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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
BEFORE THE TRADEMARK TRIAL AND APPEAL BOARD

TAURX THERAPEUTICS LTD. ,

Opposer,
V. Opposition No. 91221124
Application Serial No. 86/155,839 and
86/155,840
TAIRX, INC. , Mark: TAIRX and Design

Applicant. (\
TaiRx

APPLICANT'S RESPONSE TO OPPOSER’S MOTION FOR SUMMARY JUDGMENT
AND COUNTERMOTION FOR SUMMARY JUDGMENT

l. Introduction
Applicant TaiRx, Inc. (“Applicant”) hereby submits this response to Opposer’s Motion
for Summary Judgment on Claim of Applicant’s Lack of Bona Fide Intent to Use the TAIRX and
Design Mark (“Motion for Summary Judgment”) submitted by TauRx Therapeutics Ltd.
(“Opposer”). In addition, Applicant hereby submits its counter-motion for summary judgment
and asks that Opposer’'s Amended Notice of Opposition be dismissed with prejudice.
Il. Standard
A motion for summary judgment is a pretrial device intended to save the time and
expense of a full trial when the moving party is able to demonstrate, prior to trial, thas there
genuine dispute of material fact, and that it is entitled to judgmentater of lawSeeFed. R.
Civ. P. 56(a)Celotex Corp. v. Catretd77 U.S. 317 (1986Ppryland USA Inc. v. Great

American Music Show In®970 F.2d 847, 23 USPQ2d 1471 (Fed. Cir. 1992);Smelats



Fashions Inc. v. Pannill Knitting Co. In@B33 F.2d 1560, 4 USPQ2d 1793 (Fed. Cir. 1987). The
evidence must be viewed in a light most favorable to the non-moving party, and all reasonable
inferences are to be drawn in the non-movant's faloyd’s Food Products, Inc. v. Eli’'s, Inc
987 F.2d 766, 25 USPQ2d 2027, 2029 (Fed. Cir. 199@8)yland USA, supralhat each party
has requested entry of judgment in its favor does not dictate a finding that there is no genuine
dispute of material fact and that entry of summary judgment is warrdsmectrsity Book tre
v. University of Wisconsin Board of Rege®3 USPQ2d 1385, 1389 (TTAB 1994). Only if
there are no disputes of fact to be decided will a determination be made ashiartyds
entitled to prevail under the applicable law.
1. Argument
Opposer’s Motion for Summary Judgment should be denied because there is a dispute of

material fact. Opposer claims that there is no evidence supporting Applicant’s boiméefnd ¢o
use the mark. Applicant disputes this claim and argues that the documentaryeepideluced
supports its claim of bona fide intent to use its mark in commerce. Therefore, thgenisrese
dispute of material fact regarding Applicant’s intent to use the mark such that Opposeois Moti
for Summary Judgment should be denied.

A. TaiRx Has Produced Documentary Evidence of Its Bona Fide Intent to Use

the Mark
Opposer has the initial burden of demonstrating by a preponderance of the evidence that

applicant lacked on the filing date of the application, or now lacks, a bonda fide intenthe use
mark on the identified goods. “The determination of whether applicant has a bona fide intent to
use the mark in commerce is to be a fair, objective determination based on all the

circumstances.Lane Ltd. v. Jackson Int'| Trading C&3 USPQ2d 1351, 1355 (TTAB 1994).



“Absent other facts which adequately explain or outweigh the failure of an applicant to have any
documents supportive of or bearing upon its claimed intent to use its mark in coptimerce
absence of any documentary evidence on the part of an applicant regarding such intent is
sufficient to prove that the applicant lacks a bonda fide intention to use its mark ireczsran

required by Section 1(b)Commodore Electronics Ltd. v. CBM Kabushiki Kajsb& USPQ2d

1503, 1507 (TTAB 1993) (emphasis added). C\

Applicant has filed for the mark TAIRX (with design Tal R}{ in U.S.
Application Serial No. 86/155,839 for “Agricultural biopesticides; Biological preparations for
the treatment of tumors and cancers; Chemical preparations for pharmaceuticakcat medi
purposes, namely, for treatment of tumors and cancers; Chemical preparations for sanitary use;
Clinical medical reagents; Diagnostic preparations for medical purposes; Diagmeptcations
for medical purposes for detecting the presence of malignant, inflammatory and autoimmune
disorders and conditions and tissue trauma in humans; Dietary and nutritional supplements;
Dietary food supplements; Dietary supplements; Dietetic foods, namely, pasters, rice and
bread adapted for medical use; Food supplements; Food supplements for humans, teenagers, and
dogs, and food supplements for treating nausea and treating fatigue; Health food supplements;
Herbal supplements; Medicinal herbal preparations; Medicinal herbs; Natural herb

supplements; Nutritional supplements; Pharmaceutical preparations for animearskVitamin

supplements” in Class 5.
Applicant has filed for the mark TAIRX (with design Tal RK in U.S.
Application Serial No. 86/155,840 for “Bacteriological research; Biological research; Chemical

analysis; Chemical research; Conducting clinical trials for others; Consulting senvitiee field

of industrial engineering; Cosmetics research; Food safety testing and consultatidn relate



thereto; Laboratory research services relating to pharmaceultedgcal laboratory services;
Pharmaceutical research and development; Product quality testing; Product research and
development; Providing medical testing services and information in the field of careaaches
and disease classification; Quality cohfar others; Rental of laboratory apparatus and
instruments; Research and development of new products; Research and development of new
products for others” in Class 42.
Applicanthas produced the following evidence illustrating its intention to use the mark:
x Exhibit A is thecompany profile of TaiRx, Indén the Taiwan Researdiased
Biopharmaceutical Manufacturers Association. The webpage shows the TAIRX
design mark and states that “TaiRx, Inc., founded in 2011, is a new biotechnology
company, focusing on the development of novel drug products in treating severe
diseases such as cancer and sepsis...The current new drugs under development
include TRX818, TRX-306, and TRX-606.” Exhibit A is in English and is
accessible in the U.S.
x Exhibit B is U.S. Patent No. 8,524,740 for “Synthesis and Anticancer Activity of
Aryl and HeteroarylQuinolen Derivatives.” This patent is owned by TaiRx, Inc.
This patent grant8pplicanta legal monopoly to make and distribute the
anticancepharmaceutical compound disclosed araincéd in the patent in the
U.S. The pharmaceutical compound protected by Applicant’'s patent covers the
goods described in Class 5.
x Exhibit C is shows a portion of the BIO 2016 Sample Attendee [ilsé list

includes the Senior Vice President and Project Manager of TaiRx, Inc. This



exhibit shows that Applicant made plans to attend a conference in the U.S. to
promote its goods and services.

Exhibit D is an invoice to TaiRX, Inc. dated September 9, 2014 fo2014r the BIO-
Europe conference. The exhibit shows that Applicant has begun promoting its
goods and services under its mark outside of the U.S.

Exhibit E is a cey of the BIO-Europe 2015 website with information concerning
TaiRx, Inc. The website states that “TaiRX, Inc., founded in 2011, is a new drug
development company focusing on the development of novel drug products in
treating severe diseases.”

Exhibit F is a cepy of anemail registration confirmation of Yi-Wen Chu, the
Senior Vice President of TaiRx, Inc., to attend the American Association for
Cancer RRsearch Annual Meeting 2015 in Philadelphia, PA. This exhibit
illustrates that Applicant has visited the U.S. to promote the sale distribution of its
goods and services in commerce.

Exhibit G is a cy of clinicaltrials.gov regarding the Safety and Phaohkenetic
Study of TRX-818 in Asian Solid Tumor Patients Sponsored by TaiRxTns.
exhibit illustrates that Applicant has begun the process of developing
pharmaceuticals and other products in Class 5 to sell in the U.S.

Exhibit H is a cqy of “Tumor Cel Vascular Mimicry: Novel Targeting
Opportunity in Melanoma” by Mary J.C. Hendrix, Elisabeth A. Seftor, Richard
E.B. Seftor, Jun-Tzu Chao, Du-Sheing Chein, and Yi-Wen Chu, published in
Pharmacology & TherapeuticSome of the authors of the article aranirthe

hospitals and a university in Chicago, IL. See p. 454 article describes the



study of the use Applicant's CVNI118 in anticancer research. As the article
states, “DuShieng Chien, Yi-Wen Chu, and Jun-Tzu Chao are employees of
TaiRXx, Inc., where ¥M-1118 is currently under development.” See p. 461. The
article further acknowledges that “The research findings presented in this review
were funded in party by: NIH/NCI grants R37 CA56702, TaiRx, Inc., research
contract, and a gift from the Robert Kriss Family.” See. p. 461. This exhibit
shows that Applicant spent money on a research project for a pharmaceutical
product which was partially performed in the U.S.

x Exhibit| is the article “Tumors have Found a Bloody New Way to Grow and
Spread” by Mitch Lest and published by the American Association for the
Advancement of Science on www.sciencemag.dlg article describes how “Yi
Wen Shu, TaiRx’s senior vice president, sent the drug [CVM-1118] to [Mary]
Hendrix...to determine whether it would halt vasculogenic mimricy.” See p. 468.
Mary Hendrix is a cancer biologist at “the University of lowa Cancer Center in
lowa City.” See pp. 464-465. This exhibit shows that Applicant has sent a
pharmaceutical drug to a research center located in the U.S.

x Exhibit Jis a @py of Clinical Trial pipeline information for products of TaiRx,

Inc. This exhibit shows that Applicant has started the process bringing
pharmaceutical products in Class 5 to market under the TAIRX mark.
These exhibits are sufficient to show that Applicant has a bona fide intention to osrkha
commerce in the U.S. in Class 5 and Class 42 for the goods and services listed in Applicant’s

applications.



Opposer is arguing that Applicant has no documents evidencing Apigatetit to use
its mark incommerce. Applicant asserts that the documents produced are sufficient to display it
intent to use its mark in commerce. However, even if the exhibits do not illustraterstromto
use the mark in commerce there are sufficient other facts to explain or outweigh a lack of
documentationSeeCommodore Electronics Ltcsupra Applicant has an intent to use its mark
in connection with pharmaceutical preparations and supplements under Class 5. Appliaant has
intent to use its mark with offering services under Class 42 which includes conducting clinical
trials. For potential cstomers to trust Applicant, a customer would want to know that Applicant
has completed the clinical trial process first. The drug development and approvas pnocgsh
IS not a quick, easy, or inexpensive process. Instead, the process can last upivhyesa.
See Exhibit K. The cost of the process can also run upwards of $86.5 million. See Exhibit K.
Thus, given the long time and expense that it takes to go through the drug development process,
there is sufficient explanation for supposed lack of documentation illustrating Applicant’s bona
fide intent. Applicant’s drug TRX-818 capsules are currently in Phase 1. See Exhibit G. There
are potentially still almost six years of time for this product to go through Phase 2 and Phase 3.
After that, there mape another two years before Applicant’s product is approved to be sold in
the U.S. This amount of time before Applicant is even allowed to sell its product in coeime
the U.S. is sufficient to explain any alleged lack of documentation supporting Applicant’s bona
fide intent to use the mark in commerce.

Therefore, Opposer has produced sufficient evidence to show Applicant’s intention to use
its mark in commerce with respect to the goods and services in Applicant’s pendicgtapdi

Alternatively, een if the exhibits do not show Applicant’s bona fideent to usets mark in



commerce, the time and expense required to bring a product to market is sufficientitbaaxpla
alleged lack of documents.
B. TaiRx’s Application Is Not Void Ab Initio

For an application to be deemed void for lack of bona fide intention to use the mark the
Board has held that there must be “proof of a lack of bona fide intention to use the mark on all of
the goods identified in the application, not just some of th&va"Seal Inc. v. FD Mgmt. Ingc.

82 USPQ2d 1629, 1633 (TTAB 2007). The Board should decide the issue “in terms of whether
the items, if any, for which opposer has shown applicant’s lack of bona fide intention to use the
mark should be deleted from the applicatidd.”

Opposer citeSpirits International, B.V. v. S.S. Taris Zeytin Ve Zeytinyagi Tarim Satis
Kooperatifleri Birligi, 99 USPQ2d 1545 (TTAB 2011) for the proposition that if there is proof of
a lack of bona fide intent to use the mark as to any of the goods in a class then the opposition
against the entire class is sustained. Opposer’s interpretai8pirid is overly broadFirst, the
Spiritsdecision by the Board was made after briefing on the merits. Second, the applicant in
Spirits submitted no evidence and no response brief in the case- effectively consenting to the
opposer’s arguments. Thpiritsis limited to those situations where the Board is making a
decision on the merits and the Board has no evidence to examine except for opposetsdsub
evidence. This situation is not present here where Opposer is asking for a decision on a Motion
for Summary Judgment and Applicant has submitted sufficient evidence for consideration by the
Board.

Therefore, under the proper analysis, in the event that Opposer sustains its burden of
proof of a lack of bona fide intent for any of the goods in Applicant’s applications then only

those goods should be deleted from the description of goods. Such a dispute, however, over



whether Applicant’s evidence is sufficient to show a bona fide intention to any oftihg 46
goods in its applications, is a dispute of material fact and thus not proper for consideration in a
motion for summary judgment. Applicant asserts that its exhibits are sufficidravoistent to
use its marks in connection with all of the goods and services listed in its appkc&ee
generally Exhibits A-K. Because Opposer’s Motion for Summary Judgment must be decided in a
light most favorable to Applicant, the Board must view this evidence in Applicamts. féhe
issue of whether the evidence presented illustrates Applicant’s bona fide intenitsonozeks
on all or only some of the goods in the description is a genuine issue of material fact between the
parties. Because this idd&gspute of material fact, Opposer’s Motion for Summary Judgment
should be dismissed. Thus, there is no need to consider each and every good listed in the
description of goods for Applicant’s Marks on a motion for summary judgment.

Therefore, for the reasons presented above, Opposer’s Motion for Summary Judgment
should be denied.

IV.  Applicant’s Counter-Motion For Summary Judgment

Applicant hereby submits its Countermotion for Summary Judgment. Opposer’s
Amended Notice of Opposition should be dismissed with prejudice because Opposer lacks
standing.

A. Opposer'sAmended Notice of Opposition Should Be Dismissed With
Prejudice BecauseéOpposer Lacks Standing

Standing is a threshold issue that must be proverpgiraiff in everyinter partescase
So as to prevent litigation when there is no real controversy between the [g@édritchie v.
Simpson170 F.3d 1092, 50 USPQ2d 1023 (Fed. Cir. 1999)Lgvtdn Industries, Inc. v.

Ralston Purina C9.670 F.2d 1024, 213 USPQ 185 (CCPA 1982). To establish standing, the



plaintiff must demonstrate that it has a “real interest,” i.e., a direct and pestak®|in the
outcome of the proceeding and a reasonable basis for its belief of d&ealge 50 USPQ2d
at 1025-26.

In this case Opposer is claiming its basis for belief of damage because the registration of
TAIRX would damage Opposer “because such registrations would provide Applicant federal
rights for marks that are confusingly similar to Opposer's TAURX M&ke Exhibit L at
Interrogatory 20. However, Opposer does not have standing in this case because Opposer has no
trademark rights in the United for the mark TAURX.

First, TauRx Therapeutics Ltd. is “a Singapore public company having a principal place
of business in Singapore.” See Amended Consolidated Notice of Opposition. Thus, Opposer
does not have a principal place of business in the United States and is not incorporated in the
United States.

Second, Opposer does not have any U.S. trademark rights for the mark TAURX. Opposer
claims its standing based on ownership of United States Trademark Registration No. 3,658,141
for the mark TAURX. See Amended Notice of Opposition at paragraph 2. Trademark
Registration No. 3,658,141 registered July 21, 2009. See Exhibit A to Amended Notice of
Opposition. This registration covers several classes of goods- each one filed under section 66(a)-
claiming priority to International Registration No. 0936776 with an International Registration
Date of August 16, 2007. See Exhibit A to Amended Notice of Opposition. However, in
Opposer’s answers to Applicant’s Interrogatories, Opposer admitted that it “has not offered any
goods or services in conjunction with its Mark in the United States.” See Exhibit L. Td sali

Interrogatories and Opposer’s answers are as follows:



INTERROGATORY NO. 3

Describe in detail all goods and services formerly and currently being offered by
Opposer in conjunction with Opposer’s Mark and identify the dates on which
Opposer first began such use(s) and the geographic areas in which such use
occurred.

Answer: Opposer specifically objects to this Interrogatory on the grounds that it 1s overly broad
and unduly burdensome to the extent that it seeks information relating to “all goods and
services,” Opposer also specifically objects to this Interrogatory on the ground that it secks
information unrelated to Opposer’s use of its Mark in the United States.

Subject to its general and specific objections. Opposer states that it has not offered any

goods or services in conjunction with its Mark in the United States.

INTERROGATORY NO. 4

Describe any periods since Opposer’s alleged date of first use. as set forth in the
preceding paragraph. during which oppose did not make use of Opposer’s mark,

Answer: Opposer specifically objects to this Interrogatory on the grounds that it is overly broad
and unduly burdensome to the extent that it secks information relating to “all goods and
services.” as set forth in the referenced Interrogatory No. 3. Opposer also specifically objects to
this Interrogatory on the ground that it secks information unrelated to Opposer’s use of its Mark
in the United States. Opposer further objects to this Interrogatory as vague and ambiguous, as the
term “as set forth in the preceding paragraph™ does not necessarily refer to the preceding
Interrogatory No. 3.

Subject to 1ts general and specific objections, Opposer states that it has not offered any

goods or services in conjunction with its Mark in the United States.



INTERROGATORY NO. 5

With respect to each good and/or service identified in your response to
Interrogatory No. 3. state the annual sales in units and dollars from the date of
first use of each such good and/or service.

Answer: Opposer specifically objects to this Interrogatory on the grounds that it 1s overly broad
and unduly burdensome to the extent that it secks information relating to “all goods and
services.” as set forth in the referenced Interrogatory No. 3. Opposer also specifically objects to
this Interrogatory as secking information unrelated to Opposer’s use of its Mark in the United
States.

Subject to its general and specific objections. Opposer states that it has not sold any

goods or services in conjunction with its Mark in the United States.

INTERROGATORY NO. 6

With respect to each good and/or service identified in your response to
Interrogatory No. 3. describe in detail the manner in which Opposer’s Mark 1s
promoted in the United States. including but not limited to the media and mode of
any marketing efforts as well as the geographic regions in which said promotions
are conducted.

Answer: Opposer specifically objects to this Interrogatory on the grounds that 1t 1s overly broad
and unduly burdensome to the extent that it secks information relating to “all goods and
services.” as set forth in the referenced Interrogatory No. 3.

Subject to its general and specific objections, Opposer refers to its answer to
Interrogatory No. 3 and states that it has not promoted Opposer’s Mark in the United States with

respect to goods or services offered in the United States.

INTERROGATORY NO. 7

For each medium identified in the preceding interrogatory. state the annual
expenditure for advertising and promotion since inception.



Answer: Opposer specifically objects to this Interrogatory on the grounds that it is overly broad
and unduly burdensome to the extent that it seeks mnformation relating to “all goods and
services.” as set forth in the referenced Interrogatory No. 6. Opposer also specifically objects to
this Interrogatory as seeking information unrelated to Opposer’s use of its Mark in the United

States.

Subject to its general and specific objections. Opposer refers to its answer to

Interrogatory No. 6 and states that 1t has no such annual expenditures.

INTERROGATORY NO. 9
Identify all advertising agencies. public relations agencies or market research
agencies that Opposer has used. participated with or cooperated with in
advertising. marketing or promoting the goods/services identified in response to
Interrogatory No. 3, and indicate the time period(s) during which such activities
were conducted.
Answer: Opposer specifically objects to this Interrogatory on the grounds that it is overly broad

and unduly burdensome to the extent that it seeks information relating to “all goods and

services.” as set forth in the referenced Interrogatory No. 3. Opposer further objects to this

Interrogatory on the ground that it seeks information unrelated to Opposer’s advertising.
marketing or promotion in the United States.
Subject to 1ts general and specific objections. Opposer states that it has not used any such

agencies.



INTERROGATORY NO. 11

Identify anv and all licensees of Opposer’s Mark. if any, and in <o doing. deseribe
each licensing arrangement and identify each product and/or service offered or
sold by each licensee under Opposer’s Mark or similar designation.

Answer: Opposer specifically objects to this Interrogatory to the extent that it seeks information
regarding Opposer’s licensing of its Mark outside of the United States. Subject to its general and
specific objections. Opposer states that it has not licensed Opposer’s Mark to anyone in the

United States,

Thus, as shown by its own statements, Opposer has not offered any goods or services in the
United States in connection with the TAURX Mark, has not sold any goods or services in
connection with the TAURX Mark, has not promoted the TAURX Mark in the United States
with respect to any goods or services, has not spent any money in promoting or advertising
goods or services in connection with the TAURX Mark in the United States, has not utilized any
advertising agencies to promote or advertise goods or services in the United State imoconnect
with the TAURX Mark, and has not licensed the use of the TAURX Mark to any other entity in
the United States. Therefore, Opposer has not created any common law rights to the TAURX
Mark in the United States.

In addition, Opposer’s failure to offer goods and senvicglse United States in
connection with the TAURX Mark means that Opposer’s Trademark Registration No. 3,658,141
has been abandoned and is invalid. Opposer’s Trademark Registration No. 3,658,141 registered
in the United States on July 21, 2009. By failing to make use the TAURX Mark in commerce
the United States for even three consecutive years, Trademark Registration No. 3,658,141 would

have been abandoned in 2012.



Under 15 U.S.C. § 1127 “[a] mark shall be deemed to be ‘abandoned'... [w]hen its use
hasbeen discontinued with intent not to resume such use. Intent not to resume may be inferred
from circumstances. Nonuse for 3 consecutive years shall be prima facie evidence of
abandonment.” A Section 66(a) registration which has never been used, or for which use has
been discontinued with no intent to resume use, may be subject to cancellation for abandonment
even if the international registration remains valid and subsiSigsaddleSprings, Inc. v. Mad
Croc Brands, InG.104 USPQ2d 1948 (TTAB 2013ee alsplmperial Tobacco Ltd. v. Philip
Morris Inc., 899 F.2d 1575, 14 USPQ2d 1390, 1395 (Fed. Cir. 1990) (a presumption of
abandonment based on three years nonuse may be invoked against a Section 44(e) registrant who
never begins use of the mark or who discontinues using the mark; the presumption of nonuse
may be rebutted).

In this case, Opposer’s international registration permitted Opposer to obtain U.S.
Trademark Registration No. 3,658,141 on July 21, 2009. Opposer, by its own admissions, never
even started using the TAURX Mark in commerce in the United States. Therefore, Opposer’s
Trademark Registration No. 3,658,141 went abandoned in July of 2012. Opposer then proceeded
to file this suit nearly three years later. Stillnatpoint in between, did Opposer even begin to
use its mark in commerce in the United States. Thus, Opposer’'s Trademark Rexgiskoati
3,658,141 is invalid and abandoned.

In conclusion, Opposer, does not have a reasonable basis for belief in dathage in
registration of Applicant's marks. Opposer has never used its mark in commerce in the United
States, has never spent time or energy in promoting or advertising goods and services under its
mark in the United States, and is not housed in the United States. Opposer only has a U.S.

trademark registration which it never began using in commerce and allowed to go abandoned



even prior to filing this opposition proceeding. Thus, Opposer can sustain no damage from the
registration of Applicant’'s marks. For these reasons Opposer lacks standing and the Amended
Notice of Opposition should be dismissed with prejudice.
V. Conclusion

In conclusion, Opposer’s Motion for Summary Judgment should be denied. Applicant’s
evidence illustrates that it has a bona fide intentiars®the mark TAIRX in commerce in the
United States. Additionally, there is a dispute of material fact over whetheritiemnee
illustrates intent for some or all of the goods in the description of goods for Applicant’'s Marks.
Therefore, Opposer’s Motion for Summary Judgment should be denied. In addition, Opposer’s
Amended Notice of Opposition should be dismissed with prejudice. Opposer lacks standing to
bring suit because it has no reasonable basis for its belief of damage in a mark which it has never

used in commerce in the United States andakmmndoned its U.S. registration.

3/31/17 By: /Kevin Keener/

Date Kevin J. Keener
Attorney for Applicant
Keener & Associates, P.C.
161 North Clark teeet
Suite 1600
Chicago, IL 60601
(312) 523-2164
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| hereby certify that a true and complete copy of the foreghPIBLICANT'S RESPONSE
TO OPPOSER’S MOTION FOR SUMMARY JUDGMENT AND COUNTERMOTION
FOR SUMMARY JUDGMENT , including all exhibits, has been served on Opposer

JASON KORANSKY

PATTISHALL MCAULIFFE NEWBURY HILLIARD & GERALDSON
200 S WACKER DR, SUITE 2900

CHICAGO, IL 60606

UNITED STATES

tc@pattishall.com, jmk@pattishall.com, docket@ pattist@th
by emailing electronic copies on March 31, 2@d e addresses listed above.

/Kevin Keener/

Kevin J. Keener

Attorney for Applicant
Keener & Associates, P.C.
161 North Clark Street
Suite 1600

Chicago, IL 60601

(312) 523-2164




IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
BEFORE THE TRADEMARK TRIAL AND APPEAL BOARD

TAURX THERAPEUTICS LTD. ,

Opposer,
V. Opposition No. 91221124
Application Serial No. 86/155,839 and
86/155,840
TAIRX, INC. , Mark: TAIRX and Design

Applicant. (\
TaiRx

DECLARATION OF KEVIN KEENER IN SUPPORT OF APPLICANT’S MOTION FOR

SUMMARY JUDGMENT

I, Kevin Keenerpeing warned that willful false statements and the like are punishable by

fine or imprisonment, or both, under 18 U.S.C. 1001, and that such willful false statements and

the like may jeopardize the validity of the application or document or any registregidting

therefrom, declares that the following statements made of his own knowledge are truke; and al

statements made on information and belief are believed to be true.

1.

2.

Attached as Exhibit A is a true and accuratgycof company profile &iRx, Inc.
Attached as ExhibiB is a true and accuratempof U.S.PatentNo. 8,524,740.
Attached as Exhibi€ is a true and accuratempof a portion of the BIO 2016 Sample
Attendee List

Attached as ExhibiD is a true and accuratempof an invoice to &iRx, Inc. dated

September 9, 2014 f0o2014r the BIO-Europe conference.



5. Attached as ExhibiE is a true and accuratempof the BIO-Europe 2015 website with
information concerning TaiRX, Inc.

6. Attached as Exhibif is a true and accuratempof email of registrabn confirmation of
Yi-Wen Chu, the Senior Vice President of TaiRx, Inc., to attend the American
Association for Cancer Research Annual Meeting 2015 in Philadelphia, PA.

7. Attached as ExhibiG is a true and accurateppof clinicaltrials.gov regarding the
Safety and Pharmacokinetic Study of TRX-818 in Asian Solid Tumor Patients Sponsored
by TaiRXx, Inc.

8. Attached as Exhibi#f is a true and accuratempof “Tumor Cell VascularMimicry:

Novel Targeting Opportunity in Blanomaby Mary J.C. Hendrix, Elisabeth A. Seftor,
Richard E.B. Seftor, Jun-Tzu Chao, Du-Sheing Chein, and Yi-Wen Chu, published in
Pharmacology & Therapeutics.

9. Attached as Exhibitis a true and accuratempof thearticle “Tumors have Found a
Bloody New Way to Grow and Spread” by Mitch Leslie and published by the American
Association for the Advancement of Science on www.sciencemag.org.

10. Attached as Exhibil is a true and accuratempof Clinical Trial pipeline information for
products of TaiRx, Inc.

11. Attached as ExhibiK is a true and accuratempofthe article “The Drug Development
and Approval Process” on FDAreview.org.

12. Attached as Exhibit is a true and accuratempof Opposer’'s Response to Applicant’s

First Set of Interrogatories.

March31, 2017 /Kevin J. Keenef
Date Kevin Keener




EXHIBIT A



HE2NG Taiwan Rosearch-based Biopharmaceullcal Manufacturars Association {TRPMA] - TalRx, Inc.

TRIPMA About News Members Law & Regulations Links Conlacts
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1
SYNTHESIS AND ANTICANCER ACTIVITY
OF ARYL AND IETEROARYL-QUINOLIN
DERIVATIVES

REFERENCE TO RELATED APPLICATION

The present appiication claims the priority fo 118, Provi-
slonal Application Ser, No. 61/364,760, filed Jul, 15, 2010,
which is herein incomorated by reference in its entircty.

FIBLD OF THE {INVENTION

The present invention relates generally to derivatives and
analogues of aryl and [ieteroaryl-quinolin, mud more specifi-
cally to syniitesls and use of aryl and hoteronryl-quinolin
derivatives snd analogues for anficancer activities.

BACKGROUND OF THE INVENTION

A series of substimied 2-phenylquinolin-d.ones (2-PQs)
hiave been previously synthesized and identified as new anli-
caucer agents, Through the process of strugture-agtivity reln-
tionship (SAR) establisiunent, it was discovered that many of
these compounds hat polent cytoloxicity, Iz a recent in vivo
evaluation of'a serics of 2-PQs with potent cylotoxicity, excel-
Jent antitwmor gclivity was identified in 2-(2-fuorphenyl)-5,
7-methylencdioxyquinotin-4-one {CHM-2133) and its phos-
pliate derivative (CHM-2133-P) (FIG. 1). See WO2008/
070176A1 and Ya-Hsun Chang of al. (2009) “Design and
Synthesis  of 2-(3-Bcnzoib](hienyl)-6,7-melhylenediox-
yquinolin-4-one Analogues as Potent Antitemor Agents that
Inhibit Tubulin Assembly” S Med. Chem. 52, 4383-4891,
encl of which s hereln incorporated by reference in its

entirely, There is still a need for discovery of more potential 3

anticancer compotiuls.

SUMMARY OF THE INVENTION

1 one aspect, the invention relutes to a compound of For-
mula It

Formula |
Ry OR
R S
) P
Ry h W

or o phormaceulically acceptable sall, protimg, solvate, or
niefabolite thereof, wherein

R is hydrogen, I'(=0)(OH),, P(=0)(0(C;-C glalkylene
(Ce-Caolaryd)y, P(—0)OIN{OM), P=0)OM),, P—=0
(0;M), SC=ONOH),, SE=O)O(C,-Cra)atkylene(Cq-Cro)
aryl),, S{=0){OH)(OM), S=0}OM);;

M is n motovalent and divalent (ex: Mg, Ca) metal ion, or
alkylnmmonivm fon (ex: NERY; :

W is (Cg-Cholaryl, (Cg-Capllteteronryl, {C,-C g)alkyl(C,-
C,hary), (C; -C )l l{C o Cphelercaryl, Lydroxy(Cq-Cao)
aryl, fiydroxy (Cy-Cphieteraaryl, {C;-Cqatkoxy{Ce-Coo)
aryl, (C;-Cl3)‘1]}:0):)*(66-Czo)hetcmary!, (C-Cie)
alkylenediony(Cg-Caplaryl, (C,-Cye)lkylenediony(Ce-Cao)
leteroaryl, hnla(Cy-Coplaryl, hindo(C,-Cagdhicteroaryl, {Cy-
C,Jalkylamine(Cyr Copdaryl (C,-Cyolaikylaming(Ce-Cay)

w

by

heteroaryl, (Cy-Crg)eyelonlkytamino(C,-Caplaryl, or C,-
Cls)cyc]oa!kyiamino(Cﬁ-Cm)heleroar}'l, and lheir ORy
substutes;

R; is (C,-Cyglalkory, hydrogen, lydroxyl, 0—(C,-Cys)
alkyl(Cy-Cyodaryl, halo or OR, or Rg and Ry are {C,-Cia}
dioxy provided that R, is hydrogen;

R, is hydroxyl, 0--(C,-C; SJlkyl(C-Caplaryl, holo, ORy,
(C,-Cg)ulkoxy, (C-C, atkylamino, or (C +-Chaleyeloniky-
Jamitio, or R and R; are (C;-C, g)dioxy provided that R is
hydrogen;

R, is hydrogen, balo or ORg, hydroxyl, or O0—{C,-Cye}
atkyl(C,-Cyplaryl; and

R, 18 PE=O)OM), P(=0)O(C,Cadalkyl(Ce-Cao)
aryl)y, PE=O}OF)(OM), or P(==0)(OM),, P=0(0,M).

In otte embodiment of the invention, the aforementioned
class of the compound is restricted with the proviso that if RS
is hydrexyl, then RG is not (Cholkoxy and W Is net 3-flve-
ropheayh

Tn anofhier embodiment of the iavention, RS is frydroxyl,
R6 is (Chalkoxy and W is 3-fuomphenyl,

In anotier aspect, the invention relates to o composition
comprisinga compownd as aforementioned and a pharmaceu-
tically acceptable carrder.

Further i another aspect, the invention relates toa method
for treating & lumor disease comprising administering to a
subject in neesd thereol an elective suount of a composition
as aforementioned. The administering step may be performed
in vive orin vitro, In one embodiment, the subject is p many-
mal,

Yet in anolher aspect, the invention relotes to o process for
preparing & compiound as aforement toned comprising react-
ing & compound of Ponnula 11

Formuls B
Rs O
R k .
¥
Ry NH;

wherein Ry is (Cy-Cyglalkoxy, hydrogen, hydroxyl,
0~(C,-C inlkyl(C,-C,o)aryl, or ORg or R wmd R are (C,-
C, )ioxy provided tha R, is hydrogen;

R, is hydroxyl, (C,-Ciglalkoxy, O—{C,-C, g Jalkyi{C,-
Cyolaryl, (€,-Cyg)alkylamino, or (C,-C, g)cycloatkylamino
or Rgand R, are {(C,-C, g )diory provided that R Is yydrogen;

R, is hydrogen, hydroxyl, or O—(C,-C,)alkyI(Cy-Cap)
aryly and

R is hydrogen; with a compound of Formula 11

Pomnula 1)
(8}

PN

W Tl

in the presence of o base; wherein W is 2-fluorophenyl,
3. fluorophenyl, 4-fuorophenyl, benzo[d]j1,3]dioxol-4-y1,
2,3-dimethoxyphenyl, 2,5-dimetloxyphenyl, 2-methox-
yphenyl, 4-methoxyphenyl, 2-hydroxyphenyl, 3-hydrox-
ypheny!, d-hydroxyphesyl, 2-benzyloxyphenyl, A-benzylox-
yphenyl, 4-henzyloxyphonyl, 4-benzyloxy-3-
methoxyphenyl, 3-benzyloxy-5 -methoxyphenyl, d-hydroxy-
3-methoxyphenyd, 5-hydroxy-2-methoxyphenyl,  2,5-
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dihydroxyphenyl, heunzo]bifophen-3-yi, henzo|b]thiophen-
2.y}, benzofb]furan-3-yl, naphtia-1-yl,  saphtha-2-yl,
quinolin-4-yl, quinotin-3-yl, quinolin2-yl, quivolin-5-yl, or
anthracen-1-yl to afford & compound of Pormuta IV

Formula IV

4]

)J\ Wi

Ry ﬁ

wherein

R is hydrogen;

W is 2-flucrophenyl, 3-fluorophenyl, 4-Auorophenyl,
benzofd](1,3]dioxol-4-yl, 2,3-dimethoxyphenyl, 2,5-
dimethioxypheny], 2-methoxyphenyl, 4-methoxyphenyl,
2-hydroxyphenyl, 3-fiydroxyphenyl, 4.Juydroxyphenyl,
2-penzyloxyphenyl, 3.benzyloxyphenyl, 4-benzyloxyphe-
nyl, ti-henzyloxy—s-methoxypheuyl, 3.henzyloxy-5-metlox-
yphenyl, 4-hydroxy-3-methoxyphenyl, 5-hydroxy-2-meth-
oxyplenyl, 2,5.difeydroxyphenyl, benzoib]thiophen-3-y1,
henza[blthinphen-2-yl, henzol b}furan-3-yl, naphitha-1-yl,
naphtia-2-yh quinolin-4-y}, quinolin-3-yl, quinelin-2-yl,
quinolin-5-yl, or quthracen-1-yh

R, is hydrogen, methoxy, Dydronyl, O-benzyl or ORg, or
R, and R4 are methylenedioxy provided that R, is hydrogen;

R, is N,N-dimellylamino, hydroxyl, O-benzyl, methoxy,
N-morpholino, or N-pyrrolindine, or R and R, ave methyt-
cuedioxy provided that Ry is hydrogen;

R, is hydropen, lydroxyi, o O-benzyl; and

R, is ydrogen; and

reacting a componnd of Fonmila 3V will a buse to afford
the componnd of Formwla 1.

The process may further comprise dentkylating the com-
ponud of Farmwia I The dealkylaled or non-dealkylated com-
pound of Fornula I may furlhee react with tetrahenzylpyro-
phospiiate (Method A) or dibenzylphiosphite (Method B} lo
afford the compound of Formula §, wherein R is P(—0)
(OCH,Ph),, which treated with alcohol provided monophos-
phate, The monophosphoric acid were obtained by catalyiie
hydrogenntion of the monophosphate, The mouophosphorie
acid may further react with a metal catbonate to afford the
compound of Fornwia 1, wherein R is PEO)(OH)OM), or
P(—=0)(OM),, in which M is u monovatent metal fon,

These and other aspeets will becone appareat from (he
fotlowing desceiption of the preferred embadiment taken In
conjunction with the Foifuwing drawings, ulthough variafions
and madifications thercin may be affected withaul depnriing
from fhe spirit nnd scope of the novel concepts of the disclo-
sute,

The aceompanying drawings lllustrale one or more
embndiments of the invention ond, togethet with the wrilten
deseriptlon, serve to explain the principles of the invention.
Wherover possible, the same reference numbets nre used
throughout the drawings lo refer to the same or like elements
of an embodiment,

BRIIF DESCRIPTION OF THE DR AWINGS

FIG. 1 shows the structures of substifuted 2-phenylquino-
liu-4-ones (2-PQs), CHi-2133 and CHM-2133-P—Na,

F1G. 2 shows the structures of larget componds 16-21 and
37.45.
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F1GS. 3A-3C show difierential activity palterns for 2-3-
Fiuorophenyl)-5-iydroxy -6-methoxyquinoin.4-one (com-
pound 38) agains! 60 human cancer cell lines, MG-MID:
mean of log X values (X=Clse, TGL, aud LCo). Delin; loga-
Sthmof e difference between tho MG-MID and thelog X of
e most sensitivecell ine. Range: logarithm of the difference
Belween the log X of the mos! resistant cell line and the lop X
of the most sensitive cell fine.

FIGS. 4A-4F show (A) Mezn tunor vohue-lime profiles,
() Mean tunor weight-time profiles and (C) Mean body
welghl-time profiles n Hep3B xenograft nude mice (n=11)
following iv dosing of doxorubicin af 5 mpfkg (gd) and con-
pound 4981 7.5, 15, and 30 mp/kg (bid) five days per week for
four consecutive weeks; (D) Mean fumor volume-tinie pro-
files, (1) Mean tumor weight-time profiles and (F) Mean bedy
welplit-time profiles in Hep3B xenografl nude mice (n=11)
following oral dosing of doxorubicinat {0 mgtkg (qd) and
compound 49 al 7.5, 13, and 30 mg/kg (bid) five days per
week for four consecutive weeks,

FIGS. 5A-51 shaw {A) Mean huuoer valwme-time profiles
(B) Mean lunior weighl-time profifes (C) Mean body wel ght-
time profiles in Hep3B senogeaf nudemice (=1 1) following
oral dosing of duxonfbicln at 5 mp/ky () aud 52 0t 7.3, 15,
and 30 mg/kg (ud) fve days per week for four consceutive
weeks; (D} Mean tumor volume-time profiles (B) Mean
fumor welght-time profifes (F) Mean body weight-lime pro-
files in Hep3B xenografl nude mice {n=11) following jutra-
venous dosing of doxorubicin at 10 mg/kg (qa) and 521 7.5,
15, and 30 mg/kg (qd) five days per week or four consecutive
weeks.

FIGS. 6A-6C show (A) Mean lumor volune-time profiles
(B) Mean lunor weight-time profiles (C) Mean body weight-
tinte profiles in Hep3B xesogafl uude mice (n=6) following
po dosing of doxoniblein al 10 mig/kg aud 147 at 7.5, 15, aud
30 g/fkg five days per week for four consecutive weeks.

RIGS. TA-TC show {A) Mean tamor volume-fime profiles
(B) Mean fumor weight-fime profiles {C) Mean body welght-
time profites in HepdB xenografl nude mice (n=6) following
iv dosing of doxorubicin al 10 mg/kg and 147 al .5, 13, and
20 mg/kg five days per week for four consecutive weeks.

DPETAILED DESCRIPTION OF THE INVENTION

One of ordinary skill in the art would readily appreciate
(hat the pharmacentical formulations and methoeds described
hereln can be prepared and practiced by applying kuown
procedures in (he pharmaceutical arts. These include, for
cxample, unless othenvise indicaled, conventional lech-
niques of pharmaceutical sciences including phatmacentical
dosage form design, drg develapment, pharmncology, of
onganic chemisicy, and polymer sviences. See genvrally, for
example, Remingfon: The Science and Practice of Pharmacy,
21" edition, Lippincott, Williams & Wilkins, {2005},

DEFINITIONS

The terms used in this specification generally have their.
ordinary ineanings intheatl, within the context of the inven-
fion, and in the specifle context where each ferm is vsed.
Cerain fems Ihat are used to deseribe the wention ore
diseussed below, or elsewhere inthes |rectfication, to provide
additional guldance 1o the praciitiorer regarding the deserip-
tion ol the invention. Por convenicnce, cerlain lenns may he
highlighted, forexemple using italies andfor quotation marks.
The use of highlighting has 1o influence on the scope and
sneaning of o ter; the scope and meoning of o term s the
same, in the same context, whether or nol it is highlighted. Tt
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will be apprecisted that same thing can be said in more than
otte way. Consequently, altemative language ond synonyms
may be used/for any one or more of Lhe ierms discussed
herein, nor s any special significance to be placed upon
whether or nol a tersn is elaborated or discussed herein. Syn-
onyms for cerlain lerms are provided. A recital ofone or wore
synouyss does nol exclude the use of otlier synonyms, The
use of examples anywhere in this specification Including
examples of any terms discussed herein is illusirative only,
and in no way limits the scope and meaning of the invention
or of auy exemplified tern, Likewise, the Invention is not
timiled to various cmbudinents given in this speeification,

Unless othenwise defined, all technical and selentific ferms
used herein binve the same meaning as conimonly understood
by one of ordinury skill in the art {o which this invention
pertains, Inthe case of conflict, the presenl document, includ-
ing definitions will conteal,

As used herelu, “around", “sbout” or “approximately”
shall generally mean within 20 percent, preferably within 10
pereent, and more preferably within 5 percent of a given vafue
or range, Nunterical quantilies given hersin are approximate,
meaning that the term “around”, “about* or “approximately™
cai be dnferred if not expressly stated.

The tenm “and/or” refers {o any one of the itens, any
combivation of the items, or all of the ilems with which this
{erm is associnicd,

‘The singufar forms “a,* “an,” and “the” include plucaf
reference valess the context clearly diclates otlerwise, The
¢lalms may be drafted to exclude any opliona] element. As
such, this statemnent is intended o serve as antecedent basis
for use of such exclusive ferminology as “solely,” “onty;” and
the ke in conneetlon with the recitation of claim efements, or
use of a *negative” limitation.

Specific and preferred valves listed below for radicals,
substiments, aud ranges, are for ilusteation only; they do not
exclude other defined values or other values within defined
ranges for the radicals and substituents.

‘The {erm “administration” refers to a method of placing a
deviceto a desired site, The placing of n device can be by any
pharmacentically nccepled means such as by swallowing,
retaining it within the mouth untif the drug has been dis-
peused, placing it within the buceal cavity, inserting, implont-
ing, atiaching, ete. These and ather methads of adnyinistration
stre known in the art,

‘The lenn “anti-cancer agent” refers fo an ngeut thal either
inhibits the growth of cancerous cells, or causes the death of
cancerons ¢ells, Known anfi-cancer agents iuclude, e.g.,
nucleotide aud vucleoside analogs, adjunct antineoplastic
ngenls, alkylating agents, etc. See, Physiclan's Desk Refer-
ence, 55th Bdition, Medical Beonomics, Montvale, N1, USA
(2001).

The term “amino” refers to —NH,, The amino group can
be optionaily substituted as defined herein for the term “sub-
stituted” The ferm “alkyloming” refers to —NR,, wherein af
least one R s atky) and the second R is alkyl or hydrogen, The
term “acylaming” refers to NRJC(—=O)R, whereineach Ris
independently hydrogen, alkyl, or aryl,

The term “alkyl” refets (o a C;-C 4 hydroearbon contain-
ing normel, secondary, tertinry or cyelle carbon atoms,
Gxomples are methyl, cibyl, L-propyl, 2-propyl, [-budy,
2-methyl-1-propyl{iso-butyl, —CH,CH(CIL,),), 2-butyl
(sec-bulyl, —CH(CH;)CH,CH,), 2-niethyl-2-propyi{leil-
butyl, —C(CH,),), |-pentyl, 2-penty), 3-pentyl, 2-methyl-2-
butyl, 3-methy]-2-butyl, 3-nrethyl- F-buiyl, 2-ntethyt- 1-bulyl,
[-hexyl, 2-hexyl, 3-hexyl, 2-methyl-2-penty], 3-methyl-2-
peityl, d-methyl-2-pentyl, 3-methyl-3-peniyl, 2-methy}-3-
pentyl, 2,3-dimethyl-2-butyl, 3,3-dimethyl- 2-buiyl.
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‘The alkyl can be a monovalent hydrocarbon radical, as
described and excmplified above, or it can be « divalent
hydrocorbon radical (1.e., alkylene). .

The alkyl can optionally be substifuted with one or more
alkoxy helo, haloalky hydroxy, hydroxyalkyl, aryl, het-
eroaryl; helerocycle, cyeloalkyl , atkanoy], alkoxyeatbonyl,
awino, imino, alkylomine, scylamino, nitro, trifluoromethyl,
tiftuoramelhoxy, carboxy, carboxyalkyl, keto, thioxo, alky-
lihio, afkylsul finyl, alkyfalfonyl, eyano, acetamido, accloxy,
acefyl, benzamido, benzeuesullinyl, benzenesulfonamida,
benzenesulfonyl, benzenesulfonylamino, benzoyl, benzey-
lamino, benzoyloxy, benzyl, benzyloxy, benzyloxycarbonyl,
benzylthio, carbamoyl, carbamate, isocyannato, sulfunoyl,
stlfinamoyl, sulfino, sulfo, sulfeamino, thiosulfo, NR*R¥
aadfor COOR™, wherein each R™ and R* ore independently H,
alkyl, alkenyl, aryl, heleroaryl, leterocycle, cycloajkyl or
hydroxy. The alkyl can optionally be Iutercupted with one or
more non-peroxide oxy (—O0—), thio (—S—), muine (—N
(H)—) methylene dioxy (—OCH,0—), eatbouyl (—C
{(=0)—), carboxy {—C(==0)0—), entbonyldioxy (—OC
=0)0—), carboxylato (—OC{=0)--), imino {C—NH),
sulfinyl (SO} or sutfonyl {SO,). Additionally, lhe oikyl can
oplionatly beat least partiaily unsaturated, thereby providing
an atkenyl,

The term “alkylene” refers to & saturated, branched or
steaight ehain or cyetic hydrocsbon radical of 1-18 carbon
aloms, and having two monovalenl radieal centers derived by
the renovad of two hydrogen alors from the same or different
carbon aloms of a parent alkane, Typicat alkylene radicals
inelude, bul are not limiled to: methylene (—CH,—) 1,2-
ethyleuo (—CH,CH,—), 1,3-propylene
(—CH,CH,CF,,—), Ld-butyleae (—CH,CH,CH,CH,—),
aud the like.

