0
for unqualified components and 1 for qualified
components, see Fig. 5, infra); where y ( )(n) is an
nth time segment (where applicable) and an ith
instance of the wireless signal received at mobile
device receiver 402, and where x *(" -/) is a complex
conjugate of an nth time segment (where applicable) of
a portion of the PSC / SSC sequence that corresponds
to multipath component / . [0060] Processing module
406 can output a resulting correlated signal 412
having two or more separate multipath components. In
some aspects, the resulting correlated signal 412 can
have multiple correlated time segments. In at least
one additional aspect, the resulting correlated signal
412 can include multiple correlations of the received
signal with multiple synchronization sequences (e.g.,
multiple PSCs and/or SSCs transmitted at distinct
times by a base station).[0061] Multipath analysis
module 414 can receive the resulting correlated signal
412 provided by the processing module 406. Further,
the multipath analysis module 414 can evaluate the
correlated signal and obtain a frequency offset
associated therewith (e.g., pertaining to the received
signal and a replica generated at a receiving device).
In some aspects, system 400 can comprise a logic
module 416 that applies a differential product in
conjunction with the evaluation. The differential
product can be applied to the two or more separate
multipath components of the correlated signal, to time
segments of such multipath components, or to
correlations with multiple synchronized sequences, or
a combination thereof. Results of such differential
products can be summed in conjunction with determining
the offset frequency. In at least one example, the
summed differential product (e.g., across multiple
multipath components and multiple time segments) of
the resulting correlated signal 410 can have the
following form: where r( ) is a sum of multiplying all
z) with all complex conjugates of z)_l, where j and j
- I are distinct instances of a summation of
correlated time-based components (e.g., by timing
module 408 and processing module 406), over two or
more multipath components L1 to L2(where L1 + L2 + 1 =
the number of multipath components) of the correlated
signal 412. [0062] A result of an evaluation of the
resulting correlated signal 412 by multipath analysis
module 414 (e.g., employing one or more differential
products utilized by logic module 416) can provide a
frequency offset for signal received at a receiving
device (404). For instance, a phase of a result of the
evaluation can be utilized, in some aspects of the
subject disclosure, to determine the frequency offset.
As described, system 400 provides a mechanism to
employ multipath components of a received signal to
provide a frequency offset of the received signal, and
in some cases improve upon frequency offset
estimations as compared with single path analysis.
[0063] Fig. 5 illustrates a block diagram of a sample
system 500 that can analyze a correlated received
signal to determine a frequency offset of such
received signal. System 500 can include a multipath
analysis module 504 that receives a correlated
multipath signal, having two or more separate
multipath components. Themultipath analysis module 504
can evaluate at least one of the separate multipath
components to determine an offset frequency
appropriate for a wireless signal received at an
associated device. The offset frequency can be
utilized to analyze, process, etc., the received
signal. [0064] System 500 can further include a logic
module 506 that employs a despreading function in
conjunction with evaluating the correlated multipath
signal 502, as described herein. Additionally, system
500 can include a compilation module 508. Compilation
module 508 can sum results of two or more differential
products employed by the logic module 506. For
instance, a sum of time-based correlations, multipath
correlations, and/or correlations across multiple
synchronized sequences can be conducted by the
compilation module 506. The summed differential
products can be utilized b the multipath analysis
module 504 to provide a more accurate estimate of the
offset frequency as compared with a single correlation
signal. [0065] In addition to the foregoing, system
500 can include a phase estimator 510. The phase
estimator 510 can determine a phase of results of
differential products provided by logic module 506
and/or summed results provided by compilation module
508. The phase determined by phase estimator 510 can
be utilized, at least in part, by the multipath
analysis module 504 to determine the frequency offset
of a received signal(s) associated with the correlated
multipath signal 502. [0066] Fig. 6 illustrates a
block diagram of a sample system 600 that filters
multipath components of a received wireless signal 602
according to further aspects. The multipath wireless
signal 602 can comprise two or more multipath
components received at a mobile device 604. Mobile
device 604 can further comprise a signal comparator
606 that determines a dominant signal path of the
multipath wireless signal 602. In some aspects, the
dominant signal path can be a path with a highest
signal strength. In other aspects, the dominant signal
path can be a path having a highest signal quality. In
yet other aspects, the dominant signal path can be a
path having a median timing. In still other aspects,
the dominant signal path can be a combination of the
foregoing and/or of the like. [0067] A dominant signal
path identified by signal comparator 606 can be
forwarded to a filtering module 608. Filtering module
608 can then define a threshold 



range about the strongest signal path and identify two
or more significant multipath components. Further, the
significant multipath components can be determined
withreference to at least one signal parameter. In
some aspects, the at least one signal parameter can
comprise a path signal strength or normalized path
signal strength. In other aspects, the parameter can
comprise a number of discreet multipath paths centered
about the dominant (e.g., strongest) signal path
identified by the signal comparator 606. In still
other aspects, the at least one signal parameter can
comprise a path signal strength or normalized path
signal strength in conjunction with a number of
discreet paths centered about the strongest signal
path (e.g., see Fig. 7, infra). Significant multipath
components 610 identified by the filtering module can
be extracted from the multipath wireless signal 602
and output by system 600. Accordingly, system 600 can
select multipath components of the multipath wireless
signal 602 for analysis. [0068] Fig. 7 depicts a block
diagram of an example of filtering a received
multipath wireless signal according to particular
aspects disclosed herein. The multipath wireless
signal, as received at a receiving device such as a
mobile phone, can have multiple multipath components
706, 708, 710, 712, 714, 716, 718, 720, 722. The
multipath components 706, 708, 710, 712, 714, 716,
718, 720, 722 typically arrive at distinct points in
time, and can be distinguished as a function of time.
