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Application Data Sheet

Inventor Information

Inventor Number::

Name Prefix::

Given Name::

Family Name::

City of Residence::

State or Province of Residence::

Country of Residence::

Street of mailing address::
City of mailing address::
State or Province of mailing address::

Postal or Zip Code of mailing address::

Inventor Number::

Given Name::

Family Name::

City of Residence::

State or Province of Residence::
Country of Residence::

Street of mailing address::

City of mailing address::

Docket No.: PH3080.PC7-TRK1

Page # 1

Mr.

Jinfa

Du

Redwood City
CALIFORNIA

us

c/o Gilead Sciences, Inc.
333 Lakeside Drive
Foster City
CALIFORNIA

94404

2

Dhanapalan
Nagarathnam
Bethany
CONNECTICUT

us

52 Virginia Rail Drive

Bethany

New: April 17, 2014
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State or Province of mailing address::

Postal or Zip Code of mailing address::

Inventor Number::

Name Prefix:

Given Name::

Middle Name::

Family Name::

City of Residence::

State or Province of Residence::
Country of Residence::

Street of mailing address::

City of mailing address::

State or Province of mailing address::

Postal or Zip Code of mailing address::

Inventor Number::

Name Prefix:

Given Name::

Family Name::

City of Residence::

State or Province of Residence::

Country of Residence::

Docket No.: PH3080.PC7-TRK1 page #2

CONNECTICUT
06524

3

Mr.

Michael

Joseph

Sofia

Doylestown
PENNSYLVANIA
us

3066 Antler Drive
Doylestown
PENNSYLVANIA

18902

4

Mr.

Peiyuan
Wang

Foster City
CALIFORNIA
us

New: April 17, 2014
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Street of mailing address::
City of mailing address::
State or Province of mailing address::

Postal or Zip Code of mailing address::

Correspondence Information

Correspondence Customer Number::

Application Information
Application Number::

Application Type::

Subject Matter::

CD-ROM or CD-R?::

Sequence submission?:;

Computer Readable Form (CRF)?::

Title::

Attorney Docket Number::
Request for Early Publication?::
Request for Non-Publication?::
Small Entity?::

Petition included?::

Docket No.: PH3080.PC7-TRK1 Page # 3

c/o Gilead Sciences, Inc.
333 Lakeside Drive
Foster City
CALIFORNIA

94404

25000

Not Yet Assigned
Regular

Utility

None

None

No

NUCLEOSIDE
PHOSPHORAMIDATE
PRODRUGS

PH3080.PC7-TRK1
No
No
No

No

New: April 17, 2014
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Portions or all of the application associated with No
this Application Data Sheet may fall under a
Secrecy Order pursuant to 37 CFR 5.2::

Authorization to Permit Access to the Instant No
Application by the Participating Offices::

This application (1) claims priority to or the benefit No
of an application filed before March 16, 2013 and

(2) also contains, or contained at any time, a claim

to a claimed invention that has an effective filing

date on or after March 16, 2013::

Representative Information

Representative Customer Number:: 25000

Domestic Priority Information

This application is a continuation application of U.S. Patent Application No. 14/057,675,
filed October 18, 2013, which is a continuation application of U.S. Patent Application No.
13/609,614, filed September 11, 2012, which issued as U.S. Patent No. 8,580,765 on
November 12, 2013, which is a continuation of U.S. Patent Application No. 13/099,671,
filed May 3, 2011, which issued as U.S. Patent No. 8,334,270 on December 18, 2012,
which is a continuation of U.S. Patent Application No. 12/053,015, filed March 21, 2008,
which issued as U.S. Patent No. 7,964,580 on June 21, 2011, which claims the benefit of
U.S. Provisional Application No. 60/982,309, filed October 24, 2007, and U.S. Provisional
Application No. 60/909,315, filed March 30, 2007.

Foreign Priority Information

N/A

Docket No.: PH3080.PC7-TRK1 Page #4 New: April 17, 2014
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Applicant Information

Applicant Number:: 1

Applicant Type:: Assighee

Organization Name:: Gilead Pharmasset LLC
Street of mailing address:: 333 Lakeside Drive
City of mailing address:: Foster City

State or Province of mailing address:: CA

Postal or Zip Code of mailing address:: 94404

Phone Number:: (650) 574-3000

Fax Number: (650) 522-5575

Non-Applicant Assignee Information

Signature:
A signature of the applicant or representative is required in accordance with 37 CFR 1.33 and 10.18.
Please see 37 CFR 1.4(d) for the form of the signature.
Signature \;Q, . 7?03: "l Date April 17,2014
Name : . Registration No.
(Print/Type) Lawrence F. Rozsnyai (Attorney/Agent) 58,427
Docket No.: PH3080.PC7-TRK1 Page#5 New: April 17, 2014
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Doc Code: PA.. PTO/AIA/B2B (07-13)
Document Description: Power of Attorney Approved for use through 11/30/2014. OMB 0651-0051
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number

POWER OF ATTORNEY BY APPLICANT

| hereby revoke all previous powers of attorney given in the application identified in either the attached transmittal letter
or the boxes below.

Application Number Filing Date

Not Yet Assigned Concurrently Herewith

(Note: The boxes above may be left blank if information is provided on form PTO/AIA/82A.)

I hereby appoint Patent Practitioner(s) associated with the following Customer Number as my/our attorney(s) or agent(s),
and to transact all business in the United States Patent and Trademark Office connected therewith for the application

referenced in the attached transmittal letter (form PTO/AIA/82A) or identified above: 25000

OR

| hereby appoint Practitioner(s) named in the attached list (form PTO/AIA/82C) as my/our attorney(s) or agent(s), and to transact
alt business in the United States Patent and Trademark Office connected therewith for the patent application referenced in the
attached transmittal letter (form PTO/AIA/82A) or identified above. (Note: Complete form PTO/AIA/82C.)

Please recognize or change the correspondence address for the application identified in the attached transmittal
letter to:

D The address associated with the above-mentioned Customer Number
OR
[:1 The address associated with Customer Number:

OR

Firm or
Individual Name

Address

City | state | [ zip |
Country
Telephone [ Email |

| am the Applicant (if the Applicant is a juristic entity, list the Applicant name in the box):

D Inventor or Joint Inventor (itle not required below)
[:' Legal Representative of a Deceased or Legally Incapacitated Inventor (title not required below)

Assignee or Person to Whom the Inventor is Under an Obligation to Assign (provide signer's title if applicant is a juristic entity)

Person Who Otherwise Shows Sufficient Proprietary Interest (e.g., a petition-under 37 CFR 1.46(b)(2) was granted in
the application or is concurrently being filed with this document) (provide signer's title if applicant is a juristic entity)
SIGNATURE of Applicant for Patent
The undersigned (whose title is supgl“@d be/ow)-|s aujgnzyd to act on behalf of the applicant (e.g., where the applicant is a juristic entity).

Signature ) é/ ' % Date (Optional) C///é // 17[

Name A’ Elin Hartram
Title /| Associate General Counsel, IP

NOTE: Signature “This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
certifications. If more than one applicant, use multiple forms.

D Total of 1 forms are submitted.
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Attorney Docket No. 60137.0034USU1
MERCHANT & GOULD P.C.
United States Patent Application
COMBINED DECLARATION AND POWER OF ATTORNEY

As a below named inventor I hereby declare that: my residence, post office address and citizenship are as
stated below next to my name; that

I verily believe 1 am the original, first and sole inventor (if only one name is listed below) or a joint inventor
(if plural inventors are named below) of the subject matter which is claimed and for which a patent is sought on the
invention entitled: NUCLEOSIDE PHOSPHARAMIDATE PRODRUGS

The specification of which

a.[ ] is attached hereto

b.[X] was filed on MARCH 21, 2008 as application serial no. 12/053,015 and was amended on

(if applicable) (in the case of a PCT-filed application) described and claimed in international no. filed
and as amended on (if any), which I have reviewed and for which I solicit a United States patent.

I hereby state that T have reviewed and understand the contents of the above-identified specification, including the
claims, as amended by any amendment referred to above.

I hereby claim foreign priority benefits under Title 35, United States Code, § 119/365 of any foreign application(s)
for patent or inventor's certificate listed below and have also identificd below any foreign application for patent or
inventor's certificate having a filing date before that of the application on the basis of which priority is claimed:

a. % no such applications have been filed.
b. such applications have been filed as follows:

FOREIGN APPLICATION(S), IF ANY, CLAIMING PRIORITY UNDER 35 USC § 119

COUNTRY APPLICATION NUMBER DATE OF FILING DATE OF ISSUE
(day, month, year) (day, month, year)

ALL FOREIGN APPLICATION(S), IF ANY, FILED BEFORE THE PRIORITY APPLICATION(S)

COUNTRY APPLICATION NUMBER DATE OF FILING DATE OF ISSUE
(day, menth, year) (day, month, year)

I hereby claim the benefit under Title 35, United States Code, § 120/365 of any United States and PCT international
application(s) listed below and, insofar as the subject matter of each of the claims of this application is not disclosed
in the prior United States application in the manner provided by the first paragraph of Title 35, United States Code,
§ 112, T acknowledge the duty to disclose material information as defined in Title 37, Code of Federal Regulations,
§ 1.56(a) which occurred between the filing date of the prior application and the national or PCT international filing
date of this application.

U.S. APPLICATION NUMBER DATE OF FILING (day, month, year) STATUS (patented, pending, abandoned)

I hereby claim the benefit under Title 35, United States Code § 119(e) of any United States provisional
application(s) listed below:

U.S. PROVISIONAL APPLICATION NUMBER DATE OF FILING (Day, Month, Year)
60/909,315 30 MARCH 2007
60/982,309 24 OCTOBER 2007
Gilead Exhibit 2025
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I acknowledge the duty to disclose information that is material to patentability of this application in accordance with
Title 37, Code of Federal Regulations, § 1.56 (reprinted below):

§ 1.56 Duty to disclose information material to patentability.

(a) A patent by its very nature is affected with a public interest. The public interest is best served, and
the most effective patent examination occurs when, at the time an application is being examined, the Office is aware
of and cvaluates the teachings of all information material to patentability. Each individual associated with the filing
and prosecution of a patent application has a duty of candor and good faith in dealing with the Office, which
includes a duty to disclose to the Office all information known to that individual to be material to patentability as
defined in this section. The duty to disclose information exists with respect to each pending claim until the claim is
canceled or withdrawn from consideration, or the application becomes abandoned. Information material to the
patentability of a claim that is canceled or withdrawn from consideration need not be submitted if the information is
not material to the patentability of any claim remaining under consideration in the application. There is no duty to
submit information which is not material to the patentability of any existing claim. The duty to disclose all
information known to be material to patentability is deemed to be satisfied if all information known to be material to
patentability of any claim issued in a patent was cited by the Office or submitted to the Office in the manner
prescribed by §§ 1.97(b)-(d) and 1.98. However, no patent will be granted on an application in connection with
which fraud on the Office was practiced or attempted or the duty of disclosure was violated through bad faith or
intentional misconduct. The Office encourages applicants to carefully examine:

(1)  prior art cited in search reports of a foreign patent office in a counterpart application, and

(2)  the closest information over which individuals associated with the filing or prosecution of a
patent application believe any pending claim patentably defines, to make sure that any material information
contained therein is disclosed to the Office.

()  Under this section, information is material to patentability when it is not cumulative to information
already of record or being made of record in the application, and

4y It establishes, by itself or in combination with other information, a prima facie case of
unpatentability of a claim;

or
(2)  Itrefutes, or is inconsistent with, a position the applicant takes in:
(i) Opposing an argument of unpatentability relied on by the Office, or
(i)  Asserting an argument of patentability.

A prima facie case of unpatentability is established when the information compels a conclusion that a claim is
unpatentable under the preponderance of evidence, burden-of-proof standard, giving each term in the claim its
broadest reasonable construction consistent with the specification, and before any consideration is given to evidence
which may be submitted in an attempt to establish a contrary conclusion of patentability.

{©) Individuals associated with the filing or prosecution of a patent ap
section are:

(1)  Each inventor named in the application:

2) Each attorney or agent who prepares or prosecutes the application; and

Gilead Exhibit 2025
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(3) Every other person who is substantively involved in the preparation or prosecution of the
application and who is associated with the inventor, with the assignee or with anyone to whom there is an obligation
to assign the application.

(d) Individuals other than the attorney, agent or inventor may comply with this section by disclosing
information to the attorney, agent, or inventor.

() In any continuation-in-part application, the duty under this section includes the duty to disclose to the
Office all information known to the person to be material to patentability, as defined in paragraph (b) of this section,
which became available between the filing date of the prior application and the national or PCT international filing
date of the continuation-in-part application.

I hereby appoint the attorney(s) and/or patent agent(s) associated with the following customer number to prosecute
this application and to transact all business in the Patent and Trademark Office connected herewith.

23552

PATENT TRADEMARK OLFICR

I hereby authorize them to act and rely on instructions from and communicate directly with the
person/assignee/attorney/firm/ organization who/which first sends/sent this case to them and by whom/which I
hereby declare that T have consented after full disclosure to be represented unless/until I instruct Merchant & Gould
P.C. to the contrary.

I understand that the execution of this document, and the grant of a power of attorney, does not in itself establish an
attorney-client relationship between the undersigned and the law firm Merchant & Gould P.C., or any of its
attorneys.

Please direct all correspondence in this case to customer number 23552.

Gilead Exhibit 2025
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I hereby declare that all statements made herein of my own knowledge are truc and that all statements made on
information and belief are believed to be true; and further that these statements were made with the knowledge that
willful false statements and the like so made arc punishable by fine or imprisonment, or both, under Section 1001 of
Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the
application or any patent issued thereon.

Full Name Family Name First Given Name Second Given Name

2 Of Inventor SOFIA MICHAEL JOSEPH

°0 | Residence City State or Foreign Country Country of Citizenship
& Citizenship DOYLESTOWN PA Us

1 Mailing Address City State & Zip Code/Country
Address 3066 ANTLER DRIVE PA 18902

Signature of Inventor 201: g, , KQ/ 4 // Date: 7/07 &/, e

{/lé&//i-& 7 S’Q M =/ A g

Full Name Family Name = L First Given Name Second Given Name

2 Of Inventor DU JINFA

0 Residence City State or Foreign Country Country of Citizenship
& Citizenship NEW HOPE PA Us

2 Mailing Address City State & Zip Code/Country
Address 1206 REINS CIRCLE PA 18938

Signature of Inventor 202: Date: . ~ o, / i
Fuil Name Family Name First Given Name Second Given Name

2 Of Inventor WANG PEIYUAN

0 Residence City State or Foreign Country Country of Citizenship
& Citizenship GLEN ROCK NJ ar Yg

3 Mailing Address City State & Zip Code/Country
Address 20 RADBURN ROAD GLEN ROCK 07452

ignat 203: Date:

Signature of Inventor 203 @I % M 3/) 6‘/0 y
Full Name Family Name First Given Name Second Given Name

2 Of Inventor NAGARATHNAM DHANAPALAN

0 Residence City State or Foreign Country Country of Citizenship
& Cii p | BETHANY cT us

4 Mailing Address City State & Zip Code/Country
Address 52 VIRGINJA RAIL DRIVE BETHANY 06524

Signature of Inventor 204: {l . Date: ) # . \ o o

—
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Docket PH3080.PC7-TRK1

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application No.: Not yet assigned )
: Examiner: Not yet assigned

First Named Inventor: )
Group Art Unit: Not yet assigned
JINFA DU )
Confirmation No.: Not yet assigned
Filed: April 17,2014 )
For: NUCLEOSIDE )
PHOSPHORAMIDATE :
PRODRUGS )

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

PRELIMINARY AMENDMENT

Sir:

Prior to examination on the merits of the above-identified application, please amend the

application as follows and consider the following remarks.

Gilead Exhibit 2025
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Docket PH3080.PC7-TRK1

AMENDMENTS TO THE SPECIFICATION

At page 1, line 1, immediately after the title of invention and before the section titled

“Field of Invention,” please add the following section heading and paragraph:

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a continuation application of U.S. Patent Application No.
14/057,673, filed October 18, 2013, which is a continuation application of U.S. Patent
Application No. 13/609,614, filed September 11, 2012, which issued as U.S. Patent No.
8,580,765 on November 12, 2013, which is a continuation of U.S. Patent Application No.
13/099,671, filed May 3, 2011, which issued as U.S. Patent No. 8,334,270 on December
18, 2012, which is a continuation of U.S. Patent Application No. 12/053,015, filed March
21, 2008, which issued as U.S. Patent No. 7,964,580 on June 21, 2011, which claims the
benefit of U.S. Provisional Application No. 60/982,309, filed October 24, 2007, and U.S.
Provisional Application No. 60/909,315, filed March 30, 2007. The entire contents of the

aforementioned applications are incorporated herein by reference in their entireties.
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Docket PH3080.PC7-TRK1

AMENDMENTS TO THE CLAIMS
The following listing of the claims replaces all prior versions and listings.
1.-3. (Cancelled).

4. (New) A compound represented by the following formula:

o)

NH

o]

wherein
(a) R' is phenyl;
(b) R? is hydrogen;
(¢) R* and R are independently H or CHa;
(d) R is 'Pr, "Pr, "Bu, 2-butyl, ‘Bu, or benzyl;
(e) R’ is H;
(f) R®is CHj;
(g) Xis Cl;
(h) Y is OH;
() R” and R® are H.

5. (New) The compound of claim 4, having the following structure:

Gilead Exhibit 2025
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Docket PH3080.PC7-TRK1

1 NH

0 | /Lo
" “Ji*_o O "
}o\g— (]) MHS

6. (New) The compound of claim 4, having the following structure:

O

Cr

8. (New) The compound of claim 4, having the following structure:

Gilead Exhibit 2025
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Docket PH3080.PC7-TRK1

9. (New) A pharmaceutical formulation comprising a compound of claim 4 and a

pharmaceutically acceptable excipient.

10. New) A method of treating HCV comprising administering a therapeutically

effective amount of a compound of claim [ to a human subject in need thereof.

11. New) The method of claim 10 further comprising administering to the subject a

therapeutically effective amount of another antiviral agent.

12. (New) The methods of claim 11, wherein the another antiviral agent is an NSSA
inhibitor.
13. (New) The methods of claim 11, wherein the another antiviral agent is an NS3

inhibitor.

14. (New) The method of claim 13, further comprising administering to the subject a

therapeutically effective amount of an NS5A inhibitor.
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Docket PH3080.PC7-TRK 1

REMARKS

Claims 1-3 have been cancelled without prejudice or disclaimer of subject matter. Claims

4 to 14 have been added, with claim 4 being in independent form.

Support for the new claims may be found in the subject specification as filed. The
following chart references exemplary supporting sections of the specification; support may

also be found in other sections of the document.

Claim Supporting Sections of Specification
4 Structure 1-4 at p. 44

(@) R'isphenyl; p. 44

(b) R?ishydrogen; p. 44

(¢) R*and R* are independently
H or CHjz;

p. 44; p. 37 regarding R** and R*® may be
independently chosen. See also p. 100.

(d) R'is’Pr, "Pr, "Bu, 2-butyl, ‘Bu, | p.44
or benzyl;

(¢) R’isH; p. 45

(H R®is CHj; p. 45

(g) XisCl p. 45

(h) Yis OH; p. 45

(i) R’ and R®are H. p. 45

5-8 Selected species within Structure [-4.
9 pp. 641 - 642

10 p. 645

11-14 p. 647-648

In addition to the support listed above, several tables in the specification list compounds
with various substituents. The table at pp. 662-668 shows additional structures and
provides, in part, additional support that R and R*™ may be independently be H or CH;
(see, e.g., Example No.s 50-52 compared to the other compounds in the table). Additional

support is provided by Structure 1 at p. 8.
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Docket PH3080.PC7-TRK1

The meaning of “P*” is described at p. 19, and includes both the “R” and “S” forms at the

P atom of the described compounds. See also p. 101.

The specification has been amended to provide a cross-reference to related applications.

Applicant submits that no new matter has been added.
Early and favorable action on the merits is respectfully requested.

Should the Examiner have any questions, he is invited to contact the undersigned attorney

at (650) 522-1871.

Dated: April 17,2014 Respectfully submitted,

N F Bopen

Lawrence F. Rozsnyai
Registration No. 58,427
Attorney for the Applicant
Gilead Sciences, Inc.

333 Lakeside Drive

Foster City, California 94494
(650) 577-6841

(650) 522-5575 — Fax
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I hereby certify that this paper (along with any paper referred to as being attached
or enclosed) is being transmitted via the Office electronic filing system in
accordance with 37 CFR § 1.6(a)(4).

L.ER ‘

oes AUHZOLY sqravme sl oe KoPdmegun. Docket No.: PH3080.PC7-TRK1
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:

Jinfa Du et al.

Application No.: Not Yet Assigned Confirmation No.: N/A

Filed: Concurrently Herewith Art Unit: N/A

For: NUCLEOSIDE PHOSPHORAMIDATE Examiner: Not Yet Assigned

PRODRUGS

INFORMATION DISCLOSURE STATEMENT (IDS)

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Madam:

Pursuant to 37 C.F.R. § 1.56, 1.97 and 1.98, the attention of the Patent and
Trademark Office is hereby directed to the references listed on the attached PTO/SB/08. It
is respectfully requested that the information be expressly considered during the
prosecution of this application, and that the references be made of record therein and

appear among the “References Cited” on any patent to issue therefrom.

This Information Disclosure Statement accompanies the new patent application

submitted herewith.

Copies of the references on the PTO/SB/08 are not supplied because they were
previously cited by or submitted to the Office in prior application numbers 14/057,675 filed
October 18, 2013 and 13/609,614 filed September 11, 2012 relied upon in these
applications for an earlier filing date under 35 U.S.C. § 120.
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Application No.: Not Yet Assigned Docket No.: PH3080.PC7-TRK1

In accordance with 37 C.F.R. § 1.97(g), the filing of this Information Disclosure
Statement shall not be construed to mean that a search has been made or that no other
material information as defined in 37 C.F.R. § 1.56(a) exists. In accordance with 37 C.F.R.
§ 1.97(h), the filing of this Information Disclosure Statement shall not be construed to be an
admission that any patent, publication or other information referred to therein is “prior art”

for this invention unless specifically designated as such.

It is submitted that the Information Disclosure Statement is in compliance with
37 C.F.R. § 1.98 and the Examiner is respectfully requested to consider the listed
references.

The Director is hereby authorized to charge any deficiency in the fees filed,
asserted to be filed or which should have been filed herewith (or with any paper hereafter
filed in this application by this firm) to our Deposit Account No. 07-1250, under Order No.
PH3080.PC7-TRK1.

Dated: April 17, 2014 Respectfully submitted,

By J F. ?Zt-;/vt/}

Lawrerice F. Rozsnyai

Registration No.: 58,427

GILEAD SCIENCES, INC.
Correspondence Customer Number; 25000
Attorney For Applicant
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5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
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28 | 2006/063149 WO Al 2006-06-15 | UNIV. MINNESOTA ]
29 | 2006/063717 WO A2 2006-06-22 | UNIV. KARLSRUHE ]
XTL
30 | 2006/065590 WO A2 2006-06-22 | BIOPHARMACEUTICAL ]
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Mitchell et al., "Bioreversible Protection for the Phospho Group: Bioactivation of the Di{4-acyloxybenzyl) and Mono{4-
1 acyloxybenzyl) Phosphoesters of Methylphosphonate and Phosphonoacetate,” J. Chem. Soc. Perkin. Trans. 1, pages |:|
2345 - 2353 (1992)
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5 Olsen et al., "2"-Modified Nucleoside Analogs as Inhibitors of Hepatitis C RNA Replication," Program and Abstracts, ]
16th International Conference on Antiviral Research, Abstract No. 121, p. A76 (April 27 - May 1, 2003)
3 Otto, M., "Evaluation of Nucleoside Analogs in the Hepatitis C Virus Replicon System,” Framing the Knowledge of |:|
Therapeutics for Viral Hepatitis, IHL Press, First Edition, pages 247 - 261 (2006)
4 Piantadosi et al., "Synthesis and Evaluation of Novel Ether Lipid Nucleoside Conjugates for Anti-HIV-1 Activity," J. ]
Med. Chem_, Vol. 34, No. 4, pages 1408 - 1414 (1991)
5 Pierra et al., "Synthesis and Pharmacokinetics of Valopicitabine (NM283), an Efficient Prodrug of the Potent Anti-HCV |:|
Agent 2'-C-Methylcytidine," J. Med. Chem_, Vol 49, No. 22, pages 6614 - 6620 (2006)
6 Starrett, Jr. et al., "Synthesis, Cral Bioavailability Determination, and in Vitro Evaluation of Prodrugs of the Antiviral ]
Agent 9-[2-(Phosphonomethoxy)ethylladenine (FMEA)," J. Med. Chem_, Vol. 37, No. 12, pages 1857 - 1864 (1994}
7 Stuyver et al., "Inhibition of hepatitis C replicon RNA synthesis by B-D-2'-deoxy-2'-fluoro-2'-C-methlcytidine: a specific |:|
inhibitor of hepatitis C virus replication," Antiviral Chemistry & Chemotherapy, Vol. 17, No. 2, pages 79 - 87 (2006)
8 Stuyver et al., "Dynamics of Subgenomic Hepatitis C Virus Replicon RNA Levels in Huh-7 Cells after Exposure to ]
Nucleoside Antimetabolites,” J. Virol_, Vol. 77, No. 19, pages 10689 - 10684 {(2003)
9 Stuyver et al., "Ribonucleoside Analogue that Blocks Replication of Bovine Viral Diarrhea and Hepatitis C Viruses in |:|
Culture," Antimicrobial Agents and Chemotherapy, Vol. 47, No. 1, pages 244 - 254 (2003)
10 Wolff, M.E_, "Burger's Medicinal Chemistry and Drug Discovery," Fifth Edition, Vol. 1, pages 975 - 977 (1995) ]
11 Zon, G., "4 Cyclophosphoamide Analogues,” Progress in Medicinal Chemistry, vol. 19, pp. 205-246 (1982) |:|
Bhat et al., "Synthesis and Pharmacokinetic Properties of Nucleoside Analogues as Possible Inhibitors of HCV RNA
12 Replication,” (Cral Session V: Hepatitis C Virus, Flaviviruses), 16th International Conference on Antiviral Research, ]
Abstract No. 120, p. A75 (April 27 - May 1, 2003)
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13 Chu et al., "Isolation and Structure of SCH 351633: A Novel Hepatitis C Virus (HCV) NS3 Protease Inhibitor from the ]
Fungus Penicillium Griseofulvum,” Bioorg. & Med. Chem. Lett., Vol. 9, pages 1949 - 1952 (1999}
14 Chu et al., "Structure of Sch 68631: A New Hepatitis C Virue Proteinase Inhibitor from Streptomyces sp." Tet. Lett., |:|

Vol. 37, No. 40, pages 7229 - 7232 (1996)

15 De Lombaert et al., "N-Phosphonomethyl Dipeptides and Their Fhosphonate Frodrugs, a New Generation of Neutral ]
Endopeptidase (NEP, EC 3.4.24 11) Inhibitors," J. Med. Chem_, Vol. 37, No. 4, pages 498 - 511 (1994}

Edmundson et al., "Cyclic Organophospharus Compounds. Part 23. Configurational Assignments in the 4-
16 Phenyl-1,3,2-dioxaphosphorinane Series. X-Ray Molecular Structure of cis-2-Benzylamino-4-phenyl-1,3,2- |:|
dioxaphosphorinane 2-oxide,” J. Chem. Research (S), pages 122 - 123 (1988)

17 Goekjian et al,, "Synthesis of Fluorinated Marcocyclic Bis(indolyl)maleimides as Potential 19F NMR Probes for Protein ]
Kinase C," J. Org. Chem. Vol_, 64., No. 12, pages 4238 - 4246 (1999)

Hernandez et al., "Synthesis of Highly Functionalized Chiral Nitriles by Radical Fragmentation of beta-Hydroxy Azides.
18 Convenient Transformation of Aldononitriles into 1,4- and 1,5-Iminoalditols,” J. Crg. Chem., Vol. 69. No. 24, pages |:|
8437 - 8444 (2004)

Hostetler et al., "Greatly Enhanced Inhibition of Human Immunodeficiency Virus Type 1 Replication in CEM and
19 HT4-6C Cells by 3' -Deoxythymidine Diphosphate Dimyristoylglycerol, a Lipid Prodrug of 3’ -Deoxythymidine " ]
Antimicrobial Agents and Chemotherapy,” Vol. 36, No. 9, pages 2025 - 2029 (1992)

20 Kucera et al., "Novel Membrane-Interactive Ether Lipid Analogs That Inhibit Infectious HIV-1 Production and Induce |:|

Defective Virus Formation,” Aids Research and Human Retroviruses, Vol. 6, No. 4, pages 491 - 501 (1990)

21 Meier et al., "Cyclic Saligenyl Phosphotriesters of 2',3" -Dideoxy-2',3'-didehydrothymidine (d4T) - A New Pro-Nucleotide ]
Approach,” Biocorg. & Med. Chem. Lett., Vol. 7, No. 2, pages 99 - 104, (1997)

22 Neidlein et al., "Mild Preparation of 1-Benzyloxyiminoalkylphosphonic Dichlorides: Application to the Synthesis of |:|
Cyclic Phosphonic Diesters and Cyclic Monoester Amides," Heterocycles, Vol. 35, No. 2, pages 1185 - 1203 (1993)
23 Nifantyev et al., "Synthesis and Structure of Some Stable Phospholane-Phospholanes,” Phosphorus, Sulfur, and ]

Silicon, Vol. 113, pages 1 - 13 (1896}
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24 Novak, J. J. K., "Chiroptical Properties of 2-Methyl-1,4-Lactones; Revised Absolute Configuration of 2-Deoxy-2-C- ]
Methyl-erythro-D-Pentono-1,4-Lactones,” Collection Czechoslov. Chem. Commun_, Vol. 39, pages 869 - 882 (1974)

25 Novak, J. J. K, "Nucleic Acid Components and Their Analogues CXLIIl. Nucleosides Derived from 2-Deoxy-2(R)-C- |:|

Methyl-erythro-D-Pentose," Collection Czechoslov. Chem. Commun_, Vol. 36, pages 3670 - 3677 (1971}

26 Oishi et al., "Asymmetric Dihydroxylation of Chiral Olefins. High Control of Diastereofacial Selection," Tet. Lett., Vol. ]
34, No. 22, pages 3573 - 3576 (1993)

27 Shih et al., "Preparation and Structures of 2-Dimethylamino-4-phenyl-1,3,2-dioxaphosphorinane-2-oxides," Bull. Inst. |:|
Chem_, Acad. Sin_, Vol. 41, pages 9 -16, (March 1994)

28 Stella, V. J., "Prodrugs as Therapeutics,” Expert opinion on therapeutic patents, Vol. 14, No. 3, pages 277 - 280 ]
(March 2004)

29 Xiao-Ling et al., "Study on the Chirality of Sulfurin Ethyl {25, 3R,4R)-4,5-O-lsopropylidene-2,3-sulfinyl-2,3,4,5- |:|

tetrahydroxy-pentanoate”, Acta Chimica Sinica, Vol. 55, pages 600 - 604 (1997)

30 Xiao-Ling et al., "The Synthesis of (25,3R}-Sphingosine from D-Mannitol”, Acta Chimica Sinica, Vol. 54, pages 826 - ]
832 (1996)

31 International Search Report issued in International Application No. PCT/US2004/012472 mailed December 30, 2004 {4 |:|
pages)

30 International Search Report issued in International Application No. PCT/US2005/025916 mailed June 15, 2006 (2 ]
pages)

33 International Search Report issued in International Application No. PCT/EF2006/069060 mailed January 30, 2007 (4 |:|

pages)

34 International Search Report issued in Intemational Application No. PCT/US2005/032406 mailed May 8, 2008 (3 pages)l [ |
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35 Bartenschlager et al., "Nonstructural Protein 3 of the Hepatitis C Virus Encodes a Serine-Type Proteinase Required for ]
Cleavage at the NS3/4 and NS4/5 Junctions,” J. Virol., Vol. 67, No. 7, pages 3835 - 3844 (1993)

36 Bartenschlager et al., "Kinetic and Structural Analyses of Hepatitis C Virus Polyprotein Processing,” J. Virol., Vol. 68, |:|

No. 8, pages 5045 - 5055 (1994)

37 Bazan et al., "Detection of a Trypsin-like Serine Protease Domain in Flaviviruses and Pestiviruses," Virology, Vol. 171, ]
pages 637 - 639 (1989)

Beaulieu et al., "Inhibitors of the HCV NS5B polymerase: New hope for the treatment of hepatitis C infections,” Current |:|

38 Opinion in Investigational Drugs, Vol. 5, No. 8, pages 838 - 850 (2004}

39 Behrens et al., "Identification and properties of the RNA-dependent RNA polymerase of hepatitis C virus," The EMBO ]
Journal, Vol. 15, No. 1, pages 12 - 22 (1996)

40 Calisher et al., "Antigenic Relationships between Flaviviruses as Determined by Cross-neutralization Tests with |:|
Polyclonal Antisera,” J. Gen. Virol_, Vol. 70, pages 37 - 43 (1989)
41 Carroll et al., "Nucleoside Analog Inhibitors of Hepatitis C Virus Replication,” Infectious Disorders - Drug Targets, Vol. ]

6, No. 1, pages 17 - 29 (2006)

Eckart et al., "The Hepatitis C Virus Encodes a Serine Protease Involved in Processing of the Putative Nonstructural
42 Proteins from the Viral Polyprotein Precursor,” Biochemical and Biophysical Research Communications, Vol. 192, No. |:|
2, pages 399 - 406 (1993)

43 Failla et al., "Both NS3 and NS4A are Required for Proteolytic Processing of Hepalitis C Virus Nonstructural Proteins,” ]
J. Virel., Vol. 68, No. 6, pages 3753 - 3760 (1994)

Rice, C. M., "Flaviviridae: The Viruses and Their Replication,”" Fields Virology, 3rd Edition, Vol. 1, pages 931 - 859
441 (1996) O
45 Gorbalenya et al., "A conserved NTP-motif in putative helicases," Nature, Vol. 333, page 22 {1988) ]
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46 Gorbalenya et al., "N-terminal domains of putative helicases of flavi-and pestiviruses may be serine proteases," ]
Nucleic Acids Research, Vol. 17, No. 10, pages 3889 - 3897 (1989}

47 Grakoui et al., "Characterization of the Hepatitis C Virus-Encoded Serine Proteinase: Determination of Proteinase- |:|

Dependent Polyprotein Clevage Sites,” J. Virol., Vol. 67, No. 5, pages 2832 - 2843 (1993)

48 Grakoui et al., "A second hepatitis C virus-encoded proteinase,” Proc. Natl. Acad. Sci., Vol. 90, pages 10583 - 10587 ]
(1993)

49 Griffith et al., "HCV Anti-viral Agents," Annual Reports in Medicinal Chemistry, Vol. 39, pages 223 - 237 (2004) |:|

50 Halstead, S. B., "Selective Primary Health Care: Strategies for Control of Disease in the Developing World. XI. ]
Dengue," Review of Infectious Diseases, Vol. 6, No. 2, pages 251 - 263 (1984)
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information disclosure statement. See 37 CFR 1.97(e)(1).
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That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to
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statement. See 37 CFR 1.97(e)(2).

[ ] See attached certification statement.
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is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
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2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negofiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
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Member with respect to the subject matter of the record.

4, A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the infarmation in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.5.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.5.C. 218(¢)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.5.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(k) or issuance of a patent pursuant to 35 U.S5.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open ta public inspections or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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NUCLEOSIDE PHOSPHORAMIDATE PRODRUGS

Field of Invention

The present invention pertains to nucleoside phosphoramidates and their use as
agents for treating viral diseases. These compounds are inhibitors of RNA-dependent
RNA viral replication and are useful as inhibitors of HCV NS5B polymerase, as
inhibitors of HCV replication and for treatment of hepatitis C infection in mammals. The
invention provides novel chemical compounds, and the use of these compounds alone or

in combination with other antiviral agents for treating HCV infection.
Background

Hepatitis C virus (HCV) infection is a major health problem that leads to chronic
liver disease, such as cirrhosis and hepatocellular carcinoma, in a substantial number of
infected individuals, estimated to be 2-15% of the world's population. There are an
estimated 4.5 million infected people in the United States alone, according to the U.S.
Center for Disease Control. According to the World Health Organiéalion, there are more
than 200 million infected individuals worldwide, with at least 3 to 4 million people being
infected cach year. Once infected, about 20% of people clear the virus, but the rest can
harbor HCV the rest of their lives. Ten to twenty percent of chronically infected
individuals eventually develop liver-destroying cirrhosis or cancer. The viral disease is
transmitted parenterally by contaminated blood and blood products, contaminated
needles, or sexually and vertically from infected mothers or carrier mothers to their

offspring. Current treatments for HCV infection, which are restricted to immunotherapy
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with recombinant interferon-a alone or in combination with the nucleoside analog
ribavirin, are of limited clinical benefit. Moreover, there is no established vaccine for
HCV. Consequently, there is an urgent need for improved therapeutic agents that

effectively combat chronic HCV infection.

The HCV virion is an enveloped positive-strand RNA virus with a single
oligoribonucleotide genomic sequence of about 9600 bases which encodes a polyprotein
of about 3,010 amino acids. The protein products of the HCV gene consist of the
structural proteins C, El, and E2, and the non-structural proteins NS2, NS3, NS4A and
NS4B, and NSSA and NS5B. The nonstructural (NS) proteins are believed to provide the
catalytic machinery for viral replication. The NS3 protease releases NS5B, the RNA-
dependent RNA polymerase from the polyprotein chain. HCV NSSB polymerase is
required for the synthesis of a double-stranded RNA from a single-stranded viral RNA
that serves as a template in the replication cycle of HCV. Therefore, NS5B polymerase is
considered to be an essential component in the HCV replication complex (K. Ishi, et al,
Heptology, 1999, 29; 1227-1235; V. Lohmann, et al., Virology, 1998, 249: 108-118).
Inhibition of HCV NSSB polymerase prevents formation of the double-stranded HCV
RNA and therefore constitutes an attractive approach to the development of HCV-

specific antiviral therapies.

HCV belongs to a much larger family of viruses that share many common

features.

Flaviviridae Viruses
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The Flaviviridae family of viruses comprises at least three distinct genera:
pestivirnses, which cause disease in cattle and pigs; flavivruses, which are the primary
cause of diseases such as dengue fever and yellow fever; and fepaciviruses, whose sole
member is HCV. The flavivirus genus includes more than 68 members separated into
groups on the basis of serological relatedness (Calisher et al., J. Gen. Virol, 1993,70,37-
43). Clinical symptoms vary and include fever, encephalitis and hemorrhagic fever
(Fields Virology, Editors: Fields, B. N, Knipe, D. M., and Howley, P. M., Lippincott-
Raven Publishers, Philadelphia, PA, 1996, Chapter 31, 931-959), Flaviviruses of global
concern that are associated with human disease include the Dengue Hemorrhagic Fever
viruses (DHF), yellow fever virus, shock syndrome and Japanese encephalitis virus
(Halstead, S. B., Rev. infect. [Dis., 1984, 6, 251-264; Halstead, S. B., Science, 239:476-

481, 1988; Monath, T. P., New Eng. .J. Med, 1988, 319, 64 1-643).

The pestivirus genus includes bovine viral diarrhea virus (BVDV), classical swine
fever virus (CSFV, also called hog cholera virus) and border disease virus (BDV) of
sheep (Moennig, V. et al. Adv. Vir. Res. 1992, 41, 53-98). Pestivirus infections of
domesticated livestock (cattle, pigs and sheep) cause significant economic losses
worldwide. BVDV causes mucosal disease in cattle and is of significant economic
importance to the livestock industry (Meyers, G. and Thiel, H.J., Advances in Virus
Research, l996,A 47, 53-118; Moennig V., et al, Adv. Vir. Res. 1992, 41, 53-98). Human
pestiviruses have not been as extensively characterized as the animal pestiviruses.

However, serological surveys indicate considerable pestivirus exposure in humans.

Pestiviruses and hepaciviruses are closely related virus groups within the

Flaviviridae family. Other closely related viruses in this family include the GB virus A,
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GB virus A-like agents, GB virus-B and GB virus-C (also called hepatitis G virus, HGV).
The hepacivirus group (hepatitis C virus; HCV) consists of a number of closely related
but genotypically distinguishable viruses that infect humans. There are at least 6 HCV
genotypes and more than 50 subtypes. Due to the similarities between pestiviruses and
hepaciviruses, combined with the poor ability of hepaciviruses to grow efficiently in cell
culture, bovine viral diarrhea virus (BVDV) is often used as a surrogate to study the HCV

Virus.

The genetic organization of pestiviruses and hepaciviruses is very similar. These
positive stranded RNA viruses possess a single large open reading frame (ORF) encoding
all the viral proteins necessary for virus replication. These proteins are expressed as a
polyprotein that is co- and post-translationally processed by both cellular and virus-
encoded proteinases to yield the mature viral proteins. The viral proteins responsible for
the replication of the viral genome RNA are located within approximately the carboxy-
terminal. Two-thirds of the ORF are termed nonstructural (NS) proteins. The genetic
organization and polyprotein processing of the nonstructural protein portion of the ORF
for pestiviruses and hepaciviruses is very similar. For both the pestiviruses and
hepaciviruses, the mature nonstructural (NS) proteins, in sequential order from the
amino-terminus of the nonstructural protein coding region to the carboxy-terminus of the

OREF, consist of p7, NS2, NS83, NS4A, NS4B, NSSA, and NSSB.

The NS proteins of pestiviruses and hepaciviruses share sequence domains that
are characteristic of specific protein functions. For example, the NS3 proteins of viruses
in both groups possess amino acid sequence motifs characteristic of serine proteinases

and of helicases (Gorbalenya et al., Nature, 1988, 333, 22; Bazan and Fletterick Virology
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, 1989,171,637-639; Gorbalenya et al., Nucleic Acid Res., 1989, 17, 3889-3897).
Similarly, the NS5B proteins of pestiviruses and hepaciviruses have the motifs
characteristic of RNA-directed RNA polymerases (Koonin, E.V. and Dolja, V.V., Crir.

Rev. Biochem. Molec. Biol. 1993, 28, 375-430).

The actual roles and functions of the NS proteins of pestiviruses and
hepaciviruses in the lifecycle of the viruses are directly analogous. In both cases, the NS3
serine proteinase is responsible for all proteolytic processing of polyprotein precursors
downstream of its position in the ORF (Wiskerchen and Collett, Virology, 1991, 184,
341-350; Bartenschlager et al., J. Virol. 1993, 67, 3835-3844; Eckart et al. Biochem.
Biophys. Res. Comm. 1993,192, 399-406; Grakoui et al., J. Virol. 1993, 67, 2832-2843;
Grakoui et al., Proc. Nail. Acad Sci. USA 1993, 90, 10583-10587; Hijikata et al., J. Firal,
1993, 67, 4665-4675; Tome et al., /. Virol., 1993, 67, 4017-4026). The NS4A protein, in
both cases, acts as a cofactor with the NS3 serine protease (Bartenschlager et al., ... Virol,
1994 68, 5045-3055; Failla et al., J. Firol. 1994, 68, 3753-3760; Xu et al_, J. Virol.,
1997, 71:53 IZ-§322). The NS3 protein of both viruses also functions as a helicase (Kim
et al., Biochem. Biophys. Res. Comm., 1995, 215, 160-166; Jin and Petersbn,Arch.
Biochem. Biophys., 1995, 323, 47-53; Warrener and Collett, /. Virol. 1995, 69,1720-
1726). Finally, the NS5B proteins of pestiviruses and hepaciviruses have the predicted
RNA-directed RNA polymerases activity (Behrens et al., EMBO, 1996, 15, 12-22;
Lechmann et al,, .J. Virol., 1997, 71, 8416-8428; Yuan et al., Biochem. Biopliys. Res.
Comm. 1997, 232, 231-235; Hagedorn, PCT WO 97/12033; Zhong et al, J. Virol., 1998,

72, 9365-9369).
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Currently, there are limited treatment options for individuals infected with
hepatitis C virus. The current approved therapeutic option is the use of immunotherapy
with recombinant interferon-o alone or in combination with the nucleoside analog
riba'v'irin; This therapy is limited in its ¢clinical effectiveness and only 50% of treated
patients respond 1o therapy. Therefore, there is significant need for more effective and

novel therapies to address the unmet medical need posed by HCV infection,

A number of potential molecular targets for drug development of direct acting
antivirals as anti -HCV therapeutics have now been identified including, but not limited
to, the NS2-NS3 autoprotease, the N3 protease, the N3 helicase and the NS5B
polymerase. The RNA-dependent RNA polymerase is absolutely essential for réplication
of the si ngle-stranded, positive sense, RNA genome and this enzyme has elicited

significant interest among medicinal chemists,

Inhibitors of HCV NSS3B as potential therapies for HCV infection have been
reviewed: Tan, S.-L., et al., Nasure Rev. Drug Discov., 2002, 1, 867-881; Walker, M.P. et
al., Lxp. Opin. Invesiigational Drugs, 2003, 12, 1269-1280; Ni, Z-), et al., Current
Opinion in Drug Discovery and Development, 2004, 7, 446-459; Beaulieu, P, L., et al.,
C’uﬂ‘ﬂﬂl Opinion in Invesiigational Drugs, 2004, 5, 838-850; Wu, J., et al., Current Drug
Targets-Infections Disorders, 2003, 3, 207-219; Griffith, R.C., et al, Aumal Reports in
Medicinal Chemistry, 2004, 39, 223-237; Carrol, S., et al., Infections Disorders-Drug
Targets, 2006, 6, 17-29. The potential for the emergence of resistant HCV strains and the
need to identify agents with broad genotype coverage supports the need for continuing

efforts to identify novel and more effective nucleosides as HCV NS5B inhibitors.
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Nucleoside inhibitors of NS5B polymerase can act either as a non-natural
subsirate that results in chain termination or as a competitive inhibitor which competes
with nucleotide binding to the polymerase. To function as a chain terminator the
nucleoside analog must be taken up by the cell and converted in vivo to a triphosphate to
compete for the polymerase nucleotide binding site. This conversion to the triphosphate
is commonly mediated by cellular kinases which imparts additional structural
requirements on a potential nucleoside polymerase inhibitor. Unfortunately, this limits
the direct evaluation of nucleosides as inhibitors of HCV replication to cell-based assays

capable of in situ phosphorylation.