The alkylene can optionally be substituted with one or
nore ¢lkoxy, halo, haloalkyl, hydroxy, ftydroxyalkyl, ayl,
heteroaryl, heterosycle, cyclosikyl, alkanoyl, alkoxycarbo-
nyl, amine, bnino, alkylamino, acylamine, nitro, trifluorom-
ethyl, trifluoromethoxy, carboxy, carboxyalkyl, keto, (hioxo,
aikylthio, alkyisnlfinyd, alkylsulfonyl, ¢yano, acetamido,
ncetoxy, acetyl, benzamido, benzenesulfinyl, benzene-
sulforramido, benzenesulfonyl, benzenesulfonylamino, ben-
zoyl, benzoylamine, benzoyloxy, benzyl, benzyloxy, benzy-
loxycarbonyl,  benzylthio,  carbamoyl,  carbamate,
isocyannato, sulfaoyl, sulfinamayl, sulfino, suifo, sul-
foamino, thiasulfo, NI andfor COORY, wherein each R
and R are independently H, alkyl, atkenyl, aryl, heteronryd,
heterocyele, cycloalkyl ar hydroxy. Additionatty, the aiky-
fene con oplionally be interrupted with one or more nou-
peroxide oxy (- O--), thic (—S—, smine (- NH)—),
methylene dioxy (—OCILO—), carbonyl (—C{=0)—),
carboxy (—C{==0)0—), carbonyldioxy (—OC(-0)0—),
carboxylate (—OC(=0)—), imine (C=NH), sulfinyl {SO)
or sulfony] (80,). Morcover, the alkyleue can optionally beat
fcast partlally unsotumted, thereby providing an alkenylene,

The term “alkenylenc” refers fo an unsatwated, branched
or strtight chain or eyelic hydracarbon radieal 0f 2-18 carbon
atems, and linving two monovalend radical centers derived by
the removal of two hydrogen atoms from the some or two
different earbow atoms of s pavent alkene. Typical alkenylene
radicals include, but are not limited fo: 1,2-cthenylene
(—CI—Cli—.).

The aikenylene can optionally be substituted with one or
niore alkoxy, halo, haloalkyl, hydroxy, hiydroxyatkyl, aryl,
lieferoaryl, beteracycle, eycloalkyl, alkanoy!, rlkoxycarbo-

s nyl, amino, iming, alkykemnino, seylamine, nitro, trifltaram-

elhyl, triftuoromeikoxy, carboxy, carboxyalkyl, keto, Ihioxa,
alkylthio, alkylsulfinyl, alkylsulfonyl, cyano, acetmmido,
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acetoxy, acelyl, benzamido, benzenesulfinyl, benzese- The term “carboxyl” refers to —COOT!, % b jj/’
suifonamido, benzenesulfonyl, benzenesn) fonylamino, ben- All ghiral, diastercomerle, recemlc forms of a structure are 3 )
zoy!, benzoylamino, benzoyloxy, benzyl, benzyloxy, benzy- intended, unless o particular stereochewmistry or isomeric g%?? e
loxycarbonyl,  lenzylihio, catbamoyl,  carbamale, form is specifically indicated. Compounds used i the present W ?
isocyannaio, sulfamoyl, sulfinamoyl, sulfino, sulfo, sul- s Invention can Incfude enriched or resolved optical Isomers al J;?};’?
foaminy, thinsulfo, NR*RY and/or COOR®, wherein cach R® any orall asymmeltic atoms as are apparent from the depic- 7
and R are Indepeadently H, alkyl, elkenyl, aryl, heleroary],  lions, at auy degree of earichment, Both racemic and diaste-
heterocycle, cycloalkyl or Jiydroxy. Additionatly, The alk-  reomeric mixtures, as well as the individual aptical isomers
enylene can optionatly be fnlcrupled with one or morenon- canbe isolnted or synthesized so as to be substantially free of
peroxide oxy {0, thio {(—8—), amine (—N{H}—), 16 their enantionieric or disstercomeric partners, and lhese ace
methylene dioxy (—OCH,0—), carbony! (-—C=0)—), all within the scope of the invention.
carboxy {(—C(=0)0—), carbonyldioxy (—OC(=0)0—), ‘The term “chemically feasible” refers to a bonding
carboxylato (-—~OC{—0)—), imine {C=NH), sulfiayl (SO) atrangetient or a compound where tle penerally understood
or sulfony! {80,). mles of orgaaie slruciure are not violated; for example a

The term “alkoxy” refers to llie group alkyl-O—, where 15 stntelure within s definktion of a claim thal would cenfain in
alkyl is defined herein. Preferred alkoxy groups inchude, e.g., cetlain situations a pentavalent carbon atom that would not
methoxy, ethoxy, n-propoxy, tso-propoxy, n-buloxy, tert-bu- existin nature would be understood to not be within theclabm,
{oxy, sec-butoxy, n-pentoxy, n-liexoxy, 1,2-dimethyibutoxy, When a substituent is specificd 10 by sn utom or aloms of
ond the like, specified identity, “or a bond™, a conflguration is referred fo

The alkoxy can optioually be substituted with one or more 20 when the substifuent is *a bond” that the groups il are
hato, haloalkyl, hydroxy, Dydroxynlkyl, aryl, hoteroaryl, het-  immediately adjacent fo the specified substitwent are direcily
eroeycle, cyeloalkyl, alkenoyl, alkexycarbonyl, amino, comnecied o each other by o chemically feasible bonding
imno, alkylamiuo, acylamino, nitro, trifluoromelhyl, {rifluo-  configuration.
romethoxy, carboxy, cathoxyalkyl, kelo, {hioxo, alkylthio, The pluase “componnds of the disclosure” refer (o com-
alkylsulfinyl, alkylsulfonyl, cyano, acelnmido, accloxy, 25 pounds ol Pormula | and pharmaceutically acceplable enan-
acelyl, benzamide, benzenesulfingl, benzenesuffonamido,  tiomers, dinstercomers, and salis thereof, Simituly, refer-
benzenesulfonyl, benzenesulfonylomino, benzoyl, benvoy-  enees {o intermediates, are ineant o embrace their salts where
Tnwning, benzoyloxy, benzyd, henzyloxy, benzyloxycarbonyl,  Ihe context sa permils.
benzylthio, carbamoyl, carbamate, isoeyaunato, sulfamoyl, The tenn “cyetoalkyl” refers to oyclicatky! groups of from
sullinamoyl, sulfino, suifo, sulfoamine, (hiesulfo, NR'R¥ 30 31020 carbon atoms baving a single oyelic ring or undltipte
andfer COOR™, whercin cach R¥ and R” are fndependently 1T,  condeused rings. Such cyctonlkyl groups include, by way of
alkyl, alkenyl, aryl, heleroaryl, heteroeycte, cycloatkyl, or example, single ring structures such as cyclopropyl, cyelobu-
hydroxy. tyl, cyclopeniyl, cyclooctyl, and the like, or multiple ring

Tite term “aryl” refers o an unsaturated sromatic carbacy-  structures such as adamantanyl, and the like.
clic groug of from 6 fo 20 carbon ntoms having a singfering 35 The cycloalkyl can optionally be substiluted with one or
(0.8, pheny}) or multiple condensed (fused)rings, whereinal  more alkyl, alkenyl, alkoxy, halo, haloatkyl, hydroxy,
least one ring is aromatic (o.g.,naphthyl,dihydropheumnluc- lyydroxyalkyl, aryl, heleraryl, heleracyele, cyclontkyl,
iy}, fluorenyl, or antuyl. Preferred aryls include phenyl, alkanoy], alkoxycarbonyl, amine, jmino, atkylamino, acy-
naphtliyl and the Jike, The aryd cau optionally be a divalent famting, nitro, (rifluoromelbyl, trifluorometloxy, carboxy,
radical, thereby providing an arylene, 45 carboxyalkyl, kelo, thioxo, allylthio, alkylsulfinyt, alkylsul-

‘The vryl can opiionally be substituted with one or more fonyl, eyano, acetnmido, acetoxy, acetyl, benzamido, benze-
alkyi, nlkenyl, alkoxy, lalo, haloslkyl, hydroxy, hydroxy- nesulfinyl, benzenesulfonamido, benzenesulfonyl, benzene-
alkyl, aryl, heteroawyl, heterocyele, cycloalkyl, atkanoyl, sulfonylanino, benzoyl, benzaylomino, benzoyloxy, benzyl,
alkoxyearbonyl, amino, jmino, alkylamino, acylamine, nitra, benzyloxy, benzyloxycarbonyl, benzylthio, carbamoyl, car-
trilioromethyl, trifinorotiethoxy, carhoxy, carboxyatkyl, 45 bamate, isocyannale, sulfamoyl, sulfinamayl, suifino, sulfo,
keto, thioxo, alkylthio, alkylsuifinyl, alkytsulfonyl, eyntio, suffonmine, thiosuifo, NR™R* and/or COOR®, wherein each
acemmido,acetmq',acctyl,bcnznmido, benzenesulfinyt, beu- R* aud R* are independently H, alkyl, afkenyl, aryl, hel-
zenesuifonamido, benzenesullonyl, Dbenzenesulfonylamine,  eroaryl, hieterooycle, cycloatkyl, or hydroxy.
benzoyl, benzoylamino, benzoylexy, benzyl, benzyloxy, ben- The cycloalky] con optionally lie at least partiaily tsatur-
zyloxycarbonyl, benzylihio, carbamoyl, crbmunle, isocyan- 59 ated, thereby providing & eyclonlkeuyl. Additionally, the
nato, sulfantoyd, sulfinamoyl, sulfino, sulfo, switoamino, thio- cycloalkyl can optionally bea divalent radical, thereby pro-
sulfo, NR'I' andfor COOR?, wherein each R* aml R are  viding eycloaikylese,
independently F, alkyl, alkenyl, aryl, heteroaryl, heteracyele, The tenn “defivery” refers lo the release of a drug from a .
cyeloalkyl, or hydroxy. device comprising (hat drug into an envirotment surrounding

‘The term “carboeycle” referstoa saturated, unsaturmted or 35 Ihe device, The enviromment into which the drug so released
gromatic ring having 3 to 8 carbonatoms asa monoeyele, 7to  mayormaynotbethe wltimate siteof activity for that drug, In
14 carbonatoms as a bicycle, and up toabout A0 carbon aloms soie instances, the released dnig may need to be transported
as a polyeyele, Monocyclic carboeycies typically have 3106 toils ultimate site of activity,
ring atoms, stith more typicolly 5 or G ring atowms. Bicyelic The term derivative or snalogue” of & compound refers (o
carbocyeles have 7 to |2 ring atoms, 68, arranged os o 66 o chemically modified compound wherein the chemical
bicyelo [4,5],(5,5],15:6] ar 6,6} system, oror 10 ringatoms modification inkes place al one or more fumctionat groups of
arranged as a bicyelo [5,6] or 16,6] systen. Examples of {lie compouud and for onan aromatic, alieyclic, or heterocy-
carbooycles Include cycloprapyl, cyclobuyl, eyelopentyl, ¢clie strugiures, when present, ‘the derivative or analogue how-
t-cyclopent-1-eayl, f-cyclopent-2-enyl, f-cyclopent-3-enyl,  ever is expected to relnin the pharnicological aclivity of the
cyclohexyl, 1-cyclohex-1-enyl, 1-cyclohex-2-enyl, E-cyelo- 6 compound from which it is derived.
hex-3-enyd, phenyl, spiryl and naplithy}. The carboeyele con The term “an efeclive nmounl™ refers to an amount suffi-
be optionally substituted os described above foralkyl grougs,  cient to effect bepeflcial ar desimed resulls. An efiective
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amount can be administered in one or more adminislrations,
applicalions, or dosages. Detenninalion of an efective
amounl for a given adninistration is well within the ordinary
skill In the phormacewtical arts,

The termt “exchanged” is Infended fo indieate that in
between two or wore adjacent corbon aloms, and the hydro.
gen atoms to which they are attached (e.g., methyl (CH,),
melhylene (CH,), or methine (CH)), indicated in the expres-
sion using “interruptod” is inserted with a selection fronm the
Indicated group(s), pravided Ihat e each of the indicated
atoms® normal valency is not exceeded, and thol the imternip-
tion results In o stable compound, Such suitable indicated
groups nclude, e.g willt one or more uon-peroxide oxy
(—O—), thio (—8—), smine (—N(H}—), melhylene dioxy
(—OCIH,0—), earhonyl(—C(=0)—), carboxy (—C(=0)
0—), embonyldioxy (—OC(=0)Y0—), carboxylato (—0C
{(=0)—), imino {C=NH), sulfinyl (SC) and sulfony! (SO.).

The lerm “halo® refers to fivoro, chilore, bromo, and judo,
Similarly, the ferm “halogen” refers {o fluorive, chlorine,
bromine, and iodine.

The term “hatoalkyl” refers fo alkyl as defined herein sub.
stituted by 1-4 halo groups as defined herein, which may be
the same or dilferent. Representalive hafoalkyl groups
jnclude, by way of example, irifleoramethy], 3-fuorodede-
eyl, 12,12,12-Irilluorododecyl, 2-bromooctyl, 3-bromo-6-
chloroheplyl, aud the like,

The term “hetercaryl” is defined herein as a monocyclic,
bieyclie, or tricyelic ring system containing one, two, or {hree
aromatic rings and contalning at least one nilrogen, oxygen,
or sulfur atom in an aromatic ring, and which ean be unsub-
stituted or subslituted, The heteroary! can optionally be a
divalent radical, thercby providing a heteroarylege,

Bxamples al fieteroary] groups include, but ave not limited
{0, 2H-pyirolyl, 3H-indolyl, AH-quinotizinyt, 4H-carbazolyl,
acridiny}, benzo[b]thienyl, benzothiazolyl, f-carbolinyl, car
bezoly), chromenyl, cinunotiny!, dibenzo}b,d}furanyl, fura-
yanyl, furyl, imidazolyl, imidizolyl, indazolyl, indolisngh,
fndolyl, isohenzofozanyl, isoindolyl, isoquinolyl, isothiaz-
olyl, isoxozolyl, naphihyridinyl, noplhof2,3-b], exazelyl,
perimidinyl, phenanthridinyl, phesanthrolinyl, phesarsazt-
nyl, phennzin, pheuothinzinyl, phenoxathiingt, phenoxaxi-
uyl, phthataziny], pleridinyl, purinyl, pyranyl, pyrazinyl,
pyrazolyl, pyridezinyl, pyridy pydmidingl, pyrolyl,
aquinszoliny, quinoly quinoxalinyl, thiadiazotyl, thianthrenyl,
thiezolyl, thienyl, Irinzolyl, sud xambenyl, In one embodi-
ment thie term “Lieteroaryl™ denotes a monocyclic aromatic
ring conlaining five or six ring atoms containing, earbon and
1,2, 3, or 4 heterontoms independently selected from (he
group non-peroxide oxygen, sullur, ond N(Z) wherein Z is
absent or s T, O, atkyl, phenyl, or benzyl, Inanother emhadi-
ment heteramyl denotes an ortho-fised bicyclic helerocycle
of about cight to ten ring atoms derived therefrom, parlicu-
larly & benz-derivalive or one derived by fusing a propyleno,
or {etamcthylene diradical (hereto,

The heleroaryl can optionally be substituted with one or
more alkyl, alkenyl, aikoxy, hafo, haloalkyl, hydroxy,
Dydroxyalkyl, aryl, heteroaryl, heteracycle, eycloalkyl,
alkanoyl, nlkoxycarbonyl, amino, jmino, alkylomine, roy-
lamino, nitro, trifluoromethyl, triiffnoromethoxy, carboxy,
carboxyatkyl, kele, lhioxo, alkyithio, atkylsuifiny], alkylsul-
Tonyl, cyano, acefamido, aceloxy, ncelyd, benzomido, benze-
nesulfinyd, benzenesuifonamido, benzenesullonyl, benzene-
suilonylanine, henzoyl, benzoylamino, henzoyloxy, benzyl,
benzyloxy, benzyloxyearbouyl, benzylthio, carbamoyt, car-
bamate, isocyannate, sulfamoyl, sulfinamoyl, sulfino, sulfo,
sulfoamino, hiosulfo, NR'RY andfor COORT, wherein each
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1" and R are independently H, alkyl, alkenyl, aryl, het-
croaryl, Iieteroeyele, eycloalkyl, or hydroxy.

‘The term “heterocyele” or “heteracyelyl” refers to a salu-
mied or parlially unsafurated ring system, containing ni least
onc lelerontom selected from the group oxygen, nilrogei,
and sullr, and optionally substitited with atkyl, or C(=0)
OR®, wherein R® is Lydragen or afkyl. Typically heterocycle
is a monocyelic, bicyclie, or trieyelic growp containing one or
more heteroatoms selected fram the growp oxygen, nitrogen,
and sulfur. A heterocyele group also can contain an oxo group

—0) atfached (o the ring. Non-fimiting examples of helero-
cycle groups Include 1,3-dihydrobenzofuran, 1,3.dioxolane,
1,4-dioxane, 1,4-dithiane, 2fLpyran, 2-pyrazoline, 4H-py-
ran, chromanyl, intdazolidinyd, imidazeiing], hndolinyl, iso-
¢hromunyl, isoindolinyl, morpholine, pipemzinyl, pipen-
dine, piperidyt, pyrazolidine, pyrazolidinyl, pyrazolinyl,
pyrrolidine, pyieoline, quinuclidize, and thiomorpholine. The
heteroeycle can oplionally be a divalent redical, thereby pro-
viding a heferocyelene,

The heteracycle can oplionally be substituted with one or
more alkyl, alkenyl, alkoxy, halo, haloalkyl, hydroxy,
hydroxyaliyl, sryl, heteroaryl, heterocycle, cycloalkyl,
alkanoyl, atkoxycarbonyl, amino, imine, alkylamino, acy-
famine, nitro, trifuoromethyl, trifluorometboxy, carboxy,
carhoxyalkyl, kelo, thioxa, alkylihio, alkylsulfinyl, alkylsul-
fonyl, cyano, acetamido, aceloxy, acetyl, benzamido, beaze-
nesulfinyl, benzenesulfonmnido, benzencsulfonyl, benzene-
sulfonylamiao, benzoyl, benzoylamino, benzoyloxy, benzyl,
henzyloxy, benzyloxycarbouyl, benzylthio, carbamoyl, car-
bamate, isocyannato, sulfamoyl, sufinamoyl, sullino, sulfo,
sultfoamino, thiosuile, NIVR* and/or COORF, wherein cach
R* and R* are Independentty E, alkyl, atkenyl, aryl, het-
croaryf, licterocycle, cyclonlkyl, or lydroxy.

Bxamples of nitrogen beterocycles md  heteroaryls
include, bul are not fimited to, pyrrole, imidazole, pyvazole,
pyridine, pyrazine, pyrimidine, pyridazing, indolizine, Isoln-
dole, Indole, indazolo, purine, quinalizing, isoquinoline,
quinoline, pithalszine, naphihylpyridine, quinoxalise,
quinazoline, c¢imnolive, pteridine, carbazole, carboline,
phenentbriding, acridine, phenantinoline, isothinzole, phena-
#ine, isoxazole, plenoxazive, plienothinzine, imidazolidine,
imidazaline, piperidine, piperazine, indoline, morpholino,
piperidinyt, tetrohydrofiranyl, and the like as well as
N-alkoxy-nitrogen containing heterocycles.

The term "hydrate” refers to the complex where the solvent
molecule is walter,

The term “include,” “for example,” “such as” and the like
arcused Hlustratively and are not inteitded to limit the present
invention.

The lerm “interrupted” indicates that suother group is
inserled between two adjacent carbon atoms (and the hydro-
gen atoms to which they are attached {o.g., methyl (CH,),
methylene (CH,) or methine (CH))) of « pacticular carbon
chain being referred o inthe expression using tho term “jnter-
supled, provided thal cach of lhe indicatsd atoms’ nomal
valenay is not exceeded, mud thal the interruption results ina
stable compound. Suilable groups thal can interrupt & carbon
chain include, e.g., with one or more non-peroxide oxy
{—0—), thio (—5—), amine (—N(H)--), meihylens dioxy
{—OCH,0—), carbony (—C{=0)—), cerboxy (—C(=0)
Q—), earbonyldiony (—OC{E==0}0—), carboxylato (—OC
(=0)—), imine (C=NH), sultiny] (SO) and subfonyl (SO,).
Alkyl groups can be interrpted by one or more (e.g., £, 2,3,
4, 5, or abowd 6) of the aferementioned suitable groups, The
site of intermiplion can also be belween a carbon atom of pn
alkyl gronp and a carbon ntom {0 which the alkyl group is
attached.
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As to any of (he groups described herein, which contain
oneor more subsHtuents, it is understood, of course, that such
gronps do net contain any substitution orsubstitution patterns
which are sterically impraclical and/or synihetically non-
feastble. 1u addition, the compounds of this disclosed subject
matter include all stereochemical isomers adsing from (e
substitution of 1hese compounds,

Selected substituents within 1he compounds deseribed
hereln are present lo & recursive degree. In this conlext,
“regursive substituent” means thal a substituent may recite
aniother fnstence of itself, Because of the recursive nature of
such substifuents, theoretically, a Jarge number may be
present in any given clafm, One of ordinary skill in the art of
medicinal chomistry and organte chemistry understonds (hat
the tofal number of such substifents is seasonably lmited by
the desived properties of the compound intended. Such prop-
erties include, by of example and not fimitation, physical
properties such as wolecuiarweight, solubility or log P, appli-
cation properties such as activity against the intended targot,
and practical properties such as ease of synihiesis,

Recursive substifuenls are an intended aspeet of the dis-
closed subject wintter. One of ordistary skill in the ant of
wedicinal and organie chemistry understonds the versalility
of such substituents, ‘Fo the depgee that recursive substituents
are present hua cloim ofthe disclosed subject matter, the total
number will be determined as sl forth above.

The term “metabolite” refers (o any compound of the for-
nula (1) produced in vivo ot in vitro from the parent drug, or
its prodrugs. The tenn “molecular welght” refers to a weighi-
average molecular weight, as is well known In the art. The
term “oxo” refers lo =0,

The term “phannacentically acceptable® refers o those
compounds, mfcrinls, compositions, ondfor dosage forms
that are, within the scope of sound medical judgment, suitable
for use in contact witl: the tissues of human beings and ant-
mals without excessive toxteity, irritation, allergic response,
or other problems or complicatlons commensvrate with a
reasonable benefiisk ratio. Several phanuaceutically
acceplable ingredients nre known in the art and efliciat pub-
fications such as The United States Pharmacoepia describe
the analyticat eriteriato assess the phamiaceutical acceptabil-
ity of numerous ingredionts of interest,

The lerm “phannacentically acceplable salis” refers to
ionic compounds, wherein a parent note-jonlc compouud is

modified by making acid or bnse salts lhereof. Exaumples of 43

pharmaceutically acceptable salts include nger] or organic
actd salts of basie residues such os amines; alkali or orgonic
salts of acidic residues such as carboxylic acids; and the fike.
The phannaceutically acceptable salls include conventional
non-foxie salts ond quaternary ammontuin salts of the parent
compaund formed, for example, Fom non-toxic inargante or
organic acids. Non-toxic salts can Inclode those derived from
inorgonic ecids such as hydrochlorie, hydrobromie,
tiydroiodie, sul furie, sulfamic, phosphorle, nitcdeand the like,
Salts prepared from organic acids con inelude those such ns
acelic, Z-aceloxybenzoie, ascorbic, benzenesulfonic, ben-
z0ic, citriv, ethenesulfonic, ethane disullondc, formic,
fumaric, gentisinic, glucaronic, gluconic, glutamic, glycolic,
hydroxymaleie, Isethlonic, isanicalinie, lactic, maleie, malic,
mesylale or melhanesulfonic, oxalie, pamoic {1,1%-metlyl-
ene-bis-(2-hydroxy-3-naphtheate)}, puttothenic, phienylace-
tie, propionic, salicylic, sullanilic, toluenesulfonic, stearic,
succivic, lartarie, bilartarie, and the fike, Certain componuds
can form pharaceutically acceptable salts with various
amino aoids. For a review on phamnaceuticaliy ncceptable
salts, see, e.45., Berge et al,, J Phar, Sei. 1977, 66(1), 1-19,
which is incorporated herein by reference.
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The phermacemtically aceeplable salis of the compounds
described hereln can be synthiesized from thiie parent cont-
pound, which conteins a basie or acidic moiciy, by conven-
tional chemical methods, Generally, such salls can be pre-
pared by reacting the free acld or base forms of these
compourids with a stolchiometrie amount of llw appropute
base or acid in water or in on ergonic solvent, or ina mixture
of the two; generally, nonaqueous media Jike ether, ethyl
acetale, ethanol, isopropanol, or acetonitrile nre prefemred.
Lists of many suitable salis are found in Remington: The
Science and Practice of Pharmacy, 21* cdition, Lippincolt,
Witlianys & Wilkins, (2005).

B will be appreciated by tivoso skilled in the art that com-
pounds usefit in (ko disclosed subject matter having a ehiral
center may exist in and be isolated in optically active and
racemic forms. Some compounds may exhibit polymor-
phism, 1t is to be understood fhat the presently disclosed
subjec! matter eaconipasses any mcetde, oplically-active,
polymorphic, or sterecisomerie for, or mixfures thereol, of
a compound of the presently disclosed subject matter, which
possess the useful propertics described herein, it being well
keown it the art Low to prepare oplicatly active forms (for
example, by resolution of the racemic form by recrystalliza-
tion {echniques, by synthesis from opticaliy-sctive starting
materials, by chiral synthesis, or by chromatographic separa-
fion using a chiral stationary phase) and how to determine
auticaucer activity using the siandnrd tesls described herein,
or using olher similor tests which ace well known in the art.

One diastereomer of a compound disclosed herein may
display superior activity compared with the other. When
reqiired, separtion of the racemic malerial can be achioved
by HPLC using a chiral colunm or by a resolutlon using &
resolving ngent such ns camphonic cioride as in Tucker ef
at, J Med, Che., 37, 2437 (1994). A chiral componnd
described lierein may alse be directly synthesized using @
chiraf catafyst or a chiral ligand, e.g,, Hlufiman et al,, /. Org.
Chemn., 60:1590 (1995).

‘The terms “prevent,” “preventative,” “prevention,* “pro-
teel,” aud *protection” refer o medical procedures thal keep
the malcondition from occurring in the first placs, The terms
mean that there is no or a lessened development of disease or
disorder where none liad previously occurred, or no further
disorder or disease development if there Lind already been
development of the disorder or disease.

The lenn “prodrug” refers (o any phonsaceutically accept-
able form of componnd of e formuln 1, which, upon aduin-
isteation {o & patient, provides & compound of the formula 1.
Pharmaceutically acceptable prodrugs refer to a compoun
that is metabolized, for example hydrolyzed or oxidized, in
the Los! lo form a compound of the formula 1. “fypical
exampies of prodrugs include compounds that have biologt-
cally labile protecting grotps on a functional molety of the
aclive compound, Prodrugs fuclude compounds that can be
oxidized, reduced, aminated, demmninnted, hydroxylated,
debydionylnted, lLydrolyzed, delydrolyzed, aliylated,
dealkylated, neylated, dercylated, phosphorylated, dephes-
phorylaied to produce the active compouad,

The prodmg may be prepared wills the objective(s) of
improved chemical stability, improved patient seceplance
aud complinnce, improved bioavailability, profonged dura-
tion of action, lmproved organ seleclivity (ucluding
improved broin peneironce), improved formulntion (e.g.,
increased hydrosolubliity), andfor decreased side effects
(e.g., foxlcity). Seec.g. 'L’ Hipuchi and V. Stella, “Prodnigs as
Novel Delivery Systems”, Vol. 14 of the A.C.8. Symposium
Series; Bioreversible Carrers in Diug Design, ed. Edward B.
Roche, American Phanmacentlcal Associatlon and Perganon
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Press, (1987). Prodrugs include, but are not limited fo, com-
pounds derived from componnds of fomiula 1 wherein
Lydroxy, amine orsulthydry! grops, if presenl, arc bonded to
any group that, when administered to the subject, cleaves to
form the free hydroxyl, amino or suiihydeyl group, respec-
fively. Sefected examples inclade, but are not imited 1o, bio-
hydrolyzable amides and biohydrolyzable esters and biohy-
drolyzable carbamales, carbonates, acefale, formate and
henzoate derivatives of alcohol and smine functional groups.

The prodrug can be readily prepared from the compounds
of Formuln (I} using sethods known in the art. See, for
example, Noturl, R. B, “Theory und Practive of Prodrug
Kinetics,” Methods in Enzymology, 112:30% 323 {1935);
Bodor, M., “MNove! Approacites in Prodrug Design,” Drugs af
ihe Frture, 6(3):563 182 (1981); wnd Bundgaard, H., “Design
of Pradrugs: Diareversible-Derivatives lor Various Punc-
tiostal Groups and Chemical Euntities,” in Desfgn of Prodrugs
(H. Bundgaord, ed.), Blsevice, N.Y. (1985); Burger's Medici-
nal Chenistry and Drig Chefsiry, Fifih Bd, Yol. 1, pp.
172178, 949-982 (1995).

The fesm “solvate® refers (o a complox of variable stoichi-
ometry formed by a soluto (in this invention, & compownd of
formula 1, or a salt or physiologically functional derivative
thereof) and n solvent, Such solvents, for the purpose of the
invention, shauld uot interfere with the biclagical activity of
ile solute. Nom-limiling examples of svitable solvents
include, but are not lmited to water, methanol, ethanol, and
acelic ackd. Preferably the solveat used is a pharmacculically
acceplable solvent, Non-lintiting examples of suilable plar-
maceulically acceptable sofvents include water, ethanol, ond
acetic acld.

The ferm “sterecisomer™ refers fo a compownd made up of
the seme aloms bonded by the sane bonds but having differ-
ent (hreg-dimeasionr] strttetures, which are not interchiange-
able.

The term “substituted” is intended to indicate (hal one or
more hydrogens on theatom indicated in the expression using
“substituted” is replaced with a setection from the indicated
group(s), provided that the indicated alom’s normal valency
Is nol exceaded, and that 1he substimtion resulls in & sinble
compound. Suilable indicated groups include, e.g., alkyl, alk-
enyl, alkylidenyl, olkenylidenyl, alkoxy, hale, hafoalkyl,
hydroxy, hydroxyalkyl, aryl, leteroaryl, licteracycle,
cycloalkyl, atkanoyl, acyloxy, atkoxycarbonyt, amino, imino,
atkylamine, acylamino, nilro, trifflvoromethyl, triflue-
romellioxy, catboxy, carboxyalkyl, keto, thioxo, alkylthio,
afkylsulfiny], alkylsulfonyl, cyatio, acelamido, acetoxy,
acetyl, benzamido, benzenesulfinyl, henzenesulfonamido,
benzenesulfony), benzencsulfonylamino, benzoyl, benzoy-
lamino, benzoyloxy, benzyl, benzyloxy, benzyloxycarbonyl,
benzyithio, carbamayl, carbomate, isocyanato, sulfamoyl,
sulfinomoyl, sufine, suifo, sulfoamino, thiosulfo, NR'R¥
andfor COORT, wherein eack R* and R¥ are independently H,
alkyl, olkenyl, aryl, heteroaryl, fielerocycle, cycloalkyl, or
hydroxy. When a substituent is oxo (i.c., =O)or thioxo {i.e,
—8) proup, then two hydropens on the atom are replaced. The
texm “sulfony}” refers to —80,—.

The tern “{automer” refers 10 a prolon shift from one atom
ol & molecule to aunotlier atom of the smne maolecule.

The ferm “therapenticotly elfective amounnt™ js intended lo
include an amount of o compound described herein, or an
smount of lhe combination of compounds deseribed hierein,
2.4, to treal ot prevent the disease or disorder, or lo freat the
symptoms of the disease or disorder, in  host, The cambina-
fion of compounds is preferably a synergistic combination,
Synerpy, as deseribed for example by Chou nnd Talalay, Adv.
Enzyme Reanl, 2227 (1984), vecurs when the effect of the
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compounds whenadministered in combination Is greater than
the additive clicel of the compounds when rdministered
alone as a single agent, In general, a synengistic effect is most
clearly demonsirated ni suboptimal coucentrations of the
compounds, Synergy can be in torms of lower cytotoxieily,
incrensed sctivily, or sonte other beneficial efltet of the com-
binstion compared with the individual components.

The terms “Thempy,” and “lkerapeutic” refer to either
“iroalment™ or “prevention,” {hus, agents thet either treal
damage or preven! damage are “(herapeutic.”

The tes “ireaifng” or “lreal” or “treatment” refer to
oblaining a desired phamacologic and/or physiologie effect.
The effect may be prophylactic In terms of eompletely or
partially preventing a disease ar symplom thercof and/or mny
be {herapeutic 1n {erms of @ partiul or complete cure for a
disease andfor adverse affect atiributable to the disease. As
used hercin, the ferm “lzeatment,” covers any treatment of a
disease in a mammal, particalarly in a human, and inclides:
(a) preventing the disease from oceurdng in o subject which
ey be predisposed lo lhe disease bul has rol yet been ding-
nosed a3 fraving ity (1) inhibiting the disease, i.e., arresting iis
development; and (¢} relieving the disease, ie., causiug
regression of the disease,

hi addition, where feahires or aspects of the inveation are
described in lenns of Markush groups, those skilled in the art
will recognive that the invention is also thereby deseribed in
tems of any fadividual mewmber or subgroup of members of
e Mazkush group. For exauple, il X isdescribed as selected
from the group conslsting of bromlue, clilorine, and fodine,
claims for X beiug bromine ond claims for X being bromine
ud ehlorine are fully described, Morcover, wikere features or
aspects of the inventlon are described it temis of Markuslh
groups, those skilled in the art will recogaize lhat the inven-
tion is also therehy described in terms of any combination of
dhvidual members or subgroups of members of Markush
groups. Thus, for cxample, if X Is described as selected from
the group cousisting of bromine, chlorine, and todine, and Y
is deseribed as selected from the group coasisting of methyl,
cthyl, and propyl, claims for X belng bromine nud Y being
melhyl are fully described.

In various embodiments, the componnd or sel of com-
pounds, swch as are used i ike inventive methods, can be any
one of any of the combinations andfor sub-combiiations of
the above-listed embodinents.

Asymmelric carbon aloms may be present It the com-
pounds described. All such isomens, including dinstercomers
and cnantiomers, as well as the mixtures thereofare intended
to be fucluded ju the scope of the reclled compound. Incerlain
cases, compounds enn exisl in tawtomeric forms. All tnuto-
miede forms are intended to be included in the scope, Like-
wise, when compounds conlain an alkenyt ar alkenylene
group, there exists the possibility of cls- and traus-lsomeric
forins of the compounds. Both ¢ls- and {rans-isomers, as well
as the mixtures of cis- and trans-isomers, are contemplated.
Thus, reference herein to a compound jncludes alt of the
aforementioned isomeric forms wunless the context clearly
diclales otherwise.

Various forms are included in (he embodiments, including
polymorphs, solvates, rydrates, confonmers, salts, and pro-
drug derivatives. A polymorph is a composilion having the
same chemical formuta, bul a different structure, A solvate is
1 composition formed by solvation {the cambination of sal-
vent molecules with molecules or fons of the solute), A
Lydrate is a compound fermed by an Incorporalion ol waler,
A conformer is a struchwe that is & conformational isomer.
Conformational isomerism is the phenonenon of molecules
\with the snute siruetural formula but different conformations
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(conformers) of atoms about a rotating bond. Salls of com-
pounds can be prepared by methads known to those skilfed in
the art. For example, salts of compounds ¢nn be prepared by
reaciing the approprinte base or acid wifh a stoichiometrde
equivalent of the compound. A prodrug Is & compound that
undergoes biotransfomativn (chemical conversion) before
exhibiting its pharmacological effecls. For example, o pro-
diug can lhus be viewed as a drug conlaining specialized
proteclive proups used in a transient manner to alter or io
climinale undesirable properdies in the parent molecule.
Thus, reference herein {0 o compownd includes al of the
aforementioned forms unless the contexi elearly dictates vih-
envise,

Concenlrations, anounds, efc,, of various componeids are
often presented i o runge Tormat tluoughout this disclosure.
The description in range format is mevely for convenience
and brevity ond should siel be construext as on inflexible
limilation on the scope of theclaimed invention, Accordingly,
Ihe description of a range should be considered to have spe-
cificatly disclosed all the possible subranges as well as indi-
vidual numerical values within that range, For example,
description of a range such as 1% 1o 8% should be considered
lo have specifically disclosed subranges suclt as [%9 to 7%,
2% to 8%, 2% 10 6%, 3% to 6%, 4% 10 8%, 3% to 8% clc, as
well as individun] numbers within that mnge, such as, 2%,
5%, 1% ele, This consiruction applies regardless of the
breadili of the range ond in all contexts throughout this dis-
closure.

Int the claims provided herein, tho steps specified o be
faken in a cleimed method or process may be carried out in
any order without departing from the principles of the inven-
lion, except when a fempord or operational sequence is
explicitly defined by clsim language. Recitalion in aclaim to
the cffect that firsta step is performedilion several other steps
are performed shall bo teken fo mean that the first step is
performed before any of the other steps, but the other steps
may be performed in quy sequence unless a sequence s
further specified withln the other steps. For example, ¢laim
elemcals thal reeite “first A, then B, C, and D, and fastly B”
shall beconstrued {o mean slep A must be firs), step B must be
Iast, but steps B, C, and > may be carded out inany sequence
between steps A and B and the process of that sequence will
still {ol} within the four comers of tho claim.

Furthermore, in the clnims provided herein, specified stops
may he carried oul concurrently unfess explicit claim lon-
guagerequires that they be cardied out separately or os parts of
diflerent processing operations, For example, a claimed step
of doing X and a claimed step of doing Y may be conducted
sinnillaneously within a single operation, and the resulting
process will be covered by the claim, Thus, a step of doing X,
a slep of dolng ¥, and a step of doing Z may be conducted
simultaneously within a single process slep, or in two sepa-
rale process steps, or in iree separate process steps, and that
precess will stilf fall within the four corners ¢f a clnim {hot
recites those three steps,

Sinilarly, except ns oxplicitly required by claim language,
asinglesubsiance or component may meet moretbhanasingle
furteonal requirement, provided Lhat the single substence
fuififls the more than one Emetional requirement as specificd
by claim lnguage,

‘The compounds described herein can be prepared by any of
ihe applicable teclmiques of organic synthesis. Mony such
techniques are well known in the art, However, many of the
known fechuiques ave elaborated in Compendimn af Organic
Syathetle Metheds (Tohn Wiley & Sons, New Yoirk) Vot, |, Tan
I, Harrison aand Shuyen Harrson (1971); Vol 2, lan T, Hor-
rison and Shuyen Horrison (1974); Vol, 3, Louis 8. Hegedus
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and Leroy Wade (1977); Vol. 4, Leroy G, Wade Jr., (1930);
Vol. §, Leroy G, Wade Jr. (1984); aud Vol. 6, Michae! B,
Smilly; a3 well as Marcly, J, Advanced Grganic Chenistry,
3rd Bdition, John Wiley & Sons, New York (1985}, Conpre-
henstve Qganic Synihests, Seleeitvity, Strategy & Efficlency
in Modern Organic Chemistry, In 9 Folumes, Barry M. Trost,
Bditor-in-Chief, Pergamon Press, Now York ([1993);
Advanced Organie Chemistry, Part B: Reacitons and Synthe-
sis, 4tk Bd.; Corey and Sundberg; Khuwer Academic/Plenum
Publishers: New York (2001); Advanced Organie Clemisiry,
Reactiens, Mechanisnts, and Strveture, 20d Bdition, March,
McGraw Hill (1977); Protecting Graups fn Organle Synthe-
sfs, 2nd Bdition, Greene, T. W,, and Wuiz, P. G. M., John
Wiley & Sous, New York (1991); awnd Comprefensive
Organte Trausformations, 2nd Bdition, Larack, R, C,, John
Wiley & Sous, New York (1999). Exemplary methods of
making the compounds described herein are described herein
in the examples helow,

Obviausly, nunterous madifications and variations of the
presently disclosed subject matter are possible in light of the
above teachings, It is therefore to be understood that within
the scope of the cluims, the disclosed subject matler may be
practiced otherwise than as specifically described herein,

Specific mnges, vafues, and embodiments provided herein
are for {llusiration purposes ouly and do not ofherwise limit
the scope of the disclosed subject matter, as defined by the
claims,

1t should be nnderstood that the present diselosure encom-
passes all stereochemical jsomede fonms, or mixtures
thereof, which possess the ability to kilt cancer cells and/or
inhibit growth ef cancer colls. Bnantionters of the present
disclosure may be resolved by metheds known lo those
skilled in the art, for example, by formation of diastercoiso-
mteric salts which may be separated by crystablization, gas-
liquid er liquid chromatogmaphy, or selective reaction of one
enanfiomer with an enantiomer-specific reagent. I will be
appreciated that where the desired enantiomer is converled
into another chemical entity by a separalion technicque, (lien
anadditionn] step is required to form the desired ennnliomerie
form. Allernatively, specific enantioters may be symhesized
by asymimelric syntliests using optically active reagents, sub-
slrales, catalysis or solvents, or by converting oneenantiomer
jtto the other by asymmetric tmnsformation.

Cenlain componnds of the present disclosure may also exist
in diffecent slable conformational forms which mny be sepa-
rable, Torsional asymmelry due to restricted rolation about an
nsymumelric single boud, for example because of steric hin-
dranee or fng stralty, mey pennit separation of different con-
formers, The present disclosure includes each conforma-
Hanal isomer of these compounds and mixlores thereof,

Cerlain compounds of the present diselosure may exist in
zwilierionic form and the present disclosure ingludes each
zwitterionie form of (hese compounds and mixiures thereof,

The staring waterinls useful to synthesize the compounds
of the preseat disclosure are knowa lo those skitled in the ari
awd ean he readily manufactured or are commereially avail-
able.

The following methads set forth below ave provided for
illusirtive prirposes and are not dntcuded {o limit thescopeof
the claimsed disclosure. 1t will be recoagnized that it may be
necessary ta prepare such a compound in which a functional
group Is protected using a conventional protecting group llen
to remove the profecling group to provide a compound of the
present disclosure, The details conceming the use of proteet-
ing groups in accordance with the present disclosure are
fmown to those skilled in the art,
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The fnvention relates 1o syntbesis of anticancer compouuds
of (fAuorophenylyquinolin-d-one derivatives of fonuula

By
Ry 0/
R Sy
Ry N ™
R
Ry Ry
q
T\
O Ry, x 19
Where R2 = ,
AniRi=Hes G Ky RS
Whea RS = H, e,
AR
q
TNy
Y
R OM Re O
R
Ry N i I
P
) N Ry Ry ﬁ Ry
N 1]

As mentioned above CHM-2133-8 exhibited excellent
antitumor aclivity, through both oral and infravenous adimin-
istration, which fs very likely refated to its unique sirclure
that was made up of the lollowing trec fuuctional groups:
Firstly, the phosphate group located au the 4-posilion of its
quinoline ring. As stated in our previous report thal phorma-
cokinetic study ol CHM-2133.P conlfimed ifs rapid bio-con-
version into s active molecule GHM-2133 folfowing admin-
tsteation. Alkafine phosphalase is known to over-expressed on
the extmeelular space olspecific tumor cefls such as ovarien
and hepatoma cells, therefore the intraduction of'a phospliate
group appears to be a reasonable strmtegy for target delivery,

Secondly, the methylenedioxy moiety bridges the 5- and
G-position of its quinoline ring, which could foru an ortho-
quinone upon metabolism, end could be sibscquently
melabolized into more cylofoxic melabotites in hypoxincells,
Because severe liypoxin is a comuton situation of locally
advanced sofid twmer, the incorporation of methylenedioxy
moiefy 1o fight twmors beeomes a meaniogful appronch.

Thirdly, the Muorine atom lecaled on the 2-pheny] group.
To certain medicines, the wnordinary nature of Muorine was
reporied lo impart  variely of properties including eubnnced
potedcy, Improved dumtion of action and attenuation of bil-
iary clearance.

Mennwiitle, established SAR indicated the oxistence of a
group with fone pair eleclrons {for Instance, OCH,, NRR, Cl,
1) at both the 6-position of guinoline riug and 3" position of
2-pheny} group enfinced the cylotoxicity of 2-PQs. Bearlng
the structural characteristics of CHM-2§33-P ju mind, the
inventor designed compounds 16-21, 37-45 (FIQ, andheir
phosphates as (el compounds based on the following prin-
ciples: (1} The presence of a O—R gronp at G-position of
quincline ring, {2) The presence of a fuorine atom af the
2-phenyl growp, (3) Readiness to be metabolized Into ortho-
quinong in vive and (4) should be new 2-PQs Ihnf were iot
synthesized before, For ilfustvation, methods of syntliesizing

i0

20

25

10

L

0

55

18

larget compounds 16-21, 37-45 and ovalualing their cylotox-
icily are disclosed. Drug candidale compornds may be coi-
verted into water soluble, soditm salt of phosphate deriva-
tives for fmproved hydropldlicity. All the synthesized
phosphate derivatives may boevaluated for in vivo anticancer
activity.

EXAMPLES

Without iutent to limit the scope of the invention, exem-
plary instruments, apparalus, methods ond their related
results according to the embodiments of the preseat invention
arc given below. Note that titles or sublitles may be usedinthe
exaniples forcouvenienceofa reader, which In no way should
limitthe scope of the Inventton. Moreover, certain theories are
proposed and disclosed herein; however, in no way they,
whether they are right or wrong, should limit the scope of the
inventionso lang as the invention is practived according to the
invention withont regard for any patticular leory or scheme
of relion.

Geners! Struciures of Compounds
A-Series (Scheme 1-8cheme 5)

N s
it | I
P
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1. A Series
Chemical Synthesls

Scheme 1: Synthesls of Componnds 16-24. The synthesis
of 5,6,7,2,3 #"-substituted 2-phenylquinolin. f-ones {16-24}
was ilustrated in Scheme 1. First, 3,4,5-substituted t-amino-
2.avelytbenzenes (1-3) were reacted separately with 2,34~
substituted benzoytchlorides(4-6)to yield the corresponding
amides (7-15) that wers subsequent [y cyclized in CBuOH, in
fhe presence of i-BuOK, to afford the desired compounds
(16-24).

Scheme Q:Synlhesisof&arthg Cowpottls 1-3. Theslart-
ing compounds 1-3 were not From commercial sonce, and
were prepared according lo Scheme 2. Following a published
method,® 2,3-dimelhaxybenzonitrlle (25) was subjected fo
Grignard reaction by rcactingwithCH;MgBrinelhcrloyleld
2,3-dimethaxyacelophienone (26). Compound 20 was then
nitated with 70% HNO, to give 2,3-dimethoxy-6-nitronc-
etophenone {27) whick, without purklication, was hydroge-
pated over Pd/C. The reaction product was purified by columa
chromatography lo aflord 6-aming-2,3-dimethoxyacelophe-
none (1) whose structure was confirmed by 2D-NMR specim.

6-Amine-2,3-dimethoxyacelophenone (2) was slso pre-
pured according to published methods, The starting catechol
(28) was acelylated, o mlerowave oven selat 300 Wall power,
by reacting wilh mixture oF acetic noid (29) and BE,. B1;0t0
yield 2,3-dibydroxyacetophenons (30) which was further
reacted with dilodomethane in DMF, in the presence of
K,CQ,, fo afford 2,3-methylencdioxyacclophenouc (ab).
Subsequent niteatfon of compound 31 with 70% HNO;
affordud 2,‘3-melhy!encdiox)'-ﬁ-nitmncelophcnone (32).
Withoul purification, coutpouinds 32 was tydrogenaled, and
purified with colunm chromatography la provide 6-amino-2,
3.mellylencdioxyacetophenono .1 Another published
inetliod was followed in preparation of G-snino-3-methoxy-
4-benzyloxyncelophenone (3). First, the benzylation of the
stariing acelovanillone (33) with benzylbromide (34) gave
4-bcnzy]ow-?:-melhoxyacclopheuoue (35) which was
nitrated to yield 4~henzy§oxyv3-melhoxy-()-nitmnccinphe-
none (36).1 The so-oblained compound 36 was reduced with
8nCl, to aflord compound 3.

