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Docket No.: 37JD-199059-US10

(PATENT)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
First Named Inventor:
Jinfa Du et al.
Application No.: Not Yet Assigned Confirmation No.: Not Yet Assigned
Filed: Concurrently Herewith Art Unit: Not Yet Assigned
For: NUCLEOSIDE PHOSPHORAMIDATE Examiner: Not Yet Assigned

PRODRUGS

INFORMATION DISCLOSURE STATEMENT (IDS)

MS Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Commissioner:

Pursuant to 37 C.F.R. §§ 1.56, 1.97, and 1.98, the attention of the United States 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
the above-identified 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.

In accordance with 37 C.F.R. § 1.98(a)(2)(ii), copies of U.S. patents and U.S. patent
application publications are not submitted. In addition, Applicant requests that, in accordance
with 37 C.F.R. §1.98(d), the Examiner review all applications relied upon in this application for
an earlier effective filing date under 35 U.S.C. § 120, including U.S. Application Nos.
15/411,506, filed January 20, 2017, 14/656,546, filed March 12, 2015, 14/013,237, filed August
29,2013, 13/609,614, filed September 11, 2012, 13/099,671, filed May 3, 2011, and 12/053,015,

filed March 21, 2008, for copies of references of record therein that are not being provided here;

1
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Application No.: Not Yet Assigned Docket No.: 37JD-199059-US10

although Applicant would be pleased to provide copies of any such documents at the Examiner's

request.

The Examiner is further requested to review all official communications issued and
responses filed in U.S. Application Nos. 15/411,506, filed January 20, 2017, 14/656,546, filed
March 12, 2015, 14/255,833, filed April 17, 2014, 14/254,737, filed April 16, 2014, 14/057,675,
filed October 18, 2013, 14/013,237, filed August 29, 2013, 13/609,614, filed September 11,
2012, 13/099,671, filed May 3, 2011, and 12/053,015, filed March 21, 2008.

Not all documents are in English. English translations are provided where available.
Applicant is happy to provide English translations upon request. Applicant submits that the
absence of an English translation does not relieve the PTO from its duty to consider the

submitted foreign language document (37 C.F.R. §1.98 and M.P.E.P. §609).

In accordance with 37 C.F.R. § 1.97(g), the filing of this Information Disclosure
Statement shall not be construed as a representation that a search has been made. In accordance
with 37 CF.R. § 1.97(h), the filing of this Information Disclosure Statement shall not be
construed to be an admission that the information cited in this Information Disclosure Statement

is, or is considered to be, material to the patentability as defined in 37 CFR. § 1.56(b).

It is submitted that the Information Disclosure Statement is in compliance with

37 CF.R. § 1.98, and the Examiner is respectfully requested to consider the listed references.

Respectfully submitted,

Dated: October 24, 2018 By /Neeta C. Thakur/
Neeta C. Thakur, Ph.D.
Registration No.: 59,123
Attorney for Applicant
SHEPPARD MULLIN RICHTER & HAMPTON LLP
379 Lytton Avenue
Palo Alto, California 94301
(650) 815-2631
Customer Number: 117796
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control number.

PTO/SB/08 (09-06)

Approved for use through 03/31/2007. OMB 0651-0031
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 contains a valid OMB

( Substitute for form 1449/PTO Complete if Known w
INFORMATION DISCLOSURE Application Number Not Yet Assigned
STATEMENT BY APPLICANT Filing Date Concurrently Herewith
. First Named Inventor Jinfa Du et al.
Date Submitted: October 24, 2018 At Unit Not Yet Assigned
(use as many sheets as necessary) Examiner Name Not Yet Assigned
\Sheet | 1 lof |38 Attorney Docket Number | 37JD-199059-US10 )
U.S. PATENT DOCUMENTS
i Pages, Columns, Lines,
E:?ml Cite Document Number Publication Date Name of Patentee or Applicant of gWhere Relevant
Initials No.! Number-Kind Code? (if MM-DD-YYYY Cited Document Passages or Relevant
* known) Figures Appear
A1 20010034440 A1 10/25/2001 Shepard et al.
A2 20020058635 A1 05/16/2002 Averett
A3 20020198173 A1 12/26/2002 Schinazi et al.
A4 20030050229 A1 03/13/2003 Sommadossi et al.
A5 20030060400 A1 03/27/2003 LaColla et al.
AB 20030109697 A1 07/12/2003 Shepard et al.
A7 20030120071 A1 06/26/2003 McGuigan et al.
A8 20030144502 A1 07/31/2003 Pietrzkowski et al.
A9 20030153744 A1 08/14/2003 Mekouar et al.
A10 | 20030187018 A1 10/02/2003 Llinas-Brunet et al.
A1 20040006007 A1 01/08/2004 Gosselin et al.
A12 | 20040014108 A1 01/22/2004 Eldrup et al.
A13 | 20040023240 A1 02/05/2004 Marliere et al.
A14 | 20040023901 A1 02/05/2004 Cook et al.
A15 | 20040059104 A1 03/25/2004 Cook et al.
A16 | 20040063622 A1 04/01/2004 Sommadossi et al.
A17 | 20040067901 A1 04/08/2004 Bhat et al.
A18 | 20040072788 A1 04/15/2004 Bhat et al.
A19 | 20040097461 A1 05/20/2004 Sommadossi et al.
A20 | 20040097462 A1 05/20/2004 Sommadossi et al.
A21 20040101535 A1 05/27/2004 Sommadossi et al.
A22 | 20040102414 A1 05/27/2004 Sommadossi et al.
A23 | 20040110717 A1 06/10/2004 Carroll et al.
A24 | 20040167140 A1 08/26/2004 Schinazi et al.
A25 | 20040191824 A1 09/30/2004 Dempcy et al.
A26 | 20040214844 A1 10/28/2004 Otto et al.
A27 | 20040229839 A1 11/18/2004 Babu et al.
A28 | 20040229840 A1 11/18/2004 Bhat et al.
A29 | 20040248892 A1 12/09/2004 Wang
A30 | 20040254141 A1 12/16/2004 Schinazi et al.
A31 20040259934 A1 12/23/2004 Olsen et al.
A32 | 20040265969 A1 12/30/2004 Lietal
A33 | 20040266996 A1 12/30/2004 Rabi
A34 | 20050009737 A1 01/13/2005 Clark
A35 | 20050020825 A1 01/27/2005 Storer et al.
A36 | 20050026853 A1 02/03/2005 Mekouar et al.
A37 | 20050031588 A1 02/10/2005 Sommadossi et al.
A38 | 20050059632 A1 03/17/2005 Storer et al.
p .
S
Considered

_ -
*EXAMINER: Initia

I
if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not considered. Include

copy of this form with next communication to applicant. 1 Applicant’s unique citation designation number (optional). 2 See Kinds Codes of USPTO Patent Documents at

www .uspto.gov or MPEP 901.04. 3 Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of the
year of the reign of the Emperor must precede the serial number of the patent doment. 5 Kind of document by the appropriate symbols as indicated on the document under WIPO
Standard ST.16 if possible. 6 Applicant is to place a check mark here if English language Translation is attached.
This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing,
and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-
1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 (1-800-786-9799) and select option 2,
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Approved for use through 03/31/2007. OMB 0651-0031

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 contains a valid OMB
control number.

( Substitute for form 1449/PTO Complete if Known w
INFORMATION DISCLOSURE Application Number Not Yet Assigned
STATEMENT BY APPLICANT Filing Date Concurrently Herewith
. First Named Inventor Jinfa Du et al.
Date Submitted: October 24, 2018 At Unit Not Yet Assigned
(use as many sheets as necessary) Examiner Name Not Yet Assigned
\Sheet | 2 lof |38 Attorney Docket Number | 37JD-199059-US10 )
U.S. PATENT DOCUMENTS
i Pages, Columns, Lines,
E:?ml Cite Document Number Publication Date Name of Patentee or Applicant of gWhere Relevant
Initials No.! Number-Kind Code? (if MM-DD-YYYY Cited Document Passages or Relevant
* known) Figures Appear
A39 | 20050075309 A1 04/07/2005 Storer et al.
A40 | 20050080034 A1 04/14/2005 Standring et al.
Ad1 20050090660 A1 04/28/2005 Watanabe et al.
A42 | 20050124532 A1 06/09/2005 Sommadossi et al.
A43 | 20050130931 A1 06/16/2005 Boyer et al.
Ad4 | 20050137161 A1 06/23/2005 Sommadossi et al.
A45 | 20050148534 A1 07/07/2005 Castellino et al.
A46 | 20050154056 A1 07/14/2005 Yang et al.
A47 | 20050164960 A1 07/28/2005 Olsen et al.
A48 | 20050215513 A1 09/29/2005 Boojamra et al.
A49 | 20050227947 A1 10/13/2005 Chen et al.
A50 | 20050261237 A1 11/24/2005 Boojamra et al.
A51 20050267018 A1 12/01/2005 Blatt et al.
A52 | 20060003951 A1 01/05/2006 Mekouar et al.
A53 | 20060014943 A1 01/19/2006 Dempcy et al.
A54 | 20060035866 A1 02/16/2006 Cannizzaro et al.
A55 | 20060040890 A1 02/23/2006 Martin et al.
A56 | 20060040927 A1 02/23/2006 Blake et al.
AS57 | 20060040944 A1 02/23/2006 Gosselin et al.
A58 | 20060079478 A1 04/13/2006 Boojamra et al.
A59 | 20060110727 A1 05/25/2006 McGall et al.
AB0 | 20060116557 A1 11/02/2006 Roberts et al.
AB1 20060122146 A1 06/08/2006 Chun et al.
AB2 | 20060122154 A1 06/08/2006 Olsen et al.
AB3 | 20060142238 A1 06/29/2006 McGuigan
AB4 | 20060166964 A1 07/27/2006 Hudyma et al.
AB5 | 20060194749 A1 08/31/2006 Keicher et al.
AB6 | 20060199783 A1 09/07/2006 Wang et al.
AB7 | 20060241064 A1 10/26/2006 Roberts et al.
AB8 | 20060276511 A1 12/07/2006 Serrano-Wu et al.
AB9 | 20060293306 A1 12/28/2006 Beaulieu et al.
A70 | 20070015905 A1 01/18/2007 LaColla et al.
AT1 20070037735 A1 02/15/2007 Gosselin et al.
A72 | 20070037773 A1 02/15/2007 Sommadossi et al.
A73 | 20070042939 A1 02/22/2007 LaColla et al.
A74 | 20070042988 A1 02/22/2007 Klumpp et al.
A75 | 20070042990 A1 02/22/2007 Gosselin et al.
A76 | 20070049754 A1 03/01/2007 Boojamra et al.
'I-Examiner
Signature Date .
Considered
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 809. Draw line through citation if not in conformance and not considered. Include

copy of this form with next communication to applicant. 1 Applicant’s unique citation designation number (optional). 2 See Kinds Codes of USPTO Patent Documents at

www .uspto.gov or MPEP 901.04. 3 Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of the
year of the reign of the Emperor must precede the serial number of the patent doment. 5 Kind of document by the appropriate symbols as indicated on the document under WIPO
Standard ST.16 if possible. 6 Applicant is to place a check mark here if English language Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing,
and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-
1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 (1-800-786-9799) and select option 2,
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Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB
control number.

( Substitute for form 1449/PTO Complete if Known w
INFORMATION DISCLOSURE Application Number Not Yet Assigned
STATEMENT BY APPLICANT Filing Date Concurrently Herewith
. First Named Inventor Jinfa Du et al.
Date Submitted: October 24, 2018 At Unit Not Yet Assigned
(use as many sheets as necessary) Examiner Name Not Yet Assigned
\Sheet | 3 lof |38 Attorney Docket Number | 37JD-199059-US10 )
U.S. PATENT DOCUMENTS
i Pages, Columns, Lines,
E:?ml Cite Document Number Publication Date Name of Patentee or Applicant of gWhere Relevant
Initials No.! Number-Kind Code? (if MM-DD-YYYY Cited Document Passages or Relevant
* known) Figures Appear
A77 | 20070060498 A1 03/15/2007 Gosselin et al.
A78 | 20070060541 A1 03/15/2007 Gosselin et al.
A79 | 20070087960 A1 04/19/2007 Storer et al.
A80 | 20070197463 A1 08/23/2007 Chun et al.
A81 20070225249 A1 09/27/2007 Shi
A82 | 20070265222 A1 11/15/2007 MacCoss et al.
A83 | 20070275912 A1 11/29/2007 Bhat et al.
A84 | 20070275947 A1 11/29/2007 Bergstrom
A85 | 20080070861 A1 03/20/2008 Clark
A86 | 20080253995 A1 10/16/2008 Clark
A87 | 20090004135 A1 01/01/2009 Clark
A88 | 20090036666 A1 02/05/2009 Clark
A89 | 20090137521 A1 05/28/2009 Hamilton et al.
A90 | 20090176732 A1 07/09/2009 Beigelman et al.
AN 20090233879 A1 09/17/2009 Reddy et al.
A92 | 20090280084 A1 11/12/2009 Schinazi et al.
A93 | 20090306007 A1 12/10/2009 \Wagner
A94 | 20100029008 A1 02/04/2010 Rojas Stutz et al.
A95 | 20100035835 A1 02/11/2010 Narjes et al.
A96 | 20100048917 A1 02/25/2010 Wang et al.
A97 | 20100081628 A1 04/01/2010 Du et al.
A98 | 20100137576 A1 06/03/2010 Stec et al.
A99 | 20100152128 A1 06/07/2010 Attenni et al.
A100 | 20100173863 A1 07/08/2010 Schinazi et al.
A101 | 20100022468 A1 01/08/2010 Meppen
A102 | 20100227801 A1 09/09/2010 Hopkins et al.
A103 | 20100279973 A1 11/04/2010 Chun et al.
A104 | 20100286083 A1 11/01/2010 Bao et al.
A105 | 20100298257 A1 11/25/2010 Sommadossi et al.
A106 | 20100316594 A1 12/16/2010 Sommadossi et al.
A107 | 20110015146 A1 01/20/2011 Sofia et al.
A108 | 20110124592 A1 05/26/2011 McGuigan et al.
A109 | 20110245484 A1 10/10/2011 Ross et al.
A110 | 20110251152 A1 10/13/2011 Ross et al.
A111 | 20110257122 A1 10/20/2011 Sofia et al.
A112 | 20120107278 A1 05/03/2012 Berrey et al.
A113 | 20120245335 A1 09/27/2012 Clark
A114 | 20130029929 A1 01/31/2013 Sofia et al.
'I-Examiner
Signature Date .
Considered
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 809. Draw line through citation if not in conformance and not considered. Include

copy of this form with next communication to applicant. 1 Applicant’s unique citation designation number (optional). 2 See Kinds Codes of USPTO Patent Documents at

www .uspto.gov or MPEP 901.04. 3 Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of the
year of the reign of the Emperor must precede the serial number of the patent doment. 5 Kind of document by the appropriate symbols as indicated on the document under WIPO
Standard ST.16 if possible. 6 Applicant is to place a check mark here if English language Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing,
and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-
1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 (1-800-786-9799) and select option 2,
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( Substitute for form 1449/PTO Complete if Known w
INFORMATION DISCLOSURE Application Number Not Yet Assigned
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. First Named Inventor Jinfa Du et al.
Date Submitted: October 24, 2018 At Unit Not Yet Assigned
(use as many sheets as necessary) Examiner Name Not Yet Assigned
\Sheet | 4 lof |38 Attorney Docket Number | 37JD-199059-US10 )
U.S. PATENT DOCUMENTS
i Pages, Columns, Lines,
E:?ml Cite Document Number Publication Date Name of Patentee or Applicant of gWhere Relevant
Initials No.! Number-Kind Code? (if MM-DD-YYYY Cited Document Passages or Relevant
* known) Figures Appear
A115 | 20130109647 A1 05/02/2013 Berrey et al.
A116 | 20130136776 A1 05/30/2013 Cleary et al.
A117 | 20130137654 A1 05/30/2013 Ross et al.
A118 | 20130165401 A1 06/27/2013 Ross et al.
A119 | 20130165644 A1 06/27/2013 Ross et al.
A120 | 20130288997 A1 10/31/2013 Ross et al.
A121 | 20130310551 A1 11/21/2013 Ross et al.
A122 | 20180000855 A1 01/04/2018 Duetal.
A123 | 3798209 A 03/19/1974 Witkowski et al.
A124 | 3852267 A 12/03/1974 Meyer, Jr. et al.
A125 | 4814477 A 03/21/1989 Wijnberg et al.
A126 | 4957924 A 09/18/1990 Beauchamp
A127 | 5026687 A 06/25/1991 Yarchoan et al.
A128 | 5118820 A 06/02/1992 Hertel
A129 | 5149794 A 09/22/1992 Yatvin et al.
A130 | 5157027 A 10/20/1992 Biller et al.
A131 | 5192549 A 03/09/1993 Barenolz et al.
A132 | 5194654 A 03/16/1993 Hostetler et al.
A133 | 5223263 A 06/29/1993 Hostetler et al.
A134 | 5256641 A 10/26/1993 Yatvin et al.
A135 | 5256798 A 10/26/1993 Chou et al.
A136 | 5372808 A 12/13/1994 Blatt et al.
A137 | 5376380 A 12/27/1994 Kikuchi et al.
A138 | 5405598 A 04/11/1995 Schinazi et al.
A139 | 5411947 A 05/02/1995 Hostetler et al.
A140 | 5420266 A 05/30/1995 Britton et al.
A141 | 5426183 A 06/20/1995 Kjell
A142 | 5453499 A 09/26/1995 Chou et al.
A143 | 5462724 A 10/31/1995 Schinazi et al.
A144 | 5463092 A 10/31/1995 Hostetler et al.
A145 | 5496546 A 03/05/1996 Wang et al.
A146 | 5538865 A 07/23/1996 Reyes et al.
A147 | 5543389 A 08/06/1996 Yatvin et al.
A148 | 5543390 A 08/06/1996 Yatvin et al.
A149 | 5543391 A 08/06/1996 Yatvin et al.
A150 | 5554728 A 09/10/1996 Basava et al.
A151 | 5610054 A 03/11/1997 Draper
A152 | 5633358 A 05/27/1997 Gruetzke et al.
'I-Examiner
Signature Date .
Considered

_ -
*EXAMINER: Initia

if reference considered, whether or not citation is in conformance with MPEP 809. Draw line through citation if not in conformance and not considered. Include
copy of this form with next communication to applicant. 1 Applicant’s unique citation designation number (optional). 2 See Kinds Codes of USPTO Patent Documents at

www .uspto.gov or MPEP 901.04. 3 Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). 4 For Japanese patent documents, the indication of the
year of the reign of the Emperor must precede the serial number of the patent doment. 5 Kind of document by the appropriate symbols as indicated on the document under WIPO
Standard ST.16 if possible. 6 Applicant is to place a check mark here if English language Translation is attached.
This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing,
and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-
1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 (1-800-786-9799) and select option 2,
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A153 | 5633388 A 05/27/1997 Diana et al.
A154 | 5676942 A 10/14/1997 Testa et al.
A155 | 5703058 A 12/30/1997 Schinazi et al.
A156 | 5711944 A 01/27/1998 Gilbert et al.
A157 | 5725859 A 03/10/1998 Omer
A158 | 5738845 A 04/14/1998 Imakawa
A159 | 5738846 A 04/14/1998 Greenwald et al.
A160 | 5747646 A 05/05/1998 Hakimi et al.
A161 | 5767097 A 06/16/1998 Tam
A162 | 5792834 A 08/11/1998 Hakimi et al.
A163 | 5830455 A 11/03/1998 Valtuena et al.
A164 | 5830905 A 11/03/1998 Diana et al.
A165 | 5834594 A 11/10/1998 Hakimi et al.
A166 | 5837257 A 11/17/1998 Tsai et al.
A167 | 5846964 A 12/08/1998 Ozeki
A168 | 5849696 A 12/15/1998 Chretien et al.
A169 | 5869253 A 02/09/1999 Draper
A170 | 5891874 A 04/06/1999 Colacino et al.
A171 | 5905070 A 05/18/1999 Schinazi et al.
A172 | 5908621 A 06/01/1999 Glue et al.
A173 | 5922757 A 07/13/1999 Chojkier
A174 | 5928636 A 07/27/1999 Alber et al.
A175 | 5942223 A 08/24/1999 Bazer et al.
A176 | 5980884 A 11/09/1999 Blatt et al.
A177 | 5990276 A 11/23/1999 Zhang et al.
A178 | 60/392350 06/28/2002 Storer
A179 | 60/392351 06/28/2002 Gosselin
A180 | 60/909315 03/30/2007 Sofia et al.
A181 | 60/982309 10/24/2007 Sofia et al.
A182 | 6004933 A 12/21/1999 Spruce et al.
A183 | 6034134 A 03/07/2000 Gold et al.
A184 | 6043077 A 03/28/2000 Barber et al.
A185 | 6056961 A 05/02/2000 Lavie et al.
A186 | 6060080 A 05/09/2000 Kikuchi et al.
A187 | 6090932 A 07/18/2000 McGee et al.
A188 | 6130326 A 10/10/2000 Ramasamy et al.
A189 | 6132763 A 10/17/2000 Fisher
A190 | 6156501 A 12/05/2000 McGall et al.
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A191 | 6180134 B1 01/30/2001 Zalipsky et al.
A192 | 6232300 B1 05/15/2001 Schinazi et al.
A193 | 6239159 B1 05/29/2001 Brown et al.
A194 | 6348587 B1 02/19/2002 Schinazi et al.
A195 | 6372883 B1 04/16/2002 Attwood et al.
A196 | 6391859 B1 05/21/2002 Schinazi et al.
A197 | 6410531 B1 06/25/2002 Llinas-Brunet et al.
A198 | 6420380 B2 07/16/2002 Llinas-Brunet et al.
A199 | 6455513 B1 09/24/2002 McGuigan et al.
A200 | 6455690 B1 09/24/2002 Tam et al.
A201 | 6475985 B1 11/05/2002 Wagner et al.
A202 | 6479463 B1 11/12/2002 Wang et al.
A203 | 6495677 B1 12/17/2002 Ramasamy et al.
A204 | 6509320 B1 01/21/2003 Wang et al.
A205 | 6534523 B1 03/18/2003 Llinas-Brunet et al.
A206 | 6552183 B1 04/22/2003 Ramasamy et al.
A207 | 6555677 B2 04/29/2003 Petrillo et al.
A208 | 6573248 B2 06/03/2003 Ramasamy et al.
A209 | 6589941 A 07/08/2003 Fahrig et al.
A210 | 6642206 B2 11/04/2003 Ramasamy et al.
A211 | 6660721 B2 12/09/2003 Devos et al.
A212 | 6677314 B2 01/13/2004 Klecker et al.
A213 | 6677315 B2 01/13/2004 Klecker et al.
A214 | 6680303 B2 01/20/2004 Schinazi et al.
A215 | 6682715 B2 01/27/2004 Klecker et al.
A216 | 6683045 B2 01/27/2004 Klecker et al.
A217 | 6703374 B1 03/09/2004 Klecker et al.
A218 | 6753309 B2 06/22/2004 Klecker et al.
A219 | 6777395 B2 08/17/2004 Bhat et al.
A220 | 6784166 B2 08/31/2004 Devos et al.
A221 | 6787305 B1 09/07/2004 Lietal.
A222 | 8787526 B1 09/07/2004 Bryant et al.
A223 | 6812219 A 11/02/2004 LaColla et al.
A224 | 6815542 B2 11/09/2004 Hong et al.
A225 | 6846810 B2 01/25/2005 Martin et al.
A226 | 6897201 B2 05/24/2005 Boyer et al.
A227 | 6908924 B2 06/21/2005 Watanabe, et al.
A228 | 6911424 B2 06/28/2005 Schinazi et al.
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A229 | 6914054 B2 07/05/2005 Sommadossi et al.
A230 | 6962991 B2 11/08/2005 Dempcy et al.
A231 | 7018985 B1 03/28/2006 Boyer et al.
A232 | 7018989 B2 03/28/2006 McGuigan et al.
A233 | 7081449 B2 07/25/2006 Pietrzkowski et al.
A234 | 7105493 A 09/12/2006 Sommadossi et al.
A235 | 7105499 B2 09/12/2006 Carroll et al.
A236 | 7125855 A 10/24/2006 Bhat et al.
A237 | 7148206 B2 12/12/2006 Sommadossi, et al.
A238 | 7163929 B2 01/16/2007 Sommadossi, et al.
A239 | 7202224 B2 04/10/2007 Eldrup et al.
A240 | 7217523 B2 05/15/2007 \Wagner
A241 | 7268119 B2 09/11/2007 Cook et al.
A242 | 7307065 B2 12/11/2007 Schinazi et al.
A243 | 7323453 A 01/29/2008 Oisen
A244 | 7365057 B2 04/29/2008 LaColla et al.
A245 | 7390791 B2 06/24/2008 Becker et al.
A246 | 7429572 B2 09/30/2008 Clark
A247 | 7601820 A 10/13/2009 Wang et al.
A248 | 7608597 A 10/27/2009 Sommadossi et al.
A249 | 7608600 A 10/27/2009 Storer
A250 | 7635689 A 12/22/2009 LaColla et al.
A251 | 7754699 A 07/13/2010 Chun et al.
A252 | 7879815 B2 02/01/2011 MacCoss et al.
A253 | 7964580 B2 06/21/2011 Sofia et al.
A254 | 8148349 B2 04/03/2012 Meppen et al.
A255 | 8173621 B2 05/08/2012 Duet al.
A256 | 8334270 B2 12/18/2012 Sofia et al.
A257 | 8415322 B2 04/29/2013 Clark
A258 | 8551973 B2 10/08/2013 Bao et al.
A259 | 8580765 B2 11/12/2013 Sofia et al.
A260 | 8735372 A 05/27/2014 Duet al.
A261 | 8906880 A 12/09/2014 Du et al.
A262 | 8957046 02/17/2015 Du et al.
A263 | 9085573 07/21/2015 Du et al.
A264 | 9585906 03/07/2017 Du et al.
A265 | RE29835 A 11/14/1978 Witkowski et al.
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A266 | CN 101108870 A 01/23/2008 Yixin Leng
A267 | DE 19914474 A1 10/07/1999 Hoffmann La Roche
A268 | EP 0180276 A1 05/07/1986 Oce Andeno Bv
A269 | EP 0350287 A2 01/10/1990 Vical Inc
A270 | EP 1828217 A2 09/05/2007 FEBIT BIOTECH GMBH
A271 | EP 1881001 A1 01/23/2008 TIBOTEC PHARM, LTD.
A272 | EP 2097430 A1 09/09/2009 O RADAN MOLERULAR
A273 | EP 2124555 A2 12/02/2009 MERCK & CO, INC.
A274 | EP 2207786 B1 03/07/2012 EISAI INC.
E.|. DUPONT DE NEMOURS
A275 | JP 2007-505742 A 03/15/2007 AND COMPANY
NODA SANGYO KAGAKU
A276 | JP 5238939 A 09/17/1993 KENKYUSHO KIKKOMAN
CORP
A277 | WO 1989/002733 A1 04/06/1989 Univ California;
A278 | WO 1990/000555 A1 01/25/1990 Vical Inc;
A279 | WO 1991/016920 A1 11/14/1991 Vical Inc;
A280 | WO 1991/018914 A1 12/12/1991 Vical Inc;
A281 | WO 1991/019721 A1 12/26/1991 Glazier Arnold;
A282 | WO 1993/000910 A1 01/21/1993 Vical Inc;
A283 | WO 1994/026273 A1 11/24/1994 Hostetler Karl Y;
A284 | WO 1995/013090 A1 05/18/1995 Enzon Inc;
A285 | WO 1995/024185 A1 09/14/1995 Isis Pharmaceuticals Inc;
A286 | WO 1996/015132 A1 05/23/1996 Univ California;
A287 | WO 1996/032403 A2 10/17/1996 Schering Ag;
A288 | WO 1996/029336 A1 09/26/1996 Medical Research Council
A289 | WO 1997/012033 A1 04/03/1997 UNIV EMORY
A290 | WO 1997/036554 A1 10/09/1997 Viropharma Ing;
A291 | WO 1998/016184 A2 04/23/1998 Icn Pharmaceuticals;
A292 | WO 1998/017679 A1 04/30/1998 Vertex Pharma;
A293 | WO 1998/022496 A2 05/28/1998 Hoffmann La Roche;
A294 | WO 1999/007734 A2 02/18/1999 Boehringer Ingelheim Ca Ltd;
A295 | WO 1999/015194 A1 04/01/1999 Schering Corp;
A296 | WO 1999/032139 A1 07/01/1999 Enzon Inc;
A297 | WO 1999/032140 A1 07/01/1999 Enzon Ingc;
A298 | WO 1999/037753 A1 07/29/1999 Newbiotics, Inc.
p .
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Univ Emory; Univ Georgia
A299 | WO 1999/043691 A1 09/02/1999 Res Found:
A300 | WO 1999/059621 A1 11/25/1999 Schering Corp;
A301 | WO 1999/064016 A1 12/16/1999 Hoffmann La Roche;
A302 | WO 2000/006529 A1 02/10/2000 Angeletti P Ist Richerche Bio;
Novirio Pharmaceuticals
A303 | WO 2000/009531 A2 02/24/2000 Limite
Centre Nat Rech Scient;
A304 | WO 2000/037110 A2 06/29/2000 Schering Corp;
A305 | WO 2001/032153 A2 05/10/2001 laf Biochem Int;
A306 | WO 2001/060315 A2 08/23/2001 laf Biochem Int;
A307 | WO 2001/007454 A1 02/01/2011 Newbiotics, Inc.
A308 | WO 2001/079246 A2 10/25/2001 Pharmasset Lid;
A309 | WO 2001/081359 A1 11/01/2001 Schering Corp;
A310 | WO 2001/090121 A2 11/29/2001 Novirio Pharmaceuticals Ltd;
Univ Cagliari;
A311 | WO 2001/091737 A2 12/06/2001 Novirio Pharmaceuticals Ltd;
Novirio Pharmaceuticals Ltd;
A312 | WO 2001/092282 A2 12/06/2001 Univ Cagliari;
Novirio Pharmaceuticals Ltd;
A313 | WO 2001/096353 A2 12/20/2001 Ct Nat Da La Rech Scient
Cnrs;
A314 | WO 2002/008187 A 01/31/2002 ﬁg,‘e”“g Corp; Corvas Int
A315 | WO 2002/008198 A2 01/31/2002 Schering Corp;
A316 | WO 2002/008241 A2 01/31/2002 GILEAD SCIENCES, INC.
A317 | WO 2002/008251 A2 01/31/2002 Corvas Int Inc;
A318 | WO 2002/008256 A2 01/31/2002 ﬁg,‘e”“g Corp; Corvas Int
A319 | WO 2002/018404 A2 03/07/2002 Hoffmann La Roche;
A320 | WO 2002/032414 A2 04/25/2002 f:;‘iire'f‘g Corp; Albrecht
A321 | WO 2002/032920 A2 04/25/2002 Pharmasset Ltd;
A322 | WO 2002/048116 A2 06/20/2002 gg?m Myers Squibb Pharma
A323 | WO 2002/048157 A2 06/20/2002 gg“fm' Myers Squibb Pharma
A324 | WO 2002/048165 A2 06/20/2002 Pharmasset Ltd;
A325 | WO 2002/048172 A2 06/20/2002 Schering Corp;
g "
T
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Merck & Co Inc; Isis
A326 | WO 2002/057287 A2 07/25/2002 Pharmacedticals Ine:
A327 | WO 2002/057425 A2 07/25/2002 Merck & Co Inc; Isis
Pharmaceuticals Inc
A328 | WO 2002/060926 A2 08/08/2002 Squibb Bristol Myers Co:
A329 | WO 2002/100415 A2 12/19/2002 Hoffmann La Roche;
SCHERRING
A330 | WO 2002/032414 A2 04/25/2002 CORPORATION
A331 | WO 2003/000713 Al 01/03/2003 GLAXO GROUP LTD.
A332 | WO 2003/006490 A1 01/23/2003 VERTEX PHARMA._, INC.
A333 | WO 2003/010141 A2 02/06/2003 ggf;'g'NGER INGELHEIM
A334 | WO 2003/024461 Al 03/27/2003 SCHERING CORP.
IDENIX CAYMAN LTD
A335 | WO 2003/026589 A2 04/03/2003 CENTRE NAT DE LA RECH
SCIENT
A336 | WO 2003/037895 Al 05/08/2003 GLAXO GROUP L TO.
A337 | WO 2003/051899 Al 06/26/2003 RIBAPHARM INC.
A338 | WO 2003/053989 Al 07/03/2003 MRC TECHNOLOGY LTD.
A339 | WO 2003/061576 A2 07/31/2003 RIBAPHARM INC.
A340 | WO 2003/062256 A1 07/31/2003 RIBAPHARM INC.
A341 | WO 2003/064456 A1 08/07/2003 E\IOTEHR'NGER INGELHEIM
Merck & Co Inc; Isis
A342 | WO 2003/068244 A1 08/21/2003 Pharmaceaticals Inc:
A343 | WO 2003/101993 A1 12/11/2003 :\r']ecf’ge“es's Pharmaceuticals
A344 | WO 2003/104250 A1 12/18/2003 KYLIXB V
A345 | WO 2003/105770 A2 12/24/2003 Merck & Co Inc;
A346 | WO 2003/106477 Al 12/24/2003 Isis Pharmaceuticals Inc;
Merck & Co Inc; Isis
A347 | WO 2004/000858 A2 12/31/2003 Pharmaceuticals Inc
A348 | WO 2004/002422 A2 01/08/2004 'gaegl'i’;rci:,ayma” Ltd; Univ
A349 | WO 2004/002040 A1 01/08/2004 EZARMAC'A & UPJOHN
A350 | WO 2004/002944 A1 01/08/2004 CP:':'DARMAC'A & UPJOHN
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A351 | WO 2004/002977 A1 01/08/2004 POARMACIA & UPJORN
Idenix Cayman Ltd; Centre
A352 | WO 2004/002999 A2 01/08/2004 Nat Rech Scient; Univ
Cagliari;
Idenix Cayman Ltd, Centre
A353 | WO 2004/003000 A2 01/08/2004 Nat Rech Scient; Univ
Cagliari;
A354 | WO 2004/003138 A2 01/08/2004 Merck & Co Inc; Isis
Pharmaceuticals Inc;
Merck & Co Inc; Isis
A355 | WO 2004/007512 A2 01/22/2004 Pharmaceuticals Inc:
Merck & Co Inc; Isis
A356 | WO 2004/009020 A2 01/29/2004 Pharmaceuticals Inc:
A357 | WO 2004/009610 A2 01/29/2004 Pio Therapeutics Inc; Tularik
A358 | WO 2004/011478 A2 02/05/2004 Micrologix Biotech Inc;
A359 | WO 2004/014313 A2 02/19/2004 Squibb Bristol Myers Co;
Squibb Bristol Myers Co;
A360 | WO 2004/014852 A2 02/19/2004 Romine Jefirey Lee
A361 | WO 2004/035571 A1 04/29/2004 Rigel Pharmaceuticals Inc;
VIROPHARMA INC [US]
A362 | WO 2004/041201 A2 05/21/2004 WYETH CORP.
A363 | WO 2004/046331 A2 06/03/2004 Ic(:jaeg;i); ﬁayma” Ltd; Univ
A364 | WO 2004/065367 A1 08/05/2004 E\?I.EHRINGER INGELHEIM
A365 | WO 2004/080466 A1 09/23/2004 Ribapharm Inc;
A366 | WO 2004/094452 A2 11/04/2004 gngB BRISTOL MYERS
A367 | WO 2004/096210 A1 11/11/2004 GLAXO GROUP L TO.
A368 | WO 2004/096234 A2 11/11/2004 Gilead Sciences Inc;
A369 | WO 2004/096235 A2 11/11/2004 Gilead Sciences Inc;
A370 | WO 2004/096286 A2 11/11/2004 Gilead Sciences Inc
A371 | WO 2004/106356 A1 12/09/2004 Univ Syddansk;
A372 | WO 2005/002626 A2 01/13/2005 Gilead Sciences Inc;
A373 | WO 2005/003147 A2 01/13/2005 Pharmasset Ltd;
A374 | WO 2005/007810 A2 01/27/2005 Grinstaff Mark W;
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Idenix Cayman Ltd; Centre
A375 | WO 2005/009418 A2 02/03/2005 Nat Rech Scient:
A376 | WO 2005/012327 A2 02/10/2005 Univ Cardiff;
Idenix Cayman Ltd; Centre
A377 | WO 2005/020884 A2 03/10/2005 Nat Rech Scient; Univ
Cagliari;
A378 | WO 2005/021568 A2 03/10/2005 Biota Inc;
A379 | WO 2005/028502 A1 03/31/2005 VERTEX PHARMA INC.
E.|. DUPONT DE NEMOURS
A380 | WO 2005/030891 A1 04/07/2005 AND COMPANY
A381 | WO 2005/037214 A2 04/28/2005 INTERMUNE INC.
A382 | WO 2005/067900 A2 07/28/2005 Achillion Pharmaceuticals Inc;
A383 | WO 2005/072361 A2 08/11/2005 Merck & Co Inc;
A384 | WO 2005/082144 A1 09/09/2005 oo SOV HEALTH & HUMAN
A385 | WO 2005/087788 A2 09/22/2005 Univ California;
A386 | WO 2005/095403 A2 10/13/2005 INTERMUNE INC.
A387 | WO 2005/103045 A2 11/03/2005 GLAXO GROUP L TO.
A388 | WO 2005/123087 A2 12/29/2005 MERCK & CO., INC.
Idenix Cayman Ltd
A389 | WO 2006/000922 A2 01/05/2006 Centre Nat Rech Scient; Univ
Cagliari; Biorganic Chemie
Universtitat;
A390 | WO 2006/012078 A2 02/02/2006 Merck & Co Inc;
A391 | WO 2006/012440 A2 02/02/2006 Pharmasset Inc;
A392 | WO 2006/020082 A1 02/23/2006 ggUIBB BRISTOL MYERS
A393 | WO 2006/029081 A2 03/16/2006 Neopharm Inc;
A394 | WO 2006/031725 A2 03/23/2006 Pharmasset Inc;
A395 | WO 2006/035061 A1 04/06/2006 Tibotec Pharm Ltd;
Idenix Cayman Ltd; Centre
A396 | WO 2006/037028 A2 04/06/2006 Nat Rech Scient:
A397 | WO 2006/050161 A2 05/11/2006 Biocryst Pharm Inc;
A398 | WO 2006/063149 A1 06/15/2006 UNIV. MINNESOTA
A399 | WO 2006/063717 A2 06/22/2006 UNIV. KARLSRUHE
A400 | WO 2006/065335 A2 06/22/2006 Merck & Co Inc;
A401 | WO 2006/065590 A2 06/22/2006 ATk CPHARMACEUTICAL
A402 | WO 2006/067606 A1 06/29/2006 INSERM, CNRS
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A403 | WO 2006/093801 A1 09/08/2006 ABBOTT LAB
A404 | WO 2006/100310 A2 09/28/2006 Tibotec Pharm Ltd;
GENELABS
A405 | WO 2006/116557 A1 11/02/2006 TECHNOLOGIES, INC.
A406 | WO 2006/120251 A1 11/16/2006 Tibotec Pharm Ltd;
A407 | WO 2006/120252 A2 11/16/2006 Tibotec Pharm Ltd;
A408 | WO 2006/121820 A1 11/16/2006 Valeant Res & Dev;
A409 | WO 2007/002602 A2 01/04/2007 DEPUY SPINE INC.
A410 | WO 2007/014920 A1 02/08/2007 TIBOTEC PHARM,, LTD.
A411 | WO 2007/014921 A1 02/08/2007 TIBOTEC PHARM., LTD.
A412 | WO 2007/014922 A1 02/08/2007 TIBOTEC PHARM,, LTD.
A413 | WO 2007/014925 A1 02/08/2007 TIBOTEC PHARM,, LTD.
A414 | WO 2007/014926 A1 02/08/2007 TIBOTEC PHARM,, LTD.
A415 | WO 2007/015824 A2 02/08/2007 INTERMUNE INC.
F. HOFFMANN-LA
A416 | WO 2007/020193 A2 02/22/2007 ROCHEAG
A417 | WO 2007/027248 A2 03/08/2007 VALEANT RES & OEV
A418 | WO 2007/039142 A1 04/12/2007 GLAXO GROUP L TO.
A419 | WO 2007/039145 A1 04/12/2007 GLAXO GROUP L TO.
A420 | WO 2007/065829 A1 06/14/2007 ;'GHOFFMAN N-LA ROCHE
A421 | WO 2007/070556 A2 06/21/2007 GENELABS TECH INC.
A422 | WO 2007/076034 A2 07/05/2007 ABBOTT LA
A423 | WO 2007/088148 A1 08/09/2007 gl\ollglleLlNE BEECHAM
A424 | WO 2007/092000 A1 08/16/2007 SQUIBE BRISTOL MYERS
A425 | WO 2007/093901 A1 08/23/2007 PFIZER LTD.
A426 | WO 2007/095269 A2 08/23/2007 MERCK & CO., INC.
A427 | WO 2008/010921 A2 01/24/2008 GILEAD SCIENCES INC.
A428 | WO 2008/045419 A1 04/17/2008 PHARMASSET INC.
CT BADAN MOLEKULAR |
A429 | WO 2008/048128 A1 04/24/2008 MAKRO
UNIV. COLLEGE CARDIFF
A430 | WO 2008/062206 A2 05/29/2008 CONSULTANTS LTD.
A431 | WO 2008/079206 A2 07/03/2008 MERCK & CO., INC.
IDENIX
A432 | WO 2008/082601 A2 07/10/2008 PHARMACEUTICALS, INC.
A433 | WO 2008/085508 A2 07/17/2008 MERCK & CO., INC.
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A434 | WO 2008/121634 A2 10/09/2008 Pharmasset, Inc.
ANGELETTI P IST
A435 | WO 2008/142055 A2 11/27/2008 RICHERCHE B10
EISAL CORP OF NORTH
A436 | WO 2009/052287 A1 04/23/2009 AMERICA
HETERO RESEARCH
A437 | WO 2009/115893 A2 09/24/2009 FOUNDATION
ALNYLAM
A438 | WO 2009/120878 A2 10/01/2009 PHARMACEUTICALS INC.
A439 | WO 2009/129120 A2 10/22/2009 RFS PHARMA LLC
A440 | WO 2009/152095 A2 12/17/2009 PHARMASSET INC.
University of Florida
Ad41 | WO 2010/009121 A2 01/21/2010 Research Foundation, Inc.
Ad42 | WO 2010/042834 A1 04/15/2010 Anadys Pharmaceuicals Inc.
A443 | WO 2010/075554 A1 07/01/2010 Pharmasset Inc;
Ad44 | WO 2010/080878 A1 07/15/2010 SCYNEXIS INC.
Ad45 | WO 2011/123645 A2 10/06/2011 Pharmasset, Inc.
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ABRAHAM et al., “Synthesis and Biological Activity of Aromatic Amino Acid Phosphoramidates of 5-
Ad46 fluoro-2'deoxyuridine and 1-beta-Arabinofuranosylcytosine: Evidence of Phosphoramidase Activity,” J.
Med. Chem., vol. 39, No. 23, pp. 4569-4575, (1996).
ABRAHAM et al., “Synthesis, Biological Activity and Decomposition Studies of Amino Acid
Ad447 Phosphomonoester Amidates of Acyclovir,” Nucleosides, Nucleotides and Nucleic Acids, vol. 16, No.
10, pp. 2079-2092 (1997).
A448 Abstract, 100, presented at the 19t International Conference of Antiviral Research, May 7-11, 2006
AQUARO et al., “Activities of Masked 2',3"-Dideoxynucleoside Monophosphate Derivaties Against
A449 Human Immunodeficiency Virus in Resting Macrophages,” Antimicrobial Agents and Chemotherapy,
vol. 44, No. 1, pp. 173-177 (2000).
ARNOLD, et al. Sensitivity of mitochondrial transcription and resistance of RNA polymerase |l
A450 dependent nuclear transcription to antiviral ribonucleosides. PLoS Pathog. 2012;8(11):e1003030. doi:
10.1371/journal.ppat.1003030. Epub 2012 Nov 15.
A451 ASIF et al., “Pharmacokinetics of the Antiviral Agent B-D-2'-Deoxy-2'-Fluoro-2'-C-Methylcytidine in
Rhesus Monkeys,” Antimicrobial Agents and Chemotherapy, vol. 51, No. 8, pp. 2877-2882 (2007).
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A452 Assignment of US 12/053,015. Recorded 04/01/2008.
A453 Assignment of US 60/909,315. Recorded 04/11/2007.
Ad54 Assignment of US 60/982,309. Recorded 10/26/2007.
A455 BALZARINI et al., “Mechanism of anti-HIV action of masked alaninyl d4t-MP derivatives,” Proc. Natl.
Acad. Sci., vol. 93, pp. 7295-7299 (1996).
BANKER et al., “Prodrugs,” Modern Pharmaceutics, Third Edition, Revised and Expanded, pp. 451 and
A456
596 (1996).
A45T BARTENSCHLAGER et al., “Kinetic and Structural Analyses of Hepatitis C Virus Polyprotein
Processing,” J. Virol., vol. 68, No. 8, pp. 5045-5055 (1994).
BARTENSCHLAGER et al., “Nonstructural Protein 3 of the Hepatitis C Virus Encodes a Serine-Type
A458 Proteinase Required for Cleavage at the NS3/4 and NS4/5 Junctions,” J. Virol., vol. 67, No. 7, pp.
3835-3844 (1993).
BASCHANG et al., “Neue Derivate von Thymidin-3',5'-cyclophosphat,” Angew. Chem., vol. 85, No. 1,
A459
pp. 44-45 (1973).
A460 BATTAGLIA et al., “Combination Therapy with Interferon and Ribavirin in the Treatment of Chronic
Hepatitis C Infection,” The Annals of Pharmacotherapy, vol. 34, No. 4, pp. 487-494 (2000).
A4B1 BAZAN et al., “Detection of a Trypsin-like Serine Protease Domain in Flaviviruses and Pestiviruses,”
Virology, vol. 171, pp. 637-639 (1989).
A4B2 BEAULIEU et al., “Inhibitors of the HCV NS5B polymerase: New hope for the treatment of hepatitis C
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application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)
(1.

