
PRODRUGS OF PIPERAZINE AND SUBSTITUTED PIPERIDINE
ANTIVIRAL AGENTS CROSS-REFERENCE TO RELATED
APPLICATIONS This application claims the benefit of
U.S. Provisional Application Serial Numbers 60/635,231
filed December 10, 2004 and 60/553,320 filed March 15,
2004. FIELD OF THE INVENTION This invention provides
compounds having drag and bio-affecting properties,
their pharmaceutical compositions and method of use.
hi particular, the invention is concerned with new
prodrug derivatives with antiviral activity. More
particularly, the present invention relates to
compounds useful for the treatment of HTV and AIDS.
BACKGROUND ART HIV-1 (human immunodeficiency virus -1)
infection remains a major medical problem, with an
estimated 42 million people infected worldwide at the
end of 2002. The number of cases ofHIV and AIDS
(acquired immunodeficiency syndrome) has risen rapidly
hi 2002, ~5.0 million new infections were reported,
and 3.1 million people died from AIDS. Currently
available drags for the treatment of HIV include ten
nucleoside reverse transcriptase (RT) inhibitors or
approved single pill combinations (zidovudine or AZT
(or Retrovir(r)), didanosine (or Videx(r)), stavudine
(or Zerit(r)), lamivudine (or 3TC or Epivir(r))
zalcitabine (or DDC or Hivid(r)), abacavir succinate
(or Ziagen(r)), Tenofovir disoproxil fumarate salt (or
Viread(r)), Combivir(r) (contains -3TC plus AZT)5
Trizivir(r) (contains abacavir, lamivudine, and
zidovudine) and Emtriva(r) (emtricitabine); three
non-nucleoside reverse transcriptase inhibitors:
nevirapine (or Viramune(r)), delavirdine (or
Rescriptor(r)) and efavirenz (or Sustiva(r)), nine
peptidomimetic protease inhibitors or approved
formulations: saquinavir, indinavir, ritonavir,
nelfinavir, amprenavir, lopinavir,
Kaletra(r)(lopinavir and Ritonavir), Atazanavir
(Reyataz ), Fosamprenavir(r) and one fusion inhibitor
whichtargets viral gp41 T-20 (FUZEON(r)). Each of
these drugs can only transiently restrain viral
replication if used alone. However, when used in
combination, these drugs have a profound effect on
viremia and disease progression. In fact, significant
reductions in death rates among AIDS patients have
been recently documented as a consequence of the
widespread application of combination therapy.
However, despite these impressive results, 30 to 50%
of patients ultimately fail combination drug
therapies. Insufficient drug potency, non-compliance,
restricted tissue penetration and drug-specific
limitations within certain cell types (e.g. most
nucleoside analogs cannot be phosphorylated in resting
cells) may account for the incomplete suppression of
sensitive viruses. Furthermore, the high replication
rate and rapid turnover of HIV-I combined with the
frequent incorporation of mutations, leads to the
appearance of drug-resistant variants and treatment
failures when suboptimal drug concentrations are
present (Larder and Kemp; Gulick; Kuritzkes;
Morris-Jones et al; Schinazi et al; Vacca and Condra;
Flexner; Berkhout and Ren et al; (Ref. 6-14)).
Therefore, novel anti-HFV agents exhibiting distinct
resistance patterns, and favorable pharmacokinetic as
well as safety profiles are needed to provide more
treatment options. Currently marketed HIV-I drugs are
dominated by either nucleoside reverse transcriptase
inhibitors or peptidomimetic protease inhibitors.
Non-nucleoside reverse transcriptase inhibitors
(NNRTIs) have recently gained an increasingly
important role in the therapy of HIV infections
(Pedersen & Pedersen, Ref 15). At least 30 different
classes ofNNRTI have been described in the literature
(De Clercq, Ref. 16) and several NNRTIs have been
evaluated in clinical trials. Dipyridodiazepinone
(nevirapine), benzoxazinone (efavirenz) and
bis(heteroaryl) piperazine derivatives (delavirdine)
have been approved for clinical use. However, the
major drawback to the development and application of
NNRTIs is the propensity for rapid emergence of drug
resistant strains, both in tissue cell culture and in
treated individuals, particularly those subject to
monotherapy. As a consequence, there is considerable
interest in the identification of NNRTIs less prone to
the development of resistance (Pedersen & Pedersen,
Ref 15). A recent overview of non-nucleoside reverse
transcriptase inhibitors: "Perspectives on novel
therapeutic compounds and strategies for the treatment
of HIV infection", has appeared (Buckheit , reference
99).A review covering both NRTI andNNRTIs has appeared
(De Clercq, reference 100). An overview of the current
state of the HIV drugs has been published (De Clercq,
reference 101). Several indole derivatives including
indole-3-sulfones, piperazino indoles, pyrazino
indoles, and 5H-indolo[3,2-b][l,5]benzothiazepine
derivatives have been reported as HIV-I reverse
transciptase inhibitors (Greenlee et al, Ref. 1;
Williams et al, Ref. 2; Romero et al, Ref. 3; Font et
al, Ref. 17; Romero et al, Ref. 18; Young et al, Ref.
19; Genin et al, Ref. 20; Silvestri et al, Ref. 21).
Indole 2-carboxamides have also been described as
inhibitors of cell adhesion and HIV infection
(Boschelli et al, US 5,424,329, Ref. 4). 3-Substituted
indole natural products (Semicochliodinol A and B,
didemethylasterriquinone and isocochliodinol) were
disclosed as inhibitors of HIV-1 protease (Fredenhagen
et al, Ref. 22). Structurally related aza-indole amide
derivatives have been disclosed previously (Kato et
al, Ref. 23(a); Levacher et al, Ref. 23(b); Dompe Spa,
WO- 09504742, Ref. 5(a); SmithKline Beecham PLC,
WO-096 11929, Ref. 5(b); Schering Corp., US-05023265,
Ref. 5(c)). However, these structures differ from
those claimed herein in that they are monoaza-indole
mono-amide rather than oxoacetamide derivatives, and
there is no mention of the use of these compounds for
treating viral infections, particularly HIV. New drugs
for the treatment of HIV are needed for the treatment
of patients who become resistant to the currently
approved drugs described above which target reverse
transcriptase or the protease. One approach to
obtaining these drugs is to find molecules which
inhibit new and different targets of the virus. A
general class of inhibitors which are under active
study are HFV entry inhibitors. This general
classification includes drugs aimed at several targets
which include chemokine receptor (CCR5 or CXCR4)
inhibitors, fusion inhibitors targeting viral gp41,
and inhibitors which prevent attachment of the viral
envelope, gpl20, the its human cellular target CD4. A
number of reviews or general papers on viral entry
inhibitors have recently appeared and some selected
references are:Chemokine receptor antagonists as HTV
en y inhibitors. Expert Opinion on Therapeutic Patents
(2004), 14(2), 251-255. Inhibitors ofthe entry of HIV
into host cells. Meanwell, Nicholas A.; Kadow, John F.
Current Opinion in Drug Discovery & Development
(2003), 6(4), 451-461. Virus entry as a targetfor
anti-HW intervention. Este, Jose A. Retrovirology
Laboratory irsiCaixa, Hospital Universitari Germans
Trias i Pujol, Universitat Autonoma de Barcelona,
Badalona, Spain. Current Medicinal Chemistry (2003),
10(17), 1617-1632. New antiretroviral agents.
Rachline, A.; JoIy, V. Service de Maladies
Infectieuses et Tropicales A, Hopital Bichat-Claude
Bernard, Paris, Fr. Antibiotiques (2003), 5(2), 77-82.
New antiretroviral drugs. Gulick, R. M. Cornell HIV
Clinical Trials Unit, Division of International
Medicine and Infectious Diseases, Weill Medical
College of Cornell University, New York, NY, USA.
Clinical Microbiology and Infection (2003), 9(3),
186-193. Sensitivity of HIV-I to entry inhibitors
correlates with envelope/coreceptor affinity, receptor
density, andfusion kinetics. Reeves, Jacqueline D.;
Gallo, Stephen A.; Ahmad, Navid; Miamidian, John L.;
Harvey, Phoebe E.; Sharron, Matthew; Pohlmann, Stefan;
Sfakianos, Jeffrey N.; Derdeyn, Cynthia A.;
Blumentlial, Robert; Hunter, Eric; Doms, Robert W.
Department of Microbiology, University of
Pennsylvania, Philadelphia, PA, USA. Proceedings ofthe
National Academy of Sciences ofthe United States
ofAmerica (2002), 99(25), 16249-16254. CODEN: PNASA6
ISSN: 0027-8424. Opportunities and challenges in
targeting HTVentry. Biscone, Mark J.; Pierson,
Theodore C ; Doms, Robert W. Department of
Microbiology, University of Pennsylvania,
Philadelphia, PA, USA. Current Opinion in Pharmacology
(2002), 2(5), 529-533.HW entiy inhibitors in clinical
development. OHara, Bryan M.; Olson, William C.
Progenies Pharmaceuticals, Inc., Tarrytown, NY, USA.
Current Opinion in Pharmacology (2002), 2(5), 523-528.
Resistance mutation in HIVentiy inhibitors. Hanna,
Sheri L.; Yang, Chunfu; Owen, Sherry M.; LaI, Renu B.
HIV Immunology and Diagnostics Branch, Division of
AIDS5STD, Atlanta, GA, USA. AIDS (London, United
Kingdom) (2002), 16(12), 1603-1608. HW entry: are all
receptors created equal? Goldsmith, Mark A.; Doms,
Robert W. Genencor International, Inc., Palo Alto, CA,
USA. Nature Immunology (2002), 3(8), 709-710. CODEN:
NIAMCZ ISSN: 1529-2908. Peptide and non-peptide
HWfusion inhibitors. Jiang, Shibo; Zhao, Qian;
Debnath, Asim K. The New York Blood Center, Lindsley
F. Kimball Research Institute, New York, NY, USA.
Current Pharmaceutical Design (2002), 8(8), 563-580.
There are two general approaches for preventing the
initial attachment of viral membrane, gpl20, to
cellular CD4 which are a) inhibitors which bind to
human CD4 and block attachment of viral envelope
(gpl20) and b) inhibitors which bind to viral gpl20
and prevent the binding of cellular CD4. The second
approach has the advantage that it inhibits a viral
target and, if selective, minimizes the chances of
perturbing normal human physiology or causing side
effects. With this approach, in order to overcome a
spectrum in susceptability to drug caused by
variability in the sequences of viral envelope and to
suppress the development of resistance, it is
important to achieve plasma levels of drug that is as
many multiples as possible over the EC50 or other
measure of the concentration of drug needed to kill
virus. As discussed later, these inhibitors appear
safe so to be of wide utility in man they, therefore,
must be able to achieve exposure levels sufficient to
enable virus suppression. The higher the multiple of
drug levels over the level needed to inhibit viral
growth, the more efficiently and completely the
suppresion of viral replication and the lower the
chance for viral mutation and subsequent development
of resistance to treatment. Thus, important aspects
contributing to the efficacy of viral
attachmentinhibitors include not only intrinsic
potency and safety, but also pharmacokinetics and
pharmaceutical properties which allow attainment of
high plasma exposure at a physically feasible dose and
an acceptable, preferably convenient, administration
schedule. This invention describes a prodrug approach
which greatly enhances the maximum exposure and the
ability to increase exposure multiples (i.e.,
multiples of drug exposure greater than EC50 or EC 0)
upon dose escalation of efficacious members of a
previously disclosed class of HIV attachment
inhibitors. A series of recent publications and
disclosures characterize and describe a compound
labelled as BMS-806, an initial member of a class of
viral entry inhibitors which target viral gp-120 and
prevent attachment of virus to host CD4. A small
molecule HW-I inhibitor that targets the HW-I envelope
and inhibits CD4 receptor binding. Lin, Pin-Fang;
Blair, Wade; Wang, Tao; Spicer, Timothy; Guo, Qi;
Zhou, Nannan; Gong, Yi-Fei; Wang, H. -G. Heidi; Rose,
Ronald; Yamanaka, Gregory; Robinson, Brett; Li,
Chang-Ben; Fridell, Robert; Deminie, Carol; Demers,
Gwendeline; Yang, Zheng; Zadjura, Lisa; Meanwell,
Nicholas; Colonno, Richard. Proceedings of the
National Academy of Sciences of the United States of
America (2003), 100(19), 11013-11018. Biochemical and
genetic characterizations of a novel human
immunodeficiency virus type 1 inhibitor that blocks
gpl20-CD4 interactions. Guo, Qi; Ho, Hsu-Tso; Dicker,
Ira; Fan, Li; Zhou, Nannan; Friborg, Jacques; Wang,
Tao; McAuliffe, Brian V.; Wang, Hwei-gene Heidi; Rose,
Ronald E.; Fang, Hua; Scarnati, Helen T.; Langley,
David R.; Meanwell, Nicholas A.; Abraham, Ralph;
Colonno, Richard J.; Lin, Pinfang. Journal of Virology
(2003), 77(19), 10528-10536. Method using small
heterocyclic compoundsfor treatingHW infection by
preventing interaction ofCD4 andgp O. Ho, Hsu-Tso;
Dalterio, Richard A.; Guo, Qi; Lin, Pin-Fang. PCT Int.
Appl. (2003), WO 2003072028A2. Discovery of
4-benzoyl-l-[(4-methoxy-lH-
pyrrolo[2,3-b]pyridin-3-yl)oxoacetyl]-2-
(R)-methylpiperazine (BMS-378806): A Novel HW-I
Attachment Inhibitor ThatInterferes with CD4-gpl20
Interactions. Wang, Tao; Zhang, Zhongxing; Wallace,
Owen B.; Deshpande, Milind; Fang, Haiquan; Yang,
Zheng; Zadjura, Lisa M.; Tweedie, Donald L.; Huang,
Stella; Zhao, Fang; Ranadive, Sunanda; Robinson, Brett



S.; Gong, Yi-Fei; Ricarrdi, Keith; Spicer, Timothy P.;
Deminie, Carol; Rose, Ronald; Wang, Hwei-Gene Heidi;
Blair, Wade S.; Shi, Pei-Yong; Lin, Pin-fang; Colonno,
Richard J.; Meanwell, Nicholas A. Journal of Medicinal
Chemistry (2003), 46(20), 4236-4239. BMS-806 hidole,
azaindole and other oxo amide containing derivatives
from this class have been disclosed in a number of
different PCT and issued U.S. patent applications
(Reference 93-95, 106, 108, 109, 110, 111, and 112)
and these references directly relate to the compounds
in this patent application. None of the compounds in
these references of prior art contain a methyl
dihydrogen phosphate (or salt or mono or di ester of
the phosphate group) group appended to the N-I
nitrogen and thus the compounds of this current
invention represent new compositions of matter. This
moiety dramatically increases the utility of the
parent compounds by functioning as a prodrug
modification which dramatically increases the maximum
systemic exposure of the parent molecules in
preclinical models of human exposure. We believe
nothing in the prior art references can be construed
to disclose or suggest the novel compounds of this
invention and their use to inhibit HIV infection. This
invention describes prodrugs of specific indole and
azaindole ketopiperazine amides which are extremely
effective at improving the oral utility of the parent
molecules as antiviral agents particulary as anti HIV
drugs. The parent molecules are relatively insoluble,
and suffer from dissolution-limited or solubility
limited absorption which means as the dose is
increased above a maximum level, lessand less of the
drug dissolves in time to be absorbed into the
circulation and they are instead passed through the
body to be eliminated as waste. The improvements
offered by the prodrug are necessary, for they allow
drug levels in the body to be increased significantly,
which provides greater efficacy vs HIV virus and in
particular vs less sensitive or more resistant
strains. Prodrugs are especially important for this
class of drugs since the drugs target the envelope of
the HIV virus, a target which varies from strain to
strain and thus in which maximum exposure multiples
are desired. Because with a prodrug, more of the drug
will be absorbed and reach the target, pill burden,
cost to the patient and dosing intervals could be
reduced. The identification of prodrugs with these
properties is difficult and neither straightforward,
nor is a clear path to successful prodrug design
disclosed in the literature. There is no clear prior
art teaching of which prodrug chemistry to employ nor
which will be most effective. The following discussion
and data will show that the prodrugs described in this
invention work surprisingly well. They release parent
drug extremely quickly and efficiently and enhance the
exposure to levels which are higher than reported for
many prodrugs. The use of prodrug strategies or
methodologies to markedly enhance properties of a drug
or to overcome an inherent deficiency in the
pharmaceutic or pharmacokinetic properties of a drug
can be used in certain circumstances to markedly
enhance the utility of a drug. Prodrugs differ from
formulations in that chemical modifications lead to an
entirely new chemical entity which upon administration
to the patient, regenerates the parent molecule within
the body. A myriad of prodrug strategies exist which
provide choices in modulating the conditions for
regeneration of the parent drug, the physical,
pharmaceutic, or pharmacokinetic properties of the
prodrug, and the functionality to which the prodrug
modifications may be attached. However, none of these
publications teach what approach to use that result in
the specific prodrugs herein invented. A number of
reviews or discussions on prodrug strategies have been
published and a nonexhaustive list is provided below:
Hydrolysis in Drug andprodrug Metabolism. Richard
Testa and Joachim Mayer, 2003 Wiley-VCH publisher,
ISBN 3-906390-25-x.Design of Prodrugs, Bundgard, H.
Editor, Elsevier, Amsterdam, 1985. Pharmacokinetics of
drug targeting: specific implicationsfor targeting
viaprodrugs. Stella, V. J.; Kearney, A. S. Dep.
Pliarm. Chem., Univ. Kansas, Lawrence, KS, USA.
Handbook of Experimental Pharmacology (1991),
100(Targeted Drug Delivery), 71-103. CODEN: HEPHD2
ISSN: 0171-2004. Journal; General Review written in
English. CAN 116:158649 AN 1992:158649 CAPLUS
(Copyright 2004 ACS on SciFinder (R)). Prodrugs. Do
they have advantages in clinicalpractice? Stella, V.
J.; Charman, W. N. A.; Naringrekar, V. H. Dep. Pharm.
Chem., Univ. Kansas, Lawrence, KS, USA. Drugs (1985),
29(5), 455-73. CODEN: DRUGAY ISSN: 0012-6667. Journal;
General Review written in English. CAN 103:115407 AN
1985:515407 CAPLUS (Copyright 2004 ACS on SciFinder
(R)). Trends in prodrug research. Stella, V. J.;
Naringrekar, V. H.; Charman, W.N. A. Dep. Pharm.
Chem., Univ. Kansas, Lawrence, KS, USA. Pharmacy
International (1984), 5(11), 276-9. CODEN: PHINDQ
ISSN: 0167-3157. Journal; General Review written in
English. CAN 102:72143 AN 1985:72143 CAPLUS (Copyright
2004 ACS on SciFinder (R)). While some technologies
are known to have specific applications, ie to improve
solubility or absorption for example, the development
of prodrugs remains, to a great extent, an empirical
exercise. Thus a number of strategies or chemical
modifications must usually be surveyed and the
resulting compounds evaluated in biological models in
order to ascertain and gauge the success of prodrug
strategies. A successful prodrug strategy requires
that a chemically reactive site in a molecule be
modified via addition of the prodrug moiety and that
later under the desired conditions in the patients the
prodrug moiety will unmask and release parent drug.
The prodrug molecule must have suitable stability in
an acceptable dosage form prior to dosing. In
addition, the release mechanism must allow the prodrug
to regenerate parent drug efficiently and with
kinetics that provide therapeutic levels of parent
drug at the disease target. In our molecules, the
indole or azaindole nitrogenrepresents an acceptable
point of attachment for a prodrug moiety. The
suggestion that a phosphate group joined by an
appropriate chemistry or linker can enhance oral
exposure of a parent drug is a concept known in the
art. However, as will be discussed below, it is
unpredictable to know that if using a phosphate group
to create a prodrug will work with a given drug
substance. The phosphate group temporarily alters the
physical properties of the drug and is, thus, a
prodrug which increases the aqueous solubility of the
resulting molecule, until it is cleaved by alkaline
phosphatase in the body or other chemical reaction of
a rationally designed linker. For example, in the
following reference, the authors conclude phosphates
may improve oral efficacy. In this reference a
phosphate derivative of an alcohol group in a poorly
water soluble, lipophilic drug displayed better oral
bioavailbility than two other prodrugs and appeared to
offer an advantage over the parent molecule which
possesed low oral bioavailability. Evaluation of a
targetedprodrug strategy to enhance oral absorption of
poorly water-soluble compounds. Chan, O. Helen;
Schmid, Heidi L.; Stilgenbauer, Linda A.; Howson,
William; Horwell, David C ; Stewart, Barbra H.
Pharmaceutical Research (1998), 15(7), 1012-1018. Two
very pertinent and recent papers have published which
discuss the difficulties of identifying phosphate
prodrugs with significant advantages over the parent
molecule for oral use. A paper entitled "Absorption
Rate Limit Considerations for Oral Phosphate Prodrugs"
by Tycho Heimbach et. al. in Pharmaceutical Research
2003, VoI 20, No. 6 pages 848-856 states "The
surprising inability to use phosphate prodrugs by the
oral route prompted a study in a system being used to
screen drug candidates for absorption potential." This
paper also reviews the reasons many phosphate prodrugs
were unsuitable for oral use and discusses several
potential rate limiting factors in the drug absorption
process. The paper also identifies the few successful
applications. The paper attempts to identify
properties which may make some drugs suitable for oral
delivery as phosphate prodrugs but the message is
clear that this is still anempirical science. This is
emphasized by the conclusions of a second paper by the
same authors entitled "Enzyme mediated precipitation
of parent drugs from their phosphate prodrugs" by
Tycho Heimbach et. al in International Journal of
Pharmaceutics 2003, 261, 81-92. The authors state in
the Abstract that many oral phosphate prodrugs have
failed to improve the rate or extent of absorption
compared to their insoluble parent drugs. Rapid parent
drug generation via intestinal alkaline phosphatase
can result in supersaturated solutions, leading to
parent drug precipitation. This would limit utility of
the oral phopshates. The conclusions of this paper
state (quoted) "In summary, precipitation of parent
drugs from phosphate prodrugs can be enzyme mediated.
Preciptitation of certain drugs can also be observed
for certain drugs in the Caco-2 model. Since induction
times decrease and nucleation times increase with high
supersaturation ratios, parent drugs can precipitate
when targeted prodrugs concentration are much higher
than than the parent drug's solubility ie for parent
drugs with high supersaturation ratios. The extent to
which a parent drug precipitates during conversion of
the prodrug is dependent on the prodrug to parent
conversion rates, prodrug effect on the precipitation
of parent drug, and the solubilization of the parent
drug." As can be seen by the author's conclusion, the
process is a complex one and is dependent on many
factors which are impossible to predict in advance
such as supersaturation ratios, rate of prodrug
conversions in vivo, and ability of the intestinal
milieu to solubilize parent and prodrug mixtures. The
two references by Heimbach describe the clinical
status of phosphate prodrugs and discuss the many
failures and few successful examples. One example of a
clinical failure and one example of a success are
provided below: Etoposide(r) is an anticancer drug
which is administered either via iv or oral routes.
Etoposide phosphate prodrugs are used clinically, but
these structures differ from the derivatives of the
current application as this prodrug contains a
phosphate formed by direct attachment to a phenol
moiety of the parent drug. The main reasons for
preparing a phosphate prodrug of the drug etoposide
were to improve intravenous use via increased
solubility and reduction of excipients. Although the
phosphate prodrugwas evaluated orally both
preclinically and clinically it is only used
clinically for iv administration. Synthesis of
'etoposidephosphate, BMY-40481: a water-soluble
clinically active prodrug of etoposide. Saulnier, Mark
G.; Langley, David R.; Kadow, John F.; Senter, Peter
D.; Knipe, Jay O.; Tun, Min Min; Vyas, Dolatrai M.;
Doyle, Terrence W. Bristol-Myers Squibb Co.,
Wallingford, CT, USA. Bioorganic & Medicinal Chemistry
Letters (1994), 4(21), 2567-72 and references therein.
As can be seen from the following two references, the
benefits of the phosphate moiety for oral dosing were
not clear. Randomized comparison of
etoposidepharmacokinetics after oral etoposide
phosphate and oral etoposide. De Jong, R. S.; Mulder,
N. H.; Uges, D.R. A.; Kaul, S.; Winograd, B.;
Sleijfer, D.Th.; Groen, H. J. M.; Willemse, P. H. B.;
van der Graaf, W. T. A.; de Vries, E. G. E. Department
of Medical Oncology, University Hospital Groningen,
Groningen, Neth. British Journal of Cancer (1997),
75(11), 1660- 1666. This paper compared parent and
prodrug directly and concluded that oral etoposide
phosphate does not offer a clinically relevant benefit
over oral etoposide. Etoposide bioavailability after
oral administration of theprodrug etoposide phosphate
in cancerpatients during aphase I study. Chabot, G.
G.; Armand, J.-P.; Terref, C ; De Forni, M.;
Abigerges, D.; Winograd, B.; Igwemezie, L.; Schacter,
L.; Kaul, S.; et al. Department Medicine,
Gustave-Roussy Institute, Villejuif, Fr. Journal of
Clinical Oncology (1996), 14(7), 2020-2030. This
earlier paper found that compared with literature
data, oral EP had a 19% higher F value compared with
oral E either at low or high doses. They concluded
this higher F in E from oral prodrug EP appears to be
a pharmacological advantage that could be of potential
pharmacodynamic importance for this drug. However the
previously mentioned study which reached opposite
conclusions was done later and it appears that the
direct comparision data was more valid. Thus adding a
phosphate group to improve solubility is not a
guarantee of improved oral efficacy.W 13 A phosphate
prodrug of the HIV protease inhibitor Amprenavir was
prepared and is the active ingredient of what has now
become an improved drug for oral use. This is an
example of a rare success from this approach. The
phosphate is directly 



