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N-Oxycarbonyl substitvted 5'-doexy-5-fluorocytidines

The present invention relates to N4-(substituted-oxycarbonyl)-5'-deoxy-5-
fluorocytidine derivatives, and a pharmaceutical composition containing the
same for treating tumors.

More pafticularly, the present invention relates to N4-(substituted-
5 oxycarbonyl)-5"-deoxy-5-fluorocytidine derivatives represented by the general

formula (1),
o)
@ A
" )ko,
NZ F
A I (1)
H,c © N
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R20 OR?2

wherein Rl is a saturated or unsaturated, straight or branched
hydrocarbon radical [wherein the number of carbon atoms in the
i 10 longest straight chain of this hydrocarbon radical ranges from three to
seven], or a radical of the formula -(CH2)n-Y [in which n is an integer
from O to 4, when Y is a cyclohexyl radical, or n is an integer from 2 to
4, when Y is a lower alkoxy radical having 1 to 4 carbon atom(s) or a
phenyl radical], and R2 is a hydrogen atom or a radical easily
15 hydrolyzable under physiological conditions,

as well as hydrates or solvates of the compounds of the general formula (1),

and a pharmaceutical composition containing the same with excellent

pharmacokinetic profiles for treating tumors with high safety margin.

It is known that many precursors of 5-fluorouracil (5-FU) are useful as
2 antitumor agents, but in general their bioconversion efficiency is stiil
insufficient for the treatment of patients suffering from tumors and they

This<Sheet Has Been Replaced

AT

! M¢/So 12.10.93




TP

["err] VW&FE—i—H—-R[—G—F—I‘—-}—i—S——H—p—I’—OpW , n-butyl, n-pentyl, isqpenty—neopentyl
3,3- dinmethyl but n- hexyl 2-et hyl butyl, phenyl ethyl, aFRIS SHEET HAS BEEN

gycl ohexyl e} d 2 hydrogen atom or a radi call_easi REFLACED ~-
Rydr ol yzabl & oglcal conditions, as well as hydrates or
sol vates of#t of the general formula (1), and a pharmaceuti cal
conposi tion cont al ning the sane wth éxcCel |l ent pharnacokinetic profiles for
treating tunors with high safety margin.

.as well as hydrates or solvates of the compounds of the general formula @,
and a pharmaceutxcal composmon contammg the same with excellent

pharmacokinetic profiles for treating tumors with high safety margin.

It is known that many precursors of 5-fluorouracil (5-FU) are useful as
antitumor agents, but in general their bioconversion efficiency is still
insufficient for the treatment of patients suffering from tumors and they cause
intestinal toxicities and immunosuppressive toxicities, which are their major

and dose limiting toxicities.

USP 4,966,891 discloses precursors of 5-FU which are improved in the
above mentioned aspect of bioconversion efficiency and toxicities. They are
converted to 5'-deoxy-5-fluorocytidine (5'-DFCR) by acylamidases, to ,
5'-deoxy-3-fluorouridine (5'-DFUR) by cytidine deaminase, and then to 5 -FU"~
by pyrimidine nucleotide phosphorylase in vivo which is preferentially
localized in the liver, small intestin and tumor tissues. During intensive studies
on the phannacoidnetic profiles of the precursors of 5-FU, particularly of N4-
(substituted-oxycarbonyl)-5'-deoxy-5-fluorocytidine derivatives, the inventors
found that certain specific precursors are selectively converted into 5'-DFCR
by an acylamidase isozyme that is preferentially located at the liver but not the
o%her organs of humans, and exhibited more improved pharmacokinetic
profiles than the other compounds tested. The further studies based _on the
above findings enabled the inventors of the present invention to identify that
the specific N4-(substituted-oxycarbony1)-5‘-deoxy—S-ﬂuorécytidine
derivatives (hereinafter referred to as N4-(substituted-oxycarbonyl)-5'-DFCR)
represented by the above mentioned general formula (I) have selectively

improved pharmacokinetic profiles in monkeys, viz. 4 to 7 times higher

Maximum concentration (Cmax) of 5'-DFUR and 4 times larger higher area



sl t _is known that many precursors of 5-fluorouracil (5-F)-
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under the curve (AUC) of 5'-DFUR in blood than the other compounds and

" less ifitestinal toxicity, and thus completed the present invention.”

The respective radicals of the general formula (I) which are defined

above are explained in more detail as follows:

Explanation of R1:
R1 is a saturated or unsaturated, straight or branched hydrocarbon chain
[wherein the length of the hydrocarbon chain represented by the number of
carbon atoms counted from the carbon atom bound to the oxycarbonylamino
moiety of the compound is three or more and up to seven], or a radical of the
W@  formula -(CH2)n-Y (in which n is an integer from O to 4, when Y is 2
cyclohexyl radical, or n is an integer from 2 to 4, when Y is a lower alkoxy

" radical having 1 to 4 carbon atom(s) or a phenyl radicai].

In the above, the term "a saturated or unsaturated, straight or
branched hydrocarbon radical [wherein the number of carbon atoms in
the longest straight chain of this hydrocarbon radical ranges from three

to seven] preferably signifies n-propyl. 1-isopropyl-2-methylpropyl.
1,1,2-trimethylpropyl, n-butyl, isobutyl, 2-ethyibutyl, 3,3-dimethylbutyl,
n-pentyl, isopentyl, neopentyl, 2-propylpentyl, n-hexyl, 2-ethylhexyl, n-heptyl,
allyl, 2-buten-1-yl, 3-buten-1-yl, 3-penten-1-yl, 4-penten-1-yl, 3-hexen-1-yl,
4-hexen-1-yl, 5-hexen-1-yl, and the like. -

The term "a radical of the formula -(CH2)n-Y [in which n is an integer
from O to 4, when Y is a cyclohexyl radical, or n is an integer from 2 to 4,
when Y is a lower alkoxy radical having from 1 to 4 carbon atom(s) or a
phenyl radical]” preferably signiﬁes cyclohexyl, cyclohexylmethyl,
7-‘CY010hexyiemy1, 3-cyclohexylpropyl, 4-cyclohexylbutyl, 2-methoxyethyl,
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by pyrim di e phosphorylase in vivo which is feremtTalr Ty

| ocalized in the I|ver small intestin and tunor tissues. During intensive

studi es on the phar macoki net i c profiles of the precursors of 5-FU,
parti C“baédﬁﬂx?éﬂﬂﬂe%ﬂmpoxyethyl 3-methoxypropyl, 3-ethoxypropyl,

4-me'rhoxybuty1 4-ethoxybutyl phenethyl 3-pheny1propy1 4- phenylbutyl and
the like.

In the most preferred embodiment of the compounds in accordance with
the present invention, R1 signifies n-propyl, n-butyl, n-pentyl, isopentyl,
n-hexyl, 2-ethylbutyl, phenylethyl, and cyclohexylmethyl.

Explanation of R2:
R2 is a hydrogen atom or a radical easily hydrolyzable under
physiological condition.

In the above, the term "a radical easily hydrolyzable under physiological
condition” preferably signifies acetyl, propionyl, benzoyl, toluoyl, 3-alanyl,
valyl, and the like.

Preferred N4-(substituted-oxycarbonyl)-5'-DFCRs of the present
invention are: .
5'-deoxy-5-fluoro-N4-(propoxycarbonyl)cytidine,
N4-(butoxycarbonyl)-5'-deoxy-5-fluorocytidine,
5'-deoxy-5-fluoro-N4-(pentyloxycarbonyl)cytidine,
5'-deoxy-5-fluoro-N4-(hexyloxycarbonyl)cytidine,
5'-deoxy-5-fluoro-N4-(isopentyloxycarbonyl)cytidine,
5'-deoxy-5-fluoro-N4-(neopentyloxycarbonyl)cytidine,
5'-deoxy-5-fluoro-N4-[(1,1 ,2-trimethylpropoxy)carbo.nyl] cytidine,
5'-deoxy-N4-[(3,3-dimethylbutoxy)carbonyl]-5-fluorocytidine,
5'-deoxy-5-fluoro-N4-[(1-isopropyl-2-methylpropoxy)cabonyl]cytidine,
5'-deoxy-N4-[(2-ethylbutyl)oxycarbonyl]-5-fluorocytidine,
N4-[(cyclohexylmethoxy)carbonyl]-5'-deoxy-S-ﬂuorocytidine,
5'-deoxy-5-fluoro-N4-[(2-phenylethoxy)carbonyl]cytidine,
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invention to identify that the specific
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represent ed -~
2' 3'-di-O-acetyl-N4- -(butoxycarbonyl)-5'-deoxy-5- fluorocytidine,

2',3'-di-O-benzoyl-N4-(butoxycarbonyl)-5'-deoxy-S-fluorocytidine,
2',3'-di-O-acetyl-5'-deoxy-5-fluoro-N4-(pentyloxycarbonyl)cytidine,
2',3'-di-O-acetyl-5'-deoxy-5-fluoro-N4-(isopentyloxycarbonyl)-
cytidine,
2',3'-di-O-acetyl-5'-deoxy-5-fluoro-N4-(hexyloxycarbonyl)-
cytidine,
2',3'-di-0O-acetyl-5'-deoxy-N4-[(2-ethylbutyl)oxycarbonyl]-5-
fluorocytidine,
2',3'-di-O-acetyl-N4-[(cyclohexylmethoxy)carbonyl]-5'-deoxy-5-
fluorocytidine,
2',3'-di-O-acetyl-5'-deoxy-5-fluoro-N4-[(2-phenylethoxy)-
carbonyl]cytidine,
5'-deoxy-5-fluoro-N4-(isobutoxycarbonyl)cytidine,
5'-deoxy-S5-fluoro-N4-[(2-propylpentyl)oxycarbonyl]cytidine,
5'—deoxy-l*f“-{(2-edxylhexyl)oxycarbonyl]-5'-ﬂuorocytidine,
5'-deoxy-5-fluoro-N4-(heptyloxycarbonyl)cytidine,
N4-[(2-cyclohexylethoxy)carbonyl]-5'-deoxy-5-fluorocytidine,
N4.[(3-cyclohexylpropyl)oxycarbonyl]-5'-deoxy-5-fluorocytidine,
N4.(cyclohexyloxycarbonyl)-5'-deoxy-5-fluorocytidine,

5 '-deoxy-5-ﬂu0ro-N4-[(3-phenylpropyl)oxycarbonyl]cytidine,;ﬁd
5'-deoxy-5 -ﬂuoro-N4-[(2-methoxyethoxy)carbonyl]_cytidine.

and their hydrates or solvates, and the like.

Among the above compounds, particularly preferred N4-(substituted-
OXycarbonyl)-5'-DFCRs of the present invention are:

5'-deoxy-5-fluoro-N4-(propoxycarbonyl)cytidine,

N4-(butoxycarbonyl)-5 '-deoxy-5-fluorocytidine,
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Intestinal toxicity T tern1 a radical easily hydrolyzabl e under
physi ol ogi cal condition" preferably signifies acetyl, propionyl, benzoyl,
toluoyl, B-alanyl, valyl, and the I|ike.

5'- deoxy-S fluoro-N4-(pentyloxycarbonyl)cytidine,

~5'-deoxy-5 ﬂuoro-N4 (xsopentyloxycarbonyl)cytxdme

§'-deoxy-5-fluoro-N4-(hexyloxycarbonyl)cytidine,

5'-deoxy-N4-[(2-eﬂ1y1butyl)oxycarbonyl]-S-ﬂuorocytidine,

5'-deoxy-5-fluoro-N4-{(2-phenylethoxy)carbonyl]cytidine,

N4-[(cyclohexylmethoxy)carbonyl]-5'-deoxy-5-fluorocytidine,

and their hydrates or solvates, and the like.

The N4—(subsﬁmted-oxycarbonyl)-S'-DFCRs represented by the general
formula (I) as well as their hydrates or solvates can be prepared by a reaction

of a compound represented by the general formula (II),

w
NH,
F
OA\
HaC I
5 ()
RO OR*
wherein R4 is a hydroxy-protecting radical such as acetyl,
’ benzoyl, trimethylsilyl, tert-butyldimethylsilyl, and the like,

with a compound represented by the general formula (II), o
RlococCl (1II)

wherein R1 is the same as defined above,

followed, if necessary, by removal of a protecting radical.
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_ The compounds represented by the above general fonnula (II) can be
.prepared by 2' 3 -di-O-acylation or sﬂylanon of 5'- deoxy-3- fluorocytxdme -
(J. Med. Chem., 22, 1330 (1979)] as described in USP 4,966,891 or by direct
coupling of 5-fluorocytosine with 1,2,3-tri-O-acetyl-5-deoxyribofuranose
according to the procedure similar to that described in the literature

(Synthesis, 748 (1981)].

The reaction of the compound of the above general formula (II) with the
compound of the above general formula (HI) can be carried out in a solvent
such as pyridine, dioxane, tetrahydrofuran, acetonitrile, chloroform,
dichloromethane and the like in the presence of acid acceptor such as
triethylamine, pyridine, picoline, 4-(N,N-dimethylamino)pyridine, lutidine and

the like. The reaction can be carried out at a temperature 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 Synthesz:s, John Wiley & Sons, New York, Can. J. Chem., 49, 493 .
(1971) and USP 4,966,891), e.g. by basic or acidic hydrolysis.

The compounds of the above general formula (I) can exist as unsolvated
a.s. well as solvated forms, including hydrated forms. The hydration can be
effected in the course of the manufacturing process or can occur gragﬁally as a
result of hygroscopic properties of an initially anhydrous product. Solvates
with pharmaceutically acceptable solvents such as ethanol cén be obtained

during, for example, crystallization.

N4-(Substituted-oxycarobonyl)-5'-DFCR derivatives represented by the
general formula (I) as well as hydrates or solvates of the compounds of the

general formula (I) prepared by the present invention exhibit activity against



ycar bonyl ) -5' - deoxy- 5-f [ uorocyti di ne, 5.

-fluoro-N err]-(pentyl oxycarbonyl)cyti di ne, °5 THIS SHEET HAS BEFY
5-fluoro-N err]-(hexyl oxycarbonyl)cytidine, 5 REPLACED

Ky-5-fluoro-Nerr]-(isopentyl oxy_c;: bonyl )cytidine, 5
' -degxy-5-fluoro-N err]-(neopentyl oxycarbonyl)cytidine, 5

"-deoxy-Nerr]-[(3 , 3-di met hyl but oxy) carbonyl ]-5-fl uorocyti di ne,
5' -deoxy- N err]-[(2-ethyl but oxy) carbonyl ]-5-fl uorocyti di ne,

NLerr]- [(cycl aﬁ‘ééwd%{&@fﬁm%@%d g?stngeé%%e;’ Gm'ﬂféﬁdﬁbﬂg mouse

colon 26 carcinoma, mouse Lewis lung carcinoma, and the like if mice over i ’
very wide range of dosages both orally and parenterally and are useful as
antitumor agents. They are efficiently converted to 5'-DFCR by an
acylamidase isozyme, to 5'-DFUR by cytidine deaminase and then to the active
metabolite 5-FU by pyrimidine nucleoside phosphorylase.

The present invention further relates to a pharmaceutical composition
for the treatment of tumors characterized by containing a compound of the

above general formula (I).

The N4-(substituted-oxycarbonyl)-5'-DFCRs of the present invention
can be administered orally or non-orally to human beings by various
conventional administration methods. Moreover, the N4-(substituted-
oxycarbonyl)-5'-DFCRs according to the present invention are used singly or
formulated with a compatible pharmaceutical carrier material. This carrier
material can be an organic or inorganic inert carrier material suitable for
enteral, percutaneous or parenteral administration such as, water, gelatin, gum
arabic, lactose, starch, magnesium stearate, talc, vegetable oils, polyalkylene-

» glycols or pefroleum jelly. The pharmaceutical composition ean be made up in
a solid form (e.g. as tablets, dragees, enteric coating tablets, granulars, enteric
coating granulars, suppositories, capsules or enteric capsules) in a semi-solid
form (e.g. as salves) or in a liquid form (e.g. as solutions, suspensions or
emulsions). The pharmaceutical composition may be sterilized and/or may
contain further adjuvants such as preserving, stabilizing, setting or emulsifying
agents, flavor-improving agents, salts for variation of the osmotic pressure or
substances acting as buffers. The pharmaceutical composition can be prepared

—_—

in a conventional manner. _
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N[ err]-{(2-phenyl et hoxy) carbonyl ] cyti di ne; .
-5' -deoxy- 5-fl uoro- N[err] ( propoxycar bonyﬂf%i["ﬁ't,ﬁ"*ﬁ g‘g B"M1
,!6 acetyl -N err] - (but oxycarbonyl)-5"' - deoxy-5-f| uor acyti i

, 3% benzoyl - N[ err] - (but oxycar bonyl ) - 5 - deoxy-5-fl uorocyt|d| ne,
,3'¥di - 0- acetyl - 5' - deoxy- 5-f | uor o- N[ err] - (pent yl oxycar bonyl ) cyti di ne,
, 3" -di -
, 3" -di -

(3 -l 0 oYl Bl S babddhy B ISHEH ROSELIPTY pduai ooyt o

O acetyl -5 - deoxy-5-fluoro-Nerr]-(isopentyl oxycarbonyl)-cytidine,
O acetyl -5' -deoxy-5-fl uor o- N[err] (hexyl oxycar bonyl ) -cyti di ne,

mventlon can be used alone or as mixtures of two or more differént
N4-(substituted-oxycarbonyl)-5'-DFCRs and the amount of the N4.
(substituted-oxycarbonyl)-5’-DFCRs is about 0.1 to 99.5%, preferably 0.5 to

95% based on the weight of the pharmaceutical composition.

The pharmaceutical composition according to the present invention may

be formulated in a combination with other conventional antitumor agent.

Susceptibility to acylamidase of the N4-(substituted-oxycarbonyl)-5'-
DFCRs of the present invention and their pharmacokinetic profiles in the

monkey are shown as follows:
1. Susceptibility to human and monkey acylamidases

The N4-(substituted-oxycarbonyl)-5'-DFCRs of the present invention
were incubated Qith crude extracts of monkey and human liver in the presence
of an inhibitor of cytidine deaminase, tetrahydrouridine (0.4 mM) at 37°C for
60 min. Thereafter, the product 5'-DFCR was separated by HPLC and the
enzyme susceptibility was calculated from the amount of the product. As
T%ible 1 shows, the compounds provided in the present invention were _highly

susceptible to the human liver acylamidase, suggesting that they are efficiently

biotransformed to 5'-DFCR in human.
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acetyl 5' -deoxy-5-fluoro-Nerr]-[(2- phenyl et-hoxy) - caﬂ&ﬁﬁmeﬂiwcytl
, Jend their hydrates or solvates, and the |ike. -4-
- l{) -

Table 1. Susceptibility to monkey and human acylamidase in the liver and

small intestine

- Acylamidase activity (nmol/mg protein/hr)
Compound
(Example No.) Mornkey Human
Liver Liver
11 20 71
12 29 190
13 47 220
14 32 74
: 15 23 210
& 16 | 33 210
17 22 160
20 19 320
21 26 82
22 43 110
24 18 64
25 <13 160
26 - 20 560
27 59 110
N
\
f This Sheey

- I



conpewunds,. particularly preferred N[err] (s
)-5"-DFCRs of the present invention are: '
s #5-f | uoro- N[ err] - (propoxycarbonyl)cyti di ne,
5'-de -5-fluoro-Nerr]- (isopentylox%c bonyl ) cyti di ne,
5' -deoxy-5-fluoro-Nerr]-(hexyl oxycarbonyl)cyti di ne,

5' -deoxy-N err]-[(2-ethyl butyl)oxycarbonyl]-5-fluorocytidine
5' -deoxy-5-fluoro-N err]-(neopentyl oxycar bonyl )cytidine, 5
-deoxy-N err]-[ (3, 3-di met hyl but oxy) car bonyl )-5-fl uorocyti di ne,
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2. Pharmacokinetic profiles in monkeys

The compounds of the present invention were orally administered into
groups of 2 to 5 cynomolgous monkeys (3~4 kg). At various times after the
administration, plasma was taken for determination of blood concentrations of

intact molecules and their active metabolite 5'-DFUR.

