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(57) ABSTRACT 

Phosphorus-substituted imidazole compounds with anti 
HIV properties having use as therapeutics and for other 
industrial purposes are disclosed. The compositions inhibit 
reverse transcriptase activity and are useful therapeutically 
for the inhibition of Such enzymes, as well as in assays for 
the detection of Such enzymes. 
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NON NUCLEOSIDE REVERSE TRANSCRIPTASE 
INHIBITORS 

0001. This non-provisional application claims the benefit 
of Provisional Application No. 60/375,622, filed Apr. 26, 
2002, Provisional Application No. 60/375,779 filed Apr. 26, 
2002, Provisional Application No. 60/375,834 filed Apr. 26, 
2002 and Provisional Application No. 60/375,665 filed Apr. 
26, 2002, which are incorporated herein by reference. Addi 
tionally, copending applications Attorney Docket Nos. 
257.P2C and 259.PC filed concurrently with this application 
are also incorporated herein by reference in their entirety. 

FIELD OF THE INVENTION 

0002 The invention relates generally to compounds with 
antiviral activity and more specifically with anti-HIV prop 
erties. 

BACKGROUND OF THE INVENTION 

0003 Human immunodeficiency virus (HIV) infection 
and related disease is a major public health problem world 
wide. The retrovirus human immunodeficiency virus type 1 
(HIV-1), a member of the primate lentivirus family 
(DeClercq E (1994) Annals of the New York Academy of 
Sciences, 724:438-456; Barre-Sinoussi F (1996) Lancet, 
348:31-35), is generally accepted to be the causative agent 
of acquired immunodeficiency syndrome (AIDS) Tarrago et 
al FASEB Journal 1994, 8:497-503). AIDS is the result of 
repeated replication of HIV-1 Biochemistry, 63:133-173), 
including three key enzymes: (i) protease (Prt) (von der 
Helm K (1996) Biological Chemistry, 377:765-774); (ii) 
reverse transcriptase (RT) (Hottiger et al (1996) Biological 
Chemistry Hoppe-Seyler, 377:97-120), an enzyme unique to 
retroviruses; and (iii) integrase (Asante et al (1999) 
Advances in Virus Research 52:351–369; Wlodawer A 
(1999) Advances in Virus Research 52:335-350; Esposito et 
all (1999) Advances in Virus Research 52:319-333). Protease 
is responsible for processing the viral precursor polypro 
teins, integrase is responsible for the integration of the 
double stranded DNA form of the viral genome into host 
DNA and RT is the key enzyme in the replication of the viral 
genome. In viral replication, RT acts as both an RNA- and 
a DNA-dependent DNA polymerase, to convert the single 
stranded RNA genome into double stranded DNA. Since 
virally encoded Reverse Transcriptase (RT) mediates spe 
cific reactions during the natural reproduction of the virus, 
inhibition of HIV RT is an important therapeutic target for 
treatment of HIV infection and related disease. 

0004. Until 1995, the only drugs approved in the United 
States were nucleoside inhibitors of RT (Smith et al (1994) 
Clinical Investigator; 17:226-243). Since then, two new 
classes of agents, protease inhibitors and non-nucleoside RT 
inhibitors (NNRTI), and more than ten new drugs have been 
approved (Johnson et al (2000) Advances in Internal Medi 
cine, 45 (1-40; Porche DJ (1999) Nursing Clinics of North 
America, 34:95-112). There are now three classes of drugs 
available: (1) the original nucleoside RT inhibitors, (2) 
protease inhibitors, and (3) the non-nucleoside RT inhibitors 
(NNRTI). Nucleoside RT inhibitors include zidovudine, 
didanosine (NIH), Zalcitabine (NIH), lamivudine (BioChem 
Pharma Inc) and abacavir (Glaxo Wellcome plc). See 
Johnson V A (1995) Journal of Infectious Diseases, 
171: Suppl 2:S140-S149; Venrura et al (1999) Archives of 
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Virology, 144:513-523; and Venrura et al Archives of Virol 
ogy 1999, 144 (513-523). Approved protease inhibitor drugs 
include saquinavir (Hoffmann-La Roche Inc., Noble et al 
(1996) Drugs, 52:1, 93-112), ritonavir (Abbott Laborato 
ries), indinavir (Merck & Co Inc), nelfinavir (Agouron 
Pharmaceuticals Inc) and amprenavir (Vertex Pharmaceuti 
cals Inc). Approved NNRTI include nevirapine (Boehringer 
Ingelheim Corp, Grob et al (1992) AIDS Research and 
Human Retroviruses, 8:145-152; Pollard et al (1998) Clini 
cal Therapeutics, 20:1071-1092), delavirdine (Pharmacia & 
Upjohn Inc, Freimuth WW (1996) Advances in Experimen 
tal Medicine and Biology, 394:279-289) and efavirenz 
(DuPont Pharmaceuticals Co., Adkins et al (1998) Drugs, 
56:6, 1055-1066). Capravirine is an orally administered 
NNRTI therapeutic candidate (Brown W. (2000) Current 
Opinion in Anti-Infective Investigational Drugs 2(3):286 
94). 
0005 RT can be inhibited by both nucleoside and non 
nucleoside drugs (Venrura et al (1999) Archives of Virology, 
144:513-523: Matthee et al (1999) Planta Medica 65:493 
506). The nucleoside inhibitors act as competitive inhibitors, 
competing with the natural Substrates or as chain terminators 
(Mayers D (1996) AIDS 10:Suppl 1, S9-S13; Villahermosa 
et al (1997) Biochemistry, 36:13223-13231; Klarmann et al 
(2000) Journal of Biological Chemistry, 275:359-366). The 
nucleoside inhibitors, including zidovudine, didanosine and 
Zalcitabine, remain first-line therapies against HIV-1. How 
ever, extended use of these drugs leads to the development 
of HIV variants that are resistant to them (Moyle GJ (1997) 
Journal of Antimicrobial Chemotherapy, 40:6, 765-777; 
Smith et al (1994) Clinical Investigator 17:226-243). This 
development of resistance has been associated with specific 
point mutations in the HIV pol gene, encoding RT. 

0006 The non-nucleoside inhibitors act by interacting 
with a non-Substrate-binding site on the enzyme, i.e. allos 
terically (Proudfoot J R (1998) Current Opinion in Thera 
peutic Patents, 8:8,971-982: DeClercq E (1998) Antiviral 
Research 38:3, 153-179; DeClercq E (1999) Farmaco. 54:1- 
2, 26-45; Katlama C (1999) International Journal of Clini 
cal Practice, 103:Suppl 16-20; Pederson et al (1999) Anti 
viral Chemistry and Chemotherapy 10:258-314). The 
NNRTI drugs have now gained a place in the arsenal of 
treatments for HIV-1 infection (Spence et al (1995) Science 
267:988-993), acting non-competitively by interacting with 
a specific site on the RT that is near to, but distinct from, the 
active site where the nucleoside inhibitors bind. Several 
relevant crystal structures of HIV-1 RT complexed with the 
non-nucleoside inhibitors have been reported, expanding the 
understanding of how these inhibitors operate (Schafer-Wet 
all (1993) Journal of Medicinal Chemistry 36:726-732). 
0007 Although drugs targeting reverse transcriptase and 
protease are in wide use and have shown effectiveness, 
particularly when employed in combination, toxicity and 
development of resistant strains have limited their useful 
ness (Palella, et al N. Engl. J. Med. (1998) 338:853-860; 
Richman, D. D. Nature (2001) 410:995-1001). 
0008 Combination therapy with RT inhibitors has 
proven to be highly effective in Suppressing viral replication 
to unduantifiable levels for a Sustained period of time. Also, 
combination therapy with RT and Prt inhibitors have shown 
synergistic effects in Suppressing HIV replication. Unfortu 
nately, 30 to 50% of patients currently fail combination 
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therapy due to the development of drug resistance, non 
compliance with complicated dosing regimens, pharmaco 
kinetic interactions, toxicity, and lack of potency. Therefore, 
there is a need for new HIV-1 inhibitors that are synergistic 
in combination with other HIV inhibitors. 