attached to a hydroxy moiety and serves to enhance
solubility. Fosamprenavir alone or in combination with
another protease inhibitor ritonavir, which serves to
inhibit Cytochrome P450 3A4-mediated metabolic
deactivation, allow patients to receive fewer pills,
smaller pills (due to the need for less excipients),
and to employ a less frequent dosing schedule.
Clearly, the structure of Amprenavir is significantly
different than the molecules of the present invention
and does not predict success with other classes of
drugs or phosphate linker chemistry. Two references on
Fosamprenavir are included below but most recent data
can be found by searching a database well known in the
art such as IDDB (A commercial database called
Investigational Drugs Database produced by Current
Drugs Ltd.). Fosamprenavir vertex
Pharmaceuticals/GlaxoSmithKline. [Erratum to document
cited in CAl 38:130388]. Corbett, Amanda H.; Kashuba,
Angela D.M. School of Pharmacy, The University of
North Carolina Hospitals, Chapel Hill, NC, USA.
Current Opinion in Investigational Drugs (PharmaPress
Ltd.) (2002), 3(5), 824. Fosamprenavir
VertexPharmaceuticals/GlaxoSmithKline. Corbett, Amanda
H.; Kashuba, Angela D.M. School of Pharmacy, The
University of North Carolina Hospitals, Chapel Hill,
NC, USA. Current Opinion in Investigational Drugs
(PharmaPress Ltd.) (2002), 3(3), 384-390. Searching
the literature for examples which can be found listed
under keywords "prodrugs of indoles" or "prodrugs of
azaindoles" identify a number of references that have
been described. We are not aware of any references in
which azaindole prodrugs were prepared via use of a
methyl dihydrogen phosphate (or saltor mono or di
ester of the phosphate group) moiety attached to N-I.
Regarding indole phosphate prodrugs, the publication
by Zhu et. al. describes a study to find an effective
phosphate prodrug of PD 154075. hi this molecule,
either the direct indole phosphate or a methyl
dihydrogen phosphate or salt prodrug of the indole
nitrogen were unsuitable prodrugs due to a slow rate
of regenerating the parent molecule. Thus the novel
and complex linker depicted below was developed to
incorporate a solubilizing phosphate.
Phosphateprodrugs ofPD 154075. Zhu, Zhijian; Chen,
Huai-Gu; Goel, Om P.; Chan, O. Helen; Stilgenbauer,
Linda A.; Stewart, Barbra H. Division of Warner-
Lambert Company, Chemical Development, Parke-Davis
Pharmaceutical Research, Ann Arbor, MI, USA.
Bioorganic & Medicinal Chemistry Letters (2000),
10(10), 1121-1124. Many of the references describe the
design of prodrugs for purposes other than overcoming
dissolution-limited absorption. A number of the
prodrugs are not attached to the indole or azaindole
nitrogen or are designed to release radical
intermediates rather than the parent drug. The
prodrugs described in this art and their properties do
not provide obvious solutions for improving the
properties of the parent HTV attachment inhibitors.It
has now been found that new methyl dihydrogen
phosphate produgs and pharmaceutically acceptable
salts of the general structure shown below are useful
as anti HIV agents with a new mechanism that is
currently not employed by exisiting drugs. The need
for drugs with new mechanisms is great since patients
are left with no options if they become resistant to
the current drug classes. a addition, drugs with new
mechanisms can be used in combinations with known
classes of inhibitors to cover the emergence of
resistance to these drugs since strains of resistant
virus are likely still susceptible to drugs with an
alternative mechanism. We have found that these
prodrugs are more water soluble than the parent
molecules, and rapidly convert to the parents after
oral dosing in rodents or in in vitro assays with
human enzymes or tissues. In addition, in one oral
dose escalation study, a prodrug provided surprising
enhancements in drug exposure (AUC) and maximum
concentration (Cmax) as the dose increased. These
predictive studies suggest these prodrugs should
provide advantages in dogs and humans. IVa The parent
compound IVa has been studied in human clinical
trials. The compound was dosed in healthy human
volunteers. A graph of the exposure vs dose is shown
in Figure 1.As can be seen, single doses of a capsule
formulation (red triangles) ranged in size from
200-2400mgs in 200mg increments. It is also readily
apparent from the oral AUCs, that increases in drug
exposure increased much more slowly and less than
proportionally with dose. In fact the differences or
increase in exposure above 800mgs is minimal. With the
dose ratios of 1:2:4:6:9: 12 for capsule treatment
under fasted condition, the ratios of mean Cmax and
AUC values are 1:1.3:2.4:2.3:2.1:2.7 and 1:1.5:2.3
:2.0: 1.9:2.4, respectively. Between 200-800 mg dose
range the increases in systemic exposure is
dose-related although less than dose-proportional,
while such exposure is dose independent above dose of
800 mg. This phenomenon indicates that the absorption
of Compound IVa with the capsule formulation used is
saturable under fasted conditions. The dose
proportionality in systemic exposure seems to be much
better presented under fed condition (high fat meal)
as ratios of Cmax and AUC are 1.6 and 1.5,
respectively, when the dose ratio is 1:2.3 (800 mg vs.
1800 mg). As can be seen by comparing the single 200mg
dose of a solution of IVa (dark red square) with that
of the 200mg capsule dose, exposure from the solution
was higher. Dosing with a solution increased Compound
IVa exposure. The Cmax and AUC of the solution were
approximately 8- and 3-fold, respectively, of those of
the capsule (200 mg). The relative bioavailability
(32%) of the capsule to the solution formulation
suggests absorption is dissolution rate-limited,
suggesting a potential to enhance systemic exposure by
improving the formulation. A high fat meal had a
positive food-effect on the compound. The Cmax after a
fed treatment were approximately 2.6 and 4.6 fold for
800 and 1800 mg doses, respectively, of those of the
fast treatment. The AUCs after a fed treatment were
approximately 2.5 and 4.7 fold for 800 and 1800 mg
doses, respectively, of those of the fasted treatment.
The relative bioavailability (fed vs. fasted) values
were 293% and 509% for 800 mg and 1800 mg doses,
respectively. The median Tmax changed from 1.25 or 2
(fasted) to 4 (fed) hours. For the 800 mg capsule with
food, the average plasma concentration is 1001 and 218
ng/mL at 8 and 12 hours post dose, respectively. The
results supported aql2h or q8h dosing regimen for a
targeted Cmin value of at least 200 ng/mL after
multiple doses. This value was selected based on
preclinical data. A further summary of some of this
data presented as a bar graph is shown in the second
bar graph in Figure 2B. MULTIPLE DOSE STUDY IN HEALTHY
HUMANS A placebo-controlled, ascending multiple-dose
study to evaluate the safety, tolerability and
pharmacokinetics of Compound IVa in healthy human
subjects was carried out. Dosing was continued at 12h
intervals for 14days. In summary, the preliminary PK
results indicated that, after single and multiple Q12H
doses of Compound IVa, the exposure is generally dose
proportional over the dose ranges of 400 to 1200 mg
and 400 to 800 mg with high fat meal and light meal,
respectively, the exposure seems to be dose
independent above these dose levels with the different
meal types, the accumulation is low to moderate (up to
~ 1.5 fold), and that there is a diurnal variation in
the exposure in that exposure is higher after an
evening dose than that after a morning dose. Thus, the
exposure was better when dosing was combined with a
high fat meal and exposure increases with dose were
higher with a high fat meal. This is similar to the
results obtained in the above single dose study.
MULTIPLE DOSE STUDY IN HIV PATIENTS Based on the
exposure data from the studies in normal volunteers,
an efficacy study was carried out in HIV patients. An
inital disclosure of this data has been made in a talk
and published abstract. "Antiviral Activity, Safety,
and Tolerability of a Novel, Oral Small-Molecule HIV-I
Attachment Inhibitor, IVa, in HIV-I -Infected
Subjects" G. Hanna, J. Lalezari, J . Hellinger, D.
Wohl, T. Masterson, W. Fiske, J. Kadow, P-F. Lin, M.
Giordano, R. Colonno, D. Grasela. Abstract J-32, 02/1
1/2004, 1lth Conference on Retroviruses and
Opportunistic Infections (CROI), San Francisco, CA.
The study design included HIV+ adults who were either
antiretroviraltherapy nave or off antiretroviral
therapy for > 16 weeks. Their CD4 counts were required
to be > 250 cells/mm3 and plasma HIV-I RNA needed to
be in the range 5,000-500,000 c/mL. There were 15
subjects in each dose arm and the ratio of patients
receiving drug:placebo was 4:1. The
placebo-controlled, sequential study of IVa utilized
an initial dose arm of 800 mg PO every12h followed by
a second dosing arm of 1800 mg PO administered every
12h. It is important to note that drug was
administered in a capsule and in combination with a
high fat meal to increase exposure and plasma levels.
Study drug was administered for 7 days and the morning
of Day 8. Subjects were followed for 14 days. Stud
Results for 18 of the 24 Patients Receivin Dru IVa
Study Results (for 18 of the 24 Patients Receiving
Drug IVa) 1. As can be seen by the data for the 800mg
dosing level in combination with a high fat meal,
significant antiviral activity was observed. However,
only 58% of patients had >1.0 log drop in viral load.
A more robust antiviral response was seen with the
1800mg dosing regimen with a high fat meal where the
mean response was a-.96 loglO drop in viral load. This
data shows that this drug has significant antiviral
activity at doses of800mg and 1800mg (and thus in
between) every 12hours in combination with a high fat
meal and therefore it could play a significant role in
combination therapy. An updated summary of the results
with BMS-043 in man can be obtained by viewing the
abstract or slides from the oral presentation:
"Antiviral Activity, Safety, and Tolerability of a
Novel, Oral Small-Molecule HIV-I Attachment Inhibitor,
BMS-488043, in HIV-I -Infected Subjects" G. Hanna, J.
Lalezari, J . Hellinger, D. Wohl, T. Masterson, W.
Fiske, J. Kadow, P-F. Lin, M. Giordano, R. Colonno, D.
Grasela. Abstract J-32, 02/1 1/2004, 1lth Conference
on Retroviruses and Opportunistic Infections (CROI),
San Francisco, CA. Unfortunately, it will be
unfeasible to deliver this drug chronically over many
months involving administration of a total of 9
capsules of 200 mg each, twice a day in combination
with a high fat meal for obvious health reasons so a
new formulation will be needed which provides
increased exposure from a lower dose and which
eliminates the need for a high fat meal. Thus the
clinical data shows that a method for improving the
exposure of this drug from lower doses and in the
absence of a high fat meal is necessary. Thus the
initial data on the prodrugs of this invention
surprisingly predicts they will improve the exposure
of molecules such as IVa and deliver the parent drugs
in concentrations that will allow the drugs to be used
in the absence of high fat meals, with lower capsule
burden, and chronically as a component of
antiretroviral therapy. Initial data obtained from
dosing solid capsules of either the prodrug lab
(lysine salt) or solid parent molecule (IVa) to dogs
are summarized in the first bar graph Figure 2A of
Figure 2. As can be seen, after dosing prodrug lab
(mono lysine salt) either in fasted or dogs fed a high
fat meal, the exposure is surprisingly high when
compared to dosing parent molecule. Also, the effect
of fed vs fasted state is minimal if any for the
prodrug yet has an obvious effect on the exposure
after dosing the solid parent molecule. Thus,
surprisingly, the exposure of parent molecule after
dosing of prodrug, shows no dependence on a high fat
meal which predicts for moreconsistent exposure levels
after dosing than those from parent molecule. The bar
graph in Figure 2B summarizes the previously discussed
human data for parent molecule FVa and shows the
dependence of exposure for the molecule on the high
fat meal, the non proportional increases in exposure
vs dose, and the better exposure from dosing a
solution rather than solid formulation. As discussed
below, this shows dissolution or absorption rate
limited exposure which in preclinical models, appears
to be surprisingly improved via use of the phosphate
prodrug. The use of phosphate prodrugs also increased
exposure in fasted dogs vs parent for two other
prodrugs. Details of these experiments are contained
in the experimental section m addition, details from
various studies in rats, dogs, and monkeys for two
additional prodrug examples and in rats for another
two prodrugs demonstrate the surprising utility of
these prodrugs to increase exposure over that obtained
parent moelcule at doses which correlate to those
likely to be of utility for the treatment and
inhibition of HIV viral replication. REFERENCES CITED 
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10785A1. SUMMARY OF THE INVENTION The present
invention comprises compounds of Formula I, their
pharmaceutical formulations, and their use in patients
suffering from or susceptible to a virus such as HIV.
The compounds of Formula I, which include nontoxic
pharmaceutically acceptable salts thereof, have the
formula and meaning as described below. The present
invention comprises a compound of Formula I, 2 l
wherein: X is C or N with the proviso that when X is
N, R1 does not exist; W is C or N with the proviso
that when W is N, R2 does not exist; V is C; R1 is
hydrogen, methoxy or halogen; R2 is hydrogen;R3 is
methoxy or heteroaryl, each of which may be
independently optionally substituted with one
substituent selected from G; wherein heteroaryl is
triazolyl, pyrazolyl or oxadiazolyl; E is hydrogen or
a pharmaceutically acceptable mono or bis salt
thereof; Y is selected from the group consisting of
R1RO\_UV> R1RO > 3 <*-N ~ N- R18 and - N - \/==\ / D '
R14 R15 fR16 R17 R4 R15 R 16 R17 A R10, R1\ R12, R13,
R14, R15, R16, R17 are each independently H or methyl,
with the proviso that not more than two of R10-R17 are
methyl; R18 is selected from the group consisting of
C(O)-phenyl, C(O)-pyridinyl, pyridinyl, pyrimidinyl,
quinolinyl, isoquinolinyl, quinazolinyl, quinoxalinyl,
napthyridinyl, pthalazinyl, azabenzofuryl and
azaindolyl, each of which may be independently
optionally substituted with from one to two members
selected from the group consisting of methyl, -amino,
-NHMe, -NMe , methoxy, hydroxymethyl and halogen; D is
selected from the group consisting of cyano, S(O)2R ,
halogen, C(O)NR R , phenyl and heteroaryl; wherein
said phenyl or heteroaryl is independently optionally
substituted with one to three same or different
halogens or from one to three same or different
substituents selected from G; wherein heteroaryl is
selected from the group consisting of pyridinyl and
oxadiazolyl; A is selected from the group consisting
of phenyl, pyridinyl, furyl, thienyl, isoxazolyl and
oxazolyl wherein said phenyl, pyridinyl, furyl,
thienyl, isoxazolyl and oxazolyl are independently
optionally substituted with one to three same or
different halogens or from one to three same or
different substituents selected from G;G is selected
from the group consisting of (C1-6)alkyl,
(C1-6)alkenyl, phenyl, hydroxy, methoxy, halogen,
-NR23C(O)-(C1-6)alkyl, -NR24R25, -S(O)2NR24R25, COOR26
and 



-CONR24R25; wherein said (C1-6)alkyl is optionally
substituted with hydroxy, dimethylamino or one to
three same or different halogen; R is selected from
the group consisting of hydrogen and (C1-6)alkyl; R20,
R2 1, R22 R23, R24, R25 are independently selected
from the group consisting of hydrogen, (C1-6)alkyl and
- (CH2) NR27R28; n is 0-6; and R and R are each
independently H or methyl. A more preferred embodiment
are compounds above wherein: X andW are each N; or
compounds above wherein: X is C; and W is N. Another
preferred embodiment are compounds as described above
wherein: R18 is -C(O)-Ph; and Y isAnother preferred
embodiment are compounds as described above wherein:
R3 is methoxy or triazolyl; wherein said triazolyl is
optionally substituted with one substituent selected
from G; R, 110 - R, 117' are each H; and G is methyl.
Another preferred embodiment are compounds as
described above wherein: R1 is F, and R3 is
1,2,3-triazolyl attached at position N-I. Another
preferred embodiment are compounds as described above
wherein: R1 is OMe, and R3 is 3-methyl-l,2,4-triazolyl
attached at position N-I. Another preferred embodiment
are compounds as described above wherein: R1 and R3
are each methoxy. Another preferred embodiment are
compounds as described above wherein the salt is
sodium, lysine or tromethamine. Another preferred
embodiment of the invention is a pharmaceutical
composition which comprises an antiviral effective
amount of a compound of Formula I, including
pharmaceutically acceptable salts thereof, and one or
more pharmaceutically acceptable carriers, excipients
or diluents. Another preferred embodiment is the
pharmaceutical composition from above, useful for
treating infection by HIV, which additionally
comprises an antiviral effective amount of an ADDS
treatment agent selected from the group consisting
of:(a) an AIDS antiviral agent; (b) an anti-infective
agent; (C) an immunoniodulator; and (d) HIV entry
inhibitors. Also encompassed by the embodiments is a
method for treating a mammal infected with the HIV
virus comprising administering to said mammal an
antiviral effective amount of a compound of Formula I,
including pharmaceutically accceptable salts thereof,
and one or more pharmaceutically acceptable carriers,
excipients or diluents. Another embodiment is method
described above, comprising administering to said
mammal an antiviral effective amount of a compound of
Formula I, including pharmaceutically accceptable
salts thereof, in combination with an antiviral
effective amount of an AIDS treatment agent selected
from the group consisting of an AIDS antiviral agent;
an anti-infective agent; an immunomodulator; and an
HIV entry inhibitor. Another embodiment is the
intermediate compounds of Formula , useful in making
compounds I, wherein: X is C or N with the proviso
that when X is N, R1 does not exist; W is C or N with
the proviso that when W is N, R does not exist;V is C;
R1 is hydrogen, methoxy or halogen; R2 is hydrogen; R3
is methoxy or heteroaryl, each of which may be
independently optionally substituted with one
substituent selected from G; wherein heteroaryl is
triazolyl, pyrazolyl or oxadiazolyl; L andM are
independently selected from the group consisting of
hydrogen, C1-C6 alkyl, phenyl, benzyl, trialkylsilyl,
-2,2,2-trichloroethoxy and 2- trimethylsilylethoxy
with the proviso that not more than one of L and M can
be hydrogen; Y is selected from the group consisting
of and R10, R11, R12 , R13 , R14, R15, R16, R17 are
each independently H or methyl, with the proviso that
not more than two of R10-R17 are methyl; R18 is
selected from the group consisting of C(O)-phenyl,
C(O)-pyridinyl, pyridinyl, pyrimidinyl, quinolinyl,
isoquinolinyl, quinazolinyl, quinoxalinyl,
napthyridinyl, pthalazinyl, azabenzofuryl and
azaindolyl, each of which may be independently
optionally substituted with from one to two members
selected from the group consisting of methyl, -amino,
-NHMe5-NMe2, methoxy, hydroxymethyl and halogen; D is
selected from the group consisting of cyano, S(O)2R24,
halogen, C(O)NR2 1R22, phenyl and heteroaryl; wherein
said phenyl or heteroaryl is independently
optionallysubstituted with one to three same or
different halogens or from one to three same or
different substituents selected from G; wherein
heteroaryl is selected from the group consisting of
pyridinyl and oxadiazolyl; A is selected from the
group consisting of phenyl, pyridinyl, furyl, thienyl,
isoxazolyl and oxazolyl wherein said phenyl,
pyridinyl, furyl, thienyl, isoxazolyl and oxazolyl are
independently optionally substituted with one to three
same or different halogens or from one to three same
or different substituents selected from G; G is
selected from the group consisting of(C 1-6)alkyl,
(C1-6)alkenyl, phenyl, hydroxy, methoxy, halogen,
-NR23C(O)-(C1-6)alkyl, -NR24R25, -S(O)2NR24R25, COOR26
and -CONR24R25; wherein said (C1-6)alkyl is optionally
substituted with hydroxy, dimethylamino or one to
three same or different halogen; R26 is selected from
the group consisting of hydrogen and (C1-6)alkyl; R20,
R2 1, R22 R23, R24, R25 are independently selected
from the group consisting of hydrogen, (C1-6)alkyl and
- (CH2)nNR27R28; R27 and R28 are each independently H
or methyl; and n is 0-6. BRIEF DESCRIPTION OF THE
FIGURES Figure 1 illustrates AUC (Area Under the
Curve) Versus Dosage in Human Clinical Trials for
Compound IVa. Figure 2 illustrates AUC for Compound
IVa and Prodrug lab Under Fasting and Fed Conditions
in Dog and Human Studies Figure 3 illustrates IVc Oral
AUC in Rats versus Dose PlotsFigure 4 illustrates IVc
Oral Cmax in Rats versus Dose Plots Figure 5
illustrates Plasma Profiles ofIVc in Rats After Oral
Dosing of Ic Figure 6 illustrates Comparison of IVa
Cmax and AUC in Male Rats Given Either IVa or lab
Figure 7 illustrates Comparison of IVa Cmax and AUC in
Dogs Given Either IVa or lab Figure 8 illustrates
Hydrolysis of lab in Human Placental ALP Solutions and
the Formation of IVa Figure 9 illustrates Plasma
Concentration Versus Time Profiles of lab and Wa
Following FV and Oral Administration of lab in Rats
and from the Historical Data of FVa in Rats Figure 10
illustrates Plasma Concentration Versus Time Profiles
of lab and rVa Following IV and Oral Administration of
lab in Dogs and from the Historical Data ofIVa in Dogs
Figure 1 1 illustrates Plasma Concentration Versus
Time Profiles of lab and FVaFollowing IV and Oral
Administration of lab in Monkeys and from the
Historical Data of rVa in Monkeys Figure 12
illustrates Comparison of IVb Cmax and AUC in Male
Rats Given Either FVb or Ibb Figure 13 illustrates
Comparison of IVb Cmax and AUC in Dogs Given Either
FVb or Ibb Figure 14 illustrates Hydrolysis of Ibb in
Human Placental ALP Solutions and the Formation of
FVbFigure 15 illustrates Plasma Concentration Versus
Time Profiles of Ibb and IVb Following IV and Oral
Administration of Ibb in the Rat and the Historical
Data ofrVb in the Rat Figure 16 illustrates Plasma
Concentration Versus Time Profiles of Ibb and rVb
Following IV and Oral Administration of Ibb in the Dog
and the Historical Data ofrVb in the Dog Figure 17
illustrates Plasma Concentration Versus Time Profiles
of Ibb and IVb Following IV and Oral Administration of
Ibb in the Monkey and the Historical Data of rVb in
the Monkey Figure 18 illustrates Comparison ofIVc Cmax
and AUC in Male Rats Given Either IVc or Icb Figure 19
illustrates Comparison of IVc Cmax and AUC in Dogs
Given Either rVc or Icb Figure 20 illustrates
Hydrolysis of Icb in Human Placental ALP Solutions and
the Formation of rVc Figure 2 1 illustrates Plasma
Concentration Versus Time Profiles of Icb and rVc
Following IV and Oral Administration of Icb in the Rat
and the Historical Data ofrVc in the Rat Figure 22
illustrates Plasma Concentration Versus Time Profiles
of Icb and We Following IV and Oral Administration of
Icb in the Dog and the Historical Data ofrVc in the
Dog Figure 23 illustrates Plasma Concentration Versus
Time Profiles of Icb and rVc Following IV and Oral
Administration of Icb in the Monkey and the Historical
Data of rVc in the MonkeyDETAILED DESCRIPTION OF THE
INVENTION Since the compounds of the present
invention, may possess asymmetric centers and
therefore occur as mixtures ofdiastereomers and
enantiomers, the present invention includes the
individual diastereoisomeric and enantiomeric forms of
the compounds of Formula I in addition to the mixtures
thereof. DEFINITIONS The term "C1 6 alkyl" as used
herein and in the claims (unless specified otherwise)
mean straight or branched chain alkyl groups such as
methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
t-butyl, amyl, hexyl and the like. "Halogen" refers to
chlorine, bromine, iodine or fluorine. An "aryl" group
refers to an all carbon monocyclic or fused-ring
polycyclic (i.e., rings which share adjacent pairs of
carbon atoms) groups having a completely conjugated
pi-electron system. Examples, without limitation, of
aryl groups are phenyl, napthalenyl and anthracenyl.
The aryl group may be substituted or unsubstituted.
When substituted the substituted group(s) is
preferably one or more selected from alkyl,
cycloalkyl, aryl, heteroaryl, heteroalicyclic,
hydroxy, alkoxy, aryloxy, heteroaryloxy,
heteroalicycloxy, thiohydroxy, thioaryloxy,
thioheteroaryloxy, thioheteroalicycloxy, cyano,
halogen, nitro, carbonyl, O-carbamyl, N-carbamyl,
C-amido, N-amido, C-carboxy, O-carboxy, sulfinyl,
sulfonyl, sulfonamido, trihalomethyl, ureido, amino
and -NRxRy, wherein Rx andR y are independently
selected from the group consisting of hydrogen, alkyl,
cycloalkyl, aryl, carbonyl, C-carboxy, sulfonyl,
trihalomethyl, and, combined, a five- or six-member
heteroalicyclic ring. As used herein, a "heteroaryl"
group refers to a monocyclic or fused ring (i.e.,
rings which share an adjacent pair of atoms) group
having in the ring(s) one or more atoms selected from
the group consisting of nitrogen, oxygen and sulfur
and, in addition, having a completely conjugated
pi-electron system. Unless otherwise 