Metabolites in the plasma were separated by HPLC and their
concentrations were calculated. As Table 2 shows, the compounds of the
present invention gave high levels in Cmax and AUC of the active

‘metabolite 5-DFUR in the plasma. These results indicate that the
compounds provided in the present invention can be effectively utilized-
for the treatment of various tumors in human beings.
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¢

rable 2- Pharmacokinetic Profiles in Monkeys

Plasma
Compound 5'-DFUR
(Example No.) Cmax AUC
(ng/ml) (ugehr/ml)

10 1.44 2.03
11 1.57 2.06
12 2.10 2.90
13 1.50 1.96
14 1.80 2.40
15 2.60 2.89
16 1.40 2.52

v 17 1.65 2.66

The antitumor activities of the compounds of the present invention are shown

as follows:
3. Antitumor testing against human colon cancer xenograft CXF280

CXF280 tumor (about 2 x 2 mm piece) was implanted subcutaneously
into BALB/c nu/nu mice (21 - 22 g) on day 0. When tumor volume became
- 100 mm3 on day around 14, the compounds of the present invention were
orally administered daily for 3 weeks. At one day after the last n'eat_ment,

tumor volume was calculated.

\\.
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stituted-oxycarbonyl)-S' DFCRs represented by the frer-atl *1

s well as their hydrates or sol vates can be prepared b?“é%;% A%
a Tonpound represented by the general _ fn‘.{ mula (11), [err] ‘wher eFFPAG
a hydroxy-protecting radi cal such as ac® benzoyl , trlnethyI5|IyI
tert-butyldinmethylsilyl, and the |iKke, vmth a corrpound r epr esent ed by t he
general formula (1I1),
Table 3. Antitumor Effects of Fluorinated Pyrimidines in BALB/c

— mu/nu Mice Bearing CXF280 Human Colon Carcmoma

I :‘w"

mpnm——

Compound Dose x 21 % Growth Fecal
(Example No.) (mmol/kg/day) inhibition observation*
Exp. 1
Vehicle - N
12 0.13 68
0.3 69
0.67 86
1.0 86
1.5 96 N
; 13 0.13 59
“ 0.3 66
: 0.67 79
1.0 91
1.5 94 N
24 0.13 37
0.3 64
0.67 75
1.0 83
1.5 89 N
Reference compdund
5-FU 0.089 28 N
0.13 59 N
0.2 79 L
L )
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ap‘r] OCOCl (1'11) wherein R er]THIS st ’
efined above, followed, if necessary, by renoval of. a pr tectuﬁgmk W EF
The conpounds represented by the above general formula (IPT“Can~be—eFepaped
by 2',3 -di-Oacylation or silylation of 5 -deoxy-5-fluorocyti-dine [J. Med.
Chem, 22, 1330 (1979)] as descri bed-i h4USP 4, 966,891 or by direct coupling
of 5-f|uorocytosine wth 1,2,3-tri-C>acety|-5-deoxyribofuranose accordi ng

to the procedure simlar to that described in the literature

-Compound .. - Dosex21 . % Growth . Fecal _ -
(Example No.) (mmol/kg/day)  inhibition observation* -
Exp. 2
Vehicle - N
10 0.13 39
03 56
0.67 75
1.5 86
2.25 93 N
11 0.13 46
0.3 72
0.67 84
1.5 95
-’ 2.25 101 N
14 0.13 68
0.3 68
0.67 85
1.5 94 N
2.25 100 N
27 0.13 26
03 72
0.67 . 84
15 94 N
2.25 103 N
Reference compound
1 5-FU 0.089 NE . N
' 0.13 20 N
0.2 58 L

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

e
[
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Nesl.s, 748 (1981)]:. The reaction of the conpound of I
P (11) with the conmpound of the above generat fornmu] 35S SHEETG#S BigeN
;‘d out in a solvent such as pyridine, dioxane, tetrahydroREPIACED

§tonitrile, chloroform dichl ororret hane and the like in the presence of
acid acceptor such as triethyl anmi rie,ldytidi ne, picoline,
4- (NN-di net hyl am no) pyridine, lutidine and the |ike. The reaction can be
carried out at a tenperature between 0 and

The percent mhibmon of tumor growth given in Table 3 above was calculated

from the foxmula
% Inhibition = (1 - (T - VO)AC - V0)} x 100
V0 = volume of tumor before treatment was started, T= volume of the tumors
from the treated group, C = volume of the tumor from the control group.
As Table 3 shows, the compounds provided in the present invention
were safely administered without causing intestinal toxicity and were much

more effective than 5-FU.
4. Antitumor and anticachexia activity against mouse colon 26 carcinoma

Antitumor activity of a representative compound (Example 13), of the
present invention, was measured as follows: |
Mice (CDF1) were subcutaneously inoculated with colon 26 carcinoma (106 - -
cells) on day 0. The compound was administered daily for 7 times from day
21 when the animals became cachectic. One day after the last treatment, tumor
weight gain, carcass weight gain, adipose tissue weight, concentrations of
glucose and the acute phase reactant IAP (immunosuppressive acidic protein).
in the serum were measured. As Table 4 shows, mice treated with vehicle

9 were abnormal in cachexia parameters such as adipose tissue weight, serum

glucose and IAP levels, whereas treatment with the compound of Exa_mple 13

suppressed tumor growth and improved cachexia. -

———
——
—————
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rocediﬂ‘ ose skilled in the art (ProtegtiVve (,
-J4aFc  Synt hsi ﬁu IHE & Sons, New York, Can. J. Che'm-~,——4-é,—’4:
[) and USP !g. by basirsof acidic hydrolysis. The

conpounds of the above general fornula (1) can exist as unsolvated

Table 4 Improvement of Tumor Cachexia with Fluorinated Pyrimidines
. .- .= _ in Mice Bearing Colon 26 Adenocarcinoma . .. . -. o

ama——

Dose x 7 Tumor wt. Carcass wt. Adipose  Serum Serum
Compound (mmol/kg) change change tissue wt.  glucose IAP

(Example No.) (8) (8) (mg)  (mg/dl)
(ug/ml)
Vehicle _ 1.65 -1.5 11 91 1167
13 0.125 1.24 1.6* 22% 118* 1195
0.25 0.91* 3.4* 42* 120* 1020
0.5 0.79* 4.2* 63* 147* 805*
1 0.06* 5.6* 85* 127* 795*
,& * P<0.05 versus corresponding value of vehicle group

The toxicity (LD50) of the representative compounds (Example 13,14,
and 17) of the present invention was examined by oral administration daily for ™
21 days in mice. The representative LD5( values obtained from the
experiments were more than 500 mg/kg/day.

A dosage per day to a patient of the N4-(substituted-oxycarbonyl)-5'-
DFCRs of the present invention may be varied depending upon his weight and
L | state to be remedied, but generally is in the range of 0.5 to 500 mg per 1 kg of
weight, preferably about 2 to 200 mg. It should be noted that the compound
of the invention can be expected to have 3~5 times higher activity th;n those of
the compounds disclosed in USP 4,966,891 in humans when taking into
consideration of the data of Cmax and AUC of 5'-DFUR after oral
administration of the present compounds in monkeys. From the same reason,
the compounds of the present invention can be expected to show sufficient
activity at the 3~5 times lower dosage than those of the compounds of said U.S.
Patent. The present invention can provide a pharmaceutical composition for

treating tumors with high safety margin.
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onyl )-5"'-DFCR derivatives represented by the
formula (1) as vveII as hydrates or solvates of the conmpounds of the
formula (1) prepared by the present invention exhibit activity

|l
R&l ropert ies of an initially anhy FH&%SI&WM BEEN
mm m y accept abI e solvents such as etha®SPLACED be
(Substi't

The following Examples are intended to illustrate the present invention ~ ’

in more detail, but are not intended to limit its scope in any manner.

Reference example: Preparation of starting material

(a) From 5'-deoxy-35-fluorocytidine

5'-Deoxy-5-fluorocytidine (50 mg) was dissolved in dry pyridine
(1.3 ml). To the solution was added acetic anhydride (39 ml) with
stirring at 0°C. The reaction mixture was stirred for 3 hours at 0°C.
After removal of the solvent under reduced pressure, the residue was
partitioned between ethyl acetate and ice cooled water. The ethyl acetate ™
layer was dried over magnesium sulfate and concentrated under reduced
pressure. The resudie was purified by silica gel column chromatography
(dichloromethane/methanol=9/1 as an eluent) followed by
recrystallization from isopropanol to give 37 mg of 2',3'-di-O-acetyl-5'-
deoxy-5-fluorocytidine : 191.5~193°C, FAB-MS m/z 330 (MH+*).

(b) From S5-fluorocytosine and 1,2,3-tri-O-acetyl-5-deoxy--D-ribofuranose
A solution of sodium iodide (3.6 g) and chlorouixnethylsil_ahe
(794 ml) in dry acetonitrile (15 ml) was stirred with molecular sieves 4A
(200 mg) at 0°C for 5 min (colorless sodium chloride .deposited during
stirring).  1,2,3-Tri-O-acetyl-5-deoxy-B-D-ribofuranose (2.0 g) was
added and the mixture was stirred at 0°C for 30 min. Then, a solution of
the trimethylsilylated 5-fluorocytosine, freshly prepared from 5-
.fluorocytosine (1.12 g), in dry acetonitrile (5 ml) was added at 0°C and

stirring was continued for 3 h at room temperature. The mixture was



on cancer CXF280 and gastric cancer GXF97 xenografts, nmouse colon
I noma, nouse Lewi s |lung carcinoma, and the l.ike |Ei

ﬂgﬁq{Aﬁsw>
. .ange of dosages both orally and parenterally and afe us% ol AGD
antTtunor agents. They are efficiently converted to 5' Hy—an

acyl am dase i sozyne, to 5-DFUR by -cyli4A i ne deam nase and then to the active
net abolite 5-FU by pyrim di ne nucl eosi de phosphoryl ase. The present
invention further relates to a pharnaceutical conposition, particularly for
the treatnment of tunors characterized by containing a

filtered the filtrate was concentrated in vacuo, and the res1due was

partmoned between dichloromethane and saturated aq. sodmm
bicarbonate solution. The aqueous layer was extracted with
CH,Cl12/MeOH (10:1). The combined organic layers were dried over
anhydrous sodium sulfate and evaporated under reduced pressure. The
resudie was purified by silica gel chromatography using CH2C12/MeOH
(15:1) as an eluent, followed by recrystallization from isopropanol to

give 1.24 g of 2',3'-di-O-acetyl-5'-deoxy-5-fluorocytidine.

This Sheet Has Been Replac
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. of the above general forrmula (). The
bsti tut ed- oxycarbonyl)-5"-DFCRs of the present |nvent|DHSGHHPbHASBLFV
ni stered orally or non-orally to human beings by varioys convempcepal

adgm ni stration nethods. Mreover, the N err]-(substituted- ~
oxycar bonyl ) -5' - DFCRs accor di ng to thd%resent invention are used si ngly or
formulated with a compatible pharmaceutical carrier material. This carrier
material can be an organic or inorganic inert carrier material suitable for

enteral, percut aneous or parenteral admnistration such as, water, gelatin,
Examplel e _

Pr gp_a_ragon gf 2',3'-d1-0 acetyl-ﬁ -degxy-ﬁ—ﬂugrg-N&- e

ropoxvcarbonvl)cvtidin

To a solution of 2',3'-di-O-acetyl-5'-deoxy-5-fluorocytidine (2 g) in

CH2CI2 (15 ml) and dry pyridine (983 ml) was added dropwise n-propyl

chloroformate (957 ml) with stirring and cooling on ice bath. After

stirring for 30 min at room temperature, the mixture was evaporated to

dryness under reduced pressure. The residue was partitioned between

ether and saturated aqueous solution of sodium bicarbonate. The organic
; layer was washed with brine, dried over anhydrous sodium sulfate and

* filtered.

The filtrate was evaporated to give 2',3'-di-O-acetyl-5'-deoxy-5-
fluoro-N4-(propoxycarbonyl)cytidine (2.5 g) : EI-MS m/z 415(M+): 1H-
NMR(dg-DMSO) 6 0.92 (3H, t, J=7.3 Hz), 1.37 (3H, 4, J=6.3 Hz), 1.63 "~
(2H, sex, J=7.3 Hz), 4.06~4.14 (3H, m), 5.11 (1H, t, J=6.3 Hz), 5.47 (1H,
d.d., J=4.6 & 6.3 Hz), 5.81 (1H, d, J=4.6 Hz), 8.31 (1H, br. s), 10.63
(1H, br. s)

The following compounds were obtained according to a manner
) _ analogous to that of Example 1 (R! and R2 are the same-with those in the
general formula (I)). The compound of Example 9 was prepared from
the known 2',3'-di-O-benzoyl-5'-deoxy-5-fluorocytidine (USP -
4,966,891) by the similar manner to that of Example 1.

—_—
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@@t i t ut ed- oxycarbonyl )-5'-DFCRs and the anount of the

err]-(substituted- oxycarbonyl-5 -DFCRs is about 0: 1t
0.5 to 95% based on the wei ght of the pharmaceutical cor

o189 sHEET prs foEEsb
0Si t REFLACEDe

phar maceuti cal conposition according to_the present inve
formulated in a combination with othef €8nventional anti
Susceptibility to acyl am dase of the N err]-(substituted
DFCRs of the present invention and their phannacokinetic

_Exm@e 10 -

nt1ron nmay be

tunor agent.

-oxycar bonyl )-5" -
profiles in the

Preparation of 5'-deoxy-3-fluoro-N4-(propoxycarbonyl)cytidine

To a solution of 2',3’-di—O-acetyl-S’—deoxy-S-ﬂuoro-N4-(propoxy-
carbonyl)cytidine (2.5 g) in CH2Cl3 (17 ml) was added dropwise 1N

NaOH (17 ml) with stirring and cooling with ice bath
1 hr at 0°C, MeOH (0.9 ml) was added to the mixture.

. After stirring for
And pH of the

reaction mixture was adjusted to 6 by the addition of concentrated HCl

and partitioned. The aqueous layer was extracted with a mixed solvent
-y of CH2Cl2/MeOH(95/5) successively (40 ml x 10). The combined

The solution was evaporated, and the residue was crys

(M™).

the general formula (I)).

1 —_—
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organic layers were dried over anhydrous sodium sulfate and filtered.

tallized from ethyl

acetate to give 5'-deoxy-5-fluoro-N4-(propoxycarbonyl)cytidine as . -
colorless crystals (1.6 g, y. 79.8%) : mp. 125-126.5° C; EI-MS m/z 331

The following compounds were obtained according to a manner

analogous to that of Example 10 (Rl and R2 are the same with those in




w1 SLSEEEEPTIITTT ty t o human| M SHEFNGYAS BEEN
am dases The N4-(substituted-oxycarbonyl)-5"-DFCRs of theRppiessn
I.nvent i on TsSkeef ffi th crude extracts of nonkey and human TTver—i
t he presenc W[ tor of cytidine deam nase, tetrahydrouridine (0.4
mV) at 37[e n. Thereafter,gthe product 5'-DFCR was separat ed

by HPLC and the enzyne susceptibility was cal culated fromthe anount of the
product. As Table 1 shows, the conpounds provided in the present invention

Example | Rl . R2 | Melting Recrystalli- FAB-MS
- No..—} .- “-. . ~ point(°C) .| zadonsolvent | .. _m/z o
11 n-butyl H 119~120 AcOEt 346 (MH™)
12 n-pentyl H 119~121 AcQFt El 359MH
13 n-hexyl H 114~116 AcOE: EI  373(MY
14 | isopentyl H 119~120 AcOE: 360 (MH™)
15 2-ethylbutyl H amorphous* | — 374 MH?Y)
l‘ 16 | cyclohexylmethyl | H | 126~127 AcOEt 386 (MH*)
!
i 17 | phenethyl H 144~145 AcOEt-MeOH 394 (MH™*)
18 allyl H 118.5~120 | AcOE: 330 (MH™*)

* 1H-NMR (d¢-DMSO) of Example 15: & 0.87 (6H, t, J=7 Hz),
1.25~1.45 (7H, m), 1.53 (14, m), 3.68 (1H, q., J=6 Hz), 3.89 (1H, br. t,
J=6 Hz), 4.02 (2H, d, J=6 Hz), 4.10 (1H, m), 5.05 (1H, d, J=6 Hz), 5.4
(1H, d, I=6 Hz), 5.67 (1H, d, J=3 Hz), 8.00 (1H, br. s), 10.55 & 11.60
(total 1H, br. s each).

Example 19
Preparation of N4-(cyclohexyloxycarbonyl)-5'-deoxy-5-fluorocytidine
5'-Deoxy-5-fluorocytidine (2.5 g) was dissolved in dry pyridine (20 ml).
To the mixture, trimethylsilyl chloride (3.4 ml) was added dropwise at 0°C,
and stirred for 30 min at room temperature. To the reaction mixture,
cyclohexyl chloroformate (2.0 ml) was added in one portion at 0°C. After

stirring of the mixture for 1 hour at room temperature, pyridine was



' | 0 the human liver acyl am dase, A
are efficiently biotransforned to 5 -DFCR i n human E? 5@%&@ N
e ceptibility to nonkey and hunman acyl am dase in the |t se»- '

activity (nnol/ng protein/hr) - 24 -

_ evaporated under reduced pressure. The resxdue was then partltloned between

-

saturated aqueous NaHCO3 and ether. The orgamc layer was wastied with
brine, dried over anhydrous MgSQ4 and concentrated under reduced pressure.
To the residue were added citﬁc acid (2.0 g) and methanol (50 ml). The
mixture was stirred at room temperature overnight. After removal of the
solvent under reduced pressure, the residue was dissolved in CH2Cl2/MeOH
(95:5) and neutralized by aqueous NaOH. The organic layer was dried over
anhydrous Na2S04 and concentrated under reduced pressure. The residue was
purified by silica gel chromatography using CH2C12/MeOH (20:1) as an
eluent, followed by recrystallization from ethyl acetate to give N4-

wd (cyclohexyloxycarbonyl)-5'-deoxy-5-fluorocytidine (3.47g : 92% yield) : mp.
134-136°C, FAB-MS m/z 372 (MH™).

The following coinpounds were obtained according to a manner
analogous to that of Example 19 (R1 and R2 are the same with those in the
general formula (I)).