0009 Assay methods capable of determining the pres 
ence, absence or amounts of HIV RT are of practical utility 
in the search for inhibitors as well as for diagnosing the 
presence of HIV. 
0010 Inhibition of HIV RT is an object of the invention. 
Inhibitors of HIV RT are useful to limit the establishment 
and progression of infection by HIV as well as in diagnostic 
assays for HIV RT, both of which are further objects of the 
invention. Preparation of compositions capable of inhibiting 
HIV RT is also an object of the invention. 
0011. There is a need for HIV RT inhibitors having 
improved antiviral and pharmacokinetic properties, includ 
ing enhanced activity against development of HIV resis 
tance, improved oral bioavailability, greater potency and 
extended effective half-life in vivo. New HIV RT inhibitors 
should be active against mutant HIV strains, have distinct 
resistance profiles, fewer side effects, less complicated dos 
ing schedules, and orally active. In particular, there is a need 
for a less onerous dosage regimen, such as one pill, once per 
day. 
0012 Improving the delivery of drugs and other agents to 
target cells and tissues has been the focus of considerable 
research for many years. Though many attempts have been 
made to develop effective methods for importing biologi 
cally active molecules into cells, both in vivo and in vitro, 
none has proved to be entirely satisfactory. Optimizing the 
association of the inhibitory drug with its intracellular target, 
while minimizing intercellular redistribution of the drug, 
e.g. to neighboring cells, is often difficult or inefficient. 
0013 Most agents currently administered to a patient 
parenterally are not targeted, resulting in systemic delivery 
of the agent to cells and tissues of the body where it is 
unnecessary, and often undesirable. This may result in 
adverse drug side effects, and often limits the dose of a drug 
(e.g., cytotoxic agents and other anti-cancer or anti-viral 
drugs) that can be administered. By comparison, although 
oral administration of drugs is generally recognized as a 
convenient and economical method of administration, oral 
administration can result in either (a) uptake of the drug 
through the cellular and tissue barriers, e.g. blood/brain, 
epithelial, cell membrane, resulting in undesirable systemic 
distribution, or (b) temporary residence of the drug within 
the gastrointestinal tract. Accordingly, a major goal has been 
to develop methods for specifically targeting agents to cells 
and tissues. Benefits of such treatment includes avoiding the 
general physiological effects of inappropriate delivery of 
Such agents to other cells and tissues. Such as uninfected 
cells. 

0014 Intracellular targeting may be achieved by methods 
and compositions which allow accumulation or retention of 
biologically active agents inside cells. 

SUMMARY OF THE INVENTION 

0.015 The present invention provides compositions and 
methods for inhibition of HIV. Compositions of the inven 
tion include new imidazole compounds Substituted on a 
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carbon atom of the imidazole ring with a Sulfur group, and 
having at least one phosphonate group. Accordingly, the 
invention includes compounds having Formula I: 

A0 
M 

A01 S N 
A0 X 

A0 N 

0016 wherein A' is A", A or W. Compounds of the 
invention include at least one A" which comprises at least 
one phosphonate group. In another aspect, the invention 
includes compounds having Formula II: 

II 
A0 
A S 

A1 N 
X-A 

A0 N 

wherein A is A, A, or W. Formula II includes at least one 
A which comprises at least one phosphonate group. 
0017. In one aspect, a compound or composition of the 
invention is provided that further comprises a pharmaceu 
tically-acceptable carrier. 
0018. In another aspect of the invention, phosphonate 
analogs of known approved and experimental non-nucleo 
side RT inhibitors (NNRTI) are provided which include: 
0019 Capravirine-like phosphonate NNRTI compounds 
0020 PETT-like phosphonate NNRTI compounds 
0021. Pyrazole-like phosphonate NNRTI compounds 
0022. Urea-PETT-like phosphonate NNRTI compounds 
0023. Nevaripine-like phosphonate NNRTI compounds 
0024) Quinazolinone-like phosphonate NNRTI com 
pounds 

0025. Efavirenz-like phosphonate NNRTI compounds 
0026. BenZophenone-like phosphonate NNRTI com 
pounds 
0027 Pyrimidine-like phosphonate NNRTI compounds 
0028 SJ3366-like phosphonate NNRTI compounds 
0029 Delavirdine-like phosphonate NNRTI compounds 
0030 Emivirine-like phosphonate NNRTI compounds 
0031 Loviride-like phosphonate NNRTI compounds 
0032 UC781-like phosphonate NNRTI compounds 
as well as analogs and pharmaceutically acceptable salts, 
hydrates, and formulations thereof. 
0033. In another aspect of the invention the activity of 
HIV reverse transcriptase (RT) is inhibited by a method 
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comprising the step of treating a sample Suspected of 
containing HIV RT with a compound or composition of the 
invention. 

0034. Another aspect of the invention provides a method 
for inhibiting the activity of HIV RT comprising the step of 
contacting a sample Suspected of containing HIV RT with 
the composition embodiments of the invention. 
0035) Another aspect of the invention provides a phar 
maceutical combination comprising an effective amount of 
a compound of the invention and a second compound having 
anti-HIV properties. 
0036) Another aspect of the invention provides a method 
for the treatment or prevention of the symptoms or effects of 
an HIV infection in an infected animal, which comprises 
administering to, i.e. treating said animal with a pharma 
ceutical combination comprising an effective amount of a 
compound of the invention and a second compound having 
anti-HIV properties. 
0037. In other aspects, novel methods for syntheses of the 
compounds of this invention are provided. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

0038 Reference will now be made in detail to certain 
embodiments of the invention, examples of which are illus 
trated in the accompanying descriptions, structures and 
formulas. While the invention will be described in conjunc 
tion with the enumerated embodiments, it will be understood 
that they are not intended to limit the invention to those 
embodiments. On the contrary, the invention is intended to 
cover all alternatives, modifications, and equivalents, which 
may be included within the scope of the present invention as 
defined by the claims. 
Definitions 

0039. Unless stated otherwise, the following terms and 
phrases as used herein are intended to have the following 
meanings: 
0040. The terms “phosphonate' and “phosphonate 
group” mean a functional group or moiety within a molecule 
that comprises at least one phosphorus-carbon bond, and at 
least one phosphorus-oxygen double bond. The phosphorus 
atom is further Substituted with oxygen, Sulfur, and nitrogen 
substituents. As defined herein, "phosphonate' and “phos 
phonate group' include molecules with phosphonic acid, 
phosphonic monoester, phosphonic diester, phosphonami 
date, phosphondiamidate, and phosphonthioate functional 
groups. 

0041. The term “prodrug as used herein refers to any 
compound that when administered to a biological system 
generates the drug Substance, i.e. active ingredient, as a 
result of spontaneous chemical reaction(s), enzyme cata 
lyzed chemical reaction(s), photolysis, and/or metabolic 
chemical reaction(s). A prodrug is thus a covalently modi 
fied analog or latent form of a therapeutically-active com 
pound. 

0.042 “Prodrug moiety' means a labile functional group 
which separates from the active inhibitory compound during 
metabolism, systemically, inside a cell, by hydrolysis, enzy 
matic cleavage, or by some other process (Bundgaard, Hans, 
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“Design and Application of Prodrugs” in Textbook of Drug 
Design and Development (1991), P. Krogsgaard-Larsen and 
H. Bundgaard, Eds. Harwood Academic Publishers, pp. 
113-191). Enzymes which are capable of an enzymatic 
activation mechanism with the phosphonate prodrug com 
pounds of the invention include, but are not limited to, 
amidases, esterases, microbial enzymes, phospholipases, 
cholinesterases, and phosphases. Prodrug moieties can serve 
to enhance solubility, absorption and lipophilicity to opti 
mize drug delivery, bioavailability and efficacy. 
0043. Exemplary prodrug moieties include the hydrolyti 
cally sensitive or labile acyloxymethyl esters 
CHC(=O)R’ and acyloxymethyl carbonates 

—CHPOC(=O)CR where R is C-C alkyl, C-C substi 
tuted alkyl, C-C aryl or C-C substituted aryl. The 
acyloxyalkyl ester was first used as a prodrug strategy for 
carboxylic acids and then applied to phosphates and phos 
phonates by Farquhar et al (1983) J. Pharm. Sci. 72: 324; 
also U.S. Pat. Nos. 4,816,570, 4,968,788, 5,663,159 and 
5,792,756. Subsequently, the acyloxyalkyl ester was used to 
deliver phosphonic acids across cell membranes and to 
enhance oral bioavailability. A close variant of the acyloxy 
alkyl ester, the alkoxycarbonyloxyalkyl ester (carbonate), 
may also enhance oral bioavailability as a prodrug moiety in 
the compounds of the combinations of the invention. An 
exemplary acyloxymethyl ester is pivaloyloxymethoxy, 
(POM) —CHOC(=O)C(CH). An exemplary acyloxym 
ethyl carbonate prodrug moiety is pivaloyloxymethylcar 
bonate (POC) CHOC(=O)CC(CH), 
0044 Aryl esters of phosphorus groups, especially phe 
nyl esters, are reported to enhance oral bioavailability 
(DeLambert et al (1994) J. Med. Chem. 37: 498). Phenyl 
esters containing a carboxylic ester ortho to the phosphate 
have also been described (Khamnei and Torrence, (1996).J. 
Med. Chem. 39:4109-4115). Benzyl esters are reported to 
generate the parent phosphonic acid. In some cases, Sub 
stituents at the ortho- or para-position may accelerate the 
hydrolysis. Benzyl analogs with an acylated phenol or an 
alkylated phenol may generate the phenolic compound 
through the action of enzymes, e.g. esterases, oxidases, etc., 
which in turn undergoes cleavage at the benzylic C-O bond 
to generate the phosphoric acid and the quinone methide 
intermediate. Examples of this class of prodrugs are 
described by Mitchell et al (1992) J. Chem. Soc. Perkin 
Trans. I2345; Brooketal WO 91/19721. Still other benzylic 
prodrugs have been described containing a carboxylic ester 
containing group attached to the benzylic methylene (Gla 
Zier et al WO 91/19721). Thio-containing prodrugs are 
reported to be useful for the intracellular delivery of phos 
phonate drugs. These proesters contain an ethylthio group in 
which the thiol group is either esterified with an acyl group 
or combined with another thiol group to form a disulfide. 
Deesterification or reduction of the disulfide generates the 
free thio intermediate which subsequently breaks down to 
the phosphoric acid and episulfide (Puech et al (1993) 
Antiviral Res., 22: 155-174; Benzaria et al (1996) J. Med. 
Chem. 39: 4958). Cyclic phosphonate esters have also been 
described as prodrugs of phosphorus-containing compounds 
(Erion et al., U.S. Pat. No. 6,312,662). 
0045 “Pharmaceutically acceptable prodrug” refer to a 
compound that is metabolized in the host, for example 
hydrolyzed or oxidized, by either enzymatic action or by 
general acid or base solvolysis, to form an active ingredient. 
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Typical examples of prodrugs of the compounds of the 
invention have biologically labile protecting groups on a 
functional moiety of the compound. Prodrugs include com 
pounds that can be oxidized, reduced, aminated, deaminated, 
esterified, deesterified, alkylated, dealkylated, acylated, 
deacylated, phosphorylated, dephosphorylated, or other 
functional group change or conversion involving forming or 
breaking chemical bonds on the prodrug. 