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 (opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO's Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
|:| application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
D application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.

NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.

Page #6 New 10/24/2018
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Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). Howeuver, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or more joint inventor-applicants who have been given

power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature

/Lorna L. Tanner/

Date (YYYY-MM-DD)

2018-10-24

Name

Lorna L. Tanner

Registration Number

50,782
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PTO/AIA/01 (06-12)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1998, no persons are required to respond to a collection of information uniess it displays a valid OMB control number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of
Invention

NUCLEOSIDE PHOSPHORAMIDATE PRODRUGS

As the below named inventor, | hereby declare that:

This declaration D The attached application, or
is directed to:

United States application or PCT international application number 14/013,237
filed on August 29, 2013

The above-identified application was made or authorized to be made by me.
I believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PT0O-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of perscnal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: \ Jinfa Du Date (Optional):
“a ; ;o g
Signature: m\?@mm\m \r %{5@/@
i - \ S T S 7 7 1

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or
must have been previously filed. Use an additional PTO/AIA/01 form for each additional inventor.

PH3080.PC4

232157.1
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PTOAIANDT (08-12)

Approved for use through 01/51/2014. OMB 0861-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Undsr the Papenwork Reduction Act of 1995, no persons ars fequined to respond to a collsction of information unless it displays a valia OMB controf number,

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of ‘
nvention NUCLEOSIDE PHOSPHORAMIDATE PRODRUGS

As the below named inventor, | hereby declare that:

This declaration D The attached appiication, or
is directed to:

United States application or PCT international application number 14/043,237
©filedon August 29, 2013

The gbove-identified application was made or authorized to be made by me:
I believe that | am the original inventor or an original joint inventor of a claimed invention in the application,

{ hereby.acknowledge that any willful false statement made in this declaration is punishable under 18- U.8.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

'WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
{other than a check or credit card authorization form PTO-2038 submiitted for payment purposes) is never required by the USPTO
- 1to suppart a petition or an application. if this type of personal information is included in documents submitied to the USPTO,
petiionersfapplicants should consider redacting such personal information from the docurnents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application} or issuance of a
patent. Furthermore, the record from an abandoned application may also be available o the pubtic if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PT0-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

i

LEGAL NAME OF INVENTOR

inventor: Dhanapalan Nagarathnam Date (Optional).

A
7

Signature:

Note: An-application data sheet (PTO/SB/14 o equivalent), including naming the entire inventive entity, must accompany-this form or
must-have been previously filed.. Use an additional PTO/AIA/G1 form for each additionat invertor,

PH3080:PC4
2321571
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PTOIAIAIOY (08-12)

Approved for use through 01/31/2014. OMB 0851-0032

U.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to & ¢ollection of information uniess it dispiays a valid OMB control number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of
Ivention NUCLEOSIDE PHOSPHORAMIDATE PRODRUGS

As the below named inventor, | hereby declare that:

This declaration D The attached application, or
is directed to:

United States application or PCT international application number 14/013,237
filed on August 29, 2013

The above-identified application was made or authorized to be made by me.
i believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTQ-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO,
pstitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) Is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is

referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

/
Inventer: Michael Joseph Sofia Date (Optionaly; f&f&j"/jﬁ
Vai Y, e ’
di & 3 Y by
Signature; meﬁ@ﬁ g«’/ fsfél %f?/ «NS%
% ”

Note: An application data sheet (PTO/SB/14 or eq/uivalent). including naming the entire inventive entity, must accompany this form or
must have been previously filed. Use an additional PTO/AIA/01 form for each additional inventor.

PH3080.PC4

232157.1

Gilead Exhibit 2021
PGR2023-00046 - Page 0055



PTO/AIAI01 (06-12)

Approved for use through 01/31/2014. OMB 0651-0032

U.8. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1895, no persons are required to respond to a collection of information uniess it displays a valic OMB control number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of

Invention NUCLEOSIDE PHOSPHORAMIDATE PRODRUGS

As the below named inventor, | hereby declare that:

This declaration D The attached application, or
is directed to:

United States application or PCT international application number 14/013,237
filed on August 29, 2013

The above-identified application was made or authorized to be made by me.
| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Inventor: Peiyuan Wang Date (Optional): {//é/) 0//&

Signature: //{Wcﬂm /ﬂ(t/&f/
4 /

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or
must have been previously filed. Use an additional PTO/AIA/01 form for each additional inventor,

PH3080.PC4

2321571
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Docket No.: 37JD-199059-US10

(PATENT)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
First Named Inventor:
Jinfa Du et al.
Application No.: Not Yet Assigned Confirmation No.: Not Yet Assigned
Filed: Concurrently Herewith Art Unit: Not Yet Assigned
For: NUCLEOSIDE PHOSPHORAMIDATE Examiner: Not Yet Assigned

PRODRUGS

PRELIMINARY AMENDMENT UNDER 37 C.F.R. § 1.115

MS Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Dear Commissioner:
Prior to examination on the merits, please amend the above-identified U.S. patent
application as follows:

Amendments to the Specification begin on page 2 of this paper.

Remarks/Arguments begin on page 3 of this paper.
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Application No. Not Yet Assigned Docket No.: 37JD-199059-US10
Preliminary Amendment

AMENDMENTS TO THE SPECIFICATION

Please insert the following paragraph on page 1 after the title but before the subheading

"Field of Invention":

-- CROSS REFERENCE TO RELATED APPLICATIONS

This application is a continuation of U.S. Patent Application No. 15/411,506, filed
January 20, 2017, which is a continuation of U.S. Patent Application No. 14/656,546, filed
March 12, 2015, now U.S. Patent No. 9,585,906, which is a continuation of U.S. Patent
Application No. 14/013,237, filed August 29, 2013, now U.S. Patent No. 9,085,573, whichis a
continuation of U.S. Patent Application No. 13/609,614, filed September 11, 2012, now U.S.
Patent No. 8,580,765, which is a continuation of U.S. Application No. 13/099,671, filed May 3,
2011, now U.S. Patent No. 8,334,270, which is a continuation of U.S. Patent Application No.
12/053,015, filed March 21, 2008, now U.S. Patent No. 7,964,580, which claims the benefit
under 35 U.S.C. § 119(e) to U.S. Provisional Application Nos. 60/909,315, filed March 30, 2007,
and 60/982,309, filed October 24, 2007, all of which are hereby incorporated by reference in

their entireties. --

Please insert the following paragraph on page 1 after the subheading "CROSS
REFERENCE TO RELATED APPLICATIONS" but before the sub-heading "Field of

Invention":

-- Sequence Listing

The instant application contains a Sequence Listing which has been submitted

electronically in ASCII format and is hereby incorporated by reference in its entirety. --
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Application No. Not Yet Assigned Docket No.: 37JD-199059-US10
Preliminary Amendment

REMARKS

Applicant respectfully requests that the foregoing amendments be made prior to

examination of the present application.

Favorable consideration of the application as amended is respectfully requested. The
Examiner is invited to contact the undersigned by telephone if it is felt that a telephone interview

would advance the prosecution of the present application.

Respectfully submitted,

Dated: October 24, 2018 By /Lorna L. Tanner/
Lorna L. Tanner
Registration No.: 50,782
Attorney for Applicant
SHEPPARD MULLIN RICHTER & HAMPTON LLP
379 Lytton Avenue
Palo Alto, California 94301
(650) 815-2658
Customer Number: 117796
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ABSTRACT

{¥isclosed herein are phosphoramidate prodrugs of nucleoside derivatives for the
treatment of viral infections in mammals, which is a compound, 115 stereoisomer, salt
{acid or basic addition salt), hydrate, solvate, or crystalline form thereof, represented by

5 the following structure:

Also disclosed are methods of treatment, uses, and processes for preparing each of which
utilize the compound represented by formula k.

10
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We claim:

1. A compound, its sterepisomer, salt, hydrate, solvate, or crystalline form

thereof, represented by formula L

’ 0
R ]
E:
Ria N-----E,"‘WO
) OR!
CORY R
3 i
wherein

{(a) R' is hydrogen, 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¢ alkyl, Cy alkenyl, Cop alkynyl, Ci5

10 alkoxy, F, CL Br, i, nitro, cyans, Cs haloalkyl, -N(R"r)z, Cig acylamino, -NHSO.C; 4
alkyl, -SO.NR )2, CORY, and -SO,C 1 alkyl; (R is independently hydrogen or alkyl,
which inctudes, but is not Hmited to, C1.0 alkyl, Crig alkyl, or Cig alkyl, RY is ~OR or ~

NR" ),

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

nis2to4and R, R™ and R,

{c) R and R are (1) independently selected from hydrogen, Cy.q9 atkyl,
eyeloalkyl, -(CH)(NR™),, Crs hydroxyalleyl, -CH,SH, -(CH,),8(0)sMe, -
{CHopNHC(=NHINH:, (1H-indol-3-yDimethyl, (1H-imidazol-4-yhmethyl, -

20 (CH,)LCORY, aryl and aryl C s alkyl, said aryl groups optionally substituted with a
group selected from hydroxyl, Cp o alkyl, Cp.s alkoxy, halogen, nitro and cyano; (i) R™
and R™ both are Cy alkyl; (i) R™ and R™ together arc(CHy)s so as to form a spiro ring;

(iv) R™ is hydrogen and R™ and R” together are (CHy), 50 as to form a cyclic ring that

- 680 -
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20

)
(¥ 4]

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 cis 1
106, dis0t02,¢is0t03, fis 210 5, nis 2 to 4, and where R¥ is independently hydrogen
or C 1 alkyl and R™ is -OR" or -N(R™),); (vi) R™ is H and R™ is H, CH;, CH,CHs,
CH{CHa),, CHCH(CH; ), CHICH)CH,CH:, CHyPh, CHy-indol-3-y1, -CH,CHZSCHa,
CH,CO,H, CH,C(O)NH,, CH,CH,COOH, CH,CH,C{O)YWH,, CH,CH,CH,CH,NH,, -
CHLCH,CHNHC(INH)NH,, CHp-imidazol-4-yl, CH,OH, CH{OH)CH,, CHy{{4'-CH)-
Ph}, CH,SH, or lower cycloalkyl; or (viil) R is CH, -CH,CH, CH{CHj3),,
CHRCH(CH: ), CH(CH:YCH,CH;, CHyPh, CHy-indol-3-yl, -CHCH,SCH;, CH,COLH,
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,8H, or lower cycloalkyl and R™ is H, where R is independently hydrogen or
alkyl, which includes, but is not limited to, Cyao alkyl, Ciyg alkyl, or Cps alkyl, R7 is —
OR' or -N(R™),):

{(d R is hydrogen, Cio alkyl, €10 alkyl optionally substituted with a lower
alkyl, alkoxy, di(tower alkyly-amine, or halogen, Cy_14 haloalkyl, Cs 10 cycloalkyl,
cycloalkyl alkyl, cycloheteroalkyl, aminoacyl, aryl, such as phenyl, heteroaryl, such as,

pyridinyl,substituted aryl, or substituted heteroaryi;

A

() R®is H, a lower alkyl, ON, vinyl, O-(lower alkyl), hydroxyl lower alkyl,
re., {CH),OH, where p is 1 -6, including hydroxyl methyl (CH,OH), CHyF, N,
CHCN, CHNH,, CHONHCH;, CHN(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 CHoF and B is a purine base, R’

cannot be H;
() RisH, CH:, CHyF, CHF,, CFs, F, or CN;
(2) Xis H, OH, ¥, OMe, halogen, NH;, or N3;

(b} Yis OH, H, Cy 4 alkyl, Co4 alkenyl, Co 4 alkynyl, vinyl, N3, CN, Cl, By, F,
I, NO,, OC{OYO(C s alkyl), OCOY(Cyy alkyly, OC(OY0(Cyq alkynyl), OC(0YO(Coy

- 681 -
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alkenyl), OC,. 1 haloalyl, Olaminoacyl), O(Ci.io acyl}, G(Ci4 alkyl), O(C,4 alkenyl),
S{C 4 acyl), S(Cyy alkyly, S(Cy 4 alkyny]y, S{Cos alkenyD), SO(C 4 acyl), SO(C, 4 alkyh),
SO{Cy4 alkynyl}, SG{Cou alkenyl), SOHCrs acyl), SC(Cr.4 abioyl), SOCra alkynyl},
S0(Coy slkenyl), OS(O)(C) 4 acyl), OS(O)(Ci4 alkyl), OS(0){Cyu alkenyl), NH,

5 NH(Cy.q alkyly, NH(Cy 4 alkenyl), NH(Ca.4 alkynyl), NH{C; 4 acyl), N(Cy4 alkyl)y, N{Cs.
15 acyl),, wherein alkyl, alkynyl, alkenyl and vinyl arc optionally substituted by Ni, CN,
one to three halogen {Cl, Br, F, 13, NG,, C{OYO(C) 4 alkyl)y, CIOHYO(C 4 alkyly, CIOY(Co
4 alkynyly, C(OYO(Co 4 alkenyl), O(Cy4 acyl), O(Cy 4 alkyl), (T, alkenyl), S{C; 4 acyl),
S{C4 alkyl), S(Cy g alkynyl), S{Coq alkenyl), SO(Cy 4 acyl), SO(C 4 alkyl), SG(Cy4

10 alkynyl), SO(C,4 alkenyl), SG(Cyy acyl), SOCy 4 alkyl), SO(Cs 4 alkynyl), SO(C; 4
alkenyl), OS{ON(C) 4 acyl), OS(OR{Ci4 alkyl), OS(0 3Ty alkenyiy, NHy, NH{Ci4
alkyly, NH{Cy4 altkenyly, NH(Coy alkynyl), NH{C 4 acyl), N(C 4 alkyly, N{Ci4 acyl)z;

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

represented by the following structures:

15
R O R0 O
R3 ; R N Rgfkm {] ! Sy </N ! NI
R’ T/KO R’ T/Ko N [\]///J\\R” N N'%J\ NI,
a b ¢ d
wherein
ZisNor CR™:

R’ RE R, RY, and R"are independently H, F, C1, Br, 1, OH, OR', 8H, SR', NH,,
20 NHR', NRY, lower alkyl of C1-Cg, halogenated (F, CL, Br, {) lower alkyl of C1-Cq, lower
alkenyl of C,-Cs, halogenated (¥, C, Br, 1) lower alkenyl of C,-Cy, lower alkynyl of Cp-

- 682 -
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Ce such as C=CH, halogenated (F, Cl, Br, 1) lower alkynyl of C,-C, lower alkoxy of Cy-
Cs, halogenated (F, CL, Br, D) lower atkoxy of C1-Cs, COH, COR', CONH,, CONHR,
CONR, CH=CHCO,H, or CH=CHCO.R',

wherein R’ is an optionally substituted alkyl , which inclades, but is not limited to,
an optionally substituted C, 20 alkyl, an optionally substituted Cy.10 alkyl, an optionally
substituted lower alkyl; an optionally substituted cycloalkyl; an optionally substituted
alkynyl of C-Cs, an optionally substituted lower alkenyl of C2-Ce, or optionally
substituted acyl, which mcludes but is not limited to C(O) alkyl, C{OXC 5, alkyl),
CIOXCy1p alkyl), or C(O)lower alkyly or alternatively, in the imstance of NR',, each R’
comprise at least one € atom that are joined to form a heterocycle comprising at least two

carbon atoms; and

R is an H, halogen (including F, Cl, Br, 1), OH, OR’, SH, SR', NH,, NHR', NR',,
NO:; lower alkyl of Ci-Ce, halogenated (F, Cl, Br, [} lower alkyl of C1-Cq, lower alkenyl
of C3-C, halogenated (F, CL Br, I) lower alkenyl of C,-Cq , lower alkynyl of C,-C,
halogenated (F, C}, Br, 1) lower alkynyl of C3-Cs, lower alkoxy of C-Cs, halogenated (F,
Cl, Br, I) lower alkoxy of C;-Cy, CO:H, COR', 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: (iy <C=C-H, (i) ~C=CHy, or (iii) ~NO,.

2. A compound its stereoisomer, salt, hydrate, solvate, or crystalline form
thereof selected from among

5 2-Deoxy-2'-flucro-2'-C-methyhuridine 5'-{phenyl methoxy-alanyl phosphate
({R)-2-{[{2R, 3R AR, 5R)-5~(2 4-Dioxo-3 4-dihydro-2 H-pyrimidin-1-y1)-4-fluoro-3-
hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxyl-phenoxy-phosphorylamino | -propionic
acid methy! ester};

& 2'-Deoxy-2'-fluoro-2'-C-macthyhuridine 5'-(phenyl methoxy-valyl phosphate
((8)-2-{{(2R,3R AR, 5R)-5~(2 4-Dioxo-3,4-dihydro-2H-pyrimidin-1-y1}-4-fluoro-3-
hydroxy-4-roethyl-tetrahydro-furan-2-yimethoxy}-phenoxy-phosphorylamino } -3-methyl-
butyric acid methyl ester;

7 Z2-Deoxy-2-fluoro-2'-C-methyhuridine 5'-(4-bromophenyl methoxy-valyl
phosphate ((S)-2-{{(4-bromo-phenoxy)-[{ 2R, 3R,4R 5R)-5-(2,4-diox0-3 4-dihydro-2H-
pyrimidin-}-yi}-4-fluoro-3-hydroxy-4-methyi-tetrahydro-furan-2-ylmethoxy|-
phosphorylamine }-3-methyl-butyric acid methyl ester);

8 2-Dcoxy-2'-fluoro-2'-C-methyluridine 5'-(4-bromophenyl methoxy-alanyl
phosphate (({8)-2-{(4-bromo-phenoxy)-[(2R,3R 4R 3R )-5-(2 4-dioxo-3,4-dihydro-2H-

- 683 -
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10

15

20

9]
L

40

pyrimidin-i-yhH-4-fluore-3-hydroxy-4-methyi-tetrahydro-furan-2-ylmethoxyj-
phosphorylamine }~-propionic acid methyl ester);

9 NN N-dimethylformamidiny]}-2"-deoxy-2'-flusro-2'-C-methylcytiding;

1§ 2-Beoxy-2-fhuore-2"-C-methyicytidine 5'-(phenyl methoxy-alanyl phosphate
({{S)-2~{1(2R,3R 4R, 5R)-5-(2-0xo-3-amino-pyrimidin-1-y1)-4-fluoro-3-hydroxy-4-
methyl-tetrahydro-furan-2-ylmethoxyl-phenyoxy-phosphorylamine | -propionic acid
methyl ester);

11 2-Deoxy-2'-fluoro-2'-C-methyleytidine 5'-(4-bromophenyl methoxy-valyl
phosphate (2'-Deoxy-2'-fluoro-2"-C-methyluridine 5'-(4-bromophenyl methoxy-valyl
phosphate ((S)-2-{{(4-bromo-phenoxy-[{ 2R, 3R,4R 5R)-5-(2~0ox0-3-amino-~pyrimidin-1-
yiy4-fluoro-3-hydroxy-4-methyl-tetrabydro-furan-2-ylimethoxy}-phosphorylaming § -3-
methyl-butyric acid methyl estery;

12 2-deoxy-2'-fluoro-2'-C-methyleytidine 3'-(phenyl methoxy-valyl phosphate
{({(S¥-2-{[(ZR 3R 4R 5R)-5-(2-0x0-3-amino-pyrimidin-1 -y)-4-fluore-3-hydroxy-4-
methyl-tetrahydro-furan-2-ylmethoxy}-phenoxy-phosphorylamino} -3-methyl-butyric
acid methyl cster;

13 (S»-2-{[(CR,3R 4R 5R }-5-(2,4-Dioxo-3,4-dihydro-2 H-pyrimidin- 1 -yl }-4-
fluoro-3-hydroxy-4~-methyl-tetrahydro-furan-2-yhmethoxy -phenoxy-phosphorylamino } -
propionic acid ethyl ester;

14 (S53-2-[[(2R,3RAR,5R}-5-(2,4-Dioxo-3 4-dihydro-2H-pyrimidin- 1~y -4~
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy-(naphthalen-1-yvloxy)-
phosphorylamine}-propionic acid benzyl ester;

15 {{(ZR,3R4R,5R}-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -yl)-4-fluoro-3-
hydroxy-4-racthyl-tetrahydro-furan-2-ylmethoxy}-phenoxy-phosphorylamine }-acctic
acid methy! ¢ster;

16 (S)-2-{(2,4-Dichloro-phenoxy)-[(2R,3R 4R, 5R)-5-(2,4-dioxo-3 4-dihydro-2H-
pyrimidin--yi}-4-fluore-3-hydroxy-4-methyi-tefrabydro-furan-2-ylmethoxy -
phosphorylamine}-propionic acid methyl ester;

17 (5»-2-[I1CR,3R 4R, 5R)-5-(2.4-Dioxo-3 4-dihydro-2H-pyrimidin-1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahvdro-furan-2-vimethoxy}-(naphthalen- 1-yloxy)-
phosphorylamine -propionic acid methyl ester;

18 (5)-1-{[{ZR,3R 4R SR}-53-(2,4-Dyioxo-3,4-dihydro-2H-pyrimidin-1-yi}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy j-phenoxy-phosphoryl} -
pyrrolidine-2-carboxylic acid methyl ester;

19 (8y-2-{[(ZR,3R 4R 5R}-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy-phenoxy-phosphorylamino ; -
propionic acid butyl ester;

20 (S)-2-{[(2R,3R 4R 5R})-53-(2 4-Dioxo-3.4-dihydro-2H-pyrimidin-1-y-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy |-phenoxy-phosphorylamino} -
propionic acid benzyl ester;

21 (S}2-[[(2R,3R 4R,5R)-5-(2,4-Dioxo0-3 4-dihydro-2H-pyrimidin-1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy }-{(4-fluoro-phenoxy)-
phosphorylamino -propionic acid methyl ester;

22 (8)-2-{(4-Chioro-phenoxy)-[{(2R,3R,4R,5R)-5-(2,4-dioxo-3,4-dihydro-2H-
pyrimidin-1-yH-4-fluore-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -
phosphorylamine {-propionic acid methyl ester;
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23 (5)-2-{(3,4-Dichloro-phenoxy)-{(2R,3R 4R, 5R)-5-(2,4-dioxo-3,4-dihydro-2H-
pyrivaidin-1-yi)-4-fluore-3-hydroxy-4~-methyl-tetrahydro-furan-2-ylmethoxy -
phosphorylaming }-propionic acid methyl ester;

24 (S3-2-{[{2R,3R 4R,5R)-5+2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-y{)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamine -
propionic acid sec-butyl ester;

25 (5)-2-{[(2R,3R 4R, 5R }-5~(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-yl}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamino -
propionic acid isopropyl ester;

26 (5)-2-[[(ZR,3R 4R,5R}-5-(2,4-Dioxo-3 4-dihydro-2H-pyrimidin-1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -(4-methoxy-phenoxy -
phosphorylamino}-propionic acid butyl ester;

27 (8)y-2-[[(2R,3R AR, 5R)-5+(2.4-Dioxo-3 4-dihydro-2H-pyrimidin- 1 -y1}-4-~
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy}-{(4-flucro-phenoxy}-
phosphorylamine -propionic acid ethyl ester;

28 (S)-2-[[(2R,3R 4R, 5R)-5-(2,4-Dioxo-3 4-dihydro-ZH-pyrimidin-1-yl}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy |-(4-fluoro-phenoxy)-
phosphorylamine -propionic acid isopropy] ester;

2% (85)-2-[[{ZR,3R.4R,5R}-5-(2.4-Dioxo-3 4-dihydro-2H-pyrimidin-1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrabydro-furan-2-ylmethoxy M{4-fluoro-phenoxy)-
phosphorylamino -propionic acid benzyl ester;

30 (S)»-2-[[(2R,3R AR, 5R)-5-(2 4-Dioxo-3 4-dihydro-2H-pyrimidin-1 -yl }-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy |-(4-methoxy-phenoxy)-
phosphorylamino}-propionic acid isopropyl ester;

31 (8)-2-{{2-Chloro-phenoxy)-[(2R,3R 4R, 5R)-5-(2 4-dioxo-3,4-dihydro-2H-
pyrimidin-i-y1)-4-fluore-3-hydroxy-4-methyi-tetrabydro-furan-2-ylmethoxy]-
phosphorylamino }-propionic acid benzy! ester;

32 (8)-2-{(2,4-Dichloro-phenoxy)-{(2R,3R 4R, 5R}-5-(2,4-dioxo-3 4-dihydro-2H-
pyrimidin-1-yH-4-fluore-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -
phosphorylamine | -propionic acid butyl ester;

33 (S3-2-{[(2R,3R 4R ,5R)-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-y[}-4-
fluoro-3-hydroxy-4-rcthyl-tetrahydro-furan-Z-ylmethoxy -p-tolyloxy-
phosphorylamine}-propionic acid isopropyl cster;

34 (S32-HCRBRAR R )-5+(2,4-Dioxo-3 4-dihydro-2H-pyrimidin- 1 -yl }-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -{4-fluoro-phenoxy)-
phosphorylamine }-propionic acid butyl ester;

38 (S)-2-{(3.,4-Dichloro-phenoxy)-[(2R,3R,4R 5R}-5-(2,4-diox0-3,4-diliydro-2H-
pyrimidin-1-yi)-4-fluore-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy |-
phosphorylamineo }-propionic acid ethyl ester;

36 (5)-2-{(2-Chloro-phenoxy)-[{2R,3R 4R, 5R}-3-(2,4-diox0-3,4-dihydro-2H-
pyrimidin--yi}-4-fluore-3-hydroxy-d-methyi-tetrahydro-furan-2-ylmethoxyj-
phosphorylamino t-propionic acid isopropyl ester;

37 (S)-2-[[(2R,3R 4R, 5R)-5-(2,4-Dioxo-3,4-dihydre-2H-pyrimmdin-1 -y)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy |-(4-methoxy-phenoxy}-
phosphorylamyine}-propionic acid beuzyl ester;
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38 (5)-2-{[(R,3R 4R, 5R)-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -yl}-4-
fluoro-3-hydroxy-4~-methyl-tetrahydro-furan-2-yhmethoxy -phenoxy-phosphorylamino } -
prapionic acid pentyl ester;

39 (S)3-2-{(4-Chloro-phenoxy)-[(2R, 3R, 4R, 5R}-5-(2,4-dioxo-3,4-dihydro-2H-
pyrimidin-{-y})-4-fluore-3-hydroxy-d-methyi-tetrabydro-furan-2-ylmethoxy -
phosphorylamine ) ~propionic acid isopropyl ester;

48 (8)-2-{(4-Chloro-phenoxy)-[(ZR,3R,4R,5R)-5-(2 4-dioxo-3,4-dihydro-2H-
pyrimidin- i -y1)-4-fluore-3-hydroxy-4-methyi-tetrahydro-furan-2-ylmethoxyj-
phosphorylamine { -propionic acid butyl ester;

41 (S)-2-{(4-Chloro-phenoxy)-[{(2R,3R 4R, 3R }-5-(2,4-dioxo-3 4-dihydro-2H-
pyrimidin--yi}-4-fluore-3-hydroxy-4-methyi-tefrabydro-furan-2-ylmethoxy -
phosphorylamine }~propionic acid ethyl ester;

42 (5y-2-{[(2R,3R 4R 5R)-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy|-p-tolvloxy-
phosphorylamine }-propionic acid buty! ester;

43 (S)-2-{[(2R,3R 4R, 5R}-5-(2,4-Dioxo- 3,4-dihydro-2H-pyrimidin- 1-y1}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy|-p-tolyloxy-
phosphorylamine }~propionic acid benzyl ester;

44 (8)-2-{[(ZR,3R 4R 5R}-5-(2,4-Dhoxo-3,4-dihydro-2H-pyrimidin- 1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrabydro-furan-2-ylmethoxy}-phenoxy-phosphorylaming } -
butyric acid methy! ester;

45 (S)-2-{[(CR,3R 4R 5R})-5-(2,4-Dioxo-3,4-dihydro-2 H-pyrimidin-1-yl}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy |-phenoxy-phosphorylamino} -
propionic acid 4-fluoro-benzy! ester;

46 (S)-2-{{2-Chloro-phenoxy)-[(2R, 3R 4R, 5R)-5-(2,4-dioxo-3,4-dihydro-2H-
pyrimidin-i-y1)-4-fluore-3-hydroxy-4-methyi-tetrabydro-furan-2-ylmethoxy]-
phosphorylamino }-propionic acid buty! ester;

47 (S)32-{[(2R,3R 4R, 5R}-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -yl j-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamine § -
propionic acid 3-methyl-butyl ester;

48 (S3-2-{(2.,4-Dichloro-phenoxy)-[{2R.3R 4R, 5R)-53-(2 4-dioxo-3,4-dihydro-2H-
pyrimidio-{-yD-4-fluore-3-hydroxy-d-methyi-tetrabydro~-furan-2-ylmethoxy-
phosphorylamine}-propionic acid cthyl ester;

49 (532-{[(OR,3R 4R, 5R-5-2,4-Dioxo-3,4-dihydro-2 H-pyrimidin- 1 -yl 3-4-
fluoro-3-hydroxy-4-methyl-tetrahyvdro-furan-2-vimethoxy -phenoxy-phosphorylamine | -
propionic acid cyclohexyl ester;

50 (R)3-2-{I(2R.3R,4R,5R}-5-(2.4-Dioxo-3 4-dihydro-2H-pyrimidin-1-y1}-4-
fluoro-3-hydroxy-4-macthyl-tetrahydro-furan-2-yimethoxy |-phenoxy-phosphorylamino | -
propionic acid butyl ester;

51 (Ry-2-{I(2R,3R, 4R, 5R}-5-(2 4-Dioxo-3 4-dihydro-2H-pyrimidin-1 -y )}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy-phenoxy-phosphorylamino ; -
propiouic acid isopropyl ester;

52 (R)-2-{1(ZR,3R 4R, 5R }-5-(2.4-Dioxo-3 4-dihydro-2H-pyrimidin- 1 -yi)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -phenoxy-phosphorylamine } -
propionic acid benzyl ester;
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53 (8)-2-{(2-Chloro-phenoxy}-[{ZR,3R 4R, 5R)-5-(2,4-diox0-3,4-dihydro-2H-
pyrivaidin-1-yi)-4-fluore-3-hydroxy-4~-methyl-tetrahydro-furan-2-ylmethoxy -
phosphorylamine { -propionic acid butyl ester;

54 (S)-2-{{(4-Bromo-phenoxy)-[(2R,3R 4R, 5R}-5-(2,4-dioxo-3,4-dihydro-2H-
pyrimidin-{-y})-4-fluore-3-hydroxy-d-methyi-tetrabydro-furan-2-ylmethoxy -
phosphorylamine ) ~propionic acid isopropyl ester;

58 (S3-2-[[{2R,3R 4R ,5R)}-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-y)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -{(4-fluoro-phenoxy)-
phosphorylaminoj-propicnic acid cyclohexyl ester;

56 (3)-2-[[(2R,3R 4R, 3R )-5-(2,4-Dioxo-3,4-dibydro-2 H-pyrimidin- 1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy}-(4-bromo-phenoxy)-
phosphorylamino }-propionic acid cyclohexyl ester;

87 (S)-2-{[{2R.3R 4R, 5R)-5-{2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy]-phenoxy-phosphorylamine | -
butyric acid isopropyl ester;

58 (5)-2-{[(ZR,3R,4R,5R)-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -y1}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -phenoxy-phosphorylamine } -
butyric acid cyclohexyl ester;

59 (S)-2-[[{2R,3R 4R, 5R}-5-(2,4-Dioxo-3 4-dihydro-2H-pyrimidin- 1 -y 1)-4-
fluoro-3-hydroxy-4-methyl-tetrabydro-furan-2-ylmethoxy M{4-fluoro-phenoxy)-
phosphorviamino}-butyric acid cyclohexyl ester;

66 (5)-2-{{(4-Chloro-phenoxy)-{(2R,3R 4 R,5R)-5-(2 4-dioxo-3,4-dihydro-2H-
pyrimidin-1-yD-4-fluore-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy |-
phosphorylaminoe | -butyric acid isopropyl ester;

61 (5)-2- {[(2R,3R 4R, 5R)-5-(2 4-Dioxo-3,4-dihydro-2 H-pyrimidin-1-yl}-4-
fluoro-3-hydroxy-4-macthyl-tetrabydro-furan-2-yimethoxy}-phenoxy-phosphorylamino | -
propionic acid 2,2-difluoro-cthyl ester;

62 (5)-2-{[(2R 3R 4R, 5R)-5-(2,4-Dioxo- 3,4-dihydro-2H-pyrimidin-1-yl}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamine § -
propionic acid 2,2, 2-trifluoro- 1 -tritlucromethyl-ethyl ester;

63 (8)-2- {[(2R,3R 4R 5R}-5~(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-yl}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamine ;-
propionic acid 2-fluoro-1-fluoromethyl-ethyl ester;

64 (S)-2-{[{2ZR 3R 4R, 5R)-3-(2,4-Dioxo- 3 4-dibydro-2H-pyrimidin-1-yl3-4-
fluoro-3-hydroxy-4-methyl-tetrahyvdro-furan-2-vimethoxy -phenoxy-phosphorylamine | -
propionic acid cyclopropyl methy! ester;

65 (8)-2-{{(2R,3R 4R, 5R)-5-(2 4-Dioxo-3,4-dibydro-2H-pyrimidin- 1 -y1}-4-
fluoro-3-hydroxy-4-macthyl-tetrahydro-furan-2-yimethoxy |-phenoxy-phosphorylamino | -
butyric acid cyclopentyl ester;

66 (S)-2-{[(2R,3R 4R, SR}-5-(6-Amino-purin-9-y1-4-fluore-3-hydroxy-4-methyi-
tetrahydro-furan-2-ylmethoxy}-phenoxy-phosphorylamine } -propionic acid methyl ester;
67 (5)-2- {[(ZR,3R 4R, 5R 3-5-(2-Amino-6-hydroxy-purin-9-yi)-4-fluoro-3-
hydroxy-4-methyl-tetrahydro-furan-2-yhmethoxyl-phenoxy-phosphorylamine | -propionic

acid methyl ester;
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68 (S)-2-{(R)-[(2R,3R 4R, 5R)-5-(2,6-Diaming-purin-9-y1)-4-fluoro-3-hydroxy-4-
methyl-tetrahydro-furan-2-vlmethoxy]-phenoxy-phosphorylarine } -propionic acid
methyl ester;

69 (5)-2-{[(2R,3R 4R 5R)-5-(2-Amino-6-cyciopentylamins-purin-9-yl)-4-fluoro-
3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxyl-phenoxy-phosphorylarmino } -
propionic acid methyl ester;

78 (S3-2-{[(2R 3R 4R ,5R}-5-(2-Amino-6-azetidin-1 -yl-purin-9-yi)-4-fluore-3-
hydroxy-4-racthyl-tetrahydro-furan-2-ylmethoxy}-phenoxy-phosphorylamine } -propionic
acid methy! ¢ster;

10 71 (3)-2-{{(ZR 3R 4R, 5B -5-(2-Amino-6-dicthylamino-purin-9-yi)-4-fluoro-3-
hydroxy-4-methyl-tetrahydro-furan-2-yhmethoxyl-phenoxy-phosphorylamine | -propionic
acid methyl ester;

72 (S)-2-{[{2R,3R 4R,5R)-5-{2-Amino-6~propylamino-purin-9-y1)-4-fluoro-3-
hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxyl-phenoxy-phosphorylamine | -propionic

15 acid methyl ester;

73 (5)-2-{[(ZR,3R 4R, 5R)-5~(2~Amino-6-cyclobutylamino-purin-9-yi)-4-fluorg-
3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy]-phenoxy-phosphorylamino -
propionic acid methyl esier;

74 (S -2-({{2R 3R 4R, 5R-5-[ 2-Aming-6-(4-methyl-piperazin-1-yD-purin-9-y 1}-

20 4-fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy } -phenoxy-p
hosphorylamine }-propionic acid methyl ester;

75 (28)-methyl 2-((({(ZR,3R 4R 3R }-4-fluoro-3-hydroxy-4-methyl-5-(6-
{propylaming -9H-purin-9-yijtetrahydrofuran-2-
yhmethoxy ) phenoxy)phosphorylamino)propanoate;

25 76 (28 }-methyl Z-((((2R, 3R 4R, 5R)-5-(6-(cyclobutylamino)-9H-purin-9-yi})-4-
fluoro-3-hydroxy-4-methyltetrahydroforan-2-
yhmethoxy }{phenoxyphosphorylamine)propancate;

77 (28)-methyl 2-((({ZR,3R 4R, 5R)-5-(6-(cyclopentylamino }-9H-purin-9-yi)-4-
fluoro-3-hydroxy-4-methyhetrahydrofuran-2-

30 yhmethoxyXphenoxyiphosphorylamino jpropanoate;

78 (28)-methyl 2-((((2R,3R 4R 5R)-5-{6~{aziridin-1-y1})-9H-purin-9-y1)-4-fluoro-
3-hydroxy-4-methyltetrahvdrofuran-2-
yhmethoxy }{phenoxyphosphorylamino)propancate;

79 (25)-methyl 2-(({((2R,3R 4R 3R)-4-fluoro-3-hydroxy-4-methyl-5-(6-(piperidin-
1-yD)-9H-purin-9-yhitetrahydrofuran-2-
yhmethoxy }{phenoxy jphosphorylamine Jpropanoate; and

88 (25)y-methyl 2-((((2R,3R AR, SR )-5-{6~{azetidin-1-yD-9H-purin-9-yH-4-fluoro-
3-hydroxy-4-methyltetrahvdrofuran-2-
yhmethoxy )} phenoxy)phosphoryfamine)propancate.

A

[
L

40

3. A commposition for the treatment and/or prophylaxis of any of the viral
agents disclosed herein said composition comprising a pharmaceutically acceptable
mediura selected from among an excipient, carrier, diluent, and equivalent medium and a

compound, its stereoisomer, salt, hydrate, solvate, or crystalline form thereof, represented
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by formula I:

wherein

{a) R is hydrogen, n-alkyl; branched alkyl; cycloalkyl; or aryl, which
includes, but 1s not limited to, phenyl or naphthyl, where pheny! or naphthy! are
optionally substituted with at least one of Cy¢ alkyl, Cy¢ alkenyl, C,6 alkkynyl, Ci6
alkoxy, F, Cl, Br, 1, nitro, cyano, Cys haloalloyl, —N(Rir)z, Cyi g acylamino, -NHSG:Ci
alkyl, -SO,;N(R"),, CORY, and -SO,C ¢ alkyl; (R' is independently hydrogen or alkyl,
which includes, but 18 not limited to, Cp alkyl, Ci.yp alkyl, or C alkyl, R"is -OR'or -
N(R"h);

(b) R” is hydrogen, C 10 alkyl, R™ or R™ and R together are (CH,), 50 a5 to
form a cyclic ring that includes the adjoining N and C atoms, C{OYCR™R™NHR, where
nis 2 to 4 and RY, R™ and R™

{c) R and R™" are (i) independently selected from hydrogen, C g alkyl,
eyeloalkyl, «(CH)(NR™),, i hydroxyalkyl, -CH,SH, -(CH;),8(0) M, -
(CHL)NHC(=NHNH,, (1H-indol-3-yDmethyl, (1H-imidazol-4-ymethyl, -
(CHp)LCORY, aryl and aryl Cy; alkyl, said aryl groups optionally substituted with a
group selected from hydroxyl, Ciio alkyl, Cis alkoxy, halogen, nitro and cyano; (if) R™
and R*" both arc Cys alkyl; (i) R™ and R™ together arc(CH, ) s0 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

{CHy), so as to form a cyclic ring that includes the adjoining N and C atoms, where cis 1
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t06,dis0t02,¢cisOto 3, fis2to 5, nis 2 to 4, and where R is independently hydrogen
or s alkyt and R* is -OR or fN(RSV);‘); {vi) R¥ i3 Hand R¥ is H, {CH,, CH,CH;,
CH(CHa), CHXCH(CH: o, CH{CHCHCH,, CHaPh, CHo-indol-3-v, ~-CHoCHLSCH,,
CH,COH, CHC(O)NH,, CH,CH,COOH, CH,CH,C({ONH,, CH,CH,CH,CH,;NH,, -
CH,CH,CHNHC(NH)NH,, CHa-imidazol-4-yl, CHOH, CH(OH)CH;, CHay(4-0H)-
Ph), CH,5H, or lower cycloalkyl; or (viii) R is CHa, -CH,CH;, CH(CHa),,
CH,CH{CHz),, CH{CH:)CH,CH;, CH,Ph, CH;~indol-3-vl, -CH,CH,SCH;, CH,CO,H,
CHYC(O3NH,, CH,CHLCOOH, CHLCHCIOINH,, CHCHCHLCHNH,, -
CHCH,CHLONHC(NH)NH,, CHy-imidazol-4-yl, CH,OH, CH{OH)YCH;, CH,((4-OH)-
Ph), CH>SH, or lower cycloatkyl and R is H, where R” is independently hydrogen or
alkyl, which imcludes, but is not limited to, C) 40 allyl, Cy 1o alkyl, or Cig alkyl, RV is -
OR' or -N(R)):

(d) R* is hydrogen, Cyig alkyl, C i alkyl optionally substituted with a lower
alkyl, alkoxy, diflower alkyl)-amino, or halogen, Cy o haloalkyl, Cs49 cycloalkyl,
cyvcloalkyl alkyl, eycloheteroalkyl, aminoacyl, aryl, such as phenyi, heteroaryl, such as,

pyridinyl, substituted aryl, or substituted heteroaryl;

{(e) R’ is H, a lower alkyl, CN, vinyl, O-(lower alkyl), hydroxyl lower aikyl,
r.e., -{CH;),OH, where pis 1 -6, including hydroxyl methyl (CH,OH), CHF, N3,
CHCON, CHNH,, CHoNHCH:, CHoN(CHa ), alloyne (optionally substituted), or halogen,
including F, CL, Br, or I, with the provisos that when X is OH, basc is cytosine and R%is
H, R” cannot be N;and when X is OH, ROis CHyor CHoF and Bis a purine base, R®

cannot be H;
(i  RYisH, CH,, CH,F, CHF,, CF.. F, or CN;
(g} X is H, OH, F, OMe, halogen, WH;, or Nj;

{(h} Y is OH, H, Cy4alkyl, Cpq alkenyl, Coyg alkynyl, vinyl, N;, CN, C1, B, F,
1, NO,, OCOO(C s alkyly, OCOYO(C 14 atkyly, OCOYCyy alkynyly, OCOY(Coy
alkenyly, OC;.1; haloatkyl, Olaminoacyl), O{Cqip acyl), O(C, 4 alkyl), G(C, s atkenyl),
S(Ch4 acyh), S(C4 alkyl), 5(Cy.4 alkynyl}, S{Co.4 alkenyl), SO(C 4 acyl), SO(C 4 alkyl),
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SO{Cyq alkynyly, SO(Co4 alkenyl), SO(C) 4 acyl), SO{C14 alkyl}, S0{C14 alkynyl),
SOH{C, 4 alkenyly, OS{01(C 4 acyl}y, OS(O){C; 4 alleyl), OS{O{Cy, alkenyl), NH;,
NH(Ci.4 alkyl}, NH{C;4 alkenyl), NH{Co.4 alkynyl), NH(C1.4 acyl), N{Ci.4 alkyl), N(Cy.
1z acyl),, wherein alkyl, alkynyl, alkenyl and vinyl are optionally substituted by N3, CN,
5 one to three halogen (€L, Br, F, 1), NG;, C(CYO(C1 4 alkyl), COYD(Cy4 alkyly, COYC,.