This Sheet Has Been Rep
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Example { Rl . R2 | Melting Recrystalli- FAB-MS
- -No.~ - - - point ('C) |.zatonsolvent | - - m/z
20 2-cyclohexylethyl H | 128~129.5 AcOEt 400 (MH*)
21 3-cyclohexylpropyl | H | amorphous* | — 414 (MHY)
22 3-phenylpropyl H 120~121 AcOEt 408 (MH*)
23 2-methoxyethyl H | amorphous** | — 348 (MH*)
24 | isobutyl H |132~134 AcOEt 346 (MH*)
-’ 25 2-propylpentyl H | 116~118 AcOEt 402 (MH*)
26 2-ethylhexyl H | amorphous*¥**! 402 (MH*)
27 | n-hepeyl H |1155~117.5 | AcOE: 388 (MHY)

*  1H-NMR (d¢-DMSO) of Example 21:
- §0.78~0.93(2H, m), 1.15~1.27(6H, m), 1.31 (3H, d, J=7 Hz), 1.59~1.75 -
(7H, m), 3.68 (1H, q, J=6 Hz), 3.89 (1H, br. t, J=6Hz), 4.01~4.14 (3H,
m), 5.04 (1H, d, J=6Hz), 5.40 (1H, d, J=6 Hz), 5.67 (1H, d, J=2 Hz), 8.00
" (1H, br. s), 10.03 & 10.53 (total 1H, br. s each).
** 1H.NMR (dg-DMSO) of Example 23:
& 1.31 (3H, d, J=5.9 Hz), 3.28 (3H, s), 3.56 (2H, br. 1), 3.69 (IH, t, J=6
Hz), 3.89 (1H, m), 4.06 (1H, m), 4.22 (2H, br. t), 5.05 (1H, d, J=6 Hz),
5.40 (1H, br. s), 5.67 (1H, d, J=3 Hz), 8.06 (1H, br. s), 10.65 (1H, br. s).
++* 1H.NMR (dg-DMSO) of Example 26:
5 0.85~0.88 (6H, m), 1.27~1.38 (11H, m), 1.57 (1H, br. d, J=6 Hz),
3.68 (1H, g, J=6 Hz), 3.89~4.02 (4H, m), 5.05 (1H, br. s), 5.41(1H, br.
"s), 5.67 (1H, d, J=3 Hz), 8.06 (1H, br. s), 10.52 (1H, br. s).
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compound provxded by the present invention.

Example A:

Interlocking gelatin capsules each containing the following ingredients

were manufactured in a manner known per se:

. The followmg examoles lllustrated pharmaceutlcal preparanons contammg a

N4-(Butoxycarbonyl)-5'-deoxy-5-fluorocytidine 100 mg
Com starch 20 mg
Titanium dioxide 385 mg
Magnesium stearate 5 mg
Film 20 mg
PEG 6000 3 mg
Talc 10 mg

543 mg

Example B:

Tablets each containing the following ingredients were manufactured 'in

a manner known per se:

N4-(Butoxycarbonyl)-5'-deoxy-3-fluorocytidine 100 mg
Lactose 25— mg
Com starch 20.2 mg
Hydroxypropylmethyl cellulose 4 mg
Magnesium stearate 0.8 mg
Film 10 mg
PEG 6000 1.5 mg
Talc 45 mg

166 mg
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50 2. Pharmacokinetic profiles in nonkeys The conpounds 01‘Eﬂ%SEF%§5ﬁSBFEV‘

i nvention were orally adninistered into groups of 2 to 5 cynonnl YBLACED

monkeys (3-4 kg). At various tinmes af2er-the adninistration, pl asma was
taken for determ nation of blood concentrati ons of intacp nol ecul es and

their active netabolite 5'-DFUR

Example C: - R R

Dry parenteral dosage forms were manufactured in a manner known per

se.

(1) A total 5 g of N4-(butoxycarbonyl)-5'-deoxy-5-fluorocytidine was
dissolved in 75 ml of distilled water, the solution was subjected to a
bacteriological filtration, and then divided aseptically into 10 sterile
vials. The solution was then freeze-dried to yield 500 mg of sterile dry

() solid per vial. '

(2) Clean N4-(butoxycarbonyl)-5'-deoxy-5-fluorocytidine in the amount of
500 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

suitalble sterile aqueous solvent such as water for injection or isotonic

sodium chloride or 5% dextrose for parenteral administration.

This She,
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i 'VEr@ﬂgﬁﬁafﬁﬁéﬁmﬁV’KPLC and their_concentrations

calcul ated. As Table 2 shows, the conpounds of- t{HEHIRSHEERHASBEENt | 0
e high levels in Cmx and AUC of the active netabdlite BEEPRER i'n the
ptasma. These results indicate that the canpounds provided in the present

i nvention can be effectively utilized R28r-the treatnment of various t umors—
I n human bei ngs.

What we claim is:

1. Compounds represented by the general formula (D),

NT F
OJ\ I (1)

R20 OR2?

wherein R1 is a saturated or unsaturated, straight or -
branched hydrocarbon radica.l [wherein the number of the:
carbon atoms in the longest straight chain of this
hydrocarbon radical ranges from three to seven], or a radical-
of the formula -(CH2)p-Y [in which n is an integer from O
to 4, when Y is a cyclohexyl radical, or n is an integer from
L 2to 4, when Y is a lower alkoxy radical having-1 to 4 carbon
“. ' atom(s) or a phenyl radical}, and R2isa hYdrogen atom or a
‘ radical easily hydrolyzable under physiological conditions,
as well as hydrates or solvates of the compounds of the general
formula (T). | |

mMmmmm
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2 The compounds accordmg to clann 1 wherem Rlis selected from the

group consxstlng of n-propyl n-butyl 1sobuty1 2-ethy1buty1 n-pentyl

isopentyl, 2-propylpentyl, 1-isopropyl-2-methylpropyl, 1,1,2-
trimethylpropyl, 3,3-dimethylbutyl, neopentyl, n-hexyl, 2-ethylhexyl,

n-heptyl, allyl, 2-buten-1-yl, 3-buten-1-yl, 3-penten-1-yl, 4-penten-1-

yl, 3-hexen-1-yl, 4-hexen-1-yl, 5-hexen-1-yl, cyclohexyl,

cyclohexylmethyl, 2-cyciohexylethyl, 3-cyclohexylpropyl, 4-

cyclohexylbutyl, 2-methoxyethyl, 2-ethoxyethyl, 3-methoxypropyl,

3-ethoxypropyl, 4-methoxybutyl, 4-ethoxybutyl, phenethyl, 3-

phenylpropyl and 4-phenylbutyl.

3.

The compounds according to claim 1, selected from a group

consisting of:

5'-deoxy-5-fluoro-N4-(propoxycarbonyl)cytidine,
N4-(butoxycarbonyl)-5'-deoxy-5-ﬂuorocytidine,
5'-deoxy-5-fluoro-N4-(pentyloxycarbonyl)cytidine,
5'-deoxy-5-fluoro-N4-(hexyloxycarbonyl)cytidine,
5'-deoxy-5-ﬂuoro-N4-(isopentyloxyca:bonyl)cytidine,
5'-deoxy-5-fluoro-N4-(neopentyloxycarbonyl)cytidine,
-deoxy-5-fluoro-N4-[1,1,2-trimethylpropoxy)carbonyl]cytidine,
5'-deoxy-N4{(3,3-dimethylbutoxy)carbonyl]S-fluorocytidine, .
5'-deoxy-5-ﬂuoro—N4-[(1-isopropyl-2-methylpropoxy)calbor:yl]-
cytidine,
5'-deoxy-N4-[(2-ethylbutyl)oxycarbonyl]-5-ﬂuorocﬁ®e,
N4-[(cyclohexylmethoxy)carbonyl]-5'-deoxy-S5-fluorocytidine,
5'-deoxy-5-ﬂuoro-N4-[(2-pheny1ethoxy)carbonyl]cytidine,
2',3"-di-O-acetyl-5"-deoxy-5-fluoro-N4-(propoxycarbonyl)cytidine,
2',3'-di-O-acetyl-N4-(butoxycarbonyl)-5'-deoxy-5-fluorocytidine,

A
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2',3'-di- O-benzoyl N4-(butoxycarbony1)- -deoxy-S-ﬂuoro- )
cytxdme T
2',3"-di-O-acetyl-5'-deoxy-5-fluoro-N4-(pentyloxycarbonyl)cytidine,
2',3'-di-0-acetyl-5'-deoxy-5-ﬂuoro-N4-(isopentyloxycarbonyl)-
cytidine,
2',3'-di-O-acetyl-5'-deoxy-5-fluoro-N4-(hexyloxycarbonyl)-
cytidine,
2',3'-di-O-acetyl-5'-deoxy-N4-[(2-ethylbutyl)oxycarbonyl]-5-
fluorocytidine,
2',3'-di-O-acetyl-N4-{(cyclohexylmethoxy)carbonyl]-5'-deoxy-5-
fluorocytidine,
2',3'-di-O-acetyl-5'-deoxy-5-fluoro-N4-{(2-phenylethoxy)-
carbonyl]cytidine,
5'-deoxy-5-fluoro-N4-(isobutoxycarbonyl)cytidine,
5'-deoxy-5-fluoro-N4-[(2-propylpentyl)oxycarbonylicytidine,
5'-deoxy-N4-[(2-ethythexyl)oxycarbonyi]-5'-fluorocytidine,
5'-deox&-S-ﬂuoro-N“-(heptyloxycarbonyl)cytidine,
N4-[(2-cyclohexylethoxy)carbonyl]-5'-deoxy-5-fluorocytidine,
N4-[(3-cyclohexylpropyl)oxycarbonyi]-5'-deoxy-5-fluorocytidine,
N4-(cyclohexyloxycarbonyl)-5'-deoxy-5-fluorocytidine,
"-deoxy-5-fluoro-N4-[(3-phenylpropyl)oxycarbonyl]cytidine, and
5'-deoxy-5-ﬂuoro-N4-[(2-methoxyethoxy)carbonyl]cytidine._'

4. Compounds according to claim 1, 2 or 3 for use as

therapeutically active substanceg, particularly for use as antitumor
active substances.

5. A process for producing the compounds according to claim 1,
2 or 3, which comprises reacting a compound represented by the

general formula (I AR o
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RO OR*

wherein R4 is a hydroxy-protecting radical,

with a compound represented by the general formula (1I0),

R1OCOCI (I1)

wherein Rl is the same as in claim 1,

and, if necessary, removing the protecting radicals.

0. A pharmaceutical composition for the treatment of tumors

* ' characterized by containing a compound of the geneml formula (D),
2 1
R
”
HN)k O
F
~d
1] (1)
0" °N
C
Hj 0

) ) R

R20 OR?



[ em 3 weeks. At one day after the Iast——H=-ea{—m;;'-;';t_,__t_u.cm.rT
Vor’gﬂs]si&e‘?ﬁ Fm ﬁﬁﬁf - 10- Table 3. Antitunor Effect|sT8f SHEEDHARBEEY

Pyri H"mﬁm B/c nu/nu M ce Bea5| ng CXF280 Human Collon_ Cat%HAGHR

. wherein R1 is a saturated or unsaturated, straight or
branched hydrocarbon chain [wherem the nurmbez of the
carbon atoms in the longest straight chain of this
hydrocarbon radical ranges from three to seven], or a radical
of the formula -(CH2)n-Y [in which n is an integer from 0
to 4, when Y is a cyclohexyl radical, or n is an integer from
2to 4, when Y is a lower alkoxy radical having 1 to 4 carbon
atom(s) or a phenyl radical], and R2 is a hydrogen atom or a
radical easily hydrolyzable under physiological conditions,
or a hydrate or solvate of the compound of the general formula (I)
b as an active ingredient.

+.  The pharmaceutical composition according to claim 6, wherein R1 of
the compound is selected from the group consisting of n-propyl,
n-butyl, isobutyl, 2-ethylbutyl, n-pentyl, isopentyl, 2-propylpentyl, 1-
isopropyl-2-methylpropyl, 1,1,2-nimethy]Fmpyl, 3,3-dimethylbutyl,
neopentyl, n-hexyl, 2-ethylhexyl, n-heptyl, allyi, 2-buten-1-yl, 3-
buten-1-yl, 3-penten-1-yl, 4-penten-1-yl, 3-hexen-1-yl, 4-hexen-1-yl,
5-hexen-1-yl, cyclohexyl, cyclohexylmethyl, 2-cyclohexylethyl, 3-
cyclohexyl-propyl, 4-cyclohexylbutyl, 2-methoxyethyl,.2-ethoxy-
ethyl, 2-propoxyethyl, 3-methoxypropyl, 3-ethoxypropyl, 4-methoxy-
butyl, 4-ethoxybutyl, phenethyl, 3-phenylpropyl and 4-phenylbutyl.

8. The pharmaceutical composition according to claim &, wherein the
compound is selected from a group consisting of:
5'-deoxy-5-fluoro-N4-(propoxycarbonyl)cytidine,

N4-(butoxycarbonyl)-5'-deoxy-5-fluorocytidine,
-

dey - morysonrsane. YT

S'-deoxy-5 -ﬂuoro-N4-(hexyloxycarbonyl)cyndme,
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5'-deoxy-5-fluoro-N4-(isopentyloxycarbonyl)cytidine,
5’-deoxy-5-ﬂuoro-N4 (neopentyloxycarbonyl)cytidine,

5'-deoxy-5-ﬂuoro-N4 ((1,1,2- mmethylpropoxy)carbonyl]cyudme,
5'-deoxy-N4-[(3,3-dimethylbutoxy)carbonyl]-5-fluorocytidine,
5'-deoxy-5-fluoro-N4-{(1-isopropyl-2-methylpropoxy)carbonyl]-
cytidine,
5'-deoxy-N4-[(2-ethylbutyl)oxycarbonyl]-5-fluorocytidine,
N4-[(cyclohexyhnethoxy)carbonyl]-5'-deoxy-S-ﬂuorocytidine,
5'-deoxy-5-fluoro-N4-{(2-phenylethoxy)carbonyl]cytidine,

- 2',3-di-O-acetyl-5'-deoxy-5-fluoro-N4-(propoxycarbonyl)cytidine,
2',3'-di-O-acetyl-N4-(butoxycarbonyl)-5'-deoxy-5-fluorocytidine,

L) 2',3"-di-O-benzoyl-N4-(butoxycarbonyl)-5'-deoxy-S5-fluoro-
cytidine,
2,3'-di-O-acetyl-5™-deoxy-5-fluoro-N4-(pentyloxycarbonyl)cytidine,
2',3'-di-O-acetyl-5'-deoxy-5-fluoro-N4-(isopentyloxycarbonyl)-
cytidine,
2',3'-di-O-acetyl-S'-deoxy-5-ﬂuoro-N4-(hexyloxycarbonyl)-
cytidine, .
2',3'-di-O-acetyl—S'-deoxy—N4-[(2-ethylbutyl)oxycarbonyl]-5-
fluorocytidine,

. - 2',3'—di-0-acetyl-N4-[(cyclohexyknethoxy)carbonyl]-S'-deoxy-S-
fluorocytidine,
2',3'-di-O-acetyl-5"-deoxy-5-fluoro-N4-[(2-phenylethoxy)-
carbonyl]cytidine,

5'-deoxy-5-fluoro-N4-(isobutoxycarbonyl)cytidine,
5'-deoxy-5-fluoro-N4-{(2-propylpentyl)oxycarbonyl]cytidine,
5 '-deoxy-N4-[ (2-ethy1hexy1)oxycafbonyl]-5'-f1uorocytidine,
5'-deoxy-5-fluoro-N4-(heptyloxycarbonyl)cytidine,
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N4-[(2—cyclohexylethoxy)carbonyl]-5 deoxy 5- ﬂnorocyudme .
B Né4. [(3-cyclohexylpropyl)oxycarbonyl] 5'- deoxy-S-ﬂuorocyt:dme
N4-(cyclohexyloxycarbonyl)—S -deoxy-5-fluorocytidine,
. 5'-deoxy-5-ﬂuoro-N4-[(3-phenylpropyl)oxycarbonyl]cytidine,.and

5'-deoxy-5-fluoro-N4-[(2-methoxyethoxy)carbonyl]cytidine.

9. The use of the compounds of claim 1, 2 or 3 for the
manufacture of an antitumor agent.

10. The invention as hereinbefore described, particularly
with reference to the Examples.

—_—
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N-Oxycarbonyl substitutEd ":'_%ﬁéoxy—s-fluorocytidines

Compounds represented by the general formula (I),

QO
o . R1
HN)kO/
_ . _F
N7
& S (1)
' Hc O N
O
R2O OR2
5 wherein Rl is a saturated uf iihsaturated, straight or branched

hydrocarbon radical {whex:em the number of carbon atoms in the
longest straight chain of this hydrocarbon radical ranges from
Ao ~ three to seven), or a radical of the formula -(CH2)p-Y [in which n
" is an integer from 0 to 4, when Y is a cyclohexyl radical, or nis an
¢ 10 integer from 2 to 4, whéfi Y i§ a lower alkoxy radical having 1 to 4
carbon atom(s) or a phbﬁv"l radical], and R2 is a hydrogen atom or
a radical easily hydr01y7 a.{itider physiological conditions,
as well as hydrates or solvé
can be utilized in the treati
15 a compound of formula Rl
fluorocytidine of the above
groups, and if necessary remo

vmth a N4.unsubstituted 5'-deoxy-5-

1] 3
N

the protecting groups.

*\___\_-\
This Sheet H. Replaced
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& compounds of the general formula (1),
Utnors, They can be prepared by reacting

I, wherein R2 would stand for protecting
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cause intestinal toxicities and immunosuppressive toxcities, which are
their major and dese limiting toxicities,

USP 4,968,891 discloses pracursors of 3-FU which are improved in the
ahove menticne d aspect of bloconversion efficiency and toxcities. They are
converted to 80xy-3- CIL.CFOCﬁ;CL.ne {(5-DFCR) by acylamidases, to 3'-degxy-
E-ﬁucrcuridme {a -DFUR) by cytidine deaminase, and then to 3-FU by
pyrimidine nuclectide phosphorylase in vivo which is prefereatially localized
in the liver, small intestin and tumor tissues. During intens¥ve studies on
the pharmacckinetic profiles of the precursars of 5-FU, particularly of N=-
{substituted-oxycarbonyli)-5'-decxy-3 ~ﬂuorscytzdme derivatves, the inventors.
found that certain specific precursors are selectively converted into 5'-DFCR
by an acylemidase isozyme that is preferentially [ocated at the liver but not
the other organs of humans, and exhibited more improved pharmacokinetic
profiles than the other compounds tested. The further studies cased on the
above ﬁud.mgs enabled the inventors of the present inventon % menmfv that
the specific N4-{(substituted-oxycarbonyl)-5'-deoxy-5-flucrocytidine derivatives
{ nerema&er refarred to as N4-(substituted-ocxycarbonyl)-5-DFCR)
represented by the above mentioned general formula (I) have selectively
improved pharmacckinetic profiles in monkeys, viz. ¢ to 7 times higher
maximum concentration (Cmax) of 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, and thus completed the present invention.

The respective radicals of the general formula (I) which are defined
above are explained in more detail as follows;

Explanation of R1:

R1 is a saturated or unsaturated, straight or branched hydracarbon
radical {wherein the number of carbon atoms in the longest straight chain of
this hydrocarbon radical ranges from three to seven], or a radical of the
formula -(CH2)y-Y (in which n is an integer from 0 to 4, when Yis a

cyclohexyl radical, or n is an integer from 2 to 4, when Y is a lower alkoxy
radical having 1 to 4 carbon atom(s) or a pheny! radicall.