0046 “Protecting group' refers to a moiety of a com 
pound that masks or alters the properties of a functional 
group or the properties of the compound as a whole. The 
chemical Substructure of a protecting group varies widely. 
One function of a protecting group is to serve as interme 
diates in the synthesis of the parental drug Substance. 
Chemical protecting groups and strategies for protection/ 
deprotection are well known in the art. See: “Protective 
Groups in Organic Chemistry’. Theodora W. Greene (John 
Wiley & Sons, Inc., New York, 1991. Protecting groups are 
often utilized to mask the reactivity of certain functional 
groups, to assist in the efficiency of desired chemical reac 
tions, e.g. making and breaking chemical bonds in an 
ordered and planned fashion. Protection of functional groups 
of a compound alters other physical properties besides the 
reactivity of the protected functional group. Such as the 
polarity, lipophilicity (hydrophobicity), and other properties 
which can be measured by common analytical tools. Chemi 
cally protected intermediates may themselves be biologi 
cally active or inactive. 

0047 Protected compounds may also exhibit altered, and 
in Some cases, optimized properties in vitro and in vivo. Such 
as passage through cellular membranes and resistance to 
enzymatic degradation or sequestration. In this role, pro 
tected compounds with intended therapeutic effects may be 
referred to as prodrugs. Another function of a protecting 
group is to convert the parental drug into a prodrug, whereby 
the parental drug is released upon conversion of the prodrug 
in vivo. Because active prodrugs may be absorbed more 
effectively than the parental drug, prodrugs may possess 
greater potency in vivo than the parental drug. Protecting 
groups are removed either in vitro, in the instance of 
chemical intermediates, or in Vivo, in the case of prodrugs. 
With chemical intermediates, it is not particularly important 
that the resulting products after deprotection, e.g. alcohols, 
be physiologically acceptable, although in general it is more 
desirable if the products are pharmacologically innocuous. 

0.048 Any reference to any of the compounds of the 
invention also includes a reference to a physiologically 
acceptable salt thereof. Examples of physiologically accept 
able salts of the compounds of the invention include salts 
derived from an appropriate base. Such as an alkali metal 
(for example, sodium), an alkaline earth (for example, 
magnesium), ammonium and NX (wherein X is C-C, 
alkyl). Physiologically acceptable salts of an hydrogen atom 
or an amino group include salts of organic carboxylic acids 
Such as acetic, benzoic, lactic, fumaric, tartaric, maleic, 
malonic, malic, isethionic, lactobionic and Succinic acids; 
organic Sulfonic acids, such as methanesulfonic, ethane 
Sulfonic, benzenesulfonic and p-toluenesulfonic acids; and 
inorganic acids, such as hydrochloric, Sulfuric, phosphoric 
and Sulfamic acids. Physiologically acceptable salts of a 
compound of an hydroxy group include the anion of said 
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compound in combination with a suitable cation such as Na' 
and NX (wherein X is independently selected from H or 
a C-C alkyl group). 
0049. For therapeutic use, salts of active ingredients of 
the compounds of the invention will be physiologically 
acceptable, i.e. they will be salts derived from a physiologi 
cally acceptable acid or base. However, salts of acids or 
bases which are not physiologically acceptable may also find 
use, for example, in the preparation or purification of a 
physiologically acceptable compound. All salts, whether or 
not derived form a physiologically acceptable acid or base, 
are within the scope of the present invention. 
0050 “Alkyl” is C-Cs hydrocarbon containing normal, 
secondary, tertiary or cyclic carbon atoms. Examples are 
methyl (Me, —CH), ethyl (Et, —CH2CH), 1-propyl (n-Pr. 
n-propyl. —CH2CH2CH), 2-propyl (i-Pr. i-propyl. 
—CH(CH)), 1-butyl (n-Bu, n-butyl, —CH2CH2CHCH), 
2-methyl-1-propyl (i-Bu, i-butyl, —CHCH(CH)), 2-butyl 
(s-Bu, s-butyl, —CH(CH)CHCH), 2-methyl-2-propyl 
(t-Bu, t-butyl, -C(CH)), 1-pentyl (n-pentyl, 
—CH2CH2CH2CHCH), 2-pentyl 
(—CH(CH)CHCHCH), 3-pentyl ( CH(CH2CH)), 
2-methyl-2-butyl ( C(CH) CHCH), 3-methyl-2-butyl 
(-CH(CH)CH(CH)), 3-methyl-1-butyl 
(—CHCH-CH(CH)), 2-methyl-1-butyl 
( CHCH(CH)CHCH), 1-hexyl 
(-CHCHCHCHCHCH), 2-hexyl 
(-CH(CH)CHCHCHCH), 3-hexyl 

0051 “Alkenyl is C-Cs hydrocarbon containing nor 
mal, secondary, tertiary or cyclic carbon atoms with at least 
one site of unsaturation, i.e. a carbon-carbon, sp' double 
bond. Examples include, but are not limited to: ethylene or 
vinyl ( CH=CH-), allyl ( CH-CH=CH), cyclopente 

2-methyl-2-pentyl 
3-methyl-2-pentyl 
4-methyl-2-pentyl 
3-methyl-3-pentyl 
2-methyl-3-pentyl 

2,3-dimethyl-2-butyl 
3.3-dimethyl-2-butyl 

nyl (—C5H7), and 5-hexenyl 
( CHCHCHCH-CH=CH-). 
0052 “Alkynyl' is C-C hydrocarbon containing nor 
mal, secondary, tertiary or cyclic carbon atoms with at least 
one site of unsaturation, i.e. a carbon-carbon, sp triple bond. 
Examples include, but are not limited to: acetylenic 
(—C=CH) and propargyl ( CHC=CH). 
0053 “Alkylene' refers to a saturated, branched or 
straight chain or cyclic hydrocarbon radical of 1-18 carbon 
atoms, and having two monovalent radical centers derived 
by the removal of two hydrogenatoms from the same or two 
different carbon atoms of a parent alkane. Typical alkylene 
radicals include, but are not limited to: methylene 
(—CH2—) 1.2-ethyl (—CHCH ), 1,3-propyl 
(—CH2CHCH ), 1,4-butyl ( CHCH2CH2CH2—), and 
the like. 

0054 “Alkenylene' refers to an unsaturated, branched or 
straight chain or cyclic hydrocarbon radical of 2-18 carbon 
atoms, and having two monovalent radical centers derived 
by the removal of two hydrogenatoms from the same or two 
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different carbon atoms of a parent alkene. Typical alk 
enylene radicals include, but are not limited to: 1.2-ethylene 
(-CH=CH-). 
0.055 “Alkynylene' refers to an unsaturated, branched or 
straight chain or cyclic hydrocarbon radical of 2-18 carbon 
atoms, and having two monovalent radical centers derived 
by the removal of two hydrogen atoms from the same or two 
different carbon atoms of a parent alkyne. Typical alky 
nylene radicals include, but are not limited to: acetylene 
(—C=C- ), propargyl (—CH2C=C- ), and 4-pentynyl 
( CHCHCH-C=CH ). 
0056 "Aryl means a monovalent aromatic hydrocarbon 
radical of 6-20 carbon atoms derived by the removal of one 
hydrogen atom from a single carbon atom of a parent 
aromatic ring system. Typical aryl groups include, but are 
not limited to, radicals derived from benzene, substituted 
benzene, naphthalene, anthracene, biphenyl, and the like. 
0057 “Arylalkyl refers to an acyclic alkyl radical in 
which one of the hydrogen atoms bonded to a carbon atom, 
typically a terminal or sp carbon atom, is replaced with an 
aryl radical. Typical arylalkyl groups include, but are not 
limited to, benzyl, 2-phenylethan-1-yl, 2-phenylethen-1-yl, 
naphthylmethyl 2-naphthylethan-1-yl 2-naphthylethen-1- 
yl, naphthobenzyl, 2-naphthophenylethan-1-yl and the like. 
The arylalkyl group comprises 6 to 20 carbonatoms, e.g. the 
alkyl moiety, including alkanyl, alkenyl or alkynyl groups, 
of the arylalkyl group is 1 to 6 carbon atoms and the aryl 
moiety is 5 to 14 carbon atoms. 
0.058 “Substituted alkyl”, “substituted aryl', and “sub 
stituted arylalkyl mean alkyl, aryl, and arylalkyl respec 
tively, in which one or more hydrogen atoms are each 
independently replaced with a substituent. Typical substitu 
ents include, but are not limited to. —X. —R, —O— —OR, 

C(=O)R, C(=O)X, C(S)R, C(O)OR, C(O)O, 
—C(S)OR, —C(O)SR, C(S)SR, C(O)NRR, C(S- 
)NRR, C(NR)NRR, where each X is independently a 
halogen: F, Cl, Br, or I; and each R is independently —H. 
alkyl, aryl, heterocycle, or prodrug moiety. Alkylene, alk 
enylene, and alkynylene groups may also be similarly Sub 
stituted. 

