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filed on 8 June 2009, 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 Jinfa Du and
Dhanapalan Nagarathnam, both citizens of the U.S.,
Ganapati Reddy Pamulapati, a citizen of India, and
Bruce S. Ross and Michael Joseph Sofia, both citizens
of the U.S., applicants for the designation of the US
only. Priority Claim The present application claims
priority to U.S. Provisional Patent Application No.
61/060,683, filed June 11, 2008, U.S. Provisional
Patent Application No. 61/140,369, filed December 23,
2008, and U.S. Non-Provisional Patent Application No.
12/479,075, filed June 5, 2009. The content of each of
the above-noted applications is hereby incorporated by
reference in its entirety. Field of Invention The
present invention pertains to nucleoside cyclic
phosphates and their use as agents for treating viral
diseases. These compounds are inhibitors of
RNAdependent 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 a substantial 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, withat 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 liverdestroying 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- alone or in
combination with the nucleoside analog ribavirin, are
of limited clinical benefit as resistance develops
rapidly. 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 template in
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 HCVNS5B
polymerase prevents formation of the double-stranded
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 theprimary 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, HJ.,
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-translationally processed 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. Two-thirds 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 Dolja, 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
Sd. 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
helicase and 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., etal., Nature Rev. DrugDiscov.,
2002, 1, 867-881; Walker, M.P. etal., Exp. Opin.
Investigational Drugs, 2003, 12, 1269-1280; Ni, Z-J.,
etal., Current Opinion in Drug Discovery and
Development, 2004, 7, 446-459; Beaulieu, P. L., etal.,
Current Opinion in Investigational Drugs, 2004, 5,
838-850; Wu, J., etal., Current Drug
Targets-Infectious Disorders, 2003, 3, 207-219;
Griffith, R.C., etal, Annual Reports in Medicinal
Chemistry, 2004, 39, 223-237; Carrol, S., etal.,
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-naturalsubstrate
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. hi 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
cyclic phosphate prodrugs have been shown to be
precursors of the active nucleoside triphosphate and
to inhibit viral replication when administered to
viral infected whole cells (PCT Int. App. WO
2007/027248 A2; Bi-Organic and Medicinal Chemistry
Letters, 2007, VoI 17, Page 2452-2455; Journal of
American Chemical Society, 1990, VoI 112, Page
7475-7482.) 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. SUMMARY OF THE
INVENTION The present invention is directed toward
novel cyclic phosphate 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,
deuterated analogues, or crystalline forms thereof,
represented by the following 



structure:wherein R1 is hydrogen, n-alkyl, branched
alkyl, cycloalkyl, alkaryl, or aryl, which includes,
but is not limited to, phenyl or naphthyl, where
phenyl or naphthyl are optionally substituted with at
least one of H, F, Cl, Br, I, OH, OR', SH, SR1, NH2,
NHR1, NR'2,NHR 2 +, NR 3 +, heterocycle, lower alkyl,
halogenated (F, Cl, Br, I) lower alkyl, halogenated
(F, Cl, Br, I) lower alkenyl OfC2-C6, lower alkynyl of
C2- C6, such as CCH, halogenated (F, Cl, Br, I) lower
alkynyl of C2-C6, lower alkoxy OfC1-C6, halogenated
(F, Cl, Br, I) lower alkoxy OfC1-C6, CO2H, CO2R ,
CONH2, CONHR1, CONR 2, CH=CHCO2H, or CH=CHCO2R ; R2 is
H, an optionally substituted alkyl (including lower
alkyl), cyano (CN), CH3, vinyl, O-alkyl, O-(lower
alkyl), including OCH3, OCH2CH3, hydroxyl alkyl, i.e.,
-(CH2)00H, wherein o is 1- 10, hydroxyl lower alkyl,
i.e., -(CH2)POH, where p is 1 -6, including hydroxyl
methyl (CH2OH), fluoromethyl (CH2F), azido (N3),
CH2CN, CH2N3, CH2NH2, CH2NHCH3, CH2N(CH3)2, ethynyl
alkyne (optionally substituted), or halogen, including
F, Cl, Br, or I; R3 is H, CH3, CH2F, CHF2, CF3, F, or
CN; X is H, OH, F, OMe, halogen, NH2, or N3 Base is a
naturally occurring or modified purine or pyrimidine
base represented by the following structures:a wherein
Z is N or CR9; R4, R5,R6, R7, and R8 are independently
H, F, Cl, Br, I, OH, OR', such as alkoxy, aryloxy,
benzyloxy, substituted aryloxy, and substituted
benzyloxy, SH, SR', NH2, NHR', NR'2, NHR 2 +, NR'3 +,
heterocycle, lower alkyl, halogenated (F, Cl, Br, I)
lower alkyl, lower alkenyl OfC2-C6, 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 OfC2-C6, lower alkoxy OfC1-C6, halogenated (F,
Cl, Br, I) lower alkoxy OfC1-C , CO2H, CO2R', CONH2,
CONHR', CONR 2, CH=CHCO2H, or CH=CHCO2R ; R9 is an H,
halogen (including F, Cl, Br, I), OH, OR, SH, SR, NH2,
NHR, NR 2, NHR 2 +, NR 3 +, NO2, lower alkyl,
halogenated (F, Cl, Br, I) lower alkyl, lower alkenyl
OfC2-C6, halogenated (F, Cl, Br, I) lower alkenyl
OfC2-C6 , lower alkynyl of C -C6, halogenated (F, Cl,
Br, I) lower alkynyl of C2-C6, lower alkoxy of C1-C6,
halogenated (F, Cl, Br, I) lower alkoxy OfC1-C6, CO2H,
CO2R , CONH2, CONHR', CONR 2, CH=CHCO2H, or CH=CHCO2R
; wherein R is an optionally substituted alkyl, an
optionally substituted cycloalkyl, an optionally
substituted alkynyl, an optionally substituted
alkenyl, or an optionally substituted acyl, an
optionally substituted alkoxyalkyl, where for the
instance of NR'2 or NHR'2 + each R comprise at least
one C atom that is independent of one another or are
joined to form a heterocycle comprising at least two
carbon atoms, and where for the instance of NR 3 +
each R' comprises at least one C atom which are
independent of one another or each R comprises at
least one C atom inwhich at least two R' are joined to
form a heterocycle comprising at least two carbon
atoms. Alternatively, the Base may be selected from a
group of formula c' c' wherein for structure c', if Z
is a participant in a pi bond (double bond), Z is
independently selected from N or C-G; or, if Z is not
a participant in a pi bond (double bond), Z is
independently selected from O, S, Se, NR1 1, NOR11,
NNRU 2, CO, CS, CNR1 1, SO, S(O)2, SeO, Se(O) 2, or
C(G)2; each G is independently selected from the group
consisting of H, halogen, OR1 1, SR11, NRp 2, NR1 1OR1
1, N3, COOR11, CN, CONRp 2, C(S)NRn 2, C(=NR11)NR11 2,
and R11; and where any two adjacent Z are not both
selected from O, S, and Se, or not both selected from
CO, CS, CNNR1 1, SO, S(O)2, SeO and Se(O) 2, wherein,
if X is a participant in a pi bond (double bond), X is
C; or if X is not a participant in a pi bond (double
bond), X is CR1 1 or N; wherein, if R10 is a
participant in a pi bond (double bond), R10 is O, S,
Se, NR1 1, NOR1 1 or NNR1 ; or if R10 is not a
participant in a pi bond (double bond), R10 is OR1 1,
SR11, F, Cl, R10, or SeR10 ; and dashed lines (-)
indicate a possible pi or double bond; each R is
independently selected from the group consisting of H,
CF3, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl,
optionally substituted aryl, optionally substituted
acyl, optionally substituted cycloalkyl, optionally
substituted cycloalkenyl, optionally substituted
heteroaryl, optionally substituted heterocyclyl, and
optionally substituted arylalkyl; orBase may be a
structure selected from the group consisting of
structures d'-n wherein Z, X, and R10 are defined as
in structure c'; Base may be a structure selected from
the group consisting of structures o - ffwherein G and
R are defined as in structure c'; Base may be a
structure gg gg wherein each Z' is independently N (if
a participant in a pi bond) or NR (if ot a participant
in a pi bond) and R10, R1 1, and Z are defined as in
structure c'; Base may be a structure hh wherein each
Z' is independently N (if a participant in a pi bond)
or NR11 (if ot a participant in a pi bond), and each Z
in independently CG (if a participant in api bond) or
>C(G)2 (if not a participant in a pi bond), wherein
R10 and G are defined 



as in structure c'; Base may be a structure ii ii
wherein R1 1 and G are defined as!in structure c';
Base may be a structure jj Jj wherein R1 1 and G are
defined asi in structure c1; or Base may be a
structure kk kk wherein for structure kk: R is
selected from the group consisting of hydrogen and
C1-C3 alkyl; Q is absent or is selected from the group
consisting of O, S, and NH, provided that when Q is
absent, V and NH are both attached to a CH2 group; V
is selected from the group consisting of N and C-G; Z
is selected from the group consisting of N and C-G;G
and G1are independently selected from the group
consisting of hydrogen, amino, aminocarbonyl,
methylamino, dimethylamino, acylamino, alkoxyamino, -
SO3H, -SO 2NH2, aminocarbonylamino, oxycarbonylamino,
HR13NCHR14C(O)NH-, azido, cyano, halo, hydroxyamino,
and hydrazino, where R13 is hydrogen and R14 is a
sidechain of an amino acid or where R13 and R14
together with the nitrogen and carbon bound to each
group respectively form a pyrrolidinyl group; with the
proviso that V and Z are not identical and that when V
is C-H, Z is N; T1 and T2 are independently selected
from the group consisting of hydrogen, hydroxyl,
C1-C4-alkoxy, d-C 4-thioalkoxy, amino, substituted
amino, and halo; and each ofW,W1, and W2 is
independently selected from the group consisting of
hydrogen, C1-C4 alkyl, and a prodrug group; or Base
may be a structure 11 wherein for structure 11: R15 is
hydrogen or C1-C3 alkyl; Q' is selected from the group
consisting of NH, O, and S; G' is selected from the
group consisting of amino, aminocarbonyl, methylamino,
dimethylamino, acylamino, -SO 3H, -SO 2NH2,
alkoxyamino, aminocarbonylamino, oxycarbonylamino,
HR13NCHR14C(O)NH-, azido, cyano, halo, hydroxyamino,
and hydrazino, where R13 is hydrogen and R14 is a
side-chain of an amino acid or where R13 and R14
together with the nitrogen and carbon bound to each
group respectively form a pyrrolidinyl group; or Base
may be a structure mmmm where in for structure mm A
and B are independently selected from the group
consisting of C=Q, NH, and methylene optionally
substituted with 1 to 2 halo groups, provided that A
and B are not both NH; D is NH, or -D-A-B- together
form a -N=CH-NH-, -(C=Q)-CH 2-(C=Q)-, -
(C=Q)-NH-(C=Q)-, -(CX 1HCX 1HC=Q)-, or -CH=CH-NH-
group where X' is halo; each Q is independently
selected from the group consisting of O, S, and NH;
R16 is selected from the group consisting of hydrogen
and C1-C3 alkyl; T1 and T2 are independently selected
from the group consisting of hydrogen, hydroxyl,
C1-C4-aUcoxy, CrQ-thioalkoxy, amino, substituted
amino, and halo; and Y is selected from the group
consisting of a bond, O, and CH2; and each of W W1.
Alternatively, the Base can be selected from among
structures ab, ac, ad, ae, af, ag, ah, ai, aj, ak, al,
am, an, ao, ap, aq, ar, as, at, av, au, ax, ay, az,
ba, be, bd, be, bf, bg, bh, bi, bj, and bk, depicted
below. ab ac ad ae af agah ai ak al Me am an ao ap aq
as at au av Me ax ay az ba be bd be bf bgbh bi bj bk
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 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. Moreover, "optionally substituted" means
that the listed substituent is substituted or
unsubstituted. In the instance where the substituent
is substituted, unless otherwise specified, the
substituent bears any one of the substituents defined
below. For instance, an optionally substituted alkyl
can mean that an alkyl is substituted or
unsubstituted. hi the case where the alkyl is
substituted, i.e., by one or more substituents, the
one or more substituents can include alkyl,
halogenated alkyl, cycloalkyl, alkenyl, . . . aryl,
and the like. For example, an alkyl can be substituted
by an alkyl (i.e., methyl, ethyl, propyl, etc.), a
cycloalkyl (c-propyl, c-butyl, cpentyl, c-hexyl,
etc.), or an aryl (phenyl, substituted phenyl,
naphthyl, substituted naphtyl, etc.). 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",
bothR's can be carbon, both R's can be nitrogen, or
one R' can be carbon and the other nitrogen. 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 2 to N 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. "C 10 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, ipropyl, w-butyl, i-butyl, t-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 "halogenated
alkyl" (or "haloalkyl") refers to an unbranched or
branched chain alkyl comprising at least one of F, Cl,
Br, and I. The term "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" 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 "cycloalkyl" refers to a
saturated carbocyclic ring comprising 3 to 8 carbon
atoms, i.e. cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl or cyclooctyl. The term "C3-7
cycloalkyl" as used herein refers to a cycloalkyl
comprising 3 to 7 carbons in the carbocyclic ring.The
term "alkenyl" refers to an unsubstituted hydrocarbon
chain radical having from 2 to 10 carbon atoms having
one or two olefmic double bonds, preferably one
olefmic 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 OfF Cl,
Br, and I . 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 "alkoxy" refers to
an -O-alkyl group, wherein alkyl is as defined above.
Examples include, but are not limited to, methoxy,
ethoxy, n-propyloxy, ipropyloxy, w-butyloxy,
z-butyloxy, t-butyloxy. "Lower alkoxy" as used herein
denotes an alkoxy group with a "lower alkyl" group as
previously defined. "Cr 10 alkoxy" refers to
an-O-alkyl wherein alkyl is C1-10. The term
"alkoxyalkyl" refers to an alkyl-O-alkyl group,
wherein alkyl is defined above. Examples include, but
are not limited to, methoxymethyl, ethoxymethyl,
n-propyloxymethyl, z-propyloxymethyl,
n-butyloxymethyl, ibutyloxymethyl, -butyloxymethyl,
and the like, methoxyethyl, ethoxyethyl,
npropyloxyethyl, z-propyloxyethyl, "-butyloxyethyl,
z-butyloxyethyl, t-butyloxyethyl,and the like,
methoxypropyl, ethoxypropyl, n-propyloxypropyl,
z-propyloxypropyl, "-butyloxypropyl, z-butyloxypropyl,
t-butyloxypropyl, and the like, etc. 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
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. Non-limiting 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, t rt-butyldiphenylsilyl, and
1,3-(1, 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, amino,
alkylamino, arylamino, alkoxy, aryloxy, nitro, cyano,
sulfonic acid, sulfate, phosphonic acid, phosphate, or
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. It is understood that the aryl
substituent of the "alkaryl" or "alkylaryl" can be
substituted with at least one of a halogen (F, Cl, Br,
or I), -hydroxyl, a lower alkoxy, such as -OCH 3,
-amino, or an alkylamino, such as -NHR or -NR 2, where
R is a lower alkyl, such as -NHCH 3 or -N(CH 3)2.
Moreover, the term "lower alkylaryl" denotes a
straight or branched chain hydrocarbon residue
comprising 1 to6 carbon atoms that is substituted with
a substituted or unsubstituted aryl, such as, benzyl.
The terms "aralkyl" or "arylalkyl" refer to an aryl
group with an alkyl substituent. 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 noncarbonyl moiety
is selected from straight, branched, or 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
non-carbonyl 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, N^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, N^-hydroxyalkyl
purine, N6-allylaminopurine, N6- thioallyl 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-pyrimidme, C5- Br-vinyl
pyrimidine, C6-Br-vinyl pyrimidine,
C5-nitropyrimidine, C5-aminopyrimidine,
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 on the base can be protected as
necessary or desired. Suitable protecting groups are
well known to those skilled in the art, and include
trimethylsilyl, dimethylhexylsilyl,
tbutyldimethylsilyl, and t-butyldiphenylsilyl, trityl,
alkyl groups, and acyl groups such as acetyl and
propionyl, methanesulfonyl, and p-toluenesulfonyl. The
term "heterocycle" or "heterocyclyl" as used herein
refers to any 3-, 4-, 5-, 6-, 8-, 9-, 10-, or
11-membered saturated or unsaturated ring containing
carbon atoms and from one to three heteroatoms
independently selected from the group consisting of
one, two, or three nitrogens, one oxygen and one
nitrogen, and one sulfur and one nitrogen and
including any bicyclic group in which any of the
defined heterocyclic ring(s) is fused to a benzene
ring; wherein the nitrogen and sulfur heteroatoms may
be optionally oxidized, wherein the nitrogen
heteroatoms may be optionally quaternized, and wherein
one or more carbon or nitrogen atoms may be
substituted with a lower alkyl. In a disclosed
embodiment, heterocycles include, but are not limited
to, aziridinyl, azetidinyl, pyrrolidinyl, piperidinyl,
morpholinyl, piperazinyl, thiomorpholinyl, and the
like. In an alternative embodiment, "heterocycle" or
"heterocyclyl" include, but are not limited to the
following: azepanyl, benzimidazolyl, benzodioxolyl,
benzofuranyl, benzofurazanyl, benzopyranyl,
benzopyrazolyl, benzotriazolyl, benzothiazolyl,
benzothienyl, benzothiofuranyl, benzothiophenyl,
benzothiopyranyl, benzoxazepinyl, benzoxazolyl,
carbazolyl, carbolinyl, chromanyl, cinnolinyl,
diazepanyl, diazapinonyl, dihydrobenzofuranyl,
dihydrobenzofuryl, dihydrobenzoimidazolyl,
dihydrobenzothienyl, dihydrobenzothiopyranyl,
diydrobenzothiopyranyl sulfone,
dihydrobenzothiophenyl, dihydrobenzoxazolyl,
dihydrocyclopentapyridinyl, dihydrofuranyl,
dihydroimidazolyl, dihydroindolyl, dihydroisooxazolyl,
dihydroisoquinolinyl, dihydroisothiazolyl,
dihydrooxadiazolyl, dihydrooxazolyl, dihydropyrazinyl,
dihydropyrazolyl, dihydropyridinyl,
dihydropyrimidinyl, dihydropyrrolyl,
dihydroquinolinyl, dihydrotetrazolyl,
dihydrothiadiazolyl, dihydrothiazolyl, dihydrothienyl,
dihydrotriazolyl, dihydroazetidinyl, dioxanyl,
dioxidotetrahydrothienyl, dioxidothiomorpholinyl,
furyl, furanyl, imidazolyl,imidazolinyl,
imidazolidinyl, imidazothiazolyl, imidazopyridinyl,
indazolyl, indolazinyl, indolinyl, indolyl,
isobenzofuranyl, isochromanyl, isoindolyl,
isoindolinyl, isoquinolinone, isoquinolyl,
isothiazolyl, isothiazolidinyl, isoxazolinyl,
isoxazolyl, methylenedioxybenzoyl, morpholinyl,
naphthpyridinyl, oxadiazolyl, oxazolyl, oxazolinyl,
oxetanyl, oxoazepinyl, oxadiazolyl,
oxidothiomorpholinyl, oxodihydrophthalazinyl,
oxodihydroindolyl, oxoimidazolidinyl, oxopiperazinyl,
oxopiperdinyl, oxopyrrolidinyl, oxopyrimidinyl,
oxopyrrolyl, oxotriazolyl, piperidyl, piperidinyl,
piperazinyl, pyranyl, pyrazinyl, pyrazolyl,
pyridazinyl, pyridinonyl, pyridopyridinyl,
pyridazinyl, pyridyl, pyrimidinyl, pyrrolyl,
pyrrolidinyl, quinazolinyl, quinolinyl, quinolyl,
quinolinonyl, quinoxalinyl,
tetrahydrocycloheptapyridinyl, tetrahydrofuranyl,
tetrahydrofuryl, tetrahydroisoquinolinyl,
tetrahydropyranyl, tetrahydroquinolinyl, tetrazolyl,
tetrazolopyridyl, thiadiazolyl, thiazolyl,
thiazolinyl, thienofuryl, thienyl, thiomorpholinyl,
triazolyl, azetidinyl, 1,4-dioxanyl,
hexahydroazepinyl, and the like. The term
"tautomerism" and "tautomers" have their accepted
plain meanings. The term "deuterated analogues" refer
to compounds in which at least one hydrogen atom of
the compound of formula I is replaced with at least
one deuterium atom. 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. DETAILED
DESCRIPTION OF THE INVENTION An aspect of the
invention is directed to a compound, its
stereoisomers, salts (acid or basic addition salts),
hydrates, solvates, deuterated analogues, or
crystalline forms thereof, and the like represented by
formula I :wherein (a) R1 is hydrogen, n-alkyl,
branched alkyl, cycloalkyl, alkaryl, or aryl, which
includes, but is not limited to, phenyl or naphthyl,
where phenyl or naphthyl are optionally substituted
with at least one of H, F, Cl, Br, I, OH, OR', SH,
SR', NH2, NHR1, NR'2, NHR'2 +, NR'3 +, heterocycle,
lower alkyl, halogenated (F, Cl, Br, I) lower alkyl,
halogenated (F, Cl, Br, I) lower alkenyl OfC2-C6,
lower alkynyl of C2- 



C 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 OfC1-C6, CO2H, CO2R',
CONH2, CONHR', CONR'2, CH=CHCO2H, or CH=CHCO2R1; (b)
R2 is H, an optionally substituted alkyl (including
lower alkyl), cyano (CN), CH3, vinyl, O-alkyl,
O-(lower alkyl), including OCH3, OCH2CH3, hydroxyl
alkyl, i.e., -(CH2)00H, wherein o is 1 - 10, hydroxyl
lower alkyl, i.e., -(CH2)p0H, where p is 1 -6,
including hydroxyl methyl (CH2OH), fluoromethyl
(CH2F), azido (N3), CH2CN, CH2N3, CH2NH2, CH2NHCH3,
CH2N(CH3)2, ethynyl alkyne (optionally substituted),
or halogen, including F, Cl, Br, or I (c) R3 is H,
CH3, CH2F, CHF2, CF3, F, or CN; (d) X is H, OH, F,
OMe, halogen, NH2, or N3; The base is a naturally
occurring or modified purine or pyrimidine base
represented by the following structures: whereinZ is N
or CR9; R4, R5,R6, R7, and R8 are independently H, F,
Cl, Br, I, OH, OR, such as alkoxy, aryloxy, benzyloxy,
substituted aryloxy, and substituted benzyloxy, SH,
SR, NH2, NHR', NRf 2, NHR'2 +, NR 3 +, heterocycle,
lower alkyl, halogenated (F, Cl, Br, I) lower alkyl,
lower alkenyl OfC2-C6, halogenated (F, Cl, Br, I)
lower alkenyl of C2- C6, lower alkynyl OfC2-C6 such as
CCH, halogenated (F, Cl, Br, I) lower alkynyl OfC2-C6,
lower alkoxy OfC1-C6, halogenated (F, Cl, Br, I) lower
alkoxy OfC1-C6, CO2H, CO2R , CONH2, CONHR1, CONR2,
CH-CHCO 2H, or CH=CHCO2R ; R9 is an H, halogen
(including F, Cl, Br, I), OH5OR, SH, SR, NH2, NHR', NR
2,NHR 2 +, NR 3 +, NO2, lower alkyl, halogenated (F5
Cl, Br, I) lower alkyl, lower alkenyl OfC2-C6,
halogenated (F, Cl, Br, I) lower alkenyl OfC2-C6 ,
lower alkynyl of C2-C6, halogenated (F, Cl, Br, I)
lower alkynyl OfC2-C6, lower alkoxy OfC1-C6,
halogenated (F, Cl, Br, I) lower alkoxy OfC1-C6, CO2H,
CO2R 5CONH2, CONHR1, CONR2, CH=CHCO2H, or CH=CHCO2R ;
wherein R is an optionally substituted alkyl, an
optionally substituted cycloalkyl, an optionally
substituted alkynyl, an optionally substituted
alkenyl, or an optionally substituted acyl, an
optionally substituted alkoxyalkyl, where for the
instance of NR'2 or NHR 2 + each R comprise at least
one C atom that is independent of one another or are
joined to form a heterocycle comprising at least two
carbon atoms, and where for the instance of NR 3 +
each R comprises at least one C atom which are
independent of one another or each R comprises at
least one C atom in which at least two R are joined to
form a heterocycle comprising at least two carbon
atoms. Alternatively, the Base may be selected from a
group of formula c1wherein for structure c', if Z is a
participant in a pi bond (double bond), Z is
independently selected from N or C-G; or, if Z is not
a participant in a pi bond (double bond), Z is
independently selected from O, S, Se, NR11, NOR1 1,
NNRp 2, CO, CS, CNR1 1, SO, S(O)2, SeO, Se(O) 2, or
C(G)2; each G is independently selected from the group
consisting of H, halogen, OR1 1, SR1 1, NRp 2, NR11OR1
1, N3, COOR1 1, CN, C0NR p 2, C(S)NRp 2, C(=NR11)NR1 1
2, and R11; and where any two adjacent Z are not both
selected from O, S, and Se, or not both selected from
CO, CS, CNNR11, SO, S(O)2, SeO and Se(O) 2, wherein,
if X is a participant in a pi bond (double bond), X is
C; or if X is not a participant in a pi bond (double
bond), X is CR1 1 or N; wherein, if R10 is a
participant in a pi bond (double bond), R10 is O, S,
Se, NR1 1, NOR11 or NNR11 2; or if R10 is not a
participant in a pi bond (double bond), R10 is OR11,
SR11, F, Cl, R10, or SeR10; and dashed lines (-)
indicate a possible pi or double bond; each R is
independently selected from the group consisting of H,
CF3, optionally substituted alkyl, optionally
substituted alkenyl, optionally substituted alkynyl,
optionally substituted aryl, optionally substituted
acyl, optionally substituted cycloalkyl, optionally
substituted cycloalkenyl, optionally substituted
heteroaryl, optionally substituted heterocyclyl, and
optionally substituted arylalkyl; or Base may be a
structure selected from the group consisting of
structures d'-nwherein Z, X, and R10 are defined as in
structure c1; Base may be a structure selected from
the group consisting of structures o - ffwherein G and
R are defined as in structure c'; Base may b e a
structure g g gg wherein each Z ' i s independently N
(if a participant in a p i bond) or NR (if
irrttiicciippaanntt iinn a ppii bboonndd)) aanndd IR
10 , R 11, and Z are defined a s in structure c'; Base
may b e a structure h h wherein each Z ' i s
independently N (if a participant in a p i bond) or NR
1 1 (if rticipant in a p i bond), and each Z in
independently CG (if a participant in a ) or >C(G) 2
(if not a participant in a p i bond), wherein R 10 and
G are defined ucture c'; Base may b e a structure i
iwherein R1 1 and G are defined as in structure c';
Base may be a structure jj wherein R11 and G are
defined as in structure c'; or Base may be a structure
kk kk wherein for structure kk: 



R12 is selected from the group consisting of hydrogen
and C1-C alkyl; Q is absent or is selected from the
group consisting of O, S, and NH, provided that when Q
is absent, V and NH are both attached to a CH2 group;
V is selected from the group consisting of N and C-G;
Z is selected from the group consisting of N and C-G1;
G and G' are independently selected from the group
consisting of hydrogen, amino, aminocarbonyl,
methylamino, dimethylamino, acylamino, alkoxyamino, -
SO3H,-SO 2NH2, aminocarbonylamino, oxycarbonylamino,
HR13NCHR14C(O)NH-, azido, cyano, halo, hydroxyamino,
and hydrazino, where R13 is hydrogen and R14 is a
sidechain of an amino acid or where R13 and R14
together with the nitrogen and carbon bound to each
group respectively form a pyrrolidinyl group; with the
proviso that V and Z are not identical and that when V
is C-H, Z is N; T1 and T2 are independently selected
from the group consisting of hydrogen, hydroxyl,
C1-C4-alkoxy, CrQ-thioalkoxy, amino, substituted
amino, and halo; and each of W,W1, and W2 is
independently selected from the group consisting of
hydrogen, C1-C4 alkyl, and a prodrug group; or Base
may be a structure 11 wherein for structure 11: R15 is
hydrogen or C1-C3 alkyl; Q' is selected from the group
consisting of NH, O, and S; G' is selected from the
group consisting of amino, aminocarbonyl, methylamino,
dimethylamino, acylamino, -SO 3H, -SO 2NH2,
alkoxyamino, aminocarbonylamino, oxycarbonylamino,
HR13NCHR14C(O)NH-, azido, cyano, halo, hydroxyamino,
and hydrazino, where R13 is hydrogen and R14 is a
side-chain of an amino acid or where R13 and R14
together with the nitrogen and carbon bound to each
group respectively form a pyrrolidinyl group; or Base
may be a structure mmmm where in for structure mm A
and B are independently selected from the group
consisting of C=Q, NH, and methylene optionally
substituted with 1 to 2 halo groups, provided that A
and B are not both NH; D is NH, or -D-A-B- together
form a -N=CH-NH-, -(C=Q)-CH 2-(C=Q)-, -
(C=Q)-NH-(C=Q)-, -(CXXCX 1HC=Q)-, or -CH=CH-NH- group
where X' is halo; each Q is independently selected
from the group consisting of O, S, and NH; R16 is
selected from the group consisting of hydrogen and
C1-C3 alkyl; T1 and T2 are independently selected from
the group consisting of hydrogen, hydroxyl, d-C
4-alkoxy, d-Grthioalkoxy, amino, substituted amino,
and halo; and Y is selected from the group consisting
of a bond, O, and CH2; and each of W,W1.
Alternatively, the Base can be selected from among
structures ab, ac, ad, ae, af, ag, ah, ai, aj, ak, al,
am, an, ao, ap, aq, ar, as, at, av, au, ax, ay, az,
ba, be, bd, be, bf, bg, bh, bi, bj, and bk, depicted
below. ab ac ad ae af agah ai ak al Me am an ao ap aq
ar as at au av ax ay az ba be bd be bf bgbh bi bj bk
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 several embodiments, 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 several
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: 1-1 wherein(a) R1
is H, n-alkyl, branched alkyl, cycloalkyl, alkaryl, or
aryl, which includes, but is not limited to, phenyl or
naphthyl, where phenyl or naphthyl are optionally
substituted with at least one of H, F, Cl, Br, I, OH,
OR1, SH, SR', NH2, NHR', NR'2, NHR'2 +, NR'3 +,
heterocycle, lower alkyl, halogenated (F, Cl, Br, I),
halogenated (F, Cl, Br, I) lower alkenyl OfC2-C6,
lower alkynyl OfC2-C6 such as CCH, halogenated (F, Cl,
Br, I) lower alkynyl OfC2-C6, lower alkoxy OfC1-C6,
halogenated (F, Cl, Br, I) lower alkoxy OfC1-C6, CO2H,
CO2R', CONH2, CONHR', CONR'2, CH=CHCO2H, or CH-CHCO
2R'; (b) R is H, lower alkyl, cyano (CN), CH3, vinyl,
lower alkoxy, including OCH3, OCH2CH3, hydroxyl lower
alkyl, i.e., -(CH2)POH, where p is 1 -6, including
hydroxyl methyl (CH2OH), fluoromethyl (CH2F), azido
(N3), CH2CN, CH2N3, CH2NH2, CH2NHCH3, CH2N(CH3)2,
ethynyl alkyne (optionally substituted), or halogen,
including F, Cl, Br, or I; (c) R3 is H, CH3, CH2F,
CHF2, CF3, F, or CN; (d) X is H, OH, F, OMe, halogen,
NH2, or N3; and (e) R4, R5, R6 are independently H, F,
Cl, Br, I, OH, OR', such as alkoxy, aryloxy,
benzyloxy, substituted aryloxy, and substituted
benzyloxy, SH, SR', NH2, NHR', NR'2, NHR'2 +, NR'3 +,
heterocycle, lower alkyl, halogenated (F, Cl, Br, I)
lower alkyl, lower alkenyl OfC2-C6, CO2H, CO2R',
CONH2, CONHR1, C0NR' 2; wherein R' is an optionally
substituted alkyl, an optionally substituted
cycloalkyl, an optionally substituted alkynyl, an
optionally substituted alkenyl, or an optionally
substituted acyl, an optionally substituted
alkoxyalkyl, where for the 



instance of NR'2 or NHR + each R' comprise at least
one C atom that is independent of one another or are
joined to form a heterocycle comprising at least two
carbon atoms, and where for the instance of NR'3 +
each R' comprises at least one C atom which are
independent of one another or each R' comprises at
least one C atom in which at least two R' are joined
to form a heterocycle comprising at least two carbon
atoms. A first aspect of the first embodiment is
directed to a compound represented by formula
1-1wherein (a) R1 is H, n-alkyl, branched alkyl,
cycloalkyl, alkaryl, or aryl, which includes, but is
not limited to, phenyl or naphthyl, where phenyl or
naphthyl are optionally substituted with at least one
of H, F, Cl, Br, I, OH, OR', SH, SR1, NH2, NHR', NR'2,
NHR 2 +, NR 3 +, heterocycle, lower alkyl, halogenated
(F, Cl, Br, I), halogenated (F, Cl, Br, I) lower
alkenyl OfC2-C6, lower alkynyl OfC2-C6 such as CCH,
halogenated (F, Cl, Br, I) lower alkynyl OfC2-C6,
lower alkoxy OfC1-C , halogenated (F, Cl, Br, I) lower
alkoxy OfC1-C6, CO2H, CO2R , CONH2, CONHR', CONR2,
CH=CHCO2H, or CH=CHCO2R ; (b) R2 is H, a lower alkyl,
cyano (CN), vinyl, O-(lower alkyl), including OCH3,
OCH2CH3, hydroxyl lower alkyl, i.e., -(CH2)POH, where
p is 1 -6, including hydroxyl methyl (CH2OH),
fluoromethyl (CH2F), azido (N3), CH2CN, CH2N3, CH2NH2,
CH2NHCH3, CH2N(CH3)2, F, Cl, Br, or I; (c) R3 is H,
CH3, CH2F, CHF2, CF3, or F; (d) X is H, OH, F, OMe,
NH2, or N3; and (e) R4, R5, R6 are independently H, F,
Cl, Br, I, OH, OR, such as alkoxy, aryloxy, benzyloxy,
substituted aryloxy, and substituted benzyloxy, SH,
SR', NH2, NHR, NR2,NHR 2 +, NR 3 +, heterocycle, lower
alkyl, halogenated (F, Cl, Br, I) lower alkyl, lower
alkenyl OfC2-C6, CO2H, CO2R , CONH2, CONHR, C0NR' 2;
wherein R is an optionally substituted alkyl, an
optionally substituted cycloalkyl, an optionally
substituted alkynyl, an optionally substituted
alkenyl, or an optionally substituted acyl, an
optionally substituted alkoxyalkyl, where for the
instance of NR 2 or NHR 2 + each R' comprise at least
one C atom that is independent of one another or are
joined to form a heterocycle comprising at least two
carbon atoms, and where for the instance of NR3 + each
R comprises at least one C atom which are independent
of one another or each R comprises at least one C atom
in which at least two R are joined to form a
heterocycle comprising at least two carbon atoms. A
second aspect of the first embodiment is directed to a
compoundrepresented by formula 1-1 wherein (a) R1 is
H, n-alkyl, branched alkyl, cycloalkyl, alkaryl, or
aryl, which includes, but is not limited to, phenyl or
naphthyl, where phenyl or naphthyl are optionally
substituted with at least one of H, F, Cl, Br, I, OH,
OR', SH, SR1, NH2, NHR', NR'2, NHR'2 +, NR'3 +,
heterocycle, lower alkyl, halogenated (F, Cl, Br, I),
halogenated (F, Cl, Br, I) lower alkenyl OfC2-C ,
lower alkynyl OfC2-C6 such as CCH, halogenated (F, Cl,
Br, I) lower alkynyl OfC2-C6, lower alkoxy OfC1-C6,
halogenated (F, Cl, Br, I) lower alkoxy OfC1-C6, CO2H,
CO2R', CONH2, CONHR', C0NR' 2, CH=CHCO2H, or
CH=CHCO2R'; (b) R2 is H, a lower alkyl, cyano (CN),
vinyl, O-(lower alkyl), including OCH3, OCH2CH3,
hydroxyl lower alkyl, i.e., -(CH2)POH, where p is 1
-6, including hydroxyl methyl (CH2OH), fluoromethyl
(CH2F), azido (N3), CH2CN, CH2N3, CH2NH2, CH2NHCH3,
CH2N(CH3)2, F, Cl, Br, or I; (c) R3 is H, CH3, CH2F,
CHF2, CF3, or F; (d) X is H, OH, F, OMe, NH2, or N3;
(e) R4 and R5 are independently H, F, Cl, OH, OCH3,
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;
and (f) R6 is selected from among OH, OCH3, NH2,
NHCH3, N(CH3)2, NHR'2 +, NR'3 +, 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, 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 O, 1, 2, 3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, and 19; wherein R'
is an optionally substituted alkyl, an optionally
substituted cycloalkyl, an optionally substituted
alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted
alkoxyalkyl, where for the instance of NR'2 or NHR'2 +
each R' comprise at least one C atom that is
independentof one another or are joined to form a
heterocycle comprising at least two carbon atoms, and
where for the instance of NR'3 + each R1comprises at
least one C atom which are independent of one another
or each R' comprises at least one C atom in which at
least two R are joined to form a heterocycle
comprising at least two carbon atoms. A third aspect
of the first embodiment is directed to a compound
represented by formula 1-1 wherein (a) R1 is H,
n-alkyl, branched alkyl, cycloalkyl, alkaryl, or aryl,
which includes, but is not limited to, phenyl or
naphthyl, where phenyl or naphthyl are optionally
substituted with at least one of H, F, Cl, Br, I, OH,
OR, SH, SR, NH2, NHR1, NR'2, NHR 2 +, NR 3 



