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Plaintiffs the United States of America (“government”) and the Board of Trustees of 

the University of Illinois (“University of Illinois”) (together, “Plaintiffs”), by their undersigned 

attorneys, for their Complaint against defendants Cipla Ltd. and Cipla USA, Inc. (together, 

“Cipla”) herein allege: 

NATURE OF THE ACTION 

1. This is an action for patent infringement under the patent laws of the United 

States, Title 35 of the United States Code, arising from the filing of Cipla’s Abbreviated New 

Drug Application (“ANDA”) with the United States Food and Drug Administration (the “FDA”) 
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seeking approval to commercially manufacture and market a generic version of the 

pharmaceutical drug product Prezista® prior to the expiration of United States Patent Nos. 

7,470,506 B1 (the “506 patent”) and 8,597,876 B2 (the “’876 patent”).  The ‘506 patent and the 

‘876 patent (the “patents-in-suit”) cover methods of using Prezista®. 

THE PARTIES 

2. Plaintiff the United States of America is the government of the United States of 

America, which acts through its Department of Health and Human Services, National Institutes 

of Health, located in Bethesda, Maryland. 

3. Plaintiff Board of Trustees of the University of Illinois is a body corporate and 

politic of the State of Illinois, having a place of business in Urbana, Illinois. 

4. On information and belief, Defendant Cipla Ltd. is a corporation organized and 

existing under the laws of India, having a principal place of business at Cipla House, Peninsula 

Business Park, Ganpatrao Kadam Marg, Lower Parel, Mumbai -- 400 013, India. On information 

and belief, Cipla Ltd. is in the business of making and selling generic pharmaceutical products, 

which it distributes in the State of New Jersey and throughout the United States through various 

operating subsidiaries, including Cipla USA, Inc.   

5. On information and belief, Defendant Cipla USA, Inc. is a corporation organized 

and existing under the laws of the State of Delaware, having a principal place of business at 9100 

S. Dadeland Blvd., Suite 1500, Miami, FL 33156.  On information and belief, Cipla USA, Inc. is 

in the business of, among other things, marketing and selling generic versions of branded 

pharmaceutical products, which it distributes in the State of New Jersey and throughout the 

United States.  Cipla USA, Inc. is a wholly owned subsidiary of Cipla Ltd. 

6. This Court has subject matter jurisdiction over this action, pursuant to 28 U.S.C. 
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§§ 1331 and 1338(a). 

7. This Court has personal jurisdiction over Cipla by virtue of, inter alia, it 

conducting business in New Jersey, having availed itself of the rights and benefits of New Jersey 

law, previously consenting to personal jurisdiction in this Court, availing itself of the jurisdiction 

of this Court, and having engaged in systematic and continuous contacts with the State of New 

Jersey. 

8. On information and belief, Cipla Ltd., directly and/or through Cipla USA, Inc., 

markets, distributes, and sells generic pharmaceutical products throughout the United States, 

including in the State of New Jersey, and derives substantial revenues through such sales. 

9. On information and belief, Cipla USA, Inc. operates at the direction of Cipla Ltd., 

and has submitted regulatory filings for generic pharmaceutical products to the FDA on behalf of 

Cipla Ltd. 

10. Cipla has stipulated and/or consented to personal jurisdiction in prior patent cases, 

including in the related case of Janssen Prods, L.P., et al. v. Lupin Ltd., et al., 10-5954 D.N.J. 

(WHW) (CLW) (which also involves proposed generic versions of Prezista®, and in which Cipla 

participated during discovery).  See also Astrazeneca et al v. Ivax Corp., et al., 08-4993, D.N.J. 

(JAP) (TJP); Prometheus Labs., Inc. v. Roxane Labs., Inc., et al., 11-1241 (FSH) (MAH); Merck, 

Sharp & Dohme Corp., et al. v. Cipla USA, Inc., et al., 13-4017 (JBS) (AMD). 

11. Venue is proper in this District pursuant to 28 U.S.C. §§ 1391 and 1400(b).  

THE PATENTS-IN-SUIT 

12. On December 30, 2008, the United States Patent and Trademark Office issued the 

’506 patent, entitled “Fitness Assay and Associated Methods.”  At the time of its issue, the ’506 

patent was assigned to the Plaintiffs, and the Plaintiffs currently hold title to the ’506 patent.  A 
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copy of the ’506 patent is attached hereto as Exhibit A. 

13. As authorized by a license agreement with the University of Illinois, the 

government granted a non-exclusive license of the ’506 patent to Janssen R&D Ireland, 

(formerly known as Tibotec Pharmaceuticals Ltd.) an Irish corporation having its principal place 

of business as Eastgate Village, Eastgate, Little Island, County Cork, Ireland (“Janssen”). 

14. On December 3, 2013, the United States Patent and Trademark Office issued the 

’876 patent, entitled “Method of Treating HIV Infection.”  At the time of its issue, the ’876 

patent was assigned to the Plaintiffs, and the Plaintiffs currently hold title to the ’876 patent.  A 

copy of the ’876 patent is attached hereto as Exhibit B. 

15. As authorized by a license agreement with the University of Illinois, the 

government also granted a non-exclusive license of the ’876 patent to Janssen. 

PREZISTA® 

16. Janssen Products L.P. holds approved New Drug Application No. 21-976 for 

Duranavir Ethanolate Tablets, in 75 mg, 150 mg, 400 mg, and 600 mg, dosage strengths, which 

are sold under the trade name Prezista®. 

17. Pursuant to 21 U.S.C. § 355(b)(1) and attendant FDA regulations, the patents-in-

suit are listed in the FDA publication “Approved Drug Products with Therapeutic Equivalence 

Evaluations” (the “Orange Book”) with respect to Prezista®. 

CIPLA’S ANDA 

18. On information and belief, Cipla Ltd., by itself and/or through its subsidiary and 

agent Cipla USA, Inc., submitted ANDA No. 206288 to the FDA pursuant to 12 U.S.C. § 355(j), 

seeking approval to commercially manufacture, use, and market Darunavir Hydrate Tablets, 75 

mg, 150 mg, 400 mg, and 600 mg (“Cipla’s ANDA Product”).  
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19. Cipla’s ANDA No. 206288 relies upon the Prezista® New Drug Application and 

contains data that, according to Cipla, demonstrate the bioequivalence of Cipla’s ANDA Product 

to Prezista®.   

20. The government and the University of Illinois received letters from Cipla, dated 

July 3, 2014, and attached memoranda (collectively, Cipla’s Notifications), stating that Cipla 

included certifications in its ANDA, pursuant to 21 U.S.C. § 355(j)(2)(A)(vii)(IV), that the 

patents-in-suit are invalid, unenforceable, and/or will not be infringed by the commercial 

manufacture, use, or sale of Cipla’s ANDA Product (the “Paragraph IV certification”).  Thus, 

Cipla is seeking approval of its proposed generic product prior to the expiration of the ‘506 and 

‘867 patents.  The Plaintiffs are filing this complaint within the 45 day interval from receipt of 

the Paragraph IV certification as specified by 21 U.S.C. § 355(c)(3)(C).  

COUNT ONE:  INDUCEMENT OF INFRINGEMENT OF THE ’506 PATENT 

21. Plaintiffs reallege and incorporate by reference the allegations of paragraphs 

1-20 of this Complaint.   

22. Under 35 U.S.C. § 271(b), “[w]hoever actively induces infringement of a 

patent shall be liable as an infringer.” 

23. The proposed generic versions of Prezista® as described in ANDA No. 206288, if 

utilized in treatment according to their proposed indications, will infringe every limitation of at 

least claim 1 of the ’506 patent. 

24. Cipla is thus knowingly, intentionally, and deliberately seeking approval of a 

product that, if used according to its indications, will infringe the ’506 patent. 

25. In addition, if ANDA No. 206288 is approved, Cipla will be knowingly, 

intentionally, deliberately, and actively involved in inducing treating physicians, among others, 
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to utilize Cipla’s ANDA Product in a manner that infringes the ’506 patent. 

26. Cipla is therefore liable under 35 U.S.C. § 271(e)(2) for inducement of 

infringement of the ’506 patent. 

COUNT TWO:  CONTRIBUTORY INFRINGMENT OF THE ’506 PATENT 

27. Plaintiffs reallege and incorporate by reference the allegations of paragraphs 1-26 

of this Complaint. 

28. The proposed generic versions of Prezista® as described in ANDA No. 206288, if 

utilized in treatment according to their proposed indications, will infringe every limitation of at 

least claim 1 of the ’506 patent. 

29. Cipla is thus knowingly, intentionally, and deliberately seeking approval of a 

product that, if used according to its indications, will infringe the ’506 patent. 

30. Cipla’s commercial manufacture, use, offer to sell, or sale of Cipla’s ANDA 

Product within the United States, or importation of Cipla’s ANDA Product into the United States 

while knowing Cipla’s ANDA Product to be especially made or especially adapted for use as 

indicated in Prezista®, and not a staple article or commodity of commerce suitable for 

substantial noninfringing use during the term of the ’506 patent will contributorily infringe the 

’506 patent under 35 U.S.C. §§ 271(a), (b), and/or (c). 

31. The Plaintiffs will be substantially and irreparably harmed if Cipla is not enjoined 

from infringing the ’506 patent. 

32. The Plaintiffs have no adequate remedy at law. 

33. This case is an exceptional one, and Plaintiffs are entitled to an award of 

attorneys’ fees under 35 U.S.C. § 285.   
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COUNT THREE:  INDUCEMENT OF INFRINGEMENT OF THE ’876 PATENT 

34. Plaintiffs reallege and incorporate by reference the allegations of paragraphs 1-33 

of this Complaint. 

35. The proposed generic versions of Prezista® as described in ANDA No 206288, if 

utilized in treatment according to their proposed indications, will infringe every limitation of at 

least claim 1 of the ’876 patent. 

36. Cipla is thus knowingly, intentionally, and deliberately seeking approval of a 

product that, if used according to its indications, will infringe the ’876 patent. 

37. In addition, if ANDA No. 206288 is approved, Cipla will be knowingly, 

intentionally, deliberately and actively involved in inducing treating physicians, among others, to 

utilize Cipla’s ANDA Product in a manner that infringes the ’876 patent. 

38. Cipla is therefore liable under 35 U.S.C. § 271(e)(2) for inducement of 

infringement of the ’876 patent. 

COUNT FOUR:  CONTRIBUTORY INFRINGMENT OF THE ’876 PATENT 

39. Plaintiffs reallege and incorporate by reference the allegations of paragraphs 1-38 

of this Complaint. 

40. The proposed generic versions of Prezista® as described in ANDA No. 206288, if 

utilized in treatment according to their proposed indications, will infringe every limitation of at 

least claim 1 of the ’876 patent. 

41. Cipla is thus knowingly, intentionally, and deliberately seeking approval of a 

product that, if used according to its indications, will infringe the ’876 patent. 

42. Cipla’s commercial manufacture, use, offer to sell, or sale of Cipla’s ANDA 

Product within the United States, or importation of Cipla’s ANDA Product into the United States 
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while knowing Cipla’s ANDA Product to be especially made or especially adapted for use as 

indicated in Prezista®, and not a staple article or commodity of commerce suitable for 

substantial noninfringing use during the term of the ’876 patent will contributorily infringe the 

’506 patent under 35 U.S.C. §§ 271(a), (b), and/or (c). 

43. The Plaintiffs will be substantially and irreparably harmed if Cipla is not enjoined 

from infringing the ’876 patent. 

44. The Plaintiffs have no adequate remedy at law. 

45. This case is an exceptional one, and Plaintiffs are entitled to an award of 

attorneys’ fees under 35 U.S.C. § 285. 

PRAYER FOR RELIEF 

Wherefore, the government and the University of Illinois pray for a Judgment in 

their favor and against Cipla, and respectfully request the following relief: 

A. A Judgment that Cipla has infringed U.S. Patent No. 7,470,506 Bl; 

B. A Judgment that Cipla has infringed U.S. Patent No. 8,597,876 B2; 

C. A Judgment pursuant to 35 U.S.C. § 271(e)(4)(B) preliminarily and permanently 

enjoining Cipla, its officers, agents, servants, employees, and those persons in active concert or 

participation with any of them, from commercially manufacturing, using, offering to sell, or 

selling Cipla’s ANDA Product within the United States, or importing Cipla’s ANDA Product 

into the United States, prior to the expiration of the patents-in-suit; 

D. A Judgment ordering that, pursuant to 35 U.S.C. § 271(e)(4)(A), the effective 

date of any approval of ANDA No. 206288 under § 505(j) of the Federal Food, Drug and 

Cosmetic Act (21 U.S.C. § 355(j)) shall not be any earlier than the expiration date of the 

patents-in-suit, including any extensions; 
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E. If Cipla commercially manufactures, uses, offers to sell, or sells Cipla’s ANDA 

Product within the United States, or imports Cipla’s ANDA Product into the United States, 

prior to the expiration of the patents-in-suit including any extensions, a Judgment awarding 

Plaintiffs monetary relief together with interest; 

F. Attorneys’ fees in this action as an exceptional case pursuant to 35 U.S.C. § 285;   

G. Costs and expenses in this action; and 

H. Such other relief as the Court deems just and proper. 
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Dated:  August 15, 2014 Respectfully submitted,  
STUART F. DELERY 
Acting Assistant Attorney General 
 
PAUL J. FISHMAN 
United States Attorney 
District of New Jersey 
 
 s/ Daniel Gibbons   
DANIEL GIBBONS 
Assistant Chief, Civil Division 
United States Attorney’s Office 
District of New Jersey 
970 Broad Street, 7th Floor 
Newark, NJ  07102 
Telephone: 973-645-2700 
Facsimile: 973-645-2702 
daniel.gibbonS@usdoj.gov 
 
JOHN FARGO 
Director, Intellectual Property Staff 
 
 s/ Walter W. Brown   
WALTER W. BROWN 
Trial Attorney 
Commercial Litigation Branch 
Intellectual Property Staff 
Civil Division 
Department of Justice 
Washington, DC 20530 
Telephone:  202-307-0341 
Facsimile:  202-307-0345 
walter.brown2@usdoj.gov 
 
Attorneys for Plaintiff 
United States of America 
 

 s/ Charles M. Lizza   
CHARLES M. LIZZA 
SARAH A. SULLIVAN 
SAUL EWING LLP 
One Riverfront Plaza, Suite 1520 
Newark, New Jersey  07102-5426 
(973) 286-6700 
clizza@saul.com 
 
Of Counsel: 
JASON G. WINCHESTER 
JONES DAY  
77 West Wacker Dr. 
Chicago, Illinois 60601-1692 
(312) 782-3939 
 
Attorneys for Plaintiff 
Board of Trustees of 
the University of Illinois 
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LOCAL CIVIL RULE 11.2 CERTIFICATION 
 

 I hereby certify that the matter pending in the District of New Jersey captioned Janssen et 

al. v. Lupin et al., Civil Action No. 10-5954  (WHW)(CLW), is a related patent infringement 

case because the matter involves generic drug manufacturers seeking FDA approval to market a 

generic version of the same drug product, Prezista®. 

 I further certify that, to the best of my knowledge, the matter in controversy is not the 

subject of any other action pending in any court, or of any pending arbitration or administrative 

proceeding. 

Dated:  August 15, 2014 
 
 

STUART F. DELERY 
Assistant Attorney General 
 
PAUL J. FISHMAN 
United States Attorney 
District of New Jersey 
 
 s/ Daniel Gibbons   
DANIEL GIBBONS 
Assistant Chief, Civil Division 
United States Attorney’s Office 
District of New Jersey 
970 Broad Street, 7th Floor 
Newark, NJ  07102 
Telephone: 973-645-2700 
Facsimile: 973-645-2702 
daniel.gibbon@usdoj.gov 
 
 

 s/ Charles M. Lizza   
CHARLES M. LIZZA 
SARAH A. SULLIVAN 
SAUL EWING LLP 
One Riverfront Plaza, Suite 1520 
Newark, New Jersey  07102-5426 
(973) 286-6700 
clizza@saul.com 
 
Of Counsel: 
JASON G. WINCHESTER 
JONES DAY  
77 West Wacker Dr. 
Chicago, Illinois 60601-1692 
(312) 782-3939 
 
Attorneys for Plaintiff 
Board of Trustees of 
the University of Illinois 
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JOHN FARGO 
Director, Intellectual Property Staff 
 
 s/ Walter W. Brown   
WALTER W. BROWN 
Trial Attorney 
Commercial Litigation Branch 
Intellectual Property Staff 
Civil Division 
Department of Justice 
Washington, DC 20530 
Telephone:  202-307-0341 
Facsimile:  202-307-0345 
walter.brown2@usdoj.gov 
 
Attorneys for Plaintiff 
United States of America 
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FITNESS ASSAY AND ASSOCIATED 
METHODS 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to a biochemical ?tness assay 
and related methods. 

BACKGROUND OF THE INVENTION 

The development of drug resistance is one of the most 
perplexing challenges in the ?eld of medicine. One of the 
most common causes of drug failure in the treatment of dis 
eases involving replicating biological entities, for example, 
cancer and infectious diseases, is the emergence of drug resis 
tance. One of the most dramatic and tragic examples of drug 
resistance can be found in connection With the antiviral 
therapy of acquired immune de?ciency syndrome (AIDS). 
AIDS is a fatal disease, reported cases of Which have 

increased dramatically Within the past several years. Esti 
mates of reported cases in the very near future also continue 
to rise dramatically. 

The AIDS virus Was ?rst identi?ed in 1983. It has been 
knoWn by several names and acronyms. It is the third knoWn 
T-lymphocyte virus (HTLV-III), and it has the capacity to 
replicate Within cells of the immune system, causing pro 
found cell destruction. The AIDS virus is a retrovirus, a virus 
that uses reverse transcriptase during replication. This par 
ticular retrovirus is also knoWn as lymphadenopathy-associ 
ated virus (LAV), AIDS-related virus (ARV) and, most 
recently, as human immunode?ciency virus (HIV). TWo dis 
tinct families of HIV have been described to date, namely 
HIV-1 and HIV-2. The acronym HIV Will be used herein to 
refer to HIV viruses generically. 

Speci?cally, HIV is knoWn to exert a profound cytopathic 
effect on the CD4+ helper/inducer T-cells, thereby severely 
compromising the immune system. HIV infection also results 
in neurological deterioration and, ultimately, in the death of 
the infected individual. 

The ?eld of viral chemotherapeutics has developed in 
response to the need for agents effective against retroviruses, 
in particular HIV. For example anti-retroviral agents, such as 
3'-aZido-2',3'-dideoxythymidine (AZT), 2'3'-dideoxycyti 
dine (ddC), and 2'3'-dideoxyinosine (ddI) are knoWn to 
inhibit reverse transcriptase. There also exist antiviral agents 
that inhibit transactivator protein. Nucleoside analogs, such 
asAZT, are currently available for antiviral therapy. Although 
very useful, the utility of AZT and related compounds is 
limited by toxicity and insuf?cient therapeutic indices for 
fully adequate therapy. 

Retroviral protease inhibitors also have been identi?ed as a 
class of anti-retroviral agents. Retroviral protease processes 
polyprotein precursors into viral structural proteins and rep 
licative enzymes. This processing is essential for the assem 
bly and maturation of fully infectious virions. Accordingly, 
the design of protease inhibitors remains an important thera 
peutic goal in the treatment of AIDS. 

The use of HIV protease inhibitors, in combination With 
agents that have different antiretroviral mechanisms (e.g., 
AZT, ddI and ddT), also has been described. For example, 
synergism against HIV-1 has been observed betWeen certain 
C2 symmetric HIV inhibitors and AZT (Kageyama et al., 
Antimicrob. Agents Chemother, 36, 926-933 (1992)). 

Numerous classes of potent peptidic inhibitors of protease 
have been designed using the natural cleavage site of the 
precursor polyproteins as a starting point. These inhibitors 
typically are peptide substrate analogs in Which the scissile 
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P l-P 1' amide bond has been replaced by a non-hydrolyZable 
isostere With tetrahedral geometry (Moore et al, Perspect. 
Drug Dis. Design, 1, 85 (1993); Tomasselli et al., Int. J. 
Chem. Biotechnology, 6 (1991); Huff, J. Med. Chem., 34, 
2305 (1991); Norbeck et al., Ann. Reports Med. Chem., 26, 
141 (1991); and Meek, J. Enzyme Inhibition, 6, 65 (1992)). 
Although these inhibitors are effective in preventing the ret 
roviral protease from functioning, the inhibitors suffer from 
some distinct disadvantages. Generally, peptidomimetics 
often make poor drugs, due to their potential adverse phar 
macological properties, i.e., poor oral absorption, poor sta 
bility and rapid metabolism (Plattner et al, Drug Discovery 
Technologies, Clark et al., eds., Ellish HorWood, Chichester, 
England (1990)). 
The design of the HIV-1 protease inhibitors based on the 

transition state mimetic concept has led to the generation of a 
variety of peptide analogs highly active against viral replica 
tion in vitro (Erickson et al, Science, 249, 527-533 (1990); 
Kramer et al., Science, 231, 1580-1584 (1986); McQuade et 
al., Science, 247, 454-456 (1990); Meek et al., Nature (Lon 
don), 343, 90-92 (1990); and Roberts et al., Science, 248, 
358-361 (1990)). These active agents contain a non-hydro 
lyZable, dipeptidic isostere, such as hydroxyethylene (Mc 
Quade et al., supra; Meek et al., Nature (London), 343, 90-92 
(1990); and Vacca et al., J. Med. Chem., 34, 1225-1228 
(1991)) or hydroxyethylamine (Ghosh et al., Bioorg. Med. 
Chem. Lett., 8, 687-690 (1998); Ghosh et al., J. Med. Chem, 
36, 292-295 (1993)); Rich et al., J. Med. Chem, 33, 1285 
1288 (1990); and Roberts et al., Science, 248, 358-361 
(1 990)) as an active moiety that mimics the putative transition 
state of the aspartic protease-catalyZed reaction. 

TWo-fold (C2) symmetric inhibitors of HIV protease rep 
resent another class of potent HIV protease inhibitors, Which 
Were created by Erickson et al., on the basis of the three 
dimensional symmetry of the enZyme active site (Erickson et 
al. (1990), supra). Typically, hoWever, the usefulness of cur 
rently available HIV protease inhibitors in the treatment of 
AIDS has been limited by relatively short plasma half-life, 
poor oral bioavailability, and the technical dif?culty of scale 
up synthesis (Meek et al. (1992), supra). 

In a continuing effort to address the problem of short 
plasma half-life and poor bioavailability, neW HIV protease 
inhibitors have been identi?ed. For example, HIV protease 
inhibitors incorporating the 2,5 -diamino -3 ,4-di sub stituted-l , 
6-diphenylhexane isostere are described in Ghosh et al., 
Bioorg. Med. Chem. Lett., 8, 687-690 (1998) and U.S. Pat. 
Nos. 5,728,718 (Randad et al.). HIV protease inhibitors, 
Which incorporate the hydroxyethylamine isostere, are 
described in U.S. Pat. Nos. 5,502,060 (Thompson et al.), 
5,703,076 (Talley et al.), and 5,475,027 (Talley et al.). 