In the above, the term "a saturated or unsaturated, straight or
branched hydracarbon radical (wherein the aumber of carbon atoms in the
longest straight chain of this hydrocarbon radical ranges from three to
Seven]” preferably signifies n-propy!, l-isopropyl-2-methylprapyl, 1,1,2-
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trimethylpropyl, n-butyl, iscbutyl, 2-ethylbutyl, 3,3-dimethylbutyl, n-pentyl,
isogentyl, neapentyl, 2-propylpenty!, n-hexyl, 2-ethylhexyl, a-heptyl, aiiyi,
2-buten-1-yl, 3-buten-1-yl, 3-genten-1-yl, 4-penten-1-yl, 3-hexen-1-yl, +-nexan-

L-yl, 3-hexen-1-vl, and the like.

The term "a radical of the formula (CH2)n-Y {in which o is an integer
from O to 4, when Y is a cyclohexyl radical, cr nis an integer from 2 to 4,
when Y is a lower alkoxy radical having from 1 to 4 carbon atom(s) ot a
paenyl radical]” preferadly sié'ri 1es cyclohexyl, cyclchexyimethyl,

2-cyclohexylethyl, 3-cyclohexylpropyl, 4-cvclohexylbutyl, 2-methoxyethyl, 2-
ethoxyethyl, 2-propoxyethyl, 3-methoxypropyl, 3-ethoxypropyl, 4-methoxy-

~ butyl, 4¢-ethozvbutyl, phenethyl, 3-phenylpropyl, 4-phenylbutyl, and the lika.

In the most preferred embodiment of the compounds in accordance
with the present invention, R1 signifies n-propyt, n-butyl, n-pentyl, isopenty!,
neopentyl, 3,3-dimethylbucyl, n-hexyl, 2-ethylbutyl, phenylethyl, and
cyclohexylmethyl.

Explanation of R2:

R2 is a hydrogen atom or a radical easily hydraivzable under
physiolagical condition.

In the above, the term "a radical easily hydrolyzable under
physiological condition” preferably signifies acetyl, propionyl, benzayl,
toluoyl, B-alanyl, valyl, and the like.

Preferred N4-(substituted-oxycarbonyl)-5-DFCRs of the present
invention are:

5'-deoxy-5-fluoro-N4-(propoxycarbonyl)eytidine,

N+.(butoxycarbonyl)-5'-deaxy-5-fluorocytidine,
This Sheet Has Been Replac

5'-deoxy-5-fluore-N4-(pentyloxycarbonyl)eytidine,
5'-deoxy-5-fluoro-N4-(hexyloxycarbonyl)cytidine, , I",'" ,l"" ml m ,"’
5'-deoxy-5-fluoro-N4-(isopentyloxycarbonyl)cytidine,
5'-deoxy—S-fIuoro-N4;(neopentyloxycarbonyl)cy’cidine,
§'-deoxy-5-fluoro-N4-{(1,1,2-trimethylpropoxy)carbo ayllcytidine,
5'-deoxy-N4-[(3,3-dimethylbutoxy)carbonyl]-s-ﬂuorocyticﬁne.
5'-deoxy-5-fluoro-N4-((1-isopropyl-2-methylpropoxy)carbonylcytidine.
5'-deoxy-N4-{(2-ethylbutoxy)carbonyl]-5-fAuarocytidine,
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N<.{{cyclohexylmethaxy)carsoayl]-3' -deaxy-3-fluarocytidineg,

UI

"-decxy-5-flucrs-M*-((2-ghanylethaxy)car onyﬂcy‘cid.ine

1

2.3 -di-0-aceryl-3'-deaxy-3- t.uuro—NJ‘-\prccc‘wca vUeytidine,

-.)

2,3 -di-Q-acetyl-N¥dueiaxycartonyl)-3 -deoxy-3-Suorscrtidiae,

‘2

"¢i-O-benzayl-N*{ouiazycarhanyl}-3 -daoxy-3-flucrocytidine,

-

23" -di-Q-acetyl-3'-deoxy-3-Juore-N4-{gentyloxvearicaylicytidine,

4 . . 32
fluore-N*{iscpencyloxycarbenyll-cyuiding,

2',3'-¢i-0- acew1 ~r‘ectr 3-£
2',3"-di-O-acatyl-53"-deoxy-3-Tucra-N4<(hexyloxycaraonyl)- cytidina,
2',3'-di-O-acetyl-53"-decxy-N*-{(2-ethylbutyllexycarsonyll-3-dusrscrtidine,

2',3'-di-O-acetyl-N¥-{(cyclohexvimethaxy)carhoayil-3-deaxy-3-
flu roc,/t.czme,

rn

3'-¢i-0-acatyl-3'-daaxy-3-fAucre-N*-{(2-pheaylechoxy)-
cart Hc yeidine,

5'-decxy-3-Juore-N-(iscbutax yeartenylleytidine,
5'-deaxy-3-fuore-N4-{(2-grapvipent »'l)c": rhonyllcytidine,
5'-deaxy-N%-{(2-ethyll ervl}oxvcaraonv -fuoracyddine,

3 -deex;v-aouucrc-\44-(r1emflc<ycarhcn vl)eytidine,
N#-{(2-cyclohexylethoxy)carbanyil-3-daoxy-5-Tusrccytidine,
N4-((3-cyclohexylprepylloxycarbonyll-5'-deoxy-5-Auaracytidine
\4~(cvc.ohexyloxycarcony’ §'-deaxy-3-Huorocyridine,

-aecxy-S—ﬂuorc-N 4.((3-phenylpropyl)axycarbeayicytidine, and
5'-deoxy-5-fluoro-N4-((2-methoxyethoxy)carbanyl]cytidine.

and their hydrates or solvates, and the like.

Among the above compounds, partzcularly preferred N4-(substituted-
cxycarbonyl)-3-DFCRs of the prasent invention are:

-deoxy-3-fluoro-N*-{propaxycarbanyl)cytidine,

-

-deoxy-3-fluoro-N4-(isapentyloxycarbonyl)cytidine,

)

-

5'-deaxy-5-fuoro-N4-(hexyloxycarbonyl)cytidine,
5'-deaxy-N4.((2-ethylbutyl)oxycarbonyll-5-fluorocytidine,
5'-deoxy-3-fluora-N+*-{neopentyloxycarbonyl)cyddine,
§5'-deoxy-N+*((3,3-dimethylbutaxy)carbanyl]-5-fuoracytidine,
S'~deo:<y-5-ﬂuoro-N"‘-{(2~phenylethoxy)carbanyl]cy'tid.ine.
N“-{(cyclohexylmethoxy)carbonyl]-S'-deoxy-s-ﬂuorocytidine, specially
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M4butoxycarboayll-5'-deoxy-3-flucrocytidine,
5'-daoxy-3-fluors-N*-{geatyloxycarbonyileytidine,
heir hydrates ac solvates, and the like.

rd TR - -~
The N*-(subsdtuted-gxycarkonyl)-3-DFCR3 represe

F}
i

N
N
r=+ rs
N
)

NH,

?_.
T

N

o

8

RO OR*

wherein R% is a hydroxy-protacting radical such a

trimethylsilyl, tert-butyldimethylsilyl, and the like,

RioCOCI

wherein R1 is the same as defined abeve,

s well as their hydrates or sclvazes can be crepared by 2

n of 2 compound rapresentad by the general formula (II),

N (I1)

s acetyl, benzoyl,

aneral formula (III},

followed, if necessary, by removal of a protecting radical.

compound of the above ge

The compounds represented by the above general forrmula (II) can be
prepared by 2',3'-di-O-acylation or silylation of 5'-deoxy-5-fuorocytidine {J.
Med. Chem., 22, 1330 (1979)] as described in USP 4,966,891 or by direct
coupling of 5-fluorocytosine with 1,2,3-tri-O-acetyl-5-deoxyribofuranose
accarding to the procedure similar to that described in the literature
{Synthesis, T48 (1981)].

The reaction of the compound of the abave general formula (II) with the

neral formula (III) can be carried out in a solvent

such as pyridine, dioxane, tetrahydrofuran, acetonitrile, chlorsform,

dichloromethane and the like in the presence of acid acceptor such as

triethylamine, pyridine, picoline, 4-(IN.N-dimethylamina)pyridine, lutidine

and the like. The reaction can be carried out at a temperature between ¢ and

30°C.
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The protecting radical may, if necessary, be remaoved after the reaction
by the procedures known to those skilled in the art [Protective Grougs tn
Organic Synthesis, John Wiley & Sons, New York, Can. J. Chem., 43, 433
(1971) and USP 4,966,891], =.g. by basic or acidic hydrolysias.

The compounds of the above general formula (I) can exist as unsolvated
as well as solvated forms, including hydrated forms. The hydration can ce
affected in the course of the manufacturing process or can occur gradually
as a result of hygroscopic properties of an initially anhydrous product.
Sclvates with pharmaceutically acceptable scivents such as ethanol can be
obtained during, for example, crystallization.

N4-(Substituted-oxycarobonyl)-5-DFCR derivatives represented by the
general formula (I) as well as hydrates or solvates of the compounds of the
general formula (I) prepared by the present invention exhibit activity against -
human colon cancer CXF280 and gastric cancer GXF97 xencgrafts, mouse
colon 26 carcinoma, mouse Lewis lung carcinoma, and the like in mice over
a very wide range of dosages both orally and parenterally and are useful as
antitumor agents. They are efficently converted to 5-DFCR by an
acylamidase isozyme, to 5-DFUR by cytidine deaminase and then to the
active metabalite 5-FU by pyrimidine nucleoside phesphorylase.

The present invention further relates to a pharmaceutical composition,
particularly for the treatment of tumars characterized by containing a
compound of the above general formula (I).

The N4-(substituted-oxycarbonyl)-5'-DFCRs of the present invention can
be administered orally or non-orally to human beings by various
conventional administration methads. Moreover, the N4-(substituted-
oxycarbonyl)-5'-DFCRs according to the present invention are used singly or
formulated with a compatible pharmaceutical carrier material. This carrier
material can be an organic or inorganic inert carrier material suitable for
enteral, percutaneous or parenteral administration such as, water, gelatin,

_gum arabic, lactose, starch, magnesium stearate, talc, vegetable ails,
-polyalkylene-glycols or petroleum jelly. The pharmaceutical composition can
be made up in a solid form (e.g. as tablets, dragees, enteric coating tablets,
granulars, enteric coating granulars, suppositories, capsules or enteric
capsules) in a semi-solid form (e.g. as salves) or in a liquid form (e.g. as
solutions, suspensions or emulsions). The pharmaceutical composition may
be ste_x&'ilized and/or may contain further adjuvants such as preserving,
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Fre- w'c.“e e nyre effective th 5- FREPIACEDANG | [lurmr
tivity against nmyuse col on 26 carcinona Antitunor
of a repr d (Exanpl e 13), of the

statilizing, setting or emulsifiing agents, flaver-improving ageats, salts fo
variation of the osmotic prassure or substances acting as buffers. The
pharmaceutical compesition can be prepared in a ceaventional manner.

The N*-(substtuted-oxycarbonyl}-3-DFCRs according to the present
invention can be used alone or as mixtures of two or more different N*-
(substitute d -0xycarb ‘-5'-DFCR3 and the amount of che N*-{substituied-

oxycarbonyl)}-5' DFCR 's out 0.1 to 89.3%, preferably 0.5 to 85% based on
the weight of th phamaceucxc& composition.

The pharmaceutical compesition according to the present invention
may be formmulated in a combination with other conventional antitumor

~

agent.

Susceptibility to acylamidase of the N*-(substituted-oxycarbonyl)-5'-

. DFCRs of the present invention and their pharmacokinetic profiles in the

mcnkey are shown as follows:
1. Susceptibiiity to human and monkey acylamidases

The \I -(substituted-oxycarbonyl)-5'-DFCRs of the present inventicn
were incubatad with crude extracts of monkey and human liver in the
presence of an inhibitor of cytidifie deaminase, tetrahydrouridine (0.4 mM)
at 37°C for 60 min. Thereafter, the product 5-DFCR was separated by HPLC
and the enzyme susceptibility was calculated from the amount of the
product. As Table 1 shows, the compounds provided in the present invention
were highly susceptible to the human liver acylamidase, suggesting that
they are efficiently biotransformed to 5-DFCR in human.
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present invention, ﬁa%%%{’é’?ﬁe%i’@ ollows. Mce (CDF1l) were subcutaneously
i nocul ated with cglgn 26 carcinonp [106 cells) on day BEP(HOZpERRAWRE was
“adni ni stered daily flo2 7 AF#d82% rbn] day 21 when the ani mal s becane
cachectic. One day dfter the |astitfeatnment, tunor welgqis gm’m,amrzﬁia‘%

wei ght gain, adipqgse tissue weight,|concentrations of jglucogeLad®Dthe gcute
phase reactant | AR_(imminosuppressive acidic protein)=mthe SErum were
measured. As Table 4 shows, mce treated with vehicle were abnormal in
cachexi a paraneters such as adi pose tissue wei ght, serum

Table 1. Susceptibility to monkey and human acylamidase in the liver

Acylamidase activity (amol/mg proteia/hr)

Compound
(Example No.) Monkey Human
Liver Liver

11 2 71
13 &7 220
14 2 T4
15 PA; 210
16 3 210
17 2 160 -
.4) 19 320
21 2% &
=z - 43 3
24 18 &4
25 <13 1
26 20 360
Al = 1l
2 25 52
29 22 )

2. Pharmacokinetic profiles in monkeys

The compounds of the present invention were orally administered inta
groups of 2 to 5 cynomolgous monkeys (3-4 kg). At various times after the
administration, plasma was taken for determination of blood concentrations
of intact molecules and their active metabolite §-DFUR.

Metabolites in the plasma were separated by HPLC and their
concentrations were calculated. As Table 2 shows, the compounds of the
present invention gave high levels in Cmax and AUC of the active metabolite
5-DFUR in the plasma. These results indicate that the compounds provided
in the present invention can be effectively utilized for the treatment of
various tumors in human beings. ’
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REPLACEMENT SHEET —
gl ucose and | AP | eviel r—whereas-—-treafnment with the conpGHIBISHFETEENPIR 13
suppressed tunor gromthzﬁng@hn@g,?véd cachexi a. -13 | TabREPACED

‘I mprovenent of Tu Cactiekf 4 WY hj Fluori nat ed Pyrimdines in Mce Bearing
Col on 26 Adenocar cifnofe REPLASEM £ quppy

.g.

Tatle 2. Pharmacokinetic Prefiles in Monkeys

Plasma
5-DFUR
Compound
(Example No.) Cmax AUC
(rg/ml) (prgehr/ml)
10 Lt 2.03
11 1.37 206
12 2,10 2.50
13 1.30 186
12 1.80 240
5+ 2.80 2.89
15 1.40 2.52
J 1.65 2.65
3 1.00 1.40
= 200 2.09

The antitumor activities of the compounds of the present invention are
shown as follows:

3. Antitumor testing against human colon cancer xenograft CX¥280

CXF280 tumor (about 2 x 2 mm piece) was implanted subcutaneously
into BALB/c nwnu mice (21 - 22 g) on day 0. When tumor velume became 100
wmm3 on day around 14, the compounds of the present invention were orally
administered daily for 3 weeks. At one day after the last treatment, tumor
volume was calculated. '
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Compound Dose x 7 |T wWCarctgss, w Adi pose  Sef um 5@;44 gexanpl
~ (mmol / kg) change ange ARR 1dagsUe gl ucose I
“([err]g/m) (9) (r) (ng/ dl) VeRF EZL,@'}{_‘!E SHEFET
165 -1.5 1T 9T 1167 13 0. 125 1. 24
1.6* 22* 148 1195 0.2 0.91* 3.4 42+
1020 0.5 0.79= A 7= 63= 147= 805= 1
5. 6* 85 127* 795* -10-
Tahle 3. Antitumor Effects of Fluorinated Pyrimidines in BALB/c
wnu Mice Bearing CXF230 Human Calea Carcinoma
Compound Dosex 21 %o Growth Fecal
(Example No.) (mmolkg/day) inhikidon observadon *
Exp 1
Vehicle N
12 0.13 &8
0.3 53
0.67 &
1.0 &
1.3 6 N
13 - 0.13 3
0.3 &
0.67 G
1.0 el
1.5 3 N
24 0.13 37
0.3 B4
0.87 75
L0 &3
13 £ N
Reference
compound
5-FU 0.089 2 N
0.13 = N
0.2 ] L
-
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* P<0.05 versus cofrésponding val e Jof vehicle group The t ®8EMSP (105

the representative|compouddsl (B8arplle 13,14, and 17) pfptdrermreseper
-invention was exantned_by oral administration daily for 21 days I'n mce.

The representative| LD50 val ues obtaijned fromthe experinents were nore than
500 ng/ kg/day. A d ge per day to patient of the

N err]-(substituted-oxycarbonyl)-5 - DFCRs of the present invention may be
vari ed dependi ng upon his weight and state to be renedied, but generally is
in the range of 0.5 to 500 ng per 1  -1l-

Caompound Dose x 21 % Growth Fecal
(Examgle No.) (mmolkg/day) ighimdon coservation *
:xn 9
Vanicle - N
10 0.13 3
0.3 %
0.87 T3
1.3 &
2.25 <} N
11 0.13 46
0.3 -T2
~ 0.87 &4
1.3 %5
223 1Co N
iz 0.13 &8
0.3 &
Q.67 & .
15 S4 N
225 10 N.
27 0.13 -3}
0.3 2
0.87 & _
L3 % N
225 103 N
Reference
compound
5-FU 0.089 NE N
0.13 20 N
0.2 53 L

NE: Not Effective,

* Fecal observation (N: normal feces, L: loose passage)
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kg of weight, prefer lﬂ%ﬂéﬁﬂﬁfﬂ@ SHEEROO ng. It shoul d Bermetsedrt hat pishe
conmpound of the invent{ion Tambe cvn ted to have 3-5 tli mes karglherpactiVvity
than those of the copppupds @@blfasgglng in USP 4, 966, 891 Tn humans, WTemn
taking into considerfatj on of thé“dafafof Crmax and AUC fer oral
adm ni stration of the presemt—conmpsednds i n nonkeys. l}‘gh@ﬁ@mué-éason

t he conpounds of th resent inventiofp can be expected to show sufficient
activity at the 3-5 tinmes Tower—dosage than those of the conpounds of said
U.S. Patent. The present invention can-[2evide a pharnmaceuti cal

The gercent inhibition of tumar growth given in Table J abave was
calculated from the formula:

% [ohibigdon = {1 - (T - VoW(C - V3)} x 160

V0 = volume of tumor before treatment was started, T= volume of the turmors

from the treated group, C = velume of the temor from the control group.

As Table 3 shows, the compomds pravided in the present invention
were safely administered without causing intestinal toxicity and wers much
more effective than 5-FU.