+, heterocycle, lower alkyl, halogenated (F, Cl, Br,
I), halogenated (F, Cl, Br, I) lower alkenyl OfC2-C6,
lower alkynyl OfC2-C6 such as CCH, halogenated (F, Cl,
Br, I) lower alkynyl OfC2-C6, lower alkoxy OfC1-C6,
halogenated (F, Cl, Br, I) lower alkoxy of C1-C6,
CO2H, CO2R , CONH2, CONHR', CONR 2, CH=CHCO2H, or
CH=CHCO2R ; (b) R2 is H, a lower alkyl, cyano (CN),
vinyl, O-(lower alkyl), including OCH3, OCH2CH3,
hydroxyl lower alkyl, i.e., -(CH2)POH, where p is 1
-6, including hydroxyl methyl (CH2OH), fluoromethyl
(CH2F), azido (N3), CH2CN, CH2N3, CH2NH2, CH2NHCH3,
CH2N(CH3)2, F, Cl, Br, or I; (c) R3 is CH3, CH2F,
CHF2, CF3; (d) X is H, OH, F, OMe, NH2, or N3; (e) R4
and R5 are independently H, F, Cl, OH, OCH3, 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; and
(f) R6 is selected from among OH, OCH3, NH2, NHCH3,
N(CH3)2, NHR 2 +, NR'3 +, 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, N(C(O)(CH2)SCH3)2, which
include but is not limited toN(C(O)(CH2)SCH3)2, where
s is an integer selected from O, 1, 2, 3, 4, 5, 6, 7,
8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, and 19;
wherein R' is an optionally substituted alkyl, an
optionally substituted cycloalkyl, an optionally
substituted alkynyl, an optionally substituted
alkenyl, or an optionally substituted acyl, an
optionally substituted alkoxyalkyl, where for the
instance of NR'2 or NHR'2 + each R' comprise at least
one C atom that is independent of one another or are
joined to form a heterocycle comprising at least two
carbon atoms, and where for the instance of NR'3 +
each R' comprises at least one C atom which are
independent of one another or each R1comprises at
least one C atom in which at least two R1are joined to
form a heterocycle comprising at least two carbon
atoms. A fourth aspect of the first embodiment is
directed to a compound represented by formula 1-1
wherein (a) R1 is H, n-alkyl, branched alkyl,
cycloalkyl, alkaryl, or aryl, which includes, but is
not limited to, phenyl or naphthyl, where phenyl or
naphthyl are optionally substituted with at least one
of H, F, Cl, Br, I, OH, OR', SH, SR1, NH2, NHR', NR 2,
NHR 2 +, NR 3 +, heterocycle, lower alkyl, halogenated
(F, Cl, Br, I), halogenated (F, Cl, Br, I) lower
alkenyl OfC2-C6, lower alkynyl OfC2-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 OfC1-C6, CO2H, CO2R , CONH2, CONHR',
CONR2, CH=CHCO2H, or CH=CHCO2R ; (b) R2 is H, a lower
alkyl, cyano (CN), vinyl, O-(lower alkyl), including
OCH3, OCH2CH3, hydroxyl lower alkyl, i.e., -(CH2)POH,
where p is 1 -6, including hydroxyl methyl (CH2OH),
fluoromethyl (CH2F), azido (N3), CH2CN, CH2N3, CH2NH2,
CH2NHCH3, CH2N(CH3)2, F, Cl, Br, or I; (c) R3 is CH3,
CH2F, CHF2, CF3; (d) X is F;(e) R4 and R5 are
independently H, F, Cl, OH, OCH3, 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; and (f) R6 is
selected from among OH, OCH3, NH2, NHCH3, N(CH3)2,
NR'2, OC(O)(Cl-20 alkyl), which include but are not
limited to OC(O)(CH2)SCH3, NHC(O)(CMO alkyl), which
include but are not limited to NHC(O)(CH2)SCH3,
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; wherein R' is an optionally
substituted alkyl, an optionally substituted
cycloalkyl, an optionally substituted alkynyl, an
optionally substituted alkenyl, or an optionally
substituted acyl, an optionally substituted
alkoxyalkyl, where for the instance of NR'2 or NHR'2 +
each R' comprise at least one C atom that is
independent of one another or are joined to form a
heterocycle comprising at least two carbon atoms, and
where for the instance of NR'3 + each R' comprises at
least one C atom which are independent of one another
or each R' comprises at least one C atom in which at
least two R1are joined to form a heterocycle
comprising at least two carbon atoms. A fifth aspect
of the first embodiment is directed to a compound
represented by formula 1-1 wherein (a) R1 is H,
n-alkyl, branched alkyl, cycloalkyl, alkaryl, or aryl,
which includes, but is not limited to, phenyl or
naphthyl, where phenyl or naphthyl are optionally
substituted with at least one of H, F, Cl, Br, I, OH,
OR1, SH, SR', NH2, NHR', NR'2, NHR'2 +, NR 3 +,
heterocycle, lower alkyl, halogenated (F, Cl, Br, I),
halogenated (F, Cl, Br, I) lower alkenyl OfC2-C6,
lower alkynyl OfC2-C such as GCH, halogenated (F, Cl,
Br, I) lower alkynyl OfC2-C6, lower alkoxy OfC1-C6,
halogenated (F, Cl, Br, I) lower alkoxy OfC1-C6, CO2H,
CO2R1, CONH2, CONHR', C0NR' 2, CH=CHCO2H, or
CH=CHCO2R';(b) R2 is H, -CH3, cyano (CN), vinyl,
-OCH3, -CH2OH, -CH2F, azido (N3), CH2CN, CH2N3,
CH2NH2, CH2NHCH3, CH2N(CH3)2, F, Cl, Br, or I (c) R3
is CH3; (d) X is F; (e) R4 and R5 are independently H,
F, CH3, CH3-qFq, and q is 1 to 3, vinyl, CO2CH3,
CONH2, CONHCH3, or CON(CH3)2; and (f) R6 is selected
from among -OH, -OCH3, -NH2, -NHCH3, -N(CH3)2, 



NR 2, NHR'2 +, NR 3 +, -OC(O)CH3, -NHC(O)CH3,
-N(C(O)CH3)2; wherein R1is an optionally substituted
alkyl, an optionally substituted cycloalkyl, an
optionally substituted alkynyl, an optionally
substituted alkenyl, or an optionally substituted
acyl, an optionally substituted alkoxyalkyl, where for
the instance of NR'2 or NHR'2 + each R' comprise at
least one C atom that is independent of one another or
are joined to form a heterocycle comprising at least
two carbon atoms, and where for the instance of NR'3 +
each R1comprises at least one C atom which are
independent of one another or each R' comprises at
least one C atom in which at least two R' are joined
to form a heterocycle comprising at least two carbon
atoms. A sixth aspect of the first embodiment is
directed to a compound represented by formula 1-1
wherein (a) R1 is H, lower alkyl, lower alkylaryl, or
aryl, which includes, but is not limited to, phenyl or
naphthyl, where phenyl or naphthyl are optionally
substituted with at least one of H, F, Cl, Br, I, OH,
OR', SH, SR', NH2, NHR', NR'2, NHR'2 +, NR'3 +, lower
alkyl, lower alkoxy OfC1-C6, halogenated (F, Cl, Br,
I) lower alkoxy OfC1-C6; (b) R2 is H, -CH3, cyano
(CN), vinyl, -OCH3, -CH2OH, -CH2F, azido (N3), CH2CN,
CH2N3, CH2NH2, CH2NHCH3, CH2N(CH3)2, F, Cl, Br, or I;
(c) R3 is CH3;(d) X is F; (e) R4 and R5 are
independently H, F, CH3, CH3-qFq, and q is 1 to 3,
vinyl, CO2CH3, CONH2, CONHCH3, or CON(CH3)2; and (f)
R6 is selected from among -OH, -OCH3, -NH2, -NHCH3,
-N(CH3)2, NR'2, NHR'2 +, NR'3 +, -OC(O)CH3,
-NHC(O)CH3, -N(C(O)CH3)2, wherein R' is an optionally
substituted alkyl, an optionally substituted
cycloalkyl, an optionally substituted alkynyl, an
optionally substituted alkenyl, or an optionally
substituted acyl, an optionally substituted
alkoxyalkyl, where for the instance of NR'2 or NHR'2 +
each R comprise at least one C atom that is
independent of one another or are joined to form a
heterocycle comprising at least two carbon atoms, and
where for the instance of NR'3 + each R' comprises at
least one C atom which are independent of one another
or each R comprises at least one C atom in which at
least two R' are joined to form a heterocycle
comprising at least two carbon atoms. A seventh aspect
of the first embodiment is directed to a compound
represented by formula 1-1 wherein (a) R1 is H, lower
alkyl, lower alkylaryl, or aryl, which includes, but
is not limited to, phenyl or naphthyl, where phenyl or
naphthyl are optionally substituted with at least one
of H, F, Cl5Br, I, OH, OR', SH, SR, NH2, NHR', NR 2,
NHR 2 +, NR'3 +, heterocycle, lower alkyl, lower
alkoxy OfC1-C6, halogenated (F, Cl, Br, I) lower
alkoxy OfC1-C6; (b) R2 is H; (c) R3 is CH3; (d) X is
F; (e) R4 and R5 are independently H, F, CH3, CH3-qFq,
and q is 1 to 3, vinyl, CO2CH3, CONH2, CONHCH3, or
CON(CH3)2; and(f) R6 is selected from among -OH,
-OCH3, -NH2, -NHCH3, -N(CH3)2, NR'2, NHR'2 +, NR'3 +,
-OC(O)CH3, -NHC(O)CH3, -N(C(O)CH3)2; wherein R is an
optionally substituted alkyl, an optionally
substituted cycloalkyl, an optionally substituted
alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted
alkoxyalkyl, where for the instance of NR'2 or NHR 2 +
each R comprise at least one C atom that is
independent of one another or are joined to form a
heterocycle comprising at least two carbon atoms, and
where for the instance of NR 3 + each R comprises at
least one C atom which are independent of one another
or each R comprises at least one C atom in which at
least two R' are joined to form a heterocycle
comprising at least two carbon atoms. 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, R3, X,Y, R4, and R5 are defined in the Summary of
the Invention section above. A first aspect of the
second embodiment is directed to a compound
represented by formula 1-2 1-2 wherein (a) R1 is H,
n-alkyl, branched alkyl, cycloalkyl, alkaryl, or aryl,
which includes, but is not limited to, phenyl or
naphthyl, where phenyl or naphthyl areoptionally
substituted with at least one of H, F, Cl, Br, I, OH,
OR', SH, SR', NH2, NHR', NR 2, MIR 2 +, NR 3 +,
heterocycle, lower alkyl, halogenated (F, Cl, Br, I),
halogenated (F, Cl, Br, I) lower alkenyl OfC2-C6,
lower alkynyl OfC2-C such as C CH, halogenated (F, Cl,
Br, I) lower alkynyl OfC2-C6, lower alkoxy OfC1-C6,
halogenated (F, Cl, Br, I) lower alkoxy of C1-C6,
CO2H, CO2R , CONH2, CONHR', 



CONR2, CH=CHCO2H, or CH=CHCO2R ; (b) R2 is H, a lower
alkyl, cyano (CN), vinyl, O-(lower alkyl), including
OCH3, OCH2CH3, hydroxyl lower alkyl, i.e., -(CH2)POH,
where p is 1 -6, including hydroxyl methyl (CH2OH),
fluoromethyl (CH2F), azido (N3), CH2CN, CH2N3, CH2NH2,
CH2NHCH3, CH2N(CH3)2, F, Cl, Br, or I; (c) R3 is H,
CH3, CH2F, CHF2, CF3, or F; (d) X is H, OH, F, OMe,
NH2, or N3; and (e) R4 and R5 are independently H, F,
Cl, Br, I, OH, OR, SH, SR, NH2, NHR', NR 2, NHR 2 +,NR
3 +, heterocycle, lower alkyl, halogenated (F, Cl, Br,
I) lower alkyl, lower alkenyl of C2-C6, CO2H, CO2R ,
CONH2, CONHR', CONR 2; wherein R is an optionally
substituted alkyl, an optionally substituted
cycloalkyl, an optionally substituted alkynyl, an
optionally substituted alkenyl, or an optionally
substituted acyl, an optionally substituted
alkoxyalkyl, where for the instance of NR 2 or NHR +
each R comprise at least one C atom that is
independent of one another or are joined to form a
heterocycle comprising at least two carbon atoms, and
where for the instance of NR 3 + each R comprises at
least one C atom which are independent of one another
or each R comprises at least one C atom in which at
least two R are joined to form a heterocycle
comprising at least two carbon atoms. The second
aspect of the second embodiment is directed to a
compound represented by formula 1-2 wherein (a) R1 is
H, n-alkyl, branched alkyl, cycloalkyl, alkaryl, or
aryl, which includes, but is not limited to, phenyl or
naphthyl, where phenyl or naphthyl areoptionally
substituted with at least one of H, F, Cl, Br, I, OH,
OR', SH, SR', NH2, NHR', NR'2, NHR'2 +, NR'3 +,
heterocycle, lower alkyl, halogenated (F, Cl, Br, I),
halogenated (F, Cl, Br, I) lower alkenyl OfC2-C ,
lower alkynyl OfC2-C6 such as CCH, halogenated (F, Cl,
Br, I) lower alkynyl OfC2-C6, lower alkoxy OfC1-C6,
halogenated (F, Cl, Br, I) lower alkoxy of C1-C6,
CO2H, CO2R', CONH2, CONHR', CONR2, CH=CHCO2H, or
CH=CHCO2R ; (b) R2 is H, a lower alkyl, cyano (CN),
vinyl, O-(lower alkyl), including OCH3, OCH2CH3,
hydroxyl lower alkyl, i.e., -(CH2)POH, where p is 1
-6, including hydroxyl methyl (CH2OH), fluoromethyl
(CH2F), azido (N3), CH2CN, CH2N3, CH2NH2, CH2NHCH3,
CH2N(CH3)2, F, Cl, Br, or I; (c) R3 is H, CH3, CH2F,
CHF2, CF3, or F; (d) X is H, OH, F, OMe, NH2, or N3;
and (e) R4 and R5 are independently H, F, Cl, OH,
OCH3, 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 an optionally substituted
alkyl, an optionally substituted cycloalkyl, an
optionally substituted alkynyl, an optionally
substituted alkenyl, or an optionally substituted
acyl, an optionally substituted alkoxyalkyl, where for
the instance of NR 2 or NHR 2 + each R comprise at
least one C atom that is independent of one another or
are joined to form a heterocycle comprising at least
two carbon atoms, and where for the instance of NR'3 +
each R comprises at least one C atom which are
independent of one another or each R' comprises at
least one C atom in which at least two R are joined to
form a heterocycle comprising at least two carbon
atoms. The third aspect of the second embodiment is
directed to a compound represented by formula 1-2
wherein (a) R1 is H, n-alkyl, branched alkyl,
cycloalkyl, alkaryl, or aryl, which includes, but is
not limited to, phenyl or naphthyl, where phenyl or
naphthyl areoptionally substituted with at least one
of H, F, Cl, Br, I, OH, OR', SH, SR1, NH2, NHR1, NR'2,
NHR'2 +, NR'3 +, heterocycle, lower alkyl, halogenated
(F, Cl, Br, I), halogenated (F, Cl, Br, I) lower
alkenyl OfC2-C6, lower alkynyl OfC2-C6 such as CCH,
halogenated (F, Cl, Br, I) lower alkynyl OfC2-C6,
lower alkoxy OfC1-C6, halogenated (F, Cl, Br, I) lower
alkoxy of C1-C6, CO2H, CO2R1, CONH2, CONHR1, CONR'2,
CH=CHCO2H, or CH=CHCO2R'; (b) R2 is H, a lower alkyl,
cyano (CN), vinyl, O-(lower alkyl), including OCH3,
OCH2CH3, hydroxyl lower alkyl, i.e., -(CH2)POH, where
p is 1 -6, including hydroxyl methyl (CH2OH),
fluoromethyl (CH2F), azido (N3), CH2CN, CH2N3, CH2NH2,
CH2NHCH3, CH2N(CH3)2, F, Cl, Br, or I; (c) R3 is CH3,
CH2F, CHF2, CF3; (d) X is H, OH, F, OMe, NH2, or N3;
and (e) R4 and R5 are independently H, F, Cl, OH,
OCH3, 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 R1is an optionally substituted
alkyl, an optionally substituted cycloalkyl, an
optionally substituted alkynyl, an optionally
substituted alkenyl, or an optionally substituted
acyl, an optionally substituted alkoxyalkyl, where for
the instance of NR 2 or NHR'2 + each R' comprise at
least one C atom that is independent of one another or
are joined to form a heterocycle comprising at least
two carbon atoms, and where for the instance of NR'3 +
each R' comprises at least one C atom which are
independent of one another or each R' comprises at
least one C atom in which at least two R1are joined to
form a heterocycle comprising at least two carbon
atoms. The fourth aspect of the second embodiment is
directed to a compound represented by formula 1-2
wherein 



(a) R1 is H, n-alkyl, branched alkyl, cycloalkyl,
alkaryl, or aryl, which includes, but is not limited
to, phenyl or naphthyl, where phenyl or naphthyl
areoptionally substituted with at least one of H, F,
Cl, Br, I, OH, OR', SH, SR1, NH2, NHR', NR'2, NHR'2 +,
NR'3 +, heterocycle, lower alkyl, halogenated (F, Cl,
Br, I), halogenated (F, Cl, Br, I) lower alkenyl
OfC2-C6, lower alkynyl OfC2-C such as C CH,
halogenated (F, Cl, Br, I) lower alkynyl OfC2-C6,
lower alkoxy OfC1-C6, halogenated (F, Cl, Br, I) lower
alkoxy of C1-C6, CO2H, CO2R', CONH2, CONHR', C0NR' 2,
CH=CHCO2H, or CH=CHCO2R1; (b) R2 is H, a lower alkyl,
cyano (CN), vinyl, O-(lower alkyl), including OCH3,
OCH2CH3, hydroxyl lower alkyl, i.e., -(CH2)POH, where
p is 1 -6, including hydroxyl methyl (CH2OH),
fluoromethyl (CH2F), azido (N3), CH2CN, CH2N3, CH2NH2,
CH2NHCH3, CH2N(CH3)2, F, Cl, Br, or I; (c) R3 is CH3,
CH2F, CHF2, CF3; (d) X is F; and (e) R4 and R5 are
independently H, F, Cl, OH, OCH3, 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 an
optionally substituted alkyl, an optionally
substituted cycloalkyl, an optionally substituted
alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted
alkoxyalkyl, where for the instance of NR or NHR'2 +
each R' comprise at least one C atom that is
independent of one another or are joined to form a
heterocycle comprising at least two carbon atoms, and
where for the instance of NR'3 + each R1comprises at
least one C atom which are independent of one another
or each R' comprises at least one C atom in which at
least two R' are joined to form a heterocycle
comprising at least two carbon atoms. The fifth aspect
of the second embodiment is directed to a compound
represented by formula 1-2 wherein (a) R1 is H,
n-alkyl, branched alkyl, cycloalkyl, alkaryl, or aryl,
which includes, but is not limited to, phenyl or
naphthyl, where phenyl or naphthyl areoptionally
substituted with at least one of H, F, Cl, Br, I, OH,
OR1, SH, SR', NH2, NHR', NR'2, NHR'2 +, NR'3 +,
heterocycle, lower alkyl, halogenated (F, Cl, Br, I),
halogenated (F, Cl, Br, I) lower alkenyl OfC2-C6,
lower alkynyl OfC2-C6 such as CCH, halogenated (F, Cl,
Br, I) lower alkynyl OfC2-C6, lower alkoxy OfC1-C6,
halogenated (F, Cl, Br, I) lower alkoxy of Ci-C6,
CO2H, CO2R', CONH2, CONHR', C0NR' 2, CH=CHCO2H, or
CH=CHCO2R'; (b) R2 is H, -CH3, cyano (CN), vinyl,
-OCH3, -CH2OH, -CH2F, azido (N3), CH2CN, CH2N3,
CH2NH2, CH2NHCH3, CH2N(CH3)2, F, Cl, Br, or I; (c) R3
is CH3; (d) X is F; and (e) R4 and R5 are
independently H, F, CH3, CH3-qFq, and q is 1 to 3,
vinyl, CO2CH3, CONH2, CONHCH3, or CON(CH3)2; wherein
R' is an optionally substituted alkyl, an optionally
substituted cycloalkyl, an optionally substituted
alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted
alkoxyalkyl, where for the instance of NR'2 or NHR'2 +
each R' comprise at least one C atom that is
independent of one another or are joined to form a
heterocycle comprising at least two carbon atoms, and
where for the instance of NR'3 + each R' comprises at
least one C atom which are independent of one another
or each R' comprises at least one C atom in which at
least two R' are joined to form a heterocycle
comprising at least two carbon atoms. The sixth aspect
of the second embodiment is directed to a compound
represented by formula 1-2 wherein (a) R1 is H, lower
alkyl, lower alkylaryl, or aryl, which includes, but
is not limited to, phenyl or naphthyl, where phenyl or
naphthyl are optionally substituted with at least one
of H, F, Cl, Br, I, OH, OR', SH, SR', NH2, NHR', NR'2,
NHR'2 +, NR'3 +, heterocycle, lower alkyl, lower
alkoxy OfC1-C6, halogenated (F, Cl, Br, I) lower
alkoxy OfC1-C6;(b) R2 is H, -CH3, cyano (CN), vinyl,
-OCH3, -CH2OH, -CH2F, azido (N3), CH2CN, CH2N3,
CH2NH2, CH2NHCH3, CH2N(CH3)2, F, Cl, Br, or I; (c) R3
is CH3; (d) X is F; and (e) R4 and R5 are
independently H, F, CH3, CH3-qFq, and q is 1 to 3,
vinyl, CO2CH3, CONH2, CONHCH3, or CON(CH3)2; wherein
R1is an optionally substituted alkyl, an optionally
substituted cycloalkyl, an optionally substituted
alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted
alkoxyalkyl, where for the instance of NR or NHR'2 +
each R1comprise at least one C atom that is
independent of one another or are joined to form a
heterocycle comprising at least two carbon atoms, and
where for the instance of NR'3 + each R1comprises at
least one C atom which are independent of one another
or each R' comprises at least one C atom in which at
least two R' are joined to form a heterocycle
comprising at least two carbon atoms. The seventh
aspect of the second embodiment is directed to a
compound represented by formula 1-2 wherein (a) R1 is
H, lower alkyl, lower alkylaryl, or aryl, which
includes, but is not limited to, phenyl or naphthyl,
where phenyl or naphthyl are optionally 



substituted with at least one of H, F, Cl, Br, I, OH,
OR', SH, SR', NH2, NHR', NR'2, NHR +, NR'3 +,
heterocycle, lower alkyl, lower alkoxy OfC1-C6,
halogenated (F, Cl, Br, I) lower alkoxy OfC1-C6; (b)
R2 is H; (c) R3 is CH3; (d) X is F; and(e) R4 and R5
are independently H, F, CH3, CH3-qFq, and q is 1 to 3,
vinyl, CO2CH3, CONH2, CONHCH3, or CON(CH3)2; wherein
R' is an optionally substituted alkyl, an optionally
substituted cycloalkyl, an optionally substituted
alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted
alkoxyalkyl, where for the instance of NR'2 or NHR'2 +
each R' comprise at least one C atom that is
independent of one another or are joined to form a
heterocycle comprising at least two carbon atoms, and
where for the instance of NR'3 + each R' comprises at
least one C atom which are independent of one another
or each R' comprises at least one C atom in which at
least two R' are joined to form a heterocycle
comprising at least two carbon atoms. A third
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. The first
aspect of the third embodiment is directed to a
compound represented by formula 1-3 1-3 wherein (a) R1
is H, n-alkyl, branched alkyl, cycloalkyl, alkaryl, or
aryl, which includes, but is not limited to, phenyl or
naphthyl, where phenyl or naphthyl are optionally
substituted with at least one of H, F, Cl, Br, I, OH,
OR', SH, SR1, NH2, NHR', NR'2, NHR'2 +,NR3 +,
heterocycle, lower alkyl, halogenated (F, Cl, Br, I),
halogenated (F, Cl, Br, I) lower alkenyl of C2-C6,
lower alkynyl of C2-C6 such as C CH, halogenated (F,
Cl, Br, I) lower alkynyl OfC2-C6, lower alkoxy
OfC1-C6,halogenated (F, Cl, Br, I) lower alkoxy
OfC1-C6, CO2H, CO2R', CONH2, CONHR', CONR'2,
CH=CHCO2H, or CH=CHCO2R'; (b) R is H, a lower alkyl,
cyano (CN), vinyl, O-(lower alkyl), including OCH3,
OCH2CH3, hydroxyl lower alkyl, i.e., -(CH2)POH, where
p is 1 -6, including hydroxyl methyl (CH2OH),
fluoromethyl (CH2F), azido (N3), CH2CN, CH2N3, CH2NH2,
CH2NHCH3, CH2N(CH3)2, F, Cl, Br, or I; (c) R3 is H,
CH3, CH2F, CHF2, CF3, or F; (d) X is H, OH, F, OMe,
NH2, or N3; (e) R7 and R8 are independently H, F, Cl,
Br, I, OH, OR', such as alkoxy, aryloxy, benzyloxy,
substituted aryloxy, and substituted benzyloxy, SH,
SR', NH2, NHR1, NIf 2, NR'2, NHR'2 +, NR 3 +,
heterocycle, lower alkyl, halogenated (F, Cl, Br, I)
lower alkyl, lower alkenyl OfC2-C6, 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 OfC2-C6, lower alkoxy OfC1-C6, halogenated (F,
Cl, Br, I) lower alkoxy of C1-C6, CO2H, CO2R , CONH2,
CONHR', C0NR' 2, CH=CHCO2H, or CH-CHCO 2R ; (f) Z is N
or CR9; and (g) R9 is an H, halogen (including F, Cl,
Br, I), OH, OR, SH, SR, NH2, NHR', NR'2,NO2 lower
alkyl, halogenated (F, Cl, Br, I) lower alkyl, 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 OfC2-C6, lower alkoxy
OfC1-C6, halogenated (F, Cl, Br, I) lower alkoxy
OfC1-C6, CO2H, CO2R , CONH2, CONHR, CONR2, CH=CHCO2H,
or CH=CHCO2R'; wherein R is an optionally substituted
alkyl, an optionally substituted cycloalkyl, an
optionally substituted alkynyl, an optionally
substituted alkenyl, or an optionally substituted
acyl, an optionally substituted alkoxyalkyl, where for
the instance of NR 2 or NHR 2 + each R comprise at
least one C atom that is independent of one another or
are joined to form a heterocycle comprising at least
two carbon atoms, and where for the instance of NR'3 +
each R' comprises at least one C atomwhich are
independent of one another or each R comprises at
least one C atom in which at least two R' are joined
to form a heterocycle comprising at least two carbon
atoms. A second aspect of the third embodiment is
directed to a compound represented by formula 1-3
wherein (a) R1 is H, n-alkyl, branched alkyl,
cycloalkyl, alkaryl, or aryl, which includes, but is
not limited to, phenyl or naphthyl, where phenyl or
naphthyl are optionally substituted with at least one
of H, F, Cl, Br, I, OH, OR', SH, SR', NH2, NHR', NR'2,
heterocycle, lower alkyl, halogenated (F, Cl, Br, I),
halogenated (F, Cl, Br, I) lower alkenyl OfC2-C6,
lower alkynyl OfC2-C6 such as CCH, halogenated (F, Cl,
Br, I) lower alkynyl OfC2-C6, lower alkoxy OfC1-C6,
halogenated (F, Cl, Br, I) lower alkoxy OfC1-C6, CO2H,
CO2R1, CONH2, CONHR', C0NR' 2, CH=CHCO2H, or
CH=CHCO2R'; (b) R2 is H, a lower alkyl, cyano (CN),
vinyl, O-(lower alkyl), including OCH3, OCH2CH3,
hydroxyl lower alkyl, i.e., -(CH2)POH, where p is 1-6,
including hydroxyl methyl (CH2OH), fluoromethyl
(CH2F), azido (N3), CH2CN, CH2N3, CH2NH2, CH2NHCH3,
CH2N(CH3)2, F, Cl, Br, or I; (c) R3 is H, CH3, CH2F,
CHF2, CF3, or F; (d) X is H, OH, F, OMe, NH2, or N3;
(e) R7 and R8 are independently H, F, Cl, Br, I, OH,
OR', such as alkoxy, aryloxy, benzyloxy, substituted
aryloxy, and substituted benzyloxy, SH, SR1,NH2, NHR1,
NR'2, NHR'2 +, NR 3 +, heterocycle, lower alkyl,
halogenated (F, Cl, Br, I) 



lower alkyl, lower alkenyl OfC2-C6, halogenated (F,
Cl, Br, I) lower alkenyl of C2- C6, lower alkynyl
OfC2-C6 such as CCH, halogenated (F, Cl, Br, I) lower
alkynyl OfC2-C6, lower alkoxy OfC1-C6, halogenated (F,
Cl, Br, I) lower alkoxy OfC1-C6, CO2H, CO2R', CONH2,
CONHR', CONR2, CH=CHCO2H, or CH=CHCO2R'; (f) Z is N or
CR9; and(g) R9 is an H, F, OH, OR1, NH2, NHR', NR'2,
lower alkyl, halogenated (F, Cl, Br, I) lower alkyl;
wherein R' is an optionally substituted alkyl, an
optionally substituted cycloalkyl, an optionally
substituted alkynyl, an optionally substituted
alkenyl, or an optionally substituted acyl, an
optionally substituted alkoxyalkyl, where for the
instance of NR 2 or NHR'2 + each R' comprise at least
one C atom that is independent of one another or are
joined to form a heterocycle comprising at least two
carbon atoms, and where for the instance of NR'3 +
each R' comprises at least one C atom which are
independent of one another or each R1comprises at
least one C atom in which at least two R' are joined
to form a heterocycle comprising at least two carbon
atoms. A third aspect of the third embodiment is
directed to a compound represented by formula 1-3
wherein (1) R1 is H, n-alkyl, branched alkyl,
cycloalkyl, alkaryl, or aryl, which includes, but is
not limited to, phenyl or naphthyl, where phenyl or
naphthyl are optionally substituted with at least one
of H, F, Cl, Br, I, OH, OR', SH, SR', NH2, NHR', NR 2,
heterocycle, lower alkyl, halogenated (F, Cl, Br, I),
halogenated (F, Cl, Br, I) lower alkenyl OfC2-C6,
lower alkynyl OfC2-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 OfC1-C6, CO2H,
CO2R', CONH2, CONHR', C0NR' 2, CH=CHCO2H, or
CH=CHCO2R'; (b) R2 is H, a lower alkyl, cyano (CN),
vinyl, O-(lower alkyl), including OCH3, OCH2CH3,
hydroxyl lower alkyl, i.e., -(CH2)POH, where p is 1
-6, including hydroxyl methyl (CH2OH), fluoromethyl
(CH2F), azido (N3), CH2CN, CH2N3, CH2NH2, CH2NHCH3,
CH2N(CH3)2, F, Cl, Br, or I; (c) R3 is CH3, CH2F,
CHF2, CF3; (d) X is H, OH, F, OMe, NH2, or N3;(e) R7
and R8 are independently H, F, Cl, Br, I, OH, OR',
such as alkoxy, aryloxy, benzyloxy, substituted
aryloxy, and substituted benzyloxy, SH, SR', NH2,
NHR', NR'2, NHR'2 +, NR'3 +, heterocycle, lower alkyl,
halogenated (F, Cl, Br, I) lower alkyl, lower alkenyl
OfC2-C6, halogenated (F, Cl, Br, I) lower alkenyl of
C2- C6, lower alkynyl OfC2-C6 such as CCH, halogenated
(F, Cl, Br, I) lower alkynyl OfC2-C6, lower alkoxy
OfC1-C6, halogenated (F, Cl, Br, I) lower alkoxy
OfC1-C6, CO2H, CO2R', CONH2, CONHR', C0NR' 2,
CH=CHCO2H, or CH=CHCO2R'; (f) Z is N or CR9; and (g)
R9 is an H, F, OH, OR', NH2, NHR', NR'2, lower alkyl,
halogenated (F, Cl, Br, I) lower alkyl; wherein R' is
an optionally substituted alkyl, an optionally
substituted cycloalkyl, an optionally substituted
alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted
alkoxyalkyl, where for the instance of NR 2 or NHR'2 +
each R1comprise at least one C atom that is
independent of one another or are joined to form a
heterocycle comprising at least two carbon atoms, and
where for the instance of NR'3 + each R' comprises at
least one C atom which are independent of one another
or each R' comprises at least one C atom in which at
least two R' are joined to form a heterocycle
comprising at least two carbon atoms. A fourth aspect
of the third embodiment is directed to a compound
represented by formula 1-3 wherein (a) R1 is H,
n-alkyl, branched alkyl, cycloalkyl, alkaryl, or aryl,
which includes, but is not limited to, phenyl or
naphthyl, where phenyl or naphthyl are optionally
substituted with at least one of H, F, Cl, Br, I, OH,
OR', SH, SR1, NH2, NHR', NR'2, heterocycle, lower
alkyl, halogenated (F, Cl, Br, I), halogenated (F, Cl,
Br, T) lower alkenyl OfC2-C6, lower alkynyl OfC2-C6
such as CCH, halogenated (F, Cl, Br, I) lower alkynyl
OfC2-C6, lower alkoxy OfC1-C6, halogenated (F, Cl, Br,
T) lower alkoxy OfC1-C6, CO2H, CO2R', CONH2, CONHR',
C0NR' 2, CH=CHCO2H, or CH=CHCO2R' wherein R' is an
optionally substituted alkyl, cycloalkyl,
alkenyl,alkynyl, or alkoxyalkyl, which includes, but
is not limited to, C1-10 alkyl, C3-7 cycloalkyl, C2-10
alkenyl, C2-10 alkynyl, or C1-10 alkoxyalkyl; (b) R2
is H, a lower alkyl, cyano (CN), vinyl, O-(lower
alkyl), including OCH3, OCH2CH3, hydroxyl lower alkyl,
i.e., -(CH2)POH, where p is 1 -6, including hydroxyl
methyl (CH2OH), fluoromethyl (CH2F), azido (N3),
CH2CN, CH2N3, CH2NH2, CH2NHCH3, CH2N(CH3)2, F, Cl, Br,
or I; (c) R3 is CH3, CH2F, CHF2, CF3; (d) X is F; (e)
R7 and R8 are independently H, F, Cl, Br, I, OH, OR',
such as alkoxy, aryloxy, benzyloxy, substituted
aryloxy, and substituted benzyloxy, SH, SR', NH2,
NHR', NR 2, NHR'2 +, NR'3 +, heterocycle, lower alkyl,
halogenated (F, Cl, Br, I) lower alkyl, lower alkenyl
of C2-C6, 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 OfC2-C6,
lower alkoxy OfC1-C6, halogenated (F, Cl, Br, I) lower
alkoxy OfC1-C6, CO2H, CO2R', CONH2, CONHR', C0NR' 2,
CH=CHCO2H, or CH=CHCO2R'; (f) Z is N or CR9; and (g)
R9 is an H, F, OH, OR', NH2, NHR', NR'2, lower alkyl,
halogenated (F, Cl, Br, I) lower alkyl; wherein R' is
an optionally substituted alkyl, an optionally
substituted cycloalkyl, an optionally substituted
alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted
alkoxyalkyl, where for the 



instance of NR or NHR 2 + each R' comprise at least
one C atom that is independent of one another or are
joined to form a heterocycle comprising at least two
carbon atoms, and where for the instance of NR'3 +
each R comprises at least one C atom which are
independent of one another or each R comprises at
least one C atom in which at least two R' are joined
to form a heterocycle comprising at least two carbon
atoms; A fifth aspect of the third embodiment is
directed to a compound represented by formula
1-3wherein (a) R1 is H, n-alkyl, branched alkyl,
cycloalkyl, alkaryl, or aryl, which includes, but is
not limited to, phenyl or naphthyl, where phenyl or
naphthyl are optionally substituted with at least one
of H, F, Cl, Br, I, OH, OR', SH, SR1, NH2, NHR1, NR'2,
heterocycle, lower alkyl, halogenated (F, Cl, Br, I),
halogenated (F, Cl, Br, I) lower alkenyl OfC2-C ,
lower alkynyl OfC2-C6 such as CCH, halogenated (F, Cl,
Br, I) lower alkynyl OfC2-C6, lower alkoxy OfC1-C6,
halogenated (F, Cl, Br, I) lower alkoxy OfC1-C6, CO2H,
CO2R , CONH2, CONHR1, C0NR' 2, CH=CHCO2H, or
CH=CHCO2R' wherein R' is an optionally substituted
alkyl, cycloalkyl, alkenyl, alkynyl, or alkoxyalkyl,
which includes, but is not limited to, C1-10 alkyl,
C3-7 cycloalkyl, C2-10 alkenyl, C2-10 alkynyl, or
C1-10 alkoxyalkyl; (b) R2 is H, -CH3, cyano (CN),
vinyl, -OCH3, -CH2OH, -CH2F, azido (N3), CH2CN, CH2N3,
CH2NH2, CH2NHCH3, CH2N(CH3)2, F, Cl, Br, or I; (c) R3
is CH3; (d) X is F; (e) R7 and R8 are independently H,
F, Cl, Br, I, OH, OR', such as alkoxy, aryloxy,
benzyloxy, substituted aryloxy, and substituted
benzyloxy, SH, SR, NH2, NHR', NR2, NHR 2 +, NR 3 +,
heterocycle, lower alkyl, halogenated (F, Cl, Br, I)
lower alkyl, lower alkenyl OfC -C6, halogenated (F,
Cl, Br, I) lower alkenyl of C2- C6, lower alkynyl
OfC2-C6 such as CCH, halogenated (F, Cl, Br, I) lower
alkynyl OfC2-C6, lower alkoxy OfC1-C6, halogenated (F,
Cl, Br, I) lower alkoxy OfC1-C6, CO2H, CO2R', CONH2,
CONHR', CONR 2, CH=CHCO2H, or CH=CHCO2R ; (f) Z is N
or CR9; and (g) R9 is an H, F, OH, OR', NH2, NHR',
NR'2, lower alkyl, halogenated (F, Cl, Br, I) lower
alkyl; wherein R' is an optionally substituted alkyl,
an optionally substituted cycloalkyl, an optionally
substituted alkynyl, an optionally substituted
alkenyl, or an optionally substituted acyl, an
optionally substituted alkoxyalkyl, where for the
instance of NR'2 or NHR'2 + each R comprise at least
one C atom that is independentof one another or are
joined to form a heterocycle comprising at least two
carbon atoms, and where for the instance of NR'3 +
each R1comprises at least one C atom which are
independent of one another or each R1comprises at
least one C atom in which at least two R' are joined
to form a heterocycle comprising at least two carbon
atoms. A sixth aspect of the third embodiment is
directed to a compound represented by formula 1-3
wherein (a) R1 is H, heterocycle, lower alkyl, lower
alkylaryl, or aryl, which includes, but is not limited
to, phenyl or naphthyl, where phenyl or naphthyl are
optionally substituted with at least one of H, F, Cl,
Br, I, OH, OR', SH, SR', NH2, NHR', NR 2, lower alkoxy
OfC1-C6, halogenated (F, Cl, Br, I) lower alkoxy of
Ci- C6, wherein R' is an optionally substituted alkyl,
cycloalkyl, alkenyl, alkynyl, or alkoxyalkyl, which
includes, but is not limited to, Ci-I0 alkyl, C3-7
cycloalkyl, C2-10 alkenyl, C2-10 alkynyl, or C1-10
alkoxyalkyl; (b) R2 is H, -CH3, cyano (CN), vinyl,
-OCH3, -CH2OH, -CH2F, azido (N3), CH2CN, CH2N3,
CH2NH2, CH2NHCH3, CH2N(CH3)2, F, Cl, Br, or I; (c) R3
is CH3; (d) X is F; (e) R7 and R8 are independently H,
F, Cl, Br, I, OH, OR', such as alkoxy, aryloxy,
benzyloxy, substituted aryloxy, and substituted
benzyloxy, SH, SR', NH2, NHR', NR'2,NHR 2 +,NR 3 +,
heterocycle, lower alkyl, halogenated (F, Cl, Br, I)
lower alkyl, lower alkenyl OfC2-C6, halogenated (F,
Cl, Br, I) lower alkenyl of C2- C6, lower alkynyl
OfC2-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', C0NR' 2, CH-CHCO 2H, or CH=CHCO2R ; (f)
Z is N or CR9; and(g) R9 is an H, F, OH, OR1, NH2,
NHR', NR'2, lower alkyl, halogenated (F, Cl, Br, I)
lower alkyl; wherein R' is an optionally substituted
alkyl, an optionally substituted cycloalkyl, an
optionally substituted alkynyl, an optionally
substituted alkenyl, or an optionally substituted
acyl, an optionally substituted alkoxyalkyl, where for
the instance of NR 2 or NHR 2 + each R comprise at
least one C atom that is independent of one another or
are joined to form a heterocycle comprising at least
two carbon atoms, and where for the instance of N R +
each R' comprises at least one C atom which are
independent of one another or each R comprises at
least one C atom in which at least two R' are joined
to form a heterocycle comprising at least two carbon
atoms. A seventh aspect of the third embodiment is
directed to a compound represented by formula 1-3
wherein (a) R1 is H, lower alkyl, lower alkylaryl, or
aryl, which includes, but is not limited to, phenyl or
naphthyl, where phenyl or naphthyl are optionally
substituted with at least one of H, F, Cl, Br, I, OH,
OR', SH, SR', NH2, NHR', NR 2, lower alkoxy OfC1-C6,
halogenated (F, Cl, Br, I) lower alkoxy OfC1-C6,
wherein R' is an optionally substituted alkyl,
cycloalkyl, alkenyl, alkynyl, or alkoxyalkyl, which 