indicated, the heteroaryl group may be attached at
either a carbon or nitrogen atomwithin the heteroaryl
group. It should be noted that the term heteroaryl is
intended to encompass an N-oxide of the parent
heteroaryl if such an N-oxide is chemically feasible
as is known in the art. Examples, without limitation,
of heteroaryl groups are furyl, thienyl, benzothienyl,
thiazolyl, imidazolyl, oxazolyl, oxadiazolyl,
thiadiazolyl, benzotliiazolyl, triazolyl, tetrazolyl,
isoxazolyl, isothiazolyl, pyrrolyl, pyranyl,
tetrahydropyranyl, pyrazolyl, pyridyl, pyrimidinyl,
quinolinyl, isoquinolinyl, purinyl, carbazolyl,
benzoxazolyl, benzimidazolyl, indolyl, isoindolyl,
pyrazinyl. diazinyl, pyrazine, triazinyltriazine,
tetrazinyl, and tetrazolyl. When substituted the
substituted group(s) is preferably one or more
selected from alkyl, cycloalkyl, aryl, heteroaryl,
heteroalicyclic, hydroxy, alkoxy, aryloxy,
heteroaryloxy, heteroalicycloxy, thiohydroxy,
thioaryloxy, thioheteroaryloxy, thioheteroalicycloxy,
cyano, halogen, nitro, carbonyl, 0-carbamyl,
N-carbamyl, C-amido, N-amido, C-carboxy, O-carboxy,
sulfinyl, sulfonyl, sulfonamido, trihalomethyl,
ureido, amino, and -NRxRy, wherein Rx and Ry are as
defined above. As used herein, a "heteroalicyclic"
group refers to a monocyclic or fused ring group
having in the ring(s) one or more atoms selected from
the group consisting of nitrogen, oxygen and sulfur.
Rings are selected from those which provide stable
arrangements of bonds and are not intended to
encomplish systems which would not exist. The rings
may also have one or more double bonds. However, the
rings do not have a completely conjugated pi-electron
system. Examples, without limitation, of
heteroalicyclic groups are azetidinyl, piperidyl,
piperazinyl, imidazolinyl, thiazolidinyl,
3-pyrrolidin-l-yl, morpholinyl, thiomorpholinyl and
tetrahydropyranyl. When substituted the substituted
group(s) is preferably one or more selected from
alkyl, cycloalkyl, aryl, heteroaryl, heteroalicyclic,
hydroxy, alkoxy, aryloxy, heteroaryloxy,
heteroalicycloxy, thiohydroxy, thioalkoxy,
thioaryloxy, thioheteroaryloxy, thioheteroalicycloxy,
cyano, halogen, nitro, carbonyl, thiocarbonyl,
O-carbamyl, N-carbamyl, 0-thiocarbamyl,
N-thiocarbamyl, C-amido, C-thioamido, N-amido,
C-carboxy, O-carboxy, sulfinyl, sulfonyl, sulfonamido,
trihalomethanesulfonamido, trihalomethanesulfonyl,
silyl, guanyl, guanidino, ureido, phosphonyl, amino
and -NRxRy, wherein Rx andR y are as defined above.An
"alkyl" group refers to a saturated aliphatic
hydrocarbon including straight chain and branched
chain groups. Preferably, the alkyl group has 1 to 20
carbon atoms (whenever a numerical range; e.g.,
"1-20", is stated herein, it means that the group, in
this case the alkyl group may contain 1 carbon atom, 2
carbon atoms, 3 carbon atoms, etc. up to and including
20 carbon atoms). More preferably, it is a medium size
alkyl having 1 to 10 carbon atoms. Most preferably, it
is a lower alkyl having 1 to 4 carbon atoms. The alkyl
group may be substituted or unsubstituted. When
substituted, the substituent group(s) is preferably
one or more individually selected from trihaloalkyl,
cycloalkyl, aryl, heteroaryl, heteroalicyclic,
hydroxy, alkoxy, aryloxy, heteroaryloxy,
heteroalicycloxy, thiohydroxy, thioalkoxy,
thioaryloxy, thioheteroaryloxy, thioheteroalicycloxy,
cyano, halo, nitro, carbonyl, thiocarbonyl,
0-carbamyl, N-carbamyl, 0-thiocarbamyl,
N-thiocarbamyl, C-amido, C-thioamido, N-amido,
C-carboxy, O-carboxy, sulfmyl, sulfonyl, sulfonamido,
trihalomethanesulfonamido, trihalomethanesulfonyl, and
combined, a five- or sixmember heteroalicyclic ring. A
"cycloalkyl" group refers to an all-carbon monocyclic
or fused ring (i.e., rings which share and adjacent
pair of carbon atoms) group wherein one or more rings
does not have a completely conjugated pi-electron
system. Examples, without limitation, of cycloalkyl
groups are cyclopropane, cyclobutane, cyclopentane,
cyclopentene, cyclohexane, cyclohexadiene,
cycloheptane, cycloheptatriene and adamantane. A
cycloalkyl group may be substituted or unsubstituted.
When substituted, the substituent group(s) is
preferably one or more individually selected from
alkyl, aryl, heteroaryl, heteroalicyclic, hydroxy,
alkoxy, aryloxy, heteroaryloxy, heteroalicycloxy,
thiohydroxy, thioalkoxy, thioaryloxy,
thioheteroaryloxy, thioheteroalicycloxy, cyano, halo,
nitro, carbonyl, thiocarbonyl, O-carbamyl, Ncarbamyl,
O-thiocarbamyl, N-thiocarbamyl, C-amido, C-thioamido,
N-amido, C-carboxy, O-carboxy, sulfinyl, sulfonyl,
sulfonamido, trihalo- methanesulfonamido,
trihalomethanesulfonyl, silyl, guanyl, guanidino,
ureido, phosphonyl, amino and - NRxRy with Rx and Ry
as defined above. An "alkenyl" group refers to an
alkyl group, as defined herein, consisting of at least
two carbon atoms and at least one carbon-carbon double
bond.An "alkynyl" group refers to an alkyl group, as
defined herein, consisting of at least two carbon
atoms and at least one carbon-carbon triple bond. A
"hydroxy" group refers to an - OH group. An "alkoxy"
group refers to both an - O-alkyl and an -
O-cycloalkyl group as defined herein. An "aryloxy"
group refers to both an - O-aryl and an - O-heteroaryl
group, as defined herein. A "heteroaryloxy" group
refers to a heteroaryl-O- group with heteroaryl as
defined herein. A "heteroalicycloxy" group refers to a
heteroalicyclic-O- group with heteroalicyclic as
defined herein. A "thiohydroxy" group refers to an -
SH group. A "tbioalkoxy" group refers to both an
S-alkyl and an - S-cycloalkyl group, as defined
herein. A "thioaryloxy" group refers to both an -
S-aryl and an - S-heteroaryl group, as defined herein.
A "thioheteroaryloxy" group refers to a heteroaryl-S-
group with heteroaryl as defined herein. A
"thioheteroalicycloxy" group refers to a
heteroalicyclic-S- group with heteroalicyclic as
defined herein. A "carbonyl" group refers to a -
C(=O)-R" group, where R" is selected from the group
consisting of hydrogen, alkyl, alkenyl, alkynyl,
cycloalkyl, aryl, heteroaryl(bonded through a ring
carbon) and heteroalicyclic (bonded through a ring
carbon), as each is defined herein. An "aldehyde"
group refers to a carbonyl group where R" is hydrogen.
A "thiocarbonyl" group refers to a - C(=S)-R" group,
with R" as defined herein. A "Keto" group refers to a
- CC(=O)C- group wherein the carbon on either or both
sides of the C=O may be alkyl, cycloalkyl, aryl or a
carbon of a heteroaryl or heteroaliacyclic group. A
"trihalomethanecarbonyl" group refers to a Z3CC(=O)-
group with said Z being a halogen. A "C-carboxy" group
refers to a - C(=O)O-R" groups, with R" as defined
herein. An "0-carboxy" group refers to a
R"C(=O)O-group, with R" as defined herein. A
"carboxylic acid" group refers to a C-carboxy group in
which R" is hydrogen. A "trihalomethyl" group refers
to a - CZ3, group wherein Z is a halogen group as
defined herein. A "trihalomethanesulfonyl" group
refers to an Z3CS(=O)2- groups with Z as defined
above. A "trihalomethanesulfonamido" group refers to a
Z3CS(=O)2NRX- group with Z and Rx as defined herein.A
"sulfinyl" group refers to a - S(=O)-R" group, with R"
as defined herein and, in addition, as a bond only;
i.e., -S(O)-. A "sulfonyl" group refers to a -
S(=O)2R" group with R" as defined herein and, in
addition as a bond only; i.e., -S(O)2-. A
"S-sulfonamido" group refers to a - S(=O)2NRXRY, with
Rx and Rg as defined herein. A "N-Sulfonamido" group
refers to a R"S(=O)2NRX- group with Rx as defined
herein. A "O-carbamyl" group refers to a - 0C(=0)NR
xRy as defined herein. A "N-carbamyl" group refers to
a Rx0C(=0)NR y group, with Rx and Ry as defined
herein. A "O-thiocarbamyl" group refers to a -
OC(=S)NRxRy group with Rx and Ry as defined herein. A
"N-thiocarbamyl" group refers to a RxOC(=S)NRy- group
with Rx and Ry as defined herein. An "amino" group
refers to an - NH2 group. A "C-amido" group refers to
a - C(=O)NRxRy group with Rx and Ry as defined herein.
A "C-thioamido" group refers to a - C(=S)NRxRy group,
with Rx and Ry as defined herein. A "N-amido" group
refers to a RxC(=0)NR y- group, with Rx and Ry as
defined herein.An "ureido" group refers to a -
NRxC(=0)NR yRy2 group with Rx and Ry as defined herein
and Ry2 defined the same as Rx and Ry. An "thioureido"
group refers to a - NRxC(=S)NRyRy2 group with Rx and
Ry as defined herein and Ry2 defined the same as Rx
and Ry. A "guanidino" group refers to a -
RxNC(=N)NRyRy2 group, with Rx Ry and Ry2 as defined
herein. A "guanyl" group refers to a RxRyNC(=N)-
group, with Rx and Rg as defined herein. A "cyano"
group refers to a - CN group. A "silyl" group refers
to a - Si(R")3, with R" as defined herein. A
"phosphonyl" group refers to a P(=O)(ORX)2 with Rx as
defined herein. A "hydrazino" group refers to a -
NRxNRyRy2 group with Rx, Ry and Ry2 as defined herein.
Any two adjacent R groups may combine to form an
additional aryl, cycloalkyl, heteroaryl or
heterocyclic ring fused to the ring initially bearing
those R groups. It is known in the art that nitogen
atoms in heteroaryl systems can be "participating in a
heteroaryl ring double bond", and this refers to the
form of double bonds in the two tautomeric structures
which comprise five-member ring heteroaryl groups.
This dictates whether nitrogens can be substituted as
well understood by chemists in the art. The disclosure
and claims of the present invention are based on the
known general principles of chemical bonding. It is
understood that the claims do not encompass structures
known to be unstable or not able to exist based on the
literature.Physiologically acceptable salts of the
prodrug compounds disclosed herein are within the
scope of this invention. The term "pharmaceutically
acceptable salt" as used herein and in the claims is
intended to include nontoxic base addition salts. The
term "pharmaceutically acceptable salt" as used herein
is also intended to include salts of acidic groups,
such as a carboxylate or phosphate or phosphate mono
ester, with such counterions as ammonium, alkali metal
salts, particularly sodium or potassium, alkaline
earth metal salts, particularly calcium or magnesium,
transition metal salts such as zinc and salts with
suitable organic bases such as lower alkylamines
(methylamine, ethylamine, cyclohexylamine, and the
like) or with substituted lower alkylamines (e.g.
hydroxyl-substituted alkylamines such as
diethanolamine, triethanolamine or mono tromethamine
(also called TRIS or 2-amino-2-
(hydroxymethyl)propane-l,3-diol)
tris(hydroxymethyl)-aminomethane), lysine, arginine,
histidine, N-methylglucamine, or with bases such as
piperidine or morpholine. It is understood that both
pharmaceutically acceptable salts, when isolated in
solid or crystalline form, also include hydrates or
water molecules entrapped within the resulting
Compound I substance. Stoichiometry possibilities are
well known to those in the art. Discussions of
pharmaceutically acceptable salts and lists of
possible salts are contained in the following
references: Preparation of water-soluble compounds
through saltformation. Stahl, P. Heinrich. Cosmas
Consult, Freiburg im Breisgau, Germany. Editor(s):
Wermuth, Camille Georges. Practice of Medicinal
Chemistry (2nd Edition) (2003), 601-615. Publisher:
Elsevier, London, UK CODEN: 69EOEZ. Handbook of
pharmaceutical salts: properties, selection, and use
by Stahl, P. 



Heinrich, Wermuth, Camille G., International Union of
Pure and Applied Chemistry. Weinheim; New York: VHCA ;
Wiley-VCH, 2002. In another aspect of the invention,
novel phosphate ester intermediate Compounds II are
disclosed.In the case of phosphate esters, the
possibility of mono or bis exists and both are covered
by this invention. In the method of the present
invention, the term "antiviral effective amount" means
the total amount of each active component of the
method that is sufficient to show a meaningful patient
benefit, i.e., healing of acute conditions
characterized by inhibition of the HIV infection. When
applied to an individual active ingredient,
administered alone, the term refers to that ingredient
alone. When applied to a combination, the term refers
to combined amounts of the active ingredients that
result in the therapeutic effect, whether administered
in combination, serially or simultaneously. The terms
"treat, treating, treatment" as used herein and in the
claims means preventing or ameliorating diseases
associated with HIV infection. The present invention
is also directed to combinations of the compounds with
one or more agents useful in the treatment of AIDS.
For example, the compounds of this invention may be
effectively administered, whether at periods of
pre-exposure and/or post-exposure, in combination with
effective amounts of the AIDS antivirals,
immunomodulators, antiinfectives, or vaccines, such as
those in the following table. ANTWIRALS Drug Name
Manufacturer Indication 097 Hoechst/Bayer HIV
infection, AIDS5ARC (non-nucleoside reverse
transcriptase (RT) inhibitor)Amprenavir Glaxo Wellcome
HIV infection, 141 W94 AIDS, ARC GW 141 (protease
inhibitor) Abacavir (1592U89) Glaxo Wellcome HIV
infection, GW 1592 AIDS 5ARC (RT inhibitor) Acemannan
Carrington Labs ARC (Irving, TX) Acyclovir Burroughs
Wellcome HIV infection, AIDS, ARC, in combination with
AZT AD-439 Tanox Biosystems HIV infection, AIDS, ARC
AD-519 Tanox Biosystems HIV infection, AIDS, ARC
Adefovir dipivoxil Gilead Sciences HIV infection
AL-721 Ethigen ARC, PGL (Los Angeles, CA) HIV
positive, AIDS Alpha Interferon Glaxo Wellcome
Kaposi's sarcoma, HIV in combination w/Retrovir
Ansamycin Adria Laboratories ARC LM 427 (Dublin, OH)
Erbamont (Stamford, CT) Antibody which Advanced
Biotherapy AIDS, ARC Neutralizes pH Concepts Labile
alpha aberrant (Rockville, MD) Interferon ARl77 Aronex
Pharm HIV infection, AIDS, ARC Beta-fluoro-ddA Nat'l
Cancer Institute ADDS-associated diseasesBMS-232623
Bristol-Myers Squibb/ HIV infection, (CGP-73547)
Novartis AIDS, ARC (protease inhibitor) BMS-234475
Bristol-Myers Squibb/ HIV infection, (CGP-61755)
Novartis AIDS5ARC (protease inhibitor) CI-1012
Warner-Lambert HIV-I infection Cidofovir Gilead
Science CMV retinitis, herpes, papillomavirus Curdlan
sulfate AJI PharmaUSA HIV infection Cytomegalovirus
Medlmmune CMV retinitis Immune globin Cytovene Syntex
Sight threatening Ganciclovir CMV peripheral CMV
retinitis Delaviridine Pharmacia-Upjohn HIV infection,
AIDS, ARC (RT inhibitor) Dextran Sulfate Ueno Fine
Chem. AIDS, ARC, HIV Ind. Ltd. (Osaka, positive Japan)
asymptomatic ddC Hoffman-La Roche HIV infection, AIDS,
Dideoxycytidine ARC ddl Bristol-Myers Squibb HIV
infection, AIDS, Dideoxyinosine ARC; combination with
AZT/d4T DMP-450 AVID HIV infection, (Camden, NJ) AIDS,
ARC (protease inhibitor)Efavirenz DuPont Merck HIV
infection, (DMP 266) AIDS ARC (-)6-Chloro-4-(S)-
(non-nucleoside RT cyclopropylethynyl- inhibitor)
4(S)-trifluoromethyl- 1,4-dihydro- 2H-3,1-benzoxazin-
2-one, STOCRINE ELlO Elan Corp, PLC HIV infection
(Gainesville, GA) Famciclovir Smith Kline herpes
zoster, herpes simplex FTC Emory University HIV
infection, AIDS, ARC (reverse transcriptase inhibitor)
GS 840 Gilead HIV infection, AIDS, ARC (reverse
transcriptase inhibitor) HBY097 Hoechst Marion HW
infection, Roussel AIDS, ARC (non-nucleoside reverse
transcriptase inhibitor) Hypericin VIMRx Pliarm. HIV
infection, AIDS, ARC Recombinant Human Triton
Biosciences AIDS, Kaposi's Interferon Beta (Almeda,
CA) sarcoma, ARC Interferon alfa-n3 Interferon
Sciences ARC, AIDS Indinavir Merck HIV infection,
AIDS, ARC, asymptomatic HIV positive, also in
combination with AZT/ddl/ddCISIS 2922 ISIS
Pharmaceuticals CMV retinitis KNI-272 Natl Cancer
Institute HTV-assoc. diseases Lamivudine, 3TC Glaxo
Wellcome HIV infection, AIDS, ARC (reverse
transcriptase inhibitor); also with AZT Lobucavir
Bristol-Myers Squibb CMV infection Nelfinavir Agouron
HIV infection, Pharmaceuticals AIDS, ARC (protease
inhibitor) Nevirapine Boeheringer HIV infection,
Ingleheim AIDS ARC (RT inhibitor) Novapren Novaferon
Labs, Inc. HIV inhibitor (Akron, OH) Peptide T
Peninsula Labs AIDS Octapeptide (Belmont, CA) Sequence
Trisodium Astra Pharm. CMV retinitis, HIV
Phosphonoformate Products, Inc. infection, other CMV
infections PNU-140690 Pharmacia Upjohn HIV infection,
AIDS, ARC (protease inhibitor) Probucol Vyrex BW
infection, AIDS RBC-CD4 Sheffield Med. HIV infection,
Tech (Houston, TX) AIDS ARCRitonavir Abbott HIV
infection, AIDS ARC (protease inhibitor) Saquinavir
Hoffmann- HTV infection, LaRoche AIDS, ARC (protease
inhibitor) Stavudine; d4T Bristol-Myers Squibb HIV
infection, AIDS, Didehydrodeoxy- ARC thymidine
Valaciclovir Glaxo Wellcome Genital HSV & CMV
infections Virazole Viratek/ICN asymptomatic HIV
Ribavirin (Costa Mesa, CA) positive, LAS, ARC VX-478
Vertex HIV infection, AIDS, ARC Zalcitabine
Hoffmann-LaRoche HIV infection, AIDS, ARC, with AZT
Zidovudine; AZT Glaxo Wellcome HTV infection, AIDS,
ARC, Kaposi's 



sarcoma, in combination with other therapies Tenofovir
disoproxil, Gilead HIV infection, fumarate salt
(Viread(r)) AIDS, (reverse transcriptase inhibitor)
Emtriva (Emtricitabine) Gilead HTV infection, AIDS,
(reverse transcriptase inhibitor) Combivir" GSK HIV
infection, AIDS, (reverse transcriptase
inhibitor)Abacavir succinate GSK HIV infection, (or
Ziagen(r)) AIDS, (reverse transcriptase inhibitor)
Reyataz R Bristol-Myers Squibb HIV infection (or
atazanavir) AIDs, protease inhibitor Fuzeon Roche /
Trimeris HIV infection (or T-20) AIDs, viral Fusion
inhibitor Lexiva(r) GSK/Vertex HIV infection (or
Fosamprenavir calcium) ADs, viral protease inhibitor
IMMUNOMODULATORS DrugName Manufacturer Indication
AS-IOl Wyeth-Ayerst AIDS Bropirimine Pharmacia Upjohn
Advanced AIDS Acemannan Carrington Labs, Inc. AIDS,
ARC (Irving, TX) CL246,738 American Cyanamid AIDS,
Kaposi's Lederle Labs sarcoma FP-21399 Fuki
hnmunoPharm Blocks HIV fusion with CD4+ cells Gamma
Interferon Genentech ARC, in combination w/TNF (tumor
necrosis factor)Granulocyte Genetics Institute AIDS
Macrophage Colony Sandoz Stimulating Factor
Granulocyte Hoechst-Roussel AIDS Macrophage Colony
Immunex Stimulating Factor Granulocyte Schering-Plough
AIDS, Macrophage Colony combination Stimulating Factor
w/AZT HIV Core Particle Rorer Seropositive HIV
Immunostimulant IL-2 Cetus AIDS, in combination
Interleukin-2 w/AZT IL-2 Hoffinan-LaRoche AIDS, ARC,
HIV, in Interleukin-2 Immunex combination w/AZT IL-2
Chiron AIDS, increase in Interleukin-2 CD4 cell counts
(aldeslukin) Immune Globulin Cutter Biological
Pediatric AIDS, in Intravenous (Berkeley, CA)
combination w/AZT (human) MREG-I Imreg AIDS, Kaposi's
(New Orleans, LA) sarcoma, ARC, PGL MREG-2 Imreg AIDS,
Kaposi's (New Orleans, LA) sarcoma, ARC, PGL Imuthiol
Diethyl Merieux Institute AIDS3ARC Dithio Carbamate
Alpha-2 Schering Plough Kaposi's sarcoma Interferon
w/AZT, AIDSMethionine- TNI Pharmaceutical AIDS5ARC
Enkephalin (Chicago, IL) MTP-PE Ciba-Geigy Corp.
Kaposi's sarcoma Muramyl-Tripeptide Granulocyte Amgen
AIDS, in combination Colony Stimulating w/AZT Factor
Remune Immune Response Immunotherapeutic Corp. rCD4
Genentech AIDS, ARC Recombinant Soluble Human CD4
rCD4-IgG AIDS, ARC hybrids Recombinant Biogen AIDS,
ARC Soluble Human CD4 Interferon Hoffman-La Roche
Kaposi's sarcoma Alfa2a AIDS, ARC, in combination
w/AZT SK&F106528 Smith Kline HIV infection Soluble T4
Thymopentin Immunobiology HIV infection Research
Institute (Annandale, NJ) Tumor Necrosis Genentech
ARC, in combination Factor; TNF w/gamma
InterferonANTI-INFECTIVES DrugName Manufacturer
Indication Clindamycin with Pharmacia Upjohn PCP
Primaquine Fluconazole Pfizer Cryptococcal meningitis,
candidiasis Pastille Squibb Corp. Prevention of
Nystatin Pastille oral candidiasis Ornidyl Merrell Dow
PCP Eflornithine Pentamidine LyphoMed PCP treatment
Isethionate (IM & IV) (Rosemont, IL) Trimethoprim
Antibacterial Trimethoprim/sulfa Antibacterial
Piritrexim Burroughs Wellcome PCP treatment
Pentamidine Fisons Corporation PCP prophylaxis
Isethionate for Inhalation Spiramycin Rhone-Poulenc
Cryptosporidial diarrhea Intraconazole- Janssen-Pharm.
Histoplasmosis; R51211 cryptococcal meningitis
Trimetrexate Warner-Lambert PCPDaunorubicin NeXstar,
Sequus Kaposi's sarcoma Recombinant Human Ortho Phapn.
Corp. Severe anemia Erythropoietin assoc. with AZT
therapy Recombinant Human Serono AIDS-related Growth
Hormone wasting, cachexia Megestrol Acetate
Bristol-Myers Squibb Treatment of anorexia assoc.
W/AIDS Testosterone Alza, Smith Kline AIDS-related
wasting Total Enteral Norwich Eaton Diarrhea and
Nutrition Pharmaceuticals malabsorption related to
AIDS Additionally, the compounds of the invention
herein may be used in combination with another class
of agents for treating AIDS which are called HIV entry
inhibitors. Examples of such HIV entry inhibitors are
discussed in DRUGS OF THE FUTURE 1999, 24(12), pp.
1355-1362; CELL, Vol. 9, pp. 243-246, Oct. 29, 1999;
and DRUG DISCOVERY TODAY, Vol. 5, No. 5, May 2000, pp.
183-194 and Inhibitors of the entry of HIV into host
cells. Meanwell, Nicholas A.; Kadow, John F. Current
Opinion in Drug Discovery & Development (2003), 6(4),
451-461. Specifically the compounds can be utilized in
combination with other attachment inhibitors, fusion
inhibitors, and chemokine receptor antagonists aimed
at either the CCR5 or CXCR4 coreceptor. It will be
understood that the scope of combinations of the
compounds of this invention with AIDS antivirals,
immunomodulators, anti-infectives, HIV entry
inhibitors or vaccines is not limited to the list in
the above Table but includes, in principle, any
combination with any pharmaceutical composition useful
for the treatment of AIDS.Preferred combinations are
simultaneous or alternating treatments with a compound
of the present invention and an inhibitor of HIV
protease and/or a nonnucleoside inhibitor of HIV
reverse transcriptase. An optional fourth component in
the combination is a nucleoside inhibitor of HIV
reverse transcriptase, such as AZT, 3TC, ddC or ddl. A
preferred inhibitor ofHIVprotease is Reyataz(r)
(active ingredient Atazanavir). Typically a dose of
300 to 600mg is administered once a day. This may be
co-administered with a low dose of Ritonavir (50 to
500mgs). Another preferred inhibitor of HIV protease
is Kaletra(r). Another useful inhibitor of HIV
protease is indinavir, which is the sulfate salt of
N-(2(R)-hydroxy-l-(S)-indanyl)-
2(R)-phenylmethyl-4-(S)-hydroxy-5-(l-(4-(3-pyridyl-met
hyl)-2(S)-N'-(tbutylcarboxamido)-
piperazinyl))-pentaneamide ethanolate, and is
synthesized according to U.S. 5,413,999. Indinavir is
generally administered at a dosage of 800 mg three
times a day. Other preferred protease inhibitors are
nelfinavir and ritonavir. Another preferred inhibitor
of HIV protease is saquinavir which is administered in
a dosage of 600 or 1200 mg tid. Preferred
non-nucleoside inhibitors of HIV reverse transcriptase
include efavirenz. The preparation of ddC, ddl and AZT
are also described in EPO 0,484,071. These
combinations may have unexpected effects on limiting
the spread and degree of infection of HIV. Preferred
combinations include those with the following (1)
indinavir with efavirenz, and, optionally, AZT and/or
3TC and/or ddl and/or ddC; (2) indinavir, and any of
AZT and/or ddl and/or ddC and/or 3TC, in particular,
indinavir and AZT and 3TC; (3) stavudine and 3TC
and/or zidovudine; (4) zidovudine and lamivudine and
141W94 and 1592U89; (5) zidovudine and lamivudine. In
such combinations the compound of the present
invention and other active agents may be administered
separately or in conjunction. In addition, the 