0059) “Heterocycle” as used herein includes by way of 
example and not limitation these heterocycles described in 
Paquette, Leo A.: “Principles of Modern Heterocyclic 
Chemistry” (W. A. Benjamin, New York, 1968), particularly 
Chapters 1, 3, 4, 6, 7, and 9; “The Chemistry of Heterocyclic 
Compounds. A series of Monographs” (John Wiley & Sons, 
New York, 1950 to present), in particular Volumes 13, 14. 
16, 19, and 28; and J. Am. Chem. Soc. (1960) 82:5566. 
0060) Examples of heterocycles include by way of 
example and not limitation pyridyl, dihydroypyridyl, tet 
rahydropyridyl (piperidyl), thiazolyl, tetrahydrothiophenyl, 
sulfur oxidized tetrahydrothiophenyl, pyrimidinyl, furanyl, 
thienyl, pyrrolyl pyrazolyl, imidazolyl, tetrazolyl, benzo 
furanyl, thianaphthalenyl, indolyl, indolenyl, quinolinyl, 
isoquinolinyl, benzimidazolyl, piperidinyl, 4-piperidonyl, 
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pyrrolidinyl, 2-pyrrolidonyl, pyrrolinyl, tetrahydrofuranyl. 
tetrahydroquinolinyl, tetrahydroisoquinolinyl, decahydro 
quinolinyl, octahydroisoquinolinyl, azocinyl, triazinyl, 
6H-1,2,5-thiadiazinyl, 2H,6H-1.5.2-dithiazinyl, thienyl, thi 
anthrenyl, pyranyl, isobenzofuranyl, chromenyl, Xanthenyl, 
phenoxathinyl, 2H-pyrrolyl, isothiazolyl, isoxazolyl pyrazi 
nyl, pyridazinyl, indolizinyl, isoindolyl, 3H-indolyl, 1H-in 
dazoly, purinyl, 4H-quinolizinyl, phthalazinyl, naphthyridi 
nyl, quinoxalinyl, quinazolinyl, cinnolinyl, pteridinyl, 4aH 
carbazolyl, carbazolyl, B-carbolinyl, phenanthridinyl, 
acridinyl, pyrimidinyl, phenanthrolinyl, phenazinyl, phe 
nothiazinyl, furazanyl, phenoxazinyl, isochromanyl, chro 
manyl, imidazolidinyl, imidazolinyl, pyrazolidinyl, pyra 
Zolinyl, piperazinyl, indolinyl, isoindolinyl, quinuclidinyl, 
morpholinyl, oxazolidinyl, benzotriazolyl, benzisoxazolyl, 
oXindolyl, benzoxazolinyl, and isatinoyl. 

0061. By way of example and not limitation, carbon 
bonded heterocycles are bonded at position 2, 3, 4, 5, or 6 
of a pyridine, position 3, 4, 5, or 6 of a pyridazine, position 
2, 4, 5, or 6 of a pyrimidine, position 2, 3, 5, or 6 of a 
pyrazine, position 2, 3, 4, or 5 of a furan, tetrahydrofuran, 
thiofuran, thiophene, pyrrole or tetrahydropyrrole, position 
2, 4, or 5 of an oxazole, imidazole or thiazole, position 3, 4, 
or 5 of an isoxazole, pyrazole, or isothiazole, position 2 or 
3 of an aziridine, position 2, 3, or 4 of an aZetidine, position 
2, 3, 4, 5, 6, 7, or 8 of a quinoline or position 1, 3, 4, 5, 6, 
7, or 8 of an isoquinoline. Still more typically, carbon 
bonded heterocycles include 2-pyridyl, 3-pyridyl, 4-pyridyl, 
5-pyridyl, 6-pyridyl, 3-pyridazinyl, 4-pyridazinyl, 5-py 
ridazinyl, 6-pyridazinyl, 2-pyrimidinyl, 4-pyrimidinyl, 
5-pyrimidinyl, 6-pyrimidinyl, 2-pyrazinyl, 3-pyrazinyl, 
5-pyrazinyl, 6-pyrazinyl, 2-thiazolyl, 4-thiazolyl, or 5-thia 
Zolyl. 

0062 By way of example and not limitation, nitrogen 
bonded heterocycles are bonded at position 1 of an aziridine, 
aZetidine, pyrrole, pyrrolidine, 2-pyrroline, 3-pyrroline, imi 
dazole, imidazolidine, 2-imidazoline, 3-imidazoline, pyra 
Zole, pyrazoline, 2-pyrazoline, 3-pyrazoline, piperidine, pip 
erazine, indole, indoline, 1H-indazole, position 2 of a 
isoindole, or isoindoline, position 4 of a morpholine, and 
position 9 of a carbazole, or B-carboline. Still more typically, 
nitrogen bonded heterocycles include 1-aziridyl, 1-azetedyl, 
1-pyrrolyl, 1-imidazolyl, 1-pyrazolyl, and 1-piperidinyl. 

0063 “Carbocycle” means a saturated, unsaturated or 
aromatic ring having 3 to 7 carbon atoms as a monocycle or 
7 to 12 carbon atoms as a bicycle. Monocyclic carbocycles 
have 3 to 6 ring atoms, still more typically 5 or 6 ring atoms. 
Bicyclic carbocycles have 7 to 12 ring atoms, e.g. arranged 
as a bicyclo 4.5, 5.5, 5.6 or 6.6 system, or 9 or 10 ring 
atoms arranged as a bicyclo 5.6 or 6.6 system. Examples 
of monocyclic carbocycles include cyclopropyl, cyclobutyl, 
cyclopentyl, 1-cyclopent-1-enyl, 1-cyclopent-2-enyl, 1-cy 
clopent-3-enyl, cyclohexyl, 1-cyclohex-1-enyl, 1-cyclohex 
2-enyl, 1-cyclohex-3-enyl, phenyl, spiryl and naphthyl. 

0064) “Linker' or “link’ means a chemical moiety com 
prising a covalent bond or a chain of atoms that covalently 
attaches a phosphonate group to a drug. Linkers include 
portions of substituents A" and Aenumerated in Formula I, 
or Substituents A and As enumerated in Formula II, which 
include moieties such as: repeating units of alkyloxy (e.g. 
polyethylenoxy, PEG, polymethyleneoxy) and alkylamino 
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(e.g. polyethyleneamino, JeffamineTM); and diacid ester and 
amides including Succinate, Succinamide, diglycolate, mal 
onate, and caproamide. 
0065 Stereochemical definitions and conventions used 
herein generally follow S. P. Parker, Ed., McGraw-Hill 
Dictionary of Chemical Terms (1984) McGraw-Hill Book 
Company, New York; and Eliel, E. and Wilen, S., Stere 
ochemistry of Organic Compounds (1994) John Wiley & 
Sons, Inc., New York. Many organic compounds exist in 
optically active forms, i.e., they have the ability to rotate the 
plane of plane-polarized light. In describing an optically 
active compound, the prefixes D and L or R and S are used 
to denote the absolute configuration of the molecule about 
its chiral center(s). The prefixes d and 1, D and L, or (+) and 
(-) are employed to designate the sign of rotation of plane 
polarized light by the compound, with (-) or 1 meaning that 
the compound is levorotatory. A compound prefixed with (+) 
or d is dextrorotatory. For a given chemical structure, these 
compounds, called Stereoisomers, are identical except that 
they are mirror images of one another. A specific stereoiso 
mer may also be referred to as an enantiomer, and a mixture 
of Such isomers is often called an enantiomeric mixture. A 
50:50 mixture of enantiomers is referred to as a racemic 
mixture or a racemate. The terms “racemic mixture' and 
“racemate” refer to an equimolar mixture of two enantio 
meric species, devoid of optical activity. 
0066. The term “chiral” refers to molecules which have 
the property of non-Superimposability of the mirror image 
partner, while the term “achiral” refers to molecules which 
are Superimposable on their mirror image partner. 
0067. The term “stereoisomers’ refers to compounds 
which have identical chemical constitution, but differ with 
regard to the arrangement of the atoms or groups in space. 