«

4. Antitumor and anticachexia activity against mouse colon 26 carcinoma

Antitumor activity of a representative compound (Example 13), of the
resent invention, was measured as follows. Mice (CDF'1) were

subcutanecusly inoculated with colon 26 carcinoma (106 cells) on day 0. The
compound was administered daily for 7 times from day 21 when the animals
became cachectic. One day aftar the last treatment, tumor weight gain,
carcass weight gain, adipose tissue weight, concentrations of glucose and
the acute phase reactant IAP (immunosuppressive acidic protein) in the
serum were measured. As Table 4 shows, mice treated with vehicle were
abnormal in cachexia parameters such as adipose tissue weight, serum
glucose and IAP levels, whereas treatment with the compcund of Example
13 suppressed tumor growth and improved cachexia.
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conposition for treaﬂfMUEMmWSS Eq-hfhi gh safety marlqi n. FEEACGEPI owi n
- Exanpl es are int enqed—to—ii+d-ust rate the present | nve@‘t;; %@t r@aimﬁgmet ail,

‘but are not intende¢d t(??m‘# ,ggs cppe in any nanner.
Preparation of staftiing ndteri’

férence exanpl e:
L 14-

-13-

Table4 [mprovement of Tumor Cachexia with Fluorinated Pyrimidines in
Mice Bearing Colen 26 Adenoccarcinoma

Campound Dose 7 Tumcr wt. Carcass wt. Adipose Serum Sexrum
{Example (mmolikg) charge change tHague wt.  glucose AP
No.) (pg/ml) (g @ (mg) {mg/dl)
Vehicle 1.83 L3 i1 S1 L1687
13 0.125 1.24 18" 22« 118+ 1185
0.25 Q.91 3.4" $2= ne 1020
0.3 0.73* 4.2 63" 47 8ce-
1 0.008 3.8" 83" ™ 795"

* P<(.05 versus corresponding value of vehicle group

The toxicity (LDsq) of the representative compounds (Example 13,14,
and 17) of the present invention was examined by oral administration daily
for 21 days in mice. The representative LD5( values obtained from the
experiments were more than 500 mg/kg/day.

A dosage per day to a patient of the N4-(substituted-oxycarbony})-5'-
DFCRs of the present invention may be varied depending upon his weight
and state to be remedied, but generally is in the range of 0.5 to 500 mg per 1
kg of weight, preferably about 2 to 200 mg. It should be nated that the
compound of the invention can be expected to have 3-5 times higher activity
than those of the compounds disclosed in USP 4,966,891 in humans, when
taking into consideration of the data of Cmax and AUC of 5'-DFUR after oral
administration of the present compounds in monkeys. From the same
reason, the compounds of the present invention can be expected to show
sufficient activity at the 3-5 times lower dosage than thaose of the compaunds
of said U.S. Patent. The present invention can provide a pharmaceutical
composition for treating tumors with high safety margin.

The following Examples are intended to illustrate the present invention
in more detail, but are not intended to limit its scape in any manner.

Reference example: Preparation of starting material
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" REPLACEMENT SHEET | THIS SHEET HAS BEEN
_* ' Preparation ¢f 23~k eti1-5' -deoxy-5-{| uor REPLATHE (). 1From

5' -deoxy-5-fl uorog¢yti gife; s ~d@oxy-H-fl uorocyti di ng 15 - Wag+di ssol ved
in dry pyridine (L. 3 %?%‘@b e isol uti on was addeﬂE%gg‘\tE:Eg)":aﬁ ;S/rcsl{rﬁll de (39
m) with stirring a? : rleaction m xture was stirred for 3 hours
at O[err]C. Afterjrenoval of the sqglvent under reduced pressure, the

resi due was parti i yl acetate and ice cooled water. The
ethyl acetate layer was dried over magngsium sul fate and concentrated under

reduced pressure. The resudie was purifred
Preparatign of 3'.3'-di-Q-acervl-3'-degxv-5-fyuorncrtidine

{a) From 5'-decxy-5-fluarocytidine

5'-Decxy-3-Tucrocytidine (50 mg) was dissalved in dry pyridine (1.3 =l).
Ta the solution was added acetic anhydride (39 mli) with stirring at 0°C. The
reaction mixture was strred for 3 hours at 0°C. After removal of the solvent
under reduced pressure, the residue was partitioned between sthyl acetate
and ice cooled water. The ethyl acetate layer was dried over magnesium
sulfate and concentrated under reduced pressure. The resudie was purified
by silica gel column chromatography (dichloromethane/methanol=5/1 as an
eluent) followed by recrystallization from isopropanol to give 37 mg of 2,3'-
di-O-acetyl-5'-deoxy-5-fluorocytidine : 191.5-193°C, FAB-MS m/z 330 (MEH+),

(®)  From 5-fluorocytosine and 1,2,3-tri-O-acetyl-5-deoxy-B-D-ribofuranase

--A solution of sodium icdide (3.6 g) and chlorctrimethylsilane (794 ml) in
dry acetaonitrile (15 ml) was stirred with molecular sieves 4A (200 mg) at 0°C
for 3 min (colorless sodium chloride deposited during stirring). 1,2,3-Tri-O-
acetyl-5-deoxy-B-D-ribofuranocse (2.0 g) was added and the mixture was
stirred at 0°C for 30 min. Then, a solution of the trimethylsilylated 5-
fluerocytosine, freshly prepared from 35-fluoracytasine (1.12 g), in dry
acetonitrile (5 ml) was added at 0°C and stirring was continued for 3 h at
room temperature. The mixture was filtered, the fltrate was concentrated
in vacuo, and the residue was partitioned between dichloromethane and
saturated aq. sodium bicarbonate solution. The aqueous layer was extracted
with CH2Cl/MeOH (10:1). The combined organic layers were dried over
anhydrous sodium sulfate and evaporated under reduced pressure. The
resudie was purified by silica gel chromatography using CH2Cly/MeOH
(15:1) as an eluent, followed by recrystallization from isopropanal to give 1.24
g of 2,3'-di-O-acetyl-5'-deoxy-5-flucrocytidine. . |
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y* silica gel col gmrchrometography I chl or onet hane/ net ReFIICE® 1 as| an

el uent) foll owed ﬁEPé@WME@T%F@ tijon fromi sopropanot—To give 37 ny of

2,9 - di-Oacetyf-5§ —5—Horjocyt i di ne : 191. SEAGHCEMENT SHRAB- M5 nf z

330 (MH). (b) Fromi52fy yepipd§ddosi ne and 1, 2, 3-tri-O acetyl

5- deoxy- B-D-ri bof §ir gnose A sol utijon] of sodiumiodide (3.6 g) and

chlorotrinethylsitane (794 m) in dry acetonitrile (15 m) was stirred with

nol ecul ar sieves 9.4 nm (4A) (200 ) at O[err]Cfor 5 mn (colorless

sodi um chl ori de deposited during stirrilhg).

1,2,3-Tri-0O acetyl -5-deoxy-B-D-ri bof uranose (2.0 g) was added and the
Example I

Preparation of 2.3-di-0N-acetvl-53'-dagxv-3-fluore-N*-(grapoxrearnoni}-

ctidina

To a sclution of 2',3'-di-O-acetyl-3'-deoxy-3-flucracytidine (2 g) in
CH2Cl2 {15 ml) and dry pyridine (383 m!) was added dropwise n-propyl
chloroformate {957 ml) with stirring and cooling on ice bath. After stirting
for 30 min at room temperature, the mixture was evapcerated to drymess
under reduced pressure. The residue was partidoned between ether and
saturated aqueous solution of sodium bicarbonate. The organic layer was
washed with brine, dried over anhydrous sodium s 1ifate and fltered.

The-fitrate was evaporated to give 2',3'-di-O-acetyl-5"-deoxy-5-flucro-
N4-(propoxycarbanyl)eytidine (2:5 g) : EI-MS m/z 415(M+); L1H-NMR(ds-
DMSO0)380.92(3H, t, J=7.3 Hz), 1.37 (34, 4, J=6.3 Hz), 1.63 (2H, sex, J=7.3
Hz), 4.06-4.14¢ (3H, m), 5.11 (1H, t, J=6.3 Hz), 547 (1H, d.d., J=4.6 & 6.3 Hz},
5.81(1H, d, J=4.6 Hz), 8.3L(1H, br. s), 10.63 (1H, br. 5)

The following compounds were obtained according to a manner
analogous to that of Example 1 (R] and R2 are the same with those in the
general formula (I)). The compound of Example 9 was prepared from the
known 2',3"-di-Q-benzayl-5'-deoxy-5-fluorccytidine (USP 4,966,891) by the

. .. similar manner to that of Example 1.
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Exanpl e 1 Prepar atli
2',3 -di-0Oacetyl
"solution of 2',3
CHerr]d[err] (15
n- propyl chl orof or

After stirring for

REPL/}PEMFN S. iEET

THIS SHEET HAS BEEN ‘

-5
-di

1.

oA R

 REPLACED
'OJN[eI’I’]-(pI’OpO J‘g?.,g idine To a
- fdepxy-5-fl uorocyt ngiégg?g pt %y]t

Fi¢gdine (983 m) was added dropw se

mate (957 m) with stirring and cooling on ice bath.

L—30—F-R—at-room-t-enperature, the m xture was evapor at ed

to dryness under reduced pressure. The residue was partitioned between

et her and

Pranaration of 5

. 18-

xample

".deqxr-3-fugro-N4-{arqnoxvearhanviicytidine

To a solution of 2',3'-di-C-acetyl-3-deoxy-3-fluo (p*opo Xy-
carbonylicytddine (2.3 g) in CHaCl2 (17 ml) was added wige 1IN NaQOE (17
ml) with sdrring and cocling with ice bath. After stirring z“ 1 hratGcC,

-

MeOH (0.9 ml) was added to the mixture. And pE of the reaction mixiure

was adjusted to 6 by the addition of concentrated HCl and partitioned. The
aquecus layer was extracted with a muxed sclvenc of CHgClg/Ma0H(85/5

T,

&

3
J

successively (40-ml x 10). The combined organic layvers were dried over

anhydrous sodium sulfate and filtered. The aclut‘on was evaporate
from ethyl acetate to give 5'-deoxy-3-flucr

residue was crystallized

{propoxyca

ed, and the
-N&.

0-
rbonyl)cytidine as colorless crystals (1.8 g, y. 79.8%) : mp. 125-

126.3° C; EI-MS m/z 331 (M™*).

The following compounds were obtained according tc 2 manner
to that of Example 10 (R1 and R2 are the same with those in the
general formula (I)).

analogous

— .
e —
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C
sat urat ed agueouy REP’U’%CEMTNng%ﬁl im bi carbonate. The @& ga;m;q, ARYELaS
This\Rest s Bowh REpidagd nd, |dri ed over an ydrous sodi um sul fate and T [’T‘eré‘&h"Tng
evafjoratledl ARR g88% P’} 3' - di - O-acetyl - 5' - d4OXYSTRELFARS paeN |
xycdrhanyl ) cyti di ne (2 59): EI-M n12 41%( M) | REpHA NMR( d6- |
.92#(3H, t, J=7.3 Hz)| 1.37 (3H d, J63+iz-)——l——6-3—'(—2'H“*S°e’
J73Hz 406-'.--»--?H m. 5. 11 (1H -, J=6.3 Hz), 5.47 (1H, d.d.,J—46
&63Hz) 5.81 (1H, d J46Hz) 8.31 (1H, br. s), 10.63 (1H, br. s) The
foll owi ng conpounds were obtai ned according to a nmanner
Example Rl R?  Melting poiac Racrysealli- FAB-¥S
Naoa. 42 0] zarior solvent miz
4 n-bueyt H 118120 AcOEL 348 OM(H*)
12 n-pentyi H 110-121 AzQEL El  355(M7)
13. a-hexyi 8 1i+1i6 AcOE: Er 33M)
14 isopentyl B “119-120 AcOEt 360 (ME")
B 2-athyibutyl H amerphous™ 374 (ME~
15 cyclohexyl- H 196-127 AcQOEt 386 (MH"‘)‘
methyl
17 phenethyl H 144-145 AcQEe-MeOH 394 (MH*)
18 aityl H . 1183-120 AcOE: 330 (MEH)
* 1H-NMR (d6-DMSO) of Example 15: & 0.87 (6H, t, J=7 Hz), 125-1.45

(7H, m), 1.53 (1K, m), 3.68 (1H, q., J=6 Hz), 3.89 (1H, br t, J=6 Hz), 4¢.02
(2H, d, J=6 Hz), 4.10 (1H, m), 5.05 (1H, d, J=6 Hz), 5.4 (1H, d, J=6 Hz),
5.67(1H, d,J=3 Hz), 8.00 (1H, br. s), 10.55 & 11.60 (total 1H, br. s each).

Preparation of N*-(cy

5'-Deoxy-5-fluoracytidine (2.5 g) was dissolved in dry pyridine (20 ml). To
the mixture, trimethylsilyl chloride (3.4 ml) was added dropwise at 0°C, and
stirred for 30 min at room temperature. To the reaction mixture, cyclochexyl
chloroformate (2.0 ml) was added in one portion at 0°C. After stirring of the
mixture for 1 hour at room temperature, pyridine was evaporated under
reduced pressure. The residue was then partitioned between saturated
aqueous NaHCQO3 and ether. The organic layer was washed with brine,
dried over anhydrous MgSO4 and concentrated under reduced pressure. To
the residue were added citric acid (2.0 g) and methanol (50 ml). The mixture
was stirred at room temperature avernight. After removal of the solvent
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under reduced pressure, the residue was dissolved in CH2Clo/MeOH (95:5)
and neutralized by aquecus NaOH. The organic layer was dried over
anhydrous Na9SO4 and concentrated under reduced pressure. The residue
was purifiad by silica gel chromatograghy using CHaClo O (20:1) az an
eluent, followed by recrystailization from ethyl acetate to give N+-
(cyclohexyloxycarbonyl)-3'-deoxy-3-fucrocytidine (3.472 : 92% yield) :
134-136°C, FAB-MS m/z 372 (ME+).

The following commt.naa were abtained according to a manner
analegous to that of Example 19 (R1 and R2 are the same with those in the
general {ormula (I)).

Exarple Rt RZ  Melting point Recrystalli- FAB-MS

No. (*Q) zation solvent m/z

20 2-cyclohexyl- H 128-129.5 AcOE: 400 MH*)
ethy!

pAS J-cyciohexyt- H amorphous* 414 (MEH")
grapyl

2 3-phenyl- H 120-121 AcOE: 408 (ME*
propyl

<3 2-methoxy- H amorphous®* 348 MH*)
ethyl

2% isobutyl - H 132134  AcOEt 346 (MH")

bsl 2.propylethyl H 116-118 AcOEt 402 MH*)

p- 3 2-ethythexyl H amorphous®*® - 402 (ME*)

27 n-heptyl H 115.5-117.5 AcOEt 388 (MH™)

* 1H-NMR (dg-DMSO) of Example 21:
6 0.78-0.93(2H, m), 1.15-1.27(6H, m), 1.31 (3H, d, J=7 Hz), 1.59-1.75
(7TH, m}, 3.68 (1H, q, J=6 Hz), 3.89 (1H, br. t, J=6Hz), +.01-4.14 (3H,
m), 5.04 (1H, d, J=6Hz), 5.40 (1H, d, J=6 Hz), 5.67 (1H, d, J=2 Hz), 8.00

(IH, br. 3), 10.03 & 10.53 (total lH, br. s each). -
This Sheet Has Been Replaced

LTI




Jerr]
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2 7 .éa?h 1399 1'7—%}-{15 SHEET HBAS BEEN
REPLACED

§ 1.31(3 (
), 339 (15, =), 408 (WH, @), 42202, tr.0), 3.03 (L2, 4, J=8 &z,
340 (1Z, br. s), 5.87 (1=, d, J=3 Hz2), 3.06 (13, tr. 8), 10.63 (LE, ko 3)

gxv-3-flugrg-N4-Inegoentvigxvearbonvlleviidine

o sl

5"-Deoxy-2',3'-di-0-acetyi-3-Juorscytidine (1.3 g) and dry pyridine
3

(0.74 ml) were dissalved in éry dichloromethane (15 ml). To the mixture,

s
0°C, and stirred at room temperatura for 1 hr. After the solvent was remaved
under reduced pressure, the residue was partiticned betwsen ether and
saturated aqueous solution of sedium carbonate. The orzanic layer was
successively washaed with water and brine, dried gver anhydrous sodium
sulfate and concentrated under reduced pressure to give cude 2,3-di-C-
acetyl-5-deoxy-5-flucro-N+-(neopentyloxycarbonyl)cytidine as pale yellow oil.
This crude product was dissolved in ethanol (15 ml) and cooled oa ice-bath.
Then 1IN aqueous sodium hydroxide solution was added dropwise while
maintaining the temperature below 15°C. After the addition was completed,
the reaction mixture wds neutralized with canc. hydrochloric acid at 0°C.
The solution was concentrated under reduced pressure, and the concentrate
was partitioned between water and a mixed solution of CEH2Cla/MeOH (95:5).
The aquequs layer was back-extracted with CHaCly/MeOH (95:5) ten Bmes
(20 ml each). All organic layers were combined, dried over anhydrous
sodium sulfate and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography using CHoClo/MeOH (20:1) as
an eluent to give §'-deoxy-3-fluore-N*-(necpentyloxycarbonyl)cytidine (1.37 g:
84% yield) as amorphous powder: FAB-MS m/z 360 (WH*); LH-NMR (ds-
DMS0) §0.93 (9H, s), 1.31 (3H, d,J=6.3Hz), 3.68 (1H,q,J=5.9Hz), 3.81 (2H, br.
s), 3.87-3.92(1H, m), 4.04-4.09 (1H, m), 5.05 (1H .d J=5.9Hz), 5.41 (1H, be. d,
J=5.3Hz), §.67 (1H,dd,J=1.3,3.6Hz), 8.04 (LK, br. s), 10.53 (~1H, br. s).
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- REPLACEMENT SHEET 8 - Exanpl € 10 {Preparation of

5' -deoxy-5-fuoro-Nefr-A | y,-..pegegc Lr Qonyl ) cyti di ne To etk gt 2', 3
"-di-O acetyl -5' - depxy-5-fl uoro- N4-(propoxy- carbonyl%‘ @%dl ne (2 59) in
CHerr]d[err] (17} m") was added drdpw se 1N NaOH ( 1y mets snvgthaAss BEEN g and
cooling with ice bpth. After stirring for 1 hr at Of grr] CREPLACED

.29,

s

Ty a9

3-Danxy-N+-{(3 3-dimethvlbutoxricachonvil-3-Augracidine

was chtained according t0 2 manner analogous to that of Example 28
except that 3,3-dimethylbutyl chlorcformate was wsed as the acyladng
agent:amorphous powder (71% yield); FA3- 'VIS m/z 374 (YE-), LH-NMR
(d5-DMSQ) § C.93 (8H, s), 1.31(3H,d,J=6.3Hz), 1.55 (2K ,t,J=7 Hz) 3.68
(1H,q,J=5.9Hz), 3.84-3.83 (1H, m), 4.03-+. 09(”1 m), 4.15 (25, t,J=7.3Hz), 5.05
(1H,d,J=3.9Hz), 5.40 (1H, br, d,J=5.3Hz), 5.67 (1H,dd J=1. d.-. Hzj, 8.00 (1K,
br. s}, 10.53 (~1H, br. s).

“The following examples illustrate pharmaceutical preparations
containing a compound provided by the present invention.

Example A:

Interlocking gelatin capsules each containin g the following ingredients’
were manufactured in a manner known per se:

N4-(Butoxycarbonyl)-5-deoxy-5-fuorocyti chne 100 mg
Corn starch 20 mg
T_itam'um dioxide 385 mg
Magnesium stearate 5 mg
Film 20 mg
PEG 6000 3 mg
Talc ' 1Q mg

543 mg

This Sheet Hag Been Replace
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MeOH (0.9 m) was adj&FPé-BCE'ﬂ%f kEEt d. And pH of the reaction m xture was

adjusted to 6 by thetafidition of coficgntrated HC andrgqg&”t—mm dey The

+ aqueous | ayer was ex racgep;gagt k528 i ed sol vent of

CH err] C [err]/MeOH(P5{5) successivgly (40 m x 10)f ?ﬁgespm@mmmemm& ani c

| ayers were dried over anhydrous sodi ym sul fate and I t@Ladac}ﬁwe solfution

was evaporated, and {he residue was crlystallized fremethyl—acetate to give
-deoxy-5-fluoro-N err]- (propoxycarbonyl)cytidine as colorless crystals

(1.6 g, y. 79.8%: np, 125- 126.5 C, EL236 mz 331 (M).