administration of one element may be prior to,
concurrent to, or subsequent to the administration of
other agent(s).ABBREVIATIONS The following
abbreviations, most of which are conventional
abbreviations well known to those skilled in the art,
are used throughout the description of the invention
and the examples. Some of the abbreviations used are
as follows: h hour(s) r.t. = room temperature mol =
mole(s) mmol = millimole(s) g gram(s) mg =
milligram(s) mL milliliter(s) TFA - Trifluoroacetic
Acid DCE 1,2-Dichloroethane CH2Cl2 Dichloromethane
TPAP tetrapropylammonium perruthenate THF
Tetrahydofuran DEPBT
3-(Diethoxyphosphoryloxy)-1,2,3-benzotriazin-4(3H) one
DMAP 4-dimethylaminopyridine P-EDC Polymer supported
l-(3-dimethylaminopropyl)-3- ethylcarbodiimide EDC
l-(3-dimethylaminopropyl)-3-ethylcarbodiimide DMF L
-dimethylformamide Hunig's Base = L
-Diisopropylethylamine MCPBA et-Chloroperbenzoic Acid
azaindole = 1H-Pyrrolo-pyridine 4-azaindole =
l/f-pyrrolo[3,2-&]pyridine 5-azaindole =
l/f-Pyrrolo[3,2-c]pyridine 6-azaindole =
l/f-pyrrolo[2,3-cjpyridine 7-azaindole =
l/f-Pyrrolo[2,3-&]pyridine 4,6-diazaindole=
5/i-Pyrrolo[3,2-d]pyrimidine5,6-diazaindole=
1H-Pyrrolo[2,3-djpyridazine 5,7-diazaindole=
7H-Pyrrolo[2,3-d]pyrimidine PMB 4-Methoxybenzyl DDQ 2,
3-Dichloro-5, 6-dicyano-l, 4-benzoquinone OTf
Trifluoromethanesulfonoxy NMM 4-Methylmorpholine
PIP-COPh 1-Benzoylpiperazine NaHMDS Sodium
hexamethyldisilazide EDAC
1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide TMS
Trimethylsilyl DCM Dichloromethane DCE Dichloroethane
MeOH Methanol THF Tetrahydrofuran EtOAc = Ethyl
Acetate LDA = Lithium diisopropylamide TMP-Li
2,2,6,6-tetramethylpiperidinyl lithium DME
Dimethoxyethane DIBALH Diisobutylaluminum hydride HOBT
1-hydroxybenzotriazole CBZ Benzyloxycarbonyl PCC
Pyridinium chlorochromate TRIS Tromethamine or
2-amino-2-(hydroxymethyl)propane- 1,3-diol CHEMISTRY
The present invention comprises compounds of Formula
I, their pharmaceutical formulations, and their use in
patients suffering from or susceptible to HIV
infection. Scheme A depicts an overview of the process
for preparing the prodrugs I of the invention from the
parent molecules FV.Scheme A if Protected
Intermediates Pr = protecting group Step C: 1) Salt
formation and Isolation R3 or Isolation of free acid
Compounds of Claim 1 E = hydrogen, or as defined to
form pharmaceutically acceptable mono or bis salt
group 1) )2 Compounds of Claim 1 E = hydrogen, or as
defined to form pharmaceutically acceptable mono or
bis salt To elaborate on the method, as shown in
Scheme A3 the antiviral parent compound of interest,
IV, is converted into the phosphate intermediate II,
by Nalkylation with chloride intermediate III, in the
presence of a suitable base such assodium hydride,
potassium hydride, sodium amide, sodium t-butoxide,
sodium (bis trimethylsilyl) amide, potassium (bis
trimethyl silyl ) amide, or combinations thereof such
as sodium hydride plus sodium bis (trimethylsilyl)
amide. The preparation of reagent I and the
methodology for use in preparing prodrugs by the
alkylation hydroxy groups has been described in Y.
Ueda et.al. U.S. Patent 6,362,172B2 which is
incorporated by reference in its entirety. The
alkylation conditions, protecting groups, protecting
group removal, and conditions for salt formation are
in general applicable to our application despite the
fact that we are alkylating an azaindole in the indole
ring rather than a hydroxy group hi the current
application, from 1.1 to 5.0 equivalents of base may
be utilized with between 2 and 4 equivalents being
preferred. From 1.1 up to 12 equivalents of reagent HI
may be used with 5 to 10 being preferred depending on
the substrate. The reagent may be added in one portion
or incrementally in several portions over time. A
source of iodide ion is usually added to the reaction
to provide increased yields. Elemental iodine is
currently preferred as the source of iodide. 0.1 to
1.5 equivalents of iodine are usually added per
azaindole/indole NH being alkylated with 1.0 to 1.2
equivalents of iodine being preferred since yields are
highest. Alternate sources of iodide include, for
example, sodium iodide, lithium iodide, cesium iodide,
copper iodide, or tetrabutyl ammonium iodide. The
function of iodine is presumably to generate the
corresponding iodomethyl reagent Ilia in situ from the
chloro methyl reagent III. The iodo or bromo reagents
corresponding to III could likely be used directly in
the reaction in place of the chloride III. The
alkylation reaction of step A is usually carried out
in an inert organic solvent such as tetrahydrofuran at
a temperature from about 0C to 50C, more preferably
between 20 and 400C. Other anhydrous organic solvents
such as methyl tetrahydrofuran, methyl t-butyl ether,
dioxane, ethylene glycol dimethyl ether, dimethyl
acetamide, or N,N-dimethylformamide could also find
utility. Ester intermediate II is then subjected to a
conventional deprotection step to remove the
protecting groups Pr. The reagents used in such step
will depend on the protecting group used, but will be
well known to those skilled in the art. The most
preferred protecting group is the t-butyl group which
can be removed with trifluoroacetic acid, hydrochloric
acid, or formic acid in an appropriate inert organic
solvent. The inert solvent can be dichloromethane, or
possibly, for example, dichloroethane, toluene, or
trifluoromethyl benzene. In methylene chloride,
trifluoroacetic acid deprotection maybe effected using
from 1 to 15 equivalents of acid (or the acid can be
measured differently as for example a 5% solution in
solvent by volume) and temperatures of between 0 and
40. In general, the greater excess of TFA employed,
the lower the temperature utilized. Exact conditions
vary with substrate. Step 3 describes the isolation of
the free acid or salts which can be formed via many
standard ways which are well known in the art.
Generally, following TFA deprotection, an aqueous
workup is employed in which the excess acid is
neutralized with a base and the organic impurities
removed via extraction with an organic solvent such as
ethyl acetate or dichloromethane. For example excess
aqueous NaOH may be used to basify the reaction
mxrure. This is well known to any chemist skilled in
the art. Reacidifcation of the aqueous phase to pH 2.5
with aqueous IN HCl and then extraction with an
organic solvent will provide, after removal of solvent
in vacuo, the free acid. The free acid may be
converted to inorganic salts by the addition of
appropriate bases in solvents such as water, methanol,
ethanol, etc. For example, addition of sodium
carbonate to an aqueous solution of phosphate prodrug
and adjustment of the pH to approximately 7.6 provides
a solution which upon removal of water via
lypohilization leaves the disodium salt ofthe prodrug.
Potassium carbonate could be used similarly. Aqueous
solutions of sodium bicarbonate or potassium
bicarbonate could be used similarly. Mono potassium or
mono sodium salts could be generated via careful
titration of phosphate acid solutions with potassium
or sodium 2-ethyl hexanoate. Amine salts can be
generated by dissolving the free acid in organic
solvents such as ethyl acetate or acetonitrile or low
molecular weight alcohols or mixtures of these
solvents optionally containing water. Some amines
potentially useful for salt formation include: lower
alkylamines (methylamine, ethylamine, cyclohexylamine,
and the like) or substituted lower alkylamines (e.g.
hydroxyl-substituted alkylamines such as
diethanolamine, triethanolamine or
tris(hydroxymethyl)-aminomethane), lysine, arginine,
histidine, Nmethylglucamine, or bases such as
piperidine or morpholine. Slow addition of an amine to
a stirring solution at low temperature can provide
either the mono of bis amine salt depending on
stoichiometry. Amine salts can also be obtained by
stirring the solution and removing the solvent in
vacuo rather than be crystallization or precipitation.
Recrystallization procedures will vary by compound and
salt but areavailable to one skilled in the art.
Scheme B depicts a preferred sequence and set of
reagents and conditions for carrying out the general
sequence shown in Scheme A. An alternate and in many
cases the preferred method for carrying out the
sequence in step C which includes the deprotection of
the diester to provide the intermediate acid insitu
followed by salt formation in the reaction medium may
be utilized. For example, heating the diester in a
mixture of water and a water miscible cosolvent such
as for example acetone, methanol, ethanol, or
isopropanol can produce the free acid of I in the
reaction medium (insitu). A preferred solvent is
acetone and isopropanol. Temperatures between ambient
and the boiling points of the solvents could be
utilized. Typically 40 to 60 C is in the preferred
range. Addition of a base or more preferably an amine
as described above to the reaction mixture containing
the free acid in the water and cosolvent can produce
the salt directly. If appropriate conditions are
selected, the salt , may crystallize or precipitate
directly from the reaction medium and be isolated by
filtration and drying. Specific examples are contained
in the experimental section. The preferred method of
preparation of intermediates Ha, lib, and Hc and of
the acids lac, Ibc and Ic offers a number of
significant advantages over the procedures used
initially for preparation of a, lib, and Hc during
exploratory research efforts. The initial discovery
routes for the preparation of all three intermediates
II used a preparation ofdi-tertbutyl chloromethyl
phosphate that required the use of relatively
expensive tetrabutylammonium di tert-butyl phosphate
which was reacted with a 10 fold excess of expensive
and potentially hazardous choro iodomethane. The
excess volatiles and iodomethane were removed in vacuo
to provide the crude reagent which was used without
further purification. At least a 5 fold excess of this
reagent was used to react with compounds IV meaning
that at least 5 equivalents of tetrabutylammonium
phosphate and 50 equivalents ofcholoriodomethane were
used 



as compared to quantities of either IVa, b or c. hi
addition, alkylation of compounds rVwith this reagent
was achieved using NaH as base and iodine as an
additive to promote alkylation. These conditions
produced a reaction mixture containing the desired
compound II as a major product and side products which
were removed using silica gel chromatography, a
tedious, time consuming, and expensive operation
especially on reactions of increasing scale . Failure
to remove side products, resultedin products I from
the next step, the removal of the protecting groups,
that contained impurities which were very difficult to
remove in a satisfactory manner in either a reasonable
yield or time frame. The improved preparation of
di-tertbutyl chloromethyl phosphate utilizes less
expensive ditertbutyl potassium phosphate and only an
approximate 2 fold excess of this reagent as compared
to the other reactant chloromethyl sulfonyl choride.
The diterbutyl chloromethyl phosphate prepared by this
method is isolated in pure form via convenient
distillation. For the conversion ofIVa to Ha, only 1.2
equivalents of this reagent was used to alkylate
compounds IV. Li addition, a less reactive and
economical base, potassium carbonate, was used in
conjunction with DMSO to achieve an alkylation in
which the compounds II produced are sufficiently free
of side products that they can be used without
chromatographic purification as inputs for the
deprotection reaction. The free acid lac or salts such
as lab for example can be obtained in pure form from
Ha prepared in this manner without chromatography. For
the synthesis of compounds lib and Hc which are slower
to react than FVa, 2 to 2.5 equivalents of di-terbutyl
chloromethyl phosphate were employed and modified
conditions (cesium carbonate as base with KI in the
solvent, NMP) were used to alkylate either IVb and IVc
and realize high conversion to lib and Hc
respectively. Again the new conditions provided
compounds II in sufficient purity to allow them to be
used to produce compounds I without the need for
chromatographic purification. Thus the new conditions
reduce the quantities and stoichiometry of reagents
needed to prepare the compound I of this invention and
avoids the need for chromatographic purification of
intermediates II. The starting materials employed to
prepare the di-tertbutyl chloromethyl phosphate are
more economical and less hazardous and the final
product is produced in higher purity. Finally, the
conditions developed for alkylating IVa, IVb, and IVc
eliminate the need for the reactive,flammable sodium
hydride base that had been used in excess and employ
either potassium or cesium carbonate. In the
alkylation step, a suitable base can be used such asM
CO3 (M is lithium, sodium, potassium, rubidium or
cesium). For converting IVa to a, K2CO3 is preferred
(1-5 molar equivalents, preferably 2 molar equivalents
per mole of IVa). For converting IVb to lib or IVc to
Hc, cesium carbonate is preferred. Also, a suitable
solvent is needed such as dimethylsulfoxide,
Ndimethylformamide, acetone, acetonitrile,
N-methylpyrrolidinone, formamide, tetrahydrofuran,
etc. (2-50 ml/gram of IV, with 5 ml/gram preferred);
dimethylsulfoxide is preferred in converting IVa to
Ha; N-methylpyrrolidinone is preferred in converting
IVb to lib or IVc to c. A suitable solvent iodine
source includes, but is not limited to, MI (M is, for
example, lithium, sodium, potassium, iodine,
tetrabutylammonium, etc.); with potassium iodide
preferred (0.1-5 molar equivalents/mole of Compound
IV; 2 equivalents preferred). The alkylating agent,
di-tert-butyl chloromethyl phosphate, can be used in
1- 10 molar equivalents per mole of IV; but about 1.2
molar equivalents is preferred. The reaction
temperature can be 10-60 0C (30 C preferred). hi the
deprotecting step, when the two tert-butyl groups are
removed from Ha to form lac, this is carried out in
the presence of a suitable solvent such as
dichloromethane (preferred), dichloroethane,
chloroform, carbontetrachloride, toluene, benzene,
etc. (2-50 ml/gram of IV, preferably 10 ml/gram) For
deprotecting lib and Hc to obtain Ibc and Ic,
respectively, this is accomplished in acetone/water at
a temperature of about 40 C.Additionally, during
deprotection of a, it is preferred to have an acid
present such as trifluoroacetic acid (preferred),
hydrochloric, sulfuric, nitric, etc. (2-100 molar
equivalents based on IVa, with 15 molar equivalents
preferred). CHEMISTRY General: Additional preparations
of starting materials and precursors are contained in
Wang et. al. U.S. Patent 6,476,034 granted November 5,
2002 which is incorporated by reference in its
entirety. All Liquid Chromatography (LC) data were
recorded on a Shimadzu LC- 10AS liquid chromatograph
using a SPD-10AV UV-Vis detector with Mass
Spectrometry (MS) data determined using a Micromass
Platform for LC in electrospray mode. LC/MS METHOD
(I.E., COMPOUND IDENTIFICATION) Column A: YMC ODS-A S7
3.0x50 mm column Column B: PHX-LUNA C18 4.6x30 mm
column Column C: XTERRA ms Cl 8 4.6x30 mm column
Column D: YMC ODS-A C18 4.6x30 mm column Column E: YMC
ODS-A C18 4.6x33 mm column Column F: YMC Cl 8 S5
4.6x50 mm column Column G: XTERRA Cl 8 S7 3.0x50 mm
columnColumn H: YMC Cl 8 S5 4.6x33 mm column Column I:
YMC ODS-A C18 S7 3.0x50 mm column Column J: XTERRA C-1
8 S5 4.6x50mm column Column K: YMC ODS-A Cl8 4.6x33mm
column Column L: Xterra MS Cl 8 5uM 4.6x30mm column
Column M: YMC ODS-A Cl 8 S3 4.6x33mm column STANDARD
LC RUN CONDITIONS (USED UNLESS OTHERWISE NOTED):
Gradient: 100% Solvent A / 0% Solvent B to 0% Solvent
A / 100% Solvent B Solvent A = 10% MeOH - 90% H2O -
0.1% TFA5 Solvent B = 90% MeOH - 10% H2O - 0.1% TFA;
andR t in min. Gradient time: 2 minutes Hold time 1
minute Flow rate: 5 rnL/min Detector Wavelength: 220
nm Solvent A: 10% MeOH / 90% H2O / 0.1%
Trifluoroacetic Acid Solvent B: 10% H2O / 90% MeOH /
0.1% Trifluoroacetic Acid ALTERNATE LC RUN CONDITIONS
B: Gradient: 100% Solvent A / 0% Solvent B to 0%
Solvent A / 100% Solvent BSolvent A = 10% MeOH - 90%
H2O - 0.1% TFA, Solvent B = 90% MeOH - 10% H2O- 0.1%
TFA; and Rt in min. Gradient time: 4 minutes Hold time
1 minute Flow rate: 4 mL/min Detector Wavelength: 220
nm Solvent A: 10% MeOH / 90% H2O / 0.1%
Trifluoroacetic Acid Solvent B: 10% H2O / 90% MeOH /
0.1% Trifluoroacetic Acid Compounds purified by
preparative HPLC were diluted in MeOH ( 1.2 mL) and
purified using the following methods on a Shimadzu
LC-IOA automated preparative HPLC system or on a
Shimadzu LC-8A automated preparative HPLC system with
detector (SPD-IOAV UV-VIS) wavelength and solvent
systems (A and B) the same as above. PREPARATIVE HPLC
METHOD (I.E., COMPOUND PURIFICATION) Purification
Method: Initial gradient (40% B, 60% A) ramp to final
gradient (100% B, 0% A) over 20 minutes, hold for 3
minutes (100% B, 0% A) Solvent A: 10% MeOH / 90% H2O /
0.1% Trifluoroacetic Acid Solvent B: 10% H2O / 90%
MeOH / 0.1% Trifluoroacetic Acid Column: YMC C18 S5
20x100 mm column Detector Wavelength: 220 nmFor the
experimental procedures below the following HPLC
conditions or modifications from the standard
procedures were employed: HPLC conditions for routine
LC purity: Detection at 254 nm; Gradient 0-100% B/A; A
10% CH3CN-90% H2O-0.1% TFA, B 90% CH3CN-10% H2O-0. 1%
TFA; Gradient time 4 min; Column YMC ODS-AQ or ORD-A
4.6x50mm 3 micron. HPLC conditions for LC/MS analysis:
Column J: XTERRA C-1 8 S5 4.6x50mm column, Gradient:
100% Solvent A / 0% Solvent B to 0% Solvent A / 100%
Solvent B Solvent A = 10% MeOH - 90% H2O - 0.1% TFA,
Solvent B = 90% MeOH -10% H2O - 0.1% TFA; and Rt in
min; Gradient time: 3 minutes; Flow rate: 4 mL/min;
Detector Wavelength: 220 nm Starting materials, can be
purchased from commercial sources or prepared using
literature procedures. PREPARATION OF PARENT COMPOUNDS
IV: The preparation of parent Compounds IV has been
described previously in the following, all of which
are herein incorporated by reference in their entirety
as follows: U.S. Patent 6,469,006 granted October 22,
2002 toW. S. Blair et al; U.S. Patent 6,476,034
granted November 5, 2002 to Wang et al; U.S. Patent
6,573,262 granted June 3, 2003 to Meanwell et al; U.S.
Serial Number 10/630,278 filed July 30, 2003 to J.
Kadow et al; which is a continuation-in-part of U.S.
Serial Number 10/214,982 filed August 7, 2002, which
is a continuation-in-part of U.S. Serial Number
10/038,306 filed January 2, 2002, which corresponds to
PCT WO 02/062423, filed January 2, 2002, published
August 15, 2002;U.S. Serial Number 10/871,931 filed
June 18, 2004 to Yeung et al; U.S. Serial Number
10/762,108 filed January 21, 2004 to Wang et al,
corresponding to PCT WO 2004/043337 published May 27,
2004. Select detailed procedures are provided below:
TYPICAL PROCEDURE FOR THE PREPARATION OF INTERMEDIATES
FOR THE PREPARATION OF PARENT COMPOUNDS IV 1)
Preparation ofAzaindole 1 Preparation of azaindole,
Method A: Preparation of 7-Chloro-6- azaindole Ie:
2-Chloro-3-nitropyridine 22e (5.0 g) was dissolved in
dry THF (200 ml). After the solution was cooled down
to -78C, an excess of vinyl magnesium bromide (1.0 M
in THF, 100 ml) was added. Then, the reaction was left
at -2O0C for eight hours before being quenched with
20% NH4Cl (150 ml). The aqueous phase was extracted
with EtOAc (3 x 150 ml). The combined organic layer
was dried over MgSO4. After filtration and
concentration, the crude product was purified by
silica gel column chromatography to afford 1.5 g of
7-chloro-6-azaindole I e in 31% yield. Compounds 5an,
IVa and 5ap are described below. 1amCompound lam,
4-bromo-7-chloro-6-azaindole (yellow solid) was
prepared by the same method used for azaindole I e but
the starting material employed was 5-
bromo-2-chloro-3-nitropyridine. (available from
Aldrich, Co.). MS mlz: (M+H)+ calcd for C7H5BrClN2:
230.93; found 231.15. HPLC retention time: 1.62
minutes (column B). Compound Ian
(4-methoxy-7-chloro-6-azaindole) and compound lao
(4,7- dimethoxy-6-azaindole): A mixture
of4-bromo-7-chloro-6-azaindole ( 1 g), CuI (0.65 g)
and NaOMe (4 ml, 25%) in MeOH (16 ml) was heated at
110 - 12O0C for 16 hours in a sealed tube. After
cooling to ambient temperature, the reaction mixture
was neutralized with IN HCl to achieve pH 7. The
aqueous solution was extracted with EtOAc (3 x 30ml).
Then the combined organic layer was dried over MgSO4
and concentrated in vacuo to afford a residue, which
was purified by silica gel (50 g) chromatography using
1:7 EtOAc : hexane as the eluent. (Column dimension:
20mm x 30 cm) to give 0.3 g of
4-methoxy-7-chloro-6-azaindole (white solid) and 0.1 g
of 4,7-dimethoxy-6-azaindole (white solid). 