Recent studies, hoWever, have revealed the emergence of 
mutant strains of HIV, in Which the protease is resistant to the 
C2 symmetric inhibitors (Otto et al., PNAS USA, 90, 7543 
(1993); Ho et al., J. Virology, 68, 2016-2020 (1994); and 
Kaplan et al., PNAS USA, 91, 5597-5601 (1994)). In one 
study, the most abundant mutation found in response to a C2 
symmetry based inhibitor Was Arg to Gln at position 8 (R8Q), 
Which strongly affects the S3/S3, subsite of the protease bind 
ing domain. In this study, the shortening of the P3/P3v residues 
resulted in inhibitors that Were equipotent toWards both Wild 
type and R8Q mutant proteases (Majer et al., 13th American 
Peptide Symposium, Edmonton, Canada (1993)). Inhibitors 
have been truncated to P2/P2' Without signi?cant loss of 
activity (Lyle et al., J. Med. Chem., 34, 1230 (1 991); and Bone 
et al., J Am. Chem. Soc., 113, 9382 (1991)). These results 
suggest that inhibitors can be truncated and yet maintain the 
crucial interactions necessary for strong binding. The bene?ts 
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of such an approach include the elimination of tWo or more 
peptide bonds, the reduction of molecular Weight, and the 
dimini shment of the potential for recognition by degradative 
enzymes. 
More recently, neW mutant strains of HIV have emerged 

that are resistant to multiple, structurally diverse, experimen 
tal and chemotherapeutic retroviral protease inhibitors. Such 
multidrug-resistant HIV strains are typically found in 
infected patients, Who had undergone treatment With a com 
bination of HIV protease inhibitors or a series of different 
HIV protease inhibitors. The number of reported cases of 
patients infected With multidrug-resistant HIV is rising dra 
matically. Tragically for these patients, the available options 
for AIDS chemotherapy and/or HIV management is severely 
limited or is, otherWise, completely nonexistent. 

Drug resistance is unfortunately the most common reason 
for drug failures generally. One of the most dramatic 
examples of drug failure due to resistance is in HIV therapy. 
Once HIV resistance is obtained to ?rst-line therapy, the 
chances of future success are greatly diminished because of 
the development of multidrug cross resistance. Other diseases 
involving infectious agents (e.g., viruses, bacteria, protozoa, 
and prions) or other disease-causing cells (e.g., tumor cells) 
present similar challenges in that drug resistance is a primary 
cause of drug failure. 

In vieW of the foregoing problems, there exists a need to 
determine Whether a mutant Will be capable of replicating in 
the presence of a drug. There also exists a need for a method 
of predicting Whether drug resistance is likely to emerge in a 
disease involving a replicating biological entity. There is also 
a need for a method of devising a long-term therapeutic 
regimen that minimizes the likelihood that resistance Will 
occur in a disease involving a replicating biological entity. 
Moreover, there is a need for a method of preventing or 
inhibiting the development of drug resistance in such dis 
eases. 

The present invention provides such methods. These and 
other advantages of the present invention, as Well as addi 
tional inventive features, Will be apparent from the descrip 
tion of the invention provided herein. 

BRIEF SUMMARY OF THE INVENTION 

The present invention is predicated on the surprising and 
unexpected discovery that biochemical “vitality,” as 
described beloW, can be used to determine the biological 
?tness of a mutant replicating biological entity relative to its 
predecessor under the selection pressure of an inhibitor. The 
present invention provides an assay for determining the bio 
chemical ?tness of a biochemical target (i.e., a biomolecule 
having a biochemical function), of a mutant replicating bio 
logical entity relative to its predecessor’s biochemical target, 
in the presence of a compound that acts upon the biochemical 
target. The assay method of the present invention includes 
obtaining the predecessor, determining the biochemical vital 
ity of the biochemical target of both the predecessor and the 
mutant in the presence of a compound that acts upon the 
biochemical target of the predecessor, and comparing the 
vitality of the mutant’s biochemical target relative to the 
vitality of the predecessor’s biochemical target. Where the 
biochemical vitality of the mutant is greater than the bio 
chemical ?tness of the predecessor, the mutant is predicted to 
be more biologically ?t in the presence of the compound. The 
assay method can thus be used to predict the emergence of 
drug resistance for a particular replicating biological entity 
(e.g., a disease-causing cell) in the presence a drug (e.g., an 
inhibitor). Utilization of the assay in accordance With the 
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4 
present invention permits the administration of an inhibitor or 
combination of inhibitors to treat a disease in a Way that 

decreases the likelihood that drug resistance Will develop. 

The present invention further provides a continuous ?uo 
rogenic assay for measuring the anti-HIV protease activity of 
a protease inhibitor. The continuous ?uorogenic assay of the 
present invention utilizes a substrate of the formula Ala-Arg 
Val-Tyr-Phe(NO2)-Glu-Ala-Nle-NH2. The continuous ?uo 
rogenic assay of the present invention is highly sensitive and 
particularly useful for the prediction of the antiviral inhibitory 
activity of a compound against mutant HIV. 

The present invention further provides a method of admin 
istering a therapeutic compound that inhibits a biochemical 
target of a disease-causing replicating biological entity. The 
therapeutic compound, When administered in accordance 
With the method of the present invention, minimizes the 
chances that the disease-causing entity Will develop drug 
resistance. As such, the method of administering a therapeutic 
compound in accordance With the present invention improves 
the chances of long-term success in therapy. 

The present method of administering a therapeutic com 
pound involves the identi?cation of at least one mutant rep 

licating biological entity (the mutant) capable of evolving 
from the disease-causing replicating biological entity (the 
predecessor). Biochemical ?tness is determined by compar 
ing the biochemical vitality of the mutant’s biochemical tar 
get With the biochemical vitality of the predecessor’s bio 
chemical target. Biochemical ?tness is determined in the 
presence of a drug (e. g, an inhibitor). The biochemical vitality 
of the mutant’s biochemical target is compared to biochemi 
cal vitality of the predecessor’s biochemical target in the 
presence of the drug. When there are tWo or more drugs 

available for treatment, biochemical ?tness can be deter 
mined for each drug in accordance With the present invention. 
A therapeutic compound is then administered from among 
one of the compounds that produces a loWer value for bio 
chemical ?tness With respect to one or more mutants. Admin 

istration of a therapeutic compound producing a loWer ?tness 
value for a particular mutant indicates that the predecessor is 
less likely to develop resistance in the presence of that com 
pound. 

The present invention also provides a method of preventing 

the development of drug resistance of HIV in an HIV-infected 

mammal by the administration of a drug resistance-inhibiting 
effective amount of a compound of the formula: 

(1) 

R6, 

or a pharmaceutically acceptable salt, a prodrug, or an ester 
thereof, or a pharmaceutical composition thereof, Wherein: 
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A is a group of the formula: 

R1 

R1 is H or an alkyl, an alkenyl, an alkynyl, a cycloalkyl, a 
cycloalkylalkyl, an aryl, an aralkyl, a heterocycloalkyl, a het 
erocycloalkylalkyl, a heteroaryl, or a heteroaralkyl radical, 
Which unsubstituted or substituted; 
Y and Z are the same or different and are each selected from 

the group consisting of CH2‘ O, S, SO, SO2, NR8, R8C(O)N, 
R8C(S)N, R8OC(O)N, R8OC(S)N, R8SC(O)N, R8R9NC(O) 
N, and R8R9NC(S)N, Wherein R8 and R9 are each H, an alkyl, 
an alkenyl, or an alkynyl; 
n is an integer from 1 to 5; 
X is a covalent bond, CHRlO, CHRIOCHZ, CHZCHRIO, O, 

NRIO, or S, wherein R10 is H, an alkyl, an alkenyl, or an 
alkynyl; 
Q is C(O), C(S), or SO2; 
R2 is H, an alkyl, an alkenyl, or an alkynyl; 
m is an integer from 0 to 6; 
R3 is a cycloalkyl, a heterocycloalkyl, an aryl, or a het 

eroaryl Which is unsubstituted or substituted; 
R4 is OH, :O (keto), NH2, or a derivative thereof; 
R5 is H, a Cl-C6 alkyl radical, a C2-C6 alkenyl radical, or 

(CH2)qRl4, Wherein q is an integer form 0 to 5, and R14 is a 
cycloalkyl, a heterocycloalkyl, an aryl, or a heteroaryl Which 
is unsubstituted or substituted; 
W is C(O), C(S), S(O), or SO2; and 
R6 is a cycloalkyl, heterocycloalkyl, aryl, or heteroaryl 

Which is unsubstituted or substituted. 

Optionally, R5 and R6, together With the NiW bond of for 
mula (I), comprise a macrocyclic ring Which can contain at 
least one additional heteroatom in the ring skeleton. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates the synthesis of a particular sulfonamide 
isostere core of a compound of the present invention. 

FIG. 2 illustrates the synthesis of a bis-tetrahydrofuran 
ligand and the optical resolution thereof. 

FIG. 3A illustrates the synthesis of a compound of the 
present invention via coupling of a bis-tetrahydrofuran ligand 
to a sulfonamide isostere of the present invention. 

FIG. 3B illustrates the synthesis of a compound of the 
present invention via coupling of a bis-tetrahydrofuran ligand 
to a sulfonamide isostere of the present invention. 

FIG. 4 illustrates generally the present method of synthe 
siZing a compound of the present invention. 

FIGS. 5A-5D illustrate the structures of particular com 
pounds that Were tested against various drug resistant HIV 
mutants. 
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DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

The present invention is predicated on the surprising and 
unexpected discovery to that the “vitality” of a biochemical 
target of a mutant replicating biological entity relative to that 
of its predecessor’ s biochemical target can be used to predict 
the biological ?tness of the mutant under the selection pres 
sure of an inhibitor of the biochemical target. The “vitality” of 
a biochemical target of a mutant replicating biological entity 
relative to the “vitality” of its predecessor’s biochemical tar 
get is de?ned herein as the “biochemical ?tness.” 

“Vitality” as utiliZed herein describes the ability of a par 
ticular biomolecular “target” (i.e., a biochemical species 
intended to be inhibited by a particular inhibitor) to perform 
its biochemical function in the presence of the inhibitor. Bio 
chemical vitality is a function of at least tWo variables: the 
ability of a particular inhibitor to inhibit a biochemical target 
of the replicating biological entity in question, and the ability 
of the cell’s biochemical target to inherently perform its bio 
chemical function (irrespective of an inhibitor). Biochemical 
vitality also can include other factors that effect the ability of 
a biochemical target to perform its biochemical function in 
the presence of the inhibitor. 
The biochemical target in question can include, for 

example, a biochemical species With one or more knoWn or 
unknoWnbiological functions. The biochemical target canbe, 
for example, a biochemical species having one or more spe 
ci?c biochemical function, or it can be a biochemical species 
that effects or in?uences a biochemical function directly or 
indirectly. Suitable biochemical targets include, for example, 
enZymes, proteins, oligomers, receptors, and the like. Suit 
able enZymes include, for example, reverse transcriptases, 
proteases (e.g., retroviral proteases, plasmepsins, and the 
like), methylases, oxidases, esterases, acyl transferases, and 
the like. Suitable enZymes also include, for example, viral and 
non-viral helicases, topoisomerases, DNA gyrases, DNA and 
RNA polymerases, parasite-encoded proteases, and the like. 

Suitable proteins include, for example, proteins that incor 
porate a conformational change as a major functional require 
ment, and the like. Examples of such proteins include HIV 
gp41 and other fusogenic viral proteins and peptides, topoi 
somerases, and all DNA enZymes, and the like. 

Suitable oligomers include, for example, oligomers that 
require oligomeriZation in order to perform their biochemical 
function. Examples of such oligomers include HIV protease, 
retroviral fusion proteins, peptides, HIV gp 41, viral and 
non-viral membrane fusion proteins, tumor suppressor pro 
teins (e. g., p53, and the like) prions, ribosomes, and the like. 
The ability of a particular inhibitor to inhibit a biochemical 

target of a particular replicating biological entity can be deter 
mined by any suitable method and/or can be obtained from 
any suitable source. The ability of a particular inhibitor to 
inhibit a biochemical function of a replicating biological 
entity can be determined, for example, on the basis of a 
measurable property, or a measurable relationship of proper 
ties, that correlate With the ability of the inhibitor to inhibit the 
target. Suitable methods for determining the ability of the 
inhibitor to inhibit the target include, for example, assays, and 
the like. In some instances, the ability of the inhibitor to 
inhibit the target can be obtained from one or more suitable 

sources, for example, assay data from a database, a textbook, 
or the literature. 

When the biochemical target is a protein, the ability of an 
inhibitor to inhibit the protein can be determined, for 
example, by obtaining the equilibrium dissociation constant 
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(K) of drug binding to the target Where drug binding inter 
feres With the function of the protein. 
When the biochemical target is an enzyme, the ability of an 

inhibitor to inhibit the enzyme can be determined, for 
example, by obtaining the inhibition constant (Kinh), or the 
like. The inhibition constant can be in terms of drug inhibition 
constant for the effect of the drug on substrate catalysis (e.g., 
K) or dissociation constant for drug binding (e.g., Kd) Where 
drug binding correlates With inhibition of enZyme function. 
When the biochemical target is an oligomer, the ability of 

an inhibitor to inhibit the oligomer can be determined, for 
example, by obtaining the equilibrium dissociation constant 
(K) for drug binding Where drug binding interferes With 
oligomeriZation of the target. 
Where the biochemical target is a protein that requires a 

conformational change for its function, the ability of an 
inhibitor to inhibit the conformational change can be deter 
mined, for example, by obtaining the equilibrium dissocia 
tion constant (K) for drug binding Where drug binding inter 
feres With the conformational change of the target. 
When the biochemical target is a protein that is required to 

bind to a ligand, macromolecule, or macromolecular complex 
to perform its biochemical function, the ability of an inhibitor 
to inhibit the protein function can be determined by obtaining 
the equilibrium dissociation constant (Kd) for drug binding 
Where drug binding interferes With ligand binding, macro 
molecule binding, or macromolecular complex binding. 
When the biochemical target is a nucleic acid binding 

protein, the ability of an inhibitor to inhibit the nucleic acid 
binding protein’ s function can be determined by obtaining the 
equilibrium dissociation constant (K) for drug binding 
Where drug binding interferes With nucleic acid binding. 

Vitality also is a function of the biochemical target’s ability 
to inherently perform its biochemical function (irrespective 
of an inhibitor). The biochemical target’ s ability to inherently 
perform its biochemical function can be determined by any 
suitable method and/or can be obtained from any suitable 
source. The biochemical target’ s ability to inherently perform 
its biochemical function can be determined, for example, on 
the basis of a measurable property, or measurable relationship 
of properties, that correlate With the ability of the biochemical 
target’s ability to inherently perform its biochemical func 
tion. Suitable methods for determining the biochemical tar 
get’s ability to inherently perform its biochemical function 
include, for example, biochemical assays, and the like. In 
some instances, the ability of a cell’s biochemical target to 
inherently perform its biochemical function can be obtained 
from one or more suitable sources, for example, assay data 
from a database, a textbook, or the literature. 
When the biochemical target is an enZyme, the ability of 

the enZyme to inherently perform its biochemical function 
can be determined, for example, by determining the catalytic 
ef?ciency of the enZyme. For example, the catalytic e?i 
ciency for enZymes that exhibit Michaelis-Menten kinetics 
can be determined by obtaining the kcat/KM ratio, or by a 
similar method, Wherein kcat is the catalytic rate and K Mis the 
Michaelis constant. 

When the biochemical target is a protein, the ability of the 
protein to inherently perform its biochemical function can be 
determined, for example, by obtaining the equilibrium con 
stant (Keq) for the biochemical function of the protein, or the 
like. 
When the biochemical target is an oligomer, the ability of 

an inhibitor to perform its biological function can be deter 
mined, for example, by obtaining the equilibrium constant 
(Keq) that is associated With oligomeriZation. 
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8 
Where the biochemical target is a protein that requires a 

conformational change for its function, the ability of the 
target to perform its function can be determined, for example, 
by obtaining the equilibrium constant (Keq) associated With 
conformational change. 
When the biochemical target is a protein that is required to 

bind to a ligand to perform its function, the ability of the target 
to perform its function can be determined, for example, by 
obtaining the equilibrium dissociation constant (K d) for 
ligand binding. 
When the biochemical target is a nucleic acid binding 

protein, the ability of an inhibitor to perform its function can 
be determined by obtaining the equilibrium dissociation con 
stant (Kd) for nucleic acid binding. 

It Will be appreciated that vitality also can be a function of 
other factors that effect the ability of a biochemical target to 
perform its biochemical function in the presence of the inhibi 
tor. If the biochemical target is a dimeric species, for example, 
other factors that in?uence biochemical vitality might include 
the ability of the species to dimeriZe in the presence and/ or in 
the absence of the inhibitor. If, by Way of example, a mutation 
causes the dimeriZation rate to become a factor in the bio 
chemical function of the biochemical target of the mutant 
relative to its predecessor’s, then dimeriZation rate can be 
included in the vitality determination. 
The biochemical vitalities of a mutant replicating biologi 

cal entity and its predecessor, When compared, describes the 
biochemical ?tness of the target of the mutant cell. In keeping 
With the invention, it has been found that the biochemical 
?tness relates to the biological ?tness of the mutant in the 
presence of the inhibitor. When the value for the biochemical 
vitality of the target of the mutant exceeds the value for the 
biochemical vitality of the target of a predecessor of the 
mutant, the target of the mutant has greater biochemical ?t 
ness in the presence of the inhibitor. In such cases, the mutant 
replicating biological entity is favored over the predecessor 
and resistance to the inhibitor that is used to treat the prede 
cessor is likely to develop. 

Biochemical vitality can be determined in many different 
Ways that suitably relate the various factors relating to the 
biochemical vitality of the target. For example, a mathemati 
cal function may be used to relate the various factors. By Way 
of illustration, When the biochemical target is an enZyme, the 
vitality can be determined as a function of Kl-nh (e.g., K- or Kd) 
and enZymatic or catalytic ef?ciency (e.g., KEG/KM) vitality 
can be determined as the product of Kink and enZymatic e?i 
ciency, for example, (Kinh)><(catalytic ef?ciency), or (Ki)>< 
(catalytic ef?ciency) or (Kd) (catalytic ef?ciency). Alterna 
tively, vitality can be determined, for example, as the log of 
the product of Kl-nh and enZymatic e?iciency, for example, log 
[(Kl-nh)><(catalytic ef?ciency)], or log [(Ki)><(catalytic e?i 
ciency)] or log [(Kd)><(catalytic ef?ciency)]. Similarly, for 
enZymes that exhibit Michaelis-Menten kinetics, vitality can 
be determined as a function of Kinh (e.g., Kl. or K d) and the 
kcat/KM ratio. For example, vitality can be determined as the 
product of Kink and kCat/KM, e.g., (Kinh)><(kcat/KM), Wherein 
Kink is K- or Kd. Alternatively, vitality can be determined, for 
example, as the log of the product of Kl-nh and kcat/KM, e.g., 
log [(Kl-n h)><(kca / K M)] , Wherein Kink is K- or K d. In a preferred 
embodiment, the biochemical target is an enZyme and the 
viialiiy is (K.-)X(k../KM), or log [(K.)X(k../KM)1 

“Fitness,” unless otherWise indicated, means biochemical 
?tness. “Biochemical ?tness” as utiliZed herein is a value that 
represents the vitality of a biochemical target of a mutant 
replicating biological entity relative to the vitality the bio 
chemical target of its predecessor. Biochemical ?tness is 
determined by comparing the vitality of a biochemical target 
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of a mutant replicating biological entity relative to that of its 
predecessor. Any suitable comparison of the vitality of a 
biochemical target of a mutant replicating biological entity 
relative to that of its predecessor can be used in the determi 
nation of ?tness. For example, biochemical ?tness can be 
determined as the difference betWeen the biochemical vitality 
of a biochemical target of a predecessor (biochemical vitali 
typred) and the biochemical vitality of the biochemical target 
of a particular mutant replicating biological entity that can 
evolve from the predecessor (biochemical vitalitymut), e.g., 
(biochemical vitalitymut)—(biochemical vitalitypred). If bio 
chemical ?tness is determined on the basis of this difference, 
then a positive value indicates that the mutant has a higher 
?tness relative to its predecessor in the presence of the inhibi 
tor, Whereas a negative value indicates that the mutant is less 
?t relative to its predecessor. A value of Zero indicates that the 
?tness of the mutant and the predecessor are equal. A higher 
positive value indicates a greater chance that resistance to the 
inhibitor Will emerge, Whereas a higher negative value indi 
cates a loWer chance that resistance to the inhibitor Will 
emerge. 

Alternatively, and preferably, ?tness can be determined as 
the quotient of tWo biochemical vitalities, for example, as the 
quotient of a biochemical target of a particular mutant repli 
cating biological entity and the biochemical vitality of the 
biochemical target of a predecessor, e.g., 

vitalitymm 
?tness: , , . 

vitalitypred 

If ?tness is determined on the basis of this quotient, then a 
value greater than one indicates that the mutant has a higher 
?tness relative to its predecessor, in the presence of the inhibi 
tor. A value of one indicates that the ?tness of the mutant and 
the predecessor are equal. A value less than one indicates that 
the mutant is less ?t relative to its predecessor. A higher value 
indicates a greater chance that resistance to the inhibitor/ drug 
Will emerge, Whereas a loWer value indicates a loWer chance 
that resistance to the inhibitor/ drug Will emerge. A value less 
than one indicates that the mutant Will not emerge in the 
presence of the inhibitor/drug. 

Alternatively, ?tness can be determined as the log of the 
quotient of tWo biochemical vitalities, for example, as the log 
of the quotient of a biochemical target of a particular mutant 
replicating biological entity and the biochemical vitality of 
the biochemical target of a predecessor, e. g., 

vitalitymm 
?tness=log , , 

vitalitypred 

If ?tness is determined on the basis of this log, then a value 
greater than Zero indicates that the mutant has a higher ?tness 
relative to its predecessor, in the presence of the inhibitor. A 
negative value indicates that the mutant is less ?t relative to its 
predecessor. A value of Zero indicates that the ?tness of the 
mutant and the predecessor are equal. A higher positive value 
indicates a greater chance that resistance to the inhibitor/ drug 
Will emerge, Whereas a loWer positive value indicates a loWer 
chance that resistance to the inhibitor/drug Will emerge. A 
negative value indicates that the mutant Will not emerge in the 
presence of the inhibitor/drug. 

Fitness can be determined in the presence of any suitable 
compound that inhibits a biochemical target from performing 
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10 
its biological function. The inhibitor, for example, can be a 
compound that inhibits an enZyme. Suitable enZyme inhibi 
tors include, for example, protease inhibitors, reverse tran 
scriptase inhibitors, DNA polymerase inhibitors, methylase 
inhibitors, oxidase inhibitors, esterase inhibitors, acyl trans 
ferase inhibitors, and the like. 

Suitable protease inhibitors include, for example, viral pro 
tease inhibitors, plasmepsin inhibitors, and cathepsin D 
inhibitors. In a preferred embodiment, the inhibitor is a viral 
protease inhibitor, more preferably a retroviral protease 
inhibitor, still more preferably an HIV-l or an HIV-2 protease 
inhibitor, and most preferably and HIV-1 protease inhibitor. 
Exemplary HIV-l protease inhibitors include, for example, 
saquinavir, ritonavir, indinavir, nel?navir, amprenavir, and 
HIV-1 protease inhibitors that are undergoing clinical trials, 
e.g., tipranavir (PNU-l40690). 

Suitable plasmepsin inhibitors include, for example, 
inhibitors of plasmepsin I or II, including inhibitors of plas 
mepsin I or II that have antimalarial activity. Suitable inhibi 
tors of cathepsin D include, for example, cathepsin D inhibi 
tors that inhibit cathepsin D in primary breast cancer tissues, 
including cathepsin D inhibitors that inhibit cathepsin D in 
primary breast cancer tissues and Would be expected to loWer 
the risk of metastasis and/or shorter relapse-free survival in 
breast cancer patients. See, e.g., Gulnik et al., J. Mol. Biol, 
227, 265-270 (1992). 