includes, but is not limited to, C1-10 alkyl, C3-7
cycloalkyl, C2-10 alkenyl, C2-10 alkynyl, or C1-10
alkoxyalkyl; (b) R2 is H; (c) R3 is CH3; (d) X is F;
(e) R7 and R8 are independently H, F, Cl, Br, I, OH,
OR, such as alkoxy, aryloxy, benzyloxy, substituted
aryloxy, and substituted benzyloxy, SH, SR, NH2, NHR',
NR 2, NHR 2 +,NR 3 +, heterocycle, lower alkyl,
halogenated (F, Cl, Br, I) lower alkyl, lower alkenyl
OfC2-C6, halogenated (F, Cl, Br, I) lower alkenyl of
C2- C6, lower alkynyl OfC2-C6 such as C CH,
halogenated (F, Cl, Br, I) lower alkynylOfC2-C6, lower
alkoxy OfC1-C6, halogenated (F, Cl, Br, I) lower
alkoxy OfC1-C , CO2H, CO2R', CONH2, CONHR', C0NR' 2,
CH=CHCO2H, or CH=CHCO2R'; (f) Z is N or CR9; and (g)
R9 is an H, F, OH, OR', NH2, NHR', NR'2, lower alkyl,
halogenated (F, Cl, Br, I) lower alkyl; wherein R' is
an optionally substituted alkyl, an optionally
substituted cycloalkyl, an optionally substituted
alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted
alkoxyalkyl, where for the instance of NR'2 or NHR +
each R' comprise at least one C atom that is
independent of one another or are joined to form a
heterocycle comprising at least two carbon atoms, and
where for the instance of NR'3 + each R' comprises at
least one C atom which are independent of one another
or each R' comprises at least one C atom in which at
least two R' are joined to form a heterocycle
comprising at least two carbon atoms. An eighth aspect
of the third embodiment is directed to a compound
represented by formula 1-3 wherein (a) R1 is H, lower
alkyl, lower alkylaryl, or aryl, which includes, but
is not limited to, phenyl or naphthyl, where phenyl or
naphthyl are optionally substituted with at least one
of H, F, Cl, Br, I, OH, OR', SH, SR', NH2, NHR', NR'2,
lower alkoxy OfC1-C6, halogenated (F, Cl, Br, I) lower
alkoxy OfC1-C6, wherein R' is an optionally
substituted alkyl, cycloalkyl, alkenyl, alkynyl, or
alkoxyalkyl, which includes, but is not limited to,
C1-10 alkyl, C3-7 cycloalkyl, C2-10 alkenyl, C2-10
alkynyl, or C1-10 alkoxyalkyl; (b) R2 is H; (c) R3 is
CH3; (d) X is F;(e) R7 is OR1, such as alkoxy,
aryloxy, benzyloxy, substituted aryloxy, and
substituted benzyloxy and R8 is NH2; (f) Z is N; and
wherein R' is an optionally substituted alkyl, an
optionally substituted cycloalkyl, an optionally
substituted alkynyl, an optionally substituted
alkenyl, or an optionally substituted acyl, an
optionally substituted alkoxyalkyl, where for the
instance of NR'2 or NHR'2 + each R' comprise at least
one C atom that is independent of one another or are
joined to form a heterocycle comprising at least two
carbon atoms, and where for the instance of NR'3 +
each R' comprises at least one C atom which are
independent of one another or each R comprises at
least one C atom in which at least two R' are joined
to form a heterocycle comprising at least two carbon
atoms. Aninth aspect of the third embodiment is
directed to a compound represented by formula 1-3
wherein (a) R1 is H or lower alkyl; (b) R2 is H; (c)
R3 is CH3; (d) X is F; (e) R7 is OR', such as alkoxy,
aryloxy, benzyloxy, substituted aryloxy, and
substituted benzyloxy and R is NH2; (f) Z is N; and
wherein R' is an optionally substituted alkyl, an
optionally substituted cycloalkyl, an optionally
substituted alkynyl, an optionally substituted
alkenyl, or an optionally substituted acyl, an
optionally substituted alkoxyalkyl, where for the
instance of NR'2 or NHR'2 + each R' comprise at least
one C atom that is independent of one another or are
joined to form a heterocycle comprising at least two
carbonatoms, and where for the instance of NR'3 + each
R1comprises at least one C atom which are independent
of one another or each R1comprises at least one C atom
in which at least two R' are joined to form a
heterocycle comprising at least two carbon atoms. A
tenth aspect of the third embodiment is directed to a
compound represented by formula 1-3 wherein (a) R1 is
H, lower alkyl, lower alkylaryl, or aryl, which
includes, but is not limited to, phenyl or naphthyl,
where phenyl or naphthyl are optionally substituted
with at least one of H, F, Cl, Br, I, OH, OR', SH,
SR', NH2, NHR', NR'2, lower alkoxy OfC1-C6,
halogenated (F, Cl, Br, I) lower alkoxy OfC1-C6,
wherein R' is an optionally substituted alkyl,
cycloalkyl, alkenyl, alkynyl, or alkoxyalkyl, which
includes, but is not limited to, C1-10 alkyl, C3-7
cycloalkyl, C2-10 alkenyl, C2-I0 alkynyl, or C1-10
alkoxyalkyl; (b) R2 is H; (c) R3 is CH3; (d) X is F;
(e) R7 is NHR', NR'2, NHR'2 +, or NR'3 + and R8 is
NH2; (f) Z is N; and 



wherein R' is an optionally substituted alkyl, an
optionally substituted cycloalkyl, an optionally
substituted alkynyl, an optionally substituted
alkenyl, or an optionally substituted acyl, an
optionally substituted alkoxyalkyl, where for the
instance of NR 2 or NHR'2 + each R' comprise at least
one C atom that is independent of one another or are
joined to form a heterocycle comprising at least two
carbon atoms, and where for the instance of NR'3 +
each R' comprises at least one C atom which are
independent of one another or each R' comprises at
least one C atom in which at least two R' are joined
to form a heterocycle comprising at least two carbon
atoms.An eleventh aspect of the third embodiment is
directed to a compound represented by formula 1-3
wherein (a) R1 is CH3 or 'Pr; (b) R2 is H; (c) R3 is
CH3; (d) X is F; (e) R7 and R8 are independently H, F,
OH, OCH3, SH, SCH3,NH2, NHCH3, N(CH3)2, NR'2, CH3,
CH3-qXq, where X is F, Cl, Br, or I and q is 1 to 3,
vinyl, CO2H, CO2CH3, CONH2, CONHCH3, CON(CH3)2, or
OR', such as OMe, OEt, OBn, and (f) Z isN; wherein
R1is an optionally substituted alkyl, an optionally
substituted cycloalkyl, an optionally substituted
alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted
alkoxyalkyl, where for the instance of NR 2, each R'
comprise at least one C atom that is independent of
one another or are joined to form a heterocycle
comprising at least two carbon atoms, and where for
the instance of NR'3 + each R' comprises at least one
C atom which are independent of one another or each R'
comprises at least one C atom in which at least two R'
are joined to form a heterocycle comprising at least
two carbon atoms. A twelfth aspect of the third
embodiment is directed to a compound represented by
formula 1-3 wherein (a) R1 is CH3 or Pr; (b) R2 is H;
(c) R3 is CH3; (d) X is F; (e) R7 is -N(-CH 2CH2CH2-)
(azetidin-1-yl); and R8 is NH2; and (f) Z is N. A
thirteenth aspect of the third embodiment is directed
to a compound represented by formula I wherein (a) R1
is CH3 or !Pr; (b) R2 is H; (c) R3 is CH3; (d) X is F;
(e) R7 is OEt and R8 is NH2; and (f) Z isN. A
fourteenth aspect of the third embodiment is directed
to a compound represented by formula 1-3 wherein (a)
R1 is CH3 or 'Pr; (b) R2 is H; (c) R3 is CH3; (d) X is
F; (e) R7 is OEt and R8 is NH2; and (f) Z is N. A
fifteenth aspect of the third embodiment is directed
to a compound represented by formula 1-3 wherein (a)
R1 is CH3; (b) R2 is H; (c) R3 is CH3; (d) X is F; (e)
R7 is -N(-CH 2CH2CH2-) (azetidin-1-yl); and R8 is NH2;
and (f) Z is N. A sixteenth aspect of the third
embodiment is directed to a compound represented by
formula 1-3 wherein (a) R1 is CH3; (b) R2 is H; (c) R3
is CH3; (d) X is F; (e) R7 is OEt and R8 isNH2; and
(f) Z isN.A seventeenth aspect of the third embodiment
is directed to a compound represented by formula 1-3
wherein (a) R1 is 'Pr; (b) R2 is H; (c) R3 is CH3; (d)
X is F; (e) R7 is OEt and R8 isNH2; and (f) Z is N. An
Nth aspect of the third embodiment is directed to a
compound as exemplified below. 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 d above, wherein R1, R2, R3, X, andY are
defined in the Summary of the Invention section above.
The first aspect of the fourth embodiment is directed
to a compound represented by formula 1-4 wherein (a)
R1 is H, n-alkyl, branched alkyl, cycloalkyl, alkaryl,
or aryl, which includes, but is not limited to, phenyl
or naphthyl, where phenyl or naphthyl are optionally
substituted with at least one of H, F, Cl, Br, I, OH,
OR1, SH, SR, NH2, NHR', NR'2, NHR 2 +, NR 3 +,
heterocycle, lower alkyl, halogenated (F, Cl, Br, I),
halogenated (F, Cl, Br, I) lower alkenyl OfC2-C6,
lower alkynyl OfC2-C6 such as C CH, halogenated (F,
Cl, Br, I) lower alkynyl of C2-C6, lower alkoxy of
C1-C6, halogenated (F, Cl, Br, I) lower alkoxy
OfC1-C6, CO2H, CO2R , CONH2, CONHR, CONR'2, CH=CHCO2H,
or CH=CHCO2R ; (b) R2 is H, a lower alkyl, cyano (CN),
vinyl, O-(lower alkyl), including OCH3, OCH2CH3,
hydroxyl lower alkyl, i.e., -(CH2)POH, where p is 1
-6, includinghydroxyl methyl (CH2OH), fluoromethyl
(CH2F), azido (N3), CH2CN, CH2N3, CH2NH2, CH2NHCH3,
CH2N(CH3)2, F, Cl, Br, or I; (c) R3 is H, CH3, CH2F,
CHF2, CF3, or F; and (d) X is H, OH, F, OMe, NH2, or
N3; wherein R' is an optionally substituted alkyl, an
optionally substituted cycloalkyl, an optionally
substituted alkynyl, an optionally substituted
alkenyl, or an optionally substituted acyl, an
optionally substituted alkoxyalkyl, where for the
instance of NR or NHR'2 + each R' comprise at least
one C atom that is independent of one another or are
joined to form a heterocycle comprising at least two
carbon atoms, and where for the instance of NR 3 +
each R comprises at least one C atom which are
independent of one another or each R comprises at
least one C atom in which at least two R are joined to
form a heterocycle comprising at least two carbon
atoms. The second aspect of the fourth embodiment is
directed to a compound represented by formula 1-4
wherein (a) R1 is H, n-alkyl, branched alkyl,
cycloalkyl, alkaryl, or aryl, which includes, but is
not limited to, phenyl or naphthyl, where phenyl or
naphthyl are optionally substituted with at least one
of H, F, Cl, Br, I, OH, OR, SH, SR, NH2, NHR1,NR 2,
NHR 2 +, NR 3 +, heterocycle, lower alkyl, halogenated
(F, Cl, Br, I), halogenated (F, Cl, Br, I) lower
alkenyl OfC2-C6, lower alkynyl OfC2-C6 such as C CH,
halogenated (F, Cl, Br, I) lower alkynyl OfC2-C6,
lower alkoxy OfC1-C6, 



halogenated (F, Cl, Br, I) lower alkoxy OfC1-C6, CO2H,
CO2R , CONH2, CONHR', CONR2, CH=CHCO2H, or CH=CHCO2R ;
(b) R2 is H, a lower alkyl, cyano (CN), vinyl,
O-(lower alkyl), including OCH3, OCH2CH3, hydroxyl
lower alkyl, i.e., -(CH2)POH, where p is 1 -6,
including hydroxyl methyl (CH2OH), fluoromethyl
(CH2F), azido (N3), CH2CN, CH2N3, CH2NH2, CH2NHCH3,
CH2N(CH3)2, F, Cl, Br, or I; (c) R3 is H, CH3, CH2F,
CHF2, CF3, or F; and(d) X is H, OH, F, OMe, NH2, or
N3; wherein R1is an optionally substituted alkyl, an
optionally substituted cycloalkyl, an optionally
substituted alkynyl, an optionally substituted
alkenyl, or an optionally substituted acyl, an
optionally substituted alkoxyalkyl, where for the
instance of NR'2 or NHR'2 + each R' comprise at least
one C atom that is independent of one another or are
joined to form a heterocycle comprising at least two
carbon atoms, and where for the instance of NR'3 +
each R' comprises at least one C atom which are
independent of one another or each R1comprises at
least one C atom in which at least two R' are joined
to form a heterocycle comprising at least two carbon
atoms. The third aspect of the fourth embodiment is
directed to a compound represented by formula 1-4
wherein (a) R1 is H, n-alkyl, branched alkyl,
cycloalkyl, alkaryl, or aryl, which includes, but is
not limited to, phenyl or naphthyl, where phenyl or
naphthyl are optionally substituted with at least one
of H, F, Cl, Br, I, OH, OR', SH, SR', NH2, NHR1, NR 2,
NHR'2 +, NR'3 +, heterocycle, lower alkyl, halogenated
(F, Cl, Br, I), halogenated (F, Cl, Br, I) lower
alkenyl OfC2-C6, lower alkynyl OfC2-C6 such as CCH,
halogenated (F, Cl, Br, I) lower alkynyl OfC2-C6,
lower alkoxy OfC1-C6, halogenated (F, Cl, Br, I) lower
alkoxy of C1-C6, CO2H, CO2R , CONH2, CONHR1, CONR2,
CH=CHCO2H, or CH=CHCO2R ; (b) R2 is H, a lower alkyl,
cyano (CN), vinyl, O-(lower alkyl), including OCH3,
OCH2CH3, hydroxyl lower alkyl, i.e., -(CH2)POH, where
p is 1 -6, including hydroxyl methyl (CH2OH),
fluoromethyl (CH2F), azido (N3), CH2CN, CH2N3, CH2NH2,
CH2NHCH3, CH2N(CH3)2, F, Cl, Br, or I; (c) R3 is CH3,
CH2F, CHF2, CF3; and (d) X is H, OH, F, OMe, NH2, or
N3; wherein R is an optionally substituted alkyl, an
optionally substituted cycloalkyl, an optionally
substituted alkynyl, an optionally substituted
alkenyl, or anoptionally substituted acyl, an
optionally substituted alkoxyalkyl, where for the
instance of NR'2 or NHR 2 + each R' comprise at least
one C atom that is independent of one another or are
joined to form a heterocycle comprising at least two
carbon atoms, and where for the instance of NR'3 +
each R' comprises at least one C atom which are
independent of one another or each R1comprises at
least one C atom in which at least two R' are joined
to form a heterocycle comprising at least two carbon
atoms. The fourth aspect of the fourth embodiment is
directed to a compound represented by formula 1-4
wherein (a) R1 is H, n-alkyl, branched alkyl,
cycloalkyl, alkaryl, or aryl, which includes, but is
not limited to, phenyl or naphthyl, where phenyl or
naphthyl are optionally substituted with at least one
of H, F, Cl, Br, I, OH, OR', SH, SR', NH2, NHR', NR 2,
NHR'2 +, NR 3 +, heterocycle, lower alkyl, halogenated
(F, Cl, Br, I), halogenated (F, Cl, Br, I) lower
alkenyl OfC2-C6, lower alkynyl OfC2-C6 such as CCH,
halogenated (F, Cl, Br, I) lower alkynyl OfC2-C6,
lower alkoxy OfC1-C6, halogenated (F, Cl, Br, I) lower
alkoxy OfC1-C6, CO2H, CO2R', CONH2, CONHR', C0NR' 2,
CH=CHCO2H, or CH=CHCO2R'; (b) R2 is H, a lower alkyl,
cyano (CN), vinyl, O-(lower alkyl), including OCH3,
OCH2CH3, hydroxyl lower alkyl, i.e., -(CH2)POH, where
p is 1 -6, including hydroxyl methyl (CH2OH),
fluoromethyl (CH2F), azido (N3), CH2CN, CH2N3, CH2NH2,
CH2NHCH3, CH2N(CH3)2, F, Cl, Br, or I; (c) R3 is CH3,
CH2F, CHF2, CF3; and (d) X is F; wherein R' is an
optionally substituted alkyl, an optionally
substituted cycloalkyl, an optionally substituted
alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted
alkoxyalkyl, where for the instance of NR'2 or NHR 2 +
each R' comprise at least one C atom that is
independent of one another or are joined to form a
heterocycle comprising at least two carbonatoms, and
where for the instance of NR'3 + each R1comprises at
least one C atom which are independent of one another
or each R' comprises at least one C atom in which at
least two R1are joined to form a heterocycle
comprising at least two carbon atoms. The fifth aspect
of the fourth embodiment is directed to a compound
represented by formula 1-4 wherein (a) R1 is H,
n-alkyl, branched alkyl, cycloalkyl, alkaryl, or aryl,
which includes, but is not limited to, phenyl or
naphthyl, where phenyl or naphthyl are optionally
substituted with at least one of H, F, Cl, Br, I, OH,
OR1, SH, SR1, NH2, NHR', NR'2, NHR'2 +, NR'3 +,
heterocycle, lower alkyl, halogenated (F, Cl, Br, I),
halogenated (F, Cl, Br, I) lower alkenyl OfC2-C6,
lower alkynyl OfC2-C6 such as C CH, halogenated (F,
Cl, Br, I) lower alkynyl OfC2-C6, lower alkoxy
OfC1-C6, halogenated (F, Cl, Br, I) lower alkoxy
OfC1-C6, CO2H, CO2R', CONH2, CONHR', C0NR' 2,
CH=CHCO2H, or CH=CHCO2R'; 



(b) R2 is H, -CH3, cyano (CN), vinyl, -OCH3, -CH2OH,
-CH2F, azido (N3), CH2CN, CH2N3, CH2NH2, CH2NHCH3,
CH2N(CH3)2, F, Cl, Br, or I; (c) R3 is CH3; and (d) X
is F; wherein R' is an optionally substituted alkyl,
an optionally substituted cycloalkyl, an optionally
substituted alkynyl, an optionally substituted
alkenyl, or an optionally substituted acyl, an
optionally substituted alkoxyalkyl, where for the
instance of NR'2 or NHR'2 + each R' comprise at least
one C atom that is independent of one another or are
joined to form a heterocycle comprising at least two
carbon atoms, and where for the instance of NR'3 +
each R' comprises at least one C atom which are
independent of one another or each R' comprises at
least one C atom in which at least two R' are joined
to form a heterocycle comprising at least two carbon
atoms.The sixth aspect of the fourth embodiment is
directed to a compound represented by formula 1-4
wherein (a) R1 is H, lower alkyl, lower alkylaryl, or
aryl, which includes, but is not limited to, phenyl or
naphthyl, where phenyl or naphthyl are optionally
substituted with at least one of H, F, Cl, Br, I, OH,
OR', SH, SR1, NH2, NHR', NR 2, NHR 2 +, NR'3 +,
heterocycle, lower alkoxy OfC1-C6, halogenated (F, Cl,
Br, I) lower alkoxy OfC1-C6, wherein R' is an
optionally substituted alkyl, cycloalkyl, alkenyl,
alkynyl, or alkoxyalkyl, which includes, but is not
limited to, C1-10 alkyl, C3-7 cycloalkyl, C2-10
alkenyl, C2-10 alkynyl, or C1-10 alkoxyalkyl; (b) R2
is H, -CH3, cyano (CN), vinyl, -OCH3, -CH2OH, -CH2F,
azido (N3), CH2CN, CH2N3, CH2NH2, CH2NHCH3,
CH2N(CH3)2, F, Cl, Br, or I; (c) R3 is CH3; and (d) X
is F; wherein R is an optionally substituted alkyl, an
optionally substituted cycloalkyl, an optionally
substituted alkynyl, an optionally substituted
alkenyl, or an optionally substituted acyl, an
optionally substituted alkoxyalkyl, where for the
instance of NR 2 or NHR 2 + each R comprise at least
one C atom that is independent of one another or are
joined to form a heterocycle comprising at least two
carbon atoms, and where for the instance of NR'3 +
each R comprises at least one C atom which are
independent of one another or each R comprises at
least one C atom in which at least two R are joined to
form a heterocycle comprising at least two carbon
atoms. The seventh aspect of the fourth embodiment is
directed to a compound represented by formula 1-4
wherein (a) R1 is H, lower alkyl, lower alkylaryl, or
aryl, which includes, but is not limited to, phenyl or
naphthyl, where phenyl or naphthyl are
optionallysubstituted with at least one of H, F, Cl,
Br, I, OH, OR', SH, SR', NH2, NHR', NR'2, NHR'2 +,
NRZ3 +, heterocycle, lower alkoxy OfC1-C6, halogenated
(F, Cl, Br, I) lower alkoxy OfC1-C6, wherein R' is an
optionally substituted alkyl, cycloalkyl, alkenyl,
alkynyl, or alkoxyalkyl, which includes, but is not
limited to, C1-10 alkyl, C3-7 cycloalkyl, C2-10
alkenyl, C2-10 alkynyl, or C1-10 alkoxyalkyl; (b) R2
is H; (c) R3 is CH3; and (d) X is F; wherein R' is an
optionally substituted alkyl, an optionally
substituted cycloalkyl, an optionally substituted
alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted
alkoxyalkyl, where for the instance of NR'2 or NHR +
each R' comprise at least one C atom that is
independent of one another or are joined to form a
heterocycle comprising at least two carbon atoms, and
where for the instance of NR'3 + each R1comprises at
least one C atom which are independent of one another
or each R' comprises at least one C atom in which at
least two R' are joined to form a heterocycle
comprising at least two carbon atoms. A fifth
embodiment of the invention is directed to a compound
represented by formula I in which the Base is a
structure selected from among the structures c', d',
e, f, g, h, i, j , k, 1, m, n, o, p, q, r, s, t, u, v,
w, x, y, z, aa, bb, cc, dd, ee, ff, gg, hh, ii, jj,
kk, U, and mm above, wherein R , R , R , 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 I in which the
Base is a structure selected from among the structures
c', d', e, f , g, h, i, j , k, 1, m, n, o, p, q, r, s,
t, u, v, w, x, y, z, aa, bb, cc, dd, ee, ff, gg, hh,
ii, jj, kk, 11, and mm above, wherein (a) R1 is H,
n-alkyl, branched alkyl, cycloalkyl, alkaryl, or aryl,
which includes, but is not limited to, phenyl or
naphthyl, where phenyl or naphthyl areoptionally
substituted with at least one of H, F, Cl, Br, I, OH,
OR1, SH, SR1,NH2, NHR1, NR'2, NHR'2 +, NR'3 +,
heterocycle, lower alkyl, halogenated (F, Cl, Br, I),
halogenated (F, Cl, Br, I) lower alkenyl OfC2-C6,
lower alkynyl OfC2-C6 such as CCH, halogenated (F, Cl,
Br, I) lower alkynyl OfC2-C6, lower alkoxy OfC1-C6,
halogenated (F, Cl, Br, I) lower alkoxy of C1-C6,
CO2H, CO2R', CONH2, CONHR', CONR'2, CH=CHCO2H, or
CH=CHCO2R'; (b) R2 is H, a lower alkyl, cyano (CN),
vinyl, O-(lower alkyl), including OCH3, OCH2CH3,
hydroxyl lower alkyl, i.e., -(CH2)POH, where p is 1
-6, including hydroxyl methyl (CH2OH), fluoromethyl
(CH2F), azido (N3), CH2CN, CH2N3, CH2NH2, CH2NHCH3,
CH2N(CH3)2, F, Cl, Br, or I; (c) R3 is H, CH3, CH2F,
CHF2, CF3, or F; and 



(d) X is H, OH, F, OMe, NH2, or N3; wherein R' is an
optionally substituted alkyl, an optionally
substituted cycloalkyl, an optionally substituted
alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted
alkoxyalkyl, where for the instance of NR'2 or NHR'2 +
each R' comprise at least one C atom that is
independent of one another or are joined to form a
heterocycle comprising at least two carbon atoms, and
where for the instance of NR'3 + each R' comprises at
least one C atom which are independent of one another
or each R' comprises at least one C atom in which at
least two R' are joined to form a heterocycle
comprising at least two carbon atoms. The second
aspect of the fifth embodiment is directed to a
compound represented by formula I in which the Base is
a structure selected from among the structures c', d',
e, f, g, h, i, j , k, 1, m, n, o, p, q, r, s, t, u, v,
w, x, y, z, aa, bb, cc, dd, ee, ff, gg, hh, ii, jj,
kk, 11, and mm above, wherein (a) R1 is H, n-alkyl,
branched alkyl, cycloalkyl, alkaryl, or aryl, which
includes, but is not limited to, phenyl or naphthyl,
where phenyl or naphthyl are optionally substituted
with at least one of H, F, Cl, Br, I, OH, OR', SH,
SR', NH2,NHR', NR'2, NHR'2 +, NR'3 +, heterocycle,
lower alkyl, halogenated (F, Cl, Br, I), halogenated
(F, Cl, Br, I) lower alkenyl OfC2-C6, lower alkynyl
OfC2-C6 such as CCH, halogenated (F, Cl, Br, I) lower
alkynyl OfC2-C6, lower alkoxy OfC1-C6, halogenated (F,
Cl, Br, I) lower alkoxy of C C6, CO2H, CO2R1, CONH2,
CONHR1, CONR 2, CH=CHCO2H, or CH=CHCO2R ; (b) R2 is H,
a lower alkyl, cyano (CN), vinyl, O-(lower alkyl),
including OCH3, OCH2CH3, hydroxyl lower alkyl, i.e.,
-(CH2)POH, where p is 1 -6, including hydroxyl methyl
(CH2OH), fluoromethyl (CH2F), azido (N3), CH2CN,
CH2N3, CH2NH2, CH2NHCH3, CH2N(CH3)2, F, Cl, Br, or I
(c) R3 is H, CH3, CH2F, CHF2, CF3, or F; and (d) X is
H, OH, F, OMe, NH2, or N3; wherein R is an optionally
substituted alkyl, an optionally substituted
cycloalkyl, an optionally substituted alkynyl, an
optionally substituted alkenyl, or an optionally
substituted acyl, an optionally substituted
alkoxyalkyl, where for the instance of NR 2 or NHR'2 +
each R comprise at least one C atom that is
independent of one another or are joined to form a
heterocycle comprising at least two carbon atoms, and
where for the instance of NR 3 + each R comprises at
least one C atom which are independent of one another
or each R comprises at least one C atom in which at
least two R are joined to form a heterocycle
comprising at least two carbon atoms. The third aspect
of fifth embodiment is directed to a compound
represented by formula I in which the Base is a
structure selected from among the structures c', d',
e, f, g, h, i, j , k, 1, m, n, o, p, q, r, s, t, u, v,
w, x, y, z, aa, bb, cc, dd, ee, ff, gg, hh, ii, jj,
kk, 11, and mm above, wherein (a) R1 is H, n-alkyl,
branched alkyl, cycloalkyl, alkaryl, or aryl, which
includes, but is not limited to, phenyl or naphthyl,
where phenyl or naphthyl are optionally substituted
with at least one of H, F, Cl, Br, I, OH, OR, SH, SR,
NH2, NHR1, NR 2, NHR 2 +, NR'3 +, heterocycle, lower
alkyl, halogenated (F, Cl, Br, I),halogenated (F, Cl,
Br, I) lower alkenyl OfC2-C6, lower alkynyl OfC2-C
such as C CH, halogenated (F, Cl, Br, I) lower alkynyl
OfC2-C6, lower alkoxy OfC1-C6, halogenated (F, Cl, Br,
I) lower alkoxy OfC1-C6, CO2H, CO2R1, CONH2, CONHR',
CONR'2, CH=CHCO2H, or CH=CHCO2R1; (b) R2 is H, a lower
alkyl, cyano (CN), vinyl, O-(lower alkyl), including
OCH3, OCH2CH3, hydroxyl lower alkyl, i.e., -(CH2)POH,
where p is 1 -6, including hydroxyl methyl (CH2OH),
fluoromethyl (CH2F), azido (N3), CH2CN, CH2N3, CH2NH2,
CH2NHCH3, CH2N(CH3)2, F, Cl, Br, or I (c) R3 is CH3,
CH2F, CHF2, CF3; and (d) X is H, OH, F, OMe, NH2, or
N3; wherein R' is an optionally substituted alkyl, an
optionally substituted cycloalkyl, an optionally
substituted alkynyl, an optionally substituted
alkenyl, or an optionally substituted acyl, an
optionally substituted alkoxyalkyl, where for the
instance of NR'2 or NHR'2 + each R1comprise at least
one C atom that is independent of one another or are
joined to form a heterocycle comprising at least two
carbon atoms, and where for the instance of NR'3 +
each R' comprises at least one C atom which are
independent of one another or each R' comprises at
least one C atom in which at least two R' are joined
to form a heterocycle comprising at least two carbon
atoms. The fourth aspect of fifth embodiment is
directed to a compound represented by formula I in
which the Base is a structure selected from among the
structures c1, d1, e, f, g, h, i, j , k, 1, m, n, o,
p, q, r, s, t, u, v, w, x, y, z, aa, bb, cc, dd, ee,
ff, gg, hh, ii, jj, kk, 11, and mm above, wherein (a)
R1 is H, n-alkyl, branched alkyl, cycloalkyl, alkaryl,
or aryl, which includes, but is not limited to, phenyl
or naphthyl, where phenyl or naphthyl are optionally
substituted with at least one of H, F, Cl, Br, I, OH,
OR', SH, SR', NH2, NHR', NR'2,NHR 2 +, NR'3 +,
heterocycle, lower alkyl, halogenated (F, Cl, Br, I),
halogenated (F, Cl, Br, I) lower alkenyl OfC2-C6,
lower alkynyl OfC2-C6 such asCCH, halogenated (F, Cl,
Br, I) lower alkynyl OfC2-C6, lower alkoxy OfC1-C6,
halogenated (F, Cl, Br, I) lower alkoxy OfC1-C6, CO2H,
CO2R', CONH2, CONHR', CONR 2, CH=CHCO2H, or CH=CHCO2R;
(b) R2 is H, a lower alkyl, cyano (CN), vinyl,
O-(lower alkyl), including 



OCH3, OCH2CH3, hydroxyl lower alkyl, i.e., -(CH2)POH,
where p is 1 -6, including hydroxyl methyl (CH2OH),
fluoromethyl (CH2F), azido (N3), CH2CN, CH2N3, CH2NH2,
CH2NHCH3, CH2N(CH3)2, F, Cl, Br, or I; (c) R3 is CH3,
CH2F, CHF2, CF3; and (d) X is F; wherein R is an
optionally substituted alkyl, an optionally
substituted cycloalkyl, an optionally substituted
alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted
alkoxyalkyl, where for the instance of NR 2 or NHR 2 +
each R comprise at least one C atom that is
independent of one another or are joined to form a
heterocycle comprising at least two carbon atoms, and
where for the instance of NR 3 + each R' comprises at
least one C atom which are independent of one another
or each R comprises at least one C atom in which at
least two R are joined to form a heterocycle
comprising at least two carbon atoms. The fifth aspect
of the fifth embodiment is directed to a compound
represented by formula I in which the Base is a
structure selected from among the structures c', d',
e, f, g, h, i, j , k, 1, m, n, o, p, q, r, s, t, u, v,
w, x, y, z, aa, bb, cc, dd, ee, ff, gg, hh, ii, jj,
kk, 11, and mm above, wherein (a) R1 is H, n-alkyl,
branched alkyl, cycloalkyl, alkaryl, or aryl, which
includes, but is not limited to, phenyl or naphthyl,
where phenyl or naphthyl are optionally substituted
with at least one of H, F, Cl, Br, I, OH, OR, SH, SR,
NH2, NHR', NR 2, NHR 2 +,NR 3 +, heterocycle, lower
alkyl, halogenated (F, Cl, Br, I), halogenated (F, Cl,
Br, I) lower alkenyl OfC2-C6, lower alkynyl OfC2-C6
such as C=CH, halogenated (F, Cl, Br, I) lower alkynyl
OfC2-C6, lower alkoxy OfC1-C6,halogenated (F, Cl, Br,
I) lower alkoxy OfC1-C6, CO2H, CO2R', CONH2, CONHR',
CONR'2, CH=CHCO2H, or CH=CHCO2R'; (b) R2 is H, -CH3,
cyano (CN), vinyl, -OCH3, -CH2OH, -CH2F, azido (N3),
CH2CN, CH2N3, CH2NH2, CH2NHCH3, CH2N(CH3)2, F, Cl, Br,
or I ; (c) R3 is CH3; and (d) X is F; wherein R' is an
optionally substituted alkyl, an optionally
substituted cycloalkyl, an optionally substituted
alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted
alkoxyalkyl, where for the instance of NR'2 or NHR 2 +
each R' comprise at least one C atom that is
independent of one another or are joined to form a
heterocycle comprising at least two carbon atoms, and
where for the instance of NR'3 + each R1comprises at
least one C atom which are independent of one another
or each R1comprises at least one C atom in which at
least two R' are joined to form a heterocycle
comprising at least two carbon atoms. The sixth aspect
of the fifth embodiment is directed to a compound
represented by formula I in which the Base is a
structure selected from among the structures c1, d',
e, f, g, h, i, j , k, 1, m, n, o, p, q, r, s, t, u, v,
w, x, y, z, aa, bb, cc, dd, ee, ff, gg, hh, ii, jj,
kk, 11, and mm above, wherein (a) R1 is H, lower
alkyl, lower alkylaryl, or aryl, which includes, but
is not limited to, phenyl or naphthyl, where phenyl or
naphthyl are optionally substituted with at least one
of H, F, Cl, Br, I, OH, OR1, SH, SR, NH2, NHR', NR'2,
NHR 2 +, NR'3 +, heterocycle, lower alkoxy OfC1-C6,
halogenated (F, Cl, Br, I) lower alkoxy OfC1-C6; (b)
R2 is H, -CH3, cyano (CN), vinyl, -OCH3, -CH2OH,
-CH2F, azido (N3), CH2CN, CH2N3, CH2NH2, CH2NHCH3,
CH2N(CH3)2, F, Cl, Br, or I; (c) R3 is CH3; and(d) X
is F; wherein R' is an optionally substituted alkyl,
an optionally substituted cycloalkyl, an optionally
substituted alkynyl, an optionally substituted
alkenyl, or an optionally substituted acyl, an
optionally substituted alkoxyalkyl, where for the
instance of NR 2 or NHR'2 + each R' comprise at least
one C atom that is independent of one another or are
joined to form a heterocycle comprising at least two
carbon atoms, and where for the instance of NR'3 +
each R' comprises at least one C atom which are
independent of one another or each R' comprises at
least one C atom in which at least two R1are joined to
form a heterocycle comprising at least two carbon
atoms. The seventh aspect of the fifth embodiment is
directed to a compound represented by formula I in
which the Base is a structure selected from among the
structures c', df, e, f , g, h, i, j , k, 1, m, n, o,
p, q, r, s, t, u, v, w, x, y, z, aa, bb, cc, dd, ee,
ff, gg, hh, ii, jj, kk, 11, and mm above, wherein (a)
R1 is H, lower alkyl, lower alkylaryl, or aryl, which
includes, but is not limited to, phenyl or naphthyl,
where phenyl or naphthyl are optionally substituted
with at least one of H, F, Cl, Br, I, OH, OR', SH, SR,
NH2, NHR', NR'2, NHR'2 +, NR'3 +, heterocycle, lower
alkoxy OfC1-C6, halogenated (F, Cl, Br, I) lower
alkoxy OfC1-C6; (b) R2 is H; (c) R3 is CH3; and (d) X
is F; wherein R' is an optionally substituted alkyl,
an optionally substituted cycloalkyl, an optionally
substituted alkynyl, an optionally substituted
alkenyl, or an optionally substituted acyl, an
optionally substituted alkoxyalkyl, where for the 



instance of NR'2 or NHR'2 + each R' comprise at least
one C atom that is independent of one another or are
joined to form a heterocycle comprising at least two
carbon atoms, and where for the instance of NR'3 +
each R' comprises at least one C atomwhich are
independent of one another or each R' comprises at
least one C atom in which at least two R' are joined
to form a heterocycle comprising at least two carbon
atoms. A sixth embodiment of the invention is directed
to a compound represented by formula I in which the
Base is a structure selected from among the structures
ab, ac, ad, ae, af, ag, ah, ai, aj, ak, al, am, an,
ao, ap, aq, ar, as, at, av, au, ax, ay, az, ba, be,
bd, be, bf, bg, bh, bi, bj, and bk, depicted above,
wherein R1, R2, R3, X, and Y are defined in the
Summary of the Invention section above. The first
aspect of the sixth embodiment is directed to a
compound represented by formula I in which the Base is
a structure selected from among the structures ab, ac,
ad, ae, af, ag, ah, ai, aj, ak, al, am, an, ao, ap,
aq, ar, as, at, av, au, ax, ay, az, ba, be, bd, be,
bf, bg, bh, bi, bj, and bk, depicted above, wherein
(a) R1 is H, n-alkyl, branched alkyl, cycloalkyl,
alkaryl, or aryl, which includes, but is not limited
to, phenyl or naphthyl, where phenyl or naphthyl are
optionally substituted with at least one of H, F, Cl,
Br, I, OH, OR', SH, SR, NH2, NHR', NR'2, NHR'2 +, NR'3
+, heterocycle, lower alkyl, halogenated (F, Cl, Br,
I), halogenated (F, Cl, Br, I) lower alkenyl OfC2-C6,
lower alkynyl OfC2-C6 such as CCH, halogenated (F, Cl,
Br, I) lower alkynyl OfC2-C6, lower alkoxy OfC1-C6,
halogenated (F, Cl, Br, I) lower alkoxy of C1-C6,
CO2H, CO2R , CONH2, CONHR1, CONR2, CH=CHCO2H, or
CH=CHCO2R ; (b) R2 is H, a lower alkyl, cyano (CN),
vinyl, O-(lower alkyl), including OCH3, OCH2CH3,
hydroxyl lower alkyl, i.e., -(CH2)POH, where p is 1-6,
including hydroxyl methyl (CH2OH), fluoromethyl
(CH2F), azido (N3), CH2CN, CH2N3, CH2NH2, CH2NHCH3,
CH2N(CH3)2, F, Cl, Br, or I; (c) R3 is H, CH3, CH2F,
CHF2, CF3, or F; and (d) X is H, OH, F, OMe, NH2, or
N3; wherein R' is an optionally substituted alkyl, an
optionally substituted cycloalkyl, an optionally
substituted alkynyl, an optionally substituted
alkenyl, or anoptionally substituted acyl, an
optionally substituted alkoxyalkyl, where for the
instance of NR or NHR'2 + each R1comprise at least one
C atom that is independent of one another or are
joined to form a heterocycle comprising at least two
carbon atoms, and where for the instance of NR'3 +
each R' comprises at least one C atom which are
independent of one another or each R' comprises at
least one C atom in which at least two R1are joined to
form a heterocycle comprising at least two carbon
atoms. The second aspect of the sixth embodiment is
directed to a compound represented by formula I in
which the Base is a structure selected from among the
structures ab, ac, ad, ae, af, ag, ah, ai, aj, ak, al,
am, an, ao, ap, aq, ar, as, at, av, au, ax, ay, az,
ba, be, bd, be, bf, bg, bh, bi, bj, and bk, depicted
above, wherein (a) R1 is H, n-alkyl, branched alkyl,
cycloalkyl, alkaryl, or aryl, which includes, but is
not limited to, phenyl or naphthyl, where phenyl or
naphthyl are optionally substituted with at least one
of H, F, Cl, Br, I, OH, OR', SH, SR1, NH2, NHR', NR'2,
NHR 2 +, NR'3 +, heterocycle, lower alkyl, halogenated
(F, Cl, Br, I), halogenated (F, Cl, Br, I) lower
alkenyl OfC2-C6, lower alkynyl OfC2-C6 such as C CH,
halogenated (F, Cl, Br, I) lower alkynyl OfC2-C6,
lower alkoxy OfC1-C6, halogenated (F, Cl, Br, I) lower
alkoxy OfC1-C6, CO2H, CO2R', CONH2, CONHR', C0NR' 2,
CH=CHCO2H, or CH=CHCO2R'; (b) R2 is H, a lower alkyl,
cyano (CN), vinyl, O-(lower alkyl), including OCH3,
OCH2CH3, hydroxyl lower alkyl, i.e., -(CH2)POH, where
p is 1 -6, including hydroxyl methyl (CH2OH),
fluoromethyl (CH2F), azido (N3), CH2CN, CH2N3, CH2NH2,
CH2NHCH3, CH2N(CH3)2, F, Cl, Br, or I; (c) R3 is H,
CH3, CH2F, CHF2, CF3, or F; and (d) X is H, OH, F,
OMe, NH2, or N3; wherein R is an optionally
substituted alkyl, an optionally substituted
cycloalkyl, an optionally substituted alkynyl, an
optionally substituted alkenyl, or an optionally
substituted acyl, an optionally substituted
alkoxyalkyl, where for theinstance OfNR 2 or NHR 2 +
each R' comprise at least one C atom that is
independent of one another or are joined to form a
heterocycle comprising at least two carbon atoms, and
where for the instance of NR'3 + each R' comprises at
least one C atom which are independent of one another
or each R' comprises at least one C atom in which at
least two R1are joined to form a heterocycle
comprising at least two carbon atoms. The third aspect
of sixth embodiment is directed to a compound
represented by formula I in which the Base is a
structure selected from among the structures ab, ac,
ad, ae, af, ag, ah, ai, aj, ak, al, am, an, ao, ap,
aq, ar, as, at, av, au, ax, ay, az, ba, be, bd, be,
bf, bg, bh, bi, bj, and bk, depicted above, wherein
(a) R1 is H, n-alkyl, branched alkyl, cycloalkyl,
alkaryl, or aryl, which includes, but is not limited
to, phenyl or naphthyl, where phenyl or naphthyl are
optionally substituted with at least one of H, F, Cl,
Br, I, OH, OR, SH, SR, NH2, NHR, NR 2, NHR 2 +, NR 3
+, heterocycle, lower alkyl, halogenated (F, Cl, Br,
I), halogenated (F, Cl, Br, I) lower alkenyl OfC2-C6,
lower alkynyl OfC2-C6 such as CCH, halogenated (F, Cl,
Br, I) lower alkynyl OfC2-C6, lower alkoxy OfC1-C6,
halogenated (F, Cl, Br, I) lower alkoxy OfC1-C6, CO2H,
CO2R , CONH2, CONHR', CONR 2, CH=CHCO2H, or CH=CHCO2R
; 