Compound Ian (4-methoxy-7-chloro-6-azaindole). MS m/z:
(M+H)+ calcd for C8H8ClN2O: 183.03; found 183.09. HPLC
retention time: 1.02 minutes (column B). Compound lao
(4,7-dimethoxy-6-azaindole). 1H NMR (500 MHz, CDCl3) d
7.28 (m, 2H), 6.63 (m, IH), 4.14 (s, 3H), 3.95 (s,
3H). MS m/z: (M+H)+ calcd for C9H1 1N2O2: 179.08;
found 179.05. HPLC retention time: 1.36 minutes
(column B).1b Acylation of azaindole, method B:
Preparation of Methyl (5-azaindol-3-yl)- oxoacetate
2b: 5-Azaindole (Ib) (0.5 g, 4.2 mmol) was added to a
suspension of AlCl3 (2.8 g, 21.0 mmol) in CH2Cl2 (100
ml). Stirring was continued at room temperature for 1
hour before methyl chlorooxoacetate (2.5 g, 21.0 mmol)
was added dropwise. The reaction was stirred for 8
hours. After 20 ml of MeOH was added cautiously to
quench the reaction, solvents were removed under
vacuum. The solid residue was purified by silica gel
column chromatography (EtOAc/MeOH = 10 : 1) to afford
0.6 g (70%) of the acylated product 2b.
Characterization of compounds 2: Compound 2b {Methyl
(5-azaindol-3-yl)-oxoacetate): 1H NMR (500 MHz, CD3OD)
6 9.61 (s, IH), 9.02 (s, IH), 8.59 (d, IH J = 6.63
Hz), 8.15 (d, IH5J = 6.60 Hz)5 4.00 (s, 3H); 13C NMR
(125 MHz, CD3OD) d 178.9, 163.0, 145.6, 144.2, 138.3,
135.0, 124.7, 116.3, 112.1, 53.8. MS m/z: (M+H)+ calcd
for C10H9N2O3: 205.06; found 205.04. HPLC retention
time: 0.32 minutes (column A). t 1aoCompound 2ao
(Ethyl (4,7-dimethoxy-6-azaindol-3-yl)-oxoacetate) was
prepared by the same method as used for compound 2b
but the starting material employed was
4,7-dimethoxy-6-azaindole. The compound was purified
by silica gel chromatography using 2 : 3 EtOAc :
Hexane as the eluent to give a yellow oil: 1H NMR (500
MHz CDCl3) d 9.50 (s, IH), 8.21 (s, IH), 7.47 (s, IH),
4.39 (q, 2H, d 7.05 Hz), 4.13 (s, 3H), 3.93 (s, 3H),
1.40 (t, 3H, d - 7.2 Hz). MS mlz: (M+H)+ calcd for
C13H15N2O5: 279.10; found 279.16. HPLC retention time:
1.28 minutes (column B). 2) Preparation of potassium
azaindole 3-glyoxylate 3 Preparation of Potassium
(7-azaindol-3-yl)-oxoacetate 3a: Compound 2a (43 g,
0.21 mol) and K2CO3 (56.9g, 0.41 mol) were dissolved
in MeOH (200 ml) and H2O (200 ml). After 8 hours,
product 3a precipitated out from the solution.
Filtration afforded 43 g of compound 3a as a white
solid in 90.4% yield. Characterization of compounds 3:
Compound 3a, Potassium (7-azaindol-3-yl)-oxoacetate:
1H NMR (300 MHz, DMSO-d6) d 8.42 (d, IH, J = 7.86 Hz),
8.26 (d, IH, J = 4.71 Hz), 8.14 (s, IH), 7.18 (dd, IH,
J = 7.86, 4.71Hz); 13C NMR (75 MHz, DMSO-d6) d 169.4,
148.9, 143.6,135.1, 129.3, 118.2, 117.5, 112.9. MS
m/z: (M+H)+ of the corresponding acid of compound 3a
(3a- K+H) calcd for C9H7N2O3: 191.05; found 190.97.
HPLC retention time: 0.48 minutes (column A). Compound
3ao (Potassium
(4,7-dimethoxy-6-azaindol-3-yl)-oxoacetate) was
prepared (as a yellow solid), by the same method used
to prepare compound 3a except Ethyl
(4,7-dimethoxy-6-azaindol-3-yl)-oxoacetate was
employed as the starting material. MS m/z: (M+H)+ of
the corresponding acid of compound 3ao (M- K+H)+ calcd
for C11H11N2O5: 251.07; found 251.09. HPLC retention
time: 0.69 minutes (column B). Example Procedure Prep
of 5a Preparation of
(R)-N-(benzoyl)-3-methyl-N'-[(7-azaindol-3-yl)-oxoacet
yl]- piperazine 5a: Potassium 7-azaindole 3-glyoxylate
3a (25.4 g, 0.1 11 mol), (R)-Smethyl-
N-benzoylpiperazine 4a (22.7 g, 0.111 mol),
3-(diethoxyphosphoryloxy)- l,2,3-benzotriazin-4(3
H)-one (DEPBT) (33.3 g, 0.111 mol) and Hunig's Base
(28.6 g, 0.222 mol) were combined in 500 ml of DMF.
The mixture was stirred at room temperature for 8
hours. DMF was removed via evaporation at reduced
pressure and the residue was partitioned between ethyl
acetate (2000 ml) and 5% Na2CO3 aqueous solution (2 x
400 ml). The aqueous layer was extracted with ethyl
acetate (3 x 300 ml). The organic phase combined and
dried over anhydrous MgSO4. Concentration in vacuo
provided a crude product, which was purified by silica
gel column chromatography with EtOAc/MeOH (50:1) to
give 33 g of product 5a in 81% yield.Characterization
of compounds 5 with the following sub-structure:
Compound 5a, n = 2, R7-13 = H, R14 = (R)-Me,
(R)-N-(benzoyl)-3-methyl-N'-
[(7-azaindol-3-yl)-oxoacetyl]-piperazine: 1H NMR (300
MHz, CD3OD) d 8.57 (d, IH, J = 5.97 Hz), 8.38 (d, IH,
J = 4.20 Hz), 8.27 (m, IH), 7.47 (s, 5H)5 7.35 (t, IH,
J 5.13 Hz), 4.75-2.87 (m, 7H), 1.31 (b, 3H); 13C NMR
(75 MHz, CD3OD) 6 185.6, 172.0, 166.3, 148.9, 144.6,
137.0, 134.8, 130.2, 129.9, 128.4, 126.6, 118.6,
118.0, 112.2, 61.3, 50.3, 45.1, 35.5, 14.9, 13.7. MS
m/z: (M+H)+ calcd for C2 1H2iN4O3: 377.16; found
377.18. HPLC retention time: 1.21 minutes (column A).
Anal. Calcd for C2 1H20N4O3: C, 67.01; H, 5.36; N,
14.88. Found: C, 66.01; H, 5.35; N, 14.61. Compound
IVa, N-(benzoyl)-N'-[(4,7-dimethoxy-6-azaindol-3-yl)-
oxoacetyljpiperazine, was prepared by the same method
used to prepare compound 5a but the starting material
was Potassium (4,7-dimethoxy-6-azaindol-3-yl)-
oxoacetate. The compound was purified by silica gel
chromatography using EtOAc as the eluting solvent to
give a white solid. 1H NMR (500 MHz, DMSO-d 6) d 13.0
(s, IH), 8.15 (s, IH), 7.40 (m, 6H), 4.00 (s, 3H),
3.83 (s, 3H), 3.63-3.34 (m, 8H); 13C NMR (125 MHz,
DMSO-d 6) d 185.5, 169.3, 166.5, 146.2, 145.7, 136.6,
135.3, 129.6, 128.4, 126.9, 122.2, 122.1, 119.2,
114.4, 56.8, 52.9, 45.5, 39.9. MS m/z: (M+H)+ calcd
for C22H23N4O5: 423.17; found 423.19. HPLC retention
time: 1.33 minutes (column B). Anal. Calcd. For C22H2
1N4O5: C, 62.7; H, 5.02; N, 13.29. Found: C, 61.92; H,
5.41; 13.01. Melting Point: 229.5 - 2320C.PROCEDURES
FOR PREPARATION OF PARENT COMPOUND IVC Preparation of
3-methyl-l ,2,4-triazole (2-81) CH4N2O C2H5NS 2-81
MoI. Wt.: 60.06 MoI. Wt.: 75.1 3 C3H5N3 MoI. Wt.:
83.09 Procedure: A solid mixture of formic hydrazide
(68 g, 1.13 mol) and thioacetamide (85 g, 1.13 mol) in
a 500mL-round bottom flask was heated with stirring at
150C (oil bath temp.) for 1.5 hrs with a gentle stream
of nitrogen, removing H2S and water (about 18 mL of
liquid collected) formed during the reaction. The
reaction mixture was distilled under reduced pressure,
collecting 60.3 g (0.726 mol, Y. 63.3%) of the title
compound at 102C / 0.35-1 mmHg as a white solid after
removing a liquid forerun. : 1H NMR (CDCl3) dppm 2.51
(3H, s, 3-Me), 8.03 (IH, s, 5-H), 9.5 (IH, br, NH);
TLC Rf (10% MeOH/CH2Cl2) = 0.3
(phosphomolybdate-charring, white spot). Reference:
Vanek, T.; Velkova, V.; Gut, Jiri Coll. Czech. Chem.
Comm. 1985, 49, 2492. Preparation of 3-81 M C11H11N5O
MoI. Wt.: 229.24 Procedure: A 500 mL round bottom
flask was loaded with 4-methoxy-7-chloro-6- azaindole
2e (9.1 g, 50 mmol; dried in vacuo), potassium
carbonate (13.8 g, 100 mmol, 2 eq.), copper powder
(6.35 g, 100 mmol, 2 eq.), and 3-methyl-
1,2,4-triazole (83 g, 1.0 mol, 20 eq.). The solid
mixture was heated to melt at 170-175C (externaloil
bath temperature) under a gentle stream of anhydrous
nitrogen for 12 h, by which time HPLC analysis
indicated that the amount of the peak for the starting
material had become 5-30% and the desired product peak
becomes about 45% with isomeric by-product peak
becomes 15%. As the reaction mixture cooled, MeOH (150
mL) was added slowly to the warm, stirred mixture.
Upon cooling, the insoluble material (copper powder)
was filtered through a Celite pad, and rinsed with
methanol. The filtrate was concentrated in vacuo to a
thick paste which was diluted with water ( 1 L) and
extracted with EtOAc (3x15OmL). The EtOAc extracts
were dried (MgSO4), filtered and concentrated to
obtain about 8 g of crude residue which was
crystallized by dissolving in hot CH3CN (50 mL),
followed by diluting with water (100 mL) and cooling
at 0C to collect 1.45 g (12.7%) of the title compound
as white solid. The filtrate was purified by C-18
reverse phase silica gel (YMC ODS-A 75 mm) eluted with
15-30% CH3CN/H2O. Appropriate fractions were combined
and the aqueous solution after removing CH3CN by
rotary evaporator was lyophilized to give additional
1.15 g of the title compound 3-81. The crude aqueous
layer was further extracted with EtOAc several times.
The ethyl acetate extracts were dried (MgSO4),
filtered, concentrated, and crystallized from MeOH to
give additional 200 mg of the title compound 3-81. The
total yield: 2.8 g (12.2 mmol, Y. 24.5%); MS m/z 230
(MH), HRMS (ESI) m/z calcd for C11H12N5O (M+H),
230.1042, found 230.1038 (D - 1.7 ppm); 1E NMR (CDCl
3) dppm 2.54 (3H, s, CH3), 4.05 (3H, s, OCH3), 6.73
(IH, s, H-3), 7.40 (IH, s, H-2), 7.56 (IH, s, H-5),
9.15 (IH, s, triazole-H-5); 13C NMR (CDCl 3, 125.7
MHz) d ppm 14.2 (triazole-Me), 56.3 (OMe), 100.5
(C-3), 116.9 (C- 5), 123.5, 127.2, 127.5 (C-2), 129.5
(C-7), 141.2 (C-5'), 149.5 (C-4), 161.8 (C-3'); Anal.
Calcd for C11H11N5O: C 57.63, H 4.83, N 30.55, found C
57.37, H 4.64, N 30.68. The structure was confirmed by
a single X-ray crystallographic analysis using
crystals obtained from C-18 column fractions. A
portion of C-18 column fractions containing a mixture
of the desired 3-methyl-1,2,4-triazolyl analog 3-81
and isomeric 5-methyl- 1,2,4-triazolyl analog 4-81 was
further purified by C-18 reverse phase column eluting
with 8-10% CH3CNZH O. Appropriate fractions were
extracted with CH2Cl2, and slow evaporation of the
solvent gave crystalline material of the isomeric
7-(5-methyll,2,4-triazolyl)-4-methoxy-6-azaindole
(4-81): MS m/z 230 (MH), 1H NMR (CDCl 3) dppm 3.05
(3H, s, CH3), 4.07 (3H3 s, OCH3), 6.74 (IH, q, J=2.4,
H-2), 7.37 (IH, t, J=2.4, H-3), 7.65 (IH, s, H-5),
8.07 (IH, s, triazole-H-3). The structure was
confirmed by a single X-ray crystallographic analysis.
Preparation of 5-81 / Procedure: AlCl3 (40 g, 0.3 mol,
15 eq.) was dissolved in a solution OfCH2Cl2 (100 mL)
and nitromethane (20 mL) under dry nitrogen. To this
solution was added compound 3-81 (4.58 g, 0.02 mol)
under stirring and under N2, followed by methyl
chlorooxoacetate (9.8 g, 0.08 mol, 4 eq.). The mixture
was stirred under N2 at room temperature for 1.5 h.
The mixture was added drop-wise to a cold and stirred
solution of20% aqueous ammonium acetate solution (75O
mL). The mixture was stirred for 20 min and the
resultant precipitate was filtered, washed thoroughly
with water and dried in vacuo to obtain 4.7 g (0.015
mol, Y. 75%) of the title compound 5- 81 as white
solid: MS m/z 316 (MH); HRMS (ESI) m/z calcd for
C14H14N5O4 (M+H), 316.1046; found 316.1041 (D -1.6
ppm); 1H NMR (CDCl3, 500 MHz) dppm 2.58 (3H, s, CH3),
3.96 (3H, s, OCH3), 4.05 (3H, s, OCH3), 7.76 (IH, s,
H-5), 8.34 (IH, d, J=3Hz, H-2), 9.15 (IH, s,
triazole-H-5), 11.0 (IH, brs, NH). More title compound
5-81 and hydrolyzed acid 6-81 can be obtained from the
filtrate by acidbase extraction with EtOAc.Preparation
of 6-81 Procedure: To a suspension ofthe methyl ester
5-81 (2.2 g, 7.0 mmol) in MeOH (50 mL) was added 0.25M
NaOH solution in water (56 mL, 14 mmol, 2 eq.) at room
temperature and the mixture stirred for 15 min by
which time HPLC indicated the hydrolysis was complete.
The mixture was concentrated in vacuo quickly to
remove MeOH, and to the residual solution was added
water (100 mL) and IN HCl (14 mL) with stirring to
neutralize the mixture. The resultant fine precipitate
was filtered, washed with water and dried in vacuo to
obtain 1.98 g ( 6.58 mmol, Y. 94%) of the title
compound 6-81 as off-white solid: MS m/z 302 (MH); 1H
NMR (DMSO-^, 500 MHz) d ppm 2.50 (3H, s, overlapped
with DMSO peaks), 3.98 (3H, s, CH3O), 7.87 (IH, s,
H-5), 8.29 (IH, d, J=3.5Hz, H-2), 9.25 (IH, s,
triazole-H-5), 12.37 (IH, s, NH). Alternative
procedure: To a suspension of the methyl ester 5-81
(10.7 g, 34 mmol) in MeOH (150 mL) was added 0.25M
NaOH solution in water (272 mL, 68 mmol, 2 eq.) at
room temperature and the mixture stirred for 20 min by
which time HPLC indicated the hydrolysis was complete.
The mixture was concentrated in vacuo quickly to
remove MeOH, and the residual solution was extracted
with EtOAc to remove any neutral impurities. To the
aqueous phase was added IN HCl (68 mL, 68 mmol) to
neutralize the product. The resultant mixture was
frozen and lyophilized to obtain 14.1 g ( 33.7 mmol,
Y. 99.2%) of the title compound 6-81, containing 2
mole equivalents of NaCl as off-white solid. This
material was used in the subsequent 



reaction without further purification. The disodium
salt of the title compound 6-81 was obtained by C-18
reverse phase column chromatography after sodium
bicarbonate treatment: HPLC >97% (AP, uv at 254nm);
HRMS (Na salt, ESI ) m/z calcd for C13H10N5O4 (M-H),
300.0733; found 300.0724 (D -3 ppm); 1H NMR (Nasalt,
DMSO-J , 500 MHz) d ppm 2.37 (3H, s, Me), 3.83 (3H, s,
CH3O), 7.56 (IH, s, H-5), 8.03 (IH, s, H-2), 9.32 (IH,
s, triazole-H-5); 13C NMR (Na salt, DMSO-J 6, 125.7
MHz) d ppm 13.8 (triazole-Me), 57.2 (OMe), 114.8
(C-3), 120.0 (C-5), 125.1, 143.5 (C-5'), 149.8 (C-4),
160.0 (C-3'), 171.7, 191.3. Preparation of CompoundWc
EDC / TEA DMF Procedure: To a solution of the acid
6-81 (3.01 g, 10 mmol) and benzoylpiperazine
hydrochloride (3.39 g, 15 mmol) in DMF (50 mL) was
added triethylamine (10.1 g, 100 mmol, 10 eq.),
followed by
l-[3-(dimethylamino)propyl]-3-ethylcarbodiimide
hydrochloride (EDC; 5.75 g, 30 mmol) under N2 and the
mixture stirred at room temperature for 22 h after
sonication and at 40C for 2 h. The mixture was
concentrated in vacuo to remove DMF and TEA, and to
the residual solution was added water (200 mL) under
stirring and sonication. The precipitates formed were
collected, washed with water and dried in vacuo to
obtain 2.8 g (5.9 mmol, Y. 59%) of the title compound
IVc as off-white solid. The filtrate was extracted
with CH2Cl2 (x2). The CH2Cl extracts were dried
(Na2SO4), filtered and concentrated to gum which was
triturated with Et2O to obtain a solid. This solid was
suspended and triturated with MeOH to obtain 400 mg of
the title compound IVc as off-white solid. Total
yield: 3.2 g (6.8 mmol, Y. 68%): MS m/z 474 (MH); HRMS
(ESI) m/z calcd for C24H24N7O4 (M+H) 474.1890, found
474.1884 (D -1.2 ppm); 1H NMR (DMSOd b) d ppm 2.50
(3H, s, overlapped with DMSO peaks), 3.43 (4H, br,
CH2N), 3.68 (4H, br, CH2N), 3.99 (3H, s, CH3O), 7.46
(5H, br. s, Ar-Hs), 7.88 (IH, s, indole-H-5), 8.25
(IH, s, indole-H-2), 9.25 (IH, s, triazole-H-5), 12.40
(IH, s, NH); 13C-NMR (DMSO-J6) d ppm 13.78, 40.58,
45.11, 56.78, 114.11, 120.95, 122.71, 123.60, 126.98,
128.34, 129.6, 135.43, 138.52, 142.10, 149.15, 161.29,
166.17, 169.22,185.42; UV (MeOH) lmax 233.6 nm (e
3.43xlO4), 314.9 nm (e 1.73xlO4); Anal: CaIc for
C24H24N7O4.1/5H2O; C 60.42, H 4.94, N 20.55, Found; C
60.42, H 5.03, N 20.65; KF (H2O) 0.75%. This reaction
can also be performed by use of HATU and DMAP to
provide more consistent yield of the title compound:
To a suspension of the acid 6-81 (15.6 mmol) and HATU
[O-(7-azabenzotriazol-l-yl)-N,N,N',N'-tetramethyluroni
um hexafluorophos phonate] (8.90 g, 23.4 mmol; 1.5
eq.) in DMF (60 mL) and CH2Cl2 (60 mL) was added a
mixture of DMAP (5.72 g, 46.8 mmol, 3 eq.) and
benzoylpiperazine hydrochloride (5.30 g, 23.4 mmol;
1.5 eq.) in DMF (60 mL) at room temperature and the
mixture was stirred under nitrogen atmosphere for 4
hrs. The mixture was concentrated in vacuo to remove
CH2Cl2 and most of DMF, and to the residual solution
was added water under stirring and sonication. The
precipitates formed were collected, washed with water
and dried in vacuo to obtain 5.38 g ( 11.4 mmol, Y.
72.8%) of the title compound IVc as off-white solid:
HPLC >95% (AP, uv at 254nm). Compound IVb Synthetic
Experimental Proceduresfor bestpreparation of
CompoundWb FW = 2235-Amino 2 methoxypyridine (50g,
0.4mol ) was added to a stirring mixture of absolute
ethanol (280 ml) and HBF4 (48% in water, 172 ml) and
cooled to 0C. Sodium nitrite (129g) was dissolved in
water (52 ml) and added portion-wise over Ih). The
stirring was continued at 0C for 2hr. The reaction
mixture was diluted with ether (IL). The solid product
was collected by filtration and washed with 500 ml of
50:50 EtOH/ether and subsequently several times with
ether until the product was slightly pinkish in color.
The pale pink solid 9Og (~100% yield) was kept in a
dessicator over P O5. The same procedure was followed
to perform the reaction on larger scale: (1) (20Og,
1.6 mol); HBF 4 (688 ml); NaNO 2 (116 g); EtOH (1.12
L); H2O (208 ml) The reaction was run 4 times (total
800 grams (1-80)). The product was dried over P2O5 for
48 hr. (only 24hr for first batch). A total of 1,293 g
of (2-80) was obtained, (91% yield). Ref: J.
Heterocyclic Chem., 10, 779, 1973 (for above
reactions, including analytical data) Toluene 3-80 The
decomposition of the diazonium salt was run in 3
batches of: 206g, 219g and 231g using 1.3L, 1.4L and
1.6L of anhydrous toluene respectively. The toluene
was preheated under nitrogen to 100C (internal
temperature) in a 2L 3- neck round bottom flask
provided with a mechanical stirrer. The solid was
added solid portion-wise via a scoop through a powder
funnel which was attached to anadapter with slight
outward positive nitrogen flow. During addition, the
temperature was maintained between 99-1020C (set at
1000C) and stirred vigorously. Total addition time was
60 min. for the smaller two batches and 70 min. for
the last one. After the addition was finished, each
stirring reaction was heated at 1100C for lhr. The
heating mantle was removed and stirring was stopped.
The reactions were allowed to stand for 2hr (ambient
temp achieved). Safety Note: The reaction contains BF3
so working with the reaction hot exposes vapors which
caused skin irritation with somepeople. No incidents
were noted at ambient temperature (6 different
people). The hot toluene from the reaction was poured
into a 4L Erlenmeyer (a dark brown oil and residue
remained in the flask). The residue was washed with 50
ml of toluene and poured into the original toluene
extracts. Add 1.5L of IN NaOH to toluene layer,
extract and wash with ~100 ml of sat aq. NaCl. Combine
NaCl with NaOH layer, re-extract with 150 ml of
toluene, wash with 50ml ofsat NaCl. Combine toluene
layers. Add IL of IN NaOH to residue in reaction flask
and swirl to dissolve as much residue as possible then
add 500ml Et20 and pour into Erlenmeyer. Add ~500ml
more of 1N NaOH to reaction flask and swirl ~500ml of
Et20. Combine dark Et20 and NaOH washings in erlenmyer
flask. Et2O/NaOH mixture was poured through powder
funnel containing plug of glass wool to collect dark
viscous solid. (Add ~500ml more ether to wash) into 6L
sep funnel. Extract. Wash ether layer with ~200ml of
H2O and then 100ml of sat NaCl. Combine all washings
with original NaOH aq. Layer and re-extract with 500ml
of ether. Wash with 100ml H2O and 100ml of
NaCl.Combine ether extracts. Toluene and ether
extracts were checked by LC/MS clean product. The
ether was concentrated on a rotovap and the residue
was combined with the toluene extracts to make a
homogeneous solution which is taken to next step as
is. The other two runs were combined and worked up in
the same way. All aqueous layers were checked by LC/MS
no product. Ref: J. Heterocyclic Chem., 10, 779, 1973
(for above reactions, including analytical data) 3-80
A total of 4.6L of toluene solution containing 3-80
was placed in several sealed tubes and treated with
900ml of 35% HCl at 145C for 2hr. LC/MS showed no
starting material, only 4. The toluene solution was
decanted and discarded. The aqueous phase was washed
with EtOAc and concentrated down to remove volatiles
to afford a brown solid containing the desired
fluoro-hydroxypyridine 4-80. A total of 244g of this
solid was collected and taken to next step as is (it
was not completely dry). Note: We have subsequently
run this by decanting the toluene layer first prior to
heating to reduce volumes. Same reaction was carried
out using HBr (48% in H2O) at 100C for 6h with similar
result to the literature procedure 49% yield. Ref: J.
Heterocyclic Chem., 10, 779, 1973 (for above
reactions, including analytical data)4-80 Yield: 30%
5-80 from diazonium salt 1. Precipitate (usually) 2.
Extracted with EtOAc, triturated with ether The solid
from above containing (4-80) was divided in 4 batches
and treated with H SO4 and fuming HNO3 as shown below.
The amounts used were: Compound 4-80 was dissolved in
sulfuric acid (the larger amounts indicated above) at
rt and then heated to 65C. A preformed solution of
fuming nitric acid and sulfuric acid (the smaller
amount indicated above) was added dropwise. The
temperature was kept between 65C and 8O0C (rxn is
exothermic and although the bath is at 65C,
temperature goes higher, usually 75, sometimes 8O0C).
After the addition was complete, the reaction mixture
was heated at 65C for an additional hr. The reaction
mixture was then cooled to rt and poured in a flask
containing ice ) (2Og of ice/gr compound, evolution of
gas occurred). A solid precipitated out and it was
collected by filtration (1HNM" showed 4-80 and
something else (discarded)). The aqueous layer was
extracted with AcOEt several times (3-5) and
concentrated on a rotary evaporator under vacuum to
afford a solid that was triturated with ether to
afford 5-80 as a bright yellow solid. A total of 117g
of desired product was collected in the first crop
(27% yield from diazonium salt). A portion did not
crystallize: this oil was triturated with MeOH and
Et2O to afford 3.6g of 5-80; another precipitation
from the mother liquid afforded an additional 6.23g of
the desired product 5-80. Total: 117.0+3.6+6.23 =
126.83. 30.4%). Yield for 3 steps (decomposition of
diazonium salt; deprotection and nitration).Analytical
data from Notebook: 53877-115: 1HNMR(S, MeOD):
8.56-8.27 (dd, J= 7.5, 3.3 Hz IH), 8.01 (d, J=3.3 Hz,
IH); LC/MS(M+l) + 158.9; rt = 0.15 min. Note: A
portion of the aqueous acidic solution was taken and
neutralized with Na CO3 until effervescence stopped
and then it was extracted with AcOEt => A different
product was obtained. No desired product in these
extracts. POBr 3 Fg V N2 iioC Fg g N2 5-80 Used with r
out purification 6-80 A total of 117g of 5-80 was
divided in 4 batches of 3Og x 3 and 27g x 1 and
treated with POBr3 (3 equiv.; 163g x 3 and 155 g x 1)
and a catalytic amount of DMF (15 ml) at rt (DMF was
added carefully = > gas evolution). After 5 min. at
room temperature, the solutions were heated at 1100C
for 3hr. LC/MS showed starting material had been
consumed. The reaction mixtures were allowed to cool
to rt. The reaction flasks were placed in an ice bath;
and then ice was added very slowly and carefully
portionwise into the flask, gas evolution was due to
HBr formation; the liquid and black solid that formed
was poured into a beaker with ice. EtOAc was added and
the mixture was then extracted several times with
EtOAc. The organic layer was washed with saturated aq.
NaHCO3; H2O and brine; dried over Na2SO4 and filtered.
The product was dried in the pump overnight to provide
123g of 6-80 as a brown solid (77% yield). Note:
Reaction is completed within Ih. 1HNMR(S, CDC13):8.52
(m, IH), 7.93 (m, IH).Vinyl in TH 23-330/ precursor 2
1 C7H4BrFN2 Exact Mass: 213.95 MoI. Wt.: 215.02 C,
39.10; H, 1.88; Br, 37.16; F, 8.84; N, 13.03 800 ml of
vinyl magnesium bromide (IM in THF, Aldrich) was
cooled below -600C 