5 alkynyDy, C{OYO(Cyy alkenyly, O(C4 acyl), O(C 4 alkyl), O(Cy4 alkenyl), S{Cy4 acyl),
S{C . alkeyl), S(C5.4 alkynyl), 8(Cys alkenyly, SO(C) .5 acyl), SG(C 4 alkyly, SO(Coy
alkynyl), SO(C; 4 alkenyl), SO(Cy 4 acyl), SOH{C4 alkyl), SOACoy alkynyl), SOHCyy
alkenyl), OS(0R{Ci.4 acyly, OS{O}{Cia alkyl), OS(CR(Co.y alkenyh), WH, NH(Ci.4

10 alkyl), NH{C, 4 alkenyl), NH{C, 4 allkkynyl), NH(C; 4 acyl), N(Cy4 alkyl),, N(Cy4 acylyy;

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

represented by the following structures:

R? ¢ R O
R® RE ; i
i N
g ILVH<’E\N</1
7 y /K Bl //&» N “A\ N fL\
R r]\J O R T O l N R E N NH,
A A NG NS
a ad ¢ d
15 wherein

ZisNor CRU‘;

R7, R R", R", and R arc independently H, F, Cl, Br, I, OH, OR', SH, SR', NH,,

NHR', NR';, lower alkyl of C-Cs, halogenated (F, Cl, Br, 1) lower alkyl of C)-Cs, lower
alkenyl of C-Cy, halogenated (F, CL By, 1) lower alkenyl of Cp-C, lower alkynyl of Csr-

20 Ce such as C=CH, halogenated (F, Cl, Br, 1) lower alkynyl of C,-Cy, lower alkoxy of Cy-
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Cs, halogenated (F, CL Br, 1) lower alkoxy of C1-Ce, COH, COR', CONH,, CONHR.,
CONRY,, CH=CHCG,H, or CH=CHCO,R’,

wherein R' is an optionally substituted alkyl , which includes, but is not limited to,
an optionally sabstituted ;.0 alkyl, an optionally substituted Cip alkyl, an optionally
substituted lower alkyl; an optionally substituted cycloaltkyl; an optionally substituied
alkynyl of C-Cy, an optionally substituted lower alkenyl of C;-Cs, or optionally
substituted acyl, which includes but is net limited to C(O) alkyl, C{ONC i alkyl),
COHCro alkyly, 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 & heterocycle comprising at least two

carbon atoms; and

R is an H, halogen (including F, CL, Br, I), OH, OR', SH, SR', NH,, NHR, NRY,
NO; lower alkyl of C;-Cs, halogenated (F, Cl, Br, I} lower alkyl of C;-Ce, lower alkenyl
of Cp-Cs, halogenated (F, Cl, Br, D) lower altkenyl of Cy-Cs | lower alkynyl of C,-Cs,
halogenated (F, Ci, Br, I} lower alkyny! of C-Cy, lower alkoxy of C;-Cg, halogenated (F,
1, Br, 1) lower alkoxy of Ci-Cys, COLH, 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=CHo, or (iii) ~NO,.

4. A coroposition for the treatment and/or prophylaxis of any of the viral
agents disclosed herein said composition comprising a pharmaceutically acceptable
mediuro selected from among an excipient, carrier, diluent, and equivalent medium and a
compound, its stercoisomer, salt, hydrate, solvate, or crystalling form thercof, selected

from among

5 2-Deoxy-2-fluoro-2-Comethylunidine S'-(phenyl rocthoxy-alanyl phosphate
{(53-2-{[{2R, 3R 4R, 5R)-5+(2 4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -yi}-4-fluoro-3-
hydroxy-4-methyl-tetrahydro-furan-2-yhuethoxy l-phenoxy-phosphorylamine { ~propionic
acid methyl ester),

& 2-Deoxy-2-fluoro-2'-C-methylturidine 5-(pheny! methoxy-valyl phosphate
((8)-2-4[(2R,3R 4R 5R)-5~(2 4-Dioxo-3,4-dihydro-2H-pyrimidin-1-y1)-4-fluoro-3-
hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy]-phenoxy-phosphorylamine } -3-methyi-
butyric acid methyl ester;

- 692 -

Gilead Exhibit 2021
PGR2023-00046 - Page 0073



A

10

15

20

9]
L

40

7 2-Deoxy-2'-fluoro-2'-C-methyturidine 5'-(4-bromophenyl methoxy-valyl
phosphate ((5)-2-{{4-bromo-phenoxyi-[{(ZR,3R,4R,5R }-5~(2 4-dioxo-3,4-dihydro-2H-
pyriraidin- i -yh-4-fluore-3-hydroxy-4-methyi-{etrahydro-furan-2-ylmethoxy -
phosphorylaminoe }-3-methyl-butyric acid methyl ester);

& 2-Deoxy-2'-fluoro-2'-C-ructhyluridine 5'-(4-bromophenyl oethoxy-alanyl
phosphate (({(8)-2- {(4-bromo-phenoxy)-{ (2R, 3R 4R, 5R)-5-(2 4-dioxo-3,4-dihydro-2H-
pyrimidin-1-yD-4-fluore-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy |-
phosphorylaminoe | -propionic acid methyl ester);

9 NN N-dimethytformamidinyl}-2'-deoxy-2'-fluoro-2'-C-methyleytiding;

19 2'-Deoxy-2"-fluoro-2'-C-oethyleytidine S'-(phenyl octhoxy-alanyl phosphate
{{S)-2-{[(2R, 3R 4R, 5R})-5-(Z-oxo-3-amino-pyrinidin-1 -yl -4 -Huoro-3-hydroxy-4-
methyi-tetrahydro-furan-2-ylimethoxyl-phenyoxy-phosphorylamine j-propionic acid
methyl estery;

11 2'-Deoxy-2'-fluoro-2'-C-methyleytidine 5'-(4-bromophenyl methoxy-valyl
phosphate (2'-Deoxy-2'-fluoro-2'-C-methyluridine 5'-(4-bromophenyl methoxy-valyl
phosphate ((S)-2-{(4-bromo-phenoxy}-[(2R, 3R, 4R SR )-5-{2-0x0-3-amino-pyrimidin- 1 -
yl}-4-fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy}-phosphorylamino } -3-
methyl-butyric acid methyl ester);

12 2-deoxy-2-fluoro-2'-C-methyleytidine 5'-(phenyl methoxy-valyl phosphate
{53-2-{{[{ZR 3R 4R, 5R)~5-(2-0x0-3-amino-pyrimidin- 1 -vi}-4-fluore-3-hydroxy-4-
methyl-tetrabydro-furan-2-ylmethoxyl-phenoxy-phosphorylamine} -3-methyl-butyric
acid methyl ester;

13 (8)-2-{[(ZR,3R 4R 5R }-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-yl)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamino -
propionic acid ethyl ester;

14 (S)-2-[[(2R,3R 4R,5R)-5-(2,4-Dioxo-3,4-dithydro-2 H-pyrimaidin-1-v1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy}-(naphthalen-1-yloxy)-
phosphorylamino}-propionic acid benzyl ester;

18 {[(2R,3R4R,5R)-5-(2.4-Dioxo-3 4-dihydro-2H-pyrimidin- I -y -4-fluoro-3-
hydroxy-4-racthyl-tetrahydro-furan-2-ylmethoxyl-phenoxy-phosphorylamino | -acetic
acid methyl ester;

16 (5)-2-{(2.4-Dichloro-phenoxy)-[{2R,3R 4R ,5R}-5-(2,4-dioxo-3,4-dihydro-2H-
pyrimidin-i-yhH-4-fluore-3-hydroxy-4-methyi-tetrahydro-furan-2-ylmethoxyj-
phospborylamine }-propionic acid methyl ester;

17 (8y-2-[{(ZR 3R 4R, 5R)-5-(2,4-Dioxo-3 4-dihydro-2H-pyrimidin-1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy-(naphthalen-1-yloxy)-
phosphorylamine -propionic acid methyl ester;

18 (S)-1-{[{2R,3R 4R .5R)-53-(2,4-Dioxo-3,4-dihydro-2 H-pyrimidin- 1 -yl)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy}-phenoxy-phosphoryl } -
pyrrolidine-2-carboxylic acid methyl ester;

1% (5)-2-{[{ZR,3R 4R, 5R }-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-yi}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy]-phenoxy-phosphorylamino } -
propionic acid butyl ester;

26 (S)»-2-{[(2R,3R 4R, 5R}-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -yl j-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamine § -
propionic acid benzyl ester;
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21 (S»-2-[[(CR,3R AR, 5R)-5-(2,4-Dioxo-3 4-dihydro-2 H-pyrimidin-1 -yl }-4-
fluoro-3-hydroxy-4~-methyl-tetrahydro-furan-2-ylmethoxy -{(4-fluoro-phenoxy)-
phasphorylamino -propionic acid methyl ester;

2% (83-2-{(4-Chioro-phenoxy[(2R,3R 4R, 5R }-5-(2 4-dioxe-3,4-dihydro-2H-
pyrimidin-{-y})-4-fluore-3-hydroxy-d-methyi-tetrabydro-furan-2-ylmethoxy -
phosphorylamine } -propionic acid methyl ester;

23 (5)-2-{(3,4-Dichloro-phenoxy)-[(2R,3R 4R 5R}-5-(2,4-dioxo-3 4-dihydro-2H-
pyrimidin- i -y1)-4-fluore-3-hydroxy-4-methyi-tetrahydro-furan-2-ylmethoxyj-
phosphorylamine { -propionic acid methyl ester;

24 (Sy-2-{[(2R3R 4R ,5R)-3-(2,4-Dioxo-3 4-dihydro-2H-pyrimidin-1-vi)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -phenoxy-phosphorylamino } -
propionic acid sec-butyl ester;

28 (8)-2-{[(2R,3R 4R, 5R)-5+(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy]-phenoxy-phosphorylamine | -
propionic acid isopropyl ester;

26 (S)-2-[[(2R,3R 4R, 5R)-5-(2,4-Dioxo-3 4-dihydro-ZH-pyrimidin-1-y1}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy |-(4-methoxy-phenoxyj-
phosphorylamine -propionic acid butyl ester;

27 (8)-2-{[{ZR,3R.4R,5R}-5-(2.4-Dioxo-3 4-dihydro-2H-pyrimidin-1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrabydro-furan-2-ylmethoxy M{4-fluoro-phenoxy)-
phosphorylamino}-propionic acid ethyl ester;

28 (S)»-2-[[(2R,3R AR, 5R)-5-(2,4-Dioxo-3 4-dihydro-2H-pyrimidin-1 -yl }-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy }-(4-fluoro-phenoxy)-
phosphorylamino -propionic acud isopropyl ester;

29 (S32-[[(2R,3R 4R,5R)-5-(2,4-Dioxo0-3 4-dihydro-2H-pyrimidin-1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy j-(4-fluoro-phenoxy)-
phosphorylamine -propionic acid benezyl ester;

36 (S-2-[[CR3R AR, 5R}-5-(2,4-Dioxo-3,4-dihydro-2 H-pyrimidin-1 -yl }-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy <{4-methoxy-phenoxy)-
phosphorylamine -propionic acid isopropyl ester;

31 (83-2-{(2-Chioro-phenoxy)}-[{2R,3R 4R, 5R )-5-(2,4-dioxo-3,4-dihydro-2H-
pyrimidio-{-yD-4-fluore-3-hydroxy-d-methyi-tetrabydro~-furan-2-ylmethoxy-
phosphorylamine}-propionic acid benzyl ester;

32 (8)-2-{(2,4-Dichloro-phenoxy)-[(2R,3R 4R 5R }-5-(2,4-diox0-3 4-dihydro-2H-
pyriraidin- i -yh-4-fluore-3-hydroxy-4-methyi-{etrahydro-furan-2-ylmethoxy -
phosphorylamine | -propionic acid butyl ester;

33 (S3-2-{[(2R,3R.4R.5R}-5-{2,4-Dioxo-3.4-dihydro-2H-pyrimidin-1-vi)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -p-tolyloxy-
phosphorylamino}-propionic acid isopropyl ester;

34 (8)-2-[[(2R,3R 4R, 5R)-5~(2,4-Dioxo-3 4-dihydro-2H-pyrimidin-1-y1}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy |-{(4-fluoro-phenoxy)-
phosphorylamino -propionic acid butyl ester;

38 (5)-2-{(3,4-Dichloro-phenoxy}-[(2R, 3R 4R SR-5-(2,4-dioxo-3 4-dihydroe-2H-
pyrimidin-}-yH-4-fluore-3-hydroxy-4-methyi-tetrahydro-furan-2-ylmethoxyj-
phosphorylamine }-propionic acid ethyl ester;
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36 (5)-2-{(2-Chloro-phenoxy-[{ZR,3R 4R, 5R}-5-(2,4-dioxo-3 4-dihydro-2H-
pyrivaidin-1-yi)-4-fluore-3-hydroxy-4~-methyl-tetrahydro-furan-2-ylmethoxy -
phosphorylamino §-propionic acid isopropyl ester;

37 (83-2-{[(ZR,3R AR, 5R)-5+(2,4-Dioxe-3 4-dihydro-2H-pyrimidin-1 -yl }-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy [-{4-methoxy-phenoxy)-
phosphorylaminel-propionic acid benzyl ester;

38 (5)-2-{[(2R,3R 4R ,5R }-5~(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-yl}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamino -
propionic acid pentyl ester;

39 (S)-2-{{4-Chloro-phenoxy)-[{(2R,3R,4R, 3R )-5-(2,4-dioxo-3,4-dihydro-2H-
pyrimidin--yi}-4-fluore-3-hydroxy-4-methyi-tefrabydro-furan-2-ylmethoxy -
phosphorylamine }~propionic acid isopropyl ester;

44 (5)-2-{(4-Chloro-phenoxy)-[(2R,3R 4R, 5R}-5-(2,4-dioxo-3,4-dihydro-2H-
pyrimidin-i-y1)}-4-fluore-3-hydroxy-4-methyi-tetrahydro-furan-2-ylmethoxyl-
phosphorylamino }-propionic acid buty! ester;

41 (S)-2-{{4-Chloro-phenoxy)-[(2R,3R 4R, 5R)-5-(2,4-dioxo-3 4-dihydro-2H-
pyrimidin-i-yhH-4-fluore-3-hydroxy-4-methyi-tetrahydro-furan-2-ylmethoxyj-
phosphorylamine }-propionic acid ethyl ester;

42 {(8)-2-{[(ZR,3R4R,5R}-5-(2,4-Dhoxo-3,4-dihydro-2H-pyrimidin- 1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrabydro-furan-2-ylmethoxy - p-tolyloxy-
phosphorylamino }-propionic acid butyl ester;

43 (S)>-2-{[(CR,3R 4R 5R})-5-(2,4-Dioxo- 3.4-dihydro-2H-pyrimidin-1-yl)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy|-p-tolyloxy-
phosphorylamino }-propionic acid benzyl ester;

44 (53-2-{[(2R,3R 4R ,5R)-5(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -y1)-4-
fluoro-3-hydroxy-4-macthyl-tetrabydro-furan-2-yimethoxy}-phenoxy-phosphorylamino | -
butyric acid methyl ester;

45 (5)3-2-{[(2R,3R 4R, 5R}-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -yl j-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamine § -
propionic acid 4-fluoro-benzy! ester;

46 (S3-2-{(2-Chioro-phenoxy)-[(2R,3R 4R, 5R)-5-(2 4-dioxe-3,4-dihydro-2H-
pyrimidio-{-yD-4-fluore-3-hydroxy-d-methyi-tetrabydro~-furan-2-ylmethoxy-
phosphorylamine}-propionic acid butyl ester;

47 (S32-{[(2R,3R 4R, 5R-5-(2,4-Dioxo-3,4-dihydro-2 H-pyrimidin- 1 -yl 3-4-
fluoro-3-hydroxy-4-methyl-tetrahyvdro-furan-2-vimethoxy -phenoxy-phosphorylamine | -
propionic acid 3-methyl-butyl ester;

48 (S)-2-{(2,4-Dichloro-phenoxy)-[(2R,3R,4R,5R}-5-(2,4-diox0-3,4-diliydro-2H-
pyrimidin-1-yi)-4-fluore-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy |-
phosphorylamineo }-propionic acid ethyl ester;

49 (8)-2-{[(2R,3R 4R 5R})-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy-phenoxy-phosphorylamino ; -
propionic acid cyclohexyl! ester,

56 (R)-2-{1(ZR,3R 4R, 5R 3-5-(2.4-Dioxo-3 4-dihydro-2H-pyrimidin- 1 -yi)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -phenoxy-phosphorylamine } -
propionic acid butyl ester;
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51 (R)-2-{{(ZR,3R 4R, 5R -5+ 2, 4-Dioxo-3 4-dihydro-2H-pyrimidin-1 -y }-4-
fluoro-3-hydroxy-4~-methyl-tetrahydro-furan-2-yhmethoxy -phenoxy-phosphorylamino } -
prapionic acid isopropyl ester;

82 (R)-2-{{(2R,3R,4R,5R}-5-(2.4-Dioxo-3 4-dihydro-2H-pyrimidin-1-yi}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamine -
propionic acid benzyl ester;

53 (8)-2-{(2-Chloro-phenoxy}-[(2R,3R 4R, 5R)-5-(2 4-dioxo-3 4-dihydro-2H-
pyrimidin- i -y1)-4-fluore-3-hydroxy-4-methyi-tetrahydro-furan-2-ylmethoxyj-
phosphorylamine § -propionic acid butyl ester;

54 (S)-2-{(4-Bromo-phenoxy)-[(2R, 3R, 4R, 53R }-5-(2 4-dioxo-3,4~dihydro-2 H-
pyrimidin--yi}-4-fluore-3-hydroxy-4-methyi-tefrabydro-furan-2-ylmethoxy -
phosphorylamine }~propionic acid isopropyl ester;

88 (S)-2-[[{2R,3R.4R,5R)-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy}-{(4-flucro-phenoxy}-
phosphorylamine|-propionic acid cyclohexy! ester;

56 (5)-2-[[(ZR,3R 4R, 5R )-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy |-(4-bromo-phenoxy)-
phosphorylamino }-propionic acid cyclohexyl ester;

57 (Sy-2-{[(2R.3R 4R, 5R}-5(2 4-Dioxe-3 4-dihydro-2B-pyrimidin- {1 -y{3-4-
fluoro-3-hydroxy-4-methyl-tetrabydro-furan-2-ylmethoxy}-phenoxy-phosphorylaming } -
butyric acid isopropyl ester;

58 (5)-2-{[(2R 3R 4R, 5R)-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -y1}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy |-phenoxy-phosphorylamino} -
butyric acid cyclohexyl ester;

59 (S)-2-[[(ZR,3R 4R,5R )-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-yl -4~
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy j-(4-fluoro-phenoxy)-
phosphorylamino]-butyric acid cyclohexyl ester;

68 (5)-2-{(4-Chloro-phenoxy)-[(2R,3R 4 R,5R)-5-(2,4-dioxo-3,4-dihydro-2H-
pyrimidin-1-yH-4-fluore-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -
phosphorylamine §-butyric acid isopropyl ester;

61 (5)-2-{[(2R,3R 4R, 5R}-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-yl}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamine ;-
propionic acid 2,2-difluoro-cthyl ester;

62 (S)-2-{[{2ZR 3R 4R, 5R)-3-(2,4-Dioxo- 3 4-dibydro-2H-pyrimidin-1-yl3-4-
fluoro-3-hydroxy-4-methyl-tetrahyvdro-furan-2-vimethoxy -phenoxy-phosphorylamine | -
propionic acid 2,2,2-trifluoro- 1 -triflnoromethyl-cthyl ester;

63 (8)-2-{[(2R 3R, 4R, 5R)-5-(2 4-Dioxo-3,4-dibydro-2H-pyrimidin-1-y1}-4-
fluoro-3-hydroxy-4-macthyl-tetrahydro-furan-2-yimethoxy |-phenoxy-phosphorylamino | -
propionic acid 2-fluoro-1-fluoromethyl-ethy! eater;

64 (S)-2-{[{2R 3R 4R,5R}-5-(2,4-Dyioxo- 3,4-dibydro-2H-pyrimidin- -yl }-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy-phenoxy-phosphorylamino ; -
propiousic acid cyclopropyl methyl ester;

&5 (83-2-{[(ZR,3R 4R, 5R}-5-(2.4-Dioxo-3,4-dihydro-2H-pyrimidin- -y 1}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -phenoxy-phosphorylamine } -
butyric acid cyclopentyl ester;
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66 (5)-2-{[(2R 3R 4R, 5R)-5-{6-Amino-purin-9-y!}-4-fluoro-3-hydroxy-4-methyi-
tetrahydro~-furan-2-ylmethoxy l-phenoxy-phosphorylamino t ~propionic acid methyl ester;
67 {S3-2- {[(2R, 3R 4R, 5R}-5-(2-Amine-6-hydroxy-purin-9-yi-4-fluoro-3-
hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy]-phenoxy-phosphorylamine }~propionic

acid methyl ester;

68 (S5)-2-{(R)-[(2R,3R 4R, 5R)-5-(2,6-Diamino-purin-9-yi)-4-fluors-3-hydroxy-4-
methyl-tetrahydro-furan-2-ylmethoxyl-phenoxy-phesphorylamine } -propionic acid
methyl ester;

69 (5)-2- {[(2R,3R 4R, 5R)-5-(2-Amino-6-cyclopentylamino-purin-9-yi)-4-fluoro-
3-bydroxy-4-methyl-tetrahydro-furan-2-yimethoxy-phenoxy-phosphorylamine | -
propionic acid methyl ester;

78 (5)-2-{[(ZR 3R 4R, 5R})-5-2-Amino-O-azetidin-1 -vl-purin-8-yi}-4-fluoro-3-
hydroxy-4-racthyl-tetrahydro-furan-2-yimethoxyj-phenoxy-phosphorylamine } -propionic
acid methyl ester;

71 (8)-2- {[(2R, 3R, 4R, 5R 3-5-(2-Amino-6-diethylamino-purin-9-yi)-4-fluoro-3-
hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy-phenoxy-phosphorylamine | -propionic
acid methyl ester;

72 (S3-2-{[(2R.3R 4R,5R}-5-(2-Amino-6-propylamino-puriv-9-y1)-4-fluoro-3-
hydroxy-4-rocthyl-tetrahydro-furan-2-yimethoxyi-phenoxy-phosphorylamino | -propionic
acid methyl ester;

73 (8)-2-{[(2R,3R 4R, 5R)-5~(2-Amno-6-cyclobutylamino-purin-9-y-4-fluoro-
3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy-phenoxy-phosphorylamino | -
propionic acid methyl ester;

74 (S)-2-({(2R 3R 4R, 5R)-5-[ 2-Amine-6-(4-methyl-piperazin- L-yD-purin-9-y 1}-
4-fluoro-3-hydroxy-4-mcthyl-tetrahydro-furan-2-ylmethoxy | -phenoxy-p
hosphorylamino)-propionic acid methyl ester;

78 (28)-methyl 2-(({{2R,3R 4R 5K }-4-fluoro-3-hydroxy-4-methyl-5-(6-
{propylaming}-9H-purin-9-yiitetrahydrofuran-2-
yhiraethoxy ¥phenoxyyphosphorylamino)propanoate;

76 {28 ymethyl 2-((((CR.3R, 4R, 5R)-5-(6-(cyclobutylamine }-9H-purin-9-y1}-4-
fluoro-3-hydroxy-4-methyltetrabydrofuran-2-
ylymethoxy Y phenoxy )phosphorylamino)propanoate;

77 (28)-methyl 2-({({2R,3R 4R, 5R)-5-(6-(cyclopentylamino}-9H-purin-9-yi)-4-
fluoro-3-hydroxy-4-methyltetrahydrofuran-2-
yvhmethoxy }(phenoxyjphosphorylamine jpropanoate;

78 (28 -methyl Z-((((CR,3R AR 5R)-5-(6-{aziridin-1 -yD-9H-purin-9-yi)-4-fluoro-
3-hydroxy-4-methyltetrahydrofuran-2-
yhmethoxy}{phenoxy ) phosphorviamine propanoate;

79 (25)-methy! 2-(({(2R,3R 4R 5R)-4-fluoro-3-hydroxy-4-methyl-5-(6-(piperidin-
1-y13-9H-purin-9-yhitetrahydrofuran-2-
yhmethoxy ) phenoxy jphosphorylamino jpropanoate; and

80 (28)-methyl 2-((((2R,3R 4R, 5R)-5-(6-(azetidin-1-y1}-9H-purin-9-yi)-4-fluoro-
3-hydroxy-4-methyltetrahydrofuran-2-
yhmethoxy )} phenoxy)phosphorylamino)propanoate.
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5. A use of the compound represented by formula 1 in the manufacture of a
medicament for the freatment of any condition the result of an infection by hepatitis C
virus, West Nile virus, yellow fever virus, dengue virus, rhinovirus, polio virus, hepatitis

A virus, bovine viral diarrhea virus or Japancsc cncephalitis virus.

wherem the compound, its stereeisomer, salt, hydrate, solvate, or crystailine form

thereof, are represented by formula It

wherein

{(a) R is hydrogen, n-alkyl; branched alkyl; cycloalkyl; or aryi, which
includes, but is not limited to, phenyl or naphthyl, where phenyl or naphthyl are
optionally substituted with at least one of Ci6 alkyl, Cog alkenyt, Co alkynyl, Cig
alkoxy, F, Cl, Br, 1, nitro, cyano, Cy¢ haleallkyl, J‘Q‘(RY)Qa Cyg acylamino, -NHSG,C, ¢
alkyl, -SONR" )z, COR", and -80,C s alkyl; (R' is independently hydrogen or alkyl,
which includes, but is not limited to, C 1y atkyl, Cy0 alkyl, or Cig alkyl, R" is ~OR’ or -

N(R"3);

(b) R” is hydrogen, C 1.0 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)YCR¥R™NHR', where

nis2to4and Rl, Ffa, and R.’;b;

() R and R™ are (i) independently selected from hydrogen, C g alkyl,
cyeloalkyl, -(CH, )L NRg')z, s hydroxyalkyl, -CH,SH, -{CH, ), S(O)Me, -
{(CH2 3 NHC(ENHINH,, (TH-indol-3-ylimethyl, (1 H-imidazol-4-ymethyl, -
(CH,).COR™, aryl and aryl C 5 alkyl, said aryl groups optionally substituted with a
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group sclected from hydroxyl, Ciio alkyl, C s alkoxy, halogen, nitro and cyano; (ii) R®
and R both are C g 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:), 80 as to form a cyclic ring that
inctudes the adjoining N and C atoms (v} R™ is hydrogen and R™ and R? together arc
{CH;), so as to form a ¢yelic ring that includes the adjoining N and C atoms, where ¢ is |
t06,dis0to 2, cis0to3, fis 210 5, nis 2 to 4, and where R® is independently hydrogen
or Crg alkyl and RY is -OR or -N(R¥),); (vD) R¥ is H and R™" is H, CHz, CH,CHs,
CH(CHa ), CHCH{CH: )2, CH{CH)CH,CH,, CHLPh, CHj-indol-3-y1, -CH,CH,SCH;,
CH,COH, CHC(ONH,, CHCHL,COOH, CH,CHC(O)NH,, CHCHLCH,CHONH,, -
CHCH,CHNHC(NH)NH,, CHo-imidazol-4-yl, CH,0H, CH(OH)CHs, CHy((4'-0H)-
Ph), CH,SH, or lower cycloalkyl; or (viii) R* is CHs, -CH,CHs, CH(CHa),,
CHCH{CH Y, CH{CHDCHCH;, CHLPh, CHz-indol-3-vi, ~-CHCHLSCH:, CHCO0H,
CH,C(O)NH,, CH,CH,COOH, CH,CH,C(ONH,, CH,CH,CH,CH,NH,, -
CHCH,CHONHC(INHINH,, CHp-imidazol-4-yl, CH,OH, CH{OH)CH;, CH({(4'-0OH)-
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 20 alkyl, Cig alkyl, or Co g alkyl, R s -

OR or -N(R"));

(d) R is hydrogen, Cy.19 alkyl, Cy.5g alkyl optionally substituted with a lower
alkyl, alkoxy, dilower alkyD-amino, or halogen, Cy ¢ haloalkyl, Cs 44 cycloalkyl,
cycloalkyl alkyl, cycloheteroalkyl, aminoacyl, aryi, such as pheayl, heteroaryl, such as,

pyridinyl, substituted aryl, or substituted heteroaryl;

(&) R’ is H, a lower alkyl, CN, vinyl, O-(lower alkyl), hydroxyl lower alkyl,
ie., -(CHy)OH, where pis 1 -6, including hydroxy!l methyl (CHOH), CH,F, N,
CH,CN, CHNH,, CH,NHCH:, CH;N(CHa),, 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 Nj and when X is OH, RPisCH;or CHF and Bis a purine base, R’

cannot be H;
(f)  R®is H, CH;, CH,F, CHF,, CF3, F, or CN;

{g} Xis H, OH, F, OMe, halogen, NH, or Nj;
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{(h} Y is OH, H, Cy4alkyl, Cpq alkenyl, Coyg alkynyl, vinyl, N;, CN, C1, B, F,
L NG, OC(O0(C s alkyly, OCIOYHC 4 atkyly, CCIOY(C, 4 alkynyly, OCIOM3{C, 4
alkenyl), OC: .10 haloalkyl, Olaminoacyl), O{Ciio acyt), (T4 alkyl}, O(Ch altkenyt),
S{Chq acyly, S{C 4 alkyl), S(Cyq alkynyl), S(Cys alkenyl), SO(C 4 acyl), SO(C4 alkyl,
5 SO(Cyq alkynyly, SO(Cy4 alkenyl), SO(C1 4 acyly, SO{C 4 alkyl), SOA{C; 4 alkynyl),
SO(Cya alkenyly, O5(0)(Cy 4 acyl), OS{O)(C 4 alkyD), OS{O1(C,. alkenyly, NH,
NH{Cy.4 alkyi), NH(C;.4 alkenyi), NH{C;.4 alkynyl), NH(C| 4 acyl), N{C .4 alkyl),, N{Cy.
13 acyl),, wherein alkyl, alkynyl, alkenyl and vinyl are optionally substituted by N3, CN,
one to three halogen (Cl, Br, F, 1), NO,, C{IOYO(Co.4 alkyl), CIOYO(Ci4 atkyly, CLOYO(C,.
10 4 atkynyD), C{OYHCo alkenyl), O(Cy 4 acyl), O{C .y alkyl), O(C, 4 alkenyl), S(Cy4 acyl),
S(C 14 alkyD), S(Cy4 alkynyl), S(Cr.s alkenyly, SO(C 4 acyl), SG{C 1.4 alkyl), SG(Co4
alkynyl), SO{Cr.4 alkenyl), SO(Chs acyl), SCAC 4 alkyl), SOACos alkynyh), SC(Coy
alkenyl}, OS(0){C 4 acyl), OS{OR{C, 4 alkyl), OS(0),(Cr 4 alkenyl), NH,, NH{C, 4
alkyl}, NH(C, 4 alkenyl), NH{C, 4 allyayy, NH(C, 4 acyl), N{Cy 4 alkyly, W(Cy4 acylh;

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

represented by the following structures:

O R0 O
R‘&]L/LNH {Z f\N /M NH
LA
R’ T/Ko N N g N 7z NH,
RMENS i
a b ¢ d
wherein

20 ZisNor CR”;
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R, RERY, RY, and R are independently H, F, CL, Br, {, OH, OR', SH, SR', NH,,
NHR', NRY, lower alkyl of C-Cy, halogenated (F, Cl, Br, 1} lower atkyl of C-Cy, lower
alkeny! of C»-Cs, halogenated (F, Cl, Br, 1) lower alkenyl of C,-Cs, lower alkynyl of Cp-
Cs such as C=CH, halogenated (F, CL, By, I) lower alkynyl of C,-Cs, lower alkoxy of Cy-
Cs, halogenated (F, CL Br, 1) lower alkoxy of C-Cs, COH, CO:R', CONH,, CONHR/,
CONRY,, CH=CHCG;H, or CH=CHCO,R’,

wherein R' is an optionally substituted alkyl , which inchudes, but is not limited to,
an optionally substituted C; 5, alkyl, an optionally substituted Cy 44 alkyl, an optionally
substituted lower alkyl; an optionally substituted cycloalkyl; an optiovally substituted
alkyny! of C,-Cs, an optionally substituted lower alkenyl of C;-Cs, or optionally
substituted acyl, which includes but is not limited to C(O) alkyl, C(OY)C . alkyl),
COWCy 0 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

R¥isanH, halogen (including F, Cl, Br, I3, OH, OR/, SH, SR’, NH,, NHR', NR',,
NGO, lower alkyl of C)-Cg, halogenated (F, CL, Br, I) lower alkyl of C-Cy, lower alkenyl
of C5-Cs, halogenated (F, CL Br, I} lower alkenyl of C-Cy , lower alkynyl of C-Cs,
halogenated (F, Cl, Br, I} lower alkynyl of C;-Cy, lower alkoxy of Ci-Cy, halogenated (F,
Cl, Br, D) lower alkoxy of Ci-Cs, COH, 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,.

6. A use of

a compound, its stereoisomer, salt, hydrate, solvate, or crystalline form thereof,
selected from among

§  2-Deoxy-2-fluoro-2'-C-methyhuridine 3'-(pheny! methoxy-alany! phosphate
((8)-2-{{(2R, 3R 4R 5R)-5-(2,4-Diox0-3,4-dihydro-2H-pyrimidin-1-y1}-4-fluoro-3-
hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy}-phenoxy-phosphorylaming | -propionic
acid methyl ester);

6 2'-Dcoxy-2'-fluoro-2'-C-methyhuridine 5'-(phenyl methoxy-valyl phosphate
{5)-2-{[{ZR 3R 4R, 5R)-5-(2 4-Dioxo-3 4-dihydro-2H-pyrimidin-1-y1}-4-fluore-3-
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hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy]-phenoxy-phosphorylamine } -3-methyl-
butyric acid methyl ester;

7 2-Deoxy-2-fluoro-2-Comethylunidine 5'-(4-bromophenyl methoxy-valyl
phosphate ({S3-2-{{(4-bromo-phenoxy)}-{{ 2R, 3R 4R 3R }-5-(2 4-dioxo-3,4-dihydro-2H-
pyrimidin-{-y})-4-fluore-3-hydroxy-d-methyi-tetrabydro-furan-2-ylmethoxy -
phosphorylamine }-3-methyl-butyric acid methyl ester);

8§ 2-Deoxy-2-fluoro-2'-C-methylturidine 5'-(4-bromophenyl methoxy-alanyt
phosphate (((8)-2- {(4-bromo-phenoxy }-[{2R,3R 4R, SR }-5-(2 4-dioxo-3,4-dithydro-2H-
pyrimidin--yi}-4-fluore-3-hydroxy-d-methyi-tetrahydro-furan-2-ylmethoxyj-
phosphorylamino }-propionic acid methyl ester);

9 NN N-dimethylformamidiny!)-2"-deoxy-2'-fluore-2'-C-methyleytidine;

18 2-Deoxy-2'-fluore-2'-Comethylevtidine 5'-(pheny] methoxy-alany! phosphate
{{{5)-2-{[(2R,3R 4R, 5R)-5-(Z~ox0-3-amino-pyrimidin- 1-y1-4-fluoro-3-hydroxy-4-
methyl-tetrahydro-furan-2-ylmethoxyl-phenyoxy-phosphorylamino | -propionic acid
methyl ester);

11 2-Deoxy-2-fluore-2'-C-methyicytidine 5'-{4-bromophenyl methoxy-valyl
phosphate (2'-Deoxy-2'-fluoro-2'-C-methyluridine 3'-(4-bromophenyl methoxy-valyl
phosphate ((5)-2-{{4-bromo-phenoxy )-[(ZR,3R, 4R, 5R }-5-{2~ox0-3-amino-pyrimidin-1-
yh-4-fluore-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxyi-phosphorylamino} -3-
methyi-butyric acid methyl ester);

12 2'-deoxy-2'-fluore-2'-C-methylcytidine 3'-{phenyl methoxy-valyl phosphate
{{8)-2-{[{(2R,3R 4R 5R}-5-(2-0x0-3-amino-pyrimidin-1 -yl -4-fluoro-3-hydroxy-4-
methyl-tetrahydro-furan-2-ylmethoxyl-phenoxy-phosphorylamine} -3-methyl-butyric
acid methyl ester;

13 (5)-2-{[{ZR,3R 4R,5R }-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-yi}-4-
fluoro-3-hydroxy-4-macthyl-tetrabydro-furan-2-yimethoxy}-phenoxy-phosphorylamino | -
propionic acid ethyl ester;

14 (S>-2-[[(CR,3R4R,5R)-5-(2,4-Dioxo-3 4-dihydro-2H-pyrimidin-1-y1}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -(naphthalen-1-yloxy)-
phosphorylamine J-propionic acid benzyl ester;

18 {[{2R,3R 4R, 5R}-5-(2,4-Dioxo-3 4-dihydro-2H-pyrimidin-1-y)-4-fluoro-3-
hydroxy-4-methyl-tetrahydro-furan-2-ylhethoxyl-phenoxy-phosphorylamine  ~acetic
acid methyl ester;

16 (8)-2-{(2,4-Dichloro-phenoxy)-[(ZR,3R 4R, 5R)-5-(2,4-dioxe-3 4-dihydro-2H-
pyriraidin- i -yh-4-fluore-3-hydroxy-4-methyi-{etrahydro-furan-2-ylmethoxy -
phosphorylamine § -propionic acid methyl ester;

17 (S)-2-[1(2R,3R4R,5R)~5-(2,4-Dioxo-3 4-dihydro-2H-pyrimidin-1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy|-(naphthalen-1-yloxy)-
phosphorylamino}-propionic acid methyl ester;

18 (5)-1-{[(2R,3R 4R 5R}-5~2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy}-phenoxy-phosphoryl} -
pyrrolidine-2-carboxylic acid methyl ester;

19 (S)-2-{[{ZR,3R 4R.5R}-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -y )-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -phenoxy-phosphorylamine } -
propionic acid butyl ester;
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26 (S)-2-{[(CR,3R 4R, 5R)-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -yl}-4-
fluoro-3-hydroxy-4~-methyl-tetrahydro-furan-2-yhmethoxy -phenoxy-phosphorylamino } -
prapionic acid benzyl ester;

21 {(S53-2-[(2R,3R AR, 5R)-5-(2,4-Dioxo-3 4-dihydro-2H-pyrinaidin- 1 ~y{}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -{4-fluoro-phenoxy)-
phosphorylamine}-propionic acid methyl ester;

22 (8)-2-{(4-Chloro-phenoxy)-[(ZR,3R,4R,5R)-5-(2 4-dioxo-3,4-dihydro-2H-
pyrimidin- i -y1)-4-fluore-3-hydroxy-4-methyi-tetrahydro-furan-2-ylmethoxyj-
phosphorylamine { -propionic acid methyl ester;

23 {5)-2-{(3.4-Dichloro~-phenoxy)-[(2R,3R 4R, 5R)-5-(2,4-dioxo-3 4-dibydro-2H-
pyrimidin--yi}-4-fluore-3-hydroxy-4-methyi-tefrabydro-furan-2-ylmethoxy -
phosphorylaminoe} -propionic acid methy! ester;

24 (5)y-2-{[(2R,3R 4R, 5R)-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy]-phenoxy-phosphorylamine | -
propionic acid sec-butyl ester;

25 (S)-2-{[(2R,3R 4R, 5R}-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -yt)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -phenoxy-phosphorylamine } -
propionic acid isopropyl ester;

26 (85)-2-[[{ZR,3R.4R,5R)}-5-(2.4-Dioxo-3 4-dihydro-2H-pyrimidin-1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy]<(4-methoxy-phenoxy)-
phosphorylamino -propionic acid butyl ester;

27 (S)3-2-[[(2R,3R AR, 5R)-5-(2 4-Dioxo-3 4-dihydro-2H-pyrimidin-1 -yl }-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy }-(4-fluoro-phenoxy)-
phosphorylamino -propionic acid ethyl ester;

28 (S32-[[(2R,3R 4R,5R)-5-(2,4-Dioxo0-3 4-dihydro-2H-pyrimidin-1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy j-(4-fluoro-phenoxy)-
phosphorylamine -propionic acid wsoprapy! ester;

29 (S»-2-[[(CR,3R AR, 5R}-5-(2,4-Dioxo-3,4-dihydro-2 H-pyrimidin-1 -yl }-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy H{4-fluoro-phenoxy)-
phosphorylamine J-propionic acid benzyl ester;

38 (S3-2-[(2R,3R 4R, 5R)-5-(2,4-Dioxo-3 4-dihydro-2H-pyrimidin-1-yl)-4-
fluoro-3-hydroxy-4-rcthyl-tetrahydro-furan-2-ylmethoxy [-{(4-rmethoxy-phenoxy}-
phosphorylaminoe}-propionic acid isopropyl ester;

31 (5)-2-{(2-Chloro-phenoxy)-[{ZR,3R,4R,5R)-5-(2 4-dioxo-3,4-dihydro-2H-
pyriraidin- i -yh-4-fluore-3-hydroxy-4-methyi-{etrahydro-furan-2-ylmethoxy -
phosphorylamine { -propionic acid benzyl ester;

32 (S)-2-{(2,4-Dichloro-phenoxy)-[(2R,3R,4R SR }-5-(2,4-diox0-3,4-dilydro-2H-
pyrimidin-1-yi)-4-fluore-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy |-
phosphorylamine}-propionic acid butyl ester;

33 (8)-2-{[(2R,3R 4R 5R)-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy}-p-tolyloxy-
phosphorylamino t-propionic acid isopropyl ester;

34 (S)-2-[[(2R,3R 4R, 5R)-5-(2,4-Dioxo-3,4-dthydre-2H-pyrimmdin-1-y{)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -(4-fluoro-phenoxy)-
phosphorylamine }-propionic acid butyl ester;
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35 (5)-2-{(3,4-Dichioro-phenoxy)-{(2R,3R 4R, 5R)-5-(2,4-dioxo-3,4-dihydro-2H-
pyrivaidin-1-yi)-4-fluore-3-hydroxy-4~-methyl-tetrahydro-furan-2-ylmethoxy -
phosphorylaming f-propionic acid ethyl ester;

36 (S)3-2-{(Z-Chloro-phenoxy)-[(2R,3R,4R,5R}-5-(2,4-dioxo-3,4-dihydro-2H-
pyrimidin-{-y})-4-fluore-3-hydroxy-d-methyi-tetrabydro-furan-2-ylmethoxy -
phosphorylamine ) ~propionic acid isopropyl ester;

37 (5)-2-[[(ZR,3R4R,5R)-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy |-{4-methoxy-phenoxy)-
phosphorylamino}-propionic acid benzyl ester;

38 (S-2-{[(ZR,3R 4R, 5R}-53-(2,4-Dioxo-3 4-dihydro-2H-pyrimidin-1-yl)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -phenoxy-phosphorylamino } -
propionic acid pentyl ester;

39 (5)-2-{(4-Chloro-phenoxy)-[(2R,3R 4R, 5R}-3-(2,4-dioxo-3,4-dihydro-2H-
pyrimidin-i-y1)}-4-fluore-3-hydroxy-4-methyi-tetrahydro-furan-2-ylmethoxyl-
phosphorylamine }-propionic acid isopropy! ester;

48 (S)-2-{(4-Chloro-phenoxy)-[(2R,3R 4R, 5R)-5-(2,4-dioxo-3 4-dihydro-2H-
pyrimidin-i-yhH-4-fluore-3-hydroxy-4-methyi-tetrahydro-furan-2-ylmethoxyj-
phosphorylamine }-propionic acid batyl ester;

41 (85)-2-{(4-Chioro-phenoxy-[{2R,3R 4R, 5R}-5-(2,4-dioxo-3,4-dibydro-2H-
pyrimidin-{-yi}-4-fluore-3-hydroxy-4-methyi-tetrahydro-furan-2-yimethoxy}-
phosphorylamine }-propionic acid ethyl ester;

42 (S)-2-{[(CR,3R 4R 5R})-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-yl}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy|-p-tolyloxy-
phosphorylamino }-propionic acid butyl ester;

43 (53-2-{[(2R,3R 4R, 5R)-5+(2,4-Dioxo- 3,4-dihydro-2H-pyrimidin-1-yl}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy }-p-tolyloxy-
phosphorylamine }-propionic acid benzyl ester;

44 (S»-2-{[(2R,3R 4R, 5R}-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -yl j-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamine § -
butyric acid methyl ester;

45 (S3-2-{[(2R,3R 4R ,5R)-5-(2,4-Diox0-3,4-dihydro-2H-pyrimidin-1-y[}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamine ;-
propionic acid 4-fluorg-benzyt ester;

46 (5)-2-{(2-Chloro-phenoxy)-[{ZR,3R,4R,5R)-5-(2 4-dioxo-3,4-dihydro-2H-
pyriraidin- i -yh-4-fluore-3-hydroxy-4-methyi-{etrahydro-furan-2-ylmethoxy -
phosphorylamine | -propionic acid butyl ester;

47 (S3-2-{[(2R,3R.4R,5R}-5-{2,4-Dioxo-3.4-dihydro-2H-pyrimidin-1-vi)-4-
fluoro-3-hydroxy-4-macthyl-tetrahydro-furan-2-yimethoxy |-phenoxy-phosphorylamino | -
propionic acid 3-methyl-buty! ester;

48 (5)-2-{(2,4-Dichloro-phenoxy)-[(2R,3R 4R, 5R}-5-(2,4-diox0-3,4-dihydro-2H-
pyrimidin--yi}-4-fluore-3-hydroxy-d-methyi-tetrahydro-furan-2-ylmethoxyj-
phosphorylamino {-propionic acid ethyl ester;