0068 “Diastereomer refers to a stereoisomer with two 
or more centers of chirality and whose molecules are not 
mirror images of one another. Diastereomers have different 
physical properties, e.g. melting points, boiling points, spec 
tral properties, and reactivities. Mixtures of diastereomers 
may separate under high resolution analytical procedures 
Such as electrophoresis and chromatography. 

0069) “Enantiomers’ refer to two stereoisomers of a 
compound which are non-Superimposable mirror images of 
one another. 

Non-Nucleotide Reverse Transcriptase Inhibitor (NNRTI) 
Compounds 

0070 The compounds of the invention include those with 
anti-HIV activity. In particular, the compounds include 
non-nucleotide reverse transcriptase inhibitors (NNRTI). 
The compounds of the inventions bear a phosphonate group, 
which may be a prodrug moiety. 

0071. In one embodiment of the invention, one identifies 
compounds that may fall within the generic scope of the 
documents cited under the definition of the term CLC 
(Capravirine-like compound) but which further comprise a 
phosphonate group, e.g. a phosphonate diester, phosphona 
midate-ester prodrug, or a bis-phosphonamidate-ester (Jiang 
et al., US 2002/0173490 A1). 
0072. Whenever a compound described herein is substi 
tuted with more than one of the same designated group, e.g., 
“R' or “R”, then it will be understood that the groups may 
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be the same or different, i.e., each group is independently 
selected. Wavy lines indicate the site of covalent bond 
attachments to the adjoining groups, moieties, or atoms. 

0073 Compounds of the invention are set forth in the 
Schemes, Examples, and claims below and include com 
pounds of Formula I and Formula II. Formula I compounds 
have the general structure: 

A0 
M 

A01 S N 
A0 X 

A0 N 

0074 Compounds of the invention also include the For 
mulas: 

A0 

i-J C A0 ls where Z is CH or N, 

N-N-N 

- 
N 

A0 
O 

Xe CN, 

1 A w ''',N ls N s 
k . 

O 

A0 O 
H3C V 
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-continued 
Ao 

CH3 

N 
o A0 

21 

A0 A0 

. . . . 
N n SAS 

Al-H 
21 2 N 2 s 

A0 

O 

Ao 
HN 

es A9, 
A0 

A0 

FN 

N 

A0 ) - 
A0-- 

Ao 
V 
HN 9 Ao 

M 
N 

Sr N 
A. 2 uJA'. and 
Ao 
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-continued 
A0 

X O A0 X 1s 
W 

A0 
N 

where A is O, S, or N(R) and X is O or S. 

The above Formulas are substituted with one or more 
covalently attached A' groups, including simultaneous sub 
stitutions at any or all A'. 
0075) A is A", A or W with the proviso that the 
compound includes at least one A'. Exemplary embodi 
ments of Formula I include Ia, Ib, Ic, and Id: 

Ia 

A 
-S N A 

A2 DC X 
A2 N 

Ib 
Al 
M 

1. N 
A2 X 

A2 N 
Ic 

A' 
1. N 

Al DC 2 
A2 N 

Id 

A' 
1 N 

A2 2 
N Al 

A is: 

Y2 

1 Yws 
R2 R2 

M12a-M1 
A is: 
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-continued 
A is: 

0076 Y is independently O, S, N(R), N(O)(R), 
N(OR), N(O)(OR), or N(N(R)(R)). 
0077 Yi is independently a bond, O, N(R), N(O)(R), 
N(OR), N(O)(OR), N(N(R)(R)), S(O) , or 
—S(O)M S(O)M -. 

1S 1ndependent s , a protect1n oup, or 0078 R* is independently H. W., a p ing group 
the formula: 

Ry Ry Yl 

Y1 Ry; 

2 
Y2 M12c ny2 Y Mld 

Ma Mc 

0079 
0080) 
0081) 
0082 
group. 

0083) 

Y 

Ry: 
Ma Y2 s 

Me 

wherein: 

0084) 
or 1; 

0085 m12c is 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12: 
0086) R is H. W. R. or a protecting group: 

wherein: 

M1a, M1 c, and M1d are independently 0 or 1; 
M12c is 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12; and 
R’ is independently H. W., R or a protecting 

Alternatively, R is a group of the formula: 

m1a, m1b, m1 c, mild and mile are independently 0 

provided that: 

0087 if m1a, m12c, and mild are 0, then m1b, m1c and 
mile are 0; 

0088 if m1a and m12c are 0 and mild is not 0, then m1b 
and m1c are 0; 

0089 if m1a and mild are 0 and m12c is not 0, then m1b 
and at least one of mlc and mile are 0. 
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0090 if m1a is 0 and m12c and mild are not 0, then m1b 
is 0; 

0091 if m12c and mild are 0 and m1a is not 0, then at 
least two of m1b, m1c and mile are 0. 

0092 if m12c is 0 and m1a and mild are not 0, then at 
least one of m1b and m1c are 0; and 

0093) if mild is 0 and m1a and m12c are not 0, then at 
least one of mlc and mile are 0. 

0094) R' is independently H or alkyl of 1 to 18 carbon 
atOmS. 

0.095 R is independently H, R, R or R' wherein each 
R" is independently substituted with 0 to 3 R groups. 
Alternatively, taken together at a carbon atom, two R 
groups form a ring, i.e. a spiro carbon. The ring may be, for 
example, cyclopropyl, cyclobutyl, cyclopentyl, or cyclo 
hexyl. The ring may be substituted with 0 to 3 R' groups. 
0.096 R is R, R, R or R, provided that when R 
is bound to a heteroatom, then R is R or R. 
0097 R is F, Cl, Br, I, CN, N, or NO. 
0.098 R is Y. 
0099 Re is R, N(R)(R), SR, S(O)R*, 
S(O).R., S(O)(OR), S(O)(OR), OC(Y)R*, 
OC(Y)OR, OC(Y)(N(R)(R)), SC(Y)R*, 
SC(Y)OR, SC(Y)(N(R)(R)), N(R)C(Y)R*, 
N(R)C(Y)OR, or N(R)C(Y)(N(R)(R)). 

0100 Rd is C(Yi)R*, C(Y)OR*. O 
C(Y)(N(R)(R)). 

0101) R' is an alkyl of 1 to 18 carbon atoms, alkenyl of 
2 to 18 carbon atoms, or alkynyl of 2 to 18 carbon atoms. 
0102 R is R' wherein each R is substituted with 0 to 3 
R groups. 
0103 R is independently alkylene of 1 to 18 carbon 
atoms, alkenylene of 2 to 18 carbon atoms, or alkynylene of 
2-18 carbon atoms any one of which alkylene, alkenylene or 
alkynylene is substituted with 0-3 R groups. 
01.04 W is W or W. 
01.05 W is R., C(Y)R, C(Y)W, SOR, or 
SO.W. 

0106 W is carbocycle or heterocycle wherein W is 
independently substituted with 0 to 3 R' groups. 
01.07 W3a is W4- or Wise. 
01.08 W is R., C(Y)R, C(Y)W., SOR, 
or SOWs. 
0109 W is a multivalent substituted carbocycle or het 
erocycle wherein W may be independently substituted 
with 0 to 3 R' groups, Y and A. 
0110 W is Windependently substituted with 1, 2, or 3 
A groups. 
0111) M2 is 0, 1 or 2: 
0112 M12a is 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12; and 
0113 M12b is 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 or 12. 
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0114 W and W carbocycles and W and W. hetero 
cycles may be independently substituted with 0 to 3 R' 
groups. W and W may be a saturated, unsaturated or 
aromatic ring comprising a mono- or bicyclic carbocycle or 
heterocycle. Wand W may have 3 to 10 ring atoms, e.g., 
3 to 7 ring atoms. The W and W* rings are saturated when 
containing 3 ring atoms, Saturated or mono-unsaturated 
when containing 4 ring atoms, saturated, or mono- or 
di-unsaturated when containing 5 ring atoms, and Saturated, 
mono- or di-unsaturated, or aromatic when containing 6 ring 
atOmS. 

0115 AW or W. heterocycle may be a monocycle 
having 3 to 7 ring members (2 to 6 carbon atoms and 1 to 
3 heteroatoms selected from N, O, P, and S) or a bicycle 
having 7 to 10 ring members (4 to 9 carbon atoms and 1 to 
3 heteroatoms selected from N, O, P, and S). Wheterocyclic 
monocycles may have 3 to 6 ring atoms (2 to 5 carbon atoms 
and 1 to 2 heteroatoms selected from N, O, and S); or 5 or C 
6 ring atoms (3 to 5 carbon atoms and 1 to 2 heteroatoms 
selected from N and S). W and Wheterocyclic bicycles 
have 7 to 10 ring atoms (6 to 9 carbon atoms and 1 to 2 \ / 
heteroatoms selected from N, O, and S) arranged as a 
bicyclo 4.5, 5.5, 5.6, or 6.6 system; or 9 to 10 ring C 
atoms (8 to 9 carbon atoms and 1 to 2 hetero atoms selected 
from N and S) arranged as a bicyclo 5.6 or 6.6 system. A V 
The W and W" heterocycle may be bonded to Y’ through N O 
a carbon, nitrogen, Sulfur or other atom by a stable covalent \ / 
bond. 