Suitable reverse transcriptase inhibitors include, for 
example, retroviral reverse transcriptase inhibitors, e. g. , AZT, 
3TC, ddI, ddC, D4T, and the like. 

Suitable protein inhibitors include, for example, com 
pounds that inhibit a conformational change in a protein, and 
the like. Suitable oligomerization inhibitors include, for 
example, T-20 peptide inhibitor of HIV-1 fusion and other 
compounds that inhibit oligomers from oligomeriZing on a 
cell surface or Within a cell membrane. 

In accordance With the present invention, ?tness in the 
presence of an inhibitor can be determined for a biological 
entity that produces or includes a biological target of the 
inhibitor. The biological entity is preferably a replicating 
biological entity, for example, a virus, a parasite, or a cell, 
preferably a disease-causing cell. Disease-causing replicat 
ing biological entities include, for example, tumor cells, can 
cer cells, and infectious organisms (e.g., fungi, protoZoa, 
bacteria, and the like) and prions. 

Cancer cells include, for example, cells associated With 
breast cancer, colon cancer, lung cancer, and the like. Fitness 
can be determined for a rapidly groWing tumor cell. 

Fungi include, for example, candida albicans, and the like. 
Protozoa include, for example, trypanosome species, schis 
tosomial species, malarial protoZoa, e.g., Plasmodium spe 
cies. Plasmodium species include, for example, Plasmodium 
Falciparum, Plasmodium ovale, Plasmodium vivax, Plasmo 
dium malariae, and the like. Bacteria include, for example, 
Helicobacter pylori, Escherichia coli, Salmonella, Strepto 
coccus pyogenes, Staphylococcus aureas, Bacillus anthrax, 
Mycobacterium tuberculosis, Hemophilus in?uenza, and the 
like. Viruses include, for example, retroviruses (e.g., HIV-1 
and HIV-2), herpes viruses, cytomegaloviruses, in?uenza 
viruses, epstein-barr virus (EBV), Kaposi’s sarcoma herpes 
virus (KSHV), varicella-Zoster virus (V ZV), human papillo 
mavirus (HPV), echovirus, picornaviruses, rhinoviruses, 
poliovirus, coxsackie virus, measles, mumps, human T-cell 
leukemia virus (HTLV-l), rubella, rotaviruses, yelloW fever 
virus, ebola virus, and other pathogenic viruses, and the like. 

Replicating biological entities also include multicellular 
organisms, for example, infectious microorganisms, e.g., hel 
minths. Helminths include, for example, hookWorms (e.g., 

Case 2:33-av-00001   Document 21981   Filed 08/15/14   Page 25 of 81 PageID: 586690Case 2:14-cv-05135-WHW-CLW   Document 1   Filed 08/15/14   Page 25 of 81 PageID: 25



US 7,470,506 B1 
11 

ancylosloma duodenale) strongyloides stercoralis, fasciola 
hepatica, Zrichuris Zrichiura, Zrichinella spiralis, Zaenia 
solium, Zaenia saginala, and the like. 

It is believed that drug resistance is the evolutionary result 
of ?tness-based selection of mutant cells/microorganisms in 
the presence of a drug (or any compound that has biological 
activity). In accordance With the present invention, the emer 
gence (or non-emergence) of drug resistance in a disease 
caused by a disease-causing replicating biological entity can 
be predicted by determining the ?tness of a biochemical 
target of a mutant in the presence of the drug. Thus, the 
emergence (or non-emergence) of drug resistance can be 
predicted on the basis of biochemical ?tness. While resis 
tance pro?les may, in some instances, re?ect ?tness, it cannot 
be assumed that the emergence of drug resistance for a par 
ticular mutant can be directly predicted on the basis of its 
resistance pro?le alone. 

The present invention thus provides an assay that can be 
used to predict the biological ?tness of a replicating biologi 
cal entity in the presence of a particular inhibitor. In a pre 
ferred embodiment, an assay is provided for determining the 
biochemical ?tness of a biochemical target of a mutant rep 
licating biological entity relative to its predecessor. In accor 
dance With the assay of the present invention, a predecessor to 
the mutant is obtained, the biochemical vitality of the bio 
chemical target of the predecessor in the presence of a com 
pound capable of inhibiting the biochemical target of the 
predecessor is determined, the biochemical vitality of the 
biochemical target of the mutant in the presence of the com 
pound is determined, and the biochemical vitality of the bio 
chemical target of the mutant relative to the biochemical 
vitality of the biochemical target of the predecessor are com 
pared. 

The assay can be used With a Wide variety of infectious 
microorganisms, as described above, including, for example, 
a virus, a fungus, a protozoa, or bacterium, a retrovirus, 
including HIV-l or HIV-2, and cancer cells. When the infec 
tious microorganism is a protozoa, it is preferably a malarial 
parasite, Which is more preferably a plasmodium species. 

In another embodiment, the predecessor is a cancer cell, 
Which is preferably a rapidly groWing tumor cell, for 
example, a rapidly groWing cancer cell found in breast cancer, 
colon cancer, lung cancer, a tumor cell of a lymphoid origin, 
a tumor-derived cell With a high metastatic potential, or the 
like. 

The assay of the present invention can be applied to any 
suitable biochemical target, preferably a biochemical target 
Whose biochemical vitality can be determined using measur 
able properties that can be obtained by assay. Desirably, the 
biochemical target is one that plays an important role in the 
replication and groWth of the entity. By Way of example, the 
biochemical target of the predecessor (and the mutant) can be 
an enzyme and the compound can be an inhibitor of the 
enzyme of the predecessor. 

The enzyme can be a viral enzyme. Illustrative of viral 
enzymes are a viral protease enzyme, a viral reverse tran 
scriptase, a viral integrase, a viral polymerase, a viral protein 
With enzymatic activity, or a retroviral enzyme, including an 
HIV-l or an HIV-2 enzyme. Viral protease enzymes, include 
a retroviral protease, such as an HIV-l protease or an HIV-2 

protease. Viral integrase enzymes include, for example, 
HIV-l integrase, HIV-2 integrase, and the like. Viral poly 
merase can be a retroviral polymerase, including an HIV-l 
polymerase or an HIV-2 polymerase. A viral protein With 
enzymatic activity can be a retroviral protein, such as an 
HIV-l protein or an HIV-2 protein. 
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12 
The enzyme also can be a protozoal enzyme, including a 

protozoal protease enzyme. The protozoal protease can be a 
malarial protease. The malarial protease can be a plasmepsin, 
including plasmep sin I or plasmep sin II. The malarial enzyme 
can also be a plasmodial enzyme or a protein With enzymatic 
activity. 

In yet another embodiment, the biochemical target of the 
predecessor is an oligomer and the compound inhibits the 
oligomerization of the oligomer of the predecessor. In yet 
another embodiment, the biochemical target of the predeces 
sor is a protein and the compound inhibits a conformational 
change in the protein of the predecessor. 
The biochemical vitality determination can also take into 

account other factors, preferably measurable factors, that 
effect the ability of a biochemical target to perform its bio 
chemical function in the presence of the inhibitor. When the 
biochemical target is an enzyme and the compound is an 
enzyme inhibitor, the biochemical vitality of the enzyme of 
the mutant replicating biological entity preferably corre 
sponds to Kinhqnm, kcawmn, KMWM, and the biochemical vital 
ity of the enzyme of the predecessor preferably corresponds 
to Kinh_p,ed, kcat_pred, and KM_P,ed. Kink is an inhibition con 
stant of the compound, kcat is the biochemical catalytic rate, 
and KM is the Michaelis constant. More preferably, the vital 
ity of the enzyme corresponds to Kinh, kcat and KM, and the 
biochemical vitality of the enzyme of the mutant replicating 
biological entity is de?ned by the relationship Kinhqnut 
<k......./KM.....><i~e~, (Km...)X<KC......./KM.....» and the 
biochemical vitality of the enzyme of the predecessor is 
de?ned by the relationship Kink?red(kcat_prea/KM_pred). The 
Variables Kink-mat! Kinh-pred? cat-mat! cat-pred? KM-mut? and 
KMWed can be obtained by any suitable means, and are pref 
erably obtained by measurement (e. g., from an assay). When 
vitality is determined on the basis of these relationships, 
biochemical ?tness in the presence of a given inhibitor/ drug 
preferably is de?ned by the equation: 

KinhimuAkcatimut / KMimut) Kinhimutuccatimut / KMimut) 
Kinhipred(kcatipred / K M *pred) , Kinhipred(kcatipred / KMipred) I 

Kink can be determined by any suitable means, but typically is 
determined on the basis of K- or Kd. 
The present invention also provides a method of adminis 

tering a therapeutic compound, Which method increases the 
chances of successful long-term therapy. In a preferred 
embodiment, the present invention provides a method of 
administering a therapeutic compound that inhibits a bio 
chemical target of a replicating disease-causing replicating 
biological entity (disease causing predecessor), including 
identifying at least one mutant capable of evolving from the 
disease-causing predecessor. A ?rst biochemical vitality of 
the biochemical target of the disease-causing predecessor in 
the presence of a ?rst compound capable of inhibiting the 
biochemical target of the disease-causing predecessor, and a 
?rst biochemical vitality of the biochemical target of the 
mutant in the presence of the ?rst compound, are determined. 

Additional biochemical vitalities of the biochemical target 
of the disease-causing replicating biological entity in the 
presence of additional compounds capable of inhibiting the 
biochemical target of the disease-causing cell, and additional 
biochemical vitalities of the biochemical target of the mutant 
in the presence of the additional compounds, are also deter 
mined. 

Fitnesses in the presence of different inhibitors/drugs can 
be compared and a therapeutic compound administered on 
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the basis of the comparison. A ?rst biochemical ?tness of the 
biochemical target of the mutant relative to the disease-caus 
ing predecessor is determined by comparing the ?rst bio 
chemical vitality of the biochemical target of the mutant With 
the ?rst biochemical vitality of the biochemical target of the 
disease-causing predecessor, and a second biochemical ?t 
ness of the biochemical target of the mutant relative to the 
disease-causing replicating biological entity is determined by 
comparing the second biochemical vitality of the biochemical 
target of the mutant With the second biochemical vitality of 
the biochemical target of the disease-causing replicating bio 
logical entity. Additional biochemical ?tness determinations 
can be made in the presence of additional compounds. The 
biochemical ?tness values for one or more mutants in the 
presence of each compound are compared. A therapeutic 
compound is then administered from among the ?rst and the 
additional compound(s), Which therapeutic compound pro 
duces the loWest biochemical ?tness values. 

In accordance With the method of the present invention, the 
replicating disease-causing replicating biological entity is 
less likely to develop resistance in the presence of the thera 
peutic compound. The therapeutic compound can be admin 
istered from among any particular set of compounds, Which 
can have the same biochemical target or different biochemi 
cal targets With respect to each other. The method of admin 
istering a compound in accordance With the present invention 
is, therefore, not limited to comparing ?tness in the presence 
of compounds that act on the same biochemical target. 

In one embodiment, the disease-causing replicating bio 
logical entity is an infectious microorganism, for example, a 
virus, a fungus, a protoZoa, or a bacterium, more preferably a 
virus or a protozoa. When the infectious microorganism is a 
virus, it is preferably a retrovirus, Which is more preferably 
HIV-l or HIV-2, and most preferably HIV-l . When the infec 
tious microorganism is a protoZoa, it is preferably a malarial 
parasite, Which is more preferably a plasmodium species. 

In another embodiment, the disease-causing replicating 
biological entity is a cancer cell, Which is preferably a rapidly 
groWing tumor cell, for example, a rapidly groWing cancer 
cell found in breast cancer, colon cancer, lung cancer, or the 
like. 

The method of administering a compound in accordance 
With the present invention can be applied to any suitable 
biochemical target, preferably a biochemical target Whose 
biochemical vitality can be determined using measurable 
properties that can be obtained by assay. In one embodiment, 
the biochemical target of the predecessor (and the mutant) is 
an enZyme and the compound inhibits an enZyme of the 
predecessor. The enZyme can be any enZyme Whose bio 
chemical vitality can be measured including, for example, an 
enZyme described herein in connection With the ?tness assay 
of the present invention. 

In another embodiment, the biochemical target of the dis 
ease-causing replicating biological entity is an oligomer and 
the compound inhibits the oligomeriZation of the oligomer of 
the predecessor. In yet another embodiment, the biochemical 
target of the disease-causing replicating biological entity is a 
protein and the compound inhibits a conformational change 
in the protein of the predecessor. 

The biochemical vitality can be determined in any suitable 
manner. For example, vitality can be determined as described 
herein, e.g., as described in connection With the assay of the 
present invention. 
When an infectious microorganism is tested in accordance 

With the as say of the present invention, the predecessor can be 
a Wild-type species, or the predecessor can itself be a mutant 
species. In a particularly preferred embodiment, the prede 
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14 
cessor is a retrovirus, Which is more preferably a Wild-type 
HIV-l or HIV-2 strain, most preferably HIV-l. When the 
predecessor is a Wild-type HIV strain, the mutant replicating 
biological entity preferably has at least one mutation in the 
biochemical target thereof. When the predecessor has at least 
one mutation in the biochemical target thereof, the mutant 
preferably has at least tWo mutations in the biochemical target 
thereof. 

Similarly, When the method of administering a therapeutic 
compound in accordance With the present invention is used in 
connection With an infectious microorganism, the disease 
causing replicating biological entity can be a Wild-type spe 
cies, or the disease-causing entity can itself be a mutant 
species. In a particularly preferred embodiment, the disease 
causing replicating biological entity is a retrovirus, Which is 
more preferably a Wild-type HIV-l or HIV-2 strain, most 
preferably HIV-l. When the disease-causing replicating bio 
logical entity is a Wild-type HIV strain, the mutant preferably 
has at least one mutation in the biochemical target thereof. 
When the disease-causing replicating biological entity has at 
least one mutation in the biochemical target thereof, the 
mutant preferably has at least tWo mutations in the biochemi 
cal target thereof. 
When the predecessor or the disease-causing replicating 

biological entity in the assay of the present invention, or in the 
method of administering a compound in accordance With the 
present invention, is a Wild-type HIV strain, the biochemical 
target of the mutant preferably has at least one active site 
mutation. When the predecessor in the assay of the present 
invention has at least one mutation, and the mutant replicating 
biological entity has at least tWo mutations, the biochemical 
target of the predecessor or of the mutant preferably has at 
least one active site mutation. When the disease-causing rep 
licating biological entity in the method of the present inven 
tion has at least one mutation in the biochemical target 
thereof, and the mutant has at least tWo mutations in the 
biochemical target thereof, the biochemical target of the dis 
ease-causing entity or of the mutant preferably has at least one 
active site mutation. 
The present invention further provides a continuous ?uo 

rogenic assay for measuring the anti-HIV protease activity of 
a protease inhibitor, Which method comprises adding a solu 
tion of HIV protease to a substrate stock solution, in Which the 
substrate has the formula Ala-Arg-Val-Tyr-Phe(NO2)-Glu 
Ala-Nle-NH2, to provide a substrate reaction solution. The 
?uorescence of the substrate reaction solution is then mea 
sured at speci?ed time intervals. The solution of HIV protease 
is then added to a solution of the protease inhibitor and the 
substrate stock solution, to provide an inhibitor-substrate 
reaction solution. The ?uorescence of the inhibitor-substrate 
reaction solution is then measured at speci?ed time intervals. 
The initial velocity of the inhibitor-substrate reaction solution 
is then calculated by applying the equation: V:VO/2Et({[Ki 
(1+S/Km)+It—Et)2+4Ki(1+S/Km)Et}l/2—[Ki((l+S/Km)+It— 
Et]), Wherein V is the initial velocity of the inhibitor reaction 
solution, V0 is the initial velocity of the substrate reaction 
solution, Km is the Michaelis-Menten constant, S is the sub 
strate concentration, E is the protease concentration, and It is 
the inhibitor concentration. 
The assay method described herein is highly sensitive and 

particularly useful for the prediction of the antiviral inhibitory 
activity of a compound against mutant HIV, more particularly 
multiple mutant HIV, speci?cally multidrug-resistant human 
immunode?ciency viruses. The continuous ?uorogenic assay 
of the present invention is distinctly advantageous in that it is 
more sensitive than standard assays in determining the activ 
ity of protease inhibitors against multidrug-resistant HIV. The 
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continuous ?uorogenic assay of the present invention is dis 
closed in more detail in the examples that folloW. The inhibi 
tory data obtained in accordance With this continuous ?uoro 
genic assay can be used to determine vitality and ?tness for 
HIV-1 protease in the presence of a protease inhibitor, in 
accordance With the present invention. 

The present invention also provides a method of preventing 
the emergence of drug resistance in an HIV-infected mammal 
that includes the administration of a drug resistance-inhibit 
ing effective amount of a compound represented by the for 
mula: 

or a pharmaceutically acceptable salt, a prodrug, or an ester 
thereof, or a pharmaceutical composition thereof, Wherein: 
A is a group of the formula: 

R1 

R1 is H or an alkyl, an alkenyl, an alkynyl, a cycloalkyl, a 
cycloalkylalkyl, an aryl, an aralkyl, a heterocycloalkyl, a het 
erocycloalkylalkyl, a heteroaryl, or a heteroaralkyl radical, in 
Which at least one hydrogen atom is optionally substituted 
With a substituent independently selected from the group 
consisting of OR7, SR7, CN, NO2, N3, and a halogen, Wherein 
R7 is H, an alkyl, an alkenyl, or an alkynyl; 
Y and Z are the same or different and are independently 

selected from the group consisting of CH2, O, S, SO, SO2, 
NR8, R8C(O)N, R8C(S)N, R8OC(O)N, R8OC(S)N, R8SC(O) 
N, R8R9NC(O)N, and R8R9NC(S)N, Wherein R8 and R9 are 
independently selected from the group consisting of H, an 
alkyl, an alkenyl, and an alkynyl; 
n is an integer from 1 to 5; 

X is a covalent bond, CHRlO, CHRIOCHZ, CHZCHRIO, O, 
NRIO, or S, wherein R10 is H, an alkyl, an alkenyl, or an 
alkynyl; 
Q is C(O), C(S), or SO2; 
R2 is H, an alkyl, an alkenyl, or an alkynyl; 
m is an integer from 0 to 6; 
R3 is a cycloalkyl, a heterocycloalkyl, an aryl, or a het 

eroaryl in Which at least one hydrogen atom is optionally 
substituted With a substituent independently selected from the 
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16 
group consisting ofH, alkyl, (CH2)PRl 1, ORl2, SR12, CN, N3, 
NO2, NRl2Rl3, C(O)R”, C(S)Rl2, COZRIZ, C(O)SRl2, 
C(O)NRl2Rl3, C(S)NRl2Rl3 NRl2C(O)Rl3, NRl2C(S)Rl3, 
NR12CO2R13, NRl2C(O)SR , and a halogen, Wherein: 

p is an integer from 0 to 5; 
R11 is a cycloalkyl, a heterocycloalkyl, an aryl, or a het 

eroaryl in Which at least one hydrogen atom is optionally 
substituted With a substituent independently selected from the 
group consisting of a halogen, OH, OCH3, NH2, NO2, SH, 
and CN; and 

R12 and R13 are independently selected from the group 
consisting of H, an alkyl, an alkenyl, and an alkynyl; 
R4 is OH, :O (keto), or NH2, Wherein, When R4 is OH, it 

is optionally in the form of a pharmaceutically acceptable 
ester or prodrug, and When R4 is NH2, it is optionally an 
amide, a hydroxylamino, a carbamate, a urea, an alkylamino, 
a dialkylamino, a protic salt, or a tetraalkylammonium salt; 

R5 is H, a Cl-C6 alkyl radical, a C2-C6 alkenyl radical, or 
(CH2)qRl4, Wherein q is an integer form 0 to 5, and R14 is a 
cycloalkyl, a heterocycloalkyl, an aryl, or a heteroaryl radical 
in Which at least one hydrogen atom is optionally substituted 
With a substituent independently selected from the group 
consisting ofa halogen, OH, OCH3, NH2, NO2, SH, and CN; 
W is C(O), C(S), S(O), or SO2; and 
R6 is a cycloalkyl, heterocycloalkyl, aryl, or heteroaryl 

radical in Which at least one hydrogen atom is optionally 
substituted With a substituent independently selected from the 
group consisting ofa halogen, OR“, SR15, S(O)Rl5, SO2R15, 
SO2NRl5Rl6, SO2N(OH)Rl5CN, CRl5:NRl6, CRl5:N 
(ORl6), N3, NO2, NRl5Rl6, N(OH)Rl5, C(O)Rls, C(S)Rl5, 
COZRIS, C(O)SRl5, C(O)NRl5Rl6, C(S)NRl5Rl6, C(O)N 
(OH)Rl5, C(S)N(OH)Rl5, NRl5C(O)Rl6, NRl5C(S)R16, 
N(OH)C(O)Rl5, N(OH)C(S)Rl5, NRl5CO2Rl6, N(OH) 
CO2Rl5 NRl5C(O)SRl6, NRl5C(O)NRl6Rl7, NRl5C(S) 
NRl6R , N(OH)C(O)NRl5R16, N(OH)C(S)NRl5Rl6, 
NRl5C(O)N(OH)R16, NRl5C(S)N(OH)Rl6, NRl5SO2Rl6, 
NHSO2NRl5Rl6, NRl5SO2NHRl6, P(O)(ORl5)(ORl6), an 
alkyl, an alkoxy, an alkylthio, an alkylamino, a cycloalkyl, a 
cycloalkylalkyl, a heterocycloalkyl, a heterocycloalkylalkyl, 
an aryl, an aryloxy, an arylamino, an arylthio, an aralkyl, an 
aryloxyalkyl, an arylaminoalkyl, an aralkoxy, an (aryloxy) 
alkoxy, an (arylamino)alkoxy, an (arylthio)alkoxy, an aralky 
lamino, an (aryloxy)alkylamino, an (arylamino)alkylamino, 
an (arylthio)alkylamino, an aralkylthio, an (aryloxy)alky 
lthio, an (arylamino)alkylthio, an (arylthio)alkylthio, a het 
eroaryl, a heteroaryloxy, a heteroarylamino, a heteroarylthio, 
a heteroaralkyl, a heteroaralkoxy, a heteroaralkylamino, and a 
heteroaralkylthio, 

Wherein R15, R16, and R17 are H, an unsubstituted alkyl, 
and an unsubstituted alkenyl, 

Wherein, When at least one hydrogen atom of R6 is option 
ally substituted With a substituent other than a halogen, OR15 , 

SRIS, S(O)Rl5, SO2Rl5, SO2NRl5Rl6, SO2N(OH)Rl5, CN, 
CR15:NRl6 CRl5:N(ORl6), N3, NO2, NRl5Rl6, N(OH) 
R15, C(O)R ,C(S)Rl5, COZRIS, C(O)SRl5, C(O)NRl5Rl6C 
(S)NRl5Rl6 C(O)N(OH)Rl5, C(S)N(OH)Rl5, NRl5C(O) 
Rl6R, NR C(S)Rl6, N(OH)C(O)Rl5, N(OH)C(S)Rl5, 
NRl5CO2Rl6, N(OH)CO2Rl5, NRl5C(O)SRl6, NRl5C(O) 
NRl6Rl7, NRl5C(S)NRl6Rl7, N(OH)C(O)NRl5R16, N(OH) 
C(S)NRl5Rl6, NRl5C(O)N(OH)R16, NRl5C(S)N(OH)Rl6, 
NRl5SO2Rl6, NHSO2NRl5Rl6, NRl5SO2NHRl6, or P(O) 
(OR15)(OR16), then at least one hydrogen atom on said sub 
stituent is optionally substituted With a halogen, OR15 , SR15, 
S(O)Rl5, SO2Rl5, SO2NRl5Rl6, SO2N(OH)Rl5, CN, 
CR15:NRl6 CRl5:N(ORl6), N3, NO2, NRl5Rl6, N(OH) 
R15, C(O)R , C(S)Rl5, COZRIS, C(O)SRl5, C(O)NRl5Rl6, 
C(S)NRl5Rl6, C(O)N(OH)Rl5, C(S)N(OH)Rl5, NRl5C(O) 

Case 2:33-av-00001   Document 21981   Filed 08/15/14   Page 28 of 81 PageID: 586693Case 2:14-cv-05135-WHW-CLW   Document 1   Filed 08/15/14   Page 28 of 81 PageID: 28



US 7,470,506 B1 

Optionally, R5 and R6 are covalently bonded such that R5 
and R6, together With the NiW bond of formula (1), com 
prise a 12 to 18 membered ring. The 12 to 18 membered ring 
can comprise at least one additional heteroatom in the ring 
skeleton other than the nitrogen of the NiW bond (e. g., N, O, 
or S) Within the ring. In the practice of the method of prevent 
ing the emergence of drug resistance in an HIV-infected 
mammal, it is preferable that a mutant virus that is capable of 
evolving from the infection has loW ?tness, relative to the 
infecting virus, in the presence of the compound or combina 
tion of compounds that are administered. 