49 (S)-2-{[(2R,3R, 4R SR -5-(2,4-Dioxe-3 4-dihydro-2H-pyrimidin- 1 -yii-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -phenoxy-phosphorylamine } -
propionic acid cyclohexyl ester;
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50 (R)-2- {{(ZR,3R 4R, 5R1-5-(2,4-Dioxo-3 4-dihydro-2H-pyrimidin-1 -y }-4-
fluoro-3-hydroxy-4~-methyl-tetrahydro-furan-2-yhmethoxy -phenoxy-phosphorylamino } -
prapionic acid butyl ester;

81 {(R)»-2-{{(2R,3R,4R,5R}-5-(2.4-Dioxo-3 4-dihydro-2H-pyrimidin-1-yi}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamine -
propionic acid isopropyl ester;

52 (R)-2-{[(ZR,3R 4R 5R)-3-(2 4-Dioxo-3.4-dihydro-2H-pyrimidin-1-yl)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamino -
propionic acid benzyl ester;

53 (S)-2-{(2-Chloro-phenoxy)-[(2R, 3R 4R, 53R }-5-(2,4-dioxo-3,4~dihydro-2 H-
pyrimidin--yi}-4-fluore-3-hydroxy-4-methyi-tefrabydro-furan-2-ylmethoxy -
phosphorylamino }~propionic acid buty] ester;

54 (5)-2-{{4-Bromo-phenoxy}-[(2R.3R.4R,5R)-5-(2 4-dioxo-3,4-dibydro-2H-
pyrimidin-i-y1)}-4-fluore-3-hydroxy-4-methyi-tetrahydro-furan-2-ylmethoxyl-
phosphorylamine }-propionic acid isopropy! ester;

55 (5)-2-[[(ZR,3R 4R,5R )-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1-yl}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy |-(4-fluoro-phenoxy)-
phosphorylamine -propionic acid cyclohexyl ester;

56 (S)-2-[[{2R,3R 4R, 5R}-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -y )-4-
fluoro-3-hydroxy-4-methyl-tetrabydro-furan-2-ylmethoxy <{4-bromo-phenoxy -
phosphorvlamino-propionic acid cyclobexyl ester;

57 (5)-2-{[(2R,3R 4R 5R)-5-(2,4-Dioxo-3 4-dihydro-2H-pyrimidin- 1 -y1}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy |-phenoxy-phosphorylamino} -
butyric acid isopropyl ester;

88 (5)-2- {[(2R,3R 4R, 5R)-5-(2 4-Dioxo-3,4-dihydro-2 H-pyrimidin-1-yl}-4-
fluoro-3-hydroxy-4-macthyl-tetrabydro-furan-2-yimethoxy}-phenoxy-phosphorylamino | -
butyric acid cyclohexyl ester;

59 (5)-2-[[{ZR.3R 4R, 5R )-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -yl }-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy H{4-fluoro-phenoxy)-
phosphorylamine -butyric acid cyclohexyl ester;

60 (5)-2- {{4-Chloro-phenoxy}-[{ZR,3R.4 R,5R)-5-(2,4-dioxo-3,4-dihydro-2H-
pyrimidio-{-yD-4-fluore-3-hydroxy-d-methyi-tetrabydro~-furan-2-ylmethoxy-
phosphorylamine}-butyric acid isopropyl ester;

61 (S)-2-{[{ZR,3R 4R, 5R)-3-(2,4-Diox0-3 4-dihydro-2H-pyrinidin-1-y}-4-
fluoro-3-hydroxy-4-methyl-tetrahyvdro-furan-2-vimethoxy -phenoxy-phosphorylamine | -
propionic acid 2,2-difluoro-ethyl ester;

62 (8)-2-{I(2R 3R 4R, 5R)-5~(2 4-Dioxo- 3, 4-dihydro-2H-pyrimidin-1-v-4-
fluoro-3-hydroxy-4-macthyl-tetrahydro-furan-2-yimethoxy |-phenoxy-phosphorylamino | -
propionic acid 2,2 2-trifluoro-1-trifluoramethyl-ethyl ester;

63 (S)-2-{[(2R 3R 4R, 5R}-5-(2 4-Dyioxo-3,4-dihydro-2 H-pyrimidin-1-yl}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy-phenoxy-phosphorylamino ; -
propiouic acid 2-fluoro-1-fluoromethyl-ethyl ester;

&4 (53-2-{[(2R, 3R 4R, 5R}-5-(2.4-Dioxo- 3,4-dihydro-2H-pyrimidin-1-yi-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -phenoxy-phosphorylamine } -
propionic acid cyclopropyl methyl ester;
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65 (5)-2-{[(2R,3R, 4R, 5R)-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -y1}-4-
fluoro-3-hydroxy-4~-methyl-tetrahydro-furan-2-yhmethoxy -phenoxy-phosphorylamino } -
butyric acid cyclopentyl ester;

66 (5)-2-{[(2R,3R 4R 5R-5-(6-Amino-purin-9-y1}-4-fluoro-3-hydroxy-4-methyi-
tetrahydro-furan-2-ylmethoxyl-phenoxy-phosphorylarino | -propionic acid methy! ester;
&7 (83-2-{[{2R 3R 4R, 5R}-5-(2-Amino-6-hydroxy-purin-9-yly-4-fluoro-3-
hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy-phenoxy-phosphorylaming | -propionic

acid methyl ester;

68 (5)-2- ({(R)-[(ZR,3R,4R,5R)-5-(2,6-Diamino-purin-9-yi }-4-fluoro-3-hydroxy-4-
methyl-tetrabydro-furan-2-ylrocthoxyl-phenoxy-phosphorylamino } -propionic acid
methyl ester;

69 (5)-2-{[{ZR 3R 4R ,5R}-5-2-Amino-O~cyclopentylamine-purin-9-yl-4-fluoro-
3-hydroxy-4-methyl-tetrabydro-furan-2-ylmethoxy]-phenoxy-phosphorviamino -
propionic acid methyl ester;

70 (5)-2- {[(2R,3R 4R 5R }-5-(2- Amino-6-azetidin-1 -yl-purin-9-yl}-4-fluore-3-
hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy-phenoxy-phosphorylamine | -propionic
acid methyl ester;

71 (S3-2-{[(2R.3R,4R,5R}-5-(2-Amino-6-dicthylamino-purin-9-yi)-4-fluoro-3-
hydroxy-4-rocthyl-tetrahydro-furan-2-yimethoxyi-phenoxy-phosphorylamino | -propionic
acid methyl ester;

72 (8)-2-{[(2R,3R 4R, 5R)-5~2-Arno-6-propylamino-purin-9-y[-4-fluore-3-
hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy}-phenoxy-phosphorylaming | -propionic
acid methyl ester;

73 (S)-2-{[(2R,3R 4R, 5R}-5-(2-Amine-6-cyclobutylamino-purin-9-y1)-4-fluoro-
3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy]-phenoxy-phosphorylamino } -
propionic acid methyi cster;

74 (5)-2-(1(Z2R 3R 4R, 5R-5-12- Amino-6-{4-methyl-piperazin-1 -yD-purin-9-y 1}-
4-fluoro-3-hydroxy-4-methyl-tetrabyydro-furan-2-ylmethoxy -phenoxy-p
hosphorylamino)-propionic acid methyl ester;

78 (28 y-methyl 2-((((2R,3R AR 5R)}-4-fluoro-3-hydroxy-4-methyl-5-(6-
{propylamine)}-9H-purin-9-yhitetrahydrofuran-2-
ylymethoxy Y phenoxy )phosphorylamino)propanoate;

76 (28)-methyl 2-({({(2R,3R 4R, 5R }-5-(6-(cyclobutylamine)}-9H-purin-9-yi)-4-
fluoro-3-hydroxy-4-methyltetrahydrofuran-2-
yvhmethoxy }(phenoxyjphosphorylamine jpropanoate;

77 (28 methyl Z-((((CR, 3R AR, 5R)-5-{6-{cyclopentylamino }-OH-purin-9-yi}-4-
fluoro-3-hydroxy-4-methyltetrahydroforan-2-
yhmethoxy}{phenoxy ) phosphorviamine propanoate;

78 (25)-methyl 2-(({(2ZR,3R 4R 5R)-5-(6-(aziridin-1-y)-9H-purin-9-yl}-4-flucro-
3-hydroxy-4-methyhietrahydrofuran-2-
yhmethoxy}{phenoxyphosphorylamino jpropanoate;

78 (28)}methy! 2-((((2R,3R AR, 3R )-4-fluore-3-hydroxy-4-methyl-5-(6-(piperidin-
1-y}-9H-purin-9-yhitetrahydrofuran-2-
yhmethoxy }{phenoxy)phosphorylamino)propanoate; and
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86 (28)-methyl 2-({({2R 3R 4R, 5R }-5-(6-(azetidin-1-y1}-9H-purin-9-yh)-4-fluoro-
3-hydroxy-4-methyltetrahydrofuran-2-
yhmethoxy X phenoxyiphosphorylamine)propanoate

A

in the manufacture of a medicament for the treatment of any condition the result
of an infection by hepatitis C virus, West Nile virus, yellow fever virus, dengue virus,
rhinovirus, polio virus, hepatitis A virus, bovine viral diarrhea virus or Japancse

encephalitis virus.

i0

-3

A method of treatment in a subject in need thereof, which corprises:

administering a therapeutically effective amount of the compound represented by

formula 1 to the subject;

wherein the compound or its stereoisomer, salt, hvdrate, solvate, or crystalline

form thereof represented by formula I

wherein

(a) R is hydrogen, n-alkyl; branched alkyl; cycloalkyl; or aryl, which
inciudes, but is not limited to, phenyl or naphthyl, where phenyl or naphthyl are
20 optiovally substituted with at least one of Ci g alkyl, Ty 6 alkenyl, Cos alkynyl, Cis
alkoxy, F, Cl, Br, 1, nitro, cyano, (s haloalkyl, -N(Rr)b Ci¢ acylaming, -NHSOCi 5
alkyl, -SO,N(R )., CORY, and -SO,C,6 alkyl; (R is independently hydrogen or alkyl,
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which includes, but is not limited to, Cig alkyl, Cip alleyl, or Ci alkyl, R" is ~OR or -

N(R");

(b)  Rishydrogen, C 1 alkyl, R™ or R™ and R” together are (CHy), 50 45 to
form a cyclic ring that includes the adjoining N and € atoms, C{OYCR™R™NHR', where
nis 2 to 4 and RY, R* and R

() R*and R are (1) independently sclected from hydrogen, Cyyg alkyl,
cycloalkyl, -(CHZ‘)C(_NR;')Z,, Ci hydroxyalkyl, ~-CH>SH, ~(CH,),S{C)Me, -
{CHy NHC(ENHINH,, (1H-indol-3-yDmethyl, (1H-imidazol-4-yl)methyl, -
(CH).COR™, aryl and aryl Cs alkyl, said aryl groups optionally substituted with a
group selected from hydroxyl, Cyo alkyl, 6 alkoxy, halogen, nitro and cyano; (if) R™
and R both are Cr alkyl; (i) R™ and R*® together are{CHy); 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,), s0 as to form a cyclic ring that includes the adjoining N and C atoms, wherecis 1
to 6, dis0to 2, cis0to3, fis 2to 5, nis 2 to 4, and where R” is independently hydrogen
or Crg alkyl and RV is -OR" or -N(R¥)); {vi) R™ is H and R™ is H, CH:, CH,CHs,
CH{CHs)», CH,CH(CH:},, CH(CH:)}CHCH:, CHyPh, CHy-indol-3-y1, -CH,CHSCHa,
CH,COH, CH,C(O)NH,, CH,CH,COOH, CH,CH,C{O)NH,, CH,CH,CH,CH,NH,, -
CHyCH,CHyNHC(NH)NH,, CHp-imidazol-4-yl, CH,OH, CH{OH)CH;, CH{{4'-CH)-
Phj), CH,SH, or lower cycloalkyl; or (viil) R s CH;, -CH,CH;, CH(CH:),,
CHCH(CH:),, CH(CHCHL,CH;, CHRPh, CHy-indol-3-v1, -CHCHSCH;, CH,COH,
CH,C(O)NH,, CH,CH,COOH, CH,CH,-C(O)NH,, CH,CH,CH,CHoNH,, -
CHyCHCHoNHO(NH)NH,, CHp-imidazol-4-yl, CH,OH, CH{OH)YCH,, CH({4"-GH)-
Ph), CH,SH, or lower cycloalkyl and R is H, where R” is independently hydrogen or
alkyl, which includes, but is not limited to, Cip alkyl, Ciopp alkyl, or Cig alkyl, R is -

OR' or -N(R™ ),

{d} R’ is hydrogen, Cy_yo alkyl, Cy.y0 alkyl optionally substituted with a lower

alkyl, alkoxy, di{lower alkyly-amino, or halogen, Cy.i haloalkyl, Ty cycloalkyl,
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cycloalkyl alkyl, cycloheteroatkyl, aminoacyl, aryl, such as phenyl, heteroaryl, such as,

pyridinyl, substituted aryl, or substituted heteroaryl;

() R’ is H, a lower alkyl, CN, vinyl, O-(lower alkyl), hydroxyl lower aikyl,
i.e., ~(CH),OH, where pis 1 -6, including bydroxyl methyl (CH,OH), CHF, N,
CH,CN, CH,NH,, CH,NHCH;, CHyN({CHa),, alkyne (optionally substituted), or halogen,
including ¥, CI, Br, or I, with the provisos that when X is (JH, base is cytosine and R®ig
H, R’ cannot be Nj and when X is OH, RisCH;or CH,F and Bis a purine base, R’

cannot be H;
£ R is H, CHa, CH,F, CHF,, CFs, F, or CN;
(g  XisH, OH, F, OMe, halogen, NH,, or Ny;

{(h} Y is OH, H, Cy4 alkyl, Cy4 alkenyl, Cyy alkynyl, vinyl, N3, CN, CL, By, F,
1, NGy, OCOYO(Craalkyly, OC(CHYO(Crs alkyly, GUIOMKCoy alkynyly, OC(OYHCou
alkenyly, OC; o haloalkyl, Olaminoacyl), O{Cy 0 acyl), O(Cy 4 alkyl), G{Cy4 alkenyl),
S{C 14 acyl}, S(C,4 alkyl), 8{C; 4 alkynyl}, 8{Cy 4 alkenyl), SO(C 4 acyly, SO{C, 4 alkyl},
SO(Cy4 alkynyl), SO(C,4 alkenyl), SOHC) 4 acyl), SO(C)4 alkyl), SOAC,4 alkynyl),
SOA{C, 4 alkenyl), OS{01(C14 acyly, OS(O(C1 4 alkyl), OS(O0{(C)4 alkenyl), NHy,
NH(C1.4 alkyl), NH{C,.4 alkenyl), NH{C,4 alkynyl), NH(Ci.4 acyl), N(C1.4 alkyl),, N{Cy.
13 acyly,, wherein alkyl, alkynyl, alkeny! and vinyl are optionally substituted by N3, CN,
one to three halogen (Cl, Br, F, 1), NO,, C{OYO(Cy 4 alkyl), C{OYO(C 14 alkyly, CIOHYO(C,
4 alkynyDy, C{OYO(Cyg alkenyly, O(Ci 4 acyl), O(C 4 alkyl), O(Co4 alkenyl), S{Ch4 acyl),
S{Cia alkyly, S{Cy4 alkynyl), S(Co4 atkenyl), SO(C, 4 acyly, SO(Cy 4 alkyl), SO(Co 4
alkynyl}, S0(Cy4 alkenyl), SO(C . acyl), 304C4 alkyl), 50:(Ch4 alkynyl}, SOHCya
alkenyl), OS{(C 4 acyl)y, OS{OR{(C 4 alkyly, OS(O)(Coy alkenyl), NH,, NH(C, 4
alkyl), NH{C, 4 alkenyl), NH({C; 4 alkynyl), NH(Cy.4 acyl), N{Cy4 alkyl),, N(C14 acyll;

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

represented by the following structures:
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a b ¢ d
wherein
7 is Nor CR"? ;

Fjﬁ RgaRgf, Rm, and R'lare independently H, F, CL, Br, I, OH, OR', SH, SR, NH,,
NHR', NR';, lower alkyl of C-Cg, halogenated (F, Cl, Br, 1) lower alkyl of C-Cs, lower

A

alkenyl of C,-Cy, halogenated (F, CL, Br, I) lower alkenyl of C,-Cq, lower alkynyl of €~
Cs such as C=CH, halogenated (F, Cl, Br, 1) lower alkynyl of C3-Cs, lower alkoxy of C-
Cs, halogenated (F, Cl, Br, ) lower alkoxy of C1-Cs, CO;H, CO:R', CONH,, CONHR',
CONR',, CH=CHCO,H, or CH=CHCG;R,

19 wherein R’ is an optionally substituted alkyl , which includes, but is not limited to,
an optionally substituted ;. alkyl, an optionally substituted Cy.0 alkyl, an optionally
substituted lower alkyl; an optionally substituted cycloalkyl; an optionally substituted
alkynyl of C,-Cs, an optionally substituted lower alkenyl of C;-Cs, or optionally

substituted acy!l, which inchudes but is not Umited to C(O) alkyl, C{OYC o0 alkyl),

[y
(9]

COWCyo alky), 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

R is an H, halogen {including F, Cl, Br, I), OH, OR', SH, SR', NH,, NHR', NR,
NG, lower alkyl of C-Cq, halogenated (F, CL, Br, D) lower alkyl of Ci-Cg, lower alkenyl
20 of Cp-Cy, halogenated (F, Cl, Br, ) lower alkenyl of C-Cy |, lower alkeyny! of Co-Cl,
halogenated (F, Cl, Br, 1) lower alkynyl of C;-Cs, lower alkoxy of Ci-Cs, halogenated (F,
Ci, Br, I) lower alkoxy of C;-Ce, COH, CORR, CONH,, CONHR, CONRY,
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CH=CHCO,H, or CH=CHCO,R’; with the provigo 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,.

8. A method of treatment in a subject in need thereof, which comprises:

administering a therapeutically effective amount of a compound, its stercoisomer,
salt, hydrate, solvate, or crystalline form thereof, selected from among
5 2-Deoxy-2'-flucro-2'-C-methyhuridine 5'-{phenyl methoxy-alanyl phosphate
({(8)-2-{[(2R,3R 4R, 5R)-5~(2 4-Dioxo-3,4-dihydro-2H-pyrimidin-1-y1-4-fluoro-3-
hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxyl-phenoxy-phosphorylamine | -propionic
acid methyl ester},

& 2'-Deoxy-2'-fluoro-2'-C-mcthyhuridine 5'-(phenyl methoxy-valyl phosphate
((S8)-2-{{(2R,3R 4R, 5R)-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-yi}-4-fluoro-3-
hydroxy-4-rocthyl-tetrahydro-furan-2-vimethoxy-phenoxy-phosphorylamine } -3~-methyi-
butyric acid methyl ester;

7 2-Deoxy-2-fluore-2'-C-methyhuridine 5'-(4-bromophenyl methoxy-valyl
phosphate ((S)-2-{{(4-bromo-phenoxy)-[(2R,3R,4R,5R)-5-(2,4-diox0-3,4-dihydro-2H-
pyrimidin-1-yi}-4-fluore-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy|-
phosphorylamino}-3-methyl-butyric acid methyl ester);

8 2-Deoxy-2'-fluoro-2'-C-methyluridine 5'-(4-bromophenyl methoxy-alanyl
phosphate ({((S)-2-{{4-bromo-phenoxy)-[ (2R 3R 4R, 5R)-5-(2,4-dioxo-3,4-dihydro-2H-
pyrimidin-i-y1)-4-fluore-3-hydroxy-4-methyi-tetrabydro-furan-2-ylmethoxy]-
phosphorylamino }-propionic acid methyl ester);

9 NN N-dimethylformamidinyl)-2'-deoxy-2'-fluoro-2'-C-methylcytiding;

1§ 2-Deoxy-2"-fluore-2'-C-methyleytidine 5'-{pheny] methoxy-alanyl phosphate
{({(8)-2-{[{2R 3R 4R, 5R)-5-(2-0x0-3-amino-pyrimidin- 1 -y})-4-fluoro-3-hydroxy-4-
methyl-tetrahydro-furan-2-ylmethoxyl-phenyoxy-phosphorylamino } -propionic acid
methyl ester);

11 2-Deoxy-2'-fluore-2'-C-methylcytidine 5'-(4-bromophenyl methoxy-valyl
phosphate (2'-Deoxy-2"-fluoro-2"-C-methyluridine 5'-(4-bromophenyl methoxy-valyl
phosphate ((8)-2-{(4-bromo-phenoxy)-[{2R, 3R 4R, 5R }-5-(2-ox0-3-amino-pyrimidin- | -
yi)-4-fluoro-3-hydroxy-d-methyl-tetrahydro-furan-2-ylmethoxyj-phosphorylamino } -3-
methyl-butyric acid methyl ester);

12 2'-deoxy-2'-tluoro-2'-C-methyleytidine 5'-(phenyl methoxy-valyl phosphate
{(8)-2-{[(ZR,3R 4R 5R)-5-(2-0x0-3-amino-pyrimidin-1-yl-4-fluoro-3-hydrox y-4-
methyl-tetrahydro-furan-2-ylmethoxyl-phenoxy-phosphorylarnine } -3-maethyl-butyric
acid methy! ¢ster;

13 (S3-2-{[{2R,3R 4R,5R}-5+(2,4-Dioxo-3,4-dihydro-2 H-pyrimidin-1-yi}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -phenoxy-phosphorylamino } -
propionic acid cthyl ester;

14 (5»-2-[ICR,3R 4R, 5R)-5-(2.4-Dioxo-3 4-dihydro-2H-pyrimidin-1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahvdro-furan-2-vimethoxy}-(naphthalen- 1-yloxy)-
phosphorylamine|-propionic acid benzyl ester;
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15 {{OR,3R AR SR}-3-(2 4-Dioxo-3 4-dihydro-2 H-pyrimidin- 1 -y1}-d-fluore-3-
hydroxy-4-rocthyl-tetrahydro-furan-2-vimethoxyj-phenoxy-phosphorylamine | -acetic
acid methyl ester;

16 (8)-2-{(2,4-Dichloro-phenoxy)-[(2R, 3R 4R, 5R)-5-(2,4-dioxo-3.4-dihydro-2H-
pyrimidin-{-y})-4-fluore-3-hydroxy-d-methyi-tetrabydro-furan-2-ylmethoxy -
phosphorylamine } -propionic acid methyl ester;

17 (S)-2-[[(2R,3RAR,3R)-5-(2.4-Dhoxo-3,4-dihydro-2H-pyrimidin-1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -(naphthalen-1-yloxy)-
phosphorylaminoj-propionic acid methyl ester;

18 (S)-1-{[{ZR,3R 4R,SR}~5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-yi)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxyl-phenoxy-phosphoryl} -
pyrrolidine-2-carboxylic acid methyl ester;

19 (5)-2-{[{(2R,3R 4R ,5R)-5~2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -y1}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy]-phenoxy-phosphorylamine | -
propionic acid butyl ester;

26 (S)-2-{[(2R,3R 4R, 5R}-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -yt)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -phenoxy-phosphorylamine } -
propionic acid benzyl ester;

21 (85)-2-{[{ZR,3R.4R,5R)}-5-(2.4-Dioxo-3 4-dihydro-2H-pyrimidin-1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrabydro-furan-2-ylmethoxy M{4-fluoro-phenoxy)-
phosphorylamine -propionic acid methyl ester;

22 (S)-2-{(4-Chloro-phenoxy)-[{ZR,3R,4R,5R)-5-(2 4-dioxo-3,4-dihydro-2H-
pyrimidin-1-yD-4-fluore-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy |-
phosphorylamino } -propionic acid methyl ester;

23 (8)-2-{(3,4-Dichloro-phenoxy)-[ (2R, 3R 4R, 5R)-5-(2,4-diox0-3 ,4-dihydro-2H-
pyrimidin-i-y1)-4-fluore-3-hydroxy-4-methyi-tetrabydro-furan-2-ylmethoxy]-
phosphorylamino }-propionic acid methyl ester;

24 (S)»-2-{[(2R,3R 4R, 5R}-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -yl j-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamine § -
propionic acid sec-butyl ester;

28 {53-2-{[(2R,3R 4R,5R)-53-(2,4-Diox0-3,4-dihydro-2H-pyrimidin-1-y)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamine ;-
propionic acid isopropyl ester;

26 (S32-[(2R,3RAR3R)-5+(2 4-Dioxo-3 4-dihydro-2H-pyrimidin- 1 -yl }-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -{4-methoxy-phenoxy)-
phosphorylamino}-propionic acid butyl ester;

27 (S3-2-[I(2R,3R 4R,5R)-5-(2,4-Dioxo-3.4-dihydro-2H-pyrivaidin-1-vD-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy |-{(4-flucro-phenoxy)-
phosphorylamino}-propionic acid ethy! ester;

28 (8)-2-[I(2R,3R 4R, 5R)-5~(2,4-Dioxo-3 4-dihydro-2H-pyrimidin-1-y1}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy |-{(4-fluoro-phenoxy)-
phosphorylamine -propionic acid isopropy! ester,

29 (S)-2-[[(2R,3R 4R, 5R)-5-(2,4-Dioxo-3 4-dihydre-2H-pyrimdin-1-y)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -(4-fluoro-phenoxy)-
phosphorylamine }-propionic acid benzy! ester;
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36 (S-2-[[(CR3R AR, 5R)-5-(2,4-Dioxo-3 4-dihydro-2 H-pyrimidin-1 -yl }-4-
fluoro-3-hydroxy-4~-methyl-tetrahydro-furan-2-yimethoxy <{(4-methoxy-phenoxy -
phasphorylamino -propionic acid isopropyl ester;

31 (83-2-{(2-Chloro-phenoxy)-[(2R,3R, 4R, 5R}-5-(2,4-dioxo-3,4-dihydro-2H-
pyrimidin-{-y})-4-fluore-3-hydroxy-d-methyi-tetrabydro-furan-2-ylmethoxy -
phosphorylamine }-propionic acid benzy! ester;

32 (5)-2-{(2,4-Dichloro-phenoxy)-[(2R,3R 4R 5R}-5-(2,4-dioxo-3,4-dihydro-2H-
pyrimidin- i -y1)-4-fluore-3-hydroxy-4-methyi-tetrahydro-furan-2-ylmethoxyj-
phosphorylamine { -propionic acid butyl ester;

33 (S3-2-{[(ZR,3R 4R, 5R}-53-(2,4-Dioxo-3 4-dihydro-2H-pyrimidin-1-yl)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -p-tolyloxy-
phosphorylamine }~propionic acid isopropyl ester;

34 (53-2-[[(2R,3R AR, 5R)-5+(2.4-Dioxo-3 4-dihydro-2H-pyrimidin- 1 -y1}-4-~
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy}-{(4-flucro-phenoxy}-
phosphorylamine -propionic acid butyl ester;

35 (5)-2-{(3.4-Dichloro-phenoxy)-[(2R,3R 4R, 5R}-5-(2,4-dioxo-3 4 -dihydro-2H-
pyrimidin-i-yhH-4-fluore-3-hydroxy-4-methyi-tetrahydro-furan-2-ylmethoxyj-
phosphorylamine }-propionic acid ethyl ester;

36 (5)-2-{(2-Chioro-phenoxy-[{2R,3R 4R, 5R}-5-(2,4-dioxo-3,4-dibydro-2H-
pyrimidin-{-yi}-4-fluore-3-hydroxy-4-methyi-tetrahydro-furan-2-yimethoxy}-
phosphoryvlamino }-propionic acid sopropy! cster;

37 (S»-2-[[(2R,3R AR, 5R)-5-(2,4-Dioxo-3 4-dihydro-2H-pyrimidin-1 -yl }-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy |-(4-methoxy-phenoxy)-
phosphorylamino}-propionic acid benzyl ester;

38 (53-2-{[(2R,3R 4R ,5R)-5(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -y1)-4-
fluoro-3-hydroxy-4-macthyl-tetrabydro-furan-2-yimethoxy}-phenoxy-phosphorylamino | -
propionic acid pentyl esier;

39 (5)-2-{(4-Chioro-phenoxy)-[{(2R,3R,4R,5R)-5-(2,4-dioxo-3,4-dihydro-2H-
pyrimidin-1-yH-4-fluore-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -
phosphorylamine §-propionic acid isopropyl ester;

40 (S3-2-{(4-Chioro-phenoxy)-[(2R,3R 4R, 5R)-5-(2 4-dioxe-3,4-dihydro-2H-
pyrimidio-{-yD-4-fluore-3-hydroxy-d-methyi-tetrabydro~-furan-2-ylmethoxy-
phosphorylamine}-propionic acid butyl ester;

41 (5)-2-{(4-Chloro-phenoxy)-[{ZR,3R,4R,5R)-5-(2 4-dioxo-3,4-dihydro-2H-
pyriraidin- i -yh-4-fluore-3-hydroxy-4-methyi-{etrahydro-furan-2-ylmethoxy -
phosphorylamine { -propionic acid ethyl ester;

42 (S3-2-{[(2R,3R.4R.5R}-5-{2,4-Dioxo-3.4-dihydro-2H-pyrimidin-1-vi)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -p-tolyloxy-
phosphorylamine}-propionic acid butyl ester;

43 (8)-2-{[(2R,3R 4R 5R)-5-(2,4-Dioxo- 3. 4~-dihydro-2H-pyrimidin-1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy}-p-tolyloxy-
phosphorylamine -propionic acid benzyl ester;

44 (S)-2-{[(2R,3R 4R SR -5-(2,4-Dioxe-3 4-dihydro-2H-pyrimidin- 1 -yii-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -phenoxy-phosphorylamine } -
butyric acid methyl ester;
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45 (S)-2-{[(CR,3R 4R, 5R})-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -yl}-4-
fluoro-3-hydroxy-4~-methyl-tetrahydro-furan-2-yhmethoxy -phenoxy-phosphorylamino } -
prapionic acid 4-fluoro-benzy! ester;

46 (S)3-2-{(Z2-Chloro-phenoxy)-[(2R,3R,4R,5R}-5-(2,4-dioxo-3 4-dihydro-2H-
pyrimidin-{-y})-4-fluore-3-hydroxy-d-methyi-tetrabydro-furan-2-ylmethoxy -
phosphorylamine } -propionic acid butyl ester;

47 (5)-2-{[(2R,3R 4R ,5R }-5~(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-yl}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamino -
propionic acid 3-methyl-butyl ester;

43 (S)-2-{(2,4-Dichloro-pheooxy)-[(2R,3R 4R SR}-5-(2,4-dioxo-3 4-dilydro-2H-
pyrimidin--yi}-4-fluore-3-hydroxy-4-methyi-tefrabydro-furan-2-ylmethoxy -
phosphorylamine }~propionic acid ethyl ester;

49 (53-2-{[(R,3R 4R 5R)-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy]-phenoxy-phosphorylamine | -
propionic acid cyclohexy! ester;

50 (R)-2-1[(2R,3R,4R,5R}-5-(2,4-Dioxo-3 4-dihydro-2H-pyrimidin- 1 -y1}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -phenoxy-phosphorylamine } -
propionic acid butyl ester;

51 (R3-2-{I(2R,3R 4R 5R)-5-(2 4-Dnoxo-3 4-dihydro-ZH-pyrimidin-1 -yh-4-
fluoro-3-hydroxy-4-methyl-tetrabydro-furan-2-ylmethoxy}-phenoxy-phosphorylaming } -
propionic acid isopropyl ester;

52 (R)-2-{{(ZR,3R 4R, 5R}-5-(2 4-Dioxo-3 4-dihydro-2H-pyrimidin-1-yi}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy |-phenoxy-phosphorylamino} -
propionic acid benzyl ester;

53 {8)-2-{{2-Chloro-phenoxy)-[(2R, 3R, 4R 5R}-5-(2,4-diox0-3,4-dihydro-2H-
pyrimidin-i-y1)-4-fluore-3-hydroxy-4-methyi-tetrabydro-furan-2-ylmethoxy]-
phosphorylamino }-propionic acid butyl ester;

54 (S)-2-{(4-Bromo-phenoxy-[{ZR,3R 4R, 5R)-5-(2 4-dioxo-3,4-dihydro-2H-
pyrimidin-1-yH-4-fluore-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -
phosphorylamine §-propionic acid isopropyl ester;

58 (8)-2-[[(2R,3R 4R, 5R }-5-(2,4-Dioxo-3,4-dihydro-2 H-pyrimidin-1-yl3-4-
fluoro-3-hydroxy-4-rocthyl-tetrahydro-furan-Z-ylmethoxy -(4-fluoro-phenoxy)-
phosphorylamino}-propionic acid cyclohexyl ester;

86 (S)-2-[[{2R,3R 4R,5R)-3-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-yi)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy-{4-bromo-phenoxy)-
phosphorylamino}-propionic acid cyclohexyl ester;

57 (8)-2-{I(2R,3R 4R, 5R)-5-(2 4-Dioxo-3,4-dibydro-2H-pyrimidin- 1 -y1}-4-
fluoro-3-hydroxy-4-macthyl-tetrahydro-furan-2-yimethoxy |-phenoxy-phosphorylamino | -
butyric acid isopropyl ester;

58 (S)-2-{[(2R 3R 4R, 5R}-5-(2 4-Dyioxo-3,4-dihydro-2 H-pyrimidin-1-yl}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy-phenoxy-phosphorylamino ; -
butyric acid evclohexyl ester;

59 (8)-2-[[{(2R,3R 4R 5R}-5-(2,4-Dioxo-3 4-dihydro-2H-pyrimidin- 1 -yl }-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -(4-fluoro-phenoxy)-
phosphorylamino}-butyric acid cyclohexyl ester;
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68 (5)-2-{{4-Chloro-phenoxy)-[(2R,3R 4 R,5R)-5-(2,4-dioxo-3,4-dihydro-2H-
pyrivaidin-1-yi)-4-fluore-3-hydroxy-4~-methyl-tetrahydro-furan-2-ylmethoxy -
phosphorylaming }-butyric acid isopropyl ester;

61 (5)-2-{[(2R,3R,4R 5R-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -y1}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamine -
propionic acid 2,2-difluoro-cthyl ester;

62 (S3-2-{[(2R,3R,4R,5R}-5-(2 4-Bioxo- 3,4-dihydro-2H-pyrimidin-1-yl}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamino -
propionic acid 2,2,2-trifluoro- 1 -triflnoromethyl-cthyl ester;

63 (3)-2-{{(2R,3R 4R, 5R 3-5~(2 4-Dioxo-3,4-dibydro-2H-pyrimidin- 1 -y13-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -phenoxy-phosphorylamino } -
propionic acid 2-fluoro-1-flucromethyl-cthyl ester;

64 (S)-2-{[{2R 3R 4R,5R)-5-{2,4-Dyioxo- 3,4-dibydro-2H-pyrimidin- 1-y1 -4~
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy]-phenoxy-phosphorylamine | -
propionic acid cyclopropy! methyl ester;

65 (5)-2-{[(ZR, 3R 4R, 5R)-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -phenoxy-phosphorylamine } -
butyric acid cyclopentyl ester;

66 {S)-2- {[{(2R 3R 4R, 5R}-5-(6-Amino-purin-2-yi}-4-fluore-3-hydroxy-4-methyl-
tetrahydro-furan-2-ylmethoxy-phenoxy-phosphorylamino | -propionic acid methy! ester;
&7 (8)-2-{[(2R 3R 4R, 5R)-5-(Z-Amino-6-hydroxy-purin-9-y}-4-fluoro-3-
hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy}-phenoxy-phosphorylaming | -propionic

acid methyl ester;

68 (S)-2- {R)-[(ZR, 3R 4R, 5R)-5-(2,6-Diamino-purin-9-yli-4-fluoro-3-hydroxy-4-
methyl-tetrahydro-furan-2-ylmethoxyj-phenoxy-phosphorylaminoe } -propionic acid
methyl ester;

&9 (5)-2-{[(ZR 3R 4R 5R}-5-{2- Amino-6-cyclopentylamino-purin-9-yl)-4-fluoro-
3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxyl-phenoxy-phosphorylamino -
propionic acid methyl ester;

78 {S3-2- {[(2R 3R 4R 5R}-5-(2-Amine-6-azetidin-1 -yl-purin-9-vi}-4-tluore-3-
hydroxy-4-methyl-tetrahydro-furan-Z-ytmethoxy}-phenoxy-phosphorylamine | -propionic
acid methyl ester;

71 {5)-2-{[(2ZR, 3R, 4R, 5R)-5-(2-Amino-6-dicthylamino-purin-9-yi}-4-fluoro-3-
hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy}-phenoxy-phosphorylaming | -propionic
acid methyl ester;

T2 (5)-2- {[C2R,3R 4R, 5R-5-(2-Aming-6-propylamino-purin-9-y1)-4-fluore-3-
hydroxy-4-methyl-tetrahydro-furan-2-yhuethoxy l-phenoxy-phosphorylamine { ~propionic
acid methyl ester;

73 (S3-2-{[(2R 3R 4R 5R}-5-(2-Amino-6-cyclabutylamino-purin-9-yl)-4-fluoro-
3-hydroxy-4-methyl-tetrabydro-furan-2-ylmethoxy]-phenoxy-phosphorviamino} -
propionic acid methyl ester;

74 (5)-2-({(ZR,3R, 4R, 5R -5+ 2-Amine-6-(4-methyl-piperazin-1-vl)-purin-9-y -
4-fluoro-3-hydroxy-4-methyl-tefrahydro-furan-2-ylmethoxy }-phenoxy-p
hosphorylamino)-propionic acid methyl ester;
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75 (28)-methyl 2-({({2R,3R 4R, 5R }-4-fluoro-3-hydroxy-4-methyl-5-(6-
{propylamine }-9H-purin-9-yhtetrahydroturan-2-
yvhmethoxy }(phenoxyjphosphorylamine jpropanoate;

76 (28 )ymethyl Z-((((2R,3R 4R, 5R)-5-(6-{cyclobutylamino )-SH-purin-0-y1}-4-
fluoro-3-hydroxy-4-methyltetrahydroforan-2-
yiymethoxy ) phenoxy)phosphorylamino)propancate;

77 (28)-methy! 2-(({{(2R,3R 4R, 5R)-5-(6-(cyclopentylamino }-9H-purin-9-y1)-4-
fluoro-3-hydroxy-4-methyltetrahydrofuran-2-
yhmethoxy}{phenoxyphosphorylamino jpropanoate;

78 (28)y-methyl 2-((({2R,3R AR, 3R )-5-{6~{aziridin- 1 -yD-9H-purin-9-y1}-4-fluoro-
3-hydroxy-4-methyltetrahydrofuran-2-
ylhmethoxy ) phenoxyphosphorylaminojpropanoate;

79 (28 ymethyl 2-((({(2R,3R 4AR.5R)-4-fluoro-3-hydroxy-4-methyl-5-(6-{piperidin-
1-yD-9H-purin-9-yitetrahydrofuran-2-
yhmethoxy}phenoxy)phosphorylamine)propanoate; and

80 (28)-methyl 2-((({2R,3R 4R, 5R )-5-{6-(azetidin- 1 -y1)-9H-purin-9-y1)-4-fluoro-
3-hydroxy-4-methyltetrahydrofuran-2-
ylymethoxy ¥ phenoxy)yphosphorylamino)propanoate.