0116 W and W" heterocycles include for example, 
pyridyl, dihydropyridyl isomers, piperidine, pyridazinyl, 
pyrimidinyl, pyrazinyl. S-triazinyl, oxazolyl, imidazolyl, NH2 
thiazolyl, isoxazolyl pyrazolyl, isothiazolyl, furanyl, thio- \ NH 
furanyl, thienyl, and pyrrolyl. Wand W also includes, but 
is not limited to, examples such as: / \ 

2-O N NH 
n N 

s 21 s 2-N O N SH 

N 
n N1 N A V 

N SO 

H 

0118. Examples of substituted phenyl carbocycles 

-- s e s include: 
\ N N f 

H ()- NH2 S s N , and ky ey O 
N S 

HN 

S s X-s, O 

0117 W and W carbocycles and heterocycles may be 
independently substituted with 0 to 3 R' groups, as defined 
above. For example, substituted W and W carbocycles 
include: 
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-continued 

O 

\ NH 
y- NH2 
O 

0119) Embodiments of A' include: 

2 

1611 R2 R2 
M2a M2b 

and where one or more Y are a bond, such as: 

A: 

WS 
Y2 N 

and 

R2 R2 
M2a M2b 

WS 
NAs. 

2 2 
R R M2a 
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0120 Embodiments of A include where M2 is 0, such as: 

Yl 

and where M12b is 1, Y is oxygen, and Y is oxygen (O) 
or nitrogen (N(R)) such as: 

2 

O t RX 
n- 1 2 

M2a 

0121) Another embodiment of A includes: 
Yl 
| 
P 

where W is a carbocycle such as phenyl or substituted 
phenyl. Such embodiments include: 

N 
HR 

21 
O 

O \-0 R1 

n- ix. N. R1 RI OR 

O 

where Y is O or N(R); M12d is 1, 2, 3, 4, 5, 6, 7 or 8; and 
the phenyl carbocycle is substituted with 0 to 3 R' groups. 
Such embodiments of A include phenyl phosphonamidate 
alanate esters and phenyl phosphonate-lactate esters: 

\ -O CH and -o-, " X Y ORI 
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-continued 

O 
\l-O CH, 

l-O P 

XY, H. H. OR. 

O 

0122 Embodiments of R include esters, carbamates, 
carbonates, thioesters, amides, thioamides, and urea groups: 

R2 R2 

Y2 and 
M2a YRy 

Y1 
R2 R2 

Yl 

Ry. 

M2a --- 
0123 Embodiments of A include where W is W, such 
aS 

in Y2 Wis. 

R2 R2 
M2a M2b 

Alternatively, A is phenyl, substituted phenyl, benzyl, sub 
stituted benzyl, pyridyl or substituted pyridyl. 

0124 Embodiments of Formula Ic include: 

A2 

1. \ O)- N 

0125 where W may be R', such as isopropyl. Such an 
embodiment of Formula Ic may also include: 
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0.126 where W is a carbocycle or heterocycle and W. 
is optionally and independently substituted with 1, 2, or 3 R' 
groups. For example, W may be 3,5-dichlorophenyl. 

0127. An embodiment of Formula Ic may include where 
A' is: 

(2 O \ NAs. 
R1 RI O 

n is an integer from 1 to 18; A is of the formula: 

and Y is O, N(R) or S. For example, R' may be H and in 
may be 1. 

0.128 Embodiments of Formula Ib include: 

Al 

1. \ O)-w N 

where A' comprises a phosphonate group attached to the 
imidazole nitrogen through a heterocycle linker, Such as: 

O R2 

O O 
21>< Y2b NRy 

N H. H. O 2 and 
M2d 

R2 O 

O P O 

21> Y2b YRy 
n-N \" " O 2 

M2d 

where Y is O or N(R); and M12d is 1, 2, 3, 4, 5, 6, 7 or 
8. The A unit may be attached at any of the W' carbocycle 
or heterocycle ring positions. 
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0129. Further embodiments of Formula Ib include: 0132) Urea-PETT-like phosphonate NNRTI compounds 
include the formulas: 

Al 
A S O 1 N A2 

2-CHOCNH. 
N R4 

0130 PETT-like phosphonate NNRTI compounds 
include the formulas: 

i-J C X's 1s, s 
C 

Al 

i-J O X's 1s, s 
C 

A2 

R S 2A d 

3 - Null 8. N 
N N 

2 Al A2 
Z 

A2. 
R S 2A 

A2 ls N 
N N 

2 A2 Al 
Z 

0131 Pyrazole-like phosphonate NNRTI compounds 
include the formulas: 

A2 Al 

Al A2 A2 A2 4N1 4N1 0.133 Nevaripine-like phosphonate NNRTI compounds 
f / include the formulas: 

FN FN 

A2 A2 
A2 O A2 A2 H3C V 
N 

A2 Al A2 A2. A2 
2 and 2 Z \ 2X 
FN FN A \S N N 

A2 Al N N 
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-continued 

Al O 
HC V 

N 
A2 

Z \ , 
A2- N 
N N 

A2 

A2 O 
H3C V 

N Al 

Z \ , 
A2- N 
N N 

A2 

A2 O 
H3C V 

N 

0134 Quinazolinone-like phosphonate NNRTI com 
pounds include the formulas: 

and 

13 
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0.135 Efavirenz-like phosphonate NNRTI compounds 
include the formulas: 

0.136 BenZophenone-like phosphonate NNRTI com 
pounds include the formulas: 
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-continued 

CH3 

N 
O N 

-- A and 
N O 21 
-- A2 

0137 Pyrimidine-like phosphonate NNRTI compounds 
include the formulas: 

A2 2 A. 

A2 
N-N-N-N-1 

tu cric 
A2 

Al 2 

l N f % N S/S 

cric 2 2 

A2 
A2 Al 

2 

2 

N N N 

A-H C 21 2 

A2 
2 

Al and 
N N N 

1n N SAS A2-- 
Z 2 2N 2 

A2 
A2 2 

A2. 

N N N- SAS A2-- 
N4 2N 21 

Al 
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0138 SJ3366-like phosphonate NNRTI compounds and 
Emivirine-like phosphonate NNRTI compounds include the 
formulas: 

O O 

A2 A2 
HN HN 

es 'A' and es A2. 
A2 Al 

0.139. Delavirdine-like phosphonate NNRTI compounds 
include the formulas: 

A2 

A-N- y 
H 

FN 

N 

A2 () 
21 N 

Al-- 

NuN/ \, 
A2 
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-continued -continued 
A2 

y- N-1 N 
() - C. and 

21 N N Al 2 
A. 

J-2 N, -o 
N O A2 

I 
-like phosphonate compounds O140 UC781-lik hosph NNRTI d N N 

include the formulas: | N 
is a 1 

A2 A. 2 -e?' 
2 

X 2A A. 

S X N 0.142 Formula II compounds include IIa and IIb which 
< l, have the general structures, including: 

A. A. 

Al II 8. 
X 21 A. / 

S 
A2 N and A1 N 

& X-A, 
A. A2 A2 N 

IIb. 

A2. Al 
X 2A 1S N 

CO A2 A2 N / 
X A. N 
{ Al 

A. 

wherein 
0141 Loviride-like phosphonate NNRTI compounds 
include the formulas: 0.143 A is —(X-(C(R)(R))—X)—W, and 

W, is substituted with 1 to 3 A groups. 
0144) A is —CX (C(R)(R))—X)—W. 

Al 
N O 0145 A. is —(X-(C(R)(R))—X)— 

A2 P(Y)(YR)(YR). 

014.6 X and X are independently a bond, —O , 
N - N(R) , N(OR)—, N(N(R)(R)) , —S , 

| N —SO—, or —SO-. 
y 21 -JA 0147 Each Y is independently O, N(R), N(OR), or 

A2 N(N(R)(R)), wherein each Y is bound by two single 
A2 bonds or one double bond. 
V 
HN O 0.148 R is independently H or alkyl of 1 to 12 carbon 

atOmS. 

N 0.149 R is independently H. R. or R wherein each R is 
N N independently substituted with 0 to 3 R groups. Alterna 

is 2 tively, taken together at a carbon atom, two R groups form 
A. 21 -ed. a ring, i.e. a spiro carbon. The ring may be, for example, 

A2 cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl. The 
ring may be substituted with 0 to 3 R groups. 
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0151 R is independently alkyl of 1 to 12 carbon atoms, 
alkenyl of 2 to 12 carbon atoms, or alkynyl of 2 to 12 carbon 
atOmS. 

0152 Rs is independently Ra wherein each R is substi 
tuted with 0 to 3 R groups. 
0153 Rs is independently alkylene of 1 to 12 carbon 
atoms, alkenylene of 2 to 12 carbon atoms, or alkynylene of 
2-12 carbon atoms any one of which alkylene, alkenylene or 
alkynylene is substituted with 0-3 R groups. 
0154 R is independently H or an ether- or ester-form 
ing group. 

