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Plaintiff Hoffmann-La Roche Inc. (“Roche™) brings this Verified Complaint against
Accord Healthcare Inc. (“Accord”) and Intas Pharmaceutical Ltd. (“Intas™) (collectively

“Defendants”), and says:

NATURE OF THE ACTION

1. This is an action for infringement of Claim 6 of United States Patent No.
5,472,949 (“the *949 patent™). Roche brings thié action to enforce its patent rights covering
Xeloda® capecitabine 150 mg and 500 mg tablets, the first oral chemotherapy drug approved in
the United States. Xeloda®™ has been approved in the United States for the treatment of breast
and colorectal cancer and Dukes’ C Stage I1I colon cancer. A copy of the "949 patent is attached

to this Complaint as Exhibit A.

PARTIES

2. Roche is a company organized and existing under the laws of the State of New
Jersey with its principal place of business at 340 Kingsland Street, Nutley, New Jersey 07110.

3. On information and belief, Accord is a corporation organized under the laws of
North Carolina, with its principal place of business at 1009 Wﬂsoﬁ Road, Suite 210-B, Durham,
North Carolina 27703.

4. On information and belief, Accord is in the business of selling generic
pharmaceutical products, which it distributes in the State of New Jersey and throughout the
United States. |

5. On information and belief, Accord is licensed with the New J ersey Department of
Health and Senior Services as a seller of pharmaceuticals in the State of New Jersey.

6. On information and belief, generic drug products developed and manufactured by
Accord and approved by the FDA are for sale and are sold in the State of New Jersey, including

eleven (11) approved pharmaceuticals listed on the New Jersey Medicare formulary.
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7. Accord has previously submitted to the jurisdiction of this Court in Astrazeneca
Pharmaceuticals LP, et al. v. Accord Healthcare, Inc., et al., Civil Action No. 3:08-cv-04804-
JAP-TIB and Astrazeneca Pkarma.ceuticals LP v. Accord Healthcare, Inc., et al., Civil Action
No. 3:09-cv-00619-JAP-TJB.

8. Accord has availed itself of the legal protections of the State of New Jersey,
having asserted counterclaims filed in this jurisdiction.

9. On information and belief, Intas is a corporation organized under the laws of
India, with its principal place of business at Chinubhai Centre Off, Nehru Bridge Ashram Road,
Ahmedabad 380009, Gujarat, India.

10. On information and belief, Intas is in the business of manufacturing and selling
generic pharmaceutical drugs that are marketed and distributed by Accord in New Jersey and |
throughout the United States. |

11.  Intas has previously submitted to the jurisdiction of this Court in Astrazeneca
Pharmaceuticals LP, et al. v. Accord Healthcare, Inc., et al., Civil Action No. 3:08-cv-04804-
JAP-TJB and Astrazeneca Pharmaceuticals LP v. Accord Healthcare, Inc., et al., Civil Action
No. 3:09-cv-00619-JAP-TJIB.

12. Intas has avai}led itself of the legal protections of the State of New Jersey, having
asserted counterclaims filed in this jurisdiction.

13. On information and belief, Accord is a wholly-owned subsidiary and agent of
Intas. |

14. On information and belief, the acts of Accord complained of herein were done
updn the initiation, direction and céntrol of, and with the authorization of, and/or with the

cooperation, participation and assistance of Intas.
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JURISDICTION AND VENUE

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

16.‘ On information and belief, Defendants are in the business of formulating,
manufacturing, marketing and/or selling generic pharmaceutical drugs that they distribute in
New Jersey and throughout the United States. Defendants, either directly and/or through one or
more of théir agents or distributors, sell and/or distribute a substantial volume of their
pharmaceutical products in New Jersey.

17. This Court has personal jurisdiction over Defendants because, inter alia,
Defendants have previously submitted to jurisdiction in this Court, and have availed themselves
of the jurisdiction of this Court by asserting counterclaims in lawsuits filed in the United States
District Court for the District of New Jersey and have maintained continuous and systematic
contacts with the State of New Jersey.

18. Venue is proper in this District under 28 U.S.C. §§ 1391 and 1400(b).

THE PATENT IN SUIT

19. On December 5, 1995, the 949 patent, titled "N4-(Substituted-0xycarbonyl)—5’—
Deoxy-5-Fluorocytidine Compounds, Compositions and Methods of Using Same,” was duly and
legally issued by the United States Patent and Trademark Office (“PTO”). Roche is the lawful
owner by assignment of all rights, title and interest in and to the 949 patent, including all rights
to sue and recover for infringement thereof.

20. The *949 patent covers N4-(substituted—oxycarbonyl)—5’—deoxy—S—ﬂuorocytidine
compounds, compositions and methods of using same. Capecitabine is a N*-(substituted-
oxycarbonyl)-5’-deoxy-5-fluorocytidine compound. The Xeloda® drug product ‘contains

capecitabine.
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STATEMENT OF FACTS COMMON TO ALL COUNTS

21.  This action arises from Accord’s efforts to gain approval from the FDA to market
a generic version of Roche’s Xeloda® brand c;etpecitabine drug products prior to the expiration of
Roche’s *949 patent . The FDA approved Roche’s Xeloda® brand capecitabine drug pfoduct for
marketing in the United States under Roche’s New Drug Application (“NDA™) No. 20-896,
pursuant to section 505(b) of the Federal Food, Drug, and Cosmetics Act (“FFDCA™), 21 U.S.C.
§ 355(b).

22. With the passage of the Hatch-Waxman Act in 1984, the FFDCA provisions with
respect to the generic drug approval process were amended in several important respects. One
provision requires innovator drug companies to submit patent information to thé FDA “with
respect to which a claim of patent infringement could reasonably be asserted if a person not
licensed by the owner engaged in the manufacture, use, or sale of the drug.” 21 U.S.C.

§ 355(b)(1). The FDA then publishes the submitted pétent informatioh in a publication entitled
“Approved Drug Products with Therapeutic Equivalence Evaluations” (commonly referred to as
the “Orange Book”).

23. In compliance with that statutory obligation, Roche submitted patent information
to the FDA in connection with its NDA No. 20-896 for Roche’s Xeloda® brand capecitabine
drug product, and the FDA has published the same in the Orange Book.

24. The Hatch-Waxman Act further amended the FFDCA to permit drug companies
to gain approval of generic copies of innovator drugs (also called the “reference drug”) by
referencing studies performed by the innovator, without having to expend the same considerable
investment in time and resources as does the innovator company. Thus, generic drug companies
are permitted to file what is referred to as an Abbreviated New Drug Application (“ANDA™)
under 21 U.S.C. § 355(}'). When filing an ANDA, generic drug companies are required to review
the patent information that the FDA listed in the Orange Book for the reference drug and make a

statutory certification (commonly called “patent certification”) with respect to same.
5
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25.  Asrelevant here, the generic drug company may seek FDA approval to market its
generic drug product prior to patent expiration by alleging in its ANDA that the listed patent(s)
is/are “invalid or will not be infringed” (commonly called a “Paragraph IV certification”). 21
U.S.C. § 355()(2)(A)(vii)(IV).

26.  The 949 patent is listed in the Orange Book as a patent “with respect to which a
claim of patent infringement could reasonably be asserted if a person not licensed by the owner
engaged in the manufacture, use, or sale of the drug.” 21 U.S.C. § 355(b)(1).

27. On information and belief, Accord has filed ANDA No. 202593 with the FDA
seeking approval to market 150 mg and 500 mg generic copies of Roche’s Xeloda® brand
capecitabine drug products prior to expiration of Roche’s 949 patent.

28. On or about February 17, 2011, Roéhe received a letter from Dr. Samir Mehta,
President of Accord Healthcare Inc., purporting to be a notice of Accord’s filing an ANDA
seeking to market a generic copy of Roche’s Xeloda® brand capecitabine drug products and
allegedly contaihing a Paragraph IV certification as required by 21 U.S.C. §§ 355()(2)(B)(i) and
(i1) with respect to Roche’s "949 patent.

29.  Accord’s Paragraph IV Notice to Roche states Accord’s intention to seek FDA
approval to market generic versions of Roche’s Xeloda® brand capecitabine drug products prior
to expiration of Roche’s *949 patent, which expires at midnight on December 14, 2013.
Notwithstanding the U.S. PTO’s grant of the *949 patent to Roche, Accord asserts in its
Paragraph IV Notice that the *949 patent is invalid.