with vigorous stirring under N2.
2-bromo-5-fluoro-3-nitro pyridine (43.3g, 0.196 mol)
in 200ml THF was added dropwise via addition funnel at
such a rate that the temp was kept below -60C. This
took ~ 1.25 hr. The reaction mixture was warmed to -40
to -50C and stirred for 1 hr more. Then IL of
saturated aqueous NH4Cl was added slowly and
cautiously. At first, foaming occurred and
considerable solid was present, but this essentially
dissolved as the addition was completed and the
material warmed to rt. The layers were separated and
the aqueous layer extracted 3 times with ethyl
acetate. The organic extracts were washed with brine,
dried over Na2SO4 filtered and concentrated to afford
~ 5Og of a black gummy solid. HPLC indicated 57-58%
product. To this was added CH2Cl2 and the solid was
collected by filtration and washed with CH2Cl2 to
afford 12.5g of product as a brown solid. The reaction
was repeated on exactly the same scale and worked up
in the same manner. From CH2Cl2 trituration there was
obtained 12.4g of Precursor 2i (HPLC ~ 97% pure). The
crude was recovered and allowed to stand in
dichloromethane. Upon standing 3.6g of additional
product separated and was recovered by filtration.
Total yield 29.5g (35%). 1HNMR(O, CDCl3) : 8.69(bs,
IH), 7.92 (d, J= 1.8 Hz, IH), 7.41 (m, IH), 6.77
(m,lH); LC/MS(M+l) + = 216.-217.9; rt = 1.43
min.Chromatographed, ~1:1 isomer ratio Reaction was
carried in a 250ml flask (foaming occurred upon
heating and the big size flask is more convenient). A
mixture of precursor 2i (3g, 13.95mmol), 1,2,3-
triazole (15g, 217.6 mmol, 15eq), K2CO3 (1.9g,
13.95mmol, leq) and Cu(0)(0.9g, 13.9mmol, leq) was
heated at 16O0C for 7 hr (from rt to 1600C total 7 hr)
under N2 (depending on the Cu(O) lot, reaction time
may vary from 2hr to 7hr). The resulting mixture was
diluted with MeOH, filtered through filter paper (to
remove the copper). Washed with MeOH (20 ml) and water
(30 ml). The filtrate was concentrated (remove solvent
in rotovap) and diluted with ethylacetate. The aqueous
layer was extracted with ethylacetate. The combined
organic layer was dried over sodium sulfate, filtered
and concentrated. The residue was dissolved in MeOH
(20 ml), 7-80 (750mg) crystallized from the methanol
as a white solid and was collected by filtration.
(Slow gradient volume, silica gel hex /AcOEt (0- >18%)
of the mother liquids usually affords 5-10% more of
7-80. 1HNMR (6, CDCl3) : 10.47 (bs, IH), 8.76 (s, IH),
7.94 (s, IH), 7.89 (s, IH), 7.53 (m, 1 H)5 6.78 (m,
IH); LCMS(M+l) + 204; rt = 1.29 min.Chromatographed,
-1:1 isomer ratio Ethyl methylimidazolium chloride
(4.3g, 29.6 mmol, 3eq) was placed in a 250ml flask.
AlCl3 ( 11.8g, 88.6mmol, 9eq) was added into the flask
in one portion. A liquid suspension was formed (some
OfAlCl 3 remained as solid). After stirring for 5- 10
min. compound (1) (2.Og, 9.85mmol) was added in one
portion followed by slow addition (via a syringe) of
ethyl chlorooxalacetate (3.3 ml, 29.6 mmol, 3eq). The
reaction was stirred at room temperature for 20 hr.
LCMS indicated compound 8- 80:compound 7-80 = 6:2.
(Compound I has strong UV absorption). The reaction
was quenched by carefully adding ice water (~75 ml) at
O0C. A yellow solid precipitated at this point. The
resulting suspension was filtered and the solid was
washed with water. MeOH and ethyl acetate (to remove
unreacted SM) and the solid was dried in air. (LCMS
purity 70% ~ 80%) 2g of solid containing 8-80 was
obtained and taken to the next step without further
purification. LCMS(M+l) += 276; rt =0.97 min. A
mixture of compound 8-80 (4.9g, 17.8 mmol) &
N-benzoylpiperazine hydrochloride 8a-80 (HCl salt;
6.Og, 26.7mmol, 1.5eq) in DMF (30 ml) was stirred atRT
overnight ( 16 hr). A slurry was formed. An additional
20ml of DMF was added into the slurry. Then HATU
(12.2g, 26.7mmol, 1.5eq) was added followed by DMAP
(4.3g, 35.6 mmol, 2eq). The reaction mixture was
stirred for 30 min. LCMS indicated the starting
material 8-80 was completely converted to product
(EXAMPLE 216). The resulting mixture was filtered and
the solid washed with water. The filtrate was
concentrated in vacuo. Water was added to the residue
and the solid was collected by filtration. The solids
were combined and washed with water, MeOH and EtOAc.
Then the solid was dried in air. LCMS & HPLC showed
IVb, >99% pure. The solid product was further purified
by precipitation and crystallization in 5~10%
CH3OH/CHC13. Purification of IVb Crude compound IVb
obtained as above (15.3g) was dissolved in 10%
MeOH/CHCl 3 (600 ml). A light brown suspension was
formed, filtered through filter paper and washed with
MeOH a twice. The brownish solid was discarded
(~1.2g). Compound IVb was crystallized in the
filtrate, the solid was collected by filtration and
the white solid was dried in air. The filtrate was
used to repeat the crystallization several times. The
solid obtained from each filtration was analyzed by
HPLC. All the pure fractions were combined. The not so
pure fractions were resubjected to crystallization
with MeOH & CHCl3. A total of 12.7g of Compound IVb
was obtained from recrystallization and precipitation.
The mother liquid was concentrated and purified on
silica gel column (EtOAc, then CHCl3MeOH (0-2%)) to
provide 506mg of product) as a white solid. 1HNMR (d,
DMSO) 13.1 (bs, IH), 9.0 (s, IH), 8.4 (s, IH), 8.3 (s,
IH), 8.2 (s, IH), 7.4 (bs, 5H), 3.7 (bs, 4H), 3.5 (bs,
4H); MS m/z 448 (MH). Anal: CaIc for C22H18FN7O3; C
59.05, H 4.05, N 21.91, F 4.24. Found; C 57.28, H
4.14, N 21.22; F 4.07%.Examples 1-4: Preparation of
Prodrugs Ifrom Parent Compounds I V Synthetic
Schemefor Examples 1-4 IVa 3) water, NaHCO3, I a
chromatography IVc Ic IVd IdExample 1 Preparation of
Ia IVa I a Procedure: A suspension of IVa (211 mg, 0.5
mmol) in THF (2 mL; Sure Seal) under anhydrous N2
atmosphere was treated with NaH (86 mg, 2.2 mmol; 4.4
eq.; 60% oil dispersion). After a few minutes stirring
at room temperature, di-tert-butyl chloromethyl
phosphate (782 mg, 3.0 mmol; preparation, see US
Patent 6,362,172) was added and the mixture stirred
for 1-5 days, monitoring the completion of the
reaction by HPLC (additional 1-2 eq. of each NaH and
the phosphate may be required to bring the reaction to
near completion). After the staring material was
consumed, the mixture was concentrated in vacuo to
dryness and the residue, which appeared to be a
mixture of N-alkylated indole mono- and bis-t-butyl
phosphate, was dissolved in CH2Cl2 (5 mL) was treated
with TFA (5 mL) at room temperature for 2 h. The
mixture was concentrated in vacuo and the residue was
purified by C-18 reverse phase silica gel, eluting
with 5-10% CH3CN in water containing NaHCO3, to obtain
75 mg ( 0.13 mmol; Y. 26 %) of the title compound Ia
as an off-white powder (disodium salt): HPLC >99% (AP
at 254 nm); LC/MS (ESI+) m/z 533 (M+H minus 2Na)+;
HRMS (ESI) m/z calcd for C23H26N4O9P (M+H minus 2Na)+
533. 1437, found 533.1426 (D -2.1 ppm); 1H NMR (D2O,
500 MHz) dppm 3.51 (2H, m), 3.67 (2H, m), 3.73-3.79
(2H, m), 3.89-3.95 (2H, m), 3.94, 3.95 (3H, 2s), 4.05,
4.07 (3H, 2s), 6.02- 6.04-6.05-6.07 (2H, ABq.), 7.43,
7.44 (IH, 2s), 7.45-7.56 (5H, m), 8.49, 8.52 (IH, 2s).
By using a similar procedure and conditions, Ib was
prepared from IVb. Ic and Id were prepared from IVc,
and IVd, respectively, but water rather than sodium
bicarbonate solution was utilized in the
purification.91 Example 2 Ib Ib: Yield 13 % (disodium
salt); HPLC >96% (AP at 254 urn); LC/MS (ESI+) m/z 558
(M+H minus 2Na)+; 1H NMR (D2O, 500 MHz) dppm 3.59 (2H5
m), 3.70-3.84 (4H, m), 3.93-3.95 (2H, m),
5.28-5.29-5.30-5.32 (2H, ABq.), 7.4-7.6 (5H, m), 8.09,
8.10 (IH, 2s), 8.34, 8.36 (IH, 2s), 8.59, 8.61 (IH,
2s), 8.72, 8.75 (IH, 2s). Example 3 Ic Ic: Yield 37%
(acid form. Water was used in place of aqueous sodium
bicarbonate during the purification; HPLC >98% (AP at
254 run); LC/MS (ESI+) m/z 584 (M+H); 1H NMR (OMSO-d6,
500 MHz) dppm 2.40 (3H, s), 3.44 (4H, br.s), 3.66 (4H,
brs), 4.04 (3H, s), 5.79 (IH, s), 5.82 (IH, s), 7.46
(5H, brs), 8.07 (IH, s), 8.41 (IH, s), 8.88 (IH, s).
Example 4 IdId: Yield 7% (acid form). Water was used
in place of aqueous sodium bicarbonate during the
purification; LC/MS (ESI+) m/z 597 (M+H); 1E NMR
(DMSO-d65 500 MHz) dppm 1.16, 1.21 (3H, 2d, J = 6.5
Hz), 2.29 (3H, s), 2.3-4.5 (7H, m), 4.00, 4.01 (3H,
2s), 5.79-5.85 (2H, m), 6.36 (IH, t, J = 2 Hz),
7.42-7.47 (5H, m), 7.99 (IH, s), 8.08, 8.09 (IH, 2s),
8.34, 8.44 (IH, 2s). Example 5 Preparation of lea,
(disodium salt) General Procedure: A suspension of IVc
(0.24 g, 0.5 mmol) in anhydrous THF (4 mL) under
nitrogen atmosphere was treated with sodium hydride
(60% oil dispersion, 0.08 g, 2.0 mmol), and stirred
until gas evolution ceased (approximately 5 minutes).
The reaction mixture was treated with iodine (0.13 g,
0.5 mmol) and stirred for 2-3 minutes followed by
addition ofdi-fer -butyl chloromethyl phosphate (1.6
g, 6.0 mmol, crude). A stream of nitrogen was allowed
to pass over the reaction to facilitate the removal of
much or all of the THF. The reaction mixture was
stirred overnight. HPLC analysis of crude indicated
starting IVc (ca. 56%) and desired adduct (ca. 32%).
Several crude reaction mixtures (a total of 6.7 mmol
based on starting material IVc) were re-dissolved in
dichloromethane, combined, concentrated in vacuo to
remove any remaining THF. The residue was suspended in
dichloromethane and TFA (1:1, approximately 40 mL
total volume). The mixture was stirred for 1.5 - 2
hours and then solvent was removed in vacuo. The
residue was suspended in dichloromethaneand extracted
into water (approximately 60 mL) made weakly basic
with solid or aqueous sodium bicarbonate. The aqueous
layer was reduced in volume by rotary evaporator if
required and the solution was loaded onto a C-18
reverse phase column (approximately 80 g of C-1 8, YMC
ODS-Aq, 50 micron) and eluted with water, followed by
water containing 2.5% acetonitrile. Fractions
containing pure product were pooled and organic
solvent was removed by rotary evaporator. Purified
product was recovered after lyophilization to give
1.00 g (1.30 mmol, 19% over 2 steps) of the title
compound lea (disodium salt) as an off-white powder:
HPLC purity >99% AP at 254 nm (gradient 0-100% B/A; A
10% CH3CN-90% H2O-0. 1% TFA, B 90% CH3CN-10% H2O-0. 1%
TFA, gradient time 4 min, column YMC ODS-Aq 4.6x50mm 3
micron); MS-ESI- m/z 482 (M-H minus 2Na)"; HRMS (ESI)
m/z calcd for C25H27N7O8P (M+H minus 2Na)+ 584.1659,
found 584.1651 (D -1.3 ppm); 1H NMR (D2O, 500 MHz) d
ppm 2.53, 2.54 (3H, 2s), 3.56 (2H, s, CH2N), 3.72 (2H,
br.s, CH2N), 3.78, 3.83 (2H, 2br.s, CH2N), 3.94, 3.96
(2H, 2br.s, CH2N), 4.14 (3H, s, CH3O), 5.38, 5.40 (2H,
2d, J=I IHz), 7.45-7.59 (5H, m, Ar-Hs), 8.07, 8.09
(IH, 2s, indole-H-5), 8.64, 8.67 (IH, 2s, indole-H-2),
8.87, 8.89 (IH, 2s, triazole-H-5); 13CNMR (125.7MHz,
D2O) d ppm 15.43 (N-Me), 44.03, 44.47, 44.66, 45.05,
48.20, 48.82, 49.60, 50.23, 59.78 (OMe), 75.81
(NCH2O), 115.6, 126.0, 127.2, 129.6, 131.0, 131.7,
132.1, 133.5, 136.8, 147.6, 150.1, 154.2, 164.8,
170.4, 175.8, 189.2; UV (H2O) lmax 220 nm (e 3.9IxIO
4), 249 nm (e 2.0OxIO4), 303 nm (e 1.6OxIO4); Anal:
CaIc for C25H24N7O8PNa2. 8H2O. 0.2NaHCO 3; C 38.39, H
5.14, N 12.44, P 3.93, Na 6.42 Found; C 38.16, H 4.81,
N 12.43, P 3.72, Na 6.05; KF (H2O) 17.3%. A less pure
fractions were collected to obtain 0.22 g (0.29 mmol,
Y. 4%) of the title compound lea (disodium salt): HPLC
purity >95% (AP at 254nm).Example 6 Preparation of lab
(HydratedLysine Salt) Step one 258.68 yield (45. 1g,
0.1mal) B bis-t-butyl chloromethyl 



phosphate A III, Z = tBu Phosphate ester A (45.1g,
0.1mol) and chloroiodomethane B (20Og, 1.14mol) were
combined in 100ml of benzene and the mixture was
stirred at room temperature for four hours before
benzene was removed under vacuum. Then, 500ml of ethyl
ether was added to the residue and insoluble solid was
filtered away. Concentration of the filtrate provided
di-tert-butyl chloromethyl phosphate, which was
utilized in the next step without any purification.
Step two NaH (2.4g, 60% in oil) was added slowly into
a suspension of IVa in dry THF (120ml) and the mixture
was allowed to stir for an hour at room temperature.
Iodine (5g) dissolved in dry THF (10ml) was added
slowly into the stirring solution. Following
completion of addition the resultant mixture was
stirred at ambient temperature for an additional 15
minutes and then compound di-tert-butyl chloromethyl
phosphate, obtained from step one, was added. After
stirring for 16hours, the reaction mixture was poured
into ice water (120ml), followed by extraction with
EtOAc (3 x 300ml). The combined organic extracts were
washed with water (100 ml) and then brine (100ml),
dried over Na SO4, and concentrated under vacuum to
afford a residue, which was purified by silica gel
chromatography (elution with EtOAc/Et3N (100/1) and
then EtOAc/MeOH (100/1)) to give diester Ha in yields
of 70 - 80%. Step three eq.) A mixed solution of TFA
(50ml) and dichloromethane (450ml) was added into a
round bottom flask containing 43.3g of diester Ha.
After stirring at room temperature for 16 hours, the
reaction mixture was concentrated under vaccum to
offer a residue of lac which was used in further steps
without any purification. Stepfour The above 55g crude
product lac was added to an aqueous solution of
L-lysine (1.36M, 70 mL) at room temperature. The
resulting suspension (pH=1.83) was added to a lysine
solution (1.36 M, 40 mL) to pH 4.88. The resulting
suspension was filtered through a pad of Celite. The
clear light yellow filtrate ( 200 mL) was mixed with
acetone (200 mL) and heated to 45 0C. Acetone (1400
mL) was added over 2hat 45 0C. The clear solution was
seeded and stirred at 45 0C for 2h, and slowly cooled
to room temperature (5h) and the suspension stirred
overnight. The white solid was collected by filtration
and dried under house vac. at 50 0C over 24 h to
afford 4 1.2 g of lab as an off-white solid. The above
solid was dissolved in 1:1 water-acetone (560 mL) at
45 0C. Acetone (700 mL) was added over a period of Ih
at 45 0C. The clear solution was seeded and stirred at
45 0C for 2h. Slowly cooled to room temperature (5h)
and the suspension stirred at room temperature
overnight. The white solid was collected by filtration
and dried under house vac. at 50 0C over 36 h to
afford 33 g of lab as an off-white solid. The AP was
>99% by HPLC. 1HNMR (500 MHz, D2O) 8.42 (s, 1/2H),
8.39 (s, 1/2H), 7.52 (m, 6H), 6.12 (m, 2H), 4.07 (s,
3H)3 3.93 (m, 5H), 3.72 (m, 3H), 3.67 (m, 2H), 3.52
(m, 2H), 3.05 (m, 2H), 1.93 (m, 2H), 1.74 (m, 2H),
1.50 (m, 2H); MS mlz: (M+H-lysine)+ calcd for
C23H26N4O9P 533.14, found 533.03. M.P. 166.7 to 172.2
degrees. Using comparative IH NMR integration of
several different peaks, the ratio of lysine to IVa is
calculated to range from 1.05 : 1to 1.2 : 1
equivalents of lysine to parent prodrug. The salt form
was determined to be a hydrate. Based on DSC
(diffraction scanning calorimetry) and TGA (thermal
gravity analysis), the observed water content is
2.80%. Theoretical calculation for a monohydrate is
2.58%. Thus, the ratio of water to parent molecule in
the hydrate could be in the range 1 : 1 to ~ 1.5 : 1.
Example 7 Preparation of crystalline Ic (free acid
mono-hydrate) /THF Crystalline Ic monohydrateTo a
mixture of IVc (600 mg, 1.27 mmol) in anhydrous THF
(10 ml) in an oven-dried round bottle flask under
nitrogen at r.t. was added NaH (153 mg, 6.38 mmol, dry
powder, 95%), and the white suspension stirred until
no gas evolution was observed. The mixture was then
added I2 (375 mg, 1.48 mmol), and stirred at r.t. for
3 h. To the reaction mixture was added NaH (153 mg,
6.38 mmol, dry powder, 95%), and the mixture stirred
for about 5 to 10 min. The crude chloromethyl
di-tertbutylphosphate (2.0 g, about 1.6 ml, 7.79 mmol)
was added to the mixture, which was then stirred at
r.t. for 15 h. LCMS analysis of the reaction showed a
>97% conversion of the starting material. After
evaporation of the volatiles, the residue was added CH
Cl2 (10 ml), cooled in an ice-water bath, slowly added
TFA (10 ml) and stirred at r.t. for 3 h. The reaction
mixture was then evaporated, and the residue
partitioned between CH2Cl2 (50 ml) and H2O (50 ml).
The CH2Cl2 layer was poured into the reaction flask
that contained some undissolved brownish solid, and
this mixture was extracted with a dilute aqueous
NaHCO3 solution (50 ml). The aqueous mixture was
purified by reverse phase preparative HPLC (solvent A:
10% MeOH- 90% H2O- 0.1%TFA; solvent B: 90% MeOH- 10%
H2O- 0.1%TFA; start %B = 0, final %B = 100; gradient
time 6 min; flow rate = 45 ml/min; column: phenomenex-
Luna 30 x 50 mm, S5; fraction collected: 3.65 to 4.05
min). The fractions collected were evaporated to
dryness, and the residue dried under high vacuum to
obtain the acid Ic as a pale yellow solid (356.6 mg);
1H NMR: (500 MHz, CD3OD) d 9.05 (s, IH), 8.46 (s,
IH,), 8.04 (s, IH), 7.47 (b s, 5H), 5.93 (d, J = 12,
2H), 4.10 (s, 3H), 4.00-3.40 (b s, 8H), 2.53 (s, 3H);
19F NMR analysis showed that the material contained
residual TFA, (the percentage was not quantified);
Analytical HPLC method: Start %B = 0, Final %B = 100,
Gradient time = 2min, Flow Rate = 5mL/min, Column:
Xterra MS C18 7u 3.0x50mm, LC/MS: (ES+) m/z (M+H)+ =
584, HPLC R = 0.983. 172.2 mg of the purified acid Ic
was dissolved in 1ml OfH2O and then about 0.3 ml of
absolute EtOH (200 proof) was added. The mixture was
left standing in a refrigerator (temperature about 3C)
overnight, after which time, crystalline material was
observed. The mixture was then warmed to ambient
temperature, diluted with H2O to a volumn of 3 mL, and
then 20 mL of MeCN was added slowly. Following the
completion of addition, the mixture was stirred at
r.t. for 2 h and then filtered.The solid collected (90
mg) was dried in vacuo, and then under high vacuum.
This material was shown by powder x-ray studies to be
crystalline; Elemental Analysis calculated for
C25H26N7O8P-H2O: C 49.92; H 4.69; N 16.30; observed: C
49.66; H 4.62; N 15.99; mp = 205C (measured by
differential scanning calorimetry). The IH NMR pattern
for crystalline material was compared with that from
the purified acid and both were consistent with the
structure. Example 8 Preparation of lab (mono L Lysine
salt): {3-[(4-benzoylpiperazin-l-yl)(oxo)acetylJ- 4,
7-dimethoxy-lH-pyrrolo[2,3-c]pyridin-l-yl}methyl
dihydrogenphosphate, L-lysine salt (1:1). The sequence
of reactions is described in Schemefor Example 8.
Scheme for Example 8 Cl benzene 10 equiv. rt, 4h, N2
L-lysine crystallizationPreparation of di-tert-butyl
chloromethylphosphate The tetrabutylammonium salt of
bis-tert butyl phosphate (45.1g, 0.1mol) and
chloroiodomethane (20Og, 1.14mol) were combined in
100ml of benzene and the mixture was stirred at room
temperature for four hours and then the benzene was
removed under vacuum. A portion of 500ml of ethyl
ether was added to the residue and insoluble solid was
filtered away. Concentration of the filtrate in vacuo
and removal of the volitiles on a vacuum pump provided
di-tert-butyl chloromethyl phosphate, as a light
yellow or light brown oil which was utilized in the
next step without further purification. Preparation of
Ha: (3-(2-(4-benzoyIpiperazin-l-yl)-2-oxoacetyl)-4,
7-dimethoxy-lHpyrrolo[ 2,3-c]pyridin-l-yl)methyl
di-tert-butylphosphate NaH (2.4g, 60 mmol, 60% in oil)
was added slowly to a suspension of (8.4g, 20 mmol)
IVa in dry THF (120ml) and the mixture was allowed to
stir for an hour at room temperature. Iodine (5g,
20mmol) dissolved in dry THF (10ml) was added slowly
and cautiously to the stirring solution at a rate to
keep foaming under control.Following completion of
addition, the resultant mixture was stirred at ambient
temperature for an additional 15 minutes and then the
~0.1 mol di-tert-butyl chloromethyl phosphate ,
obtained as described in step one, was added. After
stirring for 16 hours, the reaction mixture was poured
into iced NH4OAc (30%) (120ml), followed by extraction
with EtOAc (3 x 300ml). The combined organic extracts
were washed with water (100 ml) and then brine
(100ml), dried over Na2SO4, and concentrated invacuo
to afford a residue, which was purified by silica gel
chromatography (elution with EtOAc/Et 3N (100/1) and
then EtOAc/MeOH (100/1) to give diester a (9.0-10.3gs,
AP 75%) as a light yellow solid in yields of 70 - 80%
over several runs. 1H NMR (500 MHz, CDCl 3) <58.O9 (s,
IH), 7.48 (s, IH), 7.40 (b, 5H), 6.15 (d, 2H, J = 11.5
Hz), 4.05 (s, 3H), 3.90 (s, 3H), 3.90 - 3.30 (b, 8H),
1.39 (s, 18H); 13C NMR (125 MHz, CDCl 3) 185.5, 170.7,
166.5, 146.9, 146.2, 139.6, 135.3, 130.2, 128.7,
128.4, 127.2, 124.5, 122.0, 120.8, 115.8, 83.8, 73.2,
57.3, 53.5, 46.1, 41.7, 29.8; MS m/z: (M+H) + calcd
for C3 1H42N4O9P 645.27, found 645.10. Preparation of
lab: {3-[(4-benzoylpiperazin-l-yl)(oxo)acetyl]-4,
7-dimethoxy-lHpyrrolo[ 2,3-c]pyridin-l-yl}methyl
dihydrogenphosphate, L-lysine salt (1:1) lab500mg of
diester a was dissolved in a mixture of water (3 ml)
and acetone (3 ml). The resulting mixture was stirred
at 400 C for 16 hours to allow the solvolysis to reach
completion. To this reaction mixture (~69 AP) was
added 4M aqueous lysine solution to adjust pH to 4.83.
Acetone (35 ml) was slowly added into the reaction
mixture in 30 min at 45 - 500 C. At 450 C, the clear
solution was seeded with crystalline lab and kept
stirred at this temperature for 45 min. After complete
addition of acetone, the solution was cooled to room
temperature in 4 hours and the crystallization of lab
completed overnight. The solid was collected by
filtration and suction under nitrogen for 2 hours. The
white crystalline solid was dried under house vacuum
at 50 - 550C for 24 h to afford 343 mg of lab. lab
obtained in the above operation: 1H NMR (500 MHz,
CD3OD) <58.38 (s, IH), 7.49 (m, 6H), 6.13 (d, 2H, J =
10.5 Hz), 4.06 (s, 3H), 3.92 (s, 3H), 4.00 - 3.40 (m,
8H), 3.58 (t, IH, J = 6 Hz), 2.92 (t, 2H, J = 7.5 Hz),
1.90 - 1.40 (m, 6H); 13C NMR (125 MHz, CD3OD) 5186.1,
173.2, 171.8, 167.8, 147.4, 146.4, 141.0, 135.4,
130.4, 128.8, 127. 2, 124.6, 122.3, 120.2, 114.6,
73.2, 56.6, 54.7, 53.1, 46.0, 41.6, 39.2, 30.5, 27.0,
22.0. HRMS m/z: (M-lysine+H) + calcd for C23H26N4O9P
533.1437, found 533.1437. Anal. Calcd. C, 51.32; H,
5.79; N, 12.38; P, 4.56; found: C, 48.54; H, 5.32; N,
11.76; P, 4.04. Melting Point 170C. Obtained via other
process (hydrolysis with TFA in methylene chloride),
lab was a 1.70 molar hydrate and 1.14 molar lysine
salt. 1H NMR (500 MHz, D2O, 6O0 C) 58.72 (s, IH), 7.84
(m, 6H), 6.44 (d, 2H, J = 10Hz), 4.41 (s, 3H), 4.27
(s, 3H), 4.3 - 3.7 (m, 8H), 4.10 (t, IH, J = 5Hz),
3.39 (t, 2H, J = 5Hz), 2.30 - 1.80 (m, 6H); 13C NMR
(125 MHz, D2O, 270 C) 5186.7, 174.9, 173.2, 167.9,
147.7, 145.7, 142.6, 134.3, 131.1, 129.2, 127.1,
124.3, 122.4, 120.1, 113.8, 73.5, 57.1, 54.9, 54.4,
47.7, 47.1, 46.3, 45.7, 42.6, 42.1, 42.0, 41.5, 39.5,
30.2, 26.8, 21.8 . HRMS m/z: (Mlysine+ H) + calcd for
C23H26N4O9P 533.1437, found 533.1425. Anal. Calcd. C,
49.1 1; H 6.13; N, 12.05; found: C, 48.93; H 6.26; N
12.07. M.P. 168 - 1720 C.Example 9 Preparation oflbb
(mono L Lysine salt):
[3-[(4-benzoylpiperazin-l-yl)(oxo)acetyl]- 4-fluoro-
7-(1H-1,2,3-triazol-l-yl)-lH-pyrrolo[2,
3-c]pyridin-l-yl]methyl dihydrogen phosphate, L-lysine
salt (1:1). The sequence of reactions is described in
the Scheme for Example 9. Scheme for Example 9 THF
acetone : water ( 1 :1 ) L-lysine acetone
lbaPreparation of di-tert-butyl chloromethylphosphate
The tetrabutylammonium salt of bis-tert butyl
phosphate (57g, 0.126 mol, Digital Specialty
Chemicals) and chloroiodomethane (22Ig, 1.26mol) were
stirred at 