Scheme3: Synthiesisof Cowpottuds 37-45, Scheme 3 iltos-
irated the preparation of desigoed compounds 37-45, As
shown, compounds 16-18 were selectively demethylated by
freating with BCL, in CH,Cly, fo aflord the corsosponding
2-(ﬂuuropheny1)-5-hydroxy»G-methoxyquinolin-4-oucs (37-
39) whose slructures were confimed by 2D-NMR speetm.
Calalylic hydrogenation of compounds 19-21 yielded
2-(iluorophcn)'l)-ﬁ,G-dihydroxyquinnlin-d-oues (40-42), and
simitarly, hydrogenation of 7 -bmzy!0};}*—2-(ﬂuemp];cnyl)-é-
snethoxyquinolin-f-ones (22-24) gave 2-(flworophenyl}-7-
hydmxy-ﬁ—mclhnxyquinoiin-Li-oncs {43-45).
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Schema
R3
Ry
v Ry
Ry NH;
1-3
R; G
”
[¢] R
Ry
Ry’ ﬁ
R|J

1624

1, Ry =R =0OCH),, R;=H

2, Ry, By= ~—OCH0—, Rs~H

3, Ry = I, Ry = OCHy, Ry = OCHPh

A, Ry =¥, Ry =}, Ry =H

&Ri=H, By =F,Ry=Il

6, Ra=H,Ry=H,Ry=F

%Ry =Ry = OCHy, Ry = H, Ry =F, Ry’ =L Ry’ =1

8, Ry =Ry=OCH), Ry =11, By = H, Ry = F, Ry/ =1

9,Ry =Rg=OC I, Ry =, Ra' =, Ry =H, Ry’ =F

10, Ry, Ry = — OCH0~—, Ry =H, ;' =F, Ry’=H, B¢ = H
11, Ry, By = — OCH0—-, Ry=H, By =1, Ry' =F, By’ =H
11, Ry By = ——OCH0—~, Rg=H, Ry =1, Ry’ =H, Ry’ = F
§3, Ry = I, Ry » OCHy, Rg = OCILTh, Ry =R Ry =H R{=H
14, Ry =10, Ry = OCHy, Ry = OCILFR, RS =, Ry s L Ry =H
15, Ry = H, Ry = OCHy, Rs = OCHPh, RY' = H,Ry'=H, Ry =F
16, Ry = Rg =OCHy, Ry= W, Ry =E, Ry =1, iy’ =H

17, Ry = Rg =0OCH;, Ry = I, Ry =H, Ry =F, Ry’ =l

18, Ry = Rg = OCHy, Ry= LRy = H, Ry’ =H, Ry =F

19, Ry, ¥ = ——OCH0—, Rp=H,RS =F, =1 R =H
29, R, Rg = —OCH0—; Ry~ LRy’ =L Ry =F, Ry =H
21, Rs, Rg= — OCIHO—, Rp= LRy =K, Ry’ =ILRy'=F
12, Rs = H, Rg = OCHy, Ry = CCH Ph, Ry’ =F, By’ = HL Ry’ =H
21, Ry= H, Ry =0OCH), &y =OCHZh, Ry =H, Ry~ F, Ry’ =H
2, Ry = H, Rg = OCHs. Ry = CCHiPE, Ry =H, Ry = H, Ry =F
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Schemes 4-5; Phosphorylation of Compound 38, ‘fhe

4 phosphorylation of 2-(3-fluorophenyl}-5-hydroxy:G-meth.
oxyquinoline-4.one (38) was illusicated in Schemes 4 and 5.
Compound 38 was first reacted with tetrabenzylpyrophos-
phate (46} in TIIF in the presence of NalT or dibenzylphos-
phite (47) to yield 2.(3-fluoropleny])-6-methoxyquincline-

so d,5-diyl bis(dibenzyl phosphate) (48). Compound 48 was
lien subjected to cafulyiic hydrogenation in MeOH (o glveits
diplosplioric acid (49). Pinally, compound 49 was couveried
into water sofuble sodium sall (50) by freaiment with
NaHCO,. In the process of purifying compound 48, the coex-

55 istence of its dophosphorylated derivative was found. Pre-
sumably as illusirated in Sclieme 5, ie inductive eftect by the
nitragen atom on the 1-position of quinoline ring facilifated
the selective elhnination of phosphate moicly on the 4-posi-
tlon of the same ring. Upon lesling several conditions of
reaclion fed to selective 4-phosphiate elimination of com-
ponnd 48, it was found that stirring af room tempemire of
compownd 48 dissolved in MeOH resulted in precipitation of
its monophosphate derivative 51 whose siruclitre was con-
lirmed by the 'IL.NMR chemical shifl of its prolon on the
J-position (5 6.27). Finally, vsing the same synthelic proce-
65 dure for compound 50, the hydrogenation of compouud 51,
foHlowed by teeatment with Nal1CO,, resulied in desired
water soluble, sodium salt of monephosphate derivative {52).
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EXAMPLES

General Experimentaf Procedures, All of Ihe reagents and e

s solvents were obtained commereinlly oud wsed without fiar- 0
It ther purification. Reactions were monitored by thin-layer
clrematography, using Merck plates with fluorescent jndica-
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tor {TLC Silien gel 60 P, 5,). The following adsorbent was
used for column cliromatography: silics gel &0 (Merck, par-
tlcle sizo 0.063-0.200 mi1). Melting poinis were detenmined
on o Yanaco MP-5060D meling point apparatus and were
wicorrected. IR spectm were recorded on Shimadzuy IRPres-
tige-21 spectrophotonteters as KBr pellels, NMR speclra
wero oblained on a Bruker Avance DPX-200 FT-NMR spec-
{rometer in CDCL, or DMSO. The following abbreviutions
are used: s, singlel; d, doublet; 4, tripfe; q, quartel; dd, double
daublef end m, mulliplel. B-MS specira were measured with
an HP 5995 GC-MS instroment. BST-MS speelra were iea-
sured with a Finnlgan LCQ jon-trap mass spectiometer (18Q
Quantum, Therno Finigan Corporation, San Jose, Calif),
Dlemental analyses (C, H, and Ny were pecfonned on a Per-
kin-Eluter 2400 Series [T CHNS/O analyzer, and the results
were willtin 20.4% of fhe calculated values,
N-(2-Acetyl-3,4-dimelhoxypheayl}-2-Ruorobenzamide
(7). Toa solution of 2-fluorobenzoyl chloride (4), 0.48 g, 2.46
nunol) in 40 mL of dry toluene were added (ricthylamine (0.5
i) and compound f {0.70 g, 4.43 mmo!). The mixture was
slirred af 55-60° C. for 30 min, and then poured info crushed
e, extracted with ElOAe. The organic layer was washed
with brine, dried over MgS8O, nud cvaporled. The crude
product was prified by columa chromatography (Silica gel,
EIOAc/u-hexane} 1o give 7 (0.5 g, .58 numol) ss a yeliow
solld, Yield: 64,1%; mp 106-108° C; MS (11, 70 eV): m/z
317 (M*); "H-NMR (DMSO-d,,200 MHz): § 245 (s, 311),
3.76 (s, 3H), 3.81 (5, 3H), 7.14 (d, J=2.6 Hz, 2H), 7.24-7.34
(m, 211, 7.52-7.63 (n7, 2H), 10.07 (s, [H), C-NMR
(DMSO-dg, 50 MHZ): §31,91, 56,52, 61.42, 114,52, 116.70,
121.43, 124.16, 125.06, 1268, [30.52, 131.50, £33.35 (d,
=8.0 Hz), 145.98, 150.47, 159.61 (d, J=247.5 Hz), 163,19,
201.38; Aval, caled for C:H,FNO,: C, 64.35; H, 5.08; N,
441, Found: C, 64.31; H, 5.10; N, 4.43,
N-(2-Acetyt-3,4-dimethoxypheny!)-3-Auorobenzamide
{8} was obtained from 1 aud 3-fluorobenzoy! chloride (5).
Yelow solid; Yield: 65.0%; nip 98-99° C.; MS (EI, 70 eV}
iz 317 (M*); "H-NMR (DMSO-dg,200 Miz): 6 2.43 (s,
3H),3.7G (s, 3H), 3.81 (5, 3H), 7.03-7.15 {m, 2H), 7.39-7.71
(m, 4H), 10.18 (s, 111); **C-NMR (DMSO0.d,, 50 MHz): &
3174, 56.45,61.38, 114.30, 114,73 (d, J=23 Hz}, 119,04 {d,
J1=21 Hz), 121.98, 124.13, 126,9], 13}1.12 (d, J=1.5 Hz),
132.27, 136.89 (d, J=6.5 Hz), 14590, 150,65, 162.40 (d,
I=243 Hz), 164.67, 201.22; Anal. cated for Cy7H FNO,: C,
G4.35; H, 5.08; N, 4.41, Found: C, 64.34; H, 5.06; N, 4.44,
N-(2- Acetyl-3,4-dimethoxypheny])-4-fuorobenzamide
(9} was obtaiued from 1 and 4-Buorohenzoy! chloride {G).
Yellow solid; Yield: 64,7%; mp 146-147° C; MS (BI,70eV);
mfz 317 (M*); "H-NMR (DMSO-d, 200 Milz): § 243 (5,
3D, 3.76 (s, 3H), 3.81 (s, 311), 7.03-7.14 (m, 2H), 7.26-7.35
(m, 2H), 7.88.7.95 (m, 2H), 10.14 (s, 1H); PC-NMR
(DMSO-d,, 50 MHz): 831.76, 56.48, 61.38, 114,33, 115.83
(d, =22 Hz}), 121,91, [27.17, 130.65 {d, 1=9,0 Hz), 131.06,
132.21, 14590, 150.53, 164.57 (d, =247 Hz), 164.94,
201.25; Anal. caled for C; 1, FNO,: C, 64.35; 1, 5.08; N,
4.41, Found: C, 64.36; 13, 5,11; N, 4.40,
N-(2-Acetyl-3,4-methylenedloxyphenyl}-2-Auorobenza-
mtide (10) was obloined from 2 i 4. Yellow solid; Yield:
90.0%; mp [65-166° C; MS (BI, 70 eV): mv/z 381 (M*);
*H-NMR (DMSO-d,,, 200 MHz): §2.53 (s, 311), 6.13 (s, 2H),
7.12(d, 1=8.6 Hz, tH), 7.28-7.38 (1, 211), 7.56-7.61 (m, 111),
7.92:7.82 (m, [H), 7.85 (d, J-8.8 Hz, 1H), 1150 (s, IH);
VC-NMR (DMSO-d,, 50 Miz): § 32,53, 102,57, 111,92,
112,52, 114,74, 116.94(d, 1-22.5 Hz), 123.55 (d|, 1-12.5 Hz),
12541, 13098 13181, 134.0f (d, 1-8.5 Hz), 14446,
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149.00, 157.18, 16222, 19961; Amol. caled for
CyH1,,TNO: C, 63.79; 1, 4.015 N, 4.65. Found: C, 63.75; H,
4035 N, 4.67.
N-(2-Acetyl-3,4-methylenedioxyphenyf}3-Auorobenza-
wide (1) was obiained from 2 and 5, Yellow solid; Yield:
95.0%; wp 170-171° C; MS (BI, 70 eV): mfz 301 M)
'H-NMR (DMSO-d,, 200 MHz): §2.56 (s, 3H), 6.14 (s, 2H),
7.13(d, J=8.4 11z, 1H), 7.43 (1, J=8.6 Hz, |H), 7.52.7.68 (m,
2H), 772 (d, J=8.6 Hz, 2H), 11.56 (s, IH); MC-NMR
(DMS0-dg, 50 MHz): § 3248, 102,61, [12.48, §12.62,
H4.48 (d, J=23 02), 114.89, 11930 (d, J=21.5 Hz), 123.56,
[31.52 (¢, J-8.0H2), 131.96, 137.32, 144.61, 148.88, 162,6]
(0, J=2435 Hz), 16397, 19988 Anal, caled for
C\6H1,FNO,: C, 63.79; H, 4.01; N, 4.65. Fownd: C, 63.67; H,
4.00; N, 4.63,
N-(2-Acelyl-3,d-methylenedioxyphony|)-4-fluorobenza-
mide {12) was obiained from 2 and 6. Yellow solid; Yield:
84,0%; np 185-186° C.; MS (BI, 70 ¢V): m/z 30f My
"H-NMR (DMSO-dy. 200 MHz): 82,51 {5, 3H), 6,13 (5, 211),
7.12(d, J=8.6 Hy, 1H), 7.20-7.40 (i, 2), 7.77 {d, 1=8.6 Hz,
1H), 7.89-7.97 (m, 20), 11,58 (s, 11-1); PC-NMR (DMSO-
dg, SOMH): 532,55, 102.55,111.20, 112,61, 114.54, 116,26
(d, 1-22 Hu), 130.22 (¢, J=7.0 Hz), 131.47, 13241, 144,36,
148.97, 16222, 164.67 (d, J=248 Hz), 200.04; Anal. caled for
C1H,,FNO,: C, 63.79; H, 4.01; N, 4.65. Found: C, 63.84; 11,
3.98; N, 4.65.
N-(2-Acetyl-5-benayloxy-4-methoxyphenyl)-2-flua.
robenzamide (13} was eblained from 3 and 4. Yellow solid;
Yield: 89.0%; mp 142-143° C,; MS (BI, 70 eV m/z 393
(M*); '1I-NMR (DMSO-d. 200 MHz): § 2.60 (s, 3H), 3,82
(s, 3H), 5,16 (s, 2H), 7.10-2.50 (m, 8H), 7.56-7.67 (m, 1ED),
7.807.89 (m, 1H), 8.57 (s, IH), 12.45 (4, J=4.0 Hz, 1H);
PCNMR (DMSO-d,, 50 MHz): & 29.08, 5642, 7041,
105.31, 115,28, 116.05, [17.08 (d, J=22 [e), 123.27 (d,
J=12.5Hz), 125.60, 128,58, 128.95, 131,20, 134.45 {,J=385
He), 135,77, 136.50, 144.46, 152,98, 157.26, 162,35, 201.78;
Anal. caled for C,yH,,BNOy: C, 70.22; H, 5,123 N, 3.56.
Found: C, 70.18; H, 5.10; N, 3.55.
N-(2-Acelyl-5-benzyloxy-4-methoxyphenyt)-3-fluo-
robenzamide (14) was obtained from 3 and 5. Yellow solid;
Yield: 86.6%; mp [62-163° C,; MS (B, 70 eV): nvz 393
(M*); "H-NMR (DMSO-d,, 200 MHz): 8 2.62 (s, 3H), 3.81
(s, 3H), 5.15 (s, 2H), 7.26.7.52 (m, 7#1), 7.54-7.78 (m, 3H),
8.51 (s, 1H), 12,70 (s, 1H); "’C-NMR (DMSO-dg, 50 MHiz):
§29,10, 5642, 70,40, 104.74, 114.45,115.29, | 15.83,119.5¢
{d,3=21.5 H2), 123,36, 128.53, 128,95, 131.74 (d, 1=7.5 Hz),
[36.28, 136,45, 137,30 (d, 1=6.5 Hz), 144.43, 153.26, 162,71
(d, =244 112}, 163,91, 202 48; Anal. calcd for C,3H, o TNO,:
C, 70,22, 1, 5.12; N, 3,56, Pound: C, 10.20; H, 5.14;M,3.52,
N-(2-Acctyl-5-benzyloxy-4-methoxyphenyl).d-fluo-
robenzamide {15) was obfained from 3 and 6. Yellow solid;
yiekd: 67.19%; mp 168-169° C.; MS (BL, 70eV): /2393 (M*);
"H-NMR (DMSO0-dg, 200 MHz): 62.63 (s, 311), 3.81 (5, 31),
5.15 (s, 2H), 7.2-7.5 (m, TH), 7.9-8.1 (m, 3H), 3.54 (s, 1H),
12,69 (s, 1H); “C-NMR (DMSO-d,, 50 Milz): & 20.11,
5647, 7041, 10473, 11539, 115.83, 116,27, 116,72,
123.53, 128,94, 130,17 (d, -9.0 Ha), 132.54 (d, J=9.5 Fiz),
136,48, 136.58, 144.33, 153.33, 164.24, 166,82, 202.48;
Anal. caled for C,,H,0HNO: C, 70.22; H, 5.12; N, 3.56.
Found: C, 70.24; H, 5.12; N, 3.59,
2-(2-Fluorophenyl)-5,6-dimethoxyquinolin-4-one (16).
Toasuspensionof 7(0.50 g, 1.58 munol} in t-butyl alcoliol (30
mE)was ndded potassivm t-hutoxide (1.0 g, 8.93 mmol). The
mixture was reHuxed under argon for 20 )t and evaporated,
The residue was treated with & 10% ammoniwm chloride
selation (30 mL). The solid precipitate was collested and
washed with a-hexane and he,CO, The erude product was
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recrystallized from MeOH aftorded yellow necdle of 16 (0.27
g, 0.9 minol), Yicld: 57.19%; mp215-217°C.; MS (B, 70eV):
nv/z 299 (M'); IR (KBr): 1628 (C—=0) cw™; 'H-NMR
(DMSO-d, 200 MHz): & 3,72 (s, 3.81 (s, 3, 6.06 (s, 1H),
7.3-76 (m, SH), 7.60-7.71 (m, 1H); Anad, caled for
C,,H,4FNO,: C,68.22; H, 4.71; N, 4.68. Pound; C, 68.24; 1,
4.67T; N, 4.71.
2-(3-Pluoraphenyl}-5,6-dimethoxyquinalin-4-one (17)
was oblained from 8, Yellow needle; yield: 53.1%; mp 190-
1920 C; MS (BI, 70 oV): m/z 299 (M*); IR (KBr): 1599
(C=0) e™'; 'H-NMR (DMSO-d:200 MHz); 8 3.73 (5,
3H), 3.81 (s, 3H), 6.35 (s, {H), 7.28-7.40 (im, [1), 7.46-7.60
(m, 311), 7.64-7.76 (m, 2H); Aual. caled for C,,H, ¥NO,: C,
68.22; H, 4.71; N, 4.68. Found: C, 68.17; H, 4.68; N, 4.66.
2-(4-Fluorophenyl}-5,6 - dimethoxyquinolin-4-one (18)
was obtalned from 9. White needle; yigld: 54.6%; mp 227.
229° C; MS (BI, 70 eV): wfz 299 (M*); IR (KBr): 1607
(C=0) enr™'; 'H-NMR (DMS0-,,200 Miiz): § 3.72 (s,
3H}), 3,30 (s, 3H), 6.26 (5, 1H), 7.31-7.40 (m, 2H), 7.44-7.54
{m, 20), 7.83-7.90 {m, 2H); Avab. caled for C, H FNO,: C,
63,22, T, 4.71; N, 4.68, Pound: C, 68.16; H, 4.68; N, 4,65,
2-(2-Fluoropheny)-5,6-methylenedioxyquinolin.d-one
(19) was oblained from 10. Yellow solid; yield: 47,6%; mp
282-283° C.; MS (HI, 70 €V): m/z 283 (M*); IR (KBr): 1605
(C=0) em™; 'H-NMR (DMSO-dl;, 200 MHz): & 5.92 (s,
IH), 6,11 (5, 211), 7.09 (d, 3-8.8 Ha, 1H), 7.27-7.38 (m, 3H),
755170 (m, 2H), 1171 (s, 1H);, Awal. caled for
CyeHy FNO,: C,67.84; H, 3.56; N, 4.94, Found: C, 67.82; H,
353N, 4.91,
2-(3-Fhuorophenyl)-5,6-methylenedioxyquinotin-d-one
{20} was obtained from {1, White solid; yield: 44.9%; mp
286-288° C.; MS (HI, 70 6V): mv/z 283 (M*); TR (KBr): 1660
(C=0) em™"; *H-NMR (DMSO-d,, 200 MHz): 8 6,11 (s,
2H), 6.19 (5, 1H), 7.19-7.36 (w, 3H), 7.55.7.67 (m, 3H),
1171 (5, 1H); Anak. caled for C, H,FNO,: C, 67.84; H,
3.56; N, 4.94. Found: C, 67.90; H, 3.92; N, 4.95,
2-{4-T'luorophenyl)-5,6-methyienedioxyquinelin-4-ono
(21) was obtained from 12, White solid; yield: 45.9%; mp
286-288° C.; MS (BI, 70 eV): /2 283 (M*); IR (KBr): 1613
(C==0) am™*; '"H-NMR (DMSO-dg, 200 MHz): & 6,10 (s,
3H), 7.17-7.31 (m, 2H), 7.32-7.41 (m, 2H), 7.78-7.85 (m,
2H), 11,46 (s, 1H); Anal, caled for C, 14, ,FNO,: C, 67.84; H,
3.56; N, 4.4, Found: C, 67.88; H, 3.51; N, 4.97,
7-Benzyloxy-2-(2-lluorophenyl)-6-methoxyquinofin-4.
one (22) was obtained from 13, White solid; yield: 60.5%; mp
132-134° C; MS (B, 70 ¢V m/z 375 (M*) 'I-NMR
(DMSO-d, 200 MHz): § 3.2 (s, 3H), 5.16 (s, 2H), 6.21 (s,
[H), 7.207.80 (m, 1 11); *C-NMR (DMSO-d,, S0 MIIz): &
56.02, 76.40, 101.86, 104.14, 103.80, 116,77 (d,J=21.5 Hz),
118.86, 123.30(d, J--13 Hz), 12543, 128.50, 128,97, 13124,
132.56(d, 1=8.0117), 136.58, 137.08, 144,73, 147.73, 152.52,
159.64 (d, 1=247 Hz), 174.57; Anal. caled for C,;H,sFNO,:
C,73.59; H, 4.83; N, 3.73. Fownd: €, 73.55; H,4.81; N, 3.71.
7-Benzy!oxy-2-(3~ﬂuoropheuyl)-ﬁqnetlmxyquiuoliu-4-
one(23) was abtained from |4, White solid; yield: 64.3%; mp
154-155° C.; MS (BI, 70 eV} w/z 375 (M*); 'H-NMR
(DMSO-dl;, 200 Milz): 5 3.83 (5, 3H), 5,17 (5, 2H), 6.56 (s,
1H), 7.30-7.56 (m, BH), 7.55-7.60 {m, 1H), 7.60-7.80 (m,
2H); BC-NMR(DMSO-dg, SOM1z): 8 5607, 70.45, 102.27,
103.72,106.03, 114.71 (d, J=23.5 =), [17.56(d, 1=20,5 I1z),
11844, 123,95, 128,56, 12899, 13150, 13649, 137.41,
148.02, 148.dd, 152,72, 165.13, 173.61; Anal, cnled for
C,3H,4FNO,: C,73.59; H, 4.83; N, 3,73, Fonud: C, 73.61; H,
4.80; N, 3,72,
7-Benzyloxy-2-(4-Auoraphenyl)-6-methoxyquinoiin-4.
one(24) was ablained fror 15, Whitesolid; yietd: 64,4%; nmp
248-249° C; MS (B, 70 oV): m/z 375 (M*); 'H-NMR
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(DMSO-d,. 200 MHz): 8 3.80 (s, 3H), 5.13 (5, 2H), 6.26 (s,
1H), 7.20-7.60 (m, 9H), 7.80-8.00 (m, 2H); SC-NMR
(DMSO-d,, 50 MHz): & 5596, 7036, 101.41, 104.51,
106.61, 11630 (d, J=21.5 Hz), 119.27, 128.56, 128.99,
130.05 (d, J=8.0 Hz), 136.60, 147.39, 148,06, 152.19, 163.63
(u, 1=246.5 Hz), 176.10; Anal. calcd for Coal [ JINO,: C,
73.59; H, 4.83; N, 3,73, Found: C, 73.56; H, 4.83; N, 3.75,

2,3-Dimethoxyacetoplenone (26}, Fo a stirred solution of
2,3-dimethoxybenzouitrile (25)(5.0 g, 30 mnol) in Bi,O
(12.5 mL} uuder N, atmospliere was added melhylmagne-
sium bromide (379 in Bt,0} (12,5 mL, 37 mmol). The mix-
fure was stirced for 16 b, and then 50% AcOH (20 mil) was
added. Afer it was stirred for 30 mia, the solulion was potred
into erushed ice, extracted with CH,Cl,, washed with 10%
Nit,CO; and hen with water, dried over MgSO, and coneen-
trated. ‘The crade was purified by column clromatography
(810, n-hexane: BlOAe=4:1) 1o give 26, Liquid; yiel:
92.5%; 'H-NMR (CDC},, 200 MHz): 5 2.56 (s, 3H),3.82(s,
3H), 3.85 (s, 3H), 6.99-7.02 (m, 2H), 7.13.7.18 (m, 1H);
"*C-NMR (CDCH,, 50 MH2): 6 31.18, 55,98, 6129, [15.83,
120,80, 123.94, 133,62, 148.63, 153.04, 200.26; Anal, caled
for Co#1,,04: C, 66.65; H, 6.71. Found: C, 66.60; £, 6.73,

6-Amino-2,3-dimethoxyacetopherone (1). Compound 26
(5.08, 27.8 nuno}) was stirred al -5 1° C. and 70% HNO, (60
mlL) was rdded dropwise. ARer il was stimed at =521 €. for
10 min, the reaction mixture was poured into crushed ice,
exiracted with CH,CL,. The extract was woshed with $0%
Na,CO, and then with water, dried over MgSO, and concen-
lrated|. The erud intermiediote (27) was directly in the next
slep,

A solulion of 27 (£,85 g, 8,22 mmol) in anhydrous MeOH
(10 mL) was hydrogenated in the presence of 10% PJIC (0.5
£)al 25£2°C. for 2 . The PAC was filtered ofTand the flirsio
was cvaporaled. The residue was purified by column chroma-
togmaphy (SEO%, a-hexano: BOAC=25:1) to give 1. Liguid;
yield: 43.7%; "H-NMR (DMSO-d, 200 MHz): 6 2.41 (s,
3H),3.66 (s, 311), 3.74 (s, 3H), 5.88 (5, 2H), 6,41 (d, J=0.0 Hz,
1H), 6.98(d, 1=0.011z, 1H); C-NMR (DMSO-d,, 50 MHz):
b 33.09, 57.58, 61.14, 11182, 11682, 12115, 142.62,
144.22, 149.87, 201.88; Anai. caled for C,gf1,,NO,: C,
61.53; H, 6.71; N, 7.18. Found: C, 6151 H, 674 N, 7.22,

2,3-Ditydroxyncelophenone (30). To a solution of ],2-
dilydroxybenzene (28)(2.0 g, 18.2 mmol) in AcOII (1.3 2,
21.7 numol) wos added boron trifluorido diethiyl ethier (98% i
H1,0, 2 mL). The mixfure was reacted witder microwave
irradiation (360 W) for 1.5 minand then coofed to 25° C, The
reaction mixture was dlissolved in dichoromethane (10 wl)
and ILO (zhout 20 mL). The orpanic Iny was washed with
10% NaHCO, and then with waler, dried over MgSO, snd
concentyated, The crude was purified by column chromntog-
raphy (8i0,, CH,CL) to give 30, Yellow solid; yiekd: 10.4%;
mp 76-77° C.; 'H-NMR (CDCI,,200 MHz): § 2,58 (s, 3H),
5.79 (s, 1), 6,79 (t, J=8.0 Hz, 1H), 7.10 (d, J=8.0 Hy, i11),
7.26(d, J=8.0 Hz, |H), 12.45 (5, 1H); PC-NMR (CDCY,, 50
MHz): § 26,73, 11879, 119,52, 120.39, 12144, 14540,
149.50, 205,08; Anal, caled for CiHgOy: C, 63.15; H, 5.30,
Found: C, 63.10; H, 5.33.

2,3-Methylenedioxyacetophenone (31). Toa suspension of
K,CO, (1.24 g, 9.0 nmal) in DMF (10 L) was added
difodomethane (2.4 g, 9.0 mmol), The mixture was heated (o
100-110° C. and added a solwfion of 15 (1.0 g, 6.6 manol} in
DMF (5 wl,) dropwise. The reaction mixture wos sthred al
110° C. for 1 h and poured into crushed ice, extmeted with
CH,Cl,. The extract was washed wilh brive, dried over
MgS0,; and evaporated. The enide was purified by colimn
chromatography (Si0,, n-hexane; EtOAc=4:1} lo give 31,
White solid; yield: 61.0%; mp 89-91° C.; 'H-NMR (CDCY,.
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200 MHz): $2.58 (s, 3H), 6.07 (s, 21), 6.87 (g, J=7.8 Hz, 1H),
6.95 (dd, I=8.0, 1.5 Hz, 1H), 7.35 (dd, J=3.0, 1.5 Iz, 1H);
LBC.NMR (CDCI, 50 MHz): & 3029, 101,58, 112.51,
120.27, 121,25, 121 43, 148.00, 148.60, 195,58; Anal, caled
for Col1,0,4: C, 65.85; H, 4.91. Fourd: C, 65.75; H, 4.93,

6-Amino-2,3-methylenedioxyacetophenone  (2), Com-
pound 31 (0.63 g, 3.7 mmol) wasallowed {o react in the spie
mannerasdescribed in the preparation of compound 1 to give
compound 2, Yellow solid; yield; 48.2%; mp 162-104° C,;
"H-NMR {(DMSO-d;. 200 MEZ): 8 2,44 (s, 3H), 5,92 (s, 2H),
6.14 {d, J=8.6 liz, 1H), 6.72 (5, 21), 6.89 (d, J=8.6 Hz, 1H);
BC.NMR (DMSO-d;, 50 MHz): 3 32.63, 101,08, 105.44,
107.71, 115,75, 136.77, 146.80, 148,78, 198.02; Anal. caled
for C,HNO;: C, 60.33; H, 5.06; N, 7.82. Found: C, 60.31; H,
5.00; N, 7.83,

4-Benzyloxy-3-methoxyncetopheuone (35). To a solution
ofacelovanillone (33) (4.70 g, 28,3 ntmol) in MeCN (6010}
was added K;CO, (8.65 g, 58.3 mmol) aud KI (0,20 ¢, 1.2
muitol), The mixture was stimed wnder N, almosphere and
beozyl bromide (34) (4.0 w1, 34 nunol) was added dropwise.
The reaction mixture was reflux for 24 b and then cooled to
25° C,, then resulting precipilate was filtered off. The filtrate
was evaporated aind purified by column chromatography
(810,, n-heaane: CH,Cly= 12} ta give 30, White solid; yield:
70,3%; mp 87-88° C.; "H-NMR (CDCl,, 200MHz): $2.51 (5,
3H), 3.91 (s, 3H), 5.20 (s, 2H), 6.86 (d, J=8.2 Hz, 1H),
7.21-7.55 (m, 7H); “C-NMR (CDCl,, 50 MHz): § 26,19,
56.05, 70,79, 119,53, 112,13, [23.07, 127,18, 128.10,
128.68, 130.72, 136,28, 149.49, 152.41, 196.80; Anal, caled
for C g1, ¢0,: C, 74.98; H, 6.29. Tound: C, 75.02; H, 6.25.

4-Benzyloxy-3-methoxy-6-nilroacetophenone (36). To a
solution of 35 (1.24 g, 4.83 mimol) in AcOH {I5 mL) was
added £, HNO; (1.5 mL, 36 mmol) dropwisc a 0°x}° C. The
uixlure was stirred al 25° C. for 24 T aud then poured into
crushed ice. Tlo preclpilate was collected and washed with
H,0. Fle crude was purified by column chromatography
(810,, n-hexane: EIOAc=2:1} to give 36. Yollow solid; yield:
68.8%; mp 142-143°C.; 'H-NMR (CDCl,,. 200 M) § 2,46
{s,3H),3.95 (s, 3H), 5.19 (s, 2H), 6.74 (s, |H}, 7.30-7.48 (s,
5H), 7.64 (s, 11T); PC-NMR (CDCl,, 50 MiTz): & 30.41,
56.67, 7139, [08.78, 127.56, [28.56, 128.84, 133.08,
135.19, 138.21, 148,54, 154,53, 200.13; Anal. caled for
CH,sNOg: C, 63.78; H, 5.02; N, 4.65. Found: C, 63.82; H,
5.00; N, 4.63.

2-Anino-4-benzyloxy-S-methexyacelophenone (3). To a
solution of 36 (1.0 g, 3.32 mimol) in anhydrous EIOH (100
L} was added Tin chloride dibydrle (3.7 g, 16.4 mmol).
The mixture was reflux for 2 h and then caoled to 253° C., and
poured in 5% NatlCO, solutien. The precipitate was col-
tected and washed with H,0 and then exiracted with BIOAc.
The eximel was wash wilh I1,0, dried over MgS0, aud
evaporaled, The erude was purified by colunn chromatogm-
phy (8i0,, n-hexene: BtlOAc=1:1) to give 7c. Yellow solld;
yield: 72.2%; mp 135-137° C,; 'H-NMR (DMS0-d,,200
MHz): § 2.39 (s, 3H), 3.66 (s, 311}, 5.03 {s, 2H), 6.38 s, 1H),
7.05 (s, 2H), 7.10 (s, 1H), 7.30-7.50 (m, SH); *G-NMR
(DMSO-dy, 50 MHz2): 528.21, 56,94, 69.87, 100.05, 109.70,
11540, 128,34, 12849, 128,93, 136.83, 139.45, 148,714,
154.64, 198.06; Awnl, caled for C  H;NO,: €, 70.83; H,
6.32; N, 5.16. Founck: C, 70.82; H, 6,30; N, 5,20,

2-(2-Fhuorophenyt)-5-hydroxy-6-metkoxyguinolin-4-one
(37). Toasolutionof 16 (0.2 g, 0.67 mmel) in CH,CH, (3 ml,)
was atlded 5l of BCH, solution (I M in CH,CL,) dropwise
al 0°21° C, The mixture was stirred af 2521° C, for 2 h and
then pouvred info crushed ice, extracled with BtOAc. Tle
organie layer was washed with H,0, deled over MgSO, and
evaporated, The crude was purified by column chromatopra-
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phy (8i0,, CHCiy: MeOH=15:1} and recrystallized from
MeOH lo give 37, Yellow solid; yield: 24.1%; mp 268-270°
€.y MS (BL, 70eV): m/2 285 (M*); IR (KBr): 1604.77 (C=0)
e 'H-NMR (DMSO-d,. 200 MHz): § 3.78 (s, 3H), 6.11
(s, |H), 7.01 (d, }=7.4 Hz, {), 7.36-7.48 (i, 3H), 7.54-7.72
{my, 2H), 12,25 (s, 1 H), 14.54 (s, 1 H}; “*C-NMR (DMSQ-d,,
5O MIIz): & 5580, 106.22, 106.43, 112.88, 116.36 (d, =23
Hz), 120.81, 121,96 (d, I=13.5 Hz), 125.04, 130,85, 132,67
(¢, 1=8.6 Hz), 13509, 141,02, 14627, 14929, 158.92 (d,
J=247.7 Hz), 181.97; Anal. caled for C,H,,FNG,: C, 67.36;
H, 4.24; N, 4.91. Found: C, 67,32; 11, 4,26, N, 4.89.
2-(3-Fluorophenyl}-5-hydroxy-6-methoxyquinolin-4-one
{38) was obtained from 17 and BCL,. Yellow solid; yietd;
26.7%; mp 274-276° C.; MS QE , 70 eV): mr 2 285 (M*); IR
{KBr): 1606,70 (C==0) ew™'; '"H.NMR (DMSQ-d,, 200
MHz): 83,77 (s, 3H), 633 (s, 1H), 7.1 (4, }=8.8 Hz, IH),
7.33-7.43 (m, 2H), 7.51-7.76 (m, 3H), 12,09 (s, tH), 14.56 (5,
1H); “C-NMR {DMSO-d,, 56 MHz): § 57.19, 104.82,
106.97, 11339, 115.09 (d, 3=23 Hz), 118,06 (d, J=21 Hz),
12107, 124.32, 131.64 (d, 1=9.0 H), 135,61, 136.16 (d,
1=8.0 Hz), 14149, 149.64, 150,12, 162.64 (d, J=242.5 Hz),
182.69; Anal, enled for C4H,,FNO,: C, 67.36; H, 4.24: N,
4.91, Pouud: C, 67.35; H, 4.24; M4, 4.92,
2-{d-Fluorophenyly-5-hydroxy-6-methoxyquineiin-4-one
(39} was oblained from 18 and BCL,. YeHow solid; yield:
23.0%; mp 307-309° C.; MS (Bf, 70 &V): w/z 285 (M*); IR
(K3r): 1610.56 (C—=0) em'; 'H-NMR (DMSO-d,, 200
MHz): 83,76 (s, 3H1), 6.25 (s, 1H), 7.08 (d, J=9.0 Hz, L),
7.34-7.43 (m, 3H), 7.82-7.39 (m, 2H), 12.01 {5, 1), 14,60 (s,
IHY; PC-NMR (DMSO-d,, 50 MHz): & 57.19, 104.53,
106.84, 113,23, 116,47(d, J=22 Hz), 120,99, 130.55 (d, J=9.0
Hz), 135.62, 14145, 149.69, 150.64, 164,02 (¢, 1=247 Hz),
182.59; Anal, caled for C,H,,FNO,: €, 67.36; H, 4.24; N,
4.91. Found: C, 67.36; H, 4.24; N, 4,92,
2-(2-Fuorophenyl)-5,6-diliydroxyquinotin-d-one (40), To
a solution of 19 (0.1 g, 0.35 mmot) in anhydrous MeOH (30
mL} was hydrogenated in the presenceof 10% PA/C (0.2 p) at
25x2° C, for 40 1. The catafyst was fillered offand the filirate
was evaporated, The crude was purified by column cliromn-
fography (8i0,, BOAe: MeOH=30:1) to give 40, While
solid; yield: 13,7%; mp $52-154°C.; MS {BF, 70 ¢V): 0z 271
(M) TR (KBr): 1622,13 (C=0) em™"; *H-NMR (DMSO-
dg, 200 MHz): 8 6,03 (s, 1), 2.15 (d, J=8.8 Hz, 1H), 7.30-
7.70 (n, 6H), 9.72 (s, LH), 1176 (5, [H); >C-NMR (DMSO-
dg, 50 MHz): & 107.67, 108,57, 116.75 (d, 1=21.5 Hy),
120,54, 122,67, 123,36, 12542, 126,70, 131,22, 13249,
134.35, 144,30, 154.29, 15943 (d, J=248.5 Hz), i76.82;
Anal, caled for Ci5H,FMOy: C, 66.42; H, 3,72, N, 5.16.
Found: C, 66,38, 11, 3.70; N, 5.15.
2-(3-Fluorophenyl}-5,6-dilidroxyquinelin-d-one  (41)
was oblained front 20, White solid; yield: 15.0%; myp 307.
308° C.; MS (BI, 70 eV): m/z 271 (M*); IR (KBr): 1608.63
(C=0) o™y "H-NMR (DMSO-d, 200 MF2): § 6.25 (5,
1H),7.15 (d, J-8.8 Hz, 1H), 7.30-7,50 (m, 2H), 7.50-7.80 (m,
4H), 9,72 (5, 111}, 1160 (s, 1H); "*C-NMR (DMSO0-d, 50
Milz): § 106,38, 107.57, 114.65 (d, }=23 Hz), 11738 (d,
J=21.5Hz), 120.51, 122.62, 123.91, 126.81, 131,52 (d, I=8.5
Hz), 134.45, 137,17, 147.66, 154.36, 162.70 (d, 1=242 Hz),
176.82; Anal. caled for CH,;FNO;: C, 66.42; B, 3.72; N,
5.16. Pound: C, 66.43; 11,3.74; N, 5,13,
2-(4-Fluorophieny})-5,6-dilydroxyquinolin-4-one  {(42)
was obtained from 21, White solid; yield: 13.9%; mp 332-
334° C; MS (BI, 70 oV): vz 271 (M®); IR (KBr): 1614.42
(C=0) em™; "H-NMR (DMSO-dg, 200 MHz): § 6.18 (s,
1H), 7.14 (dd, 1=9.0, 2.8 Tz, 1H),7.33-7.42 (w, 3H), 7.59 (d,
=88z, |H),7.79-7.86 (m, 2H), 9,70 (s, 111), 11,59 s, 1H);
BCNMR (DMSO-d,, S0MHZ): § 10624, 107.68, 116.39 (d,
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J=21.5 Hz), 12071, 12248, 12673, 130.19 (d, }=8.5 Hz),
131,38, 134,42, 148,24, 154.20, 163.70 {d, }=241.5 Hz),
176.81; Anal. caled for C, H oFNQ,: C, 66.42; 11, 3,72; N,
5,16, Found: C, 66.47%; I, 3.69; N, 5.14.
2-(2-Flucropheayl)-7-hydroxy-6-methoxyquinolin-4-ono
{43). Compound 22 (0.3 g, 0.80 nuuol) was aflowed to react
in the sane manner a3 deseribed in the preparation of com-
pound d0 o give 43, White sofid; yleld: 61,3%; mp 277-279°
C.; MS(B1, T0eV): w/z 285 (M*); IR (K Br): 1622.13 (C=0)
ey 'H-NMR (DMSO-d,; 200 MHz): § 3.82 (s, 3H), 6.04 (s,
TH), 7.01 (s, 10}, 7.32-7.50 (m, 3H), 7.50-2.67 (m, 2H),
1022 (s, 1H), 11,68 (s, 111}, *C-NMR (DMSO-d,, SOMHz):
§ 55.52, 102,72, 105.37, 103.20, 116,28 (d, J=22.5 Hz),
HI8.07, 122,94, 124.92, 130,75, 13099 (d, J=7.95 Hy),
136.45, 143,61, 146.58, 151,59, 15898 (d, J=246.9 Hz),
175.30; Anal, caled for C,H,,FNO,: C, 67.36; H, 4.24; N,
4,91, Faund: C, 67.37; H}, 4.26; N, 4,90,
2-(3-Fluorophenyl)-7-liydroxy-6-methoxyquinolin-4-one
{44} was obtalned from 23, Wiile solld; yield: 44.8%; mp
326-328° C.y MS (BI, 70 oV): m/z 285 (M*); IR {(KDBr):
1606.70 (C=0) em™*; "H-NMR (DMSO-d,, 200 MHz): &
3.81 {5, 3H), 6.24 (s, 1H), 7.12 (s, 1H), 7.27-7.42 (m, 2F)),
7.47-2.70 (i, 3H), 10,20 (s, ), 11.44 (s, 1H); *C-NMR
(MSO-dg, 50 MHz): & 55.92, 10335, 104.70, 1066.67,
114.59 (d, =23 Hz), 117.26 (d, }=21 Hz), 118.85, 123.85,
13147 (d,1=8.0Hz), 136.85, 137.16, 146.94, 147.33, 151,93,
162,69 (d, 1=242.5 Hz), 176.37; Anol. caled for
C, 11, ENO,: C, 67.36; H, 4.24; N, 491, Ponud; C, 67.32;
1-1,4.22; N, 4.93,
2-(4-Fluorophenyl)-7-hydroxy-6-methoxyquinolin. §-onc
(15) was obtained from 24. White sofid; yield: 42.5%; mp
352-354° C.; MS (BI, 70 eV): mfz 285 (M*); IR (KBr):
£1610.56 (C-—0) co™!; "H-NMR (DMSO-d,, 200 M1z): §
3.80 (s, 311), 6.19 (s, 1H), 7.11 (s, 1H), 7.20-7.50 (m, 3H),
7.70-7.90 (uy, 2H); 1>C-NMR (DMS0.d,;, 50 MIEz): & 55.89,
103,50, 104.55, 106,18, 11630 (d, J=21.5 [%z), 1i8.41,
130.03 (4, 3=8.5 Hz), 131.57, 137.22, 147.00, 148.01, 152.21,
163,58 (d, =246 Hz), 175.93; Anal. caled for C 1, PNQ,:
C,67.36; H,4.24; N, 4,91, Found: C, 67.39; T1,4.20; N, 4,89,

2.(3-Tluoraphenyl)-6-methoxyquinofine-4,5.diyl
bis{dibenzyl phospliate) (48)

Metliod A: To a stirred solution of 38 (0.12 g, 0.42 mmol)
indry THF (20 mL} was added NaX (96mg, 4 nuuol}at 0°21°
C, Aler it was stirred for | b, teteabenzyl pyrophosphate (46)
(430 my, 0.8 mmal) was added and stirring was continved for
25 min. The reaction nvxture was Altered and washed with
CH,Cl,, The Rlirate was concenlrated under vacumn af o
femperature below 30° C, The residue was purfied by column
chromatography (810, n-hexone: EIOAc) to give 48. Liquid;
yleld: 95.0%; Method B: To a stirced sotution of 38 (1.85 g,
6.5 mmol}) in acetonitrite (50 mL} was added CCl, {10 eq.) st
-10° €. N,N-diisopropylethylamize (IMPEA)(4.2 eq.) fol-
lowed by N,MN-dhncthylaminopyridine (DMAPY0.2 eq)
were added. Oue minute laler, dropwise addition of dibenzyl
phosphate (47) wos begun, When the reaclion was complete
as cletenmined by TLC, 0.5 M nqueous KILPO, was added
and the mixfure was allowed to wami o room femperature
and extractesd with BiOAe, The organic Iayer was washed
with H,0, dricd over MgSO,, and evaporated, The crude was
purificd by colunin chromatography (BaA: n-liex=]:1) ta give
48, Liquid; 1yicld: 96.0%. Compound 48: MS (El, 70eV)iinfz
805 (M*); TH-NMR (DMSO-d,, 200 MHz): 8 3.87 (s, 30},

KT
5.10(s,2H), 5.14 (5, 2E1), 5.18 (5, 2H), 5.22 (s, 2H), 7.20.7.36
(, 21H), T47-7.60 (m, {H), 7.72-7.84 (m, 4I1), 8.01 (d,
J=0.4 Hz, 1H); ¥C-NMR (DMSO-dg, 50 MHz): § §7.27,
69.63, 69.74, 70.12, 70.23, 150.20, 113,57, 114.03, 116.23,
116.92, 11735, 11948, 123,28, 128,10, 12838, 128.70,
128,79, 128.85, 128,95, 13135, [31.51, 13579, 135,94,
136,32, 13647, 14041, [40.56, 14539, 149.74, 119,82,

15344, 153,57, 15392, 1607, 165.56; Anal,

a0

45

=3
n

{Caql135FNO,P,) C, T, N,

2-(3-Fluorophenyl)-6-methoxyquinoline-4,5-diyl  bis(di-
hydrogen phosphate) (49). A suspension of 48 (153 mp, 0.19
minol} in anhydrous MeGH (10 mF,) was hydrogenated In the
presence of 10% Pd/C (80 up) at 25° C. for 15 min, The
catalyst and precipitale were collected and dissolved in 10%
NaHCO), solution aud then filtered. The filtrate was acidified
with dil ag HCI and the precipitate was then collected and
washed with acetone to give 49. Yellow solid; yleld: 87%;
mp>300° C.; MS (BS1): mvz 444 (M-H); 'H-NMR (D,0,
200 Milz): § 3.85 (s, 31E), 7.29 (1, J=8.0 11z, 111), 7.43-7.68
(m, 4H), 7.72-7.92 (m, 2H); Anal, (C, H,,FNO,P,} C, H, N,

2-(3-Fivorophenyl)-6-methoxyquineline-4,5-diyl - bis(di-
sodium phosphate} (50}, To a stirred solution of NaHCQ,
(0.67 g, 8.0 musod) in H,0 (20 mi.) was added 49 (0,89 2, 2.0
mungl) al 0°£1° C. Afer the addilion wes complete, the reac-
tion mixhire was reinoved from 1he fee bath, stirred at 25¢ C.
for 10 min and (he fillered though celite, afler no dissolution
fromt lhe solid was observed. Tle resuliing filtrate (15 mL)
was poured inlo acetons (60 L), and kepl it inan ice bath for
1 bt. The preclpitalo was collected and washed with ice-cooled
acetone (10 mLx5), The solid was dried under vacumm to give
50. While solid; yield: 52.3%; mp>300° C.; MS (HSI): n/z
534 (M+H)*; "H-NMR (2,0, 200 MH2): $ 3.81 (s, 311, 7.10
{t,3=8.2 Hz, 1H),7.34-7.52 (m, 2H), 7.60-7.72 {m, 4H); Anal.
(€, 6H,oI'NNa,0,2,) C, H, N,

Dibenzyl 2-(3-Auorophenyl)-6.methoxy-d.oxo-1,4-diky-
droquinolin-5-yl phosphate (51). A suspension of 48 (2.42
iy, 3.0 wmol) in sphydrons MeOH (10 mL) was stirred al
25° C. Tor 24 b. The reaction mixture was concentrated under
vacuwn at a femperature below 307 C. The residue was puri-
{led by column chromatography ($i0,, n-hexane: BtOAc) to
give 51. Yellow solid; yield: 80.0%; mp 136-138° C.; MS
(ESI): w/z 544,5 (M-H)"; "H-NMR (DMSO-d,, 200 MHz):
83.75 (s, 3H), 5,28 (s, 2H), 5,31 (s, 20), 6.27 (5, 1H), 7.26-
7.50 (m, 1IH), 7.50-7.78 (m, 6H); *C-NMR (DMSO-d,, 50
MHz): §57.19, 69,32, 69.44, F08.51, 114.46, 114.93, 116.74,
117.38, 11924, 123,92, 128.04, 128,51, 128.82, 131.49,
131.65, 136,74, 137,07, 137.23, 147.00, 166,29, 176.88;
Anal, (Cy,H, FNOPIC, H, N,

2-(3-Flnorophenylj-6-methoxy-4-oxo- 1, 4-dihydroguino-
fin-5-y1 dihydrogen phosphate (52). Compound 51 (0.25 »,
0.46 mmol) was aflowed o react in the same manner as

deseribed fn the prepuration of compound 49 to give 52.°

Yellow solid; yield: 63.7%; mp 179-1812 C.; MS (BSi): m/z
366 (M+H)*; "H-NMR (D,0+Nn0D, 260 MHz): 5 3.76 5,
3H), 6.53 (s, 111), 7.05 (1, =8.4 Iz, [H), 7.24-7.60 (m, S11);
Anal, (C,H, FNOPY C, H, N,

Sodium  2-(3-fluorophenyl)-6-methoxy-4.oxe-1,4-dityd-
roquinolin-5-y} phosphate {53). Compound 52 (0,73 g, 2.0
numol) was allowed to react in the snme mauner as desertbed
in the preparation of compound 50 to give 53. Yellow sofid;

vield: 48.0%; mp>300° C.; MS (BSH: m/z 410 (ML)
H-NMR (D,0, 200 ©MIIz): § 3.72 (s, 3H), 6.54 (s, 3H), 6.99
(t, =78 Hz, M} 115755 (m, B5H); Anal,
(C,aH, FNNa, O PYC, H, N.

b
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1-2. Anticancer Aclivity -conlinued
In Vilro Tesls of Compounds \o o

MTT (3-(4,5-Dimelhz'lthiazol-2-)'1)-2,S-diphenyllclmza-
liv bromide) assays.*'**2 HI.-60, HCT-116, Hep 3B, H460,
Detroil 551 and HT29/FuR cells were treated with tested 5
compounds for the indicated periods. Afler treatment, cells
were washed once with PBS ond incubated with MTT
{Sigma, St, Louis, M., USA) for 2 . The formazan precipi-
tate was dissolved in [50 pL of DMSO, and the absorbance
was measured with an BLISA reader at 570 . 10
Resulis

The cytotoxicily of 5,6-(6,7-) disubstituted 2-(fiuorophe-
uyl)quinolin-4-ones (16.21,37-45) and CHM-2i33, were
screened against HL-60, HCT-116, Hep3B, H-460 and
Detroit 55! normal humen cell, and the resulls were sununa-
rized in Table 1, Among 5,6-dimethoxy derivatives {16-18),
the 3-fluoro derivative (17) exlibited tho strougest cylotoxie-
ity, though relatively weaker than (hat of our positive control
CHM-2133, Meanwhile, both compounds 19 and 20, having
methylenedivxy entity bridging the 5,6-position of theie 20
quinoline ring, denonsirated significant cytotoxicity,
although weaker than CHM-2133, Then, whilcalf of thethree
5-hydroxy-6-methoxy derivatives (37-39) showed significan
cylotoxicily, compounds 37 aud 38, with 2% or 3-Huoresub-
stibient on 2-phienyl group, demanstraled greater cylaloxic- 25
ity, bul fower toxicity loward Detroit 551 normal tumsan cell
tlian CHM-2 133, Following the same trend, it was found that,
among 5,6-dihydroxy (40-42) and 7-liydroxy-6-melhoxy
{43-45) derivatives, lhose with 2*-fluoro (40,43 and 3*-fioro
group (41, 44) demonstrated greater cytotoxicity. In geueral,
the cylotoxicity of 4™-fluorophonyi derivatives (18, 21,39, 42
and 45) was found to be weaker than 2'-fluorophenyl derivn-
tives (16, 19, 37, 40 and 43) and 3-fuoropheny] derivatives
(17, 20, 38, 41 and 44). Among them, compounds 37 and 38 oH O
are considered 1he most promising anticancer agents, Noneof 35
the tested compounds showed noticeable cylotoxicity toward
the Detroll 551 normal human cells, Below and Table | shows
strucures and cytoloxicities of CHM-2133 and (arget com-
pounds 1621 aud 37-45. FIGS. 3A-3C show dilferential
activity pattems for 2-(3-Fluorophenyl)-5-hydroxy-6-meth- 40
oxyquinolin-4-one {compound 38) against 60 human cancer
cell tines.