30.  Accord’s efforts to seek FDA approval to market a generic copy of Roche’s
Xeloda® brand capecitabine drug products prior to expiration of Roche’s *949 patent constitutes
an act of infringement and, thus, creates a justiciable éontroversy between Roche and Defendants
with respect to the subject matter of Accord’s purported ANDA and the validity and

infringement of Roche’s *949 patent.
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31.  Accord filed its ANDA for a generic copy of Roche’s Xeloda® brand capecitabine
drug products because Defendants seek to enter the capecitabine market that Roche has created
by providing advantageous treatment for breast and coloréctal cancer and Dukes’ C stage I

colon cancer.

COUNT ONE

Infringement of Claim 6 of the '949 Patent Under 35 U.S.C. § 271(e)(2)

32, Roche alleges paragraphs 1 through 31 above as if set forth herejn.

33.  Oninformation and belief, Accord included a Paragraph IV certification under 21
U.‘S.C. § 355(G)2)(A)viD)(V) with ANDA No. 202593 alleging that the *949 patent is invalid.

34, Upon information and belief, Intas initiated, directed and controlled the activities
of Accord with regard to ANDA No. 202593 and the capecitabine drug product described
therein. '

35. Pursuant to 35 U.S.C. § 271(e)(2)(A), Defendants Intas and Accord committed an
act of infringement by filing with the FDA ANDA No. 202593 with a Paragraph IV certification
that seeks FDA marketing approval for a generic copy of Roche’s Xeloda® brand capecitabine
dﬁg products prior to expiration of Roche’s 949 patent. |

; 36. Any commercial manufacture, use, offer for sale, sale, and/or importation of
Defendants® generic capecitabine drug products prior to expiration of the *949 patent will
infringe Claim 6 of Roche’s 949 patent under 35 U.S.C. § 271(e)(4)(C). |

37.  Roche is entitled to the relief provided by 35 U.S.C. § 271(e)(4), iﬁcluding, inter
alia, an Order of this Court that the effective date of approval for Defendants’ ANDA No.
202593 be a date that is not earlier than the expiration date of the *949 patent, which is currently
December 14, 2013.

38.  Roche will be irreparably harmed by Defendants’ infringing activities unless
~ those activities are enjoined by this Court. Roche does not have an adequate remedy at law.

.
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COUNT TWO

Infringement of Claim .6 of the 949 Patent Under 35 U.S.C. § 271(b)

39.  Roche alleges paragraphs 1 through 38 above as if set forth herein.

40.  On information and belief, Intas actively induced Accord to submit ANDA No.
202593 to the FDA to obtain approval under the FFDCA to engage in the commercial
manufacture, use, or sale throughout the United States including New Jersey of Accord’s generic
copy of Roche’s Xeloda® brand capecitabine drug products. By actively inducing submission of
the ANDA, Intas has ‘committed an act of indirect infringement with respect to Claim 6 of the
’949 patent under 35 U.S.C. § 271(b).

41.  Any commercial manufacture, use, offer for sale, and/or importation of Accord’s
generic copy of Roche’s Xeloda® brand capecitabine drug products prior to patent expiry will
infringe Claim 6 of the *949 patent under 35 U.S.C. § 271(a) and Intas’ conduct will actively
induce such infringement ﬁnder 35 U.S.C. §271(b). .

COUNT THREE

Declaratory Judgment of Infringement of Claim 6 of the ’949 Patent Under 35 U.S.C. §271°

42.  Roche alleges paragraphs 1 through 41 above as if set forth herein.

43. This claim arises under the Declaratory Judgment Act, 28 U.S.C. §§ 2201 and
2202. |

44.  Roche s entitled to a declaration that, if Defendants, prior to patent expiry,
commercially manufacture, use, offer for sale or sell Accord’s proposed generic version of
Xeloda® brand capecitabine drug product within the United States, import Accord’s proposed
generic version of Xeloda® brand capecitabine drug product into the United States, or induce or

contribute to such conduct, Defendants would infringe Claim 6 of the *949 patent under 35

U.S.C. § 271(a), (b) and/or (c).
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45. Roche will be irreparably harmed by Defendants’ infringing activities unless -

those activities are enjoined by this Court. Roche does not have an adequate remedy at law.

EXCEPTIONAL CASE

46. The actions of Defendants, individually and collectively, render this an exceptional
case under 35 U.S.C. § 285, and therefore Roche is entitled to an award of reasonable attorneys
fees from Defendants because their failure to adhere to appropriate legal standards in the

Paragraph IV Notice letter.

INJUNCTIVE RELIEF

47.  Roche will be irreparably harmed by infringing activities of Defendants unless

those activities are enjoined by this Court. Roche does not have an adequate remedy at law.

RELIEF SOUGHT

WHEREFORE, Plaintiff requests:

A) A judgment and decfee that Claﬁm 6 of ‘;he ’949 patent is valid and enforceable;

B) A judgment that Defendants infringed Claim 6 of Roche’s"949 patent under 35
U.S.C. § 271(e)(2)(A) by submitting ANDA No. 202593 with a Paragraph IV certification
seeking to market generic versiéns of Xeloda® céi)ecitabine drug products pﬁor to the expiration
of the "949 patent;

C) A Judgment that Intas infringed Claim 6 of Roche’s *949 patent under 35 U.S.C. §
271(b) by actively inducing Accord to infringe Roche’s 949 patent under 35 U.S.C. §
271(e)(2)(A);

D) An Order pursuant to 35 U.S.C. § 271(e)(4)(A) that the effective date of any FDA
approfzal of Accord’s ANDA No. 202593 be a date that is not earlier than the expiration date of

the "949 patent, which is currently December 14, 2013;
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" E) A judgment that the commercial manufacture, use, offer for sale, sale, and/or
importation of Accord’s generic version of Xeloda® capecitabine drug products prior to the
expiration of the 949 patent will constitute an act of infringement of the said patent under § 271;

F) A judgment declaring that if Defendants, their respective officers, agents,
servants, employees, licensees, and representatives, and all other persons acting or attempting to
act in active concert or participation with them or actibng on their behalf, engage in the
commercial manufacture, use, offer for sale, sale, and/or importation of generic versions of
Xeloda® cepecitabine drug products prior to the expiration of the *949 patent, such cenduct will
constitute an act of infringement of Claim 6 of the *949 patent under § 271;

G) A permanent injunction pursuant to 35 U.S.C. § 271(e)(4)(B) restraining and
enjoining Defendants and their respective officers, agents, servants and employees, licensees,
and representatives and those persons in acting or attempting to act in active concert or
participation with any of them, from engaging in the commercial manufacture, use, offer to sell,
or sale within the United States, or importation into the United States of their generic versions of
Xeloda®™ capecitabine drug products prior to December 15, 2013, the day after the current
expiration of the 949 patent;

H) An award of attorneys’ fees under 35 U.S.C. § 285; and

D Such other and further relief as the Court may deem just and proper.

10
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Respectfully submitted,
GIBBONS P.C.
Dated: June 24, 2011 s/ Sheila F. McShane
Newark, New Jersey By: David E. De Lorenzi, Esq.

Sheila F. McShane, Esq.

One Gateway Center

Newark, New Jersey 07102-5310
Telephone No.: (973) 596-4500
Facsimile No.: (973) 596-0545

OF COUNSEL:

Brian D. Coggio, Esq.
John D. Garretson, Esq.
Michael A. Siem, Esq.
Irene E. Hudson, Esq.