room temperature for four hours and then the volatiles
were removed in vacuo. 500ml of ethyl ether was added
to the residue and insoluble solid was filtered away.
Concentration of the filtrate and final removal of
volatiles using a vacuum pump provided di-tert-butyl
chloromethyl phosphate ( 112g), typically as a light
yellow or brown oil, which was utilized in the next
step without any further purification. Preparation
oflib:
(3-(2-(4-benzoylpiperazin-l-yl)-2-oxoacetyl)-4fluoro-
7-(1H- 1,2,3-triazol-l-yl)-lH-pyrrolo[2,
3-c]pyridin-l-yl)methyl di-tert-butylphosphate lib NaH
(5.65g, 95% dispersion in mineral oil, 0.224 mol) was
added slowly into a suspension of IVb (2Og, 44.7 mmol)
in dry THF (400ml) and the mixture was allowed to stir
for 0.5 hour at room temperature. A solution of iodine
( 11.3g, 44.5 mmol) dissolved in dry THF (20ml) was
added slowly into the stirring solution at a rate
which kept the reaction from becoming violent. The
resultant mixture was stirred for an additional 3
hours before a second portion of 95% NaH
(5.65g,0.224mol) was introduced. After 15 minutes at
ambient temperature, di-tert-butyl chloromethyl
phosphate, ( 112g), obtained from step one, was added
in one portion. After stirring for 16 hours at ambient
temperature, the reaction mixture was poured into iced
NH4OAc (30%) (200ml) and then extracted with EtOAc (3
x 500ml). The combined organic extracts were washed
with water (200ml) and then brine (200ml), dried over
Na2SO4, and concentrated under vacuum to afford a
residue, which was purified by silica gel
chromatography (elution with EtOAc/MeOH/Et 3N
(100/1/1) to give 15.0gs (43% yield corrected for 85%
AP) of diester b as a light yellow solid. 1H NMR (500
MHz, CDCl 3) <58.36 (s, IH), 8.25 (s, IH), 8.21 (s,
IH), 7.88 (s, IH) 5 7.41 Qo, 5H), 5.90 (d, 2H, J
14.5Hz), 3.90 - 3.40 (b, 8H), 1.23 (s, 18H); 13C NMR
(125 MHz, CDCl 3) <fl82.9, 170.7, 165.1, 154.6, 152.5,
144.1, 135.1, 134.0, 131.9, 130.3, 128.7, 128.3,
127.2, 125.9, 124.3, 114.0, 84.1, 74.1, 46.2, 41.9,
29.6; HRMS m/z: (M+H) + calcd for C3 1H38FN7O7P
670.26, found 670.34. Preparation oflbh (mono L Lysine
salt): [3~[(4-benzoylpiperazin-l-yl)(oxo)acetylJ-
4-fluoro-7-(lH-l,2,3-triazol-l-yl)-lH-pyrrolo[2,3-c]py
ridin-l-yl]methyl dihydrogen phosphate, L-Iysine salt
(1:1) lbb Diester b (27g) was dissolved in a mixture
of water (55ml) and acetone (55ml). The resulting
mixture (pH: not determined) was stirred at 4O0 C for
16 hours to complete the solvolysis. To this reaction
mixture was added 4M aqueous lysine solution to adjust
pH to 3.51. EtOH (500 ml) was added into the solution
and the flask wall was coated with some product after
overnight. The clear solution was then transferred
toanother flask and EtOH (1500 ml) was slowly added to
the reaction mixture in ~ 3h. After complete addition
of ethanol, the solution was stirred at room
temperature for 48 hours and the resultant solid (Ibb)
was collected by filtration and rinsed with ethanol.
The white crystalline solid was dried under house
vacuum at 55C for 24 h to afford 10.92 g of Ibb (98
AP). This solid was futher mixed with 12.5g of salt
obtained from other operations in 70 ml of water. EtOH
(1000 ml) was then added and the resultant solution
was stirred at r.t. for over 20 hours. The solid was
collected by filtration, rinsed with EtOH (2 x 80 ml)
and dried under house vaccum at 500 C under nitrogen
atomosphere for 44 hours to afford 21.5 g of Ibb in AP
of 98.7. Ibb obtained in the above procedure was ~ 1
molar lysine salt with 1.12% of water, 0.8% of TFA and
0.05% of ethanol. 1H NMR (500 MHz, CD3OD, 5O0 C) 8 .94
(s, IH), 8.87 (s, IH), 8.69 (s, IH), 8.42 (s, IH),
7.83 (m, 5H), 5.81 (d, 2H, J = 12.5Hz), 4.30 - 3.70
(m, 8H), 4.08 (t, IH, J = 6.5Hz), 3.67 (t, 2H, J =
10Hz), 2.26 (m, 2H), 2.07 (m, 2H), 1.88 (m, 2H); 13C
NMR (125 MHz, D2O, 3O0 C) 85.2, 174.9, 173.3, 166.8,
153.1, 146.8, 134.8, 134.3, 131.3, 131.1, 130.3,
129.3, 128.9, 128.7, 128.5, 127.2, 124.2, 112.6, 74.0,
54.9, 47.9, 47.2, 46.4, 45.9, 42.7, 42.2, 42.0, 41.7,
39.5, 30.3, 26.8, 21.8. MS m/z: (M-lysine+H) + calcd
for C23H22FN7O7P 558.1302, found 558.1293. Anal.
Calcd. C, 48.75; H, 5.07; N, 17.63; P, 4.33; found: C,
49.02; H 4.90; N, 17.90; P, 4.37. M.P. 1930C. pKa
(potentiometric) 6.1, 9.1.Example 10 Preparation oflcb
(mono tromethamine salt):
[3-[(4-benzoylpiperazin-lyl)(
oxo)acetyl]-4-methoxy-7-(3-methyl-lH-l,2,4-triazol-l-y
l)-lH-pyrrolo[2,3- c]pyridin-l-yl]methyl
dihydrogenphosphate,
2-amino-2-(liydroxymethyl)propane- 1,3-diol salt
(1:1). The sequence of reactions is described in
Schemefor Example 10. Scheme for Example 10 cr -p- o
acetone : water (1 :1 ) lcbPreparation of
di-tert-butyl chloromethylphosphate A mixture of
tetrabutylammonium di-tert-butyl phosphate (57g,
0.126mol, Digital Specialty Chemicals) and
chloroiodomethane (22Ig, 1.26mol) was stirred at room
temperature for four hours before the volatiles were
removed under vacuum. 500ml of ethyl ether was added
to the residue and insoluble solid was filtered away.
Concentration of the filtrate in vacuo and removal of
remaining volatiles using a vacuum pump provided
di-tert-butyl chloromethyl phosphate as a light brown
or yellow oil, which was utilized in the next step
without further purification. Preparation of c:
(3-(2-(4-benzoylpiperazin-l-yl)-2-oxoacetyl)-4-methoxy
-7-(3- methyl-lH-1, 2,4-triazol-l-yl)-lH-pyrrolo
[2,3-c]pyridin-l-yl)methyl di-tert-butyl phosphate rt
NaH (2.6g, 10.3 mmol, 95% in oil, 5eq.) was added
slowly into a suspension of IVc (10.Og, 21.1 mmol) in
dry THF (100ml) and the mixture was allowed to stir
for 0.5 hour at room temperature. A solution of iodine
(5.27g, 20.8 mmol) dissolved in dry THF (10ml) was
added slowly into the stirring solution at a rate
which prevented foaming or a violent reaction. The
resultant mixture was stirred for an additional 3
hours before a second 2.6g portion of NaH was
introduced. After 15 minutes at ambient temperature
di-tert-butyl chloromethyl phosphate, the entire batch
of di-tert-butyl chloromethyl phosphate, obtained from
step one, was added. Afterstirring for 16 hours, the
reaction mixture was poured into iced NH4OAc (30%)
(120ml), followed by extraction with EtOAc (3 x
300ml). The combined organic extracts were washed with
water (100 ml) and then brine (100ml), dried over
Na2SO4, and concentrated under vacuum to afford a
residue, which was purified by silica gel
chromatography (elution with EtOAc/Et 3N (50/1) and
then EtOAc/MeOH (100/1)) to give 8.0g (~75% AP5 41%
yield) -of diester Hc as a light yellow solid. 1HNMR
(500 MHz, CD3OD) 58 .82 (s, IH), 8.41 (s, IH), 8.04
(s, IH), 7.47 (b, 5H), 6.00 (d, 2H, J = 14.5Hz), 4.10
(s, 3H), 4.00 - 3.40 (b, 8H), 2.49 (s, 3H), 1.28 (s,
18H); 13C NMR (125 MHz, CD3OD) dlS.6, 176.4, 172.9,
168.0, 162.6, 152.6, 147.5, 144.0, 136.5, 131.5,
130.8, 129.9, 129.1, 128.3, 126.1, 124.0, 116.2, 85.8,
75.4, 61.6, 57.7, 30.1, 22.2, 13.7; HRMS mlz: (M+H) +
calcd for C33H43N7O8P 696.29, found 696.34.
Preparation oflcb (mono L tromethamine salt):
[3-[(4-benzoylpiperazin-lyl)( oxo)acetyl]
-4-methoxy-7-(3-methyl-lH-l
,2,4-triazol-l-yl)-lH-pyrrolo [2,3- cjpyridin-l-y IJ
methyl dihydrogenphosphate,
2-amino-2-(hydroxymethyl)propane- 1,3-diol salt (1:1)
lcb 500mg (~75 AP, 0.54 mmol) of diester Hc was
dissolved in a mixture of water (2.5 ml) and acetone
(2.5 ml). The resulting mixture was stirred at 4O0 C
for 16 hours to complete the solvolysis. To this
reaction mixture was added 3.0M aqueous TRIS (mono
tromethamine) solution to adjust pH to 3.32. Acetone
(30 ml) was slowly added to the reaction mixture in 1
hour.* After complete addition of acetone, the
solution was stirred overnight to complete the
crystallization oflcb. The solid was collected by
filtration and rinsed with 20: 1 acetone- water (2 x 5
mL). The whitecrystalline solid was dried under house
vacuum under nitrogen atomosphere at 50C for 24h to
afford 290 mg of Icb (>98.5 AP). *After adding about
15 and 20 ml of acetone, the reaction mixture was
seeded with crystalline Icb. Icb obtained in the above
operation: 1H NMR (500 MHz, CD3OD) <58.83 (s, IH) 5
8.52 (s, IH), 8.02 (s, IH) 7.49 (b, 5H) 5 5.469 (d,
2H, J = 13 Hz), 4.11 (s, 3H) 5 4.00 - 3.40 (m, 8H),
3.66 (s, 6H) 5 2.50 (s, 3H); 13C NMR (125 MHz 5 CD3OD)
185.6, 171.9, 167.4, 161.4, 151.7, 146.9, 143.8,
135.4, 130.3, 129.7, 128.8, 127.2, 124.9, 122.6,
114.3, 73.5, 61.8, 59.9, 56,5, 46.0, 41.7 5 12.6. HRMS
mlz: (M-trisamine+H) + calcd for C25H27N7O8P 584.1659,
found 584.1664. Anal. Calcd. C5 49.43; H5 5.29; N5
15.90; P, 4.39; found: C, 49.18; H, 5.38; N, 15.59; P5
4.26. Melting Point 203C. Obtained via other process
(hydrolysis with TFA in methylene chloride), salt Icb
is ~lmolar mono tromethamine salt with 0.47% of water,
0.1% of acetone and 0.05% of methanol. 1H NMR (500
MHz, d6-DMSO, 300 C) .77 (s, IH) 5 8.48 (s5 IH) 5 8.00
(s5 IH) 7.44 (b, 5H) 5 5.42 (d, 2H5 J = 15Hz) 5 4.02
(s, 3H), 3.70 - 3.30 (m, 8H) 5 3.41 (s, 6H), 2.38 (s,
3H); 13C NMR (125 MHz, CDCl 3, 300 C) l 84.8, 169.0,
165.8, 160.3, 150.4, 146.2, 143.2, 135.4, 129.4,
128.9, 128.2, 127.7, 126.9, 123.2, 122.2, 112.9, 72.3,
60.7, 59.0, 56.7, 13.4. MS mlz: (M-trisamine+H) +
calcd for C25H27N7O8P 584.2, found 584.0. Anal. Calcd.
C, 49.11; H, 5.37; N, 15.76; P5 4.32; found: C, 48.88;
H 5.28; N, 15.71; P, 4.16. M.P. 201 - 205 0 C. General
Procedure to Form Additional Salts of lacProcedureA:
1.2 eq. of metal alkoxide was added into a solution of
phosphoric acid in THF and precipitate was collected
as salt form. ProcedureB: 2.2 eq. (for Na, K) or 1.2
eq. (for Mg) of metal alkoxide was added into a
solution of phosphoric acid in THF. After 2 hours,
solvent was evaporated and MeOH was added to provide a
clear solution. EtOH or iPrOH was then added into the
solution until it became cloudy. Then, MeOH was added
cautiously to let solution become just clear again.
The mixed solution was left open to air for 16 hours
and resultant precipitate was collected as the salt
form. Procedure C: 2.2 eq. of amine was added into a
solution of phosphoric acid in THF. After 2 hours,
solvent was evaporated and MeOH was added to provide a
clear solution. EtOH or iPrOH was then added into the
solution until it became cloudy. Then, MeOH was added
cautiously to let solution become just clear again.
The mixed solution was left open to air for 16 hours
and resultant precipitate was collected as salt
form.EARLY TERMINATION OF LOW DATA RATE TRAFFIC IN A
WIRELESS NETWORK Field [0001] The present disclosure
relates generally to wireless communications, and more
specifically, to various systems and techniques for
early termination of low rate traffic in a wireless
network. Background [0002] In conventional wireless
communications, an access network is generally
employed to support communications for a number of
mobile devices. An access network is typically
implemented with multiple fixed site base stations
dispersed throughout a geographic region. The
geographic region is generally subdivided into smaller
regions known as cells. Each base station may be
configured to serve the mobile devices in its
respective cell. An access network may not be easily
reconfigured when there are varying traffic demands
across different cellular regions. [0003] In contrast
to the conventional access network, ad-hoc networks
are dynamic. An ad-hoc network may be formed when a
number of wireless communication devices, often
referred to as terminals join together to form a
network. Terminals in ad-hoc networks can operate as
either a host or router. Thus, an ad-hoc network may
be easily reconfigured to meet existing traffic
demands in a more efficient fashion. Moreover, ad-hoc
networks do not require the infrastructure required by
conventional access networks, making ad-hoc networks
an attractive choice for the future. [0004]
Ultra-Wideband (UWB) is an example of a communications
technology that may be implemented with ad-hoc
networks. UWB provides high speed communications over
a wide bandwidth. At the same time, UWB signals are
transmitted in very short pulses that consume very
little power. The output power of the UWB signal is so
low that it looks like noise to other RF technologies,
making it less interfering.[0005] As more terminals
are added to an access network, regardless whether the
access network is a conventional network or an ad-hoc
network, an added terminal 