X le

Tablets each containing the following ingredients were manufactured
in a manner known per se:

N*.(Butoxycarbonyl)-5'-deaxy-3-fuaracytidine 100 mg
Lactose 25 mg
Cora starch 20.2 mg
Hydraxyp_ropylmethyl cellulose - 4 mg
Magnesium stearate 0.8 mg
Film : 10 mg
PEG 600¢ 1.5 mg
Talc 4.5 mg

166 mg

Fxample

Dry parenteral dosage farms were manufactured in a manner known
per se:

(1) Atotals g'of N4-(butoxycarbonyl)-5-decxy-5-flucracytidine was
dissolved in 75 ml of distilled water, the solution was subjected to a
bactericlogical filtration, and then divided aseptically into 10 sterile
vials. The solution was then freeze-dried to yield 500 mg of sterile dry
solid per vial.

(2) Clean N4-(butoxycarbonyl)-5-deoxy-5-fluoracytidine in the amount of

500 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
suitalble sterile aqueous solvent such as water for injecHon or isotonic
sodium chloride or §% dextrase for parenteral administration.

This Sheet Has Been Replaced
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The foll ow ng conp EﬁbéC%’rw §B{f“§Tﬁed according to a manner anal ogous to
that of Exanple 1D err] and erfr] are the sane vmth t of mﬁﬁ
WA i ng poi nt

gener al

formula ())).27 APRof88xdngle Rlerr]

Recrystalli - FAB- I\/B THIS SHEET HAS BEEN

AR ) MR O .
* c L ® s *

REPLACED

Claims

L. Compounds regresantad oy the general formula (),

- (1)
HaC OANJ'

R0 oOR?

wherein Rl is a saturated or unsaturataci,’ straight or branched

. nydrecarbon ra.d.icalu[wherein the number of carbon atoms in the
longest straight chain of this hydrocarbon radical rangss fram
three to seven], or a radical of the formula {CHE2)p-Y {in which n
is an integer from 0 to 4, when Y is a cyclohexyl radical, ornis an
intager from 2 to 4, when Y is a lower alkoxy radical having L to ¢
carbon atom(s) or a phenyl radical], and R2 is a hydrogen atom or
a radical easily hydrolyzable under physialogical conditions, -

as well as hydrabes or salvates of the compounds of the general Fcrmﬁla (D.

2. The compounds according to claim 1, wherein Rl is selected from the
g'mup consisting of n-propyl, 1—1sopropy1~2-methylpropyl 1,1,2-trimethyl-
propyl, n-butyl, isebutyl, 2-ethylbutyl, 3,3-dimethylbutyl, n-pentyl, isopentyl,
neapentyl, 2-propylpentyl, a-hexyl, 2-ethylhexyl, n-heptyl, allyl, 2-buten-1-yl,
3-buten-1-¢i, 3-penten;1-y1. 4-penten-1-yl, 3-hexen-1-yl, 4-hexen-1-yl, 5-hexen-
1-yl, cyclohexyl, cyclohexylmethyl, 2-cyclohexylethyl, 3-cyclohexylpropyl,
4-cyclohexylbutyl, 2-methoxyethyl, 2-ethoxyethyl, 3-methaxypropyl,
3-ethoxypropyl, 4-methoxybutyl, 4- ethoxybutyl phenethyl, 3-phenyl-propyl
and 4-phenylbutyl.

3. The compaunds according to claim 1, selected fram a group
consisting of:

5'-deoxy-5-fuoro-N+-(propaxycarbanyl)eytidine,
This Sheet Has Been Replaced
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-deoxy-s-ﬂuc ro-N‘L-(isopentylc:c'fcarbcnvl}cvtidine,

w

"-daoxy-3 o-N*.(nsapentyloxyearbanylicytidine,

w

-decx;f-S— 2-N*-{{1,1,2-trimeathvigrapoxy)carbonvl]cytidine,

w

~

-deoxy-N"' ((3,3-dimethylbutoxy)cartonyij-3-fluoracytidine,

u

-deoxy-5-fluare-N=-[(1-isopropyi-2-methylpropoxy)carsonylicytidine,

o

a'-ueoxy-N“'-f{‘.’.-e Lhyibutyl)c xvcarbanyl]-3-flucrocytidine,

N*-[{cycichexylm xy)ce.rbmy 1}-5'-deoxy-3-fluorocytidine,

5’-deaxy-3-flucre \4 {(2-phenylethoxy)carhenyllcytidine,

243" -di-O-acetyl-3'-deaxy-3-Juore-N4-(propoxycarbonyl)cytidine,
2',3'-di-O-acetyl-N (bu.toxycarcony 5'-decxy-3-fluorocytidine,

2' 3'-8i-O-benzayl-N4-(butoxycarbonyl)-5-deoxy-3-Jucracytidine,
2’ 3'-di-O-acetyl-5'-deoxy-5-flucro-N*-(pentyloxycarbonyl)cytidine,

t vl - - _'4‘. . oy -
2',3'-di-O-acatyl-5'-deoxy-3-fluore-N=-(isopentyloxycarbonyl)cytidine,

L

2',3'-di-C-acetyl-5'-deoxy-5-fluore-N=-{h x:loxvcarbonyl)cy’cidine,
2',3'-di-O- acetyl-5'-deoxy-N4+-((2-ethylbutyl)oxycarbonyll-3-Auorccytidine,

v

2',3"-di-0-acetyl-N4-[(cyclohexylmethoxy)carbonyl]-5'-deoxy-3-
fluorocytidine,
2',3'-di-0-acetyl-5'-deoxy-3-flucro-N+-{(2-phenylethoxy)-
carbonyl]cytidine,
5°-deoxy-5-fluoro-N4-(isobutoxycarbonyl)cytidine,
5'-deoxy-5-fluoro-N4-{(2-propylpentylloxycarbonyllcytidine,
5'-deoxy-N4-[(2-ethylhexyl)oxycarbanyl]-5'-flucrocytidine,
5'-deoxy-S-ﬂuoro-N4-(heptyloxycarbonyl)cytidine,
N4-[(2-cyclohexylethaxy)carbonyl]-5'-deoxy-5-fluorocytidine,
N4~E(3-cyclohexylpropyl)oxycarb‘onyII-S'-deoxy-é-ﬂuorocytidine,
4.(cyclohexyloxycarbonyl)-5'-deoxy-3-fluorocytidine,
5'-deoxy-S-ﬂuoro~N4-[(3-phenylpronyl)oxycav-bonyllcytiéine and
5'-deaxy-5-fluora-N4-((2-methoxyethoxy)carbonyl]cytidine, par..lcular ly
N4-(butoxycarbanyl)-53'-deoxy-5-fluorocytidine and

5'-deoxy-5-flucro-N4-(pentyloxycarbonyl)eytidine.

4. Compounds according to claim 1, 2 or 3 for use as therapeutically
active substances, particularly for use as anttumor active substances.

T
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'accorleFl t i nventi 4 PR %38- DMBO) of Exanple 15: [err]
0. 87 (6 1 25-1. 49 ( 1.53 (1H, m, 3. 6'8FH6]SHEF'I]HASJ§@N
Hz), 3. 8 J=6 Hz), 4 02 (2H, d, J=6"Hz), 4.10)(1H RJPLAGEDS

(1H, d, J= 6 Hz), 5 4 (1H d, J=d 1H. d‘ J=3 Hz), 8.00 (IH ~Dbr-
s), 10.55 & 11.60 (tot al 1H, br. s each). .Preparation of
N err]-(cycl ohexyl oxycarbonyl )5' -deoxy--B{flrocytidi ne

5. A process for producing the compounds accarding e claim 1, 2 or 3,
which comprises reacting a compaund represented oy che general {orzula

R
ity

(1)

|
R*C OR*®
wherein R% is a hydroxy-protecting radical,
with a compound represented by the general formula (II1),
RLQCOCI (II1)

wharsin Rl is the same as dafined above,

and, if necessary, removing the or cz.ectmg radicals.

8. A pharmaceutical compositicn, pa ticv.lariy. for the treatment of
tumoars characterized by containing a compound of the generzl formula (D),
as in claim 1, or a hydrate or solvate of the compound of the general formula
(D), as an active ingredient. '

7. The use of the compounds of claim 1, 2 or 3 for the manufacture of an
antitumaor agent.

N O AR R



. QL
5' = Deoxy-5-fluorocytidine (2.5 g REP&A?EMF@%‘{S/‘@%ETn dry pyridine (20 m). To
the mxture, trimethylsilyl chlofide,(3. | ). wds Jadded -gr Q{3 CET
‘O[err]C, and stirred for 30 mn pt r%gnﬁgggnn%éaature. ngﬁﬁet""r‘e%gt%n
m xture, cyclohexyl chloroformat 20l ) vas _added in |offs RAEET ORsalsN
O[err]C. After stirring of the xture for 1 hour fat rodm t enpgnakupe,
pyridi ne was evaporated under r e residuewastien
partitioned between saturated aqueous NakiCO err] and ether. The organic
| ayer was washed with brine, dried aver anhydrous MgS( err] and
concentrated under reduced pressure. To

N-OXYCARBONYL SUBSTITUTED &§-DOEXY-5-FLUOROCYTIDINES

A'p sk=ace

Compounds represented by the general formula (1),

I
R20  OR?

wherein R is a saturated or unsaturated, straight or branched

hydrocarbon radical {wherein the number of carbon atoms in the

longest straight chain of this hydrocarbon radical ranges from

three to seven], or a radical of the formula {CH2)n-Y [in which n

1s an integer from 0 to 4, when Y is a cyclohexyl radical, ornis an

integer from 2 to 4, when Y is a lower alkaxy radical having 1 to 4

~ carbon atom(s) or a phenyl radical], and R2 is a hydrogen atom or

a radical easily hydrolyzable under physiological conditions,
as well as hydrates or solvates of the conﬁpounds of the general formula (I),
can be utilized in the treatment of tumors, They can be prepared by reacting
a compound of formula R1:-0OCOC!I with a N4-unsubstituted 5'-deoxy-5- '
fluoracytidine of the abave formula I, wherein R2 would stand for protecting
groups, and if necessary removing the protecting groups.
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Claims
1. Compounds represented by the genaral fomula (1),
O
Ri
7~
HN)\ 0
NN
HeC O N
0
R0 OR?

(1)

[ , 2-gthyibutyl, phe-
in A1 i , n-butyl, n-pentyl, iscpentyl, necpentyl, 3, 3-dimethylutyl, n-hexyl yibut -
nylemyI.Wh ea‘;\e: cyc!cl::x;'lr:\g\'yi;anu;y;z is a hydrogen atom or a radiical easily hydrolyzable under physiclogical con

ditiens, .
as well as hydratas or soivates of the compounds of the general formuta (1).

2. N‘-mutoxywbcnyi)-s'-deoxy-s-ﬂuoro:yﬁcﬁne.
1. 5-decxy-S-fivoro-Né-{pentyioxycarbenylicytidine.
4. The compounds

S'-décxy-s-ﬂuom-N‘{pmpuxycarbwwm.
SM-E-ﬂmm-N‘-(hexyhxyurbmyWe.

p o1 ro-N‘.( " e
§'-decxy-5-flucr -{necpentyloxycarbonyijcytidine,
5-dacxy-N¢{(3,3-dimethylbutoxy)carbonyl}-5-flucracyticine,
S'-d.aoxy-N‘-{(z-emybuWI)ocymnyI}-S-ﬂuorwyﬂdha.
N‘-{(cycbhexyunemcuy)earbonyﬂé‘deoxy-&ﬂuommne.
S'-deoxy-s-ﬂuom-N‘{(z-phenyleM)arbcnchytﬁm.
2.3’-d-o-adelyl-5'-demty-5-ﬂuom-N‘-(pmp9xycarbmyl)cyﬂdhe.
2.3‘-d§-0-ace(yl—N‘-(butoxycarb0ﬂyl)-5’-deoxy-5—ﬂucmyﬂdhe.
2‘.3'-di-0-benzcy|-‘-(butoxyarbcnyl)-5‘-dacxy—5—ﬂuamcyﬁdlm.
2‘.3‘-dl-0-acewk5'-deoxy-5-ﬂuem-N‘-(pemybxycarbmyl)cyﬂdhe.
2‘.S’d-GacewPSdeoxy-s-nuomoN‘-(MPentybxyarbonvncyﬁdina.

_ Q,E-do-acetyFSdemq-S-ﬂuom-N‘-(hexyioxycarbonyl]cyﬁcﬁne.
2‘.3'-dl-o-acetyI-S'deoxy-N‘-[(z-emylbulyl)oxywbmyq-S-ﬂuomcyﬁd'm;.
2‘.3‘-dl-o-acaly!-N‘-{(cyc!diexyirnamom:atbcnyq-?-deoxy-s-ﬂuom?wd'me.
2'.3'-d@@-acetyl-S'deoxy—S-ﬂuofo-l\l‘-[(z-phenylethoxy)-carbonyl}cyndlne.

5. A ﬁmess lg}producmg the compounds according to claims 1 -4 which comprises reacting a compound represanted

by the general formuia (il),

—_—
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anhydr o d concentrated under reduced p

resi due N L 'bgca gel chro

(20: 1) a\smj?u [lm:lmumum d by recrys| HIS SHETHAST BN ¢f
give Nlerr]* (cyel ohexyl oxycarbonyl)-5'tdeoxy8-4Tlor ocyt i
yield): np. 134-136[err]C, FAB-M5 mz_342 (Mi+). The fol
(not according to the present invgmﬁion wer e obtai ned ac

1 BERLAGEBNT SHREOH
hyT acetate 0 :
di ney % 3 47955592%
bW§ Nng conpounds
Helgey

manner anal ogous to that of Exanplje ™19 _(Rerr] and R err]

are the same with

those in the general formula(l)y# |
He O N

(I)
o

RO OR*
wharein A% is a hydroxy-protecting radical,
with a compound represented by the general formula (I},
R'ococl

wharein R! is the same as defined above,
and, if necessary, removing the protecting radicals.

()

i iti ized by containing a compound of
8. A pharmaceutical composition, particularly for the treatment of tumors characteriz
the general formula (1), asinclaim 1, or ahydrate.or solvate of the compound of the general formuia (i), as an active

ingredient.

7. The use of the campounds cf ciaims 1-4 for the manutacturs of an antitumor agsnt.
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Exampl e Rl err] Rl err] Mel ting point Recrystalli - FAB- M5

No. * , ([err]O - zation soly " WAV
2. cycl ohexyl - H 128-129.5  ° AcOEt | 400 (@LW%“WU{ Sug
3-cycl ohexyl - H anor phous* 414 (MH+) propyl 22 %
3- phenyl - H 120- 121 AcOBE . 408! (MH)5 glibpt9 i

bLod aly
Fhs e

N-OXYCARBONYL SUBSTITU]:éb 5’-DOEXY-5-FLUOROCYTIDINES

e

2 hal".-ﬂ(‘r

Compaunds represented by the general formula (D),

N/

Iy | (1)
HS O N

Q

RO OR2
wherein Rl is a saturated or unsaturated, straight or branched
hydrocarbon radical (wherein the number of carbon atoms in the
longest straight chain of this hydrocarbon radical ranges from
three to seven], or a radical of the formula (CH2)n-Y (in which n
is an integer from 0 to 4, when Y is a cyclohexyl radical, ornis an
\integer from 2 to 4, when Y is a lower alkoxy radical having 1 to ¢
" carbon atom(s) or a phenyl radicall, and R2 is a hydrogen atom or
a radical easily hydrolyzable under physiaological conditions,
as well as hydrates or salvates of the compounds of the general formula (D),
can be utilized in the treatment of tumors, They can be prepared by reacting
a compound of formula RI-QCOCI with a N4-unsubstituted 5-deoxy-5- '
fluorocytidine of the above formula I, wherein R2 would stand for protecting
groups, and if necessary removing the protecting groups.
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23 2-methoxy-  H VS BHlGus** REP@A@;\(%ﬁH&Thy
24 i sobut vyl H 132« 13 Ac CEt 3AG—(NFF)
«{2-Propylethy) H 116- 118 === " "Ac OEt 4p2 120.

2-at hyl hexyl - H anor phous* * * ap %’9?9
n-heptyl ~* H 115.5-117.5  AcCEt 388] (Mdt) * 1tk NV
(d6-DIVISO) of Exanple 21: [err] 0.78-0.93(2H, m, 1.15-1.p7(6H m, 1. 31

( 3H, =7 Hz), 1.59-1.75
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N-OXYCARBONYL SUBSTITUTED 5’-DOEXY-5-FLUOROCYTIDINES 3

The present invention relates to N4-(suhsﬁtutedQOXyéarbor_xyl)-S'-deoxy-s-
fluorocytidine derivatives, and a pharmaceutical composition containing the
same for treating tumors.

More particularly, the present invention relates to N4-(substituted-

oxycarbonyl)-5'-deoxy-5-flucrocytidine derivatives represented by the general
formula (I),

(1)

O)\N I

o)

HaC

R20 OR2
wherein R1is n-propyl, n-butyl, n-pentyl, isopentyl, neopentyl, 3,3-
dimethylbutyl, n-hexyl, 2-ethylbuty1, phenylethyl, and cyclohexylmethyl;
and R2 is a hydrogen atom or a radical easily hydrolyzable under
physiological conditions, .
as well as hydrates or solvates of the compounds of the general formula (1), a.nd
a pharmaceutical composition containing the same with excellent
pharmacokinatic profiles for treating tumors with high safety margin.

It is known that many precursors of 5-fluorouracil (5-FU) are useful as
antitumoer agents, but in general their bioconversion efficiency is still
insufficient for the treatment of patients suffering from tumors and they cause
intestinal toxicities and immunosuppressive toxicities, which are their major
and dose limiting toxicities.