5

-

0

31-39

HO

| I

4s

50

43-45

CHM-2133

TABLE |

[C o (hi)

Compd R, Ry Ry HE60 HCTI6 Hepd HA60 Dewrot S51 HT20SRUR

cisM-21 - — — Q08 15 0.13 014 8.2 —
13
16 F H H 37 =28 b =20 > 203
£7 B F H 13 1.2 26 LA 100 1.96
18 i H F 20 =20 »20 »20 »20 202
19 F H W 1D 1I 19 4.3 =10 0.69

20 H F H 07 2.5 24 3.2 >5 0.52
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TABLE 1-conlinued
00N (TA14]
Compd R, R; Ry MHL-60 HCTI 16 HepdB  H460 Detroit 551 HT29H5FR
21 H H F >0 >0 >10 >1¢ =10 0.53
37 F H H 0067 005 003 0.4t iy .20
3% H F H 0039 0073 09718 0088 >50 0.26
39 H H F i8 2.4 1.9 838 >25 033
40 F H W 0.5 0.6 39 4.1 >100 1.63
41 H P H 0.3 8.2 59 6.1 >100 0.53
42 H H F s =0 100 100 >100 NA®
43 F H H 1.3 5% 5.3 S 9.7, 0.2%
A4 H FE H 09 1.i 53 48 10 038
45 H H F 82 >0 >0 >100 >[00 0.37
Humen fizees cells wire treated with differect concsatraions of samples for 484,
“Dats wos presented as 104 (0, the vonvectnaton of 5035 oliferatian-inbititery ¢fleci).
ENA = Notassayed
In Vivo Antiunor Activity Assay. Resulis

The Llep-3B lumor cell line was purchased from American
Type Culture Collection (NFCCTHB-8064, huntan hepaio-
cellitlar careluoma cells), The culture medivm conlained
DMEM, 90%; Feto] Bovine Serum, 10% and 1% penicillin-
streptomyeln, The tumor colls were incubated In an aloto-
sphere containing 5% CO, at37°C,

Balbfe Nude mice used in this study were male, 4.6 weeks
age, weighing 18-20 g and pravided by National Anima}
Center, All animals were housed In Individuolly Ventilated
Cages Racks (IVC Racks, 36 Mini Isolator system) under
Specific Pathogen-Free (SPE) condition throughoul ihe
experiment, Bach cage (In ¢m, 26.7 tengthx20.7 widihx 14.0
leight) was steritized with autoclave and contained 8 mice,
and then the animals were maintained in a hyglenic environ-
ment wnder controlled temperature (20-24° C.) and hwmidity
(40%-70%) with 12 hour light/dark cyele, The animals were
givon freonecess 1o sterilized b chow and sterilized distilled
weater ad libHum, All aspects of this work, ie., housing,
experimentation and disposal of animals were performed in
gencral accordance with the Guide for the Care and Use of
Laboratary Animals {(Nationnl Academy Press, Washington,
D.C., 1996).

I the xenotra R tamor moded of human hepatocetivlar car-
cinoma cell lines (Flep-3B, ATCC HB-8064) in male Balb/c
Nude wmice, the compounds 49 af doses at 7.5, 15 and 30
rog/kg (i-v. o p.o., bid) was administered five days per week
for four conseentive wecks by p.o, or f.v. ond ceased al Day
28. The compounds 52 at doses at 7.5, 15 and 30 mg/kg (v,
or 0., qd) was adulnistered five days per week for four
consecutive weeks and ceased ot Day 28, The tuswor size,
body weight was monitored and recorded for28 days, Human
hepatocellular carcinoma cells (IEP-3B AI'CC HB-8064)
with 2108 cells i1 0.1 mi were injected subcutancously into
the right flank of fhe mice. When the fumor growth reached
>100 mm? in volume (assumed as day 0), the tumor-bearing
animals were nssigned into severa groups (8 animals in each
group)} Tor study.

The Body weight and fumor size were measurcd and
recorded every 7 days during the experimental periads of 28
days, Tumor vohune {mm®) was estimated according fo the
formuta of lengthx(widh)»0.5 in mm?, Tomor growth inhi-
bition was caleulated as T/C (reatment/control) by the fol-
Jowing, formutba: T/C={Tn~To}{(Cn-Co)x100% (Ty! Tumor
volume of treated group in Day 0; To: Tunor volume of
treated group in Day 1y Cy: Tumor volume of control group in
Day 0; Cn: 'Tumor volume of contral group i Day n).

25

&

“

Tn vivoe antitumor activity of compounds 49 and 52, The
waler saluble diphosphate of 38 49 was evaluated in HepiB
xenograft nude mice model administrated by p.o, and i,
routes, Results in FIG. 4 (A-F) indicated that the anlilumor
activity of compound 49 folfowed dose- and time-dependent
manner, and af 7.5 mgrkg (v, or p.o, bid) jts anfitumor
aclivity exceeded that of doxorubiein (5 mg/ke, v, qd; 10
mg/kg, p.¢., qd). During the course of antilumor evaluation,
1o significant body weight changes were detected elther in
tested ar control mice (FIGS. 4C and 4F), Al the same time,
the antitunor activity of monophosphate derivative of com-
pound 38 (52) was evaluated with the same animal model by
oral rowte sl the dose of 7.5, 15, 30 mg/kg/day FIGS, 5A-5F).
As shown by the results in FIG, 5A, compound 52 induced
dose-and time-dependent inhibition of TTep3B tumor growih,
Stgnificant tumar growth suppression, al an extent exceeding
that observed after 10 mg/kg/day oral dosing of doxorubiei,
was delected aller 7.5 mp/kg/day oral dosing of compound
52. Near complete tumor suppression was observed after 30
smg/kg/day oral dosing,

Againduring thecourse ol antitumor evaluation no signifi-
crait body weight chonges were detected ineither the tested or
the control mice. Similarly, the dose- and time-dependent
autitumor test resull by Ly, adminisiration, summarized in
FIG. 5B, resembled that administrated theough p.o. roule,and
showed slight better antiumor activity iu general,
it B Series
Chemicol Synthesis

The jntermediates, 5-atkylantina-2-aminonceloplienones
{60-62) were prepared according (o the methods reporled
beforo. As shown in Scheiie 6, the starting 3-chloreacetophe-
none (34) was first nitealed with HNO/H,80, t0 form the
s.chloro-Z-nilroacetophenone (55) and S-chilaro-d-nitroac-
etophenone (56). Compound 55 was reacted soparately with
varlous alkylamines fo -yield (he corresponding S-nlky-
[nmine-2-nitroncetophienones (57-59). Calalylic hydrogena-
tion of compounds §7-59 yielded the corresponding, 5-alky-
{nmino-2-mminoacetophenones (60-62), L. LI, K. K. Wang, S.
C.Kuo, T. 5. Wu, D. Lednicer, C, M. Lin, E. Hamel and K. H.
Lee, J. Med, Chem., 37, 1126-35, (1994), which is hercin
ncarporated by reference in its eotirety.

The synthesis of other intermediated, substined benzoyl
chloddes {83-91) is ilustrated in Scheme 7 and Schene 8.
Esterilication of substifuted benzote acids (63-67) ylelded the
corresponding ester (68-72). Compounds 68-71 were trealed
with benzyl bromide to yicld the comesponding benzyloxy
derivatives (73-76). On the ofher hand, compound 72 was
ireated with dijodomettinne to afford ethyl 5,6-methylene-
dioxobenzoate {773, Whon compounds 73-77 were hydro-

6¢
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Iyzed with NaOH to yield the correspousding acids (78-82)
which were alfowed (o react with SOCI, to afiord the corre-
sponding acid chlorides (83-87).

Finally, as shown in Scheme 8,5-alkylamino-2.aminoac-
elophenones {60-62) were reacted separately will substituted
benzoy! chlorides (83-91} o yield the corresponding amides
€92-112), which were subsequently cyclized in dioxane in the
presetice of NaOH, {o afford the largel compourds ((113-
133),

The compound [38 was derived inlo a phosphbate (147}
foltewing the synthelic method in Scheme 10, As Hlustrated,
compotzd 138 was fisl recled with letrabenzylpyrophos-
phate 46 in THE, in the presence of Nal, to give bis(diben.
zylphosphale) (1435) which, without furiker purification, was
subsequently dissolved in MeOH and stirred 2t 25° C., to yield
a monophosphate (146}, The structure of compovud 146 was
confimed by the chemical shift of its proton on the 3-position
{8 6.39) in the ' H-NMR speclrum. Subsequently, compound
146 was debenzylated calalyticatly to atford & stable mono-
phosphoric acid {147).

o)
C‘\dl\
54

Scheine 6

HNC3H;SOy
—

4

8] 1
cl ¢l
+
NG, AIH
35

On S K;CO3MME
X
Yoo

O
Rg \d‘\
NO,
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-continued
D
R o
R,
OF¢
_—
N3a0HMH,0
k Rs
Ry
377
Ry O By O
R Ry
CH  soc,
e
Teluene
Ry Ry Ry Rs
Ry R’y
7882 83-37

63, 68: Ry =OIG Ry, Ry, Ry, R =H

64,6%: K, =OH; Ry, Ry, Re. Rs = H

65,78: Ry =OH; Ry, Rz, Re. Rs=H

€6, 7Ry =OCH;; Ry = OH; Ry, By Ry =H
6%,72: Ry, Ry =OH; Ry, R Ry = H

73,78,83: Ry =0Bn; Ry, Rz, Ry, Ry =H

4,79, 8% By =OBoj R, Ry, Re, Ry =H

5, 80, 85: By = OBu; Ry, Ry, Ry, Ry = H

76,81, 85 Ry=0CHy Ry =OBo; Ry, Ry, Ry = H
71,82, 87: Ry, By = CCH O Ry Ry, By =11

Scheme &
QO
Rg
+
NH;
0.62
Ry [¢]
R;
S pyNeTHR
Bkl
R ks

Ry

83.91

Q

Rg
o NaOll
R 1,4 Dioxana

B &

R

Ry
.8

92112

42
-continued
Rg
5 ] M
Rs
10
113133

£3,82.94, 113-115: Ry = OBs; Ry, By, By, Rs =11
84,9597, N6-HE: R)=0Bx Ry Ry, Ry, R =H

i5 55,9800, 119-121: Ry =OBy Ry, Ry, Ry Ry =H
86, 101, 102, 122, 123: Ry = OCHy; Ry = CBo; Ky, Ry, Rs=H
81,103, 104,124, {25: Ry, Ry =OCHyG; Ry, Ry Ry = H
§8, 105, 104, 126, 1271 B, By =OCHy Ry, Ry, Ry = H
59,107, 103, 138, 139: By, Ry = OCHy Ry, Ry, Rs=H
20,102, £10, 130, 132 By = OCHy: B Ry, Ry, Ry = H

20 94, 116, 112,132, 133 Ry = OCHy: Ry Ry, Ry, Ry = H

65, 92,95, 58, 101, 103, 163, 107, 109, 111,
113, 116,119, 122, £, 126, 128, 130, 13k Rg= O N—

61, 93,96, 99, 102, 104, 104, 103, 110, 112,
25 | g0, 119, 120, 123, 125, 127, 129, 131, 13%: Rg= —_

62,94, 97,100, 115, [H8 Ll Rg= N—

3n
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119-121: Ry = OBx; Ry, Rz, Ry, Rs = H
50122, 123: Ry - OCH; Ry - OB Ry, Ry, Ry =
0
Ry
]
35

Ry
g0 2y
134-144

134-136: Ry = O Ry, Ry, Ry, Ry =~ H
137-139: B, =OH; Ry, By, Ry, Ry H
&5 148142 R] e OH; R|. R;. Rg. Rj (31}

Rz MEOH

R

Ry

e

143, L44: Ry =OCHy; Ry = Ol Ry, Ry, R~ H €1%

7(



US 8,524,740 B2

-confinued
113, 114, 119, 822, 134, 137, 140, 142 Rg= O, N—
5
114, 117, 120, 23, 135, 138, 131, B44: Rg= CNM
§1S, HES, 12, £36, 139, Uk Bg=  N—
€4
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BXAMPLES

General Bxperimental Pracedures. All of {lie solvents and
reagents were obtained commerctally and used without fur- 65
ther pwification. The progress olall reactions was monitored
by TLC on 2x6 em pre-coaled silica gel 60 I, plates of

44

thickness 0,25 mn: (Merck). The chromatograms were visu-
alized under UV 254-366 nim. The following adsorbent was
used for colunn chromatography: silica gel 60 (Morek, par-
ticte size 0.040.0.063 mm), Melting poinis were determined
with a Yanaco MP-500D melling point apparatus and are
uncorrecled, IR spectm were recorded on Shimadz IR-Pres-
fige-21 specteophotometers as KBr pellets. NMR spectra
were obtained on a Bruker Avasce DPX-200 FT-NMR spec-
frometer in CDCI, or DMSO. The following abbrevialions
are used.: s, singlet; d, doublet; 1, triplet; q, quartet; dd, double
doublet; nud m, multiplet, MS speetra were measured with an
HP 5995 GC-MS instrument. Blemental anafyses (C, H, aml
Ny were carried onl af the mstruments center of National
Chung Hsing University, Taichung, Taiwaon and performed on
a1 Perkin-Elmer 2400 Series 1} CHNS/O snalyzer or Blemen-
tar vario B[, HI Heraens CIINOS Rapid FFG02 and the resulls
were within £0.4% of the caleulated vatues.
5.Chlora-2-nitroacelophenone (55). 65% HNO, (80 wl)
was slirred at -5° C.£[° C. and 98% H,80, (10 mix 10) was
added dropwise, To the stirring solutlon o HNO,/H,80, was
added 3-chloroacetophenons (54) (12.0 g, 77.6 mmol). The
mixture was stivred al -57J«100 for 3 I and poured into
crushed ice, and extracted with CH,Cl,. The extract wasdried
over MaSO, and evaporated, The erude product was purified
by colurnn clromatogmphy (silica gel, n-hexane/BI0Ac=1 5!
togive 55as g'ellm\- solit (9.3 g, 46.6 mmal), Yield: 55.8%;
mp 47-49° C.; 'H-NMR (CDCI,, 200 dMHz): & 2.48 (s, 3H),
732 (d, J=2.4 11z, 111), 7.49 (dd, 3=8.8, 2.2 Hy, 1H), 8.00(d,
J=8.8 He, tH); PCNMR (CDCY,, 50 MHz) & 19827,
143.78, 141.05, 139.44, 130.55, 127.36, 125.91,30.06; Aual,
Caled for CH,CINO,: C, 48.14; H, 3.03; N, 7.02.
5-Morpholine-2-nilroacetophenone (57). To & sotution of
55(3.0 g, 15.0)umol} in DMF (25 ml) wero added K,CO, (8.3
g, 60.1 mmoi} and merpholine (3.2 g, 37.5 mmol), The mix-
ture was refluxed for3 luand then poured into crushed ice. The
precipitate was collected and washed with H,0, The crude
product was purified by cohunn chromatography (silica gel,
CH,Cl,: n-hexane=2:1) (o give 57 as yellow solid (3.4 g, 13.6
nmol). Yield: 90.4%; wmp 124-126° C.; "H-NMR (CDCl;,
200 MHz): § 2.45 (s, 311}, 3.33-3.38 (m, 4H), 3.78-3.82 (m,

4H), 6.53(d, }=2.8 Hz, 1H), 6.78 ({d, -9 4, 2,8 Hz, 1H),8.02 -

{d, J=9.4 Tz, {H); PC-NMR (CDCL,, 50 Miz) &: 201,30,
154.60, [41.5%, 134.90, 127.04, 112.88, 109.83, 66.20,
46.84,30.52; Anal, Caled for C, 1, N,0,: C, 57.59; H, 5.64;
N, 11.19.

5-Pyrrofidine-2-nilcoacetophienone  (58) was obtained
Trom 30 and pyrrolidine, nsing the smne synthetic procedure
as for 57 (o give 58 as yellow sofid (3.2 g, 13.7 mmol); yield
90.9%; mp 119-121°C,; 'H-NMR (CDCL,, 260 MH2): 8 2.04
(m, 411), 2.45 (5, 3H), 3.37 (m, 4H), 6.19 (d, -2.6 Hz, tH),
6.44 (dd, 1=0.4, 2.6 Hz, 1H), 802 (d, 1=9.4 Hz, 11T); C-
MMR {CDCl,, 200 MH2) 8: 201.80, £51.61, 142,16, 132.54,
127.37, 111.08, 107.87, 48.07, 30.58, 23.37; Anal, Caled for
Cpaf1 N0y C, 61.53; H, 6.02; N, §1.96,

5.Dimeflrylamino-2-niiroacetopitenone (59) was oblained
from 30 and dimethylamine hydrochloride, wsing the some
synlbetic procedure as for 57 to give 59 as yellow solid (2.3 g,
11.0mmol); yield 88.2%; mp 125-127° C,; H-NMR {CDCl,,
200 MHz): 52.45(s, 3H),3.08 (s, 6H), 6.31 {d, 1=2.8 Hz, 1H),
6.58 (dd, J=9.4, 2.8 Hz, 1H), 8.02 (d, J=9.4 Iz, 11); *C-
NMR (CDCl,, 50 MHz) & 201.76, 153.98, 141.88, 133.02,
127.19, 110,83, 107.66, 40.39, 30.56

5-Morpholino-2-aminoacetophentone (60). A solution of
57(1.5 g, 5.9 mmal)in CH,CI, {30 1) was hydrogenated in
the presenceof 10% PA/C (0.4 g)at 25°C. for § b. The catalyst
was fillered ofF and the fillrale was evaporated to give 60 as
yeltow solid, (1.25 g, 5.68 mmot); yield 94.6%; "H-NMR

71
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(CDCL,, 200 MHz): 85 2.45 (s, 3H1), 2.9 (m, 4H), 3.68 (m,
411), 6.67 (d, J-8.8 Hz, 1 1), 6.78 (by, 2H), 7.02-7.11 {m, 2i1);
De.NMR (CDCL, 50 MHz) & 200,44, 145,61, 141,51,
126,37, 119,26, 118.40, 118.22, 66.96, 51,57, 27.93; Anal,

Caled for C\,H (N,O,: C, 65.43; H, 7.32; N, 12.72,

5-Pyrrotidine-2-aminoacetophenone (61) was obtained
from 58, using the seme syntheile procedwre as for 60 to give
61 as orange solid (1.2 g, 5.9 mmol); yield 91.8%; 'H-NMR
(CDClyd, 200 MHz): 8 1.86 (m, 4F1), 2.45 (5, 31), 3.10.(m,
4H), 6.42 (br, 2H), 6,62-6.77 (m, 3H}; "*C-NMR (CDCl,, 50
Miiz) & 200.56, 143.11, £39.23, [21.91, 118.59, 117.86,
113,03, 48.57, 28.47, 25.9; Amal, Celed for C,,HN,0: C,
70.56; H, 7.90; N, 13.71,

5-Dimethylamino-2-aminoncetophenone (62}  was
obiained fron 59, vsing the same synthetic pracedire as for
6010 give 62 as orange sofid (1.8 g, 10.1 mmol}; yield 91.5%;
PH-NMR (DMSO-d, 200 MHz): 8 2.45 (5, 3H), 2.71 {5, 6H),
6.64-6.69 {m, 211, 6.96-7.00 (m, 3H); 1 C-NMIR (DMSO-d,,,
50 Mliz) &: 200.49, 144.66, 141.42, 124.49, 118.46, 117.37,
115,79, 42,34, 2842 -

Ethyl 2-hydroxybenzonte (68). To a solution of 2-hydroxy-
benzoicacld (63) (5.0 g, 36,2 mmol}) in anhydrous BIOH (150
mf) was added 98% H,S0, (4 mi), The mixture was refluxed
for 4 b and concentrated. ‘The residue was extracted with
CH,CL, dried over MgS0, and evaporated, The crude was
purificd by distilfation {o give 63 as colorless liquid. (5.85 g,
35.2F mmol), Yield: 97.25%; MS (BI, 70 eV): mfz 1662
(MYY); TH-MMR (CDCI,, 200 MH2): 6 1,39 (1, 17,2 Hz, 31),
4.37 (g, I-7.2, 7.0 Hz, 28), 6.81 {t, J=6.6 Hz, 1H}, 6.89 (d,
J=8.0 He, 1A}, 742 {1, 1=7.2 He, 1H), 7.82 (dd,),=8.0, 1.8
Hz, 1H), 1083 (s, 1H); C-NMR (CDCl,;, S0 MHz) &
170,20, t61.64, 135.56, 129.89, 119.06, 117.53, 61.40,
£4.18; Anal, Caled for C.H,,05: C, 65.05; 11, 6.07.

Ethyl 3-hydroxybenzoale (69) was oblained from 64, using
the sante synthelic procedure as for 38 1o give 39 as white
solid. (3.4 g,20.5 mmol); yleld 94.2%; mp 60-62° C.; MS (El,
70eV): mfz 166.2 (M*); "T1-NMR (CDCl,, 200 MHz): § 1.36
{1, J=7.2 Hz, 3H), 4.35 (g, 1=7.2, 7.0 Hz, 2H), 5.55 (5, 1H),
7.07(dd, J=2.6, 1.2 Hz, 1H),7.27 (¢, 7-7.8 Hz, 1H),7.55-7.62
(m, 2H); *C-NMR (CDCl,, 50 MHz) & 167.15, 156,07,
131,50, 129.69, 121.36, 120.36, 116.36, 61.43, 14.23; Anal.
Caled for CH,,0,: C, 65.05; H, 6.07.

Gihyl 4-hydroxybenzoate (70) was obtained from 65, using
(ke samte synthelic procedure as for 68 to give 70 as white
solid. (5.3 g, 31.9 mumol); yield 88.2%; mp 105-107° C.; MS
(BL, 70 eV): wfz 166.2 (W*}; ' H-NMR (CDCl,, 200 MHz): &
136 (t, 1=7.2 Hz, 311}, 4.33 (q, }=72, 7.0 Hz, 211}, 6.84 (4,
J=1.8Hz, 1), 6.38(d, J=1.8 He, 1H), 7.50 (d,J=1.8 Iz, 1H),
1.95 (d, 1=1.8 Hz, {H); "C-NMR (CDCl,, 50 MHz) &
167.13, 160,38, 131.91, {2244, 115.26, 61.01, 14.30; Anal,
Caled for C,H,50,: C, 65.05; H, 6.07.

Gihy! 3-methoxy-4-hydroxybenzoate (71) was oblained
[ron 66, using the snme synthetic procedure os for 68 to give
Tt as brown liquid. (6.3 g, 32.1 mmol); yleld 90.9%; MS (E],
T0eV): mz 96,2 (M®); TH-NMR (CDCI,, 200 MHz): § 135
{1, 3=7.2 Hz, 311), 3.93 (s, 3H), 4.32 (y, J=7.2, 7.0 He, 213),
696 (d, 1-8.2 Hz, 1H), 7.53 (d, J=1.8 Hz, 1H), 7.62 (dd,
1=8.2, 1.8 Hz, 1H); "*C-NMR (CDCly, 50 MHz) &: 166.44,
149.91, 146.13, 124,10, 122.62, 113,99, 111.70, 60.79,
56.00, 14.37; Angl. Caled for C (H,,0,: C, 61.22; H, 6.16.

Bthyl 2,3-dibydroxybenzoate (72) was obtained from 67,
using the same synthetic procedure as for 68 lo give 72 os
white solid. (5.4 g, 29,6 mmol); yield 91.4%; mp 92-94° C,;
MS (B, 70 eV} mvz 182.2 (M*); HL.NMR (CDCE,, 200
MELZ): & 1.40 (1, 1=7.2 Hz, 381, 4.38 (g, -7.2, 7.0 Hz, 213),
5.18 (br, 111), 6.90-7.40 {m, 3H), 10.97 (br, {H); “C-NMR
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(CDCl,, 50 MHz) &: 170.38, 148,90, 145.00, 120,55, [19.71,
L1945, 11910, 112,63, 61,61, 14,13; Anal, Calcd for
Cyol1;;04: C, 5934; H, 5.53,

Bthy! 2-(benzyloxy)benzoate (73). To a solution of 68 (5.8
§, 34.9 mmol) in CH,CN (150 ml) was added K,CO, (10.6 g,
76.8 mmol). The mixlure wits added bensyl bromide (6.57 5,
38.39 nunof) and refiuxed for 8 i under N, afmosphere. The
reaction mix(ure was coofed to 25° and povred inlo H,0 (500
i), and then ¢xtracted with CH,C,. The orgenic fayer was
washed wilh H,0, dried over MgSO, and evaporated. The
erude products were purified by distillation to give 73 as
colorless teuid, (3.5 g, 33.2 mmol), Yield: 94.71%; MS (B,
70 eV): mfz 256.3 (M*); "H-NMR (CDCY,, 200 MHz): 8
1,33=(t, 3-7.2 Hz, 3H), 4.35 (q, =7.2, 7.0 Hz, 2H), 5.15 (s,
2H), 7.00 {d, =8.0 He, 2H), 7.32-7.45 (m, 5H), 7.49 (d, I=8.2
Tiz, 1H),7.82 (dd, J=8.2, 1.8 Hz, 1H); *C-NMR (CDCl,, 50
MHz) &: 166.60, 158.01, 136,77, 133.25, 131.69, 12849,
127.80, 126.99, 121.20, 120.56, 113.75, 70.57, 60.93, 14.29;
Anal, Caled for C; H, 4O04: C, 74.98; H, 6.29.

Rihy! 3-(benzyloxy)benzoate (74} was oblained from 69,
using the same synthetic pracedure as for 73 to give 74 us
colorless liquid. (4.05 g, 15,80 mmol); yield 77.3%; MS (B,
70eV): mf2256.3 (MY); FHI-NMR (CDCI,, 200 MHz): § 1,39
{1, 3=7.2 Hz, 3H), 4.37 (g, 7.2, 7.0 Hz, 2H), 5.08 (s, 2H),
7.17-1.72 (m, 9H); 1*C-NMR (CDCl,, 200 MHz) 8: 166,42,
[58.76, 136.66, 131,90, 12948, 128.67, 128.14, 127.62,
122,24, 119,96, 115.26, 70,14, 61.09, 14.38; Anal, Caled for
C,oH,605! C, 74.98; H, 6.29,

Bihyl 4-(benzyloxy)benzoate {75) was obtained from 70,
using the snme synthetic procedure as for 73 {o give 75 as
colorless liquid, (7.6 g, 29.6 mmol); yicld 92.5%; M8 (BL, 70
eV mfz 2563 (M*);, "H-NMR (COCH;, 200 MHz): § 1,35 (,
1=7.2 Hz, 3H), 4.32 (g, }=7.2, 7.0 Hz, 2H), 5.09 (5, 2H), 6.95
(d, 3=2.0 1z, [H), 6.98 {d, 3=2.0 Hz, tH), 7.31-7.41 (i, 5,
7.95 (d, 3=2.0 Hz, 1H), 7.99 (d, I=2,0 Hz, 1H); C-NMR
{CDCl,, 50 MHz) 8: 166.36, 162.39, 136,28, 131,55, 129.02,
128.67, 128.19, 127,48, 123.18, 114,41, 70.08, 60.65, 14.37;
Anal. Caled for C, H 04 C, 74,98; H, 6.29.

Bihyt  d4-(benzyloxy)-3-imelhoxybenzonte (76) was
obtaiited from 71, using the smne synthetic procedure s for
73 to give 76 as brown sofid, (8.5 g, 29.7 mmol); yield 91.5%;
mp 73-75° C;; MS (HI, 70 oV): 2864 (NC), ‘H-NMR
{CDCL,, 200 MITz): 85 1.35 ¢, }=7.2 Hz, 3H), 3.91 (s, 31),
4.32 (q, 317.2, 7.0 Tz, 2H), 5.18 (s, 211), 6.85 (d, J=8.4 Hz,
1H), 7.27-2.62 (m, 7I1); PC-NMIU (CDCLy, 50 Milz) &
166,38, 152,01, 149.12, 13640, 128.64, 128,05, 127.22,
123.29, 112,46, 70.77, 60.79, 56.07, 14.39; Anal. Calcd for
Cy1,304: C, 7131 H, 6,34,

Bthyl 2,3-melbyfenedioxybenzonte (77) was oblained
from 72 and diiodomethane, using the same sythetic proce-

dure as for 73 (o ghve 77 as colorless liquid. (2.8 g, 14.4 ’,:«;

mmol); yield 87.6%; mp 90-92° C.; MS (EL, 706V mb: 194.1
(M*); TH-NMR (CDC1,, 200 MHz): § 1,35 (¢, 37,2 11z, 3H),

4.34 (9, J=7.2, 7.0 He, 211), 6.04 (s, 2H), 6,30 {1, }=7.8 Hz, =
3H), 6.92 (dd, 1=7.8, 1.4 Hz, 1H), 7.37 (dd, I=7.8, L4 He, =%
1H); PC-ANMR (CDC,, 50 MHz2) 8; 164.42, 148.68, 148.41, 473
122,66, 121,10, 113.28, 112.12, 101.83, 60.98, 14.30; Aunl. ¢

Caled for C,oH 004 C, 61.85; H, 5,19,
2-Beuzyloxy)benzoic acid (78), To a suspensionof 73 (4.0
g, L5.6 mmol)in H,0 (150 ml) were added NaOH (3.1 2, 78.0
nunol) and BIOH (5 ml). The mixture was reflux for 121, and
cooled 1o 25° C. The solid was Hltercd owt and the filirate was

acidified with 2N HCL The precipitate was collected and =

washed with H,0. The crude praduct was recrystattized from

65 (o give 78 aswhitesolid. (3.0g, 13.2mmot), Yield: 84.6%; mp

13950 C; MS (71, 70 V) miz 2283 (M*); '[-NMR
(CDCY,, 200 MEz): § 5,27 (5, 2H), 7.08-7.54 (m, SH), 6.93
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ld, J=8.0, 1.8 Hz, IH); PC-NMR (CDCl, 50 MHz) &
165.43, 15740, 13502, 134,34, 133,88, 129,16, 127.92,
122,44, 112,09, 113.1F,72.23; Anal. Caled for C,H ;04 C,
73.67; 11, 5.30.

3-(Benzyloxy)benzoic acld (79) was oblained from 74,
using the same synthetic procedure as for 48 to give 49 as
white solid, (3.1 g, 13.6 mmol). Yicld: 37.4%; nip 120-122°
C.; MS (BI, 70 eV): mvfz 2283 (WF); 'H-NMR (DMSO-d,,
200 MHz): & 3.37 {br, 1H), 512 (s, 21}, 7.19-7.50 {m, SH),
PENMR (DMSO-dg, 50 MHz) 8: 167.55, 18.77, 137.26,
132.69, 130,19, 128,90, 128.33, 128.10, 122.25, 120,15,
115,36, Anal. Caled for C;,H,0,: C, 73.67; H, 5.30.

4-(Benzyloxyybenrolc acid (80) was obtained from 75,
using the same synthetic procedure as for 78 to give 80 as
white solid, (6.2 g, 27.2 mmwol). Yield: 92.0%; mp 195-197°
C.; MS (B, 70 eV} mfz 228.3 (M*); 'H-NMR (DMSO-d,,
200 MHz): & 5.10 (s, 28), 6.96 (d, J=2.0 Hz, 1H), 7.00 (d,
1=2,0 He, 1H), 7.28-744 (m, 5H), 7.82 (¢, J=2.0 Hy, 1H),
7.86 (d, }=2.0 [Tz, H1); PC-NMR (DMSO-dg, 50 MEzZ) &
168.50, 16£.37, 137.20, 131.53, 128,91, 128,37, 128.24,
127.00, 114.55, 69.78; Anal. Caled for C,,H,,0;: C, 73.67;
11, 5.30.

d-{Benzyloxy)-3-methoxybenzoic acid (81) was obfnined
from 76, using the same synthetic procedure as for 78 o give
81 as white solld, (7.6 g, 29.4 nunol). Yield: 99.5%; mp
159-162° C.; MS (£, 70 ¢V} nw/z 2583 (M*); ‘H-NMR
(DMSO-d,, 200 MHz): § 3.76 (3, 311), 5.11 (5, 2H), 7.10 (d,
J=8.4 Hz, 1H), 7.29-7.43 (), 6H), 7.50 {dd, J=8.4, 1.8 Hz,
1), PC-NMR (DMSO-d,, 50 MHz) & 167.53, 152,03,
149.01, 136.99, 128.92, 12838, 123.68, 123.47, 112.86,
112,58, 70.30, 55.94; Anal. Caled for C,iH, ,0,4: C, 69.76; H,
5.46.

2,3-Methylenedioxybenzoic acid (82) was oblained from
71, using the same synihetic procedure ns for 78 1o give 82 as
white solid, (2.3 g, 13.8 mmol). Yield: 96.0%; mp 133-190°
C.; MS (BI, 70 eV): 0z 166.2 (M*); "H-NMR (DMSO-d;,
200 MHz): & 6.07 (s, 2H), 7.05 {d, J=8.2 Hz, 1H), 7.25 {},
J=1.6 Hy, 1H), 7.06 (dd, I=7.6, 1.2 Hz, 1H),7.23 (dd, J-7.6,
1.2 He, tH), 12.95 (br, EH); *C-NMR (DMSO-d,, 50 MHz)
& 165,56, 148,91, 148.51, 122,94, 121,58, 113.80, 11246,
102.11; Anal, Caled for C;HO,: C, 57.84; H, 3.64.

2-Benzyloxybenzoyi chioride (83). To o suspension o 78
(3. g, 13.6 nuno!) in dry toluene (150 mi}was added SOCI,
(129 g, 109.] nuno!), The mixture was reflux for 8 h and
evapomted ta give 83 as yelfow liguid to use directly in the
next step. (2.53 g, 10.3 mmol), Yield: 79.07%.

3-Benzyloxybenzoyl chloride (84) was obfained from 79,
using the snme synllietic procedure as for 53 to give 54 as
yellow Jiquid (o use direcly in the next step. (2.5 g, 10.1
mmol). Yield: 74.2%.

4-Benzyloxybenzoyi chiloride (85) was obfained from 80,
using the snme synthelic pracedure ns for 53 to give 55 as
yellow Hanid (o use directly in the nexi sfep. (2.4 g, 9.7
mmel). Yield: 79.5%. '

4-Benzyloxy-3-methoxybenzoyl chlorkle (86} was
obiained lrom 81, using the same synthetic procedure as for
83 to give 86 as brown Houid to use direcily in the next step,
(4.5 g, 163 mmol). Yield: 84.6%.

2,3-Methyleaedioxybenzoyl chloride (87) was oblained
from 82, using the snme synthetic procedure as for 83 to give
87 as while solid lo use directly in the next step. (1.7 g, 9.2
mmel), Yield: 76.5%.