FISH & RICHARDSON P.C.
601 Lexington Avenue, 52nd Floor
New York, New York 10022
Telephone No.: (212) 765-5070
Facsimile No.: (212) 258-2291

Attorneys for Plaintiff
HOFFMANN-LA ROCHE INC.
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YERIFICATION

I, Sheila F. McShane, have read the foregoing Verified Complaint, and declare pursuant
to 28 U.S.C. § 1746, under penalty of perjury, that the foregoing information stated therein is
true and correct to the best of my knowledge, information and belief. ‘

Date: June 24, 2011 ' s/Sheila F. McShane
Sheila F. McShane
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EXHIBIT A
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A
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o or

wherein R’ is @ samrated or unsafirated, straight or
branched hydrocarbon radical wherein the number of
catbon atoms in the longest straight chain of this
hydrocarbon radical ranges from three to SEVEn, Ot i5 A
radical of the formula —(CHyn—~Y wherein Y is 2
cyclohexyl radical, a C,-C, alkoxy radical or a pheayl
radical and whotetn when Y is a cyclohexy! radical n is
an integer from 0 to 4, and when Y 1§ C,~C, alkoxy
radical or & phenyl radical n is an imeger from 2 to 4,
and R? is 2 hydrogen atom or & radical easlly hydro- -
iyzable under physiological conditions,
or a hydrate or solvate thereof, Compounds of formula ()
are useful in the teatment of tumors.,

6 Claims, No Drawings



1

*(SUBSTITUTED-OXYCARY ONYL)-5'
" DEOXY-5-FLUOROCYTIDINE COMPOUNDS,
COMPOSITIONS AND METHODS OF USING
SAME : ‘

SUMMARY OF INVENTION
The invention relates to N “»(snbstitut’ed~Qxycatbony])-5'~

deaxy-5- fluorocytidine derivatives of formula o, 10
I 1
| ol
~ R
aw)\ o 15
NF F
N
BC 20
o or

wherein R! is 2 saturated or unsaturated, straight or branched 25
hydrocarbon radical wherein the number of carbon atoms in

" the Jongest straight chain of the hydrocarbon radical ranges
from three to seven, or 15 a radical of the formula
~{CHply—Y wherein Y'is a cyclohexy radical, a C-C,

- alkoxy redical or 2 phenyl radical and n is an integer from 30

0o 4; and when Y is a C,~C, alkoxy radical or & phenyl
tadical 1 is an integer from 2 to 4, and R? is a hydrogen atom
or.a radical easily hydsolyzable under physiological condi-
tons, -
or 2 bydrate or solvate thereof. The compound is useful for 35
treating tumors. ' :

Ju another aspect, the invention reiates to a pharmacen-
tical composition intluding an effective amount of at least
one compound of formula (I). The pharmaceutical compo-
sition has excellent phanmacokinetic profiles for ‘treating 40
tumors with high safety margin, - ) ]

In yet 2 further aspect, the invention relates to a method
of ireating tumors comprising administering to a host in
need of sueh ireatment an effective amount of # compound

of formula (1), ) 45
in yet another aspect, the invention relates 1o a process for
. producing g Nd-(substitoted-oxycarbonyl)-5*-finorocytidine
derivatives which comprises rezciing a compound of for-
muta ({I). '
50
[€35]
PN ¥
: O
-
60
g0 opt
wherein R* is a hydroxy-protecting radical, with a com-
pound of formula (1) :
R'OCOC am 65

and, optionally, removing R?.

5,472,949
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2
BACKGROUND OF THE ART

. Ttis known that many precursors of 3-fluorouraci] (3-FU)
are useful as antitumor agents, but in general thelr binoon-
version efficiency is sl insufficient for the treatment of
patients suffering from tamors, Further they cause intestinal
toxicities and immunosuppressive toxicities, which are their
major and dose limiting toxicides, respectively,

U8, Pat. No. 4,966,891 discloses precursors of $-RU
which are improved in the above mentonsd aspect of
bioconversion efficiency and toxicities, They are converted
to 5-deoxy-5-fiuorocytidine (5-DFCR) by acylamidases, to
S-deoxy-5-finorouridine (5-DRUR) by cytidine deaminase,
and then to S-FU by pyrimidine nucleotide phosphorylase in
vivo which is preferentially Incalized in the Hver, smali-
intestin and fumor tissues. :

' DETAILED DESCRIPTION OF THE
INVENTION

The invention relates to com}ﬁounds of formuls (),

- _‘ 2]
o

N

m
R

F .

.®Fo  or

whereln R is 2 saturated or unsaturated, straight or
- branched hydrocarbon radical whersin the mumber of
catbon atoms in the Jongest straight chain of this
bydrocarbon radical ranges from three to seven, or is 4
vadica) of the formuta —(CH,),~Y wherein Y is &
cyclohexy) radical, a C ~C, alkoxy radical or g phenyl
radical and wherein when Yisa cyclohexyl radicsl n is
an imeger from 0 10 4, and when Y is Cy~C, alkoxy
radical or a pheny! radieal n is an integer from 2 to 4,
and R? is a hydrogen atom or a radical easily hydro-
lyzable under physiological conditions,
or 8 hydsate or solvate thereof. Compounds of formula 0.
are useful in the treatment of tumors, :
In the above, the term a saturated or unsaturated, siraight
or branched hydrocarbon tadical wherein the number of
carbon atorms in the longest straight chain of this hydrocar-
‘bon radical ranges from three to seven preferably is n-pro-
pyl.  l-isopropyl-2-methylpropyl, 1,1,2-iximethylpropyl,

. nebutyl, isobutyl, 2-ethylbuyl, 3,3-dimethylbutyl, n-pentyl,

isopentyl, neopentyl, 2-propylpentyl, n-bexyl, 2-ethylhexyl,
a-heptyl, allyl, 2-buten-1-yl, 3-buten-1-y1, 3-penten-1-yl,
4-perten-1-yl, 3-hexen-]-yl, 4-bexen-1-yl, 5-hexen-1-yl,
and the like. :

The term a radical of the formula ~~{(CH,),~—Y [in which
nis an integer from 0 to 4, when Vis a cyclohexyl radical,
or 1 is an integer from 2 to 4, wheri Y is 2 lower alkoxy
ratical having from I 10 4 carbon atom(s) or a phenyl radical
preferably is cyclohexyl, cyclohexyimethyl, 2-cyciohexyl-
ethyl, 3-cyclohexylpropyl, 4-cyclohexylbntyl, 2-methoxy-
ethyl, 2-gthoxyethyl, 2-propoxyethyl, 3-méthoxypropyl,
3-ethoxypropyl, 4-methoxybutyl, 4-cthoxybutyl, phenethyl,
3-phenylpropyl, 4-phenylbutyl, and the Like,
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5,472,949

: 3

Most preferably, R' is n-propyl, n-butyl, n-pentyl, iso-
pentyl, neapentyl, 3,3-dimethylbutyl, n-hexyl, 2-ethytbutyl,
phenylethyl, or eyclohesyimethyl.

In the above, the term 2 radical easily hydrolyzable under
physiological condition preferably denotes acetyl, proplo-
nyl, benzoyl, whueyl, B-atanyl, valyl, and the liks.

. Preferred N“-(substimted»axycarbonyl)-S‘-DFCRs of the

invention are:
5’—dequ»5~ﬁ1ioro-N‘-(;mpoxycarbonyl)cytidim;,

/N “-butoxycarbonyl)-5'-deoxy-5-fluorocytidine,

. 5-deoxy-5-fluoro-N*-(pentyloxycarbonyDeytidine,
5‘-deoxy-5~ﬁuoto'N“-(hexyloxycarbanyi)cytidine,

_ 5"-deoxy-5-fuoro-N*-(isopentyloxycarbonyljoytidine,
5-deoxy-3-fiuoro-N'-(neopentylonycarbonyeytidine,
5-deaxy-3-finoro-N*-[(1,1,2-timethylpropoxy Jearbo-

nyljeytidine,
5‘-deoxy-N"’-{G,S-dimethyibumxy)carbonyﬂ—5‘
fluorocytidine, : _

Stdeoxy-5-fiuore-N*-[(1 dsopropyl-2-methylpropoxy-

yearbonyl]eytidine, :

S-deoxy-N*-[(2-sthylbutoxy)carbonyl)-$-fluorecytidine,

N*[{cyclohexyimethioxy)carboiyl}-5*-deoxy-5-

fuorocytidine,
5'-dewxy-5-fluaro-N*-[(2-phenylethoxy)carbonyljoyti-
dine,
2,3-ti-O-acety}l-S'-deoxy-5-fiucro-N*(propoxyearbon-
ylieytidine,
2,3%di-acetyl-N-(butoxycarbonyl)-5'-deoxy-5-
fluorocytidine,