0155 R is independently H, a protecting group for 
amino or the residue of a carboxyl-containing compound. 

0156 R is independently H or the residue of an amino 
containing compound. 

O157 W, is W or W. 
0158 W is Rs –C(Y)Rs –C(Y)Ws, -SORs, or 
—SOWs. 
0159 W is carbocycle or heterocycle wherein W is 
independently substituted with 0 to 3 R groups. 

0160 W is Wa or Ws. 
0161 Wa is Rs. —C(Y)Rs. —C(Y)Ws, 
or —SOWs. 

- SOR Sas 

0162 Ws is carbocycle or heterocycle wherein Ws is 
independently substituted with 0 to 3 R groups. 

1S 1ndependently Substituted W1th l, 2, or 0163 W is independently substi d with 1, 2 3. As 
groups. 

0164 m1 is independently an integer from 0 to 12, 
wherein the sum of all mil’s within each individual embodi 
ment of A, A or A is 12 or less; and 
0165) 
0166 One embodiment of Formula II is where A is 
—(C(R)(R))—W, wherein W is Substituted with 1 A 
group; A is —(C(R) (R))—W, and A is 
—(C(R)(R)), P(Y)(YR')(YR). 

m2 is independently an integer from 0 to 2. 

Jun. 15, 2006 

Exemplary Enumerated Compounds. 
0.167 By way of example and not limitation, embodi 
ments of the invention are named below in tabular format 
(Table 100). These embodiments are of the general formula 
“MBF: 

P 

YPd2 
Pd 

MBF 

Sen - 

0.168. Each embodiment of MBF is depicted as a substi 
tuted nucleus (Sc) in which the nucleus is designated by a 
number and each substituent is designated in order by letter 
or number. Tables 1.1 to 1.5 are a schedule of nuclei used in 
forming the embodiments of Table 100. Each nucleus (Sc) is 
given a number designation from Tables 1.1 to 1.5, and this 
designation appears first in each embodiment name. Simi 
larly, Tables 10.1 to 10.19 and 20.1 to 20.36 list the selected 
linking groups (Lg) and prodrug (Pd' and Pdf) substituents, 
again by letter or number designation, respectively. 
0169. Accordingly, each named embodiment of Table 
100 is depicted by a number designating the nucleus from 
Table 1.1-1.5, followed by a letter designating the linking 
group (Lg) from Table 10.1-10.19, and two numbers desig 
nating the two prodrug groups (Pd' and Pdf) from Table 
20.1-20.36. In graphical tabular form, each embodiment of 
Table 100 appears as a name having the syntax: 

Thus, structure 58, Example 27, is represented by 
12.AH.247.247. 

O 

| 
C P-OBn 

- O S N 

X- NH2 
C O r N 

12.AH.247.247 

0170 Each Sc group is shown having a tilda ("-). The 
tilda is the point of covalent attachment of Sc to Lg. Q' and 
Q of the linking groups (Lg), it should be understood, do 
not represent groups or atoms but are simply connectivity 
designations. Q' is the site of the covalent bond to the 
nucleus (Sc) and Q is the site of the covalent bond to the 
phosphorous atom of formula MBF. Each prodrug group 
(Pd and Pd) are covalently bonded to the phosphorous atom 
of MBF at the tilda symbol ("-). Some embodiments of 
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Tables 10.1-10.19 and 20.1-20.36 may be designated as a 0171 
combination of letters and numbers (Table 10.1-10.19) or 
number and letter (Table 20.1-20.36). For example there are TABLE 1.2 
Table 10 entries for BJ1 and BJ2. In any event, entries of 
Table 10.1-10.19 always begin with a letter and those of 
Table 20.1-20.36 always begin with a number. When a 
nucleus (Sc) is shown enclosed within square brackets (I) 
and a covalent bond extends outside the brackets, the point 
of covalent attachment of Sc to Lg may be at any Substi 
tutable site on SC. Selection of the point of attachment is 
described herein. By way of example and not limitation, the 
point of attachment is selected from those depicted in the 
schemes and examples. 

TABLE 1.1 

N 

A2 N ? FN 

N 

1 ( H 

?u \ O. O 

W5a VW / S 
S ?- X. X. HC1 NN O 

w51 N R R h 
X \ N 

R1 N b-( 6 
O 

2 0172 

?u TABLE 1.3 

W5a -X\- 
a S ? RX RX NJ 

2 V \/ R3 S N RX RX 
21 N O V / 

R M N 

O R1 N b-( 
3 R3a O 

7 

- Y. -X\- 
? C S N f 

N A N ()- X CI). 
8 
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TABLE 10.5-continued 

Q 

BH BI 

Sr. HC r 
Q Q? 

B1 BJ2 

0180 

TABLE 10.6 

--- 
Q 

BK 

Sin 
CH3 Q? 

BL 

Q? 

Q! ~ N-1No 
BM 

r-N-> 
Q Q? 

BN 

20 

0181 

0182 

Jun 

TABLE 10.7 

H3C 

Q N-N-N 
BQ 

H3C 

--- 2 Q 

CH3 
BR 

--- 
CH3 

BS 

HC 

os-S Q? r 
CH 

BU 

Q Q? 

rr 
CH3 CH3 

BV 

TABLE 10.8 

Q N-N- 
CH3 

BW 

s's 2 Q 

CH3 CH3 
BX 

CH3 

Q! --- N-1No 
BY 

Q S-N- 
CH3 

BZ 

15, 2006 
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0183) 

0184 

TABLE 10.8-continued 

HC CH 

os-S --- Q? O 
CA 

CH 

Sr.--- 
CH3 

CB 

TABLE 10.9 

TABLE 10.10 

H 

N- s 
Q? 

CI 

21 
Jun. 15, 2006 

TABLE 10.10-continued 

H 

1 
s's 

CH Q? 
CJ 

r^ k . 
CK 

CL 

HC 

rsrs. 
Q H 

CM 

Q 

N-rrs 
CH. H. 

CN 

os-N- 
CO 

H Q? 

su s 
CH3 

CP 

| --- 
Q 

CQ 

r^ 
Q Q? 

CR 
H 

H 

CS 
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TABLE 10.10-continued 

rsr 
Q H 

CT 

0185 

TABLE 10.11 

H 

--- 
Q 

CU 

CH 

Q ~ N-1N 
h 
H 

r-n-n 
Q Q? 

CX 

0186 

TABLE 10.12 

HC 

Q N--> 
DA 

H 

s's- 
Q? 

CV 

22 

0187) 

Jun 

TABLE 10.12-continued 

H HC 

sus Q! N 

N Q? 
CH 

DB 

H CH 

| CH3 
---> Q? 

DD 

HC 

sus ~- N 

H CH 
DE 

Sr. ~- N 

CH. H. CH3 
DF 

TABLE 10.13 

| 
Q N-N-> 

CH 
DG 

CH3 

CH3 

--- 
H 
DI 

H 

o 
N r 

CH3 
DH 

15, 2006 
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0188) 

TABLE 10.13-continued 

HC CH 

sus --- N 

H 

DK 

CH3 

--- 
CH. H. 

DL 

TABLE 10.14 

23 

0189) 

TABLE 10.15 

R3 

-- 
Q2 

DS 

R3 

1 
--> 

CH Q? 

DV 

HC 

rsrs. 
Q R3 

DW 

Jun. 15, 2006 
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0190. 

TABLE 10.15-continued 

TABLE 10.16 

R3 

--- 
Q 

EE 

R3 

S 
Q? 

EF 
CH 

Q? 

Q N-n- 
EG 

R3 

ra-n-n 
Q Q2 

EH 

24 

0191) 

0192) 

Jun 

TABLE 10.17 

HC 

S--> 
EK 

R HC 

sus Q N 

N Q? 
CH 

EL 

N-1- Q? ~ 
R3 CH3 
EM 

CH 

N-1N1 NullsQ? 
EN 

HC 

N 

R3 CH3 
EO 

Q! Q2 
N 

CH R3 CH 
EP 

TABLE 10.18 

R3 

Q N1 Nr. 
CH3 

EQ 

Q N.Sr. 2 Q 

CH3 
ER 

CH3 

CH3 

--- 
ES 

15, 2006 
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TABLE 10.18-continued TABLE 10.19-continued 

CH 

Q! N Q! 1N N1N1 rQ? N^ Q? 
CH3 CH3 R3 

ET FB 

H3C CH3 

sus --- 0.194 N 

TABLE 2.0.1 

O O CH c - Yw3 c - NR5 
--- O O N 

Q! 
1 2 

CH3 R3 

EV cr's cr's 
O O 

0193) 3 4 

TABLE 10.19 C O (2 O 
— Sr. NH Sr. NCH, 

Q! Q? O O 
N1 5 6 

CH3 (2 O CH ( O 
EW Sr. N1 "3 Sr. N1\ch, 

O O 

sis- 7 8 
CH, CH3 0195 

CH3 TABLE 20.2 

QN-1a 2 

Q c~N~" R3 
EY O 

9 

R3 

C N 2 O CH 

N-1N1 N- Sr. N 3 
CH3 O CH 

EZ 10 

HC CH CH3 

sus 1N (2 Nulls 
Q? Sr. CH3 

R3 O 
FA 11 
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0196) 0198) 

TABLE 20.3 TABLE 20.5 

CH3 CH3 HC HC 

O (2 O c - Yw3 - NR5 c 'Nw c 'Nis 
O O O O 

12 13 23 24 

CH3 CH3 H3C H3C 

c On c 1s (2 (2 O R4 O R O O 1. No NR4 No NR 
O O 

14 15 O O 
25 26 

CH3 CH3 H3C H3C 

O (2 O c- NH - NCH, c O ( O n n 
O O O H O CH 

16 17 O O 

27 28 

CH CH3 

< O HC HC 
No OQ-CH No N1\ch, C 

O 
O O c On-CH No N1\chi, 
18 19 O O 

29 30 

0197) 

TABLE 20.4 0199. 