9. A process for proparing 2 compound, its stercoisomer, salt, hvdrate,

solvate, or erystalline form thereof, represented by formula I

w2 O
R3b |
R,’%a R e ki
t , R1
COR? OR
i
wherein

{a) R' is hydrogen, 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 s alkyl, Cyg alkenyl, Coy alkynyl, Cy
alkoxy, ¥, Cl, By, §, nitro, cyano, Ci haloalkyl, -N(RF)Q, C1s acylamino, ~-NHSO,Ci 6
alkyl, -SO,N(R"},, CORY, and -80,C15 alkyl; (R' is independently hydrogen or alkyl,
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which includes, but is not limited to, Cig alkyl, Cip alleyl, or Ci alkyl, R" is ~OR or -

N(R");

(b)  Rishydrogen, C 1 alkyl, R™ or R™ and R” together are (CHy), 50 45 to
form a cyclic ring that includes the adjoining N and € atoms, C{OYCR™R™NHR', where
nis 2 to 4 and RY, R* and R

() R*and R are (1) independently sclected from hydrogen, Cyyg alkyl,
cycloalkyl, -(CHZ‘)C(_NR;')Z,, Ci hydroxyalkyl, ~-CH>SH, ~(CH,),S{C)Me, -
{CHy NHC(ENHINH,, (1H-indol-3-yDmethyl, (1H-imidazol-4-yl)methyl, -
(CH).COR™, aryl and aryl Cs alkyl, said aryl groups optionally substituted with a
group selected from hydroxyl, Cyo alkyl, 6 alkoxy, halogen, nitro and cyano; (if) R™
and R both are Cr alkyl; (i) R™ and R*® together are{CHy); 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,), s0 as to form a cyclic ring that includes the adjoining N and C atoms, wherecis 1
to 6, dis0to 2, cis0to3, fis 2to 5, nis 2 to 4, and where R” is independently hydrogen
or Crg alkyl and RV is -OR" or -N(R¥)); {vi) R™ is H and R™ is H, CH:, CH,CHs,
CH{CHs)», CH,CH(CH:},, CH(CH:)}CHCH:, CHyPh, CHy-indol-3-y1, -CH,CHSCHa,
CH,COH, CH,C(O)NH,, CH,CH,COOH, CH,CH,C{O)NH,, CH,CH,CH,CH,NH,, -
CHyCH,CHyNHC(NH)NH,, CHp-imidazol-4-yl, CH,OH, CH{OH)CH;, CH{{4'-CH)-
Phj), CH,SH, or lower cycloalkyl; or (viil) R s CH;, -CH,CH;, CH(CH:),,
CHCH(CH:),, CH(CHCHL,CH;, CHRPh, CHy-indol-3-v1, -CHCHSCH;, CH,COH,
CH,C(O)NH,, CH,CH,COOH, CH,CH,-C(O)NH,, CH,CH,CH,CHoNH,, -
CHyCHCHoNHO(NH)NH,, CHp-imidazol-4-yl, CH,OH, CH{OH)YCH,, CH({4"-GH)-
Ph), CH,SH, or lower cycloalkyl and R is H, where R” is independently hydrogen or
alkyl, which includes, but is not limited to, Cip alkyl, Ciopp alkyl, or Cig alkyl, R is -

OR' or -N(R™ ),

{d} R’ is hydrogen, Cy_yo alkyl, Cy.y0 alkyl optionally substituted with a lower

alkyl, alkoxy, di{lower alkyly-amino, or halogen, Cy.i haloalkyl, Ty cycloalkyl,
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cycloalkyl alkyl, cycloheteroatkyl, aminoacyl, aryl, such as phenyl, heteroaryl, such as,

pyridinyl, substituted aryl, or substituted heteroaryl;

() R’ is H, a lower alkyl, CN, vinyl, O-(lower alkyl), hydroxyl lower aikyl,
i.e., ~(CH),OH, where pis 1 -6, including bydroxyl methyl (CH,OH), CHF, N,
CH,CN, CH,NH,, CH,NHCH;, CHyN({CHa),, alkyne (optionally substituted), or halogen,
including ¥, CI, Br, or I, with the provisos that when X is (JH, base is cytosine and R®ig
H, R’ cannot be Nj and when X is OH, RisCH;or CH,F and Bis a purine base, R’

cannot be H;
£ R is H, CHa, CH,F, CHF,, CFs, F, or CN;
(g  XisH, OH, F, OMe, halogen, NH,, or Ny;

{(h} Y is OH, H, Cy4 alkyl, Cy4 alkenyl, Cyy alkynyl, vinyl, N3, CN, CL, By, F,
1, NGy, OCOYO(Craalkyly, OC(CHYO(Crs alkyly, GUIOMKCoy alkynyly, OC(OYHCou
alkenyly, OC; o haloalkyl, Olaminoacyl), O{Cy 0 acyl), O(Cy 4 alkyl), G{Cy4 alkenyl),
S{C 14 acyl}, S(C,4 alkyl), 8{C; 4 alkynyl}, 8{Cy 4 alkenyl), SO(C 4 acyly, SO{C, 4 alkyl},
SO(Cy4 alkynyl), SO(C,4 alkenyl), SOHC) 4 acyl), SO(C)4 alkyl), SOAC,4 alkynyl),
SOA{C, 4 alkenyl), OS{01(C14 acyly, OS(O(C1 4 alkyl), OS(O0{(C)4 alkenyl), NHy,
NH(C1.4 alkyl), NH{C,.4 alkenyl), NH{C,4 alkynyl), NH(Ci.4 acyl), N(C1.4 alkyl),, N{Cy.
13 acyly,, wherein alkyl, alkynyl, alkeny! and vinyl are optionally substituted by N3, CN,
one to three halogen (Cl, Br, F, 1), NO,, C{OYO(Cy 4 alkyl), C{OYO(C 14 alkyly, CIOHYO(C,
4 alkynyDy, C{OYO(Cyg alkenyly, O(Ci 4 acyl), O(C 4 alkyl), O(Co4 alkenyl), S{Ch4 acyl),
S{Cia alkyly, S{Cy4 alkynyl), S(Co4 atkenyl), SO(C, 4 acyly, SO(Cy 4 alkyl), SO(Co 4
alkynyl}, S0(Cy4 alkenyl), SO(C . acyl), 304C4 alkyl), 50:(Ch4 alkynyl}, SOHCya
alkenyl), OS{(C 4 acyl)y, OS{OR{(C 4 alkyly, OS(O)(Coy alkenyl), NH,, NH(C, 4
alkyl), NH{C, 4 alkenyl), NH({C; 4 alkynyl), NH(Cy.4 acyl), N{Cy4 alkyl),, N(C14 acyll;

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

represented by the following structures:
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wherein
7 is Nor CR"? ;

Fjﬁ RgaRgf, Rm, and R'lare independently H, F, CL, Br, I, OH, OR', SH, SR, NH,,
NHR', NR';, lower alkyl of C-Cg, halogenated (F, Cl, Br, 1) lower alkyl of C-Cs, lower

A

alkenyl of C,-Cy, halogenated (F, CL, Br, I) lower alkenyl of C,-Cq, lower alkynyl of €~
Cs such as C=CH, halogenated (F, Cl, Br, 1) lower alkynyl of C3-Cs, lower alkoxy of C-
Cs, halogenated (F, Cl, Br, ) lower alkoxy of C1-Cs, CO;H, CO:R', CONH,, CONHR',
CONR',, CH=CHCO,H, or CH=CHCG;R,

19 wherein R’ is an optionally substituted alkyl , which includes, but is not limited to,
an optionally substituted ;. alkyl, an optionally substituted Cy.0 alkyl, an optionally
substituted lower alkyl; an optionally substituted cycloalkyl; an optionally substituted
alkynyl of C,-Cs, an optionally substituted lower alkenyl of C;-Cs, or optionally

substituted acy!l, which inchudes but is not Umited to C(O) alkyl, C{OYC o0 alkyl),

[y
(9]

COWCyo alky), 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

R is an H, halogen {including F, Cl, Br, I), OH, OR', SH, SR', NH,, NHR', NR,
NG, lower alkyl of C-Cq, halogenated (F, CL, Br, D) lower alkyl of Ci-Cg, lower alkenyl
20 of Cp-Cy, halogenated (F, Cl, Br, ) lower alkenyl of C-Cy |, lower alkeyny! of Co-Cl,
halogenated (F, Cl, Br, 1) lower alkynyl of C;-Cs, lower alkoxy of Ci-Cs, halogenated (F,
Ci, Br, I) lower alkoxy of C;-Ce, COH, CORR, CONH,, CONHR, CONRY,
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CH=CHCO,H, or CH=CHCO,R’; with the provigo 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) —NOy;

said process comprising:

reacting a substituted phosphochloridate compound 4 with a nuclcoside analog 8

Y

K b
R Y
¥ Q
G, IL____“ HO & Base
- : B
N &L
! d &
RO T § %

2

P

=
Y]
i

10. A process for preparing a compound, its stereoisomer, salt, hydrate,
solvate, or crystalline forra thereof, selected from among

5 2-Deoxy-2-fluoro-2'-C-methylunidine S-(phenyl rocthoxy-alanyl phosphate
{(S3-2-{[(2ZR 3R 4R ,5R)-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-y{)-4-fluoro-3-
hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy]-phenoxy-phosphorylamine }~propionic
acid methyl ester);

& 2.-Deoxy-2'-fluoro-2'-Comethyhuridine 5'-(phenyl methoxy-valy! phosphate
((S)-2-{[(ZR,3R AR 5R)-5-(2,4-Dhoxe-3,4-dihydro-2H-pyrimidin-1-y1)-4-fluoro-3-
hydroxy-4-racthyl-tetrahydro-furan-2-ylmethoxy]-phenoxy-phospherylamine } -3-methyi-
butyric acid methyl ester;

7 2-Deoxy-2-fluoro-2'-C-methyluridine 5'-(4-bromophenyl roethoxy-valyl
phosphate ({(S)-2- {(4-bromo-phenoxy)-[(ZR, 3R 4R, 5R)-5-(2, 4-dioxo-3,4-dihydro-2H-
pyrimidin-~i-y1)-4-fhuore-3-hydroxy-4-methyi-tetrahydro-furan-2-ylmethoxy -
phosphorylamine }-3-mcthyl-butyric acid methyl ester);

8 2%-Deoxy-2-fhuoro-2'-C-methyhuridine 5'-(4-bromophenyl methoxy-alanyl
phosphate ({({S)-2- {{4-bromo-phenoxy H(ZR,3R 4R, 5R)-5-(2 4-dioxe-3,4-dihydro-2H-
pyrimidin--yh)-4-tluore-3-hydroxy-4-methyi-tetrahydro-furan-2-ylmethoxy]-
phosphorylamine }~propionic acid methyl ester);

g NN N-dimethylformamidinyl)-2"-deoxy-2'-fluore-2-C-methyleytidine;

18 2'-Deoxy-2'-fluorn-2"-C-methylcytidine 5'-(phenyl methoxy-alanyl phosphate
{{S)-2-{[(2R3R 4R, 5R}-5-(2~0x0-3-amino-pyrimidin- 1 -y }-4-fluoro-3-hydroxy-4-
methyi-tetrabydro-furan-2-ylmethoxyl-phenyoxy-phosphorylamine } -propionic acid
methyl ester);

11 2-Deoxy-2'-fluore-2'-C-methyleytidine 5'-(4-bromophenyl methoxy-valyl
phosphate (2'-Deoxy-2'-fluoro-2'-C-methyluridine 5'-(4-bromophenyl methoxy-valyl
phosphate ({S3-2-{{(4-bromo-phenoxy)-[{2R, 3R 4R, 5R }-5-(2-0x0-3-amino-~-pyrimidin-1 -
yi}-4-fluoro-3-hydroxy-4-methyi-tetrabydro-turan-2-ylmethoxy}-phosphorylarmine } -3-
methyi-butyric acid methyl ester);

- 720 -

Gilead Exhibit 2021
PGR2023-00046 - Page 00101



A

10

15

20

9]
L

40

12 2'-deoxy-2'-fluoro-2'-C-methylcytidine 5'-(phenyl methoxy-valyl phosphate
{((5)-2-{{(ZR,3R 4R, 5R)-5-(2-0ox0-3-amino-pyriraidin- 1 -yD-4-fluoro-3-hydroxy-4-
methyl-tetrahydro-furan-2-ylmethoxyl-phenoxy-phesphorylamine } - 3-methyl-butyric
acid methyl ester;

13 (S)-2-{[{ZR,3R 4R.SR}-53-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-yi}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy-phenoxy-phosphorylamino } -
propionic acid ethyl ester;

14 (S)-2-[[(ZR,3R4R,5R)}-5-(2,4-Dioxo-3 4-dihydro-2H-pyrimidin-1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxyl-(naphthalen-1-yloxy)-
phosphorylamino j-propionic acid benzyl ester;

15 {[(2R,3R 4R,5R)-5-(2 4-Dioxo-3 4-dihydro-2H-pyrirmdin- | -yl)-4-fluoro-3-
hydroxy-4-methyl-tetraliydro-furan-2-ylmethoxy}-phenoxy-phosphorylamino }-acetic
acid methyl ester;

16 (8)-2-{(2,4-Dichloro-phenoxy)-[{(2ZR. 3R 4R, 5R)-5-(2 4-dioxo-3,4-dihydro-2H-
pyrimidin-t-yi)-4-fluore-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -
phosphorylamino } -propionic acid methyl ester;

17 (S32-[[(CR,3R4R,5R)-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-y1)-4-
fluoro-3-hydroxy-4~-methyl-tetrahydro-furan-2-ylethoxy -(naphthalen-1-yloxy)-
phasphorylamino -propionic acid methyl ester;

18 (8)-1-{[{(2R3R 4R,5R)-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-yl)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy }-phenoxy-phosphoryl} -
pyrrolidine-2-carboxylic acid methyl ester;

19 (8)-2-{[(ZR,3R 4R 5R }-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-yl)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamino -
propionic acid butyl ester;

28 (S3-2-{[(2R3R 4R ,5R)-3-(2,4-Dioxo-3 4-dihydro-2H-pyrimidin-1-vi)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -phenoxy-phosphorylamino } -
propionic acid benzyl ester;

21 (8)y-2-[[(2R,3R AR, 5R)-5+(2.4-Dioxo-3 4-dihydro-2H-pyrimidin- 1 -y1}-4-
fluoro-3-hydroxy-4-methyl-tetrahyvdro-furan-2-vimethoxy |-{(4-fluoro-phenoxy)-
phosphorylamine -propionic acid methyl ester;

22 {5)-2-{(4-Chloro-phenoxy)-[(ZR,3R,4R, 3R }-5-(2,4-diox0-3,4-dihydro-2H-
pyrimidin-i-yhH-4-fluore-3-hydroxy-4-methyi-tetrahydro-furan-2-ylmethoxyj-
phospborylamine }-propionic acid methyl ester;

23 {8)-2-{(3,4-Dichloro-phenoxy)-[{ZR, 3R, 4R, 5R)-5-(2,4-dioxo-3 4-dihydro-2H-
pyrimidin-1-yi)-4-fluore-3-hydroxy-d-methyl-tetrahydro-furan-2-ylmethoxy]-
phosphorylamine }-propionic acid methyl ester;

24 (S)-2-{[(2R,3R 4R 5R})-53-(2 4-Dioxo-3.4-dihydro-2H-pyrimidin-1-y-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy |-phenoxy-phosphorylamino} -
propionic acid sec-butyl ester;

28 (S)32-{[(2R,3R,4R,5R)-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy]-phenoxy-phosphorylamino } -
propionic acid isopropyl ester;

26 (S)»-2-[[(CR,3R AR, 5R}-5-(2,4-Dioxo-3,4-dihydro-2 H-pyrimidin-1 -yl }-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy <{4-methoxy-phenoxy)-
phosphorylamine -propionic acid butyl ester;
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27 (S32-[[(CR,3R AR, 5R)-5-(2,4-Dioxo-3 4-dihydro-2 H-pyrimidin-1 -yl }-4-
fluoro-3-hydroxy-4~-methyl-tetrahydro-furan-2-ylmethoxy -{(4-fluoro-phenoxy)-
phosphorylamino}-propionic acid cthyl esier;

28 (853-2-[[(2R,3R AR, 5R)-5-(2,4-Dioxo-3 4-dihydro-2H-pyrinaidin- 1 -y{}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -{4-fluoro-phenoxy)-
phosphorylamine]-propionic acid isopropyl ester;

29 (5)-2-[[(ZR,3R4R,5R)-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -{(4-fluoro-phenoxy)-
phosphorylaminoj-propionic acid benzyl ester,

38 (S>-2-[[(Z2R,3R 4R,5R)-5-(2 4-Dioxo-3 4-dihydre-2H-pyrimoidin-1-v1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -(4-methoxy-phenoxy -
phosphorylamino}-propionic acid isopropyl ester;

31 (5)-2-{(2-Chloro-phenoxy)-[(2R,3R 4R, 5R}-5-(2,4-dioxo-3,4-dihydro-2H-
pyrimidin-i-y1)}-4-fluore-3-hydroxy-4-methyi-tetrahydro-furan-2-ylmethoxyl-
phosphorylamine }-propionic acid benzyl ester;

32 (S)-2-{(2,4-Dichloro-phenoxy)-[(2R,3R 4R, 5R}-5-(2,4-dioxo-3 4 -dihydro-2H-
pyrimidin-i-yhH-4-fluore-3-hydroxy-4-methyi-tetrahydro-furan-2-ylmethoxyj-
phosphorylamine }-propionic acid batyl ester;

33 (5)-2-{[(2R,3R 4R 53R }-5-(2,4-Dioxo0-3,4-dihydro-2H-pyrimidin- 1-yl}-4-
fluoro-3-hydroxy-4-methyl-tetrabydro-furan-2-ylmethoxy - p-tolyloxy-
phosphoryvlamino }-propionic acid sopropy! cster;

34 (S»-2-[[(2R3R AR, 5R)-5-(2,4-Dioxo-3 4-dihydro-2H-pyrimidin-1 -yl }-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy }-(4-fluoro-phenoxy)-
phosphorylamino-propionic acid butyl ester;

38 (8)-2-{(3,4-Dichloro-phenoxy)-[(2R.3R 4R, 5R)-5-(2,4-diox0-3 4-dihydro-2H-
pyrimidin-i-y1)-4-fluore-3-hydroxy-4-methyi-tetrabydro-furan-2-ylmethoxy]-
phosphorylamino }-propionic acid cthyl ester;

36 (8)-2-{(2-Chioro-phenoxy)-[{(2R,3R,4R,5R)-5-(2,4-dioxo-3,4-dihydro-2H-
pyrimidin-1-yH-4-fluore-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -
phosphorylamine §-propionic acid isopropyl ester;

37 (S3-2-[(2R,3R 4R, 5R)-5-(2,4-Dioxo-3 4-dihydro-2H-pyrimidin-1-yl)-4-
fluoro-3-hydroxy-4-rcthyl-tetrahydro-furan-2-ylmethoxy [-{(4-rmethoxy-phenoxy}-
phosphorylamino}-propionic acid benzyl ester;

38 (8)32-{[(OR,3R4R,5R)-5-(2,4-Dioxo-3,4-dihydro-2 H-pyrimidin- 1 -yl 3-4-
fluoro-3-hydroxy-4-methyl-tetrahyvdro-furan-2-vimethoxy -phenoxy-phosphorylamine | -
propionic acid pentyl ester;

39 (S)-2-{(4-Chloro-phenoxy)-[(2R,3R 4R, 5R}-5-(2,4-diox0-3 4-dihydro-2H-
pyrimidin-1-yi)-4-fluore-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy |-
phosphorylamino}-propionic acid isopropyl ester;

44 (5)-2-{(4-Chloro-phenoxy)-[(2R,3R 4R, 5R}-3-(2,4-dioxo-3,4-dihydro-2H-
pyrimidin--yi}-4-fluore-3-hydroxy-d-methyi-tetrahydro-furan-2-ylmethoxyj-
phosphorylamino {-propionic acid butyl ester;

41 (S)-2-{{4-Chloro-phenoxy)-[(ZR,3R,4R,5R)-5-(2,4-dioxo-3,4-dihydro-2H-
pyrimidin-}-yH-4-fluore-3-hydroxy-4-methyi-tetrahydro-furan-2-ylmethoxyj-
phosphorylamine }-propionic acid ethyl ester;
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42 (S)32-{[(CR,3R 4R, 5R})-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -yl}-4-
fluoro-3-hydroxy-4~-methyl-tetrahydro-furan-2-yimethoxy -p-tolyloxy-
phosphorylamine § -propionic acid butyl ester;

43 (S)-2-{[(2R,3R4R,5R)-5-(2,4-Dioxo- 3 4-dihydro-2H-pyrimidin-1-y1}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy }-p-tolyloxy-
phosphorylamine } -propionic acid benzyl ester;

44 (5)-2-{[(2R,3R 4R ,5R }-5~(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-yl}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamino -
butyric acid methyl ester;

45 (S3-2-{[(ZR,3R 4R ,5R}-3-(2,4-Dioxo-3 4-dihydro-2H-pyrimidin-1-yl)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -phenoxy-phosphorylamino } -
propionic acid 4-fluoro-benzy! ester;

46 (5)-2-{(2-Chloro-phenoxy)-[(2R,3R 4R, 5R}-5-(2,4-dioxo-3,4-dihydro-2H-
pyrimidin-i-y1)}-4-fluore-3-hydroxy-4-methyi-tetrahydro-furan-2-ylmethoxyl-
phosphorylamino }-propionic acid buty! ester;

47 (S)-2-{[(2R,3R 4R, 5R}-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -yt)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -phenoxy-phosphorylamine } -
propionic acid 3-methyl-butyl ester;

48 (8)-2-{(2,4-Dichloro-phenoxy)-[{ZR, 3R, 4R, 5R)-5-(2,4-dioxo-3 4-dihydro-2H-
pyrimidin-{-yi}-4-fluore-3-hydroxy-4-methyi-tetrahydro-furan-2-yimethoxy}-
phosphorylamine }-propionic acid ethyl ester;

49 (S)-2-{[(CR,3R 4R 5R})-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-yl}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy |-phenoxy-phosphorylamino} -
propionic acid cyclohexyl ester;

50 (R)-2-{[(QR,3R,4R,5R}-5-(2 4-Dioxo-3 4-dihydro-2H-pyrimidin-1-yi}-4-
fluoro-3-hydroxy-4-macthyl-tetrabydro-furan-2-yimethoxy}-phenoxy-phosphorylamino | -
propionic acid butyl ester;

51 (R)-2-{{(2R,3R 4R, 5R}-5-(2,4-Dioxo-3 4-dihydro-2H-pyrimidin-1 -y }-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamine § -
propionic acid isopropyl ester;

52 {(R)»-2-{I(2R.,3R,4R,5R}-5-(2 4-Hoxo-3,4-dihydro-ZH-pyrimidin-1-y1}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamine ;-
propionic acid benzyl ester;

53 (5)»-2-{(Z2-Chloro-phenoxy)-[(ZR,3R 4R, 5R)-5-(2 4-dioxo-3 4-dihydro-2 H-
pyriraidin- i -yh-4-fluore-3-hydroxy-4-methyi-{etrahydro-furan-2-ylmethoxy -
phosphorylamine } -propionic acid butyl ester;

54 (5)-2-{(4-Bromo-phenoxy)-[(2R,3R,4R,5R }-5-(2,4-diox0-3,4-dihydro-2H-
pyrimidin-1-yi)-4-fluore-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy |-
phosphorylamino}-propionic acid isopropyl ester;

58 (S)-2-[[{2R,3R 4R SR)-5-(2,4-Dioxe-3,4-dihydro-2H-pyrimidin-1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy |-{(4-fluoro-phenoxy)-
phosphorylamine -propionic acid cyclohexyl ester;

56 (8)-2-[[(ZR,3R 4R 3R }-5-(2,4-Dioxo-3 4-dihydro-2H-pyrimidin- 1 -yl }-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -(4-bromo-phenoxy)-
phosphorylamyino}-propionic acid cyclohexyl ester;
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57 (5)-2-{[(2R,3R, 4R, 5R)-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -y1}-4-
fluoro-3-hydroxy-4~-methyl-tetrahydro-furan-2-yhmethoxy -phenoxy-phosphorylamino } -
butyric acid isopropyl esier;

88 (§)-2-{[(2R 3R, 4R 5R-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- L -y1}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamine -
butyric acid cyclohexyl ester;

59 (S3-2-[[{(2R,3R 4R ,5R)}-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -{(4-fluoro-phenoxy)-
phosphorylamino]-butyric acid cyclohexyl ester;

66 (3)-2-{{4-Chloro-phenoxy)-[(2R,3R.4 R, 5R)-5-(2,4-dioxo-3 4-dihydro-2H-
pyrimidin--yi}-4-fluore-3-hydroxy-4-methyi-tefrabydro-furan-2-ylmethoxy -
phosphorylaminoe}-butyric acid isopropyl ester;

61 (S)-2-{[{2R.3R 4R, 5R)-5-{2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-y1}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy]-phenoxy-phosphorylamine | -
propionic acid 2,2-difluoro-ethyl ester;

62 (5)-2-{[(ZR,3R,4R,5R)-5-(2,4-Dioxo- 3,4-dihydro-2H-pyrimidin-1-y1}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -phenoxy-phosphorylamine } -
propionic acid 2,2, 2-trifluoro- 1 -trifluororocthyl-cthyl ester;

63 {(S3-2- {[(2R,3R 4R, 5R}-5-(2 4-Dioxe-3,4-dihydro-2B-pyrimidin- 1 -y{}-4-
fluoro-3-hydroxy-4-methyl-tetrabydro-furan-2-ylmethoxy}-phenoxy-phosphorylaming } -
propionic acid 2-fluoro-1-fluoromethyl-ethyl ester;

64 (5)-2-{[(2ZR 3R 4R, 5R)-5-(2,4-Dioxo- 3,4-dihydro-2 H-pyrimidin-1-yl}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy |-phenoxy-phosphorylamino} -
propionic acid cyclopropyl methyl cster;

65 (5)-2- {[(2R,3R 4R, 5R)-5-(2 4-Dioxo-3,4-dihydro-2 H-pyrimidin-1-yl}-4-
fluoro-3-hydroxy-4-macthyl-tetrabydro-furan-2-yimethoxy}-phenoxy-phosphorylamino | -
butyric acid cyclopenty! ester;

66 (53-2-{[(2ZR 3R 4R, 5R)-56-Amino-purin-9-y! -4-flncro-3-hydroxy-4-methyi-
tetrahydro~-furan-2-ylmethoxy phenoxy-phosphorylamino { -propiouvic acid methyl ester;
67 {S3-2- {[(2R 3R 4R, 5R}-5-(2-Amine-6-hydroxy-purin-9-yi)-4-fluore-3-
hydroxy-4-methyl-tetrahydro-furan-Z-ytmethoxy}-phenoxy-phosphorylamine | -propionic

acid methyl ester;

68 (S)-2-{(R)-[(2R,3R 4R, 5R)-5-(2,6-Diaming-purin-9-y1)-4-fluoro-3-hydroxy-4-
methyl-tetrahydro-furan-2-ylmethoxy]-phenoxy-phosphorylamine } -propionic acid
methyl ester;

69 (5)-2- {[(2R,3R 4R, 5R-5-(2-Aming-6-cyclopentylamino-purin-9-yl)-4-fluoro-
3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy-phenoxy-phosphorylarmino } -
propionic acid methyl ester;

78 (S3-2-{[(2R 3R 4R ,5R}-5-(2-Amino-6-azetidin-1 -yl-purin-9-yi)-4-fluore-3-
hydroxy-4-rocthyl-tetrahydro-furan-2-yimethoxy-phenoxy-phosphorylamine }-propionic
acid methy! ¢ster;

71 (8)-2-{[(ZR, 3R 4R, 5R 3-5-(2-Amine-6-diethylamino-purin-9-yi)-4-fluoro-3-
hydroxy-4-methyl-tetrahydro-furan-2-yhmethoxyl-phenoxy-phosphorylamine | -propionic
acid methyl ester;
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72 (5)-2-{[(2R,3R 4R, 5R)-5-(2-Aminc-6-propylamino-purin-9-yi)-4-fluorg-3-
hydroxy-4-rocthyl-tetrahydro-furan-2-vimethoxyj-phenoxy-phosphorylamino | -propionic
acid methyl ester;

73 (5)-2-{[(2R,3R 4R 5R)-5-(2-Amino-6-cyciobutylamino-purin-9-y-4-thuoro-
3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxyl-phenoxy-phosphorylarmino } -
propionic acid methyl ester;

74 (S3-2-({(2R 3R, 4R,5R}-5-[ 2-Amino-6-(4-methyl-piperazin-1-yl}-purin-9-y 1}-
4-fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy } -phenoxy-p
hosphorylamino}-propionic acid methyl ester;

78 (28)-methyl 2-((((QR,3R 4R, 5R )-4-fluoro-3-hydroxy-4-methyl-5-(6-
{propylamine -9H-purin-9-yiftetrahydrofuran-2-
ylhmethoxy ) phenoxyphosphorylaminojpropanoate;

76 (28 ymethyl 2-((({(2R,3R 4R 5R}-5-(6-{cyclobutylamino}-SH-purin-9-y{)-4-
fluoro-3-hydroxy-4-methyltetrabydrofuran-2-
yhmethoxy }phenoxyphosphorylamine))propanoate;

77 (28)-methyl 2-((({2ZR,3R 4R, 5R)-5-(6-(cyclopentylamino }-9H-purin-9-y1)-4-
fluoro-3-hydroxy-4-methyltetrahydrofuran-2-
ylmethoxy ¥ phenoxyyphosphorylamino)propanoate;

78 (28 y-methyl 2-((((CR,3R 4R 5R)-5-{6-(aziridin-1 -y })-OH-purin-9-y1)-4-fluoro-
3-hydroxy-4-methyltetrahydrofuran-2-
yhmethoxy W phenoxy phosphorylamino ypropanoate:

79 (28)-methyl 2-((({(ZR,3R 4R 5R)-4-fluoro-3-hydroxy-4-methyl-5-(6-(piperidin-
1-y13-9H-purin-9-yijtetrahydrofuran-2-
yhmethoxy ¥ phenoxyphosphoryiamine )propanoate; and

80 25 )-methyl 2-((((CR, 3R AR SR )-5-(6-(azetidin-1-y1}-9H-purin-O-y1}-4-fluoro-
3-bydroxy-4-methyltetrahydrofuran-2-
yhmethoxy }{phenoxy)phosphorylamine)propancate

said process comprising:

reacting a substituted phosphochloridate compound 4 with a nucleoside analog 8

)
R, R B!
X< I O
pE——| x\“‘\
&
1 o)
o & 7
RYG i R N
RZ ne

4 )
i1 A product its sterecisomer, salt, hydrate, solvate or crystalline form

thereof, prepared a process comprising:
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reacting a substituted phosphochloridate compound 4 with a nucleoside analog 8

0] : 15}
0 f)*_.. v HD/Q??‘\/ Ras¢
» I\Q}} RS e
4 i P
B YoxRe
4 5

wherein

(a} R' is hydrogen, n-alkyl; branched alkyl; cycloalkyl; or aryl, which

L9,

includes, but is not limited to, phenyl or naphthyl, where pheny! or naphthyl arc

alkoxy, F, Cl, Br, I, nitro, cyano, C;_s haloalkyl, -N{ RT)Z, Ci acylaming, -NHSO0,C

alkyl, -SONRYY,, CORY, and -80,C 6 alkyl; (R 1s independently hydrogen or alkyl,

which includes, but is not limited to, C) 5 alkyl, Cy.yp alkyl, or Cy ¢ alkyl, R is OR' or -
10 NRD:

(b} R’ is hydrogen, C 1jp alkyl, R* or R™ and R” together are (CH,), s0 as to
form a cyclic ring that includes the adjoining N and C atoms, C{OYCRPR*NHR', where
nis 2to 4 and R', R™ and R™;

{¢) R and R are (i) independently selected from hydrogen, C g alkyl,

15 cycloalkyl, -(Ci'ig)c(NRg')z, C1s hydroxyalkyl, -CH,8H, -(CH2),8(0)Me, -
(CH,);NHC(=NH)NH,, (1H-indol-3-yDmethyl, (1H-imidazol-4-yhmethyl, -
(CH,)CORY, aryl and aryl Cys alkyl, said aryl groups optionally substituted with a
group sclected from hydroxyl, Ciie alkyl, Cis alkoxy, halogen, nitro and cyano; (ii) R®
and R™ both are Cy alkyl; (i) R™ and R™ together are{CH,); so as to form a spiro ring;

20 (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 arc

{CH2), s0 as to form a cyelic ring that includes the adjoining N and C atoms, where ¢ is |

t06,dis0t02,cis0to3, fis 210 5, nis 2 to 4, and where R® is independently hydrogen

or Cpg alkyl and R™ is -OR' or -NR ™)), (v R is Hand R™ is H, CHs, CHCHs,

CH(CHa),, CH,CH(CH:),, CH(CH;)YCH,CH;, CHyPh, CHy-indol-3-yl, -CH,CH,SCH;,

CH,CO:H, CHC(OINH,, CHCH,COOH, CHCHC(OWH,, CHCHYCH CHNH,, -

3
(¥
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CH.CH,CH,NHC(NH)NH,, CHp-imidazol-4-yl, CH,OH, CH(OH)CH;, CH{((4'-OH)-
Ph), CH,SH, or lower cycloalkyl; or (viii) R™ is CH,, -CH,CH;, CH(CH,),,
CHYCH(CH o, CH(CHYCHLCH, CHPh, CHz-indol-3-vl, ~-CHCHLSCH:, CHCOLH,
CH,C{O)NH,, CH,CH,COOH, CH,CH,C(O)YNH,, CH,CH,CH,CH,NH;, -
CH,OH,CHoNHC(NH)NH,, CHy-imidazol-4-yt, CH,0H, CH(OH)CH,, CHp((4-0H)-
Ph), CH,SH, or lower cycloalkyl and R™ is H, where R” is independently hydrogen or
alkyl, which inctudes, but is not limited to, ).z alkyl, Cy_¢ alkyl, or Cpg alkyl, R is —

OR' or -N(R),);

(d R* is hydrogen, Cio alkyl, C1i alkyl optionally substituted with a lower
alkyl, alkoxy, di{lower alkyl)-arnino, or halogen, Cy ¢ haloalkyl, Cs 49 cycloallyl,
cycloalky! alkyl, cycloheteroalkyl, aminocacyl, aryl, such as phenyl, heteroaryl, such as,

pyridinyl, substituted aryl, or substituted heteroaryl;

{2} R’ is H, a lower alkyl, ON, vinyl, O-{lower alkyl), hydrexyl lower aikyl,
i.e., ~(CHy),OH, where pis 1 -6, including bydroxyl methyl (CH,OH), CHoF, N,
CH,CN, CH;NH,, CH,NHCH,, CH,;N(CHa),, alkyne (optionally substituted), or 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 N3 and when X is OH, ReisCH;orCHF and Bis a puring base, R®

cannot be H;
{f) RS is H, CHs, CH,F, CHF,, CF3, F, or CN;
(g Xis H, OH, F, OMg, halogen, NH,, or Nj;

{h) Y is OH, H, C4 alkyl, Cy 4 alkenyl, Cyy alkynyl, vinvl, Ns, CN, CL By, F,
1, NGOy, GC{OYO(C s alkyly, OC(CHI(C 14 alkyly, GUIOMHCoy alkynyly, OC(OYH oy
alkenyl), OC; 1 haloalikyl, O{aminoacyl), O{C 0 acyly, O(C, 4 alkyl), G(C,4 alkenyl),
S{Ci4 acvl}, S(Cyy alleyly, S{Cyq alkynyl), S{Cy 4 alkenyl), SG{C 14 acyl), SO(C, 4 atkyl),
SO{Cyq alkynyly, SO(Co4 alkenyl), SO(C) 4 acyl), SO{C14 alkyl}, S0{C14 alkynyl),
SO{C54 alkenyly, OS{01{(C14 acyl}y, OS(O)H{C 4 alleyl), OS{O{C,. alkenyl), NH;,
NH(Cy 4 alkyl), NH{C, 4 alkenyl), NH{C, 4 alkynyl), NH(Cy 4 acyl), N{Cy 4 alkyl), N(Cy

18 acylyy, wherein alkyl, alkynyl, alkenyl and vinyl are optionally substituted by N, CN,
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one to three halogen (Cl, Br, F, 1}, NO», C{O)YO(C1.4 alkyl), C{OYO(C 1.4 alkyly, CLOYO(Co.
5 alkynyly, CIOYO(C, 4 alkenvl), O(C 4 acyl), O{C 4 alkyl), O(C,y 4 alkenyly, S{C 4 acvl),
S{Cra alkeyl), S(Caq alkynyl}, 8{Cay alkenyl), SO{C 4 acyl), SG(C 14 alkyly, SOG4
alkynyl}, SO(Co4 alkenyl), SO(C . acyl), SOAC4 alkyl), SOHCo4 alkynyly, SOHCoa

5 alkenyl), OS{ON(C1 4 acyly, OS(OR(Cyy alkyly, OS(O)(Cya alkenyl), NH,, NH(C, 4
alkyl), NH{C,4 alkenyl), NH{C,4 alkynyl), NH(Cy4 acyl), N(C4 alkyl), N(C 4 acyliy;

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

representied by the following structares:

R O R )
RE ; \N RrE E NH {Z \N /N NI
LA
R7 f;/)\o 1Y ?/l\\() N N’/ pit N N/ NH,
10 a b ¢ d
wherein

Zis N or CR';

R’ R*R? R, and R are independently H, F, CL, Br, I, OH, OR', SH, SR', NH,,
NHR', NR'";, lower alkyl of C-Cq, halogenated (F, Cl, Br, 1) lower alkyl of C1-Cs, lower
15 alkenyl of Cp-Cg, halogenated (F, CL, Br, I) lower alkenyl of C-Cs, lower alkynyl of Co-
Cs such as C=CH, halogenated (F, Cl, Br, 1) lower alkynyl of Co-Cs, lower alkoxy of C;-
e, halogenated (F, CL, Br, I) lower altkoxy of C-Cy, CO;H, CO,R', CONH,, CONHR/,
CONR';, CH=CHCG,H, or CH=CHCO,R",

wherein R is an optionally substituted alkyl , which includes, but is not limited to,
20 an optionally substituted €, alkyl, an optionally substituted Cy.1¢ alkyl, an optionally

substituted lower alkyl; an optionally substituted cycloalkyl; an optionally substituted
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alkyny!l of C,-Cs, an optionally substituted lower alkenyl of C;-Cs, or optionally
substituted acyl, which includes but is not linmted to C(O) alkyl, C(OY)C 4 alkyl),
C{OXCroao alkyl), or C{OyJower alkyl) or elternatively, in the instance of NR', ecach R
comprise at least one C atom that are joined to form a heterocycle comprising at feast two

carbon atoms; and

R¥isanH, halogen {(including F, Cl, Br, I3, OH, OR/, SH, SR’, NH,, NHR', NR';,
NO, lower alkyl of C)-Cg, halogenated (F, Cl, Br, 1) lower alkyl of C-Co. lower alkenyl
of C5-Cs, halogenated (F, CL, Br, D) lower alkenyl of C-Cq |, lower alkyoy! of C-Cs,
halpgenated (F, CL Br, I} lower alkynyl of C-Cq, lower alkoxy of C3-Cg, halogenated (F,
CL Br, ) lower alkoxy of C;-Cy, COH, CO,R', CONH,, CONHR', CONR',,
CH=CHCO:H, or CH=CHCOR’; 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,

and

wherein X' is a leaving group, such as, CL

12, A product its sterecisomer, salt, hydrate, solvate or crystalline form

thereof, prepared a process comprising:

reacting a substituted phosphochloridate compound 4 with a nucleoside analog 3

R}a\ Rﬁb( R
Vi
)}
¢ l RIS P
N O
Rig 1,0 v
R? X R
4 A

wherein the product comprises a compound, ifs stereoisomer, salt, hydrate,
solvate, or crystalline form thereof, selected from among

5  2-Deoxy-2'-fluoro-2'-C-methyluridine 5'-(phenyl methoxy-alany! phosphate
({(8)-2-{[{(ZR 3R 4R, 5R)-5+(2 4-Dioxo-3 4-dihydro-2H-pyrimidin- 1 -y1}-4-fluoro-3-
hydroxy-4-methyl-tetrahydro-furan-Z-ytmethoxy}-phenoxy-phosphorylamine | -propionic
actd methyl ester);
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¢ 2'-Deoxy-2'-fluoro-2'-C-methyturidine 5'-(phenyl methoxy-valyl phosphate
({R)-2-{[{2R, 3R AR, 5R)-5~(2 4-Dioxo-3 4-dihydro-2 H-pyrimidin-1-y1)-4-fluoro-3-
hydroxy-4-roethyl-tetrahydro-furan-2-yimethoxy}-phenoxy-phosphorylamino } -3-methyl-
butyric acid methyl ester;

7 2-Deoxy-2'-fluoro-2'-C-ructhyluridine 5'-(4-bromophenyl methoxy-valyl
phosphate ((S)-2- {{4-bromo-phenoxy-[(ZR, 3R, 4R 3R )-5-(2,4-dioxo-3,4-dihydro-2H-
pyrimidin-1-yD-4-fluore-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy |-
phosphorylamino | -3-mcthyl-butyric acid methyl ester);

8 2'-Deoxy-2'-fluorp-2'-C-methyturidine 5'-(4-bromophenyl methoxy-alanyl
phosphate ({({(S)-2- {{4~bromo-phenoxy - (2R,3R,4R,5R)-5-(2 4-dioxe-3,4~dihydro-2H-
pyrimidin--yi}-4-fluore-3-hydroxy-4-methyi-tefrabydro-furan-2-ylmethoxy -
phosphorylamino }~propionic acid methyl ester);

9 NN N-dimethyHormamidinyl)-2'-deoxy-2'-fluoro-2'-C-methyleytiding;

18 2'-Deoxy-2'-fluoro-2'-C-methyleytidine &'-(phenyl methoxy-alanyl phosphate
{{(8)-2-{[(2R,3R 4R,5R)-5-(Z-0x0-3-amino-pyrimidin-1-y)-4-fluoro-3-hydroxy-4-
methyl-tetrabydro-furan-2-ylmethoxy}-phenyoxy-phosphorylamine | -propionic acid
methyl ester);

11 2-Deoxy-2'-fluore-2'-C-methylcytidine 5'-(4-bromophenyl roethoxy-valyl
phasphate (2'-Deoxy-2"-fluorn-2'-C-methyluridine 5'-(4-bromopheny! methoxy-valyl
phosphate ({S3-2-{{(4-bromo-phenoxy)-[{2R, 3R 4R 3R }-5-(2-0x0-3-amino~-pyrimidin-1 -
yly-4-tluoro-3-hydroxy-4-methyl-tetrahydro~furan-2-ylmethoxy-phosphorylarmino }-3-
methyl-butyric acid methyl ester);

12 2'-deoxy-2'-fluoro-2'-C-methyleytidine 5'-(phenyl methoxy-valyl phosphate
((8)-2-{[{ZR 3R 4R, 5R)-5-(2~-0x0-3~-amino-pyrimidin- | -y1)-4-fluore-3-hydroxy-4-
methyl-tetrahydro-furan-2-ylmethoxyj-phenoxy-phosphorylamine } -3-methyl-butyric
acid methyl cster;

13 (S)3-2-{[{ZR,3R 4R, 5R}-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -y )-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -phenoxy-phosphorylamine } -
propionic acid ethyl ester;

14 (5)-2-[1(ZR.3R 4R, 5R)-5-(2.4-Dioxo-3 4-dihydro-2H-pyrimidin-1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy}-(naphthalen-1-yloxy)-
phosphorylamino -propionic acid benzyl ester;

15 {{OR,3R AR SR}-3-(2 4-Dioxo-3 4-dihydro-2 H-pyrimidin- 1 -y1}-d-fluore-3-
hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy}-phenoxy-phosphorylamine } -acetic
acid methyl ester;

16 (S)-2-{(2,4-Dichloro-phenoxy)-[{2R.3R 4R,5R)-5-(2,4-diox0-3,4-dihydro-2H-
pyrimidin-{-y})-4-fluore-3-hydroxy-d-methyi-tetrabydro-furan-2-ylmethoxy -
phosphorylamino | -propionic acid methyl ester;

17 (S)-2-[[(2R,3RAR,3R)-5-(2.4-Dhoxo-3,4-dihydro-2H-pyrimidin-1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -{(naphthalen-1-yloxy)-
phosphorylaminoj-propionic acid methyl ester;

18 (S)-1-{[{2R,3R 4R,5R}-53+(2,4-Dioxo-3,4-dihydro-2 H-pyrimidin-1-yi}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxyl-phenoxy-phosphoryl} -
pyrrolidine-2-carboxylic acid methyl ester;
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19 (S»-2-{[(2R,3R 4R 5R }-5-(2,4-Dioxo-3,4-dihydro-2 H-pyrimidin- 1 -yl }-4-
fluoro-3-hydroxy-4~-methyl-tetrahydro-furan-2-yhmethoxy -phenoxy-phosphorylamino } -
prapionic acid butyl ester;

20 (S3-2-{[{2R,3R 4R,5R)-5+2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-y{)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamine -
propionic acid benzyl ester;

21 (5)-2-[[(ZR,3R4R,5R)-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -{(4-fluoro-phenoxy)-
phosphorylaminoj-propionic acid methyl ester;

22 (S)-2-{(4-Chloro-phenoxy)-[(2R,3R 4R, 53R }-5-(2,4-dioxo-3,4~dihydro-2 H-
pyrimidin--yi}-4-fluore-3-hydroxy-4-methyi-tefrabydro-furan-2-ylmethoxy -
phosphorylaminoe} -propionic acid methy! ester;

23 (5)-2-{(3,4-Dichloro-phenoxy)-[(2R,3R,4R,5R}-5-(2,4-diox0-3,4-dihydro-2H-
pyrimidin-i-y1)}-4-fluore-3-hydroxy-4-methyi-tetrahydro-furan-2-ylmethoxyl-
phosphorylamine }-propionic acid methyl ester;

24 (S)-2-{[(2R,3R 4R, 5R}-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -yt)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -phenoxy-phosphorylamine } -
propionic acid sec-butyl ester;

25 (85)-2-{[(ZR,3R 4R 53R }-5-(2,4-Dioxo0-3,4-dihydro-2H-pyrimidin- 1-yl}-4-
fluoro-3-hydroxy-4-methyl-tetrabydro-furan-2-ylmethoxy}-phenoxy-phosphorylaming } -
propionic acid isopropyl ester;

26 (S)»-2-[[(2R,3R AR, 5R)-5-(2,4-Dioxo-3 4-dihydro-2H-pyrimidin-1 -yl }-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy |-(4-methoxy-phenoxy)-
phosphorylamino}-propionic acid butyl ester;

27 (S32-[[(2R,3R 4R, 5R)-5-(2,4-Dioxo0-3 4-dihydro-2H-pyrimidin-1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy j-(4-fluoro-phenoxy)-
phosphorylamino-propionic acid ethyl ester;

28 (S)»-2-[[(CR,3R AR, 5R}-5-(2,4-Dioxo-3,4-dihydro-2 H-pyrimidin-1 -yl }-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy H{4-fluoro-phenoxy)-
phosphorylaminoe j-propionic acid isopropyl ester;

29 {83-2-[I(ZR,3R 4R ,5R)-5-(2,4-Dioxo-3 4-dihydro-2H-pyrimidin-1-y[}-4-
fluoro-3-hydroxy-4-rocthyl-tetrahydro-furan-Z-ylmethoxy -{(4-fluoro-phenoxy)-
phosphorylamino}-propionic acid benzyl ester;

30 (5)-2-[I(2R 3R AR 5R)-5-(2 4-Dnoxo-3 4-dihydro-Z H-pyrimidin-1-y1}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -{4-methoxy-phenoxy)-
phosphorylamino}-propionic acid isopropyl ester;

31 (S3-2-{(2-Chloro-phenoxy)}-[{2R, 3R, 4R, 5R}-5-(2,4-dioxo-~3,4~dihydro-2H-
pyrimidin-1-yi)-4-fluore-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy |-
phosphorylamino}-propionic acid benzyl ester;

32 (5)-2-{(2,4-Dichloro-phenoxy)-[(2R,3R 4R, 5R}-5-(2,4-diox0-3,4-dihydro-2H-
pyrimidin--yi}-4-fluore-3-hydroxy-d-methyi-tetrahydro-furan-2-ylmethoxyj-
phosphorylamino {-propionic acid butyl ester;

33 (S)-2-{[(2R,3R 4R SR -5-(2,4-Dioxe-3 4-dihydro-2H-pyrimidin- 1 -yii-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy |-p-tolyloxy-
phosphorylamine }-propionic acid isopropy] ester;
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34 (S-2-[[(CR3R AR, 5R)-5-(2,4-Dioxo-3 4-dihydro-2 H-pyrimidin-1 -yl }-4-
fluoro-3-hydroxy-4~-methyl-tetrahydro-furan-2-ylmethoxy -{(4-fluoro-phenoxy)-
phosphorylamino -propionic acid buiyl ester;

38 (5)-2-{(3,4-Dichloro-phenoxy}-{ (2R, 3R 4R, 5R}-5-(2,4~dioxo-3,4-dihydro-2H-
pyrimidin-{-y})-4-fluore-3-hydroxy-d-methyi-tetrabydro-furan-2-ylmethoxy -
phosphorylamine ) ~propionic acid cthyl ester;

36 (8)-2-{(2-Chloro-phenoxy)-[(ZR,3R,4R,5R)-5-(2 4-dioxo-3,4-dihydro-2H-
pyrimidin- i -y1)-4-fluore-3-hydroxy-4-methyi-tetrahydro-furan-2-ylmethoxyj-
phosphorylamine { -propionic acid isopropyl ester;

10 37 (S3-2-[[(Z2R,3R 4R, 5R)-5-(2 4-Dioxo-3.4-dihydre-2H-pyrimoidin-1-v1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -(4-methoxy-phenoxy -
phosphorylamino}-propionic acid benzyl ester;

38 (5)-2-{[(2R,3R 4R, 5R)-5~(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy]-phenoxy-phosphorylamine | -

15 propionic acid pentyl ester;

39 (S)-2-{(4-Chloro-phenoxy)-[(2R,3R 4R, 5R)-5-(2,4-dioxo-3 4-dihydro-2H-
pyrimidin-i-yhH-4-fluore-3-hydroxy-4-methyi-tetrahydro-furan-2-ylmethoxyj-
phosphorylamine }-propionic acid isopropy] ester;

48 (5)-2-{(4-Chioro-phenoxy-[{2R,3R 4R, 5R}-5-(2,4-dioxo-3,4-dihydro-2H-

20 pyrumidio--yi-4-fluore-3-hydroxy-4-methyi-tetrabydro-furan-2-ylmethoxy]-
phosphorylamino }-propionic acid butyl ester;