2.3ci-benzoyl-N*(butoxyeatbonyl)-5'-deoxy -5-

fluorocyiidine,

23 gi~O-acety}-5'-deoxy-5-fiuoro-N*(pentyloxycarbo-

nyDcytidine, .
- 2,3-di-acetyl-5'-deory-5-fuoro-N(isopentyloxycarbo-
nyteytiding, :
2'3%di-O-acetyl-5-deoxy-5-fluoro-N*-(hexyloxycarbo-
nyl)-cytidine, )
2,3-0i-O-acety)-5-deoxy-N*[(2-ethylbuty) Joxycarbo-
nyi}-5 -fluorocytidine, -
2 3di-O-acety}-N*[{cyclohexylmethoxy)carbony1}-5'-
deoxy-S-fluoroeytidine,
2'3'-O-acetyl-5'-deoxy-5-fluore-N*-{(2-phenyiethoxy-
Jearbonylleytidine, ‘ )
3-deoxy-5-finoro-N*-(isobutoxycarbonyleytidine,
5'-deoxy-5-fluore-N*-[{2-propyipentyloxycarbonylloyti-
dine, . .
5'-deaxy-N*[(2-cthylhexylyoxycarbonyl]-5-
fivoroeytidine,
5-dzoxy-5-fiuoro-N*-(heptyloxycarbonyleytidine,

N*-[{2-cyciohexylethoxy)carbonyl}-5-deoxy-5-

fluorocytidine,

N*-[(3-cyclohexyipropyloxycarbonyl)-5'-deoxy-5-

fluoroeytidine, :

N“~(cycloh'exy}oxycarbony})—5‘-deoxy-5»ﬂuorccytidine,

5-deoxy-5-fluoro-N*((3-phenylpropyDoxycarbonylley-

tiding, and )
5’—dcoxy-S-ﬂuo;o-N"‘~[(2-~methoxyethoxy)carbony]]cyti—
dine. o
and their bydrates or solyates, and the like, .

Among the above compounds, particularly praferred N*-

(substituted-oxyearbonyl)-5“DECRs of fhe invention are:

20

: 4
§'-deoxy-5-fuoro-N*{(propoxycarbonyljcytiding,
3'-deoxy-3-fluoro-N*-(isopentyloxycarbonyDeytidine, -
5-deoxy-5-finoro-N*-(hexyloxycarbonyleytidine,
5'-deoxy-N*-[(2-ethyTbutyloxycarbonyl}-5-

fluorocytidine, )
5'-deoxy-3-fuoro-N*-(neopentyloxycarbonylicytidine,
S-deoxy-N*{(33 .dimethylburoxy)carbony!]-5-fuoro-

eytidine, : ‘
5’-dcoxy-5-ﬂuoro«N“-[(Zﬁphmylcthoxy)car‘bonyl]cyzi~
dine, ‘ :
N“~{{cyclehexylmemoxy}carbonyn»S'udeoxy-5—‘
fiuerceytiding, specially )
N*.(hutoxycarbonyl)-5'-deoxy-5-fincrocytidine,
5'-@goxy-5~fluoro-N*-(pentyloxycarbonyleytidine, and
their hydrates or solvates, and the like, -
Studies on the pharmacokinetic profiles of the precursors
of 5-FU, particularly of N*-(substitoted-exycathonyl)-5'-
deoxy-5-flucrocytiding derlvatives, showed that certain spe-
cific precursors are selectively converted tnto S-DPCR by
an acylamidase isozyme that is preferentially located at the

- liver but not the other organs of humans, and exhibited more
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& reaction of 2 compound of fermu}_a i,

improved pharmscokinetic profiles than the other com-
pounds tested. Purther studies based on the above findings
enabled identification that the specific N*-(substituted-oxy-
catbonyl)-5'-deoxy-5- flucrosytidine derivatives (hereinaf-
ter referred to as N*-(substinted-oxycatbonyl)-5'-DFCR) of -
formula (I) have selectively im pharmacokinetic profiles in
monkeys, that is, 4 to 7 times higher masimum concentré-
tion {C,,,,,) 0f 5-DFUR and 4 times larger higher area under
the curve (AUC) of 5-DFUR in blood than the other
compounds, and less intestinal toxicity,

The N*.(substimted-oxycarbony!)-5-DFCRs of formula
(I) as well 25 their hydrates or solvates can be prepared by

{an

RO onf
wherein R is a bydroxy-protecting radical such s acetyl,
benzoyl, trimethylsityl, ter-butyldimethylsilyl, and the
like, i
with 2 compound of formula (I1),
RIOCOC ()
wherein R* is the same as defined abuve,
followed, if necessary, by removal of a protecting radical,
The corpounds of formuls () can be mrepared by
2,3 -01-O-acyladon or silylation of 3-Geoxy-S-fluorocyl-
dine [J. Med. Chem., 22, 1330 (1979)}es described in U.8.
Pat. No. 4,966,891 or by direct coupling of 5-fiucrocytosine
with 1,2.3-tri-O-acetyl-5-Geaxyrihofiurancse according to
the procedure similar to' that described in Synthesis, 748
(1981). :
The reaciion of the compound of formula (1) with the

-compound of formula (1) can be carried out in 2 solvent

such as pyridine, dioxane, tetrahydrofaran, acetonimile,
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chloroform., dichloromethane and the Hke in the presence of
acid acceptor such as tricthylamine, pyridine, picoline, 4~(N,
N-dimethylamino)pyridine, utidine and the fike. The reac-
tion van be curtied out al a tempetrature between 0° and 30°
C

The protecting radical may, if necessary, be removed after
the reaction by the procedures known to those skilled in the
art {Protective Groups in Organic Synthesis, Jobn Wiley &
Sons, New York, Can, J. Chem., 49, 493 (1971) and U.S.
Pat. No. 4,966,891, for example by basic or acidic hydroly-
s :

The compounds of formula (D) can exist as unsolvated as
well as solvated forms, including hydrated forms. The
hydration can be effected in the course of the manufacturing
process or can oceur gradually as & result of hygroscopic
properdes of an initially ashydrons product. Solystes with
pharmacentically acoeptable solvents such as ethanol can be
obtzined during, for example, crystallization,

6
The N*-(substituted-oxycarbonyl)-5-DFCRs of the
invention were incubated with crude extracts of monkey and
humnan liver in the presence of an inhibitor of cytidine

© dearninase, tetrahydrouridine (0.4 mM) at 37° C. for 60 min. -

19

5

* N*(Substituted-oxycarcbonyl)-5-DFCR  derivatives of

formula (I} as well ag hydrates or solyates thereof prepared
by the above procsss exhibit activity against human colon
cancer CXT280 and gastric cancer GXFS7 - xenografis,
mouss colon 26 carcinoma, mouse Lewis lurig carcinoma,
and tho ke in mice over & very wide range of dosages both
orally and parenterally and are useful as antitamor agents.
They are efficiently convened to 5-DFCR by an acylami-
dase isozyme, 10 5-DFUR by cytidine deaminase and then
to the active metabolite 5-FU by pyrimidine nucleoside
phosphorylase. .

The inventlon further relates 10 2 pharmacentical compo-
sition for the weatment of tumors, The pharmaceutical
composition comprises an effective amount of one or more
compounds of formula (). L .

The  N*-(substitited-oxycarbonyl)-5-DFCRs  of the
invention can be administered orally or non-otally to hosts
by various conventional adminisiration methods, Moreover,
the N*-(substitured-oxycatbony!)-5-DFCRs accarding to
the invention are used singly or formulated with a compat-
- ible pharmaceurical carrier material, This carrier material
can.be an organic or ivorganic inert carrier materidl suitable
for enteral, perentaneous of parenteral administtation such
as, water, gelatin, gum arabic, lactose, starch, magresivm
stearate, talc, vegetable ofls, polyalkylene-glycols or petro-
leum jelly. The pharmaceutical composition can be made up
in a solid form, for example, as tablets, dragees, enteric
coating tablets, grannlars, enteric coating granulars, siipposi-
tories, capsules or enteric capsules, in a semi-solid form, Tor
sxample, as salves, or in a liquid form, for example, as
solutions, suspensions or emulsions. The pharmaceutical
. cumposition may be sterilized andior may contain further
adjuvants such as preserving, stabilizing, sefting or ermulsi-
Tying agents, flavor-improving agents, salts for variatiots of

the osmotic pressure or substances acting as buffers. The

pharmaceutical composition can be prepared in 2 conven-
tional manner.

The N"-(substimted~0xycarbnny1)-—5‘-DFCRS according to
the present invention can be used alone or as mixtures of two
or more different N*-(substitated-oxycarponyl)-5'-DFCRs
and the amount of the N*-(substitmzed-oxycarbonyl)-5-
DFCRs is about 0.1 10 99.5%, preferably 0.5 to 95%, bused
on the weight of the pharmaveutcal composition.