As utiliZed herein, the term “alkyl” means a straight-chain 
or branched alkyl radical containing from about 1 to about 20 
carbon atoms chain, preferably from about 1 to about 10 
carbon atoms, more preferably from about 1 to about 8 carbon 
atoms, still more preferably from about 1 to about 6 carbon 
atoms. Examples of such substituents include methyl, ethyl, 
propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, pen 
tyl, isoamyl, hexyl, octyl, dodecanyl, and the like. 

The term “alkenyl” means a straight-chain or branched 
chain alkenyl radical having one or more double bonds and 
containing from about 2 to about 20 carbon atoms chain, 
preferably from about 2 to about 10 carbon atoms, more 
preferably from about 0.2 to about 8 carbon atoms, still more 
preferably from about 2 to about 6 carbon atoms. Examples of 
such substituents include vinyl, allyl, l,4-butadienyl, isopro 
penyl, and the like. 

The term “alkynyl” means a straight-chain or branched 
chain alkynyl radical having one or more triple bonds and 
containing from about 2 to about 20 carbon atoms chain, 
preferably from about 2 to about 10 carbon atoms, more 
preferably from about 2 to about 8 carbon atoms, still more 
preferably from about 2 to about 6 carbon atoms. Examples of 
such radicals include ethynyl, propynyl (propargyl), butynyl, 
and the like. 

The term “alkoxy” means an alkyl ether radical, Wherein 
the term “alkyl” is de?ned as above. Examples of alkoxy 
radicals include methoxy, ethoxy, n-propoxy, isopropoxy, 
n-butoxy, isobutoxy, sec-butoxy, tert-butoxy, hexanoxy, and 
the like. 

The term “alkylthio” means an alkyl thioether radical, 
Wherein the term “alkyl” is de?ned as above. Examples of 
alkylthio radicals include methylthio (SCH3), ethylthio 
(SCH2CH3), n-propylthio, isopropylthio, n-butylthio, isobu 
tylthio, sec -butylthio, tert-butylthio, n-hexylthio, and the like. 

The term “alkylamino” means an alkyl amine radical, 
Wherein the term “alkyl” is de?ned as above. Examples of 
alkylamino radicals include methylamino (NHCH3), ethy 
lamino (NHCH2CH3), n-propylamino, isopropylamino, 
n-butylamino, isobutylamino, sec-butylamino, tert-buty 
lamino, n-hexylamino, and the like. 

The term “cycloalkyl” means a monocyclic or a polycyclic 
alkyl radical de?ned by one or more alkyl carbocyclic rings, 
Which can be the same or different When the cycloalkyl is a 
polycyclic radical having 3 to about 10 carbon atoms in the 
carbocyclic skeleton in each ring, preferably about 4 to about 
7 carbon atoms, more preferably 5 to 6 carbons atoms. 
Examples of monocyclic cycloalkyl radicals include cyclo 
propyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, 
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18 
cyclodecyl, and the like. Examples of polycyclic cycloalkyl 
radicals include decahydronaphthyl, bicyclo[5.4.0]undecyl, 
adamantyl, and the like. 
The term “cycloalkylalkyl” means an alkyl radical as 

de?ned herein, in Which at least one hydrogen atom on the 
alkyl radical is replaced by a cycloalkyl radical as de?ned 
herein. Examples of cycloalkylalkyl radicals include cyclo 
hexylmethyl, 3-cyclopentylbutyl, and the like. 

The term “heterocycloalkyl” means a cycloalkyl radical as 
de?ned herein (including polycyclics), Wherein at least one 
carbon Which de?nes the carbocyclic skeleton is substituted 
With a heteroatom such as, for example, 0, N, or S, optionally 
comprising one or more double bond Within the ring, pro 
vided the ring is not heteroaryl as de?ned herein. The hetero 
cycloalkyl preferably has 3 to about 10 atoms (members) in 
the carbocyclic skeleton of each ring, preferably about 4 to 
about 7 atoms, more preferably 5 to 6 atoms. Examples of 
heterocycloalkyl radicals include epoxy, aZiridyl, oxetanyl, 
tetrahydrofuranyl, dihydrofuranyl, piperadyl, piperidinyl, 
pyperaZyl, piperaZinyl, pyranyl, morpholinyl, and the like. 

The term “heterocycloalkylalkyl” means an alkyl radical as 
de?ned herein, in Which at least one hydrogen atom on the 
alkyl radical is replace by a heterocycloalkyl radical as 
de?ned herein. Examples of heterocycloalkylalkyl radicals 
include 2-morpholinomethyl, 3-(4-morpholino)-propyl, 
4-(2-tetrahydrofuranyl)-butyl, and the like. 
The term “aryl” refers to an aromatic carbocyclic radical, 

as commonly understood in the art, and includes monocyclic 
and polycyclic aromatics such as, for example, phenyl and 
naphthyl radicals, optionally substituted With one or more 
substituents selected from the group consisting of a halogen, 
an alkyl, alkoxy, amino, cyano, nitro, and the like. 
The term “aryloxy” means aryl as de?ned herein, Wherein 

a hydrogen atom is replaced by an oxygen. Examples of 
aryloxy radicals include phenoxy, naphthoxy, 4-?uorophe 
noxy, and the like. 

The term “arylamino” means aryl as de?ned herein, 
Wherein a hydrogen atom is replaced by an amine. Examples 
of arylamino radicals include phenylamino, naphthylamino, 
3-nitrophenylamino, 4-aminophenylamino, and the like. 
The term “arylthio” means aryl as de?ned herein, Wherein 

a hydrogen atom is replaced by a sulfur atom. Examples of 
arylthio radicals include phenylthio, naphthylthio, 3-nitro 
phenylthio, 4-thiophenylthio, and the like. 
The term “aralkyl” means alkyl as de?ned herein, Wherein 

an alkyl hydrogen atom is replaced by an aryl as de?ned 
herein. Examples of aralkyl radicals include benZyl, phen 
ethyl, 3-(2-naphthyl)-butyl, and the like. 
The term “aryloxyalkyl” means alkyl as de?ned herein, 

Wherein an alkyl hydrogen atom is replaced by an aryloxy as 
de?ned herein. Examples of aryloxyalkyl radicals include 
phenoxyethyl, 4-(3 -aminophenoxy)-l -butyl, and the like. 
The term “arylaminoalkyl” means alkyl as de?ned herein, 

Wherein an alkyl hydrogen atom is replaced by an arylamino 
as de?ned herein. Examples of arylaminoalkyl radicals 
include phenylaminoethyl, 4-(3 -methoxyphenylamino)-l 
butyl, and the like. 
The term “aralkoxy” means alkoxy as de?ned herein, 

Wherein an alkyl hydrogen atom is replaced by an aryl as 
de?ned herein. Examples of aralkoxy radicals include 2-phe 
nylethoxy, 2-phenyl-l -propoxy, and the like. 
The term “(aryloxy)alkoxy” means alkoxy as de?ned 

herein, Wherein an alkyl hydrogen atom is replaced by an 
aryloxy as de?ned herein. Examples of (aryloxy)alkoxy radi 
cals include 2-phenoxyethoxy, 4-(3-aminophenoxy)-l-bu 
toxy, and the like. 
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The term “(arylamino)alkoxy” means alkoxy as de?ned 
herein, Wherein an alkyl hydrogen atom is replaced by an 
arylamino as de?ned herein. Examples of (arylamino)alkoxy 
radicals include 2-(phenylamino)-ethoxy, 2-(2-naphthy 
lamino)- l -butoxy, and the like. 

The term “(arylthio)alkoxy” means alkoxy as de?ned 
herein, Wherein an alkyl hydrogen atom is replaced by an 
arylthio as de?ned herein. Examples of (arylthio)alkoxy radi 
cals include 2-(phenylthio)-ethoxy, and the like. 

The term “aralkylamino” means alkylamino as de?ned 
herein, Wherein an alkyl hydrogen atom is replaced by an aryl 
as de?ned herein. Examples of aralkylamino radicals include 
2-phenethylamino, 4-phenyl-n-butylamino, and the like. 

The term “(aryloxy)alkylamino” means alkylamino as 
de?ned herein, Wherein an alkyl hydrogen atom is replaced 
by an aryloxy as de?ned herein. Examples of (aryloxy)alky 
lamino radicals include 3-phenoxy-n-propylamino, 4-phe 
noxybutylamino, and the like. 

The term “(arylamino)alkylamino” means alkylamino as 
de?ned herein, Wherein an alkyl hydrogen atom is replaced 
by an arylamino as de?ned herein. Examples of (arylamino) 
alkylamino radicals include 3-(naphthylamino)-l-propy 
lamino, 4-(phenylamino)-l -butylamino, and the like. 

The term “(arylthio)alkylamino” means alkylamino as 
de?ned herein, Wherein an alkyl hydrogen atom is replaced 
by an arylthio as de?ned herein. Examples of (arylthio) alky 
lamino radicals include 2-(phenylthio)-ethylamino, and the 
like. 

The term “aralkylthio” means alkylthio as de?ned herein, 
Wherein an alkyl hydrogen atom is replaced by an aryl as 
de?ned herein. Examples of aralkylthio radicals include 
3-phenyl-2-propylthio, 2-(2-naphthyl)-ethylthio, and the 
like. 

The term “(aryloxy)alkylthio” means alkylthio as de?ned 
herein, Wherein an alkyl hydrogen atom is replaced by an 
aryloxy as de?ned herein. Examples of (aryloxy)alkylthio 
radicals include 3-phenoxypropylthio, 4-(2-?uorophenoxy) 
butylthio, and the like. 

The term “(arylamino)alkylthio” means alkylthio as 
de?ned herein, Wherein an alkyl hydrogen atom is replaced 
by an arylamino as de?ned herein. Examples of (arylamino) 
alkylthio radicals include 2-(phenylamino)-ethylthio, 3-(2 
naphthylamino)-n-propylthio, and the like. 

The term “(arylthio)alkylthio” means alkylthio as de?ned 
herein, Wherein an alkyl hydrogen atom is replaced by an 
arylthio as de?ned herein. Examples of (arylthio)alkylthio 
radicals include 2-(naphthylthio)-ethylthio, 3-(phenylthio) 
propylthio, and the like. 

The term “heteroaryl” means a radical de?ned by an aro 
matic heterocyclic ring as commonly understood in the art, 
including monocyclic radicals such as, for example, imida 
Zole, thiaZole, pyraZole, pyrrole, furane, pyraZoline, 
thiophene, oxaZole, isoxaZol, pyridine, pyridone, pyrimidine, 
pyraZine, and triaZine radicals, and also including polycyclics 
such as, for example, quinoline, isoquinoline, indole, and 
benZothiaZole radicals, Which heteroaryl radicals are option 
ally substituted With one or more substituents selected from 
the group consisting of a halogen, an alkyl, alkoxy, amino, 
cyano, nitro, and the like. It Will be appreciated that the 
heterocycloalkyl and heteroaryl substituents can be coupled 
to the compounds of the present invention Via a heteroatom, 
such as nitrogen (e.g., l-imidaZolyl). 
The term “heteroaryloxy” means heteroaryl as de?ned 

herein, Wherein a hydrogen atom on the heteroaryl ring is 
replaced by an oxygen. Heteroaryloxy radicals include, for 
example, 4-pyridyloxy, 5-quinolyloxy, and the like. 
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20 
The term “heteroarylamino” means heteroaryl as de?ned 

herein, Wherein a hydrogen atom on the heteroaryl ring is 
replaced by an nitrogen. Heteroarylamino radicals include, 
for example, 4-thiaZolylamino, 2-pyridylamino, and the like. 
The term “heteroarylthio” means heteroaryl as de?ned 

herein, Wherein a hydrogen atom on the heteroaryl ring is 
replaced by a sulfur. Heteroarylthio radicals include, for 
example, 3-pyridylthio, 3-quinolylthio, 4-imidaZolylthio, 
and the like. 
The term “heteroaralkyl” means alkyl as de?ned herein, 

Wherein an alkyl hydrogen atom is replaced by a heteroaryl as 
de?ned herein. Examples of heteroaralkyl radicals include 
2-pyridylmethyl, 3-(4-thiaZolyl)-propyl, and the like. 
The term “heteroaralkoxy” means alkoxy as de?ned 

herein, Wherein an alkyl hydrogen atom is replaced by a 
heteroaryl as de?ned herein. Examples of heteroaralkoxy 
radicals include 2-pyridylmethoxy, 4-(1 -imidaZolyl) -butoxy, 
and the like. 
The term “heteroaralkylamino” means alkylamino as 

de?ned herein, Wherein an alkyl hydrogen atom is replaced 
by a heteroaryl as de?ned herein. Examples of heteroaralky 
lamino radicals include 4-pyridylmethylamino, 3-(2-fura 
nyl)-propylamino, and the like. 
The term “heteroaralkylthio” means alkylthio as de?ned 

herein, Wherein an alkyl hydrogen atom is replaced by a 
heteroaryl as de?ned herein. Examples of heteroaralkylthio 
radicals include 3-pyridylmethylthio, 3-(4-thiaZolyl)-propy 
lthio, and the like. 

In the compound of Formula I, A is preferably a group of 
the formula: 

R1 

(CHDH 

R1 is H or an alkyl, an alkenyl, a cycloalkyl, a cycloalkylalkyl, 
an aryl, an aralkyl, a heterocycloalkyl, a heterocycloalkyla 
lkyl, a heteroaryl, or a heteroaralkyl radical, in Which at least 
one hydrogen atom is optionally substituted With a substitu 
ent independently selected from the group consisting of 0R7, 
SR7, CN, NO21 N3, and a halogen, Wherein R7 is H, an unsub 
stituted alkyl, or an unsubstituted alkenyl; Y and Z are the 
same or different and are independently selected from the 

group consisting of CH2‘ 0, S, SO, S02, NR8, R8C(O)N, 
R8C(S)N, R8OC(O)N, R8OC(S)N, R8SC(O)N, R8R9NC(O) 
N, and R8R9NC(S)N, Wherein R8 and R9 are independently 
selected from the group consisting of H, an unsubstituted 
alkyl, and an unsubstituted alkenyl; X is a covalent bond, 
CHRlO, CHR1OCH2, CHZCHRIO, 0, NR“), or S, wherein R10 
is H, an unsubstituted alkyl, or an unsubstituted alkenyl; R2 is 
H, a Cl-C6 alkyl radical, or a C2-C6 alkcnyl radical; R12 and 
R13, as de?ned With respect to R3 , are independently selected 
from the group consisting of H, an unsubstituted alkyl, and an 
unsubstituted alkenyl radical; R4 is OH, NH2, or NHCH3; W 
is C(O), C(S), or S02; and R6 is a cycloalkyl, heterocy 
cloalkyl, aryl, or heteroaryl radical in Which at least one 
hydrogen atom is optionally substituted With a substituent 
independently selected from the group consisting of a halo 
gen, ORIS, SRIS, CN, N3, N02, NRISRM, C(O)Rl5, C(S)Rl5, 
COZRIS, C(O)SRl5, C(O)NRl5Rl6, C(S)NRl5Rl6, NRISC 
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(O)Rl6, NRl5C(S)Rl6, NRISCOZRM, NRl5C(O)SRl6, 
NRl5C(O)NRl6Rl7, and NRl5C(S)NRl6Rl7, an alkyl, an 
alkoxy, an alkylthio, an alkylamino, a cycloalkyl, a cycloalky 
lalkyl, a heterocycloalkyl, a heterocycloalkylalkyl, an aryl, an 
aryloxy, an arylamino, an arylthio, an aralkyl, an aryloxy 
alkyl, an arylaminoalkyl, an aralkoxy, an (aryloxy)alkoxy, an 
(arylamino)alkoxy, an (arylthio)alkoxy, an aralkylamino, an 
(aryloxy)alkylamino, an (arylamino)alkylamino, an (arylth 
io)alkylamino, an aralkylthio, an (aryloxy)alkylthio, an (ary 
lamino)alkylthio, an (arylthio)alkylthio, a heteroaryl, a het 
eroaryloxy, a heteroarylamino, a heteroarylthio, a 
heteroaralkyl, a heteroaralkoxy, a heteroaralkylamino, and a 
heteroaralkylthio, wherein R15, R1 6, and R17 are H, an unsub 
stituted alkyl, and an unsubstituted alkenyl, such that When at 
least one hydrogen atom of R6 is optionally substituted With a 
substituent other than a halogen, OR”, SR“, CN, N3, N02, 
NRl5Rl6, C(O)Rl5, C(S)Rl5, CO2Rl5, C(O)SRl5, C(O) 
NRl5Rl6, C(S)NRl5Rl6, NRl5C(O)Rl6, NRl5C(S)Rl6, 
NRISCOZRM, NRl5C(O)SRl6, NRl5C(O)NRl6Rl7, or 
NRl5C(S)NR16Rl7, at least one hydrogen atom on said sub 
stituent attached to R6 is optionally substituted With a halo 

gen, ORIS, SRIS, CN, N3, N02, NRl5Rl6C(O)Rl5, C(S)Rl5, 
COZRIS, C(O)SRl5, C(O)NRl5Rl6, C(S)NRl5Rl6, NRISC 
(O)Rl5, NRl5C(S)Rl6, NRISCOZRM, NRl5C(O)SRl6, 
NRl5C(O)NRl6Rl7, or NRl5C(S)NRl6Rl7. 

It is further preferred that when R1 is an alkyl or an alkenyl 
radical (i.e., an alkyl or an alkenyl substituent), then it is a 
Cl-C6 alkyl or, in the case when R1 is an alkenyl, it is a C2-C6 
alkenyl. When R1 is a monocyclic substituent such as, for 
example, a cycloalkyl, a heterocycloalkyl, an aryl, or a het 
eroaryl, it preferably comprises 4-7 members in the ring that 
de?nes the monocyclic skeleton. When R7, R8 or R9 is an 
unsubstituted alkyl, it is preferably a C l-C6 unsubstituted 
alkyl; and When R7, R1 or R9 is an unsubstituted alkenyl, it is 
preferably a C2-C6 unsubstituted alkenyl. The ring de?ned by 
R3 preferably comprises 4-7 members or, in the case of poly 
cyclics, each ring comprises 4-7 members. When R3 is (CH2)P 
R11, the ring de?ned by R11 preferably comprises 4-7 mem 
bers, or, in the case of polycyclics, each ring comprises 4-7 
members. When either of R12 or R13 is an unsubstituted alkyl, 
it is preferably a C 1 -C6 unsubstituted alkyl, and When either of 
R12 or R13 is an unsubstituted alkenyl, it is a C2-C6 unsubsti 
tuted alkyl. When R14 is a cycloalkyl, a heterocycloalkyl, an 
aryl, or a heteroaryl, the ring de?ned by R14 preferably com 
prises 4-7 members, or, in the case of polycyclics, each ring 
comprises 4-7 members. When R6 is a cycloalkyl, a hetero 
cycloalkyl, aryl, or a heteroaryl, the ring de?ned by R6 pref 
erably comprises 4-7 members, or, in the case of polycyclics, 
each ring comprises 4-7 members, and When R6 is substituted 
With a substituent that is an alkyl, an alkylthio, or an alky 
lamino, it is preferred that the sub stituent comprises from one 
to six carbon atoms, and When R6 is substituted With a sub 
stituent that is a cycloalkyl, a heterocycloalkyl, an aryl, or a 
heteroaryl, the ring de?ned by the substituent preferably com 
prises 4-7 members or, in the case ofpolycyclics, each ring 
comprises 4-7 members. 

In a preferred embodiment, the method of preventing the 
emergence of resistance in accordance With the present inven 
tion includes administering a compound of Formula (I), 
Wherein Q is C(O), R2 is H, andW is C(O) or S02. In a further 
preferred embodiment, Q is C(O), R2 is H, R4 is OH, W is 
S02, and the stereochemical orientation of the asymmetric 
centers is represented by formula (IA) or (IE) beloW: 
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(1A) 

(1B) 

It is further preferred that R6 is a monocyclic substituent, 
preferably an aromatic ring, Which is preferably a substituted 
benZene ring, as illustrated by the formula: 

(1C) 

(1D) 

WhereinAr is a phenyl Which is optionally substituted With a 
substituent selected from the group consisting of methyl, 
amino, hydroxy, methoxy, methylthio, hydroxymethyl, ami 
nomethyl, and methoxymethyl. 

In a preferred series, Y and Z are oxygen atoms, n is 2, the 
resulting bis-tetrahydrofuranyl ring system has the stere 
ochemical orientations illustrated in Formulae (1C) and (ID) 
above, In is l, and R3 is phenyl, in Which case the compound 
is represented by the formula: 

(113) 

H QH R5 

H l I <6 
i x N ' N O ,\\\\ \H/ \?_AI or 

H . . H 0 i o 

Ollln, 

Case 2:33-av-00001   Document 21981   Filed 08/15/14   Page 31 of 81 PageID: 586696Case 2:14-cv-05135-WHW-CLW   Document 1   Filed 08/15/14   Page 31 of 81 PageID: 31



US 7,470,506 B1 
23 

-continued 
(1F) 

H QH R5 

l l i 
\?_Ar, 

o E o 

WhereinAr is a phenyl Which is optionally substituted With a 
substituent selected from the group consisting of methyl, 
amino, hydroxy, methoxy, methylthio, hydroxymethyl, ami 
nomethyl, and methoxymethyl. When the compound is a 
compound of Formula (IE) or (IF), Wherein at least one 
hydrogen atom on Ar substituted With a substituent selected 
from the group consisting of methyl, amino, hydroxy, meth 
oxy, methylthio, hydroxymethyl, and methoxymethyl, it is 
further preferred that X is an oxygen. Still more preferably, X 
is an oxygen and R5 is isobutyl. Suitable Ar substituents 
include phenyl groups that are substituted at the para position, 
the meta position, and/or the ortho position. Examples of 
suitable Ar substituents are shoWn in Table 4, and in FIGS. 3 
and 5A-5D. 