creates more interference for terminals other than the
terminal with which it is communicating. Thus, it is
desirable to limit transmissions to avoid interference
with other terminal communications. SUMMARY [0006] In
one aspect of the present invention, a method of data
transmission includes configuring a message into
integer k groups, wherein each group comprises traffic
channel data, transmitting a group, receiving an
ACK/NACK on an ACK channel, and transmitting another
group if a NACK was received on the ACK channel.
[0007] In another aspect of the present invention, a
wireless terminal includes means for configuring a
message into integer k groups, wherein each group
comprises traffic channel data, means for transmitting
a group, means for receiving an ACK/NACK on an ACK
channel, and means for transmitting another group if a
NACK was received on the ACK channel. [0008] In yet
another aspect of the present invention, a wireless
terminal includes a controller for configuring a
message into integer k groups, wherein each group
comprises traffic channel data, a receiver for
receiving an ACK/NACK, and a transmitter for
transmitting a group comprising traffic channel data
provided an ACK was not received on the group. [0009]
In a further aspect of the present invention, computer
readable media embodying a program of instructions
executable by a computer program may be used to
configure a message into integer k groups, wherein
each group comprises traffic channel data, transmit a
group, receive an ACK/NACK on an ACK channel, and
transmit another group if aNACK was received on the
ACK channel. [0010] It is understood that other
embodiments of the present invention will become
readily apparent to those skilled in the art from the
following detailed description, wherein various
embodiments of the invention are shown and described
by way of illustration. As will be realized, the
invention is capable of other and different
embodiments and its several details are capable of
modification in various other respects, all without
departing from the spirit and scope of thepresent
invention. Accordingly, the drawings and detailed
description are to be regarded as illustrative in
nature and not as restrictive. BRIEF DESCRIPTION OFTHE
DRAWINGS [0011] Aspects of the present invention are
illustrated by way of example, and not by way of
limitation, in the accompanying drawings, wherein:
[0012] FIG. 1 illustrates a terminal that may be used
in a network. [0013] FIG. 2 shows a message configured
as a single group and the same message configured as
two groups for a time division multiplexed (TDM)
system. [0014] FIG. 3 shows a terminal node A in
communication with a terminal node B in accordance
with an embodiment employing time division
multiplexing of channels. [0015] FIG. 4 shows a
message configured as a single group and the same
message configured as two groups for a code division
multiplexed (CDM) system. [0016] FIG. 5 shows a
terminal node A in communication with a terminal node
B in accordance with an embodiment employing code
division multiplexing of channels. DETAILED
DESCRIPTION [0017] The detailed description set forth
below in connection with the appended drawings is
intended as a description of various embodiments of
the present invention and is not intended to represent
the only embodiments in which the present invention
may be practiced. Each embodiment described in this
disclosure is provided merely as an example or
illustration of the present invention, and should not
necessarily be construed as preferred or advantageous
over other embodiments. The detailed description
includes specific details for the purpose of providing
a thorough understanding of the present invention.
However, it will be apparent to those skilled in the
art that the present invention may be practiced
without these specific details. In some instances,
well-known structures and devices are shown in block
diagram form in order to avoid obscuring the concepts
of the present invention. Acronyms and other
descriptive terminology may be usedmerely for
convenience and clarity and are not intended to limit
the scope of the invention. [0018] The word
"exemplary" is used exclusively herein to mean
"serving as an example, instance, or illustration."
Any embodiment described herein as "exemplary" is not
necessarily to be construed as preferred or
advantageous over other embodiments. [0019] Numerous
multiple access techniques exist to support
simultaneous communications in a network. A Frequency
Division Multiple Access (FDMA) scheme, by way of
example, is a very common technique. FDMA typically
involves allocating distinct portions of the total
bandwidth to individual communications between two
terminals in the ad-hoc network. While this scheme may
be effective for uninterrupted communications, better
utilization of the total bandwidth may be achieved
when such constant, uninterrupted communication is not
required. [0020] Other multiple access schemes include
Time Division Multiple Access (TDMA). These TDMA
schemes may be particularly effective in allocating
limited bandwidth among a number of terminals which do
not require uninterrupted communications. TDMA schemes
typically dedicate the entire bandwidth to each
communication channel between two terminals at
designated time intervals. [0021] Code Division
Multiple Access (CDMA) techniques may be used in
conjunction with TDMA to support multiple
communications during each time interval. This may be
achieved by transmitting each communication or signal
in a designated time interval with a different code
that modulates a carrier, and thereby, spreads the
spectrum of the signal. The transmitted signals may be
separated in the receiver terminal by a demodulator
that uses a corresponding code to de-spread the
desired signal. The undesired signals, whose codes do
not match, are not de-spread in bandwidth and
contribute only to noise. [0022] Where there is only a
single band for both uplink and downlink
communication, the transfer of information between two
terminals (users) needs to be time division duplexed
(TDDed).[0023] In the following detailed description,
various aspects of the present invention may be
described in the context of a time division duplex
(TDD) wireless communications system. While these
inventive aspects may be well suited for use with this
application, those skilled in the art will readily
appreciate that these inventive aspects are likewise
applicable for use in various other communication
environments. Accordingly, any reference to a TDD
communications system is intended only to illustrate
the inventive aspects, with the understanding that
such inventive aspects have a wide range of
applications. [0024] Figure 1 illustrates a terminal
that may be used in an access network. As shown in
Fig. 9, the terminal may include a transmitter 901, a
receiver 903, an antenna 905, an encoder 907, a
decoder 909, a routing table 911, a controller 913, a
searcher 915, a pilot generator 917, a PN generator
919, a memory 921, a locator 923 and a user interface
925. [0025] The transmitter 901 may transmit
information received from the controller 913 to the
antenna 905. The receiver 903 may receive information
from the antenna 905 and deliver it to the controller
913. The encoder 907 may encode information for
transmission, again operating under the control of the
controller 913. The encoder 907 may use any encoding
techniques known in the art, such as frequency
encoding, phase encoding, time encoding, address
encoding or spread spectrum encoding. [0026] In an
embodiment, the encoder 907 comprises source coding
and physical layer coding. Source coding includes, but
is not limited to, for example, encoding voice, data,
and video. Physical layer coding includes, but is not
limited to, for example, channel coding, interleaving,
and modulation. Channel coding includes, but is not
limited to Turbo coding. [0027] A time division duplex
feature may be used in conjunction with the encoding
feature or without it. Similarly, the encoding feature
may be used with or without the time division duplex
feature. [0028] The decoder 909 my decode information
received from the receiver 903 under the control of
the controller 913. As with the encoder, the decoder
909 may decode information based on frequency, phase,
time, address or a spread spectrum code.[0029] The
routing table 911 may be used to store routing
information and may be used in those embodiments in
which routing is accomplished in connection with a
routing table. [0030] The pilot searcher 915 may be
used in association with information received by the
receiver 903 under the control of the controller 913
to search received information for pilots. [0031] The
pilot generator 917 may be used to generate pilots
that, under the control of the controller 913, are
transmitted by the transmitter 901. [0032] The PN
generator 919 may be used to generate one or more PN
sequence codes that, under the control of the
controller, may be used by the terminal to spread
information for other terminals, to de-spread
information from other terminals, to control the times
during which the terminal transmits and receives, and
to determine the times during which a linked terminal
is scheduled to receive information, all as explained
above in more detail. [0033] The locator 923 may
determine the location of the terminal. It may include
a GPS receiver. It may instead use magnetic location
techniques or determine location based on one or more
signals that are received by the terminal. Other
location techniques may also be used. [0034] The user
interface 925 facilitates communication between the
terminal and the user of the terminal. The user
interface may include one or more input devices, such
as a keyboard, mouse, touch screen, microphone, camera
or a communication link with another system.
Similarly, the user interface may include one or more
output devices, such as a display, loudspeaker,
headset or a communication link with another system.
[0035] The memory 921 may be used by the controller
and/or other components of the terminal to store
information needed by the terminal, permanently and/or
temporarily, such as information from the user
interface, information for the user interface,
location information, PN codes, pilot information,
routing information, encoding information and/or
decoding information. [0036] The terminal may include
additional components and/or may not include all of
the components discussed above in connection with Fig.
1. For example, one or more terminals on the network
might not include a user interface and thus mightnot
sink or source data, but merely act as forwarding
terminals and/or provide other communication services
to other terminals on the network. [0037] The terminal
may also include power control systems to control the
power level of the signals that are transmitted. Such
systems may be open loop and set the power level to a
target terminal based on the strength of the signal
that is received from that terminal. Such systems may
be closed loop and allow the power level of the
terminal to be set by another terminal, such as a
terminal that is receiving the signal from the
terminal whose power level is being set. A combination
of these approaches may also be used. [0038] Low rate
data traffic between terminals in a wireless network
can take many time periods to transmit from a source
terminal to a destination terminal. For example, voice
frames run at low bit rates (R1, kilo-bits per second)
and occupy a large number of slots. A frame comprises
a number of slots. A slot comprises a number of bits.
[0039] In an embodiment, fixed length voice frames
from a vocoder are divided into multiple slots of much
shorter duration. Voice data between terminals are
coded and decoded by a vocoder, which may utilize any
of the vocoder protocols known in the art. [0040] In
multiple access communication, interference is reduced
by a terminal 



requesting transmission to be terminated upon
successful reception of only a fraction of the total
number of slots to be transmitted. The termination
request is conveyed via an ACK channel. [0041] In an
embodiment, an acknowledgment (ACK) is sent on a group
of slots rather than on a slot-by-slot basis in order
to reduce overhead while at the same time providing
considerable capacity gains. [0042] To facilitate data
transmission, a forward link comprises four time
multiplexed channels in an embodiment: the pilot
channel, power control channel, traffic channel, and
control channel. In an embodiment, a forward link
pilot channel provides a pilot signal, which is used
by terminals for initial acquisition, phase recovery,
timing recovery, and combining. In an embodiment, the
pilot signal is also used by terminals to perform a
carrier-to-interference (C/I) measurement.[0043] The
control channel is also referred to as an
acknowledgment channel when a wireless system uses the
control channel to acknowledge (ACK) or negative
acknowledge (NACK) received data. In an embodiment, an
ACK channel is a subset of the control channel. In
another embodiment, an ACK channel is a separate
channel from the control channel. [0044] A forward
link refers to transmission from a source terminal to
a destination terminal and a reverse link refers to
transmission from the destination terminal to the
source terminal. [0045] Transmitting physical layer
packets at low rates can take a significantly long
time (several slots needed) thereby, increasing
interference in the network. This interference can be
reduced by exchanging data between terminals in the
form of groups, wherein each packet comprises a number
of groups and each group comprises a number of slots.
[0046] Each group has an associated ACK/NACK. The
ACK/NACK is transmitted on the ACK channel, which
allows a receiver to inform a transmitter to stop
transmitting the remaining groups of a packet if the
receiver was successfully able to decode the packet.
[0047] In an embodiment, a physical layer packet (PLP)
is partitioned into two channels: (1) Overhead and (2)
Payload or Traffic. In an embodiment, the overhead
channels include pilot, control, ACK and power control
channels. [0048] A PLP grouping factor K (K e integer)
configures the PLP into K groups, each group having
the same message, m an embodiment, a method of
exchanging information between two terminals is to set
K = 1 and construct a PLP with the entire overhead and
payload in a single group. In this case, packet
transmission cannot be terminated early since the
entire packet is transmitted. [0049] By choosing a
different value of K (K>1), the original packet is
configured into K groups with each group having
overhead channels. Each group has the same number of
slots as the original single group packet and 1/Kth
the original number of traffic slots. For example, a
message 202 configured as a single group and the same
message 204 configured as two groups for a time
division multiplexed system is shown in Figure 2. In
this context, message and packet are used
interchangeably.[0050] The message 202 configured as a
single group, i.e., with K = 1, has Mov overhead slots
206 and Mtch traffic slots 208. In addition, the
message 202 has a group indicator (GI) 210 that has
Mgj slots and indicates the number of groups for the
message. [0051] The message 204 configured as two
groups, i.e., with K = 2, has two groups 212, 214,
with each group having Mov overhead slots 216, 218,
and Mtch/2 traffic slots 220, 222. In addition, the
message 204 has a group indicator (GI) 224 that has
Mgi slots and indicates the number of groups for the
message. [0052] The message 204 is transmitted in both
traffic slots 220, 222 at a fraction of the
transmission power that it would have been transmitted
had the message 204 been sent in one group. In an
embodiment, groups are transmitted at a transmission
power of 1/K. Transmitting a group at a fractional
power means less interference for other terminals.
[0053] Regardless whether a message is configured as a
single group or as two groups, the overhead remains
constant. The amount of overhead is due to the amount
needed for pilot power requirements, and due to the
amount needed for transmission of ACK and power
control channels. The percentage overhead for a group
can be calculated as: [0054] %OV 100*(K*Mov)/(K*Mov +
Mtch) (1) [0055] In an embodiment, the value of K is
selected so as not to exceed an overhead threshold set
by an overall system requirement. In an embodiment,
the value for K can be dynamically adjusted on a
packet-by-packet basis by introducing a channel in the
PLP called Group Indicator (GI) channel. For example,
if K could take on any integer value from one (1) to
four (4), then the GI channel can consist of two bits
to indicate one of four values of K. [0056] The
optimum value of K is such that the overall
interference in the network is reduced. The optimum
value of K is a function of channel conditions. For
example, given MtCh traffic slots in a packet and
channel conditions such that the entire packet can be
decoded without errors that can be corrected in MtCh/4
slots, then the optimum value of K may be four. It
would be apparent to those skilled inthe art that the
function to determine K can be any statistical method
known in the art for optimizing a parameter. [0057] In
an embodiment, the optimum value of K is such that
just enough information about the packet has been
obtained by the receiver in a single group to decode
the packet. Optimizing K shortens the duration of
packet transmission since packet transmission is
terminated once sufficient information has been
obtained by the receiver to decode the entire packet.
Configuring a message into K groups provides the
receiver more opportunities to send an ACK to the
transmitter and enables the transmitter to terminate
packet transmission earlier than would be the case if
the message was not configured into groups. [0058] Not
configuring a message into a number of groups results
in transmissions being longer than would be the case
if the message were configured into groups.
Configuring a message into a number of groups greater
than the optimum value of K results in greater
retransmissions and therefore causes more interference
to other terminals. Thus, there is a tradeoff in the
selection of the value for K between early termination
of a packet and having to retransmit groups. [0059]
Figure 3 shows a terminal node A 300 in communication
with a terminal node B 302 in accordance with an
embodiment employing time division multiplexing of
channels. Figure 3 shows an exchange of slots of data
between terminal node A 300 and terminal node B 302.
[0060] As shown in Figure 3, the number of groups K is
three, i.e., messages can be sent in three groups. A
message is sent in three groups of traffic data from
terminal node A 300 to terminal node B 302. A message
is sent in two of three groups of traffic data from
terminal node B 302 to terminal node A 300. [0061] The
Mtch slots as shown in Figure 3 is 1/3 the number of
slots Mteh would have been had the messages sent
between the terminal nodes been sent as one group.
Messages are transmitted in traffic slots at a
fraction of the transmission power that they would
have been transmitted had the messages been sent in
one group. [0062] Terminal node A 300 sends a first
group of slots Gl 304 to a terminal node B during a
first time period. The first time period is from Os
306 to Tg 308. The group of slots GlA 309 includesMpch
slots 310 for the pilot channel,MtChslots 312for the
traffic channel, and MaCk slots 314 for the ACK
channel and the power control channel. Initially, the
terminal node A 300 sends a NAK 316 in the ACK channel
to terminal node B. [0063] Terminal node B 302 sends a
first group of slot GlB 318 to terminal node B 302
during a second time period. The second time period is
from Tg 308 to 2Tg 320. The group of slots GlB 318
includes MpCh slots 322 for the pilot channel, Mtch
slots 324 for the traffic channel, and Mack slots 326
for the ACK channel and the power control channel.
Assuming terminal node B 302 detects errors in
decoding the traffic channel data 312, terminal node B
302 sends a NAK 328 to terminal node A 300. [0064] In
an embodiment, the group indicator is transmitted in
the ACK channel of the last group G3 350. It would be
apparent to those skilled in the art that the group
indicator can be configured as part of any of the
groups from source node to a destination node. [0065]
It would also be apparent to those skilled in the art
that the group indicator can be configured as part of
any channel in a group. It would further be apparent
to those skilled in the art that other channels can be
part of a group. For example, guard channels can be
included in each group. For the sake of clarity, only
some of the most important channels are shown in
Figure 3. [0066] Terminal node A 300 sends a group of
slots G2 330 to a terminal node B during a third time
period. The third time period is from 2Tg 320 to 3Tg
332. The group of slots G2A 334 includes Mpch slots
336 for the pilot channel,Mtcll slots 338 for the
traffic channel, and MaCk slots 340 for the ACK
channel and the power control channel. Assuming
terminal node A 300 detects errors in decoding the
traffic channel data 324, terminal node A 300 sends a
NAK 336 to terminal node B 302. [0067] Terminal node B
302 sends a group of slots G2B 338 to terminal node A
300 during a fourth time period. The fourth time
period is from 3Tg 332 to 4Tg 340. The group of slots
G2B 338 includes Mpcll slots 342 for the pilot
channel, Mtch slots 344 for the traffic channel, and
Mack slots 346 for the ACK channel and the power
control channel. Assuming terminal node B 302 detects
errors indecoding the traffic channel data 338,
terminal node B 302 sends a NAK 348 to terminal node A
300. [0068] Terminal node A 300 sends a group of slots
G3 350 to a terminal node B during a fifth time
period. The fifth time period is from 4Tg 340 to 5Tg
352. The group of slots G3A 354 includes Mpcll slots
356 for the pilot channel, MtChslots 358 for the
traffic channel, and Mack slots 360 for the ACK
channel and the power control channel. Assuming
terminal node A 300 does not detect errors in decoding
the traffic channel data 344, terminal node A 300
sends an ACK 362 to terminal node B 302. [0069] hi
accordance with an embodiment, terminal node A 300
decodes the traffic channel 344 from terminal node B
302 during a traffic channel decoding time Td 362. The
traffic channel decoding time Td 366 is a time period
from about the time 362 when terminal node B 302
finishes sending traffic channel data 344 to terminal
node A 300 to about the time 364 terminal node A 300
finishes sending traffic channel data 358 to terminal
node B 302. [0070] Since terminal node A 300 sent an
ACK 362 to terminal node B 302, terminal node B 302
does not send the last group of traffic data to
terminal node A 300. Consequently, the period of time
in which terminal node B 302 would have sent traffic
data had it received a NAK from terminal node A, but
which no traffic is sent when an ACK is received is
interference free period 364. During the interference
free period 364, there is no traffic data sent from
terminal node B 302 to terminal node A 300, which
could provide interference for other terminals. [0071]
Terminal node B 302 sends a group of slots G3A 366 to
terminal node A 300 during a sixth time period. The
sixth time period is from 5Tg 352 to 6Tg 368. The
group of slots G3B 366 includes Mpch slots 370 for the
pilot channel and Mack slots 372 for the ACK channel
and the power control channel. Assuming terminal node
B 302 does not detect errors in decoding the traffic
channel data 358, terminal node B 302 sends an ACK 374
to terminal node A 300. [0072] Terminal node B 302
decodes an ACK/NACK it receives from terminal node A
during an ACK/NAK decoding time Tk, which is between
the time a terminal node receives the ACK/NACK and the
time the terminal node would begin sending traffic
channel data.[0073] Figure 4 shows a message 402
configured as a single group and the same message 404
configured as two groups for a code division
multiplexed (CDM) system. The message 402 configured
as a single group, i.e., with K = I , has Mtch traffic
slots 406. A traffic channel TCH 408 has an allocated
transmission power 



Ptch 410. An overhead channel OV 412 has an allocated
transmission power Pov 414. A group indicator (GI)
channel 416 has an allocated transmission power Pgj
418. The transmission powers of Figure 4 are not drawn
to scale. The horizontal axis 420 is time and the
vertical axis 422 is a multiplexed code. [0074] The
message 404 configured as two groups, i.e., with K =
2, has two groups 430, 432, with each group having
Mteh/2 traffic slots 434, 436. Traffic channels 438,
440 have allocated transmission powers Ptch 442, 444,
respectively. Overhead channels 446, 448 have
allocated transmission powers Pov 450, 452,
respectively. Group indicators (GI) channels 454, 456
have allocated transmission powers Pgi 458, 460,
respectively. [0075] Figure 5 shows a terminal node A
500 in communication with a terminal node B 502 in
accordance with an embodiment employing code division
multiplexing of channels. Figure 5 shows an exchange
of slots of data between terminal node A 500 and
terminal node B 502. [0076] As shown in Figure 5, the
number of groups K is three, i.e., messages can be
sent in three groups. A message is sent in three
groups of traffic data from terminal node A 500 to
terminal node B 502. A message is sent in two of three
groups of traffic data from terminal node B 502 to
terminal node A 500. [0077] The MtCh slots as shown in
Figure 3 is 1/3 the number of slots MtChwould have
been had the messages sent between the terminal nodes
been sent as one group. Messages are transmitted in
traffic slots at a fraction of the transmission power
that they would have been transmitted had the messages
been sent in one group. [0078] Terminal node A 500
sends a first group of slots Gl 504 to a terminal node
B during a first time period. The first time period is
from Os 506 to Tg 508. The first group of slots GlA
500 includes MtCh slots 510 for the traffic channel.
The traffic channel TCH 512 has transmission power
PtCh514. Pilot channel PCH 516 has transmission power
Ppch 518. ACK/Power Control channel 520
hastransmission power Pack 522. Initially, the
terminal node A 500 sends a NAK 524 in the ACK channel
to terminal node B. [0079] Terminal node B 502 sends a
first group of slots GlB 526 to terminal node B 302
during a second time period. The second time period is
from Tg 508 to 2Tg 528. The group of slots GlB 526
includes MtCh slots 530 for the traffic channel TCH
532. The traffic channel TCH 532 has transmission
power Ptoh 534. Pilot channel PCH 536 has transmission
power PpCh 538. ACK/Power Control channel 540 has
transmission power Pack 542. [0080] Assuming terminal
node B 502 detects errors in decoding the traffic
channel data 512, terminal node B 502 sends a NAK 544
to terminal node A 500. [0081] Terminal node A 500
sends a group of slots G2 550 to a terminal node B
during a third time period. The third time period is
from 2Tg 328 to 3Tg 552. The group of slots G2A 554
includes Mtoh slots 556 for the traffic channel TCH
558. The traffic channel TCH 558 has transmission
power Pteh 560. Pilot channel PCH 562 has transmission
power Ppcl, 564. ACK/Power Control channel 566 has
transmission power PaCk568. [0082] Assuming terminal
node A 500 detects errors in decoding the traffic
channel data 532, terminal node A 500 sends a NAK 570
to terminal node B 502. [0083] Terminal node B 502
sends a group of slots G2B 572 to terminal node A 500
during a fourth time period. The fourth time period is
from 3Tg 552 to 4Tg 574. The group of slots G2B 572
includes Mtoh slots 574 for the traffic channel TCH
576. Pilot channel PCH 578 has transmission power Ppch
580. The traffic channel TCH 576 has transmission
power PtCh 577. ACK/Power Control channel 582 has
transmission power Pack 584. [0084] Assuming terminal
node B 502 detects errors in decoding the traffic
channel data 558, terminal node B 502 sends a NAK 586
to terminal node A 500. [0085] Terminal node A 500
sends a group of slots G3 588 to a terminal node B
during a fifth time period. The fifth time period is
from 4Tg 574 to 5Tg 590. The group of slots G3A 592
includes Mtch slots 594 for the traffic channel TCH
596. The traffic channel TCH 596 has transmission
power PtCh598. Pilot channel PCH 600 has transmission
power Ppch 602. ACK/Power Control channel 604 has
transmission power Pack 606.[0086] Assuming terminal
node A 500 does not detect errors when decoding the
traffic channel data 576, terminal node A 500 sends an
ACK 608 to terminal node B 502. [0087] Since terminal
node A 500 sent an ACK 608 to terminal node B 502,
terminal node B 502 does not send traffic data to
terminal node A 500 during the next time period.
Consequently, the period of time in which terminal
node B 502 would have sent traffic data had it
received a NAK from terminal node A, but which no
traffic is sent when an ACK is received is
interference free period 610. There is no traffic data
sent from terminal node B 502 to terminal node A 500,
which could provide interference for other terminals
during the interference free period 610. [0088]
Terminal node B 502 sends a group of slots G3B 612 to
terminal node A 300 during a sixth time period. The
sixth time period is from 5Tg 590 to 6Tg 614. The
group of slots G3B 612 includes Mtch slots 616. Pilot
channel PCH 618 has transmission power PpCh 620.
ACK/Power Control channel 622 has transmission power
Pack 624. [0089] Assuming terminal node B 502 does not
detect errors when decoding the traffic channel data
596, terminal node B 502 sends an ACK 626 to terminal
node B 502. [0090] The various illustrative logical
blocks, modules, and circuits described in connection
with the embodiments disclosed herein may be
implemented or performed with a general purpose
processor, a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a
field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor
logic, discrete hardware components, or any
combination thereof designed to perform the functions
described herein. A general-purpose processor may be a
microprocessor, but in the alternative, the processor
may be any conventional processor, controller,
microcontroller, or state machine. A processor may
also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a
microprocessor, a plurality of microprocessors, one or
more microprocessors in conjunction with a DSP core,
or any other such configuration.[0091] The methods or
algorithms described in connection with the
embodiments disclosed herein may be embodied directly
in hardware, in a software module executed by a
processor, or in a combination of the two. A software
module may reside in RAM memory, flash memory, ROM
memory, EPROM memory, EEPROM memory, registers, hard
disk, a removable disk, a CD-ROM, or any other form of
storage medium known in the art. A storage medium may
be coupled to the processor such that the processor
can read information from, and write information to,
the storage medium. In the alternative, the storage
medium may be integral to the processor. The processor
and the storage medium may reside in an ASIC. The ASIC
may reside in the terminal, or elsewhere. In the
alternative, the processor and the storage medium may
reside as discrete components in the terminal, or
elsewhere. [0092] The previous description of the
disclosed embodiments is provided to enable any person
skilled in the art to make or use the present
invention. Various modifications to these embodiments
will be readily apparent to those skilled in the art,
and the generic principles defined herein may be
applied to other embodiments without departing from
the spirit or scope of the invention. Thus, the
present invention is not intended to be limited to the
embodiments shown herein but is to be accorded the
widest scope consistent with the principles and novel
features disclosed herein. WHAT IS CLAIMED IS:CLAIMS
1. A method of data transmission, comprising:
configuring a message into integer k groups, wherein
each group comprises traffic channel data;
transmitting a group; receiving an ACK/NACK on an ACK
channel; and transmitting another group if aNACK was
received on the ACK channel. 2. The method of claim 1,
wherein each group includes the same traffic channel
data. 3. The method of claim 2, wherein a group is
transmitted at a fractional transmission power. 4. The
method of claim 3, wherein the value of k is a
function of channel conditions. 5. The method of claim
4, wherein the value of k is determined such that
traffic data is decoded without errors that can be
corrected by the time the kth group has been decoded.
6. A wireless terminal, comprising: means for
configuring a message into integer k groups, wherein
each group comprises traffic channel data; means for
transmitting a group; means for receiving an ACK/NACK
on an ACK channel; and means for transmitting another
group if a NACK was received on the ACK channel. 7.
The wireless terminal of claim 6, wherein each group
includes the same traffic channel data. 8. The
wireless terminal of claim 7, wherein a group is
transmitted at a fractional transmission power.9. The
wireless terminal of claim 8, wherein the value of k
is a function of channel conditions. 10. The wireless
terminal of claim 9, wherein the value of k is
determined such that traffic data is decoded without
errors that can be corrected by the time the kth group
has been decoded. 11. A wireless terminal, comprising:
a controller for configuring a message into integer k
groups, wherein each group comprises traffic channel
data; a receiver for receiving an ACKTNACK;and a
transmitter for transmitting a group comprising
traffic channel data provided an ACK was not received
on the group. 12. The wireless terminal of claim 11,
wherein each group includes the same traffic channel
data. 13. The wireless terminal of claim 12, wherein a
group is transmitted at a fractional transmission
power. 14. The wireless terminal of claim 13, wherein
the value of k is a function of channel conditions.
15. The wireless terminal of claim 14, wherein the
value of k is determined such that traffic data is
decoded without errors that can be corrected by the
time the kth group has been decoded. 16. Computer
readable media embodying a program of instructions
executable by a computer program, said computer
readable media comprising: a computer readable program
code means for configuring a message into integer k
groups, wherein each group comprises traffic channel
data; a computer readable program code means for
transmitting a group; a computer readable program code
means for receiving an ACK/NACK on an ACK channel;
anda computer readable program code means for
transmitting another group if aNACK was received on
the ACK channel. 