In some cases, the biological activity of a nucleoside is hampered by its poor
substrate characteristics for one or more of the kinases needed to convert it to the active
triphosphate form. Formation of the monophosphate by a nucleoside kinase is generally
viewed as the rate limiting step of the three phosphorylation events. To circumvent the
need for the initial phosphorylation step in the metabolism of a nucleoside to the active
triphosphate analog, the preparation of stable phosphate prodrugs has been reported.
Nucleoside phosphoramidate prodrugs have been shown to be precursors of the active
nucleoside triphosphate and to inhibit viral replication when administered to viral
infected whole cells (McGuigan, C., etal., J. Med. Chem., 1996, 39, 1748-1753; Valette,
G, etal,.J Med Chem., 1996, 39, 1981-1990; Balzarini, )., et al., Proc. Naiional Acad
Sci USA, 1996, 93, 7295-7299; Siddiqui, A. Q., et al., J. Med. Chem., 1999, 42, 4122-
4128; Eisenberg, E. J., et al., Nucleosides, Nucleolides and Nucleic Acids. 2001, 20,
1091-1098; Lee, W.A., et al., Amtimicrobial Agents and Chemotherapy, 2005, 49, 1898);

US 2006/0241064; and WO 2007/095269.
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Also limiting the utility of nucleosides as viable therapeutic agents is their
sometimes poor physicochemical and pharmacokinetic properties. These poor properties
can limit the intestinal absorption of an agent and limit uptake into the target tissue or
cell. Toimprove on their properties prodrugs of nucleosides have been employed. It has
been demonstrated that preparation of nucleoside phosphoramidates improves the
systemic absorption of a nucleoside and furthermore, the phosphoramidate moiety of
these "pronucleotides” is masked with neutral lipophilic groups to obtain a suitable
partition coefficient to optimize uptake and transport into the cell dramatically enhancing
the intracellular concentration of the nucleoside monophosphate analog relative to
administering the parent nucleoside alone. Enzyme-mediated hydrolysis of the phosphate
ester moiety produces a nucleoside monophosphate wherein the rate limiting initial

phosphorylation is unnecessary.

SUMMARY OF THE INVENTION

The present invention is directed toward novel phosphoramidate prodrugs of
nucleoside derivatives for the treatment of viral infections in mammals, whichis a
compound, its stereoisomers, salts (acid or basic addition salts), hydrates, solvates, or

crystalline forms thereof, represented by the following structure:

Rz
R® l ! ‘ Base
Rs;ﬂ_/N*—-—l o o
I | o
1 R’
COR? R RS
$ %
Y *
I
wherein
29809011 .8
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(@  R'ishydrogen, n-alkyl; branched alkyl; cycloalkyl; or aryl, which
includes, but is not limited to, pheny] or naphthyl, where pheny! or naphthyl are
optionally substituted with at least one of C, alkyl, C».¢ alkenyl, C,.¢ alkynyl, C
alkoxy, F, Cl, Br, L, nitro, cyano, Cy.¢ haloalkyl, -N(R");, Cy.¢ acylamino, -NHSO,C; 5
alkyl, -SO:N(R", COR", and -SO,Cy.¢ alkyl; (R" is independently hydrogen or alkyl,
which includes, but is not limited to, Cy.20 alkyl, Ci.10 alkyl, or Cy¢ alkyl, R" is ~OR' or -
NR":);

(b)  R%is hydrogen, C .10 alkyl, R™ or R*" and R? together are (CHz), 50 as to
form a cyclic ring that includes the adjoining N and C atoms, C(O)CR*R*™NHR/, where
nis2to4and R', R¥, and R™;

{¢)  R™and R®are (i) independently selected from hydrogen, Cy.i¢ alkyl,
cycloalkyl, (CH2)(NR¥),, Cy.c hydroxyalkyl, -CH,SH, -(CH:).S(0)iMe, -
(CH2)sNHC(=NH)NH:, (1H-indol-3-yl)methyl, (1H-imidazol-4-yl)methyl, -
(CH,).COR™", aryl and aryl C,.1 alkyl, said aryl groups optionally substituted with a
group selected from hydroxyl. Ci.10 alkyl, Cy.6 alkoxy, halogen, nitro and cyano; (i) R*
and R™ both are CM. alkyl; (iii) R* and R*® together are(CHz)y so as to form a spiro ring;
(iv) R™ is hydrogen and R™ and R? together are (CHz), 50 as to form a cyclic ring that
includes the adjoining N and C atoms (v) R™ is hydrogen and R™ and R? together are
(CHy), s0 as to form a cyclic ring that includes the adjoining N and C atoms, where ¢ is 1
106,dis0102,eis0t03, fis2to 5, nis 2 to4, and where R* is independently hydrogen
or Cy. alkyl and R* is -OR’ or -N(R¥)2); (vi) R*is'H and R® is H, CH;, CHyCH,
CH(CH,),, CH,CH(CHy),, CH(CH;3)CH,CH;, CH,Ph, CH;-indol-3-yl, -CH,CH,SCH;,
CH,CO;H, CH;C(O)NH,, CH;CH;COOH, CH;CH;C(O)NH;, CH:CH.CHCH;NH;, -
CH,CHCH,NHC(NH)NH,, CH;-imidazol-4-yl, CH,OH, CH(OH)CH;, CHy((4'-OH)-
Ph), CH,SH, or lower cycloalkyl; or (viii) R* is CHs, -CH>CHjs, CH(CHa)s,
CH.CH(CH3)s, CH(CH;)CH;CH;, CH;Ph, CHz-indol-3-yl, -CH,CH,SCH3, CH;CO:H,
CH;C(O)NH;, CH;CH,COOH, CH;CH,C(O)NH;, CH,CH,CH,CH:NH,, -
CH,CH,CH;NHC(NH)NH,, CH;-imidazol-4-yl, CH;OH, CH(OH)CH,, CHy((4'-OH)-
Ph), CH,SH, or lower cycloalky! and R* is H, where R¥ is independently hydrogen or
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alkyl, which includes, but is not limited to, Cy.2p alkyl, Cy.10 alkyl, or Ci.¢ alkyl, R is -
OR’ or -N(R? Y2

(d)  RYis hydrogen, Cy.;g alkyl, Cy.10 alkyl optionally substituted with a lower
alkyl, alkoxy, di(lower alkyl)-amino, or halogen, C,.;o haloalkyl, C;.\o cycloalkyl,
cycloalkyl alkyl, cycloheteroalkyl, aminoacyl, aryl, such as phenyl, heteroaryl, such as,
pyridinyl, substituted aryl, or substituted heteroaryl;

()  R*isH, alower alkyl, CN, vinyl, O-(lower alkyl), hydroxyl lower alkyl,
i.e., -(CH2),OH, where p is 1 -6, including hydroxyl methyl (CH;OH), CH:F, N3,
CHLCN, CH:NH,, CHaNHCH,, CHaN(CH,),, alkyne (optionally substituted), or halogen,
including F, Cl, Br, or 1, with the provisos that when X is OH, base is cytosine and RSis
H, R® cannot be Ny and when X is OH, R® is CH; or CH,F and B is a purine base, R’
cannot be H;

()  R®isH, CH;, CH;F, CHF,, CF3, F, or CN;
© X is H, OH, F, OMe, halogen, NHa, or Ny;

(h)  Yis OH, H, Cy4 alkyl, Cy.q alkenyl, Cz.4 alkynyl, vinyl, N3, CN, ClI, Br, F,
1, NOz, OC(0)O(C;-1alkyl), OC(0)O(C).4 alkyl), OC(0)O(Ca., alkynyl), OC(O)O(Cs.4
alkenyl), OC .10 haloalkyl, O(aminoacyl), O(C,.10 acyl), O(C.4 alkyl), O(C,.4 alkenyl),
S(Cr.a acyl), S(Cy.4 alkyl), S(Ca.4 alkynyl), S(Cs.4 alkenyl), SO(C).q acyl), SO(C,.4 alkyl),
SO(C3.4 alkynyl), SO(Cs.4 alkenyl), SOs(Cy.4 acyl), SO2C .4 alkyl), SOHCa.4 alkynyl),
$02(C1.4 alkenyl), OS(0)2(Cr.4 acyl), OS(0):(C.q alkyl), 0S(0)x(C1.4 alkenyl), NH,,
NH(C,.4 atkyl), NH(C;.4 atkenyl), NH(C.4 alkynyl), NH(C).4 acyl), N(C,.4 alkyl)z, N(C,.
18 acyl);, wherein alkyl, alkynyl, alkeny! and vinyl are optionally substituted by Nj, CN,
one to three halogen (Cl, Br, F, 1), NO;, C(0)O(C;.s alkyl), C(O)O(C,.; alkyl), C{OYO(Ca.
s alkynyl), C(O)O(Cs.4 alkenyl), O(Ci.s acyl), O(Ci.q alkyl), O(Cs.4 alkenyl), S(Ci.5 acyl),
S(Ci.4 alkyl), S(Cz.4 alkynyl), S(C24 alkenyl), SO(C.4 acyl), SO(C,, alkyl), SO(Cs.4
alkynyl), SO(C:.q alkenyl), SO2(Cy.q acyl), SO2(Cy.4 alkyl), SO2(Cz.4 alkynyl), SO2(C2
alkenyl), 08(0)y(Cy.5 acyl), OS(O)(Cy.4 alkyl), OS(0)2(Cz.4 alkenyl), NH;, NH(C).4
alkyl), NH(C;.q alkenyl), NH(Cz.4 alkynyl), NH(C,.4 acyl), N(C,.; alkyl);, N(C,.4 acyl);

20809011 -10-

Gilead Exhibit 2025
PGR2023-00046 - Page 00102



Docket No. 60137.0034USUI

the base is a naturally occurring or modified purine or pyrimidine base
represented by the following structures:

? o RI o]
RS RE
= z 2 N
N H NH
R? T o R’ T 7o) T N RN T N NH,
v WV aw S
a b c d
5 wherein
ZisNor CR';

R”, RER®, R', and R"are independently H, F, Cl, Br, I, OH, OR', SH, SR, NH,,
NHR', NR";, lower alky! of Cy-Cs, halogenated (F, Cl, Br, I) lower alky! of Cy-Cg, lower
alkenyl of C-Cs, halogenated (F, Cl, Br, 1) lower alkenyl of C2-Cs, lower alkynyl of C»-
10 Cgsuch as C=CH, halogenated (F, Cl, Br, 1) lower alkynyl of C»-Cg, lower alkoxy of C,-
Ce, halogenated (F, Cl, Br, 1) lower alkoxy of C,-Cq, CO;H, CO;R', CONH;, CONHR’,
CONR';, CH=CHCO;H, or CH=CHCO;R",

wherein R' is an optionally substituted alkyl , which includes, but is not limited to,
an optionally substituted C.20 alkyl, an optionally substituted Cy.10 alkyl, an optionally
15 substituted lower alkyl; an optionally substituted cycloalky!; an optionally substituted
alkynyl of C2-C, an optionally substituted lower alkenyl of Cy-Cs, or optionally
substituted acyl, which includes but is not limited to C(O) alkyl, C(O)(C..20 alky!),
C(OXC\.10 alkyl), or C(O){lower alkyl) or alternatively, in the instance of NR';, each R'
comprise at least one C atom that are joined to form a heterocycle comprising at least two
20  carbon atoms; and |
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R'?is H, halogen (including F, Cl, Br, 1), OH, OR’, SH, SR’, NHa, NHR', NR’3,
NQ, lower alkyl of Cy-Cs, halogenated (F, CI, Br, 1) lower alkyl of C;-Cg, lower alkenyl
of C;-Cs, halogenated (F, Cl, Br, I) lower alkenyl of C-C¢ , lower alkynyl of C,-C¢,
halogenated (F, Cl, Br, 1) lower alkynyl of C;-Cg, lower alkoxy of C,-C, halogenated (F,
Cl, Br, 1) lower alkoxy of C;-Cg, CO3H, CO;R', CONH:, CONHR', CONR';,
CH=CHCO,H, or CH=CHCO,R'"; with the proviso that when base is represented by the
structure ¢ with R'' being hydrogen, R'? is not a: (i) -C=C-H, (ii) -C=CHj, or (jii) -NO,.

DEFINITIONS

The phrase "a” or "an" entity as used herein refers to one or more of that entity;
for example, a compound refers to one or more compounds or at least one compound. As
such, the terms "a" (or "an"), "one or more", and “at least one" can be used

interchangeably herein.

The phrase "as defined herein above" refers to the first definition brovided in the

Summary of the Invention,

The terms "optional” or "optionally” as used herein means that a subsequently
described event or circumstance may but need not occur, and that the description includes
instances where the event or circumstance occurs and instances in which it does not. For
example, "optional bond" means that the bond may or may not be present, and that the

description includes single, double, or triple bonds.

The term "independently" is used herein to indicate that a vaniable is applied in
any one instance without regard to the presence or absence of a variable having that same
or a different definition within the same compound. Thus, in a compound in which R
appears twice and is defined as "independently carbon or nitrogen", both R’s can be

carbon, both R's can be nitrogen, or one R’ can be carbon and the other nitrogen.

The term "alkenyl” refers to an unsubstituted hydrocarbon chain radical having
from 2 to 10 carbon atoms having one or two olefinic double bonds, preferably one

olefinic double bond. The term "Cz.x alkenyl” refers to an alkenyl comprising 2 to N
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carbon atoms, where N is an integer having the following values: 3,4,5,6,7, 8,9, or 10.
The term "Cz-1¢ alkenyl” refers to an alkenyl comprising 2 to 10 carbon atoms. The term
*C;.4 alkenyl” refers to an alkeny! comprising 2 to 4 carbon atoms. Examples include,

but are not limited to, vinyl, 1-propenyl, 2-propenyl (allyl) or 2-butenyl (crotyl).

The term "halogenated alkenyl” refers to an alkenyl comprising at least one of F,
Cl, Br, and 1.

The term "alkyl” refers to an unbranched or branched chain, saturated,
monovalent hydrocarbon residue containing | to 30 carbon atoms. The term "Cy.\ alky!”
refers to an alkyl comprising 1 to M carbon atoms, where M is an integer having the
following values: 2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23,24, 25, 26, 27, 28, 29, or 30. The term "Cy4 alky]" refers to an alkyl containing | to 4
carbon atoms. The term "lower alkyl” denotes a straight or branched chain hydrocarbon
residue comprising 1 to 6 carbon atoms. "Ci.2o alkyl” as used herein refers to an alkyl
comprising 1 to 20 carbon atoms. "Ci-ip alkyl” as used herein refers to an alkyl
comprising 1 to 10 carbons. Examples of alkyl groups include, but are not limited to,
lower alkyl groups include methyl, ethyl, propyl, i-propyl, #-butyl, i-butyl, i-butyl or
pentyl, isopentyl, ncopentyl, hexyl, heptyl, and octyl. The term (ar)alkyl or
(heteroaryl)alkyl indicate the alkyl group is optionally substituted by an aryl or a

heteroaryl group respectively.

The term "cycloalkyl" refers to an unsubstituted or substituted carbocycle, in
which the carbocycle contains 3 to 10 carbon atoms; preferably 3 to 8 carbon atoms;
more preferably 3 to 6 carbon atoms (i.e., lower cycloalkyls). Examples of cycloalkyl
groups include, but are not limited to, cyclopropyl, 2-methyl-cyclopropyl, cyclobutyl,
cyclopentyl, and cyclohexyl.

The term "cycloalkyl alkyl" refers to an additionally unsubstituted or substituted
alkyl substituted by a lower cycloalkyl. Examples of cycloalkyl alkyls include, but are
not limited to, any one of methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, t-butyl or
pentyl, isopentyl, neopentyl, hexyl, heptyl, and octyl that is substituted with cyclopropyl,
2-methyl-cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl.
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The term "cycloheteroalkyl” refers to an unsubstituted or substituted heterocycle,
in which the heterocycle contains 2 to 9 carbon atoms; preferably 2 to 7 carbon atoms;
more preferably 2 to 5 carbon atoms. Examples of cycloheteroalkyls include, but are not
limited to, aziridin-2-yl, N-C3-alkyl-aziridin-2-yl, azetidinyl, N-C;-alkyl-azetidin-m'-
yl, pyrrolidin-m'-yl, N-C,.;-alkyl-pyrrolidin-m’-yl, piperidin-m"-yl, and N-Cis-alkyl-
piperidin-m'-yl, where m' is 2, 3, or 4 depending on the cycloheteroalkyl. Specific
examples of N-C,.s-alkyl-cycloheteroalkyls include, but are not limited to, N-methyl-
aziridin-2-yl, N-methyl-azetidin-3-yl, N-methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-
yl, N-methyl-piperidin-2-yl, N-methyl-piperidin-3-yl, and N-methyl-piperidin-4-yl. In
the instance of R*, the point of attachment between the cycloheteroalkyl ring carbon and

the oxygen occurs at any one of m'

The term "heterocycle” refers to an unsubstituted or substituted heterocycle
containing carbon, hydrogen, and at least one of N, O, and S, where the C and N can be
trivalent or tetravalent, i.e., sp’- or sp’-hybridized. Examples of heterocycles include, but
are not limited to, aziridine, azetidine, pyrrolidine, piperidine, imidazole, oxazole,
piperazine, etc. In the instance of piperazine, as related to R'" for NR%, the
corresponding opposite nitrogen atom of the piperazinyl is substituted by a lower alkyl

represented by the following structure:

tmukyl-'——.\\——/w-———

Preferably, the opposite nitrogen of the piperazinyl is substituted by a methyl group.

The term “halogenated alkyl" (or "haloalkyl") refers to an unbranched or branched
chain alkyl comprising at least one of F, Cl, Br, and 1. The term "C,.y haloalkyl” refers
1o an alkyl comprising 1 (0 M carbon atems that comprises at least one of F, Cl, Br, and I,
where M is an integer having the following values: 2, 3,4,5,6,7, 8,9, 10, 11, 12, 13,
14, 15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30. "C-; haloalkyl" refers
to a haloalkyl comprising 1 to 3 carbons and at least one of F, Cl, Br, and I. The term
"halogenated lower alkyl" (or "lower haloalkyl") refers to a haloalkyl comprising 1 to 6
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carbon atoms and at least one of F, Cl, Br, and 1. Examples include, but are not limited
to, fluoromethyl, chloromethyl, bromomethyl, iodomethyl, difluoromethyl,
dichloromethyl, dibromomethyl, diiodomethyl, trifluoromethyl, trichloromethyl,
tribromomethyl, trilodomethyl, 1-fluoroethyl, 1-chloroethyl, 1-bromoethyl, 1-iodoethyl,
2-fluoroethyl, 2-chloroethyl, 2-bromoethyl, 2-iodoethyl, 2,2-difluoroethyl, 2,2-
dichloroethyl, 22-dibromomethyl, 2-2-diiodomethyl, 3-fluoropropyl, 3-chloropropyl, 3-
bromopropyl, 2,2,2-trifluoroethy! or 1,1,2,2,2-pentaflucrcethyl.

The term "alkynyl" refers to an unbranched or branched hydrocarbon chain
radical having from 2 to 10 carbon atoms, preferably 2 to S carbon atoms, and having one
triple bond. The term "Can alkynyl” refers to an alkynyl comprising 2 to N carbon atoms,
where N is an integer having the following values: 3, 4,5,6,7,8, 9, or 10. Theterm "C
Ca.4 alkynyl" refers to an alkynyl comprising 2 to 4 carbon atoms. The term "Cz-1o
alkynyl” refers to an alkynyl comprising 2 to 10 carbons. Examples inciude, but are
limited to, ethynyl, 1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl or 3-butynyl.

The term "halogenated alkynyl” refers to an unbranched or branched hydrocarbon
chain radical having from 2 to 10 carbon atoms, preferably 2 to 5 carbon atoms, and

having one triple bond and at least one of F, Cl, Br, and 1.

The term "cycloalkyl" refers 10 a saturated carbocyclic ring comprising 3 to 8
carbon atoms, i.e. cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or
cyclooctyl. The term "Ca.7 cycloalkyl” as used herein refers to a cycloalkyl comprising 3

to 7 carbons in the carbocyclic ring.

The term "alkoxy” refers to an -O-alkyl group or an —~O-cycloalkyl group, wherein
alkyl and cycloalkyl are as defined above. Examples of ~O-alkyl groups include, but are
not limited to, methoxy, ethoxy, n-propyloxy, i-propyloxy, n-butyloxy, i-butyloxy, /-
butyloxy. "Lower alkoxy” as used herein denotes an alkoxy group with a "lower alkyl”
group as previously defined. "Ci-jo alkoxy” refers to an-O-alkyl wherein alkyl is Cy.jo.
Examples of —O-cycloalkyl groups include, but are not limited to, -O-c-propyl, -O-c-
butyl, -O-c-pentyl, and -O-c-hexyl.
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The term "halogenated alkoxy" refers to an ~Q-alkyl group in which the alkyl

group comprises at least one of F, Cl, Br, and 1.

The term "halogenated lower alkoxy" refers to an —O-(lower alkyl) group in

which the lower alkyl group comprises at least one of F, Cl, Br, and L.

The term "amino acid" includes naturally occurring and synthetic a, By or 8
amino acids, and includes but is not limited to, amino acids found in proteins, i.e. glycine,
alanine, valine, leucine, isoleucine, methionine, phenylalanine, tryptophan, proline,
serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartate, glutamate, lysine,
arginine and histidine. In a preferred embodiment, the amino acid is in the L-
configuration. Alternatively, the amino acid can be a derivative of alanyl, valinyl,
leucinyl, isoleucinyl, prolinyl, phenylalaninyl, tryptophanyl, methioninyl, glycinyl,
serinyl, threoninyl, cysteinyl, tyrosinyl, asparaginyl, glutaminyl, aspartoyl, glutaroyl,
lysinyl, argininyl, histidinyl, B-alanyl, B-valinyl, B-leucinyl, B-isoleucinyl, p-prolinyl, p-
phenylalaninyl, B-tryptophanyl, B-methioninyl, f-glycinyl, P-serinyl, P-threoninyl, B-
cysteinyl, B-tyrosinyl, B-asparaginyl, -glutaminyl, B-aspartoyl, B-glutaroyl, B-lysinyl, -
argininyl or B-histidinyl. When the term amino acid is used, it is considered to be a
specific and independent disclosure of each of the esters of a, B y or & glycine, alanine,
valine, leucine, isoleucine, methionine, phenylalanine, tryptophan, proline, serine,
threonine, cysteine, tyrosine, asparagine, glutamine, aspartate, glutamate, lysine, arginine

and histidine in the D and L-configurations.

The term "aminoacyl” includes N,N-unsubstituted, N,N-monosubstituted, and
N, N-disubstituted derivatives of naturally occurring and synthetic a, v or & amino acyls,
where the amino acyls are derived from amino acids. The amino-nitrogen can be
substituted or unsubstituted. When the amino-nitrogen is substituted, the nitrogen is
either mono- or di-substituted, where the substituent bound to the amino-nitrogen is a
lower alkyl or an alkaryl. In the instance of its use for Y, the expression "O(aminoacyl)"
isused. It isunderstood that the C3' carbon of the ribose is bound to the oxygen 0",

which is then bound to the carbony! carbon of the aminoacyl.
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The terms “alkylamino” or *arylamino" refer 10 an amino group that has one or
y ry g

two alkyl or aryl substituents, respectively.

The term "protected,” as used herein and unless othenwise defined, refers to a
group that is added to an oxygen, nitrogen, or phosphorus atom to prevent its further
reaction or for other purposes. A wide variety of oxygen and nitrogen protecting groups
are known to those skilled in the art of organic synthesis. Non-limiting examples include:
C(0)-alkyl, C(O)Ph, C(O)aryl, CHs, CHy-alkyl, CHj-alkenyl, CH;Ph, CH;-aryl, CH,O-
alkyl, CHyO-aryl, $O;-alkyl, SO;-aryl, rers-butyldimethylsilyl, rert-butyldiphenylsilyl,
and 1,3-(1,1,3 3-tetraisopropyldisiloxanylidene).

The term “aryl," as used herein, and unless otherwise specified, refers to
substituted or unsubstituted phenyl (Ph), biphenyl, or naphthyl, preferably the term aryl
refers to substituted or unsubstituted phenyl. The aryl group can be substituted with one
or more moieties selected from among hydroxyl, F, Cl, Br, I, amino, alkylamino,
arylamino, alkoxy, aryloxy, nitro, cyano, sulfonic acid, sulfate, phosphonic acid,
phosphate, and phosphonate, either unprotected, or protected as necessary, as known to
those skilled in the art, for example, as taught in T.W. Greene and P.G. M. Wuts,
"Protective Groups in Organic Synthesis,” 3rd ed., John Wiley & Sons, 1999,

The terms "alkaryl" or "alkylaryl" refer to an alkyl group with an aryl substituent,
such as benzyl. The terms "aralkyl” or "arylalkyl"” refer to an aryl group with an alkyl

substituent,

The term "di{lower alkyl)amino-lower alkyl" refers to a lower alkyl substituted by
an amino group that is itself substituted by two lower alky] groups. Examples include,
but are not limited to, (CH3);NCH;, (CH3);NCH;CHj, (CH;);NCH,CH;CH;, etc. The
examples above show lower alkyls substituted at the terminus carbon atom with an N,N-

dimethyl-amino substituent. These are intended as examples only and are not intended t0

limit the meaning of the term "di(lower alkyl)amino-lower alkyl" so as to require the

same, Itis contemplated that the lower alkyl chain can be substituted with an N N-
di(lower alkyl}-amino at any point along the chain, e.g., CH;CH(N-(lower
alkyl);)CH,CH,.
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The term “halo,” as used herein, includes chloro, bromo, iodo and fluoro.

The term "acyl” refers to a substituent containing a carbonyl moiety and a non-
carbonyl moiety. The carbonyl moiety contains a double-bond between the carbonyl
carbon and a heteroatom, where the heteroatom is selected from among O, N and S.
When the heteroatom is N, the N is substituted by a lower alkyl. The non-carbonyl
moiety is selected from straight, branched, and cyclic alkyl, which includes, butis not
limited to, a straight, branched, or cyclic Ci.y alkyl, Ci.10 alkyl, or lower alkyl;
alkoxyalkyl, including methoxymethyl; aralkyl, including benzyl; aryloxyalkyl, such as
phenoxymethyl; or aryl, including phenyl optionally substituted with halogen (F, Cl, Br,
1), hydroxyl, C, to C4 alkyl, or C, to C, alkoxy, sulfonate esters, such as alkyl or aralkyl
sulphonyl, including methanesulfonyl, the mono, di or triphosphate ester, trityl or
monomethoxytrityl, substituted benzyl, trialkylsilyl (e.g. dimethyl-t-butylsilyl) or
diphenylmethylsilyl. When at least one aryl group is present in the non-carbonyl moiety,

it is preferred that the aryl group comprises a phenyl group.

The term "lower acyl” refers to an acyl group in which the non-carbonyl moiety is

lower alkyl.

The term "purine” or “pyrimidine” base includes, but is not limited to, adenine,
NC-alkylpurines, N®-acylpurines (wherein acyl is C(Q)(alkyl, aryl, alkylaryl, or arylalky!),
NC-benzylpurine, N®-halopurine, N®-vinylpurine, N®-acetylenic purine, N%-acyl purine,
NC-hydroxyalky! purine, N®-allcylaminopurine, N®-thioallcyl purine, N>-alkylpurines, N3
alkyl-6-thiopurines, thymine, cytosine, S-fluorocytosine, 5-methylcytosine, 6-
azapyrimidine, including 6-azacytosine, 2- and/or 4-mercaptopyrmidine, uracil, 5-
halouracil, including 5-fluorouracil, C*-alkylpyrimidines, C*-benzylpyrimidines, C*-
halopyrimidines, C*-vinylpyrimidine, C*-acetylenic pyrimidine, C*-acyl pyrimidine, C*-
hydroxyalkyl purine, C*-amidopyrimidine, C’-cyanopyrimidine, ,C*-iodopyrimidine, C°-
lodo-pyrimidine, C*-Br-vinyl pyrimidine, C®-Br-vinyl pyrimidine, C*-nitropyrimidine,
C*-amino-pyrimidine, N’-alkylpurines, N*-alkyl-6-thiopurines, 5-azacytidinyl, 5-
azauracilyl, triazolopyridinyl, imidazolopyridinyl, pyrrolopyrimidinyl, and

pyrazolopyrimidinyl. Purine bases include, but are not limited to, guanine, adenine,
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hypoxanthine, 2,6-diaminopurine, and 6-chloropurine. Functional oxygen and nitrogen
groups on the base can be protected as necessary or desired. Suitable protecting groups
are well known to those skilled in the art, and include trimethylsilyl, dimethylhexylsilyl,
r-butyldimethylsilyl, and r-butyldiphenylsilyl, trityl, alkyl groups, and acyl groups such as

acetyl and propionyl, methanesulfonyl, and p-toluenesulfonyl.
The term "tautomerism” and “tautomers" have their accepted plain meanings,

The term "P** means that the phosphorous atom is chiral and that it has a
corresponding Cahn-Ingold-Prelog designation of "R" or "S” which have their accepted
plain meanings. Itis contemplated that compounds of the formula [ are racemic because
the chirality at phosphorous. Applicants contemplate use of the racemate and/or the
resolved enantiomers. In some instances, an asterisk does not appear next to the
phosphoroamidate phosphorous atom, In these instances, it is understood that the
phosphorous atom is chiral and that one of ordinary skill understands this to be so unless
the substituents bound to the phosphorous exclude the possibility of chirality at
phosphorous, such as in P(O)Cl,.

DETAILED DESCRIPTION OF THE INVENTION

An aspect of the invention is directed to a compound, its salts, hydrates, solvates,

crystalline forms, and the like represented by formula I:

Rz § Base
o
RB:%/L“]’:*—O . 0
-
CO,R* OR' R \ RS
wherein

(@  R'is hydrogen, n-alkyl; branched alkyl; cycloalkyl; or aryl, which
includes, but is not limited to, phenyl or naphthyl, where phenyl or naphthyi are
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optionally substituted with at least one of Cy.¢ alkyl, Cz.¢ alkenyl, Cy.¢ alkynyl, Ci.6
alkoxy, F, C, Br, 1, nitro, cyano, Cy.¢ haloalkyl, -N(R")z, Ci. acylamino, -NHSO;Ci
alkyl, -SO,N(R"),, CORY, and -80,C, alkyl; (R" is independently hydrogen or alkyl,
which includes, but is not limited to, Cy.p alkyl, Cy.jg alkyl, or C;¢ alkyl, RYis~OR' or -
NR")2);

(b)  R%is hydrogen, C 110 alkyl, R* or R™ and R? together are (CHy), 50 as to
form a cyclic ring that includes the adjoining N and C atoms, C(O)CR¥R™NHR', where

nis2to 4 and R', R®, and R*";

(¢)  R™and R™ are (i) independently selected from hydrogen, Cy.1o alkyl,
cycloalkyl, -(CH2){(NR¥),, Cy.6 hydroxyalkyl, -CH;SH, -(CH3):5(0)4Me, -
(CH;)sNHC(=NH)NH_, (1H-indol-3-yl)methyl, (1H-imidazol-4-yl)methyl, -
(CH,).CORY, aryl and aryl C,.; alkyl, said aryl groups optionally substituted with a
group selected from hydroxyl, C.i0 alkyl, Ci.s alkoxy, halogen, nitro and cyano; (i) R*
and R™ both are Cy.4 alkyl; (iii) R* and R™ together are(CH,)r s0 as to form a spiro ring;
(iv) R* is hydrogen and R* and R? together are (CHa), so as to form a cyclic ring that
includes the adjoining N and C atoms (v) R* is hydrogen and R™ and R? together are
(CHa)a so as to form a cyclic ring that includes the adjoining N and C atoms, where ¢is 1
106,dis0t02, cisOto3,fis2105, nis 2 to 4, and where R” is independently hydrogen
or Cy.¢ alkyl and R¥ is -OR’ or =N(R*)2); (vi) R is H and R® is H, CH,, CH,CH;,
CH(CHs),, CH2CH(CH3),, CH{(CH3)CH,CH3, CH;Ph, CH,-indol-3-yl, -CH;CH;SCH3,
CH;CO;H, CH;C(O)NH;, CH;CH;COOH, CH;CH;C(O)NH,, CHCH,CH,;CH;NH;, -
CH,CH,CH,NHC(NH)NH,, CH;-imidazol-4-yl, CH;OH, CH(OH)CH,, CH,((4'-OH)-
Ph), CH,SH, or lower cycloalkyl; or (viii) R* is CHa, -CH;CH;, CH(CH;),,
CH,CH(CHj;);, CH(CH3)CH,CH;, CH,Ph, CHz-indol-3-yl, -CH,CH,;SCH;3, CH,CO,H,
CH,C(O)NH;, CH,CH,COOH, CH,CH>C(O)NH,, CH:CHyCH,CHNH,, -
CH,CH,CH;NHC(NH)NH;, CH;-imidazol-4-yl, CH,OH, CH(OH)CHj3, CH;((4'-OH)-
Ph), CH,SH, or lower cycloalkyl and R* is H, where RY is independently hydrogen or
alkyl, which includes, but is not limited to, Cy.2 alkyl, Cy.y¢ alkyl, or Cy.¢ alkyl, RY is—
OR'or -N(Ry)z);
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(@  R'ishydrogen, Cy.i0 alkyl, C).10 alkyl optionally substituted with a lower
alkyl, alkoxy, di(lower alkyl)-amino, or halogen, Ci.10 haloalkyl, Cs.10 cycloalkyl,
cycloalkyl alkyl, cycloheteroalkyl, aminoacyl, aryl, such as phenyl, heteroaryl, such as,

pyridinyl, substituted aryl, or substituted heteroaryl;

(¢)  R%isH, aloweralkyl, CN, vinyl, O-(lower alky!), hydroxyl lower alkyl,
i.e.,, -(CH2),OH, where p is 1 -6, including hydroxy! methyl (CH,OH), CH:F, Ny,
CH:CN, CH:NH,, CH,NHCH;, CH,;N(CH;),, alkyne (optionally substituted), or halogen,
including F, Cl, Br, or I, with the provisos that when X is OH, base is cytosine and R® is
H, R? cannot be Ny and when X is OH, R® is CH; or CH,F and B is a purine base, R®
cannot be H;

(f  R®isH, CHs, CH;F, CHF,, CFs, F, or CN;
(8) XisH, OH, F, OMe, halogen, NH;, or N3, -

(h)  Yis OH, H, Cy4alkyl, Cs.4alkenyl, Cs.q alkynyl, vinyl, N3, CN, Cl, Br, F,
I, NO;, OC(0)O(Cy.4 atkyl), OC(O)O(C\.4 alkyl), OC(0)O(C2.4 alkynyl), OC(OYQ(C1.4
alkenyl), OC,.¢ haloalkyl, O(aminoacyl), O(C,.jg acyl), O(C;.q alkyl), O(C;.q alkenyl),
S(C\.4 acyl), S(C).4 alkyl), S(Cs.4 alkynyl), S(C..s alkenyl), SO(C).s acyl), SO(C,.4 alkyl),
SO(Cz.s alkynyl), SO(Cz.4 alkenyl), SO2(Cj.4 acyl), SO2(C\.q alkyl), SO2(C1.4 alkynyl),
SO;(Cz.4 alkenyl), OS(0)x(C1.4 acyl), OS(0):(Ch.4 alkyl), OS(0)2(Cz.4 alkenyl), NHa,
NH(C\.4 alkyl), NH(Cy.4 alkenyl), NH(C1.4 alkynyl), NH(C.4 acyl), N(Cy.q alkyl), N(C,.
1z acyl),, wherein alkyl, alkynyl, alkenyl and vinyl are optionally substituted by Ni, CN,
onc to three halogen (Cl, Br, F, ), NO, C{0)O(C,.s alkyl), C(O)YO(C\.4 alkyl), C(O)O(C,.
s alkynyl), C{O)O(C;.4 alkenyl), O(C,.4 acyl), O(C.4 alkyl), O(C1.4 alkenyl), S(Ci.4 acyl),
S(Cy.4 alkyl), $(C,.a alkynyl), S(C:;q alkenyl), SO(C,.4 acyl), SO(C,.4 alkyl), SO(Cz.4
alkynyl), SO(Ca.¢ alkenyl), SOy(C,_y acyl), SOACi4 alkyl), SO2(C3.4 alkynyl), SOx(Cz4

~ alkenyl), 0S(0)x{(C,.4 acyl), 0S(0)2(Cy.s alkyl), 0S(0)x(Cz.¢ alkenyl), NHz, NH(C,.4

alkyl), NH(C;., alkenyl), NH(C;. 4 alkynyl), NH(C .4 acyl), N(Cy_q alkyl)z, N(Ci.4 acyl),;

the base is a naturally occurring or modified purine or pyrimidine base

represented by the following structures:
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R 0 RI0 0
RE RY
Xy NH Z N N
R T o R T o T N R T N NH,
wv wNv Y wv
a b c - d

wherein
Zis Nor CR'%;

R, RER® R' and R"are independently H, F, Cl, Br, 1, OH, OR', SH, SR, NH;,
NHR', NR';, lower alkyl of C;-Cg, halogenated (F, Cl, Br, 1) lower alkyl of C-C¢, lower
alkenyl of C»-C,, halogenated (F, C, Br, 1) lower alkenyl of C;-Cq, lower alkynyl of C;-
Cs such as C=CH, halogenated (F, C, Br, 1) lower alkynyl of C»-Cs, lower alkoxy of C;-
Cs, halogenated (F, CI, Br, 1) lower alkoxy of C,-C, CO;H, CO;R’, CONH;, CONHR',
CONR";, CH=CHCO,H, or CH=CHCO:R",

wherein R’ is an optionally substituted alkyl , which includes, but is not limited to,
an optionally substituted C.z alkyl, an optionally substituted C,.)4 alky!, an optionally
substituted lower alkyl; an optionally substituted cycloalkyl; an optionally substituted
alkynyl of C,-Cg, an optionally substituted lower alkenyl of C;-Cg, or optionally
substituted acyl, which includes but is not limited to C(O) alkyl, C(O)(C .10 alkyl),
C(0)(C\.10 alkyl), or C(OXlower alkyl) or alternatively, in the instance of NR";, each R’
comprise at least one C atom that are jdined to form a heterocycle comprising at least two

carbon atoms; and

R'?is H, halogen (including F, Cl, Br, I), OH, OR', SH, SR’, NH,, NHR', NR";,
NO; lower alkyl of C;-Cs, halogenated (F, Cl, Br, 1) lower alkyl of C,-Cs, lower alkeny!
of C3-Cg, halogenated (F, Cl, Br, I) lower alkenyl of Cy-Cs , lower alkynyl of C3-Cq,
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halogenated (F, Cl, Br, 1) lower alkynyl of C;-Ce, lower alkoxy of C;-Cg, halogenated (F,
Cl, Br, I) lower alkoxy of C;-Cg, CO;H, CO;R', CONH,;, CONHR', CONR';,
CH=CHCO;H, or CH=CHCO;R"; with the proviso that when base is represented by the
structure ¢ with R'' being hydrogen, R'? is not a: (i) ~C=C-H, (ii) -C=CH;, or (iii) -NO;.

As can be appreciated from the structure represented by formula I above, there are
myriad ways to express the several embodiments and aspects of each embodiment of the
present invention. As seen below, the inventors have disclosed certain embodiments
directed to the compound of formula 1, each having several aspects, based on the identity
of the modified purine or pyrimidine base. This is not intended to be an explicit or
implicit admission that the three embodiments are independent or distinct nor should it be
interpreted as such. Rather, it is intended to convey information so that the full breadth
of the present invention can be understood. Furthermore, the following embodiments,
and aspects thereof, are not meant to be limiting on the full breadth of the invention as

recited by the structure of formula L

A first embodiment of the invention is directed to a compound represented by

formula I-1:
Rg
RS
\ y
R? N o
e ||
R3 N——P2—0 0
l o
i R
CGQR" OR R6
Y X
1-1
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wherein

(@)  R'ishydrogen, n-alkyl; branched alkyl; cycloalkyl; or aryl, which
includes, but is not limited to, phenyl or naphthyl, where phenyl or naphthyl are
optionally substituted with at least one of C,.; alkyl, C,.; alkenyl, C;.¢ alkynyl, Cy.¢
alkoxy, F, Cl, Br, I, nitro, cyano, C,.¢ haloalkyl, -N(R")z, Ci.¢ acylamino, -NHSO;C,.¢
alkyl, -SO;N(R")2, CORY, and -50,C1.6 alkyl; R"is independently hydrogen or alkyl,
which includes, but is not limited to, Ci.20 alkyl, Ci.10 alkyl, or Cy.¢ alkyl, R' is -OR' or -
NR));

(b) R?is hydrogen, C 1.10 alkyl, R* or R™ and R? together are (CH,), 50 as to
form a cyclic ring that includes the adjoining N and C atoms, C(O)CR*R*NHR', where
nis2to4and R', R* and R*;

(€©)  R*and R™ are (i) independently selected from hydrogen, Cy.10 alkyl,
cycloalkyl, -(CH){(NR*);, C\.¢ hydroxyalkyl, -CH,SH, -(CH;);S(O);Me, -
(CHy)sNHC(=NH)NH,, (1H-indol-3-yl)methyl, (1H-imidazol-4-yl)methyl, -
(CH,).CORY", aryl and aryl C,.; alkyl, said aryl groups optionally substituted with a
group selected from hydroxyl, Cy.10 alkyl, C,. alkoxy, halogen, nitro and cyano; (i) R*
and R™ both are Cy.¢ alkyl; (iii) R* and R*" together are(CH;) 50 as to form a spiro ring;
(iv) R* is hydrogen and R™ and R? together are (CH,), s0 as to form a cyclic ring that
includes the adjoining N and C atoms (v) R* is hydrogen and R* and R? together are
(CHa)a s0 as to form a cyclic ring that includes the adjoining N and C atoms, where ¢ is 1
t06,dis0t02,eis 0103, fis 210 5, nis 204, and where R” is independently hydrogen

CH(CH;),, CH:CH(CH3);, CH(CH;)CH,CHj3, CHyPh, CH;-indol-3-yl, -CH,CH,SCHj,
CH,CO;H, CH,C(O)NH;, CH;CH,COOH, CHCH;C(O)NH,;, CHCHCH,CH,NH,, -
CH,CH,CH,NHC(NH)NH,, CHa-imidazol-4-yl, CH;OH, CH(OH)CH,, CHy((4'-OH)-
Ph), CH,SH, or lower cycloalkyl; or (viii) R* is CHs, -CH2CH;, CH(CHa),,

CH:CH(CHs);, CH(CH3)CH,CH;, CH;Ph, CHz-indol-3-yl, -CH;CH,SCH3, CH,CO;H,
CH,C(O)NH,, CH,CH,COOH, CH,CH,C(O)NH;, CH,CH;CHCH;NH,, -

CH;CH;CH,;NHC(NH)NH;, CHz-imidazol-4-yl, CH;OH, CH(OH)CH3, CHx((4'-OH)-
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Ph), CH;SH, or lower cycloalkyl and R*" is H, where R¥ is independently hydrogen or

alkyl, which includes, but is not limited to, Cy.20 alkyl, Ci.1¢ alkyl, or Ci.¢ alkyl, R* is —
OR'or -N(Ry)z);

(d) R'is hydrogen, Cy.jp alkyl, Cy.io alkyl optionally substituted with a lower
alkyl, alkoxy, di(lower alkyl)-amino, or halogen, Cy.;¢ haloalkyl, Cs.10 cycloalkyl,
cycloalkyl alkyl, cycloheteroalkyl, aminoacyl, di(lower alkyl)-amino, aryl, such as
phenyl, heteroaryl, such as, pynidinyl, substituted aryl, or substituted heteroaryl;

{(e) RYis H, a lower alkyl, CN, vinyl, O-(lower alkyl), hydroxy! lower alky!,
i.e., «(CH,),OH, where p is | -6, including hydroxyl methyl (CH,OH), CH,F, Ny,
CH,;CN, CHaNH;, CHNHCH;, CH;N(CH;);, alkyne (optionally substituted), or halogen,
including F, CI, Br, or 1, with the provisos that when X is OH, base is cytosine and R%is
H, R* cannot be N3 and when X is OH, R®is CH; or CH;F and B is a purine base, R

cannot be H;
()  R%isH, CHs, CHsF, CHF;, CF3, F, or CN;
(8) XisH, OH, F, OMe, Cl, Br, I, NH,, or Nj;

{h) Y is OH, H, C,; alkyl, Cy.4 alkenyl, Cy., alkynyl, vinyl, Nj, CN, Cl; Br, F,
1, NO;, OC(0)O(C).4alkyl), OC(O)O(C).4 alkyl), OC(O)O(Ca.4 atkynyl), OC(0)O(C1.4
alkenyl), OCj.10 haloalkyl, O(aminoacyl), O(Cy.is acyl), O(Cy.4 alkyl), O(C;.q alkenyl),
S(C.q acyl), S(C\.4 alkyl), 8{Cy.s alkynyl), S(Cs.4 al.kenyl), SO(Cy.4 acyl), SO(C,.4 alkyl),
SO(Ca.q alkynyl), SO(C.q alkenyl), SOx(Ci.a acyl), SOACy.4 alkyl), SO:(C.4 alkynyl),
S0;(Cz.4 alkenyl), 0S(0)2(C1.4 acyl), OS(0)A(Cy.4 alkyl), OS(0)x(Cz.4 alkenyl), NHz,
NH(C,.4 alkyl), NH(C1.4 alkenyl), NH(C,., alkynyl), NH(C,.s acyl), N(Ci alkyl);, N(C,.
1z acyl)y, wherein alkyl, alkynyl, alkenyl and viny| are optionally substituted by N3, CN,
one to three halogen (CI, Br, F, I), NOs, C(0)O(Cy.4 alkyl), C(O)O(C,.4 alkyl), C(O)O(C>.
s alkynyl), C(O)O(Cz.4 alkenyl), O(C,.4 acyl), O(Cy.4 alkyl), O(Cz.4 alkenyl), S(C-; acyl),
S(Ci.4 alkyl), $(Cz.4 alkynyl), S(Cz.4 alkenyl), SO(C;.4 acyl), SO(C,.4 alkyl), SO(Cz.4
alkynyl), SO(C.q alkenyl), SO¥(Cy.4 acyl), SOx(C.4 alkyl), SO2(Cz.4 alkynyl), SO2(C1.4
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alkenyl), OS(0);(C).4 acyl), OS(0)(C).4 alkyl), OS(0):(Ca.« alkenyl), NHa, NH(C)4
alkyl), NH(C,.4 alkenyl), NH{Ca.4 alkynyl), NH(C .4 acyl), N(Cy.4 alkyl)2, N(C,.4 acyl)s;

() R’ R®R®areindependently H, F, Cl, Br, I, OH, OR’, SH, SR, NH,, NHR',
NR';, lower alkyl, halogenated (F, Cl, Br, I) lower alkyl, lower alkenyl of C,-Cg4, CO;H,
CO;R', CONH,, CONHR’, CONR';, wherein R’ is a C .0 alkyl; a Cy.29 cycloalkyl; a C;-
Cs alkenyl, a C2-Cg alkynyl.