The pharmaceutical composition according to the present
invention may be formulated in a combination with other
conventional antitumor agent. . ‘

The invention also relates to a method of treating tumors
comprising admisistering to & host in need of such treatment
an effective amonnt of at least one compound of fermula (1),

Susceptibility to acylamidase of the N* (subgtitnsed-oxy-
carbonyl)- 5'-DFCRs of the invention and their pharmaco-
kinetic profil monkey are shown below:

1. Susceptibility 10 human and monkey acylamidases

[

* 'tnto groups of 2 to 5 cynomolgous monkeys (34 kg). At

Thereafier, the product 5-DFCR was separated by HPLO
and the enzyme svscepiibility was calonlated from the
amount.of the product. As Table 1 shows, the compounds of
formula (I) were highly susceptible to the humen liver
acylamiidase, suggesting that they are efficiently biotrans-
formed to 5-DFCR in homan,

TABLE 1

Suscentibility to monkey and human acylamidase io the Bver

Acylamidase activity (nmolimg

proteinfur)

Cotnponnd Monkey " Human
{(Example No.) Liver - Liver
i 20 7
12 29 190
13 47 220
14 32 74
15 - 210
16 33 210
17 2 160 .

20 19 320
21 2% 82
22 43 110
24 18 64
25 «13 160
26 20 560
2 5B 110

.2 25 5
29 % £

2. Pharmacokinetic profiles in menkeys :
The compounds of formula (I) were orally administered

various times after the administrarion, plasma was faken for

" determination of Blood concentrations of intact molecuies

45

60
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and fhelr active metabolite 5-DFUR. :
Metabolites in the plasma were separated by HPLC and
their concentrations were caleulated, As Table 2 shows, the

-compounds of the present invention gave high levels in Craax

and AUC of the active mietabolite S-DFUR in the plasma,
These results indicate that the compounds of the invention
can be effectively utilized for the treatment of various

tumors in hmman beings,
TABLE 2
Phar ic Profiles in Mo

Plasma

S-DFUR
Compound Craax AUC

(EBxample No.) (upfml) " (g - hriml)

10 1.44 2.03
11 1.57 206
12 pAL] 2,80
13 1.50 1.96
14 1.80 2,40
15 .2.60 2,89
16 1.40 252
17 165 2.66
28 ©OLOG 1.40
b 2.00 2,09

The antiwmor activities of the compounds of the inven- .
tion are shown as follows:

3, Antimmor testing against human colon cancer xenograft
CXF280
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CXF280 tumor (sbout 2x2 mm piece) was implanted
subcutaneously into BALB/c nofma mize (21-22 £) on day
0. When tumor volume became 100 mm® on day sround 14,

ine compounds of the invention were orally administered:

daily for 3 weeks. At one day after the last treatment, fumor
volume was calculsted. .

TABLE 3

Antitumor Effects of Fluorinated Pyrimidines in BALB/g
av/on Mice Bearing CXF280 Human Colon Carcluoma

Cqmpoﬁnd . Dose x 21+

; ; % Growih Pecal
(Exaxpte No.) (mmotkg/dey)  inkibiden ohservation®
Bxp. L
Veiele — N
12 0.13 68

0.3 9
0.67 86
10 86
] 26 N
13 013 59
0.3 66’
067 79
1o 91
. 15 94 N
24 0.13 37
03 64
B.67 75
Lo 8
LS 8y N
Relexence
compound
55U 0.089 28 N
0.13 59 N
82 kL L
I*ng. 2
Vehicle — N
I [:3%] 39
0.3 56
0.67 T8
1.5 86
228 93 N
i 013 45
03 %
. 087 84
15 - 85
2.25 100 N
4 0.13 68
03 68
0.67 85
1.5 . 94 N
. 225 0 N
2 .13 26
03 72
Q.67 84
15 4 N
2.25 103 N
Refersnce : .
componnd
5-FU 0.089 NE N
0.13 20 N
0.2 58 L

NE: Not Effective,
*Fecal observation (N: normal feces, 1! loose passage)

The percent inhibition of tumor growth given in Table 3
above was celeulated from the formula:
9 Tnhibition = 1-(F-V(C—V,) 100

Vg=valume of tumer before treaument was started, Tevol-
ume of the mmors from e teated group, C=volume of the
tumer from the control group.

5,472,949
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As Table 3 shows, the compounds provided in the present
invention were safely administered without causing imesti~
nal toxicity and were much more effective than 5-FU. :
4, Antithmor and anticachexisa activity against mouse colon
26 carcinoma

Antitumor  activity of a representative compound
(Example 13}, of the present invention, was measured as
follows. Mice (CDF,) were subentaneously inoculated with
colon'26 carcinoma (107 cells) on day 0. The compound was
administered dafly for 7 times from day 21 when the animals
became cachectic. One day afier the last treatment, tumor
weight gain, carcass weight gain, adipose tissue weight,
concentrations of glucose and the acute phase resctant IAP
(immunosuppressive acidic protein) in the serum were mea-
sured. As Table 4 shows, mice treated with vehicle were
abnormal in cachexia parameters such as adipose tissue
weight, seram glucose and TAF levels, wherens treatment
with the compound of Example 13 suppressed tumor growth
and improved cachexia, :

TABLE 4 .

Lmprovement of Tomor Cachexiz with Floorinsied Pyrimidines
- In Mice Bearing Colon 26 Adenprancinoms

Com- Dose X Tomor Carcass  Adipose  Serum

pound 7-{mmol wit. wi fissuc  glucose Ser .

(Exaomple . kg)  change change Wt my um

No.) {pghnl) (g) 8 - g a)  1AP

Vehiele 1.65 ~1.5 11 91 He2

13 0,125 124 C 1% 22% 118% 1193
0.25 091 3.4% 42¢ 120% 1020
0.3 0.70% 42% 63%  147%  B0sx
1 0.006 5.6% B5* 127%  795*

*P < 0.05 versus comesponding value of vehiclke group

The toxicity (LDg,) of the representative componnds
(Bxample 13,14, and 17) of the present invention was
examined by oral adminisiration daily for 21 days in mice.
The representative LD, values-obtained from the experi-
ments were more than 500 my/kp/day. C

A dasage per day to a patient of the N*-(substitnted-
oxycarbonyl)-5-DFCRs of ‘the present invention may bhe
varied depending upon his weight and state to be remedied,
but generally is i the range of 0.5 to 500 mg per 1 kg of
weight, preferably about 2 to 200 mg. It should be noted thar
the compound of the invention can be expected to have 3-5
times higher activity than those of the compounds disclosed

“in U.S. Pat. No. 4,966,891 in humans, when taking into

consideration of the data of C,,,,, and AUC of -DFUR after
oral administration of the present eompounds it moskeys,
From the same reason, the compounds of the present inven-
fion can be expected to show suficient activity af the 3-5
times lower dosage than those of the compounds of U.S, Pat,
No. 4,966,801, The presem invention can provide a phar-
macentical compesition for treating tumors with high safety
margin. )

The following Exarples are intended to usizate the
present iivention i more detail, but are not intended to
Hmit its scope in any manner,

Reference example: Preparation of starting material
Preparation of 2‘,3'-&—0-acaty1~5‘~deoxy~5~ﬁuorocytidinc
(a) From 5.“deoxy-5-fluorocytidine :
S-Deaxy-5-fluorocytidine (30 my) was dissolved fn dry
pyridine (1.3 mi). To the solution  was added acetic anhy-
dride (3% ml) with stirring at'0° C. The reaction mixture was
stirred for 3 hiours a1 0° C, After removal of the solvent under
reduced pressure, the residue was partitioned hetween ethyl
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“acetate and e cooled water. The ethyl acetate layer was
dried - over magnesium sulfate and -concentrated under
* reduced pressure. The residue was purified by sifica gel
column chromatography (dichloromethane/methanok=971 as

10

followed by recrystallization from {sopropanel 1o give 1.24
g of 2,3-di-O-acetyl-5'<deoxy-5-Auorooytidive.