(b) R2 is H, a lower alkyl, cyano (CN), vinyl,
O-(lower alkyl), including OCH3, OCH2CH3, hydroxyl
lower alkyl, i.e., -(CH2)POH, where p is 1-6,
including hydroxyl methyl (CH2OH), fluoromethyl
(CH2F), azido (N3), CH2CN, CH2N3, CH2NH2, CH2NHCH3,
CH2N(CH3)2, F, Cl, Br, or I; (c) R3 is CH3, CH2F,
CHF2, CF3; and (d) X is H, OH, F, OMe, NH2, or N3;
wherein R is an optionally substituted alkyl, an
optionally substituted cycloalkyl, an optionally
substituted alkynyl, an optionally substituted
alkenyl, or an optionally substituted acyl, an
optionally substituted alkoxyalkyl, where for the
instance of NR or NHR 2 + each R comprise at least one
C atom that is independentof one another or are joined
to form a heterocycle comprising at least two carbon
atoms, and where for the instance of NR'3 + each R'
comprises at least one C atom which are independent of
one another or each R1comprises at least one C atom in
which at least two R' are joined to form a heterocycle
comprising at least two carbon atoms. The fourth
aspect of sixth embodiment is directed to a compound
represented by formula I in which the Base is a
structure selected from among the structures ab, ac,
ad, ae, af, ag, ah, ai, aj, ak, al, am, an, ao, ap,
aq, ar, as, at, av, au, ax, ay, az, ba, be, bd, be,
bf, bg, bh, bi, bj, and bk, depicted above, wherein
(a) R1 is H, n-alkyl, branched alkyl, cycloalkyl,
alkaryl, or aryl, which includes, but is not limited
to, phenyl or naphthyl, where phenyl or naphthyl are
optionally substituted with at least one of H, F, Cl,
Br, I, OH, OR', SH, SR', NH2, NHR', NR'2, NHR'2 +,
NR'3 +, heterocycle, lower alkyl, halogenated (F, Cl,
Br, I), halogenated (F, Cl, Br, I) lower alkenyl
OfC2-C6, lower alkynyl OfC2-C6 such as CH, halogenated
(F, Cl, Br, I) lower alkynyl OfC2-C6, lower alkoxy
OfC1-C6, halogenated (F, Cl, Br, I) lower alkoxy
OfC1-C6, CO2H, CO2R', CONH2, CONHR', C0NR' 2,
CH=CHCO2H, or CH=CHCO2R'; (b) R2 is H, a lower alkyl,
cyano (CN), vinyl, O-(lower alkyl), including OCH3,
OCH2CH3, hydroxyl lower alkyl, i.e., -(CH2)POH, where
p is 1 -6, including hydroxyl methyl (CH2OH),
fluoromethyl (CH2F), azido (N3), CH2CN, CH2N3, CH2NH2,
CH2NHCH3, CH2N(CH3)2, F, Cl, Br, or I; (c) R3 is CH3,
CH2F, CHF2, CF3; and (d) X is F; wherein R' is an
optionally substituted alkyl, an optionally
substituted cycloalkyl, an optionally substituted
alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted
alkoxyalkyl, where for the instance of NR'2 or NHR'2 +
each R' comprise at least one C atom that is
independent of one another or are joined to form a
heterocycle comprising at least two carbonatoms, and
where for the instance of NR'3 + each R1comprises at
least one C atom which are independent of one another
or each R comprises at least one C atom in which at
least two R' are joined to form a heterocycle
comprising at least two carbon atoms. The fifth aspect
of the sixth embodiment is directed to a compound
represented by formula I in which the Base is a
structure selected from among the structures ab, ac,
ad, ae, af, ag, ah, ai, aj, ak, al, am, an, ao, ap,
aq, ar, as, at, av, au, ax, ay, az, ba, be, bd, be,
bf, bg, bh, bi, bj, and bk, depicted above, wherein
(a) R1 is H, n-alkyl, branched alkyl, cycloalkyl,
alkaryl, or aryl, which includes, but is not limited
to, phenyl or naphthyl, where phenyl or naphthyl are
optionally substituted with at least one of H, F, Cl,
Br, I, OH, OR1, SH, SR', NH2, NHR1, NR'2, NHR 2 +,NR 3
+, heterocycle, lower alkyl, halogenated (F, Cl, Br,
I), halogenated (F, Cl, Br, I) lower alkenyl OfC2-C6,
lower alkynyl OfC2-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 OfC1-C6, CO2H,
CO2R , CONH2, CONHR, CONR2, CH=CHCO2H, or CH=CHCO2R ;
(b) R2 is H, -CH3, cyano (CN), vinyl, -OCH3, -CH2OH,
-CH2F, azido (N3), CH2CN, CH2N3, CH2NH2, CH2NHCH3,
CH2N(CH3)2, F, Cl, Br, or I; (c) R3 is CH3; and (d) X
is F; wherein R is an optionally substituted alkyl, an
optionally substituted cycloalkyl, an optionally
substituted alkynyl, an optionally substituted
alkenyl, or an optionally substituted acyl, an
optionally substituted alkoxyalkyl, where for the
instance of NR or NHR 2 + each R comprise at least one
C atom that is independent of one another or are
joined to form a heterocycle comprising at least two
carbon atoms, and where for the instance of NR 3 +
each R comprises at least one C atom which are
independent of one another or each R comprises at
least one C atom inwhich at least two R' are joined to
form a heterocycle comprising at least two carbon
atoms. The sixth aspect of the sixth embodiment is
directed to a compound represented by formula I in
which the Base is a structure selected from among the
structures ab, ac, ad, ae, af, ag, ah, ai, aj, ak, al,
am, an, ao, ap, aq, ar, as, at, av, au, ax, ay, az,
ba, be, bd, be, bf, bg, bh, bi, bj, and bk, depicted
above, wherein (a) R1 is H, lower alkyl, lower
alkylaryl, or aryl, which includes, but is not limited
to, phenyl or naphthyl, where phenyl or naphthyl are
optionally substituted with at least one of H, F, Cl,
Br, I, OH, OR1, SH, SR1, NH2, NHR', NR'2, NHR'2 +,
NR'3 +, heterocycle, lower alkoxy OfC1-C6, halogenated
(F, Cl, Br, I) lower alkoxy OfC1-C6; (b) R2 is H,
-CH3, cyano (CN), vinyl, -OCH3, -CH2OH, -CH2F, azido 



(N3), CH2CN, CH2N3, CH2NH2, CH2NHCH3, CH2N(CH3)2, F,
Cl, Br, or I (c) R3 is CH3; and (d) X is F; wherein R'
is an optionally substituted alkyl, an optionally
substituted cycloalkyl, an optionally substituted
alkynyl, an optionally substituted alkenyl, or an
optionally substituted acyl, an optionally substituted
alkoxyalkyl, where for the instance of NR'2 or NHR'2 +
each R1comprise at least one C atom that is
independent of one another or are joined to form a
heterocycle comprising at least two carbon atoms, and
where for the instance of NR'3 + each R comprises at
least one C atom which are independent of one another
or each R' comprises at least one C atom in which at
least two R1are joined to form a heterocycle
comprising at least two carbon atoms. The seventh
aspect of the sixth embodiment is directed to a
compound represented by formula I in which the Base is
a structure selected from among the structures ab, ac,
ad, ae, af, ag, ah, ai, aj, ak, al, am, an, ao, ap,
aq, ar, as, at, av, au, ax, ay, az, ba, be, bd, be,
bf, bg, bh, bi, bj, and bk, depicted above,wherein (a)
R1 is H, lower alkyl, lower alkylaryl, or aryl, which
includes, but is not limited to, phenyl or naphthyl,
where phenyl or naphthyl are optionally substituted
with at least one of H, F, Cl, Br, I, OH, OR1, SH,
SR1, NH2, NHR1, NR'2, NHR 2 +, NR 3 +, heterocycle,
lower alkoxy OfC1-C6, halogenated (F, Cl, Br, I) lower
alkoxy OfC1-C6; (b) R2 is H; (c) R3 is CH3; and (d) X
is F; wherein R1is an optionally substituted alkyl, an
optionally substituted cycloalkyl, an optionally
substituted alkynyl, an optionally substituted
alkenyl, or an optionally substituted acyl, an
optionally substituted alkoxyalkyl, where for the
instance of NR'2 or NHR'2 + each R' comprise at least
one C atom that is independent of one another or are
joined to form a heterocycle comprising at least two
carbon atoms, and where for the instance of NR'3 +
each R' comprises at least one C atom which are
independent of one another or each R1comprises at
least one C atom in which at least two R1are joined to
form a heterocycle comprising at least two carbon
atoms. A seventh embodiment of the present invention
is directed to a compound represented by formula I '
its stereoisomers, salts, pharmaceutically acceptable
salts, hydrates, solvates, crystalline, or metabolite
forms thereof obtained by hydrolysis of the compound
represented by formula I , followed by subsequent
phosphorylation of the resultant hydrolysis product of
the compound of formula F : i r whereinO O 0 0 0 Z is
R1, HO-P-O-P- , or HO-P-0-p-O-P- HO OH HO OH OH where
R7 is as defined herein above. DOSAGE, ADMINISTRATION,
AND USE An eighth embodiment of the present invention
is directed to a composition for the treatment of any
of the viral agents disclosed herein said composition
comprising a pharmaceutically acceptable medium
selected from among an excipient, carrier, diluent, or
equivalent medium and a compound, that is intended to
include its salts (acid or basic addition salts),
hydrates, solvates, and crystalline forms can be
obtained, represented by formula I . It is
contemplated that the formulation of the eighth
embodiment can contain any of the compounds
contemplated in any of the aspects of the first,
second, third, fourth, fifth, sixth, and seventh
embodiments either alone or in combination with
another compound of the present invention. The
compounds of the present invention may be formulated
in a wide variety of oral administration dosage forms
and carriers. Oral administration can be in the form
of tablets, coated tablets, hard and soft gelatin
capsules, solutions, emulsions, syrups, or
suspensions. Compounds of the present invention are
efficacious when administered by suppository
administration, among other routes of administration.
The most convenient manner of administration is
generally oral using a convenient daily dosing regimen
which can be adjusted according to the severity of the
disease and the patient's response to the antiviral
medication. A compound or compounds of the present
invention, as well as their pharmaceutically
acceptable salts, together with one or more
conventional excipients, carriers, or diluents, may be
placed into the form of pharmaceutical compositions
and unit dosages. The pharmaceutical compositions and
unit dosage forms maybe comprised of conventional
ingredients in conventional proportions, with or
without additional active compounds and the unit
dosage forms may contain any suitable effective amount
of the active ingredient commensurate with the
intended daily dosage range to be employed. The
pharmaceutical compositions maybe employed as solids,
such as tablets or filled capsules, semisolids,
powders, sustained release formulations, or liquids
such as suspensions, emulsions, or filled capsules for
oral use; or in the form of suppositories for rectal
or vaginal administration. A typical preparation will
contain from about 5% to about 95% active compound or
compounds (w/w). The term "preparation" or "dosage
form" is intended to include both solid and liquid
formulations of the active compound and one skilled in
the art will appreciate that an active ingredient can
exist in different preparations depending on the
desired dose and pharmacokinetic parameters. The term
"excipient" as used herein refers to a compound that
is used to prepare a pharmaceutical composition, and
is generally safe, non-toxic and neither biologically
nor otherwise undesirable, and includes excipients
that are acceptable for veterinary use as well as
human pharmaceutical use. The compounds of this
invention can be administered alone but will generally
be administered in admixture with one or more suitable
pharmaceutical excipients, diluents or carriers
selected 



with regard to the intended route of administration
and standard pharmaceutical practice. A
"pharmaceutically acceptable salt" form of an active
ingredient may also initially confer a desirable
pharmacokinetic property on the active ingredient
which were absent in the non-salt form, and may even
positively affect the pharmacodynamics of the active
ingredient with respect to its therapeutic activity in
the body. The phrase "pharmaceutically acceptable
salt" of a compound as used herein means a salt that
is pharmaceutically acceptable and that possesses the
desired pharmacological activity of the parent
compound. Such salts include: (1) acid addition salts,
formed with inorganic acids such as hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid,
phosphoric acid, and the like; or formed with organic
acids such as glycolic acid, pyruvic acid, lactic
acid, malonic acid, malic acid, maleic acid, fumaric
acid, tartaric acid, citric acid, 3-(4-
hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic
acid, methanesulfonic acid, ethanesulfonic acid,
1,2-ethane-disulfonic acid, 2-hydroxyethanesulfonic
acid, benzenesulfonic acid, 4-chlorobenzenesulfonic
acid, 2-naphthalenesulfonic acid, 4- toluenesulfonic
acid, camphorsulfonic acid, lauryl sulfuric acid,
gluconic acid, glutamic acid, salicylic acid, muconic
acid, and the like or (2) basic addition saltsformed
with the conjugate bases of any of the inorganic acids
listed above, wherein the conjugate bases comprise a
cationic component selected from among Na+, K+, Mg2+,
Ca2+, NHgR 4-g +, in which R is a C1-3 alkyl and g is
a number selected from among 0, 1, 2, 3, or 4. It
should be understood that all references to
pharmaceutically acceptable salts include solvent
addition forms (solvates) or crystal forms
(polymorphs) as defined herein, of the same acid
addition salt. Solid form preparations include, for
example, powders, tablets, pills, capsules,
suppositories, and dispersible granules. A solid
carrier may be one or more substances which may also
act as diluents, flavoring agents, solubilizers,
lubricants, suspending agents, binders, preservatives,
tablet disintegrating agents, or an encapsulating
material. In powders, the carrier generally is a
finely divided solid which is a mixture with the
finely divided active component hi tablets, the active
component generally is mixed with the carrier having
the necessary binding capacity in suitable proportions
and compacted in the shape and size desired. Suitable
carriers include but are not limited to magnesium
carbonate, magnesium stearate, talc, sugar, lactose,
pectin, dextrin, starch, gelatin, tragacanth,
methylcellulose, sodium carboxymethylcellulose, a low
melting wax, cocoa butter, and the like. Solid form
preparations may contain, in addition to the active
component, colorants, flavors, stabilizers, buffers,
artificial and natural sweeteners, dispersants,
thickeners, solubilizing agents, and the like.
Examples of solid formulations are exemplified in EP
0524579; US 6,635,278; US 2007/0099902; US 7,060,294;
US 2006/0188570; US 2007/0077295; US 2004/0224917; US
7,462,608; US 2006/0057196; US 6,267,985; US
6,294,192; US 6,569,463; US 6,923,988; US
2006/0034937; US 6,383,471; US 6,395,300; US
6,645,528; US 6,932,983; US 2002/0142050; US
2005/00481 16; US 2005/0058710; US 2007/0026073; US
2007/0059360; and US 2008/0014228, each of which is
incorporated by reference. Liquid formulations also
are suitable for oral administration include liquid
formulation including emulsions, syrups, elixirs and
aqueous suspensions. These include solid form
preparations which are intended to be converted to
liquid form preparations shortly before use. Examples
of liquid formulation are exemplified in U.S. Patent
Nos. 3,994,974; 5,695,784; and 6,977,257. Emulsions
may be prepared in solutions, for example, in aqueous
propylene glycol solutions or may containemulsifying
agents such as lecithin, sorbitan monooleate, or
acacia. Aqueous suspensions can be prepared by
dispersing the finely divided active component in
water with viscous material, such as natural or
synthetic gums, resins, methylcellulose, sodium
carboxymethylcellulose, and other well known
suspending agents. The compounds of the present
invention may be formulated for administration as
suppositories. A low melting wax, such as a mixture of
fatty acid glycerides or cocoa butter is first melted
and the active component is dispersed homogeneously,
for example, by stirring. The molten homogeneous
mixture is then poured into convenient sized molds,
allowed to cool, and to solidify. The compounds of the
present invention may be formulated for vaginal
administration. Pessaries, tampons, creams, gels,
pastes, foams or sprays containing in addition to the
active ingredient such carriers as are known in the
art to be appropriate. Suitable formulations along
with pharmaceutical carriers, diluents and excipients
are described in Remington: The Science and Practice
of Pharmacy 1995, edited by E.W. Martin, Mack
Publishing Company, 19th edition, Easton,
Pennsylvania, which is hereby incorporated by
reference. A skilled formulation scientist may modify
the formulations within the teachings of the
specification to provide numerous formulations for a
particular route of administration without rendering
the compositions of the present invention unstable or
compromising their therapeutic activity. The
modification of the present compounds to render them
more soluble in water or other vehicle, for example,
may be easily accomplished by minor modifications
(e.g., salt formulation), which are well within the
ordinary skill in the art. It is also well within the
ordinary skill of the art to modify the route of
administration and dosage regimen of a particular
compound in order to manage the pharmacokinetics of
the present compounds for maximum beneficial effect in
patients. Additionally, the compound of formula I may
be independently formulated in conjunction with
liposomes or micelles. As to liposomes, it is
contemplated thatthe purified compounds can be
formulated in a manner as disclosed in U.S. Patent
Nos. 5,013,556; U.S. 5,213,804; 5,225,212; 5,891,468;
6,224,903; 6,180,134; 5,192,549; 5,316,771; 4,797,285;
5,376,380; 6,060,080; 6,132,763; 6,653,455; 6,680,068;
7,060,689; 7,070,801; 5,077,057; 5,277,914; 5,549,910;
5,567,434; 5,077,056; 5,154,930; 5,736,155; 5,827,533;
5,882,679; 6,143,321; 6,200,598; 6,296,870; 6,726,925;
and 6,214,375, each of which is incorporated by
reference. As to micelles, it is contemplated that the
purified compounds can be formulated in a manner as
disclosed in U.S. Patent Nos. 5,145,684 and 5,091,188,
both of which are incorporated by reference. A ninth
embodiment of the present invention is directed to a
use of the 



compound represented by formula I in the manufacture
of a medicament for the treatment of any condition the
result of an infection by any one of the following
viral agents: hepatitis C virus, West Nile virus,
yellow fever virus, degue virus, rhinovirus, polio
virus, hepatitis A virus, bovine viral diarrhea virus
and Japanese encephalitis virus. The term "medicament"
means a substance used in a method of treatment and/or
prophylaxis of a subject in need thereof, wherein the
substance includes, but is not limited to, a
composition, a formulation, a dosage form, and the
like, comprising the compound of formula I . It is
contemplated that the compound of the use of the
compound represented by formula I in the manufacture
of a medicament for the treatment of any of the
antiviral conditions disclosed herein of the night
embodiment can be any of the compounds contemplated in
any of the aspects of the first, second, third,
fourth, fifth, sixth, and seventh embodiments or those
specifically exemplified, either alone or in
combination with another compound of the present
invention. A medicament includes, but is not limited
to, any one of the compositions contemplated by the
eighth embodiment of the present invention. A tenth
embodiment of the present invention is directed to a
method of treatment and/or prophylaxis in a subject in
need thereof said method comprises administering a
therapeutically effective amount of the compound
represented by formula I to the subject.A first aspect
of the tenth embodiment is directed to a method of
treatment and/or prophylaxis in a subject in need
thereof said method comprises administering a
therapeutically effective of at least two compounds
falling within the scope of the compound represented
by formula I to the subject. A second aspect of the
tenth embodiment is directed to a method of treatment
and/or prophylaxis in a subject in need thereof said
method comprises alternatively or concurrently
administering a therapeutically effective of at least
two compounds falling within the scope of the compound
represented by formula I to the subject. It is
intended that a subject in need thereof is one that
has any condition the result of an infection by any of
the viral agents disclosed herein, which includes, but
is not limited to, hepatitis C virus, West Nile virus,
yellow fever virus, degue virus, rhinovirus, polio
virus, hepatitis A virus, bovine viral diarrhea virus
or Japanese encephalitis virus, flaviviridae viruses
or pestiviruses or hepaciviruses or a viral agent
causing symptoms equivalent or comparable to any of
the above-listed viruses. The term "subject" means a
mammal, which includes, but is not limited to, cattle,
pigs, sheep, chicken, turkey, buffalo, llama, ostrich,
dogs, cats, and humans, preferably the subject is a
human. It is contemplated that in the method of
treating a subject thereof of the tenth embodiment can
be any of the compounds contemplated in any of the
aspects of the first, second, third, fourth, fifth,
sixth, and seventh embodiments or those specifically
recited in the tables above, either alone or in
combination with another compound of the present
invention. The term "therapeutically effective amount"
as used herein means an amount required to reduce
symptoms of the disease in an individual. The dose
will be adjusted to the individual requirements in
each particular case. That dosage can vary within wide
limits depending upon numerous factors such as the
severity of the disease to be treated, the age and
general health condition of the patient, other
medicaments with which the patient is being treated,
the route and form of administration and the
preferences and experience of the medical practitioner
involved. For oral administration, a daily dosage of
between about 0.001 and about 10 g, including all
values in between, such as 0.001, 0.0025, 0.005,
0.0075, 0.01, 0.025, 0.050, 0.075, 0.1, 0.125, 0.150,
0.175, 0.2, 0.25, 0.5, 0.75, 1, 1.5, 2, 2.5, 3,3.5, 4,
4.5, 5, 5.5, 6, 6.5, 7, 7.5, 8, 8.5, 9, and 9.5, per
day should be appropriate in monotherapy and/or in
combination therapy. A particular daily dosage is
between about 0.01 and about 1 g per day, including
all incremental values of 0.01 g (i.e., 10 mg) in
between, a preferred daily dosage about 0.01 and about
0.8 g per day, more preferably about 0.01 and about
0.6 g per day, and most preferably about 0.01 and
about 0.25 g per day, each of which including all
incremental values of 0.01 g in between. Generally,
treatment is initiated with a large initial "loading
dose" to rapidly reduce or eliminate the virus
following by a decreasing the dose to a level
sufficient to prevent resurgence of the infection. One
of ordinary skill in treating diseases described
herein will be able, without undue experimentation and
in reliance on personal knowledge, experience and the
disclosures of this application, to ascertain a
therapeutically effective amount of the compounds of
the present invention for a given disease and patient.
Therapeutic efficacy can be ascertained from tests of
liver function including, but not limited to protein
levels such as serum proteins (e.g., albumin, clotting
factors, alkaline phosphatase, aminotransferases
(e.g., alanine transaminase, aspartate transaminase),
5'-nucleosidase, g-glutaminyltranspeptidase, etc.),
synthesis of bilirubin, synthesis of cholesterol, and
synthesis of bile acids; a liver metabolic function,
including, but not limited to, carbohydrate
metabolism, amino acid and ammonia metabolism.
Alternatively the therapeutic effectiveness may be
monitored by measuring HCV-RNA. The results of these
tests will allow the dose to be optimized. A third
aspect of the tenth embodiment, to a method of
treatment and/or prophylaxis in a subject in need
thereof said method comprises administering to the
subject a therapeutically effective of a compound
represented by formula I and a therapeutically
effective amount of another antiviral agent; wherein
the administration is concurrent or alternative. It is
understood that the time between alternative
administration can range between 1-24 hours, which
includes any sub range in between including, 2, 3, 4,
5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, and 23 hours. Examples of "another
antiviral agent" include, but are not limited to: HCV
NS3 protease inhibitors (see WO 2008010921, WO
2008010921, EP 1881001, WO 2007015824, WO 2007014925,
WO 2007014926,WO 2007014921, WO 2007014920, WO
2007014922, US 2005267018, WO 2005095403, WO
2005037214, WO 2004094452, US 2003187018, WO
200364456, WO 2005028502, andWO 2003006490); HCV NS5B
Inhibitors (see US 2007275947, US20072759300,
WO2007095269, WO 2007092000, WO 2007076034, WO
200702602, US 2005-98125, WO 2006093801, US
2006166964, WO 2006065590, WO 2006065335, US
2006040927, US 2006040890, WO 2006020082, WO
2006012078, WO 2005123087, US 2005154056, US
2004229840, WO 2004065367, WO 2004003138, WO
2004002977, WO 2004002944, WO 2004002940, WO
2004000858, WO 2003105770, WO 



2003010141, WO 2002057425, WO 2002057287, WO
2005021568, WO 2004041201, US 20060293306, US
20060194749, US 20060241064, US 6784166, WO
2007088148, WO 2007039142, WO 2005103045, WO
2007039145, WO 2004096210, and WO 2003037895); HCV NS4
Inhibitors (see WO 2007070556 and WO 2005067900); HCV
NS5a Inhibitors (see US 2006276511, WO 2006120252, WO
2006120251, WO 2006100310, WO 2006035061); Toll-like
receptor agonists (see WO 2007093901); and other
inhibitors (see WO 2004035571, WO 2004014852, WO
2004014313, WO 2004009020, WO 2003101993, WO
2000006529). A fourth aspect of the tenth embodiment,
to a method of treatment and/or prophylaxis in a
subject in need thereof said method comprises
alternatively or concurrently administering a
therapeutically effective of a compound represented by
formula I and another antiviral agent to the subject.
It is understood that the time between alternative
administration can range between 1-24 hours, which
includes any sub-range in between including, 2, 3, 4,
5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, and 23 hours. It is contemplated that the
another antiviral agent such as interferon-a ,
interferon-b, pegylated interferon-a, ribavirin,
levovirin, viramidine, another nucleoside HCV
polymerase inhibitor, a HCV non-nucleoside polymerase
inhibitor, a HCV protease inhibitor, a HCV helicase
inhibitor or a HCV fusion inhibitor. When the active
compound or its derivative or salt are administered in
combination with another antiviral agent the activity
may be increased over the parent compound. When the
treatment is combination therapy, such administration
may be concurrentor sequential with respect to that of
the nucleoside derivatives. "Concurrent
administration" as used herein thus includes
administration of the agents at the same time or at
different times. Administration of two or more agents
at the same time can be achieved by a single
formulation containing two or more active ingredients
or by substantially simultaneous administration of two
or more dosage forms with a single active agent. It
will be understood that references herein to treatment
extend to prophylaxis as well as to the treatment of
existing conditions. Furthermore, the term "treatment"
of a HCV infection, as used herein, also includes
treatment or prophylaxis of a disease or a condition
associated with or mediated by HCV infection, or the
clinical symptoms thereof. An eleventh embodiment of
the present invention is directed to a process for
preparing the compound of formula I, which comprises
reacting III with R1OP(NR2)2, and then oxidizing II to
form I according to the following scheme m II wherein
R1, R2, R3, X, and Base are defined above; wherein
R1OP(NR2)2 is a dialkylamino-R1phosphite , B is a
Brdnsted base, and [O] is an oxidant, such as, for
example, m-chloroperbenzoic acid (MCPBA), hydrogen
peroxide, NO2/N2O4, etc. A twelfth embodiment of the
present invention is directed to a product, I,
prepared by a process which comprises reacting III
with R1OP(NR2)2, and then oxidizing II according to
the following schemeIII II wherein R , R , R , X, and
Base are defined above; wherein R1OP(NR2)2 is a
dialkylamino-alkylphosphite, B is a Brdnsted base, and
[O] is an oxidant, such as, for example,
m-chloroperbenzoic acid (MCPBA), hydrogen peroxide,
NO2/N2O4, etc. Compounds and Preparation The
nucleoside analog is made by conventional procedures
disclosed in any one of U.S. Published Application
Nos. 2005/0009737, 2006/0199783, 2006/0122146, and
2007/0197463, each of which is incorporated by
reference in its entirety. Bases represented by the
structures c', d', e, f, g, h, i, j , k, 1, m, n, o,
p, q, r, s, t, u, v, w, x, y, z, aa, bb, cc, dd, ee,
ff, gg, hh, ii, jj, kk, 11, and mm are prepared and
coupled to a given sugar using methods known in the
art, such as, for example, as disclosed in WO
2006/094347, WO 2005/021568, US 2006/0252715, and US
2006/0194749, each of which is incorporated by
reference in its entirety. Bases represented by the
structures formula I in which the Base is a structure
selected from among the structures ab, ac, ad, ae, af,
ag, ah, ai, aj, ak, al, am, an, ao, ap, aq, ar, as,
at, av, au, ax, ay, az, ba, be, bd, be, bf, bg, bh,
bi, bj, and bk, depicted above, are prepared and
coupled to a given sugar using methods known in the
art, such as, for example, as disclosed in WO
2007/027248 which is incorporated by reference in its
entirety. Disclosed 1H-NMR values were recorded on a
Varian AS-400 instrument. Mass spectral data were
obtained using either a Micromass-Quattromicro API or
a Waters Acquity. General Experimental Procedure for
the Preparation of bis(iV,iV'- diisopropylamino)
alkylphosphite:The alcohol (1.0 equiv) was added
drop-wise to phosphorous trichloride (1.0 equiv) very
slowly, while stirring. The inner temperature of the
reaction flask was kept between 20 and 3O0C, and the
produced hydrochloric acid was absorbed in a gas trap
containing aqueous sodium bicarbonate. The residue was
distilled under reduced pressure to give pure
alkoxydichlorophosphine. This compound was added to a
stirred solution of ,7V-diisopropylamine (6.0 equiv)
in dry ether (5mL/mmol) drop-wise, very slowly at O0C.
After completion of the addition the mixture was
allowed to warm to room temperature at which
temperature it was stirred over night. The ammonium
salt was removed by filtration, and the filtrate was
concentrated. The residue was distilled under reduced
pressure to give bis(iV,iVdiisopropylamino)
alkylphosphite as a colorless liquid (10-40 %). (See,
e.g., N. L. H. L. Breeders et. al. J. Am. Chem. Soc.
1990, 112, 1415-1482) General Method for the
Preparation of 3',5'-Cyclic Phosphates b (Cis/Trans
Mixture) Mixture of diasteromers c General
Experimental Procedure: To a stirred solution of
3',5'-dihydroxy nucleoside a (1.0 equiv) in dry
pyridine (5 mL/mmol) is added a 0.45M solution of
tetrazole in acetonitrile (2.5 equiv) followed by
bis(N,Ndiisopropylamino) alkylphosphite (1.0 equiv) at
room temperature. After stirring the mixture at room
temperature for 2h, TLC indicates the disappearance of
starting material A and formation of two non-polar
products. The reaction mixture is concentrated under
reduced pressure at room temperature and the residue
is 



triturated with EtOAc (10 mL/mmol). The precipated
tetrazole salts are removed by filtration and the
filtrate is concentrated under reduced pressure. The
residue is chromatorgraphed to give cis and trans
cyclicphosphites b in about 1:1 ratio.To a stirred
solution of the phosphate b ( 1 equiv) in
dichloromethane (10 mL/mmol) is added a 77% m-CPBA
(1.2 equiv) at room temperature. After 5 min, the TLC
indicates the completion of the reaction. Solvent is
evaporated and the residue is chromatographed using a
short silica gel column to give pure product as a
white solid (20-25 % overall yield, 2 steps). 1H NMR
indicates that the product c is a mixture of two
diastereomers. These cyclic phosphates can also b e
prepared via an alternate route described below.
Nucleoside III can b e reacted with POCl 3 to produce
the nucleoside mono phosphate, which upon cyclization
and dehydration would give cyclic phosphate. Thus,
upon alkylation with appropriate alkyl halide in the
presence of bases such as TEA, DIEA in solvents such
as DMF, acetonitrile etc or coupling with alcohols in
the presence of reagents like DCC or EDC or MSNT would
give desired products, using the procedures disclosed
in, for example, Beres et al. J. Med. Chem. 1986, 29,
1243-1249 and WO 2007/027248 both of which are
incorporated b y reference, and as depicted in the
following scheme. Preparation of
l-((2S,4aR,6R,7R,7aR)-7-Fluoro-2-methoxy-7-methyl-2-ox
otteettrraahhyyddrro-
2ls-furo[3,2-d][l,3,2]dioxaphosphinin-6-yl)-lH-pyrimid
ine-2,4- dione (1)To a stirred solution of
l-((2R,3R,4R,5R)-3-fluoro-4-hydroxy-5-
(hydroxymethyl)-3-methyltetrahydrofuran-2-yl)pyrimidin
e-2,4(lH,3H)-dione (730 mg, 2.8 mmol) in dry pyridine
(15 mL) was added a 0.45M solution of tetrazole in
acetonitrile (15 mL) followed by
bis(N,N-diisopropylamino)methylphosphite (0.971 mL,
3.3 mmol) at room temperature. After 2h, TLC indicated
disappearance of the starting material and two
non-polar products. The reaction mixture was
concentrated under reduced pressure at room
temperature and the residue was triturated with EtOAc
(30 mL). Tetrazole salts precipitated were filtered
off and the filtrate was concentrated under reduced
pressure. The residue was chromatorgraphed using 0-40
% EtOAc/hexanes gradient to give pure product 2 (92
mg) and mixture of product 1&2 (102 mg). 1H NMR
confirmed that the product 2 is a single isomer of the
required compound. Stereochemistry is not determined.
To a stirred solution of phosphite (30 g, 0.09 mmol)
in dichloromethane ( 1 mL) was added a 77% m-CPBA (26
mg, 0.1 13 mmol) at room temperature. After 5 min, the
TLC indicated the completion of the reaction. The
solvent was evaporated and the residue was
chromatographed using a short silica gel (2 g) column
with 70 - 100 % EtOAc/hexanes gradient to give pure
product as a white solid (21 mg). 1H NMR indicated
that the product (1) is a mixture of isomers
designated as I a and Ib. Data for Ia: 3 1P NMR (162
MHz, CD3OD): d -1.54 (minor diasteromer), - 2.30
(major diasteromer).; 1 NMR (400 MHz, CD3OD): d
7.60-7.58 (m, IH), 6.36 (d, J=20.8Hz, IH), 5.76 (d,
J=8.0Hz, IH), 4.787-4.484 (m, 4H), 3.85 (d, J=12Hz,
3H), 1.44 (d, J=22.0Hz, 3H); MS (ESI) m/z 337 (M+H)+.
Data for Ib: 31P NMR (162 MHz, CDC13+DMSO): d -3.82
(minor), -4.54 (major); 1H NMR (400 MHz, CDC13+DMSO):
d 11.41 and 11.25 (two s, IH), 7.32 (bs, IH), 6.38 (d,
J=21.2Hz, IH), 5.75-5.70 (m, IH), 5.45-5.20 (, IH),
4.64-4.01 (m, 4H), 1.59 and 1.45 (two d, J= 22.4Hz,
3H); MS (ESI) m/z 337 (M+H)+. Preparation of
l-((2S,4aR,6R,7R,7aR)-2-Benzyloxy-7-fluoro-7-methyl-2-
oxotetrahydro- 2
l5-furo[3,2-d][l,3,2]dioxaphosphinin-6-yl)-lH-pyrimidi
ne-2,4- dione (2)To a stirred solution of
l-((2R,3R,4R,5R)-3-fluoro-4-hydroxy-5-
(hydroxymethyl)-3
-methyltetrahydrofuran-2-yl)pyrimidine-2,4(
1H,3H)-dione (1.04 g, 4 mmol, 1.0 equiv) in dry
pyridine (22 mL) was added a 0.45M solution of
tetrazole in acetonitrile (22.2 mL, 10 mmol, 2.5
equiv) followed by bis(N,Ndiisopropylamino)
benzylphosphite (1.35 mL, 4.6 mmol, 1.0 equiv) at room
temperature. After stirring the mixture at room
temperature for 2h, TLC indicated disappearance of
starting material and a non polar product. The
reaction mixture was concentrated under reduced
pressure at room temperature and the residue was
chromatographed (Analogix, SF25-40g, 35-100 %
EOAc/Hexanes gradient, Ih) gave pure product as a
white powder (640 mg, 40.4 % yield). To a stirred
solution of phosphite (640 mg, 1.6 mmol) in
dichloromethane (5mL) was added a 77% m-CPBA (430 mg,
1.92 mmol, 1.2 equiv) at room temperature. After 5
min, TLC indicated the completion of the reaction and
two well separated polar products. The solvent was
evaporated and the residue was chromatographed
(Analogix, 30-85 % EtOAc/hexanes gradient, 60 min) to
give pure product 1 (340 mg, 51.1 % yield) and product
2 (194 mg, 29.1 % yield) as a white solids. 1H-NMR
indicated that the product 2 is a single diastereomer
of the required compound (2a) which assigned as trans
isomer based on the literature. The cis product (2a)
is a mixture of diastereomers. Data for 2a: 31P NMR
(162 MHz, CDCl3) d -2.79; 1H NMR (400 MHz, CDCl3) : d
9.34 (bs, IH), 7.39 (s, 5H), 7.33 (d, J=7.2Hz, IH),
6.38 (d, J=19.2Hz, IH), 5.79 (d, J=8.4Hz, IH),
5.24-5.15 (m, 2H), 4.60 (bs, 2H), 4.38-4.35 (m, 2H),
1.46 (d, J=22Hz, 3H); MS (ESI) m/z 4 13 (M+H)+. Data
for 2b: 31P NMR (162 MHz, CDCl 3) : d 4.76 (minor),
-5.64 (major); 1H NMR (400 MHz, CDCl 3) : d 9.64 (bs,
IH), 7.45-7.39 (m, 5H), 7.17 and 6.90 (two bs, IH),
6.29 (d, J=18.8 Hz, IH), 5.78 (d, J=7.6Hz, IH),
5.20-5.14 (m, 3H),4.54-4.48 (m, 1H)4.27 (bs, 2H), 3.53
(bd, J=12.0Hz, IH), 1.37 and 1.16 (two d, J=20.8Hz,
3H); MS (ESI) m/z 413 (M+H)+. Preparation of
6-Azetidin-l-yl-9-((4aR,6R,7R,7aR)-7-fluoro-2-methoxy-
7- methyl-2-oxo-tetrahydro-2 l5-furo [3,2-d]
[1,3,2]dioxaphosphinin-6-yl)-9H-purin- 2-ylamine (3)
To a stirred solution of
(2R,3R,4R,5R)-5-(2-amino-6-(azetidin- 1-yl)-9Hpurin-
9-yl)-4-fluoro-2-(hydroxymethyl)-4-methyltetrahydrofur
an-3-ol (100 mg, 0.3 mmol) in dry pyridine (1.5 mL)
was added a 0.45M solution of tetrazole in
acetonitrile ( 1.64 mL, 0.74 mmol) followed by
bis(N,Ndiisopropylamino) methylphosphoramidite (101
mL, 0.35 mmol) at room temperature. After stirring the
mixture at room temperature for 2h, TLC indicated
disappearance of starting material. The reaction
mixture was concentrated under reduced pressure at
room temperature and the residue was triturated with
EtOAc (30 mL). Tetrazole salts precipitated were
filtered off and the filtrate was concentrated under
reduced pressure. The crude compound (120 mg) was used
in the next step without further purification. To a
stirred solution of cyclic-phosphite (119 mg, crude
from the previous 