Furthermore, the multipath components 706, 708, 710,
712, 714, 716, 718, 720, 722 can have varying signal
strengths. Accordingly, multipath components 706, 708,
710, 712, 714, 716, 718, 720, 722 can be filtered as a
function of time, signal strength, and/or the like.
[0069] As an example, a threshold signal strength
filter 702 can be employed wherein a component having
a signal strength equal to or less than the signal
strength filter 702 is selected, and a component that
has lower signal strength than the filter 702 can be
discarded. As another example, a threshold timing
window filter 704 can be employed. The threshold
timing window filter 704 can identify a center
multipath component (e.g., component 714) by signal
strength, timing, and so on. In addition, the timing
window filter 704 can select those components that are
within a certain threshold timing of the center
multipath component, and discard those components that
are outside of the threshold timing. In yet another
example, a combination of filters 702, 704 can be
utilized to select various multipath components 706,
708, 710, 712, 714, 716, 718, 720, 722. For instance,
components within a threshold signal strength of a
center component (714), or highest signal strength
component (714) can be selected, whereas components
below the threshold signal strength of the
center/highest component are discarded. Accordingly,
various mechanisms can be employed to selectand/or
discard particular multipath signal paths according to
at least one signal characteristic. [0070] Fig. 8
illustrates a block diagram of an example system 800
that determines a frequency offset of a multipath
signal according to still other aspects. System 800
can comprise a mobile device receiver that obtains a
multipath wireless signal 802, which comprises or
identifies at least one PSC and/or SSC sequence.
Furthermore, system 800 can include an offset
estimator that obtains an initial frequency offset
estimation from the multipath signal 802. As an
example, the initial frequency offset estimation can
be determined from at least one multipath component
associated with the multipath signal 802. In some
aspects, a dominant multipath component, such as a
component having a highest relative signal strength, a
greatest relative signal clarity, a center timing, or
a combination thereof or of the like, can be selected
for the offset estimation. In at least one aspect, the
initial frequency offset estimation can be determined
by correlating the dominant multipath component with a
synchronization sequence, and taking a differential
product of the correlated component. [0071] In
addition to the foregoing, system 800 can comprise a
signal modifier 808. Signal modifier 808 can offset at
least a portion of the received signal 802 by the
initial frequency offset estimation (e.g., prior to
correlation of the received signal 802 with a
synchronization sequence). Offsetting the received
signal 802 can comprise rotating such signal (802) by
the initial frequency offset estimation. In addition,
the frequency modifier can convert the offset received
signal from a time domain into a frequency domain
(e.g., by employing a fast Fourier transform [FFT])
for correlation with a synchronization sequence in the
frequency domain (e.g., by a processing module, as
described herein). [0072] Furthermore, system 800 can
also comprise a frequency inverter 810. Frequency
inverter 810 can convert a frequency domain signal
(e.g., the offset received signal that is correlated
in the frequency domain) into a time domain. By
converting a correlated multipath signal into the time
domain, correlated multipath components of the
correlated multipath signal can be distinguished. The
distinct correlated multipath signals can then be
forwarded to a multipath analysis module 812 for
further evaluation. [0073] In some aspects, a
processing module (not depicted) can correlate at
least an offset portion of the received signal (802)
with multiple synchronization sequences (separated in
time). More particularly, correlation can be performed
in the frequencydomain to obtain multiple correlated
signals. Upon converting the multiple correlated
signals back to the time domain, multipath components
can be distinguished. Further, a logic module (not
depicted) can apply a differential product to one or
more of the distinct multipath components of the
correlated signals, as described herein. The
differential products can be summed and a frequency
offset of the received signal 802 can be determined
from the summed differential products, as described
herein (e.g., by determining a phase of the summed
differential products). Accordingly, system 800
provides an alternative to correlating received