A resistance-inhibiting effective amount is an amount suf 
?cient to produce an in vivo drug concentration or level in 
Which the biochemical vitality of a mutant HIV is loWer than 
the biochemical vitality of the HIV (predecessor) infecting 
the HIV-infected mammal. For example, a resistance-inhib 
iting effective amount is an amount su?icient to produce an in 
vivo drug concentration or level Where the value for bio 
chemical ?tness is less than one, When determined by the ratio 
of the biochemical vitality of the mutant to the biochemical 
vitality of the predecessor. The compound can be adminis 
tered to a Wild-type HIV-infected mammal to prevent the 
emergence of ?rst line resistance, or it can be administered to 
a mammal infected With a mutant-HIV to prevent the emer 

gence of drug resistance due to further mutations. 

The compound is preferably administered in the form of a 
pharmaceutical composition. The pharmaceutical composi 
tion preferably includes a pharmaceutically acceptable car 
rier and a resistance-inhibiting effective amount of at least 
one of the aforesaid compound, alone or in combination With 
another antiretroviral compound such as, for example, a Wild 
type HIV protease inhibitor, a mutant HIV retroviral protease 
inhibitor, or a reverse transcriptase inhibitor. Generally, the 
pharmaceutical composition of the present invention com 
prises a resistance-inhibiting effective amount of at least one 
compound of Formula (I), as disclosed herein, and a pharma 
ceutically acceptable carrier. 

In a preferred embodiment, a pharmaceutical composition 
is administered that comprises a resistance-inhibiting effec 
tive amount of at least one compound of Formula (IA) or 
Formula (IB), or a pharmaceutically acceptable salt, prodrug, 
or ester thereof, and a pharmaceutically acceptable carrier. In 
a further preferred embodiment, the pharmaceutical compo 
sition comprises a resistance-inhibiting effective amount of at 
least one compound of Formula (IC) or Formula (ID), or a 
pharmaceutically acceptable salt, prodrug, or ester thereof, 
and a pharmaceutically acceptable carrier. In a highly pre 
ferred embodiment, the pharmaceutical composition com 
prises a resistance-inhibiting effective amount of at least one 
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24 
compound of Formula (IE), and pharmaceutically acceptable 
salts, prodrugs, and esters thereof, and a pharmaceutically 
acceptable carrier. 

Pharmaceutically acceptable carriers are Well-knoWn to 
those of skill in the art. The choice of a carrier Will be deter 
mined in part by the particular composition, as Well as by the 
particular mode of administration. Accordingly, there are a 
Wide variety of suitable formulations for administration in 
accordance the present invention. 
The pharmaceutical composition may be administered in a 

form suitable for oral use such as, for example, tablets, tro 
ches, loZenges, aqueous or oily suspensions or solutions, 
dispersible poWders or granules, emulsions, hard or soft cap 
sules, syrups or elixirs. Compositions intended for oral use 
may be prepared according to any method knoWn in the art 
form the manufacture of pharmaceutical compositions, and 
such compositions can contain one or more agents such as, for 
example, sWeetening agents, ?avoring agents, coloring 
agents, and preserving agents in order to provide a pharma 
ceutically elegant and/or palatable preparation. Tablets can 
contain the active ingredient in admixture With non-toxic 
pharmaceutically acceptable excipients Which are suitable for 
manufacture of tablets. Such excipients can be, for example, 
inert diluents such as, for example, calcium carbonate, lac 
tose, calcium phosphate or sodium phosphate; granulating 
and disintegrating agents such as, for example, maiZe starch 
or alginic acid; binding agents such as, for example, starch, 
gelatine or acacia, and lubricating agents such as, for 
example, stearic acid or talc. The tablets may be uncoated or 
they may be coated by knoWn techniques to delay disintegra 
tion and absorption in the gastrointestinal tract and thereby 
provide a sustained action over a longer period. For example, 
a time delay material such as glyceryl monostearate or glyc 
eryl distearate alone or With a Wax may be employed. 

Formulations for oral use also can be presented as hard 
gelatin capsules Wherein the active ingredient is mixed With 
an inert solid diluent, for example calcium carbonate, calcium 
phosphate or kaolin, or as soft gelatin capsules Wherein the 
active ingredient is mixed With Water or an oil medium, for 
example arachis oil, peanut oil, liquid paraf?n or olive oil. 
Aqueous suspensions typically contain the active materials 

in admixture With excipients suitable for the manufacture of 
aqueous suspensions. Such excipients are suspending agents, 
for example, sodium carboxymethyl cellulose, methylcellu 
lose, hydroxypropylmethylcellulose, sodium alginate, poly 
vinylpyrrolidone, gum tragacanth and gam acacia; dispersing 
or Wetting agents may be a natural-occurring phosphatide, for 
example, lecithin, or condensation products of an alkylene 
oxide With fatty acids, for example polyoxyethylene stearate, 
or condensation products of ethylene oxide With long chain 
aliphatic alcohols, for example heptadecaethyleneoxycet 
anol, or condensation products of ethylene oxide With partial 
esters derived from fatty acids and a hexitol such as polyoxy 
ethylene sorbitol monooleate, or condensation products of 
ethylene oxide With partial esters derived from fatty acids and 
hexitol anhydrides, for example polyoxyethylene sorbitan 
mono-oleate. The aqueous suspensions also can contain one 
or more preservatives, for example, ethyl or n-propyl p-hy 
droxy benZoate, one or more coloring agents, one or more 
?avoring agents and one or more sWeetening agents such as, 
for example, sucrose or saccharin. 

Oily suspensions may be formulated by suspending the 
active ingredient in a vegetable oil, for example arachis oil, 
olive oil, sesame oil or coconut oil, or in a mineral oil such as 
liquid paraf?n. The oil suspensions may contain a thickening 
agent, for example beesWax, hard paraf?n or cetyl alcohol. 
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SWeetening agents, such as those set forth above, and ?avor 
ing agents may be added to provide a palatable oral prepara 
tion. These compositions can be preserved by the addition of 
an antioxidant such as, for example, ascorbic acid. 

Dispersible poWders and granules suitable for preparation 
of an aqueous suspension by the addition of Water provide the 
active ingredient in admixture With a dispersing or Wetting 
agent, suspending agent and one or more preservatives. Suit 
able dispersing or Wetting agents and suspending agents are 
exempli?ed by those already mentioned above. Additional 
excipients, for example sWeetening, ?avoring and coloring 
agents, also may be present. 

The pharmaceutical composition also can be administered 
in the form of oil-in-Water emulsions. The oily phase can be a 
vegetable oil, for example, olive oil or arachis oils, or a 
mineral oil, for example liquid para?in or mixtures of these. 
Suitable emulsifying agents may be naturally-occurring 
gums, for example gum acacia or gum tragacantn, naturally 
occurring phosphatides, for example soya bean lecithin, and 
esters or partial esters derived from fatty acids and hexitol 
anhydrides, for example sorbitan mono-oleate, and conden 
sation products of the said partial esters and ethylene oxide, 
for example polyoxyethylene sorbitan mono-oleate. The 
emulsions also can contain sWeetening and ?avoring agents. 

The pharmaceutical composition also can be administered 
in the form of syrups and elixirs, Which are typically formu 
lated With sWeetening agents such as, for example, glycerol, 
sorbitol or sucrose. Such formulations also can contain a 

demulcent, a preservative and ?avoring and coloring agents. 
Further, the pharmaceutical composition can be adminis 

tered in the form of a sterile injectable preparation, for 
example, as a sterile injectable aqueous or oleagenous sus 
pension. Suitable suspensions for parenteral administration 
can be formulated according to the known art using those 
suitable dispersing or Wetting agents and suspending agents 
Which have been mentioned above. Formulations suitable for 
parenteral administration include, for example, aqueous and 
non-aqueous, isotonic sterile injection solutions, Which can 
contain anti-oxidants, buffers, bacteriostates, and solutes that 
render the formulation isotonic With the blood of the intended 
recipient, and aqueous and non-aqueous sterile suspensions 
that can include suspending agents, solubiliZers, thickening 
agents, stabilizers, and preservatives. The sterile injectable 
preparation can be a solution or a suspension in a non-toxic 
parenterally-acceptable diluent or solvent, for example, as a 
solution in Water or 1,3-butanediol. Among the acceptable 
vehicles and solvents that can be employed, for example, are 
Water, Ringer’s solution and isotonic sodium chloride solu 
tion. In addition, sterile, ?xed oils are conventionally 
employed as a solvent or suspending medium. For this pur 
pose any bland ?xed oil can be employed including synthetic 
mono- or diglycerides. In addition, fatty acids such as, for 
example, oleic acid ?nd use in the preparation of injectables. 

Further, the compound can be administered in the form of 
suppositories for rectal administration of the drug. These 
compositions can be prepared by mixing the drug With a 
suitable non-irritating excipient Which is solid at ordinary 
temperatures but liquid at the rectal temperature and Will 
therefore melt in the rectum to release the drug. Such mate 
rials include, for example, cocoa butter and polyethylene 
glycols. Formulations suitable for vaginal administration can 
be presented as pessaries, tampons, creams, gels, pastes, and 
foams. 

Formulations suitable for topical administration may be 
presented as creams, gels, pastes, or foams, containing, in 
addition to the active ingredient, such carriers as are knoWn in 
the art to be appropriate. 
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The composition can be made into an aerosol formulation 

to be administered via inhalation. Such aerosol formulations 
can be placed into pressurized acceptable propellants, such as 
dichlorodi?uoromethane, propane, nitrogen, and the like. 
They also can be formulated as pharmaceuticals for non 
pressured preparations such as in a nebuliZer or an atomiZer. 

The formulations can be presented in unit-dose or multi 
dose sealed containers, such as ampules and vials, and can be 
stored in a freeze-dried (lyophiliZed) condition requiring only 
the addition of the sterile liquid excipient, for example, Water, 
for injections, immediately prior to use. Extemporaneous 
injection solutions and suspensions can be prepared from 
sterile poWders, granules, and tablets of the kind previously 
described. 
Any suitable dosage level can be employed in the pharma 

ceutical compositions of the present invention. The dose 
administered to an animal, particularly a human, in the con 
text of the present invention should be su?icient to effect a 
prophylactic or therapeutic response in the animal over a 
reasonable time frame. The amount of active ingredient that 
can be combined With the carrier materials to produce a single 
dosage form Will vary depending upon the host treated and the 
particular mode of administration. The siZe of the dose also 
Will be determined by the existence, nature, and extent of any 
adverse side-effects that might accompany the administration 
of a particular composition. Suitable doses and dosage regi 
mens for the prevention of drug resistance can be determined 
by comparisons to antiretroviral chemotherapeutic agents 
that are knoWn to inhibit the proliferation of a retrovirus in an 
infected individual. The preferred dosage is the amount that 
results in the inhibition of the emergence of mutant drug 
resistant retroviruses, particularly the emergence of multi 
drug-resistant retroviral HIV, Without signi?cant side effects. 
In proper doses and With suitable administration of certain 
compounds, a Wide range of antiretroviral chemotherapeutic 
compositions are possible. A suitable dose includes a dose or 
dosage Which Would be insu?icient to completely suppress 
the groWth of a Wild-type or predecessor virus, but Would be 
suf?cient to inhibit or effectively suppress the groWth of a 
mutant. 

In accordance With the present invention, the compound or 
composition can be administered in combination With other 
antiretroviral compounds such as, for example, ritonavir, 
amprenavir, saquinavir, indinavir, AZT, ddI, ddC, D4T, lami 
vudine, 3TC, and the like, as Well as admixtures and combi 
nations thereof, in a pharmaceutically acceptable carrier. The 
individual daily dosages for these combinations can range 
from about one-?fth of the minimally recommended clinical 
dosages to the maximum recommended levels for the entities 
When they are given singly. 

The present invention also provides a method of preventing 
the emergence of multidrug-resistant retroviruses in an HIV 
infected mammal, Which method comprises administering to 
the mammal a multidrug resistance-inhibiting effective 
amount of a compound of the present invention, so as to 
inhibit the emergence of a multidrug-resistant retrovirus in 
the mammal. The dose administered to an animal, particu 
larly a human in the context of the present invention, should 
be su?icient to effect a therapeutic response in the animal 
over a reasonable time frame. The dose Will be determined by 
the strength of the particular composition employed and the 
condition of the animal, as Well as the body Weight of the 
animal to be treated. The siZe of the dose Will also be deter 
mined by the existence, nature, and extent of any adverse 
side-effects that might accompany the administration of a 
particular compound. Other factors Which effect the speci?c 
dosage include, for example, bioavailability, metabolic pro 
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R2 R4 R5 (I) 

| | 6 
N R 
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or a pharmaceutically acceptable salt, a prodrug, or an ester 
thereof, or a pharmaceutically acceptable composition of the 
compound, the salt, the prodrug, or the ester thereof, Wherein 
A, X, O, W, m, and R2-R6 are as de?ned herein. 
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METHOD OF TREATING HIV INFECTION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of US. patent applica 
tion Ser. No. 09/720,276 ?led Mar. 7, 2001, Which is the 
national stage ofPCT/US99/14119 ?led Jun. 23, 1999, Which 
claims the bene?t of US. Provisional Application No. 
60/090,393 ?led Jun. 23, 1998, the disclosures of Which are 
incorporated herein by reference. 

TECHNICAL FIELD OF THE INVENTION 

The present invention relates to a biochemical ?tness assay 
and related methods. 

BACKGROUND OF THE INVENTION 

The development of drug resistance is one of the most 
perplexing challenges in the ?eld of medicine. One of the 
most common causes of drug failure in the treatment of dis 
eases involving replicating biological entities, for example, 
cancer and infectious diseases, is the emergence of drug resis 
tance. One of the most dramatic and tragic examples of drug 
resistance can be found in connection With the antiviral 
therapy of acquired immune de?ciency syndrome (AIDS). 
AIDS is a fatal disease, reported cases of Which have 

increased dramatically Within the past several years. Esti 
mates of reported cases in the very near future also continue 
to rise dramatically. 

The AIDS virus Was ?rst identi?ed in 1983. It has been 
knoWn by several names and acronyms. It is the third knoWn 
T-lymphocyte virus (HTLV-III), and it has the capacity to 
replicate Within cells of the immune system, causing pro 
found cell destruction. The AIDS virus is a retrovirus, a virus 
that uses reverse transcriptase during replication. This par 
ticular retrovirus is also knoWn as lymphadenopathy-associ 
ated virus (LAV), AIDS-related virus (ARV) and, most 
recently, as human immunode?ciency virus (HIV). TWo dis 
tinct families of HIV have been described to date, namely 
HIV-1 and HIV-2. The acronym HIV Will be used herein to 
refer to HIV viruses generically. 

Speci?cally, HIV is knoWn to exert a profound cytopathic 
effect on the CD4+ helper/inducer T-cells, thereby severely 
compromising the immune system. HIV infection also results 
in neurological deterioration and, ultimately, in the death of 
the infected individual. 

The ?eld of viral chemotherapeutics has developed in 
response to the need for agents effective against retroviruses, 
in particular HIV. For example anti-retroviral agents, such as 
3'-aZido-2',3'-dideoxythymidine (AZT), 2'3'-dideoxycyti 
dine (ddC), and 2'3'-dideoxyinosine (ddI) are knoWn to 
inhibit reverse transcriptase. There also exist antiviral agents 
that inhibit transactivator protein. Nucleoside analogs, such 
asAZT, are currently available for antiviral therapy. Although 
very useful, the utility of AZT and related compounds is 
limited by toxicity and insuf?cient therapeutic indices for 
fully adequate therapy. 

Retroviral protease inhibitors also have been identi?ed as a 
class of anti-retroviral agents. Retroviral protease processes 
polyprotein precursors into viral structural proteins and rep 
licative enZymes. This processing is essential for the assem 
bly and maturation of fully infectious virions. Accordingly, 
the design of protease inhibitors remains an important thera 
peutic goal in the treatment of AIDS. 
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2 
The use of HIV protease inhibitors, in combination With 

agents that have different antiretroviral mechanisms (e.g., 
AZT, ddI and ddT), also has been described. For example, 
synergism against HIV-1 has been observed betWeen certain 
C2 symmetric HIV inhibitors and AZT (Kageyama et al., 
Antimicrob. Agents Chemother, 36, 926-933 (1992)). 

Numerous classes of potent peptidic inhibitors of protease 
have been designed using the natural cleavage site of the 
precursor polyproteins as a starting point. These inhibitors 
typically are peptide substrate analogs in Which the scissile 
P l-P 1' amide bond has been replaced by a non-hydrolyZable 
isostere With tetrahedral geometry (Moore et al, Perspect. 
Drug Dis. Design, 1, 85 (1993); Tomasselli et al., Int. J. 
Chem. Biotechnology, 6 (1991); Huff, J. Med. Chem., 34, 
2305 (1991); Norbeck et al., Ann. Reports Med. Chem., 26, 
141 (1991); and Meek, J. Enzyme Inhibition, 6, 65 (1992)). 
Although these inhibitors are effective in preventing the ret 
roviral protease from functioning, the inhibitors suffer from 
some distinct disadvantages. Generally, peptidomimetics 
often make poor drugs, due to their potential adverse phar 
macological properties, i.e., poor oral absorption, poor sta 
bility and rapid metabolism (Plattner et al, Drug Discovery 
Technologies, Clark et al., eds., Ellish HorWood, Chichester, 
England (1990)). 
The design of the HIV-1 protease inhibitors based on the 

transition state mimetic concept has led to the generation of a 
variety of peptide analogs highly active against viral replica 
tion in vitro (Erickson et al, Science, 249, 527-533 (1990); 
Kramer et al., Science, 231, 1580-1584 (1986); McQuade et 
al., Science, 247, 454-456 (1990); Meek et al., Nature (Lon 
don), 343, 90-92 (1990); and Roberts et al., Science, 248, 
358-361 (1990)). These active agents contain a non-hydro 
lyZable, dipeptidic isostere, such as hydroxyethylene (Mc 
Quade et al., supra; Meek et al., Nature (London), 343, 90-92 
(1990); and Vacca et al., J. Med. Chem., 34, 1225-1228 
(1991)) or hydroxyethylamine (Ghosh et al., Bioorg. Med. 
Chem. Lett., 8, 687-690 (1998); Ghosh et al., J. Med. Chem, 
36, 292-295 (1993)); Rich et al., J. Med. Chem, 33, 1285 
1288 (1990); and Roberts et al., Science, 248, 358-361 
(1 990)) as an active moiety that mimics the putative transition 
state of the aspartic protease-catalyZed reaction. 

TWo-fold (C2) symmetric inhibitors of HIV protease rep 
resent another class of potent HIV protease inhibitors, Which 
Were created by Erickson et al., on the basis of the three 
dimensional symmetry of the enZyme active site (Erickson et 
al. (1990), supra). Typically, hoWever, the usefulness of cur 
rently available HIV protease inhibitors in the treatment of 
AIDS has been limited by relatively short plasma half-life, 
poor oral bioavailability, and the technical dif?culty of scale 
up synthesis (Meek et al. (1992), supra). 

In a continuing effort to address the problem of short 
plasma half-life and poor bioavailability, neW HIV protease 
inhibitors have been identi?ed. For example, HIV protease 
inhibitors incorporating the 2,5 -diamino -3 ,4-di sub stituted-1 , 
6-diphenylhexane isostere are described in Ghosh et al., 
Bioorg. Med. Chem. Lett., 8, 687-690 (1998) and US. Pat. 
No. 5,728,718 (Randad et al.). HIV protease inhibitors, Which 
incorporate the hydroxyethylamine isostere, are described in 
US. Pat. No. 5,502,060 (Thompson et al.), US. Pat. No. 
5,703,076 (Talley et al.), and US. Pat. No. 5,475,027 (Talley 
et al.). 

Recent studies, hoWever, have revealed the emergence of 
mutant strains of HIV, in Which the protease is resistant to the 
C2 symmetric inhibitors (Otto et al., PNAS USA, 90, 7543 
(1993); Ho et al., J. I/irology, 68, 2016-2020 (1994); and 
Kaplan et al., PNAS USA, 91, 5597-5601 (1994)). In one 
study, the most abundant mutation found in response to a C2 
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symmetry based inhibitor WasArg to Gln at position 8 (R8Q), 
Which strongly affects the S3/S3,, subsite of the protease bind 
ing domain. In this study, the shortening of the P3/P3, residues 
resulted in inhibitors that Were equipotent toWards both Wild 
type and R8Q mutant proteases (Majer et al., 13th American 
Peptide Symposium, Edmonton, Canada (1993)). Inhibitors 
have been truncated to P2/P2, Without signi?cant loss of activ 
ity (Lyle et al., J. Med. Chem, 34, 1230 (1991); and Bone et 
al., .1. Am. Chem. Soc, 113, 9382 (1991)). These results 
suggest that inhibitors can be truncated and yet maintain the 
crucial interactions necessary for strong binding. The bene?ts 
of such an approach include the elimination of tWo or more 
peptide bonds, the reduction of molecular Weight, and the 
dimini shment of the potential for recognition by degradative 
enzymes. 
More recently, neW mutant strains of HIV have emerged 

that are resistant to multiple, structurally diverse, experimen 
tal and chemotherapeutic retroviral protease inhibitors. Such 
multidrug-resistant HIV strains are typically found in 
infected patients, Who had undergone treatment With a com 
bination of HIV protease inhibitors or a series of different 
HIV protease inhibitors. The number of reported cases of 
patients infected With multidrug-resistant HIV is rising dra 
matically. Tragically for these patients, the available options 
for AIDS chemotherapy and/ or HIV management is severely 
limited or is, otherwise, completely nonexistent. 

Drug resistance is unfortunately the most common reason 
for drug failures generally. One of the most dramatic 
examples of drug failure due to resistance is in HIV therapy. 
Once HIV resistance is obtained to ?rst-line therapy, the 
chances of future success are greatly diminished because of 
the development of multidrug cross resistance. Other diseases 
involving infectious agents (e.g., viruses, bacteria, protoZoa, 
and prions) or other disease-causing cells (e.g., tumor cells) 
present similar challenges in that drug resistance is a primary 
cause of drug failure. 

In vieW of the foregoing problems, there exists a need to 
determine Whether a mutant Will be capable of replicating in 
the presence of a drug. There also exists a need for a method 
of predicting Whether drug resistance is likely to emerge in a 
disease involving a replicating biological entity. There is also 
a need for a method of devising a long-term therapeutic 
regimen that minimiZes the likelihood that resistance Will 
occur in a disease involving a replicating biological entity. 
Moreover, there is a need for a method of preventing or 
inhibiting the development of drug resistance in such dis 
eases. 

The present invention provides such methods. These and 
other advantages of the present invention, as Well as addi 
tional inventive features, Will be apparent from the descrip 
tion of the invention provided herein. 