Example 1

an eluent) followed by recrystallization from isopropancl to 5 Preparation of 2,3 di-O-acety)-5-deoxy-5-fluoro-N*-(pro-
give 37 mg of 2,3-Gi-C-acetyl-5-deoxy-5-finorocytidine: ~ PoXycarbonyDoytidine - e .
91,5193 C., FAB-MS miz 330 (MHY) Gine (3 ) in 115 ) gy sy sy
i $ () 2y
(b) From 5-fucrocytosine and 1.23-th-O-acetyl-S-deoxy- g0 drapwise. n-propy} chloroformate (957 ml) with stie
B»D—nbcfgnanose_ o 5 ring and cooling on ice bath. Affer stirring for 30 min &t
, A sotution of sodin iodide (3.6 g) and chiorotrimethyl- 10 room tern ature, the mixmre was evaporated 1o dryness
- silane (794 mi) in dry acetonitrlle (15 ml) was sticred with under reduced pressure. The residue was partitioned
molecular sieves 4A (200 mg) at 0° C. for 5 minutes  between ether and saturated agueaus solution of sedium
{colorless sedium chloride deposited duting stirring). 1,2,3- bicarbonate. The organie layer was washed with brine, dried
Tri~O-acetyl-5-deoxy-B-D-ribofuranose (2.0 p) was added over anbydrons sodium sulfate and fltered,
and the mixture was stirred at 0° C. for 30 min. Then, & 15 The filirate was evaporated to give 2,3-di-O-acetyl-5'-

solution of the mimethylsilylated 5-finorccyiosing, freshiy
prepared from 5-fuorocytosine (1.12 g), in dry acetonitrile
{5 ml) was added at 0° C, and stirring was continued for 3
b at room temperature, The mixoure was filtered, the filtrate
was concentrated in vacuo, and the residuc was partitioned
between dichloromethare and saturated aq. sodinm bicar-

20

bonate solution, The agueous layer was extracted with -

CH,C1,/MeOH (10:1). The combined organic layers were’
dried over anbydrous sodinm sulfate and evaporaied under
reduced pressure. The residue was purified by silica gel

4.06-4.14 (3H, my, 5,11

dooxy-5- fiuoro-N*-(propoxycarbonyleytidine (2.5 g) :Hl-
MS mfz 415(M*); "H-NMR(d-DMSO0) 50.92 (3, 1, J=7.3
Hz), 137 (3H, d, J=6.3 Hz), 1.63 (2H, sex, J+7.3 Ha),
(1EL t, J=6.3 Hz), 547 (14, dd.,
I=4.6 & 6.3 Hz), 381 (1H, d, J=4.6 Hz), 831 (1K, br. 5),
10.63 (1H, br. 8)

The following compounds were obtained according 1o &
manner analogous o that of Bxample 1. The compound of

* Bxample 9 was prepared from the known 2',3'-di-O-benzoyl-

“deoxy-5-finorocytidine (.S, Pat. No,

: 4,966,891) by the
similar manner (o that of Example 1, :

~ cheomatography using CH2Cl/MeOH. (15:1) as an eluent,

*H-NMR

BAB-MS .
(nselvent 1or2)

Example No, R! R* i

2 n-tratyl acetyl - B{L): D.R7(3H, 4, J=7 3Hz), 136(5H, m), L8B(2H, m),
2.05(3H, 8), 2.07(3H, ), 4.120H, m, 511N,
b, SATOUEL br, 0, 581K, 4 J=4,312), §.34
(1K, br.s), 10.60(1H, brs) .
B(1): 0.8B(3H, 1, 3=7.3Hx), L3USH, m), 1,36
(3H, ¢, I=6.580), LOLIH, m), 2.08(38,'s),
© L LOTGE, 8), 40744631, ), SIL(IE, ¢, Is6.300),
SALH, dd, Jo63 & 4,6H), S80(LH, o, J=4.6Hz),
8.28(1H, brs), 10.6301K, brs)
B(1n O.B7(3H, 1, J=G.9kz), LA0(6H, m), 136031, 4,
Jef.3Fz), LSY(2H, m), 206(3H, §), 2.07(3H, ),
4.07-4.14(3H, m), 5.10(1H, ¢, [=6.3H2), 5.45(1H, d.d,:
J=6.3 & 4.6Hz}, 5.80(1H, 4, J=t.6}52), B2B(IH, br s,
- MGB(IH, brs)
B(1): 0.90(68, d, 7=6.9%1z), 13603, 4, =638, 151
(28, g, F=6.9¢z), 1L68(LE, m), 2.06(3H, s}, 2.07
(35, 5}, 405420038, m), 511014, 1, Je6,31z),
SAG(LH, &4, J=63 & 4.3Hz), 5.80(1H, d, J=4.3Hz),
S2B(1H, brs), 1063(1H, s
B(13: ORV(6H, ¢, I=7.3Hz), 1,28-145(7H, m),
LSLQUEL, 1), 2.06(3H, 6), 2.073H, ¢, 4.04
(25, br.d), 412018, 1, J=6.34z), S.11C1H, ¢ -
" 5wG.3Hz), 5.46(1H, d.d., J=6.3 & 4,6H2), 5.81
(g, J=4,6Hz), B3UIK, bray, 10.61(1H, brs)
S(1x 1O002H, m), 111w 29(4H, m), LIGCH,
4, J=6.3Ha), 1.57-1.77(SH, my, 2,06(3H, 5, 207
(3, 5), 3.82(2H, br.8), 4.1201H, m), SAUUE,
1, J=6.3Hz), 546001, d.d, 63 & 4.0Hz), 5810H,
6, 3=4,0Hz), 8,35(1H, brs), 10.61(1H, bra)
80: 136(3R, d, J=6.3E), 2.06(3H, &), 2.07
(3H, 8), 28428, 1, J=6.8Hz), 4.1 200H, m), 4.32
- {28, ooy, SUHH, 5 T=63He), S4601H, dd,
J=6.3"& 4.38y), 581IH, d, 1=4.3H7), 7,16-7.37
(5K, m), 8.3201H, bra), 10.67(1K, br.s)
B2 Q.05G3H, 1, J=7,34z), LA22H, m) 1.58
(3K, d, J=6.3Hz), 1.68¢24, m), 4.16(2H, brsy,
- 452K, dq, J=5.5 & 6.3Hz), S40(1E, 4, J=5.8Hz)
5065(1H, d.d, =46 & 5.8Hz), 6.16(1H, d; Jesd GHz),
7.35~7.98(11K, m), 11.9(1H, brs) '

4300ME")

3 n-pehtyl acetyl

A4A (M)

4 » n-hexyl acetyl

ASBOVIE)

5 isopentyl écely{ A445{MT+)

6 . 2otwbutyl  scep 4580V

7 cyclohexyl-
methyl

aceiyl ATHME)

g phenethy) acetyl

STH(MER)

-9 n-butyl benzoyl

S54(MB+)

NMR: solyent 1 = 6,-DMSQ, Soivent 2 = £DCY,
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Example 10
Preparation of §'-deoxy-5-fluoro-N*-(propoxycarbonyley-
tidine Ex-

To 2 solution of 2.3 nd1=e~acetyl-5 -deoxy-5-fluoro-N% 3 ’;g’z Melting ﬁgﬂ FABMS
(propoxycarbonyleydding (2.5 p) in CH,Cly (17 mI) was No. R! point °Cy  solvent w2
added-dropwise 1N NaOH (17 mi) with atirting and cooling
with ice bath. After stirring for [ br at 0° C., MeOH (0.9 ml) a2 st H 128-1295  AcOR: A0
was added to the mixture. And pH of the reaction mixmre ghcyl ki
was adjusted to 6 by the addition of conceptrated HCI and T B awomhous® — 414MES
partitioned, The aquoous layer was extracted with a mixed cycio&]mxyl- :
solvent of CH,Cl,/MeOH(85/5) successively (40 mlxd 0). propyt . :

The combined organic layers were dried over anhydrons 2 i;gg’;?”" Hoo 1011 Acom AGBEMEL)
sodium suiate-and Altered. The solution was evaporatgd‘ 23 2-methoxy- H  wmorphous® SO
and the residue was crystallized from ethyl acetate to give 15 sthyl : ¥

5'-deoxy-S-fiuore-N*(propoxycarbonyleytidine as color- %g ;2505“‘3’1 ' g Séj?g 2“8? Zgg@'m:')
loss crystals (1.6 g, y. 79.8%): mp. 125°-126.5° C.; EI-MS wopslpentsl coR B
mfz 331 (M), . % % H  amombhou*  — AO2(MER)

The following compounds were obiatned according to a otbyliexyl *x
manner analogous to that of Bxample 10,