signals in the time domain, and can utilize correlated
multipath components across multiple synchronization
sequences to provide a relatively accurate frequency
offset of a received signal. [0074] Fig. 9 depicts a
block diagram of an example system 900 comprising a
mobile device 902 that can determine a frequency
offset of a received signal. Mobile device 902 can be
configured to implement a handover based on
characteristics of source and target wireless
channels, as described herein. Accordingly, mobile
device 902 can conduct a handover, where appropriate,
based on rapid degradation or improvement of
source/target channels. Thus, mobile device 900 can
facilitate more robust mobile communication, reducing
call drop rates in some instances. [0075] Mobile
handset 902 includes at least one antenna 906 (e.g., a
transmission receiver or group of such receivers
comprising an input interface) that receives a signal
(e.g., a wireless multipath signal) and a receiver
908, which performs typical actions (e.g., filters,
amplifies, down-converts, etc.) on the received
signal. Specifically, antenna 906 and transmitter 930
(collectively referred to as a transceiver) can be
configured to facilitate wireless data exchange with
transmitter 904 (e.g. , a base station). [0076]
Antenna 906 and receiver 908 can also be coupled with
a demodulator 910 that can demodulate received symbols
and provide them to a processor 912 for evaluation. In
one example, antenna 906, receiver 908 and/or
demodulator 910 can be configured to receive a
multipath signal and generate a replica of the
multipath signal at mobile device 902. Processor 912
can analyze information received by antenna 906 and/or
generate information for transmission by a transmitter
924. Additionally, processor 912 can control and/or
reference one or more components (906, 908, 910, 914,
916, 918, 920, 922, 924) of the mobile handset 902.
Further, processor 912 can execute one or more
modules, applications, engines, or the like (916, 918,
920) thatcomprise information or controls pertinent to
executing functions of the mobile device 



902. For instance, such functions can include
receiving data from a remote source (904), correlating
a received multipath signal with a synchronization
sequence, evaluating the resulting correlated signal
and determining a frequency offset of the received
signal, or the like, as described herein. [0077]
Mobile handset 902 can additionally include memory 914
that is operatively coupled to processor 912. Memory
914 can store data to be transmitted, received, and
the like. Further, memory 914 can store one or more
program modules (916, 918, 920) pertinent to
correlating signals or determining an offset frequency
of received signals, as described herein. For
instance, a processing module 916 that can correlate
one or more received multipath signals with one or
more synchronization sequences can be stored in memory
914. Furthermore, a multipath analysis module 918
configured to evaluate correlated multipath components
of the one or more correlated signals can be stored in
memory 914. Additional processing modules 920, that
can separate a signal into multiple time segments,
apply differential product algorithms, determine phase
of differential product results, convert signals to
and from a time domain and frequency domain, or the
like, as described herein can be stored in memory 914.
[0078] Mobile handset 602 can still further comprise a
modulator 922, and a transmitter 924 that transmits
generated signals (e.g., generated by processor 912
and modulator 922) to, for instance, transmitter 904,
an access point, another access terminal, a remote
agent, etc. As described, system 900 provides a mobile
device 602 that can determine an offset frequency of a
received multipath signal with respect to a replicated
signal generated at the mobile device 902. By
utilizing multipath components for such determination,
accuracy of the offset frequency can be improved as
compared with single signal analysis techniques.
[0079] Fig. 10 illustrates a block diagram of an
example system 1000 comprising a base station 1002
that can facilitate determining a frequency offset of
wireless signals received at a mobile device. Base
station 1002 can be communicatively coupled with a
mobile device(s) 1004 via a wireless channel. Wireless
signals can be exchanged between the base station 1002
and mobile device(s) 1004 utilizing the wireless
channel. In some aspects, a wireless signal
transmitted by the base station 1002 can be received
at the mobile device(s) 1004 and replicated at such
device(s) 1004.The replicated signal can be forwarded
to the base station 1002, which can determine a
frequency offset for the mobile device(s) 1004.