(7H, M,
5.04 (1H, d, J=6Hz), 5.40 (1H, d, J=6 Hz), 5.67 (1H, d,

br. s),

of +Exanpl e 23;

W
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3.68 (1H, q, J=6 Hz), 3.89 (1H, br. t, J=6Hz), 4. onfm_;mmmsﬂaa
J

10.03 & 10.53 (total 1H, hr. s each). -21-- % EH- NNE%O(XEGW
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~ USP 4,966,891 discloses precursors of 5-FU which are improved in the
above mentioned aspect of bioconversion efficiency and toxcities. They are
converted to 5'-deoxy-5-flucrocytidine (5'-DFCR) by acylamidases, to 5'-deoxy-5-
fluorouridine (5-DFUR) by cytidine deaminase, and then to 5-FU by pyrimidine
nucleotide phosphorylase in vivo which is preferentially localized in the liver,
small intestin and tumor tissues. During intensive studies on the
pharmacokinetic préﬁles of the precursors of 5-FU, particularly of N4-
(substituted-oxycarbonyl)-5'-deoxy-5-fluorocytidine derivatives, the inventors
found that certain specific precursors are selectively converted ints 5-DFCR by
an acylamidase isozyme that is preferentially located at the liver but not the
other organs of humans, and exhibited more improved pharmacokinetic
profiles than the other compounds tested, The further studies based on the
above findings enabled the inventors of the present invention to identify that the
specific N4-(substituted-oxycarbonyl)-5'-deoxy-5-flucrocytidine derivatives
(hereinafter referred to as N4-(substituted-oxycarbonyl)-5-DFCR) represented
by the above mentioned general formula (I) have selectively improved
phamécokinet.ic profiles in monkeys, viz. 4 to 7 times higher maximum
concentration (Cmax) of 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 term "a radical easily hydrolyzable under physiological condition"
preferably signifies acetyl, propionyl, benzoyl, toluoyl, B-alanyl, valyl, and the
like. "
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5.40 (1H, br. s), 5.67 (1H, d. J=3 Hz), 8.06 (1H, b
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Preferred N4-(substituted- oxycarbonyl)-5-DFCRSs of the present invention

5'-deo:§y-5-ﬂuoro—N4—(propoxycarbonyl)cytidine,
N4-(butoxycarbeonyl)-5'-deoxy-5-fluorocytidine,

'5'-deoxy—S-ﬂuoro-N4-(pentyloxycarbonylt)cytidine,

5'-deoxy-5-fluoro-N4-(hexyloxycarbonylcytidine,

'.'5'-déoxy-S-ﬂuoro-N4-(isopentyloxycarbonyl)cy‘tidine,
5'_-deoxy—S-ﬂuoro_—N‘L(neopeﬁtyloxycarbonyl)cytidine,

5'-deoxy-N4%-{(3,3-dimethylbutoxy)carbonyl]-5-flucrocytidine,
5'-deoxy-N4- [(2-ethy1butoxy)carbonyl] 5-fluorocytidine,

.N4 [(cyclohexylmethoxy)carbonyl] 5'-deoxy-5-fluorocytidine,

5'-deoxy-5-fluoro-N4-[(2-phenylethoxy)carbonyljcytidine,

2',3'.di-O-acetyl-5'-deoxy-5-flucro-N4-(propoxycarbonyl)cytidine,
2',3'-di-0-acetyl-N4-(butoxycarbonyl)-5'-deoxy-5-flucrocytidine,

2'.3 -d1-0-benzoy1-N4-(butnxycarbonyl)-s -deoxy-5-flucrocytidine,

2',3'-di-O-acetyl-5'-deoxy-5-fluoro-N4-(pentyloxycarbonyleytidine,

2',3'-di-O-acetyl-5'-deoxy-5-fluoro-N4-(isopentyloxycarbonyl)-cytidine,

| 2',3'-di—O-acetyl-S'-_deoxy-S-ﬂuoro-N4-(hexyloxycarbonyl)-cyti&ihe,

2',3‘—&&-0-acetyl—s'-deoxy-N4-[(2-ethylbutyl)oxycarbonyl]—s-ﬂuorocyﬁdine,
2',8'-di-O-acetyl-N4-[(cyclohexylmethoxy)carbonyl)-5'-deoxy-5-

fluorocytidine,

2',3’-di-O-aEetyl-5'-deoxy-5-ﬂuoro-N4-[(2-pheny1ethoxy)-carboﬁyl]cytidine, '

and their hydrates or solvates, and the like.




Preparati.on of 5 - deoxy- 5-fluoro-Nerr]-(neopentyl oxycar pesaytcytTdi rﬁ
R

5' -Deoxy-2',3" -di-O acetyl-5-fluorocytidine (1.5 g) and-dr
m) were dissolved in-dry dichloronmethane (15 nl). To the
sol Uti on of neopentyl chloroformate (3 eq.) was added drop

stirred at roomtenperature for 1 hr. After the solvent wa$

reduced pressure, the residue was partitioned between ethetl

i
M
b

.aqueous solution of sodium carbonate, The organic |ayer was

washed with water and brine, dried oVer anhydrous sodium

ure, toluen

$€ 26 MG 1399d

enoved under

pa—sat-urated
successi vel y

Among the above compounds, particularly preferred Né-(substituted-

 oxycarbonyl)-5-DFCRs of the present invention are:

5'-deoxy-5-fluoro-N4-(propoxycarbonyl)cytidine,
5'-deoxy- 5-ﬂ‘uoro-N4-(isopentyloxycarbonyl)cytidine,

: 5'-deoxy-s-ﬂuoro-N4-(hexyloxyca'rbdnyl)cytidine,
5'-deoxy-N4-[(2-ethylbutyl)oxycarbonyl]-5-fluorocytidine,
5'-deoxy-5-fluoro-N4-(neopentyloxycarbonyl)cytidine,

5'—deoxy—S-ﬂuoro-N4-[(2-pheny1ethoxy)c;ibonyl]cytidine,

5'-deoxy—N4-[(3,3-dimathylbutoxy)éarbonyl]-s-ﬂuorocytidine,

N4-[(cyclohexy1methoky)carbonyl]—s‘-deoxy-S-ﬂuorocytidine, especially



sul fate and concentrated under reduced pressure to give cr e 7 (G
acetyl -5' -deoxy-5-f | uor o- N4- (neopent yl oxycar bonyl ) cyti di n g%"é%?%“%l ?%‘V@T
oil. This crude product was dissolved in ethanol (15 m) d cool ed on

i cezbath. Then 1N aqueous sodi um hydroxi de sol ution was added @AUGSHI
whi |l e mai ntaining the tenperature bel ow 15C. After the addjtjion was-

conpl eted, the reaction mxture was neutgalized wth conc, hydarocntoric
acid at OC. The solution was concentrated under reduced prlessure, and the

concentrate wasypaLti-tiongd bet n r and _a.nm xed sol ution of
CHerr]Qerr] mg_];{ogg’cgs ony -gv-ecfeox\gr@é-?luorocytxdme,
: : 5'-deoxy-5-fluore-N4-(pentyloxycarbonyl)eytidine,
and their hydrates or solvates, and- the like.

The N4-(substituted-oxycarbonyl)-5-DFCRs represented by the general
.formula (I) as well as their hydrates or solvates can be prepared by a
reaction of a compound represented by the general formula (II),

- NH;
NT |
W HaC OA\N

o (1)

RO OR* - -

wherein R% is a hydroxy-protecting radical such as acetyl, benzoyl,
‘trimethylsilyl, tert-butyldimethylsilyl, and the like,

with a compound represented by the general formula (IIT),

Rlococl | (111)
wherein R1 is the same as defined above,
W followed, if necessary, by removal of a protecting radical.

The compounds represented by the above general formula (II) can be
prepared by 2',3'-di-O-acylation or silylation of 5'-deoxy-5-fluorocytidine [J.
Med. Chem., 22, 1330 (1979)] as described in USP 4,966,891 or by direct
coupling of 5-fluorocytosine with 1,2,3-tri-O-acetyl-5-deoxyribofuranose
according to the procedure similar to that described in the literature
[Synthesis, 748 (1981)].

The reaction of the compound of the above general formula (II) with the
compound of the above general formula (III) can be carried out in a solvent
such as pyridine, dioxane, tetrahydrofuran, acetonitrile, chloroform,
dichloromethane and the like in the presence of acid acceptor such as
triethylamine, pyridine, picoline, 4-(N,N-dimei:hylamino)pyﬁdine, lutidine
and the like. The reaction can be carried out at a temperature between 0 and



o - REPLACERENT SHEET
The aqueous | ayer was back-extracted with CH err]d/MOH (95:[5) Tentrmes
(20 M each). Al organic |ayers were conbined, dried over arhyﬁlbo
.sul-fate and concentrated under reduced :pressure. The residye jwas urq:f?ed
by silica gel colum chromatography usigg CH err]d [err]/l\/tOJ :

eluent to give 5 -deoxy-5-fluoro-Nerr]- (neopent yl oxycar bonyl )cyt I di ne
(1.37 g: 84%Thebedtedtin rmapmltﬁa cesf red oy ( 4o

DVBO) [er 93 (9H, s 8?1H 5 OrE) . 3. 81
(2H br . bé{‘h% %% M t(l’&?seé aFF)[ tﬁisw(f%irod‘m% OHz) ,
. 41°(1H, O@amd' Synthests John Wiley &Sons New York Can. J Chem., 49, 493
* (1971) and USP 4,966,891, e.g. by basic or acidic hydrolysis.

. The compounds of the above general formula (I) 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 occur gradually
as a result of hygroscopic properties of an initially anhydrous product.
Solvates with pharmaceutically acceptable solvents such as ethanol can be
obtained during, for example, crystallization. '

N 4-(Substituted-oxycarp'bonyl)-S'-DFCR derivatives represented by the
W general formula (I) as well as hydrates or solvates of the compounds of the
: general formula (I) prepared by the present invention exhibit activity against
human colon cancer CXF280 and gastric cancer GXF97 xenografts, mouse
colon 26 carcinoma, mousé Lewis lung carcinoma, and the like in mice over
a very wide range of dosages both orally and parenterally and are useful as
antitumor agents. They are efficiently converted to 5-DFCR by an
acylamidase isozyme, to 5-DFUR by cytidine deamninase and then to the
active metabolite 5-FU by pyrimidine nucleoside phesphorylase,

The present invention further relates to a pharmaceutical composition,
particularly for the treatment of tumors characterized by containing a
compound of the above general formula (I).

The N4-(substituted-oxycarbonyl)-5-DFCRs of the present invention can
be administered orally or non-orally to human beings by various
conventional administration methods. Moreover, the N4-(substituted-
oxycarbonyl)-5-DFCRs according to the present invention are used singly or
formulated with a compatible pharmaceutical carrier material. This carrier
material can be an organic or inorganic inert carrier material suitable for
enteral, percutaneous or parenteral administration such as, water, gelatin,
gum arabic, lactose, starch, magnesium stearate, talc, vegetable oils,
polyalkylene-glycols or petroleum jelly. The pharmaceutical composition can
be made up in a solid form (e:g. as tablets, dragees, enteric coating tablets, -
granulars, enteric coating granulars, suppositories, capsules or enteric
capsules) in a semi-solid form (e.g. as salves) or iﬁ a liquid form (e.g. as
solutions, suspensions or emulsions), The pharmaceutical composition may
be sterilized and/or may contain further adjuvants such as preserving,




+J=5.3Hz), 5.67 (1H dd,J=1.3,3.6Hz), 8.04 (1H, br. s), 10.5B RErLHCEMENT SHEET
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stabilizing, setting or emulsifying agents, flaver-improving agents, salts for

'variation' of the osmotic pressure or substances acting as buffers. The

pharmaceutical composition can be prepared in a conventional manner.

The N4-(substituted-oxycarbonyl)-5'-DFCRs according to the present
invention can be used alone or as mixtures of two or more different N4-
(substituted-oxycarbonyl)-5-DFCRs and the amount of the N4-(substituted-

- oxycarbonyl}5'-DFCRs is about 0.1 to 99.5%, preferably 0.5 to 95% based on

the weight of the pharmaceutical composition.

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

‘Susceptibility to acylamidase of the N4-(substituted-oxycarbonyl)-5'-
DFCRs of the present invention and their pharmacokinetic profiles in the
monkey are shown as follows: '

1, Susceptibility to human and monkey acylamidases

. The N4-(substituted-oxycarbonyl)-5'-DFCRs of the present invention
were incubated with crude extracts of monkey and human liver in the
presence of an inhibitor of cytidine deaminase, tetrahydrouridine (0.4 mM)
at 37°C for 60 min. Thereafter, the product 5-DFCR was separatad by HPLC
and the enzyme susceptibility was calculated from the amount of the
product. As Table 1 shows, the compounds provided in the present invention
were highly susceptible to the human liver acylamidase, suggesting that
they are efficiently biotransformed to 5-DFCR in human.



except that 3,3-dinethylbutyl chloroformate was used as thg e Bt
agent : anor phous powder (71%yield); FAB-M5S mlz 374 (MH); ILH "\’5 w?g FMR‘P)
[err]

0.93 (9H, s), 1.31 (3H,d,J=6.3Hz), 1.55 (2Ht,J=7.3H)| ‘
(1H; g, J=5.9Hz), 3.84-3.93 (1H, ), 4.03-4.09 (1H m, 4.15 (2H,2taé&sdﬁ.-‘§m),
5.05 (1H,d, J=5.9Hz), 5.40 (1H, br, d,J 5 3Hz), 5.67 (1H, dd| JE1. 3, 4. OHz),

8.00 (1H, br. s), 10.53 (-IH br. s). %Cfollovm' ng exanplges illustrate
pharmaceutical preparations containing &

i nvention. papie 1 Suscept1b111ty to monkey and human acylamidase in the liver

NPy

onpound' pr ovi de y-the present

Acylamidase activity {nmolmg prote.m/b}")

- Compound
(Example No.) _ Monkey Human
Liver Liver
11 2 71
12 2 190
13 47 20
14 2 T4
15 23 210
16 3 210
17 2 160
2 18 320
21 p. 3} &
2 43 110
24 18 64
25 <13 160
% 20 60
27 52 110
2 P 2
2 2 30

2. Pharmacokinetic profiles in monkeys

The compounds of the present invention were orally administered into

groups of 2 to 5 cynomolgous monkeys (3-4 kg). At various times after the

administration, plasma was taken for determination of blood concentratxons

of intact molecules and their active metabolite 5'-DFUR.

Metabolites in the plasma were separated by HPLC and their
concentrations were calculated. As Table 2 shows, the compounds of the

present invention gave high levels in Cpax and AUC of the active metabolite
5-DFUR in the plasma. These results indicate that the compounds provided

in the present invention can be effectively utilized for the treatment of
various tumors in human beings.



‘Exanple A Interlocking gelatin capsul es each containing the PoPHIWRT SHEET
I ngredi ents were manufactured in a manner known per se:

N err] - (But oxycarbonyl)-5"-deoxy-5-fl uorocytidi ne 100 Cgrn
20 ny Ti tani um di oxi de 38ggng I\/B%?e?%mg%
stearate ‘ 5n Film

9.
Table 2. Pharmacokinetic Profiles in Monkeys

Plasma
5'-DFUR
Compound
(I'kample No. ) ' Cmax - AUC
(ng/ml) (ugsh¥/ml)

10 144 203
11 " 157 2.06
12 - 210 2.90
13 © 150 - 196
4 1.80 _ 2.40
R 15 2.60 , ' 2.89
16 . 140 252
17 . 165 2.66
28 '1.00 - 140
Pt 200 . 2.09

The antitumor activities of the compounds of the present invention are
shown as follows:

3. Antitumor testing against human colon cancer xenograft CXF280

CXF280 tumor (sbout 2 x 2 mm piece) was implanted subcutaneously
into BALB/c nwnu mice (21 - 22 g) on day 0. When tumor volume became 100
N mm3 on day around 14, the compounds of the present invention were orally
administered daily for 3 weeks. At one day after the last treatment, tumor .
volurne was calculated.
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Table3. Antitumor Effects of Fluorinated Pyrimidines in BALB/c
nu/nu-Mice Bearing CXF280 Human Colon Carcinoma

"Compound

Dosex21

% Growth Fecal
(Example No.) (mmolkg/day) inhihition observation * -
Exp. 1
Vehicle - N
12 0.13 &
0.3 2]
0.67 86
1.0 8
" 15 % N
13 0.13 59
0.3 66
0.67 (e
1.0 )
‘L5 2! N
24 0.13 37
0.3 &
087 75
1.0 3
15 89 N
Reference
compound
5-FU 0.089 B N
0.13 59 N
i 0.2 ) L




Tabl et's each cont ai ni ng the follow ng ingredients were manuf aB red; g&‘"%’?
manner known per se: N err]-(Butoxycarbonyl)-5"'-deoxy-5-fl udr LAGHIRENT SHEET

100 ng Lactose

starch
cel | ul ose

0.8.mg Film

20. 2 ny Flydfo>y[)r92)glAm 999

4 nmg Magnesium stearate
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45} ng Corn

1¢ o

—Compound Dose x 21 . %Growth
(Exarnple No.) (mmol/kg/day) inhibition

Fecal
observation *

Exp. 2
Vehicle

14 0.13

10 - 013
0.3
0.67
1.5
2.25

11 0.13
0.3
0.67
15
2.25

0.3
0.67
15
225

27 0.13

0.67
15
2.25

‘é&’%’ﬁb? gREae QBRERE BRARB

A4

22,

Reference
compound

5.FU 0.089
0.13
0.2

B8z

22

NE: Not Effective,

*

Fecal observation (N; normal feces, L: loose passage)



'PEG 6000 1.5 ny

4.5 ng 166 ny Dry parenteral dosage forns were manuf act ur ef ﬁﬁ%&éﬁhﬁ}hbﬁﬁh

_known per se: (1) Atotal 5 g of

N[ err] - (but oxycar bonyl )-5' - deoxy-5-fl uorocyti di ne was di ssoljved 2’@ M5 mhogof
distilled water, the solution was subjected to a-bacteriol odi gal )

filtration, and then divided aseptlcally into 10 sterile
. -12

Yo

~* The percent inhibition of tumor growth given in Table 3 above was
" calculated from the formula:

. ' | % Inhibition = (1 - (T - VoW(C - V() x 100

Vo = volume of tumor before treatment was started, T= volume of the tumors
from the treated group, C = volume of the tumor from the control group.

As Table 3 shows, the compounds provided in the present invention

were safely administered without causing intestinal toxicity and were much
more effective than 5-FU.

%/ 4 Antitumor and anticachexia 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
subcutaneously inoculated with colon 26 carcinoma (106 cells) on day 0. The

" compound was administered daily for 7 times from day 21 when the animals
became cachectic. One day after the last treatment, tumor weight gain,
carcass-\;veight gain, adipose tissue weight, concentrations of glucose and
the acute phase reactant IAP (immunosuppressive acidic protein) in the
serum were measured. As Table 4 shows, mice treated with vehicle were
abnormal in cachexia parameters such as adipose tissue weight, serum
glucose and IAP levels, whereas treatment with the compound of Example
13 suppressed tumor growth and improved cachexia. ' -



vials. The solution was then freeze-dried to yield 500 ng of =

solid per vial. (2) Cean N4-(butoxycarbonyl)-5"-deoxy-5-f| uprRERLACH;
the amount of 500 ng per vial or anpoul e was sealed in the rgecgEptacle and
heat- sterilized. The above dry dosage forns were reconstitujef QS
by adding & suital ble sterile aqueous sol vent such as water fof i
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. Table4 - Improvement of Tumor Cachexia with Fluorinated Pyrimidines in

Mice Bearing Colon 26 Adenocarcinoma

Caméound Dosex7 Tumor wt. Carcass wt. Adxpoae Serum Serum

(Example (mmolkg) change change tissue wt.  glucose IAP
No.) (pg/ml) (g ) (mg) - (mg/dl)
Vehicle | | 165 15 1 a1 - 1167
13 0.125 1.24 1.6* 22+ 118+ 1185
0.25 0.91°* 3.4" 42¢ 120° 1020
0.5 0.79% 4.2 63" 147 805¢
1 0.006 5.6% 8s= - 127 795*

* P<0.05 versus corresponding value of vehicle group

The toxicity (LD50) of the representative compounds (Example 13,14,
and 17) of the present invention was examined by oral administration daily
for 21 days in mice. The representative LDsg values obtained from the
experiments were more than 500 mg/kg/day.