experiment, 0.3 mmol) in dichloromethane (3 mL) was
added a 77 % m-CPBA (78 mg, 0.35 mmol) at room
temperature. After 5min, the solvent was evaporated
and the residue was chromatographed (Analogix, SF10-8
g column) using 0-2.5 % MeOHZCH Cl2 gradient to give
pure product as a white solid (23 mg, 18.6% two
steps). Data for 3 : 31P NMR (162 MHz, CDCl3) : d
-1.26, -3.58; 1H NMR (400 MHz, CDCl 3) : d 7.45 and
7.44 (two s, IH), 5.45 (d, J=20Hz, IH), 4.89-4.41 (m,
10H), 3.93 (app. t, J=I 3.OHz, 3H), 2.49 (bs, 2H),
1.39 (overlapping d, J=22.4Hz, 3H); MS (ESI) m/z 4 15
(M+H)+.Preparation of
2-Amino-9-((4aR,6R,7R,7aR)-7-fluoro-2-methoxy-7-methyl
-2- oxo-tetrahydro-2
l5-furo[3,2-d][l,3,2]dioxaphosphinin-6-yl)-9H-purin-6-
ol (4) To a stirred solution of
2-amino-9-((2R,3R,4R,5R)-3-fluoro-4-hydroxy-5-
(hydroxymethyl)-3-methyltetrahydrofuran-2-yl)-9H-purin
-6-ol (116 mg, 0.33 mmol, 1.0 equiv) in dry pyridine
(1.65 rnL) was added a 0.45M solution of tetrazole in
acetonitrile (1.8 mL, 0.85 mmol, 2.5 equiv) followed
by bis(N,Ndiisopropylamino) methylphosphite ( 114 mL,
0.396 mmol, 1.2 equiv) at room temperature. After
stirring the mixture at room temperature for 2h, TLC
indicated the disappearance of starting material and a
non-polar product. The reaction mixture was
concentrated under reduced pressure at room
temperature and the residue was triturated with EtOAc
(5 mL). Tetrazole salts precipitated were filtered off
and the filtrate was concentrated under reduced
pressure. The above residue was redissolved in
dichloromethane in dichloromethane (3 mL) and was
added a 77% m-CPBA (21 mg, 0.395 mmol, 1.2 equiv) at
room temperature. After 5 min, TLC indicated the
completion of the reaction. The solvent was evaporated
and the residue was chromatographed using a short
silica gel column to give pure product as a white
solid (3.4 mg, 9% overall yield, 2 steps). Data for 4
: 31P NMR (162 MHz, CD3OD): d -3.33; 1H NMR (400 MHz,
CD3OD): d 9.03 (s, 2H), 7.81 (s, IH), 6.17 (d,
J=20.4Hz, IH), 4.66 (dd 3=9.3, 5.1Hz, IH), 4.62-4.54
(m, 2H), 4.29-4.23 (m, IH), 3.82 (d, J=I 1.2Hz, 3H),
3.37 (quintet, J-6.4Hz, 2H), 1.22 (d, J=6.4Hz, 3H); MS
(ESI) m/z 376 (M+H)+. Preparation of
4-Amino-l-((2R,4aR,6R,7R,7aR)-7-fluoro-2-methoxy-7-met
hyl- 2-oxo-tetrahydro-2
l5-furo[3,2-d][l,3,2]dioxaphosphinin-6-yl)-lH-pyrimidi
n-2- one (5)To a stirred solution of
4-amino-l-((2R,3R,4R,5R)-3-fluoro-4-hydroxy-5-
(hydroxymethyl)-3-methyltetrahydrofuran-2-yl)pyrimidm-
2(lH)-one (1.0 g, 3.86 mmol, 1.0 equiv) in dry
pyridine (21 mL) was added a 0.45 M solution of
tetrazole in acetonitrile (21 mL, 9.5 mmol, 2.5 equiv)
followed by bis(N,Ndiisopropylamino) methylphosphite
(1.3 mL, 4.6 mmol, 1.2 equiv) at room temperature.
After stirring the mixture at room temperature for 2h,
TLC indicated no starting material and a non polar
product. The reaction mixture was concentrated under
reduced pressure at room temperature and the residue
was triturated with EtOAc (25 mL). Tetrazole salts
precipitated were filtered off and the filtrate was
concentrated under reduced pressure. Column
chromatography of the crude compound (SF25-40g,
Analogix 0-20% MeOH/CH 2Cl2 gradient, Ih) gave pure
product as a white powder (334 mg, 27 % yield). To a
stirred solution of phosphite (334 mg, 1.05 mmol) in
dichloromethane (3 mL) was added a 77% m-CPBA (309 mg,
1.26 mmol, 1.2 equiv) at room temperature. After 5
min, TLC indicated the completion of the reaction. The
solvent was evaporated and the residue was
chromatographed using a short silica gel column to
give pure product as a white solid (80 mg, 23% yield).
1H NMR indicated that the product is a mixture of cis
and trans isomers and their diastereomers. Data for 5
: 31P NMR (162 MHz, CD3OD): d -0.70, -2.22, -2.77
(minor), - 3.46 (major); 1H NMR (400 MHz, CD3OD): d
7.62 (d, J=7.6 Hz, IH), 6.41 (d, J=21.2Hz, IH), 5.97
(d, J=7.2Hz, IH), 4.77-4.57 (m, 2H), 4.48-4.18 (m,
4H), 3.88 (d, J=I 1.2Hz) and 3.87 (d, J=12.0Hz, total
3H), 1.55 and 1.39 (two d, J=22.4Hz, 3H); MS (ESI) m/z
336 (M+H)+.
N6-Cyclobutyl-9-((4aR,6R,7R,7aR)-7-fluoro-2-methoxy-7-
methyl-2-oxotetrahydro- 2 l5-furo [3,2-d]
[1,3,2]dioxaphosphinin-6-yl)-9H-purine-2,6-diamine
(6)6 Compound 6 was prepared using a similar procedure
described for the preparation of compound 4. Except
that the N^cyclobutyl-amino-purine derivative was
employed rather than the 6-hydroxy-purine derivative.
Data for 6 : 31P NMR (162 MHz, CDCl3) : d -1.26,
-3.64; 1H NMR (400 MHz, CDCI3) : d 7.49 and 7.48 (two
s, IH), 6.02 (bs, 2H), 5.97 (d, J=19.2Hz, IH), 4.88
(bs, IH), 4.73 (bs, IH), 4.65-4.58 (m, 2H), 4.53-4.37
(m, 2H) 3.95 and 3.91 (two d, J=I 1.6Hz, 3H-, 2.42
(bs, 2H), 2.00-1.95 (m, 2H), 1.79-1.73 (m, 2H), 1.38
(overlapping d, J=22.4Hz, 3H); MS (ESI) m/z 429
(M+H)+. Methods for preparing a compound having the
structure: are included below. Inspection of the
scheme below shows that compounds 17 and 3 are the
same. 7 8 9, X' = C1 10, X1= Br 11, X1= I17, R7 =
-NC-CH2CH2CH2-), R1 = Me 18, R7 = -OEt, R1 = Me 19, R7
= -OEt, R1 = 'Pr Compound (7) can be obtained by a
process disclosed at page 5 in U.S. Published
Application No. 2008/0139802 (which corresponds to WO
2008/045419), at pages 11-13 in WO 2006/0 12440, and
at pages 20-22 and 30-3 1 in WO 2006/031725, each of
which is hereby incorporated by reference. The use of
the convergent glycosylation route to prepare
2'-deoxy-2'-fluoro- 2'-C-methyl purine nucleosides and
their corresponding nucleotide phosphoramidates came
about with the development of the synthesis of
3,5-di-Obenzoyl-
2-deoxy-2-fluoro-2-C-methylribonolactone (Chun, K.;
Wang, P. Intl. Pat. Appl. WO 2006/031725). After
several attempts using Vorbrueggen-type Lewis acid
mediated coupling and the ribonolactol 1-O-acetate of
3,5-di-O-benzoyl-2-deoxy-2-fluoro-2-
C-methylribonolactone, we observed very low coupling
yields and the undesired aanomer was the major
product. Mitsunobu coupling with the ribonolactol (8)
did give the desired product but with no
stereoselectivity and very difficult chromatographic
separation resulting in isolated yields of 6-10% for
this step alone and the method was not scaleable. 



The preferred approach became the Sjy2 type reaction
using a halo-sugar and a salt of the purine base.
Again, the challenge of this approach was how to
obtain an e halo-sugar stereospecifically in high
yield to take advantage the inversion of configuration
expected with S 2 type reactions. A typical method
treats an anomeric mixture of the 1-O-acetate of a
sugar with HCl or HBr in acetic acid. However, this
method resulted in production of unfavorable anomeric
mixtures. Reducing the lactone (e.g., with LiAlH(t-Bu
O)3 or Red- Al) initially generates at 2:1 ratio of
b/a anomers but after initial purification through a
silica gel filtration column, the resulting oil slowly
anomerizes to form pure crystalline -anomer of the
lactol (8).This can be accelerated from several days
at ambient temperature to 5-17 h at 5O0C with seeding
/3-crystals. We observed that once the lactol is in
solution, it slowly anomerizes back towards the 2:1
equilibrium in solvents such as dichloromethane or
chloroform at ambient temperature. This process can be
slowed considerable by chilling the solution (e.g.,
-2O0C). Chlorination through an SL 2 mechanism with
N-chlorosuccinimide (NCS) produced an -chlorosugar (9)
in a stereospecific manner in almost quantitative
yield. To obtain an -bromosugar (10), many bromination
conditions were tried including N-bromosuccinimide
(NBS) and HBr in acetic acid. Among them, we followed
a general bromination reaction using a combination of
triphenylphosphine (PPh3) and carbon tetrabromide
(CBr4) (e.g., Hooz et al, Can. J. Chem., 1968, 46,
86-87). Under the conditions of using methylene
chloride as the solvent and maintaining a low
temperature (-10 to -2O0C) we obtained the best result
where the desired ot/b isomer ratio was greater than
10:1, in a yield of greater than 80%. Applicants
believe that there are no literature precedents
describing this level of stereoselectivity for this
reaction type. Another practical observation was that
by conducting the bromination under sub-ambient
temperature conditions, such as, most preferably about
-20C) and exposing the cold reaction solution to
silica gel as soon as possible after the completion of
the reaction minimizes anomerization of the
bromosugar. The bromosugar can be purified through a
silica gel filtration column. Once treated with silica
gel, the bromosugar it is practically stable even at
elevated temperatures. The iodosugar (11) was prepared
in a similar manner, which can be coupled with the
purine to produce the key intermediate (12). Following
the general purine coupling method of Bauta et al
(Intl. Pat. Appl. WO 2003/01 1877), we coupled the
a-bromosugar (10) with the potassium salt of 6-
chloro-2-amino-purine in t-butanol in acetonitrile.
The reaction took over a week at ambient temperatures.
The reaction was optimized to go to completion in 24 h
at 50C. After partial purification through a silica
gel filtration column, the anomeric mixture was
isolated in 63% yield in a ratio of 14: 1 blou The
/3-anomer (12) couldbe selectively crystallized out
from a methanolic solution to give the pure desired b-
anomer (6) in 55% yield from the bromosugar (10). With
the key intermediate 12 in hand, conversion to
unprotected 2-amino-6- substituted purines (e.g.,
13-16) was accomplished. Cyclic phosphate derivatives
(e.g., 17-19) were prepared as described in Can J.
Chem., 1993, 71, 855 or as disclosed in U.S.
Provisional Patent Application No. 61/060,683, filed
June 11, 2008, pp. 79-89. Synthesis of
((2R,3R,4R,5R)-3-(benzoyloxy)-4-fluoro-5-hydroxy-4-
methyltetrahydrof iran-2-yl)methyl benzoate (8) To a 5
L of dry three-neck round-bottomed flask fit with a
mechanical stirrer, addition funnel and thermometer
was charged the lactone ((2R,3R,4R)-3-
(benzoyloxy)-4-fluoro-4-methyl-5-oxotetrahydrofuran-2-
yl)methyl benzoate) (7, 379 g, 1.018 mol). The solid
was dissolved in anhydrous THF (1.75 L) and cooled to
-30C under a nitrogen atmosphere. A solution of
lithium tri-tertbutoxyaluminohydride (1.0 M in THF,
1.527 L) was added to the lactone solution while
stirring over 1 h and maintaining the -30C
temperature. After finishing the addition, the
temperature was slowly increased and the reaction was
followed by TLC (lactol R/ 0.4, 30% EtOAc in hexanes).
The reaction was complete after Ih 15 min (temperature
reached -10C). The reaction was quenched by addition
of Ethyl acetate (900 mL) via addition funnel. Sat.
NH4Cl (40 mL) was added at 0C. The cloudy mixture was
decanted into a 10 L round-bottomed flask. The solid
residue left behind was filtered and washed with ethyl
acetate (2x200 mL). The filtrate was combined with the
decanted solution and the combined solution was
concentrated under reduced pressure. The oily residue
was dissolved in ethyl acetate (2 L) and washed with 3
HCl (600 mL). The aqueous layer was back-extracted
with ethyl acetate (3x400 mL). The combined organic
layer was washed with water (3x800 mL), sat. NaHCO3
(400 mL) and brine (400 mL). The organic solution was
dried over MgSO4, filtered and concentrated under
reduced pressure to afford a light brown oily residue.
The residue was purified by plug column (2.2 kg of
40-63 micron silica gel, packed in a 6 L sintered
glass funnel, 22 cm length of silica gel, diameter 15
cm) using suction and a step-gradient of 5%, 10%, 20%,
and 30% ethylacetate in hexanes -ca 5 L of each). The
product containing fractions were combined and
concentrated under reduced pressure to a colorless,
very thick liquid (310.4 g). The liquid slowly
solidified after adding crystalline beta product as
seeds (ca 100 mg spread out) under vacuum (0.2 mmHg)
at 5O0C. The process of solidification was complete in
20 hours at 5O0C with or without vacuum. The white
solid thus collected (293.8 g, 77%) has a mp of
79-800C and ratio of b/ais 20:1 based on NMR. 1H-NMR
(DMSO-J 6) /3-isomer, d = 5.20 (dd, 1 H, OH); -isomer,
d = 5.40 (dd, 1H, OH). (/3-lactol) .(DMSO-J 6) : d
7.99 (m, 2 H, arom.), 7.93 (m, 2 H, arom.), 7.70 (m,
1H, arom.), 7.61 (m, 1H, arom.), 7.55 (m, 2 H, arom.),
7.42 (m, 2 H, arom.), 7.32 (dd, 1H, Cl-H), 5.54 (dd,
1H, C3-H), 5.20 (dd, 1H, OH), 4.55-4.50 (m, 1H,
C5-Ha), 4.46-4.40 (m, 2 H, C5-Hb and C4-H), 1.42 (d, 3
H, CH3). Synthesis of
((2R,3R,4R,5R)-3-(benzoyIoxy)-5-chloro-4-fluoro-4-
methyItetrahydrofuran-2-yl)methyl benzoate (9) To a
solution of mixture of compound 8 (1.0 g, 2.67 mmol)
and PPh3 (1.4 g, 5.34 mmol) in CH2Cl2 (15 mL) was
added NCS (1.07 g, 8.01 mmol) portionwise at 00C. Then
the resulting mixture was stirred at rt for Ih and
poured into a silica gel column and eluted with
EtOAc-hexanes ( 1:4) using pressure. The collected
right fractions were combined, concentrated, and
co-evaporated with CH2Cl2 several times and used next
step (1.0 g, 95%). 



1H-NMR (CDCl3) d = 8.13-8.02 (m, 4H, aromatic),
7.78-7.50 (m, aromatic, 2H), 7.53-7.43 (m, 4H,
aromatic), 6.01 (s, IH, H-I), 5.28 (dd, IH, J =3.2,
5.6 Hz, H-3), 4.88 (m, IH, H-H-4), 4.77 (dd, IH, J =
3.2, 12.4 Hz, H-5), 4.61 (dd, IH, J = 4.0, 12.4 Hz,
H-5'), 1.73 (d, 3H, J = 21.6 Hz, CH3) . Synthesis of
((2R,3R,4R,5R)-3-(benzoyloxy)-5-bromo-4-fluoro-4-
methyltetrahydrofuran-2-yl)methyl benzoate (10)
Anhydrous dichloromethane (5.6 L) was charged into a
reactor and cooled to -22C or below.
Triphenylphosphine (205.4 g, 0.783 mol) was added to
the cold solvent and the suspension was stirred to
form a solution. The lactol (8, 209.4 g,0.559 mol) in
solid form was added to the cold solution and stirred
for 15 mins. Carbon tetrabromide (278.2 g, 0.839 mol)
was added portion-wise while maintaining the
temperature of the solution between -220C to -20 0C
under a flow of nitrogen gas (approx. 30 min). After
finishing the addition of CBr4, the temperature was
slowly raised to -170C over 20 mins. The reaction was
judged to be >95% complete by TLC (RfS 0.61 (a), 0.72
(b), 0.36 lactol; 20% EtOAc in hexanes). The reaction
solution was immediately transferred to a vessel
containing 23O g of flash chromatography grade silica
gel (40-63 microns). The stirred mixture was
immediately passed through a pad of silica gel (680 g)
in a 2.5 L sintered glass Buchner funnel. The filtrate
was concentrated under reduced pressure to about 800
mL and the ratio of a/b isomers of the crude product
was 10:1 as determined by 1HNMR. (CDCl 3) d = 6.35,
(s, a Cl-H), 6.43, (d, b Cl-H). The residue was
purified by plug column chromatography using 2.1 kg of
silica gel in a 6 L sintered glass Buchner funnel and
eluted (via suction) with a stepwise gradient elution
of 1%, 5%, 8% 12% EtOAc in hexane (ca 4 L each) to
remove non-polar impurities followed by 12%, 25% EtOAc
in hexane (6 L total) to elute the product. The
product containing fractions were combined into two
fractions, concentrated under reduced pressure, dried
under vacuum (0.1 mmHg, ambient temp., 20 h) to
colorless oils. Main fraction (197 g, 89% ctlb =20:1).
The alpha isomer crystallized from a small portion of
the oil upon standing at O0C for several weeks to give
large, thin plates, mp 59-6 1C. The pure beta isomer
crystallized from a mixture of alpha and beta product
oil from an earlier less selective run to give
needles, mp 77-79C. 1H-NMR (/3-bromide) (CDCl 3) : d =
8.08 (m, 2 H, arom.), 8.04 (m, 2 H, arom.), 7.62 (m,
1H, arom.), 7.54-7.45 (m, 3 H, arom.), 7.35 (m, 2 H,
arom.), 6.43 (d, 1H, Cl-H), 6.04 (dd, 1H, C3-H),
4.78-4.73 (m, 2 H, C4-H and C5-Ha), 4.63- 4.58 (m, 1
H, C5-Hb), 1.76 (d, 3 H, CH3) . a-bromide, a/b = 20:1)
(CDCl 3) : d 8.13 (m, 2 H, arom.), 8.02 (m, 2 H,
arom.), 7.63-7.56 (m, 2 H, arom.), 7.50-7.42 (m, 4 H,
arom.), 6.34 (s, 1 H, Cl-H), 5.29 (dd, 1H, C3-H), 4.88
(m, 1H, C4-H), 4.78 (dd, 1 H, C5-Ha), 4.63 (dd, 1 H,
C5-Hb), 1.72 (d, 3 H, CH3) .Synthesis of
((2R,3R,4R,5R)-3-(benzoyloxy)-4-fluoro-5-iodo -4-
methyltetrahydrofuran-2-yl)methyl benzoate (11) To a
solution of compound 8 (1 g, 2.67 mmol),
triphenylphosphine (700 mg, 2.67 mmol), and imidazole
(180 mg, 2.67 mmol) in anhydrous CH2Cl2 (10 mL) iodine
(680 mg, 2.68 mmol) was added. The resulting mixture
was stirred for 30 min and poured into a silica gel
column and eluted with EtOAc-hexanes ( 1:4) to give a
syrupy product (1.3 g, quantitative) and used in next
reaction without further characterization. Synthesis
of (2R,3R,4R,5R)-5-(2-amino-6-chloro-9H-purin-9-yl)-2-
(benzoyloxymethyl)-4-fluoro-4-methyltetrahydrofuran-3-
yI benzoate (12) To a 12 L of three-neck
round-bottomed flask was charged 6-chloro-2-
arninopurine (225.4 g, 1.329 mol). Anhydrous tert-BuOH
(4.5 L) was added and the solution was stirred with a
mechanical stirrer at ambient temperature. Potassium
tert-butoxide (solid, 151.6 g, 1.35 mol) was added
portion-wise under a flow of nitrogen gas while
stirring. The mixture was stirred at RT for an
additional 30 min. To a 5 L round-bottomed flask was
loaded the -bromide (10, 197 g, 0.451 mol) and 3 L of
anhydrous acetonitrile at ambient temperature. The
bromide solution was added to the purine base
suspension over 1 min at ambient temperature. The 5L
flask was rinsed with acetonitrile (2x1L) to transfer
bromide completely to the reaction mixture. The
mixture was heated gradually to 50C over 2 h with a
heating mantle and controller, and stirred for 20 h.
The reaction was almost complete as shown by TLC beta
(R/ 0.28, 30% EtOAc in hexanes). The reaction was
quenched by the addition of sat. NH4Cl (200 mL) to
form a suspension. The suspended solid1 was removed by
filtration through a 3 cm pad of Celite in a 2.5 L
porcelain Buchner funnel. The solid was washed with
toluene (3x100 mL). The combined filtrate was
neutralized by adding 6 N HCl solution until pH 7
(approx 220 mL). The mixture was concentrated under
reduced pressure. When the volume of mixture was
reduced to about one-third volume, additional
precipitated solid was removed by filtration in a
similar manner. The filtrate was further concentrated
to a volume of about 800 mL. The residue was loaded
onto a plug column ( 1.6 kg flash grade silica gel in
a 6 L sintered glass Buchner funnel) and eluted (via
suction) with a gradient of 10%ethyl acetate in
hexanes (6 L) to remove non-polar impurities, 30%
ethyl acetate in hexanes to afford a small amount of
lactol (6 L), and then 40%~45% ethyl acetate in
hexanes (4 L) to elute the main amount of product. The
product containing fractions were combined,
concentrated under reduced pressure and dried under
vacuum (0.2 mmHg, 24 h, ambient temp.) to a white foam
solid (150.7 g, b/a = 14:1 by NMR. 1H-NMR. (CDCl3)
beta: d = 1.33 (d, 22.4 Hz, 2'-C-CH 3), alpha: 1.55
(d, 22 Hz, 2'-C-CH3) . The product mixture foam was
dissolved in methanol (700 mL) at ambient temperature.
Upon standing, a solid slowly formed over 2 h. The
suspension was cooled in a freezer to -5C for 17 h.
The resulting white solid was collected by filtration
and washed with cold MeOH (-50C, 3x60 mL) and ethyl
ether (3x100 mL). The solid was dried under vacuum
(0.2 mmHg, 24 h, ambient temp.) to afford 110.5 g of
/3-rroduct with excellent de (b/a 99.8:1 by HPLC). The
filtrate was partially concentrated (ca. 400 mL) and
then diluted with more MeOH (400 mL) while heating to
60C. The solution was cooled down to ambient
temperature, seeded and the cooled to -5C. The second
crop was collected, washed and dried in a similar
manner to give more product as a white solid (12.26 g)
with similar diastereomeric purity. The mother liquor
was concentrated to dryness under reduced pressure
(ca. 25 g). The residue was a mixture of b and
-isomers. It was subjected to automated silica gel
column chromatography (Analogix, 240 g cartridge, 40%
to 50% ethyl acetate in hexanes) to afford 14.52 g of
product foam which was recrystallized from MeOH,
washed and dried in a similar manner to afford an
additional 8.46 g of product in high purity. 



The three solids were judged to be of similar purity
and they were combined to give 13 1.2 g of white
crystalline product 12, (55% from bromosugar, 49% from
lactol). Mp 160.5-162.0C. HPLC purity 99.5% including
0.20 % alpha. 1H-NMR (pure /3-anomer, CDCl3) : d =
8.03 (m, 2 H, arom.), 7.93 (m, 2 H, arom.), 7.88 (s, 1
H, C8-H), 7.60 (m, 1 H, arom.), 7.50 (m, 1H, arom.),
7.44 (m, 2 H, arom.), 7.33 (m, 2 H, arom.), 6.44 (dd,
1H, Cl'-H), 6.12 (d, 1H, C3'-H), 5.35 (s, 2 H, NH2),
5.00 (dd, 1 H, C5'-Ha), 4.76 (m, 1 H, C4'-H), 4.59
(dd, 1 H, C5'-Hb), 1.33 (d, 3 H, CH3) .1H-NMR (
-isomer, CDCl3) : d = 8.1 1-8.09 (m, 3 H, arom. and
C8-H), 8.01 (m, 2 H, arom.), 7.63 (m, 1H, arom.), 7.55
(m, 1H, arom.), 7.48 (m, 2 H, arom.), 7.39 (m, 2 H,
arom.), 6.35 (d, 1 H, Cl'-H), 5.76 (dd, 1H, C3'-H),
5.18 (s, 2 H, NH2), 4.93-4.89 (m, 1H, C4'-H),
4.75-4.71 (m, 1H, C5'-Ha), 4.58-4.54 (m, 1 H, C5'-Hb),
1.55 (d, 3 H, CH3) . Synthesis of
(2R,3R,4R,5R)-5-(2-amino-6-chloro-9H-purin-9-yl)-2-
(benzoyloxymethyl)-4-fluoro-4-methyltetrahydrofuran-3-
yl benzoate (12) from compound 9 To a solution of
compound 9 (450 mg, 2.68 mmol) in chlorobenzene (1.5
mL) were added potassium salt of the base ( 1.37 g,
8.05 mmol) in t-butanol (5 mL) and subsequently
anhydrous acetonitrile (5 mL) at rt. The resulting
mixture was stirred at 80-140C in a sealed tube for 7
days and concentrated in vacuo after neutralization
with HCl. The residue was purified by silica gel
column chromatography (hexanes:EtOAc = 2:1) to give
compound 12 (90 mg, 15%) as a white foam. Synthesis of
(2R,3R,4R,5R)-5-(2-amino-6-chloro-9H-purin-9-yl)-2-
(benzoyloxymethyl)-4-fluoro-4-methyltetrahydrofuran-3-
yI benzoate (12) from compound 11 To a solution of
compound 11 (1.3 g, 2.68 mmol) in t-butanol (10 mL)
was added sodium salt of the base (1.37 g, 8.05 mmol)
in DMF (10 mL) at ambient temperature. The resulting
mixture was stirred for 15h and concentrated in vacuo.
The residue was purified by silica gel column
chromatography (hexanes:EtOAc = 2:1) to give compound
12 (220 mg, 16%) as a white foam. Synthesis of
(2R,3R,4R,5R)-5-(2-amino-6-methoxy-9H-purin-9-yl)-4-fl
uoro-2- (hydroxy methyl)-4-methyltetrahydrof uran-3-ol
(13) To a 250 mL dry round-bottomed flask was charged
(2R,3R,4R,5R)-5-(2-
amino-6-chloro-9H-purin-9-yl)-2-(benzoyloxymethyl)-4-f
luoro-4- methyltetrahydrofuran-3-yl benzoate (12, 7.50
g, 14.26 mmol). Anhydrous methanol (30 mL) was added
and a white suspension was formed. At 50C, asolution
of sodium methoxide in methanol (25%, 19.7 mL, 64.17
mmol) was added via a dry syringe under a nitrogen
atmosphere. A white cloudy reaction mixture was
formed. After 3.5 h at 50C, the reaction was complete
with no starting material left as shown by TLC test.
The mixture was cooled down to room temperature and
neutralized by addition of glacial acetic acid (3 mL).
A white solid was filtered out and washed with
methanol (3x5 mL). The filtrate was mixed with 20 g of
silica gel and concentrated to dryness. The mixture
was loaded in line with a silica gel cartridge and
separated via column chromatography using a gradient
of methanol in dichloromethane 0 to 15% MeOH. The
product eluted out at 12% methanol in dichloromethane.
The product containing fractions were combined,
concentrated under reduced pressure and dried under
vacuum (0.2 mmHg, 50C, 24 h) to a white powder solid
(4.45 g, 98% yield), mp 199-2020C. 1H-NMR (DMSO-J 6) :
d = 8.18 (1 H, s, C8-H), 6.61 (2 H, s, NH2), 6.05 ( 1
H, d, Cl'-H), 5.68 (1 H, d, 3'-OH), 5.26 (1 H, m,
5'-OH)5 4.23-4.13 ( 1 H, m, C3'-H), 3.96 (3 H, s,
OCH3), 3.92-3.83 (2 H, m, C4'-H and C5'-Ha), 3.70-3.67
( 1 H, m, C5'- Hb), 1.06 (3 H, d, C2'-CH3) . Synthesis
of
(2R,3R,4R,5R)-5-(2-amino-6-(azetidin-l-yl)-9H-purin-9-
yl)-4-
fluoro-2-(hydroxymethyl)-4-methyltetrahydrofuran-3-ol
(14) To a 350 mL of dry seal pressure flask
(Chemglass) were added
(2R,3R,4R,5R)-5-(2-amino-6-chloro-9H-purin-9-yl)-2-(be
nzoyloxymethyl)-4- fluoro-4-methyltetrahydrofuran-3-yl
benzoate (12, 3.6 g, 6.85 mmol) and 150 mL of absolute
ethanol. Azetidine hydrochloride (2.56 g, 27.4 mmol)
was added and then followed by triethylamine (4.16 g,
41.1 mmol). The supension was stirred and heated to
70C while sealed for 5 hours. All the starting
material was consumed but the benzoyl groups remained
as shown by TLC. Sodium methoxide (7.8 mL, 34.3 mmol,
25% solution in methanol) was added to the mixture and
heated at 50C. The reaction was complete after 3.5 h.
The reaction mixture was allowed to cool to room
temperature and neutralized by addition of glacial
acetic acid (0.41 g, 6.85 mmol). The mixture was
concentrated under reduced pressure and then the
residue was triturated with ethyl acetate. The
resulting solid was removed by filtration and the
solid was washed with EtOAc (2x 15 mL). The filtrate
was concentrated underreduced pressure and the residue
was purified via column chromatography (Analogix, 120
g cartridge, gradient of 0 to15% MeOH in DCM). The
pure product containing fractions were combined,
concentrated under reduced pressure and dried (50C,
0.2 mmHg, 17 h) to a light pink colored foam solid
(2.15 g, 6.35 mmol, 93%). 1H-NMR (DMSCW6) d = 8.00
.(s, 1H, C8-H), 6.03 (s, 2 H, NH2), 6.00 (d, 1 H,
Cl'-H), 5.64 (d, 1H, 3'-OH), 5.24 (t, 1H, 5'-OH),
4.24-4.10 (m, 5 H, N-CH2 of azetidine, C3'-H),
3.90-3.81 (m, 2 H, C4'-H and C5'-Ha), 3.69-3.64 (m,
1H, C5'-Hb), 2.37 (penta, 2 H, center CH2 of
azetidine), 1.05 (d, 3 H, C2'-CH3) . Synthesis of
(2R,3R,4R,5R)-5-(2-amino-6-(benzyloxy)-9H-purin-9-yl)-
4-fluoro-
2-(hydroxymethyl)-4-methyltetrahydrofuran-3-ol (15) To
a 500 mL of dry round-bottomed flask were added
(2R,3R,4R,5R)-5-(2-
amino-6-chloro-9H-purin-9-yl)-2-(benzoyloxymethyl)-4-f
luoro-4- methyltetrahydrofuran-3-yl benzoate (12, 8.0
g, 15.2 mmol) and anhydrous benzyl alcohol (128 mL).
To another 250 mL of dry round-bottomed flask were
charged NaH (60% in mineral oil, 2.44 g, 60.8 mmol)
and anhydrous DMF (40 mL). The suspension was stirred
at O0C in an ice-water bath. Benzyl alcohol (27 mL)
was added drop-wise via a syringe. A solution was
slowly formed and it was transferred to the nucleoside
suspension quickly under a nitrogen atmosphere at room
temperature. The mixture was heated to 50C and
stirred. The reaction was complete after 3 h and
cooled to ambient temperature. It was neutralized by
the addition of 4 HCl to ca. pH=7 (12 mL). The
solution was concentrated under reduced pressure (4
mbar, 90C bath). The cloudy residue was diluted with
dichloromethane (100 mL) and washed with water (3x 30
mL), brine (30 mL) and 



dried over Na2SO4. The suspension was filtered and the
filtrate was concentrated under reduced pressure to an
oily residue. This was purified by column
chromatography (Analogix, 0 to 8% gradient of MeOH in
DCM). The product eluted at 4% MeOH in DCM. The
product containing fractions were combined,
concentrated under reduced pressure and dried (50C,
0.2 mmHg, 17 h) to a white foam solid (4.57 g, 11.7
mmol, 77.2%). 1H-NMR (DMSCW6) d = 8.18 (s, 1H, 8-H),
7.53-7.51 (m, 2 H, arom-H), 7.43-7.34 (m, 3 H,
arom-H), 6.66 (s, 2 H, NH2), 6.05 (d, 1H, Cl'-H), 5.67
(d, 1H,3'-OH), 5.48 (dd, 2 H, CH2 of Benzyl), 5.25 (t,
1H, 5'-OH), 4.18 (dt, 1H, C3'-H), 3.92-3.82 (m, 2 H,
C4'-H and C5'-Ha), 3.71-3.66 (m, 1H, C51- Hb), 1.07
(d, 3 H, C2'- CH3). Synthesis of
(2R,3R,4R,5R)-5-(2-amino-6-ethoxy-9H-purin-9-yI)-4-flu
oro-2- (hydroxy methyl)-4-methyltetrahy drofuran-3-ol
(16) To a 500 mL of dry round-bottomed flask was
loaded (12, 11 g, 20.92 mmol). Anhydrous absolute
ethanol (210 mL) was added and followed by anhydrous
K2CO3 (28.91 g, 209.2 mmol). The suspension was
stirred and heated at 75C under nitrogen for 5.5 h.
All the starting material was consumed at that time by
TLC test. The mixture was cooled to room temperature
and solid was filtered out. The filtrate was
neutralized by addition of glacial acetic acid (2.52
g) to pH~7 and concentrated under reduced pressure.
The residue was dissolved in methanol and mixed with
silica gel ( 15 g). The dried mixture of crude product
and silica gel was transferred to an empty cartridge
and separated through column chromatography (Analogix
220 g, gradient of 0 to 15% MeOH in DCM) to afford
product (5% MeOH in DCM) as a white foam solid (3.73
g, 54.5%). A second white solid was isolated from
column (10% MeOH in DCM, 1.44 g) and it is a mixture
of two dimers of nucleoside. A more polar, third white
solid was collected from column (15% MeOH in DCM, 0.47
g) and it is a mixture of trimers of nucleoside. HPLC
purity of product 99.94%. 1H-NMR (DMSO-J 6) : d 8.16
(s, 1H, 8-H), 6.55 (s, 2 H, NH2), 6.04 (d, 1H, Cl'-H),
5.66 (d, 1H, 3'-OH), 5.24 (m, 1H, 5'-OH), 4.44 (q, 2
H, 6-OCH2), 4.23-4.08 (m, 1H, C3'-H), 3.91-3.82 (m, 2
H, C4'-H and C5'-Ha), 3.71-3.66 (m, 1H, C51- Hb), 1.36
(t, 3 H, CH3 of ethyl), 1.06 (d, 3 H, C2'-CH3).
Synthesis of
6-Azetidin-l-yl-9-((4aR,6R,7R,7aR)-7-fluoro-2-methoxy-
7-methyltetrahydro-
furo[3,2-d][l,3,2]dioxaphosphinin-6-yl)-9H-purin-2-yIa
mine phosphite precursor to 17
(2R,3R,4R,5R)-5-(2-Amino-6-azetidin-l-yl-purin-9-yl)-4
-fluoro-2-
hydroxymethyl-4-methyl-tetrahydro-furan-3-ol (14, 340
mg, 1.0 mmol) wasdissolved in anhydrous pyridine (6
ml) at ambient temperature. A solution of 0.45 M
lH-tetrazole in acetonitrile (5.5 mL, 2.5 mmol) was
added followed by bis (N,Ndiisopropylamino)
methylphosphoramidite (317 mL, 1.1 mmol). The mixture
was stirred at ambient temperature for 17 h. The
solvent was concentrated under reduced pressure and
the residue was triturated with ethyl acetate (20 mL).
The resulting precipitant of salts was removed by
filtration and the filtrate was concentrated under
reduced pressure. The residue was purified by silica
gel column chromatography using a gradient of ethyl
acetate in hexanes (40-80%). The product containing
fractions were combined and concentrated to a white
solid, 47 mg (12% yield). Synthesis of
6-Azetidin-l-yl-9-((4aR,6R,7R,7aR)-7-fluoro-2-methoxy-
7-methyl-
2-oxo-tetrahydrofuro[3,2-d][l,3,2]dioxaphosphinin-6-yl
)-9H-purin-2-yIamine (17, c/. 3) To a stirred solution
of the cyclic phosphite (47 mg, 0.12 mmol) in
dichloromethane (2 mL) was added 77% mCPBA (32mg, 0.14
mmol) at ambient temperature. After 5 min, the
solution was concentrated under reduced pressure the
residue was purified by silica gel column
chromatography (4 g) using a gradient of ethyl acetate
in hexanes (80-100%). The pure product fractions were
combined and concentrated under reduced pressure to a
white solid, 2 1 mg (43%). 1H-NMR (400 MHz, CDCl3) : d
= 7.45 and 7.44 (two s, IH), 5.45 (d, J=20Hz, IH),
4.89-4.41 (m, 10H), 3.93 (app. t, J=13.0Hz, 3H), 2.49
(bs, 2H), 1.39 (overlapping d, J=22.4Hz, 3H); MS (ESI)
m/z 415 (M+H)+. 3 1P-NMR (162 MHz, CDCl3) : d = -1.26,
-3.58; Synthesis of
6-Ethoxy-9-((4aR,6R,7R,7aR)-7-fluoro-2-methoxy-7-methy
I-2-oxotetrahydro-
2,5-furo[3,2-d][l,3,2]dioxaphosphinin-6-yl)-9H-purin-2
-ylamine (18)
(2R,3R,4R,5R)-5-(2-Amino-6-ethoxy-purin-9-yl)-4-fluoro
-2- hydroxymethyl-4-methyl-tetrahydro-furan-3-ol (16,
150 mg, 0.46 mmol) was dissolved in anhydrous pyridine
(2 ml) at 0C. A solution of 0.45 M lH-tetrazole in
acetonitrile (2.55 mL) was added followed by bis
(N,Ndiisopropylamino) methylphosphoramidite (0.16 mL,
0.55 mmol). The mixture wasallowed to slowly warm to
ambient temperature over 5 h. TLC indicated a complete
reaction. The reaction was quenched upon the addition
of water (0.1 mL). The reaction solution was
concentrated under reduced pressure and then the
residue was triturated with ethyl acetate (5 mL). The
resulting white precipitate was removed by filtration
and the filtrate was concentrated under reduced
pressure. The resulting intermediate cyclic phosphite
residue was dissolved in acetonitrile (2 mL) and then
treated with t-butyl hydroperoxide (70% in water, 0.25
mL) for 17 at ambient temperature. TLC indicated a
complete reaction. The reaction solution was
concentrated under reduced pressure and the residue
was purified by column chromatography (Analogix using
a gradient of 0 to 10% IPA in DCM). The product
containing fractions were combined and concentrated
under reduced pressure to a white solid, 80 mg (34%
yield) as a mixture of two diastereomers -2:1. 1H-NMR
(400 MHz, DMSO-J 6) : d = 8.16 (s, 1.5H), 6.65 (s,
2H), 6.55 (bs, IH), 6.28 (d, J = 20.8 Hz, 1.5H),
4.78-4.60 (m, 4.5H), 4.45 (q, J = 6.8 Hz, IH), 4.44
(q, J = 6.8 Hz, 2H), 4.28-4.22 (m, 1.5H), 3.83 (d, J =
11.6 Hz, 1.5H), 3.76 (d, J = 11.6 Hz, 3H), 1.36 (t, J
= 7.2 Hz, 1.5H), 1.36 (t, J =7.2 Hz, 3H), 2.46 (d, J
=22.4 Hz, 1.5H), 2.44 (d, J = 22.8 Hz, 3H). 3 1P-NMR
(162 MHz, DMSO-J 6) : d -3.25, -4.16. LRMS (ESI): [M +
H]+ calculated for C14H20FN5O6P 404.3, found 404.3.
Synthesis of
6-Ethoxy-9-((4aR,6R,7R,7aR)-7-fluoro-2-isopropoxy-7-me
thyl-2- oxo-tetrahydro-2,5-furo [3,2-d]
[1,3,2]dioxaphosphinin-6-yl)-9H-purin-2-yl amine (19)
(2R,3R,4R,5R)-5-(2-Amino-6-ethoxy-purin-9-yl)-4-fluoro
-2- hydroxymethyl-4-methyl-tetrahydro-furan-3-ol (16,
150 mg, 0.46 mmol) was dissolved in anhydrous pyridine
(2 ml) at 0C. A solution of 0.45 M lH-tetrazole in 