41 (S)-2-{(4-Chloro-phenoxy)-[{ZR,3R,4R,5R)-5-(2 4-dioxo-3,4-dihydro-2H-
pyrimidin-1-yD-4-fluore-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy |-
phosphorylaminoe | -propionic acid ethyl ester;

25 42 (53-2-{[(2R,3R 4R, 5R)-5(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy }-p-tolyloxy-
phosphorylamino }-propionic acid butyl ester;

43 (53-2-{[(CR,3R 4R, 5R3-5-(2,4-Dioxo- 3. 4-dihydro-2H-pyrimidin-1-yl}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -p-tolyloxy-

30 phosphorylamine {-propionic acid benzyl ester;

44 (S3-2-{[(2R,3R 4R ,5R)-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-y[}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamine ;-
butyric acid methyl ester;

45 (S32-{[(OR,3R4R,5R-5-2,4-Dioxo-3,4-dihydro-2 H-pyrimidin- 1 -yl 3-4-
fluoro-3-hydroxy-4-methyl-tetrahyvdro-furan-2-vimethoxy -phenoxy-phosphorylamine | -
propionic acid 4-fluoro-benzyl ester;

46 (S)-2-{(2-Chloro-phenoxy)-[(2R,3R,4R,5R}-5-(2,4-dioxo-3,4-dihydro-2H-
pyrimidin-1-yi)-4-fluore-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy |-
phosphorylamine}-propionic acid butyl ester;

40 47 (8)-2-{[(2R,3R 4R 5R})-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy-phenoxy-phosphorylamino ; -
propiousic acid 3-methyl-butyl ester;

48 (5)-2-{(2,4-Dichloro-phenoxy)}-[(2R,3R 4R SR-5-(2,4-dioxo-3 4-dihydroe-2H-
pyrimidin-}-yH-4-fluore-3-hydroxy-4-methyi-tetrahydro-furan-2-ylmethoxyj-

45  phosphorylamine }-propionic acid ethyl ester;
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49 (S5)-2-{[(CR,3R 4R, 5R})-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -yl}-4-
fluoro-3-hydroxy-4~-methyl-tetrahydro-furan-2-yhmethoxy -phenoxy-phosphorylamino } -
prapionic acid cyclohexyl ester;

59 (R)-2-{{(2R,3R,4R,5R}-5-(2.4-Dioxo-3 4-dihydro-2H-pyrimidin-1-yi}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamine -
propionic acid butyl ester;

51 (R)-2-{[(ZR,3R 4R 5R)-53-(2 4-Dioxo-3.4-dihydro-2H-pyrimidin-1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamino -
propionic acid isopropyl ester;

52 (R)-2-{[(AR,3R4R,5R}-5~(2.4-Dioxo-3 4-dihydro-ZH-pyrimidin-1-y1)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -phenoxy-phosphorylamino } -
propionic acid benzyl ester;

53 (5)-2-{(2-Chloro-phenoxy)-[{(2R,3R,4R,5R}-5-(2,4-diox0-3,4-dihydro-2H-
pyrimidin-i-y1)}-4-fluore-3-hydroxy-4-methyi-tetrahydro-furan-2-ylmethoxyl-
phosphorylamine }-propionic acid buty! ester,

54 (S)-2-{(4-Bromo-phenoxy)-[(ZR,3R, 4R, 5R)-5-(2,4-dioxn-3,4-dihydro-2H-
pyrimidin-i-yhH-4-fluore-3-hydroxy-4-methyi-tetrahydro-furan-2-ylmethoxyj-
phosphorylamine }-propionic acid isopropy] ester;

53 (Sy-2-[[{2R,3R 4R, 5R}-5-(2,4-Dioxo-3 4-dihydro-2H-pyrimidin- 1 -y 1)-4-
fluoro-3-hydroxy-4-methyl-tetrabydro-furan-2-ylmethoxy M{4-fluoro-phenoxy)-
phosphorvlamino-propionic acid cyclobexyl ester;

56 (5)-2-[[(ZR,3R 4R, 5R)-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-yi)-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy}~(4-bromo-phenoxy)-
phosphorylamino}-propionic acid cyclohexyl ester;

87 (§)-2- {[(2R,3R 4R, 5R)-5-(2 4-Dioxo-3,4-dihydro-2 H-pyrimidin-1-yl}-4-
fluoro-3-hydroxy-4-macthyl-tetrabydro-furan-2-yimethoxy}-phenoxy-phosphorylamino | -
butyric acid isopropyi ester;

58 (5)-2-{[(2R 3R, 4R, 5R)-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- 1 -y1}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamine § -
butyric acid cyclohexyl ester;

59 (8)-2-[[(2R,3R 4R, 5R }-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin-1-yl}-4-
fluoro-3-hydroxy-4-rocthyl-tetrahydro-furan-Z-ylmethoxy -(4-fluoro-phenoxy)-
phosphorylamine -butyric acid cyclohexyl ester;

668 (S)-2-{{(4-Chioro-phenoxy)-{(2R,3R 4 R,5R)-5-(2 4-dioxo-3 4-dihydro-2H-
pyriraidin- i -yh-4-fluore-3-hydroxy-4-methyi-{etrahydro-furan-2-ylmethoxy -
phosphorylamine §-butyric acid isopropyl ester;

61 (8)-2-{[(2R,3R 4R, 5R)-5-(2 4-Dioxo-3,4-dibydro-2H-pyrimidin- 1 -y1}-4-
fluoro-3-hydroxy-4-macthyl-tetrahydro-furan-2-yimethoxy |-phenoxy-phosphorylamino | -
propionic acid 2,2-difluoro-ethyl ester;

62 (S)-2-{[{2R 3R 4R,5R}-5-(2,4-Dyioxo- 3,4-dibydro-2H-pyrimidin- -yl -4~
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy-phenoxy-phosphorylamino ; -
propiousic acid 2,2 2-trifluoro-1-trifluoromethyl-ethyl ester;

&3 (83-2-{[(ZR,3R 4R, 5R}-5-(2.4-Dioxo-3,4-dihydro-2H-pyrimidin- -y 1}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-yimethoxy -phenoxy-phosphorylamine } -
propionic acid 2-fluoro-1-fluoromethyl-cthyl ester;

733 -
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64 (5)-2-{[(2ZR 3R 4R, 5R)-5-(2,4-Dioxo- 3,4-dihydro-2H-pyrimidin-1-yl}-4-
fluoro-3-hydroxy-4~-methyl-tetrahydro-furan-2-yhmethoxy -phenoxy-phosphorylamino } -
propionic acid cyclopropyi methyl ester;

65 (§)-2-{[(2R, 3R 4R 5R-5-(2,4-Dioxo-3,4-dihydro-2H-pyrimidin- L -y1}-4-
fluoro-3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy -phenoxy-phosphorylamine -
butyric acid cyclopentyl ester;

66 (S)-2-{[{2R,3R 4R, 5R}-5-{6-Amino-purin-9-y1-4-flusro-3-hydrox y-4-methyl-
tetrahydro-furan-2-ylmethoxy |-phenoxy-phosphorylamine | -propionic acid methyl ester;
67 (5)-2- {[(2R,3R 4R, 5R)-5-(2-Amino-6-hydroxy-purin-9-yi}-4-fluoro-3-
hydroxy-4-methyl-tetrahydro-tfuran-2-yhmethoxy}-phenoxy-phosphorylamino | ~propiounic

actd methyl ester;

68 (S5)-2-{{R)}-[(2R,3R 4R, 5R)-5-(2,6-Diamino-purin-9-yl}-4-fluoro-3-hydroxy-4-
methyl-tetrahydro-furan-2-ylmethoxyl-phenoxy-phosphorylamine } ~propionic acid
methyl ester;

69 (5)-2- {[(2R 3R 4R 5R}-5-(2- Amino-6-cyclopentylamino-purin-9-yl)-4-flucro-
3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy]-phenoxy-phosphorylamino | -
propionic acid methyl ester;

76 (S3-2-{[(2R.3R 4R SR}-5-(2-Amino-6-azetidin-1 -yl-purin-8-y1)-4-fluore-3-
hydroxy-4-rocthyl-tetrahydro-furan-2-yimethoxyi-phenoxy-phosphorylamino | -propionic
acid methyl ester;

71 (8)-2-{[(2R 3R 4R, 5R)-5-(2-Amno-6-dicthylamino-purin-9-yi}-4-fluoro-3-
hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxy}-phenoxy-phosphorylaming | -propionic
acid methyl ester;

72 (S)-2-{[(2R,3R 4R, SR)-5-(2-Amine-6-propylamino-purin-9-y1)-4-fluoro-3-
hydroxy-4-methyl-tetrahydro-furan-2-yimethoxyj-phenoxy-phosphorylamine } -propionic
acid methyl cster;

73 (83-2-{[(ZR,3R 4R 5R}-5-(2- Amino-6-cyclobutylamino-purin-9-yh-4-fluoro-
3-hydroxy-4-methyl-tetrahydro-furan-2-ylmethoxyl-phenoxy-phosphorylamino -
propionic acid methyl ester;

74 {S2-({{2R 3R 4R, 5R -5 2-Amine-6-(4-methyl-piperazin- -y D-purin-9-y 1}-
4-fluoro-3-hydroxy-4-methyl-tetrahydra-furan-2-ylmethoxy} -phenoxy-p
hosphorylamino }-propionic acid methyl ester;

75 (28)-methyl 2-({({2R,3R 4R, 5R }-4-fluoro-3-hydroxy-4-methyl-5-(6-
{propylaming -9H-purin-9-yhtetrahydroturan-2-
yvhmethoxy }(phenoxyjphosphorylamine jpropanoate;

76 (28 }-methyl Z-((((2R, 3R 4R, 5R)-5-(6-{cyclobutylamino )-9H-purin-9-yi}-4-
fluoro-3-hydroxy-4-methyltetrahydroforan-2-
yhmethoxy}{phenoxy ) phosphorviamine propanoate;

77 (28)-methy! 2-(({{(2R,3R 4R, 5R)-5-(6-(cyclopentylamino }-9H-purin-9-y1)-4-
fluoro-3-hydroxy-4-methyltetrahydrofuran-2-
yhmethoxy}{phenoxyphosphorylamino jpropanoate;

78 (28)-methyl 2-((((2R,3R 4R 5R)-5-{6~{aziridin-1-y1)-9H-puarin-9-y1)-4-fluoro-
3-hydroxy-4-methyltetrahydrofuran-2-
yhmethoxy }{phenoxy)phosphorylamino)propancate;

734 -

Gilead Exhibit 2021
PGR2023-00046 - Page 00115



79 (28)-methyl 2-({{{2R,3R 4R, 5R)-4-fluoro-3-hydroxy-4-methyl-5-{(6-{piperidin-
1-y1)-9H-purin-S-yljtetrahydrofuran-2-
yhmethoxy }(phenoxy jphosphoryiaming jpropanoate; and
89 2S)y-methyl Z-((((CR,3R AR 53R )-5-{6-(azetidin-1-y1}-SH-purin-9-y1}-4-fluoro-
5 3-hydroxy-4-methyltetrahydrofuran-2-
yiimethoxy} phenoxy)phosphorylamino)propancate

wherein Base' is as recited in cach of compounds 5-74; and

10 wherein X' is a leaving group, such as, Cl.
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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 discases. These corpounds 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 mfection.

Background

Hepatitis C virus (HCV) infection is a major health problem that leads to chronic
liver disease, such as cirthosis 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 ULS.
Center for Disease Control. According to the World Health Organization, there are more
than 200 million infected individuals worldwide, with at least 3 to 4 million people being
infected each year. Once infected, about 28% 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 imrounotherapy
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with recombinant interferon-g alone or in combination with the nucleoside analog
ribavirin, are of limited clinical bencfit. Moreover, there is no established vaccine for
HCV. Conscquently, 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 polyprolein
of about 3,010 amino acids. The protein products of the HCV gene consist of the
structural proteins C, E1, and B2, and the non-structural proteins N32, N83, 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 WNS5B 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 cyele 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, 245; 108-11%).
Inhibition of HCV NS5B 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 viruscs that share many common

features.

Flaviviridae Viruses

3]
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The Flaviviridae family of viruses comprises at least three distinct genera:
pestiviruses, which cause disease in cattle and pigs; flavivruses, which are the primary
cause of diseases such as dengue fever and yellow fever; and hepaciviruses, whose sole
member is HCV. The flavivirus genus includes more than 68 members separated into
groups on the basis of scrological relatedness (Calisher et al., J. Gen. Virol, 1993,70,37-
43). Chinical symptoms vary and include fever, encephalitis and hemorrhagic fever
{(Fields Virology, Editors: Fields, B. N, Kuipe, D, M., and Howley, P. M., Lippincott-
Raven Publishers, Philadelphia, PA, 1996, Chapter 31, 931-939). Flaviviruses of global
concern that are associated with human disease include the Dengue Hemorrhagic Fever
viruses {DHF), vellow fever virus, shock syndrome and Japanese encephalitis virus
(Halstead, S. B., Rev. Infect. Dis., 1984, 6, 251-264, Halstead, 5. 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 Hivestock (catile, pigs and sheep) cause significant economic losses
worldwide. BVDV causes mucosal disease in cattle and is of significant economic
importance to the livestock industry (Mevers, G. and Thiel, H.J., Advances in Virus
Research, 1896, 47, 53-118; Moennig V., ¢t al, Adv. Vir, Res. 1992, 41, 53-9%). Human
pestiviruses have not been as extensively characierized as the animal pestiviruses.

However, scrological surveys indicate considerable pestivirus exposure in humans.

Pestiviruses and hepaciviruses are closely related virus groups within the

Flaviviridae farnily. 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 clasely 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 cfficiently 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 profeins 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 proieins responsible for
the replication of the viral genome RNA are located within approximately the carboxy-
terminal. Two-thirds of the ORF are termed nonstractural (NS} proteins. The genetic
organization and polyprotein processing of the nonstructural protein portion of the ORF
for pestiviruses and hepaciviruses is very siroilar. For both the pestiviruses and
hepaciviruses, the mature nonstructural (INS) proteins, in sequential order from the
amino-terminus of the nonstructural protein coding region to the carboxy-terminus of the

ORF, consist of p7, N82, NS3, NS4A, NS4B, NSSA, and NS3B.

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

and of helicases (Gorbalenya et al., Nature, 1988, 333, 22; Bazan and Fletterick Virology

-4
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. 1989,171,637-039; Gorbalenya ct al., Nucleic Acid Res., 1989, 17, 3889-3897).
Similarly, the NSSB 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, 2%, 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
sering proteinase is responsible for all protecivtic 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.
Riophyvs. Res. Comm. 1993192, 399-406; Grakoui et al., J Virel 1993, 67, 2832-2843;
Grakoui et al., Proc. Natl. Acad Sci. USA 1993, 90, 10583-10587; Hijikata et al., J. Virol.
1993, 67, 4665-4675; Tome et al., J. Virol, 1993, 67, 4017-4026). The NS4 A protein, in
both cases, acts as a cofactor with the NS3 serine protease (Barteuschlager et al., J. Virol.
1994, 68, 5045-5035; Failla et al., /. Virol. 1994, 68, 3733-3760; Xu et al.,, .J. Virol,
1997, 7153 12-5322). The NS3 protein of both viruses alse functions as a helicase (Kim
et al., Biochem. Biophys. Res. Comm., 1995, 215, 160-166; Jin and Peterson, Arch.
Biochem. Biophvs., 1995, 323, 47-53; Warrener and Collett, J. Virol. 1995, 69,1720~
1726). Finally, the NS5B proteins of pestiviruses and hepaciviruses have the predicted
RNA-directed RNA polymerases activity (Behrens et al., EMBO, 1996, 15, 12-22;
Lechmann et al, J. Virol,, 1997, 71, 8416-8428; Yuan ct al., Biochem. Biophys. Res.
Comm. 1997, 232, 231-235; Hagedorn, PCT WO 97/12033; Zhong ct al, /. Firol, 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-a alone or in combination with the nucleoside analog
ribavirin. This therapy is limited in its clinical effectiveness and only 50% of treated
patients respond to therapy. Therefore, there is significant need for more effective and

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

A number of potential molecular targets for drag 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 NSSB
polymerase. The RNA-~dependent RNA polymerase is absolutely essential for replication
of the single-stranded, positive sense, RNA genome and this enzyme has clicited

significant interest among medicinal chemists.

Inhibitors of HCV NSSB as potential therapies for HCV infection have been
reviewed: Tan, S.-L., ¢t al., Nafure Rev. Drug Discov., 2002, 1, 867-881; Walker, M.B. ¢t
al., Exp. Opin, Investigational Drugs, 2003, 12, 1269-1280; Ni, Z-1., et al., Current
Opinion in Drug Discovery and Development, 2004, 7, 446-459; Beaulicu, P. L, et al,,
Current Opinion in Investigational Drugs, 2004, 5, 838-850; Wu, J., et al., Current Drug
Targets-infectious Disorders, 2003, 3, 207-219; Griffith, R.C., et al, Annual Reports in
Medicinal Chemistry, 2004, 39, 223-237; Carrol, 8., et al., fnfectious 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 suppotts the need for continuing

efforts to identify novel and more effective nucleosides as HCV NSSB inhibitors.

-6 -
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Wucleoside inhibitors of NS5B polymerase can act either as a non-natural
substrate 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 vive to a triphosphate {o
compete for the polymerase nucleotide binding site. This conversion to the triphosphate
is cornmoniy mediated by cellular kinases which rmparis 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 monophesphate by a nucleoside kinase s generally
viewed as the rate Himiting step of the three phosphorylation events. To circumvent the
need for the initial phosphorylation step in the metaboliam of a nucleoside to the active
triphosphate analog, the preparation of stable phosphate prodrugs has been reported.
MNucleoside 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., et al., J. Med. Chem., 1996, 39, 1748-1753; Valeite,
G.,etal, J Med Chem., 1996, 39, 1981-1990; Balzarini, J., ¢t al., Proc. National Acad
Sci USA, 1996, 93, 7295-7299; Siddiguni, A. Q., et al., J. Med. Chem., 1999, 42, 4122-
4128, Fisenberg, E. 1., et al., Nucleosides, Nucleotides and Nucleic Acids, 2001, 20,
1091-1098; Lee, W.A ., et al., Antimicrobial 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 liroit uptake into the target tissue or
cell. To improve on their properties prodrugs of nucleosides have been employed. It hag
been demonstrated that preparation of nucleoside phosphoramidates improves the
systemnic absorption of a nucleoside and furthermore, the phosphoramidate moiety of
these "pronucleotides” is masked with neutral lipophilic groups to obtain & suitable
partition coefficient to optimize uptake and transport into the cell dramalically enhancing
the intracellular concentration of the nucleoside monophosphate analog relative to
administering the parent nucleoside alone. Enzyme-mediated hydrolysis of the phosphate
ester motety produces a nucleoside monophosphate wherein the rate Himiting initial

phosphorylation is unnecessary.

SUMMARY OF THE INVENTION

The present invention is direcied toward novel phosphorarnidate prodrugs of
nucleoside derivatives for the treatment of viral infections in mammals, which is a
compound, its stereoisomers, salts {acid or basic addition salts), hydrates, solvates, or

crystalline forms thereof, represented by the following structure:

Rz 9
R¥® |
- T L
CO,R? OR"
i
wherein
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{(2) R' is hydrogen, 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 Ci6 alkyl, Cog alkenyt, Cos alkynyl, Cis
alkoxy, F, Cl, Br, {, nitro, cyano, Ci¢ haloalkyl, -N(Ry)za 16 acylamino, -NHS0,C 6
alkyl, -SON(R"),, CORY, and -80,C,6 alkyl, (R' is independently hydrogen or alkyl,
which includes, but is not limited to, Ci alkyl, Cip alkyl, or Ci alkyl, R"is —OR' or -

Ny,

(b} R® is hydrogen, C 1.0 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(OYCR™R’™NHR', where

. 3 3
nis 2 to 4 and R, R™ and R™;

(¢} R*and R*" are (i) independently selected from hydrogen, Ciy alkyl,
eycloalkyl, (CHUNRYY,, Cre hydroxyalkyl, -CHLSH, ~(CHL)LS(0)Me, -
{CH2) NHCENHINH,, (FH-mdol-3-yDmethyl, (1H-imidazol-4-yhmethyi, -
(CH)LCOR”, aryl and aryl €5 alkyl, said aryl groups optionally substituted with a
group selected from hydroxyl, Ciyo alkyl, Ci alkoxy, halogen, nitro and cyano; (i) R™
and R*" both are Cyg alkyl; (iil) R*® and R together are(CH,)e so as to form a spiro ring;
(iv) 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 (v) R™ is hydrogen and R™ and R? together are
{CHa)x so as to form a cyclic ring that includes the adjoining N and C atoms, where cis 1
to6,dis0to2, cis0to3, fis2t0 5, nis 2 to4, and where R is independently hydrogen
or Crg alkyl and R” is -OR or ~N(R)); (vi) R™is H and R™ is H, CH:, CH,CH;,
CH(CHs),, CH,CH(CHa);, CH(CH:)}CH.CH;, CH,Ph, CHy-indol-3-y1, -CH,CH,SCHa,
CHCOH, CHCONH,, CHLCH,COOH, CHCHLCIOINH,, CHYCHCH,CHNH,, -
CHyCHCHONHC(NH)NH,, CHy-imidazol-4-yl, CH,OH, CH{OH)CH:, CH{4-OH)-
Ph), CH,SH, or lower cycloalkyl; or (vii) R s CHa, ~CH,CHa, CH(CHa),,
CH,CH(CH,),, CH(CH:)YCH,CH;, CH;Ph, CHy-indol-3-yl, -CH,CH,8CH;, CH,COH,
CH,C(O)NH,, CH,CH,CO0H, CH,CH,C{O)NH,, CH,CH,CH,CH;NH,, -
CHyCHCHoNHC(NH)NH,, CHy-imidazol-4-vl, CH,OH, CH{OH)CH:, CHx({4'-GH)-

Ph), CH,SH, or lower cycloaikyl and R is H, where RY is independently hydrogen or
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alkyl, which includes, but is not limited to, C 5 alkyl, Cy.1 alkyl, or Cig alkyl, R is -
OR' or -N(R™),);

(dy  R’is hydrogen, iy alkyl, Cryp alkyl optionally substituted with a lower
alkyl, alkoxy, di{lower alkyl)-aming, or halogen, Ci.o haloabioyl, Cs.o cycloalkyl,
cycloalky! alkyl, cycloheteroalkyl, aminoacyl, aryl, such as phenyl, heteroaryl, such as,

pyridinyl, substituted arvl, or substituted heteroaryl;

(¢} R’ is H, a lower alkyl, ON, vinyl, O-(lower alkyl), hydroxyl lower allyl,
i.e., {CH2},OH, where p is | -6, including hydroxyl methyl (CH,OH), CHF, N,
CH,CN, CHyNH,, CHNHCH:, CHoN(CHz),, alkyne (optionally substituted), or halogen,
including F, Cl, Br, or I, with the provisos that when X is OH, base is cytosine and RO is
H, R’ cannot be Nz and when X is OH, R®is CHy; or CH,F and Bis a purine base, R’

cannot be H;
(H  RisH, CH., CHLF, CHF,, CFs F, or ON;
(g) X is H, OH, F, OMe, halogen, NH;, or Nj;

{h) Y is OH, H, C 4 alkyl, Cpy alkenyl, Co alkynyl, vinyl, N3, CN, CL By, F,
I, NGy, OC(OYO(Craalkyl), OC{OYO(Cyy alloyly, OCO0(Coy alkynyly, OC{OYO{Cou
alkenyl), OC,.1p haloalkyl, O{aminoacyl), O{Cy 10 acyl), O(C,.4 alkyl), O(Cy.s alkenyl),
S(Ciq acyl), S(Cyq alkyl), S(Cyy alkynyl), S(Cys alkenyl), SO(C14 acyl), SO(C, 4 alleyl),
SO(Cyy alkynyl), SO(Co4 alkenyl), SO(C 14 acyly, SO{C 4 alkyl), SOHC,4 alkynyl),
SOh{Coa alkenyD), OS(0R{C 14 acyl), OS{O(C 4 atkyly, OS(O0{C1.4 alkenyly, NH,
NH(Cy 4 alkyl), NB(C, 4 alkenyi), NH(C, 4 alkynyl), NH(C, 4 acyl), N{Cy4 alkyl),, N{C,.
1z acyly, wherein alkyl, allkynyl, alkeny! and vinyl are optionally substituted by Ns, CN,
one to three halogen {(Cl, Br, F, 1), NO,, C{OYO(C 4 alkyl), CIOYO(C 4 alkyly, C{OYNC,.
4 alkynyly, COXNCo, alkeny), O{Cra acyl), O(Cy 4 alkyl), G{C, 4 alkenyl}, S(Cy4 acyl),
S{Ci 4 alkyl), S(Cyq alkynyl), 8{Cys alkenyl), SO(Cy 4 acyl), SGIC 4 alkyl), SO(Co
alkynyl), SO(Cy.4 alkenyl), SO2(C1.4 acyl), SOACy4 alkyl), SOHCy 4 alkynyl), SO(Cay
alkenyl), OS(0)({Cy 4 acyl), OS(03{C14 alkyl), OS{(0)(Cy4 alkenyl), NH;, NH{C, 4
alkyly, NH(C,.4 alkenyly, NH(C,.1 alkynyl), NH(C 4 acyl), N(Ci.4 alkyly, N{Cy4 acyl);
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the base is a naturally occurring or modified purine or pyrimidine base

represented by the following structures:

O R O
E NH {Z i Ry {V ! NH
T/KU N N/fl\ Ri1 N N///I\Nﬁz
I iy
a b ¢ d

wherein
7 is Nor CR'Y:

R, R*R®, R', and R"arc independently H, F, Cl, Br, I, OH, OR', SH, SR, NH;,
NHR', NR';, lower alkyl of C;-Cy, halogenated (F, Cl, Br, 1) lower alkyl of C1-Cs, lower
alkenyl of C;-Cg, halogenated (F, Cl, Br, I} lower alkenyl of Cy-Cs, lower alkynyl of Cy-
Cs such as C=CH, halogenated (F, Cl, Br, ) lower alkynyl of C,-Cs, lower alkoxy of Ci-
Ce, halogenated (F, CL, Br, D) lower alkoxy of C1-Cs, COzH, COR', CONH,, CONHR',
CONR';, CH=CHCO,H, or CH=CHCOR,

wherein R’ is an optionally substituted alkyl , which includes, but is not limited to,
an optionally substituted C, 50 alkyl, an optionally substituted C; 1, alkyl, an optionally
substituted lower alkyl; an optionally substituted cycloalkyl; an optionally substituted
alkynyl of C3-Cs, an optionally substituted lower alkenyl of C;-Cq, or optionally
substituted acyl, which includes but is not limited to C(O) alkyl, C(OYC 4y alkyl),
COMCy .y alkyh), or C{OYlower alkyl) or alternatively, in the instance of NR',, sach R’
comprise at least one C atormn that are joined to form a heterocycle comprising at least two

carbon atoms; and
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R' is H, halogen (including F, CI, Br, 1), OH, OR/, SH, SR', NH,, NHR', NR",,
NG; lower alkyl of C-Cg, halogenated (F, CI, Br, 1) lower alkyl of C-Cq, lower alkenyl
of C»-Cs, halogenated (F, Cl, Br, D) lower alkenyl of Co-Cs |, lower alkyny! of Co-C,
halogenated (F, Cl, Br, ) lower alkynyl of C,-Cs, lower alkoxy of Ci-Cy, halogenated (F,
C1, Br, T) lower alkoxy of C1-Cg, COzH, COLR', CONH,, CONHR', CONRY,
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,.

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 "s" {(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 provided in the

Summary of the taveation.

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 eircumstance 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” 18 used herein to indicate that a variable is applied in
any one instance without regard to the presence or absence of a variable having that same
or a diffcrent definition within the same compound. Thus, in a compeound 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 ove or two olefinic double bonds, preferably one

olefinic double bond. The term "Con 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 "Cy-yp alkenyl” refers to an alkeny] comprising 2 to 10 carboun atoms. The term
"Co.g alkenyl" refers to an alkenyl comprising 2 to 4 carbon atoms. Examples include,

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

L

The term "halogenated alkeny!” 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 1 to 30 carbon atoms. The term "Cyy alkyl”
refers to an alkyl comprising 1 to M carbon atoms, where M is an integer having the

10 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 "C, 4 alkyl” refers to an alkyl containing 1 10 4
carbon atoms. The term "lower alkyl" denotes a straight or branched chain hydrocarbon
residue comprising 1 to 6 carbon atoms. "Cyyp alkyl” as used herein refers to an alkyl

comprising 1 to 20 carbon atoms. "Cj-p alkyl” as used herein refers to an alkyl

[y
(9

comprising 1 to 10 carbons. Examples of alkyl groups include, but are not limited to,
fower alkyl groups include methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, rbutyl or
pentyl, isopentyl, ncopentyl, hexyl, heptyl, and octyl. The term (analkyl or
{(heteroarylalkyl indicate the alkyl group is optionally substituted by an aryl or a

heteroary! group respectively.

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

cyclopentyl, and cyclobexyl.

25 The term "cycloalkyl alkyl" refers to an additionally vnsabstituted or substituted
alkyl substituted by a lower cycloalkyl. Examples of cycloalkyl alkyls include, but are
not lmited to, any one of methyl, ethyl, propyl, i-propyl, n-butyl, i-butyl, t-butyl or
pentyl, isopentyl, necopentyl, 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 ators; preferably 2 to 7 carbon atoms;
more preferably 2 to 5 carbon atoms. Examples of cycloheteroalkyls include, but are not
limited to, azindin-2-yl, N-Cs-alkyl-aziridin-2-yl, azctidinyl, N-C,a-alkyl-azetidin-m'-
vy, pyreolidin-m'-yl, N-C, s-alkyl-pyrrolidin-m'-yl, piperidin-m’-yl, and N-C;s-alkyl-
piperidin-ra’-yl, where m' is 2, 3, or 4 depending on the cycloheteroalkyl.  Specific
examples of N-Cys-alkyl-cvcloheteroalkyls include, but are not Hmited to, N-methyl-
aziridin-2-yl, N-methyl-azetidin-3-vl, 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 ocours at any one of m'

The tormm "heterocyele” 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.c., sp™- or sp -hybridized. Examples of heterocycles include, but
are not hmited 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:

/ N\,
/ \
lowera ﬂcyl""‘“"'{\(\ R -

./

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 "Ciay haloalky!” refers
to an alkyl comprising 1 to M carbon atoms that comprises at lcast one of F, Cl, Br, and I,
where M 1s an integer having the following values: 2, 3,4, 3, 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. "Cy~: haloalkyl” refers
to a haloalkyl comprising 1 to 3 carbons and at lcast one of F, Cl, Br, and I. The torm

"halogenated lower alkyl” (or "lower haloalkyl™) refers to a haloalkyl comprising 1 o 6
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carbon atorns and at least one of F, Cl, Br, and I, Examples include, but are not limited
to, fluoromethyl, chloromethyl, bromomethyl, iodomethyl, difluoromethyl,
dichloromethyl, dibromowethyl, dilodomethyl, trifluoromethyl, trichloromethyl,
tribromomethyl, tritodomethyl, 1-fluorocthyl, 1-chlorocthyl, 1-bromocthyl, -inodocthyl,
5 2-fluproethyl, 2-chloroethyl, 2-bromoethyl, 2-iedoethyl, 22-diflucreethyl, 22-
dichlorocthyl, 2,2-dibromoracthyl, 2-2-diiodomethyl, 3-fluoropropyl, 3-chloropropyl, 3-

bromopropyl, 2,2, 2-trifluorocthyl or 1,1,2,2, 2-pentafluorocthyl.

The termo "altkynyl" refers to an uwnbranched or branched hydrocarbon chain

radical having from 2 to 10 carbon atoms, preferably 2 to S carbon atoms, and having one

10 triple bond. The term "C, .y alkynyl” refers to an alkyny! comprising 2 to N carbon atorus,
where N is an integer having the following values: 3,4, 5,6,7, 8,9, or 10. The term "C

Cyq alkynyl" refers to an alkynyl comprising 2 to 4 carbon atoms. The term "Co-yg
alkynyl" refers to an alkynyl comprising 2 to 10 carbons. Examples include, but are

limited to, cthynyl, [-propynyl, 2-propynyl, -butynyl, 2-butynyl or 3-butynyl.

[y
(9

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

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

"

The term "cycloalkyl" refers to a saturated carbocychc ring comprising 3 to 8
carbon atoms, ic. cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or
20 cyclooctyl The term "Car eycloalkyl” as used herein refors to a eycloalkyl comprising 3

to 7 carbons in the carbocyelic 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-prepyloxy, n-butyloxy, i-butyloxy, ¢

25 butyloxy. "Lower alkoxy" as used herein denotes an alkoxy group with a "lower alky]"
group as previeusly defined. "Cy-yp alkoxy” refers to an-O-alkyl wherein alkyl is Cy 0.
Examples of —-O-cycloalky] groups include, but are not limited to, -O-c-propyl, -O-c-

butyl, -O-c-pentyl, and ~O-~c-hexyl.

-15-

Gilead Exhibit 2021
PGR2023-00046 - Page 00131



(9,1

10

[y
(9

20

)
(¥ 4]

1

The term "halogenated alkoxy" refers to an ~Q-alkyl group in which the alkyl

group comprises at least one of F, Cl, Br, and L

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

which the lower alkyi group comprises at least onc of F, Cl, Br, and L.

The term "amino acid” includes naturally occurring and synthetic o, f v or &
amino acids, and includes but is not limited fo, amino acids found in proteins, i.¢. glycine,
alanine, valine, leucine, isoleucine, wmethionine, phenylalanine, tryptophan, proline,
serine, threonine, cysteine, tyrosine, asparagine, plutamine, aspartate, glutamate, lysine,
arginine and histidine. In a preferred crbodiment, the amino acid is in the L-
configuration. Alternatively, the amino acid can be a derivative of alanyl, valinyl,
feucinyl, isoleucinyl, prolinyl, phenylalaninyl, tryptophanyl, methioninyl, glycinyl,
serinyl, threoninyl, cysteinyl, tyrosinyl, asparaginyl, ghitaminyl, aspartoyl, glutaroyl,
tysinyl, arginioyl, histidinyl, f-alanyl, B-vahinyl, B-leucinyl, B-isoleucinyl, B-prolinyl, B-
phenylalaninyl, P-tryptophanyl, B-methioninyl, B-glycinyl, B-serinyl, P-threoninyl, B-
cysteinyl, B-tyrosinyl, B-asparaginyl. B-glutaminyl, B-aspartoyl, B-glatareyl, B-lysinyl, B-
argininyl or B-histidioyl., When the term amino acid is used, it is considered to be a
specific and independent disclosure of each of the esters of o, § v or & glycine, alanine,
valine, leucine, isoleucine, methionine, phenylalanine, fryptophan, proline, serine,
threonine, cysteine, tyrosine, asparagine, glutamine, aspartate, glutamate, lysine, arginine

and histidine in the D and L-configurations,

The term "amanoacyl” includes N, N-unsubstituied, N N-monosubstituted, and
N,N-disubstituted derivatives of naturally occurring and synthetic o, B v or & amino acyls,
where the amino acyls are derived from amino acids. The armno-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 "Oaminoacyl)"
is used. It is understood that the C3' carbon of the ribose is bound to the oxygen "0O",

which 1s then bound to the carbonyl carbon of the aminoacyl.

-16 -

Gilead Exhibit 2021
PGR2023-00046 - Page 00132



L

10

[y
(9

20

The terms "alkylamino” or "arylamino” refer to an amino group that has onc or

two alkyl or aryl substituents, respectively.

The term "protected,” as used herein and unless otherwise defined, refers to a
group that is added to an oxygen, nitrogen, or phosphorus atowm to proevent its further
reaction or for other purposes. A wide variety of oxygen and nitrogen protecting groups
are known to those skilled in the art of organic synthesis. Non-limiting examples include:
C(O)-alkyl, C{OPh, C(Oraryl, CHs, CH;y-alkyl, CHp-alkenyl, CH,Ph, CHj-aryl, CH,0-
alkyl, CH,G-aryl, 8Oz-alkyl, 8Gy-aryl, tere-butyldimethylsilyl, fert-butyldiphenvisilyl,
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, suifate, 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 eroup with an ary! substituent,
such as benzyl. The terms "aralkyl” or "arylalkyl” refer to an aryl group with an alkyl

substituent.

The term "di(lower alkyl)amina-lower alkyl" refers to a lower alkyl substituted by
an amino group that is itself substituted by two lower alkyl groups. Examples include,
but are not limited to, (CH3pNCH,, (CHy L NCHCH,, (CH ) NCHCH,LCH;, ete. The
examples above show lower alkyls substituted at the terminus carbon atom with an N,N-
dimethyl-amino substituent. These are intended as exaraples only and are vot intended to
fimit the meaning of the term "di(lower alkyijamino-lower alkyl" so as to require the
same. It is conterplated that the lower alkyl chain can be substituted with an NN-
di{fower alkyl)-amino at any point along the chain, ¢.g., CHRCH(N-(lower

dik‘yi);)CHzCHy
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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 carbony! meiety and a non-
carbonyl motety. The carbonyl moicty contains a double-bond between the carbonyl
carbon and a heteroatom, where the heteroatom is selected from among O, N and 8.
When the hetercatorn is N, the N is substituted by a lower alkyl. The non-carbonyl
moiety is selected from straight, branched, and cyclic alkyl, which inchudes, but is not
limited to, a straight, branched, or cyclic Ciy alkyl, Ci_y¢ alkyl, or lower alkyl;
alkoxyalkyl, incltuding methoxymethyl; aralkyl, including benzyl; aryloxyalkyl, such as
phenoxymethyl; or aryl, including phenyl optionally substituted with halogen (F, C1, Br,
13, hydroxyl, € to Cy 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 {¢.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 moicety is

fower alkvl.

The term "purine” or "pyrimidine” base inclades, but is not Hmited to, adenine,
NO-alkylpurines, No-acylpurines (wherein acyl is C{O¥alkyl, aryl, alkylaryl, or arylalkyl),
NC-benzylpurine, No-halopurine, N'-vinylpurine, N-acetylenic puring, N'-acyl purine,
Nhydroxyalkyl purine, N°-allcylaminopurine, N'-thioalleyl purine, N-alkylpurincs, N’-
alkyl-6-thiopurines, thymine, cytosine, S-fluorocytosine, S-methylcytosine, 6-
azapyrimidine, including 6-azacytosine, 2~ and/or 4-mercaptopyrmidine, uracil, 5-
halouracil, including 3-fluorouracil, C-alkylpyrimidines, C’-benzyipyrimidines, C>-
halopyrimidines, C-vinylpyrimidine, C-acetylenic pyrimidine, C-acyl pyriroidine, C°-
hydroxyalkyl purine, C-amidopyrimidine, C -cyanopyrimidine, ,C"-iodopyrimidine, C°-
lodo-pyrimidine, C-Br-vinyl pyrimidine, C°-Br-vinyl pyrimidine, O -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 inchude trimethyisityl, dimethythexylsilyl,
t-butyldimethylsilyl, and #-butyldiphenylsilyl, trityl, alkyl groups, and acyl groups such as

acety! and propionyl, methanesulfonyl, and p-toluenesulfonyl.
The term "tautomerism™ and "tautomers” have their accepted plain meanings.

The term "P*" means that the phosphorous atorn is chiral and that it has a
corresponding Cahn-Ingold-Prelog designation of "R" or "S" which have their accepted
plain meanings. I is contemplated that compounds of the forraula T are racemic because
the chirality at phosphorous. Applicants contemiplate use of the racemate and/or the
resolved cnantiomers. 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 io be so unless
the substituents bound to the phosphorous exclude the possibility of chirality at

phosphorous, such as in P(OCha.
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 It

wherein

(a) R' is hydrogen, n-alkyl; branched alkyl; cycloalkyl; er aryl, which

includes, but 1s not limited to, phenyl or naphthyl, where phenyl or naphthyl are
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optionally substituted with at least one of O alkyl, Cog alkenyl, Cop alkynyl, Ci 5
alkoxy, F, Cl, Br, L, nitro, cyano, O haloalkyl, -N{ Rlv)z, Ci acylamino, -NHSG,C 4
alkyl, -SON(R),, CORY, and -80,C 16 alkyl; (R' is independently hydrogen or alkyl,
which includes, but is not liroited to, C g alkyl, €y alkyl, or C6 alkyl, RY is -OR' or -
NR" )

(b} R? is hydrogen, C 11 alkyl, R* or R™ and R” together are (CI,), 50 as to
form a cyclic ring that includes the adjoining N and € atoms, C{OYCRPRNHR', where

o 1 pa 36
nis 204 and R, R™ and R

() R™ and R are (i) independently sclected from hydrogen, €10 alkyl,
cycloalkyl, -( CHZ)C(NRS")Q, 1.5 hydroxyalkyl, -CH,SH, -(CH;»S{0O);Me, -
(CH)sNHC(=NH)NH,, (1H-indol-3-yDymethyl, (1H-imidazol-4-yDymethyl, -
(CH)LCORY, aryl and aryl C 3 alkyl, said aryl groups optionally substituted with a
group selected from hydroxyl, Cyyg alkyl, Cy alkoxy, halogen, nitro and cyano; (if) R™
and R™ both are Cy alkyl; (i) R™ and R™ together are(CHy); so as to form a spiro ring;
(iv) R™ is hydrogen and R™ and R’ together arc (CH,), so as to form a cyclic ring that
inctudes the adjoining N and C atoms {(v) R® is hydrogen and R™ and R? together are
(CHa). s0 as to form a cyclic ring that includes the adjoining N and C atoms, where ¢ is 1
t06,dis0to 2, eisBto3, fis 210 5, nis 2 to 4, and where R” is independently hydrogen
or Cps alkyl and R is -OR' or -N(R™),); (vi) R™ is H and R*® is H, CH;, CHLCH;,
CH(CHa),, CH,CH(CH:),, CH(CHYCH,CH,, CH,Ph, CHj-indol-3-v1, -CH,CH,SCH;,
CHCOH, CHRC(OYNH,, CHCHL,COOH, CHYCHC(OYNH,, CHCHRCHCHoNH,, -
CHCH,CH,NHC(NH)NH,, CH-imidazol-4-yl, CH,OH, CH{OH)CH:, CH{((4-0H)-
Ph), CH,SH, or lower cycloalkyl: or (vii)) R™ is CH;, -CH,CH;, CH(CH,),,
CHyCH{CHs ), CH(CH:)CH,CH;, CHPh, CHy-indol-3-yl, -CHCH,SCH;, CHLCORH,
CHLC{ONH,, CHLCHLCOOH, CHCHLCONNH,, CHCHLCHLCHONHG, -
CHLCH,CHNHC(NH)NH,, CHo-imidazol-4-yl, CH2OH, CH(OH)CH;, CHy((4'-0H)-
Phy, CH,SH, or fower cycloalky!t and R™ is H, where R” is independently hydrogen or
alkyl, which includes, but is not limited to, Cio0 alkyl, Ciig alkyl, or Cpe alkyl, R¥ is ~

OR' or -N(R),);
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{d} R’ is hydrogen, Cyyp alkyl, Ci.i0 alkyl optionally substituted with a lower
alkyl, alkoxy, diflower alkyly-amine, or halogen, C)_; haloallyl, Cs 4 oycloalkyl,
cycloatkyl alkyl, cycloheteroatkyl, aminoacyl, aryl, such as phenyl, heteroaryl, such as,

pyridinyl, substituted aryl, or substituted heteroaryl;

(e} R’ is H, a lower alkyl, ON, vinyl, O-(lower alkyl), hydroxy! lower alky!
t.e., «(CHy),OH, where pis | -6, including hydroxyl methy! ({CH,OH), CHoF, N;,
CH,CN, CHNH,, CH,NHCH;, CHN(CH;),, alkyne (optionally substituted), or 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 N; and when X is OH, RYisCHyor CH,F and Bis a purine base, R’

cannot be H;
()  R%isH, CHx, CH,F, CHF,, CF3, F, or CN;
(2) X is H, OH, F, OMg, halogen, NH,, or Nj;

(h) Y is OH, H, Cy 4 alkyl, Cy 4 alkenyl, Cy4 alkynyl, vinyl, N3, CN, Ci, Br, F,
I, NOy, OCOYHTC 4 alkyl), OCOHO(C, 4 alkyh, OC{OO(C, 4 alkynyl), OC{HOC4
alkenyl), OC,_ o halpallcyl, O(aminoacyl), O{C.0 acyl), G{C, 4 alkyl), O(C,.4 alkenyl),
S{Cy 4 acyl), S{Cy4 alkyll, S(Co 4 alkyny]), S(Chs alkenyh), SO(C 4 acyl), SO(C 4 alkyh),
SO({Cq4 alkynyl), SO(Cou alkenyl), SOHC14 acyl), SOACr4 abkyl), 80Ty alkynyl),
SO{Coy slkenyly, OS{0){C) s acyl), OS{03{C 4 atkyl), OS{03{C,4 atkenyl)y, NH;,
NE(Cy.4 alleyly, NEH(Cy 4 alkenyl), NH(Co4 alkynyly, NH{C; 4 acyD), N(Cy4 alkyly, N{C:.
15 acyl)y, wherein alkyl, alkynyl, alkenyl and vinyl arc optionally substituted by N, CN,
one to three halogen (Cl, Br, F, 13, NOy, C{{HO(C 14 alkyl), C{OO(C 4 alkyD), COYD(C:
4 alkynyly, C{OYO(Cqg alkenyl), O(Ciq acyl), O(C 4 alkyD), O(Cy4 alkenyly, S{(Ci4 acyl),
S{Cy 4 alkyl), S(Coq alkynyl}, S(Cyy alkenyl), SO(C) 4 acyl), SG{C, 4 alkyl), SOG{C,4
alkynyl), SO{Cy4 alkenyl), SC2(Cqq acyl), SO Cyy alkyly, SO(Cyy alkynyl), SO{Co 4
alkenyl), OS(O(C) .4 acyl), OS{0){Ciq alkyl), OS(0){Cy 4 alkenyl), NHz, NH{C14
alkyly, NB(Cy.4 atkenyly, NH(Cyy alkynyl), NH{C 14 acyl), N{Cyy alkyly, N{C 4 acyl)a;

the base 15 a naturally occurring or modified purine or pyrimidine base

represented by the following structures:
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wherein
ZisNor CR”;

R, R* R, RY, and R"are independently H, F, CL, Br, {, OH, OR’, SH, SR', NH,,
NHR', NRY, lower alkyl of Ci-Cy, halogenated (F, Cl, Br, 1) lower altkyl of C-Cs, lower
alkeny! of C7-Cg, halogenated (F, Cl, Br, 1) lower atkenyl of Cy-C, lower alkynyl of (2=
Ce such as C=CH, halogenated (F, ClL, Br, ) lower alkynyl of C,-Cs, lower alkoxy of Cy-
Cs, halogenated (F, CL Br, 1) lower alkoxy of C-Cy, COH, COR', CONH,, CONHR',
CONR',, CH=CHCO;H, or CH=CHCGO;R,

wherein R' is an optionally substituted alkyl , which includes, but is not limited to,
an optionally substituted € alkyl, an optionally substituted C;_i; alkyl, an optionally
substituted lower alkyl; an optionally substituted cycloalkyl; an optionally substituted
alkynyl of C,-Cy, an optionally substituted lower alkenyl of C,-Cy, or optionally
substituted acyl, which includes but is not linmted to C(O) alkyl, C(O)C 1. alkyl),
C{OYCiow alkyD), or C{Ox(lower alkyl) or alternatively, in the instance of NR';, cach R
comprise at least one C atom that are joined to form & heterocycle comprising at feast two

carbon atoms; and

R¥isH, halogen (including F, Cl, Br, 1), OH, OR', SH, SR’, NH,, NHR', NR';,
NGO, lower alkyl of C-Cg, halogenated (F, CL, Br, 1) lower alkyl of C-Cy, lower alkenyl

of C»-Cs, halogenated (F, Cl, Br, D) lower alkenyl of Co-Cs |, lower alkyny! of Co-C,
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halogenated (F, Ci, Br, I} lower alkynyl of C.-Cs, lower alkoxy of C1-Cy, halogenated (F,
Ci, Br, 1} lower alkoxy of Cy-Cy, COH, COR', CONH,, CONHR’, CONRY,,
CH=CHCO,H, or CH=CHCO,R"; with the proviso that when base is represented by the
structurc ¢ with R'! being hydrogen, R' is not a: (iy ~C=C-H, (ii) -C=CH,, or (iii) -NO,.