Accordingly, frequency offset estimation can be
conducted at a base station 1002 communicatively
coupled with the mobile device(s) 1004. [0080] Base
station 1002 (e.g., an access point, etc.) can
comprise a receiver 1010 that receives signal(s) from
one or more mobile devices 1004 through a plurality of
receive antennas 1006, and a transmitter 1030 that
transmits to the one or more mobile devices 1004
through a transmit antenna(s) 1008. Receiver 1010 can
receive information from receive antennas 1006 and can
further comprise a signal recipient (not shown) that
receives uplink data scheduled in accordance with a
transmission allocation period provided by base
station 1002. Additionally, receiver 1010 is
operatively associated with a demodulator 1012 that
demodulates received information. Demodulated symbols
are analyzed by a processor 1014 that is coupled to a
memory 1016 that stores information related to
receiving wireless signals transmitted by the mobile
device(s) 1004, correlating the received signals with
a synchronization sequence, determining an offset
frequency for transmitted signal received at the
mobile device(s) 1004, and forwarding the offset
frequency to the mobile device(s) 1004, and/or any
other suitable information related to performing the
various actions and functions set forth herein. [0081]
Processor 1014 is further coupled to a signal
processor 1018 that can correlate a wireless signal
with a synchronization sequence (e.g., wherein a logic
module 1022 employs a despreading function for
correlating a multipath signal generated at the mobile
device(s) 1004). For instance, signal processor can
obtain a signal generated at mobile device(s) 1004
that is a replica of a signal received at such
device(s) 1004. Further, the signal processor can
correlate the replica or the signal received at the
mobile device(s) 1004 with one or more synchronization
sequences. The correlated signals can comprise
distinct multipath components. Such components can be
forwarded to a multipath analysis module 1020. [0082]
Processor 1014 can be further coupled to the multipath
analysis module 1020 that can determine a frequency
offset between wireless signals received at the mobile
device(s) 1004 and replicas of such signals generated
at such device(s) 1004. More specifically, the
multipath analysis module 1020 can evaluate distinct
correlated multipath signals (e.g., provided by signal
processor 1018) to determine the frequencyoffset. In
at least one aspect, the multipath analysis module
1020 can employ a differential product in conjunction
with determining the frequency offset. [0083] In at
least one additional aspect, the signal processor 1018
can correlate a signal generated by the mobile
device(s) 1004 (e.g., a replica of a wireless
transmission received at such devices 1004) with two
or more additional synchronization sequences. Further,
the correlation can provide two or more correlated
signals containing distinct multipath components. In
at least one aspect, correlation with multiple
synchronization sequences can be conducted in a
frequency domain. Moreover, a frequency converter 1024
can transform the resulting correlated signals into a
time domain to distinguish the multipath components.
According to still other aspects, multipath analysis
module 1020 can obtain a frequency offset of the
mobile generated signal and the mobile received signal
by applying a differential product to corresponding
multipath components of the two or more correlated
signals. The frequency offset can be transmitted by
the base station 1002 to the mobile device(s) 1004
(e.g., by way of modulator 1026 and transmitter 1028)
for processing and analyzing signals received at such
device(s) 1004. Accordingly, system 1000 provides an
alternative mechanism for calculating offset
frequencies for mobile device(s) 1004 at a common base
station 1002. [0084] The aforementioned systems have
been described with respect to interaction between
several components, modules and/or electronic
interface functions. It should be appreciated that
such systems and components/modules/functions can
include those components or sub-components specified
therein, some of the specified components or
sub-components, and/or additional components. For
example, a system could include mobile device 304,
processing module 306, multipath analysis module 308,
timing module 408, and compilation module 508, or a
different combination of these and/or other
components. Sub-components could also be implemented
as components communicatively coupled to other
components rather than included within parent
components. Additionally, it should be noted that one
or more components could be combined into a single
component providing aggregate functionality. For
instance, compilation module 508 can include phase
estimator 510, or vice versa, to facilitate summing
signal evaluation results and determining a phase of
such results by way of a single component. The
components can also interact with one or more other
components not specifically described herein but known
by those of skill in the art.[0085] Furthermore,
various portions of the disclosed systems can include
or consist of artificial intelligence or knowledge or
rule based components, sub components, processes,
means, methodologies, or mechanisms (e.g., support
vector machines, neural networks, expert systems,
Bayesian belief networks, fuzzy logic, data 



fusion engines, classifiers. ..). Such components,
inter alia, and in addition to that already described
herein, can automate certain mechanisms or processes
performed thereby to make portions of the systems more
adaptive as well as efficient and intelligent. [0086]
Referring to Figs. 11-13, methodologies relating to
conducting and/or facilitating determination of offset
frequency for received wireless signals are depicted.
While, for purposes of simplicity of explanation, the
methodologies are shown and described as a series of
acts, it is to be understood and appreciated that the
methodologies are not limited by the order of acts.
For example, in accordance with one or more aspects,
some acts can occur in different orders and/or
concurrently with other acts from that shown and
described herein. In addition, those skilled in the
art will understand and appreciate that a methodology
could alternatively be represented as a series of
interrelated states or events, such as in a state
diagram. Moreover, not all illustrated acts are
necessarily required to implement a methodology in
accordance with one or more aspects. [0087] Fig. 11
illustrates a sample methodology 1100 for determining
a frequency offset from multipath components of a
received wireless signal. At 1102, method 1100 can
correlate a received signal with a synchronization
sequence. Further, a result of the correlation can
comprise two or more separate multipath components.