TABLE 20.6 
CH - 

3 
O CH c - N-1N1 3 (2 

O CH 
O No N1N1 3 

20 O 

31 

CH H3C 

( O CH 
O N ( O CH3 

O CH O N 
21 O CH3 

32 

CH3 CH3 H3C 

(2 -> CH3 O No.1 n-N-1- c -s-s-s 
O 
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0200 

TABLE 20.7 

W3 W3 

c - 'Nws c 'Ns 
O O 

34 35 

W3 W3 

c - 'N c 'N 
O O 

36 37 

R5 R5 

c - 'Nw c 'Nis 
O O 

38 39 

R5 R5 

c - 'n c 'N 
O O 

40 41 

0201) 

TABLE 20.8 

R4 R4 

c 'Nw c 'Nis 
O O 

42 43 

R4 R4 

c 'N, c 'n 
O O 

44 45 

RI RI 

O O c Yw3 c NR5 
O O 

27 

0202) 

O cr Yw3 
H O 

50 

O cr's 
H O 

52 

O 

cr NH 
H O 

0203) 

Jun. 15, 2006 

TABLE 20.8-continued 

O 

48 

RI RI 

O c O c - NR4 r NR 
O 

49 

TABLE 20.9 

S4 

56 

O CH O cr N-13 cr N1\ch, 
H O H O 

57 

TABLE 2010 

c ~~~ 
58 

c -- -> 
H O 

59 

" 
CH 

CH3 

c Nulls s CH3 
H O 

60 
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0204) 

TABLE 2011 

CH3 CH3 

c is ch's 
61 62 

CH3 CH3 

ch's ch's 
63 64 

CH3 CH3 

ch's ch's 
65 66 

CH3 CH3 

cis-" c --> 
67 68 

0205) 

TABLE 2012 

CH 

c ON 1-N-CH3 
H O 

69 

CH 

( O CH3 N 
H O CH3 

70 

CH3 CH3 

c Nulls CH3 
H O 

71 

28 
Jun. 15, 2006 

0206 
TABLE 2013 

HC HC 

O O c Yw3 c NR5 
H O H O 

72 73 

HC HC 

O O c NR4 c NR 
H O H O 

74 75 

HC HC 

O O c NH c NCH, 
H O H O 

76 77 

H3C H3C 

O CH O c n1" cy n1net, 
H. O 

78 79 

0207 
TABLE 2014 

HC 

c ON1-S-CH3 
H O 

HC 

c O CH r 
H O CH 

81 

H3C 
CH3 

c N-N CH3 
H O 

82 
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0208 

TABLE 20.15 

W3 W3 

O O c Yw3 c NR5 
H O H O 

83 84 

W3 W3 

O O c NR4 c NR 
H O H O 

85 86 

R5 R5 

O O c Yw3 c NR5 
H O H O 

87 88 

R5 R5 

O O ch YR4 ch NR 
H O H O 

89 90 

0209) 

TABLE 2016 

R4 R4 

O O c Yw3 c NR5 
H O H O 

91 92 

R4 R4 

O O c NR4 c NR 
H O H O 

93 94 

RI RI 

O O c Yw3 c NR5 
H O H O 

29 
Jun. 15, 2006 

TABLE 20.16-continued 

RI 

c 'N 
H O 

97 

RI 

c 'N 
H 

TABLE 20.17 

0211 
TABLE 2.0.18 

O 

98 

c~~~ 
107 

O 

108 

c~." CH 

CH3 

c Nulls -N-> 
R3 O 

109 



US 2006/0128692 A1 

0212 

TABLE 20.19 

CH3 CH3 

ch's ch's k O O 

110 111 

CH3 CH3 

ch's ch's 
O O 

112 113 

CH CH 

ch's ch's 
O O 

114 115 

CH CH3 

c. On-CH ch's- 
O O 

116 117 

0213) 

TABLE 20.2O 

CH 

( ON1-N-CH3 N 

R 3 O 

118 

CH3 

c O CH3 
N 

R3 O CH3 

119 

CH3 CH3 

c N-N CH3 
R3 O 

120 

30 
Jun. 15, 2006 

0214) 
TABLE 20.21 

HC HC 

O O c Yw3 c NR5 
R3 O R3 O 

121 122 

HC HC 

O O c NR4 c NR 
R3 O R3 O 

123 124 

H3C H3C 

O O c-N's cr's 
R3 O R3 O 

125 126 

H3C H3C 

O CH O c n1" c N1\ch, 
O R3 O 

127 128 

0215) 
TABLE 20.22 

H3C 

c ON-1-N-CH3 N 

R 3 O 

129 

c.'" 
R3 O CH3 

130 

H3C 
CH 

c Nulls CH 
R3 O 

131 



US 2006/0128692 A1 

0216) 

TABLE 20.23 

W3 W3 

O O cy. Yw3 c NR5 
R3 O R3 O 

132 133 

W3 W3 

O O c NR4 c NR 
R3 O R3 O 

134 135 

R5 R5 

O c O c Yw3 NR5 
R3 O R3 O 

136 137 

R R 

O c O c NR4 NR 
R3 O R3 O 

138 139 

0217) 

TABLE 20.24 

R4 R4 

O c O c Yw3 NR5 
R3 O R3 O 

140 141 

R4 R4 

O O c. NR4 c. NR 
R3 O R3 O 

142 143 

RI RI 

O ( O n cy. W3 NR5 
R3 O R3 O 

Jun. 15, 2006 

TABLE 2.0.24-continued 

RI 

O ch NR4 
R3 O 

146 

0218) 

148 

c. 
151 

W3 c 
154 

O 

157 

0219) 

160 

169 

TABLE 20.25 

c 
149 

c 
152 

R5 c 
155 

H c - 
158 

TABLE 20.26 

c 
3 O 

RI 

O 1. NR 
147 

c. 
150 

153 
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0220) 
TABLE 20.27 

O O 

c Ra ul c Ra ls o1 No W3 o1 No R5 
73 172 1 

O O 

c Ra ls c Ra ls 1 in R4 o1 No R1 
75 

O 
174 1 

O O 

c Ra ls ( Ra ls o1 No H o1 No C 
176 177 

O O CH 

Ra 1such C Ra lu c - No 3 (No.1" No 
178 179 

0221) 
TABLE 20.28 

Jun. 15, 2006 
32 

0222 
TABLE 20.29 

O O 

c ---. c ---, 
186 187 

O O 

c --> c ---, 
188 189 

O O 

c --- c --- 
190 191 

O O CH 

CH lu c --- 3 c - 
192 193 

0223) 
TABLE 20.30 

195 
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0224 0226 

TABLE 20.31 TABLE 20.33 

O O O O 

Ra us W3 ( Ra us R5 C us 3 (2 us R5 (2No.1" No o1 No.1" No o1 No.1no -W (N-1- o1 
200 2O1 214 215 

O O O O 

Ra us R4 C Ra us RI (2 ls R4 (2 ls RI c - No o1 No.1" No O1 No.1 no O1 No.1 no O1 
2O2 2O3 216 217 

O O O O 

Ra ls H (2 Ra ls CH C ls C us (2No.1" No o1 No.1" No -- "3 S-11'N-" (n-1- -CH 
204 205 218 219 

H3C O H3C 
O O 

CS-R ls 1N (3N1N ls 1n 
O. O. O. CH S-R O. O. O. CH, 

o1 No O No.1n O 
2O6 2O7 220 221 

0225) 0227 

TABLE 20.32 TABLE 20.34 

O r O CH Ra us (2 ls c - No O No.1\o O 
208 222 

O CH3 O CH3 

Ra ls ls (3 us -N c - No O CH3 No.1), O CH3 
209 223 

O CH3 O CH3 

c Ra us k" (2 us k" o1 No O CH3 No.1), O CH3 
210 224 

O O 

Ra us CH (2 ls CH c - No r 3 No.1no r 3 
CH CH3 

211 225 

O O 

c - RN us c 1N ls O O O O O O 
212 226 

O O 








































































































































































































































































































































































































































































































