A first aspect of the first embodiment is directed to a compound represented by

formuta I-1
wherein

(a)  R'is hydrogen, n-alkyl or aryl, which includes, but is not limited to,
phenyl or naphthyl, where phenyl or naphthyl are optionally substituted with at least one
of Cy.s alkyl, Cy.s alkoxy, F, Cl, Br, 1, nitro, cyano, Ci.¢ haloalkyl;

(b)  Ris hydrogen or CHs;

(¢)  R™and R™ are independently (i) R™ is hydrogen and R™ and R’ together
are (CH;), 50 as to form a cyclic ring that includes the adjoining N and C atoms (v) R¥is
hydrogen and R® and R? together are (CHa), so as to form a cyclic ring that includes the
adjoining N and C atoms, wherecis 1106,dis0t02,eis0t03,fis3to5, nis2to 4,
and where R” is independently hydrogen or C,.¢ alkyl and R* is -OR' or -N(R”),); (vi)
R¥is H and R* is H, CH, CH(CH3);, CH;CH(CHs),, CH(CH3)CH,CHj,, CH,Ph, CH;-
indol-3-yl, -CH;CH,SCH3, CH>CO;H, CH2C(O)NH,;, CH:.CH,COOH,
CH>CH;C(0)NH;, CH,CH;CH;CH;NH,, -CH,CH,CH;NHC(NH)NH;, CH:-imidazol-4-
yl, CH,OH, CH{OH)CHj3, CH;((4'-OH)-Ph), CH,SH, or lower cycloalkyl; or (viii) R¥is
CH;, CH(CH;);, CH:CH(CH;);, CH(CH;)CH,CH;, CH,Ph, CHy-indol-3-yl, -
CH,CH;SCH3;, CH,CO,H, CH;C(O)NH,, CH.CH,COOH, CH;CHC(O)NH,,
CH;CH;CH2CH;NH,, -CH2CHCHNHC(NH)NF,, CHz-imidazol-4-yl, CHROFH,
CH(OH)CH, CH;{((4'-OH)-Ph), or CH;SH and R® is H;
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(d)  R*ishydrogen, Ci.i0alkyl, Ci.i0 alkyl optionally substituted with a lower
alkyl, alkoxy, di(lower alkyl)-amino, or halogen, C.1¢ haloalkyl, Ci. 10 cycloalkyl,
cycloalkyl alkyl, cycloheteroalkyl, aminoacyl, aryl, such as phenyl, heteroaryl, such as,
pyridinyl, substituted aryl, or substituted heteroaryl; '

©  R’isH,CN, CHy, vinyl, OCH;, OCH;CHy, CH;OH, CHy(halo), such as
CH;F, Ny, CH:CN, CH;N3, CH,3NH;, CH;NHCH;, CHaN(CH3),, halogen, including F,
Cl, Br, or I, with the provisos that when X is OH , base is cytosine and R® is H, R® cannot
be Ng;

()  R%isH, CH;, CH;F, CHF,, CFy, F, or CN;
() XisH, OH, F, OMe, CI, Br, I, NH;, or Ny;

(h)  Yis OH, H, Cy.qalkyl, vinyl, N3, CN, CL, Br, F, [, O(Ci4 acyl), O(Ci4
alkyl), NHz, NH(C,.q4 alky!), NH(C..4 alkenyl), NH(C., alkynyl), NH(C;.s acyl), N(Ci4
alkyl)z, N(C.1z acyl)s, wherein alkyl, alkynyl, alkenyl and vinyl are optionally substituted
by N, CN, one to three halogen (Cl, Br, F, 1), NO,, OC(O)O(C\.4 alkyl), OC(OYO(Ci.4
alkyl), OC(0)O(Cy.4 alkynyl), OC(0)YO(Cy4 a'lkenyi), 0OC;., haloatkyl, O(aminoacyl),
O(C.4 acyl), O(Cy alkyl), O(Ca.q alkenyl), S(Cy.4 acyl), S(Cy4 alkyl), S{C,.4 alkynyl),
S(Cz.4 alkenyl), SO(Cis acyl), SO(Ci.4 alkyl), SO(Ca-4 alkynyl), SO(Ca.4 alkenyl),
SO03(Ci.s acyl), SO(Ci.q alkyl), SOA{Ca.q alkynyl), SO(C.4 alkenyl), OS(0):(C.4 acyl),
0S(0):(C1.4 alkyl), 0S(0)x(Cs.4 alkenyl), NH;z, NH(Cy.4 alkyl), NH(Ca.4 alkenyl), NH(Ca.
s alkynyl), NH(Cy acyl), N(Ci.4 alkyl)z, or N(Cy.4 acyl):;

@ R’ R*R’areindependently H, F, Cl, Br, 1, OH, OR, SH, SR’, NH,, NHR',
NR', lower alkyl, halogenated (F, C1, Br, I) lower alkyl, lower alkeny! of C3-Cs, COzH,
CO:R’, CONH;, CONHR’, CONR';, wherein R' is a C\.z9 alkyl; a C .29 cycloalkyl; a C;-
Cq alkenyl, a C3-C alkynyl.

A socond aspect of the first embodiment is directed to a compound represented by

formula I-{

wherein
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(@  R'ishydrogen, n-alkyl or a substituted or unsubstituted phenyl, where the
substitutent of the substituted phenyl is at least one of a Cy.3 alkyl, a Ci.3 alkoxy, F, Cl,

Br, 1, nitro, cyano, and a C,.3 haloalkyl,
(b)  R?is hydrogen or CHs;

(© R™andR™are independently (i) R™ is hydrogen and R™" and R? together
are (CH;), 50 as to form a cyclic ring that includes the adjoining N and C atoms (v) R® is
hydrogen and R™ and R? together are (CHa), so as to form a cyclic ring that includes the
adjoining N and C atoms, wherecis 1 t106,dis0t02,eis0to3,fis3to S, nis21t04,
and where R* is independently hydrogen or Cy.¢ alkyl and RY is -OR' or -N(R*),); (vi)
R™is H and R™ is H, CHj, CH(CH;3);, CH;CH(CH3);, CH(CH3)CH;CHj, CH,Ph, CHy-
indol-3-yl, -CH,CH,SCH;, CH,COH, CH,C(O)NH,, CH;CH,COOH,
CH,CH,C(O)NH;, CHCH,CH,CH,NH,, -CH;CH,CH;NHC(NH)NH;, CH;-imidazol-4-
yl, CH;OH, CH(OH)CHs, CHx((4'-OH)-Ph), CH,SH, or lower cycloalkyl; or (viii) R* is
CH3, CH(CHs),, CH2CH(CH3)2, CH(CH3)CH,CH3, CHaPh, CHa-indol-3-yl, -
CH,CH,SCH3, CH2CO,H, CH2C(O)NH,, CH;CH,COOH, CH,CH,C(O)NH,,
CH,CH>CH,CHyNH;, -CHyCH;CHaNHC(NH)NH,, CHj-imidazol-4-yl, CH,0H,
CH(OH)CHj, CHy((4-OH)-Ph), or CH,SH and R™ is H;

(d)  R'is hydrogen, CHj, Et, ‘Pr, “Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower
haloalkyl, diflower alkyl)amino-lower alkyl, or aminoacyl;

(© R’isH, CN, CH;, OCH,, CH,0H, CHz:(halo), such as CHzF, N3, CH,CN,
CH;N;, CHyNH;, CHaNHCH;, CHaN(CHg),, halogen, including F, CL, Br, or |, with the

provisos that when X is OH | base is cytosine and R%is H, R® cannot be Nj;
(0 R%isH, CH,, CH:F, CHF,, CFy, F, or CN;

(g) XisH,OH,F, OCH; NH,, or N,
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(h) Y is OH, H, CH;, vinyl, N3, CN, Cl, Br, F, I, OC(O)CH;, OCHs, NHj,
NHCHS3, NH(vinyl), NH(acetyl), NH(C(O)CHaj), N(CH3)z, N(C(O)CH,), or

O(aminoacyl);

) R” and R® are independently H, F, CI, Br, 1, OH, OCH;, SH, SCH3, NH,,
NHCHj3, N(CHs)z, CH;, CHy. (X, where X is F, Cl, Br, or I and q is 1 to 3, vinyl, COzH,
CO;CH;, CONH2, CONHCH3;, or CON(CH3),; and

()  R’isselected from among OH, OCH,, SH, SCH3, NH,, NHCHa, N(CHa),,
OC(0)C1-20 alkyl), which include but are not limited to OC(Q)(CH,);CHj,
NHC(O)C1-20 alky!), which include but are not limited to NHC(O)(CH,);CH3, and
N(C(O)(CH3xCHs),, which include but is not limited to N(C(O)(CH,xCHs),, where s is
an integer selected from 0, 1,2,3,4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, and
19,

A third aspect of the first embodiment is directed to a compound represented by

formula I-1
wherein

(a) R' is hydrogen, n-alkyl or a substituted or unsubstituted phenyl, where the
substitutent of the substituted phenyl is at least one of a CH;, OCH;, F, Cl, Br, |, nitro,
cyano, and a CHj (X, where XisF, Cl, Br,or |, and q is 1-3;

® Rl hydrogen or CHa;

(¢)  R™isHand R™is H, CH,, CH(CH;);, CH;CH(CH;)2, CH(CH;3)CH,CH;,
CH;Ph, CHy-indol-3-yl, -CH,CH,;SCH;, CH>CO;H, CH:C(O)NH;, CH,CH,;COOH,
CH,CH;C(O)NH,, CH,CH,CHCHaNHy, -CHaCHyCHNHC(NH)NH,, CHa-imidazol-4-
yl, CHOH, CH(OH)CH,, CHy((4-OH)-Ph), CH,SH, or lower cycloalkyl or R™is CHs,
CH(CHs)z, CHyCH(CHs);, CH(CH3)CH;CHs, CH3Ph, CHa-indol-3-yl, <CH;CH,SCHs,
CH;CO:H, CH,C(O)NH;, CH;CH,;COOH, CH,CH,;C(O)NH;, CH,CH,CH,CH;NH,, -
CH;CH:CH,NHC(NH)NH,, CH,-imidazol-4-yl, CH,OH, CH(OH)CH;, CHa((4'-OH)-
Ph), CHaSH, or lower cycloalkyl and R*® is H;
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()  R'is hydrogen, CHs, Et, Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, lower haloalkyl, di(lower alkyl)amino-

lower alkyl, or aminoacyl;

{e) RYisH, CN, CH;, OCH;, CH;OH, CHz(halo), such as CHyF, N3, CHCN,
CH:N;, CH;NH,, CH;NHCH;, CHZN(CH3)z, halogen, including F, C1, Br, or I, with the

provisos that when X is OH , base is cytosine and R%is H, R® cannot be Ns;
()  R%isH, CH;, CHyF, CHF;, CF3, F, or CN;
(¢) XisH, OH, F, OCH;, NHy, or Ny;

(h)  Yis OH, H, CH;, vinyl, N3, CN, Cl, Br, F, I, OC(O)CH3, OCHj, NH,,
NHCH3, NH(vinyl), NH(acetyl), NH(C(O)CHa), N(CH3),, N(C(O)CHs), or

O(aminoacyl),

() R’ and R® are independently H, F, Cl, Br, I, OH, OCH;, SH, SCHa, NH;,
NHCH;, N(CHa),, CHs, CH3.,X,, where X is F, Cl, Br, or Land q is 1 to 3, vinyl, CO;H,
CO,CH;, CONH,, CONHCH,;, or CON(CHjy),, wherein R' is a Cy.3 alkyl; a Cy.y
cycloalkyl; a C;-Cg alkenyl, a C;-Cg alkynyl'; and

()  R’is selected from among OH, OCH;, SH, SCH;, NH;, NHCH3, N(CHs),,
OC(O)C1-20 alkyl), which include but are not limited to OC(O)(CHa),CH;,
NHC(O)C [-20 alkyl), which include but are not limited to NHC(OXCH:),CHs, and
N(C(O)(CH3)CHa);, which include but is not limited to N(C(O)(CH;):CHs),, where s is
an integer selected from 0, 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, and
19.

A fourth aspect of the first embodiment is directed to a compound represented by

formula I-2
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wherein

(@)  R'is hydrogen, methyl, ethyl, s2-propyl, i-propyl, or a substituted or
unsubstituted phenyl, where the substitutent of the substituted phenyl is at least one of a
CH3, OCHj, F, Cl, Br, 1, nitro, cyano, and a CH3. X, where X is F, Cl, Br, or I, and g is
-3

(b)  R%is hydrogen or CHy;

(¢©) R¥isHand R"is H, CHs, CH(CH3),, CH;CH(CHa);, CH{CH;)CH,CH,
CH;Ph, CHy-indol-3-yl, -CH;CH,SCHs, CH;CO,H, CH,C(O)NH,, CH,CH>COOH,
CH>CH,C(O)NH;, CHCHCH,CHaNH,, <CH;CHCHaNHC(NH)NH;, CHz-imidazol-4-
yl, CHOH, CH(OH)CH3, CH((4'-OH)-Ph), CH,S$H, or lower cycloalkyl or R* is CH;,
CH(CHj;),, CH.CH(CH,;),, CH(CH;)CH,CH;, CH,Ph, CH:-indol-3-yl, -CH,CH,SCH;,
CH,CO;H, CH,C(O)NH,, CH,CH,COOH, CH:CH,C(O)NH;, CH;CHCH,CH,NH,, -
CH:CHCH;NHC(NH)NH;, CH-imidazol-d4-yl, CH,OH, CH(OH)CH,, CH:((4'-OH)-
Ph), CH3SH, or lower cycloalkyt and R™ is H;
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(d)  R'is hydrogen, Ci.10 alkyl, Cy.10 alkyl optionally substituted with a lower
alkyl, alkoxy or halogen, Cy.i¢ haloalkyl, Ca.1s cycloalkyl, cycloalkyl alkyl,
cycloheteroalkyl, aminoacyl, di(lower alkyl)amino-lower alkyl, aryl, such as phenyl,

heteroaryl, such as, pyridinyl, substituted aryl, or substituted heteroaryl;

(e) R5 is H, CN, CH:;, OCH;;, CH;OH, CH;.F, Ng, CH)CN, CHzN;, CHQNHQ,
CHaNHCH;, CH2N(CHi),, halogen, including F, Cl, Br, or 1, with the provisos that when
X is OH , base is cytosine and R®is H, R? cannot be Nj;

()  RisH, CHs, CHyF, CHF;, CFs, F, or CN;
(€ XisH,OH,F, OCH;,, Cl, Br, 1, NH;, or Nj;

(h)  Yis OH, H, CH;, vinyl, N3, CN, Ci, Br, F, I, OC(O)CH,, OCHj3, NH,,
NHCHj;, NH(vinyl), NH(acetyl), NH(C(O)CH), N(CH;)z, N(C(O)CHs)z, or

O(aminoacyl),

(i) R’ and R® are independently H, F, CI, Br, I, OH, OCH;, SH, SCHs, NHa,
NHCH;, N(CH;);, CHy, CHa X, where Xis F, Cl, Br, or land q is I to 3, vinyl, CO-H,
COsCH;, CONH,, CONHCH;, or CON(CHjz),, wherein R'is a Cy.p alkyl; a Crzo
eycloalkyl; a C;-Cg alkenyl, a Cy-Cs alkynyl; and

(3] R’ is selected from among OH, OCH;, SH, SCH;, NHz, NHCH3, N(CHy),,
OC(OXC1-20 alkyl), which include but are not limited to OC(O)(CH:),CHj,
NHC(0)(C1-20 alkyl), which include but are not limited to NHC{O)(CH1).CH;, and and |
N(C(O)CH3)CHs, which include but is not limited to N(C(O)(CH,),CH3),, where sis an
integer selected from 0, 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15,16, 17, 18, and 19.

A fifth aspect of the first embodiment is directed to a compound represented by

formula 1-2
wherein
(@  R'ishydrogen, methyl, ethyl, n-propyl, i-propyl, phenyl, p-tolyl, p-

bromo-phenyl, p-chloro-phenyl, p-fluorophenyl;
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{v)  R%is hydrogen or CHj;

(¢) R¥isHand R™ is H, CH;, CH(CHs);, CH;CH(CH;);, CH(CH,)CH;CH;,
CH,Ph, CHy-indol-3-yl, -CH,CH,SCH3, CH:CO,H, CH,C(O)NH,, CH,CH,COOH,
CH,CH,C(O)NH,, CH,CH,CH,CH,;NH,, -CH;CH;CH;NHC(NH)NH3, CHa-imidazol-4-
yl, CH;OH, CH(OH)CH,, CH((4'-OH)-Ph), CH,SH, or lower cycloalkyl;

(d)  R'is hydrogen, CHy, Et, ‘Pr, “Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methy!-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, lower haloalkyl, di(lower alkyl)amino-

lower alkyl, or aminoacyl;

(e) R?is H, CN, CH;, OCH;, CH,0H, CH,F, halogen, including F, Cl, Br, or

()  R%isH, CHs, CHyF, CHF3, CFs, F, or CN;
(8)  XisH, OH, F, OCH,, NHa, or Ny;

() Yis OH, H, CHs, vinyl, N3, CN, Cl, Br, F, I, OC(O)CH,, OCH,, or

O(aminoacyl);

(i)  R”and R®are independently H, F, Cl, Br, I, OH, OCHs, SH, SCH,, NH,,
NHCH3, N(CHa),, CHy, CHy (X, where X is F, Cl, Br, or [ and q is 1 to 3, vinyl, CO,H,
CO,CHj3, CONH,;, CONHCH;, or CON(CH3)z, wherein R’ is a Cj. alkyl; a C;.ﬁo
cycloalkyl; a C;-C, alkenyl, a C;-C; alkynyl; and

()  R’is selected from among OH, OCHj, SH, SCH3, NHa, NHCH3, N(CHa)s,
OC(OXCi.10 alkyl), which include but are not limited to OC(O)(CH;)CH;, NHC(O)(C\.20
alkyl), which include but are not limited to NHC(O)}(CH,),CHj3, and N(C(O)(CH:).CH3),,
which include but is not limited to N(C(O)(CH;).CHj3),, where s is an integer selected
from90,1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, and 19.

A sixth aspect of the first embodiment is directed 10 a compound represented by

formula I1-2
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wherein

(@)  R'is hydrogen, methyl, ethyl, n1-propyl, i-propyl, phenyl, p-tolyl, p-
bromo-phenyl, p-chloro-phenyl, p-flucrophenyl;

()  R%ishydrogen or CHj;

(¢) R™isHand R is H, CHs, CH(CHj3), CHsCH(CHs), CH{CH3)CH,CHs,
CH;Ph, or lower cycloalkyl,

(d)  R%is hydrogen, Cy.1g alkyl, Ci.10 alkyl optionally substituted with a lower
alkyl, alkoxy or halogen, C,.ig haloalky!, Cy.1y cycloalkyl, cycloalkyl alkyl,
cycloheteroalkyl, aminoacy!, di(lower alkyl)amino-lower alkyl, aryl, such as phenyl,
heteroaryl, such as, pyridinyl, substituted aryl, or substituted heteroaryl;

(¢) R%isH, OMe, CN, CHsF, F, Cl, Br, or [

(®  R%isH, CHs, CH,F, CHF,, CF;, or F;

(g) XisH,OH, F, OCH,, F,Cl, Br, 1, or Ng;

(h)  YisH, OH, CHs, F, Cl, Br, 1, or N3, OCH;, OC(O)CHj;, or O(aminoacyl);

(1) R’ and R® are independently H, F, Br, SCH;, CHa, CH; (Xq, where Xis F,
Cl, Br, or l and qis | to 3, vinyl, CO2CH,, CONH;, CONHCH;, or CON(CH;),; and

()  R’is selected from among OH, OCHs, SH, SCH;, NH;, NHCH;, N(CH;),,
OC(OXCi.20 alkyl), which include but are not limited to OC(O)(CH2),CHy, NHC(O)(C.2o
alky!), which include but are not limited to NHC(O}CH,),CH;, and N(C(O}CH,).CHs),,
which include but is not limited to N(C(O}YCH,),CHs);, where s is an integer selected
from0,1,2,3,4,5,6,7,8,9,10,11,12,13, 14, 15, 16, 17, 18, and 19.

A seventh aspect of the first embodiment is directed to a compound represented

by formula 1-2

wherein
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(@)  R'ishydrogen, methyl, ethyl, n-propyl, i-propyl, phenyl, p-tolyl, p-
bromo-phenyl, p-chloro-phenyl, p-flucrophenyl;

(b)  R%is hydrogen:

(©) R™isHand R® is H, CHs, CH(CHa),, CH,CH(CH3;),, CH{CH,)CH;CHa,
CH,Ph, or lower cycloalkyl;

(d)  R'is hydrogen, CHs, Et, ‘Pr, "Pr, "Bu, 2-butyl, 'Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pymolidin-4-yl, N-methyl-piperidin-4-yl, lower
haloalkyl, or di(lower alkyl)amino-lower alkyl;

(¢ RlisH;

() R%isH, CH, CH;F, CHF,, CF;, or F;

(8) XisH, OH, OCH;, F, or N3,

(h) Y is OH, OCH;, OC{O)CH,, or O(aminoacyl);

()  R”and R*are independently H, F, Br, SCH;, CH;, CH;.,X,, where X is F,
Cl, Br, or I 'and gis 1 to 3, vinyl, CO;CH;, CONH,, CONHCH;, or CON(CHa);; and

@) R? is selected from among OH, OCH;, NH,, NHCH;, N(CH,),, OC(OXC,.
20 alkyl), which include but are not limited to OC(O)CH,),CHi, NHC(O)(C\.x alkyl),
which include but are not limited to NHC(O)(CH;),CH;, and N(C(O)(CH,);CH,);, which
include but is not limited to N(C(O)(CH;).CH3), where s is an integer selected from
among 0,1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, and 19.

An eighth aspect of the first embodiment is directed to a compound represented
by formula I-2

wherein
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(@  R'is hydrogen, methyl, phenyl, p-bromo-phenyl, p-chloro-pheny!, p-
fluorophenyl;

(b)  R%is hydrogen;

(¢ R™isHand R is H, CH,, CH(CHa),, CH:CH(CH3)2, CH(CH;)CH,CH;,

CH,Ph, or lower cycloalkyl;r

(d)  R'is hydrogen, CHy, Et, ‘Pr, “Pr, "Bu, 2-butyl, 'Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower

haloalkyl, or di(lower alkyl)amino-lower alkyl;
© RisH;
(®  R%isH, CH,, CH;F, CHF;, CF;, or F;
(¢) XisH,OH,OCH;, F, or Ny,
(h) Y is OH, OCH,, OC(O)CHs, or O(aminoacyl);

()  R’and R®are independently H, F, Br, SCH3, CHy, CH3.,X,, where X is F,
Cl,Br,orland q is1t03, vinyl, CO.CHj,, CONH,, CONHCH;, or CON(CHa3)y;

@) R’ is selected from among OH, OCH;, NH;, NHCH;, N(CH,),, OC(OXC,.
20 alkyl), which include but are not limited to OC(O)(CH,),CHs, NHC(O)C.20 alky!),
which include but are not limited to NHC(O)}(CH;),CH,, and N(C(OXCHa).CHa)s, which
include but is not limited to N(C(O)}(CH:)CH3),, where s is an integer selected from
among0,1,2,3,4,5,6,7,8,9,10, 11, 12,13, 14, 15, 16, 17, 18, and 19.

A second embodiment of the invention is directed to a compound represented by
formula 1 in which the base is a structure represented by formula b above, wherein R,
R:LR¥ R™ R R?, RS, X, Y, R’, and R¥are defined in the Summary of the Invention .

section above.

A first aspect of the second embodiment is directed to a compound represented by
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formula I-3

RE

NH

wherein

(a) R' is hydrogen, n-alkyl; branched alkyl; cycloalkyl; or aryl, which
inctudes, but is not limited to, phenyl or naphthyl, where phenyl or naphthyl are
optionally substituted with at least one of Cy. alkyl, Cy. alkenyl, Cy. atkynyl, Cy ¢
alkoxy, F, CL, Br, L, nitro, cyano, C. haloalkyl, -N(R")z, C1.¢ acylamino, -NHSO,C1.5
alkyl, -SO:N(R")2, COR", and -SO,C\.¢ alkyl; (R"is independently hydrogen or alkyl,
which includes, but is not limited to, Cy.20 alkyl, Cy.10 alkyl, or Ci¢ alkyl, R" is ~OR' or -
NR"));

(b)  R%is hydrogen or CHj;

(¢)  R"and R™ are (i) independently selected from hydrogen, Cy.y0 alkyl,
cycloalkyl, -(CH;)»..(NRT)z, C hydroxyalkyl, -CH,SH, -(CH:);S{0);Me, -
(CH2);NHC(=NH)NHj, (1H-indol-3-yl)methyl, (1H-imidazol-4-ymethyl, -
(CH2).CORY", aryl and aryl Cy. alkyl, said aryl groups optionally substituted with a
group selected from hydroxyl, Ci.1e alkyl, Ci.¢ alkoxy, halogen, nitro and cyano; (ii)‘R33
and R™ both are C\.¢ alkyl; (iii) R™ and R* together are(CHa)r 50 as to form a spiro ring;
(iv) R™ is hydrogen and R* and R? together are (CHz), 50 as to form a cyclic ring that
includes the adjoining N and C atoms (v) R™ is hydrogen and R* and R? together are
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(CHa)y so as to form a cyclic ring that includes the adjoining N and C atoms, where ¢ is |
t06,dis0t02,eis0to3, fis 2105, nis 2 to 4, and where R” is independently hydrogen
or Ci alkyl and R is -OR’ or ~N(R™),); (vi) R* is H and R® is H, CH;, CH,CH,,
CH(CHs)z, CH,CH(CH3);, CH(CH;3)CH,CH;, CH,Ph, CH,-indol-3-yl, -CH,CH,SCH;,
CH,CO,H, CH;C(O)NH;, CH,CH;COOH, CH,CH,C(O)NH;, CH,CH>CH>CH:NH;, -
CH,CH,CH,NHC(NH)NH;, CH;-imidazol-4-yl, CH,OH, CH(OH)CH,, CH2((4'-OH)-
Ph), CH2SH, or lower cycloalkyl; or (viii) R* is CHs, -CH;CHs, CH(CH3)s,
CH,CH(CH,);, CH(CH;)CH,CH3, CHaPh, CHy-indol-3-yl, -CH,CH;SCH;, CH2CO:H,
CH;C(O)NH,, CH,CH,COOH, CH,CH,C(O)NH;, CH,CH,CH,CH;NH,, -
CH,CH,CH;NHC(NH)NH;, CH;-imidazol-4-yl, CH,OH, CH(OH)CH,3, CH((4'-OH)-
Ph), CH,S$H, or lower cycloalkyl and R™ is H, where R is independently hydrogen or
alkyl, which includes, but is not limited to, Cy.20 alkyl, Ci.16 alkyl, or C.q alkyl, R" is -
OR’ or -N(R*),);

(d)  R'is hydrogen, Ci.jp alkyl, Cy.10 alkyl optionally substituted with a lower
alkyl, alkoxy or halogen, C).1p haloatkyl, Cj.1¢ cycloalkyl, cycloalkyl alkyl,
cyclohetercalkyl, aminoacyl, di(lower alkyl)amino-lower alkyl, aryl, such as phenyl,
heteroaryl, such as, pyridinyl, substituted aryl, or substituted heteroaryl;

() R*is H, a lower alkyl, CN, vinyl, O-(lower alkyl), hydroxy! lower alkyl,
i.e., «(CH1),OH, where pis 1 -6, including hydroxyl methyl (CH,OH), CH;F, N3,
CH,CN, CH;NHz, CH,NHCH3, CH;N(CH3),, alkyne (optionally substituted), or halogen,

- including F, C1, Br, or I, with the provisos that when X is OH, base is cytosine and R is

H, R® cannot be Ny and when X is OH, R® is CH; or CH,F and B is a purine base, R*
cannot be H;

(0 R%is H, CHas, CH,F, CHF,, CF3, F, or CN;
(2 XisH, OH, F, OMe, Cl, Br, 1, NH3, or Ns;

(h) Y is OH, H, C.4 alkyl, C».4 alkenyl, Ca. alkynyl, vinyl, N3, CN, Cl, Br, F,
I, NO,, OC(0)O(Cy.a alkyl), QC(O)O(C).4 alkyl), OC{0)O(Ca.4 alkynyl), OC(O)YO(Cr
alkenyl), 0C|.|o haloalkyl, O(aminoacyl), O(Cl.lo acyl), O(CM alkyl), O(Cz,.a aikenyl),
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S(Ci.5 acyl), S(Ci.s alkyl), S(Cz.q alkynyl), $(C;.1 alkenyl), SO(C).5 acyl), SO(C1.4 alkyl),
SO(Ca.q alkynyl), SO(C2.4 alkenyl), SO(C..4 acyl), SOxCi.q alkyl), SO2(Cz.4 alkynyl),
S0;(Cy.4 alkenyl), 0S(0)x(Cy.4 acyl), OS(0)(Ciy alkyl), 0S(0)x(Cy.5 alkenyl), NH,,
NH(C,.4 alkyl), NH(C;.4 alkenyl), NH(C, alkynyl), NH(C}.4 acyl), N(C.4 alkyl), or
N(Ci.is acyl)z, wherein alkyl, alkynyl, alkenyl and vinyl are optionally substituted by Nj,
CN, one to three halogen (Cl, Br, F, 1), NOy, C(O)O(C .4 alkyl), C(O)O(C\.4 alkyl),
C(0)O(Cs.4 alkynyl), C(O)O(C;. alkenyl), O(Cy4 acyl), O(C,.; alkyl), O(Ca.4 alkenyl),
S(Ci.a acyl), S(Ci.q alkyl), S{Cz.q alkynyl), S(Cs.4 alkenyl), SO(Ci.5 acyl), SO(C,i.4 alkyl),
SO(C1.4 alkynyl), SO(C;. alkenyl), SO5(Cy.4 acyl), SOx(C,.4 alkyl), SO»Cs.q alkynyl),
SO(Cy.q alkenyl), OS(0)2(Cy.4 acyl), OS(0)2(Ci.4 alkyl), OS(0)x(Ca.4 alkenyl), NH;,
NH({(C\.4 alkyl), NH(C;.4 alkenyl), NH(Cz.4 alkynyl), NH(C\.4 acyl), N(Cy.4 alkyl)z, or
N(Cy.a acyl);

() R’ andR? are independently H, F, Cl, Br, I, OH, OR’, SH, SR’, NH;,
NHR', NR";, lower alkyl, halogenated (F, Cl, Br, 1) lower alkyl, lower alkenyl of C3-Cg,
CO;H, CO,R', CONH,, CONHR', CONR";, wherein R' is a Cy.39 alkyl; a Cy.2p cycloalkyl,
a C-C; alkenyl, a C-Cq alkynyl.

The second aspect of the second embodiment is directed to a compound

represented by formula 1-3
wherein

(a)  R'ishydrogen, n-alkyl or aryl, which includes, but is not limited to,
phenyl or naphthyl, where phenyl or naphthyl are optionally substituted with at least one
of Cis alkyl, Ci¢ alkoxy, F, Cl, Br, 1, nitro, cyano, C, haloalkyl;

()  R%is hydrogen or CHy;

) R“andR™are independently (i) R¥is hydrogen and R™ and R? together
are (CHz)a 50 as to form a cyclic ring that includes the adjoining N and C atoms (v) R is
hydrogen and R* and R? together are (CHz)a 50 as to form a cyclic ring that includes the
adjoining N and C atoms, wherecis 1t00,dis0to2,eis0103,fis3105,nis2to 4,
and where R” is independently hydrogen or C. alky! and R¥" is -OR' or -N(R™),); (vi)
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R*is H and R™ is H, CHy, CH(CH3);, CH;CH(CHs),, CH(CH;3)CH.CH;, CH,Ph, CHp-
indol-3-yl, -CH,CH,SCH;, CH2CO;H, CHyC(O)NH;, CH;CH;COOH,
CH,CH,C(O)NH,, CH,CH,CH,CH,NH,, -CH,CH,CH;NHC(NH)NH,, CH,-imidazol-4-
yl, CHOH, CH(OH)CH3, CHy((4'-OH)-Ph), CH,SH, or lower cycloalkyl; or (viii) R* is
CHj, CH(CHa),, CH>CH(CHa),, CH(CH3)CH2CHs, CH,Ph, CH;-indol-3-yl, -
CH,CH,SCHs, CH,COH, CH,C(O)NH,, CH,CH;COOH, CH;CH,C(O)NH;,
CH;CH;CH,CH,NH,, -CH;CH,;CH,;NHC(NH)NH,, CHz-imidazol-4-yl, CH,OH,
CH(OH)CHa, CH;((4-OH)-Ph), or CH,SH and R™ is H;

{d) RYis hydrogen, C,.1p alkyl, C;.10 alky! optionally substituted with a lower
alkyl, alkoxy or halogen, C,.,o haloalkyl, Cs.io cycloalkyl, cycloalkyl alkyl,
cycloheteroalkyl, aminoacyl, di(lower alkyl)amino-lower alkyl, aryl, such as phenyl,

heteroaryl, such as, pyridinyl, substituted aryl, or substituted heteroaryl;

(e) R*is H, CN, CHa, vinyl, OCHs, OCH>CHj, CH:OH. CHa(halo), such as
CH,F, N3, CHoCN, CH3N;, CHaNH,, CHaNHCHz, CHaN(CHa),, halogen, including F,
Cl, Br,or[;

()  Ris H, CH,, CH,F, CHF,, CF3, F, or CN;
() X is H, OH, F, OMe, halogen, NHj, or Nj;

(h) Y is OH, H, Cy.4 alkyl, vinyl, N3, CN, Cl, Br, F, I, O(Cy.¢ acyl), O(Ci.4
alkyl), NH3, NH(C;.4 alkyl), NH{C2.4 alkeny!), NH(C1.4 alkynyl), NH(C).4 acyl), N(C.4
alkyl)z, N(Cy.1z acyl);, wherein alkyl, alkynyl, atkenyl and vinyl are optionally substituted
by N, CN, one to three halogen (Cl, Br, F, 1), NO;, OC(O)O(C;.4 alkyl), OC(O)O(C,.q4
alkyl), OC(O)O(Cs.q4 alkynyl), OC(O)O(C,.4 alkenyl), OC,.io haloalkyl, O(aminoacyl),
O(C\.4 acyl), O(C,.4 alkyl), O(C,.4 alkenyl), S(Ci.; acyl), S(Ci alkyl), $(Cr.q alkynyl),
S(Cs.4 alkenyl), SO(C,.4 acyl), SO(C,.4 alkyl), SO(Cz alkynyl), SO(Cy.4 alkenyl),
S02(C.4 acyl), SO(Ci-4 alkyl), SO2(Ca4 alkynyl), SO2(Ca.4 alkenyl), 0S(0)x(Ci4 acyl),
0S8(0)2(C1.4 alkyl), OS(0)2(Cz.4 alkenyl), NHa, NH(C .4 alkyl), NH(C;.q alkenyl), NH(C;.
4 alkynyl), NH(C;.4 acyl), N(Cy.4 alkyl)z, N(Cy.4 acyl)s;
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()  R”and R*are independently H, F, Ci, Br, |, OH, OR’, SH, SR', NH;,
NHR', NR", lower alkyl, halogenated (F, Cl, Br, I) lower alkyl, lower alkenyl of C3-Cs,
CO;H, CO;R', CONH,, CONHR', CONR’,, wherein R' is a Cj.y alkyl; a Cy.z0 cycloalkyl;
a C,-C, alkenyl, a C,-Cg alkynyl.

The third aspect of the second embodiment is directed to a compound represented

by formula I-3
wherein

(a)  R'is hydrogen, n-alkyl or a substituted or unsubstituted phenyl, where the
substitutent of the substituted phenyl is at least one of a Ci.; alkyl, a Cy.3 alkoxy, F, Cl,

Br, |, nitro, cyano, and a C,.3 haloalkyl;

()  R?is hydrogen, CHs, R* or R® and R? together are (CH3)3 50 as to form a
cyclic ring that includes the adjoining N and C atoms, C(O)CR¥R*™NHR!, where nis 2 to

4 and R', R® and R* are as defined herein;

{¢)  R™and R® are independently (i) R* is hydrogen and R*® and R? together
are (CH;)a 50 as to form a cyclic ring that includes the adjoining N and C atoms (v) R® is
hydrogen and R* and R? together are (CHy), so as to form a cyclic ring that includes the
adjoining N and C atoms, wherecis 1 106,dis0t02,eis0to3,fis3to 5, nis2t04,
and where RY is independently hydrogen or C,.s alkyl and R¥ is -OR' or ~NR*),): (vi)
R* is H and R* is H, CHs, CH(CH3)s, CHsCH(CHa);, CH(CH3)CH>CHs, CHsPh, CHap-
indol-3-yl, -CH,CH2SCH3, CH;CO,H, CH,C(O)NH;, CH;CH,COOH,
CH,;CH;C(O)NH;, CH,CHCH;CH;NH,, -CH,CH,CH;NHC(NH)NH,, CHz-imidazol-d-
yl, CH,OH, CH(OH)CH,;, CH;((4'-OH)-Ph), CH,SH, or lower cycloalkyl; or (viii) R¥is
CH,, CH(CH;),, CH;CH(CH;),;, CH(CH;)CH,CHj, CH,Ph, CH;-indol-3-yl, -
CH,CH,SCH;, CH;CO;H, CH,C(O)NH,, CH,CH,COOH, CH;CH2C(O)NH,,
CH,CH;CH,CH;NH,, -CH,CH,;CH;NHC(NH)NH;, CHz-imidazol-4-yl, CH,OH,
CH(OH)CH3, CHx((4'-OH)-Ph), CH,SH, or lower cycloatkyl and R®isH;

(d)  R'is hydrogen, CHs, Et, ‘Pr, “Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
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methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower

haloalkyl, or di(lower alkyl)amino-lower alkyl,

{(e) R%is H, CN, CH3, OCH;, CH,0H, CHa(halo), such as CH,F, Ny, CH,CN,
CH;N;, CH,;NH,, CH;NHCH;, CH,N(CH;)., halogen, including F, CI, Br, or I;

()  R®is H, CH;, CHyF, CHF;, CFy, F, or CN;
(2) X is H, OH, F, OCHjs, halogen, NH,, or N3

(h) Y isOH,H, CH;, vinyl, N3, CN, Cl, Br, F, I, OC(O)CHs, OCHs, NH,,
NHCH;, NH(vinyl), NH(acetyl), NH(C(O)CHs), N(CH3)2, N(C(O)CH):;

i) R’ and R® are independently H, F, CI, Br, 1, OH, OCH3, SH, SCH,, NH;,
NHCH;, N(CHs)s, CH;, CH3 (X, where X is F, Cl, Br, or [ and q is 1 to 3, vinyl, COH,
CO:CH:;, CONH:, CONHCH:;‘ or CON(CH;):.

The fourth aspect of the second embodiment is directed to a compound

represented by formula I-3
wherein

(a)  R'is hydrogen, n-alkyl or a substituted or unsubstituted phenyl, where the
substitutent of the substituted phenyl is at least one of a CHs, OCH,, F, Cl, Br, 1, nitro,
cyano, and a CH;. Xq, where X is F, Cl, Br, or I, and q is 1-3;

® Rlish drogen or CHy;
y

(¢)  R™isHand R™is H, CH;, CH(CH,),, CH,CH(CH,),, CH(CH;)CH,CH,,
CH;Ph, CHy-indol-3-yl, -CH,CH;SCHj, CH,CO;H, CH;C(O)NH;, CH,CH;COOH,
CH,CH,C(O)NHj;, CH,CH,CH,CH;NH,, -CH,CH,CH;NHC(NH)NH,, CH;-imidazol-4-
yl, CH;OH, CH(OH)CHj;, CHx{((4'-OH)-Ph), CH,SH, or lower cycloalkyl or R* is CH;,
CH(CHs;)2, CH,CH(CH,;);, CH(CH3)CH.CHj3, CH;Ph, CH;-indol-3-yl, -CH,CH,SCH3,
CH,CO;H, CH;C(O)NH,, CH;CH,COOH, CH,CH,C(O)NH,, CH,CH,CH,CH;NH;, -
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CH,CH;CH;NHC(NH)NH3, CHs-imidazol-4-yl, CH;OH, CH(OH)CH,, CHy((4'-OH)-
Ph), CHaSH, or lower cycloalkyl and R* is H;

(@  R'ishydrogen, C_H;:. Et, ‘Pr, "Pr, "Bu, 2-butyl, ‘By, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower
haloalkyl, or di(lower alkyl)amino-lower alkyl,

(e) R*is H, CN, CH;, OCH;, CH,OH, CHa(halo), such as CH;F, N3, CH.CN,
CH;N3, CHaNH,, CHaNHCH;, CH2N(CHs),, halogen, including F, Cl, Br, or I;

®  R%isH, CHs, CH;F, CHF,, CF;3, F, or CN;
(g XisH, OH, F, OCH;, NH,, or Nj;

(h)  YisOH, H, CHy, vinyl, N3, CN, Cl, Br, F, I, OC(O)CHs, OCHs, NH,,
NHCH;, NH(vinyl), NH(acetyl), NH(C(O)CHj), N(CH3)2, N(C(O)CH:)x;

() R’ and R*are independently H, F, Cl, Br, 1, OH, OCH;, SH, SCHa, NH;,
NHCH;, N(CHai)z, CHa, CHa (X, where X is F, Cl, Br, or [and q is 1 to 3, vinyl, CO;H,
CO,CH;, CONH;, CONHCHj3, or CON(CH3;);, wherein R'is a Cy.0 alkyl; a Cy.po
cycloalkyl; a C,-Cg alkenyl, a C;-Cg alkynyl.