acetonitrile (2.55 mL) was added followed by bis
(N,Ndiisopropylamino) ispropylphosphoramidite (0.16
mL, 0.55 mmol, 1.2 eq). The mixture was allowed to
slowly warm to ambient temperature over 3 h. TLC
indicated a complete reaction. The reaction was
quenched upon the addition of water (0.1 mL). The
reaction solution was concentrated under reduced
pressure andthen the residue was triturated with ethyl
acetate (5 mL). The resulting white precipitate was
removed by filtration and the filtrate was
concentrated under reduced pressure. The resulting
intermediate cyclic phosphite residue was dissolved in
acetonitrile (2 mL) and then treated with t-butyl
hydroperoxide (70% in water, 0.19 mL) for 5 h at
ambient temperature. TLC indicated a complete
reaction. The reaction solution was concentrated under
reduced pressure and the residue was purified by
column chromatography (Analogix using a gradient of 0
to 5% IPA in DCM). The two diastereomers (19a and 19b)
were separable. Fractions containing each diastereomer
were separately combined and concentrated under
reduced pressure to white solids to give 20 mg of each
diastereomer (combined yield 20%). 19a 31P-NMR (162
MHz, DMSO): d -6.49; 1H-NMR (400 MHz, DMSO): d = 8.17
(s, IH), 6.47 (bs, 2H), 6.27 (d, J= 21.2 Hz, IH),
4.73-4.62 (m, 4H), 4.45 (q, J = 7.0 Hz, 2H), 4.27-4.21
(m, IH), 1.39- 1.34 (m, 9H), 1.20 (d, J = 22.8 Hz,
3H). MS (ESI): m/z 432.4 [M + H]+. 19b 31P-NMR (162
MHz, DMSO): d = -4.68; 1H-NMR (400 MHz, DMSO): d 8.15
(s, IH), 6.63 (s, 2H), 6.27 (d, J = 21.2 Hz, IH),
4.74-4.58 (m, 4H), 4.45 (q, J= 6.4 Hz, 2H), 4.42-4.37
(m, IH), 1.36 (t, J = 7.2 Hz, 3H), 1.32 (d, J = 3.6
Hz, 3H), 1.30 (d, J = 3.6 Hz, 3H), 1.22 (d, J = 22.8
Hz, 3H). MS (ESI): m/z 432.4 [M + H]+. The structures
for 19a and 19b are represented below.19a 19b The
following compounds were prepared based on the
procedures described herein. Example 4 1 was prepared
by catalytic hydrogenation of Example 44 and in a
similar way Example 45 was prepared from Example 48.
Diastereomers of some of the compounds have been
resolved, but where the absolute stereochemistry is
not known, the same structures are provided.PEGYLATED
INSULIN LISPRO COMPOUNDS The present invention relates
to the field of diabetes. More particularly, the
invention relates to PEGylated insulin lispro
compounds that are highly soluble and have an extended
profile of action, to methods of providing such
molecules, to pharmaceutical compositions containing
them, and to the therapeutic use of such compounds. In
order to achieve normal glycemia, insulin replacement
therapy is designed to parallel as closely as possible
the pattern of endogenous insulin secretion in normal
individuals. The daily physiological demand for
insulin fluctuates and can be separated into two
phases: (a) the absorptive phase requiring a pulse of
insulin to dispose of the meal-related blood glucose
surge, and (b) the post-absorptive phase requiring a
sustained amount of insulin to regulate hepatic
glucose output for maintaining optimal fasting blood
glucose. Accordingly, effective insulin therapy for
diabetics generally involves the combined use of two
types of exogenous insulin formulations: a
rapid-acting, mealtime insulin provided by bolus
injections, and a longer-acting insulin, administered
by injection once or twice daily to control blood
glucose levels between meals. Currently available
insulin replacement therapies are deficient in one or
more clinically important aspects. For example,
traditional intermediate- and long-acting insulin
formulations, such as the basal insulin analog,
insulin detemir, possess a duration of activity that
is insufficient to provide basal glucose control for a
full day when administered daily. As a result, the
duration of action of basal insulin is oftentimes
insufficient to adequately control hyperglycemia and,
more specifically, post-adsorptive phase requirements,
with a single daily injection. Furthermore, the
omission of a single injection of the current
therapies can lead to significant increase in
"peak-to-trough" levels of the drug resulting in
impaired glucose control. Moreover, the utilization of
insolubility strategies to prolong insulin release in
traditional intermediate- and longacting insulin
formulations, e.g., crystalline suspensions of Neutral
Protamine Hagedorn (NPH) insulin and ULTRALENTE(r), or
the in vivo precipitation strategy of insulin
glargine, increase intra-injection variability
resulting in increased variability in the doseresponse
profile. More specifically, NPH and ULTRALENTE(r)
suspensions require mechanical mixing to insure
product uniformity, have increased intra-subject
variability, and tend to peak rather than provide an
ideal "flat" pharmacodynamic profile necessary to
maintain optimal fasting blood glucose for an extended
period of time between meals. Therefore, insulin
formulations that rely on a insoluble state to
protract insulin payout are inherently less
predictable than soluble formulations and result in
less than adequate control of blood glucose and a
greater susceptibility to life-threatening
hypoglycemicepisodes. Additionally, modern basal
insulin analogs are not readily mixable with rapidor
immediate-acting insulin formulations. Thus, current
insulin replacement therapies still leave diabetic
patients susceptible to life-threatening hypoglycemic
episodes, the serious long-term medical complications
of diabetes and/or impose considerable inconvenience
and quality-of-life disadvantages to the patient.
United States Patent No. 4,179,337 entitled
"Non-Immunogenic Polypeptides" discloses insulin
conjugated to linear PEG molecules having a molecular
weight of between about 500 and about 20,000 Da. Hinds
and Kim disclosed insulin conjugated with low
molecular weight (600 Da, 750 Da, and 2000 Da)
monomethoxypoly(ethlene glycol) (Hinds, K.D., and Kim,
et al, Advanced Drug Delivery Reviews, 54:505-530
(2002)). In that article, the authors stated that they
restricted their study to low-molecular weight mPEG
insulin conjugates "because the attachment of
higher-molecular-weight mPEG (5000 Da) was
[previously] found to considerably depress the
conjugate's bioactivity." PCT International Patent
Application Publication No. WO 2006/079641 discloses
the conjugation of insulin derivatives, including
insulin lispro, with small branched polymers. PCT
International Patent Application Publication No. WO
2004/091494 discloses, inter alia, insulin molecules
conjugated to linear and branched PEG molecules having
a total molecular weight of PEG up and about 10 kDa
and about 20 kDa, respectively. PCT International
Patent Application Publication Nos. WO 2008/015099
(published 7 February 2008) and WO 2008/084051
(published 17 July 2008) disclose, inter alia, various
insulin analogs conjugated to PEG molecules having a
nominal molecular weight in the range from about 200
to about 40,000 Da. Clearly, there still exists a
critical need for long-lasting insulins that are
better 



suited for basal insulin replacement regimens. In
particular, soluble basal insulins that are mixable
with prandial insulin formulations, have extended
time-action profiles (i.e., able to adequately control
blood glucose levels with an once-daily or less
frequent injection), flatter activity, pharmacokinetic
profiles (i.e., lower "peak-to-trough" ratios),
reduced intra-patient variability (i.e., more
predictable time-action profile translating into
reduced incidence of hypoglycemia and/or weight gain)
and/or lesser injection site irritation or pain upon
injection are needed. We report here the discovery
that insulin lispro can be PEGylated with high
molecular weight poly(ethylene glycol) derivatives to
provide PEGylated insulin lispro compounds that have
therapeutically effective basal insulin activity,
extended time-action profiles, are highly soluble at
physiological pH, and/or are mixable with other
commonly used prandial insulin formulations. The
present invention provides a compound of Formula I :
P-[(A)-(B)], or a pharmaceutically acceptable salt
thereof, wherein:A is the A-chain of insulin lispro
(SEQ ID NO: 1); B is the B-chain of insulin lispro
(SEQ ID NO: 3); and P is a PEG having a molecular
weight in the range from about 20 kDa to about 40 kDa,
and wherein the A and B are properly cross-linked and
P is attached either directly or indirectly via a
covalent bond to the alpha-amino group of the glycine
at position 1 of A, the alpha-amino group of the
phenylalanine at position 1 of B, or the epsilon-amino
group of the lysine at position 28 of B. The present
invention also provides compositions comprising a
plurality of mono- and di-PEGylated insulin lispro
compounds wherein greater than about 75% of the
PEGylated insulin lispro compounds in the composition
are mono-PEGylated compounds of Formula I . The
present invention also provides compositions
comprising mono-PEGylated insulin compounds of Formula
I wherein greater than about 50% of the mono-PEGylated
compounds in the composition have a PEG covalently
attached either directly or indirectly to the
epsilon-amino group of the lysine at position 28 of
the B-chain. The present invention also provides
pharmaceutical compositions comprising a PEGylated
insulin lispro of Formula I and one or more
pharmaceutically acceptable preservatives, isotonicity
agents, metal ions, or buffers. In certain embodiments
of the invention, pharmaceutical compositions
comprising a PEGylated insulin lispro of Formula I and
one or more pharmaceutically acceptable preservatives,
isotonicity agents, metal ions, or buffers further
comprise a therapeutically effective amount of an
insulin analog. The present invention also provides
methods of treating hyperglycemia, diabetes mellitus
or gestational diabetes comprising administering to a
patient a therapeutically effective amount of a
pharmaceutical composition comprising a PEGylated
insulin lispro compound of the present invention. The
present invention also includes the use of a PEGylated
insulin lispro compound of the present invention for
therapy. The present invention also includes the use
of a PEGylated insulin lispro compound of the present
invention for the manufacture of a medicament for the
treatment of hypoglycemia, diabetes mellitus, or
gestational diabetes. BRIEF DESCRIPTION OF THE FIGURES
Figure 1 graphically depicts simulated human PK
profiles for 20 kDa PEG-B28- insulin lispro, 40
kDa-PEG-B28-insulin lispro, and insulin detemir, based
on allometricscaling of PK parameters from rats and
dogs. Profiles represent one dosing interval following
a week of dosing. Numbers are mean peak-trough ratios.
Figure 2 is a graph of glucose infusion rates (GIR) in
humans after a subcutaneous dose of either
PEG20kDa-B28(> 95 / )/Al (< 5/o)-insulin lispro (LY;
0.225 mg/kg) or insulin glargine (0.5 U/kg). The GIR
profiles are based on observed data and a "loess
smooth" (Splus 2000, Professional Edition, MathSoft,
Inc) function developed within Lilly Research
Laboratories was used to fit the observed data.
DETAILED DESCRIPTION OF THE INVENTION The following
abbreviations are used herein: ACN: Acetonitrile. Boc:
tert- Butoxycarbonyl. BSA: bovine serum albumin. DCM:
dichloromethane, methylenechloride. DMF:
N,N-dimethylformamide. DMSO: Di-methyl sulphoxide.
DTT: Dithiothreitol. EDTA: ethylenediamine tetraacetic
acid. Et: Ethyl. EtOH: Ethanol. Fmoc:
9-Fluorenylmethyloxycarbonyl. HCl: Hydrochloric acid.
Da: Dalton. kDa: kilodalton. Lilly: Eli Lilly and
Company (Indianapolis, IN). mAb: monoclonal antibody.
Me: Methyl. MeOH: Methanol. PBS: phosphate-buffered
saline. RP-HPLC: reversed-phase high-performance
liquid chromatography. SEC: size-exclusion
chromatography. SEM: standard error of the mean. SPA:
scintillation proximity assay. TFA: trifluoroacetic
acid. All amino acid abbreviations used in this
disclosure are those accepted by the United States
Patent and Trademark Office as set forth in 37 C.F.R.
1.822(B)(2). The term "insulin" is intended to
encompass wild-type insulin from any species
including, but not limited to, porcine insulin, bovine
insulin, and human insulin. Native or wild-type
insulin refers to insulin having an amino acid
sequence corresponding to the amino acid sequence of
insulin as found in nature. Polynucleotide and amino
acid sequences encoding insulin from a number of
different species are well known to those of ordinary
skill in the art. For example, human insulin has a
twenty-one amino acid Achain and a thirty amino acid
B-chain (SEQ ID NOS: 1 and 2, respectively). Insulin
can be natural (i.e., isolated from a natural source),
biosynthetically, or synthetically produced. The term
"insulin" is also intended to include any insulin
derivative and/or insulin analog. An "insulin analog"
or "insulin derivative" is defined herein as protein
having insulin activity and substantially the same
amino acid sequence as human insulin but differing
from human insulin by a modification relative to human
insulin including one or more amino acid
substitutions, deletions, inversions, or additions.
Such compounds are well known in the art. See, e.g.,
PCT International Patent Application Publication
Nos.WO 96/15804 and WO 03/053339; U.S. Patent Nos.
3,528,960, 5,514,646, 5,618,913, 5,750,497, 6,01
1,007, 6,251,856; and EP Patent Nos. 254,516 and
280,534. An exemplary but non-exhaustive list of
insulin analogs known to one skilled in the art
includes insulin aspart, insulin lispro, insulin
glargine, insulin detemir, and insulin glulisine.
Furthermore, the term "insulin" herein also covers
compounds which can be considered as being both an
insulin derivative and an insulin analog. Examples of
such compounds are described in the U.S. Patent Nos.
5,750,497, and 6,01 1,007. A specific example of such
a compound known to one skilled in the art is insulin
detemir. Various insulin analogs and/or derivatives
are known to be "fast-acting" or 



"rapid-acting" insulin analogs. The terms
"fast-acting" and "rapid-acting" are used
interchangeably herein. A "rapid-acting insulin
analog" produces a prandial glucose effect that (a)
begins sooner after subcutaneous administration than
human insulin, and/or (b) exhibits a shorter duration
of action than human insulin after subcutaneous
administration. Exemplary fast-acting insulin analogs
include "monomeric insulin analogs" that are
fast-acting because they are generally less prone to
dimerization or selfassociation under physiological
conditions. Monomeric insulin analogs are known in the
art. See, e.g., U.S. Patent No. 5,700,662, and
European Patent No. 214 826. Insulin lispro is a
rapid-acting, monomeric insulin analog in which the
proline at position 28 of the wild-type insulin
B-chain (SEQ ID NO: 2) and the lysine at position 29
of the wildtype insulin B-chain (SEQ ID NO: 2) have
been switched. Accordingly, insulin lispro is known in
the art by various designations including, but not
limited to, LysB28ProB29 - human insulin,
LysB28ProB29-human insulin, and B28Lys, B29Pro human
insulin. The term "cross-linked" means disulfide bonds
exist between cysteine residues. For instance,
properly cross-linked human insulin contains a
disulfide bond between the cysteine at position 7 of
SEQ ID NO: 1 and the cysteine at position 7 of SEQ ID
NO: 2, between the cysteine at position 20 of SEQ ID
NO. 1 and the cysteine at position 19 of SEQ ID NO: 2,
and between the cysteine at position 6 of SEQ ID NO: 1
and the cysteine at position 11 of SEQ ID NO: 1.
Similarly, a properly cross-linked insulin lispro
compound contains a disulfide bond between the
cysteine at position 7 of SEQ ID NO: 1 and the
cysteine at position 7 of SEQ ID NO: 3, between the
cysteine at position 20 of SEQ ID NO. 1 and the
cysteine at position 19 of SEQ ID NO: 3, and between
the cysteine at position 6 of SEQ ID NO: 1 and the
cysteine at position 11 of SEQ ID NO: 3. As used
herein, "PEG conjugated insulin lispro" or "PEGylated
insulin lispro" refers to human insulin lispro or a
derivative thereof covalently attached to at least one
PEG and possessing insulin activity in vivo. The
biological activities of insulin and insulin lispro
are well-established. The phrase "insulin activity"
with respect to a PEGylated insulin lispro compound of
thepresent invention is intended to mean the ability
to significantly lower blood glucose levels in at
least one generally accepted in vivo animal model
including, but not limited to, the animal models of
Type 1 and Type 2 diabetes described below in Example
5 and Example 6, respectively. Therefore, insulin
activity includes the ability of a PEGylated insulin
lispro compound to lower blood glucose to a level of
100 mg/dL or below in a STZ-treated rat for a period
ranging from about 4 hours to at least about 36 hours
after a single subcutaneous injection at a dose of 568
nmol/kg. The term "polyethylene glycol" or "PEG"
refers to a polyalkylene glycol compound or derivative
thereof, with or without coupling agents or
derivatization with coupling or activating moieties.
In its typical form, PEG is a linear polymer with
terminal hydroxyl groups and has the formula HO-CH
2CH2-(CH 2CH2O) CH2CH2-OH. The number of repeating
subunits """ in the PEG is approximated for the
molecular mass described in Daltons. Typically, PEG
reagents used to prepare PEGylated compounds comprise
a heterogenous mixture of PEGs having a different
number (") of ethylene glycol subunits in the PEG
polymer. A single ethylene glycol subunit (-(CH2CH2O))
of PEG has a molecular weight of about 44 Daltons.
Therefore, the molecular weight of the PEG polymer
depends on the number (n). The PEGs attached to the
PEGylated insulin lispro compounds of the present
invention will have n in the range from about 400 to
about 1000 subunits. Preferably, the PEGs attached to
the PEGylated insulin lispro compounds of the present
invention will have n in the range from about 400 to
about 750. More preferably, the PEGs attached to the
PEGylated insulin lispro compounds of the present
invention will have n in the range from about 400 to
about 550. Most preferably, the PEGs attached to the
PEGylated insulin lispro compounds of the present
invention will have n of about 400 and about 500.
Numerous derivatives of PEG and methods for making
them and conjugating them to a protein such as insulin
or insulin lispro are known in the art and are
suitable for use in the present invention. See, e.g.,
PCT International Patent Application Pub. Nos. WO
01/62827, WO 2006/028745, WO 2006/096535, WO
2006/036825; Zalipsky, S. Bioconjugate Chem.
6:150-165, 1995; Veronese, et al, Applied Biochem. and
Biotech. 11:141-152, 1985; and Roberts, M. et al.
Advanced Drug Delivery Reviews, 54:459-476, 2002. One
particularly preferred PEG for use in the invention is
a PEG having one end of the polymer terminating with a
relatively inert group, such as a lower C1 6 alkoxy
group. Preferably, the PEG is a monomethoxy-PEG
(commonly referred to as mPEG), which is a linear form
of PEG wherein one terminus of the polymer is a
methoxy (-OCH3) group. Even more preferably, the PEG
used in the invention is an "activated mPEG" in which
one end of the linear PEG terminates with a methoxy
group and the other end terminates with a reactive
group appropriate for coupling to a desired site on
insulin lispro or on aninsulin lispro derivative
derivatized in order to facilitate PEGylation with a
desired activated mPEG at a specific site of the
insulin lispro molecule. Because PEGs are typically
generated and used as mixtures of PEG compounds
varying to some degree in their molecular weight, one
of ordinary skill in the art generally describes the
molecular weight of a PEG attached to a compound by
describing the average size of the PEG reagent used in
the PEGylation reaction that generated the particular
PEGylated compound. Among the many possible ways of
reporting averages, three are commonly used: the
number average, weight average, and z-average
molecular weights. As used herein, the phrase "average
molecular weight" is intended to refer to the
weight-average molecular weight which can be measured
using techniques wellknown in the art including, but
not limited to, matrix-assisted laser desorption
ionization time of flight (MALDI-TOF) mass
spectrometry, gel permeation chromatography or other
liquid chromatography techniques, light scattering
techniques, ultracentrifugation and viscometry. The
formula for calculating weight average molecule weight
may be represented as (M N )/(MN ) where N is the
mole-fraction (or the number- fraction) of molecules
with molecular weight M1 in the mixture. The formula
for calculating number average molecule weight may be
represented as E(M 1N1 (N1) where N1is the
mole-fraction (or the number- fraction) of molecules
with molecular weight M in the mixture. The ratio of
weight average molecular weight and number average
molecular weight is known as the polydispersity index
(PDI), and provides a rough indication of the breadth
of the distribution. The PEG reagents suitable for
preparing the PEGylated insulin lispro compounds of
the invention are typically polydisperse (i.e., number
average molecular weight and weight average molecular
weight of the polymers are not equal). Preferably, the
PDI for PEG reagents used to prepare the compounds or
compositions of the present invention is less than
about 1.1. More preferably, the PDI for PEG reagents
used to prepare the compounds or compositions of the
present invention is less than about 



1.05. With respect to the PEGylated insulin lispro
compounds of the present invention the PEG covalently
attached to an insulin lispro molecule has a molecular
weight in the range from about 17.5 kDa to about 40
kDa (n is in the range from about 400 to about 1000)
or the PEG has an average molecular weight of about
17.5 kDa and about 40 kDa. Preferably, the PEG
covalently attached to an insulin lispro molecule has
a molecular weight in the range from about 20 kDa to
about 30 kDa (n is in the range from about 450 to
about 750) or the PEG has an average molecular weight
from about 20 kDa to about 30 kDa. More preferably,
the PEG covalently attached to an insulin lispro
molecule has a molecular weight in the range from
about 17.5 kDa to about 25 kDa (n is in the range from
about 400 to about 550) or the PEG has an average
molecular weight of about 17.5kDa and about 25 kDa.
Most preferably, the PEG covalently attached to an
insulin lispro molecule has a molecular weight in the
range from about 17.5 kDa to about 20 kDa (n is in the
range from about 400 to about 500) or the PEG has an
average molecular weight from about 17.5 kDa to about
20 kDa. In certain embodiments, the PEGylated insulin
lispro compounds of the present invention are prepared
by covalently attaching an activated mPEG of a desired
average molecular weight to insulin lispro. The
reaction conditions for PEGylating insulin lispro will
vary depending upon the particular PEG employed, the
site of attachment on the insulin lispro, the
particular type of reactive group on the insulin
lispro that is the target for attachment, the desired
degree of PEGylation, and the like, and can readily be
determined by one skilled in the art. Optimized
experimental conditions for a particular PEGylation
strategy can readily be determined, typically by
routine experimentation, by one skilled in the art. In
preferred embodiments, the PEGylated insulin lispro
compounds of the present invention are prepared by
indirectly conjugating an activated mPEG that is
relatively thiol-selective such as a mPEG-maleimide
(mPEG-MAL) or a mPEG-thiol (mPEG-SH) to insulin lispro
by conjugating the thiol-selective activated mPEG to a
thiol functionality that has been introduced into
insulin lispro using "amine-to-thiol" modifiers such
as Nsuccinimidyl- S-acetylthiopropionate (SATP) and
N-succinimidyl-S-acetylthioacetate (SATA). More
preferably, the activated mPEG employed to covalently
attach a PEG to a thiol (sulfhydryl) group on insulin
lispro is a mPEG-maleimide such as (a), (b), or (c)
shown below.(a) (b) (C) A preferred method of
preparing PEGylated insulin lispro compounds of the
present invention utilizes Michael addition to form a
stable thioether bond. The reaction is highly specific
and takes place under mild conditions in the presence
of other functional groups. For example,
mPEG-maleimide is useful as an activated mPEG for
preparing PEGylated insulin lispro conjugates of the
present invention. Preferably, the PEGylation
procedure uses a molar excess of a thiol-derivatized
insulin lispro relative to mPEG-maleimide to drive the
reaction to completion. Preferably, the reactions are
also performed between pH 4.0 and 9.0 at room
temperature for 1 to 40 hours. The excess of
unPEGylated thiol-containing peptide is readily
separated from the PEGylated product by conventional
separation methods. Exemplary conditions required for
PEGylation of insulin lispro using activated
mPEG-maleimide are described in Example 1. In certain
embodiments, the PEGylated insulin lispro compounds of
the present invention are prepared by conjugating an
activated mPEG that is relatively specific for amines.
Activated mPEGs suitable for primarily amine specific
PEGylation of insulin lispro include mPEG-succinimidyl
propionate (mPEG-SPA), mPEG succinimidyl butanoate
(mPEG-SBA), mPEG-succinimidyl a-methylbutanoate
(mPEG-SMB), mPEGsuccinimidyl carbonate (mPEG-SC),
mPEG-benzotriazole carbonate, and mPEG-pnitrophenyl
carbonate (mPEG-NPC). In preferred embodiments of the
invention, the activated mPEGs used for PEGylation of
insulin lispro result in an insulin lispro covalently
attached to a mPEGthrough a hydrolytically stable
covalent bond, such as an amide, urethane (also known
as a carbamate), amine, thioether (also known as
sulfide), or urea (also known as carbamide) bond. More
preferably, the activated mPEG used for PEGylation of
insulin lispro is mPEG-SC or mPEG-NPC, both of which
result in an insulin lispro being covalently attached
to the PEG through a urethane (or carbamate) bond.
Exemplary conditions useful for PEGylation of insulin
lispro using mPEG-NPC of various molecular weights are
set forth in Example 2. mPEG-SC: mPEG-NPC: The
PEGylated insulin lispro compounds of the invention
are typically purified using one or more purification
techniques such as ion exchange chromatography, size
exclusion chromatography, affinity chromatography,
hydrophobic interaction chromatography, and/or
reversed-phase chromatography. The overall
heterogeneity of PEGylated insulin lispro compounds
(number and proportion of PEGylated insulin lispro
compounds generated from a PEGylation reaction) in a
sample can be assessed using one or more of the
following methods: chromatography, electrophoresis,
mass spectrometry, and in particular, MALDI-MS, and
NMR spectroscopy. The insulin lispro used to prepare
the PEGylated insulin lispro compounds of the present
invention may be prepared by any of a variety of
recognized peptide synthesis techniques including
solution-phase methods, solid-phase methods,
semi-synthetic methods, and recombinant DNA methods.
For example, U.S. patent No. 5,700,662 (Chance, et
al.) and European Patent No. 214 826 (Brange, et al.),
disclose the preparation of various insulin analogs.
The A- and B- chains of insulin lispro may also be
prepared via a proinsulin-like precursor molecule
using recombinant DNA techniques. In preferred
embodiments, a proinsulin-like precursor is used to
make the insulin lispro used to make the PEGylated
insulin lispro of the present invention. The present
invention provides a compound of Formula I :
P-[(A)-(B)], or a pharmaceutically acceptable salt
thereof, wherein: A is the A-chain of insulin lispro
(SEQ ID NO: 1); B is the B-chain of insulin lispro
(SEQ ID NO: 3); andP is a PEG having a molecular
weight in the range from about 17.5 kDa to about 40
kDa, and wherein A and B are properly cross-linked and
P is attached either directly or indirectly via a
covalent bond to the alpha-amino group of the glycine
at position 1 of the A-chain, the alpha-amino group of
the phenylalanine at position 1 of the B-chain, or the
epsilon-amino group of the lysine at position 28 of
the B-chain. Preferred compounds of the invention are
those in which (a) P is covalently attached to insulin
lispro via a urethane or thioether bond; and (b) the
compound is characterized by having a Ki for human
insulin receptor of about 30 nM, about 20 nM, about 10
nM, or about 5 nM or less, an elimination half-life
greater than about 6 hours, about 8 hours, about 10
hours, 



about 12 hours, or about 14 hours in a STZ-treated rat
dosed at about 568 nmol/kg, or by the activity of
lowering blood glucose to a level of about 100 mg/dL
or below in a STZtreated rat for a period ranging from
about 4 hours to at least about 36 hours, about 48
hours, about 60 hours, about 72 hours, about 84 hours,
about 96 hours, about 108 hours, or about 120 hours
after a single subcutaneous injection of the compound
at a dose of about 568 nmol/kg. Even more preferred
compounds are those in which: (a) P is covalently
attached to insulin lispro via a urethane bond; (b)
the compound is characterized by having a Ki for the
human insulin receptor of about 10 nM or less; (c) the
compound is characterized by having an elimination
half-life greater than 6 hours in a STZ-treated rat
dosed at about 568 nmol/kg; and (d) the compound is
characterized by the activity of lowering blood
glucose to a level of about 100 mg/dL or below in a
STZtreated rat for a period ranging from about 4 hours
to at least about 48 hours, about 60 hours, about 72
hours, about 84 hours, about 96 hours, about 108
hours, or about 120 hours after a single subcutaneous
injection of the compound at a dose of about 568
nmol/kg. Most preferred compounds are those in which:
(a) P is covalently attached to insulin lispro via a
urethane bond; (b) the compound is characterized by
having a Ki for the human insulin receptor of about 10
nM or less; (c) the compound is characterized by
having an elimination half-life greater than 6 hours
in a STZ-treated rat dosed at about 568 nmol/kg; (d)
the compound is characterized by the activity of
lowering blood glucose to a level of about 100 mg/dL
or below in a STZ-treated rat for a period ranging
from about 4 hours to at least about 48 hours, about
60 hours, about 72 hours, about 84 hours, about 96
hours, about 108 hours, or about 120 hours after a
single subcutaneous injection of the compound at a
dose of about 568 nmol/kg, and (e) the compound is
characterized by having an elimination half-life
greater than about 24 hours, about 30 hours, about 32
hours, about 34 hours, about 36 hours, 38 hours, about
40 hours, or about 42 hours in a human upon
administration of a single parenteral dose at 0.225
mg/kg. According to features and principles consistent
with the invention, an embodiment of the invention
provides a mono-PEGylated insulin lispro compound
comprising a PEGhaving an average molecular weight of
about 17.5 kDa, about 20 kDa, about 25 kDa, about 30
kDa, or about 40 kDa covalently attached directly or
indirectly to the alphaamino group of glycine at
position 1 of the A-chain of insulin lispro (PEG-GIyAl
insulin lispro), the alpha-amino group of the
phenylalanine at position 1 of the B-chain of insulin
lispro (PEG-PheBl insulin lispro), or the
epsilon-amino group of the lysine at position 28 of
the B-chain of insulin lispro (PEG-LysB28 insulin
lispro). Preferably, the mono- PEGylated insulin
lispro comprises a PEG having an average molecular
weight of about 17.5 kDa, about 20 kDa, about 25 kDa,
about 30 kDa, or about 40 kDa attached either directly
or indirectly to the alpha-amino group of
phenylalanine at position 1 of the Bchain of insulin
lispro or the epsilon-amino group of the lysine at
position 28 of the Bchain of insulin lispro. More
preferably, the mono-PEGylated insulin lispro
comprises a PEG having an average molecular weight of
about 17.5 kDa, about 20 kDa, about 25 kDa, about 30
kDa, or about 40 kDa attached to the epsilon-amino
group of the lysine at position 28 of the B-chain of
insulin lispro. Even more preferably, the
mono-PEGylated insulin lispro comprises a PEG having
an average molecular weight of about 17.5 kDa or about
20 kDa attached to the epsilon-amino group of the
lysine at position 28 of the Bchain of insulin lispro
(20 kDa-PEG-LysB28 insulin lispro). Most preferably,
the mono- PEGylated insulin lispro comprises a PEG
having an average molecular weight of about 20 kDa
attached to the epsilon-amino group of the lysine at
position 28 of the B-chain of insulin lispro (i.e.,
PEG20 kDa-LysB28 insulin lispro) Other embodiments of
the invention provide a mono-PEGylated insulin lispro
compound comprising a PEG having a molecular weight of
about 17.5 kDa, about 20 kDa, about 25 kDa, about 30
kDa, or about 40 kDa covalently attached directly or
indirectly to the alpha-amino group of glycine at
position 1 of the A-chain of insulin lispro, the
alpha-amino group of the phenylalanine at position 1
of the B-chain of insulin lispro, or the epsilon-amino
group of the lysine at position 28 of the B-chain of
insulin lispro. Preferably, the mono-PEGylated insulin
lispro comprises a PEG having a molecular weight of
about 17.5 kDa, about 20 kDa, about 25 kDa, about 30
kDa, or about 40 kDa attached either directly or
indirectly to the alpha-amino group of phenylalanine
at position 1 of the B-chain of insulin lispro or the
epsilon-amino group of the lysine at position 28 of
the B-chain of insulin lispro. More preferably, the
mono-PEGylated insulin lispro comprises a PEG having a
molecular weight of about 17.5 kDa, about 20 kDa,
about 30 kDa, or about 40 kDa attached to the
epsilon-amino group of the lysine at position 28 of
the B-chain of insulin lispro. Most preferably, the
mono-PEGylated insulin lispro comprises a PEG having a
molecular weight of about 20 kDa attached to the
epsilon-amino group of the lysine at position 28 of
the B-chain of insulin lispro and the
PEG-LysB28-insulin lispro is characterized by having
an elimination half-life greaterthan about 24 hours,
about 30 hours, about 32 hours, about 34 hours, about
36 hours, about 38 hours, about 40 hours, or about 42
hours in a human upon administration of a single
subcutaneous dose of the composition at 0.225 mg/kg..
In another embodiment the invention provides
compositions comprising a mixture of PEGylated insulin
lispro compounds where attachment of the PEG occurs at
different sites and/or a mixture of mono-PEGylated,
di-PEGylated, and tri-PEGylated insulin lispro
compounds. Exemplary compositions in accordance with
the invention are those comprising more than one
PEGylated-insulin lispro compound selected from the
group consisting of: i) PEG-GIyAl insulin lispro, ii)
PEG-PheBl insulin lispro, iii) PEGLysB28 insulin
lispro, iv) di-PEG-GlyAlPheBl -insulin lispro, v)
di-PEG-GlyAlLysB28- insulin lispro, vi)
di-PEG-PheBlLysB28-insulin lispro, and vii)
di-PEG-GlyAlPheBlinsulin lispro. More preferably,
compositions of the present invention comprise a
mixture of PEGylated insulin lispro compounds wherein
greater than about 80%, about 85%, about 90%, about
95%, or about 97% of the PEGylated insulin lispro
compounds are mono-PEGylated insulin lispro compounds
of Formula I . Even more preferably, compositions of
the present invention comprise a mixture of PEGylated
insulin lispro compounds wherein greater than about
80%, about 85%, about 90%, about 95%, or about 97% of
the PEGylated insulin lispro compounds are
mono-PEGylated insulin lispro compounds and less than
about 20%, about 15%, about 10%, about 5%, or about 3%
of the total PEGylated insulin lispro compounds are
di-PEGylated. Even more preferably, compositions of
the present invention comprise a mixture of PEGylated
insulin lispro compounds wherein greater than about
80%, about 85%, about 90%, about 95%, or about 97% of
the PEGylated insulin lispro compounds are
PEG-LysB28-insulin lispro. Even more preferably,
compositions of the present invention comprise a
mixture of PEGylated insulin lispro compounds wherein
greater than about 80%, about 85%, about 90%, about
95%, or about 97% of the PEGylated insulin lispro
compounds are PEG-LysB28-insulin 



lispro and less than about 20%, about 15%, about 10%,
about 5%, or about 3% of the total PEGylated insulin
lispro compounds are PEG-GIyAl -insulin lispro. Even
more preferably, compositions of the present invention
comprise a mixture of PEGylated insulin lispro
compounds wherein greater than about 80%, about 85%,
about 90%, about 95%, or about 97% of the PEGylated
insulin lispro compounds are PEG-LysB28-insulin
lispro, less than about 20%, about 15%, about 10%,
about 5%, or about 3% of the total PEGylated insulin
lispro compounds are PEG-GIyAl -insulin lispro and
less than about 10%, about 5%, or about 3% of the
total PEGylated insulin lispro compounds are di-
PEGylated insulin lispro compounds. Even more
preferably, compositions of the present invention
comprise a mixture of PEGylated insulin lispro
compounds wherein about 80% of the total PEGylated
insulin lispro compounds are PEG-LysB28-insulin
lispro, about10% are PEG-GIyAl -insulin lispro, and
about 10% is di-PEG-GlyAlLysB2 8-insulin lispro. Even
more preferably, compositions of the present invention
comprise a mixture of PEGylated insulin lispro
compounds wherein about 90% or greater of the total
PEGylated insulin lispro compounds are
PEG-LysB28-insulin lispro, about 5% or less are
PEG-GIyAl -insulin lispro, and about 5% or less is
di-PEG-GlyAlLysB28-insulin lispro. Even more
preferably, compositions of the present invention
comprise a mixture of PEGylated insulin lispro
compounds wherein about 90% or greater of the total
PEGylated insulin lispro compounds are
PEG-LysB28-insulin lispro, about 5% or less are
PEGGIyAl -insulin lispro, about 5% or less is
di-PEG-GlyAlLysB28-insulin lispro and wherein the
PEG-LysB28-insulin lispro is characterized by having
an elimination halflife greater than about 24 hours,
about 30 hours, about 32 hours, about 34 hours, about
36 hours, about 38 hours, about 40 hours, or about 42
hours in a human upon administration of a single
subcutaneous dose of the composition at 0.225 mg/kg.
Most preferably, compositions of the present invention
comprise a mixture of PEGylated insulin lispro
compounds wherein about 95% or greater of the total
PEGylated insulin lispro compounds are
PEG-LysB28-insulin lispro, about 5% or less are
PEG-GIyAl -insulin lispro, and the PEG-LysB28-insulin
lispro is characterized by having an elimination
halflife greater than about 24 hours, about 30 hours,
about 32 hours, about 34 hours, about 36, about 38
hours, about 40 hours, or about 42 hours in a human
upon administration of a single subcutaneous dose of
the composition at 0.225 mg/kg. The term "basic
conditions" as used herein refers to the basicity of
the PEGylation reaction. To more selectively PEGylate
insulin lispro at the lysine at position 28 of the
B-chain of insulin lispro, the reaction should be
carried out with the alpha-amino groups of insulin
lispro substantially deprotonated. In an aqueous
solvent or co-solvent, basic conditions means the
reaction is carried out at a pH greater than 7.0.
Preferably, the PEGylation reaction is conducted at pH
from about 8.5 to about 11.5. In an organic solvent,
the reaction is carried out in the presence of a base
with a basicity equivalent to a pKa greater than or
equal to 10.75 in water. The present invention also
includes a process of making a PEGylated insulin
lispro compound of the formula: P-[(A)-(B)], or a
pharmaceutically acceptable salt thereof, wherein: A
is the A-chain of insulin lispro (SEQ ID NO: 1); B is
the B-chain of insulin lispro (SEQ ID NO: 3); and P is
a PEG having a molecular weight in the range from
about 20 kDa to about 40 kDa, and wherein A and B are
properly cross-linked and P is attached via an
urethane covalent bond to the epsilon-amino group of
the lysine at position 28 of B which comprises
reacting the epsilon-amino group of the lysine at
position 28 of B withmonomethoxypoly(ethylene glycol)
p-nitrophenyl carbonate (mPEG-NPC) having a weight
average molecular weight between about 20 kDa and
about 40 kDa in an aqueous solvent at a pH between
about 8.5 and about 11.5 and at a reaction temperature
between about 25 0C and about 30 0C. Preferably, the
pH of the reaction is maintained between about 10.5
and about 11.1, the pegylation reaction is conducted
at a temperature between about 25 0C and about 30 0C
for a period of time between about 2 and about 12
hours, and the ratio of mPEG-NPC to insulin lispro is
in the range between about 1.0 and about 5.0. More
preferably, the weight average molecular weight of the
mPEG-NPC is about 20 kDa, the pH of the reaction is
maintained between about 10.5 and about 11.1, the
pegylation reaction is conducted at a temperature
between about 25 0C and about 30 0C for a period of
time between about 2 and about 12 hours, and the ratio
of mPEG-NPC to insulin lispro is in the range between
about 1.0 and about 5.0. Even more preferably, the
PEG:insulin lispro molar ratio is in the range between
about 2.5 and about 4.5, the weight average molecular
weight of the mPEG-NPC is about 20 kDa, the pH of the
pegylation reaction is maintained between about 10.5
and about 11.1, the temperature of the pegylation
reaction is maintained between about 25 0C and about
30 0C for a period of time between about 3 and about 6
hours. Most preferably, the PEG:insulin lispro molar
ratio is in the range between about 2.6 and about 4.5,
the weight average molecular weight of the mPEG-NPC is
about 20 kDa, the pH of the pegylation reaction is
maintained between about 10.5 and about 11.0, and the
temperature of the reaction is maintained between
about 25 0C and about 30 0C for about 3 hours. If
desired, PEGylated insulin lispro compounds of the
present invention having different molecular weights
can be isolated using various techniques known to one
skilled in the art including, but not limited to, gel
filtration chromatography and/or ion exchange
chromatography. That is to say, gel filtration
chromatography may be used to fractionate
mono-PEGylated, di-PEGylated, and tri-PEGylated
insulin lispro compounds on the basis of their
differing molecular weights (where the difference
corresponds essentially to the average molecular
weight of the PEG used in the PEGylation reaction).
For example, in an exemplary reaction where an insulin
lispro is conjugated to an activated mPEG having an
average molecular weight of about 20 kDa, the
resulting reaction mixture may contain unmodified
insulin lispro having a molecular weight of about
5,808 Daltons, mono- PEGylated insulin lispro having
an average molecular weight of about 25,808 Daltons,
di-PEGylated insulin lispro having an average
molecular weight of about 45,808 Daltons kDa, and
tri-PEGylated insulin lispro having an average
molecular weight of about 65,808 Daltons. However,
because gel filtration techniques separate compounds
based on hydrodynamic size, mono-PEGylated insulin
lispro conjugated to an mPEG having an average
molecular weight of about 20 kDa will migrate during
gel filtration as anapproximately 82 kDa protein
despite having an average molecular weight of about
25,808 Daltons. One skilled in the art would expect a
di- and tri-PEGylated species pegylated with an
average molecular weight mPEG of about 20 kDa to have
very different migration or retention times allowing
for their purification and/or quantification. The
phrase "plasma half-life" refers to the time taken for
the plasma concentration of the drug in the body to
fall by one-half. An alternatively used term is
"elimination half-life", which corresponds to the
terminal log-linear rate of elimination. Those of
skill 