Example Mehing - Reerystallization FAR-MS
Mo, R R* poinc (°C)  solvent mir .
11 nebugl H o 08120 AcOm 346(MHE*)
12 nepentyl H  L0-121  AcORt EI 350(M")
3 nehexyl ’ H 114-116  AsOmt B 3730V
34 isopentyl B 5-120 - AcORt F60(MH?)
15 Zethylbutyl H  pmorphoug® B74(MH"Y)
16 cyclohexyl- B 126-127  AcORt 3B6(ME)
snethyl i :
17 . phenstiyl B 144145 AcOR(—MeOH  394(MEY
18 alyl H o 118.5-120  AcORt © 3300V
H-NMR(d,-DMBO) of Example 15: & 087(6H, 1, J=7Hz), 1.25-1 4507, m), 153014, m),
BE8(1H, g., =6 Hiz), SBICH, br. 1, IGHe), 4.00C2H, d; J=6Hz), 4 10CLE, m), 5081, d,
S=OkEa), 5.4(H, d, 1=z, S.67(H, d, 353Ha), BOOH, br 8}, 1045 & 1160 (ota) 17, br,
§ each), . .
Example 19
: i -continued
Preparation  of N“~(cyciohexyloxycarbunyl)-5‘-deoxy~5- 40
fluorocytidine ’ i"n: . Recrystalle
5-Deoxy-5-fluorocytidine (2.5 g) was dissolved tn ary ple Melting  izarion PAB-MS
pyridine (20 ml}. To the mixture, irimethylsily] chiowde (3.4 No. ®! R*  poin (°C)  solvem oz
ml) was added dropwise at O".C., and gtirred- for 30 min at 45 T vhepyl H 185175 AcOR: 3BBOME)
room temperature. To the reaction mixture, oyclohexyl chio- 1 “

- . ; St (8 Y *UH-NMR{de-DMSO) of Bxampie 211 :
roformate: (2.0 ml) was added i ope portion at 0° C. After 5078033028, m), 1151 27(EB, 1), L33BH, 4, 3=THz), 155175070,
stiring of the mixture for 1 hour at room temperare, m), 3.68(1H, g, J=6Hz), 3.80(1H, br. t, J=6Hz), 4.01~4,14(3H, m), 5.0400H,
pysidine was evaporated under reduced pressuxe. The resi: i, J=6HE), S.40CLH, d, J=6Hz), 5.67(1H, d, J=2Hy), BO0{1H, br. §), 10.03 &
due was then' pariioned between sawrated agueous 50 i%%g?&%éﬁtﬁ%g}cggmmwe 5 '
NaHCO; and ether. The organic layer was washed with 5 1.31}(13}{, d, Jozs.sl}l;mj, 3.232(23%15), 33625, )ﬁ 1), 3.69Q1H, 1, J=GHz),

; i ‘ , . 3490H, m), 4.06(1H, m), 422K, br, 1); 5.05(1H, d, J=6Hz), 540011, br.
ane, dried over anhydrons Mg804 and cmmanm‘”atcd. under s} SGTH, 0, 1382}, BOGE, br. 5. 105515, 4 5)
reduced pressure. To the residue were added citrie acid .0 #40ENMR(d-DMSO of Bxapte 26:

8} and methanol (S0 ml). The mixture was stirred at room 8 0.85-0.88(6HL, 1), 1.27~1.38(L1H, m), LSP(1H, b, 4, I=6kz), 3.68(1H, 9
temperatire overnight. After reroval of the solvent under 5 ijggg' éé’ﬁ?&oﬁ(:g’ ?&55{?5:0;3,' ;)"“ B SAUH, br.5), S.67(H, 4,
feduced pressure, the resiue was dissolved in CH,Cly o )
MeOH (05:5) and neutralized by aqueous MaOH. The
organic layer was dried over anhydrous Na,$0, and con- Example 28
centrated under reduced prossure. The residue was purified 60 Pre afatien of 5.deoxy-5-fuoro-N*
) - - ~N"-(neopentyloxycarbon-

by silics gel chromatography using CH,CL/MeOH (20:1) ag yl)c};'tidim Y (reopentyloxy

‘ an elu&nt, followcdf:y rccryst&lli?.at?on from ethyl aceLie to 5-Deoxy-2'3'-(i-O-acetyl-5-florocytidine (1.5 2 and
give W —(cycloi_x‘sxymxycarbony{;-5 -deoxy-3-fluorccytidine dry pysidine (0.74 ml) were dissolved in dry dichio-
(1?:&47*@92% yieldymp. 134°~136° C., FAB-MS m/z 372 romethane (15 mi). To the mixiure, toluene solution of -
(M. 65 ‘

beopentyl chloroformate (3 eq.) was added dropwisc a1 0°
C., and stirred at room temperatuwre for 1 hour, After the
solvent was removed wnder reduced pressure, the residue
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was partitioned between ether and saturated aguecis soly-
tion of sodium. carbonate. The organic layer was succes-
sively washed with water dnd brine, dried over anhydrons
sodinm sulfae and concenuaed under reduced pressure fo
pive crude 2'.3-4i-O-acetyl-5'-deoxy-5-fluoro-
N¥neopemtyloxycarbonyleytidine ns pale yellow ofl. This
crude product was dissolved in ethanol (15 ml) and cooled
on jce-bath, Then 1N agueous sodium hydroxide solution
was added’ dropwise while maintaining the iemperature
below 15° C. After the addition way complated, the resction
mixture was neutralized with concentrated. hydrochloric
acid at 0% C. The solution was concentrated under reduced
‘pressure, and the concentrate was partitioned hetwesn waier
and a mixed solution of CH,Cl,/MeOH (95:5), The aqueous
layer was back-extracted with CH,CL/MeOH (95:5) ten
* times (20 mi each). All Grganic layers were combined, drisd
“over anhydrous sodium Suifate and concentated under
reduced pressure. The residue was purified by silica gel
colums chromatography using CH,CL/MeOY (20:1) as an
eluent to give 5'-deoxy-5-finoro-N'-(neopentyloxycarbon-
yDoytidine (1.37 g 84% vield) as dmorphous powder:
FAB-MS m/z 360 (MH"), "H-NMR (d-DMSO) 80,93 (9H,
8), 1.31 (3H, 43=6.3 Hy), 3.68 (1H,qJ=5.9 Hz), 3.81 (28,
br. 5), 3.87-3.92 (1H, m), 4.04~4.09 (1H, m), 5.05 (1H,d,

J=5.9 Hz), 5.41 (1H, bt. 4, }=5.3 Hz), 5.67 (1H,dd,3=1.3, 3.6

Hz), 8.04 (1H, br. ), 10.53 (~1H, br. s).

Example 29

Preparation of 5-Deoxy-N*-[(3 3-dimethylbutoxy)earbo-

nyl}-5-Auorecytidine
5-Deoxy-N*{(3,3-dimethylbutoxy)carbonyl]-5-

. finorecytidine was obtained according to a manner anmlo-

gous 1 that of Example 28 except that' 3 3-dimethylbuty]

chlorformate was used as the acylating agent:amorphous

powder (71% yield); FAR-MS mfz 374 (MH™); 'H-NMR

—

iy

-

5

35

{8,-DMS0) 80.93 (9H, ), 1.31 (3H.4,I=6.3 Hz), 1.55 (21, ~

t1=7.3 Hz), 3.68 (IHgl=5.9 Hz), 3.84-3.93 (IH, m),
4.03-4.09 (13, m), 4.15 (2H,t,J= 7.3 Hz), 5.05 (1H.d,J=59
Hz), 540 (1H, by, d,3=5.3 Hz), 5.67 (1H.dd =13, 40 Hzy,
8.00 (1H, br. §), 10.53 (~1H, br. s).

The'following exaraples iflusteate pharmaceutical prepa-
Tafions containing a compound provided by the present
invengion.

4G

45

‘Example A .
Intertocking gelatin capsules éach containing the follow-

8¢

K4-{Butoxycarsonyl)-5-deoxy-5-fnoreoytiding 100 mg
Cotn starch . 20 my
Tiardum dioxide 385 mg
Magnesivm stearnie S mg
-Film 20 mg
PEG 6000 3 mg
Tale 10 mp

543 my

Example B

Tablets each containing the following ingredients were

manufactured in & manner known per se:

ing ingredients were: manufactured in 2 mammer known per.