The fifth aspect of the second embodiment is directed to a compound represented

by formula I-4
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RS

NH

wherein

@)  R'ishydrogen, methyl, ethyl, n-propy), i-propyl, or a substituted or
unsubstituted phenyl, where the substitutent of the substituted phenyl is at least one of a
CHj, OCHs, F, Cl, Br, 1, nitro, cyano, and a CHs.,X,, where X is F, Cl, Br, or [, and q is
1-3;

®  R?ishydrogen or CHy;

(¢©)  R™isHand R™is H, CH;, CH(CH3)2, CH:CH(CHa),, CH(CH;)CH,CH;,
CH;Ph, CHz-indol-3-yl, -CH,CH,SCHj3, CH;CO,H, CH;C(O)NH;, CH,CH,COOH,
CH:CH,C(O)NH,, CHyCH2CHyCHaNH,, -CH>CH;CH;NHC(NH)NH3, CH,-imidazol-4-
yl, CH;OH, CH(OH)CHj3, CH;{((4'-OH)-Ph), CH;SH, or lower cycloalkyl or R* is CHj,
CH(CHz);. CH2CH(CH3);, CH(CH3)CH2CHa, CHPh, CHy-indol-3-yl, -CH:;CH;SCH3,
CHCO:H, CH2C(O)NH,, CH,CH2COOH, CH;CH,C(O)NH3, CHzCH,CH;CH,NHs, -
CH;CH,;CH,;NHC(NH)NH,, CH;-imidazol-4-yl, CH;OH, CH(OH)CH;, CH,((4'-OH)-
Ph), CH,SH, or lower cycloalkyl and R®is H;

) R'is hydrogen, CHa, Et, Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower
haloalkyl, or di(lower alkyl)amino-lower alkyl,

20809011 -44 -

Gilead Exhibit 2025
PGR2023-00046 - Page 00136



10

15

Docket No. 60137.0034USU1

(& RisH, CN, CHj;, OCHs, CH;OH, CHyF, N3, CH;CN, CH;Ny, CHaNH,,
CHNHCH,, CH;N(CH;y),, halogen, including F, Cl, Br, or I,

()  R®isH, CHs, CHyF, CHF;, CFs, F, or CN:
(€  XisH, OH, F, OCH,, Cl, Br, I, NH;, or Ny;

(h) Y is OH, H, CHa, vinyl, N3, CN, Cl, Br, F, I, OC(O)CHs, OCHj, NH,,
NHCH3, NH(vinyl), NH(acetyl), NH(C(O)CHs), N(CH3)2, N(C(O)CH;)z;

()] R’ and R® are independently H, F, Cl, Br, I, OH, OCH;, SH, SCH;, NH;,
NHCHj3, N(CHj3)2, CHj, CH;. X, where Xis F, Cl, Br, or L and q.is 1 to 3, vinyl, COzH,
CO;CH;, CONH;, CONHCHj;, or CON(CHj3);, wherein R’ is a Cy20 alkyl; 2a Cy 20
cycloalkyl; a C;-Cq alkenyl, a C2-Ce alkynyl,

The sixth aspect of the second embodiment is directed to a compound represented

by formula 1-4
wherein

(@)  R'ishydrogen, methyl, ethyl, n-propyl, i-propyl, phenyl, p-tolyl, p-
bromo-phenyl, p-chloro-phenyl, p-fluorophenyl,

()  R%ishydrogen or CHj;

(¢  R™isH and R™is H, CHs, CH(CH,);, CH;CH(CHa);, CH(CH3)CH,CH,,
CH,Ph, CHy-indol-3-yl, -CH,CH,SCHs, CH,CO,H, CH,C(O)NH,, CH,CH,COOH,
CH;CH,;C(O)NH,, CH2CH;CH,CH,;NH;, -CH,CH,CH;NHC(NH)NH;, CHa-imidazol-4-
yl, CH;OH, CH(OH)CHj, CHx((4’-OH)-Ph), CH,SH, or lower cycloalkyl;

(d)  R'ishydrogen, CHj, Et, ‘Pr, “Pr, "Bu, 2-butyl, 'Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pymrolidin-3-yl, N-methyl-pyrmrolidin-4-yl, N-methyl-piperidin-4-yl, lower

hatoalkyl, or di(lower alkyl)amino-lower alkyl;
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(e) R%isH, CN, CHj, OCHs, CH,OH, CHyF, halogen, including F, Cl, Br, or

() R%is H, CH,, CHsF, CHF;, CFs, F, or CN;
(&) Xis H, OH, F, OCH,, NH,, or Nj;
(h) Y is OH, H, CHs, vinyl, NHs, N3y, CN, Cl, Br, F, |, OC(O)CHs, OCHs;

(i)  R”and R® are independently H, F, Cl, Br, 1, OH, OCHa, SH, SCH;, NH,,
NHCH;, N(CHj3)s, CHa, CHy. X, where Xis F, Cl, Br, or Tand q is 1 to 3, vinyl, CO:H,
CO;CH3, CONH3, CONHCH;, or CON(CHjy),, wherein R'is a Cy.o alkyl; a Ci2o
cycloalkyl; a C,-C; alkenyl, a C;-C; alkynyl.

The seventh aspect of the second embodiment is directed to a compound

represented by formula I-4
wherein

(@  R'ishydrogen, methyl, ethyl, #r-propyl, i-propyl, phenyl, p-tolyl, p-
bromo-phenyl, p-chloro-phenyl, p-fluorophenyl;

(®)  Ris hydrogen or CHj;

(©) R™isHand R™ is H, CH;, CH(CH3);, CHyCH(CHa);, CH(CH;3)CH,CH3,
CH;Ph, or lower cycloalkyl,

(d)  R%is hydrogen, CHj, Et, ‘Pr, “Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower

haloalkyl, or di(lower alkyl)amino-lower alkyl;
(e) R%isH, OMe, CN, CHsF, F, Cl, Br,or [;
(®  R%isH, CHs, CHsF, CHF;, CFs, or F;

(8 XisH,OH, F, OCH,, F, Cl, Br, I, NHyor Ny,
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(h)  YisH,OH, CH;, F, Cl, Br, I, NHz or N3, OCH3, or OC(O)CHj:

(3] R’ and R® are independently H, F, Br, SCHs, CH;, CH;¢X,, where XisF,
Cl, Br,orland qis 1 to 3, vinyl, CO:CHs, CONH,, CONHCHs, or CON(CH3)s;

The eighth aspect of the second embodiment is directed to a compound

represented by formula 1-4
wherein

(a)  R'is hydrogen, methyl, ethyl, n-propyl, i-propyl, phenyl, p-tolyl, p-
bromo-phenyl, p-chloro-phenyl, p-fluorophenyl,

()  R%is hydrogen;

{¢) R™isHand R is H, CH;, CH(CHs);, CH;CH(CH3),, CH(CH;3)CH,CH,,
CH_,Ph, or lower cycloalkyl,

(d)  R'ishydrogen, CHa, Et, ‘Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower

haloalkyl, or di(lower alkyl)amino-lower alkyl;
(&) RYisH;
(®  R®isH, CH,, CH,F, CHF;, CF3, or F;
(8 XisH,OH, OCH;, F, NHyor Ny;
(h)  Yis OH, NH, OCHj, or OC(O)CHg;

(i) R” and R® are independently H, F, Br, SCHa, CHj, CHy.(Xq, where Xis F,
Cl, Br, or L and q is 1 10 3, vinyl, CO;CH,, CONH;, CONHCHj, or CON(CH»),.

The ninth aspect of the second embodiment is directed to a compound represented

by formula I-4
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wherein

(@)  R'ishydrogen, methyl, phenyl, p-bromo-phenyl, p-chloro-phenyl, p-
fluorophenyl;

()  R?is hydrogen;

(©)  R™isH and R™ is H, CHy, CH(CHy)s, CHyCH(CHy)s, CH(CH3)CH,CH,,
CH,Ph, or lower cycloalkyl,

(d)  R%is hydrogen, CHa, Et, 'Pr, “Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyreolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower

haloalkyl, or di(lower alkyl}amino-lower alkyl,
(& RlisH;
(3] RS is H, CHs, CH;F, CHF;, CFy, or F,
(@ XisH, OH, OCHy, F, or Na;
(h)  Yis OH, OCHj, or OC(O)CH;y;

)] R” and R® are independently H, F, Br, SCH;, CHs, CH3.(X,, where X is F,
Cl, Br, or 1 and qis 1 to 3, vinyl, CO,CH;, CONH;, CONHCH;, or CON(CH;)..

A third embodiment of the invention is directed to a compound represented by

formula I in which the base is a structure represented by formula ¢ above, wherein R'. R’,
R¥ R™ RY R® R%, X, Y, Z, R R'", and R'? are defined in the Summary of the

Invention section above; with the proviso that R'' is not H.

A first aspect of the third embodiment is directed to a compound represented by

formula [-5
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wherein

(@)  R'ishydrogen, n-alkyl; branched alkyl; cycloalkyl; or aryl, which
includes, but is not limited to, phenyl or naphthyl, where phenyl or naphthyl are
optionally substituted with at least one of C,.¢ alkyl, Cy.¢ alkenyl, Cy.¢ alkynyl, C).¢
alkoxy, F, Cl, Br, 1, nitro, cyano, C;.¢ haloalkyl, -N(RM),, Ci¢ acylamino, -NHSO:C\.¢
alkyl, -SO;N(R")z, COR", and -SO;C . alkyl; (R" is independently hydrogen or alkyl,
which includes, but is not limited to, Cy.5 alkyl, Cy.i alkyl, or C,¢ alkyl, R" is —OR' or -
NR"));

(b) RYis hydrogen or CHj;

{c) R™ and R™ are (i) independently selected from hydrogen, Cy.jo alkyl,
cycloalkyl, (CH2){(NR™);, Cy. hydroxyalkyl, -CH,SH, (CH;);$(0)iMe, -
(CH;Zs:NHC(=NH)NH;, (1H-indol-3-yl)methyl, (1 H-imidazol-4-yl)mecthyl, -
(CH;).CORY", aryl and aryl C, ; alkyl, said aryl groups optionally substituted with a
group selected from hydroxyl, Ci.10 alkyl, Ci. alkoxy, halogen, nitro and cyano; (i) R*
and R™ both are Cy alkyl; (iii) R™ and R together are(CH;)r so as to form a spiro ring;
(iv) R™is hydrogen and R* and R? together are (CH,)» 50 as to form a cyclic ring that
includes the adjoining N and C atoms (v) R* is hydrogen and R* and R? together are
(CH;), so as to form a cyclic ring that includes the adjoining N and C atoms, where cis 1

106,dis0102,eis0to 3, fis 2105, nis 2 to 4, and where R” is independently hydrogen
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or C¢ alkyl and R* is -OR’ or =N(R¥),); (vi) R is H and R* is from H, CHs, CH,CH;,
CH(CHj),, CHCH(CHa);, CH(CH3)CH;CHj, CHzPh, CHy-indol-3-yl, ~CH;CH,SCH;,
CH;CO,H, CH;C(O)NH,, CH,CH,COOH, CH,CH;C(O)NH,, CH,CH;CH,CH,NH;, -
CH,CH,CH,NHC(NH)NH,, CH,-imidazol-d-yl, CH;OH, CH(OH)CH;, CH,((4'-OH)-
Ph), CH,SH, or lower cycloalkyl; or (vii) R* is CHs, -CH:CHs, CH(CHa),,
CH,CH(CH3);, CH(CH,)CH,CH;, CH,Ph, CHz-indol-3-y1, -CH,CH>SCH;, CH:CO:H,
CH,C(O)NH;, CH,CH,COOH, CH»CH,C(O)NH,, CH,CH,CH,CH,NH;, -
CH,CH;CH,NHC(NH)NH;, CHy-imidazol-4-yl, CH;OH, CH(OH)CH;, CHy((4'-OH)-
Ph), CH,SH, or lower cycloalkyl and R* is H, where R” is independently hydrogen or
alkyl, which includes, but is not limited to, Cy.20 alkyl, C).10 alkyl, or Cy.¢ alkyl, R is —
OR' or -N(R*)2);

(d)  R%ishydrogen, C .10 alkyl, C .10 alkyl optionally substituted with a lower
alkyl, alkoxy or halogen, C,.15 haloalkyl, Cs.10 cycloalkyl, cycloalkyl alkyl,
cycloheteroalkyl, aminoacyl, di(lower alkyl)amino-lower alkyl, aryl, such as phenyl,

heteroaryl, such as, pyridinyl, substituted aryl, or substituted heteroaryl;

(&)  R'isH, a lower alkyl, CN, vinyl, O-(lower alkyl), hydroxy! lower alkyl,
i.e., <(CH;),OH, where p is | -6, including hydroxyl methyl (CH;0H), CH.F, Na,
CH;CN, CH;NH;, CH;NHCHj;, CH;N(CH;);, alkyne (optionally substiwuted), or halogen,
including F, Cl, Br, or I, with the provisos that when X is OH, base is cytosine and R’ is
H, R? cannot be N and when X is OH, R® is CH; or CH,F and B is a purine base, R®

cannot be H;
()  R®is H, CHy, CHyF, CHF,, CF;, F, or CN;
(g) XisH, OH, F, OMe, halogen, NHy, or Nj;

(h)  YisOH, H, Cy4alkyl, Cr.4alkenyl, Cy.4 alkynyl, vinyl, Ny, CN, CI, Br, F,
I, NO,, OC(O)O(C,.4 alkyl), OC(O)O(C;.4 alkyl), OC(O)O(Ca-4 alkynyl), OC{O)O(C24
alkenyl), OCi.10 haloalkyl, O(aminoacy!), O(Ci.10 acyl), O(C\.4 alkyl), O(C,.4 alkenyl),
$(Ci-4 acyl), S(Ci.4 alkyl), S(Ca.s alkynyl), S(Cz.4 alkenyl), SO(C\.4 acyl), SO(C).q alkyl),
SO(C;.; alkynyl), SO(C,.q4 alkeny!), SOx(C\.4 acyl), SO(C,.; alkyl), SO,(Cz.q alkynyl),
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$0(Czq alkenyl), 0OS(0)2(C;.¢ acyl), OS(0)2(Cy alkyl), OS(O)x(C1.4 alkenyl), NH;,
NH(C\.4 alkyl), NH(C;.4 alkenyl), NH(Cz.4 alkynyl), NH(C,.4 acyl), N(Ci.s alkyl)z, N(Cy.
& acyl), wherein alkyl, alkynyl, alkenyl and vinyl are optionally substituted by N3, CN,
one to three halogen (Cl, Br, F, 1), NO;, C(O)O(C,.4alkyl), C(O)O(C,.4 alkyl), C(O)O(C,.
41 alkynyl), C(0)O(Cs.4 alkenyl), O(C,.4 acyl), O(Ci.4 alkyl), O(Cz.4 alkenyl), S(Ci.4 acyl),
S(Ci.5 alkyl), S(Cy.4 alkynyl), S(C1.4 alkenyl), SO(Ci.4 acyl), SO(C.4 alkyl), SO(C2-4
alkynyl), SO(C1.4 alkenyl), SOz(C,-s acyl), SOCy.4 alkyl), SO(C:.4 alkynyl), SO:(Ca.4
alkenyl), 0S(0)Ci. acyl), 0S(0)AC.q alkyl), OS(0)x(Ca.s alkenyl), NHa, NH(Cy.4
alkyl), NH(C;., alkenyl), NH(CM alkynyl), NH(C,.q acyl), N(C, alkyl);, N(C,.s acyl):;

(i)  R'"and R" are independently H, F, Cl, Br, I, OH, OR’, SH, SR', NH,,
NHR', NR';, lower alkyl of C,-C;, halogenated (F, Cl, Br, 1) lower alkyl of C,-Cq, lower
alkenyl of C,-Cs, halogenated (F, Cl, Br, 1) lower alkenyl of C;-Cs, lower alkynyl of C,-
Cs such as C=CH, halogenated (F, Cl, Br, 1) lower alkynyl of Cy-Cq, lower alkoxy of C;-
Cq, halogenated (F, Cl, Br, 1) lower alkoxy of C,-Cs, CO;H, CO,R', CONH,, CONHR’,
CONR';, CH=CHCO;H, or CH=CHCOR", with the proviso that when R" is OH and R"
1s not NHy;

wherein R’ is an optionally substituted alkyl , which includes, but is not limited to,
an optionally substituted C.yo alkyl, an optionally substituted Cy.y¢ alkyl, an optionally
substituted lower alkyl; an optionally substituted cycloalkyl; an optionally substituted
alkynyl of C;-Cq, an optionally substituted lower alkenyl of C,-Cg, or optionally
substituted acyl, which includes but is not limited to C(Q) alkyl, C(O)(Ci.x alkyl),
C(O)(Ci.10 alkyl), or C(O)(lower alkyl) or alternatively, in the instance of NR',, each R’
comprise at least one C atom that are joined to form a heterocycle comprising at least two

carbon atoms; and
() ZisNorCR'" and

R'is an H, halogen (including F, Cl, Br, 1), OH, OR', SH, SR’, NH,, NHR', NR",
NO: lower alkyl of C,-Cg, halogenated (F, Cl, Br, I) lower alkyl of C;-Cg, lower alkenyl
of C;-Cg, halogenated (F, Cl, Br, I) lower alkenyl of Co-C , lower alkynyl of C;-Cq,
halogenated (F, Cl, Br, 1) lower alkynyl of C-Cq, lower alkoxy of C)-Cg, halogenated (F,
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Cl, Br, 1) lower alkoxy of C)-Cq, CO;H, CO;:R', CONH;, CONHR', CONR";,
CH=CHCO;H, or CH=CHCO:R'".

A second aspect of the third embodiment is directed to a compound represented

by formula 1-5
wherein

(@)  R'ishydrogen, methyl, ethyl, n-propyl, i-propyl, phenyl, p-tolyl, p-
bromo-phenyl, p-chloro-phenyl, p-fluorophenyl;

(®  RYishydrogen or CHj;

(©) R™isHand R™is H, CHy, CH(CH,);, CH:CH(CH,);, CH(CH;)CH;CH;,
CH,Ph, CH,-indol-3-yl, -CH,CH,SCH,, CH,CO,H, CH,C(O)NH,, CH,CH,COOH,
CH,CH;C(O)NH;, CH;CH;CH>CHaNH,, -CH2CHyCHaNHC(NH)NH,, CHz-imidazol-4-
yl, CH;OH, CH(QH)CH;, CH((4'-OH)-Ph), CH,SH, or lower cycloalkyl,

(@  R'is hydrogen, CHj,, Et, ‘Pr, "Pr, "Bu, 2-butyl, 'Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, lower haloalkyl, or di(fower

atkyl)amino-lower alkyl;

(¢) R’isH, CN, CH,, OCHj, CH,OH, CH,F, halogen, including F, Cl, Br, or
1, with the provisos that when X is OH, R®is CH; or CH,F, R® cannot be H.

()  RCis H, CHj, CHsF, CHF3, CFy, F, or CN;
(g} XisH,OH,F, OCH;, Cl, Br, I, NHy, or Nx;
(h)  Yis OH, H, CHs, vinyl, NHy. N3, CN, C1, By, F, 1, OC(O)CHs, OCH3;

i  R“and R'' are independently H, F, Br, 1, OH, OR', NH3, NHR', NR®,
CO:R', CONHz, CONHR', CONR'";, CH=CHCO:H, or CH=CHCO,R/, with the proviso
that when R'® is OH and R is not NH;; .
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wherein R’ is a lower alkyl, a lower cycloalkyl, or C(O)(lower atkyl) or
alternatively, in the instance of NR’3, each R’ comprise at least one C atom that are joined

to form a heterocycle comprising at least two carbon atoms; and

() ZisNorCR'%: and

R'?is an H, halogen (including F, Cl, Br, I), OR’, NH;, NHR', NR", NO;, lower
alkyl of C-Cg, CO3R’, CONH;, CONHR', CONR’;, CH=CHCO;H, or CH=CHCO;R".

A third aspect of the third embodiment is directed to a compound represented by
formula 1-5

wherein

(@)  R'ishydrogen, methyl, ethyl, n-propyl, i-propyl, phenyl, p-tolyl, p-
bromo-phenyl, p-chloro-phenyl, p-fluorophenyl;

()  R?is hydrogen or CHj;

(¢) R™isHand R™is H, CHy, CH(CH3):, CH;CH(CH3),, CH(CH3)CH,CH;,
CH;Ph, or lower ¢ycloalkyl;

(d)  R'is hydrogen, CHa, Et, 'Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower
haloalkyl, or di(lower alkyl)amino-lower alkyl,

() R*isH, CN, CHsF, F, Cl, Br, or I; with the proviso that X is OH, R® is
CHj; or CHF, R® cannot be H;

()  R%isH, CH;, CH,F, CHF,, CF;, or F;
(g) XisH, OH, F, OCH;, F, Cl, Br, I, NH, or N3;

(h)  YisH, OH, CHy, F, Cl, Br, I, NH; or N3, OCHj, or OC(O)CH;
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(i)  RYand R" areindependently H, F, Br, I, OH, OR', NH,, NHR', NR",
CO;R', CONH;, CONHR', CONR'2, CH=CHCO;H, or CH=CHCO:R', with the proviso
that when R'? is OH and R"' is not NHy;

wherein R’ is a lower alkyl, a lower cycloalkyl, or C(O)(lower alkyl) or
alternatively, in the instance of NR';, each R' comprise at least one C atom that are joined

to form a heterocycle comprising at least two carbon atoms; and
G) ZisNorCR'};and

R%isanH, halogen (including F, Cl, Br, 1), OR’, NH;, NHR', NR’;, NO3, lower
alkyl of C1-Cs, COzR’, CONH,, CONHR', CONR';, CH=CHCO:H, or CH=CHCO:R'.

A fourth aspect of the third embodiment is directed to a compound represented by

formula 1-8
wherein

@) R'is hydrogen, methyl, ethyl, 2-propyl, i-propyl, phenyl, p-tolyl, p-
bromo-phenyl, p-chloro-phenyl, p-fluorophenyl;

(b)  R?is hydrogen;

(¢)  R¥isH and R® is H, CHs, CH(CH3);, CH;CH(CH3);, CH(CH3)CH;CHj, -
CH;Ph, or lower cycloalkyl,

(d)  R'is hydrogen, CHs, Et, ‘Pr, “Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower

haloalky!, or di(lower alkyl)amino-lower alkyl,

(¢©)  R*is H, with the provisos that when X is OH, R®is CH; or CH;F, R®

cannot be H;

(  R®isH, CH;, CHyF, CHF,, CFy, or F;
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2) Xis H, OH, OCHj, F, NHaor N3;
(h) Y is OH, NH,, OCH3;, or OC(O)CHj3;

i) R™andR'" arc independently H, F, Br, 1, OH, OR', NHz, NHR', NR’;,
CO:R', CONH,, CONHR', CONR";, CH=CHCO;H, or CH=CHCO,R', with the proviso
that when R'® is OH and R'' is not NHa;

wherein R' is a lower alkyl, a lower cycloalkyl, or C(O)(lower alkyl) or
alternatively, in the instance of NR';, each R’ comprise at least one C atom that are joined

to form a heterocycle comprising at least two carbon atoms; and
) ZisNorCR'%and

R'?is an H, halogen (including F, Cl, Br, I), OR", NH,, NHR', NR?;, NO;, lower
alkyl of C,-Cs, CO:R’, CONH,, CONHR', CONR";, CH=CHCO;H, or CH=CHCO.R".

A fifth aspect of the third embodiment is directed to a compound represented by

formula 1-5
wherein

(a) R'is hydrogen, methyl, phenyl, p-bromo-phenyl, p-chloro-phenyl, p-

fluorophenyl;
(b)  R%is hydrogen,

(¢) R™isHand R™is H, CHs, CH(CHs)s, CHyCH(CHa);, CH(CHa)CH,CHa,
CH;Ph, or lower cycloalkyl;

(d) R'is hydrogen, CHj, Et, ‘Pr, “Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azeti din-3;yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower
hatoalkyl, or di(lower alkyl)amino-lower alkyl;
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(®  R’isH, with the provisos that when X is OH, R® is CH; or CH,F, R*

cannot be H;
(h  R%isH, CHy, CHsF, CHF, CFs, or F;
(&) XisH, OH, OCH;, F, NH; or Nj;
(h) Y is OH, NH, OCH;, or OC(O)CHa;

()  R™and R" are independently H, F, Br, I, OH, OR’, NH;, NHR', NR';,
CO,R', CONH,, CONHR', CONR', CH=CHCO,H, or CH=CHCO,R', with the proviso
that when R'% is OH and R'" is not NH;

wherein R’ is a lower alkyl, a lower cycloalkyl, or C(O)(lower atkyl) or
alternatively, in the instance of NR',, each R' comprise at least one C atom that are joined

to form a heterocycle comprising at least two carbon atoms; and
G) ZisNorCR?and

R"7isan H, halogen (including F, Cl, Br, [), OR’, NH,, NHR', NR';, NO;, lower
a]ky] of Cl-Ca, COzR', CONH;, CONHR’, CONR'z, CH"CHCO:H, or CH-"‘CHCO;R’.

A sixth aspect of the third embodiment is directed to a compound represented by

formula I-5
wherein

(a) R' is hydrogen, methyl, ethyl, s7-propyl, i-propyl, phenyl, p-tolyl, p-
bromo-phenyl, p-chloro-phenyl, p-fluorophenyl;

()  R¥is hydrogen or CHy;

(©  R™isHand R"™is H, CHy, CH(CH3)2, CHyCH(CHb)z, CH(CH;)CH,CHs,
CH,Ph, CHy-indol-3-yl, -CH;CH;SCHs, CH;CO;H, CH,C(O)NH;, CH;CH,COOH,
CH,CH;C(O)NHz, CH;CH,CH,CH;NH,, -CH,CH;CHNHC(NH)NH;, CH;-imidazol-4-
yl, CH,OH, CH(OH)CH,, CH;{(4'-OH)-Ph), CH,SH, or lower cycloalkyl;
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(d)  R'is hydrogen, CHs, Et, ‘Pr, “Pr, “Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N~
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower

haloalkyl, or di(lower alkyl)amino-lower alkyl;

(¢) R'isH, CN, CH;, OCH;, CH,OH, CH;F, halogen, including F, Cl, Br, or
[, with the provisos that when X is OH, R®is CH; or CH2F, R® cannot be H.

(®  R%isH, CHy, CH:F, CHF;, CFs, F, or CN;
() XisH OH, F, OCH}, Cl, Br, I, NH,, or Nj;
(h)  Yis OH, H, CH;, vinyl, NHz, N3, CN, Cl, Br, F, I, OC(O)CH;, OCH3;

(i) R"isNHyand R" is H, F, Br, I, OH, OR', NH,, NHR', NR’;, CO;R',
CONH,, CONHR', CONR";, CH=CHCO:H, or CH=CHCO:R";

wherein R'is a lower alkyl, a lower cycloalkyl, or C(O)(lower alkyl) or
alternatively, in the instance of NR';, cach R’ comprise at least one C atom that are joined

10 form a heterocycle comprising at least two carbon atoms; and
) ZisNorCR'*and

R'2is an H, halogen (including F, Cl, Br, T), OR’, NH;, NHR', NR", NO;, lower
alkyl of C\-Cs, CO:R', CONH,, CONHR', CONR";, CH=CHCO,H, or CH=CHCO,R".

A seventh aspect of the third embodiment is directed to a compound represented
by formula I-5

wherein

(@  R'ishydrogen, methyl, ethyl, #-propyl, i-propyl, phenyl, p-tolyl, p-
bromo-phenyl, p-chloro-phenyl, p-fluorophenyl;

(®)  R%is hydrogen or CHy;
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(©  R¥isHand R is H, CH;, CH(CHz),, CH,CH(CH3), CH(CH3)CH,CHa,
CHaPh, or lower cycloalkyl;

(d)  R'ishydrogen, CHy, Et, Pr, "Pr, “Bu, 2-butyl, '‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyctohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower

haloalkyl, or di{tower alkyl)amino-lower alkyl;

(¢) R*isH, CN, CH,F, F, Cl, Br, or I with the proviso that X is OH, R® is
CH; or CH;F, R* cannot be H;

®  R%is H, CHs, CH;F, CHF;, CF;, or F;
(8 XisH,OH, F, OCH;, F, Cl, Br, 1, NH, or Ny;
(h)  YisH,OH, CH;, F, Cl, Br, I, NH; or N3, OCH;, or OC(O)CHjy;

() R"™isNH;andR''isH, F, Br, I, OH, OR’, NH,, NHR', NR";, CO:R',
CONH;, CONHR', CONR';, CH=CHCOH, or CH=CHCOR;

wherein R’ is a lower alkyl, a lower cycloalkyl, or C(O)(lower alkyl) or
alternatively, in the instance of NR';, cach R' comprise at least one C atom that are joined

1o form a heterocycle comprising at least two carbon atoms; and
() ZisNorCR'and

RZisanH, halogen (including F, Cl, Br, 1), OR’, NH;, NHR', NR";, NO;, lower
alkyl of C;-Cs, CO:R', CONH;, CONHR', CONR';, CH=CHCO:H, or CH=CHCO;R".

An eighth aspect of the third embodiment is directed to a compound represented

by formula I-5
wherein

@  R'ishydrogen, methyl, ethyl, #-propyl, i-propyl, phenyl, p-tolyl, p-
bromo-phenyl, p-chloro-phenyl, p-fluorophenyl;
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()  R%ishydrogen;

(¢©) R™isH and R®is H, CHs, CH(CHs),, CH;CH(CHs);, CH(CH3)CH,CH,
CH;Ph, or lower cycloalkyl,

(d  RYishydrogen, CH,, Et, 'Pr, “Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower
haloalkyl;

(e) RYis H, with the provisos that when X is OH, R®is CH; or CH,F, R®

cannot be H;
(0  R®isH, CH;, CH,F, CHF;, CF;, or F;
(&) XisH, OH, OCHs, F, NHyor N3;
(h) Y is OH, NH,, OCHj, or OC(O)CHy;

@  R'™isNH:and R''is H, F, Br, I, OH, OR', NH,, NHR', NR";, CO;R/,
CONH;, CONHR', CONR';, CH=CHCO:H, or CH=CHCO,R’;

wherein R’ is a lower alkyl, a lower cycloalkyl, or C(O)(lower alkyl) or
alternatively, in the instance of NR';, each R' comprise at least one C atom that are joined

to form a heterocycle comprising at least two carbon atoms; and
()] ZisNorCR'%: and

R"isan H, halogen (including F, Cl, Br, I), OR', NH,, NHR', NR";, NO,, lower
alkyl of C)-Cs, CO:R', CONH;, CONHR', CONR";, CH=CHCO:H, or CH=CHCO:R".

A ninth aspect of the third embodiment is directed to a compound represented by

formula I-5

wherein
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(a) R' is hydrogen, methyl, phenyl, p-bromo-phenyl, p-chloro-phenyl, p-
fluorophenyl;

(b) R?is hydrogen;

(C) R’}a i1s H and R3b iSH, CH3, CH(CH3)1, CHzCH(CHg)z, CH(CH;)CH:CH:g,
CH,Ph, or lower cycloalkyl;

(d)  R'is hydrogen, CHy, Et, ‘Pr, “Pr, "By, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, or N-methyl-pysrolidin-4-yl, lower haloalkyl, or di(lower
alkyDamino-lower alkyl;

(e) R*is H, with the provisos that when X is OH, R®is CH, or CH,F, R®

cannot be H;
()  R%isH, CHs, CHF, CHF,, CFy, or F;
() XisH, OH, OCHy, F, NH; or Ny;
(h) Y is OH, NH,, OCH;, or OC(O)CHx;

(i)  R"isNH,and R"isH, F, Br, I, OH, OR', NH;, NHR', NR%, CO:R',
CONH,, CONHR', CONR";, CH=CHCO,H, or CH=CHCO,R";

wherein R' is a lower alkyl, a lower cycloalkyl, or C(O)(lower alky!) or
altematively, in the instance of NR';, each R' comprise at least one C atom that are joined

to form a heterocycle comprising at least two carbon atoms; and
() ZisNorCR'%and
R'?is an H, halogen (including F, C1, Br, I), OR’, NH;, NHR', NR";, NO,, lower

alkyl of C1-Ce, CO2R’, CONH2, CONHR', CONR'2, CH=CHCO:H, or CH=CHCO;R".

A tenth aspect of the third embodiment is directed to a compound represented by

formula 1-6
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wherein

(@)  R'is hydrogen, n-alkyl; branched alkyl; cycloalkyl; or aryl, which
5 includes, but is not limited to, phenyl or naphthyl, where pheny! or naphthyl are
optionally substituted with at least one of C,¢ alkyl, C;.¢ alkenyl, C,.¢ alkynyl, Cy.¢
alkoxy, F, Cl, Br, I, nitro, cyano, Cy.¢ haloalkyl, -N(R"),, Cy.5 acylamino, -NHSO,C.
alkyl, -SO;N(R");, COR", and -SO;C 1.6 alkyl; (R"is independently hydrogen or alkyl,
which includes, but is not limited to, Cy.20 alkyl, Cy.y0 alkyl, or Cy.¢ alkyl, R" is <OR' or -
10 NR");

(®)  R%ishydrogen or CHy;

() R*™and R® are (i) independently selected from hydrogen, C,.10 alkyl,
cycloalkyl, (CH:):(NR*);, Cy.¢ hydroxyalkyl, -CH,SH, -(CH;)2$(0)sMe, -
(CH)sNHC(=NH)NH;, (1H-indol-3-yl)methyl, (1H-imidazol-4-yl)methyl, -

15 (CH,).CORY, aryl and aryl C, ; alkyl, said aryl groups optionally substituted with a
group selected from hydroxyl, Ci.i6 alkyl, Ci.c alkoxy, halogen, nitro and cyano; (ii) R*
and R™ both are Cy.6 altkyl; (iii) R* and R™ together are(CH,); so as to form a spiro ring;
(iv) R* is hydrogen and R* and R? together are (CH,), so as to form a cyclic ring that
includes the adjoining N and C atoms (v) R™ is hydrogen and R* and R? together are

20 (CHg), so as to form a cyclic ring that includes the adjoining N and C atoms, where cis 1

106,dis0102,eis0t03, fis2t0 5, nis2 104, and where R” is independently hydrogen
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or Cr¢ alkyl and R is -OR’ or =N(R¥)p); (vi) R* is H and R* is H, CH3, CH.CH,
CH(CHas),, CHCH(CH3),, CH(CH;)CH;CH3, CH2Ph, CHa-indol-3-y1, -CH2CH2SCHs,
CH,CO;H, CH;C{(O)NH;, CH,CH,COOH, CH,CH,C(O)NH,, CH,CH;CH,CH,NH,, -
CH,CH;CH;NHC(NH)NH,, CHy-imidazol-4-yl, CH;OH, CH(OH)CH,, CH,((4'-OH)-
Ph), CH,SH, or lower cycloalkyl; or (viii) R* is CHa, -CH>CHa, CH(CHa)s,
CH,CH(CHj3);, CH(CH;3)CH,CHj, CHyPh, CH»-indol-3-yl, -CH,CH,SCH;, CH2CO:H,
CH:C(Q)NH;, CH,CH,COOH, CH2CH,C(O)NH;, CH:CH>CH,CH;NH,, -
CH;CH;CH;NHC(NH)NH;, CH;-imidazol-4-yl, CHOH, CH(OH)CH,, CH,((4'-OH)-
Ph), CH,SH, or lower cycloalkyl and R™ is H, where R” is independently hydrogen or
alkyl, which includes, but is not limited to, Cy.29 alkyl, Cy.yq alkyl, or Cy.¢ alkyl, R* is—
OR' or -N(R*),);

(d) R*is hydrogen, C.j¢ alkyl, C\.1p alkyl optionally substituted with a lower
alkyl, alkoxy or halogen, Ci.jo haloalkyl, Ca.io cycloalkyl, cycloalkyl alkyl,
cycloheteroalkyl, aminoacyl, di(lower alkyl)amino-lower alkyl, aryl, such as phenyl,
heteroaryl, such as, pyridinyl, substituted aryl, or substituted heteroaryl;

(e) R%isH, alower alkyl, CN, vinyl, O-(lower alkyl), hydroxyl lower alkyl,
i.e., -(CH,),OH, where p is | -6, including hydroxyl methyl (CH;OH), CH,F, N3,
CH,CN, CH;NH;, CH;NHCH;, CHaN(CH;),, alkyne (optionally substituted), or halogen,
including F, Cl, Br, or I, with the provisos that when X is OH, base is cytosine and R%is
H, R? cannot be N3 and when X is OH, R® is CHa or CH;F and B is a purine base, R
cannot be H;

(H  R%isH, CH,, CH.F, CHF,, CF;, F, or CN;
() XisH, OH, F, OMe, Cl, Br, I, NHy, or N;

(h) Y isOH, H, Cy4alkyl, C;.4 alkenyl, Ca.4 alkynyl, vinyl, Ny, CN, CI, Br, F,
1, NO2, OC(0)O(C,.4 alkyl), OC(O)O(C,.4 alkyl), OC(0YO(C..4 alkynyl), OC(OYO(C24
alkenyl), OC,.10 haloalkyl, O(aminoacyl), O(Ci.io acyl), O(C.4 alkyl), O(C2.4 alkenyl),
S(Cy.4 acyl), S(C,.4 alkyl), S(Ca.4 alkynyl), S(Cz.4 alkenyl), SO(C,.4 acyl), SO(Cy.q alkyl),
SO(C;.1 alkynyl), SO(C,.q alkenyl), SO(C,.4 acyl), SO(C,.4 alkyl), SO,(C;.4 alkynyl),
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SOx(Ca.q alkenyl), OS{0)2(C,.4 acyl), OS(0)x(Ci.a alkyl), OS(0)2(C1.4 alkenyl), NH;,
NH(C}.4 alkyl), NH(Ca.4 alkenyl), NH(Cy.4 alkynyl), NH(C.q acyl), N(Cy.q alkyl), N(Cy.
15 acyl),, wherein alkyl, alkynyl, alkenyl and vinyl are optionally substituted by N3, CN,
one to three halogen (Cl, Br, F, 1), NO;, C(0)O(C,.4alkyl), C(O)O(C,.4 alkyl), C(O)O(C,.
a alkynyl), C(O)O(Cs.4 alkenyl), O(C,.4 acyl), O(C,. alkyl), O(Caz.4 alkenyl), S(C,.4 acyl),
S(Ci.4 alkyl), S(Ca.q alkynyl), S(Ca.4 alkenyl), SO(C,.s acyl), SO(C,.q alkyl), SO(C1-4
alkynyl), SO(Cz.4 alkenyl), SO2(Ci.4 acyl), SO2(Cy.4 alkyl), SO2(Ca.s atkynyl), SO2(Cra
alkenyl), OS(0)2(C).4 acyl), OS(0)(Ci.4 alkyl), OS(0)2(Ci-4 alkenyl), NHz, NH(C,.4
alkyl), NH(C,., alkenyl), NH(C;., alkynyl), NH(C,.4 acyl), N(Ci.4 alkyl);, N(C,.4 acyl);;

(i)  R'"and R" are independently H, F, Br, |, OH, OR', NH,, NHR', NR';,
CO;R’, CONH,, CONHR’, CONR';, CH=CHCO;H, or CH=CHCO,R’, with the proviso
that when R'" is OH and R'! is not NHy;

wherein R'is a lower alkyl, a lower cycloalkyl, or C(O)(lower alkyl) or
altematively, in the instance of NR's, each R' comprise at least one C atom that are joined
to form a heterocycle comprising at least two carbon atoms; and

0 ZisNor CR"; and

R'?is an H, halogen (including F, Cl, Br, 1), OR', NH,, NHR', NR";, NO3, lower
alkyl of C\-Cs, CO:R", CONH,, CONHR', CONR';, CH=CHCO:H, or CH=CHCO;R".

An eleventh aspect of the third embodiment is directed to a compound represented

by formula 1-6
wherein

(@)  R'is hydrogen, methyl, cthyl, #-propyl, i-propyl, phenyl, p-tolyl, p-
bromo-phenyl, p-chloro-phenyl, p-fluorophenyl,

()  R?ishydrogen or CHj;
(¢) R™isHand R*™is H, CHs, CH(CHs);, CH:CH(CHs)2, CH(CH3)CHCHs;

CH:Ph, CHz-indol-3-yl, -CH,CH:SCH;, CHCO,H, CH,C(O)NH,, CHCHCOOH,

29%0901-1 -63-

Gilead Exhibit 2025
PGR2023-00046 - Page 00155



15

Docket No. 60137.0034USUI

CH,CH;C(O)NH1, CH;CH,CH;CHaNH;, -CH;CHyCHaNHC(NH)NH;, CHa-imidazol-4-
yl, CH;OH, CH(OH)CH3, CHx((4'-OH)-Ph), CH,SH, or lower cycloalkyl;

(d)  R'ishydrogen, CH,, Et, ‘Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pynoligiin-d-yl, N-methyl-piperidin-4-yl, lower

haloalkyl, or di(lower alkyl)amino-lower alkyl;

(0  R’isH, CN, CH,, OCH;, CH;OH, CH,F, halogen, including F, Cl, Br, or
I, with the provisos that when X is OH, R®is CH; or CH;F, R® cannot be H;

)  R%isH, CHy, CH;F, CHF;, CFy, F, or CN:
(®) Xis H, OH, F, OCH;, Ci, Br, I, NH,, or Nj;
(h)  Yis OH, H, CHs, vinyl, NH;, Na, CN, CI, Br, F, 1, OC(O)CH;, OCHj;

@)  R'"and R" are independently H, F, Br, I, OH, OR’, NH,, NHR', NR,
CO;R', CONH,, CONHR’, CONR';, CH=CHCO,H, or CH=CHCO;R', with the proviso
that when R' is OH and R"' is not NHy;

wherein R’ is a lower alkyl, a lower cycloalkyl, or C(O){lower alkyl) or
alternatively, in the instance of NR',, each R' comprise at least one C atom that are joined

to form a heterocycle comprising at least two carbon atoms; and
(G) ZisNorCR'% and
R'%isanH, halogen (including F, Cl, Br, 1), OR’, NH,, NHR’, NR’;, NO;, lower
alkyl of C\-C4, CO;R', CONH;, CONHR', CONR';, CH=CHCO:H, or CH=CHCO;R".
A twelvth aspect of the third embodiment is directed to a compound represented

by formula 1-6

wherein

20809011 -84 -

Gilead Exhibit 2025
PGR2023-00046 - Page 00156



10

15

Docket No. 60137.0034USUL

(a) R' is hydrogen, methyl, ethyl, #-propy), i-propyl, phenyl, p-tolyl, p-

bromo-phenyl, p-chloro—pheriyl, p-fluorophenyl;
(b)  R?ishydrogen or CHj;

(©)  R™isHand R®is H, CH,, CH(CH;);, CH,CH(CH,),, CH(CH;)CH,CH;,
CH,Ph, or lower cycloalkyl;

(d)  R%ishydrogen, CHy, Et, ‘Pr, “Pr, “Bu, 2-butyl, '‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrolidin-4-yl, N-methyl-piperidin-4-yl, lower
haloalkyl, or di(lower alkyl)amino-lower alkyl;

) R%isH,CN, CHF, F, Cl, Br, or I, with the provisos that when X is OH,
R®is CH, or CHsF, R? cannot be H;

(H  RSisH, CH,, CHsF, CHF,, CFy, or F;
() XisH,OH, F,OCH;,,F, Cl, Br, I, NH; or N;
(h)  YisH, OH, CH; F, Cl, Br, I, NH; or N3y, OCHa, or OC(O)CHs;

(i)  R'andR" are independently H, F, Br, I, OH, OR’, NH;, NHR', NR';,
CO;R’, CONH,, CONHR’, CONR";, CH=CHCO,H, or CH=CHCO;R', with the proviso
that when R'’is OH and R'! is not NH,;

wherein R' is a lower alkyl, a lower cycloalkyl, or C(O)(lower alkyl) or
alternatively, in the instance of NR';, each R' comprise at least one C atom that are joined

to form a heterocycle comprising at least two carbon atoms; and
() ZisNorCR'*and

R'?isaH, halogen (including F, Cl, Br, 1), OR’, NH;, NHR', NR's, NO,, lower
alkyl of C\-Cs, CO3R", CONH,, CONHR', CONR',, CH=CHCO;H, or CH=CHCO:R".

A thirteenth aspect of the third embodiment is directed to a compound represented
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by formula I-6
wherein

(@)  R'is hydrogen, methyl, ethyl, n-propyl, i-propyl, phenyl, p-tolyl, p-
bromo-phenyl, p-chloro-phenyl, p-fluorophenyl;

(b)  R%is hydrogen;

(C) 'R'};I iS H and th iS H, CHa. CH(CH;):, CH:CH(CH3):, CH(CH;)CH;CH;\,
CH,Ph, or lower ¢cycloalkyl,

~(d) R'is hydrogen, CH;, Et, 'Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pymrolidin-3-yl, N-methyl-pyrrolidin-d-yl, N-methyl-piperidin-4-yl, lower

haloalkyl, or di(lower alkyl)amino-lower alkyl,

(¢)  R¥isH, with the provisos that when X is OH, R®is CH; or CH,F, R®

cannot be H;
()] R%is H, CHs, CHsF, CHF3, CFs, or F;
(@) XisH, OH, OCHj, F, NHz or Ny,
(h) Y is OH, NHz, OCHj;, or OC(O)CHy;

()  R"and R" are independently H, F, Br, I, OH, OR’, NH;, NHR', NR";,
CO;R', CONH;, CONHR’, CONR'";, CH=CHCO:H, or CH=CHCO;R’, with the proviso
that when R is OH and R'! is not NH3;

wherein R' is a lower alkyl, a lower ¢cycloalkyl, or C(O)(lower alkyl) or
altemnatively, in the instance of NR';, each R' comprise at least one C atom that are joined

to form a heterocycle comprising at least two carbon atoms; and

() ZisNorCR"Z and
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R"7is an H, halogen (including F, Cl, Br, 1), OR’, NHa, NHR', NR';, NO;, lower
alkyl of C\-Cs, CO;R’, CONH;, CONHR’, CONR';, CH=CHCO:H, or CH=CHCO:R'.