2,3-Dimethoxybenzoyl chioride (88) was obtained from
83, using the same synthetic procedure as for 53 to give 58 s
yellow liquid 1o use directly in the nexi step. (2.8 g, 14.0
nunol). Yield: §4.8%.
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2,5-Dimethoxybenzoy] chioride (89) was oblained from
84, using Lhe sanie synthetic procedure as for 5510 give 5% as
yellow liquid to use direcily in the next step. (2.3 g, 11.5
mmol). Yield: 83.5%.
N-(2-Acetyl-4-morpholinophenyl}-2-benzyloxybenza-
mide (92). To a solution of 60 (1.3 ¥, 5.9 nunel) in TIF (150
ml) was added BN (8 nil), The mixture was stirced at 0° C.
and 83 (1.7 g, 7.1 mmol) was added dropwise. The reaction
mixture was slirred af 25° C, for 2 It ond poured info crushed
ico and extrmcted with CH,Cl,. The exteact was washed with
H,0, dried aver Mg80, and evapomated. The crude product
was purified by column chromatogruphy (sifica get, CILCLL)
to give Y2 as yellow solid. (2.1 g, 4.9mmol), Yield: 83.3%; mp
144-146° C.; MS (BI, 70 ¢V): av'z 4302 (M*); 'H-NMR
(CDCL,, 200 MH2): 8 2,51 (s, 3H), 3.14 (i, 4H1), 3.87 (m,
4H), 546 (s, 28),6.95-7.05 (m, 2H), 7.15 (dd, }=9.2, 3.0 11z,
{H), 7.22-7.44 (m, TH), 8,10 {dd, J=7.6, 1.8 H, 111), 8.37 (d,
J=9.2 1, 111}, 12.25 (5, 11T}; 1*C-NMR (CDCI,, 50 MHz) 6:
201,16, 164.61, 156,37, 136,77, 132,69, 132.11, [28.54,
12779, 126,98, 12530, 123.69, 122,22, 121.16, 111.82,
113.28, 7046, 66,78, 49.94, 28,58; Anal. Caled for
C,5Ha 6N, 04; €, 72.54; 11, 6.09; N, 6.51.
N-(2-Acetyl-4-pyrrolidinoplienyl}-2-benzyloxybenza-
ntide (93) was obisined from 61 ond 83, using the same
synihietic procedire as for 92, The crude produet was purified
by columin cliromatography (sttica gel, CHCly/n-hexane=10:
1) to give 93 as yelfow solid, {1.6 g, 3.9 mmol); yield 76.4%;
nip 160-161° C.; MS (B, 70 eV): mv/z 414.2 (M*); 'E-NMR
(CDC1y, 200 MHz): § 2,02 (n, 4H), 2.51 (5, 3H), 3.30 (m,
4I1), 5.45 (s, 211}, 6.85-7.45 (m, 10H), 8.1 {dd, J=7.8, Lo Hy,
1H), .67 (d, J=9.2 Hz, 111}, 12,07 (s, |H}; PC-NMR (CDCH,,
30 MHz) &: 201,71, 164.15, 156,31, 143.73, 136.68, 132.02,
128,52, 127.74, 12,700, 125.89, 124.04, 121.§0, 117.30,
113,25, 1£2,63, 7045, 47.89, 28,62, 25.44; Anal. Caled for
CoH,N,0,5 C, 75343 H, 6325 N, 6,76,
N-{2-Acetyl-4.dimelhylaminophenyl)-2-benzyloxyben-
zamide (94) was obtained from 62 aud 53, wsing the same
synthelic procedure as for 92, The erude product was purified
by column chromatography (silica gel, CHCl,) to give 94 as
yellowsolid, (2.2 g, 5.7 mmol); yleld 77.7%; mp 132-134°C,;
MS (EI, 70 eV): m/z 3882 (M*); 'H-NMR (CDCi,, 200
MHz): & 2.51 (s, 3H), 2,95 (5, 611, 5.46 (s, 211), 7.00 (dd,
1=0.2, 2.6 1z, 1[), 7.05-7.45 (w, OH), 8.10 (d, J=7.8, 1.8
Hz, {H), 8.71 {d, 1=9.2 Hz, 1H), 12.13 (5, 1H); “C-NMR
(CDCl,, 50 MilIz) & 201.55, 164.34, 156.34, 146.04, 136.83,
132,49, 132,05, 130.31, 128.53, 127.77, 127.01, 125.03,
123,95, 123.85, 120.12, 118.81, 11434, 113.28, 7047,
41,03, 28.59; Anal. Caled for C,,H, N,G,; C, 74.24; 11, 6.23;
N, 7.21,
N-(2-Acelyl-4-morpholinopheayl)-3-benzyloxybenza-
mide {95) was obtaized from 60 and 84, using the same
synthetic procedure as for 92, The erude praduct was purified
by column chromatogrphy (silica gel, CHCl /n-hexane=8:
1) te give 95 as yellow solid, (1,15 g, 2.67 mumol); yield
84.1%; mp 140-142° C.; MS (Bl, 70 eV} m/z 430.2 (M*);
H-NMR (CDCl,, 200 MHz): & 2,67 (s, 3H), 3.13 (m, 4H),
3.9 (m, 411), 5.13 (s, 2E1), 6.95 (m, 1H),7.05 (n, 1H), 7.22 (m,
151, 7.23-7.41 {m, 711}, 8.10Qwy, 1H), 8.37 (d, 3=9.2 Hz, 1 F),
12.35 (s, 111); PC-NMR (CDCly, 50 MHz) §: 203.05, 165.46,
159.14, 136.66, 13648, 134.56, 129.82, 128.60, 128,06,
127.61, 12338, 122.94, 122,04, 11947, 119.09, HI84E,
11344, 70.44, 66.75, 49.87, 28.58; Anal. Caled for
ClL, N, 0,; C, 72.54; H, 6.09; N, 6.51.
N-(2-Acetyl-d-pyrolidivoplienyl)-3-benzyloxybenza-
mide (96} was obtained from 61 and 34, using the smue
synthetic procedure as Tor 92, The cride product was purified
by colmun elromatogrophy (sitien gel, CH,Cl,/n-hexane=5:
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1) to give 96 ns yellow solid. (1.05 g, 2.53 mmol); yield
74.1%; mp 131-133° C.; MS (BI, 70 eV): nvz 414.2 (M*);
'H-NMR (CDCl,, 200 MH7): 8 2.02 (i, 4H), 2.67 (s, 3H),
3.30{m, 4H), 5.14 (s, 2H), 6.83-7.67 (0, [ 111),8.78(d, I=9.2
Htz, 1H), 12.20 (s, 171); *C-NMR (CDCls, 50 MII2) &:
203,54, 165.07, 159.12, 143.54, 136.88, 13675, [29.71,
128,59, 128,02, 127.62, 12332, 12233, 11941, 118.85,
118.54, 113.34, 110,89, 70.13, 47.99, 28.57, 25.42; Anal,
Caled for C,4H,,MN,0,; C, 75.34; H, 6.32; N, 6.76.
N-(2-ncetyl-d-dimelliylaminophenyl)-3-{(benzyloxy)ben-
zamide (97) was obipined from 62 and 84, using the same
synthelic procedure as for 92, The crude product was purifled
by colmin chromatography (silica gel, CH,Cl,) (o give 57 as
yellow soltd. (1.6 g, 4.1 mumol); yield 73.4%; mp [47-149°C,;
MS (B], 70 eV} nvfz 388.2 (M*); 'H-NMR (CDCl,, 200
MHz): 8 2.66 (5, 3H), 2.94 {5, 6H}, 5.14 5, 211), 6.83 {d, 6.4
Hz, 1H), 7.13-7.69 (w, 10£), 7.57-7.67 (m, 2H), 8.80 (d,
J=9.2 Hz, 1), 12.26 (s, 1H); *C-NMR (CDCl,, 50 MHz) &:
203.43, 165.18, 159,12, 146.03, 136,74, 131.68, 129.75,
128.60, 128.04, 127.63, 123,11, 122,}{, 119.78, 11943,
$18.90, 114,71, 113.38, 70.12, 40,88, 28.57; Anal. Caled for
C, HagN30;; C, 74215 H, 6.23; N, 7,21
N-(2-Acetyl-4-momphelinophenyl)-4-henzyloxybenza.
mide {98) was obtained from 60 and 85, using lhe some
synthetic procedure as for 92. The crude product weas purified
by column chromatography (silica gel, BtOAC/CH,Cl,=1:2)
to give 98 as yeHow solid, (1.5 g, 3.5 mmol); yield 64.0%; mp
172:175° C.; MS (B, 70 eV): mfz 430.2 (M*); '"H-NMR
(CDCl,, 200 MHzZ): 8 2.67 (s, 3H), 3.14 (m, 411), 3.88 (),
4H), 5.05 (s, 2H), 6.99-7.43 {m, 90), 7.97 (d, }=2.0 Hz, 1H),
8.00(d, J=2.0 Hz, tH}, 8.86 (d, 1=9.2 Hz, 1H), 12.30 (s, iH});
BCNMR (CDCE, 50 MEz) 8 203.13, 165.27, 163,55,
161,66, 146.00, [36.37, 135,19, 13283, 129.28, 128.67,
128.17, 127.48, §123.68, 122,71, 122,01, 118.62, 114.86,
70,13, 66.70, 50.09, 28.63; Anal, Caled for C, H,N,04 C,
T2.54; H, 6,09, N, 6.51.
N-(2-Acelyl-4-pyrrolidinophenyt)-4-benzyloxybenza-
niide {99) was oblained from 61 and 85, using ihe some
synihelic procedure as for 92. The crude praduct was purilied
by column chromatography (silica gel, BtOAc/CH,Cl=114)
to give 99 as yellow solid. (1.6 g, 3.9 mmot); yleld 71.7%; mp
§75-178° C.; MS (Bl 70 eV): m/z 414.2 (M"); TH-NMR
(CDCl,, 200 MHz): 8 2.03 {m, 4H}, 2.66 (s, 311), 3,29 (m,
4, 5,12 (s, 2H), 6.84 {(d, I=9.2 H, 1H), 7.07-6.97 (m, 30},
7.40-7.33 (m, 5H1), 7.98 (d, J=7.6 11z, 111}, 8.04 (d, 3=3.2 Hz,
1H),8.78{d, J=0.2 Hz, 111, 12,15 (s, 11); *C-NMR{(CDCI,,
50 MHz) 203.62, 164.90, 162.20, 161.40, 143,38, 13646,
130,93, 129.14, 128.66, 128.13, 12792, 12749, 12311,
122,27, 118.68, 114.76, 113,23, 70,10, 47,95, 28.63, 25.42;
Anal, Coled for C,g1,N,0,; C, 75.34; H, 6.32; N, 6.76,
Po(2-Acetyl-d-dimethylaminophenyl}-4-(henzyloxy)ben-
zamide (100) was obtained from 62 and 85, using the same
synthetlc pracedure as for 92, The crude product wos purified
by column chromatogmphy (silica gel, CHLCI,) to give 100
as yellow solid. (1.7 g, 4.4 mumol}; yield 65.0%; mp 139.140°
C.; MS (B1, 70 ¢V): miz 388.2 (M*); "H-NMR (CDCI,, 200
MEz): § 2.66 (5, 3E1), 2.94 (s, 6H), 5.10 (s, 2H), 7.00-2.06 (n,
3H), 7.17 (d, 32,8 Hz, 1H),7.33-7.44 (m, 511),7.97 (d, }=1.6
He, 1H),8,00{d, I=1.6 Hz, IH), 8.80(d, J=0.2 1z, 1H}), 12.19
(s, 1H);, PC-NMR (CDCl,, 50 MHz) & 203,50, 165.00,
16£.49, 145,80, 13644, 132,21, 129,19, 128.66, 128.14,
[27.78, 12749, 122,01, 122.06, 120,06, 114.80, 10.11,
40,97, 28.60; Anal. Caled for C,,F1,,N,0,5C, 74,21, H, 6.23;
N, 7.21.
N-{2-Acetyl-4-morpholinophenyt)-4-(benzyloxy)-3-
methoxybenzamicde (101} was obtained from 60 and 86, usiug
thesmuesyathetic procedureas for 92, The erude praducl was
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purified by cofumn chromatography (sifica gel, CILCH,/n-
fiexane=5:1) o pive 101 as yellow solid. (1.9 g, 4.1 mmol);
yield 82.6%; mp 192-194° C; MS (BI, 70 ¢V): m/z 460.2
(MY "HANMR (CDCly, 200 MHzZ); 8 2.67 (s, 3H), 3.13 (n,
4H), 3.86 (1, 4H), 5,22 (s, 21}, 6.93 (d, J=8.4 Hz, 1K), 7.54
{dd, J=9.2, 2.8 Hz, 1H), 7.30-745 (i, 6H), 7.54 (dd, -8 4,
2.0 Hz, 1H), 7.61 (¢, 3=2.0 Hz, (11, .84 (d, 1=9.2 Hz, 11},
2,15 (s, 1HI); PC-NMR (CDCH,, 50 MHz) 8: 203.09, 165,26,
151,16, 149.59, 136.52, 134.94, 128.65, 128,02, 12790,
127,21, 123,58, 122,72, 12§.90, 120,03, 11843, 112.9],
[F.44, 70,88, 66,77, 56,08, 49.95, 28.59; Anal. Calcd for
Cy,Ho5M,043 C, 7042, H, 6.135 N, 6.08.
N-(2-Acetyl-4-pyrrolidinopheny?)-¢-(benzyloxy)-3-
methoxybenzamide (102) wasobtained from 6§ and 86, using
the same synlhetic pracedure as for 92, The crude praditct was
purified by colummn chromalography (silica gel, CH,CL/n-
hexane=3:1) to give 102 as yellow solid. (2.0 g, 4.5 mmol);
yield 83.6%; mp 152-154° C.; MS (Bl, 70 eV): mfz 444.6
(M*); "H-NMR (CDCI,, 200 MHz): 5 2.04 (i, 411), 2.66 (5,
3H3, 3.30 (m, 4H), 3.98 {5, 3H), 5.22 (5, 2H), 6.84 (dd, J=9.2,
2.8 Hz, 1H), 6.92 (d, 1=8.4 He, 1H), 7.97 (m, tH), 7.24-7.45
(ny, 5H), 7.53 (dd, J=8.4, 2.0 Hz, 11), 7.63 (d, J=2.0 He, 1H}),
8.77 (4, 1=9.2 Hz, 1H), 12.17 (s, LH); C-NMR (CDCl,, 50
MHz)5: 203.09, 165.26, 151,16, [49.59, 136.52, 134.94,
128.65, 128.02, 127.90, 127.21, 123.58, 122,72, 121.90,
120,03, £18.43, 112,91, 111,14, 70.88, 66.77, 56.08, 49.95,
28.59; Aunal. Caled for C,;H,,N,0, C, 72.95; H, 6.35; N,
6.30,
N-(2-Acelyl-4-morpholinophenytienzofd][ {,3}dioxole-
4-carboxantide (103) was obiniued from 60 aud 87, using the
same syathetic procedure as for 92. The crude product was
purified by colww chromatography (silien gel, CHCl /u-
hexane=10:1) o give 103 as yellow solid. (1.06 g, 2.88
pimol); yield 79,3%; mp 150-152° C; MS (BL, 70 eV} mf2
368.5 (M); 'H-NMR (CDCl,, 200 MIHz): $2.62 (s, 3H),3.15
(m, 411), 3.89 (m, 4H), 6.17 (s, 2H), 6.90-6,96 (m, 2H), 7.50
{dd,1=9.2,2.8 Hz, 1¥1),2.50 (dd, J=6.6, 2,8 Hz, IH), 7.38 (n,
113},8.70 (¢, 9.2 He, 1 1), 11.87 {5, 1 H); *C-NMR (CDCl,,
50 Mz} $: 2201,77, 162,60, 148,12, £45.80, 133,50, 124,69,
123.63, 122,57, 121,95, 121,78, 118.29, 11695, 111,51,
101,79, 66.60, 50.07, 28.59; Anal, Caled for C g, N, 04 C,
65.21; H, 5.47; N, 7.60.
N-(2-Acelyl-d-pyrrolidinophenylbenvo[di[1,3 Jdioxofe-
4-carhoxamide (104) was obtained from 61 and 87, using the
same synthetie procedure as for 92, The eude producl was
purified by colunm chiromatography (siliea gel, CH,Cl,/n.
hexane=8:1) to give 104 as yellow solid. (0.8 g, 2.3 nunot);
yleld 57.9%; mp 139-141° C.; MS (EI, 70 o¥): mfz 352.1
(M) 'H-NMR (CDCH,, 200 MHZ): § 2,01 (m, 4H), 2.61 (s,
30), 3,31 (m, 411), 6,17 (s, 2H), 6.81-7.01 {m, 41), 7.50 (!,
J=6.2, 3.2 Hz, iH), 8.60 (d, I=9.2 Hz, 1H), 11.87 (5, IH);
BC.NMR (CDCl,, 50 MHz) § 202.25, 162.21, 148.06,
145.67, 125.24, 124.01, 121,98, 121.68, 117.32, 111.22,
101,70,48,37, 48.56, 25.38; Anal. Caled for C,qH,oN,04; C,
68.17; H, 5,72; N, 7.95.
N-(2-Acetyl-4-morpholinophenyi}-2,3-dimethoxybeuza-
mide (105} wos oblained from 60 and 88, using the smme
synthelic procedure as for 92, The crude product was purilied
by colum chromatography (silica gel, CHCL/n-hexene=10:
Do give 105 as yellow solid. (1.5 g, 3.9 mmol}; yield 78.2%5;
mp 146-148° C.; MS (BT, 70 eV): ml: 384,5 (M*); 'H-NMR
{CDCI,, 200 MHZ): 6 2.61 {5, 3H), 3.15 (m, 4H), 3.87 (m,
4H), 3.99 (s, 3H), 4.05 (5, 31), 6.99-7.62 {m, 5H), .78 (d,
1=9.2 Hz, 111), 12.15 (s, L}, C-NMR (CDClj, 200 MIiz) &
201,360, 164,52, 152.94, 147.73, 146.29, 133.20, 128,39,
12543, 124,01, 12371, 122,50, 122,19, 11798, 115,51,
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6667, 6L6I, 56.09, 50.03, 28.58; Anal. Caled for
C,H,N,04 C, 65.61; H,6.29; N, 7.29.
N-(2-Acetyi-4-pyrrolidinophenyl)-2,3-dimelioxybenza-
mide {106) was obtained from 6 and 88, using the same
synthetic proecdure as for 92, The crude product was purified
by colwmn chromatography (sifica gel, CH,CL/n-hex-
ato=10:1)10 give 106 as yeHow solid. (1.4 g, 3.8 mmol); yleld
77.6%; mp 137-140° C.; MS (BL, 70 eV): m/z 368.5 (M*);
IENMR (CBCI,, 200 MH2): § 2.00 (m, 411}, 2.59 {5, 38),
3.28 (m, 4H), 3.86 (s, 3H), 3.98 (s, 3H), 6.74 (m, 4H1), 714~
6.92 (m, 3H), 7.59 (dd, J=7.6, 1.8 Hz, 1H), 8.63 (d, J1=9.0Hz,
£H), 11.96 (s, LH); *C-NMR (CDCl,, 50 MHz) §: 201.83,
164.07, 152.92, 147.66, 14371, 12876, 12596, 124.00,
123,94, 122,46, 117.32, 115.24, 112,79, 61.58, 56,08, 48.03,
28,59, 25,39; Anal. Caled forC,, H,,N, 043G, 68.46; H, 0.57;
N, 7.60,
N-(2-Acetyl-d-morpholinophenyl)-2,5-dimethoxybenza-
mide (107) was obtained from 60 nnd 89, using the same
synthelic proceduro s for 92, Tho crude product was purified
by columa chromutography (sitica gel, CHCL/E10Ac=8:1)
to give 107 as yellow solid. {1.67 g, 4.3 mniol); yield 79.7%;
mp 172-174° C.; MS (B, 70 eV): ink: 384.5 (M*); "H-NMR
(CDCl,,200 MHz): $2.61 (s, 3H),3.15 (m, 4H), 3.80(s,3H),
3.37 (m, 4H), 4.07 5, 3H), 6.95-7.32 (m, 4H), 7.73 {d, =28
Iz, 1H), 8.78 (d, 3-9.2 Hz, 1H), 12.25 (5, 111); “C-NMR
(CDCl,, 50 MHz) & 201,21, 164.05, 153.63, [51.95, 146.52,
132.80, 125.75, 123,96, 122,95, 122,01, 119.69, 117.66,
115.69, 11279, 66.79, 56.12, 55.83, 49.86, 28.76; Anal.
Caled for €, H,,N,05; C, 65,613, 6.29; N, 7.29.
N-(Z-Acclyl-ri-p_yrrolidiucphcny])-z,ﬁ-dimethoxybenm-
mide (108) was obtained from 61 and 89, using the same
synthetic procedure as for 92, The crude praduct was purified
by column chromatography (sitica gel, CH,CL/-liexane=8:
1) (o give 108 as yellow solid. (1.6 g, 4.3 mmol); yield 73.8%;
mp 137-140° C.; MS (EI, 70 €V): n/z.368.5 (M"); 'H-NMR
(CDC,, 200 MHz): 6 2.01 (w, 4H), 2.60 (s, 311), 3.29 (m,
4H), 3.80 (s, 311), 4.06 (s, 3H), 6.77 (K], 3=9.2, 3.6 Hz, 1H),
6.89-6.97 (m, 3H1), 7.4 (d, J=2.8 Lz, 1H), 8.64 (d, }=9.2 Hz,
141), 12.08 (s, 1H); C-NMR (CDCl,, 200 MHz) & 201.75,
163.61, 153.61, 151.91, 143,69, 128.64, 12630, 12432,
123,30, 119.36, 117.20, 115,62, 1§2.78, 56.15, 55.83,47.94,
28.77,25.42; Anal, Caled for C, H, ,N,04; C, 68.46; H, 6.57;
N, 7.60.
N-(?.—:\celyl-rl-morpholinophenyl)-z-melhoxyhcnznmide
{109) was ablaiued from 60 and 90, using the sawe synthelic
procedure as for 92, The crude product was purified by coi-
unn chromatography (silica gel, CH,Cl /u-hexane=10:1} to
give 109 as yellow solid, (1.4 g, 3.9 mmol); yield 72.6%; mp
158-160° C.; MS (1, 70 V) mfz 354.5 (M*); 'TL-NMR
(CNCly, 200 MHz): 5 2.60 (5, 3H), 3.12 (m, 4H), 3.85 (m,
A, 4.00(s, 3H), 6.96.7.G7 (i, 2H), 7.13 (dd, 39.2,3:0 Hz,
1H), 7.34-7.43 (m, 241, 8.14 (dd, I=7.6, 1.8 He, 1H), 8.80 {d,
1-9.2 Hz, 11), 12.23 (s, 1H); *C-NMR (CDCl,, S0 MHz) &
201,25, 164,33, 157.56, 146.18, 133.01, 132.25, 12546,
123.83, 122,63, 122.18, 120.89, 117.92, 11131, 66.69,
55.58, 49,93, 28,76; Anal. Caled for CyoH o N,0,5 C, 67.78;
H, 6.26; N, 7.90,
N-(2-Ace(y[-4-p)'rroiidinophenyl)-?.-metlmxyhcnmmidc
(110) was oblained from 61 and 90, using {he same synthetic
procedure as for 92, The cruds praduct was purified by col-
ume chromatography (sillea gel, CH,CL) to give 110 as
yellow solid. (1,1 g,3.3 mmol); yield 83.1%; mp 168-170°C,;
MS (B, 70 eV) m/z. 338.5 (M*); 'H-NMR (CDCI,, 200
MHz): 5 1.96 (1, 4H), 2.64 (s, 3H), 3.27 (m, 4E1), 4.05 (5, 31D),
631 (dd, 1=9.0, 2.6 Hz, 111), 7.00-7.53 (m, 41, 7.96 (dd,
7.8, 1.8 Hz, 1H), 8.50 {d, J=0.0 Hz, 1H), 11.87 (s, iH);
LC.NMR (CDCly, 50 MHz) & 202,81, 163.21, 157.44,
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144.08, 133.51, 131.70, 127.89, 126.64, 123.70, 122.76,
121,13, 117.04, 11342, 112,51, 56.17, 47.94, 2937, 25.38;
Anal. Caled for CagH,sN,05; €, 70.99; H, 6.55; N, 3.28,

N-(2-Acety1-4I-mmpholiuophenyt)-Z-mcthoxyhenznmide
(111) was oblained from 60 and 91, using the sante synthetic
procedure as for 92, The crude product was purified by col-
unw chromatography (sifica gel, CH,CL/MIO0AC=15:1) to
give 111 as yellow solid, (.1 g, 3.1 mmol); yleld 76.0%; mp
185-187° C.; MS (B, 70 eV): nvz 354.5 (M*); 'H-NMR
(CDCl,, 200 MHz): $2.67 (5, 3H), 3.13 (m, 4H), 3.34 (s, 3H),
3.86 (w, 4F1), 6,95 (d, I=2.0 He, 1H), 6.98 (d, 1=2.0 Hz, 1H),
7.21 (dd, 1-9.2, 2.8 Hz, 1€1), 738 (d, 128 Hz, 1H), 7.97 (d,
1=2.0Hz, 1), 8.00(d, }=2.0 Hz, 1H),8.85(d, ]-9.2 Hz, 1H),
12,29 (s, 1H); C-NMR (CDCl,, 50 MHz) §203.11, 165,30,
162.48, 146,21, [35.01, 1229.24, 127.29, 123,61, 12272,
121,99, 11839, 113,95, 66.78, 55.42, 49.95, 28.61; Anal.
Caled for Cyoll, N0, C, 6778, H, 6.26; N, 7.90,

N~(2-Acetyi-4-pyrrolidiuopheuyl)-d-methoxybenznmide
{112) was obtained from 61 and 91, using the same syuthetic
procedure as for 92, The crude product was purified by col-
e chromatography (silica gel, CH,Cly/n-hexane=10:1) lo
give 112 as yetlow solid. (1.2 g, 3.5 mmel); yield F2.5%; mp
174-175° C;; MS (B, 70 eV): nv'z 338.5 (M*); 'H-NMR
(CHCI,, 200 MHz): CH,Clyfn-hexane=10:1 NMR (CDClj,
50 MHz) § 203.60, 164,95, 162.25, 143.27, 132,19, 12912,
127.67, 123.10, 122.24, 118,74, 113.87, 55.39, 48.02, 28.60,
25.38; Anal. Coled for C,oH,,N,0yi C, 70.99; H, 655 N,
8.28.

2.(2-Benzyloxyphenyl)-6-morpholinoquinelin-4-one
{113), To a solution of 92 (1.2 g, 2.7 muol} in 1,4 dioxane
(150 ml) was added NaOH (0.9 g, 21 4 mmol). The mixture
was refluxed for 5 b, concentrated and added 10% NIHLC!
(100 ml). The precipitate was collected and washed with HyO
and acetone. ‘Tlie crude product was purified by coluan chra-
matography (silica gel, CHCl;:MeOH=25:1) to give 13 as
yellow solid {1.3 g, 3.2 mmol). Yield: 65.4%; mp 281.283°
C.; MS (BI, 70 eV} w/z §12.4 (M*); "H-NMR (DMSO-d,.
200 MHz): 53.15 (m, 4H),3.77 (1, 4H), 5.12 (5, 2H), 630 (5,
IH), 7,36-7.50 (m, 11H), 7.66 (d, 1=9.2 Hz, 1H), 11.57 (5,
i H); Anal, Cated for C,¢H, N,043C, 75.71; H, 5,86, N, 6.79.

2-(2-Benzyloxyplienyl)-6-pymolidinoguinolin-4-one
(114} was obfained fiom 93, uslug the same synthetic proce-
dure as for 113. The erude product was purified by colunmn
chromatopraphy (silica gel, CHCl,:MeOI1=25:1) to give 1 14
asyellow solid. {0.7g, 1.8 munol), Yield: 61.1%; mp 293-295°
C. MS (Bl 70 ¢V} w/z 396.4 (M*); FIE-NMR (DMSO-dg,
200 Milz): & 1.99 (m, 4H), 334 (m, 4H1), 5.21 (5, 2H), 633 (s,
1), 7,00-7.50 (m, 1H), 7.68 (4, 3=9.0Fiz, 1), 11,63 (s, 1H);
Anal, Caled for Cpgll,N,05 C, 78.76; H, 6,10, N, 7.07,

2-(2-Renzyloxyphenyt)-6-dimethylaminoquinolin-4-one
(115) was oblained from 94, using the same synthelic proce-
dure us for 113, The crude product was purified by column
chromatography (siliea gel, CHCl,:MeOH=25:1) to give 115
asydllow solid. (1.2 g, 1.8 mmot). Yield: 61.1%; mp210-212°
C. MS (81, 70 eV): m/z 370.2 (M*); "H-NMR (DMSO-d,,
200 MHz): 5 2.91 (s, 6H), 5.13 (s, 2H), 6.02 (5, 1H),7.07 1,
1=7.4 He, 1H), 707 (d, I=2.6 Hz, 1H), 7.22-748 (m, 95},
7.53 (d, 1=9.2 Hy, 1R), 1167 (5, JH); Anal. Caled for
C,4H1,,M,0,; C, 77815 H, 5.99; N, 7.56.

2-(3-Benzyloxyphenyl)-6-morpholinoquinofin.d-one
(116} was obtained from 93, using the same synthetic proce-
dure as for 113. The erude product was purified by column
chromatography (silica gel, CHCl,:MeOH=25:1) fo give 116
as yellow solid. (0.8 g, 1,9 mmol). Yield: 61.1%; mp 283-285°
C.; MS (B, 70 eV); vz 412.4 (M*); 'H-NMR (DMSO-dg,
200 MILz): 53.15 (m, 4H1), 3.77 (m, 4H), 5.12 (5, 21), 6.30 5,
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1H), 736250 (m, 111, 7.66 (d, J=9.2 Fz, 1H), 11.57 {5,
11); Anal. Caled for Cogl1,,N,04; C, 75,715 H, 5.86, N, 6.79,
2-(3-Benzyloxyphenyl)-6-pyrrolidinoquinolin-4-one
(117) was abtalned From 96, using the same synthetic prace-
dure s for 113, The enude product was purified by colunin
chromatography (silica gel, CHCL:MeO11=25: ) to give 117
as yellow solid. (0.38 g, 0.95 mmol}. Yield: 66.3%; mp 320-
322° C.; MS (BI, 70 6V): nvz396.4 (M*); ‘H-NMR (DMSO-
dg 200 MHzZ): §2.07 (m, 4H), 3,34 (w, 4H), 5.21 (s, 2H), 635
(s, 1K), 6.87-1.49 {m, 10H),7.70 {(d, }-9.0 Hz, [H),7.78 (d,
J=8.6 Hz, IH), £ 1.50{s, 1H); Anal. Caled for CocH, N0, C,
78.76; H, 6.10; N, 7.07.
2-{3-Benzyloxyphenyl)-6-dimethylaminoquinolin.4-one
(118)wns obtained from 97, using the sante synthetic proce-
dure as for 113, The crude product was purified by colunm
chromatography (silicn gel, CIICH;:MeOI1=25:1) to give 1 18
as yellow solid, (1.3 g, 3.5 mmol). Yield: 65.6%; mp 307-308°
C.; MS (B, 70 eV): m/z 370.2 (M*); 'H-NMR (DMSO-d,,
200 MEz): 5 2.91 (5, 6H), 5.13 (s, 2H), 6.02 (s, 111), 7.07 ¢,
1=7.4 Hz, $11), 7.17 (4, J=2.6 Hz, 1H), 7.22:7.48 (m, 9H),
7.53 (d, J=9.2 Hz, iH), 11.67 (s, tH); Anol. Caled for
C,4H,,N;05; C, T7.81; H, 5.99; N, 7.56,
2-(4-Benzyloxyphenyl)-6-morpholineguinolin-4-one
(£19) was oblained from 98, usiug the same synthetic proce-
dure as for 113, The crude product was piified by column
chromatography (silica gel, CHCl,:MeOI1=25:1) to give 119
as yellow sofid. (0.5 g, 1.2 muol). Yield: 52.2%; mp 320-323°
C.; MS (BI, 70 eV} w/z 412.4 (M*); 'H-NMR (DMSC-d,,
200 MHz): §3.14 (m, 481),3.77 (m, 4H), 5.21 (5, 2H), 6.24 (s,
1), 7.16-7.49 (m, 9F), 7.66 (d, J=9.0 He, 113),7.76 (¢,3-8.6
Hz, iH), 1148 (s, 1H); Anal. Coled for CysHyqN,055 C,
75.71; H, 5.86; N, 6.79.
2-(4-Benzyloxypheayl}-6-pymolidinoquinolin-4-one
(120) was oblained from 99, vsing the same synthelic proce-
dure as for 113, The crude produet was purified by colunn
chromatography (stica gel, CHCl;:MeQH=25:1} to give 120
asycliow solid. (0.6 g, 1.5 mmol). Yicld: 57,5%; mp 330-332°
C.; MS (Bl, 70 eV): w/z 3962 (M"); "H-NMR (DMSO-d,,
200 MEz): 8 1.99 (im, 4H),3.34 (i, 4H), 5,21 (5, 2H), 6,33 5,
1H), 7.00-7.50 (m, 118), 7.68 (d, 1-9.0 Hz, 1H), 11,63 G,
1H); Anal. Caled for C6H,,N,0,1 C, 7876, H, 6,10, N, 7.07.
2-(4 Benzyloxyphenyl)-6-dintethylaminoquinolin-4-one
(121) was obiained from 100, using the sonte synthetic pro-
cedure as for 113, The crude product was puwified by column
cliromatography (silica gel, CHCI,:MeOH=25:1) to give 121
asyeHow solid. (1.2 g, 3.2 mmol). Yield: 78.7%; mp 283-285°
C.; MS (@1, 70 ¢V m/z 370.2 (M*); 'H-NMR (DMSO-d,,
200 Milz): § 2,92 (s, 6H), 5.17 (s, 2H), 6.17 (s, 1), 7,14 (d,
1=8.6 Hz, 2H), 7.24 (dd, 1=8.8, 2.4 Hz, 1H), 7.29-7.46 (i,
6H), 7.53 (d, J=9.0 Hz, {H), 7.73 (d, J=8.6 Hz, 211), 1 1.38 (5,
FH); Anol, Caled for Cp T11,,N,0,; €, 77.815 N, 7.56.
2-(4-(Benzyloxy)-3-methosyphenyl)-6-morpholino-
quinolin-4-one (122) was oblained from 101, using the same
synthetic pracedive as for 113, The crude product wes puri-
fied by colunm clromatography (silica gel, CHCly:
MeOH=25:1) to give 122 as yollow solid. (0.5 g, 1.1 mmol}.
Yield: 52.1%; nip 300-301° C.; M5 (831, 70 eV): miz 442.2
(M*); "H-NMR (DMSO-dg. 200 MHz): 8 3.L1 (w, 4H), 3,74
(m, 4H), 5.15 (s, 2H), 6.28 (s, 111, 7.16 (d, J=8.2 Hz, 2H),
7.25-7.45 {m, 9H), 7.68 (d, 1=9.0 Hz, 1H), 11.48 (br, IH);
Anal, Caled for C,,H, N0, C, 72,28 H, 5.92; N, 6.23.
2-(4-(Benzyloxy)-3-methoxyphenyl)-6-pyrrolidinoguine-
fin-4-one (F23) was obfained from 102, using the same syn-
thetic procedurc as for 113, The crude product was purificd by
columu chromatography (silice gel, CHCL:MeOH=25:1) to
give 123as yellow solid. (1.3 g, 3.1 mmol}). Yiekl: 65.2%; mp
304-306° C.; MS (BI, 70 oV): n/z 426.6 (M*); ‘H-NMR
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(DMSO-d, 200 MHz): 8 1.99 (m, 48), 3,33 {m, 4H), 3.39 (s,
3H), 5,18 (5, 2H), 6.25 (s, 1H), 7.02-7.09 (m, 2H), 7.19 ({d,
J=8.2 Haz, 1), 7.33-745 (m, 2H), 7.64 (d, }=3.8 Hz, IH},
11.34 (s, LH): Asal, Caled for C,,H, 0,04 C, 76.03; H,
6.14; N, 6.57.
2-{Benzo[d][1,3}-dioxol-4-y1}-6-morpholinoquinefin-4-
oue (124) was obtained from 103, using the same synthetic
procedure as for 113, The crude producl was purified by
eolumn chromatography (silica gel, CHCl,:MeOH=25:1} to
give 124 as yellow solid. (0.5 g, 1.4 mmol}, Yield: 52.6%; mp
350-352° Cs MS (B, 70 ¢V): mfz 350.5 (M*); 'H-NMR
{DMSO-d,, 200 MHZ): 83.16 (m, 40}, 3.77 (i, 4H), 6.1 5 (s,
2H), 6.43 (5, 1H),7.04 (d, J=7.8 Hz, 1H),7.09 (dd, J=7.8, 1.8
Hz, {H), 7.28 (d, =70 Hz, 1H), 7.40 (d, ]=2.8 Hz, 1H), 7.50
{dd, J=9.2, 2.8 Hz, 1H), 7.67 (d, 1=9.2 Bz, 1H), 1,54 (s, 1H);
Anal, Caled for C,l1,,N,0,3 C, 68.56; H, 5.18; N, 8.00.
2-(Benzo[d][ t,3]-dioxol-d-y1)-6-pyrrolidinoquinolin-4-
one (125) was obluined from 104, using the same synthelic
procednze as for 113, The crade producl was purified by
colunin clromalography (silica gel, CHCl:MeOH=25:1) to
give 125 as yellow solid. (0.2 g, 0.6 mmol). Yield: 52.6%; mp
330.332° C; MS (B, 70 eV): vz 334.4 (MY); 'H-NMR
OMSO-d,, 200 MHz): & 1.95 (m, 47), 3.16 (m, 4EL), 6.1 (5,
2H), 6.25 (s, 1), 6.96.7.06 (m, 211), 7.19 (d, 1=6.8 Hz, IH),
7.57 (d, 9.0 Hz, 1H), 1139 (s, 1H); Anal. Caled for
CyoHsN;04; C, TLE4; H, 5.43; N, 838,
2-(2,3-Dimethoxyplienyl)-6.morpholinoquinotin-4-one
(126) was obtained from 1085, using the snme synihetic pro-
cedure as for 113, The crude product was purified by colunw
chromatography (sitica gel, CHCly:MeOH=25:1) to give 126
asyellow solid, {0.5 g, 1.4 nuol), Yield: 52,5%; mp 235-236°
C.; MS (Bl, 70 éV): ml: 3665 (M*); 'H-NMR (DMSO-dg,
200 MITz): §3.41 (w, 451, 3.60 (s, 3H), 3.83 (my, 411),3.96 (s,
311), 5.98 (s, 111}, 6.96-7.447 (m, 5H),7.54 (d, J=0.6 Hz, IH),
11,63 (s, 1H); PC-NMR (DMSO-d,, 50 MHz) & 176,63,
153,13, [47.90, 147,02, 146.66, 134,72, 129.90, 126.00,
124.84, 12304, 121,98, 119.96, 114:93, 108,72, 107.52,
66,53, 61.13, 56.43, 49.47; Anal. Caled for C, H,, N,04 C,
68.84; H, 6.05; N, 7.65.
2-(2,3-Dimethoxyphenyl}-6-pyrrolidinoquinolin-4-one
(127) was oblained from 106, using the same syathetic pro-
cedure as for 113, The etude produci was purified by column
chromatography (sitica gel, CHICH,: MeOH=25:1) to give 127
asyellow solid. (0.3 g, 0.9 mumol). Yield: 52.5%; mp 258-260°
C.t MS (BL 70 6V): na/z 350.5 (M*); 'H-NMR (DMSO-dg,
200 MH2): 8 1,95 (m, 4H),3.23 (m, 4H), 3.60 (s, 311}, 3.84 s,
3H), 5.92 (s, 1H), 6.97-7.19 (m, SH), 7.54 {d, }=8.4 Iz, 1H),
1148 (s, IH); PC-NMR (DMSO-d,, 50 MHz) & 176.49,
£53.13, 146,67, 146.07, 144,85, 132.16, 126.7), 124.78,
£22.62, 119,99, 119.12, 11477, 107.83, 103.18, 6110,
56.43, 48.11, 25.44; Annl. Caled for C,yH,,N, 053 C, 71.98;
H, 6.33; N, 7.99.
2-(2,5-Dimethoxyphenyl)-G-morpholinoguinelin-4-one
(128) was oblalned from 107, using the same synthetic pro-
cedure as for 113, The crwde praduct was purificd by column
chronalogeaphy (silica gel, CHCl;:MeOH=25: 1} to give 128
asyellow solid. (0.7 g, 1.9 mmol). Yield: 61.2%; nip 275-277°
C.3 MS (BI, 70 eV): mfz 366.2 (M*); 'H-NMR (DMSO-d,
200 ©MHz): 8 .14 (m, 4H), 3.75 (m, 10H), 6.03 (s, 1H),
7.03-7.49 (m, 5H), 7.67 (&, }=9.0 Hz, 111, 11.57 (s, 11);
B NMR (DMSO-dg, 50 MHz) 8 176.67, 153.49, 150.98,
147,80, 1472.00, 134,68, 125.97, 124.87, 122,89, 119.92,
116,57, 113.71, 108,93, 10746, 66.53, 56,64, 49.45; Aual.
Caled for Cyy Hy,N,04 €, 68.84; H, 6.05; N, 7.65.
2-(2,5-Dimethoxyplieny])-6-pyrrolidinoguinolin-4-one
(129) was obinined from 108, using the same synthetic pro-
cedure ns for }13. The erude produci was purified by colunm
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chromatography (siliva gel, CHCl:MeOH=25: o give 129
as yellowsolidl. (0.9 2,0.9 mmol), Yield: 59.2%; mp 272-274°
C., M8 (@1 70 oV) w/z 3502 (i0; IR (KBr) 160677
(C=0), 2978.22 (—NH) em”", "H-NMR (DMSO-d;, 200
Miz): & 195 (m, 4H), 3.25 (m, 4H), 3.71 (5,3, 3.72 (5, 31);
5.94 (s, 2H), 6.99-7.11 (m, 5H), 7.49 (d, J=8.6 Hz, IH), 11.43
(s, 1FI); Anal. Caled for Cy HoN,053 C, 71,98, 1, 633, 1,
7.99.

2—(2-Mcthoxypheuyl)-ﬁ-morpholiamqu'moliu-vI-onc (130)
was obtained from 109, using the same synthetle procedure as
for 113. The erade product was purified by column chroma-
tography (silica gol, CHCl 1:MeOH=25:1) to give 13003 yel-
low solld, (0.6 g, 1.8 mmol). Yield: 57,5%; mp 262-264° C.;
MS (BI, 70 ¢V): m/z 336.5 (M"); 'H-NMR (DMSO-dg, 200
MIZ): & 3.10 (m, 4H), 3.74 (m, 4H), 3.76 (5, 311), 5.97 G,
1H); 7.05 (4, =1.6 Hz, 11}, 7.46 (4, 3=8.2 Hz, 11}, 740-7.54
@n, SH), 11.55 (s, 1H); VC-NMR (DMSO-dg, 50 MHz) 3
176,61, 156.96, 147.19, 147.42, 134.82, 13173, 130.69,
125.89, 124.30, 122.89, 121,06, 119.97, 11234, 108.85,
107,44, 66.54, 56.16,49.48; Anal. Caled for CaoH26MN,01: C,
T 414 H, 599N, 833

2-(2-Methoxyphenyl)-ﬁ-pyrroiidluuquiuo]in-4-onc (131
was obtelned from 1 10, using the samesynthetic procedurcas
for | 13, The cntde product was purified by column chroma-
tography (siica gel, CHClMcOH=25:1}to give 131 as yel-
fow solid. (0.7 y, 2.2 nunol), Yield: 62.3%; mp 312-313°Cy
MS (BI, 70 eV): m1:320.2 (M*); 'H-NMR (DMS0-dg, 200
MFIZ): § 1.98 (m, 411), 3,25 (m, 4H),3.77 (5, 310), 5.91 G5, 1),
700751 (m, 751, 11,43 (s, 1H); PC-NMR (DMSO-dg, 50
MHz) 8 176,58, 156,97, 146.43, 144.75, 132,13, 13160,
130.69, 126.65, 124,33, 121,04, [19.93, 11905, 11233,
£08.03, 103.16, 56.15, 43.09, 25.45; Aunal, Caled for
CioFlaoN; 053 C, 74.98; H, 6,29, N, 8.74.

2-(4-Mcthoxyphenyl)-6-momholinoquiuolin-d-oue (132)
wasobtained from § 1, using the same syuthetic procedure as
for 113, The crude product was purified by columa chroma-
togmply {silica gel, CHCl:heOH=25:1) to give 132 65 yel-
fow solid. (0.5 g, 1.8 munol), Yield: 65.9%; mp 302-304°Cy
MS (T, 70 eV): mfz 336.2 (M); PELNMR (DMS0-dg, 200
MHZ): 53,10 (m, 4H), 3.74 (in, 411), 3.80 (5, 3H), 6.22 (s, 1),
706 (d, 1=8.8 Hz, 2H), 7.38 (d, 1=24 Hz, 1H), 743 (dd,
3-0.2,2.8 Hz, (1), 7.64 (d, }-9.2 Hz, 111), 7.74 (d, )=8.3 He,
2H), 11,45 (5, 1E); Anal, Caled for Copllzoh,05; C, THALLH,
5.99; N, 333,

2-{4-Mcthoxypheuyl)-6~p)'nrolidinoquinoiin-d-one (133)
wosobtained from 112, using the same synthetic procedureas
for 113, The erude producl was purified by cofumn chrona-
tography {silica gel, CHCI,:MeQH=25:1) 1o give 133 as yel-
lowe solid, (0.4 g, 1.2 mmol), Yield: 74.0%:; mp 312-313° €5
MS (GBI, 70 oV) wfz 3202 (M%) Anal, Caled Tor
CpoH oM, 05 C, 74.98; H, 6.20; N, 8.74,

2—(2-Hydmxyphenyl)-6~m0|phoilnuquinalin-fi-ouo (134).
To a suspension of 113 (0.4 g, 1.0 wmol) in MeOH (400 mi)
was biydrogenated in the presence of 10% PAC (0.1 gyt 2503
for 3 h. The catalyst was filtered oft’ and ihe filimte was
evaporated, The crude praduct was purified by column chiro-
malography (Si0;, CHCl:MeOH=25:1) to give 134 as yel-
tow solid. (0.3 g, 0.9 sumol), Yield: 81.5%; mp 290-291° C,;
MS (BI, 70 6V): m/z322.2 (M*); IR {KBr): 1612,56 (C==0),
2969.54 (NH) cw™*; "H-NMR (MeOD-d;, 400 M) &
3.30(m, 4H), 3.87 (m, 411), 4.43 (s, 1H), 6.64 (s, 1H), 7.02(d,
1-8.8 Hz, §H), 7.04 (d, 1-8.8 Hz, 111); 7.40 (1, :=8.0Hz, 1H),
7.60{d, }=3.8 1z, 2H), 7.65 {d, =20 1y, 1H), 7.72 (d,1=9.2

fa

0

w

35

L

0

33

G0

3

b

56

He, 1H); Anal, Caled for CyH, 5M,05; 70,79, H,5.63; N,
8.69.

2-(Z-Hydmx)'phcﬂyl)-ﬁ-py;rolidinoquluolin-4-one (135)
was oblained from 114, using the s syathetic procedure as
for 134, The erudo product was pirified by column chroma-
tography (sitica gol, CHC;:MeOH=25:1) to give 135 05 yel-
Jow solid, (0.2 g, 0.7 muol), Yield: 86.6%; mp 304-306° C.;
MS (B, 70eV): /23062 (M) IR (KBr): 1612.56 (C=0),
2969.54 (—Nib) e 'I-NMR (MEOD-d,, 400 MHz): &
3.25 (m, 4F), 3.87 (m, 4H), 6.29 {s, 1H), 6.87 {d, 3.2 H,
1H),6.91 {dd, =8.8,3.2 Hz, 111),7.03 (d,$=8.8 Hz,1H), 745
{d,J=2.8He, EH), 7.48 (dd, 7=9.2, 2.8 Hz, 1H),7.61 (d,3=9.2
Hz, 1H), 945 (r, 1H), 1 172 {hr, 11); Aual. Caled for
€, H N, 05 €, 74.49; H, 5.92, N, 9.14.

?.-(2-Hydr0xyphenyl}-6-dimethytamimquinolin-4-one
(136) was obtaived front 115, using the same synthetic pro-
cedure as for 134, The crude product was purified by cofumn
chromatography (sitiva gel, CHCly:MeOH=25: Do give 136
as yellow solid. Yield: 86.6%; mp 294-298° C.; MS (8L, 70
eV): infz 280.1 (M*); IR (KBr): 1597.13 (C=0), 2908.78
(—NH)cm™; PH-NMR (MeOD-d,, 200MHz) 53.02 (s, 6H),
6.56 (s, 1H), 6.92-6.99 (m, 2H), 7.27-7:38 (m, 311), 7.50 (dd,
J=8.2, 1.8 Hz, 1H), 7.60 (d, J=8.2 Hz, 1H); Anal, Caled for
C\pH, M0, C, 72.84; H, 5.75; N, 9.99.

2-(3—Hydroxyphenyl)-6~morpholiuoquinolm—fl-aue (137}
was obtained from § 16, using thesame synthetic procedurcas
for 134, The crude product was purified by column chroma-
fography (sitica gel, CHCl,:MeOH=25:1) to give 8laas yel-
Tow solid. (0.3 g, 0.9 numol), Yield: 89.7%; mp 357-360° C,;
MS (B, 70 eV): m/z 322.2 (M*); "HI-NMR {DMSO-dg, 200
MHz) & 3.13 (m, 4H), 375 (m, 4H), 6.20 (5, 1H), 681 (4,
J=7.8 Fiz, 1H), 7.15-7.22 (m, 211), 733 (d, 178 Hz, 111),
743 (d, 1-2.6 He, 111), 7.48 (dd, 3=9.0, 2.6 Hz, 1H), 7.69.(d,
J=0.0 Hz, 1H), 936 (s, 1H), 1156 (s, 1H) “C-NMR
(DMBO-dg, 50 MHz) & 176.78, 158.20, 149,47, 147.95,
13628, 134.96, 130.59, 12597, 122.95, 12039, 1 18.36,
117.63, 11438, 107.24, 10622, 66.52, 49.32, 43.47; Anul,
Caled for CyoH;gN,04; C, 70.79; 1, 5.63; N, 8.69.