BRIEF SUMMARY OF THE INVENTION 

The present invention is predicated on the surprising and 
unexpected discovery that biochemical “vitality,” as 
described beloW, can be used to determine the biological 
?tness of a mutant replicating biological entity relative to its 
predecessor under the selection pressure of an inhibitor. The 
present invention provides an assay for determining the bio 
chemical ?tness of a biochemical target (i.e., a biomolecule 
having a biochemical function), of a mutant replicating bio 
logical entity relative to its predecessor’s biochemical target, 
in the presence of a compound that acts upon the biochemical 
target. The assay method of the present invention includes 
obtaining the predecessor, determining the biochemical vital 
ity of the biochemical target of both the predecessor and the 
mutant in the presence of a compound that acts upon the 
biochemical target of the predecessor, and comparing the 
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4 
vitality of the mutant’s biochemical target relative to the 
vitality of the predecessor’s biochemical target. Where the 
biochemical vitality of the mutant is greater than the bio 
chemical ?tness of the predecessor, the mutant is predicted to 
be more biologically ?t in the presence of the compound. The 
assay method can thus be used to predict the emergence of 
drug resistance for a particular replicating biological entity 
(e.g., a disease-causing cell) in the presence a drug (e.g., an 
inhibitor). Utilization of the assay in accordance With the 
present invention permits the administration of an inhibitor or 
combination of inhibitors to treat a disease in a Way that 
decreases the likelihood that drug resistance Will develop. 
The present invention further provides a continuous ?uo 

rogenic assay for measuring the anti-HIV protease activity of 
a protease inhibitor. The continuous ?uorogenic assay of the 
present invention utiliZes a substrate of the formula Ala-Arg 
Val-Tyr-Phe(NO2)-Glu-Ala-Nle-NH2. The continuous ?uo 
rogenic assay of the present invention is highly sensitive and 
particularly useful for the prediction of the antiviral inhibitory 
activity of a compound against mutant HIV. 
The present invention further provides a method of admin 

istering a therapeutic compound that inhibits a biochemical 
target of a disease-causing replicating biological entity. The 
therapeutic compound, When administered in accordance 
With the method of the present invention, minimiZes the 
chances that the disease-causing entity Will develop drug 
resistance. As such, the method of administering a therapeutic 
compound in accordance With the present invention improves 
the chances of long-term success in therapy. 

The present method of administering a therapeutic com 
pound involves the identi?cation of at least one mutant rep 
licating biological entity (the mutant) capable of evolving 
from the disease-causing replicating biological entity (the 
predecessor). Biochemical ?tness is determined by compar 
ing the biochemical vitality of the mutant’s biochemical tar 
get With the biochemical vitality of the predecessor’s bio 
chemical target. Biochemical ?tness is determined in the 
presence of a drug (e. g, an inhibitor). The biochemical vitality 
of the mutant’s biochemical target is compared to biochemi 
cal vitality of the predecessor’s biochemical target in the 
presence of the drug. When there are tWo or more drugs 
available for treatment, biochemical ?tness can be deter 
mined for each drug in accordance With the present invention. 
A therapeutic compound is then administered from among 
one of the compounds that produces a loWer value for bio 
chemical ?tness With respect to one or more mutants. Admin 
istration of a therapeutic compound producing a loWer ?tness 
value for a particular mutant indicates that the predecessor is 
less likely to develop resistance in the presence of that com 
pound. 

The present invention also provides a method of preventing 
the development of drug resistance of HIV in an HIV-infected 
mammal by the administration of a drug resistance-inhibiting 
effective amount of a compound of the formula: 

(I) 

(CHZM 

R3 

or a pharmaceutically acceptable salt, a prodrug, or an ester 
thereof, or a pharmaceutical composition thereof, Wherein: 
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A is a group of the formula: 

R1 

____ ____wi --_ ____ 

R1 is H or an alkyl, an alkenyl, an alkynyl, a cycloalkyl, a 
cycloalkylalkyl, an aryl, an aralkyl, a heterocycloalkyl, a het 
erocycloalkylalkyl, a heteroaryl, or a heteroaralkyl radical, 
Which unsubstituted or substituted; 
Y and Z are the same or different and are each selected from 

the group consisting of CH2, O, S, SO, SO2 NR8, R8C(O)N, 
R8C(S)N, R8OC(O)N, R8OC(S)N, R8SC(O)N, R8R9NC(O) 
N, and R8R9NC(S)N, Wherein R8 and R9 are each H, an alkyl, 
an alkenyl, or an alkynyl; 
n is an integer from 1 to 5; 

X is a covalent bond, CHRlO, CHRIOCHZ, CHZCHRIO, O, 
NRlO, or S, wherein R10 is H, an alkyl, an alkenyl, or an 
alkynyl; 
Q is C(O), C(S), or SO2; 
R2 is H, an alkyl, an alkenyl, or an alkynyl; 
m is an integer from 0 to 6; 
R3 is a cycloalkyl, a heterocycloalkyl, an aryl, or a het 

eroaryl Which is unsubstituted or substituted; 
R4 is OH, :O (keto), NH2, or a derivative thereof; 
R5 is H, a C1-C6, alkyl radical, a C2-C6 alkenyl radical, or 

(CH2)qRl4, Wherein q is an integer form 0 to 5, and R14 is a 
cycloalkyl, a heterocycloalkyl, an aryl, or a heteroaryl Which 
is unsubstituted or substituted; 
W is C(O), C(S), S(O), or SO2; and 
R6 is a cycloalkyl, heterocycloalkyl, aryl, or heteroaryl 

Which is unsubstituted or substituted. 
Optionally, R5 and R6, together With the NiW bond of for 
mula (I), comprise a macrocyclic ring Which can contain at 
least one additional heteroatom in the ring skeleton. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates the synthesis of a particular sulfonamide 
isostere core of a compound of the present invention. 

FIG. 2 illustrates the synthesis of a bis-tetrahydrofuran 
ligand and the optical resolution thereof. 

FIG. 3A illustrates the synthesis of a compound of the 
present invention via coupling of a bis-tetrahydrofuran ligand 
to a sulfonamide isostere of the present invention. 

FIG. 3B illustrates the synthesis of a compound of the 
present invention via coupling of a bis-tetrahydrofuran ligand 
to a sulfonamide isostere of the present invention. 

FIG. 4 illustrates generally the present method of synthe 
siZing a compound of the present invention. 

FIGS. 5A-5D illustrate the structures of particular com 
pounds that Were tested against various drug resistant HIV 
mutants. 
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DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

The present invention is predicated on the surprising and 
unexpected discovery to that the “vitality” of a biochemical 
target of a mutant replicating biological entity relative to that 
of its predecessor’ s biochemical target can be used to predict 
the biological ?tness of the mutant under the selection pres 
sure of an inhibitor of the biochemical target. The “vitality” of 
a biochemical target of a mutant replicating biological entity 
relative to the “vitality” of its predecessor’s biochemical tar 
get is de?ned herein as the “biochemical ?tness.” 

“Vitality” as utiliZed herein describes the ability of a par 
ticular biomolecular “target” (i.e., a biochemical species 
intended to be inhibited by a particular inhibitor) to perform 
its biochemical function in the presence of the inhibitor. Bio 
chemical vitality is a function of at least tWo variables: the 
ability of a particular inhibitor to inhibit a biochemical target 
of the replicating biological entity in question, and the ability 
of the cell’s biochemical target to inherently perform its bio 
chemical function (irrespective of an inhibitor). Biochemical 
vitality also can include other factors that effect the ability of 
a biochemical target to perform its biochemical function in 
the presence of the inhibitor. 
The biochemical target in question can include, for 

example, a biochemical species With one or more knoWn or 
unknoWnbiological functions. The biochemical target canbe, 
for example, a biochemical species having one or more spe 
ci?c biochemical function, or it can be a biochemical species 
that effects or in?uences a biochemical function directly or 
indirectly. Suitable biochemical targets include, for example, 
enZymes, proteins, oligomers, receptors, and the like. Suit 
able enZymes include, for example, reverse transcriptases, 
proteases (e.g., retroviral proteases, plasmepsins, and the 
like), methylases, oxidases, esterases, acyl transferases, and 
the like. Suitable enZymes also include, for example, viral and 
non-viral helicases, topoisomerases, DNA gyrases, DNA and 
RNA polymerases, parasite-encoded proteases, and the like. 

Suitable proteins include, for example, proteins that incor 
porate a conformational change as a major functional require 
ment, and the like. Examples of such proteins include HIV 
gp41 and other fusogenic viral proteins and peptides, topoi 
somerases, and all DNA enZymes, and the like. 

Suitable oligomers include, for example, oligomers that 
require oligomeriZation in order to perform their biochemical 
function. Examples of such oligomers include HIV protease, 
retroviral fusion proteins, peptides, HIV gp 41, viral and 
non-viral membrane fusion proteins, tumor suppressor pro 
teins (e. g., p53, and the like) prions, ribosomes, and the like. 
The ability of a particular inhibitor to inhibit a biochemical 

target of a particular replicating biological entity can be deter 
mined by any suitable method and/or can be obtained from 
any suitable source. The ability of a particular inhibitor to 
inhibit a biochemical function of a replicating biological 
entity can be determined, for example, on the basis of a 
measurable property, or a measurable relationship of proper 
ties, that correlate With the ability of the inhibitor to inhibit the 
target. Suitable methods for determining the ability of the 
inhibitor to inhibit the target include, for example, assays, and 
the like. In some instances, the ability of the inhibitor to 
inhibit the target can be obtained from one or more suitable 

sources, for example, assay data from a database, a textbook, 
or the literature. 
When the biochemical target is a protein, the ability of an 

inhibitor to inhibit the protein can be determined, for 
example, by obtaining the equilibrium dissociation constant 
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of a mutant replicating biological entity relative to that of its 
predecessor. Any suitable comparison of the vitality of a 
biochemical target of a mutant replicating biological entity 
relative to that of its predecessor can be used in the determi 
nation of ?tness. For example, biochemical ?tness can be 
determined as the difference betWeen the biochemical vitality 
of a biochemical target of a predecessor (biochemical vitali 
typred) and the biochemical vitality of the biochemical target 
of a particular mutant replicating biological entity that can 
evolve from the predecessor (biochemical vitalitypred), e.g., 
(biochemical vitalitymm)—(biochemical vitalitypred). If bio 
chemical ?tness is determined on the basis of this difference, 
then a positive value indicates that the mutant has a higher 
?tness relative to its predecessor in the presence of the inhibi 
tor, Whereas a negative value indicates that the mutant is less 
?t relative to its predecessor. A value of Zero indicates that the 
?tness of the mutant and the predecessor are equal. A higher 
positive value indicates a greater chance that resistance to the 
inhibitor Will emerge, Whereas a higher negative value indi 
cates a loWer chance that resistance to the inhibitor Will 
emerge. 

Alternatively, and preferably, ?tness can be determined as 
the quotient of tWo biochemical vitalities, for example, as the 
quotient of a biochemical target of a particular mutant repli 
cating biological entity and the biochemical vitality of the 
biochemical target of a predecessor, e.g., 

If ?tness is determined on the basis of this quotient, then a 
value greater than one indicates that the mutant has a higher 
?tness relative to its predecessor, in the presence of the inhibi 
tor. A value of one indicates that the ?tness of the mutant and 
the predecessor are equal. A value less than one indicates that 
the mutant is less ?t relative to its predecessor. A higher value 
indicates a greater chance that resistance to the inhibitor/ drug 
Will emerge, Whereas a loWer value indicates a loWer chance 
that resistance to the inhibitor/ drug Will emerge. A value less 
than one indicates that the mutant Will not emerge in the 
presence of the inhibitor/drug. 

Alternatively, ?tness can be determined as the log of the 
quotient of tWo biochemical vitalities, for example, as the log 
of the quotient of a biochemical target of a particular mutant 
replicating biological entity and the biochemical vitality of 
the biochemical target of a predecessor, e. g., 

?tness : log 
vitalitymm ] 
vitalitypred 

If ?tness is determined on the basis of this log, then a value 
greater than Zero indicates that the mutant has a higher ?tness 
relative to its predecessor, in the presence of the inhibitor. A 
negative value indicates that the mutant is less ?t relative to its 
predecessor. A value of Zero indicates that the ?tness of the 
mutant and the predecessor are equal. A higher positive value 
indicates a greater chance that resistance to the inhibitor/ drug 
Will emerge, Whereas a loWer positive value indicates a loWer 
chance that resistance to the inhibitor/drug Will emerge. A 
negative value indicates that the mutant Will not emerge in the 
presence of the inhibitor/drug. 

Fitness can be determined in the presence of any suitable 
compound that inhibits a biochemical target from performing 
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10 
its biological function. The inhibitor, for example, can be a 
compound that inhibits an enZyme. Suitable enZyme inhibi 
tors include, for example, protease inhibitors, reverse tran 
scriptase inhibitors, DNA polymerase inhibitors, methylase 
inhibitors, oxidase inhibitors, esterase inhibitors, acyl trans 
ferase inhibitors, and the like. 

Suitable protease inhibitors include, for example, viral pro 
tease inhibitors, plasmepsin inhibitors, and cathepsin D 
inhibitors. In a preferred embodiment, the inhibitor is a viral 
protease inhibitor, more preferably a retroviral protease 
inhibitor, still more preferably an HIV-l or an HIV-2 protease 
inhibitor, and most preferably and HIV-1 protease inhibitor. 
Exemplary HIV-l protease inhibitors include, for example, 
saquinavir, ritonavir, indinavir, nel?navir, amprenavir, and 
HIV-1 protease inhibitors that are undergoing clinical trials, 
e.g., tipranavir (PNU-l40690). 

Suitable plasmepsin inhibitors include, for example, 
inhibitors of plasmepsin I or II, including inhibitors of plas 
mepsin I or II that have antimalarial activity. Suitable inhibi 
tors of cathepsin D include, for example, cathepsin D inhibi 
tors that inhibit cathepsin D in primary breast cancer tissues, 
including cathepsin D inhibitors that inhibit cathepsin D in 
primary breast cancer tissues and Would be expected to loWer 
the risk of metastasis and/or shorter relapse-free survival in 
breast cancer patients. See, e.g., Gulnik et al., J. Mol. Biol, 
227, 265-270 (1992). 

Suitable reverse transcriptase inhibitors include, for 
example, retroviral reverse transcriptase inhibitors, e. g. , AZT, 
3TC, ddI, ddC, D4T, and the like. 

Suitable protein inhibitors include, for example, com 
pounds that inhibit a conformational change in a protein, and 
the like. Suitable oligomerization inhibitors include, for 
example, T-20 peptide inhibitor of HIV-1 fusion and other 
compounds that inhibit oligomers from oligomeriZing on a 
cell surface or Within a cell membrane. 

In accordance With the present invention, ?tness in the 
presence of an inhibitor can be determined for a biological 
entity that produces or includes a biological target of the 
inhibitor. The biological entity is preferably a replicating 
biological entity, for example, a virus, a parasite, or a cell, 
preferably a disease-causing cell. Disease-causing replicat 
ing biological entities include, for example, tumor cells, can 
cer cells, and infectious organisms (e.g., fungi, protoZoa, 
bacteria, and the like) and prions. 

Cancer cells include, for example, cells associated With 
breast cancer, colon cancer, lung cancer, and the like. Fitness 
can be determined for a rapidly groWing tumor cell. 

Fungi include, for example, candida albicans, and the like. 
Protozoa include, for example, trypanosome species, schis 
tosomial species, malarial protoZoa, e.g., Plasmodium spe 
cies. Plasmodium species include, for example, Plasmodium 
Falciparum, Plasmodium ovale, Plasmodium vivax, Plasmo 
dium malariae, and the like. Bacteria include, for example, 
Helicobacter pylori, Escherichia coli, Salmonella, Strepto 
coccus pyogenes, Staphylococcus aureas, Bacillus anthrax, 
Mycobacterium tuberculosis, Hemophilus in?uenza, and the 
like. Viruses include, for example, retroviruses (e.g., HIV-1 
and HIV-2), herpes viruses, cytomegaloviruses, in?uenza 
viruses, epstein-barr virus (EBV), Kaposi’s sarcoma herpes 
virus (KSHV), varicella-Zoster virus (V ZV), human papillo 
mavirus (HPV), echovirus, picornaviruses, rhinoviruses, 
poliovirus, coxsackie virus, measles, mumps, human T-cell 
leukemia virus (HTLV-l), rubella, rotaviruses, yelloW fever 
virus, ebola virus, and other pathogenic viruses, and the like. 

Replicating biological entities also include multicellular 
organisms, for example, infectious microorganisms, e.g., hel 
minths. Helminths include, for example, hookWorms (e.g., 
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ancylosloma duodenale) slrongyloides slercoralis, fasciola 
hepalica, Zrichuris Zrichiura, Zrichinella spiralis, Zaenia 
solium, Zaenia saginala, and the like. 

It is believed that drug resistance is the evolutionary result 
of ?tness-based selection of mutant cells/microorganisms in 
the presence of a drug (or any compound that has biological 
activity). In accordance With the present invention, the emer 
gence (or non-emergence) of drug resistance in a disease 
caused by a disease-causing replicating biological entity can 
be predicted by determining the ?tness of a biochemical 
target of a mutant in the presence of the drug. Thus, the 
emergence (or non-emergence) of drug resistance can be 
predicted on the basis of biochemical ?tness. While resis 
tance pro?les may, in some instances, re?ect ?tness, it cannot 
be assumed that the emergence of drug resistance for a par 
ticular mutant can be directly predicted on the basis of its 
resistance pro?le alone. 

The present invention thus provides an assay that can be 
used to predict the biological ?tness of a replicating biologi 
cal entity in the presence of a particular inhibitor. In a pre 
ferred embodiment, an assay is provided for determining the 
biochemical ?tness of a biochemical target of a mutant rep 
licating biological entity relative to its predecessor. In accor 
dance With the assay of the present invention, a predecessor to 
the mutant is obtained, the biochemical vitality of the bio 
chemical target of the predecessor in the presence of a com 
pound capable of inhibiting the biochemical target of the 
predecessor is determined, the biochemical vitality of the 
biochemical target of the mutant in the presence of the com 
pound is determined, and the biochemical vitality of the bio 
chemical target of the mutant relative to the biochemical 
vitality of the biochemical target of the predecessor are com 
pared. 

The assay can be used With a Wide variety of infectious 
microorganisms, as described above, including, for example, 
a virus, a fungus, a protozoa, or bacterium, a retrovirus, 
including HIV-l or HIV-2, and cancer cells. When the infec 
tious microorganism is a protozoa, it is preferably a malarial 
parasite, Which is more preferably a plasmodium species. 

In another embodiment, the predecessor is a cancer cell, 
Which is preferably a rapidly groWing tumor cell, for 
example, a rapidly groWing cancer cell found in breast cancer, 
colon cancer, lung cancer, a tumor cell of a lymphoid origin, 
a tumor-derived cell With a high metastatic potential, or the 
like. 

The assay of the present invention can be applied to any 
suitable biochemical target, preferably a biochemical target 
Whose biochemical vitality can be determined using measur 
able properties that can be obtained by assay. Desirably, the 
biochemical target is one that plays an important role in the 
replication and groWth of the entity. By Way of example, the 
biochemical target of the predecessor (and the mutant) can be 
an enzyme and the compound can be an inhibitor of the 
enzyme of the predecessor. 

The enzyme can be a viral enzyme. Illustrative of viral 
enzymes are a viral protease enzyme, a viral reverse tran 
scriptase, a viral integrase, a viral polymerase, a viral protein 
With enzymatic activity, or a retroviral enzyme, including an 
HIV-l or an HIV-2 enzyme. Viral protease enzymes, include 
a retroviral protease, such as an HIV-l protease or an HIV-2 

protease. Viral integrase enzymes include, for example, 
HIV-l integrase, HIV-2 integrase, and the like. Viral poly 
merase can be a retroviral polymerase, including an HIV-l 
polymerase or an HIV-2 polymerase. A viral protein With 
enzymatic activity can be a retroviral protein, such as an 
HIV-l protein or an HIV-2 protein. 
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12 
The enzyme also can be a protozoal enzyme, including a 

protozoal protease enzyme. The protozoal protease can be a 
malarial protease. The malarial protease can be a plasmepsin, 
including plasmep sin I or plasmep sin II. The malarial enzyme 
can also be a plasmodial enzyme or a protein With enzymatic 
activity. 

In yet another embodiment, the biochemical target of the 
predecessor is an oligomer and the compound inhibits the 
oligomerization of the oligomer of the predecessor. In yet 
another embodiment, the biochemical target of the predeces 
sor is a protein and the compound inhibits a conformational 
change in the protein of the predecessor. 
The biochemical vitality determination can also take into 

account other factors, preferably measurable factors, that 
effect the ability of a biochemical target to perform its bio 
chemical function in the presence of the inhibitor. When the 
biochemical target is an enzyme and the compound is an 
enzyme inhibitor, the biochemical vitality of the enzyme of 
the mutant replicating biological entity preferably corre 
sponds to Kinhqnm, k KMWM, and the biochemical vital 
ity of the enzyme of the predecessor preferably corresponds 
to Kinh_p,ed, kcat_pred, and KM_P,ed. Kink is an inhibition con 
stant of the compound, kcat is the biochemical catalytic rate, 
and KM is the Michaelis constant. More preferably, the vital 
ity of the enzyme corresponds to Kinh, kcat and KM, and the 
biochemical vitality of the enzyme of the mutant replicating 
biological entity is de?ned by the relationship Kinhqnut 
<k......./KM.....> (m, (KW...)X<K......../KM.....>> and the 
biochemical vitality of the enzyme of the predecessor is 
de?ned by the relationship KWH,red(kmt_prea/KM_pred). The 
variables K Kinhjwed, kcappred, KMWM, and 
KMPred can be obtained by any suitable means, and are pref 
erably obtained by measurement (e. g., from an assay). When 
vitality is determined on the basis of these relationships, 
biochemical ?tness in the presence of a given inhibitor/ drug 
preferably is de?ned by the equation: 

cat-mat’ 

inh-mut’ cat-mat’ 

Kinh' pred (kcat'pred / Kit/17pm) , 

Kinhrmut(kcatrmul/KMrmul) 
log — . 

Kinhrpred(kcatrpred/ KM'pred) 

Kink can be determined by any suitable means, but typically is 
determined on the basis of K1. or K d. 
The present invention also provides a method of adminis 

tering a therapeutic compound, Which method increases the 
chances of successful long-term therapy. In a preferred 
embodiment, the present invention provides a method of 
administering a therapeutic compound that inhibits a bio 
chemical target of a replicating disease-causing replicating 
biological entity (disease causing predecessor), including 
identifying at least one mutant capable of evolving from the 
disease-causing predecessor. A ?rst biochemical vitality of 
the biochemical target of the disease-causing predecessor in 
the presence of a ?rst compound capable of inhibiting the 
biochemical target of the disease-causing predecessor, and a 
?rst biochemical vitality of the biochemical target of the 
mutant in the presence of the ?rst compound, are determined. 

Additional biochemical vitalities of the biochemical target 
of the disease-causing replicating biological entity in the 
presence of additional compounds capable of inhibiting the 
biochemical target of the disease-causing cell, and additional 
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biochemical vitalities of the biochemical target of the mutant 
in the presence of the additional compounds, are also deter 
mined. 

Fitnesses in the presence of different inhibitors/drugs can 
be compared and a therapeutic compound administered on 
the basis of the comparison. A ?rst biochemical ?tness of the 
biochemical target of the mutant relative to the disease-caus 
ing predecessor is determined by comparing the ?rst bio 
chemical vitality of the biochemical target of the mutant With 
the ?rst biochemical vitality of the biochemical target of the 
disease-causing predecessor, and a second biochemical ?t 
ness of the biochemical target of the mutant relative to the 
disease-causing replicating biological entity is determined by 
comparing the second biochemical vitality of the biochemical 
target of the mutant With the second biochemical vitality of 
the biochemical target of the disease-causing replicating bio 
logical entity. Additional biochemical ?tness determinations 
can be made in the presence of additional compounds. The 
biochemical ?tness values for one or more mutants in the 

presence of each compound are compared. A therapeutic 
compound is then administered from among the ?rst and the 
additional compound(s), Which therapeutic compound pro 
duces the loWest biochemical ?tness values. 

In accordance With the method of the present invention, the 
replicating disease-causing replicating biological entity is 
less likely to develop resistance in the presence of the thera 
peutic compound. The therapeutic compound can be admin 
istered from among any particular set of compounds, Which 
can have the same biochemical target or different biochemi 

cal targets With respect to each other. The method of admin 
istering a compound in accordance With the present invention 
is, therefore, not limited to comparing ?tness in the presence 
of compounds that act on the same biochemical target. 