The received signal can be any suitable wireless
transmission, received at a wireless device (e.g., by
an antenna), which contains at least two multipath
components. Further, the synchronization sequence can
comprise a PSC, an SSC, or a suitable combination
thereof or of the like. [0088] At 1104, method 1100
can analyze at least one of the two or more separate
multipath components. The analysis can be utilized to
obtain a frequency offset of the received signal
(e.g., in comparison with a device-generated replica
of the received signal). In some aspects, the analysis
can comprise applying a differential product the one
or more of the separate multipath components. In still
other aspects, the differential product can be applied
to corresponding time -based segments of themultipath
components. For instance, the differential products
can be summed, and a phase of the summation utilized,
at least in part, to determine the frequency offset.
By utilizing multiple components for evaluation of the
frequency offset, such an offset can be determined
with greater accuracy as compared with single-signal
analysis techniques. [0089] Fig. 12 depicts an example
methodology 1200 for determining a frequency offset of
a received wireless signal according to one or more
other aspects. At 1202, method 1200 can receive a
multipath signal. The multipath signal can be any
suitable wireless transmission, having two or more
multipath components at a receiver. At 1204, method
1200 can receive or identify a first synchronization
sequence. At 1206, a determination can be made as to
whether analysis of the received multipath signal is
to be done in a time domain or a frequency domain. If
analysis is done in the time domain, method 1200 can
proceed to 1208. Otherwise, method 1200 proceeds to
1224. [0090] At 1208, method 1200 can split the
multipath components and synchronization sequence(s)
into multiple corresponding time segments. At 1210,
the corresponding multipath component segments and
synchronization sequence segments can be correlated,
and summed over a portion or all of the time segments.
In some aspects, the correlated signals can be summed
over two or more groups of the time segments. In
addition, according to one or more other aspects,
correlation can be implemented by employing a
despreading function, as described herein. [0091] At
1212, separate correlated multipath segments can be
obtained from the correlated signals. At 1214,
significant multipath components of the correlated
signals can be identified. The significant multipath
components can be filtered as a function of signal
strength, signal quality, timing, or a combination
thereof or of the like. [0092] At 1216, method 1200
can apply a differential product to the significant
correlated multipath segments. At 1218, results of the
differential products can be summed. Furthermore, at
1220, a phase can be obtained from the sum
differential products. Moreover, at 1222, a frequency
offset of the received multipath signal (e.g., at
reference number 1202) and a replica of the received
multipath signal (e.g., generated at a receiver) can
be determined and utilized to decode, process,
analyze, etc., the received multipath signal.[0093] At
reference number 1224, method 1200 can identify a most
significant path of the multipath signal. Such most
significant path can be a function of path signal
strength, signal quality, timing, and so on. At 1226,
an initial frequency offset estimation is obtained at
least in part from the most significant path of the
multipath signal. For instance, such path can be
segmented in time, or across multiple sequences,
correlated and analyzed to determine the frequency
offset, as described herein. [0094] At 1228, method
1200 can rotate the received multipath signal by the
initial frequency offset estimation. At 1230, the
rotated signal can be correlated a first
synchronization sequence in a frequency domain. At
1232, the correlated signal(s) is converted to the
time domain, and multipath components of such
correlated signal(s) are distinguished. [0095] At
1234, method 1200 can correlate the rotated signal
with a second synchronization sequence in the time
domain. At 1236, a differential product of multipath
segments of the first correlated signal and of
corresponding multipath segments of the second
correlated signal can be determined. At 1238, the
differential product results can be summed, a phase
obtained from the sum, and a frequency offset obtained
at least in part from the phase. As described, method
1200 can correlated and evaluate received signals in a
time domain or in a frequency domain. Accordingly,
method 1200 provides additional flexibility to various
aspects associated with determining a frequency offset
of a received wireless signal disclosed herein. [0096]
Fig. 13 illustrates an example methodology 1300 for
facilitating determination of a frequency offset of a
wireless signal received at a mobile device. At 1302,
method 1300 can transmit a wireless signal and a
synchronization sequence. At 1304, method 1300 can
receive a replica of the wireless signal, generated at
a receiving mobile device. Further, the received
replica can contain multipath components incident at
the receiving mobile device. [0097] At 1306, method
1300 can correlate the received replica with at least
the synchronization sequence, and obtain result of the
correlation. The correlation(s) can be conducted
utilizing a despreading function, as described herein.
Further, the correlation(s) can be conducted in a time
domain or a frequency domain. At 1308, method 1300 can
optionally correlate the received replica with a
second synchronization sequence in a frequency domain.
At 1310, a frequency offset can be determined from
multipath components of the result of the correlated
signals. In one aspect, thefrequency offset can be
obtained by applying a differential product across
multiple synchronization sequences, correlated with
the received replica in the frequency domain. In
another aspect, the frequency offset can be obtained
by applying a differential product to time based
segments of the correlated multipath components. Once
determined, the frequency offset can be transmitted to
the receiving mobile device at 1312. [0098] As
described, a receiving mobile device can utilize a
frequency offset 



determined by method 1300 in demodulating, processing,
and/or analyzing received wireless communications.