A fourteenth aspect of the third embodiment is directed to a compound

represented by formula 1-6

5 wherein

(a) R' is hydrogen, methyl, phenyl, p-bromo-phenyl, p-chloro-phenyl, p-

fluorophenyl;
®  RYishydrogen;

(¢©) R™isHand R"is H, CHs, CH(CH;);, CH;CH(CHs);, CH(CH3)CH;CHs,
10 CH,Ph, or lower cycloalkyl: '

(d)  Rishydrogen, CH;, Et, ‘Pr, "Pr, “Bu, 2-butyl, 'Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower

haloalkyl, or di(lower alkyl)amino-lower alkyl,

15 (¢)  R%isH, with the provisos that when X is OH, R® is CH; or CH,F, R®

cannot be H;
(®  R®isH, CHy, CHF, CHF,, CFy, or F,
(g) X is H, OH, OCH;, F, NH; or N3;
(h) Y is OH, NH;, OCH;, or OC(O)CHs;

20 () R and R" are independently H, F, Br, I, OH, OR', NH;, NHR', NR",
CO;R’, CONH;, CONHR', CONR';, CH=CHCO;H, or CH=CHCO,R’, with the proviso
that when R'? is OH and R'! is not NH;;
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wherein R' is a lower alkyl, a lower cycloalkyl, or C(O)(tower alkyl) or
altematively, in the instance of NR'z, each R' comprise at least one C atom that are joined

to form a heterocycle comprising at least two carbon atoms; and
() ZisNorCR% and

R%isanH, halogen (including F, Cl, Br, I), OR', NHz, NHR', NR’;, NO3, lower
alkyl of C,-Cs, CO;R', CONH,, CONHR’, CONR';, CH=CHCO;H, or CH=CHCOR".

A fifteenth aspect of the third embodiment is directed to a compound represented

by formula I-6
wherein

(a)  R'ishydrogen, n-alkyl; branched alkyl; cycloalkyl; or aryl, which
includes, but is not limited to, pheny! or naphthyl, where phenyl or naphthyl are
optionally substituted with at least one of C alkyl, Cz.¢ alkenyl, C6 alkynyl, C4
alkoxy, F. Cl, Br, I, nitro, cyano, Ci. haloalkyl, -N(R")z, C1.5 acylamino, -NHSO;Ci.¢
alkyl, -SO;N(R"),, COR"", and -SO;C .6 alkyl; (R" is independently hydrogen or alkyl,
which includes, but is not limited to, Cy.20 alkyl, Cy.10 alkyl, or Ci¢ alkyl, R is ~OR' or -
NR"));

()  R%is hydrogen or CHs;

(¢)  R™and R™ are (i) independently selected from hydrogen, Cy.19 alkyl,
cycloalkyl, -(CH).(NR™,, Cre hydroxyalkyl, -CH,SH, {CH);S(O).Me, -
(CH:);NHC(=NH)NH,, (1H-indol-3-yl)methyl, (1 H-imidazol-4-yl)methyl, -
(CH2).CORY, aryl and ary! C,.; alkyl, said aryl groups optionally substituted with a
group selected from hydroxy!, Cy.10 alkyl, Cy.6 alkoxy, halogen, nitro and cyano; (ii) R>
and R™ both are C,.¢ alky!: (iii) R* and R™ together are(CH.); so as to form a spiro ring;
(iv)R¥is hydrogen and R* and R? together are (CH;), so as to form a cyclic ring that
includes the adjoining N and C atoms (v) R™ is hydrogen and R* and R? together are
(CHa)a s0 as to form a cyclic ring that includes the adjoining N and C atoms, where ¢ is |
106,dis0t02 eisOto 3, fis 2 to$, nis 2 to4, and where R is independently hydrogen
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or Ci¢ alkyl and R is -OR’ or =N(R*)2); (vi) R* is H and R* is H, CH3, CH,CHs,
CH(CHs);, CH2CH(CHj),, CH(CH3)CH;CHa, CHaPh, CHj-indol-3-yl, -CH,CH;SCH;,
CH,CO;H, CH,C(O)NH,, CH,CH,COOH, CH,CH,C(O)NH,, CH,CH,CH,CH,;NH;, -
CH,CH,CH,;NHC(NH)NH,, CH,-imidazol-4-yl, CH,OH, CH(OH)CHj3, CH,((4'-OH)-
Ph), CH,SH, or lower cycloalkyl, or (viii) R*is CHs, -CHsCH,, CH(CHas)s,
CH;CH(CH;),, CH(CH;)CH,CH,, CH,Ph, CHj-indol-3-yl, -CH,CH,SCH;, CH,CO:H,
CH,C(O)NH;, CH>CH,COOH, CH,CH,C(O)NH;; CH,CH>CH,CH;NH;, -
CH,CH;CH;NHC(NH)NH,;, CHz-imidazol-4-yl, CH;OH, CH(OH)CH3, CH,((4'-OH)-
Ph), CH,SH, or lower cycloalkyl and R™ is H, where R” is independently hydrogen or
alkyl, which includes, but is not limited to, Cy.20 alkyl, C1.1g alky), or Cy alkyl, R is —
OR' or -N(RY),);

(d)  R%is hydrogen, Cy.1¢ alkyl, Cy.10 alkyl optionally substituted with a lower
alkyl, alkoxy or halogen, Cy.19 haloalkyl, Cs.ip cycloalkyl, cycloalkyl alkyl,
cycloheteroalkyl, aminoacyl, di(lower alkyl)amino-lower alkyl, aryl, such as phenyl,

heteroaryl, such as, pyridinyl, substituted aryl, or substituted heteroaryl;

(e) RYis H, a lower alkyl, CN, vinyl, O-(lower alkyl), hydroxyl lower alky],
i.e., -(CH2),0H, where p is 1 -6, including hydroxyl methyl (CH;OH), CH;F, N3,
CH,;CN, CH3NH,, CH;NHCHj3, CHaN(CHs),, alkyne (optionally substituted), or hatogen,
including F, Cl, Br, or 1, with the provisos that when X is OH, base is cytosine and R® is
H, R® cannot be Ny and when X is OH, R® is CHy or CH:F and B is a purine base, R’

cannot be H;
(H  RCisH, CH,, CH,F, CHF,, CF;, F, or CN;
() XisH, OH, F, OMec, halogen, NH,, or N3;

(h)  YisOH, H, Cy, alkyl, Cs.4 alkenyl, Cs.4 alkynyl, vinyl, N3, CN, Cl, Br, F,
1, NO2, OC(0)O(Cy.4alkyl), OC(O)O(Ci.4 alkyl), OC(OYO(Ca.4 alkynyl), OC(O)YO(Ca-4
alkenyl), OC\.10 haloalkyl, O(aminoacyl), O(C\.1e acyl), O(Ci.4 alkyl), O(C;.4 alkenyl),
S(C.4 acyl), S(Cy.4 alkyl), S(Ca.4 alkynyl), S(Ca.4 alkenyl), SO(C).4 acyl), SO(C,.q alkyl),
SO(Cz.4 alkynyl), SO(C.q alkenyl), SOy(C.q acyl), SO(C).s alkyl), SO(Cy.4 alkynyl),
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SO3(C1.4 alkenyl), 0S(0)2(C.4 acyl), 0S(0)2(Cr.a alkyl), OS(0)x(Cr.4 alkenyl), NHy,
NH(C,.4 alkyl), NH(C1.4 alkenyl), NH(C;.q alkynyl), NH{C).4 acyl), N(Ci.a alkyl)z, N(Cy.
1 acyl),, wherein alkyl, alkynyl, alkeny! and vinyl are optionally substituted by N, CN,
one to three halogen (Cl, Br, F, I), NO;, C(O)O(Cy.4alkyl), C(OYO(Cy.4 alkyl), C(OYO(C;.
s alkynyl), C(O)O(Cy.q alkenyl), O(C..4 acyl), O(Ci.q4 alkyl), O(Cs.4 alkenyl), S(C;.q acyl),
S(Cy.4 alkyl), $(Cz.4 alkynyl), S(Cz.4 alkenyl), SO(C,.s acyl), SO(Cy.4 alkyl), SO(C2.4
alkynyl), SO(Cz.4 atkenyl), SOx(C,.4 acyl), SO2(Ci.4 alkyl), SO2(Ca.4 alkynyl), $O2(Cz.4
alkenyl), OS(0)(C1.4 acyl), OS{0)(C,.4 alkyl), OS(O){C24 alkenyl), NH;, NH(C,.4
alkyl), NH(C;.4 alkenyl), NH(C,., alkynyl), NH(C,.q acyl), N(C;.q alkyl)s, N(Cy.4 acyl);;

#  RM™isNH;and R''is H, F, Br, 1, OH, OR', NH,, NHR', NRY;, CO,R’,
CONH3, CONHR', CONR's, CH=CHCO3H, or CH=CHCOsR’;

wherein R'is a lower alkyl, a lower cyéloalkyl, or C(O)(lower alkyl) or
alternatively, in the instance of NR's, each R' comprise at least one C atom that are joined

to form a heterocycle comprising at least two carbon atoms; and
() ZisNorCR'" and

R" is an H, halogen (including F, Cl, Br, I), OR, NH,, NHR', NR';, NO;, lower
alky! of C1-Cs, CO2R', CONHz, CONHR', CONR';, CH=CHCO;H, or CH=CHCO:R’".

An sixteenth aspect of the third embodiment is directed to a compound

represented by formula 1-6
wherein

(@)  R'ishydrogen, methyl, ethyl, #-propyl, i-propyl, phenyl, p-tolyl, p-
bromo-phenyl, p-chloro-phenyl, p-fluorophenyl,;

{b)  R%*ishydrogen or CHs;

(¢) R¥isHand R™is H, CHs, CH(CH;s);, CH;CH(CH;)2, CH(CH;)CH,CH;,
CH;Ph, CHz-indol-3-yl, -CH;CH,SCH3, CH;CO,H, CH;C(O)NH,, CH,CH,COOH,
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CH;CH;C(O)NH;, CH;CH,CH,CHaNH,, -CHaCHCHaNHC(NH)NH,, CH;-imidazol-4-
yl, CH;0H, CH(OH)CHj;, CH2({(4'-OH)-Ph), CH>SH, or lower cycloalkyl;

(d)  R'is hydrogen, CHy, Et, ‘Pr, “Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower

haloalkyl, or di(lower alkyl)amino-lower alkyl;

(e R’is H, CN, CHs, OCH;, CH,OH, CH;F, halogen, including F, Cl, Br, or
I, with the provisos that when X is OH, R® is CHs or CH,F, R cannot be H;

®  RP%isH, CH;, CHyF, CHF,, CFs, F, or CN;
(80 XisH, OH, F, OCHs, Cl, Br, I, NH,, or Ny;
(h) Y is OH, H, CHj, vinyl, NH,, N3, CN, Cl, Br, F, I, OC(O)CH;, OCHj;

(i) RM%isNH;and R" isH, F, Br, I, OH, OR’, NH,, NHR', NR%, CO;R’,
CONH;, CONHR', CONR';, CH=CHCO,H, or CH=CHCO,R";

wherein R’ is a lower alkyl, a lower cycloalkyl, or C(O)(lower alkyl) or
alternatively, in the instance of NR', each R' comprise at least one C atom that are joined

to form a heterocycle comprising at least two carbon atoms; and
) ZisNorCR'% and

R'"isanH, halogen (including F, Ci, Br, I), OR’, NH;, NHR', NR';, NO;, lower
alkyl of C;-Cg, CO:R*, CONH3, CONHR', CONR';, CH=CHCO:H, or CH=CHCOQ:R’.

A seventeenth aspect of the third embodiment is directed to a compound

represented by formula I-6
wherein

(@)  R'ishydrogen, methyl, ethyl, n-propyl, i-propyl, phenyl, p-tolyl, p-
bromo-phenyl, p-chloro-phenyl, p-fluorophenyl;
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()  RYis hydrogen or CHa;

(¢) R™isH and R™ is H, CH3, CH(CH;);, CH;CH(CH3);, CH(CH3)CH,CHj,
CH,Ph, or lower cycloalkyl;

(&  RYis hydrogen, CH,, Et, ‘Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower
haloalkyl, or dilower alkyl)amino-lower alkyl; A

(e) RYis H, CN, CH3F F, CI, Br, or 1, with the provisos that when X is OH,
R%is CH; or CH.F, R® cannot be H;

(D R%isH, CHs, CH,F, CHF,, CFs, or F;
(g) XisH,OH, F,OCH;, F, Cl, Br, I, NH; or Ns;
{h)  YisH, OH, CHs, F. Cl, Br, I, NH; or N3, OCHs, or OC(O)CHa:

() R™isNHyandR" is H, F, Br, I, OH, OR', NH,, NHR', NR's, COsR’,
CONH;, CONHR’, CONR';, CH=CHCO:H, or CH=CHCO,R’;

wherein R' is a lower alkyl, a lower cycloalkyl, or C(O)lower alkyl) or
altematively, in the instance of NR',, each R' comprise at least one C atom that are joined

to form a heterocycle comprising at least two carbon atoms; and
0 ZisNorCR": and

R'%isanH, halogen (including F, Cl, Br, I), OR’, NH,, NHR', NR";, NO,, lower
alkyl of C-Cq, CO;R’, CONH;, CONHR’, CONR';, CH=CHCO:H, or CH=CHCO:R'.

An eighteenth aspect of the third embodiment is directed to a compound

represented by formula I-6

wherein
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@) R' is hydrogen, methyl, ethyl, #-propyl, i-propyl, phenyl, p-tolyl, p-
bromo-phenyl, p-chloro-phenyl, p-fluorophenyl;

(b)  R¥is hydrogen;

(©)  R¥isH and R¥ is H, CH;, CH(CH3), CH,CH(CH,),, CH{CH3)CH,CH;,
CH,Ph, or lower cycloalkyl;

(d)  R%is hydrogen, CH,, Et, ‘Pr, “Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower

haloalkyl, or di(lower alkyl)amino-lower alkyl;

(¢)  R*isH, with the provisos that when X is OH, R® is CH; or CH;F, R®

cannot be H;
(0  R®isH, CHa, CHyF, CHF;, CF3, or F;
() XisH, OH, OCHs, F, NHz or N3;
(h) Y is OH, NH,, OCHj,, or OC(O)CHj;

(i) R™isNH:andR''is H, F, Br, I, OH, OR’, NH;, NHR', NR%, CO:R’,
CONH,, CONHR', CONR",, CH=CHCO,H, or CH=CHCO,R’;

wherein R' is a lower alkyl, a lower cycloalkyl, or C(O)(lower alkyl) or
alternatively, in the instance of NR';, each R' comprise at least one C atom that are joined

to form a heterocycle comprising at least two carbon atoms; and
() ZisNorCR" and

R is an H, halogen (including F, C), Br, 1), OR’, NH;, NHR', NR', NO., lower
alkyl of C3-Cs, CO2R', CONH;, CONHR', CONR';, CH=CHCO:H, or CH=CHCO:R".

A ninteenth aspect of the third embodiment is directed to a compound represented
by formula I-6 -
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wherein

(@  R'ishydrogen, methyl, phenyl, p-bromo-phenyl, p-chloro-phenyl, p-
fluorophenyl;

()  R%ishydrogen;

(¢)  R™isH and R™is H, CHy, CH(CH3);, CH;CH(CH3)z, CH(CH3)CH2CH,
CH,Ph, or lower cycloalkyl;

(d)  R'ishydrogen, CH;, Et, 'Pr, "Pr, “Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower
halealkyl, or di(lower alkyl)amino-lower alkyl;

(¢  R¥isH, with the provisos that when X is OH, R® is CH; or CH,F, R®
cannot be H;

(®  R%isH, CH;, CHyF, CHF;, CF;, or F;
(8) XisH, OH, OCHs, F, NH; or Ny;
(h) Y is OH, NH,, OCH,, or OC(O)CHj;

()  R'YisNH;and R" arc independently H, F, Br, 1, OH, OR’, NH;, NHR',
NR';, COsR', CONH;, CONHR', CONR'y, CH=CHCO;H, or CH=CHCO,R";

wherein R' is a lower alkyl, a lower cycloalkyl, or C{O)lower alkyl) or
alternatively, in the instance of NR',, each R' comprise at least one C atom that are joined

to form a heterocycle comprising at least two carbon atoms; and
() ZisNorCR"Y and

RZisanH, halogen (including F, Cl, Br, ), OR’, NH,;, NHR', NR";, NO;,, lower
alkyl of C;-Cs, CO;R', CONH,, CONHR', CONR';, CH=CHCO:H, or CH=CHCO;R".
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A fourth embodiment of the invention is directed to a compound represented by
formula 1in which the base is a structure represented by formula ¢ above, where R'' is H

and R, R%, RS", R* R® R® X, and Y are defined in the Summary of the Invention

section above.

A first aspect of the fourth embodiment is directed to a compound represented by

formula 1-7
g9
R | .
R3a N—P 0 0
| \\\“
1 RS
CORY OR R$
1-7
wherein

(a)  R'ishydrogen, n-alkyl; branched alkyl; cycloalkyl; or aryl, which
includes, but is not limited to, phenyl or naphthyl, where phenyl or naphthyl are
optionally substituted with at least one of Cy.s alkyl, Cz.6 alkenyl, Cz.6 alkynyl, C,6
alkoxy, F, Cl, Br, 1, nitro, cyano, Cy.¢ haloalkyl, -N(R"),, Ci.5 acylamino, -NHSO:C 16
alkyl, -SO;N(R");, CORY, and -SO,C .6 alkyl; (R" is independently hydrogen or alkyl,
which includes, but is not limited to, Cy.10 alkyl, Cy.10 alkyl, or Crs alkyl, R" is ~OR' or -
N(R)2),

(b)  R%ishydrogen or CHy;

(¢) R¥andR™ are (i) independently selected from hydrogen, Ci.10 alkyl,
cycloalkyl, (CHz).(NR™)2, C1.¢ hydroxyalkyl, -CHSH, (CH2):S(0)dMe, -
(CH)a2NHC(=NH)NH,, (1H-indol-3-yl)methyl, (1H-imidazol-4-yl)methyl, -
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(CH2).COR™", ary! and aryl C\.3 alkyl, said aryl groups optionally substituted with a
group selected from hydroxyl, Cy.qe alkyl, Cy.¢ alkoxy, halogen, nitro and cyano; (ii) R*
and R™ both are C, alkyl; (iii) R* and R* together are(CH,); so as to form a spiro ring;
(iv) R* is hydrogen and R and R together are (CH;), so as to form a cyclic ring that
includes the adjoining N and C atoms (v) R* is hydrogen and R* and R? together are
(CH,), so as to form a cyclic ring that includes the adjoining N and C atoms, where ¢ is 1
106,dis0t02, eis 0to 3, fis 2t0 5, nis 2 to 4, and where R” is independently hydrogen
or Cy.6 alkyt and R* is -OR’ or -N(R")); (vi) R™ is H and R is H, CHs, CH,CH;,
CH(CH;);, CHCH(CH3),, CH(CH;)CH;CH,, CH,Ph, CH-indol-3-yl, -CH,CH,SCHj,
CH,CO;H, CH,C{O)NH;, CH,CH;COOH, CH;CH>C(O)NH,, CH,CH,;CH,CH:NHz, -
CH,CHCHNHC(NH)NH3;, CH;-imidazol-4-yl, CH;OH, CH(OH)CH,, CHx((4'-OH)-
Ph), CH;SH, or lower cycloalkyl; or (viii) R* is CHs, -CH;CH, CH(CHa)z,
CH,CH(CHjy);, CH(CH3)CHCHa, CHjPh, CHj-indol-3-yl, -CH;CH,SCHa3, CH,CO;H,
CH:C(O)NH;, CH;CH;COOH, CH;CH,C{Q)NH;, CH,CH,CH;CH;NH;, -
CH,CH,CH,;NHC(NH)NH,, CHy-imidazol-4-yl, CH,OH, CH(OH)CH;, CHy((4'-OH)-
Ph), CH,SH, or lower cycloalky! and R* is H, where R” is independently hydrogen or
alkyl, which includes, but is not limited 10, Cy.2s alkyl, Cy.10 alkyl, or Cig alkyl, RY is ~
OR’ or -N(R*));

(@  R'ishydrogen, Ci.10 alkyl, Cy.10 alkyl optionally substituted with a lower
alkyl, alkoxy or halogen, Cy.1g haloalkyl, Ci.10 cycloalkyl, cycloalky! alkyl,
cycloheteroalkyl, aminoacyl, di(lower alkyl)amino-lower alkyl, aryl, such as phenyl,

heteroaryl, such as, pyridinyl, substituted aryl, or substituted heteroaryl;

(e) R®is H, a lower alkyl, CN, vinyl, O-(lower alkyl), hydroxyl lower alkyl,
i.e., -(CHy),OH, where p is | -6, including hydroxyl methyl (CH,OH), CHF, N,
CH,CN, CH:NH,, CH,NHCH,, CHaN(CH,),, alkyne (optionally substituted), or halogen,
including F, Cl, Br, or I, with the provisos that when X is OH, base is cytosine and R® is
H, R* cannot be Nz and when X is OH, R® is CH; or CH,F and B is a purine base, R*

cannot be H;

(0  R%is H, CHs, CH,F, CHF,, CF3, F, or CN;

2080901-1 .76 -

Gilead Exhibit 2025
PGR2023-00046 - Page 00168



10

15

20

25

Docket No. 60137.0034USU1

(g) XisH, OH, F, OMe, halogen, NH3, or Na;

(h) Y is OH, H, Cy.3alkyl, Cy.4 alkenyl, Cz.4 alkynyl, vinyl, N3, CN, Cl, Br, F,
I, NQ;, OC(0)0(Cy.4 alkyl), OC(O)O(C1.4 alkyl), OC(OYO(Cz.4 alkynyl), OC(0)O(C:-4
alkenyl), OC,.jo haloalkyl, O(aminoacyl), O{Ci.i0 acyl), O(C\.4 alkyl), O(Cy., alkenyl),
S(Cy.4 acyl), S(Cy.4 alkyl), S(Cz.4 alkynyl), S(Cz.4 alkenyl), SO(Cy.4 acyl), SO(C, ., alkyl),
SO(Cz.4 alkynyl), SO(C1.4 alkenyl), SOH{C 14 acyl), SO(Ci.4 alkyl), SO(C1.4 alkynyl),
$05(C1.4 alkenyl), 0S(0):(C1.4 acyl), OS(OR(Cr.4 alkyl), OS(0)xCa.4 alkenyl), NH,,
NH(C 4 alkyl), NH{C2.4 alkenyl), NH(Cs.q alkynyl), NH(C,.4 acyl), N(Cy.q alkyl)z, N(C;.
18 acyl),, wherein alkyl, alkynyl, atkenyl and vinyl are optionally substituted by N3, CN,
one to three halogen (Cl, Br, F, 1), NO,, C(0)O(C,.4 alkyl), C(OYO(C1.4 alkyl), COYO(Cs.
4 alkyny!), C(O)YO(Cs.4 alkenyl), O(Cy.4 acyl), O(Cy alkyl), O(C.4 alkenyl), S(C,.4 acyl),
S(C 1.4 alkyl), S{Cz.4 alkynyl), S(C;.4 alkenyl), SO(C.4 acyl), SO(C.4 alkyl), SO(Cz4
alkynyl), SO(Cy.4 alkenyl), SO(Cy.4 acyl), SOx(Cy.4 alkyl), SOz(Ca.4 alkynyl), SO2(Cz4
atkenyl), 0S(0)2(Ci.4 acyl), 0S(0):(Ci.s alkyl), OS(0)x(Ca.4 alkenyl), NHz, NH(Cy.4
alkyl), NH(C,.; alkenyl), NH(C,.4 alkynyl), NH{C,.4 acyl), N(Cy.4 alkyl)z, N(C.4 acyl);;

(i) R'¥%isH, F, Cl, Br, I, OH, OR', SH, SR’, NH,, NHR', NR';, lower alkyl of
C,-Ce, halogenated (F, Cl, Br, I) lower alkyl of C,-Cs, lower alkenyl of C;-C,
halogenated (F, C, Br, 1) lower alkenyl of C2-Cq, lower alkynyl of C2-C¢ such as C=CH,
halogenated (F, Cl, Br, I) lower alkynyl of C,-Cs, lower alkoxy of C;-Cg, halogenated (F,
Cl, Br, I) lower alkoxy of C,-Cg, CO;H, CO;R', CONH;, CONHR', CONR";,
CH=CHCO:H, or CH=CHCO:R',

wherein R’ is an optionally substituted alkyl , which includes, but is not limited to,
an optionally substituted Cy.2q alkyl, an optionally substituted Ci.1q alkyl, an optionally
substituted lower alkyl; an opticnally substituted cycloalkyl; an optionally substituted
alkynyl of C3-Cq, an optionally substituted lower alkenyl of C,-Cg, or optionally
substituted acyl, which includes but is not limited to C(O) alkyl, C(OXC,.2¢ alkyl),
C(OXCy.10 alkyl), or C(O)lower alkyl) or alternatively, in the instance of NR';, each R’
comprise at least one C atom that are joined to form a heterocycle comprising at least two

carbon atoms; and
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G) ZisNorCR'Y and

R is H, halogen (including F, Cl, Br, 1), OH, OR’, SH, SR', NH,, NHR', NR’;,
NO; lower alkyl of C,-Cg, halogenated (F, Cl, Br, 1) lower alkyl of C,-C, lower alkenyl
of C;-Cg, halogenated (F, Cl, Br, I) lower alkenyl of C;-Cq , lower alkynyl of C;-C,
halogenated (F, CI, Br, 1) lower alkynyl of C;-Cg, lower alkoxy of C,-Cs, halogenated (F,
Cl, Br, I) lower alkoxy of C;-C;., CO,H, CO3R', CONH;, CONHR', CONR';,
CH=CHCO,H, or CH=CHCO;R'; with the proviso that R'?is not a: (i) ~C=C-H, (ii) -
C=CHo, or (iii) -NO,.

A second aspect of the fourth embodiment is directed to a compound represented

by formula 1-7
wherein

(a) R' is hydrogen, methyl, ethyl, #-propyl, i-propyl, phenyl, p-tolyl, p-
bromo-phenyl, p-chloro-phenyl, p-flucrophenyl;

(b) Ris hydrogen or CHj;

(¢)  R¥isHand R™is H, CH;, CH(CH3);, CH,CH(CH;);, CH(CH3)CH;CH;,
CH;Ph, CHy-indol-3-yl, -CH,;CH,SCH;, CH,CO;H, CH,C(O)NH,, CH,CH,COOH,
CH,CH;C(O)NH;, CH;CH;CH;CH;NH,, -CH;CH;CH,NHC(NH)NH,, CH;-imidazol-4-
yl, CHOH, CH(OH)CHs, CH:((4'-OH)-Ph), CH,SH, or lower cycloalkyl;

(d)  R*ishydrogen, CH,, Et, 'Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrmrolidin-3-yl, N-methyl-pyirolidin-4-yl, N-methyl-piperidin-4-yl, lower
haloalkyl, or di(lower alkyl)amino-lower alkyl;

(¢) RisH, CN, CHs, OCH;, CH,;OH, CH;F, halogen, including F, C, Br, or
I, with the provisos that when X is OH, R® is CH, or CHLF, R® cannot be H.

®  R%isH, CHs, CH,F, CHF,, CFs, F, or CN;
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g)  Xis H, OH, F, OCHj, halogen, NH,, or Ny;
(h)  Yis OH, H, CH;, vinyl, NH, N3, CN, Cl, Br, F, [, OC(O)CH;, OCH3;

(i  RYisH,F, Br, [, OH, OR', NH;, NHR’, NR", CO;R’, CONH,, CONHR’,
CONRY;, CH=CHCO,H, or CH=CHCO;R',

wherein R'is a lower alkyl, a lower cycloalkyl, or C(O)(lower alkyl) or
alternatively, in the instance of NR';, each R' comprise at least one C atom that are joined
to form a heterocycle comprising at least two carbon atoms; and

) ZisNorCR'" and

R'is H, halogen (including F, Cl, Br, 1), OR', NH,, NHR', NR'z, NO», lower
alkyl of C,-Cs, CO;R", CONH,, CONHR', CONR's, CH=CHCOH, or CH=CHCO;R":
with the proviso that R' is not a: (i) ~C=C-H, (ii) -C=CHy,, or (iii) -NO,.

A third aspect of the third embodiment is directed to a compound represented by

formula 1-7
wherein

(@)  R'is hydrogen, methyl, ethyl, n-propyl, i-propyl, phenyl, p-tolyl, p-
bromo-phenyl, p-chloro-phenyl, p-fluorophenyl;

(b)  R%is hydrogen or CHj;

()  R¥isH and R is H, CHy, CH(CH3);, CH:CH(CHa)2, CH(CH3)CH,CHs,
CH.Ph, or lower cycloalkyl;

(d)  R%is hydrogen, CH;,, Et, 'Pr, "Pr, "Bu, 2-butyl, 'Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopenty!, cyclohexyl, N-methyt-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower
haloalkyl, or di(lower alkyl)amino-lower alkyl;
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(&) R%isH, CN, CH:F, F, Cl, Br, or I; with the proviso that X is OH, R® is
CHj; or CHyF, R® cannot be H;

(0  R%isH, CHs, CHF, CHF;, CFs, or F;
()  XisH,OH, F, OCH;, F, CI, Br, |, NHyor N3,
(h)  YisH, OH, CHs, F, Cl, Br, 1, NH; or N3, OCHa, or OC(O)CHy;

()  R"isH, F, Br, I, OH, OR', NH;, NHR', NR";, CO;R', CONH,, CONHR',
CONR";, CH=CHCO;H, or CH=CHCO;R',

wherein R' is a lower alkyl, a lower cycloalkyl, or C(O)(lower alkyl) or
alternatively, in the instance of NR',, each R' comprise at least one C atom that are joined

to form a heterocycle comprising at least two carbon atoms; and
() ZisNorCR'%;and

R" s H, halogen (including F, Cl, Br, I), OR', NH;, NHR', NR";, NO, lower
alkyl of C-Cs, CO:R', CONH,, CONHR', CONR';, CH=CHCO:H, or CH=CHCO:R’;
with the proviso that R' is not a: (i) -C=C-H, (ji) ~C=CH;, or (iii) -NO..

A fourth aspect of the fourth embodiment is directed to a compound represented
by formula 1-7

wherein

(a) R' is hydrogen, methyl, ethyl, rr-propyl, i-propyl, phenyl, p-tolyl, p-
bromo-phenyl, p-chloro-phenyl, p-fluorophenyl;

®)  R%ishydrogen;

() R™isHand R¥is H, CHs, CH(CHs);, CH;CH(CH3)2, CH(CH3)CH,CH;,
CH,Ph, or lower cycloalkyl;

(d)  R*ishydrogen, CHs, Et, ‘Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
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methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower

haloalkyl, or di{lower alkyl)amino-lower alkyl,

(®  RYisH, with the provisos that when X is OH, R® is CH, or CH,F, R®

cannot be H;
(f)  R®isH, CHs, CH;F, CHF;, CFs, or F;
() XisH, OH, OCH;, F, NH;or Nj;
(h) Y is OH, NH;, OCHs, or OC(O)CHj;

()  R%and R" H, F, Br, I, OH, OR', NH,, NHR’, NR"2, CO:R', CONH;,
CONHR', CONR';, CH=CHCO;H, or CH=CHCO;R’,

wherein R’ is a lower alkyl, a lower cycloalkyl, or C(Q){lower alkyl) or
alternatively, in the instance of NR';, each R' comprise at least one C atom that are joined

to form a heterocycle comprising at least two carbon atoms, and
() ZisNorCR"%and

R'? is an H, halogen (including F, Cl, Br, 1), OR’, NH,, NHR', NR';, NO;, lower
alkyl of C,-Cg, CO:R’, CONH;, CONHR', CONR'z, CH=CHCO,H, or CH=CHCO,R";
with the proviso that R'? is not a: (i) ~C=C-H, (ii) ~C=CHs, or (jii) ~NO,.

A fifth aspect of the fourth embodiment is directed to a compound represented by

formula I-7
wherein

(@  R'ishydrogen, methyl, phenyl, p-bromo-phenyl, p-chloro-phenyl, p-
fluorophenyl; '

(b)  R?ishydrogen;

(¢)  R¥isHand R*is H, CHy, CH(CHy),, CH.CH(CH3),, CH(CH3)CH:CH,
CH,Ph, or lower cycloalkyl;
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(d  R'ishydrogen, CHs, Et, ‘Pr, “Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower

haloalkyl, or di(fower alkyl)amino-lower alkyl;

(€  R’isH, with the provisos that when X is OH, R® is CH; or CH;F, R®

cannot be H;
(  R%isH, CHs, CH,F, CHF;, CF;, or F;
(g) X is H, OH, OCHj3, F, NH; or Nj;
(h) | Y is OH, NH;, OCHj;, or OC(O)CHj3;

(i) R"isH,F, Br, 1, OH, OR', NH,, NHR', NR";, CO;R', CONH,, CONHR!,
CONR';, CH=CHCO:H, or CH=CHCO:R',

wherein R' is a lower alkyl, a lower cycloalky!, or C{O)(lower alky!) or
alternatively, in the instance of NR';, each R' comprise at least one C atom that are joined

to form a heterocycle comprising at lcast two carbon atoms; and
)] ZisNorCR'% and

R'ZisH, halogen (including F, Cl, Br, I), OR’, NH;, NHR', NR';, NO,, lower
alkyl of C-Cs, CO;R', CONH,, CONHR', CONR";, CH=CHCO;H, or CH=CHCO,R'.

A sixth aspect of the fourth embodiment is directed to a compound represented by

formula -8
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RIO
z
Rz 9 ( N N

RS!: ‘

E o p— 0. N
R g ll 0 —

-
CO,RS OR! R? \ R
Y x
I-8

wherein

(@  R'ishydrogen, n-alkyl; branched alkyl; cycloalkyl; or aryl, which
includes, but is not limited to, pheny! or naphthyl, where phenyl or naphthyl are
optionally substituted with at least one of Cy.¢ alkyl, Cz. alkenyl, Cz.¢ alkynyl, Ci6
alkoxy, F, Cl, Br, I, nitro, cyano, Cy.¢ haloalkyl, -N(R");, Cj acylamino, -NHSO,C1.¢
alkyl, -SO;N(R "), COR"", and -SO;C .6 alkyl; (R" is independently hydrogen or alkyl,
which includes, but is not limited to, Ci.20 alkyl, Ci.10 alkyl, or Cy.6 alkyl, R"is -OR' or -
NR");

()  R?ishydrogen or CHs,

(¢)  R*and R™ are (i) independently selected from hydrogen, Cy.10 alkyl,
cycloalkyl, -(CH2){NR®);, Ci.6 hydroxyalkyl, -CH;SH, (CH,),S(0)sMe, -
(CH,)sNHC(=NH)NHj3, (1H-indol-3-yl)methyl, (1H-imidazol-4-yl)methyl, -
(CH1).CORY", aryl and aryl Cy.3 alkyl, said aryl groups optionally substituted with a
group selected from hydroxyl, Ci.10 alkyl, Ci.c alkoxy, halogen, nitro and cyano; (i) R*
and R™ both are Cy alkyl: (iii) R* and R™ together are(CHy)s 50 as to form a spiro ring;
(iv) R* is hydrogen and R® and R? together are (CH), so as to form a cyclic ring that
includes the adjoining N and C atoms (v) R* is hydrogen and R* and R? together are
(CHa)a 50 as to form a cyclic ring that includes the adjoining N and C atoms, where ¢ is |
106,dis0102,eis0to3, fis2to 5, nis2 104, and where RY is independently hydrogen
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or Cr.¢ alkyl and R* is -OR' or ~N(R™),); (vi) R* is H and R* is H, CHs, CHCH,
CH(CHy);, CHyCH(CHy)z, CH(CH3)CH;CHs, CHaPh, CHy-indol-3-yl, -CH;CH,SCHs,
CH,CO;H, CH>C(OINH;, CH,CH>COOH, CH;CH,C(O)NH,, CH;CH,CH;CH;NH,, -
CH,CH,CH;NHC(NH)NH,, CHy-imidazol-4-yl, CH;OH, CH(OH)CH;, CHy((4'-OH)-
Ph), CH,SH, or lower cycloalkyl; or (viii) R* is CHs, -CH2CHs, CH(CHy)2,
CH;CH(CH3),, CH(CHy)CH2CHj, CHyPh, CHj-indol-3-yl, <CH,CH,SCH3, CH2CO:H,
CH;C(O)NH,, CH;CH,COOH, CH,CH,C(O)NH;, CH;CH,CH,CH:NH;, -
CH,CH,CH;NHC(NH)NH,, CHz-imidazol-4-yl, CH;OH, CH(OH)CH;, CHy((4'-OH)-
Ph), CH,SH, or lower cycloalkyl and R* is H, where R” is independently hydrogen or
alkyl, which includes, but is not limited to, Cy.2 alkyl, Cy.10 alkyl, or Cy.¢ alkyl, RY is -
OR' or -N(RY)z);

(@  R%is hydrogen, Cy.i¢ alkyl, Cy.1o alkyl optionally substituted with a lower
alkyl, alkoxy or halogen, Cy.1¢ haloalkyl, Ca.10 cycloalkyl, cycloalkyl alkyl,
cycloheteroalkyl, aminoacyl, di(lower alkyl)amino-lower alkyl, aryl, such as phenyl,
heteroaryl, such as, pyridinyl, substituted aryl, or substituted heteroaryl;

(&) RYisH, alower alkyl, CN, vinyl, O-(lower alkyl), hydroxyl lower alkyl,
i.e., «(CH2),OH, where p is 1 -6, including hydroxyl methyl (CH;OH), CH3F, Na,
CHLCN, CH;3NH,, CH;NHCH,, CHyN(CH;),, alkyne (optionally substituted), or halogen,
including F, Cl, Br, or I, with the provisos that when X is OH, base is cytosine and R%is
H, R® cannot be Ny and when X is OH, R® is CHa or CHoF and B is a purine base, R*

cannot be H;
()  RCisH, CH,, CH,F, CHF,, CF3, F, or CN;
(@ XisH, OH, F, OMe, halogen, NH,, or N3;

(h)  YisOH, H, Cy4alkyl, Cs.q alkenyl, Ca.4 alkynyl, vinyl, N3, CN, C1, Br, F,
1, NO;, OC(0)O(C;.4 alkyl), OC(O)YO(C1.4 alkynyl), OC(OYO(Cz., alkenyl), OCi10
haloalkyl, O(aminoacyl), O(Ci.10 acyl), O(Ci.s alkyl), O(Ca.s alkenyl), S(Cy.q acyl), S(Ci4
alkyl), S(Cy.4 alkynyl), S(Cz.4 alkenyl), SO(C).4 acyl), SO(Cj.s alkyl), SO(Cy. alkynyl),
SO(C;.q alkenyl), SOx(C).q acyl), SO3(C,.4 alkyl), SOCy.q alkynyl), SOAC;.4 alkenyl),
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0S(0):(C,.4 acyl), OS(0)x(Cy.4 alkyl), OS(0)x(Cz4 alkenyl), NHa, NH(C,.4 alkyl),
NH(C2.4 alkenyl), NH(Ca.4 alkynyl), NH(C .4 acyl), N(Ci. alkyl)2, N(C).15 acyl)z,
wherein alkyl, alkynyl, alkenyl and vinyl are optionally substituted by N3, CN, one to
three halogen (Cl, Br, F, 1), NO;, C(0O)O(C;.4alkyl), C(0)O(C,.4 alkyl), C(0O)YO(C..4
alkynyl), C(O)O(C3.4 alkenyl), O(Cy_4 acyl), O(Ci.4 alkyl), O(C1.4 alkenyl), S(Ci.4 acyl),
S(Ci.4 alkyl), S(Cz.4 alkynyl), S(C2.4 alkenyl), SO(C,.s acyl), SO(C\.4 alkyl), SO(C2.4
alkynyi), SO(C:.4 alkenyl), SOACy.4 acyl), SO2(Cy.q alkyl), SOz(C2.4 alkynyl), SOCr.4
alkenyl), 0S(0):(C,.4 acyl), OS(0)(C,.4 alkyl), 0S(0)x(C2.4 alkenyl), NHz, NH(Cy.4
alkyl), NH(C,.4 alkenyl), NH(C,., alkynyl), NH(C,.4 acyl), N(C,; alkyl);, N(C, ., acyl);;

@)  RYisH,F, Br, I, OH, OR', NH;, NHR', NR';, CO;R’, CONH,, CONHR',
CONRY, CH=CHCO:H, or CH=CHCO:R',

wherein R' is a lower alkyl, a lower cycloalkyl, or C(O)(lower alkyl) or
altematively, in the instance of NR'», each R' comprise at least one C atom that are joined
to form a heterocycle comprising at least two carbon atoms; and

() ZisNorCR'}and

RYisH, halogen (including F, Cl, Br, I), OR', NH;, NHR', NR';, NO,, lower
alkyl of Ci-C¢, CO:R', CONH;, CONHR', CONR';, CH=CHCO:H, or CH=CHCO:R";
with the proviso that when base is represented by the structure ¢ with R'! being hydrogen,
R" is not a: (i) -C=C-H, (ii) ~C=CHy, or (iii) -NO.

A seventh aspect of the fourth embodiment is directed to a compound represented

by formula I-8
wherein

(@  R'is hydrogen, methyl, ethyl, u-propyl, i-propyl, phenyl, p-tolyl, p-
bromo-phenyl, p-chloro-phenyl, p-fluorophenyt;

(b) R?is hydrogen or CHj;
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(¢) R™isH and R™is H, CH;, CH(CH3);, CH;CH(CH3):, CH(CH3)CH:CHs,
CH;Ph, CHy-indol-3-yl, -CH;CH,SCH;3, CH2CO;H, CH2C(O)NHa, CH2CH;COOH,
CH,CH,C(O)NH;, CH;CH;CH;CH,NH,, -CH,CH,CH;NHC(NH)NH;, CH;-imidazol-4-
yl, CH,OH, CH(OH)CH;, CHx({(4'-OH)-Ph), CH,SH, or lower cycloalkyl,

(d)  R'is hydrogen, CHa, Et, 'Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methy|-piperidin-4-y|, lower

haloalkyl, or di(lower alkyl)amino-lower alkyl;

(e) R’isH, CN, CHs, OCH,, CH,OH, CH,F, halogen, including F, Cl, Br, or
I, with the provisos that when X is OH, R® is CH; or CHiF, R® cannot be H;

() R%isH, CHa, CH,F, CHF,, CFy, F, or CN,;
{(g) XisH, OH, F, OCH,, halogen, NH;, or Ny;
(h)  Yis OH, H, CHa, vinyl, NHa, N3, CN, Cl, Br, F, I, OC(O)CHs, OCHj;

(i) R'“isH,F, Br, 1, OH, OR', NH;, NHR', NR"2, CO:R’, CONH,, CONHR',
CONR", CH=CHCO,H, or CH=CHCO,R’,

wherein R' is a lower alkyl, a lower cycloalkyl, or C(O)(lower alkyl) or
alternatively, in the instance of NR';, each R' comprise at least one C atom that are joined

to form a heterocycle comprising at least two carbon atoms, and
() ZisNorCR'*and

R'"is an H, halogen (including F, Cl, Br, I), OR’, NHz, NHR', NR";, NO;, lower
alkyl of C,-Cg, CO;R', CONH;, CONHR', CONR";, CH=CHCO;H, or CH=CHCO,R';
with the proviso that R' is not a: (i) <C=C~H, (ii) ~C=CHj, or (iii) =NO,.

An eighth aspect of the fourth embodiment is directed to a compound represented

by formula 1-8

wherein
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(@  R'ishydrogen, methyl, ethyl, n-propyl, i-propyl, phenyl, p-tolyl, p-

bromo-phenyl, p-chloro-phenyl, p-fluorophenyl;

(b)  RPishydrogen or CHy;

(©) R*isH and R®is H, CH,, CH(CH,),, CH2CH(CH3)2, CH{CH3)CH;CH;,
CH,Ph, or lower cycloalkyl;

(@)  Rishydrogen, CHy, Et, ‘Pr, “Pr, “Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl , N-methyl-piperidin-4-yl, lower
haloalkyl, or di(lower alkyl)amino-lower alkyl;

(e) R*is H, CN, CH,F, F, Cl, Br, or I, with the provisos that when X is OH,
R® is CHy or CHsF, R? cannot be H;

(H  R%isH, CH;, CH;F, CHF,, CFy, or F;
(8 XisH, OH, F, OCH;,,F, Cl, Br, I, NH; or N3,
(h)  YisH, OH, CH; F, Cl, Br, I, NH; or N3y, OCHa, or OC(O)CHa,

@) R"isH, F, Br, |, OH, OR', NH;, NHR’, NR";, CO;R’, CONH;, CONHR',
CONR'";, CH=CHCO;H, or CH=CHCO3R’,

wherein R’ is a lower alkyl, a lower cycloalkyl, or C(O)(lower alkyl) or
alternatively, in the instance of NR';, each R' comprise at least one C atom that are joined

to form a heterocycle comprising at least two carbon atoms; and
@) ZisNorCR" and

R'is an H, halogen (including F, Cl, Br, 1), OR’, NH,, NHR', NR", NO3, lower
alkyl of C-C¢, CO2R", CONH,, CONHR', CONR';, CH=CHCO:H, or CH=CHCO:R",
with the proviso that R'? is not a: (i) -C=C-H, (ii) -C=CHa, or (iii) ~NO,.

A ninth aspect of the fourth embodiment is directed to a compound represented by
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formula I-8
wherein

(8  R'is hydrogen, methyl, cthyl, #-propyl, i-propyl, phenyl, p-tolyl, p-
bromo-phenyl, p-chloro-phenyl, p-fluorophenyl;

(b)  R%is hydrogen;

(©) R¥™isHand R¥is H, CH;, CH(CH;),, CH,CH(CH3);, CH(CH;)CH,CH,
CH,Ph, or lower cycloalkyl;

(d)  R'is hydrogen, CH;, Et, ‘Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower

haloalkyl, or di(lower alkyl)amino-lower alkyl;

(e) R%is H, with the provisos that when X is OH, R®is CH; or CHyF, R®

cannot be H;
("  RYsH, CHs, CHyF, CHF;, CFy, or F;
{®) Xis H, OH, OCH;, F, NH; or Ny,
(h) Y is OH, NH,, OCHj3, or OC(O)CHy;

(i)  R"isH,F,Br, I, OH, OR', NH;, NHR', NR";, CO;R’, CONH;, CONHR',
CONR';, CH=CHCO;H, or CH=CHCO,R",

wherein R' is a lower alkyl, a lower cycloalkyl, or C(O)(lower alkyl) or
altematively, in the instance of NR", each R' comprise at least one C atom that are joined

to form a heteracycle comprising at least two carbon atoms; and

(§) ZisNorCR" and
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R is an H, halogen (including F, Cl, Br, ), OR’, NHa, NHR', NR';, NO,, lower
atkyl of C-Cg, COzR’, CONH,, CONHR', CONR';, CH=CHCO;H, or CH=CHCO,R";
with the proviso that R"isnot a: (i) ~C=C-H, (ii) -C=CHj, or (iii) -NO,.