As can be appreciated from the structure represented by formula ¥ 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 §, 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 forrula L

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

formula §-1:

RS

R
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wherein

{a) R is hydrogen, 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 Ci6 alkyl, Cog alkenyt, Co alkynyl, Cig
alkoxy, F, Cl, Br, 1, nitro, cyano, Cy ¢ halealkyl, J‘Q‘(RY)Za Cy ¢ acylamino, -NHSG,C
alkyl, -SONR),, CORY, and -S0,C 6 alkyl; (R' is independently hydrogen or alkyl,
which includes, but is not limited to, C 1y atkyl, Cy0 alkyl, or Cig alkyl, R" is ~OR’ or -

N(R"3);

(b) R” is hydrogen, C 10 alkyl, R* or R™® and R together are (CHy), 50 a5 to
form a cyclic ring that includes the adjoining N and C atoms, C{O)YCR™R™NHR', where
nis 2 to 4 and RY, R™ and R™;

() R and R™ are (i) independently selected from hydrogen, C g alkyl,
cycloalkyl, -(CHy3(NR™),, Crg hydroxyalkyl, -CH,SH, -{CH;),8(0)Me, -
(CH2):NHC(=NHNH,, (1H-indol-3-ylmethyl, {1H-imidazol-4-yDmethyl, -
(CH,).COR™, aryl and aryl C 5 alkyl, said aryl groups optionally substituted with a
group selected from hydroxyl, Cio alkyl, Ci alkoxy, halogen, nitro and cyano; (i} R*
and R™ both are Cys alkyl; (i) R™ and R*™ together are(CHa)s s0 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
{CHo). s0 as to form a cyclic ring that includes the adjoining N and C atoms, wherecis 1
to6,dis0to2,eis0to3, Fis 210 5, nis 2 to 4, and where RY is independently hydrogen
or Crg allyl and R is -OR' or =N(R™)); {vi) R™ is H and R™ is H, CI1;, CHLCH,
CH(CHj;),, CH,CH(CH;),, CH(CH)YCH,CH;, CH,Ph, CHy-indol-3-y1, -CH,CH,SCH;,
CHCOH, CHC(OWNH,, CHLCHLCOOH, CHoCHC{OYNH,, CHCHCHRCHNH,, -
CHyCH,CHONHC(NH))NH,, CHy-imidazol-4-y1, CH,OH, CH{OH)CHa, CH((4'-CH)-
Ph), CH,SH, or lower cycloalkyl; or (viil) R s CH;, -CHRCH,, CH(CH: ),
CHCH(CH;),, CH(CH;CH,CH;, CH:Ph, CHp-indol-3-yl, -CH,CH,8CH;, CH,COH,
CH,C(O)NH,, CH,CH,COOH, CH,CH,C{O)NH,, CH,CH,CH,CH,NH,, -
CHCH;CHyNHC(NHINH,, CHy-imidazol-4-vl, CHOH, CH{(OH)YCH,, CHL((4'-OH)-
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Ph), CH.5H, or lower cycloalkyl and R* is H, where RV is independently hydrogen or
alkyl, which includes, but is not limited to, C) ;4 alkyl, Cy g alkyl, or C, ¢ alkyl, RV is -
OR' or -N(R L)

(&) R* is hydrogen, Ciio alkyl, Crip alkyl optionally substituted with a lower
alkyl, alkoxy, di{lower alkyl)-amino, or halogen, Cy o haloalkyl, Ci g cycloalkyl,
cycloalkyl alkyl, cycloheteroalkyl, aminoacyl, diflower alkyl}-amino, aryl, such as

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

() R’ is H, a lower alkyl, CN, vinyl, O-{lower alkyl), hydroxyl lower alkyl,
i.e., -{CH2),OH, where p is 1 -6, including hydroxyl methyl (CH,OH), CHyF, N3,
CHLCN, CHpNH,, CH;NHCH,;, CHoN(CH;),, alkyne (optionally substituted), or halogen,
including F, CL, Br, or I, with the provisos that when X 18 OH, base is cytosine and R%is
H, R cannot be N; and when X is OH, Reis CHyor CH,F and Bis a purine base, R’

cannot be H;
(f  R%is H, CHs, CH,F, CHF,, CFs, F, or CN;
(g} XisH, OH, F, OMe, Cl, Br, I, NH;, or Na:

{h) Y is OH, H, C4 alkyl, Cy 4 alkenyl, Cyy alkynyl, vinyl, Nz, CN, CL, Br, F,
I, NOy, OC{OYO(Craalkyl), OC{OYO(C14 alkyly, GCOY(Coy alkynyhy, OC(OYO(Coy
alkenyly, OC, 1, haloatkyl, O{aminoacyl), O{Cy g acyl), O(C 4 alkyl), G{C,.4 atkenyl),
S{Cq 4 acyly, S(Cy 4 alkyl), S(C, 4 alkynyl), S{Cy4 alkenyl), SO(C 4 acyl), SO{C, 4 alkyl),
SO{Cy.4 alkynyl), SO(C24 alkenyl), SOH{Cy4 acyl), SO(C 4 alkyl), SOAC;4 alkynyl),
SO(Cy 4 alkenyly, OS(OR{Cy 4 acyl), OS{O)(Cy 4 alkyD), OS{0),(C, alkenyl), NH,,
NH{C.4 alkyl}, NH{C;4 alkenyl}, NH{C;.4 alkynyh), NH(Cyis acyh), N{C 4 alkyl)z, N(Cy.
12 acvly,, wherein alkyl, alkynyl, alkenyl and viny! are optionally substituted by N;, CN,
one to three halogen (Cl, Br, F, 1), NGy, C{OYG({C 4 alkyl), CIOYHT 4 alkyly, THOHCG(C,.
4 atkynyh), C{OYO({Cya alkenyl), O(C14 acyl), O(C 14 alkyl), O(Ch4 alkenyl), S(Cia acyl),
S{Cy 4 alleyly, S{C;.4 alkynyl), S(Co4 atkenyly, SO(C 4 acyly, SO{C 4 alkyly, SGCoy
alkynyl}, SO{C, 4 atkenyl), SO.{Cy.4 acvl}, SOHCr4 alkyl), SOA{C, 4 alkynyly, SOx(Coy
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alkenyl), OS{0(C1.4 acyl), OS(OR{C1.4 alkyl)y, OS(0G)(Co.s alkenyt), NH;, NH(C 4
alkyly, NH(C, 4 alkenyly, NH(C, 4 alkynyl), NH(C,4 acyl), N(C4 alkyl),, N(C 4 acyl)y;

(iy  R’,R%R”arc independently H, F, Cl, Br, I, OH, OR/, 8H, SR, NH,, NHR/,
NRY, lower alkyl, halogenated (F, CL, Br, B lower alkyl, lower alkenyl of C3-Cy, CO2H,
CO,R, CONH,, CONHR’, CONR", wherein R’ 15 a Ty alkyl; a Cy 50 cycloalkyl; a Cr-
Cy alkenyl, a Cp-Cy alkynyl.

A first agpect of the first cmbodiment is directed to a compound represented by

formula I-1
wherein

{a) R is hydrogen, n-alkyl or aryl, which includes, but is net limited to,
phenyl or naphthyl, where phenyl or naphthyl are optionally substituted with at least one

of Cs alkyl, Ci6 alkoxy, F, Cl, Br, §, nitro, cyano, {1 haloalkyl;
(b) R” is hydrogen or CHs;

(<} R™ and R™ are independently (i) R™ is hydrogen and R and R” together
arc (CHy), 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 (CHy), so as to form a cyclic ring that includes the
adjoining N and C atoms, wherecis 1t0 6, dis0to 2, cis 0t03, fis3to 3, nis2to 4,
and where R” is independently hydrogen or Cy_s allyl and R¥ is -OR’ or —-N(R™),); (vi)
R*is H and R™ is H, CH;, CH(CHa),, CH,CH(CHa ), CH{CH:)CH,CH;, CH,Ph, CH,-
indol-3-vyl, -CH,CH,SCH;, CH,CO.H, CH:C{OWH,, CH,CH,COOH,
CHCHC(OINH,, CHCH,CHCHNH,, -CHCHLCHONHC(INHINH,, CHz-imidazol-4-
y1, CIL,OH, CH(OH)CH:, CHL((4'-OFD)-Ph), CILSH, or lower cycloalkyl; or (viii) R™ is
CHs, CH{CHz),, CHCH{CH,),, CH{CH:)CH,CH,, CH,Ph, CHo-indol-3-v1, -
CHyCHSCH;, CHCOoH, CHyC(ONH,, CH,CHCOOH, CHLCHLC(O)NH,,
CHCHoCHLCHNH,, -CHCHoCHONHCINHDINH,, CHo-imidazol-4-yl, CHOH,
CH(OH)YC H;, CHL((4'-OH)-Ph), or CH,SH and R™is H;
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{d} R’ is hydrogen, Cyyp alkyl, Ci.i0 alkyl optionally substituted with a lower
alkyl, alkoxy, diflower alkyly-amine, or halogen, C)_; haloallyl, Cs 4 oycloalkyl,
cycloatkyl alkyl, cycloheteroatkyl, aminoacyl, aryl, such as phenyl, heteroaryl, such as,

pyridinyl, substituted aryl, or substituted heteroaryl;

(©) R is H, CN, CH;, vinyl, OCH;, GCH,CH;, CH,0H, CHy(halo), such as
CH,F, N3, CH,CN, CHoN3, CHNH,, CHNHCH;, CHON(CHs ), halogen, including F,
Cl, Br, or 1, with the provises that when X is OH |, base is cytosine and R®is H, R’ cannot

be Na;
H RC is H, CHa, CHLF, CHF,, CFy, F, or CN;
{g) Xis H, OH, F, OMe, Ci, Br, 1, NH;, or Na;

(hy  Yis OH, H, Ci4alkyl, vinyl, N3, CN, CL, Br, F, I, O(Cy 5 acyl}, O{Cy4
alkyly, NHz, NH{C\ 4 alkyl), NH(Co4 alkenyl), NH(C,4 alkyny!), NH{C .4 acyl), N(Ci4
alkylyz, N(Cy 4z acyl)y, wherein alkyl, alkvnyl, alkenyl and vinyl are optionally substituted
by N;, CN, one to three halogen (Cl, Br, F, 1), NO,, QC(OYXC 4 alkyl), OCIOMO{C, 4
alkyl), OC(OHYO{C 14 alkynyl), OC{OYO(Crs alkenyl), OC, 4 haloalkyl, O(aminoacyl),
O(C) g acyD), O(Crq alkvl), B(Coq alkeny), S(Ciq acyl), S(Ci 4 alkyh), S(Cy 4 alkynyl),
S{Crg alkenyl), SO(C14 acyl), SO(C14 alkyly, SO(Cy4 alkynyl), SO(C,.4 alkenyl),

SO(C 4 acyl), SO(Cy4 alkyly, SOHC;4 alkynyl), SO{Cy 4 alkenyl), OS(OR(C 4 acyl},
O5(0)ACr g alkyl), OS(0)(Cyy alkenyl), NH,, WH(Cy 4 alkyl), NH{C,.4 alkenyl), NH(C,.
4 alkynyD), NH(C 4 acyl), N(Cy4 alkyly,, or N{C, 4 acyl),;

(i) R’, R® R” arc independently H, F, Cl, Br, I, OH, OR', 8H, SR’, NH,, NHR',
NRY, lower alkyl, halogenated (F, C1, Br, ) lower alkyl, lower alkenyl of {3-Cy, CO2H,
CO,R, CONH,, CONHR', CONRY,, wherein R’ 18 a Cy o alkyl; a C) 5 cycloalkyl; a Cp-

Cs alkenyl, a Cy-Cq alkynyl.

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

formula §-1

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

Br, 1, nitro, cyano, and a Cy 3 haloalkyl;
(b} R” is hydrogen or CHs;

(c) R* and R*" are independently (i) R™ is hydrogen and R™ and R? together
are (CH,), so as to form a cyclic ring that includes the adjoining N and C atorns (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 to 6, dis0to 2, eis 0t 3, fis3to 5, nis2to 4,
and where R” is independently hydrogen or Cpg aikyl and R is -OR' or -N(R™)); (vi)
R**is H and R™ is H, CH3, CH(CH;),, CH,CH(CH;),. CH(CH;)CH,CH;, CH,Ph, CHo-
indol-3-vl, -CH,CH,SCH;, CH,CO:H, CH,C{O)NH,, CH,CH,COOH,
CHCHC(OINH,, CHLCHLCHCHGNH, ~-CHCHLCHONHC(NEGNH,, CH-imidazol-4-
yl, CH,OH, CH(OH)CH;, CH,((4'-0OH)-Ph), CH,SH, or lower cycloalkyl; or (viii) R™ is
CHs, CH(CHa)y, CHCH{CH ), CH{CHCH,CH,, CHPh, CHo-indol-3-v1, -
CH,CH,SCH;, CH,COH, CHC(ONH,, CHCH,COOH, CH,CHC(O)NH,,
CH;CH2CH,CH;NH,, -CHCHCHNHC(INHYNH,, CHo-imridazol-4-vl, CHOH,
CH{OH)YCH;, CH{(4-OH)-Ph), or CH5H and R?ig H;

{(d} RYis hydrogen, CH, Et, Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-azividin-2-yl, N-methyl-azetidin-3-y1, N-
methyi-pyrrolidin-3-yl, N-mcthyl-pyrrolidin-4-y1, N-methyl-piperidin-d-vl, lower

haloalkyl, dilower alkyDamine-lower alkyl, or aminoacyl;

() R°is H, CN, CHs, OCH;, CH,OH, CHy(halo), such as CHoF, Nj, CHCN,
CH;N;, CHoNH,, CHyNHCH, CHoN{CH; ), halogen, including ¥, Cl, Br, or I, with the

provisos that when X is OH |, base is cytosine and R%is H, R® cannot be Na;
(f)  RisH, CH;, CHF, CHF,, CF,, F, or CN;

(g)  XisH, OH, F, OCHa, NH,, or Nj;
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(hy Y is OH, H, CHa, vinyl, N3, CN, CL Br, F, 1, OC(O)CHa, OCH;, NH;,
NHCH., NH(vinyl), NH(acetyl), NH{C{O)YCHa), N(CHs),, N(C(O)CH,),, or

Olaminoacyly;

(iy R’ and R®arc independently H, F, C1, Br, 1, OH, OCH;, SH, SCH;, NH,,
NHCH:, N(CHs),, CH;, CH; (X, where X is F, CL, Br, or T and q s 1 to 3, vinyl, CO:H,
CO,CH:, CONH,, CONHCH;, or CON(CHa),; and

) R is selected from ammong OH, OCH,, SH, SCHs, NH,, NHCH;, N(CHa),,
OC(OYWC1-20 alkyl), which include but are not limited to OC{O)CH;),CHs,
NHC{ONC1-20 alkyly, which include but are not Hmited to NHC(OYCH,)CHa, and
N{C(OWCH, 3 CHs)o, which include but is not limited to N(C{OWCH,),CH;),, 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

formuls §-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, 1, nitro,

cyano, and a CH; (X, where X is F, Cl, Br, or I, and q is 1-3;
t); R” is hydrogen or CHa;

(¢ R™isHand R™is H, CH:, CH(CH: ), CHLCH(CHR),, CH(CH:)CH,CH;,
CH,Ph, CHy-indol-3-yi, -CH,CH,S8CHa, CH,CO,H, CH,C(O)NH,, CH,CH,COOH,
CHCH,C(OINH,, CHCHCHCHaNH,, ~CHyCHCHNHC(NHINH,, CHp-imidazol-4-
vi, CH,OH, CH(OH)YCH;, CH,{(4'-OH)}-Ph), CH,5H, or lower cycloalkyl or R¥*is CHs,,
CH(CH,),, CHCH(CH,),, CH{CH)CHCH;, CHyPh, CHa-indol-3-y1, -CHLCH,SCHa,
CHCOH, CHCOMNH,, CH,CH,COOH, CHUH,C{OWNH,, CHCHCHLCHNH,, -
CH,CHCHONHC{(NHINH,, CHo-imidazol-4-yl, CH,OH, CH(OH)YCH,, CHY((4'-OH)-
Ph), CH,SH, or lower cycloalkyl and R* is H;
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(d) R’ is hydrogen, CHs, Et, Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyi-aziridin-2-yl, N-methyl-azetidin-3-y1, N-
methyi-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-vl, lower haloalkyl, dilower alkyDamino-

lower alkyl, or aminoacyl;

(©) R® is H, CN, CH,, OCH;, CH,0H, CHy(halo), such as CHyF, N, CHLCIN,
CHyN3, CHONH,, CHyNHCH;, CHoN(CH;),, halogen, including F, C1, Br, or 1, with the

provisos that when X is OH |, base is cytosine and R%is H, R’ cannot be N
(f)  RisH, CHs;, CHF, CHF,, CF3, F, or CN;
(g} X is H, OH, F, OCHa, NHy, or Nj;

(h) Y is OH, H, CHa, vinyl, No, CN, CL Br, F, 1, OC(O)CH,, OCH;, NH,,
NHCH;, I\H‘:‘I(Vil‘iyl}q NH(&CCY}/D, NH(C(O)CH:)Q N(CH3)>, MN{C{O)YCHs), or

O{aminoacyly;

(i) R’ and R® are independently H, F, CI, Br, 1, OH, OCH;, SH, SCH:, NH,,
NHCH;, N(CHs),, CHa, CH3 (X, where X is F, €1, Br, or T and g is 1 to 3, vinyl, COH,
CO,CH,, CONH,, CONHCH;, or CON{CH:),, wherein R is a €y 59 allkyl a iy
cycloalkyl; a Cy-Cy alkenyl, a C-Cs alkynyl'; and

(i) R is sclected from among OH, OCH;, SH, SCH:, NH,, NHCH:, N(CH:),,
OC(OXCI-20 alkyl), which include but are not Himited to OC{OXCH;),CH;,
NHC{OXC1-20 alkyl), which include but are not limited to NHC(ONCH;,3CH;, and
N{C(OYCH;)CH3), which include but is not limited to N{C{OXCH,;),CH:),, where 5 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 §-2
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wherein

{2) R is hydrogen, methyl, ethyl, n-propyl, i-propyl, or a substituted or
unsubstituted phenyl, where the substitutent of the substituted phenyl is at Icast onc of a
CH;, OCH;, ¥, CL, Br, I, nitro, cyano, and a CH1¢Xy, where X is F, CI, Br, or I, and g is
1-3;

(b)y  R’ishydrogen or CHj;

()  R™isHand R™is H, CHi, CH{CH:);, CH,CH(CHa),, CH(CH:)CH,CH;3,
CH,Ph, CHy-indol-3-yl, -CH,CH,SCH,, CHCOH, CH,C(OYNH,, CH,CH,COOH,
CHRCH,CAOINH,, CHCHyCHRCHaNH,, -CHyCH,CHONHC(NHINH,, CHp-imidazol-4-
y1, CH,OH, CH(OH)CH:, CH,((4'-OH}-Ph), CH,SH, or lower cycloalkyl or R is CHa,
CH(CHa ), CHXCH(CH: ), CHCH)CHCH;, CHaPh, CHo-indol-3-v1, ~-CHoCHLSCH,,
CH,COH, CH,CIONNH,, CH,CH,COOH, CHLCH,C(ONH,, CH,CHCHLCHNH,, -
CHCHCHNHCO(NH)INH,, CHg-imidazol-4-yi, CH,OH, CH{OH)CH,, CH}{(4'-0H)-
Ph), CH,SH, or lower cycloalkyl and R™ is H;
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{d} R’ is hydrogen, Cyyp alkyl, Ci.i0 alkyl optionally substituted with a lower
alkyl, alkoxy or halogen, Cyp halealkyl, Cs ¢ cycloalkyl, cycloalkyl alkyl,
cycloheteroalkyl, aminoacyl, dilower allcyhamino-lower alkeyl, aryl, such as phenyl,

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

(C) RS iS Hﬁ CN, CHg, OCHg, CH;OHﬁ CH}F, Ng, CH;CN, CH;N;g CH}-NHQQ
CHNHCH;, CHoN(CH;),, halogen, including F, CL Br, or |, with the provisos that when

X is OH , basec is cytesine and R®is H, R’ cannot be N3;
(i RYisH, CH:, CH.F, CHF,, CF3, F, or CN;
(g} XisH, OH, F, OCHs, CL Br, I, NH», or IN3;

(h) Y is OH, H, CHa, vinyl, No, CN, CL Br, F, 1, OC(O)CH,, OCH;, NH,,
NHCH;, I\H‘:‘I(Vil‘iyl}q NH(&CCY}/D, NH(C(O)CH:)Q N(CH3)>, MN{C{O)YCHs), or

O{aminoacyly;

(i) R’ and R® are independently H, F, CI, Br, 1, OH, OCH;, SH, SCH:, NH,,
NHCH;, N(CHs),, CHa, CH3 (X, where X is F, €1, Br, or T and g is 1 to 3, vinyl, COH,
CO,CH,, CONH,, CONHCH;, or CON{CH:),, wherein R is a €y 59 allkyl a iy
cycloalkyl; a Cy-Cq alkenyl, a Cp-Cg alkynyl; and

(i) R is sclected from among OH, OCH;, SH, SCH:, NH,, NHCH:, N(CH:),,
OC(OXCI-20 alkyl), which include but are not Himited to OC{OXCH;),CH;,
NHC{OXC1-20 alkyl), which include but are not limited to NHC(OWCH;,3CH;, and and
N{C(OYCH,)CH;, which include but is not limited to N{C{OY¥CH;).CH:),, where s 18 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 §-2
wherein

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

bromo-phenyl, p-chioro-phenyl, p-fluorophenyl;
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(by R’ is hydrogen or CH;;

(€)  R™is Hand R* is H, CHs, CH(CH;),, CH,CH{CHa),, CH(CH:)CH,CH;,
CH,Ph, CH;-indol-3-yl, -CH,CH;SCH;, CH,CO:H, CH,C(0NH,, CH,CH,COOH,
CHCHC(OINH,, CHCHLCHLCHONH,, -CHOCHCHONHC(NHINH,, CHy-imidazol-4-
vi, CH,OH, CH{OR)YCH;, CHy((4'-OH)-Ph), CH,SH, or lower cycloalkyl;

(&)  Ris hydrogen, CHa, Et, 'Pr, "Pr, "Bu, 2-butyl, By, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyi-aziridin-2-yl, N-methyl-azetidin-3~-vi, N-

methyl-pyrrolidin-3-vl, N-methyl-pyrrolidin-4-y1, lower haloalkyl, dilower alkyl)aming

lower alkyl, or aminoacyl;

(e} R” is H, CN, CHs, OCH;, CH,OH, CH,F, halogen, including F, Cl, Br, or

L

() R®is H, CHz:, CHLF, CHF,, CF5, F, or CN:

(g) Xis H, OH, F, OCH;, NH,, or N3;

(h} Y is OH, H, CHs, vinyl, N3, CN, CL, Br, F, |, OC{O)YCH;, OCH;, or
(M aminoacyl);

(iy R’ and R® are independently H, F, C1, Br, 1, OH, OCH,, SH, SCH;, NH,,
NHCH:z, N(CHa),, CHa, CHi X, where X is F, CL, Br, or Fand g is 1 to 3, vinyl, COH,
CO,CH;, CONH,, CONHCHa:, or CON(CH;),, wherein R’ is a C; 5 abkyl a Cipg

cycloalkyl; a Cp~Cy alkenyl, a Cr-Cs alkynyl; and

(i) R is sclected from among OH, OCH:, SH, SCH:, NH,, NHCH:, N(CH:),,
OC(ONC 2 alkeyl), which include but are not limited to OC{OHCH, L CHa, NHCOWC o
alkyly, which include but are not hmited to NHC(OXCH,)CH;, and N{C{OWCH,).CHs),
which include but is not limited to N(C{O}CH,)CH: Y, where s is an integer selected

from @, 1,2,3,4,5,6,7,8,9, 10, 11,12, 13, 14, 15, 16, 17, 1§, and 19.

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

formula §-2
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wherein

{a) 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 CHa;

()  R™isHand R® is H, CH,, CH(CH:),, CH,CH{CHa),, CH(CH:)CH,CH;,

CH,Ph, or lower cycloalkyl;

{(d) R'is hydrogen, Cp.ig alkyl, C i alkyl optionally substituted with a lower
alkyl, alkoxy or halogen, Cy_1 halealkyl, Caj0 cycloalkyl, cycloalkyl alkyl,
cveloheteroalkyl, aminoacyl, diflower alkyDamino-lower alkyl, aryl, such as phenyl,

heteroaryl, such as, pyridinyl, substituted aryl, or substituted heteroaryl;
{¢) R’ is H, OMe, CN, CHLF, F, Cl, Br, or [;
{H R is H, CHs, CHLF, CHF,, CFs, or F,
(g) X isH, OH,F, OCHs, F, Cl, Br, I, or N3
(h) Y is H, OH, CHs, F, CL, Br, 1, or N3, OCH3, OC(O)YCH;, or G{aminoacyl);

(i) R and R”arc independently H, F, Br, SCH;, CHs, CH (X, where X is F,
Cl, Br,orland q is 1 to 3, vinyl, CG,CH;, CONH,, CONHCH;, or CON{CH3;}),; and

(i) R is sclected from among OH, OCH;, SH, SCH:, NH,, NHCH:, N(CH:),,
OC(OX )z alleyl), which inchude but are not himited to OC{GHCH, 3, CH:, NHCOHC 0
alkyl), which include but are not hmited to NHC{OHCH,)CH;, and N{C{OWCH)CHa)a,
which include but is not Hrmted to N(C{O¥CH;).CHs),, where s is an integer sclected
from(,1,2,3,4,5,6,7,8,9, 10, 11,12, 13, 14, 15, 16, 17, 1%, and 19.

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

by formuia I-2

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

bromo-phenyl, p-chioro-phenyl, p-fluorophenyl;
(b}  R?is hydrogen;

(¢y R™isHand R™is H, CH;, CH(CH,),, CH,CH(CH,),, CH(CH:)CH,CH;,

CH,Ph, or lower cycloalkyl;

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

haloalkyl, or di{lower alkyyamino-lower alkyl;
() R’ is H;
{H R’ is H, CHz, CHLF, CHF,, CFs, or F,
{gy  XisH, OH, OCHs, F,or Ny
() Y is OH, OCH;, OC(O)CH;, or O(aminoacyl);

(1) R’ and R" are independently H, F, Br, SCH;, CH,, CHi X, where X is F,
CL, Br,or i and q is 1 to 3, vinyl, CO,CH;, CONH,, CONHCH;, or CON(CH3;),; and

) R is selected from among OH, OCH;, NH;, NHCH;, N(CH3)p, GC(O)}C .
20 alkyl), which include but are not imited to QC{OYCH)CH;, NHC(O)C 120 atkyl),
which include but are not fimited to NHC(O)(CH, ), CH;, and N{C{OXCH;),CHs),, which
include but is not limited to N(C(OXCH;),CH;),, where s i3 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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{(2) R' is hydrogen, methyl, phenyl, p-bromo-phenyl, p-chloro-phenyl, p-
fluorophenyl;

(b}  R?is hydrogen;

(¢y R™isHand R™is H, CH;, CH(CH,),, CH,CH(CH,),, CH(CH:)CH,CH;,

CH,Ph, or lower cycloalkyl;

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

haloalkyl, or di{lower alkyyamino-lower alkyl;
() R’ is H;
{H R’ is H, CHz, CHLF, CHF,, CFs, or F,
{gy  XisH, OH, OCHs, F,or Ny
() Y is OH, OCH;, OC(O)CH;, or O(aminoacyl);

(1 R’ and R” are independently H, F, Br, SCH;, CHa, CHi X, where X is F,
Ci, Br,orland qis 1 to 3, vinyl, CO,CH;, CONH,, CONHCH;, or CON(CH3),;

) R is selected from among OH, OCH;, NH;, NHCH;, N(CH3)p, GC(O)}C .
20 alkyl), which include but are not imited to QC{OYCH)CH;, NHC(O)C 120 atkyl),
which include but are not fimited to NHC(O)(CH, ), CH;, and N{C{OXCH;),CHs),, which
include but is not limited to N(C(OXCH;),CH;),, where s i3 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,

A second embodiment of the invention is directed to a compound represented by
formula T in which the base is a structure represented by formula b above, wherein R,
R R, R3b, RY R’ R® X, Y, R’, and R"are defined in the Summary of the Invention

section above.

A first agpect of the second embodiment i3 directed to a compound represented by
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formuls -3

wherein

{a) R'is hydrogen, 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 i alkyl, Cog alkenyl, Co alkynyl, Ci
alkoxy, F, Cl, Br, 1, nitro, cyano, C; ¢ haloalkyl, -N(R]")z, Crs acylamine, ~-NHSO,C 6
alkyl, -SON(R"),, COR, and -80,C1 alkyl; (R' is independently hydrogen or alkyl,
which includes, but is not limited to, €2 alkyl, Cy .y alkyl, or Ty alkyl, RYis OR or-
NER);

(b} R’ is hydrogen or CHy;

{c) R** and R™ are (i) independently selected from hydrogen, C 1o alkyl,
eveloalkyl, (CHANR ), Cii hydroxyalkyl, -CH,SH, -(CH2)8(0)aMe., -
{CH2):NHC(ENHINH,, (1TH-indol-3-yDmethyl, (1H-imidazol-4-ylymethyi, -
(CH,).COR™, aryl and aryl C,.; alkyl, said aryl groups optionally substituted with a
group sclected from hydroxyl, Ciye alkyl, C s alkoxy, halogen, nitro and cyano; (i) R®
and R*® both are €y alkyl; (iii} R™ and R™ together are(CH,); so as to form a spire ring;
{iv) R™ is hydrogen and R™ and R” together are (CHy), 50 as to form a cyclic ring that

includes the adjoining N and C atoms (v) R™ is hydrogen and R™ and R together arc
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(CHa). s0 as to form a cyclic ring that includes the adjoining N and C atoms, where ¢ is 1
t06,dis0to 2, eisBto3, fis 210 5, nis 2 to 4, and where R” is independently hydrogen
or Crs alkyl and RY is -OR" or =N(R*)); (vi) R™ is H and R* is H, CHz, CHCHa,
CH(CHa),, CH,CH(CH:),, CH(CHYCH,CH,, CH,Ph, CHj-indol-3-v1, -CH,CH,SCH;,
CHCOH, CHRC(OYNH,, CHCHL,COOH, CHYCHC(OYNH,, CHCHRCHCHoNH,, -
CH,CH,CH,;NHC{NH)NH,, CH,-imidazol-4-yl, CH,OH, CH{OH)CH;, CH{((4'-OH)-
Ph), CH,SH, or lower cycloalloyl; or (viii) R is CH;, -CH,CH;, CH(CH:),,
CHyCH{CHs ), CH(CH:)CH,CH;, CH,Ph, CHy-indol-3-yl, -CHCHSCH;, CHCORH,
CHLC{ONH,, CHLCHLCOOH, CHCHLCONNH,, CHCHLCHLCHONHG, -
CH,CH,CHoNHC(NH)NH,, CHa-imidazol-4-yl, CH,OH, CH(OH)CHs, CH((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 to, Cio0 alkyl, Ciig alkyl, or Cpe alkyl, R¥ is ~

OR' or -N(R),);

() R is hydrogen, Cyi alkyl, C1i0 alkyl optionally substituted with a lower
alkyl, alkoxy or halogen, Cy.10 haloalkyl, Ca.io cycloalkyl, cycloalkyl alkyl,
cycloheteroalkyl, aminoacyl, di{lower alkyl}amino-lower atkyl, aryl, such as phenyl,

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

(e) R”is H, a lower alkyl, ON, vinyl, O-(lower alkyl), hydroxyl lower alkyl,
i.e., -(CHy),OH, where p is 1 -6, inclading hydroxyl methyl (CH,OH), CHyF, Na,
CH,CN, CHNH,, CH,NHCH;, CH N(CH;),, alkyne {optionally substituted), or halogen,
including ¥, Cl, Br, or I, with the provisos that when X is OH, base s cytosine and R®is
H, R° cannot be N3 and when X is OH. RisCHy;or CHyF and Bis a purine base, R’

cannot be H;
(f) R is H, CHa, CHLF, CHF,, CF3, F, or CN;
(g) Xis H, OH, F, OMe, (i, Br, 1, NH;, or Na;

(h) Y is OH, H, C4 alkyl, Coy alkenyl, Coy alkynvi, vinyl, Ns, CN, CL B, F,
1, NGOy, OC{OYO(C s alkyly, OC(OYO(C1 4 alkyly, GCOYHCy 4 alkynyl), GC(OYO(Coy
alkenyl), OC;.o haloalkyl, O{aminoacyl), O{Ci.ig acyl), O(C . alkyl), O(Cy4 alkenyl),
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S(C 14 acyl), S(Ci4 alkyl), S{Cy4 alkynyl}, 8(Ch.4 alkenyl), SO(C, .4 acyly, SO(C .4 alkyl),
SO, alkvnyl), SO(C, alkenyl), SG{Cy . acyl), SO{C )4 aliyD), SG{C, alkynyl),
S0:{Cr4 alkenyl), O8{0R(C14 acyl}, OS(O0(C 14 alkyly, OS(G)(Crs alkenyl), NHz,
NH(Cy.4 alkyl), NH{C,.4 alkenyl), NH(C4 alkynyly, NH(Cy4 acyl), N(C 4 alkyl),, or
N{Cy 1z acyl)z, wherein alkyl, alkynyl, alkenyl and vinyl are optionally substituted by Ns,
CN, one to three halogen (Cl, Br, F, D), NO,, C{O)YO(C 4 alkyl), CLOY(C, 4 alkyl),
CLOHYO(Caq alkyuyl), CLOWH Ty alkenyl), O(C 4 acyl), O(C 4 alkyl), O{Cyy alkeuyl),
S(Cra acyl), S(Cy4 alkyl), S(Cyyq alkynyl), S(Cps alkenyl), SO(C4 acyl), SO(C 4 allcyl),
SO{Co.4 alkynyly, SO(Co4 alkenyl), SOA{Cs acyly, SO(Cr4 alkyl), SOHC5.4 alkynyl),
S80(Cy g alkenyl), OS(0),{Cy 4 acyl), OS(O)(C 4 alkyl), OS{O(C, 4 alkenyl}, NH;,
NH(Cy.4 alkyly, NH(C,.4 alkenyly, NH(C.4 alkynyD}, NH(Cy.4 acyl), N(Ci4 alkyl), or
N{C1.4 acyil;

(i) R’ and R® are independently H, F, CL, Br, I, OH, OR', SH, SR', NH,,
NHER, NR'Y,, lower alkyl, halogenated (F, CL, Br, I lower alkyl, lower alkenyl of C,-Cs,
COH, COR’, CONH,, CONHR', CONR/,, wherein R 15 a Cy 0 alloyl; a Ty cycloalloyl
a C-Cg alkenyl, a C,-Cq alkynyl.

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

represented by formula §-3
wherein

{a) R' is hydrogen, n-alkyl or aryl, which includes, but is not limited to,
phenyl or naphthyl, where pheny! or naphthy! are optionally substituted with at leasi one
of Ci ¢ alkyl, Ci alkoxy, F, Cl, Br, 1, nitro, cyano, Cs haloalkyl;

(b R’ is hydrogen or CHy;

N

(¢} R and R*" are independently (i) R™ is hydrogen and R°® and R* together
are (CHy), s0 as to form a cyclic ring that includes the adjoining N and C atoras (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 1106, dis0t02,¢i80t03,fis3to 5, nis 210 4,

and where R is independently hydrogen or Cye alkyl and RY is -OR' or -N(R™),); (vi)
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R is H and R™ is H, CHs, CH(CH:),, CH;CH(CH:),, CH(CH:)CH,CH;, CH,Ph, CH,-
indol-3-yl, -CH,CH,8CH,, CH,CO,H, CH,C(ONH,;, CH,CH,COOH,
CHCHC(OYNH,, CHRCHCHLCHONH,, -CHCHCH,NHO(NHINH,, CHy-imidazol-4-
v1, CH,OH, CH(OH)CH., CH,{((4-OH)-Ph), CH,SH, or lower eycloalkyl; or (viii) R™ is
CH,, CH{CHa);, CHCH{CHa ), CH{CH)CHCH,, CHLPh, CHp-indol-3-yl, -
CH,CH,5CH,, CH,CO,H, CH,C(O)NH,, CH,CH,COOH, CH,CH,C(O)NH,,
CH,CH,CH,CHNH,, ~CH,CH,CH,NHC(NH)NH,, CHy-imidazol-4-yl, CHOH,
CH(OH)CH;, CH((4-0OH)-Ph), or CH,SH and R™” is H;

(d R* is hydrogen, Cio alkyl, C1i alkyl optionally substituted with a lower
alkyl, alkoxy or halogen, Cy_yy haloalkyl, C1je cycloalkyl, cycloalkyi atkyl,
cycloheteroalloyl, aminoacyl, diflower alkyDamino-lower alkyl, aryl, such as phenyl,

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

{¢) R’ isH, CN, CH,, vinyl, OCH,, OCH,CH,, CH,0H, CHy(halo), such as
CH,F, Ni, CHLON, CH,Ns, CHNH,, CH,NHCH;, CHRN(CH3),, balogen, including F,
ClL Br,or I

(H  RYisH, CH: CH,F, CHF,, CFs, F, or CN;
(2) X} is H, OH, F, OMe, halogen, NH;, or Nj;

(h) Y is OH, H, €y 4 alkyl, vinyl, N5, CN, CL, Br, F, 1, G{C; 5 acy]), O(Cy 4
alkyl), NHy, NH(C, 4 allkyl), NH(Cy4 alkenyl), NH(C,4 alkynyl), NH{C 4 acyl), N(C) 4
alkyl}s, N{Ci.1s acyl),, wherein alkyl, alkynyl, alkenyl and vinyl are optionally substituted
by Mz, CN, one to three halogen (Cl, Br, F, 1}, NO,, OC(0)0(C, 4 alky]), OC(GHYO(C 4
alkyly, GUIOYHCo.y alkynyly, OC(OYH o4 alkenyl), OC: 1 haloalkyl, O{aminoacyl),
O(Cy Ly acyD), O(Cy4 alkyl), O(Co4 alkenyl), S(Cy4 acyD), S(Cy4 alkyl), S(C, 4 alloynyl),
S{Cy4 atkenyl}, SO{Ci4 acyl), SO{Cy4 alkyl), SO{Cy 4 alkynyl), SG{C, 4 alkenyl),
SO(Cra acyl), SOHCrg alkyly, SOA{Cos alkynyl), SOACoy alkenyl), OS{ON(C )4 acyl),
OS(00n(Cyr4 alkyly, OS(0)0(Chy alkenyl), NH,, NH(Cy.4 alkyly, NH(C;.4 alkenyl), NH(C,.
s alloynyly, NE(C 4 acyl), N{Cyi4 alleyl)s, N{Cy4 acylly
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(i) R’ and R” are independently H, F, Cl, Br, [, OH, OR', SH, SR, NH,,
NHR', NR",, lower alkyl, halogenated (F, Cl, Br, }) lower alkyl, lower alkenyl of C;-C,
COH, COaR’, CONHy, CONHR!, CONR';, wherein R' is a .29 atkyl; a Cy20 cycloatkyl;
a Cp-Ce alkenyl, a C3-Cs alkynyl,

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

by formula I-3
wherein

{(a) R is hydrogen, n-alkyl or a substituied or unsubstituted phenyl, where the
substitutent of the substituted phenyl is at least one of a €y alkyl, a Cyz alkoxy, F, (L,

Br, I, nitro, cyano, and a Cy_; haloalkyl;

(b} R’ is hydrogen, CHs, R™ or R*" and R? together are (CHy)s so as to form a
cyclic ring that includes the adjoining N and € atoms, C{OYCRR"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 (CHy), 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, wherecis 1106, dis0t02,¢i801t03,fis3to 5, nis 210 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,CH(CH,),, CH(CH;)CH,CH;, CH,Ph, CH,-
indoi-3-yl, -CH,CH8CH:, CHCOH, CHC(OYWH;, CHCH,CO0H,
CH,CH,C(O)NH,, CH,CH,CH,CH,NH,, -CH,CH,CH,NHC(NH)NH,, CH,-imidazol-4-
v1, CHOH, CHOH)CH:, CH((4'-OH)-Ph), CH,SH, or lower cycloalkyl; or (viti) R™ is
CH;, CH(CHa.),. CH,CH(CH;),, CH(CH;YCH,CH,, CH,Ph, CH,-indol-3-¥1, -
CHCH,SCH:, CHCOH, CHLC(OYNH,, CHCHCOOH, CHCHLC(O)NH,,
CH,CH,CH,CH NHy, ~CHCHCHNHC(NHINH,, CHo-imidazol-4-yl, CH,OH,
CH(OH)CH;, CH,((4'-OH)-Phy, CH,SH, or lower cycloalkyl and R™ is H;

(d) R ishydrogen, CH:, Et, Pr, "Pr, "Bu, 2-butyl, 'Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyi-aziridin-2-yl, N-mcthyl-azctidin-3-yl, N-
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methyl-pyrrolidin-3-yl, Nemethyl-pyrrolidin-4-yl, N-methyl-piperidin-4-yi, lower

haloalkyl, or di{lower alkyDamino-lower alkyl;

{) R’ is H, CN, CHs, OCHs, CH,0H, CHy(halo), such as CHyF, N;, CH,CON,
CHoN, CHoNH,, CHNHCH:, CHoN(CH:),, halogen, including F, ClL, Br,or I

() R%isH, CHs, CFLF, CHF,, CFy, F, or ON;
(2 Xis H, OH, F, OCH;, halogen, NH;, or N3

(h) Y is OH, H, CHs, vinyl, N3, CN, CL, Br, F, 1, OC(O)CH;, OCH;, NH,,
NHCH:, NH(viny1), NH(acetyl), NH{C(O)CH;), N(CHs)y, N(C(O)CH:)z;

(1 R’ and R® are independently H, F, C1, Br, |, OH, OCH;, SH, SCH;, NH;,
NHCH;z, N(CH;),, CH;, CHa X, where X is F, Cl, Br, or Land g is 1 to 3, vinyl, COH,
COLCH;, CONH,, CONHCHa3, or CON(CHa);.