Furthermore, method 1300 enables a wireless
transmitter, such as a base station, to act as a
common entity for determining offset frequencies
associated with mobile devices coupled with the base
station. Moreover, the offset frequencies can be
determined utilizing two or more multipath components,
improving the accuracy of such determinations. [0099]
Figs. 14 and 15 depict block diagrams of example
systems 1400 and 1500, respectively, which facilitate
determining a frequency offset of wireless signals
received at a mobile device. System 1400 can include a
first module 1402 for correlating received wireless
signals with one or more synchronization sequences.
Further, module 1402 can obtain a resulting correlated
signal that comprises two or more separate multipath
components. In addition, system 1400 can include a
second module 1404 for analyzing at least one of the
two or more separate multipath components. Moreover,
module 1404 can obtain a frequency offset of the
received signal from such analysis. By generating
multipath correlations and analyzing one or more such
correlations, improved estimates of the offset
frequency can be generated as compared with single
signal techniques. [00100] System 1500 can include a
first module 1502 for transmitting a wireless signal
and a synchronization sequence. The wireless signal
can include two or more multipath components as
received at a mobile device (not depicted).
Furthermore, system 1500 can include a second module
1504 for receiving from the mobile device a replica of
the wireless signal, which is generated at the mobile
device. In some aspects, the replica can comprise at
least two multipath components that are received at
the mobile device. In addition, system 1500 can
include a third module 1506 for correlating the
replica of the wireless signal with the
synchronization sequence transmitted by the first
module 1502. A resulting correlated signal can
comprise at least two distinctmultipath components
that are received at the mobile device. Furthermore,
system 1500 can also include a fourth module 1508 for
determining a frequency offset between the wireless
signal and the replica of the wireless signal from one
or more of the at least two distinct multipath
components. The frequency offset can be forwarded to
the mobile device and utilized to process or analyze
the wireless signal transmitted by the first module
1502. [00101] What has been described above includes
examples of one or more aspects. It is, of course, not
possible to describe every conceivable combination of
components or methodologies for purposes of describing
the aforementioned aspects, but one of ordinary skill
in the art may recognize that many further
combinations and permutations of various aspects are
possible. Accordingly, the described aspects are
intended to embrace all such alterations,
modifications and variations that fall within the
scope of the appended claims. Furthermore, to the
extent that the term "includes" is used in either the
detailed description or the claims, such term is
intended to be inclusive in a manner similar to the
term "comprising" as "comprising" is interpreted when
employed as a transitional word in a claim.CLAIMS What
is claimed is: 1. A method of wireless communication,
comprising: correlating a received signal with a
synchronization sequence, wherein a resulting
correlated signal comprises two or more separate
multipath components; and analyzing at least one of
the two or more separate multipath components and
obtaining a frequency offset of the received signal
from the analysis. 2. The method of claim 1, further
comprising employing a despreading function for
correlating the received signal with the
synchronization sequence. 3. The method of claim 1,
further comprising employing a differential product
for analyzing the at least one of the two or more
separate multipath components. 4. The method of claim
3, further comprising applying the differential
product to at least two of the two or more separate
multipath components and summing the results of the
differential products. 5. The method of claim 4,
further comprising obtaining the frequency offset at
least in part based on a phase of the sum of the
results of the differential products. 6. The method of
claim 3, further comprising splitting the received
signal and the synchronization sequence into a
plurality of time segments, wherein the correlating is
applied to corresponding time segments of the received
signal and synchronization sequence. 7. The method of
claim 6, further comprising; obtaining a plurality of
correlated time segments for each of the two or more
separate multipath components; andapplying the
differential product to correlated time segments of
the at least one of the two or more separate multipath
components, wherein the frequency offset of the
received signal is obtained at least in part from a
result of the differential product(s). 8. The method
of claim 7, further comprising: applying the
differential product to correlated time segments of an
additional multipath component of the two or more
separate multipath components; summing results of the
differential products of the at least one multipath
component and the additional multipath component; and
obtaining the frequency offset from a phase of the sum
of the results of the differential products. 9. The
method of claim 1, further comprising determining a
strongest signal path of the received signal. 10. The
method of claim 9, further comprising defining a
threshold range about the strongest signal path and
identifying two or more significant multipath
components based on at least one signal parameter. 11.
The method of claim 10, further comprising employing
at least one of the following as one of the at least
one signal parameter: path signal strength or
normalized path signal strength; a number of discreet
paths centered about the strongest signal path; or
path signal strength or normalized path signal
strength in conjunction with a number of discreet
paths centered about the strongest signal path. 12.