50

58

60

65

14
Ne-(Butoxycarbonyl)-5'-deoxy-5-flucroeytidin 100 mg
Lactose . 25 mg
Corn starch 20.2 mg
Erydrovypropyiméteyt celluiose 4 mg
Magnesitir stoarate Q0.8 mg
Film : 10 my
PRG 6000 1.5 mg
Tale 4.5 mg

166 mg

Example C

Dry perenteral dosage forms were manufactured in-a
manner known per se: "
(1) A toml § g of Ni-(butoxycarbonyl)-5-deoxy-5-

fluorocytidine was dissolved in 75 ml of distifled waler,

the solution was subjecied to a bacteriological Aliration,
and then divided aseptically into 10 sterile vials, The
solution was then freeze-dried to yield 500 mg of sterite

dry solid ‘?ar vial, .

(2) Clean N ~(butoxycarbony))-4'-deoxy-5-Auorocytidine in
the amount of 300 mg per vial or ampoule was sealed in
the receptacle and heat-sterilized. '

The above dry dosage forms were reconstituted before use
by adding a sultable stexile agueous solvent such as water for
injection or isotontc sodium chloride or 5% dextrose for
parenferal administtation.

We claim: ‘ .

1. A compound of formula (1),

) ! )

m(ﬂ\o’RI

o or?

wherein R! is a saturated straight or branched hydrocar-
bon radical wherein the number of carbon mtoms in the
longest swaight chiein of this hydrocathon radical
ranges from three to saven, or is a radical of the fonmula
~{CEn—" wherein Y is a cyclohexy! radical, a

. C-C, alkoxy radies! or'a phenyl radicat and whersin
when Y s a eyclobexy! radical 1 is an integer from O
to 4, and when Y is C,~C, alkoxy radical or 2 pheyl
radicgl n is an integer from 2 to 4, and R*is a hydrogen
awom or atadical easily hydrolyzable under physiologi-
cal conditions,

or & hydrate or solvate thereof,

2, The. compounds according 10 claim 1, wherein R! s
selecied from the group consisting of -propyl, 1-isopropyl-
2-methylpropyl, 1,1,2-timethylpropyl, o-butyl, isobutyl,
2-ethylbutyl, 3,3-Gimethylbutyl, n-pentyl, isopentyl, neo-
pentyl, 2-propyipentyl, n-hexyl, 2-sthylhexyl, n-hetpyl,
cyclohexyl, cyclohexylibutyl, 2-methoxyethyl, 2-ethoxy-
ethyl, 3-methoxypropyl, 3-ethoxypropyl, 4-methoxybutyl,
“4-ethoxybutyl, phenethyl, 3-phenyl-propy! and 4-phenylbu-
tyl. . :
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3. The compeunds according 1o claim 1, selected from a
group consisting of!

5-deoxy-5-fluoro-N*«(propoxycarbonyDeytidine,
3-deoxy-~5-fiuoro-N*-(hexyloxycarbonyl)eytidine,
5'-deoxy-5-fiuoro-N*-(isopentyloxycarbonyDeytidine,
5-deoxy-5-fluoro-N*{neopentyloxyearbonyljeytidine,
5'-deoxry-5-fluoro-N*-[(1,1,2-trimethylproposy Jcarbo-

. 16
formula (1)

. .HN/ﬁ\O/Rl

A
AT

[63]

nyljeytiding, . .
5'-deoxy-N"{(3,3-dimethylbutoxy)carbony!]-5- 10
fiyorocytidine,
5-teoxy-3-fiuore-N* [(1-isopropyl-2-methyipropoxy-
JearbonylJoytidine, )
5'»dooxy~N“—[(2—ethbeutyl}oxybarbonyl]-S» 15 ‘ Rlé, oR? )
finoracytdine, wherein R‘ is a saturated straight or branched hydrocar
. t £= t -
N &(gfgi%;gé:’nemoxy}carbonyl}ws deoxy-5~ bon radica) ‘whcrein' the number of carbon atomis in the
5'.deoxy- 5~ﬂuoro-N“—{{z-pﬁcnylethoxy)carhonyl]cy - longest straight chain of thg bydrocgarbon radical ranges
dine, ‘ - fm(gﬂt:n)ree ~§$ sehvgxéz orY zgsa md)clalhaf ghe fi(_)r:;uia
- , : ~=CHply—Y whereln Y is a cyclohexy! radical, s -
23 i-0-acetyl-§'-deoxy-5-finoro-N*-(propoxycarbon- *Cy~Cy alkoxy radical or a pheny! sadical and wherein
i yrl)c'y tdine, " o when Y is 8 cyclobexyl radical nis an integer from 0
2,3-8-0-acety)-N'-(butoxycarvonyl)-5'-deoxy-5- to 4 and when Y is a €,~C, alkoxy radical or a phenyl
. fuorocytidine, 2 radical n is an integer from 2 to 4, and R? is a hydrogen
2.3 d-Orbenzoyl-N*-(butoxycarbonyl)-5  '~deoxy-5- atom or a radical eastly hydrolyzable under physiologi-
finoroeytiding, - - cal conditions, ‘
2‘,3‘-di-0-acetyl—5’~daﬂxy-5~.ﬁnom~N"~(penzyicxycarbo- or 2 hydrate or solvate thereof, and an snert carrier
nybcytidine, : ] 3 A method of treating tumors comprising administering
2, 3-di-O-acety}-5"-deoxy-5-fluore-N*-{sopentyloxyear. 30 © 2 host in need of such teatment an efective mmoun of 2
bonyheytidine, R compound of formula )
2'3%di-Q-acetyl-5'-deoxy-5-fuoro-N-(hexyloxycarbon- .
yheytidine, » ‘ @

2 3-di-O-acetyl-5-deoxy-N*-{(2-ethylburyl)oxycarbo-
nyll-5-fiuorocytidine,
2,3-di-O-acetyl-N-Foyclohexylmethoxycarbonyl 5"
deoxy-5-fluoroeytidine, .
- 2,3-di-O-ncetyl-5-deoxy-5-Auoso-N*-{(2-phenylethoxy-
Jearbonyljeytidine, 40
5'-deoxy-S-fuore-N*Gsobutoxycarhonyleytidine,
S’-dmxy-ﬁ-ﬁusm-N“-{(2—propymentyl)cxycarbsnyl}cyﬁ‘
ding, . :
5-deoxy-N*[(2-ethylhexyloxycarbonyl}-5'
- “fluorocytidine, 4
5'-deoxy-5-llooro-N*-(heptyloxycarbonylyeytidise,
N*{(2-cyclohexylethoxy)carbonyl}-5-deoxy-5-

. o
Rl

35 ‘ HN/[L o~
. o .

F

o ot

wherein R* is 2 saturated straight or branched hydrocar-
bon radicel wherein the mumber of carban atoms in the
longest straight chain of the hydrocarbon radical Tanges

‘ fluorocytidine, ; from three w0 seven, or is a radical of the formula
N“-[(3~cyclohcxylpmpyl)oxycarbonyl]-s'~deoxy—5- " 50 ~—(CH,),—Y wherein Y is 2 cyclohexy! radical, &
fluorocytidine, ) C,-C, alkoxy radical or 4 phenyl radical and wherein

N*-(eyclohexyloxy carbonyl)-5'-deoxy-5-fluorocytidine,

5'-daoxyv5-ﬁuoro~N’*n[(3-pheny}pmpyl)oxycarbmyl)cy—
tidine; ‘

when Y is a oyclohexyl radical n is an integer from 0
to 4 and when Y is a C,~C;, sikoxy radical or a phenyl
radical n is an integer from 2 to 4, and R? is 8 hydrogen

: } dic i lyz: jologi-
5'.deoxy-5+iuoro-N*[(2-methoxyetn P —— 85 &0120 (:;- d? gznlst:al easily hydrolyzabie undér physiologh
Adme, ’ o er 2 hydrate or solvate thereof, :
N (butoxycarbonyl)-5-deoxy-5-finorocytidine and 6, The compound according to claim 1, S-deoxy-5-fluoro-
5'-deoxy—5-ﬂuom«N“~{penc;,’}oxycazbonyl)cy&dinc, N* (pentyloxycarbonyleytidine,
4. A pharmaceutical composition comprising a therapeu- 60

tically effective amount of one or mow compounds of

L S I