A tenth aspect of the fourth embodiment is directed to a compound represented by

5 formulaI-8

wherein

(a)  R'ishydrogen, methyl, phenyl, p-bromo-phenyl, p-chloro-phenyl, p-

fluorophenyl;
(b R%is hydrogen;

10 (¢) R™isHand R™is H, CHs, CH(CH;);, CH;CH(CHs),, CH(CH;)CH,;CH,,
CH,Ph, or lower cycloalkyl;

(@)  R'ishydrogen, CHa, Et, Pr, “Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower
15 haloalkyl, or di{lower alkyl)amino-lower alkyl;

(¢)  R%isH, with the provisos that when X is OH, R® is CH, or CH,F, R®

cannot be H;
()  R®isH, CHs, CHsF, CHF,, CFy, or F,;
(g XisH, OH, OCH,, F, NHz or N3;
20 (h) Y is OH, NH,, OCHj3, or OC{O)CHs;

(i  R'™isH, F,Br, 1, OH, OR, NHz, NHR', NR, CO;R', CONH,, CONHR',
CONR's, CH=CHCO;H, or CH=CHCO:R",
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wherein R’ is a lower alkyl, a lower cycloalkyl, or C(O)(lower alkyl) or
altematively, in the instance of NR’, each R' comprise at least one C atom that are joined

to form a heterocycle comprising at least two carbon atoms; and
G) ZisNorCR' and

R'?isan H, halogen (including F, Cl, Br, I), OR’, NH;, NHR', NR2, NO;, lower
alkyl of Cy-C¢, CO;R’, CONH,;, CONHR', CONR';, CH=CHCO;H, or CH=CHCO;R’;
with the proviso that R" is not a: (i) ~-C=C-H, (ii) ~C=CHj, or (jii) -NO,.

A fifth embodiment of the invention is directed to a compound represented by
formula I in which the base is a structure represented by formula d above, wherein R',

R% R¥ R™ RY, R’ R% X, and Y are defined in the Summary of the Invention section

above.
The first aspect of the fifth embodiment is directed to a compound represented by
formula I-9
O
/ g
@
e N "
—_— (o]
R’h N P 0 ———
| s\\“‘ N
I
CoRs OR R RO NH,
19
wherein

(a)  R'ishydrogen, n-alkyl; branched alky!; cycloalky!; or aryl, which
includes, but is not limited to, phenyl or naphthyl, where pheny! or naphthyl are
optionally substituted with at least one of C,. alkyl, Ca alkenyl, C,. alkynyl, Ci.¢
alkoxy, F, Cl, Br, I, nitro, cyano, Cy haloalkyl, -N(R"),, C.c acylamino, -NHSO,C,.¢
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alkyl, -SO:N(R")2, COR", and -SO1C . alkyl; (R" is independently hydrogen or alkyl,
which includes, but is not limited to, Cy.20 alkyl, Cy.10 alkyl, or Cy.galkyl, R is ~OR' or -
NR"));

®) R? is hydrogen or CHy;

(c) R* and R™ are (i) independently selected from hydrogen, Cy.10 alkyl,
cycloatkyl, (CHz){(NR™),, Cy¢ hydroxyalkyl, -CH,SH, -(CH;),S(O)¢Me, -
(CH,);NHC(=NH)NH_, (IH-indol-3-yl)methyl, (1H-imidazol-4-yl)methyl, -
(CH2).COR”, aryl and aryl Cy. alkyl, said aryl groups optionally substituted with a
group selected from hydroxyl, Cy.io alkyl, Cy.c alkoxy, halogen, nitro and cyano; (ii) R*
and R™ both are Cy4 alkyl; (iii) R™ and R™ together are(CHa)r 50 as to form a spiro ring;
(iv) R is hydrogen and R™ and R? together are (CH;)n 50 as to form a cyclic ring that
includes the adjoining N and C atoms (v) R* is hydrogen and R* and R? together are
(CHa)a $0 as to form a cyclic ring that includes the adjoining N and C atoms, where ¢ is 1
t06,dis0t02, cis 0103, fis 2t0 5, nis 2 to 4, and where R” is independently hydrogen
or Cy. alkyl and R is -OR’ or =N(R™),); (vi) R™ is H and R® is H, CH;, CH,CH,,
CH(CHa),, CH,CH(CHs)s, CH(CH3)CH;CHs, CH;Ph, CHz-indol-3-yl, <CH,CH,SCH;,
CH,CO:H, CH,C(O)NH;, CH,CH,COOH, CH,CH,C(O)NH;, CH,CH:CH,;CHsNH;, -
CH,CH;CH,NHC(NH)NH,, CHy-imidazol-4-yl, CH;OH, CH(OH)CH;, CHa((4'-OH)-
Ph), CH,SH, or lower cycloalkyl; or (viii) R* is CHs, -CH,CH,, CH(CH}),,
CH;CH(CHa,);, CH(CH3)CH,CHa, CHzPh, CHj-indol-3-yl, -CH,CH,SCH;, CH;CO, 1,
CH;C(O)NH;, CH,CH;COOH, CH,CH;C(O)NH;, CH,CH,CH,CH;NH;, - V
CH,CH,CH,NHC(NH)NH,, CH;-imidazol-4-yl, CH;OH, CH(OH)CHj3, CH({(4'-OH)-
Ph), CH,SH, or lower cycloalkyl and R™ is H, where R¥ is independently hydrogen or
alkyl, which includes, but is not limited to, Cy.2g alkyl, Cy.1o alkyl, or Cy.4 alkyl, R* is —
OR' or -N(R”),);

(d)  R'is hydrogen, Ci.j0 alkyl, C.i0 alkyl optionally substituted with a lower
alkyl, alkoxy or halogen, C).ig haloalky!, Cs.iy cycloalkyl, cycloalkyl alkyl,
cycloheteroalkyl, aminoacyl, di{lower alkyl)amino-lower alkyl, aryl, such as phenyl,

heteroaryl, such as, pyridinyl, substituted aryl, or substituted heteroaryl;
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(e) R*is H, a lower alkyl, CN, vinyl, O-(lower alkyl), hydroxyl lower alkyl,
i.e., «(CH,),OH, where pis 1 -6, including hydroxy! methyl (CH,OH), CH;F, N,
CH,CN, CH;NH,, CH,;NHCHj;, CH,N(CH,),, alkyne {optionally substituted), or halogen,
including F, Cl, Br, or I, with the provisos that when X is OH, base is cytosine and R® is
H, R® cannot be Ny and when X is OH, R® is CHj or CH:F and B is a purine base, R®

cannot be H;
(  R%isH, CH;, CHyF, CHF,, CFy, F, or CN;
() X is H, OH, F, OMe, halogen, NH3, or Nj;

(h) Y is OH, H, Ci.4 alkyl, Cz.4 alkenyl, Ca.4 alkynyl, vinyl, N3, CN, CI, Br, F,
1, NO;, OC(0)O(C,.4 alkyl), OC(O)O(C,.4 alkyl), OC(0)O(Cz.4 alkynyl), OC(O)O(C>.4
alkenyl), OC .1 haloalkyl, O(aminoacyl), O(Cy.10 acyl), O(Ci alkyl), O(Ca.4 alkenyl),
$(Ci.q acyl), S(Cy.4 alkyl), S(Cz.q alkynyl), S(C;., alkenyl), SO(C,.s acyl), SO(C,.4 alkyl),
SO(C..4 alkynyl), SO(C3.4 alkenyl), SO2(Cy4 acyl), SOx(C).4 alkyl), SOx(C.4 alkynyl),
$0;(C;.4 alkenyl), 0S(0)2(C 1.4 acyl), OS(O)(Cy.4 alkyl), OS(O)A{C.4 alkenyl), NH,,
NH(C.4 alkyl), NH(C;.4 alkenyl), NH(C;.q alkynyl), NH(Cy.4 acyl), N(Cy.4 alkyl);, N(C,.
1 acyl)a, wherein alkyl, alkynyl, alkenyl and vinyl are optionally substituted by Ny, CN,
one to three halogen (Cl, Br, F, I), NO;, C(O)O(Ci4alkyl), C(OYO(C 14 alkyl), C(O}O(Co.
4 alkynyl), C(0)O(C,.4 alkenyl), O{C\.4 acyl), O(C\.4 alkyl), O(C;.4 alkenyl), S(Cy.4 acyl),
S{C1.4 alkyl), S(Cz.4 alkynyl), S(C, alkenyl), SO(C,.; acyl), SO(C,.4 alkyl), SO(C24
alkynyl), SO(C:-¢ alkenyl), SO2(Cy.4 acyl), SO2(Ci.4 alkyl), SO2(C2.4 alkynyl), SO(C;.4
alkenyl), OS(0)(Cis acyl), OS(0)(Ci.s alkyl), OS(0)x(C:.4 alkenyl), NHa, NH(C1.4
alkyl), NH(C,. alkenyl), NH(C:.q alkynyl), NH(C,., acyl), N{C\ alkyl)z, N(C,_; acyl),.

A second aspect of the fifth embodiment is directed to a compound represented by

formula 1-9
wherein

@  R'ishydrogen, methyl, ethyl, n-propyl, i-propyl, phenyl, p-tolyl, p-
bromo-phenyl, p-chloro-phenyl, p-fluorophenyl;
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(b)  R?is hydrogen or CHg;

{¢) R™isHand R™is H, CHs, CH(CH;);, CH;CH(CHj),, CH(CH:)CH;CH;,
CH,Ph, CHy-indol-3-yl, -CH;CH,SCHj, CH,CO,H, CH;C(O)NH,, CH,CH,COOH,
CH,CH,C(O)NH,, CH,CH,CH,CH;NH,, -CH;CH,CH,NHC(NH)NH,, CH-imidazol-4-
yl, CH,OH, CH(OH)CH;, CH;((4'-OH)-Ph), CH:SH, or lower cycloalkyl,

(d)  R"ishydrogen, CHy, Et, 'Pr, “Pr, “Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pymrolidin-4-yl, N-methyl-piperidin-4-yl, lower
haloalkyl, or di(lower alkyl)amino-lower alkyl;

(€)  R’isH, CN, CH;, OCH,, CH,OH, CH,F, halogen, including F, Cl, Br, or
I, with the provisos that when X is OH, R® is CH, or CH,F, R® cannot be H.

()  R%is H, CH;, CH,F, CHF;, CFs, F, or CN;
() XisH, OH, F, OCHj, halogen, NH,, or Ny;
(h) Y is OH, H, CH,, vinyl, NHy, N3, CN, Cl, Br, F, I, OC(O)CH;, OCHJ',I

A third aspect of the fifth embodiment is directed to a compound represented by

formula 1-9
wherein

(@)  R'ishydrogen, methyl, ethyl, n-propyl, i-propyl, phenyl, p-tolyl, p-

bromo-pheny!, p-chloro-phenyl, p-flucrophenyl;
(b)  R%is hydrogen or CHj;

(¢)  R™isHand R™is H, CHs, CH(CH;)2, CH:CH(CHa)2, CH(CHa)CH,CHa,
CH:Ph, or lower cycloalkyl,

(d)  R'is hydrogen, CHs, Et, 'Pr, “Pr, "Bu, 2-butyl, 'Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
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methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower

haloalkyl, or di(lower alkyl)amino-lower alkyl,

(e) R%isH, CN, CH;F, F, Cl, Br, or I; with the proviso that X is OH, R®is
CH; or CH,F, R® cannot be H:

()  R%isH, CHy, CH,F, CHF,, CFs, or F;
(8 XisH,OH, F, OCH,, F, Cl, Br, I, NH,0or N3;
(h)  YisH, OH, CHs, F, Cl, Br, 1, NH; N3, OCH,, or OC(O)CH;;

A fourth aspect of the fifth embodiment is directed to a compound represented by

formula I-9
wherein

(8  R'is hydrogen, methyl, ethyl, #-propyl, i-propyl, phenyl, p-tolyl, p-

bromo-phenyl, p-chloro-phenyl, p-flucrophenyl;
(6)  R¥is hydrogen;

(¢)  R™isH and R™is H, CH;, CH(CH3);, CH;CH(CH3)2, CH(CH;)CH;CHs,
CH,Ph, or lower cycloalkyl,

(d)  R'ishydrogen, CHy, Et, ‘Pr, “Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, Nemethyl-piperidin-4-yl, lower
haloalkyl, or di{lower alkyl)amino-lower alkyl;

(&)  RYis H, with the provisos that when X is OH, R® is CH; or CH,F, R®

cannotbe H;
®  R%isH, CHs, CH,F, CHF;, CFy, or F;

(g) XisH, OH, OCH;, F, NH;or Ny;
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(h) Y is OH, NHs, OCHs, or OC(O)CHs;

A fifth aspect of the fifth embodiment is directed to a compound represented by

formula 1-9
wherein

5 (a) R' is hydrogen, methyl, phenyl, p-bromo-phenyl, p-chloro-phenyl, p-
fluorophenyl,

{b) R?is hydrogen;

(©0  R™isHand R™is H, CH3, CH(CH3);, CH;CH(CH5)z, CH(CH3)CH,CHs,
CH;Ph, or lower cycloalkyl;

10 (d)  R"ishydrogen, CH;, Et, 'Pr, "Pr, "Bu, 2-butyl, 'Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower

haloalkyl, or di(lower alkyl)amino-lower alkyl;

(¢)  R*isH, with the provisos that when X is OH, R® is CH; or CH;F, R®

15 cannotbe H;
®  R®isH, CHs, CHF, CHF,, CFy, or F;
(8  XisH, OH, OCHj, F, NH; or N3;
(h) Y is OH, NH;, OCHj, or OC(Q)CHy;

A sixth aspect of the fifth embodiment is directed to a compound represented by

20 formulal-10
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wherein

(a) R' is hydrogen, methyl, ethyl, n-propyl, i-propyl, or a substituted or
S unsubstituted phenyl, where the substitutent of the substituted phenyl is at least one of a
CHj, OCH;, F, Cl, Br, |, nitro, cyano, and a CHy (X, where X is F, Cl, Br,or1,and q is
1-3;

()  R?is hydrogen or CHy;

(¢©) R™isHand R™is H, CHs, CH(CHs)z, CHyCH(CHs), CH(CH;)CH,CH,
10 CH;Ph, CHyindol-3-yl, -CH;CH,SCH;3, CH,CO;H, CH,C(O)NH;, CH;CH;COOH,
CH,CH,C(O)NH,, CH,CH;CH,CH,NH,, -CH,CH,CH.NHC(NH)NH,, CH,-imidazol-4-
yl, CH,OH, CH(OH)CH;, CH,((4'-OH)-Ph), CH,SH, or lower cycloalky] or R¥is CH,,
CH(CH;)2, CH;CH(CHj),, CH(CH1)CH;CHj, CHyPh, CHy-indol-3-yl, -CH;CH;SCH;,
CH,CO;H, CH;C(O)NH;, CH,CH,COOH, CH,CH;C(O)NH,, CH;CH,CH,CH,NH,, -
15 CH,CH,CH.NHC(NH)NH,, CH;-imidazol4-yl, CH;OH, CH{OH)CH;, CHx((4'-OH)-
Ph), CHSH, or lower cycloalkyl and R* is H;

(d)  R*ishydrogen, CHs, Et, ‘Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-ﬁyrrolidinA—yl, N-methyl-piperidin-4-yl, lower

20  haloalkyl, or di(lower alkyl)amino-lower atkyl,
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() R’isH, CN, CHz, OCH;, CH,OH, CH;F, N3, CH2CN, CH; N3, CHaNH;,
CH)NHCH;, CHyN(CH3),, halogen, including F, Cl, Br, or 1, with the provisos that when
X is OH, R® is CH; or CH,F, R® cannot be H;

(H  RisH, CH;, CH,F, CHF,;, CF3, F, or CN;
(®) Xis H, OH, F, OCH;, Cl, Br, I, NH;, or Nj;

(h)  Yis OH, H, CHa, vinyl, Ny, CN, CI, Br, F, 1, QC(O)CH3, OCH;, NH,,
NHCH;, NH(vinyl), NH(acetyl ), NH(C{O)CH3), N(CHy;);, N(C(O)CH;);;

A seventh aspect of the fifth embodiment is directed to a compound represented

by formula 1-10
wherein

(a) R' is hydrogen, methyl, ethyl, n-propyl, i-propyl, phenyl, p-tolyl, p-
bromo-phenyl, p-chloro-phenyl, p-fluorophenyl;

»  Riis hydrogen or CHj;

(¢©)  R™isHand R™is H, CH;, CH(CHa)z, CH;CH(CHy)z, CH(CH;)CH;CH,
CH,Ph, CHy-indol-3-yl, -CH,CH;SCH;, CHCO,H, CH;C(O)NH,, CH,CH;COOH,
CH,CH;C(O)NH,, CH,CH,CH,CH,NH,, -CH;CH;CH;NHC{NH)NH,, CH,-imidazol-4-
yl, CH;OH, CH(OH)CH;, CH,{(4'-OH)-Ph), CH,SH, or lower cycloalkyl;

(d  R*ishydrogen, CH;, Et, 'Pr, "Pr, "Bu, 2-butyl, 'Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower
hatoalkyl, or di(lower alkyl)amino-tower alkyl;

(e) R*is H, CN, CHs, OCH3;, CH,OH, CH>F, halogen, including F, CI, Br, or
1, with the provisos that when X is OH, R® is CHs or CHsF, R® cannot be H;

(®  R%isH, CH;, CH;F, CHF;, CFy, F, or CN;
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() XisH,OH, F, OCHj, Cl, Br, [, NH,, or Nj; and

(h)  Yis OH, H, CH;, vinyl, NH, N3, CN, Cl, Br, F, I, OC(O)CH;, OCH,.

An eighth aspect of the fifth embodiment is directed to a compound represented

by formula I-10
wherein

(@)  R'is hydrogen, methyl, ethyl, n-propyl, i-propyl, phenyl, p-tolyl, p-
bromo-phenyl, p-chloro-phenyl, p-flucrophenyl;

()  R?is hydrogen or CHs;

(¢ R™isHand R is H, CHy, CH(CHs);, CH;CH(CH3)2, CH(CH3)CH,CH;,
CH,Ph, or lower cycloalkyl;

(d)  R'is hydrogen, CHy, Et, ‘Pr, “Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower
haloalkyl, or di(lower alkyl)amino-lower alkyl;

(¢ R’isH, CN, CH,F, F, Cl, Br, or I, with the provisos that when X is OH,
R®is CH; or CHsF, R® cannot be H;

(N R%is H, CHs, CH,F, CHF,, CF;, or F;
(®) XisH, OH, F, OCH;, F, Cl, Br, I, NH; or N3;
(h)  YisH,OH, CHs, F, Cl, Br, I, NH; or N3, OCH3, or OC(O)CHy;

A ninth aspect of the fifth embodiment is directed to a compound represented by

formula 1-10

wherein
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(@) R'is hydrogen, methyl, ethyl, n-propyl, i-propyl, phenyl, p-tolyl, p-

bromo-phenyl, p-chloro-phenyl, p-flucrophenyl;
(b) Rlis hydrogen;

(©)  R™isHand R” is H, CH;, CH(CHa);, CH;CH(CH3), CH(CH;)CH,CH,,
CH,Ph, or tower cycloalkyl;

(d)  R'is hydrogen, CHy, Et, ‘Pr, "Pr, "Bu, 2-butyl, 'Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower

haloalkyl, or di(lower atkyl)amino-lower alkyl,

(¢)  R’isH, with the provisos that when X is OH, R®is CH; or CH,F, R®

cannot be H;
= (®  R%isH, CH;, CHyF, CHF,, CFy, or F,
(3] Xis H, OH, OCHjs, F, NHz or Ny;
(h) Y is OH, NH;, OCH3, or OC(O)CHy;

A tenth aspect of the fifth embodiment is directed to a compound represented by
formula 1-10

wherein

(a) R'is hydrogen, methyl, phenyl, p-bromo-phenyl, p-chloro-phenyl, p-
fluorophenyl; .

(b)  R%is hydrogen;

() R™isHand R" is H, CHj, CH(CHy)s, CH;CH(CH3);, CH(CH3)CH,CH,
CH;Ph, or lower cycloalkyl;

(d)  R%is hydrogen, CHj, Et, ‘Pr, “Pr, “Bu, 2-butyl, 'Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
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methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yl, lower

haloalkyl, or di{lower alkyl)amino-lower alkyl;

(&)  R%isH, with the provisos that when X is OH, R®is CH; or CH,F, R®

cannot be H;
® R®is H, CHs, CH,F, CHF;, CF;, or F;
(&)  XisH, OH, OCHs, F, NHyor N3;
(h) Y is OH, NH;, OCH;, or OC(O)CH;.

The following tables contain numeric identifiers associated with various
substituent designators that should be viewed in light of the accompanying structure.
These structures are contemplated species of the various aspects of the disclosed
embodiments and are not intended to be limiting on full breadth of the contemplated
compound represented by the structure of formula 1. However, itis contemplated that
any one of the exemplified nucleoside bases can be used in combination with any one of
contemplated species that specify a particular combination of R', R* R®, R™, R* R® RS,
X, and Y. In each of the presented tables, the phosphoramidate substituent containing the
substituents R* and R are depicted without reference to stereochemical structure (¢f
structures 1-1, I-3, 1-§, I-7, and 1-9 above). It is contemplated that the compounds recited
below embody compounds in which R* projects toward the viewer while R™ projects
away from the viewer (cf. structures 1-2, 1-4, 1-6, I-8, and 1-10). Moreover, it is
contemplated that the compounds recited below also embody compounds in which R*
projects away from the viewer while R*® projects towards the viewer. Not meant to be
limiting, however, it is contemplated that preferred compounds are those in which R**
projects towards the viewer and R™ projects away from the viewer such that the natural
L-amino acid (S)-configuration is presented. Additionally, the inventors recognize that
the phosphorus atom of the phosphoramidate moiety is another source of chirality.
Although the structures below do not specifically depict chirality at phosphorus, the
inventors recognize that stereochemical configurations are possible such thatin a
staggered (or zig-zag) line structure the oxo-substitutent projects towards the viewer
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while the OR" substitutent projects away from the viewer, and vice versa, i.e., where the

Cahn-Ingold-Prelog stereochemical designation of phosphorous is either R or S.

Therefore, the structures below include all possible stereochemical configurations

possible for phosphorus.
R9

RS

‘\N

g2 9 l /K
L N o

11
Table 11-1.
Ne R' R* R* R™ R* R R X Y R R KR
if-1-1 CH; H H H CH; H CH; OH OH H H NH;
I-1-2 CH; H H CH, CH; H CH; OH OH H H NH;
I-1-3 CH: H H CH(CH;): CHy H CH; OH OH H H NH,
Mmi1-4 €CH; H H CHCH({CH;); CH; H CH; OH OH H H NH;
1.5 CH; H H CH.Ph CH; H CH; OH OH H H NH;
1146 CH; H H CHg-indol-3yl CH; H CH, OH OH H H NH,
17 CH; H H CH,CHSCH; CH; H CH; OH OH H H NH,
I-1-8 CH; * H ~* CH; H CH; OH OH H H NH;
*R* and Ra’joined together by (CHaz); to form five-membered ring.
Table 11-2.
¥ R RT R" RP R R R X Y RRPF
I-2-1t EE H H H CH; H CH; OH OH H H NH;
Il-222 &t H H CH; CH; H CH; OH OH H H NH,
[-223 et H H CH(CH;); CH; H CHy OH OH H H NH;
(-24 Bt H H CHXCH(CH;); CH; H CH; OH OH H H NH;
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Ne R' R° R" R® R R R X Y R R F

125 EE H H CHyPh CH; H CH; OH OH H H NH;
126 t H H CHgindol-3y CH; H CH; OH OH H H NH:
11-227 Bt H H CHCHSCH, CH, H CH; OH OH H H NH;
128 Et ¢ H * CH; H CH; OH OH H H NH,
*R* and R” joined together by (CH,)s to form five-membered ring.

Table 11-3.

Ne RT R° R® R" R RFR X Y R R F

31 Pr H H H CHy H CH; OH OH H H NH,
0-3-2 ‘’r H H CH, CH, H CH; OH OH H H NH;
1-3-3 Pr H H CH(CH,) CH;, H CH; OH OH H H NH:
1-34 Pr H H CH:CH(CH;: CH, H CH, OH OH H H NH;
1-3-5 Pr H H CH,Ph CH; H CH; OH OH H H NH,
II-3-6 Pr H H CHxindol-3y] CH; H CH; OH OH H H NH;
1-37 ‘Pr H H CH.CH,SCH; CH; H CH, OH OH H H NH:
38 Pr * H * CHy H CH, OH OH H H NH,
*R¥and R joined together by (CH,); to form five-membered ring.

Table 11-4.

Ne R'" R° R® R® R RRR® X Y R R R
a1 Bu H H H CH, H CH, OH OH H H NH;
-42 ‘Bu H H CH, CHy H CHy OH OH H H NH;
1-4-3 '‘Bu H H CH(CH;); CH; H CH; OH OH H H NH,
44 '‘Bu H H CHxCH(CH; CH; H CH; OH OH H H NH,
.45 '‘Bu H H CH:Ph CHy H CH; OH OH H H NH;
-6 ‘Bu H H CHsindol-3-yl CHy H CHy OH OH H H NH:
47 Bu H H CHCH,SCH, CH, H CH; OH OH H H NH;
148 ‘Bu * H * CH;: H CH; OH OH H H NH;,
*R? and R™ joined together by (CHz); to form five-membered ring.

Table 11.5, '

N R" R° R® R® R K X Y R KPR

151 Ph H H H CHy H CH; OH OH H H NH,
1152 Ph H H CH;, CH; H CH;, OH OH H H NH;
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Ne R' R° R*®* R" R R R X Y R R PR

1-5-3 Ph H H CH(CH;), CH; H CH; OH OH H H NH:
54 Ph H H CH.CH(CHy); CH; H CH; OH OH H H NH;
-5-5 Ph H H CH;Ph CH; H CH; OH OH H H NH;
56 Ph H H CHsxindol3-vl CH; H CH; OH OH H H NH;
M-5-7 Ph H H CH;CH:SCH; CH; H CH; OH OH H H NH;
n-s8 Ph * H * CH; H CH; OH OH H H NH;

*R* and Rﬂ'joined together by (CH3); to form five-membered ring,

Table 11-6.

X R RT R R¥ R RR R X Y R R F
It-6-1 p-Me-Ph H H H CH; H CH; OH OH H H NH:
11-6-2 p-Me-Ph H H CH; CHy H CH; OH OH H H NH.
[1-6-3 p-Me-Ph H H CH(CH;) CH; H CH; OH OH H H NH;
11-6-4 p-Me-Ph H - H CH,CH(CH;): CH; H CHy; OH OH H H NH,
(1-6-5 p-Me-Ph H H CH,Ph CHi H CH; OH OH H H NH;
1166 p-Me-Ph H H CHyindol-3vl CHy H CH; OH OH H H NH
.67 p-MePh H H CHCHSCH; CH; H CH;, OH OH H H NH;
11-6-8 p-Me-Ph * H * CH; H CH; OH OH H H NH,
*R¥and R™ joined together by (CHy)s to form five-membered ring.

Table 11-7,

N R R™ R® R® R R RKR X Y R R R
7.1 p-F-Ph H H H CH; H CH; OH OH H H NH;
.72 p-F-Ph H H CH; CH; H CH; OH OH H H NH;
1-7-3  p-F-Ph H H CH(CH,): CH; H CH; OH OH H H NH,
-74 p-F-Ph H H CHXCH(CH;): CHs H CH; OH OH H H NH:
1I-7-6 p-F-Ph H H CH:Ph CH; H CH; OH OH H H NH;
I-77 p-F-Ph H H CHj-indol-3-1 CH; H CH; OH OH H H NH;
i-7-8 p-F-Ph H H CH:CH,SCHy CH; H CH; OH OH H H NH,
1-7-20 p-F-Ph * H * CH; H CH; OH OH H H NH;
*R7and R™ joined together by (CHy); to form five-membered ring,

Table 11-8.

¥ R R R® R” R RRR X Y R R F
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X R R® R® RY RR R R X Y R R R
181 pCl-Ph H H H CH; H CH; OH OH H H NH;
11-8-2 p-Cl-Ph H H CH; CH; H CH; OH OH H H NH.
11-8-3 p-Cl-Ph H H CH(CH;). CH; H CH, OH OH H H NH,
-84 p-Cl-Ph H H CH.CH(CHy); CH; H CH; OH OH H H NH:
-85 p-Cl-Ph H H CH;Ph CH; H CH; OH OH H H NH;
I1-8-6 p-Cl-Ph H H CHgindol3yl CH; H CH, OH OH H H NH;
11-8-7 p-Cl-Ph H H CH:CH,SCH;, CH; H CH; OH OH H H NH,
11-8-8 p-Cl-Ph * H * CH; H CH; OH OH H H NH,
*R* and R™ joined together by (CH;); to form five-membered ring. '
Table 11-9.

Ne R' R° R* R” R R R X Y R R R
91 pBr-Ph H H H CH; H CH; OH OH H H NH,
192 p-Br-Ph H H CH; CH; H CH; OH OH H H NH,
11-93 p-Br-Ph H H CH(CH;) CH; H CH;, OH OH H H NH:
11-9-4 p-Br-Ph H H CHCH(CHy), CH; H CH; OH OH H H NH;
11-9-6 p-Br-Ph H H CH,Ph CH; H CH; OH OH H H NH,
1197 p-Br-Ph H H CHypindol-3-y]l CH; H CHy OH OH H H NH,
198 pBrPh H H CHCHSCH, CHy H CH; OH OH H H NH;
11920 pBr-Ph * H * CH; H CH; OH OH H H NH;

*R¥ and R™ joined together by (CH,); to form five-membered ring.

Table 11-10.

Ne R R° R™ R¥ RF KRR X Y R R KR
I-10-1 pl-Ph H H H CH, H CH, OH OH H H NH;
I-102 pl-Ph H H CH, CHy H CHy OH OH H H NH;
[-10-3 p-l-Ph H H CH(CH)); CH; H CH; OH OH H H NH;
1104 pJ-Ph H H CH)CH(CH); CH; H CH; OH OH H H NH;
1-10-5 pl-Ph H H CH,Ph CH; H CH; OH OH H H NH,
I-10-6 pl-Ph H H CHyindol-3-vl CH; H CH; OH OH H H NH,
11-10-7 p--Ph H H CH,CH:SCH; CH; H CH; OH OH H H NH;,
108 p-l-Ph * H * CH; H CH, OH OH H H NH,

*R¥and R™ joined together by (CH,); to form five-membered ring.

2980901-1
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Table 11-11,

Ne R R R* R® RR R R X Y R R V¥
1I-11-1 CH; H H H Et H CH, OH OH H H NH,
I-11-2 CH; H H CH, Et H CH, OH OH H H NH,
1I-11-3 CH;, H H CH(CH:): Et H CH: OH OH H H NH,
I-11-4 CH; H H CH.CH(CH:;, Et H CH; OH OH H H NH;
-11-5 CH; H H CH:Ph Et H CH, OH OH H H NH;
I-11-6 CH; H H CHxindol-3yl Bt H CH; OH OH H H NH;
1-1:7 CH; H H CHCHSCH; Et H CH; OH OH H H NH:;
[l<11-8 CH, * H ¢ Et H CH; OH OH H H NH;
*R* and R™ joined together by (CHz); to form five-membered ring.

Table 11-12.

N R'" R* R® R® RR R R X Y R R R
1221 8 H H H Et H CH; OH OH H H NH,
1-1222 Et H H CH, Etc H CH, OH OH H H NH,
1I-12-3 E¢ H H CH(CHy), Et H CH; OH OH H H NH,
124 Bt H H CH.CH(CHy): Et H CHy OH OH H H NH,
1225 Et H H CH:Ph Et H CH, OH OH H H NH,
111126 Bt H H CHyindol3y1 Et H CH; OH OH H H NH,
1-12-7 Bt H H CH.CH,SCH; Et H CH; OH OH H H NH;
1-128 Et * H * ECE H CH; OH OH H H NH,
*R%and R™ joined together by (CHy); to form five-membered ring,

Table 11-13.

Ne R" R° R* R® RF "R R X Y R R F
1I-113-1 ’pr H H H Et H CH; OH OH H H NH,
-132 Pr H H CH; Et H CH; OH OH H H NH,
I-13-3 Pr H H CH(CH;) Et H CH; OH OH H H NH,
1134 Pr H H CHCH(CHy); Et H CH, OH OH H H NH,
(135 Pr H H CH:Ph Et H CH; OH OH H H NH;
111136 Pr H H CHyindol-3y] Bt H CH, OH OH H H NH,
I-13-7 Pr H H CH.CH,SCH;, Et H CH; OH OH H H NH,
1138 Pr * H * EE H CH, OH OH H H NH,

*R* and R™ joined together by (CH2); to form five-membered ring.

29809014
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Table 11-14.
Ne R" R* R R" RRR"R®* X Y R R PR

Ja
141 '‘Bu H H H Et H CH; OH OH H H NH:
H-142 Bu H H CH; Et H CH; OH OH H H NH:
1-14-3 ‘Bu H H CH(CH;): Et H CH; OH OH H H ANHZ
I-144 Bu H H CH,CH(CH;); Et H CH; OH OH H H NH;
145 '‘By H H CH:Ph Et H CH; OH OH H H NH;
M-146 ‘Bu H H CHxindol-3-yl Et H CH; OH OH H H NH:
(1147 '‘Bu H H CHCH.SCH; Et H CH;, OH OH H H NH:
148 ‘Bu * H * Et H CH, OH OH H H NH;
*R¥and R™ joined together by (CH3); to form five-membered ring. '
Table I1-15.
Ne R" R R™ R® R "R X Y R R ¥
i-1s-1 Ph H H H Et H CHy OH OH H H NH.
-152 Ph H H CH, Et H CH, OH OH H H NH,
H-153 Ph H H CH(CH)): Et H CHL OH OH H H NH,
fI-15.4 Ph H H CH,CH(CH;); Et H CH; OH OH H H NH;
1-1s-5s Ph H H CH.Ph Et H CH; OH OH H H NH.
I-156 Ph H H CH-indol-3-v] Et H CH; OH OH H H NH:
1157 Ph H H CHCH,SCH; Et H CHy OH OH H H NH:
II-158 Ph ¢ H * Et H CH; OH OH H H NH;
*R¥ and R™ joined together by (CH,); to form five-membered ring.
Table 11-16. , _
1) R R R® R® RR R R X ¥ R R R
[I-16-1 p-Me-Ph H H H Et H CH; OH OH H H NH;
H-16-2 p-Me-Ph H H CH; Et H CHy OH OH H H NH,
1-16-3 p-Me-Ph H H  CH(CH;), Et H CH; OH OH H H NH,
(1-16-4 p-Me-Ph H H CH:CH(CH;); Et H CHy OH OH H H NH,
[1-16-5 p-Me-Ph H H CH;Ph Et H CH, OH OH H H NH,
(I-166 p-Me-Ph H H CHpindol-3-y] Et H CHy OH OH H H NH,
11-167 p-Me-Ph H H CHCHSCH, Et H CH, OH OH H H NH;
i1-16-8 p-Me-Ph * H * Et H CHy OH OH H H NH;
29809011 - 106 -
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*R? and R joined together by (CHz)s to form five-membered ring.

-107 -

Table I1-17.

Ne R R° R R® RRR X Y RRR
i-17-1 p-F-Ph H H H Et H CH, OH OH H H NH
iI-17-2 p-F-Ph H H CH, Et H CH; OH OH H H NH;
1-17-3 p-F-Ph H H CH(CH;): Et H CHy, OH OH H H NH:
MM-17-4 p-F-Ph H H CH:CH(CH;)» Et H CH; OH OH H H NH:
[-17-5 p-F-Ph H H CH:Ph Et H CH; OH OH H H NH,
1-17-6 p.-F-Ph H H CHyindol-3-yI Et H CH; OH OH H H NH;
H-17-7 pF-Ph H H CHCH.SCH; Et H CH; OH OH H H NH,
1-17-8 p-F-Ph ¢+ H * Et H CH; OH OH H H NH,
*R¥and R® joined together by (CHy); to form five-membered ring.

Table 11-18.

Ne R R® R® R RRR R X ¥ RRPR
I-18-1 p-Cl-Ph H H H Et H CH; OH OH H H NH;
[1-182 p-Cl-Ph H H CH; Et H CH; OH OH H H NH;
[-183 p-Cl-Ph H H CH(CH,) Et H CH; OH OH H H NH,
- 11-184 p-Cl-Ph H H CHCH(CH). Et H CH; OH OH H H NH,
1-18-5 p-Cl-Ph H H CH;Ph Etc H CH, OH OH H H NH;
[1-186 p-Cl-Ph H H CHyindol-3-yl Et H CH; OH OH H H NH;
i-187 pCl-Ph H H CH.CH,SCH;, Et H CH; OH OH H H NH;
{I-18-8 p-Cl-Ph * H ¢ Et H CH; OH OH H H NH;
*R*and R"‘joined together by (CH,); to form five-membered ring.

Table 11-19.

N R' R° R® R® RR " R X Y R R FR
11191 pBr-Ph H H H Ft H CH, OH OH H H NH,
1I-19-2 p-Br-Ph H H CH; Et H CH, OH OH H H NH,
{I-19-3 p-Br-Ph H H CH(CH;), Et H CH; OH OH H H NH,
11194 p-Br-Ph H H CHCH(CH), Et H CH; OH OH H H NH,
{I-19-5 p-Br-Ph H H CH;Ph Ft H CH; OH OH H H NH;
11-19-6 p-Br-Ph H H CHj-indol-3-y] Et H CH; OH OH H H NH,
{1-:197 pBr-Ph H H CH,CH,SCH;, Et H CH;, OH OH H H NH;
2080901\
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Ne

Rl

]

R.

R‘Sa RBI)

Rcl

R R°

X

Y

R7

RS R?

11-19-8

p-Br-Ph

H *

Ex

H CH;

OH OH H H NH;

*R¥ and R™ joined together by (CH,); to form five-membered ring,

Table [1-20.

N R R® R* R' R RRK X Y RRPR
11-220-1 p-l-Ph H H H EE H CH, OH OH H H NH;
11-20-2 p-I-Ph H H CH, Et H CH, OH OH H H NH;
11203 p-l-Ph H H CH(CH;), Et H CH;, OH OH H H NH;
H-204 pl-Ph H H CHCH(CH), Et H CH; OH OH H H NH;
11:20.5 pl-Ph H H CH:Ph Et H CH;, OH OH H H NH,
11206 p-I-Ph H H CHwindol-3-vl Et H CHy OH OH H H NH:
11-:207 pl-Ph H H CH.CHSCH;, Et H CH; OH OH H H NH,
I1-208 pl-Ph * H * Et H CH, OH OH H H NH,
*R¥and R™ joined together by (CH;); to form five-membered ring.

Table 11-21.

N RT R R® R® R R R X Y RRPFR
-21-1t CH; H H H ‘Pr H CHy OH OH H H NH;
11-21-2 CH; H H CH; Pr H CH; OH OH H H NH;
1-21-3 CH, H H CH(CH,):; ?r H CH; OH OH H H NH;
214 CHy H H CH:CH(CH;); Pr H CHy OH OH H H NH,
(1-:21-5 CH; H H CH:Ph t H CHy OH OH H H NH,
1-21-6 CH; H H CHyindol-3-yl Pr H CH, OH OH H H NH;
11-:2147 CH; H H CHCH:SCH; ‘Pr H CH; OH OH H H NH;
1-2+.8 CH, * H * P H CH; OH OH H H NH;
*R? and R™ joined together by (CHy)s to form five-membered ring.

Table 11-22.

Ne R R R® R® RRR X Y RRPFR
1221 EE H H H Pr H CH; OH OH H H NH,
11222 B¢t H H CH; ’r H CH; OH OH H H NH.
112223 B¢ H H CH(CH;); ’r H CH; OH OH H H NH;
1224 E¢t H H CH:.CH(CH;) Pr H CH; OH OH H H NH:
11225 Et H H CH,Ph Pr H CH; OH OH H H NH,
29809014 -108 -
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Ne R R R® RV R RR X Y RRPR

11-22-6 Et H H CH-indol-3y1 Pr H CH; OH OH H H NH;
227 B8 H H CH,CH;SCH; Pr H CH; OH OH H H NH,
-22.8 Et * H ¢ P H CH, OH OH H H NH,
*R7and R’ joined together by (CHa)s to form five-membered ring.

Table 11-23.

N RT R° R® R® RRRR X ¥ RRPR

231 pr H H H Pr H CH, OH OH H H NH,
11232 'pr H H CH; t H CH; OH OH H H NH,
11-23-3 ‘’Pr H H CH(CH;), ‘P H CH; OH OH H H NH,
11-234 pr H H CHCH(CH;): P H CH; OH OH H H NH,
11-:235 Pr H H CHPh ‘’r H CH; OH OH H H NH,
11236 Pr H H CHyindol-3¥yl Pr H CH; OH OH H H NH;
11237 Pr H H CHCH:SCH; Pr H CH; OH OH H H NH,
1-23-8 Pr * H ¢ P H CH; OH OH H H NH,
*R? and Rsr’joined together by (CHz); to form five-membered ring.

Table 11-24. .

No R~ R R° R” R KRR X Y RRPR
1241 Bu H H H r H CH; OH OH H H NH;
1242 By H H CH;, Pr H CH; OH OH H H NH:
i1-2¢-3 Bu H H CH(CH;): Pr H CH; OH OH H H NH,
11264 Bu H H CH,CH(CH;) Pr H CH; OH OH H H NH;
.25 Bu H H CH:Ph r H CH; OH OH H H NH,
11246 Bu H H CHsindol-3-v1 Pr H CH; OH OH H H NH:
11247 Bu H H CHXCH,SCHs Pr H CH, OH OH H H NH,
1-248 ‘Bu * H ¢ Pr H CH; OH OH H H NH;
*R* and R™ joined together by (CHz); to form five-membered ring.

Table 11-25.

I Rm R° R" R° R R R X Y R RFR

(1251 Ph H H H r H CH, OH OH H H NH,
1252 Ph H H CH; ’r H CH; OH OH H H NH:
11253 Ph H H CH(CH)): Pt H CH, OH OH H H NH,
29509011 -109 -
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Ne R™ R R® R® RR R KR X Y R RPFR
(1-254 Ph H H CH,CH(CH;);, Pr H CH; OH OH H H NH;
10-2555 Ph H H CH,Ph Pr H CH; OH OH H H NH;
11-256 Ph H H CH-indol-3-v1 Pr H CHy OH OH H H NH;
11-257 . Ph H H CH,CH.SCHy Pr H CH; OH OH H H NH,
11-258 Ph ¢ H * ‘Pr H CH; OH OH H H NH;

*R? and R joined together by (CH,); to form five-membered ring.

Table 11-26.

Ne R' R R® R® RRRR X Y R RVR
11-26-1 p-Me-Ph H H H r H CH; OH OH H H NH;
1-262 pMePh H H CH, r H CH; OH OH H H NH;
11-26-3 p-Me-Ph H H CH(CH;): ‘r H CH, OH OH H H NH;
11-264 p-Me-Ph H H CHCH(CHy: Pr H CH; OH OH H H NH;
11-26-5 p-Me-Ph H H CH;Ph Pr H CH; OH OH H H NH,
11-26-6 p-Me-Ph H H CHyindol-3-vl Pr H CH; OH OH H H NH;
11267 p-Me-Ph H H CH,CHSSCH, 'Pr H CH, OH OH H H NH,
11-26-8 p-Me-Ph * H * Pr H CH;, OH OH H H NH;

*R¥ and R™ joined together by (CH;); to form five-membered ring.

Table 11-27,

Ne R R R® R® R RR X Y RRPR

i1-27-1 p-F-Ph H H H Pr H CHy OH OH H H NH;
11272 p-F-Ph H H CH, Pr H CH; OH OH H H NH;
11-27-3 p-F-Ph H H CH(CH;); r H CH; OH OH H H NH:
1274 pFPh H H CH.CH(CH); Pr H CH, OH OH H H NH,
1I-27-5 p-F-Ph H H CH:Ph ’r H CH; OH OH H H NH;
11-27.6 p-F-Ph H H CH:-indol-3%1 Pr H CHy OH OH H H NH:
11277 pF-Ph H H CHCHSCH; Pr H CH; OH OH H H NH;
11-278 pF-Ph * H * Pr H CH; OH OH H H NH;
*R* and Rn‘joined together by (CH;); to form five-membered ring.