2-(3-H)’droxyphenyi}-ﬁ-pyﬂolid'moquinoliu-*l-oue (138)
was obtalned from |17, using thesamesynthetic procedure as
for 134. The crude praduct was purified by column chroma-
tography (sitica gel, CHCl;:MeOH=25:1) to give 138 as yel-
fow sofid. (0.14 g, 0.45 nunol). Yield: 90.9%; mp 364-367°
Cu MS (B, 70 eV} mlz 306.3 (M*); H-NMR (DMSO-d,;,
200 Milz) § 1.80 (m, 45), 3.29 (m, 4H), 6. 14 (s, 1H),6.92(d,
J=7,0Hz, 1H),7.02 (d,1=7.0Hz, 11), 709 (dd, 1=9.2, 2.4 Hz,
1£), 7.15-7.21 (m, 2H), 7.34 (1, =78 17, 1H), 7,65, 3=9.2
Hz, 141}, 9.84 (s, 1H), 11,46 (s, 1H); *C-NMR (DMSO-dg,
50 MHz) § 176,78, 158.20, 14947, 147.95, 136.28, 134.96,
130,59, 12597, 122,95, 12039, 11836, 117.63, 114,38,
107.24, 10622, 66.52, 4932, 43,47, Ansl, Coled for
CoH1 sN,05 C, M49; H, 5.92; N, 014,

2-(3-Hydmxypheuyi)-ﬁ-dimel[\y]amhmquiuolin-d-unu
(139) was oblained from 118, using the same synthelic pro-
cedure as for 134, The crude product was purifled by column
chromatography {sitica gef, CHCl:MeOH=25: [} to give 139
asyellow sofid. (04 g, L4 numol), Yield: 75.6%; mp 342-344°
C.s MS (RT, 70 eV): ink: 280.1 (M); "H-NMR (VS 0-dg, 200
MHz) & 2,93 (s, 6H), 6.23 (s, 1H}, 6.92 (d, 1-8.0 LIz, 1H),
7.16-1.35 (m, 6H), 7.70 (), $=9.2 11z, 111),9.93 (s, 1H), 11.46
(s, 1H); BCNMR (DMSO-dg, 50 MHz) & 175.86, 158.25,
148.99, 147.63, 13634, 133.33, 130,52, 126.09, 120,64,
120,22, 118,32, 117.58, 114.39, 105.55, 103,94, 38.69; Anal,
Caled for Cy7HN,05; C, 72,84 H, 8IS N, 9.99.
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2-(4-1!ydroxyp!aeny[)-6-n101p!10!'moquinol'Ln-4-ouc {140}
\was obtalned from 119, using the same synthetic procedureas
for 134, The crude product was purified by colunm chroma-
tography (siticn gel, CHCl,:MeOH=25:1) to give 140 as yel-
low sofid. (0.} g, 0.3 mmof). Yield: 64.5%; mp 340-342° C;
MS (BT, 70 eV): m/z 322.2 (M'); H-NMR (DMSO0-d,, 200
MHz) & 3.16 (m, 4H), 3.74 (m, 4H), 6.24 (s, 1H), 6,95 (d,
J=8.6Hz, 211), 7.40d, JI=2.6 He, 11}, 7.45 (dd, §=9.0, 2.6 Hz,
1H), 7.69 (d, J=9.0 [z, 311), 10.05 (s, 1H), 11,50 {brs, [H);
13C.NMR (DMSO-dg, SO Mitz) 8 17638, 159.90, 149.38,
£47.81, 135.04, 120,15, 125.76, 12531, 122,78, 120.23,
116.18, 10735, 10534, 66.54, 49.37; Anal, Caled for
CoH aN,055 €, 70.79; H, 5.63; N, 8.6%.
2—(4-l'l)'droxyphcn)’l)-ﬁ-pyrrolidinuqll'molin-l{-ﬁne (141}
was obtained from 120, using the samesyathetic procedureas
for 134. The crude product was purified by column chroma-
tography (silica gel, CHCt,:MeOH=25:1}to give 141 as yel-
low solid. (0.1 g, 0.7 nunol). Yield: 6:4.9% mp 304-306° C.3
MS (1,70 eV): mfz306.3 (M*); IR (KBr): 1613.52 (C=0),
3132.53 (—NII), 3438.26 (—OH) et TH-NMR (DMSO-
d,,, 400 MHz) 2,02 (i, 4H1), 337 (m, 411), 6.93 (s, 1H), 7.04
(d, 1-8.4 Bz, 2H0), 742 (dd, 1=9.2, 2.0 1z, 111), .76 (d, J=8.4
Hz, 1£),7.83 (d, 1=8.4 iz, 2H), 3.14 (d, J=0,2 1z, 1H), 1048
(s, 1H); Anal. Caled for Cy5H,5N:05 C, MA% H, 592 N,
9.14.
‘2-(4-Hydroxyphenyl)-6-dimcthy[nmiuoquinulimﬂl-onc
(142) was obtained from 121, usiug the same synthetic pro-
cedure as Tor 134. The crude product was purified by colunia
chromatography (silica gel, CHCL,:MeOH=25:1) 1o give 142
as yellow sofid. Yield: 74.2%; wp 321-323° C.; MS (B, 70
eV): iz 280.1 (M*); TR (KBr): 1617.38 (C=0), 3132.53
(—NH) car™!; 'H-NMR (DMSO-dg, 200 M) § 3.03 (5,
611), 7.01 (d, 3=8.6 11z, 21), 7.08 (9, }=2.8 Hz, 1H), 740 (d,
1=6.0117, 1H), 7.64 (dd, 3=9.4, 2.6z, 1H),7.84 (d,}=8.8 Hz,
2H), 822 (d, J=0.4 Bz, 1H), 11.30 (hr, 1H), 14.35 (br, 1HD);
Anal. Caled for C,,H, M0 C, 72.84; H, 5,75, N, 9.99.
2—(4-H)'droxy-?s-melhoxypheuyl)-6-morpholiuuqulunliu-
4-one (143) was obtained from 122, uslog the same synthefic
procedure as for 134, The crude product was purified by
column chromatograply (sifica gel, CHCl,:deOH=25:1) 10
give 143 as yellow solid. (0.15 g, 0.3 mmol), Yield: 63.0%;
mp 207-299° C.; MS (EI, 70 eV ) m/z352.1 (M) "H-MR
(DMSO-d,,, 200 M) 8 3.15 (m, 4H), 3.77 (m, 4H), 3.83 (5,
3H), 6.28 (5, 1H), 6.92 (d, 1-8.2 Hz, 111),7.27 (¢d, 1-8.2,1.8
Hz, LH),7.33 (d, J=1.8 Hz, 111), 7.43 (d, 1-2.6 Hy, 16D, 747
(dd, 1-88, 2.6 Hz, 1H),7.67 (4, 1-8.8 Hy, 1), .60 s, 1H),
11.40 (s, 111 “C-NMR (DMSO-dg, 50 Miiz) 5 176.85,
149.22, 148.29, 147.75, 137.15, 134.84, 125.98, 12564,
£22,71, 120.63, 120.00, 116,13, 11165, 107.50, 105.68,
66.55, 56.31, 49.37; Anal. Caled for CH o045 C, 68,173
H, 572 N, 795,
2-(4-Hydroxy—ii-mclhoxyphenyl)-G-p}'rmlidiuc}quiuoiin-
4-one (144) was oblained from 123, using the same synthetic
procedure as for 134, Tie crude product was purifled by
column cliromatography (sitica gel, CHCl:MeOH=25:1}) to
give 144 as yellow solid. Yield: 63.7%; mp 310-312°C;; MS
(B, 70 eV): m/z 3362 (M*); IR (KBr): 160581 {C=0),
316339 (NH) em™'; "H-NMR (DMSO-dg 200 Miz) 8
2.04 (m, A1), 3,25 (m, 4H), 335 5, 3H), 6.19 s, 1), 6.89(d,
1=8.212, 111), 6.98(d, J=2.6 11z, 111), 7.03 (dd, I=8.2, 2.6 Hz,
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Dibenzyl 3-(4-0xo-61(pyrmlidin-l-yl}-l,li-dihydroquh.m-
tin-2-yl)pheny] phosphate (146). To a slireed solution of 138
(0.6} g, 2.0 mmof} in dry THE (20 ml.) was added Nt (500
mg, 12.5 mmoljat0x1°C. After thie mixture was stirred for |

$ 1, tetrabenzyl pyrophosphate (46} (215 g, 4,0 moiof) was
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HH13, 722 (dd, 8.8, 2.6 Hz, 1H), 730 (d, $=2.6 1z, 1H), 7.6} 65

(d, T-8.8 Fiz, 11),9.53 (5, 1H), 11,27 (5, 11); Anal. Caled for
CrallyN;05; C, TLAL H, 5.99; N, 8.33.

added and stirring was conlivucd for 30 min. "The reaction
mixture was filtered and washed with CB,Cl, The filteale
was concentrated under vacuum af # lemperbare below 30°
(., to give erude praduet (145). ‘Then, the cnude product iy
anliydrous MeOH (50 mL) was stirred at 25° C, for 24 1. The
precipitates were collected and purified by coluun chroma-
fography (Si0,, CH,Cl,! EIOAc=37) to give 146 (0.37 g,
0.65 puuol), Yehlow solid; yield: 32.7%; mp 169-11°CsMS
(BSI): mfz 567.4 (M+H)" 'H-NMR (CDCL, 200 MB2): &
1,97 (m, 4H), 3.27 (m, 4F1), 5.04 (3, 2H), 5.09 (s, 2H), 639 (5,
1), 693 (dd, J=0.0, 2.6 Haz, {H), 7.05 (d, 1=7.8 Iz, 110},
7.19-746 (m, 14H), 7.52 (d, =838 iy tHY); Anal.
(CayH3sN,05PYC, Hy N,
3-{4-Oxo-6-(pyrrolidin-1-yI)- 1,4-dilyydroquinolin-2-yl)

phenyt diliydrogen phosphate (147). A suspension of 146
(200 mg, 0.36 mmol) in auhydrous MeOH (10 mL) was
hydrogenaled in the presence of 10% PA/C (100 mg)al 25°C.
for 20 min, The catalyst and precipilate were colfected and
dissolved in 10% NaHCO, solution and then filtered, The
Alirate was acidified with dil aq HCL and the precipitate was
then collected anst washed with acetone to give 147 {97 g,
0.25 mmol). Yellow solid; yield: 62.8%; mp=300° C.; M3
@SI): mfz 3871 (MeH); 'HNMR (D,04Na0D, 200
MHz): & 1.78 (m, 4H), 3.08 (i, 45}, 6.70 (s, 1), 7.12-7.20
(i, 31, 7,28 (, 3=7.8 Hz, 11), 740 (d, 1=7.6 Hz, 111), 7.49
(s, 1ED), 7.61 (d, 3=9.8 Hz, 1H); Anal, (G5t N 05P) C 1,
N. :

T1-2, Auticancer Aclivity
In Vilro Test

HI-60, Hep 3B, H460, MES-SA, MES-SAID x5 and
Detroit 55 cells were treated with veliicle or fest compounds
for 48 h. The cell growlh rate was determined by MTT (3-(4,
S-d'unethyl-thiuzoi-?-yl)-z,S-diphcnyl(eirazoliun bromide)
reduction assay, After 48 h incabution, the cell growth rate
was meastired by scanning with an BLISA reader with a 570
n filter and the 1Cs, valties of test compounds were calou-
lated.

Resulls
The B-i serfes of compounds has the following formula:

able 2 shows fhie B-I series of compounds inhibiled profif-
erution of humon cancer cetls.

7€



US 8,524,740 B2

TABLE 2
1Cs{jM)
Mii§.  Ratio OF Detroit
cpd RS Ry RY Ry M6 Hep3B HA0  MESSA SADsS SADS 551
(V2] OCH;0 HoH 0.72 L5 211 238 21 08y »2.5
126 <«cR,ocH, H H 322 98 1745 50 17465 348 >50
{26 OCH, A H OCH; L2 L 347 203 8205 404 16.6
360 OCHy, W H il 248 NA 736 25 9708 388  >20
132 H H OCH; H »25 5 S NA NA NA »2.5
13 od H H H 21 278 83 238 10.419 48 2100
137 H on H H 623 1Ls 243 360 7.3 202 10
140 H H OH H 164 >0 >0 MA NA NA >10
143 H OCH; OH W 39 50 50 MA NA A 50
143 CGCHy H H OH 98 >0 248 NA NA ¥A 2100
b o H H OB 362 5032 >100 ¥A NA NA  »100
*: Canced cell were teated with bt sompound for 48 hrs.
20
"the B-2 series of compounds has following formula:
0 25
‘l
Ry
Ry
N
b 30
RG' &l
Ry
35
Table 3 shows o the B-2 series of compounds inhibited
proliferation of human cancer cells,
TABLES -
IC syfpM)
MES-  Ratio Of Belroit
Cpd,  RF Ry Ry Rg' HL-60 Hep3B HA60  MES-BA SADXS SMDs3 §5)
125 OCH, H H 008 02 0.2 0.1 0183 183 =25
127 OCH;OCH; B 1 033 1.2 178 0502 L 213 >
126 OCH, H H OCH, 0605 022 019 G223 0216 094 5.0
131 OCH;, HOOH  H 043 03 0.57 0445 0451 Lol 10
13 H B OCH, H >0 >0 >Lo NA NA NA  >L0
3 O H H H 636 L3 0R6 0BG 1.0 g 2
138 H OH H H 0008 026 04 0.734 ¢32 0B 139
141 H H OH H 004 LI 1.56 NA NA NA 525
T4 H OCH, OH H 0038 038 056 ¥A WA NA 23
442 oCcH, H H OH 162 738 65 3.69 25 578 9.1
44 OH H H OH NA NA NA NA NA NA MA

*; Canggy velbwers Ueated with bl compovnd oy 48 hrs.
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The B-3 series of compounds has the following formula:

Table 4 shows Ute B-3 series of compounds infibited prolif-
eration of hunan cancer cells.

TABLE 4

15

62

cells in 0.1 mL were injecled subcutaneously into the right
flank of the mice. When the funor growlh reached >100 mm?*
in volume (nssumed as day 0), the tunior-bearing animals
were assigned into several groups {six animals in each group)
for study.

The bocy weight and (nmor size were measured ond
recorded every seven days during the experiment periods of
28 days, Tumor volunte (mum®) was estiniated according to the
formula of length x(widtli)>x0.5 in mu?, Tumor growth inhi-
Dition was ealculnted as ‘1C (treatment/contral) by the fol-
lowing formula:  T/C=(Tu—To}(Cn—Cao)x100% (To!
Tymor volume of treated group in Day 0; Tt Twinor volume
of treated group In Day n; Co: Tumor vohuneof conirol group
in Day 0; Cn: Tumor volume of control group in Day n).
Results

The monophospliate (147) of 138 was evaluated in the
Iep3B xenogmll nude mico model by oral route (p.o.),at

ICq (UM}

MES- RatioQf Detroft

Cpd. Ry Ry Ry Ry HE-6D HepdB H460  MESSA SADSS SADxS S5l
96 OH H H H 302 11 54 NA NA NA 100
139 H OH H H 086 19 62 0031 0852 092 10
2 H H OH H 06 90 056 NA NA O NA 75

v Canoee eell were lagated swith test componnd for 45 brs.

In vivo entitumor activily assay

The Hep-3D tumor cell line was purchased from American
Type Culture Cotlection (ATCC HB-8064, human hepatocel-
fular carcinomn cells), A culture inedium of $0% DMEM,
10% Felal Bovine Serum,suppleniented with 1% penicillin-
streptomyein, was used. The tumor cells were incubated inan
atmospliere confaining, 5% CO, at 37° C.

In vivo antifumor activity assny

Thie Hep-3B tumor cell line was purchased rom Americon
“fype Culture Collection (ATCC HB-8064, human hepatocel-
tular carcinoma cetls). A culfure medium of 90% DMEM,
10% Fetal Bovine Serum, supplemented with 196 penicillin.
streptomycin, was used. The tumor cells were incubated inan
atmosphere containing 5% CO, at 37° C.

Balble Nude mice used In this stud were mate, 4-6 weeks
age, weighing 18-20 g and pravided by Nalional Animal
Center. All animals were housest In individually ventilated
coges mcks (IVC Racks, 36 Mini Isolator system) under
specific pathogen-free (SPF) conditions throughont 1he
experiment, Bach cage (in cm, 26,7 fengtx20.7 widthx14.0
height) was sterilized with autoelave aud contnined cight
mice, The anfmals were maintained in a hygienic environ-
ment uader controtled temperature (20-24° C.) and humidity
(40% -70%) with a 12 hour light/datk cycle. The animals
were given free nccess to sterilized lab chow and sterilized
distilled water ad fibitum, Al aspects of this work, i.e., hous-
ing, experimentation and disposal of animals, were per-
formed in general aceordance with the Guide for the Care and
Use of Laboratory Animals (National Academy Press, Wash-
inglon, D.C., 1996).

30

35

40

45
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In the xenogroft lumor model of humm hepatocellular 6o

carcinomn cell lines (Hep-3B, ATCC HB-8064) in male
Balb/e Nude mice, compound 147 prepared in 9% {w/v)
NaHCO, solutionat dosesof 1.5, 15 and 30mg/kg -ivorpo,
qd) wos administered five days perweek for four conseculive
woeks and ceased al Day 28, The twmor size and body weight
swere mouitored and recorded for 28 days. Human hepatocel-
Ialar carcinonia cells (HEP-3,ATCC HB-8064) with 2 »10°

65

dosages of 7.5, 15 and 30 mg/kp/day, As shown by the results
in FIG. 6 (A-C), compound 147 induced dose- and time-
dependent inhibition of Hep3B tuwor growlh. At the 7.5
mg/kg dose, the Hep3B inbibitory activity of 147 was found
1o exceed that of {6 mp/kg doxorublcin, and at the 30 mg/kg
dose of 147, the weight of Hep3B twnor was reduced 1o
26.3% of thot of the controf (FIG. 6B), During thie course of
alitumor evaluation, no significant body weight changes
were detecled lu either the feste< or the conteol group (FIG,
6C). Comparison of the antitamor aclivity of 147 adminis-
tered through two different routes showed that the Ly roule
yielded slightly greater activity than the p.o, route (FIGS.7 A-
7C),

L. C Series
Chemdeal Synthesis

The synthetic procedure of target compounds 153 is Hus-
trated in Scheme 1. The starting 2-amino-4,5-methylene-
dioxy-aceloplienone (1483) was frsl reacled with naphtha-
lene-t-carhonyl chloride (149) to give N-(6-Acetyl-1,3-
kenzodioxol-5-ylnaphitalene-1-carboxamide (150), Then,
the intermediate (150) was subjected to cyclization fn diox-
ane, it flie presence of NaOIl, fo afiord 2-(1-Naphthaleayl)-
6,7-metlylencdioxyquinolin-4-one {151). Compound 151
was first reacted with tetrabenzylpyrophosphate in THE, iu
{he presenve of Nafl, (o yield Dibenayl 2-(1 -naphttialenyi)-
6,7-methylenedionyquinolin-4-y} Phosphate (152), Com-
pound 152 was then subjected to catalylic liydrogenation In
MeOH to give its diphosphoric acid (153).

The synthetic procedure of larget compoinds 158 is ilius-
trated in Scheme 12, The slarting 2-amino-4,5-methylene-
dioxy acelophenone (148) was first reacted with benzo[b]
furan-3-carbonyl chloride (154} to give N-(6-Acetyl-1,3-
tenzadioxol-5-yl)-1-benzofuran-3-carboxamide (153).
Then, the intenmediates {155) was subjected to eyclization in
dioxane, in the presence of NaOH, to afford 2-(3-Benzo|b)

8(
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Turyl)-6,7-methylenedioxyquinolin-4-one (136}, Compound
156 was first reacted with tetmbenzylpyrophosphate in THE,
in the presence of NaH, {o yield dibenzyl 2-(3-benzo[b]fu-
ryl}-6,7-melhylenedioxyquinolin-4-yl  phosphate  (157).
Compound 157 was then subjected to catalytic hydrogenation
in MeOH to give its diphosplioric acid (158).

5

Scheme L1 10
a 4] Cl
O
CH; N
o NH;
43 149
)
20
O
< Cl,
o it =
2%
0
150 30
0
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< | °'
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o E‘ 35
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a 40
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~
O OH 55
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153
Reageots and conditions: {2) tohent Uidlhylamine, 22:25 (' (b) tBulKA-BuOH,
seffus: (o) et stearyt pyvopbaspbate, NsHITHE; (d) Hy, PA'C, MO 55
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Resgeats and cooditiont: (8) todwene frfethyl iming, 22252 C.p (B} 1-BuORA-BuOH,
eftun; () tetrabenry] pyripbosphate, NaHITIE; (d) Hy, PAC, McOH

EXAMPLES

General Experimental Procedures, Al of the reagents and
zolvenls were obtained commercially and used without fur-
ther purification, Reactions were monilored by thinloyer
chromatography, nsing Merck plates witl fluorescent indica-
(or (TLC Silica gel 60 I%,.,}. The following adsorbent was
used for column cliromatography: silica gel 60 (Merck, par-

81



US 8,524,740 B2

05

ticle size 0,063-0.200 mm). Melting points were deteymined
on a Yanaco MP-S00D meliing point appatatus aud were
uncorreeted. TR specirn were recorded on Shimndzu IRPres-
tige-21 spectropholoneters as KBr pellets. NMR spectra
were obtalned on a Bruker Avance DPX-200 FT-NMR spec-
trometer i CDCl, or DMSO. The following abbreviations
are used: s, singlet; d, doublet; t, riplet; 9, quartet; dd, double
doublet and m, mufliplel. J1-MS speeira were nicasured with
an [P 5995 GC-MS instrument, PSI-MS spectra were uiea-
sured with a Finnigan LCQ fon-frap mass specirometer (18Q
Quantum, Thermo Finnigan Corporation, S Jose, Calif)),
Elemental analyses (C, H, and N} were performed on a Por-
{ein-Blmer 2400 Series 11 CHNS/O analyzer, and the results
were witlin £0.4% of the calculated values.

N-(fi-Acetyl-1,3-h enzodioxal-5-ylnaphthalene-1-car-
boxamide (150). Into sofutious of 149 (5.0 mmot) in 200 mL
of dry toluene were added iriethylamine (4 mL) and 2-amivo-
4,5-methylenedioxy acciophenone (148} (5 mmol). The mix-
tares were slired at 20£2° C. for 24 b and then evaporated,
The residues were washed with acelone and BIOH and then
recrystaflized [rom acelone o1 EIGH o form 150. Oblaincdas
a grayish-white solid; mP 143-144® C.; BSI-MS (Posliive
mode); m/z334 [MH] '3 H-NMR {400 MHz, DMSO-dg, ):
2,59 (38, ), 6.20 (2H, s), 7.60-7.68 (4H, ), 7.87 (1H, ¢,
1=7.2 Hz), 8.05-8.07 (111, m), 8.I5 (1H, d, }=8.0 Hz), 8.33-
8.381(211, m), 12,52 (1H, s); IR (KBr): 1647, 1672 (C=0)
cm T,
2.(1-Naphthalenyl}-6,7 -methylenedioxyquinolin--one
(151). Into a suspension of | 50(2.95 nunol) in t-buiyl alcohiol
(100 mL} was added potassium {-butoxide {1.66 g, 14.7
nuzol). ‘The mixture was refluxed under argon for 12 h,
cooled, and poured fnto & 10% ammonium chioride soluiion
(100 mL). The solid precipitate was coftected and washed
switly THOTL The crude product was purified by flash chroma-
tography (silica gel, CH,Cl,:RtOH 16:1-10:1). Yield 52%
from 150 15 a grayish-white solid; mp>350° C; ESI-MS
(Positive mode): m/2316 [M11)*; "H-NMR (DMSO-dg, 8):
6.08 (161, 5), 6.15 (2H,5),7.03 (111,5), 7.46 (11, 5),7.56.7.63
(24, ), 7.63-7.70 (21, m), 7.83
& 127.6 Hz), 8.1 (11, , J=7.6 F¥z), 11.90 (it ). IR (KBr):
1653 (C—O) om~"; Angl, Cated for o sNOy: €, 76.18; H,
4,16, N, 4414, Found: C, 75.60; H, 3.94; N, 4.29.

Dibenzyl 2»(1-nnphl[mfenyl)-6,7-mctlay]eued‘mxyquino-

lin-4-y1 Phosphate {152). A suspenston ol 151 (1.20 g, 3.81 .

aol) in anhydrous MeOH (10 mL)was stirred ot 25° C. for
24 b, The precipitales were collected and purified by silica gel
column chronyatography eluted by n-hexane and EOAc to
give 152, Orange oll; yield: 63.7%: BSI-MS (Posilive mode):
nil; 576 [M+H]*; "H-NMR (CDCL. 500 MHz): § 5.2} (48,
dd, 1-8.30, 8,15 Hr), 6.17 (2F1, §), 7.23 (1H, s), 7.28-7.37
(o8, uy), 7.40-7,60 (7H, ), 7.95 (2H, m), 8.09 (1H,d, J=3.20
Hz),

2-(1 -anhtLmleuyl)-6,‘?-melhyteuedioxyquinoliu-d-yi
Dihydrogen Phosphnte (1 53), A suspensionof 152 {894.8 g,
1.55 nunot) in anbydrous MeOH (40 mE)was hydrogenated
in the presence of 10% PA/C (456.7mg)at 25° C. Yor 15 niin,
The catatyst and precipitate were colected and dissolved in
£0% NaliCO; solution and then Rllered. The filtvate was
acidified with dil aq HC! and the precipitate was then col-
fected and washed with acetone to give 153, Yellow solid;
yheld: 94,1%; 1IS1-MS (Hegative mode): mfz 304 (M-HJ7;
THNMR (D,0+NaOD, 580 MHz): 8 6.13 (211, 8), 7.26 (1H,
), 7.50 (1H, ddd, =8.23,7.33, 1.20 H1z), 7.55-7.58 (28, nv,
7.62.770 (3F, 1), 7.98 (181, d, J=8.53 Hz), 8.02 (1, d,
1=R.96 Hz); BC-NMR (1;04Na0QD, 125 MHz): & 98.65,
102.15, 103,54, 109.80, 110.00, 118,35, 125.66, 12637,

(iH,d,3=7.6 Hz),8.06 ({H,
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06
126,84, 12740, 12834, 12867, 130.89, {33.50, 138.15,
146.58, 147.34, 151,27, 158.15, 158.23.

N-(6-Acetyl-1 A-benzadioxol-5-y1)-1-benzofuran-3-car-
boxamide (155), Into solutions of 154 (5.0 muol) in 20011
ofdry tolucne werc added triethiylanyine (4 mL) and 2-amino-
4,5-methylencdioxy acetophenone (1 48) (5 mmol). The wix-
tures were stirred al 20:2° C. for 24 hand then evaporated,
Tlhe residues were washed with acetone and BIOH and then
recrystatlized from acctoneor EtOH to form 155, Obtained as
a pale-yellow solid; mp [44-145° C.; BSI-MS (Positive
miode): mfz 324 {M+H]*; *H-NMR (400 Mz, DMSO-dg): &
2,63 (3H, 5), 6.19 (21, 5), 741-7.50 (21-1, m), 7.68 (1H, s),
775 (1H, dd, =1.6, 6.8 Hz), 8.15 (1B, dd, J=2.0, 88 H2),
8.27(1H,s), 8.1 (1H,s), 12.63 (14, s} IR (KBr): 1635, 1677
(C=0)cm™,

2v(3-Bcnzo[h]furyi)-6,’]-111elhy]eucdioxyquinoliu—fi-m;e
{156). Jnto a suspension of 155 (2.95 mmiol) Ind-buty! alcohol
(100 ml) was added potasslum t-butoxide (1.66 g, 14.7
mmot). The mixfure was refuxed wnder argon for 12 &,
cooled, and poured into a 10% ammoniwm chloride solution
{100 mL}, The sofid precipitate was collected and washed
with EtOH, Tho crude product was purified by fasl: chroma-
tography (silica gel, CH,Cl,: BIOH 16:1-10:1), Obtainedas a
pale-yellow solid from 155; yield 17%; mp=315° C.;BSI-MS
(Positive mode): mfz 306 [M#H}; 'H-NMR (400 MBz,
DMSO-dg): 6 612 (2H, 5), 6.49 (1, 8), 7.13 (1H, 5), 7.36-
7.45 (3H, ), 7.69 (11, d, 1=8.0 Fz), 8.14 (11, 5), 8.52 (1H,
§); R (KBry 1626 (C=0) ci-l; Anal, Caled for
C,.H, N0, C,70.82% H, 3.63; N, 4,59. Found: G, 70.52; H,
3.95; N, 4.21,

Dibenzyl 2-(3-benzofb)] ﬁ|ryl)-6,7—methytcnedioxyqu'mo-
Hu-4-y1 Phosphate (157). Toa stiered solution of 151 {0.04 g,
0.13 mmof) in dry tetraliydrofuran (40 mL) was added NaH
60% in miteral oil (48.0 mg, 2.0 mmol) at 0x1° C. After the
mixture wos stirred for 1 1, tetrabenzyl pyrophosphate (139.8
nag, 0.2G mmol) was added and stirring was continued for 60
min. The reaction mixture was filtered and washed with tet-
rabiydrofuran, The filirate was concentrated under vacunm at
a temperature below 30° C. The residue was puritied by
column chromatography (Si0,, n-hexane/BIOAC) to give
157, Obtained as a while solid from 156; yleld: 86.8%; ESI-
MS (Positive mod): w/z 566 [M+H]*; 'H-NMR (500 Mz,
CDCLY: §5.24 (4H,4dd, 129.5,9.5 H2),6.15(2H,5),7.16 (1],
5), 7.34-7.42 (12H, m}, 7.45 (111, s), 7.58 (1H, d, J=9.5 Hz),
7.59 (1H, s), 8.02 (111, ), 8.47 (1H, d, J=1.5 Hz); "C-NMR
(D204Na0D, 125 Miiz): & 70.67, 70.63, 97.30, 10000,
101.87, 105.93, 106.72, 11148, 116.94, 121.76, 122,62,
§23.51, 12482, 125.66, 128.20, 128,72, 128.96, 134.98,
144,59, 147,92, 148.43, 150.97, 15143, 153.47, 156.06,

2-(3-Benzolb]ﬁuyl)-ﬁ,?-melhyicuedioxyqn'molin-4—yl
Dihydrogen Phosphate (158). A suspension of 57 (80,1 mg,
0.14 mmol) Jn anhydrous MeOH (40 mi.) was hydrogenated
in the presence of 10% PA/C (40.0 wmg) at 25° C. for 15 min.
The catalyst and precipitate were collected and dissolved in
10% NaHCO, solution and then fillered. The [iltmie was
acidified with 9il aq HCI and the precipitate was then col-
Jected and washed with acefone to give 158. Obtained as
white solid; yield: 46,3%; BSI-MS (Positive made): nv/z 386
[hd+E1}F, 408 [M+Na]T RSI-MS (Megative mode): m/z 384
vi-H]"; "H-NMR (D,0+Na0D, 560 Miz): 8 6,42 (2H, 8},
732 (14, ), 742 (2H, m), 7,56 (16, ), 7.63 (1H, 4, =80
Hz), 7.78 (11, 5), 8.29 (1H, d, 7.0 112), 840 (JH, 5).
11-2. Anticancer Activily
1n Vitro Test

MTT (3-(4,5-Dimelhyllhlnzolnz-yl)-il,s-diphenyuelrazo-
lium bromide) assays, HE-60, HCT-116, A549, Hep 3B, KB,
KD VIN and DUI45 cells were treated with tested com-




07

US 8,524,740 B2

68

pownds for he indicated periods. Aller lreatment, cells were -continued
washed ance with PRS and incubated with MTT (Sigma, St.

sured wilh an BLISA reader al 570 nm.
Resulls

TABLES

o)
Louis, Mo,, USA) for 2 h. The formozan precipifate was
dissolved in 150 yL of DMSO, and the absorbaice was nea- H,Co 4
5 OH oy
(Bo

1Cs (10M} Values from: In Vitso Cytotoxicity Testing of 151 and [56.

Q

o0

30 0
Compound  HIL-68  HCT-i16 AS40 Hep3B KB Kb-VIN DUMS <
(¢}

51 407 007 013 097
156 003 0.05 298 009
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Reagects and ecaditioms: (a) beaey] brombde, Ral Oy, atctors {B) indametbing, K;CO0s,
eectont; () NaOH, Hy0, ethandd; (d) oyt ehbedde, dimahyl foomamiide, todaene;

(&) THEfudethylamtnc, 22.25>C. (N N3OH, | $-dioxans, refh; () 312, PAC, MO 45
(h) tetrabermyt pyreposphate, NallTHE (i) MOH, 48 by (1 H2, PAC, MeOH

TV. D Serles
Chemical Synthesis 50
The compound £59 was derived into n phosphate (162)
foltowing {he synthetic method in Scheme 13, As illostrated,
3-{Benzyloxy)-S-methoxybenzoyl chloride (L63) oblained
from 159 with steps a-d was reacted with 2-aine-4,5-meth-
ylenedioxy acetoplienone () 48} in THP/idethylomine, to pive 55
N-(6-acetythenza{djli,3]dioxal-5 -y1)-3-(henzyloxy)-5-
mellioxybenzamide (164), Componnd 164 was further
refluxed it NaOH/1 4-dioxane to yicld 165, Subsequently, by
foltowing the steps 5i-j, target compound (69 was afforded as
while solid. 0

ONAMPLES

General Fixperimental Procedures. All of the reagents and
solvents were obfained commergially and used whlont fur- 65
ther purificalion, Renctions were monitored by thin-lnyer
chromatography, using Merek plates witl uorescent indica-

70

tor (TLC Sllica gel 60 Fyy,), The following adsorbent was
usedd for column chromatography: sitica gel 60 (Merck, par-
(icle size 0,063-0.200 mun). Mefting points were determined
on § Yonaco MP-500D melting point apparatus and wero
uncorrected. U spectra were recorded on Slimadzu IRPres-
tige-21 spectrophofometers as KBr pellets, NMR spectra
were obtained on a Bruker Avence DPX-200 F1-NMR spee-
trometer in CDCI, or DMSO. The following abbreviations
are used: s, singlet; d, doublets 4, triplet; g, quartet; dd, double
doublet and m, mwiliplet. E1-MS spectra were measured with
an HP 5995 GC-MS instrumeit, BSI-MS specim were mea-
sured whih a Finnigan LCQ lon-imp nnss spectrameter (TSQ
Quantum, ‘Thermo Finnigan Corporation, San Jose, Calif’),
Elemental analyses (C, H, aud N) were performed on a Per-
Kin-Rimer 2400 Series 11 CHNS/O analyzer, and the results
were within 20.4% of the caleulaled values.

Methy! 3-{benzyloxy)-5-hydroxybenzoate (160)

A mixture of 8.40 g (0.05 mmol) methyl 3,5-dihydroxy-
bhenzoate (159) and 7.60 g (0,055 nunol) of potassium car-
bonate in 250 mL of acctone was stirred at room temperature
for 30 min. Then 8.55 g (0.05 mmol) of benzyl bromide
dissalved in 100 mL of acctone was added. The suspension
was refiuxed for 24 h. The sotid was filtered, aud the flirate
was evaporated, The residue was purified by columa chroma-
tography (Si0,, CH,CLAHOA=9/1) to give 160.

Obiained as & white solid from metlyl 3,5-dilydroxyben-
zoate (159); yield 34%; 11 NMR (400 MHz, CDCI,): §3.92
(3H,5), 5.05 (2H,5), 6,77 (14, dd, J=2.35,2.20 Hz), 713 (18],
s), 7.27-7.28 (2H, m), 7.34-7.45 (SH, m); BC-NMR (50
MHz, CDCL): & 5234, 70.27, 107.44, 103.08, 109.48,
127.53 (2C), 128.11, 128,60 (2C), 131.99, 13641, 13745,
156.80, 160.00.

Methy! 3-(benzyloxy)-5-methoxybenzoate (161}

A suspenslon of 4.0 g (0.0165 mmol) methy! 3-(beuzy-
loxy)-5-lydroxybenzoate (160), 6.84 g (6.0495 nunol) potas-
sium carbonate, and 11,71 g (0.0825 mmol) iodome(hane in
thie 200 mL of acelone was stirred at room temperature for 24
I, After tlie mixture was filtered and evaporated, the residue
was washed with water, ‘The methyl 3-(henzyloxy)-5-metii-
oxybenzoale (161) was obtained as a white solid,

Obtained as a white solid from methy] 3-(benzyloxy)-5-
hydroxybenzoate (160); yield 85%; Y NMR (200 MHz,
CDCL,): 83.83 (3H, 5), 3.92 (31, 5), 5.09 (21}, 5), 6,74 (iH, 1,
3=2.45 Hz), 7.21 (1H, dd, J=2.45, 1.22 Hz), 7.29 {iH, dd,
J=2.45, 1,22 Hz), 7.34:7.48 (5H, m); PC-NMR (50 MElz,
CDCL,): & 52.22, 55,55, 70.24, 106.53, 10747, 107.98,
127.54, 128,09, 128,59, 131,99, 136.44, 159,75, 160.61.

3-(Benzyloxy)-5-methoxybenzoic acid (162)

445 g (0.0174 mmal) of methyl 3-(beuzyloxy)-S-melh-
oxybenzoate (161} was suspended in 120 mL of 95% ethenol
and § ml, water, An amount oF 2,00 g {0.05 mmiot) of sodivm
lydroxide was added. Tho mixture was heated at reflux for |
b After the mixture was evaporated, the residue was
quenched with 150 mL of water, The soluiion was neutralized
with dil ag HC and then the precipitate was collected and
washed with water ard acetone to give 162,

Obtained as & while solfd from methyl 3-(benzylony)-5-
micthoxybenzoate (161); yield 90%; 'H NMR (DMSO-d,
200 MBz): & 3.81 (3L, 5), 5.09 (2, 5), 6.74 (1H, 1, 1=2.45
[12), 7.25 (1H, dd, J=2.45, 1.35 11z), 7.20-746 (6H, m);
BENMR (DMSO-d,, 50 MiTz): & 55.89, 69.94, 106.19,

84
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107.57, 108.17, 128.12, 12833, 128.90, 133.34, 137.22,
138.78, 159.88, 160.80, 167.36, 176.99,

3-(Benzyloxy)-S-methoxybenzoyl chloride (163)

3. (Benzyloxy)-5-methoxybenzole neld (162} (2.57 2, 0.01
nunol) and thionyl chioride {(4.30 g, 0.04 mmol) were sus.
pended in 200 mL of dry toluene. The reaction mixture was
slirred for 30 min and then dlinethyl formpmide (3 drops)} was
added. The mixture was stimed for 24 h and then evaporated
to dryness, The residue was directly used for the next step
withoul furtlier purification,

N-(6-acetylbenzofd]{1,3]-dioxol-5-y[}-3-(benzy-
loxy)-5-methoxybenzamide (164)

lnto solutions of 163 (2.77 g, 0.01 nunel} in 200 mL of dry
telrmbydrofuran were added triethylamine (10 ml} and
2-mmino-4,5-methylenedioxy acctophenone (148) (1.79 g,
0.01 mmol). The mixfures were stirred at room lemyperature
for 24 I and then evaporaled. The residue was purified by
column ¢lromatography (Si0,, CH,CL/BIOA¢=3/1) to give
164,

Obtained as & grayish white solid from 3-(benzyloxy)-5-
methoxybenzoy! chioride (£63) and 2-amino-4,5-methylene-
dioxy acelophenone (148); yield 75%; ESI-MS (Positive
mode): méz 442 [M+Na}*; 'HE NMR (DMSO-dg, 500 MFlz):
§2.64 (3H, s), 3.84 (3H, ), 5.20 (2H, s), 6.19 (2, s5), 6.87
(1H,$), 7.09 (1H, 8), 7.16 (1H, s}, 7.37 {IH, d, J=743 Hz),
TA3 (1H, {, J=743 1z}, 7.49 (1H, d, 7.43 Hz), 7.68 (1H, 5),
§.34(1H,s), 13.06 (1H, s}; 1>)C-NMR (DMSO-d, 125 MHz):
§29.32,55.99, 70,12, 98.96, 100.77, 102,91, 105,03, 105.67,
106.45, 111.25, 116,53, 128,28, 12830, 128.95, 136.90,
137.05, 138.27, 14311, 152.68, 160.28, 161.20, 164.99,
200.60,

2-(3-Benzyloxy-5-methoxypheny[}-6,7-methylene-
dioxyguinolin-d-one (165}

Into a suspeasion of 164 (3.33 g, 0.0079 mmol) in 200 ml
of 1 4-dtoxane was added sodium hydroxide (2.50 g, 0.0635
mmol), The mixtire was refluxed for 24 h, After the rerction
miixture was evaporated, 100 of 10% ammonium chloride
sotution was added, The mixtore was stirred for 12 by, and ihen
the precipitate was collected and washed with water and
acclone.

Obtained as a grayish white solid; yield 75%; mp 235-238°
C.; BSL-MS (Positivo made): mv/z 402 [M+H]*; BSI-MS
{Negalive mode); m/z 400 [M-H]™; 'H NMR (DMSO-dg,
SO0 MHz): 8 3.85(3H,8),5.22 (2H, 8), 6.16 (2H, 8), 6,31 {IH,
s, br), 6.79 (1H, s), 6.95 (H, s}, 7.04 (1H, s), 7.21 (1H, ),
7.36-7.50 {6H, m}, H.50 (1H, 5, br); PC-NMR (DMSO-d,,
125 MHBz): 8 56.04, 70.10, 97.72, 101.76, 102.40, 103.14,
105.95, 106.60, 107,15, 110,00, 120.46, £28.25, 12842,
128.96, 137.27, 137.82, 145,66, 151.57, 16031, 161.23,
£75.40.

2-(3-Hydroxy-5-methoxyphenyl)-6,7-methylene-
dioxyquinolin-d-one (166)

A suspension of 0.5 g (1.245 mumol) of 165 and 0.25 g of
patladium (10w % on activated carbon) in 60 mi. of metha-
not was stirred al room lemperatuore wnder hydrogen gas
atmosphere for 24 h. The precipilate were collecled and dis-
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solved in 10% NaOH solution and then fillered. The filirale
was acidificd with dil aq IICE and the precipitate was then
coliccled and washed with acetone and water o give 166.

Obiained s white solid; yield: 77%; mp>300° C.; ESI-MS
(Positive mode): myz 312 [MsH]*, 408 [M+Na]*; ESI-MS
(Negative mode) m/z 310 {M-H]7 "H NMR (DMSO-d,,
500 MHz): § 3.80 (3H, 5), 6.16 (2H, 5), 6.24 (1H, 5, br), 6.52
(IH, s), 6.7/ (IH, s), 6.18 (1H, 8), 7.22 {1H, 5), 7.40 (IH, 5),
9,91 (IH, s), 11.56 (1H, 5, br); C-NMR (DMSO-dg, 125
MHz): & 5577, 97.83, 101,52, 102.39, 103.29, 104.31,
106,14, 107.17, 120,79, 13678, 137,77, 145.69, 14927,
158,57, 159,38, 161.24, 17593,

Dibenzyl 2-(3-({bis-[(benzyi)oxy} phosphoryloxy-
s-methoxyphenyl) -6,7-methylenedioxyquinolin-4-yl
phosphate (167}

A suspension of 203,9 mg (0.65 minol}of 166, 131 .Omg ol
NaH 69% in mineral oil and 705.4 mg (1,31 mmot) of tetra-
benzyl pyrophosphate in 20 ml. of dry telrahydrofuran. ‘the
mixlure was stirred af room {emperature for 1G4 min, The
reaction mixture was filtered and washed with teteahydrofi-
ran, Tiie flirate was concentrated under vacuwm af a tempera-
ture below 30° C,

Oblatned as a yellow off; yleld: 85%; BSI-MS (Positive
mode}: w/z 832 [M+H]*; 'H-NMR (CDCl,, 200 MHz): &
3.77 (31, 5), 5.12 (4H, d, 1=8.31 Hz), 5.17 (48, d,3-0.54 Hz),
6.09 (2H, 5), 6.78 (LB, m), 7.40 (171, ), 7.23 (15 5), 7,27
7.40 (22H, m), 7.52 {}H, d, J=0.98 Hz); *C-NMR (CDCl,,
50 Ml1z): & 55.64, 70,01, 70,12, 70.53, 70,65, 97.16, §01.90,
106,07, 106.62, 110,04, 11141, 111,52, 117.39, 117.53,
128.00, 128,14, 128.59, 128,67, 128,90, 134.91, 135.02,
135,38, 135.52, 141.49, 15149, 151.64, 15178, 153.74,
[53.87, 154.86, 160.82,

2-(3-(| bis-[ (benzylJoxy]iphosphoryljoxy- 5-methox-
yplieuyl)-6,7-methylenedioxyquinoelin-4-one {168)

A suspension of 0.92 g (1,11 mmol) of 167 in 100 mL of
methanol was stimed at 25° C. for 48 . The precipltates were
collected and purified by colwnn chromatography (S10,,
ElOAc} o give 168,

Obtained as a while solid; yield: 45%; BSI-MS (Positive
mode): vz 572 [M+H]Y, 594{M+Na}*; ESI-MS (Negative

made): m/z 570 {M-H]"™; “H-NMR (CDCl,, 500 MHz): & €.

3.64 (3H, 5), 5,07 (411, d, J=9.20 11z), 5.99 (2], ), 6.37 (1H,
5),6.79 (11, 5), 709 (11, 5), 7.18 (1H, 5}, 7.27-7.29 (22H, m),
7.59 (iH, s); PC-NMR (CDCl,, 125 MEz2); § 55,57, 7039,

70.43, 9735, 101.83, 10225, 107.57, 107.76, 107.82, LX)
109.93, 110.00, 110.80, 110.90, 121.03, 128.09, 128.66, €

128,87, 13498, 134.02, 145.92, 148.07, 151.35, 15140,
151.94, 160.90, 17741,

2-(3-(dihydrogen)phospliate-5-methoxyphenyl)-6,7-
methylenedioxyquinolin-4-one {169)

A suspension oI 38.9 my (0.068 mmol) of 168 and 20 mg
of palfadium (10 wi % on activated carbon} in 20 ml, of
anliydrous methanol was sticeed of room lemperature wider
hydrogen gas atmosphere for 15 min, The precipitale were
collected andl dissolved in 10% NaHCQ, solution nnd then
filtered. The filirate was acidified with dil ng HCI and the
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precipilate was then collected and washed with acefone to TABLE 6 N
give 169,
Obtained as white solid; yield: 80%; ESI-MS (Megative 166
mode): /7390 [M-H}; 'HNMR (D,0+Na0D, 500 M)
5 3.88 (3H, 5), 6.01 (2H, 5), 6.78 (1H, 5}, 6.93 (1th 5), 7.14 5 o
(1H, ), 7.15 (14, s), 7.25 (11, s), 7.4 (111, s); PC-NMR
{D,0+Na0OD, 125 MHz): 3 5574, 99.41, 10153, 103.57, . 0
105.41, 166.64, 107.14, 112.32, 120.87, 14231, 14541, < l
147,13, 15033, 155.24, 157.79, 159.78, 172,61,
V-2, Anticancer Aclivity " o i
In Vilro Tesis
MIT (3-(4,5-Dimethyilhiﬂzol-Z—yl)-z,5-dipheny{(elrazo-
lium bromide) nssays. L-60, Hep 3R, H460, Ad98, Colo203
and Defroil 551 cells were freated with tested compounds for ol
the indicated periods. ARter treatment, cells were washed .
once with PBS aund incubated with MTT {Sigwma, Si. Louis, 5 Compourd HL-60 Rep3B 140  Ads  Colo2d Deteoil 351
Mo., USA) for 2 b The formazan precipitate was dissolved in

OCH;

150 jL of DMSO, aud the absorbance was measured with an 166 04  >S0 =50 250 >S50 >50
BLISA reader al 57¢ am.
Results 0
“fuble 6 shows ICsq (M) Valtues fram In Vitro Cytoloxicity Representative compounds of the preseal invention arc
‘Testing of 166. Show in Table 7 below,
TABLE?
{Formula T}
Rs OR
By
S
P
Ry N W
$ubstituent on
Comp'd Stnkiure Name Formuia
T oci; OR 2.2-Fluorophenyl)} R<H
5,6-dimethoxyquinolin: W = 2-faorephenyl
H,CO. 4-0n9 RS = methoxy
=y E RG = methoxy
R7 = hydrogen
P H
H N O
H

11 OCH; 2-(3-Finowphenyl) R=H

OR
5, 6-imettoxyqulvolin: W= 3-fuorophenyl
H,CO, 4-on¢ RS = methoxy
= H Ré = methoxy
R7? = hydrogen
i .
H N O

it

b 4

2.(4-Fluorophenyl} RaeH

QCH; OR
5,6-dimethoxyquinofin- W =4 flucrophenyl
H,CO #4on2 RS = methoxy
s H R6 = methoxy
R7 = hydrogen
2 B
B X O

1%

8¢
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TABLE 7-continued
{Formula 1)
Bubstitvent on
Cenp'd Name Formula |
19 2-{2-Flucrophenyl}- R=II
5,6-methylenedioxy W= 2-luorephenyl
quinolin-§-one R5,Ré=
methylenedioxy
R7 = hydrogen
0 2.(3-Fluorophenyl)- R=H
$5,6-methylenediosy W = 3-fluorophenyl
finolin-d-one RS, R6=
methylenediony
R7 = hydrogea
' 2-{4-Fleozephenyl)- R=1l
5,6-methylensdiony W= 4-Fluozopheryl
quisolin-+ore RS, Ré=
methylencdiony
R7 = hydrogen
22 8 OR T-Benzyloxy-2-(2- R=H
. thaorophenyl)-6- W = 2-fluorophenyi
H;CO methoxyquinolin- RS = hydrogen
= ¥ 4one R6 = methoxry
R7 = O-benzyl
e H ;
PhH,CO i o
€.
H 8
LW
23 H OR T-Reozyloxy-2{3- RrH
fhsorophenyl)-6- W e 3-ftuorophenyl
H;€0 metkoxyquiselind- RS = hydmgsn
R H one Ré = methoxy et o
1 = O-benzyl g,
PRI, CO
24 7-Benzyloxy-2-(4- R=H
fluoropkenyl}-6- W = 4-fuorephenyl
HiCO methosyquinolin. RS = hydropgen
d-one R = methoxy
K7 =0-benzyl
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TABI B 7-continued
(Farrula 1}
Rs OR
Ry SN
=
Ry N W
Substituent on
Comp'd Stnrchure Name Formulai
37 OH OR 2{2-Fluorophenyl) R=H
5-hydrony. 6 Y = 2-fuorephenyt
H;CO methoxyquinoln- RS = hydioxyl
= 4 4-one R6 = methoxy
R7 = hydrogen
- H
H N O
R
38 on OR 2-(3-Fluorophenyl} R=H
5-hydroxy-6+ W = 3-fugrophenyt
1LCO micthosyquizolis- RS« hydroxyl
= H 4-cne R& = methoxy
R7 = hydrogen
- F
H N O
H
k}] oy OR 2.{§-Flaorophenyl)}: R=H
S-hydrosy-6- W = 4-fluarophenyl
H;CO micthoxyquinelin- RS = hydroxyl
R H 4-one RS = melthoxy
R7 = hydrogen
2 H
H N O
F
40 OH OR 2-(2-Fluorophenyl}- R=H
5,6-difipdroxyquinelin. W= 2-Auerophenyl
e} 4-one RS = hydroxyl
= R6 = hydroxyl
R7 = hydwgen
e i
n N O
H
41 on R 2.(3-Fluorophenyl). R=H
5,6 dihydroxyquinolin- W = 3-Bugrepkenyl
HO d-ong RS = hydroxyl
o U R6 = hydroxyt
R7 = hydnogen
- ¥
H N O
H

8¢
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TABLE 7-cantinued
{Pormula 1)
Rs OR
Re
=
o
Ry N W
Substituent o
Comp'd Struchwre Name Fonuula |
42 OH OR 2(4-Fluorophenyl} R=H
5,6-dihydroxyquinolin- W = 4-ilnorephenyl
HO 4-one RS =hydrosyl
= H Ré = hydroxyl
R7 = hydrogen
2 H
H N
E
43 H OR 2-{2-Fluorophenyl} R=H
F-hydrosy-Gmethoxy- W = 2-fluaropheny)
H,CO quinolin-d-ore RS = hydrogen
= ¥ RE = methoxy
R7 = hydroayl
L H
HO N O
H
44 H OR 2-(3-Fluorepheaylj- R=H
7-hydsoxy-§-methoxy: We 3-fluorophenyl
HCO quinotin-4-ore RS = hydrogen
=y H R6 = tnethory
R7 = hydroxyl
L F
Ho N O
H
45 H OR 2.{4-Fluorophenyl)- R=H
7-hydroxy-6-methosy- W= 4-Buorophenyl
Hy,CO quinotin-4-ore RS = hydrogen
= H R6 < methoxy
R7 = hydroxyt
& H
HO N O
B
48 (FRCH,0)P=0)0 OR{==0)QCH;Vh): 2.{3-Fluotophenyl)-  R=PO(O-beryl)2
G-metboxyquinolines W = 3-fheosephenyt
H;C0 N 4,54iyl bls(diberzyl RS =ORS
phosphate) R6 = micthoxy
R7 = hydrogen
v ¥ RE =
N P==0)(O-beneyl)?
49 HORP(=0J0 Op(==0}{0l); 2-{3-Fluotophenyl)- R = FO{OHR
g-methoxyquinolines W = 3-Ruorephenyl
H;c0 4,5-diyl RS = ORS
s bisllydrogen  R6 = methoxy
phosphate} R? = hydogen
e F RS = —PE=0)(0OH),