The method of claim 10, further comprising applying a
differential product to the significant multipath
components and obtaining the frequency offset at least
in part on results of the differential products. 13.
The method of claim 1, further comprising obtaining an
initial frequency offset estimation from at least one
multipath signal associated with the received
signal.14. The method of claim 13, further comprising
offsetting at least a portion of the received signal
by the initial frequency offset estimation prior to
the correlating, wherein the correlating the received
signal with the synchronization sequence is
accomplished in a frequency domain. 15. The method of
claim 14, further comprising converting the resulting
correlated signal to a time domain signal to
distinguish the two or more separate multipath
components. 16. The method of claim 15, further
comprising: correlating at least the offset portion of
the received signal with an additional synchronization
sequence to obtain a second resulting correlated
signal, the additional synchronization sequence is
separated in time from the synchronization sequence; 



applying a differential product to at least one
multipath component of the resulting correlated signal
and to at least one multipath component of the second
resulting correlated signal; and obtaining the
frequency offset from a result of the differential
product(s). 17. An apparatus that provides wireless
communication, comprising: a processing module that
correlates a received signal with a synchronization
sequence, wherein a resulting correlated signal
comprises two or more separate multipath components;
and a multipath analysis module that evaluates at
least one of the two or more separate multipath
components and obtains a frequency offset of the
received signal. 18. The apparatus of claim 17,
wherein the processing module employs a despreading
function to correlate the received signal with the
synchronization sequence. 19. The apparatus of claim
17, further comprising a logic module that applies a
differential product in conjunction with the
evaluation of the at least one of the two or more
separate multipath components. 20. The apparatus of
claim 19, further comprising a compilation module that
sums results of two or more differential products, the
logic module applies the differentialproduct to at
least two of the two or more separate multipath
components and the compilation module sums the results
of the differential products. 21. The apparatus of
claim 20, further comprising a phase estimator that
determines a phase of the sum of the results of the
differential products, the multipath analysis module
utilizes the phase, at least in part, to obtain the
frequency offset of the received signal. 22. The
apparatus of claim 20, further comprising a timing
module that splits the received signal and the
synchronization sequence into a plurality of time
segments, the processing module correlates
corresponding time segments of the received signal and
the synchronization sequence. 23. The apparatus of
claim 22, wherein: the timing module obtains a
plurality of correlated time segments for each of the
two or more separate multipath components; and the
logic module applies the differential product to
correlated time segments of the at least one of the
two or more separate multipath components, the
frequency offset of the received signal is obtained at
least in part from a result of the differential
product(s). 24. The apparatus of claim 23, wherein:
the logic module applies the differential product to
correlated time segments of an additional multipath
component of the two or more separate multipath
components; the compilation module sums results of the
differential products of the at least one multipath
component and the additional multipath component; and
the multipath analysis component obtains the frequency
offset from a phase of the sum of the results of the
differential products. 25. The apparatus of claim 17,
further comprising a signal comparator that determines
a strongest signal path of the received signal.26. The
apparatus of claim 25, further comprising a filtering
module that defines a threshold range about the
strongest signal path and identifies two or more
significant multipath components based on at least one
signal parameter. 27. The apparatus of claim 26,
wherein the filtering module employs at least one of
the following as one of the at least one signal
parameter: path signal strength or normalized path
signal strength; a number of discreet paths centered
about the strongest signal path; or path signal
strength or normalized path signal strength in
conjunction with a number of discreet paths centered
about the strongest signal path. 28. The apparatus of
claim 26, further comprising a logic module that
applies a differential product to the significant
multipath components, wherein the multipath analysis
module obtains the frequency offset at least in part
on results of the differential products. 29. The
apparatus of claim 17, further comprising an offset
estimator that obtains an initial frequency offset
estimation from at least one multipath signal
associated with the received signal. 30. The apparatus
of claim 29, further comprising a signal modifier that
offsets at least a portion of the received signal by
the initial frequency offset estimation prior to the
correlation by the processing module, wherein the
processing module correlates the received signal with
the synchronization sequence is a frequency domain.