In one embodiment, the disease-causing replicating bio 
logical entity is an infectious microorganism, for example, a 
virus, a fungus, a protoZoa, or a bacterium, more preferably a 
virus or a protoZoa. When the infectious microorganism is a 
virus, it is preferably a retrovirus, Which is more preferably 
HIV-l or HIV-2, and most preferably HIV-l . When the infec 
tious microorganism is a protoZoa, it is preferably a malarial 
parasite, Which is more preferably a plasmodium species. 

In another embodiment, the disease-causing replicating 
biological entity is a cancer cell, Which is preferably a rapidly 
groWing tumor cell, for example, a rapidly groWing cancer 
cell found in breast cancer, colon cancer, lung cancer, or the 
like. 

The method of administering a compound in accordance 
With the present invention can be applied to any suitable 
biochemical target, preferably a biochemical target Whose 
biochemical vitality can be determined using measurable 
properties that can be obtained by assay. In one embodiment, 
the biochemical target of the predecessor (and the mutant) is 
an enZyme and the compound inhibits an enZyme of the 
predecessor. The enzyme can be any enZyme Whose bio 
chemical vitality can be measured including, for example, an 
enZyme described herein in connection With the ?tness assay 
of the present invention. 

In another embodiment, the biochemical target of the dis 
ease-causing replicating biological entity is an oligomer and 
the compound inhibits the oligomeriZation of the oligomer of 
the predecessor. In yet another embodiment, the biochemical 
target of the disease-causing replicating biological entity is a 
protein and the compound inhibits a conformational change 
in the protein of the predecessor. 
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14 
The biochemical vitality can be determined in any suitable 

manner. For example, vitality can be determined as described 
herein, e.g., as described in connection With the assay of the 
present invention. 
When an infectious microorganism is tested in accordance 

With the as say of the present invention, the predecessor can be 
a Wild-type species, or the predecessor can itself be a mutant 
species. In a particularly preferred embodiment, the prede 
cessor is a retrovirus, Which is more preferably a Wild-type 
HIV-l or HIV-2 strain, most preferably HIV-l. When the 
predecessor is a Wild-type HIV strain, the mutant replicating 
biological entity preferably has at least one mutation in the 
biochemical target thereof. When the predecessor has at least 
one mutation in the biochemical target thereof, the mutant 
preferably has at least tWo mutations in the biochemical target 
thereof. 

Similarly, When the method of administering a therapeutic 
compound in accordance With the present invention is used in 
connection With an infectious microorganism, the disease 
causing replicating biological entity can be a Wild-type spe 
cies, or the disease-causing entity can itself be a mutant 
species. In a particularly preferred embodiment, the disease 
causing replicating biological entity is a retrovirus, Which is 
more preferably a Wild-type HIV-l or HIV-2 strain, most 
preferably HIV-l. When the disease-causing replicating bio 
logical entity is a Wild-type HIV strain, the mutant preferably 
has at least one mutation in the biochemical target thereof. 
When the disease-causing replicating biological entity has at 
least one mutation in the biochemical target thereof, the 
mutant preferably has at least tWo mutations in the biochemi 
cal target thereof. 
When the predecessor or the disease-causing replicating 

biological entity in the assay of the present invention, or in the 
method of administering a compound in accordance With the 
present invention, is a Wild-type HIV strain, the biochemical 
target of the mutant preferably has at least one active site 
mutation. When the predecessor in the assay of the present 
invention has at least one mutation, and the mutant replicating 
biological entity has at least tWo mutations, the biochemical 
target of the predecessor or of the mutant preferably has at 
least one active site mutation. When the disease-causing rep 
licating biological entity in the method of the present inven 
tion has at least one mutation in the biochemical target 
thereof, and the mutant has at least tWo mutations in the 
biochemical target thereof, the biochemical target of the dis 
ease-causing entity or of the mutant preferably has at least one 
active site mutation. 
The present invention further provides a continuous ?uo 

rogenic assay for measuring the anti-HIV protease activity of 
a protease inhibitor, Which method comprises adding a solu 
tion of HIV protease to a substrate stock solution, in Which the 
substrate has the formula Ala-Arg-Val-Tyr-Phe(NO2)-Glu 
Ala-Nle-NH2, to provide a substrate reaction solution. The 
?uorescence of the substrate reaction solution is then mea 
sured at speci?ed time intervals. The solution of HIV protease 
is then added to a solution of the protease inhibitor and the 
substrate stock solution, to provide an inhibitor-substrate 
reaction solution. The ?uorescence of the inhibitor-substrate 
reaction solution is then measured at speci?ed time intervals. 
The initial velocity of the inhibitor-substrate reaction solution 
is then calculated by applying the equation: V:VO/2Et(:{[Ki 
(l+S/Km)+It—Et]2+4Ki(1+S/Km)Et}l/2—[Ki((l+S/Km)+It— 
Et]), Wherein V is the initial velocity of the inhibitor reaction 
solution, V0 is the initial velocity of the substrate reaction 
solution, Km is the Michaelis-Menten constant, S is the sub 
strate concentration, E is the protease concentration, and It is 
the inhibitor concentration. 
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The assay method described herein is highly sensitive and 
particularly useful for the prediction of the antiviral inhibitory 
activity of a compound against mutant HIV, more particularly 
multiple mutant HIV, speci?cally multidrug-resistant human 
immunode?ciency viruses. The continuous ?uorogenic assay 
of the present invention is distinctly advantageous in that it is 
more sensitive than standard assays in determining the activ 
ity of protease inhibitors against multidrug-resistant HIV. The 
continuous ?uorogenic assay of the present invention is dis 
closed in more detail in the examples that folloW. The inhibi 
tory data obtained in accordance With this continuous ?uoro 
genic assay can be used to determine vitality and ?tness for 
HIV-1 protease in the presence of a protease inhibitor, in 
accordance With the present invention. 

The present invention also provides a method of preventing 
the emergence of drug resistance in an HIV-infected mammal 
that includes the administration of a drug resistance-inhibit 
ing effective amount of a compound represented by the for 
mula: 

or a pharmaceutically acceptable salt, a prodrug, or an ester 
thereof, or a pharmaceutical composition thereof, Wherein: 
A is a group of the formula: 

R1 

W Z 

R1 is H or an alkyl, an alkenyl, an alkynyl, a cycloalkyl, a 
cycloalkylalkyl, an aryl, an aralkyl, a heterocycloalkyl, a het 
erocycloalkylalkyl, a heteroaryl, or a heteroaralkyl radical, in 
Which at least one hydrogen atom is optionally substituted 
With a substituent independently selected from the group 
consisting of OR7, SR7, CN, NO2, N3, and a halogen, Wherein 
R7 is H, an alkyl, an alkenyl, or an alkynyl; 
Y and Z are the same or different and are independently 

selected from the group consisting of CH2, O, S, SO, SO2, 
NR8, R8C(O)N, R8C(S)N, R8OC(O)N, R8OC(S)N, R8SC(O) 
N, R8R9NC(O)N, and R8R9NC(S)N, Wherein R8 and R9 are 
independently selected from the group consisting of H, an 
alkyl, an alkenyl, and an alkynyl; 
n is an integer from 1 to 5; 
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X is a covalent bond, CHRlO, CHRIOCHZ, CHZCHRIO, O, 

NRIO, or S, wherein R10 is H, an alkyl, an alkenyl, or an 
alkynyl; 
Q is C(O), C(S), or SO2; 
R2 is H, an alkyl, an alkenyl, or an alkynyl; 
m is an integer from 0 to 6; 
R3 is a cycloalkyl, a heterocycloalkyl, an aryl, or a het 

eroaryl in Which at least one hydrogen atom is optionally 
substituted With a substituent independently selected from the 
group consisting ofH, alkyl, (CH2)PRl 1, ORl2, SR12, CN, N3, 
NO2, NRl2Rl3, C(O)R”, C(S)Rl2, CO2Rl2, C(O)SRl2, 
C(O)NRl2Rl3, C(S)NRl2Rl3 NRl2C(O)Rl3, NRl2C(S)Rl3, 
NR12CO2R13, NRl2C(O)SR , and a halogen, Wherein: 

p is an integer from 0 to 5; 
R11 is a cycloalkyl, a heterocycloalkyl, an aryl, or a het 

eroaryl in Which at least one hydrogen atom is optionally 
substituted With a substituent independently selected from the 
group consisting of a halogen, OH, OCH3, NH2, NO2, SH, 
and CN; and 

R12 and R13 are independently selected from the group 
consisting of H, an alkyl, an alkenyl, and an alkynyl; 
R4 is OH, :O (keto), or NH2, Wherein, When R4 is OH, it 

is optionally in the form of a pharmaceutically acceptable 
ester or prodrug, and When R4 is NH2, it is optionally an 
amide, a hydroxylamino, a carbamate, a urea, an alkylamino, 
a dialkylamino, a protic salt, or a tetraalkylammonium salt; 

R5 is H, a Cl-C6 alkyl radical, a C2-C6 alkenyl radical, or 
(CH2)qRl4, Wherein q is an integer form 0 to 5, and R14 is a 
cycloalkyl, a heterocycloalkyl, an aryl, or a heteroaryl radical 
in Which at least one hydrogen atom is optionally substituted 
With a substituent independently selected from the group 
consisting of a halogen, OH, OCH3, NH2, NO2, SH, and CN; 
W is C(O), C(S), S(O), or SO2; and 
R6 is a cycloalkyl, heterocycloalkyl, aryl, or heteroaryl 

radical in Which at least one hydrogen atom is optionally 
substituted With a substituent independently selected from the 
group consisting ofa halogen, OR”, SR15, S(O)Rl5, SO2R15, 
SO2NRl5Rl6, SO2N(OH)Rl5, CN, CRl5:NRl6, CRl5:N 
(ORl6), N3, NO2, NRl5Rl6, N(OH)R15, C(O)Rls, C(S)Rl5, 
COZRIS, C(O)SRl5, C(O)NRl5Rl6, C(S)NRl5Rl6, C(O)N 
(OH)Rl5, C(S)N(OH)Rl5, NRl5C(O)Rl6, NRl5C(S)Rl6, 
N(OH)C(O)Rl5, N(OH)C(S)Rl5, NRl5CO2Rl6, N(OH) 
CO2Rl5 NRl5C(O)SRl6, NRl5C(O)NRl6Rl7, NRl5C(S) 
NRl6R , N(OH)C(O)NRl5Rl6, N(OH)C(S)NRl5Rl6, 
NRl5C(O)N(OH)Rl6, NRl5C(S)N(OH)Rl6, NRl5SO2Rl6, 
NHSO2NRl5Rl6, NRl5SO2NHRl6, P(O)(ORl5)(ORl6), an 
alkyl, an alkoxy, an alkylthio, an alkylamino, a cycloalkyl, a 
cycloalkylalkyl, a heterocycloalkyl, a heterocycloalkylalkyl, 
an aryl, an aryloxy, an arylamino, an arylthio, an aralkyl, an 
aryloxyalkyl, an arylaminoalkyl, an aralkoxy, an (aryloxy) 
alkoxy, an (arylamino)alkoxy, an (arylthio)alkoxy, an aralky 
lamino, an (aryloxy)alkylamino, an (arylamino)alkylamino, 
an (arylthio)alkylamino, an aralkylthio, an (aryloxy)alky 
lthio, an (arylamino)alkylthio, an (arylthio)alkylthio, a het 
eroaryl, a heteroaryloxy, a heteroarylamino, a heteroarylthio, 
a heteroaralkyl, a heteroaralkoxy, a heteroaralkylamino, and a 
heteroaralkylthio, 

Wherein R15, R16, and R17 are H, an unsubstituted alkyl, 
and an unsubstituted alkenyl, 

Wherein, When at least one hydrogen atom of R6 is option 
ally substituted With a substituent other than a halogen, OR15 , 

SRl5 S(O)Rl5, SO2Rl5, SO2NRl5Rl6, SO2N(OH)Rl5, CN, 
CR :NRl6 CRl5:N(OR16), N3, NO2, NRl5Rl6, N(OH) 
R15, C(O)R , C(S)Rl5, COZRIS, C(O)SRl5, C(O)NRl5Rl6, 
C(S)NRl5Rl6, C(O)N(OH)Rl5, C(S)N(OH)Rl5, NR15C(O) 
R16, NRl5C(S)Rl6, N(OH)C(O)Rl5, N(OH)C(S)Rl5, 
NRl5CO2Rl6, N(OH)CO2Rl5, NRl5C(O)SRl6, NR15C(O) 
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Optionally, R5 and R6 are covalently bonded such that R5 
and R6, together With the NiW bond of formula (1), com 
prise a 12 to 18 membered ring. The 12 to 18 membered ring 
can comprise at least one additional heteroatom in the ring 
skeleton other than the nitrogen of the NiW bond (e. g., N, O, 
or S) Within the ring. In the practice of the method of prevent 
ing the emergence of drug resistance in an HIV-infected 
mammal, it is preferable that a mutant virus that is capable of 
evolving from the infection has loW ?tness, relative to the 
infecting virus, in the presence of the compound or combina 
tion of compounds that are administered. 
As utiliZed herein, the term “alkyl” means a straight-chain 

or branched alkyl radical containing from about 1 to about 20 
carbon atoms chain, preferably from about 1 to about 10 
carbon atoms, more preferably from about 1 to about 8 carbon 
atoms, still more preferably from about 1 to about 6 carbon 
atoms. Examples of such substituents include methyl, ethyl, 
propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, pen 
tyl, isoamyl, hexyl, octyl, dodecanyl, and the like. 

The term “alkenyl” means a straight-chain or branched 
chain alkenyl radical having one or more double bonds and 
containing from about 2 to about 20 carbon atoms chain, 
preferably from about 2 to about 10 carbon atoms, more 
preferably from about 2 to about 8 carbon atoms, still more 
preferably from about 2 to about 6 carbon atoms. Examples of 
such substituents include vinyl, allyl, l,4-butadienyl, isopro 
penyl, and the like. 

The term “alkynyl” means a straight-chain or branched 
chain alkynyl radical having one or more triple bonds and 
containing from about 2 to about 20 carbon atoms chain, 
preferably from about 2 to about 10 carbon atoms, more 
preferably from about 2 to about 8 carbon atoms, still more 
preferably from about 2 to about 6 carbon atoms. Examples of 
such radicals include ethynyl, propynyl (propargyl), butynyl, 
and the like. 

The term “alkoxy” means an alkyl ether radical, Wherein 
the term “alkyl” is de?ned as above. Examples of alkoxy 
radicals include methoxy, ethoxy, n-propoxy, isopropoxy, 
n-butoxy, isobutoxy, sec-butoxy, tert-butoxy, hexanoxy, and 
the like. 

The term “alkylthio” means an alkyl thioether radical, 
Wherein the term “alkyl” is de?ned as above. Examples of 
alkylthio radicals include methylthio (SCH3), ethylthio 
(SCH2CH3), n-propylthio, isopropylthio, n-butylthio, isobu 
tylthio, sec -butylthio, tert-butylthio, n-hexylthio, and the like. 

The term “alkylamino” means an alkyl amine radical, 
Wherein the term “alkyl” is de?ned as above. Examples of 
alkylamino radicals include methylamino (NHCH3), ethy 
lamino (NHCH2CH3), n-propylamino, isopropylamino, 
n-butylamino, isobutylamino, sec-butylamino, tert-buty 
lamino, n-hexylamino, and the like. 
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The term “cycloalkyl” means a monocyclic or a polycyclic 

alkyl radical de?ned by one or more alkyl carbocyclic rings, 
Which can be the same or different When the cycloalkyl is a 
polycyclic radical having 3 to about 10 carbon atoms in the 
carbocyclic skeleton in each ring, preferably about 4 to about 
7 carbon atoms, more preferably 5 to 6 carbons atoms. 
Examples of monocyclic cycloalkyl radicals include cyclo 
propyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, 
cyclodecyl, and the like. Examples of polycyclic cycloalkyl 
radicals include decahydronaphthyl, bicyclo[5.4.0]undecyl, 
adamantyl, and the like. 
The term “cycloalkylalkyl” means an alkyl radical as 

de?ned herein, in Which at least one hydrogen atom on the 
alkyl radical is replaced by a cycloalkyl radical as de?ned 
herein. Examples of cycloalkylalkyl radicals include cyclo 
hexylmethyl, 3-cyclopentylbutyl, and the like. 

The term “heterocycloalkyl” means a cycloalkyl radical as 
de?ned herein (including polycyclics), Wherein at least one 
carbon Which de?nes the carbocyclic skeleton is substituted 
With a heteroatom such as, for example, 0, N, or S, optionally 
comprising one or more double bond Within the ring, pro 
vided the ring is not heteroaryl as de?ned herein. The hetero 
cycloalkyl preferably has 3 to about 10 atoms (members) in 
the carbocyclic skeleton of each ring, preferably about 4 to 
about 7 atoms, more preferably 5 to 6 atoms. Examples of 
heterocycloalkyl radicals include epoxy, aZiridyl, oxetanyl, 
tetrahydrofuranyl, dihydrofuranyl, piperadyl, piperidinyl, 
pyperaZyl, piperaZinyl, pyranyl, morpholinyl, and the like. 

The term “heterocycloalkylalkyl” means an alkyl radical as 
de?ned herein, in Which at least one hydrogen atom on the 
alkyl radical is replace by a heterocycloalkyl radical as 
de?ned herein. Examples of heterocycloalkylalkyl radicals 
include 2-morpholinomethyl, 3-(4-morpholino)-propyl, 
4-(2-tetrahydrofuranyl)-butyl, and the like. 
The term “aryl” refers to an aromatic carbocyclic radical, 

as commonly understood in the art, and includes monocyclic 
and polycyclic aromatics such as, for example, phenyl and 
naphthyl radicals, optionally substituted With one or more 
substituents selected from the group consisting of a halogen, 
an alkyl, alkoxy, amino, cyano, nitro, and the like. 
The term “aryloxy” means aryl as de?ned herein, Wherein 

a hydrogen atom is replaced by an oxygen. Examples of 
aryloxy radicals include phenoxy, naphthoxy, 4-?uorophe 
noxy, and the like. 

The term “arylamino” means aryl as de?ned herein, 
Wherein a hydrogen atom is replaced by an amine. Examples 
of arylamino radicals include phenylamino, naphthylamino, 
3-nitrophenylamino, 4-aminophenylamino, and the like. 
The term “arylthio” means aryl as de?ned herein, Wherein 

a hydrogen atom is replaced by a sulfur atom. Examples of 
arylthio radicals include phenylthio, naphthylthio, 3-nitro 
phenylthio, 4-thiophenylthio, and the like. 
The term “aralkyl” means alkyl as de?ned herein, Wherein 

an alkyl hydrogen atom is replaced by an aryl as de?ned 
herein. Examples of aralkyl radicals include benZyl, phen 
ethyl, 3-(2-naphthyl)-butyl, and the like. 
The term “aryloxyalkyl” means alkyl as de?ned herein, 

Wherein an alkyl hydrogen atom is replaced by an aryloxy as 
de?ned herein. Examples of aryloxyalkyl radicals include 
phenoxyethyl, 4-(3 -aminophenoxy)-l -butyl, and the like. 
The term “arylaminoalkyl” means alkyl as de?ned herein, 

Wherein an alkyl hydrogen atom is replaced by an arylamino 
as de?ned herein. Examples of arylaminoalkyl radicals 
include phenylaminoethyl, 4-(3 -methoxyphenylamino)-l 
butyl, and the like. 
The term “aralkoxy” means alkoxy as de?ned herein, 

Wherein an alkyl hydrogen atom is replaced by an aryl as 
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de?ned herein. Examples of aralkoxy radicals include 2-phe 
nylethoxy, 2-phenyl-l -propoxy, and the like. 

The term “(aryloxy)alkoxy” means alkoxy as de?ned 
herein, Wherein an alkyl hydrogen atom is replaced by an 
aryloxy as de?ned herein. Examples of (aryloxy)alkoxy radi 
cals include 2-phenoxyethoxy, 4-(3-aminophenoxy)-l-bu 
toxy, and the like. 

The term “(arylamino)alkoxy” means alkoxy as de?ned 
herein, Wherein an alkyl hydrogen atom is replaced by an 
arylamino as de?ned herein. Examples of (arylamino)alkoxy 
radicals include 2-(phenylamino)-ethoxy, 2-(2-naphthy 
lamino)- l -butoxy, and the like. 

The term “(arylthio)alkoxy” means alkoxy as de?ned 
herein, Wherein an alkyl hydrogen atom is replaced by an 
arylthio as de?ned herein. Examples of (arylthio)alkoxy radi 
cals include 2-(phenylthio)-ethoxy, and the like. 

The term “aralkylamino” means alkylamino as de?ned 
herein, Wherein an alkyl hydrogen atom is replaced by an aryl 
as de?ned herein. Examples of aralkylamino radicals include 
2-phenethylamino, 4-phenyl-n-butylamino, and the like. 

The term “(aryloxy)alkylamino” means alkylamino as 
de?ned herein, Wherein an alkyl hydrogen atom is replaced 
by an aryloxy as de?ned herein. Examples of (aryloxy)alky 
lamino radicals include 3-phenoxy-n-propylamino, 4-phe 
noxybutylamino, and the like. 

The term “(arylamino)alkylamino” means alkylamino as 
de?ned herein, Wherein an alkyl hydrogen atom is replaced 
by an arylamino as de?ned herein. Examples of (arylamino) 
alkylamino radicals include 3-(naphthylamino)-l-propy 
lamino, 4-(phenylamino)-l -butylamino, and the like. 

The term “(arylthio)alkylamino” means alkylamino as 
de?ned herein, Wherein an alkyl hydrogen atom is replaced 
by an arylthio as de?ned herein. Examples of (arylthio)alky 
lamino radicals include 2-(phenylthio)-ethylamino, and the 
like. 

The term “aralkylthio” means alkylthio as de?ned herein, 
Wherein an alkyl hydrogen atom is replaced by an aryl as 
de?ned herein. Examples of aralkylthio radicals include 
3-phenyl-2-propylthio, 2-(2-naphthyl)-ethylthio, and the 
like. 

The term “(aryloxy)alkylthio” means alkylthio as de?ned 
herein, Wherein an alkyl hydrogen atom is replaced by an 
aryloxy as de?ned herein. Examples of (aryloxy)alkylthio 
radicals include 3-phenoxypropylthio, 4-(2-?uorophenoxy) 
butylthio, and the like. 

The term “(arylamino)alkylthio” means alkylthio as 
de?ned herein, Wherein an alkyl hydrogen atom is replaced 
by an arylamino as de?ned herein. Examples of (arylamino) 
alkylthio radicals include 2-(phenylamino)-ethylthio, 3-(2 
naphthylamino)-n-propylthio, and the like. 

The term “(arylthio)alkylthio” means alkylthio as de?ned 
herein, Wherein an alkyl hydrogen atom is replaced by an 
arylthio as de?ned herein. Examples of (arylthio)alkylthio 
radicals include 2-(naphthylthio)-ethylthio, 3-(phenylthio) 
propylthio, and the like. 