N
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TABLE 7-continued
{Formuls I)
Rs QR
Re N
P
Ry N
Substituent on
Comp'd Struchure Name Formmla T
50 (N[ F—0X0 QP(== O)ONa) 2-{3-Fluorophenyl} R =TPO[ON3)2
G-methoxyquinoline- W = 3.flupropheny!
HiCo &, 5-diyl RS =0RS
= bis{disodium Ré = methoxy
phosphata) R7 = hydogen
p F RS = P{=0)(ONa}2
N
kY] {PRCILO),P=010 OH Dihereeyl R=H
2-(3-fuorophenyl}-6- W = 3-fuorophenyl
H,C0. SN methoxy-d-oxo-1d- R5=0R8
dihydroquinolin-5-¥1  R6 =melhoxy
phosphate R7 =hydrogen
L F RS =
hy P(=0)(Q-beozyl)2
52 {HORLN=0}0 OH 2{3-Fluorophenyi} R=H
G-methoxy-4-oxe-14- W =3-Ruorephenyl
H;C0 SN dihydrequinolin-5-yl RS =ORS
- dihydmgen R6 = methoxy
phosphate R = hypdrogen
o E R& = P(—O){OH)2
’ Q
53 {NaO) P (=00 OR Sedium R=H
2(3-ftuorcpkenyl}-6- W = 3-fuorophenyl
H;CO methoxy-4-oxo-1,4-  R5=0R8
= H dihydroquinoin-$yl RS = methory
phasphate R7 = bhydrogen
2 F R8 = P=O){ON)2
K N O
H
i24 2-(berzefd][1,3} R=H
o OR dioxel-86-ylp6- W =benzold]
\ mosphelinequiroiin-  {1,3}dlovol 4y,
B 4-cne RS = hydrogen
o Ré = N-giorpholire
o R7? & hydrogen
125 oRr 2perzo[d)[l,3]  R=H
dioxol-4-yly-6-pyreal- W= bemzald]
N ldinoquinelin-d-one  {i,31dioxol-d4-y],
= 0\ RS = bydrogen
b R = N-pyrrolicdino
L R7 = hydsogen

) Q

9(
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TABLE 7-continued
(Formula T
Rs OR
Rg SN
P
Ry N W
Substituent on
Comp'd Stachire Wame Tormufa
126 » 2-{2,3-dimethoxy- R=H
o OR phenyl)-6-maorpholice: Y =
quinobin-{-oz2 2,3-dimethoxyphenyl
N N RS = hydmogza
OCH; R6 = N-morpholina
k7 = hydeogen
P OCH; 3
N
127 OR 2.2 3-dimethoxy- R« H
phenyl}-6-pymolidino W=
N quinelin-d-ore 2,3-dimethoxyphenyl
= OCH, RS = hydrogen
Ré =
= CCH; N-pyrolindino
N R7 = hyslrogen
128 24(2,5-dimetkory- R=H
a OR phenyl)-6-mompholiza. W=
quinolin-4-oze 2,5-dimethoxyphenyt
N SN RS = hydrogen
OCH, R6 = N-morpholino
R7 = hydrogen
s
N
GCH;
129 o 2-(2,5-dimethoxy-  Re=H
phenyl)-6-pyrrolidico. W=
N quinolin-t-ore 2,5-dim¢thoxypkenyl
= ocH, RS = hydrogen
RG =
- W-pyrrolindine
N R7 = hydrogen
OCH;
130 2-{2-methoxyphenyl): R=H
0/\l OR tmorpholine- W=
i quinolin-d-oze 2-methoryphenyl
N Sy RS = hydrogen
GCH; RE = N-mopholivo
R? = hydrogen

91
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TABLE 7-continued
{Formla )
Rs OR
Rg
=
P
Ry N W
Substiuent on
Comp'd Stnucture Name Formula [
134 OR 2.42,5-dimethoxyphenyt) R=H
&-pyrrolidine- Wa
N quinolin-d-pn¢ 2-methoxyphenyl
s OCH; RS = hydrogen
Ré=
P N-pymrolindico
N R7 = hydrogea
132 2.{-mcthoxyphenyl): R=H
1 OR 6-mopbolinoquinolin- W=
\ 4-o0n¢ 4-methoxyphenyt
N S R5 = hydrogen
R6 = N-mospholino
R? = hydiogea
N
OCH,
133 Ok 2-(d-methoxyphenyl): R=H
G-pyrolidinoquinelin- W=
N d-ane 4-methoxyphenyl
R RS = hydrogen
R =
N-pysrotindine
N R7 = hydrogen
OCH;
134 2-(2-Hydrosyphenyl)- RaH
o OR &anorpholinoquinolin. W=
X +-one 2-bydronypheny!
N = RS u hydtogen
OH R w N-morpholine
R7? = hydropen
2
N
135 OR 2{2-hydrexyphenyl}~ R=H
G-pyrrolidinoguicolin- - W=
hi Jone 2-hydrowyphenyl
N OH RS = hydrogen
Ré=

N-pyaelindico
R7 =hydmogen
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TABLE 7-continued
(Formula 1)
Re OR
Rs .
=
S
Ry N W
Substituent on
Cenp'd Statchare Name Formula
136 OR 2(r-hydoxyphenyl).  R= H
\ 4-dimetyliminoguirotin- W=
N #-ong 2-hydromyphenyl
-~ S ol RS = hydrogen
RG=
Z N-dimethylamine
N O R7 = hydrogea
137 2-(3-Hydromyphenyl}- R= "
9 QR 6-mopholinoquinofin. W=
i 4one 3hydroxyphenyl
N SN RS = hydrogen
R6 = N-morphelizo
R7 = hydm
P ol ydrogen
) O
138 OR 2.{3-bpdroxyphemyl): R=H
6pysrolidinoquivolin. W=
N 4-one 3-hydroxyphenyl
= RS = hydrogen
R6 =
2 OlL N-pyreolindico
N O 27 = hydmogen
139 OR 2-(3-hydroxyphenyl): R=H
\ §-dimethylaminequicoline W =
hi 4-on¢ 3-fydronyphenyl
- = RS = hydrogen
RG =
= OH N, N-dimethytamino
N O R7 = hpdrogen
140 2 (- Hydroxyphenyl)- R= H
o OR G-morphelinoquirelin: W=
: 4-one Ahydroxyphenyl
N SN RS = hydrogen
R6 5 N-morpholine
R7 = hydogen
g O
N
OH
141 OR 3-{4-hydroxyphenyl). R H
¢-pyrolidinequinalin- We
N 4-one A-hydroxyphenyl
= RS = hydropan
R =
o N-pyrrolindine
b O R7 = hydrogen
OH

r
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TABILE 7-continued

90

Comp'd

Ry QR

Rg

Ry N W

Struciure Nama

{Formuls 1}

Subsiituent on
Fonnatz [

1E2

143

{433

143

OR 2-{d-hydroxyphenyl)-
§-dimethylaminoquizolin-
XN d-cne

methoxyphenyl}

/\l or 244 -hydioxy-3-
X §-mosmpholinequivelin-
L N 4one
= QOCH;
N Q
OH

2.{5-hydroxy-2-
0 OR melhoxyphenyl)-
K/ §-morphofinpquinolin-

N 4one

2
]
=

OR 2-(5-hydroxy-2-methoxy-
phenyl)-6-pymolidino-
N quinnils.d-one
: O S ocH;

N

2:(4-hydroxy-3-methoxy-

OR
phenyl}-6-pyrrolidino-
N quinolin-4-one

QCH;

\_/

ReH

Wa
A-hydroxypheny!
RS = hydmgen

Rb =
NN-dimethylamino
R7 = hydogen

ReH

W= d-hydroxy-
3-methoxyphenyl
RS = hydrogen

R6 = N-morpholine
R7 = hydrogen

R=H

W= 5-hydroxy-
2-methoxyphenyl
RS = hydrogen

Ré = N-mempholino
R7 = hydmogen

R=H

\\' =
S-hydroxy-2-
methoxyphenyl
RS = hyndeopen
R =
N-pytrolindiro
R7 = hydrogen

R=H

W=
A-hydeoxy-3-
miethoxyphenyl
RS = hydrogen
Ré=
N-pyrrotindine
R? = hydrogen

94
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TARLE 7-confinued

{Formsla [}
Rs OR
Rg SN
2
Ry N W
Substituent on
Comp'd Struclwre Name Forma ]
Ldda 2.{2,5-dihydroxyphenyl)- R=H
g OR &-momphbotinoquinelin: W=
l\/ & 4one 2,5-dihydroxyphenyl
H RS = hydragen
= OH R6 = N-myipholine
R7 = hydrogent
N
OH
b 2:{2,5-dihydroxy-plenyl)- R= H
§-pyrmolidinoquinolin- W=
4008 2,5 dibydronyphenyl
RS = hydogen
R =
Nepyrolindice
R7 = hydropen
146 OR Dibenzyl R=H
3-{4-ox0-6-{pyrrolidic- W = 3-OR&-phenyl
N 1-y1)-14-dihydm RS =hydrogen
T quinolin-2-yl)phenyl  R6 = N-pyrolindine
phosphate R8=
OP(==0)(CH;Ph) P=O}0-benzyl)?
N
147 OR 3-(4-Oxe-6-(pyreolidin- R=H
I-yly 1, 4-dibydre W= 3-OR8-phenyl
b qutisolin-2-yt)phenyl RS = hydrogen
= dilydogen  R6=N-pymolindino
phosphate RS = P(==OQ)OH)2
OX(=0)(OH),
N
151 OR 2-(1-Naphthalenyl): R~ H
{IMC-39) §,7-methyienedioxy  We naphtha-1-yl
o quinolin-d-one RS = hydrogen
= R6 and R =
methylenediony
0 P
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TABLR 7-continued
(Formula 1)
Ry [#1:3
Rg
=
P
Rj N
Substituent on
Comp'd Stniclwre Name Forrmufal
152 OP{==0)OCH;Ph); Dibernyl R=
2.(I-naphthalenyl)-6,7- PO} O benzyl)2
o) N meihyleaedionyquinolin- W = naphtisa-t-yl
4.yl phosphate RS = hydrogen
R6 and R? =
0 P methylenedioxy
N
153 QP(=0}(OH); 2.{1-Naphthaleayl)- R = P(=0}OH)2
§,7-methylencdiony- W= niphtha-1-y}
o) SN quinojin-$yl R5 = hydrogen
dibydrogea Ré and R7 =
phosphate methslenedioxy
156 OR 2.(3-Benzob]lunyl): R=H
(IMC-37) §;-methylenedloxy: W= benzefb]
o quinolin-4-one faran-3-yi
= RS = hydrogen
RGand RF=
P methytededioxy
[o) N l \
0
157 OP{==0)(OCI,Ph); Dibenzyl R
2-(3-benzolb]furyl)- P(==0}(O-benzyl)2
0 ~ ¢ 7-methylenediony W= benzolb]
quinolin-4yl furan-3-yh
phosphate RS = hydrogen
o o REand BT =
N methylenediony
O
158 OH=0)(0H); 3.03-Meneolblfuryl}: R Pl==OXOH)2
6 F-methylenadiony  We benzolbl
a gquinobin-4-yl furan-3.yt
= dibydrgen RS = hydrogen
phosphate Réand RT =
2 methylenediosy
o N
0
164 2:(3-Hydroxy-3- R=H
methoxypheayl)-67- W= 3.0R8-3-
methyjencdioryquinolin: methosyphenyl
4-one R = hydrogan
R6 and R7 =

OR
(I
o 7 OCH,

methylenedioxy

9t



US 8,524,740 B2

98 96
TABLE 7-continued
Formuts I}
Rs OR
Rs x
Ry N W

Substituent on
Comp™d Staschure Name Formula i

167 OP(==0)(OCH;Ph)z Dibenzy) Re
2.{3-({bls-fbenzyl)  P=OXO-benzy)?2
oxyl]phosphoryljoxy- W 3.0R8-5-

O
= S.methoxyphenyl)-6,7 methoxyphenyl
methylenedioxygquinolin- RS = iydrogen
o P OCH; 4.yt phosphate Réard RT =
N methylensdioxy
RE =
P{==OO-benzyl)?
OP{(==0XOCH;Ph}z
163 OH 2-(3-(pls-[beoyl)  R=H

oxylipbosphonyljoxy- W= 3-OR8-5-
s-methoryphenyl)-6,7- aethoxypheoy!

[§]
s mithylenediosyquinolin: RS = hydrogen
4one R6and R7 =
> - OCHy | mathylenediony
N R«

P{=0)(0-benzs})2

OP(==0){OCHP); .

169 OH 2.(3-(dihydrogany  R= H
phosphate-5-mtthoxy- Y = 3.OR8-5-
phenyi)-6,7-meihylene- methoxypheny!

4]
= dioxyquinolinf-one RS = hydrogzn
Réand R7 =
o = QOCH; methytenediony
N RS = P(—O){OH)2

OF(==0}(0H)

IMC-1 2-(3-Renzolb] R=H
thienyl)- 6,7 methylens- W = benzolb]
diexyquinelin-d- thiopten-3-y1
one RS = hydrogen
RS ad R7=
meihyfenedioxy
JMC-36 OR 2.(2-Benzolb]thienyt)-6,7-R = H
meibylenediosy- W = benzofb]
quinotin-4-ore thiophen-2-yl
RS = hydrogen
Réand R7=

methylencdiony




US 8,524,740 B2

97 o8
TABLE 7-continued

(Fommia 1}
Rs OR
Rs x
P
Ry N W
Substiteent on
Comp'd Sfnicture Name Formula i
IMC-38 OR 2.{-Benzolb]furyl) R=4
6,7-methytencdioxy W= benzefbl
0 quinolin-d-oie fiuran-2-yl
Réand R7=
mgthylenedioxy
0 RS=H
IMC-40 OR 2-(2-Naphthaleayl) R H
6,7-methylenedlosy W= naphiha-2-yt
a quinelin-4-ore RS = hydrogen
= REand RT =
methylenedioxy
P
Q N
IMC-13 OR 2-{4-Quinolioyl)-6,7- R H
methylencdiony- Y = quizolin-4-yi
o quinelin-4-ore RS = hydmgen
= R s R7 =
methylenedioxy
N =
o N
MCH42 OR 2-{3-Quiralinyl}-6,7- R= H
methylenediosy- W = quinolin-3-y]
quinolin-4-ore RS = hydrogen
6 and R7 =
methylenedioxy
MC-43 OR 2-(2-Quinotinyly 6,7 R= H
methylenedioxy- W = quinolin-2-y1
; quinolin--ore RS = hydmgen
o = R6 and R7=
methylenediony
N .
0 e l N
MO OR 248-Quinolingl)-6,7- R=H
methytenedlony- W = quinolin-5-y
quitofin-i-one RS = hydregen
Réand R7 =
wmethylenadioxy

9¢
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TABLE 7-continned
{Fexmula )
Rs QR
R ~
A
Ry N W
Substituent on
Comp'd Structurs Name Formulal
O3 2.{l-Anthrcenyl)-6, R=H
OR ‘ t.methylenediony- W= anthracen-1-3l
quigolin-4-one RS =hydrogen
4] SN R6 and R7 =
< Q methylenedioxy
AR
The foregoing description of the exemplory embodiments 25 R is hydrogen, POQ(OH), PE—OYO—(C,-Cylalkyle-
of the Invention has been presented only for the purposes of nephenyl),, PE=O)ON)OM), or P{=0)OM),;
iHustration and description and is not intended to be exhaus- W is 2-halophenyl, 3-halophenyl, 4-haloplieayl;
five or lo limit the invention to the precise forms disclosed, R, is hydrogen, (C,-C)palkoxy, hiydroxyl, or ORg;
The embodinents aud exaumples were cliosen and deseribed R, is hydroxyl or (C,-C, alkoxy;
in order fo explain the principles of the inwention and their 30 R, hydroxyl, or O—(C-Cy Jalkylencphenyl;
practica! application sa as to enable ofhers skilled in the artlo R, hydwogen, PO(OH), P—0)(0—(C, -Cglalkyle-
utilize the invention and various embodiments and with var- ncphenyl), P=O)(OH)OM), or P—O)(OM),; and
ous odifications a5 ue suited 1o the partioular use conten- M is o monovalenl or divalent metal ion, or atkylamumno-
plated. Accordingly, the scope of (he present invention is pivim fon
defined by the appemded claims rother then the foregeing 35 4 pe com.mm d oF claim 1
description and the exemplary embodiments described (i') whercin'p S
therein. A '
"\l roferences cited and discussed in (s specification are R is hydrogen, P(=0)(OH)z, P(.zo){o-henzyl)z, P(=0)
incorporated licrein by reference in their entireties and to (he '(.OH)(OM)' or P(=0)(OM);
same cxtent as if each reference was individually incorpo- 40 Wis 2-fluoropheny}, 3-fuorophenyl, 4-fuoroplenyl,
rated by reference, Rsis methoxy, hydroxyl, halo or ORg}
R, is hydroxyl or methoxy;
What is claimed is: R, is hydrogen, hydroxyl, or O-benzyl;
1. A compound of Formula Tt R, is hydrogen PO(OR),, P(=0)(0-benzyl)y PE=0)
: a5 (OH){OM), or PE=0)OM),, and
M is u sodium jou;
Formula 1 (i) or wherein
Ry QR R is hydrogen, PO(OF),, PE=0)(O-benzyl), P(=0)
Rs (OHYOM), or P=0){OM)
= so W is 2-Avoropheayl, 3-flnorophenyl, 4-fivorophenyl,
R, is methoxy, hydroxyl, holo or ORg;
N W Sw Ry is hydroxyl or methoxy;
? R; is hydrogen, Lydroxy), or O-benzyl;
Rq is hydrogen PO(OLL),, P(=0)O-benzyl),, PO}
or a phanuaceutically acceptable sait thereof, 55 (OH)(OM), or P(—0)(OM),, and ;

{1) wherein:
R is bydrogen, PO(OH);, P=0)O—(Cy-Cyaotiyle-
nephenyl)),, PC=O)OH)(OM), or P=OO0M):;

W is 2-halophienyl, 3-halophenyl, “halophenyl;
R, is {C,-C s)aikory, lydrogen, hydoxyl, ORg;
R, is hydroxyl, of {C;-C,glatkoxy;

R, is ydrogen, hydroxyl,or O—(C E-Cm)n!kylcnephenyl;
R, is hydrogen, PO(OH),, P=0)(O—{C,-Cyghntkyle-
nephewyl),, P(=-O)OH)OM), or PE=0)(OM),, and
M is # monovalent or divalent metal fon, or alkylanumo-
i jon;
(i} or wherein;

60

65

M is a sodivne lon.

3. The compound of ¢laim 2, wherein the
seleoted from the proup consisting of

2—(2—Fluorcphenyl).5,6-dimethoxyquiuolin-4-one;

2-(3-Fluomphen)-l)v5,6-dimelhoxyquiuoiin-rl-one;

2-(4-Fluemphauy])-ﬁ,é-dimethox;’quinolin-rLone;

']—Beuz)'loxy-2-(2-ﬁuompheuyl)-6-11\ethoxyquinolin-rt-

L&
comgpound i

one;

’i-Beuzyloxy-Q-(:%-Hnompheuyl)-6-me1hoxyquino!iu-d-
oite;

?-Benzy[oxy—?.-('i-ﬁuorophenyi)—ﬁ-melhoxyquineliu—d-
oile;
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2-(2-Bluorophenyl)-5 -hydroxy-é-mcihoxyquinoﬁn- i§-
ane;

2-(3-Fluorophenyl)-5 -hydmxy-G-Incihoxyquiuolin-d-
one;

2-(d-Fiuorophenyl)—s-hydrow-6-metlioxyquinoiin-tl-
T

‘2-(2-F!uor0phenyl)-5,6-(lihydmxyquinolin—4-oae;

2-(3-Bluorophenyl)-3 ,6-dihydmxyquinolm-rl-one;

2—(4-Fl\tompllcq)'l)-S,G-(lihydroxyquinolin-d-one;

2.{2-Rluorophenyl)-7 -hydroxy-ﬁ-mc%hoxyquinolin-il-
oue;

2—(3-Fluomphenyl)-G-mclhoxyquinolhx-d,ﬁ-diyl bis
(dibenzy! phosphate),

2-(3-Fiuorophcn)'l)-ﬁ-methoxyqtiinoliﬁ-4,5»diyl bis(diby-
drogen phosplnte},

2-(3-Fluomphcuy]}-ﬁ-melhoxyquhxoliu-4,S-diyl bis(diso-
dium phosphate),

Dibenzyl 2-(3-ﬂuomphenyl)-6-methuxy-d-axo- 1, d4-dihy-
draquinolin-5-y! phosphate,

2-(3 -Fhioropheuyl)-ﬁ-methoxy-d-oxo-1,'|~dihydr0quh\0-
Jin-5-yl dihydrogen phosplinte, and

Sadiumn 2-(3-ﬂuomphcnyl)-6-methoxy-d-oxo—1,4~dih)'d-
roquinolin-5-yl phosphale.

4. The compound of ¢laim 2, wherein ko compound con-

prises is selected from the group consisting of

ocl; OR
HyCO
\ P
P i
i N O
i,
oci; OR
H,CO
\ H
O / £
i N O
n,
ocH; OR
HCO N "
i N O
F)
I OR
HyCO e
PRH,CO N O
H,

20

25

35

40

45

50

55

60

63
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- -cantg‘{:cd

H,CO.
: == H

o ¥
PhH,CO N O

&

HyCO = i
P H
H N Q

10(
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.continued
H OR
H3CO.
¥ \ ¥
P H
HO N O
Hl
H OR,
H;CO
.3 \ "
P H,
HO N O
F
(PRCH,ORP(=—=0)0 OP(==0XOCH,Ph)

H;CO N
OO
N O

@I0)P(==0)C OP(==GC}{0l),

H;C0 \
49
N

. ,
MNaO)P(==0)0 OR{=0)0ONa);
HCO.

3 SN
p F,
g

{(PRCH,ORP(==0)0 OH

H;CO

! AN
£ F
g

Qoy{==0)0 OH
1,C0
E} =

o F, and
0
{(NaO)P(==0)0 OR

H

e/l

H3CO. ]
H

A\ /

=

20

25

30

35

40

45

50

55

£0

65

164

5. A componnd of Formwla I:

Forrula ]
Rs CR
Rg N
s
Ry hi W

or phameeutically acceplable salt therof, whereln

R is hydrogen, PO(OH)s, P==0)(0—(C;-Cnlkyte-
nephenyl))s, PE=0)OHYOM), or P=0)OM) 3

W is benzold] [{,31dioxol-4-y], 2.3-di(C, -C, glalkoxyphe-
nyl, 2,S-di(C,-Cw)alko:-.}'phenyl, 2-(C;-C,galkox-
yphenyl, 4-(C,+C, o Jaikoxyphenyl, 2-hydroxyphenyl,
3.hydroxyphenyl, 4-hydroxyphenyl, 4-hydroxy-3-(C,-
C,p)alkoxyphenyl, S-hiydroxy-2+(C,-C,glatkoxy phe-
uyi, 3—(O-di(C,-C,5)n1k)'lenephcnyl})pheuyl, 3-(O-di-
hydrogen phosphate)phenyl, or 2,5-dihydroxyphenyl;

R is hydrogen;

R hydroxyl, (C,-C,g)atkoxy, N,N—di(Cl-Clg)alkyiamino.
or N—(C, -Cyg)eycloalkylamino;

R, is hydrogen.

6. The componnd of ¢laim 5, wherein:

R is hydrogen;

W is benzold] {1,3dioxol-#-yl, 2,3-dimetkioxyphenyl,
2,5-dimethoxyphenyl, 2-methoxyphenyl, 4-methox-
yphenyl, 2-hydroxyphenyl, 3-hydroxyphenyl, 4-hy-
droxyphenyl, 4-hydr0xy-3-metboxyphen)'l, S-hydroxy-
2-methoxyphenyl, 3-(O-dihcuzylphosphate)pheuyi,
3-{O-diliydragen phosphate)phenyl, or 2,5-dibydrox-
yphenyl;

R, s ydrogen;

Ry Is hydroxyl, metlioxy, N,M-dimethylamino, M-nwor-
photitie, or N-pyrrolindino; and R, is hydrogen.

7. The compound of claim 6, wherein the compound is

selected front the group consisting of

2-(benzofd} {I,S]dio)mi-l-yi)-ﬁ-morpholinoquinolin-4-

one,
2-(benzold] [1,3]di0xo]-4-yl)-G-pylfoﬁdinoquinoi'm-‘i-
one,
2-(2,3-dimemnxyphcnyl)-6-morpholinoquiuuiin—nl-one,
2-(2,3-dhue!!\oxypheuyl)-G-p)'rrolidinoquinolln—t{-one,
2-(2,5-dimelhoxypheuyi)‘6-morpho]innquiuoliu-4~one,
2-(2,5-dimetimxyphenyl)-6-pyrrolidinoqu‘mo!in—dvone,
2-(2-1\1e1!\oxypheuyl)-ﬁ-morpholinequiuuiin-d-one,
?.-(Z,S-diuielhoxyphenyl)-G-p}'rrolidi|10q11in01in-4v0ne,
2-(4-mellioxyphen)-l)-é-morpholinoquiuolin-tlfone,
2-(4-melhoxyphenyi)-6-pyrmlidinoquiuolin—tl-onc,
2—(Z-H)'dmxyphen)'l)A6-morpholiuoquino]in-4—mle,
2-(Z—hydroxyphenyl)-ﬁ-pyrmlidiuoquiuolm-xi-oue,
2-(Z-hydroxyphcny!)-ﬁ-dimeihylamiuoquinolin-tl-one,
2-(3 -Hydmxyphcny!)-6—nmrpholluoqu inolin-4-one,
2-(3-hydroxy piwny!)-6-pyrmiidiuoqninoiin-d-one,
2-(3-hydroxypheny l)-6‘climelhymujnuquhmlin-fl-one,
2- (4-Hydmxypheuyl}-6’morpholinoquinoliu-4~one,
2-(4-hydmxyphenyl)-6-pyrmlidiuoquina]inui~one,
2—(4-lxydmxyphcnyl)-6-dimelhylumhmquino!in-4-011e,
2-(4-];)'droxy-3-mcthoxyphenyl)-ﬁ-morphoiinoquinotin-
4-one,
2-(5-hydroxy-?.-meﬂm.\;yphenyl}-é-morpho!hmquinolin-
f-one,
2-(S-h}'droxy-z-mcthoxypheu}ﬂ)-IS-pyrro] idinogquinolin-
d-one, :
ZA(LS-hydmx)'-S-Jue:hoxypheng.'l)-(%-pyrrolidhmquiuo!in—
#-0ne,
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2-(2,5~dihyd;oxy-pheuyl)-G-morphoiiunquino]iu-4-ouc,
2—(Q,Sdmydmxy-phenyl)-ﬁ-pynniidiuoquhxoliu-4-anc,
Dibenzyl 3-(4-oxo0-6-(pyrralidin-1-y})- 1,4-dihydroquino-

Jin-2-yhphenyl phosphate, and
3-(4-Oxo-6-(pyrrolidin- I-yl}-I,4-dibyd roguinolin-2-yl)
pleny! diliydrogen phosphate,

8. ‘he compowd of claim 6, wherein the compound is
selected from the group consisting of

: RS QCH;
o OCHgz,

‘\/“ Q = ocH;
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9. A compound of Formula I

Formala i
Es QR
Rg N
P
Ry N W

or pharmacentically acceptable salt, thereof, wherein:

R is hydrogen;

WV is 2-imlophenyl, 3-halophenyl, 4-halophenyl;

R, and R, are (C-C, glalkylenedioxy provided that R, is
hydrogen; and

Rg Is Wydrogen,

10, The compound of claim 9, wherein:

R is hydragen;

W is 2-fuorophenyl, 3-Auorophenyl, 4-Auorophenyl;

R, and R4 are methylencdioxy provided that R, is hydro-
gen; and

Ry ishydrogen,

11, The compound of claint 10, wherein the compound is

sefected from the group consisling of

2.(2-Tlucrophenyf)-5,6-melhylenedioxyquinolin-4-one,

2-(3-Flvworopheny1)-5,6-methylenelioxyquinofin-d-one,
and

2-(4-Rluorophenyl)-5,6-methylenedioxyquinolin-4-oue,

12. The compound of elaim 10, wherein the compound is

selected from the group consisting of

H,
/\0 OR
Q.
\ H
/ P
H N O
H and

5

W0

25

30

40

45

50

55

&0

65

110

13, A compound of Fornmta It

Fornmla |

Rs OR
Rg
=
o
Ry N W

or pharmaceutically acceptable salt thereof, whereln:

R is hydrogen, P(—Q)OH),, F{=0)(0—(C,-C,3)alkyle-
nuphenyl),,

¥ is naphtha- I-yl, naphtha-2-yl, quinolin-2-yl, quiseliz-
3.yl, anthracen-1-yl, benzalb]furan-3-yl, benzolb]
thiophen-3-yl, benzalbJthiophen-2-yl, 3-(fbis-[({C,-
C,ghalkylenephenyDoxylIphosphoryloxy-5-(C,-C, s}
alkoxy phenyl, 3-(dihydrogen)phosphaie-5-(C-C;3)
alkoxy phenyl; and

R, and R, are (C,-C,glalkylenedioxy provided thal R, is
hydragen,

14, The compound of claim 13,

wherein:

R is hydrogen, P(=0)OH),, P=0)(O-benzyl),,

WY is naphtha- 1-y}, naphthe-2-yl, quinolin-2-yl, quinolin-
3y}, quinolin-5-yl, anthricen-1-yl, benzo{b]luran-3-yl,
benzo[blihfophen-3-yl, benzo{bthiophen-2-yl, 3-({bis-
f(benzyl)oxy]]pliosphorylyoxy-5-methoxyphonyl,
3.(difiydrogen)phosphate-5-methoxyphenyl, and

R and R, are methylenedioxy provided that R is hydro-
pel.

15, The compound of claim 13, wherein the compound is

selected from the group consisting of

Dibenzyl 2-(1-naphthalenyl)-6,7-methylenedioxyquino-
fin-d-y! phosphate, .

2-(1 -Naphthalenyl)-6,7-methylenedioxyquinolin-4.yl
dilydrogen phiosphate,

Dibenzyl 2-(3-benzofb]furyl}-6,7-methylenedioxyquino-
lin-d-y1 phosphate,

2-(3-Benzofb]furyl)-6,7-methylenedioxyquinelin-4-yl
dihydrogen phosphate,

2-(3-Hydroxy-5-methoxyphenyl)-6,7-methylenediox-
yquinolin-4-one,

Dibenzyl  2-(3-([bis-[(benzyloxyHphosphoryljoxy-5-
methoxyphenyl)  -6,7-methylencdioxyquinolin-4-y!
pliosphale,

2-(3-{[bis-[(benzyl)oxy]Iphosphoryloxy- S-methoxyphe-
uyl}-6,7-methylenedioxyquinolin-4 .one,

2-(3-(cihydrogen)phosplate-5-methoxyphenyl}-6,7-me-
thylesedioxyquinolin-4-oue,

2(1-Napluthatenyl}-6,7-methylencdioxyquinolin-4-ene,
2.(3-Benzo[b]furyl)-6,7-melhylenedioxyquinolin-4-one,
2(3-Renzo[b]ihicuyl)-6,7-methylencdioxyquinalin-4-
one,
2-(2-Benzo{blllicnyl}-6,7-methylencdioxyquinoiin-4-
one,
2-(2-Benzo[b}furyl)-6,7-methylencdioxyquinolin-d-one,
2-(2-Naphihalenyl)-6,7-methylenedioxyquinolin-4-one,
2-(4-Quinoliny!)-6,7-methylenedioxyquinolin-4-one,
2-(3-Quinolinyl)-6,7-methylenedioxyquinnlin-4-one,
2-(2-Quinoliny1)-6,7-methylenedioxyquinolin-4-one,
2-{5-Quinolinyl}-6,7-methylenedioxyquinolin-£-one, and
2-(1-Anthracenyt)-6, 7-methylenedioxyquinolin-4-one.
16. The compoundof claim 13, wherein the compound is

selected from the group consisting of
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17, A method of treating cancer in a subject in need thereof,
comprising administering to the subject an effeciive amount
of a composition comprising the compound of claim 1 or a
pharmacewtically aceeptable salt thereof, and a phammaceuti-
cally acceptable careier.

18. The method of claim 17, wherein the concer is ol least
one selected from the group consisling of lung cancer, colon
cancer, breas cancer, liver cancer, prostate cancer, ovarinn
cancer, levkemia, lymphoma, pancreatic cancer, skin cancer,
brain tumor, kidney cancer, bladder cancer, esophagts can-
cer, gaslric cuncer, head and neck cancer, cervical canver,
endometrial cancer, thyrold cancer, bone cancer, nud soft
tissue sarcoma.

19, A pragess for preparing a comypound of Formuia 1

YFormutz [

Rs OR
Re N

/
R; N W,

15
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(iywherein

R is hydrogen;

W is 2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl,
benzo[d] [I,3]dioxol-4-yl, 2,3-dimethoxyphenyl, 2,5-
dimethoxyphenyl, 2-methoxyplienyl, 4-metboxyphe-
nyl, 2-hydroxyphenyl, 3-hydroxyphenyl, 4-hydrox-
yphenyl, 2-benzyloxyphenyl,  3-benzyoxypheuyl,
4-benzyloxyphenyl,  4-benzyloxy-3-mefhoxyphenyl,
3-benzyoxy-S-methoxyphenyl, 4-hydroxy-3-metlox-
yphenyl, 5-liydroxy-2-methoxyphenyl, 2,5-diliydrox-
yphenyl, benzofbifuran-3-yl, or naphtha-1-yl;

R, is melhoxy, hydroxyl, or ORy, or R, and R, are weth-
ylenedioxy provided that R, is hydrogen;

Rg is N,N-dimelthynmino, hydroxyl, methoxy, N-mor-
pholine, or N-pyrrolindino;

R, s hydrogen, hydroxyl, or O-benzyl; aad

R is hydwogen; or i pharmucentically weceplable sult
thereol}

(ii) or wherein

R is hydrogen; :

W is 2-fluorophenyl, 3-fluorophenyl, 4-fuorophenyl,
beuzofd ] [1,3)dioxol-d-yl, 2,3-dimethoxyphenyl, 2,5-
dimethoxyphenyl, 2-methoxyphenyl, 4-methoxyphe-
nyl, 2-hydroxyphenyl, 3-hydroxyphenyl, 4-hydrox-
yphenyl, 2-benzyloxyphenyl, 3-benzyloxyphenyl,
4-benzyfoxphenyl,  d4-benzyloxy-3-meihoxyphenyl,
3-benzyloxy-5-methoxyphenyl, 4-hydroxy-3-methox-
yphenyl, S-hydroxy-2-methoxyphenyl, 2,5-dilydrox-
yphenyl, beuzolb]furan-3-yl, or naphtha-1-yt;

R, is hydrogen, methoxy, lydroxyl, or OR;

Rg Is N,N-dimethylamino, hydroxyl, methoxy, N-mor-
pholing, or N-pyrrolindino;

R, is hydroxyl, or O-benzyl;

or R, and R, are melhylenedioxy provided ihat R is hydro-
gen; uul

Rg is hydrogen,

the method comprising;

ai) reacting a compound of Formula IT

Formulz T

Ry NH;
'&“@“%
wherein Ry is hydroxyl, methoxy, or ORg, or Rg nnd R, are <
methylenedioxy provided thal R, is hydrogen;
Rg is hydroxyl, N,N-dimethyfamino, methoxy, N-mor-
pholine, or N-pyrrolindino;
R; is hydrogen, hato, ORg, hydroxyl, or O-benzyl; and
R, is hydrogen;
(adi) or reacting a compound of Formula I

Fonrnula I

Ry NH;

wherein
R, is hydrogen, hydroxyl, methexy, or ORg;
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R, bydroxyl, N,N-dimelhylamino, methoxy, N-mor-
pholine, or N-pyrrolindlno;

R, is halo, ORg, hydroxyl, or O-benzyl;

or R g and Ry are methylenedioxy provided that R is hydro-
gen; sk 5
R, is hydrogen;

with & compound of Formula HI

Toromla Ul {0
Q

w/che;

in the presence of a base; wherein W is 2-fluoraphenyl, b
3-Muaroplenyl, Auorephenyl, benzofd] {1,31dioxol-4-

vk 2,3-dimethoxyphenyl,  2,5-dimethoxyphenyl,
2-methoxyphenyld-methoxyphenyi, 2-liydroxyphenyl,
3-hydroxyphenyl, 4-hydroxyphenyl, 2-benzyloxyphe- P
nyl, 3-benzyfoxyphenyl, 4-henzyloxyplienyl, 4-benzy-
foxy-3-methoxyphenyl, 3-benzyloxy-5-methoxyphe-
nyl,  d-hydroxy-3-methoxyphenyl,  5-hydroxy-2-
methoxyphenyl, 2,5-dihydroxyphenyl, benzo[b]firan-
3.yl, or naphtha-1-yl;

to afford 2 compound of Formula 1V »
Formula 1Y
6
By 0
)Lw;
Ry h‘
15
(1) wherein
R Is hydrogen;

W is 2-fluoropheny], 3-fuorophenyl, d4-fluorophenyl,
benzo[d | [1,3)dioxol-d-yl, 2,3-dimecthoxyphenyt, 2,5- 4o
dimethoxyplienyl, 2-methoxyphenyl, 4-methoxyphe-
nyl, 2-hydroxyphienyl, 3-hydroxyphenyl, d4-lydrox-
yphenyl,  2-benzyloxyphenyl, 3-benzyloxvphenyl,
4-benzyloxphenyl,  d-benzyloxny-3-methoxyphenyl,
3-benzyloxy-5-methoxyphenyl, 4-hydroxy-3-methox. 5
yphenyl, S-hydroxy-2-methoxyphenyl, 2,5 -diliydrox-
yphenyl, benzofb]furmn-3-yl, or naphtha-1-yl;

Ry is methoxy, hydroxyl, ar OR;, or R aud R, are meth-
ylenedioxy provided that R, is hydrogen;

R; is N,N-dimethylamino, hydroxyl, methoxy, N-mor- sy
pholino, or N-pyrrolindine;

R; s hydrogen, hydroxyl, or O-benzyl; and

Ry Is hydrogen;

(2) or wherein

R is hydrogen; 55
W is 2-fluoroplenyl, 3-fuorophenyl, 4-fluorophenyl,
benzo[d ] [1,3]dioxol-4-y], 2,3-dimothoxyphenyl, 2,5-
dimethoxyphenyl, 2-methoxypheuyl, $-methoxyphe-
nyl, 2-hydroxypheayl, 3-hydroxyphenyl, 4-hydrox-

116
yphenyl, 2-benzyloxyphenyl, 3-benzyloxyphenyl,
d4-benzyloxphenyl,  4-benzyloxy-3-methoxyphenyl,
3-benzyloxy-5-melhoxyphenyl, 4-hydroxy-3-methox-
yphenyl, 5-hydroxy-2-methoxyphenyl, 2,5-dihydrox-
yphenyl, benzo[bjfuran-3-y1, or napltha-[-yl;
R is hydrogen, methoxy, hydroxyl, or OR,,
Ry is NN-dimethydroxyl, Lydroxyl, methoxy, N-mor-
pholiro, or N-pyrrolindino;
R; Is hydroxyl or O-henzyl;
or R, and R, srontethylenedioxy provided that Ry is hydro-
gen; and
Ry is hydrogen;
{b) and reacting the compound of Formula IV with a base
to afford the compound of Formula I,
20. The process of claim 19, furiher comprising dealkylat-
ing the compound of Formula I (o afford the compound of
Formula 1

Forrmula
Rg R
Re N
o
Ry N w
(i} wherein
R is hydrogen;

W is 2-fluorophenyl, 3-fluorophenyl, 4-Auorophenyl,
benzo{d ] [},3]dioxol-4-yl, 2,3-dimethuxyphenyl, 2,5-
dimethoxyphenyl, 2-methoxyphenyl, 4-methoxyphe-
nyl, 2-hydroxypheayl, 3-hydroxyphenyl, d4-lydrox-
yphenyl, 2-benzyloxyphenyl, 3-benzyloxyphenyl,
4-benzyloxphenyl,  d-henzyloxy-3-methoxypheayl,
3-bengyloxy-5-nethoxyphenyl, 4-hydroxy-3-metliox-
yphenyl, S-hydroxy-2-methoxyphenyl, 2,5-dihydrox-
yphenyl, henzofbjfuran-3-yl, or naphiha-1-yl;

R; is hydroxyl, or methoxy;

Ry is N,N-dimethylamino, hydroxyl, methoxy, Numor-
pholino, or N-pyrrolindino; and

R, is hydrogen;

(it) or wherein

R is hydrogen;

W is 2-flucrophenyl, 3-fluorophenyl, 4-fluorophenyt,
bonzo{d ] [§,3]dioxol-4-yi, 2,3-dimethoxyphenyl, 2,5-
dimethoxyphenyl, 2-methoxyphenyl, 4-methoxyphe-
nyl, 2-hydroxyphenyl, 3-liydroxyphenyl, 4-hydrox-
yphenyl,  2-benzyloxyphenyl,  3-benzyloxyphenyl,
4-benzyloxphenyl,  4-benzyloxy-3-methoxyplenyl,
3-benzyloxy-5-methoxyplienyl, 4-hydroxy-3-methox-
yphenyl, S-hydroxy-2-methoxyphenyl, 2,5-dilydrox.
yphenyl, benzo[b}furmn-3-y], or naphtha-1-yk;

R, is hydrogen, hydroxyl, or methoxy;

Ry iIs N,N-dimethylanine, hydroxyl, N-morpholine, or
N-pyrrolindino, provided that R, is hydrogen, or R and
R, are methylenedioxy provided that R is liydrogen.
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WHO YOU’LL MEET

Y

SAT #B|02016 _‘-

BI0 2016 |

-

[SAN FRANCISCO, JUNE 6-3
ONVENTION.BIO.ORG

= ) -
BIO 2016 Sample Attendee List
As of June 3, 2016
Title Company Name State Country
Director of LifeScience Business Development Sysnpex Corporation Hyogo Dapan
Scientist Sysmex Corporation 1L United States
Director/Professor T2B Infrastructure Center for Ocular Diseases Busap Gwangyeogsi South Korea
Postdoctral Associate T2B Infrastructure Center for Ocular Diseases Busan Gwangyeogsi South Korea
CEO and Founder Tactica Interactive MB Canada
President Tad International Limited Japan
CBO Tagcyx Biotechnologies Kanagawa apan
VP & Managing Director TaiAn Technologies Taiwan
VP, Corporate Devleopment TaiGen Biotechnology Company, Ltd Taiwan
CEO TaiGen Biotechnology Company, Ltd Taiwan
Associate Researcher TaiGen Biotechnology Company, Ltd Taiwan
Staff TAIHO PHARMACEUTICAL CO., LTD Japan
Manager Taiho Pharmaceutical Co., Ltd. Japan
President Taiho Ventures, LLC CA United States
Deputy Director Taipei Economic and Cultural Office In Los Angeles CA United States
Senior Vice President TaiRX, Inc. Taipei [Taiwan
Project Manager TaiRXx, Inc. Taipei [Taiwan
Manager, Licensing Group 1, Licensing & Business Development Taisho[Pharmaceutic al Co., Ltd. Japan
Deputy General Manager Taisho Pharmaceutical Co., Ltd. Japan
General Manager Taisho Pharmaceutical Co., Ltd. Japan
Deputy General Manager Taisho Pharmaceutical Co., Ltd. Japan
Secretary General Taiwan Bio Industry Organization Taiwan
Senior Project Manager Taiwan External Trade Development Council Taiwan
director Taiwan External Trade Development Council Taiwan
project manager Taiwan External Trade Development Council Taiwan
Business Development Manager Taiwan Hopax Chems. Mfg. Co., Ltd Taiwan
Global account manager Taiwan Hopax Chems. Mfg. Co., Ltd Taiwan
Director Taiwan Institute of Economic Research Taipei Taiwan
Senior Business Development Manager Taiwan Liposome Company, Ltd. (TLC) Taipei Taiwan
President Taiwan Liposome Company, Ltd. (TLC) Taigei Taiwan
Alliance Management Taiwan Liposome Company, Ltd. (TLC) Taigei Tai\/\}an
Chairman & CEO Taiwan Liposome Company, Ltd. (TLC) Taigei Taiwfan
Director Taiwan Liposome Company, Ltd. (TLC) Taigei Taiwan
Project Leader Taiwan Supra Integration and Incubation Center Taiwan
Chief Executive Officer TaiwanJ Pharmaceuticals Co., Ltd Taiwan
Head of Corporate Development Takara Bio USA, Inc. CA United States
General Manager Takeda Israel Israel
Business Development and Alliance Manager Takegda Israel HaMerkaz srael
Associate Director Takeda Oncology MA United States
Director, Search & Evaluation Takeda Pharmaceutical Company Limited Japan
VP & Head, Global Licensing & R&D Trans Takeda Pharmaceutical Company Limited Japan
Director Business Development Takeda Pharmaceutical Company Limited Japan
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EBD GmbH
Gubelstrasse 11

6300 Zug
Switzerland
UST.-ID NR: DE258368740
(VAT Number)
BIO-Europe ® 2014
November 3-5, Frankfurt, Germany
INVOICE
TO: TaiRx, Inc.
Dr. Yi-Wen Chu Date (Tax Point}):  September 09, 2014
7F-5, No. 66, San-Chung Road Involce No: BEU2014/REG/01136.1
Nankang Business Park
115 Talpel Customer VAT No: 53529570
Taiwan
Description Value VAT rate VAT
Reglstration fee for attendance at BIC-Europe 2014 conferance, Frankfurt, Germany € 1995.00 19% € 379.05
and advance use of partneringONE® system from date of reglstration
Nst fees € 1995.00
VAT amount € 379.05
Invoice total € 2374.05
Please nole: Registration fees are subject to local (German} VAT
for this conference.
Currency: Please make all payments in Euro
Terms: Payment due on recelpt of Involce
Payment msthods
Cradit cards Bark {ransfer
To pay your invoice by credit card, please click on the link included in your | Please transfer the EUR amount to the following account, quoting the
confirmation e-mail. involce # as a reference:
Schwyzer Kantonalbank

Bahnhofstrasse 6, 8808 Pfaffikon SZ, Switzeriand
Account name: EBD GmbH
Account number: 539323-1351
ABA Number; 00777

IBAN: CH 86 0077 7005 3932 31351
SWIFT-BIC; KBSZ CH 22

if you have questions concerning Lhis invoice, please contact
Maia Rene at EBD Group
Emall: mrene@ebdgroup.com
Tel: +1 760 930 0500 Fax: +1 760 930 0520

Altn Finance Departrent: For most companiles, it should be possible to reclaim the VAT component of this invoice.

To fagilitate this, you may wish to contact EBD Group's VAT consultants in Germany: Dr. Semmer + Burgmaler, Rechisanwalte / Law office. For
details, please visit www.vatsaver.de (EBD cannot guarantee the success of any VAT reclaims, cannot answer questions on German VAT, and wifl not
be a party to your contract with Dr. Sommer + Buegmaler)

THANK YOU FOR YOUR PARTICIPATION IN BIO-EUROPE 2014}
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Search results Taix
for

Satar entire wotds

- BiodPharma Prod {0)

B Save Search

Technotogis (0) | | Hedtech Products 0) | | Delegotes (2) |

Companies T -1 of 1 sortad &y relevance

B Download In Excel Format

TaiRx, Inc.
Taipel, Talwan

Sector Pharma
Subsector  Smalt molecule
therapeutics

Therapeutic Neoplasins fcancer /
areas oncology
Employees 7

TaiRx, Inc., founded in 2011, is a new drug development company focusing
on the development of novel drug products in irealing severe diseases.
TaiRyx, Inc_, is led by an expetienced development team with expedise in
medicaliclinical, biology, pharmacology, CMG, pharmacokinetics,
toxicologyisafely, and requlatory aflairs. The current new drugs under
dovolopmanlt include TRX-2318, TRX-306, and TRX-606. TRX-818, has dual
effects on cancer cell arowih inhibition and malignan! tumor cali metasiasis.