Table 11-28.

e R R® R® R® RR R X Y RRPR
11-281 pCl<Ph H H H Pr H CH; OH OH H H NH:
29809011 . -110 -
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Ne R R® R* R® RR "R R X Y R R K
11-28-2 p-Cl-Ph H H CH; Pr' H CH; OH OH H H NH;
11-28-3 p-Cl-Ph H H CH(CH.); Pr H CH; OH OH H H NH,
11-284 pCl-Ph H H CH.CH(CHy). r H CH; OH OH H H NH,
11-285 p-Cl-Ph H H CHPh Pr H CH; OH OH H H NH;
11-286 p-Cl-Ph H H CHrindol-3-yl Pr H CH; OH OH H H NH;
1-287 p-Cl-Ph H H CHCCHSCH;, Pr H CH; OH OH H H NH;
11-288 p-Cl-Ph ¢ H * r H CH, OH OH H H NH,
*R* and R‘“’joined together by (CH;); to form five-membered ring.

Table 11-29.

Ne R R® R® R® RRRRR X Y R R R
1-29-1 p-Br-Ph H H H Pr H CH;, OH OH H H NH;
11-292 p-Br-Ph H H CH; ’Pr H CH; OH OH H H NH;
I1-29-3 p-Br-Ph H H CH(CH;), Pr H CH; OH OH H H NH;
11-294 pBr-Ph H H CH.CH(CH;); Pr H CHs OH OH H H NH;
11-29-5 p-Br-Ph H H CH,Ph ’r H CH;, OH OH H H NH,
11-296 p-Br-Ph H H CHyindol-3-y1 Pr H CH;, OH OH H H NH;
11-297 p-Br-Ph H H CH.CH)SCH; Pr H CH; OH OH H H NH;
1-298 p-Br-Ph * H * ‘r H CH;, OH OH H H NH;
*R” and R™ joined together by (CH.); to form five-membered ring.

Table 11-30.

e R' RT R® R® RRRR X Y RRPR
1-30-1 p-I-Ph H H H Pt H CH; OH OH H H NH:
1302 p[-Ph H H CH, ’r H CH, OH OH H H NH:
11-30-3 p-I-Ph H H CH(CH)): Pr H CHy OH OH H H NH;
11-30-4 p-l-Ph H H CHCH(CHy): Pr H CH; OH OH H H NH
1-30-5 p-I.-Ph H H CH:Ph Pt H CH; OH OH H H NH;
11-30-6 p-l-Ph H H CHyindol-3-vl Pr H CH; OH OH H H NH:
11-30-7 pl-Ph H H CH.CH.SSCH; Pr H CH; OH OH H H NH;
11-30-8 p-l-Ph * H * Pt H CH; OH OH H H NH;

*R7 and R™ joined together by (CHa)s to form five-membered ring,

Table 11-31.
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Ne R" R R™ R® R R R X Y R R F
H-31-1 CHy H H H 8u H CH; OH OH H H NH,
k312 CH; H H CH; "Bu H CH; OH OH H H NH,
11-31-3 CH; H H CH(CH;), 8u H CH; OH OH H H NH;
11-31-4 CH; H H CH:CH(CH;): "Bu H CH; OH OH H H NH:
11315 CH; H H  CHyPh "Bu H CH; OH OH H H NH;
11-31-6 CH; H H CHeindol3-l "Bu H CH; OH OH H H NH,
1-317 CH; H H CHCH.SSCH; "Bu H CH; OH OH H H NH;
1-31-8 CH; * H * "Bu H CH; OH OH H H NH,
*R¢ and R‘mjoined together by (CHa)s to form five-membered ring.

Table 11-32, .

Ne R' R° R*™ R® R RRRR X Y R R R
1321 EE H H H "Bu H CH; OH OH H H NH,
1-322 Bt H H CH; Bu H CH; OH OH H H NH;
1-32-3 Et H H CH(CHy), "B8u H CH; OH OH H H NH,
324 Et H H CHCH(CH)); "Bu H CH; OH OH H H NH,
1-325 B¢t H H CH.Ph "Bu H CH; OH OH H H NH,
11326 Et H H CHxindol-3y1 "Bu H CH; OH OH H H NH;
11-:32-7 Bt H H CH.CH;SCH; "Bu H CH; OH OH H H NH;
11-328 Et *+ H * Bu H CH; OH OH H H NH,
*R7 and R™ joined together by (CH,); to form five-membered ring.

Table 11-33.

o R R R® R” KRR KRR X Y RR R
1331 pr H H H "By H CH; OH OH H H NH;
11-33-2 ‘Pr H H CH; "By H CH;, OH OH H H NH,
11-333-3 Pr H H CH(CH;): Bu H CH, OH OH H H NH,
I1-334 Pr H H CH:.CH(CH;) “Bu H CH; OH OH H H NH,
1-:33-5 Pr H H CH:Ph Bu H CH; OH OH H H NH,
11-336 'Pr H H CHgindol-3vi “Bu H CH; OH OH H H NH,
11-337 ‘Pr H H CH;CH:SCH; “Bu H CH; OH OH H H NH;
1-338 ‘pr * H * “Bu H CH; OH OH H H NH,

*R7and R™ joined together by (CHa); to form five-membered ring.
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Table 11-34.

Ne R' R° R® R® R R R X Y R R PR

M-3¢1 By H H H "Bu H CH; OH OH H H NH,
I1-342 Bu H H CH, "Bu H CH; OH OH H H NH,
11343 '‘Bu H H CH(CH): Bu H CH; OH OH H H NH.
11344 Bu H H CHCH(CH;): "Bu H CH; OH OH H H NH;
11345 ‘Bu H H CH;Ph "Bu H CH; OH OH H H NH,
11-346 '‘Bu H H CHgindol-3yf "Bu H CH; OH OH H H NH;
137 Bu H H CH.CH,SCH; "Bu H CH; OH OH H H NH:
1348 Bu * H * "Bu H CH, OH OH H H NH;

*R7and R™ joined together by (CHz); to form five-membered ring,

Table 11-35.

X R' R* R® R” R*" RRR X Y R R FR
351 Ph H H H "Bu H CH; OH OH H H NH,
1-35-2 Ph H H CH, Bu H CH, OH OH H H NH;
11353 Ph H H CH(CHs), "By H CH; OH OH H H NH,
1-3%4 Ph H H CH.CH(CH)): "™Bu H CH; OH OH H H NH,
I1-3-5 Ph H H CH,Ph "Bu H CH; OH OH H H NH:
111356 Ph H H CHaindol-3-yi "Bu H CH; OH OH H H NH;
11357 Ph H H CH:.CHSCH; "Bu H CH; OH OH H H NH:
M358 Ph * H * "Bu H CH; OH OH H H NH,

*R% and R™ joined together by (CH,); to form five-membered ring.

Table 11-36.

Ne R R R® R® R R R X Y R R R
11-361 pMePh H H H "Bu H CH, OH OH H H NH,
1-:36-2 p-Me-Ph H H CH; "Bu H CH; OH OH H H NH,
11363 p-Me-Ph H H CH(CH;), By H CH;, OH OH H H NH,
I1-:36¢-4 p-Me-Ph H H CH.CH(CH;); "Bu H CH; OH OH H H NH,
11-:36-5 p-Me-Ph H H CH:Ph Bu H CH; OH OH H H NH,
11-36-6 p-Me-Ph H H CHyindol-3-yl "By H CH; OH OH H H NH,
11367 p-Me-Ph H H CH;CH,SCH; "By H CH, OH OH H H NH,
11-36-8 p-MePh * H = "By H CH; OH OH H H NH,

*R” and R™ joined together by (CH3); to form five-membered ring.
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Table 11-37.

No R’ R® R® R® R R R X Y R R R

1:37-1 pFPh H H H "Bu H CH; OH OH H H NH:
11-37-2 p-F-Ph H H CH, "By H CHy OH OH H H NH,
11-37-3 p-F-Ph H H CH(CH)), "Bu H CH, OH OH H H NH,
I-37-4 pF-Ph H H CHCH(CH), "Bu H CH; OH OH H H NH,
1-37-5 p-F-Ph H H CH:Ph 80 H CH; OH OH H H NH,
1-37-6 p-F-Ph H H CHrindol3vt "Bu H CH; OH OH H H NH,
11-37-7 p-F-Ph H H CH.CH:SCH; "Bu H CH; OH OH H H NH,
1-37-8 pFPh * H * "By H CH; OH OH H H NH,
*R” and R™ joined together by (CHz); to form five-membered ring.

Table 11-38.

Ne R' R° R® R R R R X Y R R F

1381 pCl-Ph H H H Bu H CH;, OH OH H H NH,
1-382 p-Ci-Ph H H CH; By H CH; OH OH H H NH:
11-38-3 p-Cl-Ph H H CH(CH,), By H CH; OH OH H H NH,
[1-38-4 p-Cl-Ph H H CHCH(CH); "Bu H CH; OH OH H H NH,
11-38-5 p-Cl-Ph H H CH:Ph "Bu H CH; OH OH H H NH;
11-386 p-Cl-Ph H H CHrindol-3-v]l "Bu H CH; OH OH H H NH;
11-38-7 p-Cl-Ph H H CHCHSCH; "Bu H CH; OH OH H H NH;
1-388 pCl-Ph * H ° Bu H CH; OH OH H H NH:
*R”and R” joined together by (CH,); to form five-membered ring.

Table 11-39.

Ne R R® R* R® RR R RR X Y R R F
11-39-1 p-Br-Ph H H H u H CH; OH OH H H NH;
11-392 p-Br-Ph H H CH, "Bu H CH; OH OH H H NH,
11-39-3 p-Br-Ph H H CH(CH,) "B8u H CH; OH OH H H NH,
-394 p-Br-Ph H H CHCH(CH;). "Bu H CH; OH OH H H NH;
(1-39-5 p-Br-Ph H H CHPh “Bu H CH;, OH OH H H NH;
1-39-6 pBr-Ph H H CHyindol-3v! "By H CH, OH OH H H NH;
[1-39-7 p-Br-Ph H H CHCHSCH; "Bu H CH; OH OH H H NH;
11-:39-8 pBr-Ph * H * "By H CH, OH OH H H NH,

*R” and R™ joined together by (CH:); to form five-membered ring.
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Table 11-40.

Ne R’ R° R™ R® R RRR® X ¥ R R R
11-40-1 p-l-Ph H H H "Bu H CH; OH OH H H NH:
1-40-2 p-I-Ph H H CH, Bu H CH;, OH OH H H NH,
11403 pi-Ph H H  CH(CH:): Bu H CH; OH OH H H NH:
1404 pd-Ph H H CHCH(CH;: "Bu H CH; OH OH H H NH;
H-40-5 p.1-Ph H H CH;Ph "83u H CH; OH OH H H NH;
11406 pdPh H H CHyindol-3y "Bu H CH, OH OH H H NH;
1-40-7 p-l-Ph H H CHCHSCH; "Bu H CH; OH OH H H NH;
11408 p-I-Ph * H * "Bu H CH;, OH OH H H NH:
*R¥and R joined together by (CHz); to form five-membered ring,

Table 11-41.

e R' R° R® R® RR "R’ ®* X Y R R KR
ll-41-1 CH, H H H Bz H CH, OH OH H H NH;
I-41-2 CH; H H CH, Bz H CH; OH OH H H NH,
11-41-3 CH; H H CH(CHy): Bz H CH, OH OH H H NH,
[I-41-4 CH; H H CH.CH(CH), Bz H CH; OH OH H H NH,
11415 CH; H H CH:Ph Bz H CH; OH OH H H NH,
11416 CHy H H CHyindol-3y1 Bz H CH, OH OH H H NH;
1-417 CH, H H CHCH:SCH; Bz H CH; OH OH H H NH,
1418 CH; * H * Bz H CH, OH OH H H NH;
*R¥and R”™ joined together by (CHy)s to form five-membered ring,

Table H-42.

Ne R R R® R® R "R R X Y R R FR
11421 Bt H H H Bz H CHL OH OH H H NH,
1-422 &t H H CH; Bz H CH; OH OH H H NH,
11423 Et H H CH(CH,); Bz H CH; OH OH H H NH;
1-424 EE H H CHCH(CH;); Bz H CH; OH OH H H NH;
H-425 Bt H H CH.Ph Bz H CH; OH OH H H NH;
11426 Bt H H CHyindol-31 Bz H CH, OH OH H H NH,
11427 Bt H H CHCHSCHy, Bz H CHy OH OH H H NH,
1-428 Et * H * Bz H CH, OH OH H H NH,

*R* and R‘“’joined together by (CHaz); to form five-membered ring.
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Table 11-43.

No RT R® R® R¥® R ‘"R X Y R R R

43t ’r H H H Bz H CH; OH OH H H NH:
11-432 pr H H CH; Bz H CH; OH OH H H NH;
11433 ‘pr H H CH(CH)): Bz H CH, OH OH H H NH.
434 ‘Pr H H CHCH(CH;); Bz H CH; OH OH H H NH;
11435 ‘Pr H H CHPh Bz H CH; OH OH H H NH:
11-43-6 ‘Pr H H CHyrindol-3-v1 Bz H CH; OH OH H H NH;
1437 Pr H H CHCH:SCH; Bz H CH; OH OH H H NH,
(1.43-8 pr * H * Bz H CH; OH OH H H NH,
*R? and R" joined together by (CHa); to form five-membered ring,

Table 11-44.

Ne R'" R° R® R® RR R R X Y R R F

.41 Bu H H H Bz H CH, OH OH H H NH;
11442 ‘Bu H H CH, Bz H CH, OH OH H H NH;
11-44-3 Bu H H CH(CH,), Bz H CH, OH OH H H NH;
M44-4 ‘Bu H H CHCH(CH;): Bz H CH, OH OH H H NH,
445 ‘Bu H H CH:Ph Bz H CHy OH OH H H NH,
[1-446 ‘Bu H H CHyindol-3y] Bz H CH; OH OH H H NH;
1447 ‘Bu H H CHCH,SCH; Bz H CH,. OH OH H H NH;
1448 Bu * H * Bz H CH; OH OH H H NH;
*R? and R™ joined together by (CH;); to form five-membered ring,

Table 11-45,

Ne R R R R° RF K K X Y R R KR

1451 Ph H H H Bz H CH; OH OH H H NH;
11-45-2 Ph H H CH, Bz H CH; OH OH H H NH;
11-453 Ph H H CH(CH;), Bz H CH; OH OH H H NH,
11454 Ph H H CHyCH(CH;): Bz H CH; OH OH H H NH,
11-455 Ph H H CHPh Bz H CH; OH OH H H NH;
436 Ph H H CHyindol-3-yl Bz H CH; OH OH H H NH;
11-457 Ph H H CHxCH,SCH, Bz H CH; OH OH H H NH:
11458 Ph * H * Bz H CH; OH OH H H NH,
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*R? and R™ joined together by (CHz); to form five-membered ring.

Table 11-46.

Ne R’ R R® R® RR "R R X Y R R R
I1-46-1 p-MePh H H H Bz H CH, OH OH H H NH,
(l-46-2 p-Me-Ph H H CH; Bz H CH; OH OH H H NH.
11-46-3 p-Me-Ph H H  CH(CH)), Bz H CH, OH OH H H NH,
1-46-4 p-Me-Ph H H CH)CH(CH). Bz H CH; OH OH H H NH;
11-46-5 p-Me-Ph H H CH;Ph Bz H CH; OH OH H H NH,
11-46-6 p-Me-Ph H H CHj-indol-3-v1 Bz H CH; OH OH H H NH;
11467 p-MePh H H CH.CH:SCH; Bz H CHy OH OH H H NH
(1-46-8 p-Me-Ph * H * Bz H CH; OH OH H H NH,
*R? and Rﬂ’joined together by (CHy); to form five-membered ring.

Table 11-47.

Ne R’ RT R® R” RR R R X Y R R R
1-47-1 p-F-Ph H H H Bz H CH; OH OH H H NH;
I1-47-2 p-F-Ph H H CH; Bz H CH; OH OH H H NH,
1-47-3 p-F-Ph H H CH(CHy), Bz H CHy OH OH H H NH:
11-47-4 pF-Ph H H CH)CH(CH;) Bz H CH; OH OH H H NH;
1-47-5 p-F-Ph H H CH:Ph Bz H CH; OH OH H H NH;
1476 p-F-Ph H H CHyindol-3-yl Bz H CH; OH OH H H NH,
11477 pF-Ph H H CHCHSCH; Bz H CH, OH OH H H NH,
11-478 pF-Ph * H * Bz H CHi OH OH H H NH,

*R?and R™ joined together by (CHa); to form five-membered ring.

Table 11-48.

Ne R R° R™ R® R”R "R R* X Y R R F
1.48-1 p-Cl-Ph H H H Bz H CH, OH OH H H NH,
11-48-2 p-Ci-Ph H H CH, B: H CH; OH OH H H NH;
1-48-3 p-Cl-Ph H H CH(CHs): Bz H CHy OH OH H H NH,
[1-484 p-Cl-Ph H H CHXCH(CH;» Bz H CH; OH OH H H NH,
I1-48-5 p-CI-Ph H H CH:Ph Bz H CH;, OH OH H H NH,
I1-48-6 p-Cl-Ph H H CHrindol-3v] Bz H CH; OH OH H H NH,
[1-48-7 p-Cl-Ph H H CHCH.SCH; Bz H CH; OH OH H H NH,
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Ne R K R® R® RR R R X Y R RR
1488 p-Cl-Ph * H * Bz H CH, OH OH H H NH,
*R? and R™ joined together by (CH:); to form five-membered ring.

Table 11-49,

'3 R K R® R® RF R R X Y RRPR
[149-1 pBrPh H H H Bz H CH; OH OH H H NH,
(1-49-2 p-Br-Ph H H CH, Bz H CH, OH OH H H NH,
(-49-3 p-Br-Ph H H CH(CH;); Bz H CH; OH OH H H NH;
1-49-4 p-Br-Ph H H CH,CH(CH;, Bz H CH; OH OH H H NH,
[1-49-5 p-Br-Ph H H CH:Ph Bz H CH; OH OH H H NH,
11-496 pBr-Ph H H CHsindol-3yl Bz H CH; OH OH H H NH,
1497 pBr-Ph H H CHCHSCH, Bz H CHy OH OH H H NH.
[1-49-8 p-Br-Ph ¢ H * Bz H CH; OH OH H H NH,
*R* and R™ joined together by (CH,); to form five-membered ring,

Table 11-50.

e R R RY R® RR R KR X Y R R R

-50-1 pl-Ph H H H Bz H CH; OH OH H H NH;
1-50-2 p-l-Ph H H CH; Bz H CH; OH OH H H NH,
[-50-3 pd-Ph H H CH(CHy): Bz H CH; OH OH H H NH,
[1-504 plPh H H CHCH(CHy): Bz H CH, OH OH H H NH;
11-50-5 p-Ph H H CH:Ph Bz H CH, OH OH H H NH;
11506 p-l-Ph H H CHyindol-3yl Bz H CH; OH OH H H NH;
11507 pl-Ph H H CHCHSCH, Bz H CH;, OH OH H H NH;
1-50-8 pI-Ph * H * Bz H CH; OH OH H H NH,

*R”and R™ joined together by (CHz)s to form five-membered ring.
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Table 111-1.
No R R R® R” R® R R XY R RFR
i1 ¢, H H H CH, H CH, F OH H H NH;
H-1-2 CH; H H  Ci .CHy H CH; F OH H H NH;
M-1-3 CH; H H CH(CH;): CH, H CH; F OH H H NH:
M-1-4 CHy H H CH.CH(CH;); CH; H CH; F OH H H NH,
45 CH, H H CH:Ph CH, H CH, F OH H H NH,
116 CHy H H CHpindol-3vl CHy H CH, F OH H H NH;
17 CH, H H CHCHSCH, CH, H CH; F OH H H NH;
N-18 CH * H * CHs H CHs F OH H H NH;
*R* and R”" joined together by (CHz)s to form five-membered ring,
Table I11-2,
Ne RT R R" R® RF K R XY RFR PR
21 B H OHOH CH;, H CH; F OH H H NH;
M-22 Bt H H CH, CH, H CH; F OH H H NH,
m-23 Bt H H CH(CHy) CHy H CH; F OH H H NH:
M-24 Bt H H CHCH(CH;); CH; H CH, F OH H H NH,
Mm-2-5 Et H H CH:Ph CHi H CH; F OH H H NH;
126 Et H H CHyindol3-yl CHy H CH, F OH H H NH;
Mm27 Bt H H CH.CHSCH; CH, H CH; F OH H H NH,
Mm-28 Et * H * CH, H CH; F OH H H NH;

*R*and R‘"‘joined together by (CHa); to form five-membered ring.
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Table 111-3.

N&' Rl R2 R3a RJb Rd R$ Rﬁ X Y R‘? Rs RV

M-3.1 P H H H CH, H CH; F OH H H NH,
l-3-2 Pr H H CH, CH; H CH; F OH H H NH.
N33 'Pr H H CH(CH;), CHi H CH; F OH H H NH;
M-34 Pr H H CH,CH(CH;); CH: H CH; F OH H H NH;
HI3-5 ‘pr H H  CH:Ph CH; H CH; F OH H H NH,
I-3-6 Pr H H CHyindol-3yl CH; H CH; F OH H H NH,
Mm-3-7 Pr H H CHCH,SCH; CH; H CH; F OH H H NH;
138 Ppr * H CH, H CH;, F OH H H NH,
*R¥and R joined together by (CHz)s to form five-membered ring.

Table 111-4.

N R' R° R" R® R R R XY R R F

41 Bu H H H CHy H CH; F OH H H NH;
42 Bu H H CH; CHy H CH; F OH H H NH;
43 '‘Bu H H CH(CH;): CHy H CH; F OH H H NH,
M-44 Bu H H CHCH(CH;); CH: H CH; F OH H H NH,
M-45 ‘Bu H H CHPh CH H CH;, F OH H H NH;
M-46 Bu H H CHyindol-3vi CHy H CH; F OH H H NH;
M-4-7 Bu H H CHCH,SSCH, CH; H CH; F OH H H NH,
M-48 ‘Bu * H * CH; H CH; F OH H H NH,
*R” and R™ joined together by (CHy)s to form five-membered ring,

Table I11-5.

Ne R" R° R* R? RN RRR XY R R R

M-51 pPh H H H CH, H CH; F OH H H NH,
52 Ph H H CH; CH; H CH; F OH H H NH;
153 Ph H H CH(CH;), CH; H CH; F OH H H NH,
M54 Ph H H CHCH(CH;), CH; H CH; F OH H H NH,
155 Ph H H CH:Ph CH; H CH; F OH H H NH;
56 Ph H H CHyindol-3yl CHy H CH, F OH H H NH,
Mm-s-7 Ph H H CHCH,SSCH; CH; H CH; F OH H H NH,
Mm-58 Ph * H * CH, H CH;, F OH H H NH,

*RTand R™ joined together by (CHz); to form five-membered ring.
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Table 111-6.

Ne R' R° R®™ R® R®* R R XY R R PR

m-6-1 p-Me-Ph H H H CHs H CH; F OH H H NH,
M-6-2 p-Me-Ph H H CH; CHi H CHL F OH H H NH,
H1-6-3 p-Me-Ph H H CH(CH:): CHs H CHy F OH H H NH:
11-6-4 p-Me-Ph H H CHCH(CH;) CH; H CH; F OH H H NH;
11-6-5 p-Me-Ph H H CH;Ph CH; H CH; F OH H H NH:
1166 p-Me-Ph H H CHyindol-3-y1 CH; H CH, F OH H H NH;
111-6-7 p-Me-Ph H H CHyCH,SCH; CH; H CH; F OH H H NH;
1168 p-MePh ¢* H * CH; H CH; F OH H H NH;
*R¥and R° joined together by (CH); to form five-membered ring.

Table 111-7.

Ne R' R® R* R® R RRR XY R R R

71 pFPh H H H CH; H CH; F OH H H NH;
7.2 p-F-Ph H H CH; CH; H CH;, F OH H H NH;
ul-2-3 p-F-Ph H H CH(CH;) CH; H CH; F OH H H NH:
t-7.4 p-F-Ph H H CHCH(CHy). CH H CH; F OH H H NH:
-6 p-F-Ph H H CH:Ph CH; H CH; F OH H H NH:
i11-7-7  p-F-Ph H H  CH;-indol-3-vl CH; H CH, F OH H H NH:
Mm-78 p-F-Ph H H CHCH,SCHy, CH; H CH; F OH H H NH:
11-7.20 p-F-Ph * H * CHi H CH; F OH H H NH:
*R¥and R joined together by (CH,); to form five-membered ring.

Table 11-8.

Ne R' R° R® R* R R R XY R" R* R

111-81 pCI-Ph H H H CH, H CH; F OH H H NH;
1M-8-2 p-Cl-Ph H H CH; CH; H CH; F OH H H NH;
11-8-3 p-Cl-Ph H H CH(CH;), CH; H CH;, F OH H H NH,
-84 p-Cl-ph H H CHCH(CHy); CH; H CH; F OH H H NH;
in-8-5 p-Ci-Ph H H CH;Ph CHi H CH; F OH H H NH;
11186 p-Cl-Ph H H CHeindol3.yl CH, H CH, F OH H H NH,
1n-8-7 p-Ct-ph H H CHCH.SCH; CH; H CH; F OH H H NH,
1ni-8-8 p-Cl-ph * H * CH, H CH; F OH H H NH,

*R% and R™" joined together by (CHz); to form five-membered ring.
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Table 111-9.

Ne R’ RS R® R® R RRR XY R K &
91 p-Br-Ph H H H CH; H CH; F OH H H NH:
92 pBr-Ph H H CH, CH; H CH; F OH H H NH,
11-9-3  p-Br-Ph H H CH(CH;); CH: H CH: F OH H H NH,
94 p-Br-Ph H H CH;CH(CH;)zk CH; H CH; F OH H H NH;
W96 p-Br-Ph H H CH;Ph CH; H CH; F OH H H NH;
1197 pBr-Ph H H CHyindol3-yl CHy H CHy F OH H H NH;
1m-9-8 p-Br-Ph H H CHCHSCH; CH; H CH; F OH H H NH:
m-9-20 p-Br-Ph * H * CH, H CH; F OH H H NH;
*R¥and R joined together by (CH;); to form five-membered ring,

Table 11i-10.

Ne R' R R®™ R" R R R XY R RVNR
101 pl-Ph H H H CHy H CH, F OH H H NH;
-10-2 pI-Ph H H CH; CH; H CH; F OH H H NH;
10-:10-3 p-I-Ph H H CH(CHy), CHy H CH; F OH H H NH;
-104 pIPh H H CHCH(CH): CHy H CH, F OH H H NH,
MI-10-5 pl-Ph H H CH:Ph CHi H CH; F OH H H NH,
IN-10-6 p-I-Ph H H CHyindol-3-yl CHy H CH; F OH H H NH;
m-10-7 p-I-spPh H H CH,CH:SCH; CH; H CH; F OH H H NH:
111-10-8 p-I-Ph * H * CH; H CH; F OH H H NH:
*R”and R™ joined together by (CHa)s to form five-membered ring.

Table 111-11.

Ne RT R R® R® R R R XY R R R
H-11-1 CH, H H H EE H CH, F OH H H NH,
m-11-2 CH; H H CH, Et H CH;, F OH H H NH,
M-11-3 CH; H H CH(CH,); Et H CH; F OH H H NH,
f-i1-4 CH; H H CH,CH(CH;); Et H CH; F OH H H NH;
M-11-5 CH; H H CH:Ph Et H CH, F OH H H NH,
1116 CH, H H CHyindol-3y! Ft H CH, F OH H H NH.
im-11-7 CH; H H CH;CH,SCH; Et H CH; F OH H H NH,
m-yt-8 CH, * H * Et H CH, F OH H H NH,

*R* and R‘m—joined together by (CH;); to form five-membered ring.
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Table 111-12,

Ne R' R® R™ R" R" R R* XY R R R

Mm-12-t 6 H H H Et H CH; F OH H H NH:

1-12-2 &6 H H CH; Et H CH; F OH H H NH

IM-123 Bt H H CH(CH)): Et H CH: F OH H H NH,

M-124 Bt H H CH}CH(CH;, Et H CH; F OH H H NH,

M-12.5 Et H H CH:Ph Et H CH: F OH H H NH:

M-12-6 & H H CHyeindol3l E¢c H CHy F OH H H NH;

127 Et H H CHCH,SCH;, Et H CH; F OH H H NH

-128 Et * H * Et H CH. F OH H H NH;

*R¥and R joined together by (CH3); to form five-membered ring.

Table 111-13.

Ne R' R' R® R® R R R XY R R F

M-13-1 Pr H H H Et H CH, F OH H H NH;

me-132 pr H H CH; Et H CH; F OH H H NH,

-13-3 Pr H H CH(CH), Et H CH; F OH H H NH,

M-134 Pr H H CHCH(CH:): Et H CH; F OH H H NH,

M-13-5 Pr H H CH:Ph EE H CH; F OH H H NH;

M-136 Pr H H CHrindol-3v1 Et H CH, F OH H H NH:

Mm-137 ’/r H H CHCH.SCH, Et H CH; F OH H H NH;

m-138 pr * H * Bt H CH; F OH H H NH;

*R° and R™ joined together by (CH,); to form five-membered ring.

Table IT1-14.

i R R° R R R KR X ¥ RRPF
3a

I0-14 Bu H H H Bt H CH; F OH H H NH,

1

-1~ Bu H H CH; Et H CHi F OH H H NH;

2

i-14- ‘Bu H H CH(CHy), Ft H CH, F OH H H NH,

3

M-14- Bu H H CH.CH(CH;), Et H CH, F OH H H NH;

) .

29809011 - ]23_

Gilead Exhibit 2025
PGR2023-00046 - Page 00215



Docket No. 60137.0034USUI

e RN R R R RRR R X Y R R F
ki

Ml-14- ‘Bu H H CH:Ph EtE H CH, F OH H H NH:
5

-1 Bu H H CHyindol3yl Et H CH; F OH H H NH:
p .

M-14- 'Bu H H CHCH.SCH; Et H CH; F OH H H NH:
7

N-14- Bu * H * Et H CH; F OH H H NH;
8

*R¥ and R™ joined together by (CH;); to form five-membered ring,

Table 111-15.

Ne Rl R* R* RP RR R R® XY R R R
Hl-1s-1 Ph H H H Et H CH; F OH H H NH;
In-15-2 ph H H CH; Et H CH; F OH H H NH;
11-1s-3 Ph H H CH(CH;) Et H CHy F OH H H NH,
M-154 Ph H H CH.CHCCH;: Et H CH, F OH H H NH,
H-15-5 Ph H H CH;Ph Et H CH; F OH H H NH;
HI-156 Ph H H CHiindol-3-yl Et H CH; F OH H H NH;
M-157 Ph H H CHCH,SCH: Ft H CHy F OH H H NH:
-158 Ph * H * ECc H CH; F OH H H NH,
*R*and R™ joined together by (CHz); to form five-membered ring.

Table 11-16.

Ne R’ RT R® R® RRR XY R R KR
1-16-1 p-Me-Ph H H H Et H CH; F OH H H NH:
{1-16-2 p-Me-Ph H H CH; .Et H CH; F OH H H NH;
11-16-3 p-Me-Ph H H CH(CH;); Ec H CH; F OH H H NH;
1164 p-Me-Ph H H CHCH(CH;)y Et H CH; F OH H H NH;
H1-16-5 p-Me-Ph H H CH:Ph Et H CHi F OH H H NH;
11-16-6 p-Me-Ph H H CHpeindol-3-v1 Et H CH; F OH H H NH;
11-16-7 p-Me-Ph H H CHCHSCH; Et H CH; F OH H H NH;
11-16-8 p-Me-Ph * H * Et H CHL, F OH H H NH,

*R*and R™ joined together by (CH.); to form five-membered ring.
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Table NI-17.

Ne R’ RT R" R® R RRR XY R R R

[-17-1 p-F-Ph H H H EE H CH; F OH H H NH;
-17-2 pF-Ph H H CHs £t H CH, F OH H H NH,
-17-3 p-F-Ph H H CH(CH)): EE H CHi F OH H H NH;
U174 pF-Ph H H CHCH(CH); Et H CH; F OH H H NH
HI-17-5 p-F-Ph H H CHPh Et H CH, F OH H H NH,
f-17-6 pF-Ph H H CHyindol-3y] Et H CH; F OH H H NH;
177 p-F-Ph H H CHCHSCH; Et H CH; F OH H H NH;
-178 pF-Ph * H * Et H CHy F OH H H NH,
*R” and R™ joined together by (CH:); to form five-membered ring,

Table 11I-18.

Ne R' R° R® R™ R R R XY R RF
1181 pCl-Ph H H H Et H CH; F OH H H NH;
H1-18-2 p-Cl-Ph H H CH, Et H CHy F OH H H NH;
H1-18-3 p-Cl-Ph H H CH(CHy), Et H CHy F OH H H NH;
-184 pCl-Ph H H CHCH(CH): Et H CH; F OH H H NH
1I-185 p-Cl-Ph H H CH:Ph Et H CHi F OH H H NH:
I-186 p-Cl-Ph H H CHyindol3-yl Bt H CH; F OH H H NH;
187 p-Cl-Ph H H CH.CHSCH, Et H CH; F OH H H NH
11188 p-Cl-Ph * H * Et H CH; F OH H H NH;
*R” and R” joined together by (CH.); to form five-membered ring.

Table I11-19.

Ne R’ RT R® RF R R R XY R RFR
1-191 p-Br-Ph H H H Et H CH, F OH H H NH;
m-19-2 p-Br-Ph H H CH; Et H CH; F OH H H NH;
11193 p-Br-Ph H H CH(CHy): Et H CH; F OH H H NH,
1194 p.Br-Ph H H CHCH(CH). Et H CHy F OH H H NH:
H1-19-5 p-Br-Ph H H CH.Ph EE H CHi F OH H H NH:
MI-196 p-Br-Ph H H CHyindol3yl Bt H CH, F OH H H NH,
-197 p-Br-Ph H H CHCH,SCH, Et H CH; F OH H H NH;
M1-198 p-Br-Ph * H * Et H CH, F OH H H NH,

*R*and R:’T’joined together by (CHz)s to form five-membered ring.
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Table 111-20.

Ne R' R° R* R" R " R® XY R R PR
M-20-1 p-Ph H H H Et H CHy F OH H H NH,
11-20-2 p-I-Ph H H CH; Et H CH; F OH H H NH;
I1-20-3 p-I-Ph H H CH(CH;): Et H CH F OH H H NH:
11204 p-.Ph H H CH.CH(CHy); Et H CH; F OH H H NH:
101-20-5 p-I-Ph H H CH:Ph Et H CHy F OH H H NH;
1-20-6 p-I-Ph H H CHyindol-3-vl Et H CH; F OH H H NH;
11-20-7 p-I-Ph H H CHCHSCH; Et H CH; F OH H H NH;
[11-20-8 p-I-Ph * H * Et H CH; F OH H H NH;
*R7and R™ joined together by (CHz)s to form five-membered ring.

Table I11-21.

Ne R' R R" R® R R R XY RRFPR
Mm-21-1 CHy H H H r H CH; F OH H H NH,
M-21-2 CH;, H H CH; Pr H CH; F OH H H NH,
i1-21-3 CH, H H CH(CH;); " H CH; F OH H H NH,
M-21-4 CHy H H CHCH(CH); Pr H CHy F OH H H NH,
215 CH; H H CH.Ph « H CH; F OH H. H NH;
M-21-6 CH; H H CHyindol-3-y] Pr H CH; F OH H H NH,
M-21-7 CHy H. H CHxCH.SCHy ‘Pr H CH; F OH H H NH,
IM1-21-8 CH; * H * ‘’t H CH; F OH H H NH,
*R?and R™ joined together by (CHa) to form five-membered ring.

Table 111-22.

Ne R™ R* R® R® RR R R XY R R K
Hi22-1 B¢ H H H '‘r H CH, F OH H H NH
222 Bt H H CHs r H CH; F OH H H NH,
1-223 EE H H CH(CH)); ‘Pt H CH; F OH H H NH,
Mm-22-4 Bt H H CHCH(CHy), Pr H CH; F OH H H NH;
M-22-5 Et H H CH;Ph Pt H CH, F OH H H NH;
11.226 Bt H H CHyindol-3-yi Pr H CH; F OH H H NH,
11-227 Bt H H CH.CH,SCH; 'Pr H CH; F OH H H NH,
I1-228 Et * H * ‘ H CH; F OH H H NH,

*R% and R™ joined together by (CH.); to form five-membered ring.
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Table 111-23.

Ne R R° R®™ R™ R R R XY R R R

M-231 Pr H H H  H CH; F OH H H NH,
232 Pr H H CH; Pr H CH; F OH H H NH,
M-23-3 '‘’r H H CH(CH;): Pr H CHy F OH H H NH,
1234 Pr H H CHCHCH), Pr H CH; F OH H H NH;
m-23-5 pr H H CH:Ph ‘r H CH; F OH H H NH,
M-23-6 Pr H H CHgindol-3-vl Pr H CH; F OH H H NH,
m-23-7 P’r H H CH:CH:SCH; Pr H CH; F OH H H NH;
M-238 'pr * H * Pt H CH; F OH H H NH,
*R” and R° joined together by (CH>); to form five-membered ring.

Table 111-24.

Ne R' R° R* R® R R R XY R R PR
M-241 Bu H H H Pr H CH;, F OH H H NH;
M-242 Bu H H CH; P’r H CH;, F OH H H NH
1243 Bu H H CH(CH) ’r H CHy F OH H H NH,
1-244 'Bu H H CHCH(CH), Pt H CHi F OH H H NH,
1-24-5 Bu H H CH:Ph P’ H CH; F OH H H NH;
M-246 Bu H H CHyindol3vt Pr H CH, F OH H H NH;
M-247 Bu H H CHCH:SCH; P H CH, F OH H H NH:
1-248 Bu ¢ H * Pt H CHi F OH H H NH;
*R¥and R™ joined together by (CH,); to form five-membered ring.

Table I11-25.

Ne R" R® R® R R R R* XY R R F

1M-251 Ph H H H ’r H CH; F OH H H NH,
0252 Ph H H CH, Pr H CH; F OH H H NH,
1253 Ph H H CH(CH,) 't H CH; F OH H H NH,
f11-254 Ph H H CH,CH(CH;), Pr H CH; F OH H H NH,
111-25-5 Ph H H CH;Ph Pt H CH; F OH H H NH,
M-256 Ph H H CHypindol-3vl Pr H CH, F OH H H NH;
i-25-7 Ph H H CHCH.SCH;, Pr H CH; F OH H H NH,
111-25-8 Ph * H ¢ Pr H CH, F OH H H NH,

*R?7and R™ joined together by (CH:); to form five-membered ring.
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Table 111-26.

Ne R’ R° R® R® R "R R X Y R R F
l-26-1 p-Me-Ph H H H Pr H CH; F OH H H NH,
11262 p-MePh H H CH; P’r H CHy F OH H H NH:
M1-26-3 p-Me-Ph H H  CH(CH,): Pr H CH F OH H H NH,
11-26-4 p-Me-Ph H H CH.CH(CH:); Pr H CH;, F OH H H NH;
H1-26-5 p-Me-Ph H H CH:Ph P H CH; F OH H H NH,
111-26-6 p-Me-Ph H H CHyindol-31 Pr H CHy F OH H H NH:
11-26-7 p-Me-Ph H H CH,CH;SCH; Pr H CH; F OH H H NH;
[11-268 p-Me-Ph * H * Pr H CH; F OH H H NH,
*R¥and R™ joined together by (CH:z); to form five-membered ring.

Table 111-27.

Ne R' R® R* R® R R R® XY R R K]
-27-1 p-F-Ph H H H ’r H CH; F OH H H NH;
111272 p-F-Ph H H CH; Pr H CH; F OH H H NH;
11-27-3 p-F-Ph H H CH(CHy), r H CH; F OH H H NH;
1274 p-F-Ph H H CHCH(CH); Pr H CH; F OH H H NH;,
1275 p-F-Ph H H CH:Ph Pt H CH F OH H H NH,
111-27-6 p-F-Ph H H CHyindol-3yl Pr H CH; F OH H H NH;
11-27-7 p-F-Ph H H CHCHSSCH, Pr H CHy F OH H H NH:
11278 p-F-Ph * H * ‘’r H CHy F OH H H NH;
*R% and R™ joined together by (CH,); to form five-membered ring,

Table 111-28.

Ne R’ RT R® R® R K R XY R R R
1-281 p-Cl-Ph H H H Pr H CH;, F OH H H NH,
11-28-2 p-Cl-Ph H H CHy ’r H CH; F OH H H NH,
[11-28-3 p-Cl-Ph H H CH(CH;); Pt H CH; F OH H H NH,
1-28-4 p-Cl-Ph H H CH.CH(CH;), 'Pr H CH; F OH H H NH,
111-:28-5 p-Cl-Ph H H CH;Ph r H CH; F OH H H NH,
111-28-6 p-Cl-Ph H H CHyindol-3.yl Pr H CH, F OH H H NH,
1287 p-Cl-Ph H H CHCHSCH; Pr H CH; F OH H H NH,
Ni-288 p-Cl-Ph * H * ’r H CH, F OH H H NH,

*R” and R™ joined together by (CH:); to form five-membered ring.
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Table 11-29.

Ne R’ RT R* R® RR R R® XY R R R
1M1-29-1 p-Br-Ph H H H Pr H CHh F OH H H NH,
11-29-2 p-Br-Ph H H CH; ‘Pr H CH; F OH H H NH;
111-29-3 p-Br-Ph H H CH(CH,), Pr H CHs F OH H H NH;
1I-29-4 p-Br-Ph H H CH.CH{CH;); Pr H CH; F OH H H NH;
111-29-5 p-Br-Ph H H CH:Ph Pr H CH, F OH H H NH;
11-29-6 p-Br-Ph H H CHyindol3-yl Pr H CH; F OH H H NH;
11-29-7 p-Br-Ph H H CHCH:SCH, Pr H CH; F OH H H NH;
(11-29-8 p-Br-Ph * H * r H CHy F OH H H NH;
*R¥and R® joined together by (CHa); to form five-membered ring.

Table 111-30.

Ne R! R® R® R® RR R R XY R RF
301 pI-Ph H H H Pr H CH; F OH H H NH;
1-30-2 pl-Ph H H CH; Pr H CHy F OH H H NH;
111303 p--Ph H H CH(CH;) Pr H CH; F OH H H NH;
11-30-4 p-I-Ph H H CHCH(CH): ‘Pr H CHy F OH H H NH;
fM1-30-5 p--Ph H H CH:Ph t H CH;, F OH H H NH,
11-30-6 p-1-Ph H H CHyindol-3yl Pr H CH; F OH H H NH;
111-30-7 pl-Ph H H CH.CH:SCH, Pr H CH; F OH H H NH,
111-30-8 p-I-Ph * H = Pr H CH; F OH H H NH;
*R” and R™ joined together by (CH3); to form five-membered ring.

Table [11-31.

Ne R© R° R® R® R R R XY R R F
i-31-1 CH, H H H "Bu H CH; F OH H H NH,
M-31-2 CH; H H CH; "Bu H CH; F OH H H NH,
11-31-3 CH; H H CH(CH;), "By H CH; F OH H H NH,
M-31-4 CH, H H CH.CH(CH;); "Bu H CH; F OH H H NH,
315 CH; H H CH;Ph "By H CH; F OH H H NH,
316 CH, H H CHsindol-3vl "By H CHy F OH H H NH;
M-31-7 CHy H H CH,.CH.SCH; "Bu H CH; F OH H H WNH,
m-31-8 CH, * H * "Bu H CH; F OH H H NH;

*R? and R™ joined together by (CHa)3 to form five-membered ring.
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Table 111-32.

Ne R" R R® R® R® RO R® X Y R R R

m-32-1 &t H H H "Bu H CH, F OH H H NH;
322 Bt H H CH, Bu H CH; F OH H H NH,
M-32-3 BB H H CH(CH): Bu H CH;, F OH H H NH,
M-32.4 Et H H CHCH(CH); "Bu H CH: F OH H H NH;
m-32-5 Et H H CH;Ph "Bu H CH; F OH H H NH;
1326 Et H H CHwindol-3-yl Bu H CH; F OH H H NH,
03227 Bt H H CHCHSCH; "Bu H CH; F OH H H NH;
M-328 Bt ¢ H * Bu H CHy F OH H H NH,
*R7and R°" joined together by (CH;); to form five-membered ring.

Table 111-33.

Ne Rl R* R®™ R® R R R XY R R F

1331 Pc H H H Bu H CHy F OH H H NH;
m332 pr H H CH; Bu H CH; F OH H H NH,
i-33-3 Pr H H CH(CHy): "Bu H CH; F OH H H NH,
M-33-4 Pr H H CHCH(CH;) "Bu H CH; F OH H H NH,
M-335 'Pr H H CH:Ph "Bu H CH;, F OH H H NH,
HI-336 Pr H H CHyindol-3y1 "Bu H CH, F OH H H NH,
M-337 Pr H H CHXCH.SCH, "Bu H CH; F OH H H WNH;
11-33-8 Pr * H * "Bu H CH; F OH H H NH;
*R”and R” joined together by (CH;); to form five-membered ring.

Table 111-34.