The term “heteroaryl” means a radical de?ned by an aro 
matic heterocyclic ring as commonly understood in the art, 
including monocyclic radicals such as, for example, imida 
Zole, thiaZole, pyraZole, pyrrole, furane, pyraZoline, 
thiophene, oxaZole, isoxaZol, pyridine, pyridone, pyrimidine, 
pyraZine, and triaZine radicals, and also including polycyclics 
such as, for example, quinoline, isoquinoline, indole, and 
benZothiaZole radicals, Which heteroaryl radicals are option 
ally substituted With one or more substituents selected from 
the group consisting of a halogen, an alkyl, alkoxy, amino, 
cyano, nitro, and the like. It Will be appreciated that the 
heterocycloalkyl and heteroaryl substituents can be coupled 
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20 
to the compounds of the present invention Via a heteroatom, 
such as nitrogen (e.g., l-imidaZolyl). 
The term “heteroaryloxy” means heteroaryl as de?ned 

herein, Wherein a hydrogen atom on the heteroaryl ring is 
replaced by an oxygen. Heteroaryloxy radicals include, for 
example, 4-pyridyloxy, 5-quinolyloxy, and the like. 
The term “heteroarylamino” means heteroaryl as de?ned 

herein, Wherein a hydrogen atom on the heteroaryl ring is 
replaced by an nitrogen. Heteroarylamino radicals include, 
for example, 4-thiaZolylamino, 2-pyridylamino, and the like. 
The term “heteroarylthio” means heteroaryl as de?ned 

herein, Wherein a hydrogen atom on the heteroaryl ring is 
replaced by a sulfur. Heteroarylthio radicals include, for 
example, 3-pyridylthio, 3-quinolylthio, 4-imidaZolylthio, 
and the like. 
The term “heteroaralkyl” means alkyl as de?ned herein, 

Wherein an alkyl hydrogen atom is replaced by a heteroaryl as 
de?ned herein. Examples of heteroaralkyl radicals include 
2-pyridylmethyl, 3-(4-thiaZolyl)-propyl, and the like. 
The term “heteroaralkoxy” means alkoxy as de?ned 

herein, Wherein an alkyl hydrogen atom is replaced by a 
heteroaryl as de?ned herein. Examples of heteroaralkoxy 
radicals include 2-pyridylmethoxy, 4-(1 -imidaZolyl) -butoxy, 
and the like. 
The term “heteroaralkylamino” means alkylamino as 

de?ned herein, Wherein an alkyl hydrogen atom is replaced 
by a heteroaryl as de?ned herein. Examples of heteroaralky 
lamino radicals include 4-pyridylmethylamino, 3-(2-fura 
nyl)-propylamino, and the like. 
The term “heteroaralkylthio” means alkylthio as de?ned 

herein, Wherein an alkyl hydrogen atom is replaced by a 
heteroaryl as de?ned herein. Examples of heteroaralkylthio 
radicals include 3-pyridylmethylthio, 3-(4-thiaZolyl)-propy 
lthio, and the like. 

In the compound of Formula I, A is preferably a group of 
the formula: 

R1 

R1 is H or an alkyl, an alkenyl, a cycloalkyl, a cycloalkylalkyl, 
an aryl, an aralkyl, a heterocycloalkyl, a heterocycloalkyla 
lkyl, a heteroaryl, or a heteroaralkyl radical, in Which at least 
one hydrogen atom is optionally substituted With a substitu 
ent independently selected from the group consisting of 0R7, 
SR7, CN, N02, N3, and a halogen, Wherein R7 is H, an unsub 
stituted alkyl, or an unsubstituted alkenyl; Y and Z are the 
same or different and are independently selected from the 

group consisting of CH2, 0, S, SO, S02, NR8, R8C(O)N, 
R8C(S)N, R8OC(O)N, R8OC(S)N, R8SC(O)N, R8R9NC(O) 
N, and R8R9NC(S)N, Wherein R8 and R9 are independently 
selected from the group consisting of H, an unsubstituted 
alkyl, and an unsubstituted alkenyl; X is a covalent bond, 
CHRlO, CHR1OCH2, CHZCHRIO, 0, NR“), or S, wherein R10 
is H, an unsubstituted alkyl, or an unsubstituted alkenyl; R2 is 
H, a Cl-C6 alkyl radical, or a C2-C6, alkenyl radical; R12 and 
R13, as de?ned With respect to R3 , are independently selected 
from the group consisting of H, an unsubstituted alkyl, and an 
unsubstituted alkenyl radical; R4 is OH, NH2, or NHCH3; W 
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is C(O), C(S), or S02; and R6 is a cycloalkyl, heterocy 
cloalkyl, aryl, or heteroaryl radical in Which at least one 
hydrogen atom is optionally substituted With a substituent 
independently selected from the group consisting of a halo 
gen, ORIS, SRIS, CN, N3, N02, NRISRM, C(O)Rl5, C(S)Rl5, 
COZRIS, C(O)SRl5, C(O)NRl5Rl6, C(S)NRl5Rl6, NRISC 
(O)Rl6, NRl5C(S)Rl6, NRl5CO2Rl6, NRl5C(O)SRl6, 
NRl5C(O)NRl6Rl7, and NRl5C(S)NRl6Rl7, an alkyl, an 
alkoxy, an alkylthio, an alkylamino, a cycloalkyl, a cycloalky 
lalkyl, a heterocycloalkyl, a heterocycloalkylalkyl, an aryl, an 
aryloxy, an arylamino, an arylthio, an aralkyl, an aryloxy 
alkyl, an arylaminoalkyl, an aralkoxy, an (aryloxy)alkoxy, an 
(arylamino)alkoxy, an (arylthio)alkoxy, an aralkylamino, an 
(aryloxy)alkylamino, an (arylamino)alkylamino, an (arylth 
io)alkylamino, an aralkylthio, an (aryloxy)alkylthio, an (ary 
lamino)alkylthio, an (arylthio)alkylthio, a heteroaryl, a het 
eroaryloxy, a heteroarylamino, a heteroarylthio, a 
heteroaralkyl, a heteroaralkoxy, a heteroaralkylamino, and a 
heteroaralkylthio, Wherein R15, R1 6, and R17 are H, an unsub 
stituted alkyl, and an unsubstituted alkenyl, such that When at 
least one hydrogen atom of R6 is optionally substituted With a 
substituent other than a halogen, OR15 , SR“, CN, N3, N02, 
NRISRM, C(O)Rl5, C(S)Rl5, CO2Rl5, C(O)SRl5, C(O) 
NRISRM, C(S)NRl5Rl6, NRl5C(O)Rl6, NRl5C(S)Rl6, 
NRISCOZRM, NRl5C(O)SRl6, NRl5C(O)NRl6Rl7, or 
NRl5C(S)NR16Rl7, at least one hydrogen atom on said sub 
stituent attached to R6 is optionally substituted With a halo 
gen, ORIS, SRIS, CN, N3, N02, NRISRM, C(O)Rl5, C(S)Rl5, 
COZRIS, C(O)SRl5, C(O)NRl5Rl6, C(S)NRl5Rl6, NRISC 
(O)Rl5, NRl5C(S)R16,NRl5CO2Rl6, NRl5C(O)SRl6, NRl5 
(O)NRl6Rl7, or NRl5C(S)NRl6Rl7. 

It is further preferred that when R1 is an alkyl or an alkenyl 
radical (i.e., an alkyl or an alkenyl substituent), then it is a 
Cl-C6 alkyl or, in the case when R1 is an alkenyl, it is a C2-C6 
alkenyl. When R1 is a monocyclic substituent such as, for 
example, a cycloalkyl, a heterocycloalkyl, an aryl, or a het 
eroaryl, it preferably comprises 4-7 members in the ring that 
de?nes the monocyclic skeleton. When R7, R8 or R9 is an 
unsubstituted alkyl, it is preferably a C l-C6 unsubstituted 
alkyl; and When R7, R8 or R9 is an unsubstituted alkenyl, it is 
preferably a C2-C6 unsubstituted alkenyl. The ring de?ned by 
R3 preferably comprises 4-7 members or, in the case of poly 
cyclics, each ring comprises 4-7 members. When R3 is (CH2)P 
R11, the ring de?ned by R11 preferably comprises 4-7 mem 
bers, or, in the case of polycyclics, each ring comprises 4-7 
members. When either of R12 or R13 is an unsubstituted alkyl, 
it is preferably a C 1 -C6 unsubstituted alkyl, and When either of 
R12 or R13 is an unsubstituted alkenyl, it is a C2-C6 unsubsti 
tuted alkyl. When R14 is a cycloalkyl, a heterocycloalkyl, an 
aryl, or a heteroaryl, the ring de?ned by R14 preferably com 
prises 4-7 members, or, in the case of polycyclics, each ring 
comprises 4-7 members. When R6 is a cycloalkyl, a hetero 
cycloalkyl, aryl, or a heteroaryl, the ring de?ned by R6 pref 
erably comprises 4-7 members, or, in the case of polycyclics, 
each ring comprises 4-7 members, and When R6 is substituted 
With a substituent that is an alkyl, an alkylthio, or an alky 
lamino, it is preferred that the sub stituent comprises from one 
to six carbon atoms, and When R6 is substituted With a sub 
stituent that is a cycloalkyl, a heterocycloalkyl, an aryl, or a 
heteroaryl, the ring de?ned by the substituent preferably com 
prises 4-7 members or, in the case of polycyclics, each ring 
comprises 4-7 members. 

In a preferred embodiment, the method of preventing the 
emergence of resistance in accordance With the present inven 
tion includes administering a compound of Formula (I), 
Wherein Q is C(O), R2 is H, andW is C(O) or S02. In a further 
preferred embodiment, Q is C(O), R2 is H, R4 is OH, W is 
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S02, and the stereochemical orientation of the asymmetric 
centers is represented by formula (IA) or (IE) beloW: 

(1A) 

(1B) 

will). R3 

It is further preferred that R6 is a monocyclic substituent, 
preferably an aromatic ring, Which is preferably a substituted 
benZene ring, as illustrated by the formula: 

(IC) 

(113) 

WhereinAr is a phenyl Which is optionally substituted With a 
substituent selected from the group consisting of methyl, 
amino, hydroxy, methoxy, methylthio, hydroxymethyl, ami 
nomethyl, and methoxymethyl. 

In a preferred series, Y and Z are oxygen atoms, n is 2, the 
resulting bis-tetrahydrofuranyl ring system has the stere 
ochemical orientations illustrated in Formulae (IC) and (ID) 
above, In is l, and R3 is phenyl, in Which case the compound 
is represented by the formula: 

(1E) 
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-continued 
(1F) 

H QH R5 

1L 1L || 
\? Ar, 

O i O 

WhereinAr is a phenyl Which is optionally substituted With a 
substituent selected from the group consisting of methyl, 
amino, hydroxy, methoxy, methylthio, hydroxymethyl, ami 
nomethyl, and methoxymethyl. When the compound is a 
compound of Formula (IE) or (IF), Wherein at least one 
hydrogen atom on Ar substituted With a substituent selected 
from the group consisting of methyl, amino, hydroxy, meth 
oxy, methylthio, hydroxymethyl, and methoxymethyl, it is 
further preferred that X is an oxygen. Still more preferably, X 
is an oxygen and R5 is isobutyl. Suitable Ar substituents 
include phenyl groups that are substituted at the para position, 
the meta position, and/or the ortho position. Examples of 
suitable Ar substituents are shoWn in Table 4, and in FIGS. 3 
and 5A-5D. 
A resistance-inhibiting effective amount is an amount suf 

?cient to produce an in vivo drug concentration or level in 
Which the biochemical vitality of a mutant HIV is loWer than 
the biochemical vitality of the HIV (predecessor) infecting 
the HIV-infected mammal. For example, a resistance-inhib 
iting effective amount is an amount suf?cient to produce an in 
vivo drug concentration or level Where the value for bio 
chemical ?tness is less than one, When determined by the ratio 
of the biochemical vitality of the mutant to the biochemical 
vitality of the predecessor. The compound can be adminis 
tered to a Wild-type HIV-infected mammal to prevent the 
emergence of ?rst line resistance, or it can be administered to 
a mammal infected With a mutant-HIV to prevent the emer 
gence of drug resistance due to further mutations. 

The compound is preferably administered in the form of a 
pharmaceutical composition. The pharmaceutical composi 
tion preferably includes a pharmaceutically acceptable car 
rier and a resistance-inhibiting effective amount of at least 
one of the aforesaid compound, alone or in combination With 
another antiretroviral compound such as, for example, a Wild 
type HIV protease inhibitor, a mutant HIV retroviral protease 
inhibitor, or a reverse transcriptase inhibitor. Generally, the 
pharmaceutical composition of the present invention com 
prises a resistance-inhibiting effective amount of at least one 
compound of Formula (I), as disclosed herein, and a pharma 
ceutically acceptable carrier. 

In a preferred embodiment, a pharmaceutical composition 
is administered that comprises a resistance-inhibiting effec 
tive amount of at least one compound of Formula (IA) or 
Formula (IB), or a pharmaceutically acceptable salt, prodrug, 
or ester thereof, and a pharmaceutically acceptable carrier. In 
a further preferred embodiment, the pharmaceutical compo 
sition comprises a resistance-inhibiting effective amount of at 
least one compound of Formula (IC) or Formula (ID), or a 
pharmaceutically acceptable salt, prodrug, or ester thereof, 
and a pharmaceutically acceptable carrier. In a highly pre 
ferred embodiment, the pharmaceutical composition com 
prises a resistance-inhibiting effective amount of at least one 
compound of Formula (IE), and pharmaceutically acceptable 
salts, prodrugs, and esters thereof, and a pharmaceutically 
acceptable carrier. 
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Pharmaceutically acceptable carriers are Well-knoWn to 

those of skill in the art. The choice of a carrier Will be deter 
mined in part by the particular composition, as Well as by the 
particular mode of administration. Accordingly, there are a 
Wide variety of suitable formulations for administration in 
accordance the present invention. 
The pharmaceutical composition may be administered in a 

form suitable for oral use such as, for example, tablets, tro 
ches, loZenges, aqueous or oily suspensions or solutions, 
dispersible poWders or granules, emulsions, hard or soft cap 
sules, syrups or elixirs. Compositions intended for oral use 
may be prepared according to any method knoWn in the art 
form the manufacture of pharmaceutical compositions, and 
such compositions can contain one or more agents such as, for 
example, sWeetening agents, ?avoring agents, coloring 
agents, and preserving agents in order to provide a pharma 
ceutically elegant and/or palatable preparation. Tablets can 
contain the active ingredient in admixture With non-toxic 
pharmaceutically acceptable excipients Which are suitable for 
manufacture of tablets. Such excipients can be, for example, 
inert diluents such as, for example, calcium carbonate, lac 
tose, calcium phosphate or sodium phosphate; granulating 
and disintegrating agents such as, for example, maiZe starch 
or alginic acid; binding agents such as, for example, starch, 
gelatine or acacia, and lubricating agents such as, for 
example, stearic acid or talc. The tablets may be uncoated or 
they may be coated by knoWn techniques to delay disintegra 
tion and absorption in the gastrointestinal tract and thereby 
provide a sustained action over a longer period. For example, 
a time delay material such as glyceryl monostearate or glyc 
eryl distearate alone or With a Wax may be employed. 

Formulations for oral use also can be presented as hard 
gelatin capsules Wherein the active ingredient is mixed With 
an inert solid diluent, for example calcium carbonate, calcium 
phosphate or kaolin, or as soft gelatin capsules Wherein the 
active ingredient is mixed With Water or an oil medium, for 
example arachis oil, peanut oil, liquid paraf?n or olive oil. 
Aqueous suspensions typically contain the active materials 

in admixture With excipients suitable for the manufacture of 
aqueous suspensions. Such excipients are suspending agents, 
for example, sodium carboxymethyl cellulose, methylcellu 
lose, hydroxypropylmethylcellulose, sodium alginate, poly 
vinylpyrrolidone, gum tragacanth and gam acacia; dispersing 
or Wetting agents may be a natural-occurring phosphatide, for 
example, lecithin, or condensation products of an alkylene 
oxide With fatty acids, for example polyoxyethylene stearate, 
or condensation products of ethylene oxide With long chain 
aliphatic alcohols; for example heptadecaethyleneoxycet 
anol, or condensation products of ethylene oxide With partial 
esters derived from fatty acids and a hexitol such as polyoxy 
ethylene sorbitol monooleate, or condensation products of 
ethylene oxide With partial esters derived from fatty acids and 
hexitol anhydrides, for example polyoxyethylene sorbitan 
mono-oleate. The aqueous suspensions also can contain one 
or more preservatives, for example, ethyl or n-propyl p-hy 
droxy benZoate, one or more coloring agents, one or more 
?avoring agents and one or more sWeetening agents such as, 
for example, sucrose or saccharin. 

Oily suspensions may be formulated by suspending the 
active ingredient in a vegetable oil, for example arachis oil, 
olive oil, sesame oil or coconut oil, or in a mineral oil such as 
liquid paraf?n. The oil suspensions may contain a thickening 
agent, for example beesWax, hard paraf?n or cetyl alcohol. 
SWeetening agents, such as those set forth above, and ?avor 
ing agents may be added to provide a palatable oral prepara 
tion. These compositions can be preserved by the addition of 
an antioxidant such as, for example, ascorbic acid. 
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Dispersible powders and granules suitable for preparation 
of an aqueous suspension by the addition of Water provide the 
active ingredient in admixture With a dispersing or Wetting 
agent, suspending agent and one or more preservatives. Suit 
able dispersing or Wetting agents and suspending agents are 
exempli?ed by those already mentioned above. Additional 
excipients, for example sWeetening, ?avoring and coloring 
agents, also may be present. 

The pharmaceutical composition also can be administered 
in the form of oil-in-Water emulsions. The oily phase can be a 
vegetable oil, for example, olive oil or arachis oils, or a 
mineral oil, for example liquid para?in or mixtures of these. 
Suitable emulsifying agents may be naturally-occurring 
gums, for example gum acacia or gum tragacanth, naturally 
occurring phosphatides, for example soya bean lecithin, and 
esters or partial esters derived from fatty acids and hexitol 
anhydrides, for example sorbitan mono-oleate, and conden 
sation products of the said partial esters and ethylene oxide, 
for example polyoxyethylene sorbitan mono-oleate. The 
emulsions also can contain sWeetening and ?avoring agents. 

The pharmaceutical composition also can be administered 
in the form of syrups and elixirs, Which are typically formu 
lated With sWeetening agents such as, for example, glycerol, 
sorbitol or sucrose. Such formulations also can contain a 

demulcent, a preservative and ?avoring and coloring agents. 
Further, the pharmaceutical composition can be adminis 

tered in the form of a sterile injectable preparation, for 
example, as a sterile injectable aqueous or oleagenous sus 
pension. Suitable suspensions for parenteral administration 
can be formulated according to the knoWn art using those 
suitable dispersing or Wetting agents and suspending agents 
Which have been mentioned above. Formulations suitable for 
parenteral administration include, for example, aqueous and 
non-aqueous, isotonic sterile injection solutions, Which can 
contain anti-oxidants, buffers, bacteriostates, and solutes that 
render the formulation isotonic With the blood of the intended 
recipient, and aqueous and non-aqueous sterile suspensions 
that can include suspending agents, solubiliZers, thickening 
agents, stabiliZers, and preservatives. The sterile injectable 
preparation can be a solution or a suspension in a non-toxic 
parenterally-acceptable diluent or solvent, for example, as a 
solution in Water or 1,3-butanediol. Among the acceptable 
vehicles and solvents that can be employed, for example, are 
Water, Ringer’s solution and isotonic sodium chloride solu 
tion. In addition, sterile, ?xed oils are conventionally 
employed as a solvent or suspending medium. For this pur 
pose any bland ?xed oil can be employed including synthetic 
mono- or diglycerides. In addition, fatty acids such as, for 
example, oleic acid ?nd use in the preparation of injectables. 

Further, the compound can be administered in the form of 
suppositories for rectal administration of the drug. These 
compositions can be prepared by mixing the drug With a 
suitable non-irritating excipient Which is solid at ordinary 
temperatures but liquid at the rectal temperature and Will 
therefore melt in the rectum to release the drug. Such mate 
rials include, for example, cocoa butter and polyethylene 
glycols. Formulations suitable for vaginal administration can 
be presented as pessaries, tampons, creams, gels, pastes, and 
foams. 

Formulations suitable for topical administration may be 
presented as creams, gels, pastes, or foams, containing, in 
addition to the active ingredient, such carriers as are knoWn in 
the art to be appropriate. 

The composition can be made into an aerosol formulation 
to be administered via inhalation. Such aerosol formulations 
can be placed into pressurized acceptable propellants, such as 
dichlorodi?uoromethane, propane, nitrogen, and the like. 
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They also can be formulated as pharmaceuticals for non 
pressured preparations such as in a nebuliZer or an atomiZer. 

The formulations can be presented in unit-dose or multi 
dose sealed containers, such as ampules and vials, and can be 
stored in a freeZe-dried (lyophiliZed) condition requiring only 
the addition of the sterile liquid excipient, for example, Water, 
for injections, immediately prior to use. Extemporaneous 
injection solutions and suspensions can be prepared from 
sterile poWders, granules, and tablets of the kind previously 
described. 
Any suitable dosage level can be employed in the pharma 

ceutical compositions of the present invention. The dose 
administered to an animal, particularly a human, in the con 
text of the present invention should be su?icient to effect a 
prophylactic or therapeutic response in the animal over a 
reasonable time frame. The amount of active ingredient that 
can be combined With the carrier materials to produce a single 
dosage form Will vary depending upon the host treated and the 
particular mode of administration. The siZe of the dose also 
Will be determined by the existence, nature, and extent of any 
adverse side-effects that might accompany the administration 
of a particular composition. Suitable doses and dosage regi 
mens for the prevention of drug resistance can be determined 
by comparisons to antiretroviral chemotherapeutic agents 
that are knoWn to inhibit the proliferation of a retrovirus in an 
infected individual. The preferred dosage is the amount that 
results in the inhibition of the emergence of mutant drug 
resistant retroviruses, particularly the emergence of multi 
drug-resistant retroviral HIV, Without signi?cant side effects. 
In proper doses and With suitable administration of certain 
compounds, a Wide range of antiretroviral chemotherapeutic 
compositions are possible. A suitable dose includes a dose or 
dosage Which Would be insu?icient to completely suppress 
the groWth of a Wild-type or predecessor virus, but Would be 
suf?cient to inhibit or effectively suppress the groWth of a 
mutant. 

In accordance With the present invention, the compound or 
composition can be administered in combination With other 
antiretroviral compounds such as, for example, ritonavir, 
amprenavir, saquinavir, indinavir, AZT, ddI, ddC, D4T, lami 
vudine, 3TC, and the like, as Well as admixtures and combi 
nations thereof, in a pharmaceutically acceptable carrier. The 
individual daily dosages for these combinations can range 
from about one-?fth of the minimally recommended clinical 
dosages to the maximum recommended levels for the entities 
When they are given singly. 

The present invention also provides a method of preventing 
the emergence of multidrug-resistant retroviruses in an HIV 
infected mammal, Which method comprises administering to 
the mammal a multidrug resistance-inhibiting effective 
amount of a compound of the present invention, so as to 
inhibit the emergence of a multidrug-resistant retrovirus in 
the mammal. The dose administered to an animal, particu 
larly a human in the context of the present invention, should 
be su?icient to effect a therapeutic response in the animal 
over a reasonable time frame. The dose Will be determined by 
the strength of the particular composition employed and the 
condition of the animal, as Well as the body Weight of the 
animal to be treated. The siZe of the dose Will also be deter 
mined by the existence, nature, and extent of any adverse 
side-effects that might accompany the administration of a 
particular compound. Other factors Which effect the speci?c 
dosage include, for example, bioavailability, metabolic pro 
?le, and the pharmacodynamics associated With the particular 
compound to be administered in a particular patient. One 
skilled in the art Will recogniZe that the speci?c dosage level 
for any particular patient Will depend upon a variety of factors 
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