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

represented by formula 1-3
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 CH,, OCH;, F, Cl, Br, §, aitro,

cyano, and a CHy X, where X is F, Cl, Br, or L, and g is 1-3;
(b} R’ is hydrogen or CHs;

(¢y  R™isHand R™is H, CHi, CH(CH:),, CH,CH(CH:),, CH(CHYCH,CH;,
CH,Ph, CH,-indol-3-yl, -CH,CH,SCH;, CH,CO,H, CH,C(0)NH,, CH,CH,COO0H,
CHOHCEOINH,, CHCHCHLCHNH,, -CH,CHCHONHC(NH)INH,, CHo-imidazol-4-
yi, CH,OH, CH{OH)CH,, CH,((4'-OH)-Ph), CH,8H, or lower cycloalkyi or R*is CHa,
CH(CH; ), CHCH{CH,),, CH{CH)CH,CH:, CH,Ph, CHo-indol-3-v1, -CH,CH,SCH,,
CH,COH, CHC(O)NH,, CH,CH,COOH, CHLCH,C(OINH,, CH,CH,CHCH NH,, -
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CH.CH,CH,NHC(NH)NH,, CHp-imidazol-4-yl, CH,OH, CH(OH)CH;, CH{((4'-OH)-
Phy, CH,SH, or lower cycloaikyl and R™ is H;

Gy R’ is hydrogen, CHs, Et, Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyi-aziridin-2-yl, N-mcthyl-azctidin-3-yl, N-
methyl-pyrrolidin-3-yl, Ne-methyl-pyrrohdin-4-yl, N-methyl-piperidin-4-yi, lower

haloalkyl, or di(lower alkylamino-lower alkyl;

() R’ is H, CN, CH;, OCH,, CHLOH, CHo(halo), such as CH,F, N3, CH,CN,
CH,N;, CHyNH,, CH;NHCH:, CHaN(CHg),, halogen, including ¥, Cl, Br,or §;

(f) R"is H, CHs, CH,F, CHF,, CFs, F, or CN;
(gy  XisH, OH, F, OCHa, NH,, or N;

(h) Y is OH, H, CHa, vinyl, N3, CN, CL, Br, F, 1, OC(O)CHa, OCHs, NH:,
NHCH., NH(vinyl), NH(acctyl), NH(C(OYCHy), N(CH:),, N(C(OYCHy),;

{1 R’ and R® are independently H, F, Cl, Br, {, OH, OCH;, SH, SCH;, NH,,
NHCH;, N(CHy),, CHa, CH3 X, where X is F, CL, Br, or Tand q is 1 to 3, vinyl, COzH,
CO,CH,, CONH,, CONHCH;, or CON{CHj;),;, wherein R' is a C, 9 alkyl, a Cip

cveloalkyl; a Cy-Cq alkenyl, a C-Cy alkynyl.

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

by formulia I-4
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wherein

{(a) R is hydrogen, methyl, ethyl, n-propyl, i-propyl, or a substituted or
unsubstituted phenyl, where the substitutent of the substituted phenyl is at Iecast one of a
CHs, OCH,, F, CL, By, L nitro, cyano, and 8 CHa X, where X is F, CL, Br, or I, and g is
1-3;

(b)  R’ishydrogen or CHy;

(¢ R™isHand R™is H, CHz, CH{CH:);, CH,CH(CHa),, CH(CH:)CH,CH;3,
CH;Ph, CHy-indol-3-y1, -CH.CH,SCH;, CHCOH, CHyC(OYNH,, CH.CHRCOOH,
CH,CH,C(O)NH,, CH,CH,CH,CH,;NH,, -CH,CH,CH,NHC(NH)NH;, CH,-imidazol-4-
yi, CH,OH, CH(OH)CH,, CH,{((4'-OH}-Ph)y, CH,8H, or lower cycloalkyl or R¥*is CH;,
CH(CHap, CHXCH(CH: }p, CH{CHCHCH,, CHoPh, CHo-indol-3-v1, ~-CHoCHLRSCH,,
CH,COH, CHC(OINH,, CH,CH,COOH, CH,CH,C(OWNH,, CH,CH,CH,CH;NH,, -
CHCH,CHoNHC(NH)NH,, CHy-imidazol-4-yl, CH,OH, CH{OH)CH;, CH((4'-OH)-
Ph), CH,SH, or lower cycloalkyl and R* is H;

{d} R’ is hydrogen, CHa, Et, Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-azividin-2-yl, N-methyl-azetidin-3-y1, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-y1, lower

haloalkyl, or diflower alkyiamino-lower alkyl;
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(G) RS 18 H, CN CH'; OCH%, CH]OH, CHIFH 3\3, CH;CN CHQ\I;, CH;NH:,
CHNHCH,, CHN{CH; ), halogen, including ¥, CI, Br, or I

(fy  R%isH, CHs;, CH,F, CHF,, CF,, F, or CN;
(g XisH, OH, F, OCH;,, CL, Br, I, NH», or N3;

(h) Y is OH, H, CH,, vinyl, N3, CN, CL, B, F, 1, OC(O)CH,, OCH;, NH,,
NHCHs, NH(viny}, NH(acetyl), NH(C(O)CH,), N(CHs ), N(C(OYCH:):;

(i R’ and R® arc independently H, F, C1, Br, I, OH, OCHa, SH, SCH:, NH.,
NHCH;, N(CHa), CHa, CH3.¢X,, where X is F, Cl, Br,or T and q is | to 3, vinyl, COzH,
CO,CHs, CONH,, CONHCHa3, or CON(CH.),, wherein R'is a Cy 59 alkyl; a Cip
cycloatkyl; a C-Cy alkenyl, a C;-Cs alkynyl,

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

by formula I-4
wherein

{(a) R! is hydrogen, methyl, ethyl, n-propyl, i-propyl, phenyl, p-tolyl, p-

bromo-pheoyl, p-chioro-phenyl, p-fluoropheuyl;
(b} R® is hydrogen or CHa;

(¢y  R™isHand R™is H, CHz, CH{CHy),, CHCH(CH,),, CH(CH3)CH,CH;,
CH,Ph, CHy-indol-3-yl, -CH,CH,SCH,, CH,C0,H, CH,C(O)NH,, CH,CH,COOH,
CH,CH,C(OINH,, CH,CH,CH,CH,NH,, -CH,CH,CH,NHC(NH)NH,, CH,-imidazol-4-
y1, CHOH, CHOHCH:, CH((4'-0H)-Ph), CH,8H, or lower cycloalkyl;

(dy  R%is hydrogen, CHa, Et, Pr, "Pr, "By, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyi-aziridin-2-yl, N-methyl-azctidin-3-yi, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-methyl-piperidin-4-vi, lower

haloalicyl, or di{lower alkyDamine-lower alkyl;

- 45 .

Gilead Exhibit 2021
PGR2023-00046 - Page 00161



10

20

(e} R” is H, CN, CHs, OCH,, CH,OH, CHF, halogen, including F, Cl, Br, or

(fy  R"isH, CHi;, CH,F, CHF,, CF3, F, or CN;
(g)  XisH, OH, F, OCH:, NH,, or N3;
(hy Y is OH, H, CHs, vinyl, NH,, N3, CN, Cl, Br, F, I, OC(0)CHaz, OCH;;

(i) R’ and R® are independently H, F, Cl, Br, [, OH, OCH;, SH, SCH:, NH,,
NHCH;, N(CH;);, CHa, CHy X, where Xis F, C1, Br, or T and g is 1 to 3, vinyl, COzH,
COzCHg, CONHg, CONrHCHg, ar CG\‘{CH;);, wherein R'is a Cl_g() aikyi; a Cx.go

cveloalkyl; a C-Co alkenyl, a C-Cs alkynyl.

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

represented by formula i-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 or CHa;

(¢)  R™isHand R* is H, CH:, CH(CH:)y, CH,CH{CHa),, CH(CH:)CH,CHs,

CH,Ph, or lower cycloalkyl;

{d) R is hydrogen, CH, Et, Pr, "Pr, "Bu, 2-butyl, 'Bu, benzyl, cyclopropyl,
cyclebutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yi, N-
methyl-pyrrolidin-3-yl, N-mcthyl-pyrrolidin-4-y1, N-methyl-pipcridin-4-yi, lower

haloalkyl, or di(lower alkyl)amino-lower alkyl;
(¢) R’ is H, OMe, CN, CHLF, F, C1, Br, or [;
(H) R is H, CHa, CH,F, CHF,, CFs, or F;

(g) XisH,OH, F, OCHs, F, CL Br, I, NHyor Na;
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(h) Y isH, OH, CHs, F, CL, Br, I, NH,or N3, OCH3, or OC(O)YCH;

(1) R’ and R® are imdependently H, F, Br, SCH;, CH:, CHi X, where X is F,
Cl, Br,orland q is 1 to 3, vinyl, CO,CH;, CONH,, CONHCH;, or CON(CH;),;

The cighth aspect of the second embodiment is directed to 8 compound

represenied by formula -4
wherein

8 R' is hydrogen, methyl, cthyl, n-propyl, i-propyl, phenyl, p-tolyl, p-
) }' = v £

bromo-phenyl, p-chloro-phenyl, p-fluorophenyl;
(b R’ is hydrogen;

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

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

haloalicyl, or diflower alkyDamino-lower alkyl;
(ey RisH;
H R®is H, CHs, CHLF, CHF,, CFy, or F
(gy XisH,OH, OCH;, F, NHyor N3;
(hy Y is OH, NH, OCH:, or OC(O)CH3;

(1) R’ and R" arc independently H, F, Br, SCH;, CH;, CH3 (X, where X is F,
Cl, Br,ortand qis 1 to 3, vinyl, CO,CH;, CONH,, CONHCH;, or COMN(CH:),.

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

by formula 1-4
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wherein

{a) R is hydrogen, methyl, phenyl, p-bromo-phenyl, p-chloro-phenyl, p-
fluorophenyl;

(b R’ is hydrogen;

()  R™isHand R® is H, CH,, CH(CH:),, CH,CH{CHa),, CH(CH:)CH,CH;,

CH,Ph, or lower cycloalkyl;

(@ R* is hydrogen, CHs, Et, 'Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl, eyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-vyi, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-y1, N-methyl-piperidin-4-yi, lower

haloalkyl, or di(lower alkyijaming-lower alkyl;
() R’ isH;
(H) R is H, CHs, CHLF, CHF,, CFs, or F,
{(gy  XisH,OH, OCH;, F, or N3
(hy Y is OH, OCH;, or OC(OYCH3;

(i) R and R”arc independently H, F, Br, SCH;, CHs, CH (X, where X is F,
Cl, Br,oriand qis 1 to 3, vinyl, CG,CH;, CONH,, CONHCH;, or CON(CH3;},.

A third embeodiment of the invention is directed to a compound represented by
formula § in which the base is a structure represented by formula ¢ above, wherein R R%
R R’gb, RORLRS XY, Z, R RY and R are defined in the Summary of the

Invention scetion 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

(2) R' is hydrogen, 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 Ci6 alkyl, Cog alkenyt, Cos alkynyl, Cis
alkoxy, F, Cl, Br, {, nitro, cyano, Ci_¢ haloalkyl, -N(Ry)za 1.6 acylamino, -NHSO,C 4
alkyl, -SON(R");, CORY, and -80,C s alkyl; (R' is independently hydrogen or alkyl,
which includes, but is not limited to, Ciap akkyl, Ciag abieyl, or Cig alkyl, R"is -OR' or -

NR)2);
(b} R is hydrogen or CHy;

{©) R* and R*® are (i) independently selected from hydrogen, C .y alkyl,
eycloalkyl, -(CHL)UNR MY, Cre hydroxyalkyl, -CH,SH, <(CH, S0 Me, -
(CH)sNHC(=NH)NH,, (1H-indol-3-yDymethyl, (1H-imidazol-4-yDymethyl, -
(CH)LCORY, aryl and aryl Cys alkyl, said aryl groups optionally substituted with a
group selected from hydroxyl, Cy alkyl, Cy.s alkoxy, halogen, nitro and cyano; (i) R™
and R™ both are Cy4 alkyl; (iil} R™ and R™ together are(CHy); so as to form a spire ring;
(iv) R™ is hydrogen and R™ and R’ together arc (CH,), so as to form a cyclic ring that
inctudes the adjoining N and C atoms {(v) R® is hydrogen and R™ and R? together are
{CHa), 50 as to form a cyclic ring that inclodes the adjoining N and C atoms, where ¢ is |

t06,dis0to 2, cis0to 3, fis 20 5, nis 2 to 4, and where R” is independently hydrogen
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or Ci6 alkyl and ¥ i5 -OR or ~N{ RSI);_); (vi) R* s H and RV is from H, CH,, CH,CH,,
CH(CHs)y, CH,CH(CH,),, CH(CH:)YCH,CH,, CH,Ph, CH,-indol-3-y1, -CH,CH,SCH;,
CHCOH, CHCONH, CHLCHLCOOH, CHCHC{OINH,, CHCHLCHCHNH,, -
CH,CH,CH,NHC(NH)NH,, CHy-imidazol-4-yl, CH,OH, CH{OH)CH,, CH{(4'-CH)-
Ph), CHLSH, or lower cycloalkyl; or (viil) R is OHs, -CHCH;, CH(CHz ),
CH,CH{CH;),, CH(CH;)CH,CH;, CH;Ph, CH,-indol-3-yl, -CH,CH,SCH;, CH,C(:H,
CHC(ONH,, CHCH,COO0H, CHYCHL,CONH,, CHCHCHCHONH,, -
CHYCH,CHNHCO(NHINH,, CHy-imidazol-4-vl, CH,O0H, 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., alkyl, C;.p alkyl, or C; s alkyl, RY s -
OR' or -N{R” }2);

(d) RYis hydrogen, Cia alkyl, Ciyp alkyl optionally substituted with a lower
alkyl, alkoxy or halogen, Cy.10 haloalkyl, Cs 10 cycloalkyl, cycloalkyl alkyl,
cycloheteroalkyl, aminoacyl, di(lower alkyhamino-lower alkyl, aryl, such as phenyl,

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

{) R’ is H, a lower alkyl, ON, vinyl, O-(lower alkyl), hydroxy! lower alkyl,
t.e., -(CH2),0OH, where pis | -6, including hydroxyl methy! {CH,OH), CH,F, N,
CH,CON, CHyNH,, CHNHCH;, CHLN(CHG),, alkyne (optionally substituted), or halogen,
including F, CL, Br, or §, with the provises that when X is OH, base s cytosine and R%is
H, R’ cannot be Nyand when X is OH, R%is CHy or CH,F and Bis a puring base, R’

cannot be H;
(H) R®is H, CHa, CHoF, CHE,, CFa, F, or ON;
{g) X isH, OH, F, OMe, halogen, NH,, or Nj;

{h) Y is OH, H, 4 alkyl, Cy 4 alkenyl, Coq alkyoyl, vinyl, N3, CN, Ci, Br, F,
I, NO,, OC(OO(C 4 alkyD), OC{OYO(C i alkyly, OCOYO0(Coy alkynyly, OC{OYG(Cou
alkenyl), OC; ) haloalkyl, O{aminoacyl), O{Cy 40 acyh), G{C 4 alkyly, O{Cys alkenyl),
S{Cyq acyl), S(C1q alkyl), S{Cyhq alkynyly, S{Chs alkenyl), SO{C 14 acyl), SO(C4 allyl),
SO(Cq.4 alkynyl), 8O(Ch alkenyl), 8OAC, 4 acyl), SO(C 4 alkyl), SOAC;4 alkynyl),

P

h

fon)
]

Gilead Exhibit 2021
PGR2023-00046 - Page 00166



N

NS

SO(Cy.a alkenyly, OS(0)(Ci4 acyl), OS(ON(Ci4 altkyl), OS{O(C.. alkenyl), NH,
NH(Cy 4 alkyl), NH(C; 4 alkenyl), NH(C, 4 alkynyly, NH(C; 4 acyD), N(Cy4 alkyl),, N(Cy.
1z acyly, wherein alkyl, allkynyl, alkeny! and vinyl are optionally substituied by Ns, CN,
one to three halogen (Cl, Br, F, 1), NG, C{OYO(C 4 alkyl), C{OYO(C s alkyhy, C{OYNC,
5 alkynyly, COOYCo 4 alkenyl), O(Cy 4 acyl), O{Cr . alkyl), O(C, 4 alkenyl), S{C; . acyl),
S(C 14 alkyD), 5(C,4 alkynyl}, S(Cy4 alkenyl), SO(Cy 4 acyl), SOG(Cy 4 alkyl), SO(Cy4
alkynyl), SO(Cy.4 alkenyl), SO2(C1.5 acyl), SOAC14 alkyl), SOHCy.4 alkynyl), SOHCoy
alkenyl), OS(0)(Ci.4 acyl), OS(OR{Ci4 alkyl), OS(0),{C,4 alkenyl), NH,, NH{C: 4
alkyly, NH(Co.4 alkenyly, NH{C,.4 alkyoyl), NH(C 14 acyl), N(Ci4 alkyly, N(Cig acylh;

(i)  R'"Yand R" are independently H, F, Cl, Br, I, OH, OR’, SH, SR', NH,,
NHR', NRY, lower alkyl of C,-Cs, halogenated (F, Cl, Br, ) lower alkyl of C-Cg, lower
alkenyl of C-Cs, halogenated (F, Cl, Br, D) lower alkenyl of C)-Cy, lower alkynyl of Cs-
Cs such as C=CH, halogenated (F, Cl, Br, 1) lower alkynyl of Co-Cy, lower atkoxy of €~
Cs, halogenated (F, Cl, Br, 1) lower alkoxy of Ci-Cq, COH, CO:R', CONH,, CONHR/,
CONR,, CH=CHCO,H, or CH=CHCO,R’, with the proviso that when R!“is OH and R"!

is not NHo:

wherein R' is an optiovally substituted alkyl , which includes, but is not hmited to,
an optionally substituted ;.0 alkyl, an optionally substituted Cy.0 alkyl, an optionally
substituted lower alkyl; an optionally substituted cycloalkyl; an optiovally substituted
alkynyl of C,-Cg, an optionally substituted lower alkenyl of C;-Cs, or optionally
substituted acyl, which includes but is not limited to C(O) alkyl, C(O)C 1.0 alkyl),
C{OYNC 0 alkvl), 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
n Zis N or CRY; 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, 1) lower alkyl of C-Co. lower alkenyl
of C,-Cs, halogenated (F, CL, Br, D) lower alkenyl of Co-Cy |, lower alkyoy! of C-Cg,

halogenated (F, Ci, Br, I} lower alkyny! of Co-Cq, lower alkoxy of C1-Cy, halogenated (F,
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Ci, Br, ) lower alkoxy of C-Cs, COH, COR', CONH,, CONHR', CONR",
CH=CHCO,;H, or CH=CHCO,R".

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

by formula -8
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 CHy;

(¢y  R™isHand R™is H, CHs, CH(CH:),, CH,CH(CH:),, CH(CH)CH,CH;,
CH,Ph, CHy-indol-3-yl, -CH,CH,SCH,, CH,CO,H, CH,C(OINH,, CH,CH,COOH,
CHCH C(OINH,, CHCHCHCHRNH,, -CHCH,CHONHC(NHINH,, CHo-imidazol-4-
vi, CH,OH, CH{OH)CH;, CH,({(4'-OH)-Ph), CH,8H, or lower cycloalkyl;

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

alkyDamino-lower alkyl;

©) R’ is H, CN, CHi, OCH;, CHLOH, CHLF, halogen, including F, Cl, Br, or
1, with the provisos that when X is OH, R® is CH; or CHLF, R’ cannot be H.

(f) R\‘J is H, CH,, CH,F, CHF,, CFy, F or CN;
(g)  XisH,OH,F, OCHs, C1, Br, [, NHy, or N3;
(hy Y is OH, H, CHa, vinyl, NHy N3, CN, Cl, Br, F, I, OC(O)CH;, OCHx;

()  R"and R are independently H, F, Br, I, OH, OR', NH,, NHR’, NRY,
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){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

i ZisNor CR"; and

R'? is an H, halogen (including ¥, CI, Br, 1), OR’, NH,, NHR', NR';, NO;, lower
alkyl of Cy-Ce, COR', CONH,, CONHR', CONR';, CH=CHCO;H, or CH=CHCO:R".

A third aspect of the third embodiment is directed to 2 compound represented by
formula §-3

wherein

(a} 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 CHa;

(¢)  R™isHand R is H, CHs, CH{CH:),, CH,CH(CH:),, CH(CH:)CH,CH;3,

CH:Ph, or lower cycloalkyl;

(dy  R%is hydrogen, CHa, Et, Pr, "Pr, "By, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyi-aziridin-2-yl, N-methyl-azctidin-3-yi, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-yl, N-mocthyl-piperidin-4-v1, lower

haloalicyl, or di{lower alkyDamine-lower alkyl;

(¢} R’ is H, CN, CH.F, F, Cl, Br, or I; with the proviso that X is OH, R%is
CH; or CHLF, R® cannot be H;

H R is H, CHa, CHyF, CHF,, CFs, or F;
(2) XisH, OH, F, OCH;, F, CL, Br, |, NH>or N3

(h) Y is H, OH, CH;, F, Cl, Br, I, NH, or N3, OCHj3, or OC(0)yCH;5;
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(iy  R'and R" are independently H, F, Br, 1, OH, OR', NH,, NHR', NRY,
CO,R, CONH;, CONHR', CONRY,, CH=CHCO;H, or CH=CHCO,R’, with the proviso
that when R is OH and R'! is not NHz;

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

to form a heterocycle comprising at least two carbon atoms; and
.. . - e 17
%) Z1isNor CRY; and

R“Zisan H, halogen (inchuding F, CL, Br, ), OR’, N, NHR', NR', NG, lower
alkyl of Ci-Cyq, COR', CONH,, CONHR', CONRY,, CH=CHCO,H, or CH=CHCO,R"

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

formmla §-58
wherein

{2) R is hydrogen, methyl, ethyl, n-propyl, i-propy!, phenyl, p-tolyl, p-

bromo-phenyl, p-chloro-phenyl, p-fluorophenyl;
(b} R* is hydrogen;

(¢y  R™isHand R™®is H, CH;, CH(CHz),, CH,CH(CHa),, CH(CH:)CH,CH;,

CH,Ph, or lower cycloalkyl;

() R is hydrogen, CHa, Et, Pr, "Pr, "Bu, 2-butyl, 'Bu, benzyl, eyclopropyl,
cyclebutyl, cyclopentyl, cyclohexyl, N-methyi-aziridin-2-yl, N-methyl-azetidin-3-yi, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrohdin-4-yl, N-methyl-piperidin-4-yi, lower

haloalkyl, or di{lower alkyDamino-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, CHs;, CH,F, CHF,, CF;, or F;
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(g)  XisH, OH, OCH:, F, NHyor Ni;
(h) Y is OH, NHa, OCHs, or OC(O)YCHa;

() R'and R" are independently H, ¥, Br, I, OH, OR', NH,, NHR', NRY,
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{M(lower alkyl) or
alternatively, inn the instance of NR',, cach R’ comprise at least one C atom that are joined

to form a heterocycle comprising at least two carbon atoms; and
. . —)
D ZisNor CRY; and

R is an H, halogen {(including F, CL, Br, I), OR/, NH,, NHR', NR';, NO,, lower
alkyl of C1-Ce, COR', 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 -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, CH:, CH(CH:)y, CH,CH{CHa),, CH(CH:)CH,CHs,

CH,Ph, or lower cycloalkyl;

{d) R* is hydrogen, CHs, Et, Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclebutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yi, N-
methyl-pyrrolidin-3-yl, N-mcthyl-pyrrolidin-4-y1, N-methyl-pipcridin-4-yi, lower

haloalkyl, or di(lower alkyl)amino-lower alkyl;
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(e} R is H, with the provisos that when X 15 OH, R is CH; or CH.F, R®

cannot be H;
(i  RYisH, CH:, CH,F, CHF,, CFs, or F;
(g)  XisH, OH, OCHs, F, NH, or Ni;
(hy Y is OH, NH,, OCHa, or OC(O)YCHy;

(i) R'% and R are independently H, F, Br, I, OH, OR', NH,, NHR’, NR",
CO,R', CONH,, CONHR', CONR';, CH=CHCO,H, or CH=CHCQO,R/, with thc 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
) Zis N or CRY; and

R¥isanH, halogen (including F, CI, Br, I}, OR’, NH,, NHR', NR';, NGO, lower
alkyl of C-Cq, CO,R', CONH,, CONHR', CONR',, CH=CHCO,H, or CH=CHCGO,R".

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

formula §-5
wherein

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

bromo-phenyl, p-chloro-phenyl, p-fluorophenyi;
(b} R” is hydrogen or CHs;

(¢y  R™isHand R™is H, CHs, CH(CHz), CHCH(CH:),, CH(CH3)CH,CH:,
CH,Ph, CHy-indol-3-yl, -CH,CH,3CH,, CHCO,H, CH,C(O)NH,, CH,.CH,COOH,
CHCH, COONH,, CHCH,CHCHNH,, -CHCHCHoNHC(NHINH,, CH-imidazol-4-
yl, CH,OH, CH{OH)YCH:, CH,{(4'-OH)-Ph), CH.8H, 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-methyi-aziridin-2-yl, N-methyl-azetidin-3-y1, N-
methy-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-vl, N-methyl-piperidin-d-vi, lower

haloalkyl, or diflower alkyDamino-lower alkyl;

(©) R® is H, CN, CHs, OCH;, CH,OH, CHF, halogen, mcluding F, Cl, Br, or

1, with the provisos that when X is OH, R%is CH; or CH,F, R’ cannot be I,
(H R”is H, CH., CH,F, CHE,, CFs, F, or CN;
{(gy XisH,OH,F, OCH,, 1, Br, T, NH,, or N3
(hy Y is OH, H, CHs, vinyl, NHy, N3, CN, Cl, Br, F, I, OC(O)YCH;, OCHg;

()  RYisNH,and R'is H, 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 cyeloalkyl, or C{O¥lower alkyl) or
alternatively, in the instance of WNR',, cach R’ comprise at least one C atom that are joined

to form a heterocycle comprising at least two carbon atoms; and
M Zis Nor CR'; and

R*? s an H, halogen (including F, C1, Br, 1), OR', NH,, NHR’, NR%, NG;, lower
alkyl of Cy-Ce, COR, CONH,, CONHR', CONR';, CH=CHCO,H, or CH=CHC(:R".

A seventh aspect of the third embediment is directed to a compound represented

by formula I-5
wherein

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

Gy R’ is hydrogen, CHs, Et, Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyi-aziridin-2-yl, N-mcthyl-azctidin-3-yl, N-
methyl-pyrrolidin-3-yl, Ne-methyl-pyrrohdin-4-yl, N-methyl-piperidin-4-yi, lower

haloalkyl, or di(lower alkylamino-lower alkyl;

{¢) R’ is H, CN, CH,F, F, Cl, Br, or I; with the proviso that X is OH, R® s
CH; or CH,F, R® cannot be H;

()  RisH, CH;, CHLF, CHF,, CFs, ot F;
(g} XisH OH F, OCH; F, Cl HBr, |, NHyor N,
(hy  YisH, OH, CHa F, CL Br, I, NHyor Na, OCHs, or OC(O)CH3;

()  RYisNH,and R is H, 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 cycloalkyl, or C(O){lower alkyl) or
alternatively, in the instance of NR',, cach R coraprise at least one C atom that are joined

to form a heterocycle comprising at feast two carbon atoms; and
0 ZisNor CR"; and

R'“isanH, halogen (inchuding ¥, CL, Br, ), OR’, NH,, NHR', NRY,, NO;, lower
alkyl of Cy-Cq, COR', CONH,, CONHR', CONR',, CH=CHCQO,H, or CH=CHCO,;R".

Ax cighth aspect of the third embodiment is dirceted to a compound represented

by formula -8
wherein

{(a) R is hydrogen, methyl, ethyl, n-propyl, i-propyl, phenyl, p-toiyl, p-

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

P

n

o
]

Gilead Exhibit 2021
PGR2023-00046 - Page 00174



20

(by  R’is hydrogen;

(€)  R™is Hand R* is H, CHs, CH(CH;),, CH,CH{CHa),, CH(CH:)CH,CH;,
CH,Ph, or lower cycloalkyl;

(d) RYis hydrogen, CH:, Et, Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopeniyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yl, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrolidin-4-y1, N-methyl-piperidin-4-yi, lower
haloalkyl;

{) R is H, with the provisos that when X is OH, R®is CHs or CH.F, R’

cannot be H;
(i RYis H, CH., CHF, CHE,, CFs, or F;
(g} XisH, OH, OCH;, F, NHyor Ni;
(hy Y is OH, NH,, OCHs, or OC(OYCH:;

(i)  RYisNHyand R'is H, F, Br, 1, OH, OR’, NH,, NHR', NR',, C(LR),
CONH,, CONHR', CONR",, CH=CHCOQ,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
) Zis N or CR'%; and

R'“1{san H, halogen (inchuding F, Cl, Br, 1), OR’, NH,, NHR', NR';, NO;, lower
alkyl of Cy-Cq, COR', CONH,, CONHR', CONR',, CH=CHCO,H, or CH=CHCO:R".

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

formula -5

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

(b}  R?is hydrogen;

(¢y  R™isHand R™is H, CH:, CH(CH:),, CH,CH(CH.),, CH(CH;)CH,CH;,

CH,Ph, or lower cycloalkyl;

(d) R* is hydrogen, CHs, EBt, 'Pr, "Pr, "Bu, 2-butyl, 'Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yi, N-
methyl-pyrrolidin-3-vl, or N-methyl-pyrolidin-4-yt, lower haloallyl, or diflower

alkyDamino-lower alkyl;

() R’ is H, with the provisos that when X is OH, R%is CH; or CH.F, R®

cannot be H;
(fy  RisH, CH,;, CHF, CHF,, CF;, or F;
{g} Xis H, OH, OCH;, F, NH; or N3;
(hy Y is OH, NH;, OCH;, or OC({O)YCHz;

()  RYisNHyand 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 {east one C atom that are joined

to form a heterocycle comprising at least two carbon atoms; and
0 ZisNor CR"; and
R*“isan H, halogen (inchuding F, CL, Br, 1), OR’, NH,, NHR', NRY, NO;, lower

alkyl of C1-Cq, COR’, CONH,, CONHR', CONR',, CH=CHCO:H, or CH=CHCO,R".

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

formula -6
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wherein

(2) R' is hydrogen, 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 ovne of Ci6 alkyl, Cog alkenyl, Cog alkvoyl, Cig
alkoxy, F, C1, Br, {, nitro, cyano, Ci haloalkyl, ~N(Ri‘)z, 15 acylamino, ~-NHSO,C ¢
alkyl, -SON(R");, CORY, and -80,C s alkyl; (R' is independently hydrogen or alkyl,
which includes, but is not limited to, Cia9 akkyl, Cip alieyl, or Ci alkyl, R" is -OR' or -

NR )
(b} R* is hydrogen or CHy;

{©) R* and R*® are (i) independently selected from hydrogen, C .y alkyl,
eycloalkyl, -(CHL)(NR Y, Crp hydroxyalkyl, -CH,SH, <(CH, LSO Me, -
{CH,):NHC(=NH)NH,, (1H-indel-3-yDmethyl, (1H-imidazol-4-yl)methyl, -
(CHLCORY, aryl and aryl C.a alkyl, said aryl groups optionally substituted with a
group selected from hydroxyl, Cy alkyl, Cy.s alkoxy, halogen, nitro and cyano; (i) R™
and R™ both are €y alkyl; (iil} R™ and R™ together are(CH,); so as to form a spire 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), 50 as to form a cyclic ring that inclodes the adjoining N and C atoms, where ¢ is |

t06,dis0to 2, cis0to 3, fis 20 5, nis 2 to 4, and where R” is independently hydrogen
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or C g alkyl and R™ is -OR' or ~-N{R”),); (v} R™ is H and R™ is H, CH:, CH,CH;,
CH(CHs)y, CH,CH(CH,),, CH(CH:)YCH,CH,, CH,Ph, CH,-indol-3-y1, -CH,CH,SCH;,
CHCOH, CHCONH, CHLCHLCOOH, CHCHC{OINH,, CHCHLCHCHNH,, -
CH,CH,CH,NHC(NH)NH,, CHy-imidazol-4-yl, CH,OH, CH{OH)CH,, CH{(4'-CH)-
Ph), CHLSH, or lower cycloalkyl; or (viil) R is OHs, -CHCH;, CH(CHz ),
CH,CH{CH;),, CH(CH;)CH,CH;, CH;Ph, CH,-indol-3-yl, -CH,CH,SCH;, CH,C(:H,
CHC(OYNH,, CHCHCOOH, CHyCHLC(O)NH,, CHCHCHCHONH,, -
CHYCH,CHNHCO(NHINH,, CHy-imidazol-4-vl, CH,O0H, 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., alkyl, C;.p alkyl, or C; s alkyl, RY s -
OR' or -N{R” }2);

(d) RYis hydrogen, Cia alkyl, Ciyp alkyl optionally substituted with a lower
alkyl, alkoxy or halogen, Cy.10 haloalkyl, Cs 10 cycloalkyl, cycloalkyl alkyl,
cycloheteroalkyl, aminoacyl, di(lower alkyhamino-lower alkyl, aryl, such as phenyl,

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

{) R’ is H, a lower alkyl, ON, vinyl, O-(lower alkyl), hydroxy! lower alkyl,
t.e., -(CH2),0OH, where pis | -6, including hydroxyl methy! {CH,OH), CH,F, N,
CH,CON, CHyNH,, CHNHCH;, CHLN(CHG),, alkyne (optionally substituted), or halogen,
including F, CL, Br, or §, with the provises that when X is OH, base s cytosine and R%is
H, R’ cannot be Nyand when X is OH, R%is CHy or CH,F and Bis a puring base, R’

cannot be H;
(H) R is 1, CHa, CHLF, CHE,, CFs, T, or ON;
{g} Xis H, OH, F, OMe, CL, Br, I, NH,, or Na;

{h) Y is OH, H, 4 alkyl, Cy 4 alkenyl, Coq alkyoyl, vinyl, N3, CN, Ci, Br, F,
I, NO,, OC(OO(C 4 alkyD), OC{OYO(C i alkyly, OCOYO0(Coy alkynyly, OC{OYG(Cou
alkenyl), OC; ) haloalkyl, O{aminoacyl), O{Cy 40 acyh), G{C 4 alkyly, O{Cys alkenyl),
S{Cyq acyl), S(C1q alkyl), S{Cyhq alkynyly, S{Chs alkenyl), SO{C 14 acyl), SO(C4 allyl),
SO(Cq.4 alkynyl), 8O(Ch alkenyl), 8OAC, 4 acyl), SO(C 4 alkyl), SOAC;4 alkynyl),
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SO(Cy.a alkenyly, OS(0)(Ci4 acyl), OS(ON(Ci4 altkyl), OS{O(C.. alkenyl), NH,
NH(Cy 4 alkyl), NH(C; 4 alkenyl), NH(C, 4 alkynyly, NH(C; 4 acyD), N(Cy4 alkyl),, N(Cy.
1z acyly, wherein alkyl, allkynyl, alkeny! and vinyl are optionally substituied by Ns, CN,
onc to three halogen (Cl, By, F, 1), NO,, C{OYO(C 4 alkyl), CIOYO(Cr4 alkyly, C{OYO(C,.
5 alkynyly, COOYCo 4 alkenyl), O(Cy 4 acyl), O{Cr . alkyl), O(C, 4 alkenyl), S{C; . acyl),
S(C 14 alkyD), 5(C,4 alkynyl}, S(Cy4 alkenyl), SO(Cy 4 acyl), SOG(Cy 4 alkyl), SO(Cy4
alleynyl), SO(C,4 alkenyl), S0:(C 14 acyl), SGH{Chq alkyl), SOAC,4 alkynylh), SG{Coy
alkenyl), OS(0)(Ci.4 acyl), OS(OR{Ci4 alkyl), OS(0),{C,4 alkenyl), NH,, NH{C: 4
alkyly, NH(Co.4 alkenyly, NH{C,.4 alkyoyl), NH(C 14 acyl), N(Ci4 alkyly, N(Cig acylh;

(i) R'Yand R" are independently H, F, Br, I, OH, OR', NH,, NHR', NR",,
COLR', 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' s a lower alkyl, a lower cycloalkyl, or C{O){lower alkyl) ar
alternatively, in the instance of NR',, each R’ comprise at least one C atom that are joined

to form a heterocycele comprising at least two carbon atoms; and
(3 ZisNor CR™; and

R“{san H, halogen (inchuding F, Cl, Br, 1), OR’, NH,, NHR', NR';, NO,, lower
alkyl of C;-Ce, COLR', CONH,, CONHR', CONR',, CH=CHCO,H, or CH=CHCO,R".

An ¢leventh aspect of the third emabodiment is directed to a coropound represented

by formula I-6
wherein

(a R' is hydrogen, methyl, ethyl, n-propyl, i-propyl, phenyl, p-tolyl, p-
( yaroeg Y

bromo-phenyl, p-chioro-phenyl, p-fluorophenyl;

{b) R* is hydrogen or CH;;

()  R™isHand R™is H, CHs, CH(CH:),, CH,CH(CHa ), CH(CH;)CH,CHs,
CH,Ph, CHy-ndol-3-yl, -CHCH,SCH;, CHCOH, CHC(O)NH,, CHCH,COOH,

-63 -

Gilead Exhibit 2021
PGR2023-00046 - Page 00179



L

CHWCHICizO)NHQ, C:HQCH})CH?_CH}NHE, -CH]CHICHQNHC(NH}NHg, CH;z-imidaZOE-4-
vi, CH,OH, CH{OH)CH;, CH,((4'-0OH)-Ph), CH,5H, or lower cycloallyl;

Gy R’ is hydrogen, CHs, Et, Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, N-methyi-aziridin-2-yl, N-mcthyl-azctidin-3-yl, N-
methyl-pyrrolidin-3-yl, Ne-methyl-pyrrohdin-4-yl, N-methyl-piperidin-4-yi, lower

haloalkyl, or di(lower alkylamino-lower alkyl;

{¢) R’ is H, CN, CH;, OCH;, CHOH, CH.F, halogen, incloding F, CL, Br, or
1, with the provisos that when X is OH, R%is CH; or CH,F, R’ cannot be H;

()  RisH, CHs, CHLF, CHE,, CFs, F, or ON;
(g} Xis H, OH, F, OCH;, CL, Br, I, NH;, or IN5;
(h) Y is OH, H, CHa, vinyl, NHy, Na, CN, CL, Br, F, 1, OC(0)CH;, OCHz;

()  R"and R arc 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 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

n Zis N or CRY; and

R is an H, halogen (including F, CL, Br, 1), OR/, NH,, NHR', NR',, NO,, lower
alkyl of C1-Ce, COR’, CONH,, CONHR', CONR',, CH=CHCOH, or CH=CHC{,R".

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

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

bromo-phenyl, p-chioro-phenyl, p-fluorophenyl;
(b} R’ is hydrogen or CHj;

(¢y R™isHand R™is H, CH;, CH(CH,),, CH,CH(CH,),, CH(CH:)CH,CH;,

CH,Ph, or lower cycloalkyl;

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

haloalkyl, or di{lower alkyyamino-lower alkyl;

() R’ is H, CN, CH,F, F, CL, Br, or {, with the provisos that when X is GH,
RS is CH; or CH,F, R cannot be H;

(fy  RisH, CH,;, CHF, CHF,, CF;, or F;
{g} XisH, OH, F, OCH;, F, Cl, Br, I, NH; or N3,
(h) Yis H, OH, CHa, F, Cl, Br, I, NH; or N3, OCHa, or GC(O)CHs;

(iy  R'"and R' arc independently H, F, Br, 1, OH, OR', NH;, NHR', NR",,
COLR', CONHa, 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 cyclgalkyl, or C{ON(lower alkyl) or
alternatively, in the instance of NR',, each R’ comprise at Ieast one C atorn that are joined

to form a heterocyele comprising at least two carbon atoms; and
(N ZisNor (:le,_z; and

R¥isaH, halpgen {(including F, C1, Br, 13, OR’, NH,, NHR', NR';, NO;, lower
alkyl of C-Cs, CO,R', 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

{2) R is hydrogen, methyl, ethyl, n-propyl, i-propy!, phenyl, p-tolyl, p-

bromo-phenyl, p-chloro-phenyl, p-fluorophenyl;
(b} R* is hydrogen;

(¢y  R™isHand R™®is H, CH;, CH(CHz),, CH,CH(CHa),, CH(CH:)CH,CH;,

CH,Ph, or lower cycloalkyl;

() R is hydrogen, CHa, Et, Pr, "Pr, "Bu, 2-butyl, 'Bu, benzyl, eyclopropyl,
cyclebutyl, cyclopentyl, cyclohexyl, N-methyi-aziridin-2-yl, N-methyl-azetidin-3-yi, N-
methyl-pyrrolidin-3-yl, N-methyl-pyrrohdin-4-yl, N-methyl-piperidin-4-yi, lower

haloaltkyl, or di(lower alkyllamino-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;, CILF, CHF,, CFs, or F;
(g} X is H, OH, OCH;, F, NH; or N3
{h) Y is OH, NH,, OCH3, or OC(OYCHs;

(i)  R"andR' arc independently H, F, Br, I, OH, OR', NH,, NHR, NRY,
CO,R, CONH;, CONHR', CONRY,, 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 eycloalkyl, or C{O{(lower alkyl) or
aliernatively, in the instance of NR'y, cach R’ comprise at least one C atom that are joined

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

1 Zis N or CRY; and
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R is an H, halogen (including F, C1, 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 fourteenth aspect of the third embodiment is directed to a compound

represented by formula I-6
wherein

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

fluorophenyl;
(b) R? is hydrogen;

(¢y  R™isHand R™is H, CHs, CH(CH:),, CH,CH(CH:),, CH(CH)CH,CH;,

CH,Ph, or lower cycloalkyl;

(d) R’ is hydrogen, CHa, Et, 'Pr, "Pr, "Bu, 2-butyl, ‘Bu, benzyl, cyclopropyl,
cyclobutyl, cyclopeutyl, cyclohexyl, N-methyl-aziridin-2-yl, N-methyl-azetidin-3-yi, N-
methyl-pyrrolidin-3-yl, Nemethyl-pyrrolidin-4-yl, N-methyl-piperidin-4-vi, lower

haloalkyl, or diflower alkyDamino-lower alkyl;

e R is H, with the provisos that when X is OH, R%is CH; or CHLF, R°
3 p

cannot be H;
()  ROisH, CHa, CHyF, CHF,, CFs, or F;
(2) Xis H, OH, OCH;, F, NH; or N3;
(h) Y is OH, NH,, OCHa, or OC(O)CH;

(iy  R'and R" arc independently H, F, Br, 1, 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){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
i ZisNor CR"; and

R'? is an H, halogen (including ¥, CI, Br, 1), OR’, NH,, NHR', NR';, NO;, lower
alkyl of C;-Cs, COsR', CONH,, CONHR', CONR';, CH=CHCOQ,H, or CH=CHCO,R’".

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

by formuia I-6
wherein

{(a) R is hydrogen, n-alkyl; branched alkyl: cycloalkyl; or aryl, which
includes, but is not limited to, pheny! or naphthyl, where phenyl or naphihiyl are
optionally substituted with at least one of C i alkyl, Cog alkenyl, Cop alkynyl, Ci
alkoxy, F, Cl, Br, 1, nitro, cyano, (1 ¢ haloalkyl, -N(R]")Q, €15 acylaming, -NHSLC ¢
alkyl, ~SO,N(R" ), CORY, and -S0,C 16 alkyl; (R' is independently hydrogen or alkyl,
which includes, but is not limited to, £ alkyi, Cy.g alleyl, or T alkyl, R is -OR or -
NER);

(by R’ is hydrogen or CH;;

() R** and R* are (i) independently selected from hydrogen, Cy.19 alkyl,
eyeloalkyl, (CH)ANR Y, Crg hydroxyalkyl, -CH,SH, <(CH,),S(03Me, -
{CHL ) NHC(ENHNH,, (1H-indol-3-yDimethyl, (1H-imidazol-4-yimethyl, -
(CH,)COR™, aryl and aryl C s alkyl, said aryl groups optionally substituted with a
group selected from hydroxyl, Ciie alkyl, Cis alkoxy, halogen, nitro and cyano; (i) R®
and R* both are C,, alkyl; (iii} ™ and R™ together arc{CH,); so as to form a spire ring;
{iv) R™ is hydrogen and R*® and R? together are (CH.), so as to form a cyelic ring that
inchudes the adjoining N and C atoms (v} R™ is hydrogen and R™ and R” together arc
{CHy), so as to form a cyclic ring that includes the adjoining N and C atoms, where c is |

t06,dis0to2,¢cis0to 3, fis2to 5, nis 2 to 4, and where R is independently hydrogen
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