in the art appreciate that half-life is a derived
parameter that changes as a function of both clearance
and volume of distribution. The terms "extended",
"longer", or "increased" used in the context of plasma
half-life or elimination half-life are used
interchangeably herein and are intended to mean that
there is a statistically significant increase in the
halflife of a test compound (e.g., a PEGylated insulin
lispro) relative to that of the reference molecule
(e.g., insulin lispro) as determined under comparable
conditions. Clearance is the measure of the body's
ability to eliminate a drug. As clearance decreases
due, for example, to modifications to a drug,
half-life would be expected to increase. However, this
reciprocal relationship is exact only when there is no
change in the volume of distribution. A useful
approximate relationship between the terminal
loglinear half-life (t ), clearance (CL), and volume
of distribution (V) is given by the equation: X ~
0.693 (WICL). Clearance does not indicate how much
drug is being removed but, rather, the volume of
biological fluid such as blood or plasma that would
have to be completely freed of drug to account for the
elimination. Clearance is expressed as a volume per
unit of time. The term "treatment" or "treating" as
used herein refers to the management and care of a
patient having diabetes or hyperglycemia, or other
condition for which insulin administration is
indicated for the purpose of combating or alleviating
symptoms and complications of those conditions.
Treating includes administering compounds or
compositions of the present invention to prevent the
onset of symptoms or complications, alleviating the
symptoms or complications, or eliminating the disease,
condition, or disorder. The patient to be treated is a
mammal, and preferably, a human being. The PEGylated
insulin lispro compounds of Formula I are effective in
treating hyperglycemia by administering to a patient
in need thereof a therapeutically effective amount of
one or more compounds of Formula I . As used herein
the phrase "therapeutically effective amount" refers
to that amount of a PEGylated insulin lispro compound
of Formula I or compositions thereof sufficient to
regulate blood glucose in a patient. Preferably, a
therapeutically effective amount of a PEGylated
insulin lispro of Formula I is from about 0.01 nmol/kg
to about 100 nmol/kg. More preferably,
atherapeutically effective amount is from about 0.01
to about 50 nmol/kg. Even more preferably, a
therapeutically effective amount is from about 0.01 to
about 20 nmol/kg. Even more preferably, a
therapeutically effective amount is from about 0.01 to
about 10 nmol/kg. Even more, preferably a
therapeutically effective amount is from about 0.1 to
about 7.5 nmol/kg. Even more, preferably a
therapeutically effective amount is from about 0.1 to
about 5 nmol/kg. Most preferably, a therapeutically
effective amount is from about 0.5 to about 5 nmol/kg.
However, it is to be understood that the amount of a
PEGylated insulin lispro compound or a composition
comprising one or more PEGylated insulin lispro
compounds actually administered will be determined by
a physician in light of the relevant circumstances
including the condition being treated (i.e., the cause
of the hyperglycemia), the particular species of
PEGylated insulin lispro or particular mixture of
PEGylated insulin lispro compounds to be administered,
other drugs, insulins or otherwise, to be
co-administered, the chosen parenteral route of
administration, the age, weight and response of the
individual patient and the severity of the patient's
symptoms. Therefore, the above dosage ranges are not
intended to limit the scope of the invention in any
manner. The phrase "sufficient to regulate blood
glucose" means that administration of a compound or
composition to a patient results in a normal fasting
plasma glucose level. A clinically normal fasting
plasma glucose level is 70-1 10 mg/dL. A clinically
normal postprandial plasma glucose level is less than
140 mg/dL. Covalent chemical changes in the insulin
structure are known to occur upon storage. This may
lead to the formation of molecules which are less
active and potentially immunogenic such as deamidation
products and higher molecular weight transformation
products (e.g., dimers, oligomers, polymers). A
comprehensive study on the chemical stability of
insulin is given in by Jens Brange in "Stability of
Insulin", Kluwer Academic Publishers, 1994. The
shelf-life of insulin products is mainly compromised
by the formation of soluble aggregates (dimers,
oligomers, and polymers) over time, despite the fact
that insulin compositions are typically stored at a
low temperature of no more than about 2-8 0C, which
improves the shelf-life considerably compared to
storage, e.g., at room temperature. In addition,
insulin products are subject to the formation of
insoluble aggregates (fibrils) as a result of shaking,
e.g., when carried in the pocket of a patient or
during transport. It is essential for the quality of
an insulin product that the tendency to form such
soluble and insoluble aggregates as a result of
chemical or physical influences is reduced to an
absolute minimum. Therefore, insulin compositions must
demonstrate acceptable chemical and physical stability
characteristics in order to be used
therapeutically.The term "stability" as used herein
refers to the physical and/or chemical stability of
formulations of PEGylated insulin lispro compounds.
Physical instability of a PEGylated insulin lispro
formulation may be caused by aggregation of the
protein molecules to form higher order polymers or
even precipitates. A "stable" formulation is one where
the degree of aggregation of proteins is acceptably
controlled, and does not increase unacceptably with
time. In certain embodiments of the invention, a
PEGylated insulin lispro formulation is considered
stable over a certain time period if the degree of
aggregation is within about 1%, 2%, 3%, 4%, 5%, 10%,
15%, 20%, 25% or 30% of the degree of aggregation
observed in the starting material. In certain
embodiments of the invention, a PEGylated insulin
lispro formulation is considered stable over a certain
time period if the polypeptide's biological activity
is at least about 99%, 95%, 90%, 85%, 80%, 75%, 70%,
65%, 60%, 55% or 50% of the activity observed with the
starting material. The term "chemical stability" as
used herein refers to the tendency of a PEGylated
insulin lispro composition to form soluble protein
aggregates during storage under static conditions,
including storage at low temperatures of approximately
2-8 0C or elevated temperatures of approximately 20-40
0C. The chemical stability of a PEGylated insulin
lispro compound of the invention can be measured by
determining analytical attributes in the formulation
under specific conditions, such as at a particular
temperature and humidity condition over a certain
period of time. The analytical attributes that can be
measured include the formation of high molecular
weight species using size-exclusion HPLC, for
instance. The results can then be monitored and
compared against prespecified parameters. The term
"physical stability" as used herein refers to the
tendency of a PEGylated insulin lispro composition to
form insoluble protein aggregates as a result of a
physical action such as shaking of a PEGylated insulin
lispro composition. The physical stability of
PEGylated insulin lispro compounds of the invention
upon storage for a defined period 



of time at various temperatures in various
pharmaceutical formulations may be assessed by methods
well-known in the art, including measurement of a
sample's apparent attenuation of light (absorbance or
optical density). Such a measurement of light
attenuation relates to the turbidity of a formulation.
Turbidity is produced by aggregation or precipitation
of proteins or complexes in the formulation. Other
methods for assessing physical stability are
well-known in the art including visual assessments of
presence or absence of particles or by detecting
fibril/gel formation by Thioflavin T fluorescence
microscopy. Other embodiments of the invention provide
pharmaceutical compositions suitable for
administration to a patient, particularly to a human
being, comprising a therapeutically effective amount
of at least one PEGylated insulin lispro compound
ofFormula I and one or more pharmaceutically
acceptable excipients, diluents, buffers, metal ions,
or carriers. Such pharmaceutical compositions are
typically, though not necessarily, parenteral in
nature and may be prepared by any of a variety of
techniques using conventional excipients, buffers,
diluents, metal ions, or carriers for parenteral
products which are well known in the art. Because the
PEGylated insulin lispro compounds of the present
invention are very water-soluble, a pharmaceutical
composition of the present invention includes a
composition comprising water as the primary solvent,
PEGylated insulin lispro compounds at a total
concentration of at least 1 mg/mL, at least 2 mg/mL,
at least 5 mg/mL, at least 10 mg/mL, at least 15
mg/mL, at least 20 mg/mL, at least 25 mg/mL, at least
30 mg/mL, at least 35 mg/mL, at least 40 mg/mL, at
least 45 mg/mL, at least 50 mg/mL, or greater and a
pharmaceutically acceptable buffer wherein the
pharmaceutical composition has a pH from about 4.0 to
about 8.5. Preferably, a pharmaceutical composition of
the present invention has a pH between about 6.0 and
about 8.5. More preferably, a pharmaceutical
composition of the invention comprises PEGylated
insulin lispro compounds at a total concentration in
the range from about 2.5 mg/mL to about 60 mg/mL and a
buffer wherein the composition has a pH in the range
from about 6.0 to about 8.5. More preferably, a
pharmaceutical composition of the invention comprises
PEGylated insulin lispro compounds at a concentration
in the range from about 5 mg/mL to about 50 mg/mL and
a buffer wherein the pharmaceutical composition has a
pH in the range from about 6.5 to about 7.5. Even more
preferably, a pharmaceutical composition of the
invention comprises PEGylated insulin lispro compounds
at a concentration in the range from about 10 mg/mL to
about 40 mg/mL and a buffer wherein the pharmaceutical
composition has a pH in the range from about 6.5 to
about 7.5. Even more preferably, a pharmaceutical
composition of the invention comprises PEGylated
insulin lispro compounds at a concentration in the
range from about 15 mg/mL to about 40 mg/mL and a
buffer wherein the pharmaceutical composition has a pH
in the range from about 7.0 to about 7.5, or from
about 7.0 to about 8.0. Even more preferably, a
pharmaceutical composition of the invention further
comprises a therapeutically effective amount of an
insulin. Even more preferably, the insulin is an
insulin analog. Even more preferably, the insulin
analog is a rapid-acting insulin analog. Most
preferably, the rapid-acting insulin analog is insulin
lispro. The term "buffer" refers to a solution that
resists changes in pH by the action of its acid-base
conjugate components. Preferably, the buffers employed
are pharmaceutically acceptable buffers. The phrase
"pharmaceutically acceptable buffer" refers to a
solution that is safe for use in insulin formulations
and that has the effect of controlling the pH of the
pharmaceutical composition at the pH desired. In
preferred embodiments, the bufferhas a pH in the range
from about 6.0 to about 8.5. More preferably, the
buffer has a pH in the range from about 7.0 to about
8.0. Pharmaceutically acceptable buffers for
controlling pH of the compositions of the present
invention in this range include, but are not limited
to, agents such as phosphate, acetate, citrate,
arginine, TRIS, and histidine buffers, as well as
combinations thereof. "TRIS" refers to
2-amino-2-hydroxymethyl- 1,3,-propanediol, and to any
pharmacologically acceptable salt thereof. The free
base and the hydrochloride form (i.e., TRIS-HCl) are
two common forms of TRIS. TRIS is also known in the
art as trimethylol aminomethane, tromethamine, and
tris(hydroxymethyl) aminomethane. Preferably, a
pharmaceutical composition of the present invention
comprises from about 2.5 mM to about 50 mM phosphate
or TRIS buffer. More preferably, a pharmaceutical
compositions of the present invention comprises from
about 5 mM to about 20 mM phosphate or TRIS buffer.
Even more preferably, a pharmaceutical composition of
the present invention comprises from about 5 mM to
about 10 mM phosphate buffer. Even more preferably, a
pharmaceutical composition of the present invention
comprises about 5 mM phosphate buffer. Even more
preferably, a pharmaceutical composition of the
present invention comprises between about 7.5 mM and
about 50 mM TRIS buffer. Even more preferably, a
pharmaceutical composition of the present invention
comprises between about 10 mM and about 25 mM TRIS
buffer. Even more preferably, a pharmaceutical
composition of the present invention comprises between
about 15 mM and about 20 mM TRIS buffer. Most
preferably, a pharmaceutical composition of the
present invention comprises about 16 mM TRIS buffer.
The PEGylated insulin lispro compounds and
compositions of the invention may be formulated
analogously with known formulations of insulins that
are administered to patients parenterally. Such
formulations are known to one skilled in the art.
Preferably, PEGylated insulin lispro compounds of
Formula I are formulated analogously with the
formulation of HUMALOG(r) insulin lispro or
Humulin(r). Therefore, a preferred pharmaceutical
composition of the present invention may comprise
water, a PEGylated insulin lispro compound of Formula
I, an isotonicity agent, and a pharmaceutically
acceptable buffer. Preferably, a pharmaceutical
composition of the invention further comprises a
pharmaceuticall-acceptable preservative. More
preferably, a pharmaceutical composition of the
invention further comprises a divalent cation such as
zinc and/or cobalt, which can faciliate hexamerization
of insulin. Even more preferably, a pharmaceutical
composition of the invention further comprises at
least one hexamerstabilizing agent. Furthermore,
hydrochloric acid and/or sodium hydroxide may be added
to adjust pH. An "isotonicity agent" is a compound
that is physiologically tolerated and imparts a
suitable tonicity to a formulation to prevent the net
flow of water across cell membranesthat are in contact
with an administered pharmaceutical composition.
Glycerol, which is also known as glycerin, is commonly
used as an isotonicity agent. Other isotonicity agents
include i) other sugar alcohols such as but not
limited to mannitol and sorbitol, ii) salts such as,
but not limited to, NaCl, iii) monosaccharides
including, but not limited to, dextrose, and iv)
disaccharides including, but not limited to, lactose,
sucrose, and trehalose. The pharmaceutical
compositions of the present invention may include one
or more isotonicity agents. Preferably, pharmaceutical
formulations of the present invention 



have one or more isotonicity agents which produce a
formulation with an isotonicity in the range of about
270 and about 330 mOsm. More preferably, the
isotonicity agent(s) is glycerol, sorbitol, sucrose,
NaCl, trehalose, and/or mannitol. Even more
preferably, the isotonicity agent is glycerol,
sorbitol, sucrose, NaCl, and/or trehalose. Even more
preferably, glycerol, sorbitol, sucrose, NaCl, or
trehalose at a concentration from about 100 to about
200 mM is present in the pharmaceutical compositions
of the present invention. Even more preferably,
glycerol at a concentration from about 100 to about
200 mM is present in the pharmaceutical compositions
of the present invention. Even more preferably,
glycerol at a concentration from about 150 to about
180 mM is present in the pharmaceutical compositions
of the present invention. Even more preferably,
glycerol at a concentration from about 130 to about
175 mM is present in the pharmaceutical compositions
of the present invention. Even more preferably, NaCl
at a concentration from about 50 to about 300 mM is
present in the pharmaceutical compositions of the
present invention. Even more preferably, NaCl at a
concentration from about 100 to about 200 mM is
present in the pharmaceutical compositions of the
present invention. Most preferably, NaCl at a
concentration of about 150 mM is present in the
pharmaceutical compositions of the present invention.
The pharmaceutical compositions of the present
invention may also contain a hexamer-stabilizing
compound. The phrases "hexamer-stabilizing compound"
refers to a non-proteinaceous, small molecular weight
compound that stabilizes the PEGylated insulin lispro
compounds of the present invention in a hexameric
association state. Calcium ions, zinc, cobalt, copper,
nickel, iron, magnesium, manganese, anions,
particularly, chloride, bromide, iodide, thiocyanate,
and phenolic compounds, particularly phenol, phenolic
preservatives, resorcinol, 4'-hydroxyacetanilide,
4-hydroxybenzamide, and 2,7-dihyroxynaphthalene, are
known hexamer-stabilizing compounds for insulin
molecules. Preferably, the hexamer-stabilizing
compound is phenol, m-cresol, o-cresol, p-cresol,
chlorocresol, methylparaben, calcium, chloride, or a
combination of two or more of these compounds. More
preferably, the hexamer-stabilizing compound is
phenol, mcresol, calcium, chloride, or a combination
thereof. Preferably, a pharmaceutical composition of
the invention comprises between about 1mM and 75 mM
calcium,between about 1mM and about 50 mM calcium,
between about 1mM and about 25 mM calcium, between
about 5 mM and about 50 mM calcium, between about 2.5
mM and about 30 mM calcium, between about 2.5 mM and
about 15 mM calcium, between about 2.5 mM and about 10
mM calcium, between about 5 mM and about 30 mM
calcium, between about 5 mM and about 15 mM calcium.
More preferably, a pharmaceutical composition of the
invention comprises between about 2.5 mM and 10 mM
calcium. Multi-use formulations of the pharmaceutical
compositions of the present invention may also contain
a preservative. The term "preservative" refers to a
compound added to a pharmaceutical formulation to act
as an anti-microbial agent. Among preservatives known
in the art as being effective and acceptable in
parenteral formulations are benzalkonium chloride,
benzethonium, chlorohexidine, phenol, mcresol, benzyl
alcohol, methylparaben, propylparaben, chlorobutanol,
o-cresol, p-cresol, chlorocresol, phenylmercuric
nitrate, thimerosal, benzoic acid, and various
mixtures thereof. Certain phenolic preservatives, such
as methylparaben, phenol, and m-cresol, are known to
bind to insulin and insulin-like molecules and thereby
to induce conformational changes that increase either
physical or chemical stability, or both (See, e.g.,
Birnbaum, D. T., et al, Pharmaceutical. Res. 14:25-36
(1997); Rahuel-Clermont, S., et al, Biochemistry
36:5837-5845 (1997)). "Phenolic preservative" includes
the compounds phenol, m-cresol, o-cresol, p-cresol,
chlorocresol, methylparaben, and mixtures thereof. The
preservative used in formulations of the PEGylated
insulin lispro compounds of the present invention may
be a phenolic preservative, and may be the same as, or
different from the hexamer-stabilizing compound.
Preferably, the phenolic preservative is mcresol or
phenol. More preferably, a pharmaceutical compositions
of the present invention comprises phenol and/or
m-cresol at a concentration from about 0.1to about 75
mM as a preservative at a pH from about 7.0 to about
pH 8.0. Even more preferably, a pharmaceutical
composition of the present invention comprises phenol
and/or m-cresol at a concentration from about 1to
about 60 mM as a preservative at a pH from about 7.0
to about pH 8.0. Even more preferably, a
pharmaceutical composition of the present invention
comprises phenol and/or m-cresol at a concentration
from about 10 to about 40 mM as a preservative at a pH
from about 7.0 to about pH 8.0. Even more preferably,
a pharmaceutical composition of the present invention
comprises phenol and/or m-cresol at a concentration of
about 30 mM at a pH from about 7.0 to about pH 8.0.
Most preferably, a pharmaceutical composition of the
present invention comprises phenol and/or m-cresol at
a concentration of about 30 mM at a pH from about 7.3
to about pH 7.5. As mentioned above, the
pharmaceutical compositions of the present invention
may comprise divalent metal cations such as zinc or
cobalt that drive hexamerization of insulin or
otherwise stabilize insulin compounds. "Divalent metal
cation" means the ionor ions that participate to form
a complex with a multiplicity of protein molecules.
The transition metals, the alkaline metals, and the
alkaline earth metals are examples of metals that are
known to form complexes with insulin compounds. The
transitional metals are preferred. Preferably, the
divalent metal cation is one or more of the cations
selected from the group consisting of zinc, copper,
cobalt, nickel, manganese, magnesium, cadmium, and
iron. More preferably, zinc is the divalent metal
cation. Zinc is known to facilitate the formation of
hexamers of insulin and of various insulin analogs
and/or derivatives, including insulin lispro. The
primary role of divalent cations such as zinc or
cobalt in pharmaceutical compositions of the present
invention is to facilitate formation of hexamers of
the PEGylated insulin lispro compounds of the present
invention and/or any other insulins or insulin analogs
in a pharmaceutical composition comprising a PEGylated
insulin lispro compound of the present invention. In
the presence of a phenolic preservative, hexamer
formation may be facilitated by bringing the pH of a
solution comprising pharmaceutical compositions of the
present invention into the neutral region in the
presence of Zn(II) ions, or by adding Zn(II) after the
pH has been adjusted to the neutral region.
Preferably, the ratio of zinc to insulin compound,
insulin analog, and/or PEGylated insulin lispro
compound is bounded at the lower limit by about 0.33,
that is, two zinc atoms per insulin hexamer, insulin
analog hexamer and/or PEGylated insulin lispro
hexamer. More preferably, the ratio of zinc to insulin
compound, insulin analog, and/or PEGylated insulin
lispro compound is from about 0.33 to about 0.67. Even
more zinc may be used during the process if a compound
that competes with the protein for zinc binding, such
as citrate or phosphate, is present. Excess zinc above
the amount needed for hexamerization may be desirable
to more strongly drive hexamerization, e.g., a ratio
of zinc to insulin compound, insulin analog, and/or 



PEGylated insulin lispro compound from about 0.33 to
about 0.83. Also, excess zinc above the amount needed
for hexamerization can be present in a pharmaceutical
composition of the present invention, and may be
desirable to improve chemical and physical stability,
to improve "suspendability", and possibly to extend
time-action further. On the other hand, excessive
amounts of zinc in citrate or phosphate buffers might
lead to precipitation of zinc citrate or zinc
phosphate, respectively, as well as insulin. In
accordance with the present invention, zinc may be
present in the formulation in an amount from about 0.3
mole to about 3 moles per mole of insulin, insulin
analog, and PEGylated insulin lispro hexamer. More
preferably, zinc is present in the pharmaceutical
compositions of the present invention in an amount
from about 0.3 mole to about 1 mole per mole of total
insulin, insulin analog, and PEGylated insulin lispro
hexamer. Even more preferably, zinc is present in the
pharmaceutical compositions ofthe present invention in
an amount from about 0.3 mole to about 0.7 mole per
mole of total insulin, insulin analog, and PEGylated
insulin lispro hexamer. Most preferably, zinc is
present in the pharmaceutical compositions of the
present invention in an amount from about 0.3 mole to
about 0.55 mole per mole of insulin, insulin analog,
and PEGylated insulin lispro hexamer. The zinc
compound that provides zinc for the present invention
may be any pharmaceutically acceptable zinc compound.
The addition of zinc to insulin preparations is known
in the art, as are pharmaceutically acceptable sources
of zinc. Preferably, zinc is provided as a salt, such
as zinc sulfate, zinc chloride, zinc acetate, zinc
citrate, zinc oxide, or zinc nitrate. In a further
embodiment of the invention the pharmaceutical
composition of the present invention further comprises
one or more surfactants. The term "surfactant" as used
herein, includes agents that reduce the surface
tension of a liquid by adsorption at the air-liquid
interface. Examples of surfactants include, without
limitation, nonionic surfactants, such as polysorbates
(e.g., polysorbate 80 or polysorbate 20); poloxamers
(e.g., poloxamer 188); Triton(tm) (e.g.,Triton(tm)
X-100); polyethyl glycol; polypropyl glycol; and
copolymers of ethylene and propylene glycol (e.g.,
pluronics, PF68). For example, the surfactant can be
present in a pharmaceutical composition of the present
invention in an amount from about 0.001-0.5%, e.g.,
from about 0.05-0.3%. Preferably, the surfactant used
in the pharmaceutical composition of the present
invention is poloxamer 188. More preferably, the
surfactant is poloxamer 188 at a concentration between
about 0.5 and about 10 mg/mL, between about 1 and
about 10 mg/mL, between about 2 and about 10 mg/mL,
between about 3 and about 10 mg/mL, between about 4
and about 10 mg/mL, between about 1 and about 5 mg/mL,
between about 2 and about 5 mg/mL, between about 3 and
about 5 mg/mL, and between about 4 and about 5 mg/mL.
The invention also provides a PEGylated insulin lispro
compound of Formula I or a pharmaceutically acceptable
salt thereof for use in the treatment of hypoglycemia
and/or diabetes, preferably, in humans. The invention
also provides a PEGylated insulin lispro compound of
Formula I or a pharmaceutically acceptable salt
thereof for use in the manufacture of a medicament for
the treatment of hypoglycemia and/or diabetes,
preferably, in humans. Pharmaceutical compositions
comprising a PEGylated insulin lispro according to the
present invention may be administered parenterally to
patients in need of such a treatment. Parenteral
administration may be performed by subcutaneous,
intramuscular or intravenous injection by means of a
syringe, optionally a pen-like syringe, or mechanical
driven injector. Alternatively, parenteral
administration can be performed by means of an
infusion pump.Preparation 1 GlyAl-HSCH 2CH2CO-insulin
lispro (3) and LysB28-HSCH 2CH2CO-insulin lispro (4)
One mmol each of Trt-SCH2CH2CO-OH,
N-hydroxysuccinimide (NHS), and
diisopropylcarbodiimide (DIC) is mixed in 2 mL DMF for
30 minutes to prepare Trt- SCH2CH2CO-NHS ester.
One-tenth mmol of insulin lispro is dissolved in 10 mL
of 5% triethylamine (TEA) in DMSO. To the solution is
added 0.2 mmol activated Trt- SCH CH CO-NHS. After 2
hours at room temperature, 0.2 mL ethanolamine is
added to terminate the reaction. The reaction mixture
is then diluted with 90 mL OfH2O and applied onto a
RP-C 18 column for purification. The desired fractions
of LysB28-Trt- SCH2CH2CO-insulin lispro (2) are pooled
and lyophilized. Separately, the desired fractions of
GIyAl -Trt-SCH2CH2CO-insulin lispro (1) are pooled and
lyophilized. Onetenth mmol of (1) or (2) is dissolved
in 5 mL TFA containing 0.2 mL of thioanisole and 0.4
mL of triisopropyl-silane. After 30 min, TFA is
removed by evaporation and the residual peptide is
taken in 50 mL of 10% ACN in H O. The resulting
solution is applied to a RP-Cl 8 column for
purification. The desired fractions of (3) or (4) are
pooled and, optionally, lyophilized. Preparation 2
PheBl-HSCH 2CH2CO-insulin lispro (7) One-tenth mmol of
insulin lispro is dissolved in 10 mL of 5% TEA in
DMSO. To the solution is added 0.2 mmol of
di-tert-butylcarbonate in DMSO. After 1 hour at room
temperature, 0.2 mL ethanolamine is added to terminate
the reaction. The reaction mixture is then diluted
with 90 mL OfH2O and applied onto a RP-C 18 column for
purification. The desired fractions of Boc-GlyAl,
Boc-LysB28-insulin lispro are pooled and lyophilized
to yield (5). One-tenth mmol of (5) is dissolved in 10
mL of 5% TEA in DMSO. To the solution is added 0.2
mmol activated Trt-SCH2CH2CO-NHS. After 2 hours at
room temperature, 0.2 mL ethanolamine is added to
terminate the reaction. The reaction mixture is then
diluted with 90 mL of H O and applied onto a RP- Cl 8
column for purification. The desired fractions are
pooled and lyophilized to yield Trt- SCH2CH2CO-PheBl,
Boc-GlyAl, Boc-LysB28-insulin lispro (6). One-tenth
mmol of (6) is dissolved in 5 mL TFA containing 0.2 mL
of thioanisole and 0.4 mL of triisopropylsilane. After
30 min, TFA is removed by evaporation and the residual
peptide is taken in 50 mL of 10% ACN in H2O. The
resulting solution is applied to a RP-Cl 8 column for
purification. The desired fractions are pooled and
lyophilized to yield (7).Example 1: PEGylation of
thiol-derivatized insulin lispro intermediates
Monomethoxy-PEG-MAL having an average molecular weight
of about 20 kDa (b), 30 kDa (a), 40 kDa (a), or 60 kDa
(c) is dissolved in a 1:1 mixture of 100 mM NH Ac
buffer (pH 4.69) and ACN. A lyophilized powder of a
thiol-derivatized insulin lispro, e.g., compound (3),
(4), or (7), is added to the solution. The reaction
may be followed by analytical RP-HPLC. When the
reaction is complete (usually after approximately 4
hours), the mixture is diluted with H O and applied
onto a RP-HPLC column for purification. The desired
fractions are pooled and lyophilized to yield the
PEGylated insulin lispro compounds. Exemplary
PEGylated insulin lispro compounds 



prepared as described in Example 1 are shown below as
(8(a)), (8(b)), (9(a)), (9(b)), (10(a)), (10(b)), and
(15(c)). Preferably, these PEGylated insulin lispro
compounds will have n in the range from about 400 to
about 1000. More preferably, these PEGylated insulin
lispro compounds will have n in the range from about
400 to about 750. More preferably, these PEGylated
insulin lispro compounds will have n in the range from
about 400 to about 550. Even more preferably, these
PEGylated insulin lispro compounds will have n of
about 400 and about 500. Even more preferably, these
PEGylated insulin lispro compounds will have n of
about 450 and about 500. Most preferably, these
PEGylated insulin lispro compounds will have n of
about 450. GIyA l [N(alpha)] insulin lispro LysB28
[N(epsilon)] insulin lispro PheB 1[N(alpha)] insulin
lispro(8(a)) GIyAl [N(alpha)] insulin lispro (8(b))
GIyAl [N(alpha)] insulin lispro (9(a))
LysB28[N(epsilon)] insulin lispro (W) insulin
lispro(10(a)) PheBl[N(alpha)] insulin lispro (10(b))
PheBl[N (alph insulin lispro (15(C))Example 2:
PEGylation of insulin lispro using
monomethoxypoly(ethylene glycol) pnitrophenyl
carbonate (mPEG-NPC) One-tenth mmol insulin lispro is
dissolved in 20 mL of 0.2 M borate buffer, pH 10.5,
and 1.98 g mPEG-NPC having an average molecular weight
of about 20 kDa in 20 mL ACN is added to the solution
with vigorous stirring. The reaction is monitored by
RP-HPLC and SEC. After approximately 4 hours, the
reaction mixture is acidified to pH 5-7 using acetic
acid and applied onto a RP-HPLC column for
purification. The desired fractions are pooled and
lyophilized to yield mono-PEGylated PEG20K-insulin
lispro in a yield ranging from 20 to 45%. The identity
and purity are confirmed by RP-HPLC, SEC, and
MALDI-MS. The ratio of mPEG attached onto A-chain or
B-chain is determined by the area integrations of free
A-chain and B- chain released after the treatment of
the resulting conjugate with tris(2-carboxyethyl)
phosphine hydrochloride (TCEP). The ratio of mPEG-NPC
to insulin lispro determines the product distribution
of mono-PEGylated and di-PEGylated species. The
reaction pH governs the site-specificity of
PEGylation. As pH increases from about 8 to about 12,
compound (11) becomes the major product. When the
reaction is conducted at pH 10.5 with mPEG-NPC having
an average molecular weight of about 20 kDa (n is
about 450), the ratio of (11) to (12) is about 85:15.
The PEGylation reaction described above can also be
conducted in a non-buffered aqueous solution by
maintaining the pH of the reaction mixture by
continuous addition of 0.2 M NaOH. When conducted in a
non-buffered aqueous solution using mPEG-NPC having an
average molecular weight of about 20 kDa while the pH
is maintained at about pH 11.5, the PEGylation
reaction products include (11) and (12) in a ratio of
about 92:8. Preferably, compound (11) will have n in
the range from about 400 to about 1000. More
preferably, compound (11) will have n in the range
from about 400 to about 750. Even more preferably,
compound (11) will have n in the range from about 400
to about 550. Even more preferably, compound (11) will
have n of about 400 to about 500. Even more
preferably, compound (11) will have n of about 450 and
about 500. Most preferably, compound (11) will have n
of about 450.( 1 1) LysB 2 8[N (epsilon)] insulin
lispro (12) GIyA 1[N (alpha)] insulin lispro (13) O O
O PheB 1[N (alpha)] insulin lispro (14) LysB 2 8[N
(epsilon)] insulin [N (alpha)]GlyA Example 3: In Vitro
Receptor Affinity Receptor binding assays are
performed on Pl membranes prepared from stably
transfected 293 EBNA HEK cells over-expressing the
human insulin receptor (hIR) or human IGF-I receptor
(hIGF-lR). Binding affinities are determined from a
competitive radio-ligand binding assay using either
human recombinant (3-[125I]iodotyrosyl A14)- Insulin
(2000 Ci/mmol) or human recombinant [125I]Insulin Like
Growth Factor 1 (2000 Ci/mmol). The assay was
performed with a SPA method using PVT PEI-treated Type
Awheat germ agglutinin-coupled SPA beads. SPA assay
buffer (50 mM TRIS-HCl, pH 7.5, 150 mM NaCl, 0.1% BSA)
was used for all reagent preparations. Three-fold
serial dilutions of compounds (100 nM to 2 pM) are
prepared in assay buffer using a Freedom/Evo robot
(Tecan) and added to 96-well white, clear-bottom
microplates (Corning/Costar) with a Multimek (Beckman
Coulter). Radioligand, membranes and SPA beads are
added using a multidrop instrument (Titertek).
Following a 10-hour incubation at room temperature,
the radioactivity is determined using a Microbeta
Trilux scintillation counter. Unlabeled insulin lispro
and unlabeled IGF- 1 are included in each experiment
as positive and negative controls, respectively. IC50
values are determined from 4-parameter logistic
non-linear regression analysis. The affinity constant
(Ki) is calculated from the IC50 value based upon the
equation Ki = IC50/(l + D/Kd) where D equals the
concentration of radioligand used in the experiment
and Kd equals the equilibrium binding affinity
constant of the radioligand determined from saturation
binding analysis (Kd for hIR and hIGF-lR is 0.124 and
0.130 nM, respectively). The geometric mean Ki
reported below is 10A(Mean Log Ki) wherein Mean Log Ki
= Average (KiI+ Ki2 + Ki3 . ..Kiw) and the number of
independent experiments (") is greater than two.
However, where noted below with respect to human
IGF-I, n is two. The following PEGylated insulin
lispro compounds prepared as described in Example 1
have a geometric mean Ki less than 30 nM in the hIR
binding assay described above: compound 10(a) prepared
using linear mPEG-MAL having an average molecular
weight of about 40 kDa, compound 8(a) prepared using
linear mPEG-MAL having an 



average molecular weight of about 40 kDa, compound
15(c) prepared using bifurcated mPEG-MAL having an
average molecular weight of about 60 kDa, compound
9(a) prepared using linear mPEG-MAL having an average
molecular weight of about 30 kDa, compound 9(a)
prepared using linear mPEG-MAL having an average
molecular weight of about 40 kDa, and compound 9(b)
prepared using linear mPEG-MAL having an average
molecule weight of 20 kDa. In the hIR and hIGFR
binding assays, compound 9(a) prepared using linear
mPEG-MAL having an average molecular weight of about
40 kDa has a geometric mean Ki of 3.07 nM  .32 nM
(S.E.M; n = 6) and greater than 84.3 nM (SEM = not
determined; n=6), respectively. Additionally,
heterogenous PEGylated insulin lispro products
generated as described in Example 2 using a linear
mPEG-NPC of either 40, 30, or 20 kDa also have a
geometric mean Ki less than 30 nM in the hIR binding
assay described above. In the hIR binding assay
described above, insulin lispro has a geometric mean
Ki of 0.22  .072 nM ( SEM; n = 4). In the hIGFR
binding assay described above, all of the
aforementioned compounds have a geometric mean Ki
greater than 75 nM and human IGF-I has a geometric
mean Ki of 1.51  .23 nM ( SEM; n = 2).These data show
that PEGylating position B28 reduces hIR affinity by
about 10- fold, making these PEGylated species of
insulin lispro weak agonists of the hIR. The PEGylated
insulin lispro species also possess no measurable
IGFR-I binding properties in this assay under these
conditions. Example 4: Evaluation of the Potency of
PEGylated Insulin Lispro using an Insulin Receptor
Phosphorylation Whole Cell Assay The PEGylated insulin
lispro compounds of the present invention may be
evaluated for functional activity using DELFIA(r), a
heterogeneous time-resolved fluorometric assay method
available commercially (Perkin-Elmer). Briefly, 293HEK
cells over-expressing the human insulin receptor are
trypsinized and plated at 60,000 cells/well in
poly-D-lysine-coated, half-area Costar 96-well tissue
culture plates in serumfree media (SFM), (DMEM with
0.1% fatty acid-free BSA). The cell culture plates are
incubated overnight at 37 0C in a CO2 incubator.
Anti-insulin receptor A-chain mAb 83 14 capture plates
are also prepared the night before using Costar 1/2
area black 96-well microtiter plate, treated overnight
at 4 0C with 30 mL of anti-insulin receptor A-chain
mAb 8314 (Soos, M.A., et al Biochem J 235: 199-208
(1986); available commercially including from Abeam,
Inc., Cambridge, MA), diluted to 1 mg/mL in 10 mM
sodium carbonate. The mAb 83 14 capture plates are
washed four times with 50 mM TRIS, pH 7.5, 150 mM
NaCl, and 0.1% Tween (TBST) to remove any unbound mAb
83 14. The mAb 83 14 capture plate is then blocked for
more than 1hour at 4 0C with 1% BSA in TBST. After
blocking, the capture plate is washed twice with TBST
to remove excess BSA solution. Once the capture plate
is in the blocking buffer, the cell culture plates are
removed from the incubator and equilibrated to room
temperature. The test compounds are serially diluted
into SFM. To stimulate autophosphorylation of the
insulin receptor, 50 mL of the diluted testing agent
is added to the cell monolayer. After 30 minutes at
room temperature, the reaction is stopped by
aspirating off the test compounds and adding back 50
mL of a 2x lysis buffer (2% NP40, 100 mM TRIS, pH 7.4,
300 mM NaCl, Roche Complete(tm) protease inhibitors
with EDTA, and 4 mM vanadate). After 30 minutes in
lysis buffer at room temperature, 30 mL of lysate is
transferred to the blocked capture plate containing 30
mL of a Europium-Nl-anti-phosphotyrosine
PY20-antibody, Eu-Nl-PY20 (Perkin Elmer), diluted to
50 ng/mL in 10 mM Hepes, 140 mM NaCl and 0.1% Tween.
This mixture is incubated for 1hour at room
temperature followed by 6 washes with TBST to remove
unbound Eu-Nl-PY20 and cell lysate. Following
incubation with 50 mL of Enhancement Solution (Perkin
Elmer) for 10 minutes with intermittent shaking as the
signal is developed. The phosphorylated insulin
receptor is quantitated using a Wallac Victor using
Time Resolve Fluorescence Europium
settings.Phosphorylation level is calculated as a % of
the response for a maximally stimulating dose of
insulin (100 nM). The potencies of the insulin analogs
are calculated as the EC50 dose using a four parameter
fit of the dose response. PEGylated insulin lispro
compounds prepared as described in Example 1 having an
EC50 of less than 15 nM in the assay described in
Example 4 include 10(a) prepared using a linear
mPEG-MAL having an average molecular weight of about
40 kDa, 9(a) prepared using a linear mPEG-MAL having
an average molecular weight of about 40 kDa, 9(a)
prepared using a linear mPEGMAL having an average
molecular weight of about 30 kDa, and 9(b) prepared
using a linear mPEG-MAL having an average molecular
weight of about 20 kDa. In the assay described in
Example 4, compound 9(a) prepared using linear
mPEG-MAL has an EC50 of 10.88 nM. Heterogenous
PEGylated insulin lispro products generated as
described in Example 2 using a linear mPEG-NPC having
an average molecular weight of about 40, about 30, or
about 20 kDa also have an EC50 of less than 15 nM in
the assay described in Example 4. A 50:50 and a 70:30
mixture of compound 8(a) prepared using a linear
mPEG-MAL having an average molecular weight of about
40 kDa and compound 9(a) prepared using a linear
mPEG-MAL having an average molecular weight of about
40 kDa also have an EC50 of less than 15 nM in the
assay described in Example 4. In the same assay, human
insulin and insulin lispro have an EC50 of 2.3 and 0.7
nM, respectively. The data show that PEGylating
position B28 reduces hIR in vitro activity by about
10- to 20-fold, making these PEGylated insulin lispro
species weak agonists of hIR. The PEGylated insulin
lispro species also possess no measurable IGFR-I
binding properties. Example 5: Evaluation of In Vivo
Potency and Pharmacokinetic Profiles of PEGylated
Insulin Lispro in a Rat Model of Type 1 Diabetes
Ten-week old male Harlan Sprague-Dawley rats (Harlan,
Indianapolis) 250-28Og body weight, are dosed
intravenously into their tail vein with 45 mg/kg
streptozocotin (STZ) in 0.5 M Citric Acid, pH 4.5,
three days prior to study start. At the start of the
study animals are sorted into groups based on body
weight and blood glucose. Only animals with blood
glucose between 400-550 mg/dL are included in the
study. In the morning of study start animals receive a
single subcutaneous injection of the test compound at
one of several pre-determined doses. Periodically,
duplicate blood samples are drawn from the tail vein
and collected into tubes containing disodium EDTA.
Blood glucose levels are measured with a glucometer.
Also, plasma is collected from the vein blood sampling
and a commercially available rat insulin
radioimmunoassay is used to determine the levels of
the administered drug in the plasma. The area under
the curve for blood glucose over time (mg*h/dL) is
calculated for each individual animal and is usedfor a
four-parameter logistic regression to determine the
ED50. In this assay, compound 9(a) prepared using a
linear mPEG-MAL having an average molecular weight of
about 40 kDa, compound 9(a) prepared using a linear
mPEG-MAL having an average molecular weight of about
30 kDa, and compound 9(b) prepared using a linear
mPEG-MAL having an average molecular weight of about
20 kDa has a potency (ED50) of 241, 138, and 69 