Company | Produels | Technologles | Financing | Mapagement | Belegates

Companics 1- tof 1 sorfed by relevance
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[S—

riona Fang

Yi-Wen Chu <yiwen@trx.com.tw>

20155 2A2HEM— £ 11:42

Fiona Fang

FW: American Association for Cancer Research Annual Meeting 2015 Registration Confirmation

From: Amerlcan Assoclation for Cancer Research Annual Meeting 2015 [mailto:aacr@compusystems.com]
gsent: Thursday, January 29, 2015 2:30 AM

To: Yi-Wen Chu

Subject: American Assoclation for Cancer Research Annual Meeting 2015 Registration Confirmation

APRIL 18-22, 201

PENNSYLVARNI
CONVERNTIO!
CENTE!

American Association
for Cancer Research

PHILADELPHIA, P,

REGISTRATION CONFIRMATION

i

23

1.28-20156
Registration Confirmation; 244239

YI-\WEN CHU
SENIOR VICE PRESIDENT
TAIRX, INC,

7 F-5 NO. 66 SAN-CHUNG RD.
NANKANG BUSINESS PARK
TAIPES, 11502 TAIWAN

Dear YI-WEN CHU,

Thank you for registering for the American Associatlon for Cancer Research Annual Meeting 2015,
to be held on April 18 — 22, 2015, in Philadelphia, PA at the Pennsyivania Convention Center. We
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The AACR Annual Meeting 2015 was held April 18-22, 2015, in Philadelphia, Pennsylvania. It
highlighted the latest, mnost exciting discoveries in every avea of cancer research and provided a unique
opportunity for investigators from all over the woild to meet, interact, and share their insights. This
year’s meeting theme — “Bringing Cancer Discoveries to Patients” — underscored the vital and

:  inextricable link between discovery and treatment, and it reinforced the fact that research underpins all
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the progress we are making in the field toward cancer cuves, For everyone — presenters, early-career

and established researchers, clinicians, and advocates — the Annual Meeting is a must-attend event,

We want to thank the Program Comnittee Co-Chairpersons and Education Cominittee members for
their incredible guidance in shaping an innovative program that will be both enjoyable and educational
to all attendees, and attract major media attention from around the world,

Together we are making astounding progress in the fight against cancer. It is taking less time than ever
for our research to be translated into improved prevention, diagnosis, and treatment strategies for
patients. This is an exciting time for cancer research. By attending the AACR Annual Meeting, you will
find ideas, people, and moments that provide you with renewed energy, inspiration, and focus in your
work.

If you need a paper copy of the Call for Abstracts, please download by clicking here.
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N

ClinicalTrials.gov

A senvice of the U.S. National institutes of Heakth
Safety and Pharmacokinetic Study of TRX-818 in Asian Solid Tumor Patients

‘This study Is currently recrulting particlpants. (see Contacts and Locations}) i ClinicalTrials.gov tdentifisr:
¢ NCT02703298

Verified March 2016 by TaiRx, Inc.
: First received: February 22, 2016

:’l;?lgjcorl-nc ¢ Lastupdated: March 22, 2016
e ¢ Lastverified: March 2016

Informatlon provided by (Responsible Party): i History of Changes

TalRx, Inc, x

{ No Study Resulls Posted ; Disclaimer How lo Read a Sludy Recard

B Purpose

TRX-818 [s a new small molectle chemlcal entity being developed as a polenllal anti-cancer therapeutic by TaiRx, Inc. TRX-818 Is a pofert anli-
cancer agent In numerous human cancer cefl lines. The objeclives of this study are to delermine the safety profile of TRX-818 including
identification of dose Himiting toxicity (DLT) and maximum lolerated dose (MTD) in Aslans and determine the recommended dose and regimen(s) to
Iniliale Phase 2.

Carcinoma Drug: TRX-818 capsules
Advanced Cancer i

Study Type:  Inferventionat

Study Deslgn:  Endpolnt ClassHication: Safely/Efficacy Sludy
Intervention Model; Single Group Assignment
Masking: Open Label
Primary Purpose: Trealment

Official Tite: A Phase | Safely and Pharmacokinetic Sludy of TRX-818 Administered Osatly to Patients With Advanced Solid Tumors In Asians

Resource ilnks provided by NLM:

MedlnePlus refated foplcs:  Cancer

U8, FDA Resources
Further study detzifs as provlded by Talfx, Inc.:

Primary Cutcome Measures:
+ Dose limiting toxicity {DLT) of TRX-818 in Aslans [ Time Frame: up to 28 days || Deslgnated as safely Issue: Yes |
Toxlcitles will be graded according to the National Cancer [nstiide Common Terminology Criteria for Adverse Events (NCI CTCAE) Version 4.0

+ Maximum tolerated dose (MTD) of TRX-818 in Asians [ Time Frame: up lo 28 days | [ Designated as safety issue: Yes ]

The MTD wilt ba defined as the dose level at which at most one of six patients experiences a DLT after 28 days of treatment have cccuired,
with the next higher dose having al ieast 2/3 or 2/6 pallents experiencing a DLT.

Secondary Owtcome Measures:

+ Preliminary assessment of anti-umor activity by Response Evalualion Criterda In Solid Tumors version 1.1 (RECIST 1.1) [ Time Frame: up ta
112 days ] [ Deslgnated as safety issue: No j

» Composite measure of pharmacokinetics {PK) parameters of TRX-818: AUC(0-ast) [ Time Frame: Day 1, 8, 15 for Cycle 1 only{each cycle Is
28 days) } [ Peslgnated as safely issue: No |

AUC(0-last); area under the plasma concentration versus time curve to the time of the last measurable concentration

+ Composite measure of pharmacokinetics (PK) paramelers of TRX-818:Cmax [ Time Frame: Day 1, B, 16 for Cycle 1 only(each cycle is 28
days) ) [ Designated as safely issie: Mo ]

Cmax; maximum plasma concenlration

https://clinicaltrials.gov/ct2/show/NCT02703298 2016/8/8
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+ Composite measuse of pharmacokinetics (PK) parameters of TRX-818: Tmax [ Time Frame: Day 1, 8, 15 for Cycie 1 only(each cycle is 28
days) | [ Designeled as safety issue: No | !

Tmax: time lo maximum plasma conceniration

+ Composite measure of pharmacokinetics (PK) parameters of TRX-818: T(1/2} { Tima Frame: Day 1, 8, 15 for Cycle 1 only(each cycle Is 28
days) ) [ Designaled as safety Issue: Na |

T(1/2): terminal elimination half-life

+ Time Yo tumor progresslon (TTP) [ Time Frame: up to 112 days ][ Deslgnated as safety Issue: No ]

Estimated Enroffment: 3 -

Study Start Date: March 2016

Eslimated Study Complelion Date:  September 2017

Estimated Primary Completion Date: March 2017 (Final dala collection dale for primary outcome measure)

g Experimental: TRX-818 i Drug: TRX-818 capsules

i
:
H
i

Asslgned Infe

B Eltglbliity

Ages Eligible for Study: 20 Years and older (Adult, Senlor)
Genders Eligible for Study: Both
Accepls Healhy Volunteers:  No

Criterfa
incluslon Criteria;

1. Tumor eligibility: Hislologically or cylologically confirmed advanced, itoa resectable, andfor metaslallc solid lumer refraclory to standard of
care therapy, or for whom no standard of care therapy Is available, or who were not amenable to established forms of irealment.

2. Sofid fumers must have measurable or evaluable disease as per Response Evaluation Criteria in Solid Tumors (RECIST v. 1.1). Target
lestons that have been previously irradiated will not be consldered measurabfe {lasion) unless increase In size is obsesved following
completion of radiation therapy.

3. Female or male, 20 years of age or older,
4. ECOG performance stalus 0 to 2, Resolution of il acule toxic effects of prior (herapy or stirgical procedures to grade 1 (except alopecia).

5, Adequate organ function as defined by the following criteria: Serum aspartate transaminase (AST) end serum alanine transaminase (ALT) <3
x upper limit of normat {ULN), or AST and ALT <5 x LILN if liver funclion abnomalities are due to underying malignancy, Total serum
bitirubin 1.5 x ULN (except for patienls with documented Gilbert's syndrome) ; Absolute neutrophil count (ANC) >= 1500/pL; Platelets >=
90,000/L, ; Hemoglobin >= 9.0 g/dL; Serum crealining <2.0 x ULN

6. Signed and dated Informed consent document Indicating that the patient (or legally acceptable representative) has been informed of alt the
pertinent aspects of the trial prior to enroliment.

7. Willingness and ability to comply with scheduled visits, ireatment plans, laboratory lests, and other study procedures.
Exeluslon Criterja:
. Palients with leukemia, lymphomas, muliiple myeloma, or othar type of hematologic cancers.
. Major surgery, radialion therapy, or systemic anti-cancer therapy within 4 weeks of slarling study irealment.
. Prior high-fose chemotherapy requiring hematopolelic stem celf rescue,

Y

. Current trealment an another clinical irial,

. Brain metaslases, spinal cord compression, car¢inomatous meningitis, or leptomeningeal disease unless appropriately treated and

neurotegically stable for at least 4 weeks.

6. Any of the following within the 12 months prior to starting study trealment: myacardial infarctlon, severelunstable angina, coronary/peripheral
artery bypass graft, congestive heart faiture, or cerebrovascular accident including translent Ischemlc attack; within & months prior to starting
study treatment for pulmonary embolus, However, upon agreement between the invesligator and sponsor, the 6 month post-event-free
period for a patient with a pulmenary embolus can be waived if due fo advanced cancer. Appropriate trealment with anticoagulanis is
permitted,

7. Hypertenslon that cannot be controlled by medications (~150/100 mmtg despile optimal medical therapy).

8. Curren! trealment with therapeutlc doses of warfarin (low dose warfarin up to 2 mg PO daily for deep vein thrombosis prophytaxis is allowed).

oA WoN

9. Human Immunodeficiency virus {HIV)-posiive and Is receiving anti-relroviral therapy.

10. Hepalitis B virus (HBV) or hepatills C virus (HCV) with evidence of chrenlc aclive disease or recefvingfrequiring anliviral therapy.

11, History of recelving organ transplantation or immune disorders that require cantinuous immunosuppressant agent therapy.

12. Pregnancy or breastfeeding. Female palients must be surgically stedle or be postmenopausal, or must agree fo the use of effeclive
confraceplion during the period of therapy. All female patients with reproductive potential must have a negative pregnancy test (serumor
uring) prior to enroliment. Male patients mus! be surgically sterile or must agree to use effective contraception during the period of therapy.
The definition of effeclive contraception will be based on the judgment of the principal investigater or a designated associale.

13. Other severe acule of chronic medical or psychlalric conditions or lzboratery abnormalities that would impart, in the judgment of the
investigator and/or sponsor, excess risk assoctated with study participation or study drug administration, which would make the patient
inappropriate for eniry into this study.

https://clinicaltrials.gov/ct2/show/NCT02703298 2016/8/8
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. B> Contacts and Locations

Choosing to participale in a sludy is an important personal declsion. Talk with your doctor and family mernbers or friends about declding to join a
sludy. To learn more abou! this study, you or yeur doclor may centact the study research slalff using the Contacts provided below. For general
information, see Leam About Clinical Studies,

Please refer to this sludy by its ClinlcalTrials.gov identifier. NCT02703208

Contacts
Conlact: Wi-Chou Su, M\D.  (686)6-2353535 ext 3120  sunnysu@mail.ncku.edu.tw

Locations

Talwan
Nalionat Cheng Kung University HospHal Recrulting
Talnan City, Talnan, Taiwan, 704
Contact: Wa-Chou Su, MD.  (886)6-2353535 ext 3120  sunnysu@maitncku.edutw
Principal Investigator; Wu-Chou Su, M.D.
Sponsors and Collaborators

TalRx, Inc.
[nvestigators
Principal Investigator: Wue-Chou Su, M.D  National Cheng-Kung University Hospital

B More Information

Responsible Party: TaiRx, Inc.
ClinicalMrials.gov Identifer:  NCT02703298  History of Changes
Other Sludy {D Numbers:  CuM-002

Study First Received: February 22, 2016
Last Updated: March 22, 2018
Health Authority: United Stales: Faod and Drug Administration

Taiwan : Food and Drug Adminlsiration

Keywords provided by TaiRx, Inc.:
Advanced Solid Malignancy
Safety and Tolerabilily

Tumor Response

Oncology

ClinicalTrials.gov processed lhis record on Augusl 04, 2016

https://clinicaltrials.gov/ct2/show/NCT02703298 2016/8/8
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Tumor cell vascular mimicry: Novel targeting opportunity in melanoma

Mary J.C. Hendrix *>*! Elisabeth A. Seftor ', Richard E.B. Seftor *>', Jun-Tzu Chao ¢,

Du-Shieng Chien €, Yi-Wen Chu €
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ARTICLE INFO

Available anline 22 January 2016

Keywords:

Vascular mimicry

Tumor cell plasticity
CVM-1118

Vascular mimicry pathways
helanoma
Transendothetial phenotype

ABSTRACT

In 1999, the American Journal of Pathology published an article, entitled “Vascular channel formation by human
melanoma cells in vivo and in vitro: vasculogenic mimicry™ by Maniotis and colleagues, which ignited a spirited
debate for several years and earmed the journal's distinction of a “cltation classic™ (Maniofis et al., 1999). Tumor
cell vasculogenic mimicry (VM)}, alse known as vascular mimicry, describes the plasticity of aggressive cancer
celis forming de novo vascular networks and is associated with the malignant phenotype and pooer clinical out-
come. The tumor cells capable of VM share the commonality of a stem cell-like, transendothelial phenotype,
which may be induced by hypoxia. Since its introduction as a novel paradigm for melanoma tumor perfusion,
many studies have confributed new findings illuminating the underying molecufar pathways supporting VM in
a variety of tumors, including carcinomas, sarcomas, glioblastomas, astrecytomas, and melanomas. Of special sig-
nificance is the lack of effectiveness of angiogenesis inhibitors on tumor cell VM, suggesting a selective resistance
by this phenotype to conventional therapy. Facilitating the functionat plasticity of tumar cell VM are key proteins
assaciated with vascular, stem cell, extraceliular matrix, and hypoxia-related signaling pathways — each deserving
serious consideration as potential therapeutic targets and diagnostic indicators of the aggressive, metastatic phe-
notype. This review highlights seminal findings periirent to VM, including tie effects of a novel, small molecufar
compound, CVM-1118, currently under clinical development to target VM, and Hlluminates important molecular
pathways involved in the suppression of this plastic, aggressive phenotype, using melanoma as a model.

© 2016 Elsevier Inc, All rights reserved,
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1. Intvoduction

Cancer deaths predominantly result from metastases that are resis-
tant to conventional therapies. Indeed, the strategies to treat cancer in
general are confounded by the heterogeneous composition of most tu-
mors, where conventional therapies do not target all subpopulations, es-
pecially those with stem cell properties which in many cases are drug
resistant, In the war on cancer, the early seminat findings of Dr, Folkman
and colleagues guided scientists and the pharmaceutical industry to
fecus their efforts on targeting angiogenesis as a means to disrupt
tumor growth (Folkman, 1995). Although this approach of inhibiting en-
dotheliat cells forming the neovasculature of growing tumers seemed
strategically sound, the resulting angiogenesis inhibiter trials have
been disappointing {Steeg, 2003). However, the knowledge gained
fram this approach, together with genomic analyses, has advanced our
understanding of heterogeneous cancer celi phenotypes, including can-
cer stem cells, and has fed to viable combinatorial strategies based on
solid molecular Aindings (reviewed in Kirschmann et al,, 2012).

One of the new paradigms that has emerged from a combined molec-
ular and histopathelogical investigation has beent named “vasculogenic
mimicry”, also referred to as “vascular mimicry™ (VM}, and describes
the de novo formation of perfusable, matrix-rich, vasculogenic-like net-
works by aggressive tumor cells in 3-dimensional matrices in vitro
which correlated with matrix-rich networks in patients' aggressive tu-
mors {Maniotis et al., 1999), The initial morphologic and molecular
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VE-Cadherin
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characterization of VM was made in human melanoma in which the
tumor cells were shown to coexpress endothelial and tumor markers
and formed channels, networks, and tubular structures that are rich in
larninin, collagens IV and VI, and heparin sulfate proteoglycans, contain-
ing plasma and red blood cells, revealing a perfusion pathway for rapidly
growing tumors, as well as an escape route for metastasis (Hendrix et al,
2003). Remarkably, these findings agree with very early reports by others
suggesting the perfusion of melanoma tumors via nonendothelial-lined
channels based on morphological findings (Warren & Shubik, 1966).
Since the introduction of VM, myriad studies have contributed mechanis-
tic insights into the induction, formation, and targeting of VM across a va-
riety of cancers in addition to melanoma; including sarcomas (Ewing,
mesothelial, synovial, osteosarcoma, alveolar rhabdemyosarcoma);
carcinoma(s) of the breast, ovary, skin, lung, prostate, bladder, and
kidney; and gliomas, glioblastoma, and astrocytoma (reviewed in
Hendrix et al,, 2003), Collectively, these studies have given us a greater
appreciation for the complexity of the tumor vasculature, which can be
derived from a variety of sources, including angiogenic vessels, cooption
of preexisting vessels, intussusceptive microvascular growth, mosaic ves-
sels lined by both tumor cells and endothelium, postnatal vasculogenesis,
and VM (Déme et al., 2007; Carmeliet & Jain, 2011), Furthermore, recent
studies have shown the tumor origin of endothelial-like cells in specific
cancers {Ricci-Vitiani et al,, 2010; Wang et al,, 2010), further illuminating
a genetically unstable and heterogeneous vasculature, Most compelling is
the resistance of tumor cell VM to the majority of conventional therapies,

Hypoxia

®
e
I

proMMP2

Fig. 1. Schematic model of signaling pathways implicated in tumor cell vascular mimicry (VM). Gnly signaling melecules which have been specifically modulated using antisense
oligonucletides, small inhibitory RNAs, blecking antibedies, small molecule inhibiters, or transient transfections are depicted — demonstrating their ability to directly affect VA, and
are categorized as vascutar {red), embryonic/stem cell (green), tumor microenvironment (purple), and hypexia signaling pathways {(blue), Molecules shaded with two different colors
demonstrate averlap between major VAT signaling pathways, Involvement of Gal3 and 11-8 in VM has been previously reviewed (Mourad-Zeidan et al, 2008). Question marks indicate
the potential invalvement of a protein and/or downstream effector protein or proteins in madulating VM in aggressive cancer cells, for which the underlying signaling pathway or

pathways are not yet clearly defined, (Redrawn and madified from Seftor el al,, 2012.)
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thus emphasizing the need for new targeting approaches based on robust
molecular findings (van der Schaft et al,, 2004; Kirschmann et al,, 2012;
Seftor et al,, 2012),

2. Tunior cell plasticity underlies vascular mimiciy

Throughout many different cancer types, the tumor celis capable of
VM exhibit a remarkable degree of plasticity, indicative of a multipotent
phenotype usually associated with embryonic stem cells. The molecular
signature of the VM phenotype has revealed genes associated with em-
bryonic progenitors, endathelial cells, vessel formation, matrix remod-
eling, and coagulation inhibitors, and the down-regulation of genes
predominantly associated with lincage specific phenotype markers
{Bittner et al,, 2000; Seftor et al., 2002). While the initial microarray
studies revealed the differential molecular profile of highly aggressive
vs, nonaggressive human melanoma cells, later studies using laser cap-
ture microdissection and microgenomics profiling of melanoma VM
networks vs. endothelial-formed angiogenic vasculature confirmed
the upregulated expression of key angiogenesis-related and stem cell-
associated genes by the melanoma cells (Demou & Hendrix, 2008).
However, unlike narmal embryonic progenitors, these tumor cells lack
critical regulatory checkpoints which underlie their multipotent pheno-
type and contribute to unregulated growth and aggressive behavior
(Postovit et al., 2008). Recent studies have shed light on the induction
of tumor cell plasticity pertinent to melanoma VM, by indicating that
the hypoxic microenvironment contributes to the phenotype switch —
specifically aflowing melanoma cells to contribute to bleod vessel for-
mation (Mihic-Probst et al,, 2012}, Collectively, these findings provide
new insights into the molecular underpinnings of VM leading to an al-
ternative perfusion pathway found in many aggressive tumors,

3. Functional relevance of vascular mimicry in cancer

A meta-analysis of 22 eligible clinical studies with data relevant to
VM and 5-year survivat of 3062 patients across 15 cancer types revealed
tumor VM is associated with poor prognosis (Cao et al,, 2013), Thus, the
appearance of VM in the tumors of patients with a poor clinical outcome
implies a functiontally refevant advantage imparted by VM pertinent to
the survival of the aggressive tumor cell phenotype. While vascular en-
dothelial growth factor (VEGF)-dependent tumor angiogenesis plays a
critical role in the initiation and promotion of tumer progression and
has proven to be a viable therapeutic target for certain solid tumors,
subsequent failures in this approach resulting from the development
of inherent and/or acquired resistance have led to a greater understand-
ing of VEGF-independent angiogenesis (Dey et al., 2015). Although
tumor angiogenesis does not directly equate to a VEGF-dependent func-
tion, studies examining VEGF-independent angiogenesis have identified
key factors, such as the role of myeloid cells and VM, that are responsi-
ble for this activity, More specifically, cell-originated neovascularization
encompassing tumor-derived endothelial cell-induced angiogenesis
and VM have been proposed te be involved in the development of resis-
tance to anti-VEGF therapy seen in glioblastoma multiforme {Sodaet al,,
2013), and breast cancer cells have been shown to transdifferentiate to
drive VM (Paulis et al,, 2010). Other studies have shown that angiogenic
primary breast cancer can relapse not only as angiogenic, but non-
angiogenic lung metastases, which can lead to cancer progression
where the tumors are likely to be resistant to anti-angiogenic treatment
(Pezzella et al., 2000). Together, these observations suggest that VM
may be regarded as one of the major causes of the development of resis-
tance to anti-angiogenic therapy in solid tumors (Dey et al, 2015).

Experimental landmark studies have demonstrated a physiological
perfusion of blood between endothelial-lined mouse vasculature and
VM networks in human tumor xenografts using Doppler imaging of cir-
culating microbeads (Hendrix et al., 2000; Ruf et al,, 2003). Additional
findings from these studies elucidated the anticoagulant properties of
tumor cells lining VM networks, facilitating the flow of blood in

aggressive tumors, kit this manner, VM can provide a functional perfu-
sion pathway for rapidly growing tumors by transporting fluid from
leaky vessels and/or connecting with endothelial-lined vasculature.
Equally important is the lumenization of VM networks, which involves
a Caspase-3-driven process {Vartanian et al,, 2007). A noteworthy ex-
ample of VM functional plasticity and the importance of hypoxia as a
catalyst of this phenotype was shown by transplanting human metasta-
tic melanoma cells into an ischemic, hypoxic mouse limb, which result-
ed in the formation of chimeric vasculature composed of human
melanoma and mouse endothelial cells (Hendrix et al., 2002). After re-
storing blood flow and nermoxic conditions to the limb, the melanoma
celis formed a large tumor mass, which illustrated the remarkable influ-
ence of the microenvironment on the transendothelial differentiation of
melanoma cells that reverted to a more tumorigenic phenotype as the
envirenmental cues changed. The functional plasticity associated with
VM and the underlying multipotent tumor cell phenotype are
supported by a complex integration of signaling pathways that are typ-
fcally restricted to events in embryonic development, remodeling, and
neovascularization.
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Fig. 2, Flow cytometric analysis {Guava) was used to determine viability, proliferation and
apoplosis of 1 3 10 human melanoma celis without (Control] and after treatment with 1,
10 and 50 nM CVAS-1118 for 24, 48 and 72 h.
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The Drug Development and Approval Process

The Drug Development and Approval Process

The process of getting a drug to market, from first testing to final FDA approval, is summarized in figure
1 and described at greater length below.

Figure 1

An Overview of the Drug Development Process

Preclinical Clinical Approval Market
Toxicology | Investigational|l Phase | Phase Il Phase Il New Dryg Phase IV /
New Drug Application| Postmarket
Application surveillance
safety safety safety
dosing efficacy
efficacy | side effects
Expenses $15.2 $23.4 $86.5
million million million
Time 21.6 25.7 30.5 monthg
months months
1to 6 years 6 to 11 years 0.6to 4 11 to 14 year
years

Overall probability of success

30% 14% 9% 8%

Conditional probability of success
40% 75% 48% 64% 90%

SourcesDimasi, Hansen, and Grabowski (2003).

Notes: The line marked “Overall probability of success” is the unconditional probability of reacljing a
given stage. For example, 30 percent of drugs make it to phase | testing. The line marked

“Conditional probability of success” shows the probability of advancing to the next stage of the
process conditional on reaching a given stage. For example, the probability of advancing to PHase IlI
testing conditional on starting Phase Il testing is 48 percent.

Drug companies continuously analyze thousands of compounds, seeking ones of therapeutic value.
During the six to seven yearspfeclinical testingthe manufacturer completes synthesis and
purification of the drug and conducts limited animal testing. Of five thousand compounds tested,
approximately five will appear promising enough to induce the company to fitvestigational New
Drug Application (IND) If the IND is approved by the FDA and by lastitutional Review Boarcthe
manufacturer may begin the first phase of development.

ThelIND stage consists of three phasegphase | clinical trials using healthy individuals are conducted
to determine the drug’s basic properties and safety profile in humans. Typically the drug remains in this
stage for one to two years. phase ] efficacy trials begin as the drug is administered to volunteers of
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the target population. At the endpdiase 1) the manufacturer meets with FDA officials to discuss the
development process, continued human testing, any concerns the FDA may have, and the protocols for
phase 1) which is usually the most extensive and most expensive part of drug development. During the
phases of thiND, the manufacturer can obtancelerated development/reviefthe drug. Other
accommodations for usage prior to approval inclueatment INDandparallel tracking

Oncephase lllis complete, the manufacturer filesMDA. Review of theNDA typically lasts one to

two years, bringing total drug development and approval (that is, the IND and NDA stages) to
approximately nine years. During tN®DA stage, the FDA consults advisory committees made of

experts to obtain a broader range of advice on drug safety, effectiveness, and labeling. Once approved,
the drug may be marketed with FDA regulated labeling. The FDA also gathers safety information as the
drug is used and adverse events are reported, and it will occasionally request changes in a labeling or
will submit press releases as new contraindications arise. If adverse events appear to be systematic an
serious, the FDA may withdraw a product from the market.

Over time there has been a clear tendency for FDA regulations and requirements to expand and multipl
In 1980, the typical drug underwent thirty clinical trials involving about fifteen hundred patients. By the
mid-1990s, the typical drug had to undergo more than sixty clinical trials involving nearly five thousand
patients.

Public Agenda Onlindas some useful background information on medical and drug research in the
form of easy-to-read charts.

© 2016 Independent Institute
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
BEFORE THE TRADEMARK TRIAL AND APPEAL BOARD

In re Application Serial Nos. 86/155,839 and 86/885 — TAIRX and Design

Published in th®©fficial Gazetteon November 18, 2014

TauRx Therapeutics Ltd., )
Opposer, ))
V. ; Opposition No. 91221124
TaiRx, Inc., ))
Applicant. ))

OPPOSER’S RESPONSE TO APPLICANT'S
FIRST SET OF INTERROGATORIES

In accordance with Rule 33 of the Federal RuleSiwil Procedure and 37 C.F.R. §
2.120, Opposer responds to Applicant’s First Séhtarrogatories as set forth below, subject to
its general and specific objections.

GENERAL OBJECTIONS

1. Opposer objects to Applicant’s “Definitions” anddach Interrogatory to the
extent they are inconsistent with or attempt toosgobligations beyond those imposed by the
Federal Rules of Civil Procedure or the Trademar&l Bnd Appeal Board’s rules and
regulations.

2. Opposer objects to Applicant’s “Definitions” to tegtent they purport to alter the
plain meaning and/or scope of any specific Inteatory.

3. By submitting these responses, Opposer do notyirwary accept Applicant’s

purported definitions of words and phrases conthinghis discovery set.



4, Opposer objects to each and every Interrogatotiyed@xtent it seeks
identification of trial preparation materials omsulting experts retained by Opposer, or the
disclosure of facts known to or held by consul&@xgerts.

5. Opposer objects to each and every Interrogatottyed@xtent it seeks Opposer, in
advance of trial, to specify in detail the evidertaatends to present, or identify the witnesges i
intends to call.

6. Opposer objects to each and every Interrogatottye@xtent it seeks information
protected from discovery by the attorney-clienviege, the work-product doctrine and/or any
other applicable privilege, immunity, or doctrifdothing contained in these responses is
intended to be, or in any way constitutes, a wanfeany such privilege, immunity, or doctrine.

7. Opposer objects to each and every Interrogatottye@xtent it seeks information
that is already in Applicant’s possession, custadygontrol, or that is otherwise publicly
available to Applicant.

8. Opposer objects to each and every Interrogatottye@xtent it seeks information
related to activities outside of the United States.

9. Opposer objects to each and every Interrogatotiyed@xtent it is vague,
ambiguous, unintelligible, duplicative, overly bdhainduly burdensome, or seeks information
that is neither relevant to the claims or deferdesther party in this action nor reasonably
calculated to lead to the discovery of admissibidence.

10. Opposer has not yet completed its investigatioeffacts related to this
opposition. Consequently, all of the responsesatnatl herein are based only on such
information and documentation that is presentlyilaisée to Opposer. It is anticipated that

further investigation, research, and analysis suply additional facts, add meaning to known



facts, and perhaps establish entirely new factomatlcisions, all of which may in turn lead to
substantial additions or changes to these respoAsesrdingly, Opposer reserves the right to
amend these responses, and to offer related ewdgenadditional facts are ascertained, analyses
are made, research is completed, and contentiamsrigeapparent. Opposer will supplement
these responses pursuant to Fed. R. Civ. P. 26(e).

RESPONSES

INTERROGATORY NO. 1

State in detail the nature of the business, omersitiand activities conducted by
Opposer.

Answer: Opposer specifically objects to this Interroggton the grounds that the term
“activities” is vague and ambiguous.

Subject to its general and specific objections, @3@p states that it is a company
involved in the research, development, marketimgmmtion, and sale of pharmaceutical
products, including those relating to the diagndseatment, and cure of neurodegenerative
diseases caused through protein aggregation. Opfureer states that it will produce
documents in accordance with Fed. R. Civ. P. 3B¢) which Applicant can derive an answer
to this Interrogatory.

INTERROGATORY NO. 2

Identify each person who has knowledge of Opposefaction and adoption of

Opposer’s Mark and who has knowledge of how ihisnded to be used. To the
extent this interrogatory identifies more than (&) persons, limit the response
to only those persons who possess the most knoededg

Answer: Opposer specifically objects to this Interroggton the grounds that it is overly broad

and unduly burdensome to the extent that it seekglentity of up to 10 people.



Subject to its general and specific objections, @3@p incorporates by reference its Initial
Disclosures served on Applicant on August 18, 20d%¢h identify the individuals most
knowledgeable of Opposer’s selection and adoptiots dark and intended use of its Mark.

INTERROGATORY NO. 3

Describe in detail all goods and services formarlg currently being offered by
Opposer in conjunction with Opposer’'s Mark and tdgrihe dates on which
Opposer first began such use(s) and the geograpdas in which such use
occurred.

Answer: Opposer specifically objects to this Interroggton the grounds that it is overly broad
and unduly burdensome to the extent that it segksmation relating to “all goods and
services.” Opposer also specifically objects ts thierrogatory on the ground that it seeks
information unrelated to Opposer’s use of its Miarkhe United States.

Subject to its general and specific objections, @3gp states that it has not offered any
goods or services in conjunction with its Mark e tUnited States.

INTERROGATORY NO. 4

Describe any periods since Opposer’s alleged ddtesbuse, as set forth in the
preceding paragraph, during which oppose did ndenuse of Opposer’s mark.

Answer: Opposer specifically objects to this Interroggton the grounds that it is overly broad
and unduly burdensome to the extent that it segksmation relating to “all goods and
services,” as set forth in the referenced IntertmyaNo. 3. Opposer also specifically objects to
this Interrogatory on the ground that it seeksrimfation unrelated to Opposer’s use of its Mark
in the United States. Opposer further objects i®ltiterrogatory as vague and ambiguous, as the
term “as set forth in the preceding paragraph” da#secessarily refer to the preceding
Interrogatory No. 3.

Subject to its general and specific objections, @3gp states that it has not offered any

goods or services in conjunction with its Mark e tUnited States.



INTERROGATORY NO. 5
With respect to each good and/or service identifiegbur response to
Interrogatory No. 3, state the annual sales irstamid dollars from the date of
first use of each such good and/or service.
Answer: Opposer specifically objects to this Interroggton the grounds that it is overly broad
and unduly burdensome to the extent that it segksmation relating to “all goods and
services,” as set forth in the referenced IntertmyaNo. 3. Opposer also specifically objects to

this Interrogatory as seeking information unreldte@pposer’s use of its Mark in the United

States.

Subject to its general and specific objections, @3gp states that it has not sold any

goods or services in conjunction with its Marke tUnited States.

INTERROGATORY NO. 6

With respect to each good and/or service identifiegbur response to

Interrogatory No. 3, describe in detail the marninavhich Opposer’s Mark is

promoted in the United States, including but noiited to the media and mode of

any marketing efforts as well as the geographiregin which said promotions

are conducted.
Answer: Opposer specifically objects to this Interroggton the grounds that it is overly broad
and unduly burdensome to the extent that it segksmation relating to “all goods and
services,” as set forth in the referenced InteraryaNo. 3.

Subject to its general and specific objections, @3gp refers to its answer to

Interrogatory No. 3 and states that it has not teh Opposer’s Mark in the United States with

respect to goods or services offered in the Urfitades.

INTERROGATORY NO. 7

For each medium identified in the preceding intgatory, state the annual
expenditure for advertising and promotion sincepimon.



Answer: Opposer specifically objects to this Interroggton the grounds that it is overly broad
and unduly burdensome to the extent that it segksmation relating to “all goods and
services,” as set forth in the referenced InterrmyaNo. 6. Opposer also specifically objects to
this Interrogatory as seeking information unreldte@pposer’s use of its Mark in the United
States.

Subject to its general and specific objections, @3gp refers to its answer to

Interrogatory No. 6 and states that it has no suctual expenditures.

INTERROGATORY NO. 8

Identify the person or persons who, from the da®pmposer’s claimed date of
first use(s) of Opposer’s Mark to the present, Hasen responsible for the
marketing and/or promotion of Opposer’s goods awdises under Opposer’s
Mark indicating the period during which each pers@s so responsible.

Answer: Opposer specifically objects to this Interroggton the ground that it seeks
information unrelated to Opposer’s marketing, préoroor use of its Mark in the United States.

Subject to its general and specific objections, @&ep incorporates by reference its
answer to Interrogatory No. 3 and the Initial Distires served on Applicant on August 18,
2015.

INTERROGATORY NO. 9

Identify all advertising agencies, public relati@gencies or market research
agencies that Opposer has used, participated withaperated with in
advertising, marketing or promoting the goods/smwiidentified in response to
Interrogatory No. 3, and indicate the time peridpdi{gring which such activities
were conducted.

Answer: Opposer specifically objects to this Interroggton the grounds that it is overly broad
and unduly burdensome to the extent that it sedksmation relating to “all goods and

services,” as set forth in the referenced IntertayaNo. 3. Opposer further objects to this



Interrogatory on the ground that it seeks inforovatinrelated to Opposer’s advertising,
marketing or promotion in the United States.

Subject to its general and specific objections, @3gp states that it has not used any such
agencies.

INTERROGATORY NO. 10

With respect to each good and/or service identifiegbur response to

Interrogatory No. 3, describe in detail the chasméldistribution by which the

goods and/or services of Opposer under Opposertk Mach or are expected to

reach the ultimate user or consumer.

Answer: Opposer specifically objects to this Interroggton the grounds that it is overly broad
and unduly burdensome to the extent that it sedksmation relating to “all goods and
services,” as set forth in the referenced IntertagyaNo. 3. Opposer further objects to this
Interrogatory on the ground that it seeks infororatinrelated to Opposer’s use of its Mark in
the United States.

Subject to its general and specific objections, @3@p states that its goods and services
would be distributed through channels associatell the pharmaceutical industry, including
pharmaceutical companies, hospitals, physiciangsipian groups, and pharmacies.

INTERROGATORY NO. 11

Identify any and all licensees of Opposer’s Maflany, and in so doing, describe

each licensing arrangement and identify each pitoslhud/or service offered or

sold by each licensee under Opposer’s Mark or aimdiésignation.
Answer. Opposer specifically objects to this Interroggtio the extent that it seeks information
regarding Opposer’s licensing of its Mark outsidi¢he United States. Subject to its general and

specific objections, Opposer states that it hasicensed Opposer’s Mark to anyone in the

United States.



INTERROGATORY NO. 12

Describe in detail any adversarial proceeding atlehge, if any, involving
Opposer’s Mark, or any similar designation, beftwe Trademark Trial and
Appeal Board, Bureau of Customs, Federal Trade Cesiom, or any court or
tribunal, including but not limited to any challengy cease and desist letter to
Opposer’s Mark.

Answer: Opposer specifically objects to this Interroggtbbecause the phrase “or any similar
designation” is vague and ambiguous. Opposer @saifically objects to this Interrogatory to
the extent that it seeks information relating togeedings outside of the United States.

Subject to its general and specific objections, @3gp states that it will produce
documents in accordance with Fed. R. Civ. P. 3B¢) which Applicant can derive an answer
to this Interrogatory.

INTERROGATORY NO. 13

Identify all persons who have knowledge concerrdpgposer’s selection,
adoption and/or use of Opposer’s Mark for any potsland services.

Answer: Opposer specifically objects to this Interroggton the grounds that it is overly broad
and unduly burdensome to the extent that it iss#ekidentification of “all persons” for “any
products and services.” Opposer also specificdljgais to this Interrogatory on the ground that
it is duplicative of Interrogatory No. 2.

Subject to its general and specific objections, @ep incorporates by reference its Initial
Disclosures served on Applicant on August 18, 2@d&ch identifies the individuals most
knowledgeable of Opposer’s selection, adoption/@nake of its Mark.

INTERROGATORY NO. 14

Identify and describe any and all opinions relatmghe Opposer’s Mark,
including but not limited to Opposer’s use of Opgrts mark vis-a-vis
Applicant’s Mark.



Answer: Opposer specifically objects to this Interroggton the grounds that it seeks
information subject to attorney-client privilegedaor the work product doctrine. Subject to its
general and specific objections, Opposer stateésithauch non-privileged opinions exist.

INTERROGATORY NO. 15

Identify and describe any and all investigatiordlsy studies, evaluations,

analysis, tests, ratings, or surveys relating tpd3pr's Mark or Applicant’s

Marks, including but not limited to Opposer’'s us€pposer’s Mark.
Answer: Opposer specifically objects to this Interroggton the grounds that it seeks
information subject to attorney-client privilegedaor the work product doctrine.

Subject to its general and specific objections, @3gp states that no such non-privileged

investigations, polls, studies, evaluations, ang)yests, ratings, or surveys exist.

INTERROGATORY NO. 16

Describe in detail Opposer’s awareness and knowlefidpplicant, Applicant’s
business activities, Applicant’s Marks, and/or Apaht’s use or intended use of
Applicant’s Marks, prior to as well as subsequer®pposer’s use of Opposer’s
Mark and filing of its federal trademark applicatj@and in so doing, state the
dates on which each person or persons gained suhlddge or awareness.

Answer: Opposer specifically objects to this Interroggton the grounds that it seeks
information subject to attorney-client privilegedaor the work product doctrine. Opposer also
objects to this Interrogatory to the extent it seeormation unrelated to Applicant’s and
Opposer’s activities in the United States.

Subject to its general and specific objections, @3gp states that it first became aware of
Applicant’s intended use of its Marks in the Uniteites after Applicant filed its applications

for its Marks in the U.S.P.T.O.



INTERROGATORY NO. 17

Identify the intended and actual consumers of Opp®goods and/or services
offered and/or sold under or in connection with Gggr’s Mark or similar
designation.

Answer: Opposer specifically objects to this Interroggtbecause the phrase “similar
designation” is vague and ambiguous. Opposeraigerts to this Interrogatory to the extent it
seeks information related to consumers outsidbetinited States.

Subject to its general and specific objections, @3gp states that the intended customers
for its goods and services include (1) pharmacalutisompanies with respect to which Opposer
would enter development partnerships, (2) hosp#tatsother healthcare providers, and (3)
people suffering from neurodegenerative diseasekjding but not limited to dementia and
Alzheimer’s Disease. Opposer further states thaillifproduce documents in accordance with
Fed. R. Civ. P. 33(d) from which Applicant can geran answer to this Interrogatory.

INTERROGATORY NO. 18

Identify and describe any instances of actual csinfuor mistake with respect to
the goods and/or services sold or offered by Opparsger Opposer's Mark and
the goods and services intended to be offered Iplidgnt under Applicant’s
Marks.

Answer: Opposer specifically objects to this Interroggton the grounds that it is irrelevant
and is unlikely to lead to the discovery of adnbsievidence because Applicant does not
appear to offer any goods or services under itkMar the United States.

Subject to its general and specific objections, @3@p states that it is not currently aware
of any such instances of actual confusion. Oppeseyvestigation, however, continues.

INTERROGATORY NO. 19

State in detail the factual and legal basis for@p@oser’s contention that
“Applicant’s proposed use and registration of TAIRXd Design mark is likely
to result in confusion, mistake, or deception vijhposer, its TAURX Mark, or
the belief that Applicant or its identified goodsdaservices intended to be or



actually sold and offered under the TAIRX and Dasigark are in some way
connected with, licensed, or approved by Opposdhai Applicant is a business
partner of or otherwise affiliated with Opposerotite of Opposition at pg. 5 9.

Answer: Opposer specifically objects to this Interroggton the ground that it seeks purely
legal arguments. Opposer also specifically objexthis Interrogatory on the ground that it is
premature because discovery is ongoing in this Gigpa.

Subject to its general and specific objections, @3gp states that Opposer's TAURX
Mark and Applicant’s proposed TAIRX and Design Marke confusingly similar. Opposer
further states that the goods and services asedamth the parties’ respective marks are
identical or closely related, as they both invgivarmaceuticals. In addition, the trade channels
and consumers for Opposer’s and Applicant’s goodssarvices with their respective marks are
the same or similar. Further, Opposer is developedications for use by people with
dementia, Alzheimer’s Disease, or other neurodegéine diseases. These people could have
diminished mental capacities to differentiate bemvenedications, and should they have
medications from both Opposer branded with the TXURark and the Applicant branded with
the TAIRX mark, they may confuse one medicatiorhwitte other, which could lead to
potentially dangerous or catastrophic health conseces.

INTERROGATORY NO. 20

State in detail the factual and legal basis for@p@oser’s contention that
“Accordingly, applicant’s registration of the TAIRXnd Design mark would
damage Opposer.” Notice of Opposition at pg. 5 11.

Answer: Opposer specifically objects to this Interroggton the ground that it seeks purely
legal arguments. Opposer also specifically objexrthis Interrogatory on the ground that it is
premature because discovery is ongoing in this @gpa.

Subject to its general and specific objections, @3@p states that “applicant’s registration

of the TAIRX and Design mark would damage OppogeiCause such registrations would



provide Applicant federal rights for marks that aomfusingly similar to Opposer’'s TAURX
Mark.

INTERROGATORY NO. 21

Identify each lay and expert witness Opposer expectall to testify on its behalf
in this matter, and state the subject matter ofi sach witness’s expected
testimony, and identify each exhibit that Opposéends to introduce or rely
upon in connection with such witness.

Answer: Opposer specifically objects to this Interroggton the ground that it is premature
because the testimony period has not yet begunQapdser is not yet required to disclose each
lay witness it intends to call to testify on itshiadf in this matter.

Subject to its general and specific objections, @3gp states that it will disclose its lay
witnesses when required to do so by the Board’ediding order in this Opposition. Opposer
further states that at this time it does not intendall any expert witnesses to testify on its
behalf in this Opposition.

INTERROGATORY NO. 22

Identify and describe all documents Opposer exgeatse, introduce or rely
upon at the time of trial in this matter.

Answer: Opposer specifically objects to this Interroggton the ground that it is premature
because fact discovery is still open in this madted the testimony period has not yet begun.
Opposer further objects to this Interrogatory aadghounds that it is overly broad and unduly
burdensome to the extent that it asks Opposeeetttiig and describe “all documents.”

INTERROGATORY NO. 23

Identify all persons who were consulted or paratgal in the preparation of the
answers to these interrogatories.

Answer: Subject to its general objections, Opposer statasthe following people were

consulted or participated in the preparation ofghswers to these interrogatories: Claude



Wischik (Executive Chairman), Lawrence Wong (Comp&ecretary and Legal Counsel),
Timothy Earle (Chief Business Officer and Chief @timg Officer), Charles Harrington (Chief
Scientific Officer and Intellectual Property Offideand John Cheung (CMC Logistics Project
Manager).

INTERROGATORY NO. 24

Has the Opposer taken legal action against a garty other than the Applicant
to police or enforce its alleged rights in Opposéfark? If so, please set forth,
with particularity the following:

1. The name and address of the party against whotheglaéaction was instituted;
2. the date(s) during which the legal action tranghire

3. a complete description of the legal action taken;

4. if the legal action took place before the Unitedt&s Patent & Trademark Office or any
state or federal court or agency, the name of mitieyen which it took place including

the proceeding number assigned thereto;

5. a complete description of the allegations incluthethe legal action;

o

the result of the legal action.

Answer. Opposer objects to this Interrogatory to theeekit seeks information related to legal
actions outside of the United States. Subjectstganeral and specific objections, Opposer states
that it will produce documents in accordance wigd FR. Civ. P. 33(d) from which Applicant

can derive an answer to this Interrogatory.



INTERROGATORY NO. 25

Has a third-party ever taken legal action agaimst@pposer regarding the
Opposer’s use of Opposer’'s Mark? If so, pleaséostt, with particularity the
following:

1. The name and address of the party against whoheglaéaction was instituted,;
2. the date(s) during which the legal action tranghire

3. a complete description of the legal action taken;

4. if the legal action took place before the Unitedt&s Patent & Trademark Office or
any state or federal court or agency, the nambeoéntity in which it took place

including the proceeding number assigned thereto;

5. a complete description of the allegations incluthethe legal action;

6. the result of the legal action.

Answer. Opposer objects to this Interrogatory to the mixtieseeks information related to legal
actions outside of the United States. Subjectstganeral and specific objections, Opposer states
that nothird party has taken legal action against Oppuoesgarding Opposer’s use of its Mark in

the United States.



Respectively submitted,

PATTISHALL, McAULIFFE, NEWBURY,
HILLIARD & GERALDSON LLP

May 11, 2016 By:  s/Jason Koransky/
Thad Chaloemtiarana
Jason Koransky
200 South Wacker Drive
Suite 2900
Chicago, lllinois 60606
(312) 554-8000

Attorneys for Opposer, TauRx Pharmaceuticals Ltd.



CERTIFICATE OF SERVICE
I, Jason Koransky, certify that a true and corrempy of the foregoinfD PPOSER’S
RESPONSES TO APPLICANT'S FIRST SET OF INTERROGATORIES was served by

first class mail on May 11, 2016, on Applicant s counsel, with a courtesy copy sent via e-

mail:

Matthew H. Swyers

The Trademark Company PLLC

344 Maple Avenue West, Suite 151
Vienna, VA 22180
mswyers@thetrademarkcompany.com

s/Jason Koransky /