31. The apparatus of claim 30, further comprising a
frequency inverter that converts the resulting
correlated signal to a time domain to distinguish the
two or more separate multipath components. 32. The
apparatus of claim 31, wherein: the processing module
correlates at least the offset portion of the received
signal with an additional synchronization sequence to
obtain a second resulting correlatedsignal, the
additional synchronization sequence is separated in
time from the synchronization sequence; a logic module
applies a differential product to at least one
multipath component of the resulting correlated signal
and to at least one multipath component of the second
resulting correlated signal; and the multipath
analysis module obtains the frequency offset from a
result of the differential product(s). 33. An
apparatus that provides wireless communication,
comprising: means for correlating a received signal
with a synchronization sequence, wherein a resulting
correlated signal comprises two or more separate
multipath components; and means for analyzing at least
one of the two or more separate multipath components
and for obtaining a frequency offset of the received
signal from the analysis. 34. A processor that
provides wireless communication, comprising: a first
module configured to correlate a received signal with
a synchronization sequence, wherein a resulting
correlated signal comprises two or more separate
multipath components; and a second module configured
to analyze at least one of the two or more separate
multipath components and obtain a frequency offset of
the received signal from the analysis. 35. A computer
program product, comprising: a computer-readable
medium comprising: code for correlating a received
signal with a synchronization sequence, wherein a
resulting correlated signal comprises two or more
separate multipath components; and code for analyzing
at least one of the two or more separate multipath
components and obtain a frequency offset of the
received signal from the analysis. 36. A method of
wireless communication, comprising: transmitting a
wireless signal and a synchronization sequence;
receiving a replica of the wireless signal, the
replica comprises at least two multipath components;
correlating the replica of the wireless signal with
the synchronization sequence, wherein a resulting
correlated signal comprises at least two distinct
multipath 



components; and determining a frequency offset between
the wireless signal and the replica of the wireless
signal from one or more of the at least two distinct
multipath components. 37. The method of claim 36,
further comprising transmitting the frequency offset
to the mobile device. 38. The method of claim 36,
further comprising employing a despreading function to
correlate the replica of the wireless signal with the
synchronization sequence. 39. The method of claim 36,
further comprising employing a differential product in
conjunction with determining the frequency offset. 40.
The method of claim 36, further comprising correlating
the replica of the wireless signal with a second
synchronization sequence to obtain a second resulting
correlated signal, the correlating with the
synchronization sequence and the second
synchronization sequence are implemented in a
frequency domain. 41. The method of claim 40, further
comprising: converting resulting correlated signal and
second resulting correlated signal to a time domain;
and applying a differential product to corresponding
multipath components of the resulting signal and the
second resulting signal to obtain the frequency
offset. 42. An apparatus that facilitates wireless
communication, comprising: a transmitter that sends a
wireless signal and a synchronization sequence; a
receiver that obtains from a replica of the wireless
signal, the replica comprises at least two multipath
components;a signal processor that correlates the
replica of the wireless signal with the
synchronization sequence, wherein a resulting
correlated signal comprises at least two distinct
multipath components; and an analysis module that
determines a frequency offset between the wireless
signal and the replica of the wireless signal from one
or more of the at least two distinct multipath
components. 43. The apparatus of claim 42, wherein the
transmitter sends the frequency offset to the mobile
device. 44. The apparatus of claim 42, further
comprising a logic module that employs a despreading
function to correlate the replica of the wireless
signal with the synchronization sequence. 45. The
apparatus of claim 42, wherein the analysis module
employs a differential product in conjunction with
determining the frequency offset. 46. The apparatus of
claim 42, wherein the signal processor correlates the
replica of the wireless signal with a second
synchronization sequence to obtain a second resulting
correlated signal, the correlating with the
synchronization sequence and the second
synchronization sequence are implemented in a
frequency domain. 47. The apparatus of claim 46,
further comprising a frequency converter that
transforms the resulting correlated signal and second
resulting correlated signal to a time domain; wherein
the analysis module applies a differential product to
corresponding multipath components of the resulting
signal and the second resulting signal to obtain the
frequency offset. 48. A computer program product,
comprising: a computer-readable medium comprising:
means for transmitting a wireless signal and a
synchronization sequence; means for receiving from a
replica of the wireless signal, the replica comprises
at least two multipath components;means for
correlating the replica of the wireless signal with
the synchronization sequence, wherein a resulting
correlated signal comprises at least two distinct
multipath components; and means for determining a
frequency offset between the wireless signal and the
replica of the wireless signal from one or more of the
at least two distinct multipath components. 49. A
processor that provides wireless communication,
comprising: a first module configured to transmit a
wireless signal and a synchronization sequence; a
second module configured to receive a replica of the
wireless signal, the replica comprises at least two
multipath components; a third module configured to
correlate the replica of the wireless signal with the
synchronization sequence, wherein a resulting
correlated signal comprises at least two distinct
multipath components; and a fourth module configured
to determine a frequency offset between the wireless
signal and the replica of the wireless signal from one
or more of the at least two distinct multipath
components. 50. A computer-readable medium,
comprising: computer-readable instructions configured
to provide wireless communication, the instructions
are executable by at least one computer to: code for
transmitting a wireless signal and a synchronization
sequence; code for receiving a replica of the wireless
signal, the replica comprises at least two multipath
components; code for correlating the replica of the
wireless signal with the synchronization sequence,
wherein a resulting correlated signal comprises at
least two distinct multipath components; and code for
determining a frequency offset between the wireless
signal and the replica of the wireless signal from one
or more of the at least two distinct multipath
components. 