Ne R R R* R® R RR R XY R R R
M-341 Bu H H H "Bu H CH, F OH H H NH;
M-342 Bu H H CH;, "Bu H CH; F OH H H NH.
-3¢3 '‘Bu H H CH(CH;), "u H CH; F OH H H NH,
M-34-4 'Bu H H CH,CH({CHy); "Bu H CH; F OH H H NH,
i-34-5 '‘By H H CH.Ph "Bu H CH; F OH H H NH:
M-346 'Bu H H CHyindol-3yl "Bu H CH, F OH H H NH,
Mm-33.7 Bu H H CH,CH,SCH; "Bu H CH; F OH H H NH,
m-34-8 Bu * H * "Bu H CH, F OH H H NH,

*R¥and R® joined together by (CHa)s to form five-membered ring.
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Table 1H-35,

Ne R" R R® R R® R.R® XY R R PR
M-351 ph H H H "Bu H CH; F OH H H NH,
1352 Ph H H CHs "Bu H CHL F OH H H NH,
11353 Ph H H CH(CHy: "8u H CHy F OH H H NH:
1354 Ph H H CHCH(CH): "Bu H CH; F OH H H NH;
11355 Ph H H CH:Ph “Bu H CH; F OH H H NH;
356 Ph H H CHsindol-3vl Bu H CH; F OH H H NH,
11357 Ph H H CH;CH:SCH_; "Bu H CH; F OH H H NH:
-3s-8 Ph * H * Bu H CH; F OH H H NH;

*R¥ and R joined together by (CHz); to form five-membered ring,

Table 111-36.

Ne R' R® R® R® RR RRR XY R R F
II-36-1 p-Me-Ph H H H "Bu H CH; F OH H H NH,
HI-36-2 p-Me-Ph H H CH, "By H CH, F OH H H NH.
1-36¢-3 p-Me-Ph H H CH(CH;); "B3u H CH; F OH H H NH,
11-36-4 p-MePh H H CH)CH(CH): "Bu H CH; F OH H H NH:
111-36-5 p-Me-Ph H H CH:Ph “Bu H CH; F OH H H NH,
11-36-6 p-Me-Ph H H CHyindol-3yl "Bu H CHy, F OH H H NH;
1-36-7 pMePh H H CHCHSCH, "Bu H CH, F OH H H NH;
111-36-8 p-Me-Ph * H * "8 H CH; F OH H H NH;
*R” and R™ joined together by (CH;); to form five-membered ring,

Table 111-37. :

Ne R R R* R® R R RR XY R RF
M-371 pFPh H H H "By H CH;, F OH H H NH,
1-37-2 pF-Ph H H CH, "By H CH; F OH H H NH,
11-37-3 p-F-Ph H H CH(CH), B3y H CH; F OH H H NH,
1-37-4 p-F-Ph H H CHCH(CH); “Bu H CH; F OH H H NH,
-37.5 p-F-Ph H H CH;Ph By H CH; F OH H H NH,
11-37-6 p-F-Ph H H CHypindol3yl "Bu H CH, F OH H H NH,
1-37-7 p-F-Ph H H CHCHSSCH; “Bu H CH; F OH H H NH,
M1-37-8 p-F-Ph * H * "Bu H CH; F OH H H NH;

*R? and R™ joined together by (CH,); to form five-membered ring.
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Table 111-38,

Ne R' R® R® R® R R R XY R R R
1m-38-1 p.Cl.Ph H H H "Bu H CH; F OH H H NH:
11-38-2 p-Cl-Ph H H CH, Bu H CH; F OH H H NH;
m-38-3 p-Cl-<Ph H H CH(CH;): "8u H CH; F OH H H NH;
11-38-4 p-Cl-Ph H H CH:CH(CHy); "Bu H CH; F OH H H NH;
11-38-5 p-Cl-Ph H H CH:Ph "8u H CHy F OH H H NH;
11-38-6 p-CI-Ph H H CHyindol-3y1 "Bu H CH, F OH H H NH;
11-38-7 p-Cl-Ph H H CH;CHSCH; "Bu H CH; F OH H H NH;
111-38-8 p-Cl-Ph * H * "Bu H CH; F OH H H NH,
*R7and R™ joined together by (CH;); to form five-membered ring.

Table 111-39,

N R' R* R* R® R R R XY R RVF
(11-39-1 p-Br-Ph H H H "Bu H CHy F OH H H NH;
M-39-2 p-Br-Ph H H CH; Bu H CH; F OH H H NH:
(11-39-3 p-Br-Ph H H CH(CH;) "Bu H CH; F OH H H NH;
-394 p-Br-Ph H H CH:CH(CHy) "Bu H CH; F OH H H NH:
-39-5 p-Br-Ph H H CH:Ph "Bu H CH; F OH H H NH;
111-39-6 p-Br-Ph H H CHyindol-3-yl "Bu H CH; F OH H H NH;
11-39-7 p-Br-Ph H H CH.CH:SCH; "Bu H CH; F OH H H NH;
11-39-8 p-Br-Ph * H * "Bu H CH; F OH H H NH:
*R* and R™ joined together by (CH,); to form five-membered ring.

Table 111-40.

Ne R RT R® R® R R R XY R RF
1140-1 p-I-Ph H H H "Bu H CH; F OH H H NH,
111-40-2 p-.Ph H H CH, "Bu H CH;, F OH H H NH.
11-40-3 p-1-Ph H H CH(CH;):. "Bu H CH; F OH H H NH;
{1404 pI-Ph H H CHCH(CHy): "Bu H CH, F OH H H NH;
(11-40-5 p-1-Ph H H CH.Ph "Bu H CH; F OH H H NH;
111-40-6 p-1-Ph H H CHgpindol3-yl "Bu H CH, F OH H H NH,
111-40-7 p-l-Ph H H CH,CH,SCH; "Bu H CH; F OH H H NH,
11140-8 p-I-Ph ¢ H * "Bu H CH; F OH H H NH;

*R*and R’“’joined together by (CHz); to form five-membered ring.
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Table 111-41.

Ne R" R R®™ R® R "R R®* XY R R PR
M4i<l CH; H H H Bz H CH, F OH H H NH;
1-41-2 CHy H H CH, Bz H CH;, F OH H H NH,
M141-3 CH; H H CH(CHy), Bz H CH F OH H H NH;
Ml-41-4 CH; H H CH:CH(CH;; Bz H CH; F OH H H NH;
M-41-5 CH; H H CH:Ph Bz H CH; F OH H H NH;
11-41-6 CH; H H CHyindol-3¥yl Bz H CH; F OH H H NH,
417 CH; H H CH,CH:SCH; Bz H CH; F OH H H NH;
1418 CH, * H ¢ Bz H CH; FF OH H H NH,
*R” and R°” joined together by (CH;); to form five-membered ring,

Table 111-42.

Xe R" R° R*® R® R"F R R XY R RVR
-42-1 68 H H H Bz H CH; F OH H H NH;
Mm-42-2 6 H H CH; Bz H CH; F OH H H NH;
11423 Et H H CH(CH;) Bz H CH; F OH H H NH,
I1-42.4 B¢t H H CHCH(CH;, Bz H CH, F OH H H NH
11425 Bt H H CH:Ph B: H CH, F OH H H NH.
1142-6 Et H H CHrindol-3-yl Bz H CH; F OH H H NH; ’
M-42-7 Bt H H CH:CH.SCH, Bz H CH; F OH H H NH:
428 Et * H ¢ Bz H CH; F OH H H NH,
*R” and R” joined together by (CH;); to form five-membered ring.

Table 111-43.

e R™ R° R* R¥ R R R XY R RV
Mn-431 Pr H H H Bz H CH; F OH H H NH
432 Pr H H CH; Bz H CH, F OH H H NH:
1-43-3 Pr H H CH(CH;): Bz H CH, F OH H H NH;
M1-434 Pr H H CHCH(CH;): Bz H CHy F OH H H NH;
111-43.5 Pr H H CH:Ph Bz H CH, F OH H H NH;
Mm-43-6 Pr H H CHsindol-3-v1 Bz H CH, F OH H H NH,
437 Pr H H CHCHSCH; Bz H CH; F OH H H N&
1438 pr * H * Bz H CHy F OH H H NH,
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*R* and R™ joined together by (CHz); to form five-membered ring,

Table 111-44.

Ne RT R° R® R® R "R R XY R RFR
441 Bu H H H Bz H CHb F OH H H NH
442 Bu H H CH, Bz H CH, F OH H H NH;
11-44-3 'Bu H H CH(CH;); Bz H CH; F OH H H NH;,
434 Bu H H CH.CH(CHy) Bz H CHy F OH H H NH:
11445 'Bu H H CH:Ph Bz H CH; F OH H H NH:
446 Bu H H CHyindol-3-vi Bz H CHy F OH H H NH:
M44-7 Bu H H CHCH.SCH; Bz H CH; F OH H H NH;

11448 ‘Bu * H * Bz H CH; F OH H H NH;

*R% and R”" joined together by (CHz)s to form five-membered ring.

Table 11-45.

No R R° R® R R R R XY R R R
451 Ph H H H Bz H CH; F OH H H NH,
1452 Ph H H CH; Bz H CH; F OH H H NH;
111453 Ph H H CH(CHy): Bz H CH, F OH H H NH,
454 Ph H H CHCH(CH): Bz H CH; F OH H H NH;
455 Ph H H CH;Ph Bz H CH; F OH H H NH;
1456 Ph H H CHswindol3yl Bz H CH; F OH H H NH;
457 Ph H H CHCH:SCH; Bz H CH, F OH H H NH;
458 Ph ¢ H * Bz H CH, F OH H H NH,
*R”and R joined together by (CH.), to form five-membered ring.

Table 111-46.

Ne R R® R® R® R R R XY R R PR
11461 p-Me-Ph H H H Bz H CH, F OH H H NH;
462 p-Me-Ph H H CH, Bz H CHy F OH H H NH,
[1-46-3 p-Me-Ph H H CH(CH;); Bz H CH;, F OH H H NH,
464 pMePh H H CHCHCH): Bz H CHy F OH H H NH,
H1-46-5 p-Me-Ph H H CHPh Bz H CH; F OH H H NH,
11466 p-MePh H H CHeindol-3-yl Bz H CHy F OH H H NH,
467 pMePh H H CHCHSCHy Bz H CH; F OH H H NH;
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Ne R’

R»

R-l

RS R6

XYy

R?

Rs Rf'

111-46-8 p-Me-Ph

-

H

*

Bz H CH;

F OH H H NH:

*R* and R™ joined together by (CH,); to form five-membered ring,

Table 111-47.

Ne R' R° R* R™ R R R® XY R R F
t-47-1 p-F-Ph H H H Bz H CH; F OH H H NH,
INn-47-2 p-F-Ph H H CH, Bz H CH; F OH H H NH;
(11473 pF-Ph H H CH(CHy), Bz H CH, F OH H H NH,
1-47-4 p-F-Ph H H CH,CH(CH;); Bz H CH; F OH H H NH;
11-47-5 p-F-Ph H H CH:Ph Bz H CH; F OH H H NH;
476 p-F-Ph H H CHsyindol-3vl Bz H CH; F OH H H NH;
11-47-7 p-F-Ph H H CH.CH.SCH; Bz H CH; F OH H H NH;
11-47-8 p-F-Ph * H * Bz H CHy F OH H H NH;
*R* and R™ joined together by (CHz); to form five-membered ring,

Table 111-48.

Ne R' R* R® R® R R R XY R R F
11-48-1 pCl-Ph H H H Bz H CH; F OH H H NH,
[-48-2 p-Cl-Ph H H CH; Bz H CH; F OH H H NH;
11-48-3 p-CI-Ph H H CH(CH:); Bz H CHy F OH H H NH;
m-484 p-Cl-bph H H CH,CH(CH;); Bz H CH; F OH H H NH;
111-48-5 p-Cl-Ph H H CH,Ph Bz H CH; F OH H H NH;
111-48-6 p-Cl-Ph H H CHsindol3-.yl Bz H CHy F OH H H NH,
i11-48-7 p-CI-Ph H H CHCHSSCH; Bz H CH; F OH H H NH;
11-48-8 p-Cl-Ph * H * Bz H CH; F OH H H NH;
*R? and R™ joined together by (CH) to form five-membered ring.

Table 111-49.

Ne R’ R® R® R* R R R® XY R RV
[1-49-1 p-Br-Ph H H H Bz H CHi F OH H H NH;
(1}-49-2 p-Br-Ph H H CH; Bz H CH, F OH H H NH:
I1-49-3 p-Br-Ph H H CH(CH;): Bz H CH; F OH H H NH;
1-49-4 p-Br-Ph H H CH,CH(CH;; Bz H CH; F OH H H NH;
111-49-5 p-Br-Ph H H CH.Ph Bz H CH F OH H H NH,
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3]

Ne R R* R® R® R’ R® Y R R KR

I11-49-7 p-Br-Ph H H CH,CH,SCH: Bz CH; OH H H NH:

R X
11-49-6 p-Br-Ph H H CHy-indol-3-y] Bz H CH; F OH H H NH;
H F
111-49-8 p-Br-Ph * H * Bz H CHb F OH H H NH;

*R¥ and R™ joined together by (CHa)s to form five-membered ring.

Table 111-50.

Ne R RT R* R® R R R XY R R B
(1501 plPh H H H Bz H CH; F OH H H NH;
n1-50-2 p-I-Ph H H CH; Bz H CH, F OH H H NH;
(11-50-3 p-1-Ph H H CH(CHy):; Bz H CHi F OH H H NH;
11-504 pl-Ph H H CHCH(CH): Bz H CH, F OH H H NH
11-50-5 pl.Ph H H CH:Ph Bz H CH, F OH H H NH,
NI-50-6 p-l-Ph H M CHyindol-3-y1 Bz H CH; F OH H H NH,
1507 p-l-Ph H H CHCH:SCH, Bz H CH; F OH H H NH,
-50-8 p-I-Ph * H * Bz H CHy F OH H H NH;
*R? and R™ joined together by (CH:); to form five-membered ring,
R?
RE
B
2 Q /K

Re || o N 0

gh N——xl)———o
s\\\““
COR? OR! R RS
v %
v

Table IV-1.
Ne R' R° R” R® R R R XY R R FR
Vi1l CH; H H H CH, H F F OH H H NH,
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Ne R" R’ R®™ R® R R R XY R R R
IV-1-2 CH; H H CH, CH, H F F OH H H NH;
V.13 CH; H H  CH(CHy); CHi H F F OH H H NH:
V-4 CHy H H CHCH(CH;):. CH; H F F OH H H NH;
IV-1.5 CHy H H CH,Ph CH; H F F OH H H NH:
IV.1-6 CH; H H CHpindol-3y] CHf H F F OH H H NH;
IV-l1:7 CH; H H CHCHSCH; CH, H F F OH H H NH:
IV-1-8 CH; * H * CHy H F F OH H H NH;
*R? and R® joined together by (CHa); to form five-membered ring.

Table 1V-2.

N R RT R™ R® R RR XY RRUIF
IVl EE H H H CH; H F F OH H H NH;
IV22 Bt H H CH, CH; H F F OH H H NH,
IV-2.3 Et H H CH(CH,), CH; H F F OH H H NH,
iv.24 Bt H H CHCH(CH;). CH, H F F OH H H NH;
Iv2s Et H H CH;Ph CH; H F F OH H H NH,
V.26 Et H H CHyindol3y1 CH; H F F OH H H NH;
IV-227 Et H H CH.CHSCH; CH, H F F OH H H NH,
Iv28 Et * H * CHs H F F OH H H NH.
*R¥and R™ joined together by (CH3); to form five-membered ring.

Table 1V-3.

Ne R R° R® R R R R XY R R R
IV31 Pr H H H CH; H F F OH H H NH,
Iv-3:2 Pr H H CH, CH H F F OH H H NH:
IV-3-3 Pr H H CH(CHs); CHs H F F OH H H NH:
IV34 Pr H H CH:.CH(CH), CH; H F F OH H H NH,
IV35 Pr H H CHyPh CH; H F F OH H H NH,
IV-36 ‘Pr H H CHpindol3-vl CH; H F F OH H H NH,
Iv-3-7 Pr H H CHCH,SCH; CH; H F F OH H H NH;
Iv-3-8 Pr * H * CHy H F F OH H H NH;

*R? and R™ joined together by (CHy); to form five-membered ring.

Table IV-4,
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Ne R' R° R" R” R R R XY R R VK
V.41 Bu H H H CH;, H CH; F OH H H NH;
V.42 ‘Bu H H CH, CH;, H CH; F OH H H NH;
IV-43 ‘Bu H H CH(CHy): CH; H CH; F OH H H NH;
IV-44 Bu H H CH.CH(CH;); CH; H CH, F OH H H NH,
IV-45 Bu H H CHPh CHy H CH, F OH H H NH,
IV-d6 ‘Bu H H CHrindol-3yl CH; H CH; F OH H H NH,
IV-47 ‘Bu H H CHCHSCH, CH, H CH, F OH H H NH.
IV-4.8 By * H * CH; H CH; F OH H H NH,
*R¥ and R™ joined together by (CHa); to form five-membered ring.

Table IV-5.

N RN R R® R" R KR R XY R R R
V51 Ph H H H CH, H F F OH H H NH;
IV-52 Ph H H CH, CH, H F F OH H H NH,
IV-53 Ph H H CH(CHy); CH H F F OH H H NH,
IV54 Ph H H CHCH(CH;), CH;s H F F OH H H NH,
IV.5.§ Ph H H CHPh CH H F F OH H H NH,
IV-56 Ph H H CHyindol-331 CHy H F F OH H H NH,
IV-57 Ph H H CHCH,SCH; CHy H F F OH H H NH;
IV58 Ph * H * CH, H F F OH H H NH,

*R¥ and R™ joined together by (CHy)s to form five-membered ring.

Table 1V-6.

Ne R R® R* R® R® R R XY R R ¥
IV&6-1 p-MePh H H H CH, H F F OH H H NH,
IV-62 p-Me-Ph H H CHy CHi H F F OH H H NH,
IV63 pMePh H H CHCH). CH, H F F OH H H NH,
IV6-4 pMe-Ph H H CHCH(CH); CH;, H F F OH H H NH;
[V-6-5 p-Me-Ph H H CH;Ph CHy H F F OH H H NH,
IV-6-6 p-Me-Ph H H CHyindol3vl CH; H F F OH H H NH,
IV-6-7 p-Me-Ph H H CHCH:SCH, CH; H F F OH H H NH;
IV6-8 p-McPh * H * CH; H F F OH H H NH,

*R¥ and R joined together by (CH.); to form five-membered ring,
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Table 1V-7.

Ne R' R° R™ R® R R R XY R R R

V.71 p-F-Ph H H H CH; H F F OH H H NH,
iv.3-2 p-F-Ph H H CH, CH;: H F F OH H H NH
IV-7.3  p.-F-Ph H H CH(CH;): CHi H F F OH H H NH:
IV-74 pFPh H H CHCH(CH;) CH; H F F OH H H NH;
V.76 p-F-Ph H H CH;Ph CH H F F OH H H NH;
IV.7.7 pF-Ph H H CHyindo)3v CHy H F F OH H H NH;
iv-7.8 p-F-Ph H H CHCHSCH; CH; H F F OH H H NH:
[v-7.20 p-F-Ph * H * CH H F F OH H H NH.
*R¥and R™ joined together by (CH:): to form five-membered ring.

" Table 1V-8.

e R’ R® R* R® R* R R XY R R R

Iv-81 p-Cl-Ph H H H CHy H F F OH H H NH;
Iv.8-2 p-Cl-Ph H H CH, CH; H F F OH H H NH,
(V-8-3 p-Cl-Ph H H CH(CHy), CH; H F F OH H H NH,
IV-8-4 p-Cl.Ph H H CH,CH(CH;)y CH; H F F OH H H NH,
IV-8-5 p-Cl-Ph H H CH.Ph CHh H F F OH H H NH,
IV-86 p-Cl.-Ph H H CHyindol3yl CH, H F F OH H H NH,
IV-87 p-Cl-Ph H H CHXCHSCH; CH; H F F OH H H NH;
IV8-8 p-Cl-Ph * H * CHs H F F OH H H NH;
*R*and ijoined together by (CHz); to form five-membered ring,

Table 1'V-9,

Ne R’ R® R®™ R® R RR XY R R R
IV-91 pBrPh H H H CH, H F F OH H H NH,
Iv92 pBr-Ph H H CH, ' CH; H F F OH H H NH;
IV-9-3 p-Br-Ph H H CH(CH;), CH; H F F OH H H NH,
V94 pBr-Ph H H CHCH(CH), CHy H F F OH H H NH;
V96 pBr-Ph H H CH:Ph CH; H F F OH H H NH;
IV-9-7 pBr-Ph H H CHyindol-3yl CHy H F F OH H H NH;
V98 p-Br-Ph H H CH,CHSSCH; CH; H F F OH H H NH,
1V9-20 p-Br-Ph * H * CH H F F OH H H NH.

*R% and R™ joined together by (CH;); to form five-membered ring.
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Table 1V-10.

Ne R} R® R® R® R R R XY R R R
IV-10-1 p-Ph H H H CH; H F F OH H H NH;
IV-10-2 p-l-Ph H H CH, CH; H F F OH H H NH;
IV-10-3 p-1-Ph H H CH(CH;) CH H F F OH H H NH:
IV-10-4 p-lPh H H CHCH(CHy): CH; H F F OH H H NH;
IV-10-5 p-1-Ph H H CH;Ph CH; H F F OH H H NH;
IV-106 pl-Ph H H CHyindol-3yl CHy H F F OH H H NH;
IV-10-7 p-l-Ph H H CH.CHSCH; CHy H F F OH H H NH:
[V-10-8 p-I-Ph * H ¢ CH: H F F OH H H NH;
*R* and R™ joined together by (CHz); to form five-membered ring.

Table 1V-11.

Ne R' R* R® R® R R R XY R R PR
IV-11-1 CH; H H H EE H F F OH H H NH;
IV-11:2 CH;, H H CH, EE H F F OH H H NH
IV-11-3 CH; H H CH(CH;); EE H F F OH H H NH
IV-114 CH, H H CH:CH(CHy)y Et H F F OH H H NH,
IV-11.5 CH, H H CH:Ph EE H F F OH H H NH:
IV-11-6 CH, H H CHeindol3yl EE H F F OH H H NH.
IV-11-7 CHb H H CHCH,SCH, Et H F F OH H H NH:
IV-11-8 CH;, * H * EE HF F OH H H NH
*R” and R joined together by (CHy); to form five-membered ring.

Table 1V-12.

Ne R™ R° R® R® R KR RR XY R R R
IVi12-1 Et H H H EE H F F OH H H NH,
IV-122 Bt H H CH, Et H F F OH H H NH;
IV-123 Et H H CH(CH,), EE H F F OH H H NH
IV-124 Bt H H CH.CH(CH)), Et H F F OH H H NH,
IV-125 Et H H CH;Ph Et H F F OH H H NH
IV-126 Bt H H CHgpindol3vl Bt H F F OH H H NH,
IV-12.7 Et H H CHCH,SCH; Et H F F OH H H NH,
IV-12.8 Et * H ¢ EE H F F OHH H NH

*R¥and R™ joined together by (CHa); to form five-membered ring.
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Table 1V-13.

Ne R" R R® R" RR R R®* X Y R R R

IV-13-1 pr H H H Et H F F OH H H NH:

IV-13-2 pr H H CH; Et H F F OH H H NH;

Iv-13-3 'Pr H H CH(CH:), Et H F F OH H H NH;

V13-4 'pr H H CHCH(CH; B¢t H F F OH H H NH;

IV-13-5 '‘pr H H CHPh EE H F F OHH H NH;

IV-13-6 Pr H H CHs-indol-3vi Et H F F OH H H NH;

IV-13-7 Pr H H CHXCHSCH; Et H F F OH H H NH;

IVa13-8 'pr * H * EEHF F OHH H NH

*R7and R™ joined together by (CH;); to form five-membered ring,

Table 1V-14.

Ne R' R R R® R' R R° Y R R R
3a

IV-1&- Bu H H H Et H F OH H H NH;

1

IV-14- Bu H H CH; Et H F OH H H NH

2

IV-14- 'Bu H H CH(CHs): Et H F OH H H NH:

3

1v-14- '‘Bu H H CH:.CH(CH;): Et H F OH H H NH:

4

IV-14- ‘Bu H H CH:Ph Et H F OH H H NH:

5

IV-14- ‘Bu H H CHgindol-3-vl Et H F OH H H NH:

6

IV-14- Bu H H CH.CH.SCH;, Et H F OH H H NH:

7

IV-ld- ‘Bu ¢ H ¢ Et H F OH H H NH

8

*R” and R™ joined together by (CHz); to form five-membered ring.

Table 1V-15.

Ne R' R: RO REB FRrRRXY R R B

2980901 -1 -141 -

Gilead Exhibit 2025
PGR2023-00046 - Page 00233



Docket No. 60137.0034USU1

Ne R R R° RV R RRXY R KRR
[vi151 ph H H H Bt H F F OH H H NH,
Iv-152 Ph H H CH, EE H F F OH H H NH,
(V-153 Ph H H CH(CH;), Et H F F OH H H NH;
IV-154 Ph H H CH.CH(CH). Et H F F OH H H NH:
IV-155 Ph H H CHpPh EE H F F OH H H NH
IV-156 Ph H H CHpeindol-3y1 Bt H F F OH H H NH;
IV-I5.7 Ph H H CHCHSCH, Bt H F F OH H H NH
IV-158 Ph * H * EE HF F OH H H NH

*R* and R™ joined together by (CHz); to form five-membered ring.

Table 1V-16.

Ne R R~ R® R® R R R XY R R VK
IV-161 p-MePh H H H EE H F F OH H H NH;
IV-162 p-Me-Ph H H CH; Bt H F F OH H H NH,
[V-163 p-MePh H H CH(CH): Bt H F F OH H H NH;
IV.164 p-Me-Ph H H CHCH(CH). Et H F F OH H H NH,
IV-16-5 p-Me-Ph H H CH:Ph EE H F F OH H H NH,
IV-166 p-MePh H H CHgindol3yl B2 H F F OH H H NH;
IV-167 pMe-Ph H H CHCHSCHs Et H F F OH H H NH;
IV-16-8 p-Me-Ph * H * Et H F F OH H H NH,
*R¥ and R™ joined together by (CH,); to form five-membered ring,

Table 1V-17.

Ne R R° R* R® R " R XY R R R
IV-17-1 pF-Ph H H H Et H F F OH H H NH,
[V-172 p-F-Ph H H CH; EE H F F OH H H NH;
IV-17-3 p-F-Ph H H CH(CH:) EE H F F OH H H NH
IV-17-4 p-F-Ph H H CHCH(CH). Et H F F OH H H NH,
IV-175 p-F-Ph H H CHPh EE H F F OH H H NH,
IV-17-6 p-F-Ph H H CHyindol-3yl Et H F F OH H H NH,
IV-17-7 p-F-Ph H H CHCHSCH; Et H F F OH H H NH:
IV-178 pF-Ph ¢ H * EE H F F OH H H NH;

*R* and R™ joined together by (CHz) to form five-membered ring,
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Table 1V-18.

Ne R' RT R®™ R® R" R R* X Y R R F
IV-18-1 p-Cl-Ph H H H Ec H F F OH H H NH;
IV-18-2 p-Cl-Ph H H CH; EE HF F OHH H NH
Iv-18-3 p-Cl-Ph H H CH(CH,). Et H F F OH H H NH;
IV-18-4 p-Cl-Ph H H CHCH(CH;: Et H F F OH H H NH;
IV-18-5 p-Cl-Ph H H CH;Ph Etc H F F OH H H NH;
IV-18-6 p-Cl-Ph H H CHzindol31 Bt H F F OH H H NH;
IV-18-7 p-Cl-Ph H H CH:.CHSCH, Et H F F OH H H NH;
{v-188 p-Ci-Ph * H * EtE H F F OH H H NH,
*R* and R™ joined together by (CH:); to form five-membered ring,

Table 1V-19.

N R' R° R® R® R R®" R* XY R R R
V-19-1 p-BrPh H H H Et H F F OH H H NH,
IV-19-2 p-BrPh H H CH; Et H F F OH H H NH;
1V-19-3 p-BrPh H H CH(CHy):; EE H F F OH H H NH,
V194 p-Br-Ph H H CH.CH{CH;): Et H F F OH H H NH;
IV-19-5 p-Br-Ph H H CH:Ph Et H F F OH H H NH,
IV-19-6 p-Br-Ph H H CHyindol3y1 Et H F F OH H H NH:
1V-19-7 p-Br-Ph H H CH.CH,SCH, Et H F F OH H H NH;
1V-19-8 p-Br-Ph * H * Et H F F OH H H NH,
*R”and R™ joined together by (CH;)s to form five-membered ring.

Table 1V-20.

Ne R’ R® R®™ R® R R R* XY R R F

{V-20-1 p-I-Ph H H H Et H F F OH H H NH;
IV-20-2 p-I-Ph H H CH; Et H F F OH H H NH;
IV-20-3 p-l-Ph H H CH(CH,); Et H F F OH H H NH,
IVv-204 pI-Ph H H CHCHCH); E¢t H F F OH H H NH;
IV.20-5 p-I-Ph H H CH;Ph EtE H F F OH H H NH:
IV.206 pd-Ph H H CHyindol-331 Bt H F F OH H H NH;
1v-20-7 pl-ph H H CHCHSCH;, Et H F F OH H H NH,
IV-208 p-1-Ph * H * Et H F F OH H H NH,

*R? and R™" joined together by (CHz), to form five-membered ring.
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Table 1V-21.

Ne R' R® R* R™ R "R R* XY R R FR
1Iv.2l-l CH; H H H ’r H F F OH H H NH,
V212 CHy H H CH; ’r H F F OH H H NH;
Iv21-:3 CH; H H  CH(CH:): r H F F OH H H NH:
IVv2l-4 CH, H H CHCH(CH); Pr H F F OH H H NH:
1v-21-§ CH; H H CH:Ph P+ H F F OH H H NH;
IV-21-.6 CHy H H CHgrindol-3wi Pr H F F OH H H NH;
Iv-21-7 CH; H H CHCHSCH; Pr H F F OH H H NH;
Iv21.8 CH, * H # P H F F OH H H NH;
*R” and R joined together by (CH,); to form five-membered ring,

Table 1V-22,

e R'" R® R® R” R R RR XY R R FK

IV.22-1 Et H H H Pr H F F OH H H NH,
Iv-22-2 Et H H CH; P H F F OH H H NH,
IV-22-3 Et H H CH(CHy), Pr H F F OH H H NH,
Iv.224 Et H H CHCH(CHy), Pt H F F OH H H NH
Iv-225 Et H H CH.Ph  H F F OH H H NH,
IV-226 Ft H H CHyindol3yl Pr H F F OH H H NH:
1v-227 Bt H H CH.CHSCH, Pr H F F OH H H NH;
Iv-228 Et * H * P H F F OH H H NH
*R¥and R™ joined together by (CH,) to form five-membered ring.

Table 1V-23.

Ne R R* R® R* RR "R R* XY R R K

Iv-23-1 'Ppr H H H ’r H F F OH H H NH;
V232 Ppr H H CHy Pr H F F OH H H NH,
Iv23-3 '‘Pr H H CH(CH;): Pt H F F OH H H NH,
Iva2d.4 ‘pr H H CH.CH({CHy), ‘Pt H F F OH H H NH,
IV-23-5 '‘pr H H CH:Ph Pr H F F OH H H NH;
IV236 Pr H H CHgindol3yl Pr H F F OH H H NH;
Iv-23-7 ‘Pt H H CHCH;SCH; ‘Pt H F F OH H H NH,
Iv23.8 ipr ¢ H * PP H F F OH H H NH,

*R%and R™ joined together by (CH;); to form five-membered ring.
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Table 1V-24.

Ne R' R® R® R® R ‘R R”* XY R R R
V241 Bu H H H Pr H F F OH H H NH,
IV-24-2 Bu H H CH;, Pt H F F OH H H NH,
1V-24-3 ‘Bu H H CH(CH;); 't H F F OH H H NH:
IV-24-4 '‘Bu H H CHCH(CH;; Pr H F F OH H H NH;
IV-24-5 ‘Bu H H CH,Ph ‘Pr H F F OH H H NH;
IV-246 Bu H H CHyindol3yl Pr H F F OH H H NH,
IV-24.7 ‘Bu H H CHCH;SCH; Pr H F F OH H H NH:
IV.248 ‘Bu * H ¢ r H F F OH H H NH,
*R? and R™ joined together by (CH;); to form five-membered ring.

Table 1V-25,

Ne R' R' R* R® R R R* XY R R P}
IV-25-t Ph H H H  H F F OH H H NH;
Iv-252 Ph H H CH; ‘r H F F OH H H NH;
IV-25-3 Ph H H CH(CH,) ‘’d H F F OH H H NH,
IV.-25-4 Ph H H CHCH(CH;), Pr H F F OH H H NH:
IV-255 Ph H H CH.Ph P« H F F OH H H NH,
IV-256 Ph H H CHgindol-3-yl Pt H F F OH H H NH;
1IV-25-7 Ph H H CHCH.SSCH;, r H F F OH H H NH;
Iv.25-8 Ph * H * ‘r H F F OH H H NH;

*R* and R™ joined together by (CH,); to form five-membered ring.

Table 1V-26.

Ne R’ R® R® R® R RR XY R R VR
IV26-1 pMePh H H H Pr H F F OH H H NH;
IV-26-2 p-Me-Ph H H CH;, ’r H F F OH H H NH,
IV-26-3 p-Me-Ph H H  CH(CH;), ‘’ H F F OH H H NH,
IV-26-4 p-Me-Ph H H CHCH(CH); Pr H F F OH H H NH;
IV-26-5 p-Me-Ph H H CH;Ph ‘Pt H F F OH H H NH;
IV-266 p-Me-Ph H H CHgindol-3yt Pr H F F OH H H NH,
IV-26-7 p-Me-Ph H H CH,CHSCH; ‘’r H F F OH H H NH,
IV.26-8 p-Me-Ph * H * r H F F OH H H NH.

*R*and R“’joined together by (CHa); to form five-membered ring.
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Table 1V-27. :

Ne R RZ R® R® R R * - X Y R R R

1V-27-1 p-F-Ph H H H * H F F OH H H NH,
IV-27.2 p-F-Ph H H CH; r H F F OH H H NH;
V273 p-F-Ph H H  CH(CH: ‘" H F F OH H H NH:
IV.27.4 pF-Ph H H CH.CH(CH;) Pr H F F OH H H NH;
1v-27-5 p.F-Ph H H CH;Ph r H F F OH H H NH;
IV-27-6 p-F-Ph H H CHyindol3yl Pr H F F OH H H NH;
IV-27.7 p-F-Ph H H CHCHSCH: Pr H F F OH H H NH:
Iv-27-8 p-F-Ph * H * 't H F F OH H H NH;
*R* and R™ joined together by (CHz); to form five-membered ring,

Table 1V-28.

X R' R° R® R® R R R XY R R R
Iv-28-1 p-Cl-Ph H H H P H F F OH H H NH,
Iv-282 p-Cl-Ph H H CH, Pr H F F OH H H NH.
IV-28-3 p-CI-Ph H H CH(CHy): Pr H F F OH H H NH:
IV-284 p-Cl-Ph H H CH.CH(CH;; Pr H F F OH H H NH:
1V-28-5 p-Cl-Ph H H CH:Ph "t H F F OH H H NH;
IV-2866 p-Cl-Ph H H CHpindol3¥vl Pr H F F OH H H NH,
IV-28-7 p-Cl-Ph H H CH.CH.SCH, Pr H F F OH H H NH;
1v-288 p-Cl-Ph * H °* Pt H F F OH H H NH;
*R% and R™ joined together by (CHa) to form five-membered ring.

Table IV-29. ,

Ne R’ RT R¥ R® RR R RR XY R R R
IV-20-1 p-Br-Ph H H H Pr H F F OH H H NH,
IV-29-2 p-Br-Ph H H CH, Pr ¥ F F OH H H NH,
1V-29-3 p-Br-Ph H H CH(CH,): r H F F OH H H NH,
1V-29-4 p-Br-Ph H H CH:.CH(CH;) Pr H F F OH H H NH;
IV-29-5 p-BrPh H H CHPh Pr H F F OH H H NH;
IV-29-6 p-Br-Ph H H CHyeindol-3-y Pr H F F OH H H NH;
IV-29-7 p-Br-Ph H H CHXHsSCH;, Pr H F F OH H H NH,
IV-29-8 p-Br-Ph * H * P H F F OH H H NH

*R” and R™ joined together by (CHz): to form five-membered ring.
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Table IV-30,

Ne R' R® R™ R¥® R "R R* X Y R R PR
IV-30-1 p-l-Ph H H H Pcr H F F OH H H NH;
IV-30-2 p-I-Ph H H CH, c« H F F OH H H NH:
IV.30-3 p-1-Ph H H  CH(CH:) ‘Pr H F F OH H H NH
Iv-30-4 p-Ph H H CHCH(CH): '’ H F F OH H H NH;
IV-30-5 p-1-Ph H H CH:Ph P H F F OH H H NH;
IV-30-6 p-I-Ph H H CHyindol-3-vi Pr H F F OH H H NH;
IV.30-7 pl-Ph H H CH,CHSSCH; Pr H F F OH H H NH;
[v.30-8 p-1-Ph * H * P’ H F F OH H H NH:

*R7and R joined together by (CHz); to form five-membered ring.

Table 1V-31.

Ne R' R* R*® R” R R R XY R RF
IV.3tel CH; H H H Bu H F F OH H H NH,
IV-31-2 CH; H H CH; "Bu H F F OH H H NH,
IV-31-3 CHy H H  CH(CHy): "By H F F OH H H NH,
IV-31-4 CH; H H CHXCH(CHy)y "Bu H F F OH H H NH,
1V-31.54 CH; H H CH,Ph u H F F OH H H NH.
IV331-6 CH; H H CHyindol-3yl "Bu H F F OH H H NH,
Iv-31-7 CHy H H CHCH.SCH: "Bu H F F OH H H NH:
Iv-31-8 CH, * H ¢ "Bu H F F OH H H NH;
*R”and R™ joined together by (CHa); to form five-membered ring.

Table 1V-32.

Ne R' R° R*® R® R R RR XY R R PR
IV-32-1 EE H H H "Bu H F F OH H H NH,
Iv-322 Et H H CH; Bu H F F OH H H NH,
IV-32-3 Et H H CH(CH;), "B3u H F F OH H H NH,
IVv-324 Bt H H CHCH(CH;; "Bu H F F OH H H NH,
IV-325 Et H H CH:Ph "Bu H F F OH H H NH.
IV-32.6 Ft H H CHgindol-3-vl "By H F F OH H H NH,
Iv-3227 Et H H CH.CH,SCH; "Bu H F F OH H H NH,
Iv.32.8 EFt * H * “Bu H F F OH H H NH,

*R* and Rm’joined together by (CHz)s to form five-membered ring.
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Table 1V-33.

Ne R' R° R™ R® R RRRRX Y R R PR
V331 Ppr H H H "By H F F OH H H NH;
Iv33-2 ‘Pr H H CH, "Bu H F F OH H H NH,
IV-33-3 ‘Pr H H CH(CH:): "Baw H F F OH H H NH:
IV-334 ‘Pr H H CH:.CH(CH3)» "Bu H F F OH H H NH;
V335 ‘pr H H CH:Ph Bu H F F OH H H NH:
IV-33-6 Pr H H  CHyindol-3-yl "Bu H F F OH H H NH;
IV-337 Pr H H CH)CH:SCH; "Bu H F F OH H H NH;
Iv-338 pr * H * "Bu H F F OH H H NH;
*R7and R™ joined together by (CHz); to form five-membered ring,

Table 1V-34. :

No R" R R® R® R RR XY R RV
(V331 '‘Bu H H H "Bu H F F OH H H NH;
IV-342 Bu H H CH; Bu H F F OH H H NH,
IV-3¢-3 ‘Bu H H CH(CH;). Ba H F F OH H H NH;
IV.:3&4 Bu H H CHCH(CH; "Bu H F F OH H H NH
IV-345 ‘Bu H H CH:Ph "Bu H F F OH H H NH;
IV:346 Bu H H CH.-indol-3yl "Bu H F F OH H H NH.
1V-347 ‘Bu H H CH,CH,SCH; "Bu H F F OH H H NH:
1V-3¢8 ‘Bu * H * "8u H F F OH H H NH:
*R” and R™ joined together by (CH,); to form five-membered ring.

Table 1V-35.

Ne R' R* R* R® R R RR XY R R R
IV351 Ph H H H "B3ug H F F OH H H NH;
V352 Ph H H CH; "Bu H F F OH H H NH,
IV-353 Ph H H  CH(CHy), 8s H F F OH H H NH,
(V-354 Ph H H CHCH(CH), "Bu H F F OH H H NH;
IV-355 Ph H H CH:Ph "Bu H F F OH H H NH;
IV:356 Ph H H CHyindol-3vl By H F F OH H H NH,
IV.357 Ph H H CH.CH,SCH;, Bu H F F OH H H NH,
IV35.8 Ph * H * Bu H F F OH H H NH,

*R*and R‘“’Toi ned together by (CHa); to form five-membered ring,
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Table 1V-36.

Ne R' R° R® R® R® R R°* X Y R R R
1V.36-1 p-Me-Ph H H H “Bu H F F OH H H NH;
IV-36-2 p-Me-Ph H H CH; Bu H F F OH H H NH,
IV-36-3 p-Me-Ph H H CH(CH), Bu H F F OH H H NH:
IV-36-4 p-Me-Ph H H CH,CH(CH; “Bu H F F OH H H NH;
1V.36-5 p-Me-Ph H H CH.Ph "Bu H F F OH H H NH;
IV-36-6 p-Me-Ph H H CHeindol-3v1 "Bu H F F OH H H NH:
1v-36-7 p-Me-Ph H H CH),CH,SCH; "Bu H F F OH H H NH;
IV-36-8 p-Me-Ph * H * Bu H F F OH H H NH;
*R* and R™ joined together by (CH); to form five-membered ring,

Table IV-37.

Ne R R® R® R® R® RR R XY R RF
Iv37-t p-F-Ph H H H “Bu H F F OH H H NH,
1V-37-2 p-F-Ph H H CH; "Bu H F F OH H H NH,
iV-37-3 p-F-Ph H H CH(CH,), "Bu H F F OH H H NH,
IV-374 p-F-Ph H H CHCH(CH;): "Bu H F F OH H H NH,
IV-37-5 p-F-Ph H H CH.Ph “Bu H F F OH H H NH.
1V-37-6 p-F-Ph H H CHsindol-3-y1 "Bu H F F OH H H NH,
1v-37-7 p-F-Ph H H CHCH:SCHy; "Bu H F F OH H H NH,
1v-37-8 p-F-Ph * H * "Bu H F F OH H H NH,
*R”and R™ joined together by (CH,); to form five-membered ring,

Table 1V-38.

Ne R' R° R* R R® R RR XY R R VR
1v-38-1 p-Cl-Ph H H H "Bu H F F OH H H NH,
[v-382 p.Cl-Ph H H CH; "Bu H F F OH H H NH;
1v-38-3 p-Cil-Ph H H CH(CH;), "Bu H F F OH H H NH,
{V-38-4 p-Cl-Ph H H CH.CH(CH), "Bu H F F OH H H NH,
1vV-38-5 p-CI-Ph H H CH:Ph "Bu H F F OH H H NH;
1V-38-6 p-Cl-Ph H H CHyindol-3yl “Bu H F F OH H H NH,
IV-38-7 p-ClesPh H H CH.CH.SCH;, "Bu H F F OH H H NH,
Iv.38-8 p-Ci-Ph * H * "8u H F F OH H H NH,

*R?and R™® joined together by (CH;); to form five-membered ring.
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Table 1V-39.

Ne R' R° R™ R® R R R XY R R R
Iv-39-1 p-Br-Ph H H H Bu H F F OH H H NH:
V392 p-Br-Ph H H CH, Ba H F F OH H H NH,
IV-39-3 p-Br-Ph H H CH(CH:): "Bu H F F OH H H NH;
V-394 p-Br-Ph H H CHCH(CH), "Bu H F F OH H H NH,
1V-39-5 p.Br-Ph H H CH:Ph Bu H F F OH H H NH;
IV-39-6 p-Br-Ph H H CHrindol-3-yl "Bu H F F OH H H NH;
IV-39-7 p-Br-Ph H H CH.CHSCH; “Bu H F F OH H H NH;
[V.30.8 p-Br-Ph * H ¢ "Bu H F F OH H H NH,
*R” and R™ joined together by (CH;); to form five-membered ring.

~ Table 1V-40.

Ne R! R* R* R® R®” R R®R XY R R F
IV-40-1 p-[-Ph H H H ™u H F F OH H H NH;
IV40-2 p-I-Ph H H CH, "Bu H F F OH H H NH:
V-40-3 p-I-Ph H H CH(CH;); "Bu H F F OH H H NH;
IV-40-4 pl-Ph H H CHCH(CH;)y "Bu H F F OH H H NH:
IV-40-5 p--Ph H H CH:Ph "Bu H F F OH H H NH,
IV-40-6 p-I-Ph H H CHxindol-3y1 Bu H F F OH H H NH.
IV-40-7 p-I-Ph H H CH,CH:3CH; "Bu H F F OH H H NH;
IV-40-8 p.I-Ph * H * "Bu H F F OH H H NH;
*R” and R™ joined together by (CH:)s to form five-membered ring.

Table IV-41.

Ne R" R R™ R® RF "R R XY R R F
fV41-t CH, H H H Bz H F F OH H H NH:
IV-41-2 CH; H H CH; Bz HF F OHH H NH
IV-41-3 CH; H H  CH(CHy); Bz H F F OH H H NH;
IV-41-4 CH; H H CHCH(CH;); Bz H F F OH H H NH;
IV-41-5 CH; H H CH,Ph Bz H F F OH H H NH;
iV-41.6 CH; H H CHyindol-3yl Bz H F F OH H H NH;
(V-41-7 CHb H H CHCH,SCH, Bz H F F OH H H NH;
Iv.4l.8 CH; * H ¢ Bz H F F OH H H NH,

*R¥and R™® joined together by (CHa); to form five-membered ring.
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