nmol/kg, respectively, from a typical dose response
curve. Additionally, those compounds were able to
lower blood glucose in STZ-treated rats to a level
that is normal in this strain of rats (100 mg/dL or
below) for at least 36 hours with a single
subcutaneous injection of 568 nmol/kg. Insulin detemir
on the other hand normalizes glucose for 5-6 hours in
the above assay with a 568 nmol/kg single dose. In
addition to assessment of pharmacodynamic parameters,
the mean pharmacokinetic parameter values in rats for
test compounds are determined using the duplicate
blood sample. Pharmacokinetic parameters are
calculated using modelindependent methods (WinNonlin
Pro). The resulting pharmacokinetic parameter values
show nonlinearity as function of dose. The range of
values reported correspond to pharmacokinetic
parameter values generated between the highest dose
tested (568 nmol/kg) and the lowest dose (5.6
nmol/kg). The pharmacokinetic results for compound
9(b) prepared using a linear mPEGMAL having an average
molecular weight of about 20 kDa indicated a time to
maximum concentration (Tmac) ranging from 6-12 h, an
apparent clearance rate of (CL/F) ranging from
0.05-0.14 L/h/kg, an apparent volume of distribution
(V/F) ranging from 0.6-7.2 L/kg, and an elimination
half-life (t ) ranging from 8.5-34.5 h. The
pharmacokinetic results for compound 9(a) prepared
using a linear mPEGMAL havingto an averagto e
molecular weigto ht of about 30 kDa indicated a T max
of 12 hours,J a CL/F ranging from 0.05-0.13 L/h/kg, a
V/F ranging from 0.6-2.0 L/kg, and an X1 ranging from
8.3-1 1.0 h. The pharmacokinetic results for compound
9(a) prepared using a linear mPEGMAL havingto an
averagto e molecular weigto ht of about 40 kDa
indicated a T max rangto ingto from 12-24 h, a CL/F
ranging from 0.06-0.2 L/h/kg, a V/F ranging from
1.0-7.5 L/kg, and a Xy 2 ranging from 11.1-48.5 h.
When insulin lispro is similarly administered to male
STZ-treated rats at 568 nmol/kg, a t 1/2 of about 1 h
and a CL/F of about 1.2 L/h/kg is measured. When
insulin detemir is similarly administered to male
STZ-treated rats at doses ranging from 18.9-568
nmol/kg, a t 1/2 of ranging from 1.9-3.1 h and a CL/F
of about 0.8- 1.7 L/h/kg is observed. Due to the
complexities in the pharmacokinetics, the apparent CL
ratios between detemir and exemplary PEGylated insulin
lispro compounds are different depending onthe dose
used for the determination. However, the studies
described in Example 5 indicate that exemplary
PEGylated insulin lispro compounds conjugated to 20-
or 40 kDa PEG have about a 5- to 30-fold slower
apparent clearance than detemir in the STZinduced
diabetic rat. Example 6: Evaluation of In Vivo
Duration of Action And Pharmacokinetic Characteristics
of PEGylated insulin lispro in a Rat Model of Type 2
Diabetes The glucodynamic activity of compound 9(a)
with a 40 kDa linear PEG is evaluated in male ZDF
fa/fa rats (n=4 rats/group) following a single
subcutaneous injection of vehicle control (PBS) or 5
17 nmol/kg of 9(a) prepared using a linear mPEGMAL
having an average molecular weight of about 40 kDa.
Serial samples are collected for both pharmacokinetic
and pharmacodynamic characterization. A single
subcutaneous administration of 517 nmol/kg of 9(a)
prepared using a linear mPEG-MAL having an average
molecular weight of about 40 kDa to male ZDF fa/fa
rats is associated with statistically significant
glucose lowering that is sustained for at least seven
days (relative to placebo; p<0.05). Compound 9(a)
prepared using a linear mPEG-MAL having an average
molecular weight of about 40 kDa exposure is also
verifiable over seven days. Example 7: Phenolic
preservative titration of PEG-B28(92 Al -insulin
lispro, insulin lispro, or a mixture (70% PEG
20kDa-B28 (92 4 / o)Al (7 6%) -insulin lispro:30%
insulin lispro) thereof with phenol in the presence of
cobalt ions PEG2OkDa-B28(92 A l -insulin lispro or
insulin lispro is dissolved in a solution containing
2OmM KSCN and 50 mM TRIS-ClO 4 at pH 8.0. The target
concentration for either protein is ~4 mg/mL, based on
protein content (e280 = 1.05 (HIgZmL) 1Cm 1) . Cobalt
chloride (41.9 mg) is dissolved with 1mL of water to
yielding a stock solution with a cobalt ion
concentration of 0.176 M. An aliquot of the cobalt
stock solution (~2 mL depending up on the protein
concentration) is added to 0.8 mL protein solution
such that the final mole ratio of cobalt ion to
insulin hexamer is equal to 4. To assess
hexamerization, distortions in the cobalt coordination
chemistry were monitored at 574 nm as function of
phenolic preservative concentration. Specifically, a
concentrated phenol solution (0.564 M) is titrated
into 0.8 mL of protein solution using microliter
aliquots such that the final volume at the end of the
titration does not exceed 0.84 mL. The final solution
is stirred for a minimum of 20 minutes after each
aliquot of phenol and the visible spectrum of the
solution is collected from 400 nm to 800 nm. The
absorbance recorded at 574 nm is converted to molar
extinction coefficient by dividing the absorbance by
the HisB10-coordinated cobalt molar concentration,
i.e., the hexamericprotein concentration multiplied by
two based on the knowledge that the HisBlOmoieties of
insulin hexamers coordinates two divalent metal ions.
For the preparation of 70/30 mixtures (mole:mole)
formulations of PEG2OkDa-B28(92 /Al -insulin lispro
and insulin lispro, the protein is first mixed and
then cobalt is added followed by titration with
phenolic preservative. In insulin lispro the natural
sequence of proline at position B28 and lysine at
position B29 is reversed as compared to wild-type
human insulin. This reversal leads to a conformational
shift in the C-terminal end of the B chain that
sterically hinders the ability of the lispro insulin
monomers to form dimers. Thus, the dimer association
constant is reduced by a factor of 300 as compared
with that of wild-type human insulin. The results,
shown in Table I, indicate that PEG2OkDa-B28(92 4%)/Al
? 6%)-insulin lispro can surprisingly and unexpectedly
associate as hexameric complex in the presence of
divalent metal ions and phenolic preservative
analogous to formulation conditions used in
Humalog(r), in spite of the presence of six 20 kDa PEG
moieties conjugated near the already weakened,
vis-a-vis wild-type human insulin, dimerization domain
of insulin lispro. Moreover, 70/30 mixtures of
PEG20kDa-B28 924%)/Al (7 -insulin lispro and insulin
lispro also demonstrate the ability to form hexameric
complexes, which support the preparation of
extemporaneous and/or stable premixed formulations of
a basal insulin and rapid-acting insulin. Table I
:Example 8: Analysis of Hexameric State of
PEG20kDa-B28 (92.4o/ )/A1 (7.6o/ )- illSUlm lispro
Formulated with Zn, Phenol, and/or Calcium 



The chemical shelf-life and in-use stabilities of
insulin and some insulin analogs benefit from the
ability to form discrete hexameric complexes in
solution. The ability to hexamerize insulin or insulin
lispro, in the presence of divalent metal ions (Zn+2
or Co+2) and phenolic preservatives (phenol or
m-cresol), slows deamidation of AsnA21 and
subsequently minimizes high molecular weight particle
(HMWP) formation. To assess the ability for
PEG20kDa-LysB28-insulin lispro to form hexamers,
PEG20kDa-B28(92 4%)/Al (7 6%)-insulin lispro, with a
starting protein concentration based on A276nm = 8.6
mg insulin lispro/mL or 38.2 mg PEGylated insulin
lispro conjugate/mL, atpH 6.7 is dialyzed in water
overnight. The dialyzed protein is then diluted with
water to adjust the protein concentration to 4.6 mg/mL
or 20.6 mg of PEGylated protein conjugate/mL. A 4x
buffer stock solution is prepared at pH 7.0, with the
final the concentrations of the phosphate buffer at 40
mM and m-cresol at 12.8 mg/mL. The zinc oxide stock
solution is prepared by dissolving zinc oxide in 0.5
mL of 1N HCl then diluting with water to a final zinc
concentration of 0.097 M. Solution samples for near-
UV circular dichroism (CD) analysis are prepared with
varying zinc concentrations (0 to 400 mM) by mixing
450 mL of the PEG20kDa-B28(92 4%)/Al (7 6%)-insulin at
a protein concentration of 4.6 mg/mL with aliquots of
zinc stock solution (the maximum total volume of zinc
stock solution added = 2.5 mL or equivalent to 4 zinc
ions per PEG20kDa- B28(92 4%)/Al (7 6%)-insulin
hexamer), and 150 mL of the 4x phosphate buffer stock
solution. The final pH is adjusted, if necessary to pH
-7.0. Hexameric association of the
PEG20kDa-B28(96%)/Al (4%)-insulin lispro or insulin
lispro is monitored in the near-UV circular dichroism
at 250 nm, a region sensitive to disulfide changes,
using a 0.2 cm cell. The mean residue ellipticity is
plotted versus a ratio of moles zinc per moles
hexamer. The results, shown in Table II, further
indicate that PEG2OkDa-B28(92 /Al - insulin can
surprisingly and unexpectedly associate as hexameric
complex in the presence of divalent metal ions and
phenolic preservative in formulation conditions
analogous to those of Humalog(r), in spite of the
presence of six 20 kDa PEG moieties conjugated near
the already weakened, relative to wild-type human
insulin, dimerization domain of insulin lispro. The
impact of hexamerization and ligand binding on thermal
stability of PEG20kDa-B28(92 4%)/Al (76%)-insulin in
hexamer promoting test formulations was also
investigated with CD thermal denaturation experiments.
The wavelength used for the thermal denaturation
studies was 240 nm because it was found the overall
signal change was greater at 240 nm than the 250 nm
used in the Zn2+ binding studies, yet the total
solution absorbance would be low enough for high
quality CD data to be obtained. Thermal scan data at
240 nm in a 1mm cuvette were collected from 5 0C to
approximately 95 0C (final temperature varied slightly
for each sample), with a scan rate and data pitch of 1
C/minute, bandwidth of 1.5 nm, and response time of 8
seconds. Thermal denaturation data may be plotted as
both the raw signal (mdeg at 240 nm) and the fraction
apparent unfolded (Funf), which is given by: F11 (T)=
[Yobs(T) - Ynat(T)] / where Yobs(T) is the observed
signal as a function of temperature, and Ynat(T) and
Yunf(T) are linear extrapolations of the native and
unfolded baselines, respectively. The unfolding onset
temperature is defined as the temperature at which
Funf begins to increasefrom the native baseline (Funf
= O), and the midpoint temperature is the temperature
at which Funf = 0.5. CD thermal denaturation
experiments performed essentially as described above
indicated that the thermal stability of
PEG20kDa-B28(92 4%)/Al (7 6%)-insulin hexamers is
substantially reduced compared to insulin lispro
hexamers when both are similarly formulated in 16 mM
TRIS, pH 7.2, 3.1 mg/ml m-cresol, and zinc.
Furthermore, the CD thermal denaturation studies
detected a significant calcium and chloride ion
concentration dependent increase in melting
temperature for PEG20kDa-B28 924%)/Al (7 -insulin
lispro (data not shown). More specifically, the onset
temperature of unfolding was observed to be -30 0C in
16 mM TRIS, pH 7.2, 3.1 mg/ml m-cresol, and zinc but
increases dramatically to -50 0C in the same
formulation having 75 mM calcium chloride. A similar
effect was observed as the r upon the addition of NaCl
(25 mM to 150 mM NaCl) rather than calcium chloride to
the formulation. Therefore, calcium and/or chloride
may be very useful hexamer-promoting excipients in
pharmaceutical compositions comprising
PEG2OkDa-B28-insulin lispro compounds in order to
increase the chemical and/or physical stability of the
pharmaceutical composition upon storage. Table II:
Mean Residue Ellipticity (MRE) changes as a function
Zn/hexamer ratio Example 9: Generation of PEG20kDa-B28
% Al -insulin lisproA buffer solution containing 150
mM sodium phosphate dibasic and 50 mM EDTA is mixed
with 150 mM sodium phosphate tribasic to yield a
buffer solution with a pH between 10.85 and 11.10 at a
temperature between about 4 and 6 0C. At a temperature
between about 4 and 6 0C, insulin lispro crystals
(30-60 mg/mL) are slowly added to the buffer with
gentle agitation to avoid formation of agglomerates
during crystal dissolution. Monomethoxypoly(ethylene
glycol) p-nitrophenyl carbonate (mPEG-NPC) having PEG
of a weight average molecular weight of about 20 kDa
about 2 kDa is dissolved at a concentration from
60-120 mg/mL in chilled water (4-6 0C) by placing the
required amount of chilled water in a vessel,
agitating to create a vortex, and slowly pouring the
mPEG-NPC powder into the eye of the vortex to ensure
adequate and rapid dispersion. mPEG-NPC powder is a
fine powder and upon dispersion considerable air
bubbles are released into the vessel. The mPEG-NPC
solution in the vessel is allowed to de-aerate between
30 to 60 minutes, depending on volume. The insulin
lispro solution prepared above is transferred to a
mechanically agitated jacketed vessel. The vessel is
instrumented for measurement of temperature and pH.
Agitation is provided by a standard impeller operating
at a Reynolds number in the turbulent regime. The
mPEG-NPC (PEG) solution is metered into the vessel at
rate to give a total PEG addition time of between 3 to
5 hours. The temperature of the jacket is maintained
between 4 0C and 6 0C and mixing is continued. The pH
of the reaction is maintained between 10.85 to 11.10
by the addition of the required amount of the 150 mM
sodium phosphate tribasic buffer. The PEG is added
until the final PEG:insulin lispro molar ratio is in
the range between 2.5 to 4.5. At the end of the PEG
addition, the jacket temperature is raised within 60
minutes to between 25 0C and 30 0C and the reaction
mixture is incubated at that temperature for about 3
to about 6 hours while maintaining the pH between
about 10.7 to about 11.0. At the end of incubation
period, the reaction mixture is quenched by the
addition of 2x buffer (100 mM acidic acid/sodium
acetate, pH 4.0) and diluted with the same 2x buffer
to adjust its conductivity (2.5 mS/cm) and
concentration (3-5 mg/mL). The reaction mixture is
purified using a cation exchange chromatography (CEX)
column packed with an appropriate resin (e.g., Fast
Flow SP Sepharose resin). The 



column is packed with resin to a bed height between
about 15 to about 30 cm, equilibrated with 100 mM
Na-Acetate (buffer A) and loaded with the diluted
reaction mixture (5-8 gm product/L of resin) at low pH
(about 2.5 to about 4.0) at an appropriate flow rate
of between about 50 to about 90 cm/h. The
mono-PEGylated product and unreacted protein
preferentially bind onto the resin while
multi-PEGylated by-products and excess reagents mostly
pass through the column. Buffer A, with dilute
saltconcentration (20-30 mM), is used to wash away any
weakly adsorbing multi-PEGylated by-products, followed
by gradient elution using a buffer (8-12 CV) with
increased salt concentration (50-70 mM) to
preferentially remove the PEGylated product away from
the resin while keeping any unreacted protein onto the
column. The product is collected (3-5 CV) and the
column is washed with buffer A with high salt
concentration (100 mM) to remove un-reacted protein.
The CEX column mainstream (3-5 CV) at 3-5 mg/mL is
subjected to a tangential flow filtration to increase
its concentration to 40-80 mg/mL using a standard flat
sheet membrane (3-5 kDa molecular weight cut-off). The
process is carried out via an initial concentration
following by buffer exchanges and final concentration
to the required concentration. The operating flux
throughout the process is maintained between 10-20
liter per meter squared of filter area per hour (LMH)
and transmembrane pressure (TMP) between about 15 to
about 35 psi. The final concentrated bulk active
pharmaceutical ingredient solution is frozen at an
appropriate temperature (-20 0C to -70 0C) and stored
at an appropriate temperature (-20 0C to -70 0C).
Example 10: Pharmacokinetic Profiles of PEGylated
Insulin Lispro in Dogs Two-four year old female Beagle
dogs, 7-10 kg body weight, are dosed subcutaneously
with 18.9 nmol/kg of exemplary test compounds.
Periodically, blood samples is drawn from the cephalic
or saphenous vein and collected into tubes containing
disodium EDTA. Plasma is collected from the vein blood
sampling and a commercially available insulin
radioimmunoassay was used to determine the levels of
the administered drug in the plasma. Pharmacokinetic
profiles and parameters were determined for each of
the following exemplary compounds prepared essentially
as described in Example 2 : compound 11 prepared using
a linear mPEG-NPC having an average molecular weight
of about 40 kDa, about 30 kDa, and about 20 kDa.
Pharmacokinetic parameters were calculated using
model-independent methods (WinNonlin Pro). Compound 11
prepared using a linear mPEG-NPC having an average
molecular weig ht of about 20 kDa exhibited a time to
maximum concentration (vTmax) of approximately 12
hours, an apparent clearance rate (CL/F) of
approximately 0.046 L/h/kg, a maximal concentration (C
) of approximately 14 nM, and an elimination halflife
(X 117) of approximately 14 hours. Compound 11
prepared using a linear mPEG-NPC having an average
molecular weight of about 30 kDa exhibited a Tmac of
approximately 24 h, a CL/F of approximately 0.027
L/h/kg, a Cmac of approximately 18 nM, and a X1 of
approximately 23 hours.Compound 11 prepared using a
linear mPEG-NPC having an average molecular weight of
about 40 kDa exhibited a Tmac of approximately 24 h, a
CL/F of approximately 0.026 L/h/kg, a Cmac of
approximately 15 nM, and a t 2 of approximately 20
hours. Insulin detemir was similarly administered to
female beagle dogs at a dose of 18.9 nmol/kg, and
exhibited a T of approximately 1.3 hour, a CL/F of
approximately 0.12 L/h/kg, a Cmac of approximately 23
nM, and a t 1/2 of approximately 3.5 hours. Table III
lists the comparable parameters in the dog. The
insulin-specific RIA utilized for these studies
detects both PEGylated insulin lispro and endogenous
insulin. Table III. PK parameters for PEGylated
insulin lispro in dog 18.9 nmol/kg subcutaneous dose;
n = 3/groupExample 11: Projection of mean 'flatness'
and dose in humans A key criterion for improved basal
insulin therapy is the ability to achieve a truly flat
profile, amenable to once daily dosing in patients.
Sufficient flatness is defined as a peak-trough (PT)
ratio of <2. For purposes of comparison, PT ratios
calculated from published PK profiles range from -4-9
for detemir and -1.2-2.6 for glargine. The rat and dog
PK data (see Examples 5 and 10, respectively) for the
18.9 nmol/kg dose of exemplary compounds and insulin
detemir were fit to 1-CMT PK models, parameterized in
terms of ka, CL/F and V/F. Each PK parameter (P) is
then fit to an allometric equation of the form P = BW
, where b is fixed at -0.25, 0.75 and 1 for ka, CL/F
and V/F, respectively, and a is a fitted parameter.
Mean human estimates are obtained for each PK
parameter, and simulations generated mean profiles
following daily dosing in humans. Because of the
similarities between the 30 kDa and 40 kDa PEGylated
insulin lispro conjugates, the simulations are shown
only for 20 kDa PEGylated insulin lispro, 40 kDa
PEGylated insulin lispro and insulin detemir. The
simulations generated indicate that the peak-trough
(PT) ratios for 20 kDa and 40 kDa PEGylated insulin
lispro compounds are dramatically flatter than for
insulin detemir. Simulations results are shown in
Figure 1. A strategy for estimating the human dose of
a PEGylated insulin lispro required for efficacy is to
use a known clinical comparator (insulin detemir) as
an internal control in the rat efficacy model, with
the assumption that the relative potency between
PEGylated insulin lispro and insulin detemir in the
rat model is similar to the relative potency in the
clinic. The required daily dose of PEGylated insulin
lispro in the clinic can be obtained using the
following equation: Dose det _ E C50 t CL / F det
DDoosseePEb E C50 PEb CL I r PEb The relative potency
ratio for each of the PEGylated insulin lispro
conjugates can be obtained in Table IV. The relative
apparent clearance ratios for exemplary PEGylated
insulin lispro/detemir in the rat, dog and human
(projected) are compiled in Table V.Table IV. Relative
concentration-based potency of PEGylated insulin
lispro conjugates and insulin detemir in the rat Table
V. Relative CL/F ratios for insulin detemir/PEGylated
insulin lispro compounds Using the relative potency
estimates from Table IV and the relative CL/F
estimates from Table V, the mean dose projections for
PEGylated insulin lispro conjugates in humans is 4.2
and 6.9 nmol/kg for the 20 kDa and 40 kDa PEGylated
insulin lispro compounds, respectively. These
projections are based on a mean daily clinical dose of
18.5 nmol/kg insulin detemir as reported for Type 2
diabetic patients in the detemir label. When both time
action and potency are considered, the maximum mean
clinical dose prediction for is ~3-fold lower than
insulin detemir. In the best case, the mean clinical
dose estimate for the 20 kDa, 30 kDa, and 40 kDa
PEGylated insulin lispro conjugate is about 20- and
about 45-fold lower than insulin detemir. Example 12:
Glucose Infusion Rates after Single Administration in
Healthy 



Volunteers: PEG20kDa-B28 5% /Al %-insulin lispro and
Glargine Administration A three-part first-human-dose
study was conducted using a single dose of
PEG2OkDa-B28(> 95% /Al -insulin lispro (LY) prepared
essentially as described in Example 9. Part A included
three study periods, in which subjects received a
subcutaneous (SC) injection of LY dose in the first
period, followed by an injection of insulin glargine
dose (0.5 U/kg) in the second period, and then
followed by an injectionof another LY dose in the
third period. Part B was an open label, single dose,
two replicate periods study in which subjects received
a single dose of LY in both periods utilizing 24- and
36-hour glucose clamps. Part C was an open label, two
period, single dose, fixed sequence,
comparator-controlled study in which subjects received
a single 0.5 mg/kg SC dose of LY in one period and a
single 0.8 U/kg SC dose of insulin glargine in the
other period. Subjects underwent a 24-hr glucose clamp
procedure in each period in Parts A and C and a longer
duration (up to 36-hr) glucose clamp procedure in each
period in Part B. LY was administered subcutaneously
as a single dose in Parts A, B and C as follows: Part
A doses: 0.0025, 0.0125, 0.075, 0.325 mg/kg body
weight Part B doses: 0.15, 0.225 mg/kg Part C dose:
0.5 mg/kg Subjects are administered a single dose of
the PEGylated insulin lispro compound or a single dose
of insulin glargine (0.5 U/kg) as a comparator and
another single dose of LY in the 3rd period. In all
treatment periods, subjects undergo a euglycaemic
clamp procedure for up to 24/36 hours following each
insulin compound injection. Glucose infusion rates
(GIR) are adjusted to maintain euglycaemia, with the
documented GIR over time providing the GD measure of
insulin action. The aim of the euglycaemic glucose
clamp is to maintain euglycaemia through glucose
infusion after the administration of a dose of an
insulin compound. It is assumed that endogenous
insulin secretion and hepatic glucose output are
minimal and that any glucose that is translocated out
of the glucose space (i.e., glucose metabolised) is
the direct consequence of the administered exogenous
insulin. The GIR in this case will be the glucodynamic
(GD) measure of the insulin action over time. All
glucose clamp studies are performed after an overnight
fast of approximately 8 hours. On the morning of the
study, a small catheter is placed into a vein of one
arm, ideally in the ante-cubital fossa, for
administration of 20% dextrose solution (buffered to
near neutral pH) under the control of a volumetric
pump. Another catheter is placed, ideally in the wrist
or hand for venous glucose sampling. This area is
heated with a warming device to approximately 55-60 0C
for sampling arterialized venous blood. Blood samples
are obtained at the bedside for immediate
determination of whole blood glucose concentrations
using an automated glucose oxidase technique. After
basal blood sampling and a stabilization period of
approximately 30 minutes, each subject receives a dose
of insulin compound administered subcutaneously. The
start of the subcutaneous injection of an insulin
compound is defined as time zero. Following completion
of dosing, in conjunction with frequent blood sampling
for measurement of blood glucose, glucose is infused
intravenously at a variable rate in order to maintain
euglycaemia for up to 24 or 36 hours after insulin
administration.Blood sampling occurs approximately
every 10 minutes for approximately 30 minutes prior to
dosing and continued every 5-10 minutes for the first
2 hours after dosing (with the option to sample as
frequently as every 2.5 minutes), and then reduced to
10-30 minute intervals up to the end of clamp. During
the glucose clamp, the glucose infusion rate is
adjusted to maintain a pre determined target blood
glucose concentration for the individual subject.
Preferably, the target concentration is close to the
fasting blood glucose. The aim of the glucose clamp
procedure is to maintain the blood glucose
concentrations within +5% of the pre-dose target
value, which is defined as 5 mg/dL below the mean
fasting blood glucose. Thus, blood glucose
concentrations are kept constant while the GIR varied.
Therefore, the varying glucose infusion rate reflects
the activity of the test insulin compound. Blood
glucose levels from samplings and infusion rate
changes throughout the clamp are documented. A study
conducted essentially as described in Example 12
demonstrated, in humans, that LY has features of an
ideal "basal" insulin: a long duration of action, an
apparent half-life ranging from 24-44 hrs and basal
characteristics, i.e., a peak-trough ratio of less
than 2 (Figure 2). Additionally, the duration of
action for LY is longer than that of insulin glargine
(Figure 2). The within subject variability in the
glucodynamics was less than 30% (data not shown) which
is similar to or better than glargine. Finally,
glucodynamic data from Part C of the study (0.5 mg/kg)
resulted in a GIR profile for LY that was "peakless",
maintained GD for greater than 36 hours, and exceeded
the peak GIR response for glargine (0.5 U/kg; data not
shown). Example 13: Chemical and Physical Stablity
OfPEG n,, -B28, /Al _o/ .-insulin lispro
Pharmaceutical Compositions As described in Examples 7
and 8 above, PEG2OkDa-B28, 95%)/Al 5 -insulin lispro
can associate as a hexameric complex in the presence
of divalent metal ions and phenolic preservative in
formulation conditions analogous to those of Humalog
(r). Accordingly, chemical and physical stability
studies on PEG20kDa-B28-insulin lispro formulations
similar to commercial solution formulations of insulin
lispro (i.e., Humalog (r) solution formulations) were
conducted. Chemical stability of a test pharmaceutical
formulation was considered acceptable if no
significant change in various analytical properties
was detected from the initial time point for the
indicated storage period at the different
temperatures. Physical stability of a test
pharmaceutical formulation was considered acceptable
if upon visual assessment no particles were observed
and uponassessment by Thioflavin T fluorescence
microscopy no fibril or gel formation was observed.
PEG20kDa-B28-insulin lispro formulations containing
0.5 mole zinc per mole of PEG20kDa-B28-insulin lispro,
16 mg/mL glycerin, 3.15 mg/mL m-cresol, buffered with
either phosphate or citrate at pH 7.0 or pH 6.5,
respectively, were prepared and tested for both
chemical and physical stability. Similar formulations
without zinc were tested to evaluate the impact of
zinc on stability. Samples at 35C formed gel particles
after approximately 1 month of storage and samples at
25C showed significant number of particles/bubbles
formation after approximately two months of storage.
Both citrate and phosphate buffered as well as zinc/no
zinc formulations showed similar chemical/physical
stability at the accelerated 35C condition although
citrate buffer samples appeared to be worse than
phosphate buffered samples when assessed visually.
Insulin lispro control formulation remained clear.
Both citrate and phosphate buffered formulations
demonstrated an acceptable chemical stability at 5C
for at least 13 months. Subsequent investigations
indicated that the phenolic preservative, m-cresol, 



promoted gellation when combined with
PEG20kDa-B28-insulin lispro composed and exposed to
high temperature (> 25C). Interestingly, when m-cresol
was added to mPEG alone (activated or non-activated)
gel particles did not result upon exposure to high
temperature. When the prototypical formulations of
insulin lispro did not confer acceptable stability to
PEG20kDa-B28-insulin lispro compounds at elevated
temperatures, pharmaceutical compositions comprising
PEG20kDa-B28( 95 / )/Al ( 5/ )-insulin lispro
compounds demonstrating improved chemical and physical
stability and suitable for commercialization as a
parenterally administered pharmaceutical formulation
were developed. The following formulations of
PEG20kDa-B28( 95 / )/Al ( 5/ )-insulin lispro (15
mg/mL) demonstrated acceptable chemical and physical
stability for one week at 40 0C, for one month at 30
0C, for three months at 25 0C, and for over eight
months at 5 0C: 1) 16 mM TRIS buffer, pH 7.0-8.0, 10
mM calcium chloride, 20 mg/mL sugar (sucrose or
trehalose), 3 mg/mL (28 mM) m-cresol, and 0.5 mole
zinc per 1.0 mole PEG 20kDa-B28 ( 95%)/A 1 ( %)-
inSUlin liS P r O T) 16 mM TRIS buffer, pH 7.0-8.0, 10
mM calcium chloride, 3 mg/mL poloxamer, 3 mg/mL (28
mM) m-cresol, and 0.5 mole zinc per 1.0 mole PEG20kDa-
B28 . / ,/Al w ,-insulin lispro 3) 5 mM phosphate
buffer, pH 7.0, 130 mM glycerine, 3 mg/mL (28 mM)
mcresol, 3 mg/mL poloxamer, 0.3 mole zinc per 1.0 mole
of PEG2OkDa-B28 95%)/Al - insulin lisproFormulations
of PEG20kDa-B28(~95%yAl (~5%)-insulin lispro
containing hexamer promoting excipients, e.g., zinc,
m-cresol, and calcium generally exhibited greater
physical and chemical stability, especially at
elevated temperatures. Addition of calcium, chloride
and/or NaCl to PEG20kDa-B28( 95 / )/Al ( 5/ )-insulin
lispro formulations containing zinc and m-cresol
further enhanced the physical stability of
formulations exposed to temperatures of 40 0C or
greater. Furthermore, phosphate and citrate buffered
formulations generally exhibited less physical
stability than TRIS buffered formulations.We claim: 1.
A PEGylated insulin lispro compound of the formula:
P-[(A)-(B)], or a pharmaceutically acceptable salt
thereof, wherein: A is the A-chain of insulin lispro
(SEQ ID NO: 1); B is the B-chain of insulin lispro
(SEQ ID NO: 3); and P is a PEG having a molecular
weight in the range from about 20 kDa to about 40 kDa,
and wherein A and B are properly cross-linked and P is
attached via an urethane or thioether covalent bond to
the alpha-amino group of the glycine at position 1 of
A, the alpha-amino group of the phenylalanine at
position 1 of B, or the epsilon-amino group of the
lysine at position 28 of B. 2. The compound of claim 1
wherein the PEG is attached via an urethane or
thioether covalent bond to the epsilon-amino group of
the lysine at position 28 of B. 3. The compound of any
one of claims 1 to 2 which is further characterized by
having a Ki for human insulin receptor of about 30 nM
or less. 4. The compound of any one of claims 1 to 2
which is further characterized by having a Ki for
human insulin receptor of about 20 nM or less. 5. The
compound of any one of claims 1 to 2 which is further
characterized by having a Ki for human insulin
receptor of about 10 nM or less. 6. The compound of
any one of claims 1 to 5 which is further
characterized by having an elimination half-life
greater than about 6 hours in STZ-treated rats dosed
at about 568 nmol/kg. 7. The compound of any one of
claims 1 to 6 which is sufficient to lower blood
glucose to below 100 mg/dL in a STZ-treated rat for a
period ranging from about 4 hours to at least about 36
hours after a single subcutaneous injection of the
compound at a dose of about 568 nmol/kg. 8. The
compound of any one of claims 1 to 7 which is
sufficient to lower blood glucose to below 100 mg/dL
in a STZ-treated rat for a period ranging from about 4
hours to at least about 48 hours after a single
subcutaneous injection of the compound at a dose of
about 568 nmol/kg.9. The compound of any one of claims
1 to 8 which is further characterized by having an
elimination half-life greater than about 30 hours in a
human upon a single subcutaneous dose at about 0.225
mg/kg. 10. The compound of any one of claims 1 to 9
which is further characterized by having an
elimination half-life greater than about 36 hours in
humans upon a single subcutaneous dose at about 0.225
mg/kg. 11. The compound of any one of claims 1 to 10
wherein the PEG has a molecular weight in the range
from about 17.5 kDa to about 25 kDa. 12. The compound
of any one of claims 1 to 11 wherein the PEG has a
molecular weight in the range from about 20 kDa to
about 25 kDa. 13. The compound of any one of claims 1
to 12 wherein the covalent bond is an urethane bond.
14. The compound of any one of claims 1 to 13 further
characterized by having a pharmacokinetic,
pharmacodynamic, or activity peak to trough ratio of
less than 2 upon parenterally administering to a
patient a therapeutically effective amount of the
compound. 15. The use of a compound of any one of
claims 1 to 14 for use in therapy. 16. The use of a
compound of any one of claims 1 to 14 for the
manufacture of a medicament for the treatment of
hypoglycemia or diabetes. 17. A pharmaceutical
composition comprising a compound of any one of claims
1 to 14 and one or more pharmaceutically acceptable
excipients, diluents, or carriers. 18. The
pharmaceutical composition of claim 17 wherein greater
than about 95% of the PEGylated insulin lispro
compounds are mono-PEGylated. 19. The pharmaceutical
composition of any one of claims 17 to 18 wherein
greater than about 90% of the PEGylated insulin lispro
compounds have a PEG covalently attached to the
epsilon-amino group of the lysine at position 28 of B.
20. The pharmaceutical composition of any one of
claims 17 to 19 further comprising a TRIS buffer at a
concentration in the range from about 10 mM to about
25 mM TRISwherein the pH of said pharmaceutical
composition is from about pH 7.0 to about pH 8.0 and
at least one isotonicity agent producing a solution
with an isotonicity between about 270 mOsm and about
330 mOsm. 21. The pharmaceutical composition of any
one of claims 17 to 20 further comprising a phosphate
buffer at a concentration in the range from about 5 mM
to about 10 mM and wherein the pH of said
pharmaceutical composition is from about pH 7.0 to
about pH 7.5 and at least one isotonicity agent
producing a solution with an isotonicity between about



270 mOsm and about 330 mOsm. 22. The pharmaceutical
composition of any one of claims 17 to 21, wherein the
total concentration of PEGylated insulin lispro
compounds is from about 15 mg/mL to about 40 mg/mL.
23. The pharmaceutical composition of any one of
claims 17 to 22 further comprising a therapeutically
effective amount of insulin lispro. 24. The
pharmaceutical composition of any one of claims 17 to
23 further comprising about 130 mM m-cresol, between
about 2 and about 4 moles of zinc per mole of total
hexamers of insulin, insulin analog, and PEGylated
insulin lispro, between about 2.5 mM and about 25 mM
calcium, and a surfactant. 25. The pharmaceutical
composition of any one of claims 17 to 24 further
comprising a pharmaceutically-acceptable phenolic
preservative and an amount of zinc sufficient to cause
the PEGylated insulin lispro compounds to hexamerize.
26. The pharmaceutical composition of any one of
claims 17 to 25 further comprising between about 100
mM and about 150 mM NaCl, between about 2.5 mM and
about 25 mM calcium, and between about .5 mg/mL and
about 5 mg/mL of poloxamer 188. 27. The pharmaceutical
composition of any one of claims 17 to 26 comprising
between about 1 mg/mL and about 5 mg/mL poloxamer 188.
28. The pharmaceutical composition of any one of
claims 17 to 27 comprising between about 0.3 and 5
moles of zinc per mole of PEGylated insulin lispro.
29. A method of treating hyperglycemia or diabetes in
a patient in need of such a treatment, said method
comprising administering to a patient a
therapeutically effective amount of a pharmaceutical
composition of any one of claims 17 to 28.30. The
method of claim 29, wherein the patient is treated for
diabetes mellitus. 31. The method of claim 29, wherein
the patient is treated for gestational diabetes. 32. A
process of making a PEGylated insulin lispro compound
of the formula: P-[(A)-(B)], or a pharmaceutically
acceptable salt thereof, wherein: A is the A-chain of
insulin lispro (SEQ ID NO: 1); B is the B-chain of
insulin lispro (SEQ ID NO: 3); and P is a PEG having a
molecular weight in the range from about 20 kDa to
about 40 kDa, and wherein A and B are properly
cross-linked and P is attached via an urethane
covalent bond to the epsilon-amino group of the lysine
at position 28 of B which comprises reacting the
epsilon-amino group of the lysine at position 28 of B
with monomethoxypoly(ethylene glycol) p-nitrophenyl
carbonate (mPEG-NPC) having a weight average molecular
weight of between about 20 kDa and about 40 kDa in an
aqueous solvent at a pH between about 8.5 and about
11.5 and at between about 25C and about 300C for a
period of time between about 3 and about 6 hours. 33.
The process of claim 32 wherein the PEG:insulin lispro
molar ratio is in the range between about 2.5 and
about 5.0. 34. The process of claim 32 or 33 wherein
the weight average molecular weight of the mPEG-NPC is
about 20 kDa. 35. The process of any one of claims 32
to 34 wherein the pH of the reaction is maintained at
between about 10.5 and about 11.5. 36. The process of
any one of claims 32 to 35 wherein the reaction is
conducted at between about 25 0C and about 30 0C for
about 3 hours. 