A dosage per day to a patient of the N4-(substituted-oxycarbonyl)-5*
DFCRs of the present invention may be varied depending upon his weight
and state to be remedied, but generally is in the range of 0.5 to 500 mg per 1
kg of weight, preferably about 2 to 200 mg. It should be noted that the
compound of the invention can be expected to have 3-5 times higher activity
than those of the compounds disclosed in USP 4,966,891 in humans, when
taking into consideration of the data of Cmax and AUC of 5'-DFUR after oral
administration of the present compounds in monkeys. From the same
reason, the compounds of the present invention can be expected to show
sufficient activity at the 3-5 times lower dosage than those of the compounds
of said U.S. Patent. The present invention can provide a pharmaceutical
composition for treating tumors with high safety margin.

The following Examples are intended to illustrate the present invention

in more detail, but are not intended to limit its scope in any manner.

Reference example: Preparation of starting material




-24 - 1. Conpounds represented by the general formula (1), [
Rlerr] is n-propyl, n-butyl, n-pentyl, isopentyl, neopentyl,
di met hyl butyl, n-hexyl, 2-ethylbutyl, phenylethyl, and

- | -14-

(a) From 5-deoxy-5-fluorocytidine

SIREDL ACRRIERT MBHEET

20 AU B9

5-Deoxy-5-fluorocytidine (50 mg) was dissolved in dry pyridine (1.3 ml).
To the solution was added acetic anhydride (39 ml) with stirring at 0°C. The-
reaction mixture was stirred for 3 hours at 0°C. After removal of the solvent
under reduced pressure, the residue was partitioned between ethyl acetate
and ice cooled water. The ethyl acetate layer was dried over magnesium
sulfate and concentrated under reduced pressure. The resudie was purified
- by silica gel column chromatography (dichloromethane/methanol=9/1 as an

i

eluent) followed by recrystallization from isopropanal to give 37 mg of 2,3
di-O-acetyl-5'-deoxy-5-flucrocytidine : 191.5-193°C, FAB-MS m/z 330 (MH+).

(b) From 5-fluorocytosine and 1,2,3-tri-O-acetyl-5-deoxy-B-D-ribofuranose

A solution of sodium iodide (3.6 g) and chlorotrimethylsilane (794 ml) in
dry acetonitrile (15 ml) was stirred with molecular sieves 0.4 nm (44) (200
mg) at 0°C for 5 min (colorless sodium chloride deposited during stirring).
1,2,3-Tri-O-acetyl-5-deoxy-B-D-ribofuranose (2.0 g) was added and the

mixture was stirred at 0°C for 30 min. Then, a solution of the

trimethylsilylated 5-fluorocytosine, freshly prepared from 5-flucrocytosine
(1.12 g), in dry acetonitrile (5 ml) was added at 0°C and stirring was
continued for 3 h at room temperature. The mixture was filtered, the filtrate
was concentrated in vacuo, and the residue was partitioned between '

o

N dichloromethane and saturated aq. sodium bicarbonate solution. The

aqueous layer was extrécted_ with CHgClo/MeOH (10:1). The combined
- organic layers were dried over anhydrous sodium sulfate and evaporated

under reduced pressure. The residue was purified by silica gel

chromatography using CH2Cl2/MeOH (15:1) as an eluent, followed by
recrystallization from isopropanol to give 1.24 g of 2',3'-di-O-acetyl-5'-deoxy-5-

fluorocytidine.




cycl ohexyl nethyl ;and R2 is a hydrogen atom or, a radical easijyhy
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under physiol ogical conditions, as well as hydrates or sol va} EPOAGHE
conpounds of the general formula (1). 2.

N err] - (but oxycarbonyl)-5"-deoxy-5-fl uorocytidine. 3. |

5' -deoxy-5-fluoro-N err]-(pentyl oxycarbonyl)cytidine. 4. The con’go ﬁgg )

5' -deoxy-5-fluoro-N err]-(propoxycarbonyl)cytidine, —

5' -deoxy-5-fluoro-N err]-(hexyl oxycar borgd ) cyti di ne,

To a solution of 2',3'-di-O-acetyl-5'-deexy-5-flucrocytidine (2 g) in
CH2Cl2 (15 ml) and dry pyridine (983 ml) was added dropwise n-propyl
chloroformate (957 ml) with stirring and cooling on ice bath. After stirring
for 30 min at room temperature, the mixture was evaporated to dryness
under reduced pressure. The reésidue was partitioned between ether and -
saturated aqueous solution of sodium bicarbonate. The organic layer was
e washed with brine, dried over anhydrous sodium sulfate and filtered.

The filtrate was evaporated to give 2',3"-di-O-acetyl-5'-deoxy-5-fluoro-
N4-(propoxycarbonyl)eytidine (2,5g) : EI-MS m/z 415(M+); 1H-NMR(dg-
DMS0) 5 0.92 (3H, t, J=7.3 Hz), 1.37 (3H, 4, J=6.3 Hz), 1.63 (2H, sex, J=7.3
Hz), 4.06-4.14 (3H, m), 5.11 (1H, t, J=6.3 Hz2), 5.47 (1H, d.d., J=4.6 & 6.3 Hz),
5.81 (1H, 4, J=4.6 Hz), 8.31 (1H, br. s), 10.63 (1H, br. s5)

The following compounds were obtained according to a manner
analogous to that of Example 1 (R1 and R2 are the same with those in the
general formula (I)). The compound of Example 9 was prepared from the
known 2',3'-di-0-benzoyl-s'-d'eoxy—S—ﬂ}mrocytidine (USP 4,966,891) by the
similar manner to that of Example 1. “
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5. A process for producing the conmpounds aceording to c
conpri ses reacting a conpound represented by the general for
[err] wherein Rlerr] is a hydroxy-protecting radical,

O-acetyl -5' -deoxy-N err]-[(2-ethyl butyl)oxycar bonyl }eb-fluoreocyii

2',3' -di-Oacetyl-Nerr]-[(cycl ohexyl met hoxy) car bonyl ] -B' REHEMMEBLT SHEET

- O-acetyl -5' - deoxy- 5-f I uoro- N[ err] - [ (2- phenyl et hoxy)} CEﬁ?Qg)&gghm%d

(L)

Example 10
Preparation of 5-deoxy-5-fluoro-N*-(oropoxvearbonvlleytidine

To a solution of 2',3'-di-O-acetyl-5'-deoxy-5-fluoro-N4-(propoxy-

carbonyl)cytidine (2.5 g) in CHaClg (17 ml) was added dropwise 1IN NaOH (17 -

ml) 'with'stirring and cooling with ice bath. After stirring for 1 hr at 0°C,
MeOH (0.9 ml) was added to the mixture. And pH of the reaction mixture
was adjusted to 6 by the addition of concentrated HCI and partitioned. The
agueous layer was extracted with a mixed solvent of CH2Clo/MeOH(95/5)
successively (40 ml x 10). The combined organic layers were dried over
anhydrous sodium sulfate and filtered. The solution was evaporated, and the
residue was crystallized from ethyl acetate to give 5'-deoxy-5-fluoro-N4-

. (propoxycarbonyl)cytidine as colorless crystals (1.6 g, y. 79.8%) : mp. 125-

126.5° C EI-MS m/z 331 (M1).

The following compounds were obtained according to 2 manner
analogous to that of Example 10 (Rl and R2 are the same with those in the
general formula (I)). |




with a compound represented by the general fornula (I111), R leREPOBEMENTISHEET
wherein R err] is the sane as defined above, and, if necessayy TENOVIT{

the protecting radicals. 6. A pharnmaceutical comnposition, pqrtic?kfﬁbg-ﬁgg'
the-treatment of tunors characterized b¥9eontaining a conpound o e
general formila (1), as in claim1, or a hydrate or sol vate pflthe—conrpoundd
of the general fornmula (1), as an active ingredient. _

'E:s.mple_ o Rl RZ  Melting point Recrystalli- FA'B-MS
’ No. - . °C) zation solvent m/z
u n-butyl H 119-120 AcOEt 346 (MH*)
2 _n-pentyl H 110121 AQEt ~  EI 359(M*)
13 n-hexyl H 114-116 AcOEt El 3713 (M*)
4 isopentyl H  11s120 AcOEt 360 (MH*)
15 ' 2-ethylbutyl H amorphous”® - 37'4 (MH*+)
15 cyclohexyl- H 126-127 AcOEt 386 (MH*)
' ethyl
17 phenethyl H 144-145 AcOEt-MeOH 394 (MH*)
18 liyl H 1185120 AcOEt 330 (MH*
{net @ccordabnya o H\Lfres ent invenkbion ) ¢ ™ _)
* 1H-NMR (dg-DMSO) of Example 15: § 0.87 (6H. t, J=7 Hz), 1.25-1.45
(7H, m), 1.53 (1H, m), 3.68 (1H, q., J=6 H2z), 3.89 (1H, br. t, J=6 Hz), 4.02
(2H, d, J=6 Hz), 4.10 (1H, m), 5.05 (1H, d, J=6 Hz), 5.4 (1H, d, J=6 Hz),
5.67 (1H. d, J=3 Hz), 8.00 (1H, br. s), 10.55 & 11.60 (total 1H, br. s each).

(Mt' a.ccardun.j & the Iereseuf—,tnve,u.how )
EmM&LNﬂWML&:&MM@m

5Deoxy-5-fluorocytidine (2.5 g) was dissolved in dry pyridine (20 ml). To

the mixture, trimethylsilyl chloride (3.4 ml) was added dropwise at 0°C, and
stirred for 30 min at room temperature. To the reaction mixture, cyclohexyl
chloroformate (2.0 ml) was added in one portion at 0°C. After stirring of the

. mixture for 1 hour at room temperature, pyridine was evaporated under
reduced pressure. The residue was then partitioned between saturated
aqueous NaHCO3 and ether. The organic layer was washed with brine,
dried over anhydrous MgSO4 and concentrated under reduced pressure. To
the residue were added citric acid (2.0 g) and methanol (50 ml). The mixture
was stirred at room temperature overnight. After removal of the solvent
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under reduced pressure, the residue was dissglved in CHzClﬂMeOH‘ (95:5)
and neutralized by aqueous NaOH. The organic layer was dried over
anhydrous NagSO4 and concentrated under reduced pressure. The residue
was purified by silica gel chromatography using CH2Clo/MeOH (20:1) as an

. eluent, followed by recrystallization from ethyl acetate to give N4-

(cyclohexyloxycarbonyl)-5'-deoxy-5-fluorocytidine (3.47g : 92% yield) : mp.

134-136°C, FAB-MS m/z 372 (MH+).

The following compounds (not according to the presént invenﬁon) were obtained

according to a manner analogous to that of Example 19 (R' and R? are the same with those

in the general formula(l).
Example Rl R2 Meltingpoint  Recrystalli- FAB-MS

Na, -C) zation solvent m/z

.4 2-cyclohexyl- H 128-129.5 AcQOEt 400 (MH*)
ethyl

21 3-cyclchexyl- H amorphous® - 414 (MH*)
propy!

2 3-phenyl- H 120-121 AcOEt 408 (MHY)
propyl

23 2-methoxy- H amorphous** 348 (MH*)
ethyl

24 jsobutyl H 132-134 AcOEL 348 (MH*)

= Q—propylet_hyp H 116-118 AcOEt 402 (MH*)

P 3 2-sthylhexyl - H amorphous®*** . 402 (MHH)

P4l n-heptyl H 115.5-117.5 AcOEt 388 (MH*)

* 1H.NMR (dg-DMSO) of Example 21: ,
80.78-0.93(2H, m), 1.15-1.27(6H, m), 1.31(3H, d, J=7 Hz), 1.59-1.75
(TH, m), 3.68 (1H, q, J=6 Hz), 3.89 (1H, br. t, J=6Hz), 4.01-4.14 (3H,
m), 5.04 (1H, d, J=6Hz), 5.40 (1H, 4, J=6 Hz), 5.67 (1H, d, J=2 Hz), 8.00
(1H, br. s), 10.03 & 10.53 (total 1H, br. s each).
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. ** 1H.NMR (dg-DMSO) of Example 23:

8 1.31(3H, d, J=5.9 Hz), 3.28 (3H, &), 3.56 (2H, br. 1), 3.69 (1H, t, J=6
Hz), 3.89 (1H, m), 4.06 (1H, m), 4.22 (2H, br. t), 5.05 (1H, d, J=6 Hz),
5.40 (1H, br. 5), 5.67 (1H, d, J=3 Hz), 8.06 (1H, br. s), 10.65 (1H, br. s).

#+¢+ LII.NMR (dg-DMSO) of Example 26:
5 0.85-0.88 (6H, m), 1.27-1.38 (11H, m), 1.57 (1H, br. 4, J=6 Hz),
3.68 (1H, q, J=6 Hz), 3.89-4.02 (4H, m), 5.05 (1H, br. s), 5.41(1H, br. s),
5.67 (1H, d, J=3 Hz), 8.06 (1H, br. s), 10.52 (1H, br. s).

Example 28
Preparation of 5'-deoxv-5-fluoro-N --%Lw.tﬂqzmbmﬂm.dim

5'-Deoxy-2',3'-di-O- acetyl-5-fluorocytidine (1.5 g) and dry pyridine
(0 74 ml) were dissolved in dry dichloromethane (15 ml). To the mixture,
toluene solution of neopentyl chloroformate (3 eq.) was added dropwise at
0°C, and stirred at room temperature for 1 hr. After the solvent was removed
under reduced pressure, the residue was partitioned between ether and

. saturated aqueous solution of sodium carbonate. The organic layer was

successively washed with water and brine, dried over anhydrous sodium
sulfate and concentrated under reduced pressure to give crude 2,3'-di-O-
acetyl-s'-deoxy-5-ﬂuoro—N4-(neopentyloxycarbonyl)cytidine as pale yellow ail.
This crude product was dissolved in ethanol (15 ml) and cooled on ice-bath.
Then 1N aqueous sodium hydroxide solution was added dropwise while
maintaining the temperature below 15°C, After the addition was completed,
the reaction mixture was neutralized with conc, hydrachloric acid at 0°C.
The solution was concentrated under reduced pressure, and the concentrate

" was partitioned between water and a mixed solution of CHpCly/MeOH (95:5).

The aqueous layer was back-extracted with CHgoClo/MeOH (95:5) ten Hmes
(20 ml each). All organic layers were combined, dried over anhydrous
sodium sulfate and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography using CHgCla/MeOH (20:1) as
an eluent to give 5-deoxy-5-fluoro-N4-(neopentyloxycarbonyl)cytidine (1.37 g:
84% yield) as amorphous powder: FAB-MS m/z 360 (MH*); 1H-NMR (ds-
DMS0)30.93 (SH, s), 1.31 (3H, d,J=6.3Hz), 3.68 (1H,q,J=5.9H2), 3.81 (2H, br.

~ 5),3.87-3.92 (1H, m), 4.04-4.09 (1H,-m), 5.05 (1H,d,J=5.9Hz), 5.41 (1H, br. d,

J=5.3Hz), 5.67 (1H,dd.J=1.3,3.6Hz), 8.04 (1H, br. 8), 10.53 (~1H, br. s).
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*5-Deoxy-N*[(3.3-dimethvibutoxy)carbonvil-§-fluorocytidine

wag obtained according to a manner analogous to that of Example 28
- except that 3;3-dimethylbutyl chloroformate was used as the acylating
agent:amorphous powder (71% yield); FAB-MS m/z 374 (MH+); 1 H-NMR
(da-DMSO) 8 0.93 (9H, s), 1.31 (3H,d,J=6.3Hz), 1.55 (2H,t,J=7.3Hz), 3.68
(1H,q,J=5.9Hz), 3.84-3.93 (1H, m), 4.03-4.09 (1H, m), 4.15 (2H,t,J=7.3Hz), 5.05
(1H,d,J=5.9Hz), 5.40 (1H, br, d,J=5.3Hz2), 5.67 (1H,dd,J=1.3,4.0Hz), 8.00 (1H,
_br. 8), 10.53 (~1H, br. s).

The following epcampleé illustrate pharmaceutical preparations
containing 2 compound provided by the present invention.

Example A;

Interlocking gelatin capsules each containing the following ingredients
were manufactured in a manner known per se:

N4-(Butoxycarbonyl)-5'-deoxy-5-fluorocytidine 100 mg
Corn starch 20 mg
Titanium dioxide 385 mg
Magnesium stearate 5 mg
Film _ : 20 mg
PEG 8000 3mg
Tale - 10 mg

543 mg
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Tablets each containing the following ingredients were manufactured
in 2 manner known per se:

N4-(Butoxycarbonyl)-5-deoxy-5-fluorocytidine 100 mg
Lactose ‘ S 25 mg
N Corn starch _ 20.2 mg
Hydré)x}'rpropylmethy_l cellulose - 4 mg
" Magnesium stearate 0.8 mg
Film 10 mg
PEG 6000 1.5 mg
Talc 4.5 mg
166 mg
Example C:

Dry parenteral dosage forms were manufactured in a manner known
per se:

(1) Atotal 5gof N4-(butoxycarbonyl)-5'-deoxy-'5-‘ﬂuorocyr.idine was
dissolved in 75 ml of distilled water, the solution was subjected to 2
bacteriological filtration, and then divided aseptically into 10 sterile

vials. The solution was then freeze-dried to yield 500 mg of sterile dry
solid per vial.

(2) Clean N4-(butoxycarbonyl)-5'-deoxy-5-fluorocytidine in the amount of

500 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
suitalble sterile aquecus solvent such as water for injection or isotonic
sodium chloride or 5% dextrose for parenteral administration.
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Claims

1. Compounds represented by the general formula (I),

(1) -

R20 OR?
wherein R1 is n-propyl, n—butyi, n-pentyl, isopentyl, neopentyl, 3,3-
dimethylbutyl, n-hexyl, 2-ethylbutyl, phenylethyl, and '
cyclohexylmethyl;and R2 is a hydrogen atom or a radical easily
hydrolyzable under physiological conditions,
as well as hydrates or solvates of the compounds of the general formula (I).

2. N4-(butoxycarbonyl)-5'-deoxy-5-fluorocytidine.
3. 5'-deoxy-5-fluoro-N4-(pentyloxycarbonyl)eytidine.

4. The compounds
5'-deoxy-5-fluoro-N4-(propoxycarbonyl)cytidine,
5'-deoxy-5-fluoro-N4-(hexyloxycarbonyl)cytidine,
5'-deoxy-5-fluoro-N4-(isopentyloxycarbonyl)cytidine, |
5'-deoxy-5-fluoro-N4-(neopentyloxycarbonyl)cytidine,
5'-deoxy-N4-[(3,3-dimethylbutoxy)carbonyl]-5-fluorocytidine,
5'-deoxy-N4-[(2-ethylbutyl)oxycarbonyl)-5-flucrocytidine,
N4-[(cyclohexylﬁ:ethoxy)carboziyl]-s'-deoxy-s-ﬂuorocytidine,
. 5'-deoxy-5-fluoro-N4-[(2-phenylethoxy)carbonylleytidine, -
2',3'-di-O-acetyl-5'-deoxy-5-fluoro-N4-(propoxycarbonyl)cytidine,
2',3"-di-O-acetyl-N4-(butoxycarbonyl)-5'-deoxy-5-flucrocytidine,
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2',3'-di-O-benzoyl-N4-(butoxycarbaonyl)-5'-deoxy-5-flucrocytidine,

: 2',3'-di-O-aéetyI-S'-deoxy-S-ﬂuoro-N4-(pentylbxycarbonyl)cytidine,
2',3"-di-O-acetyl-5'-deoxy-5-fluoro-N4-(isopentyloxycarbonyl)cytidine,
2',3'-di—0—acetyl-5 "-deoxy-5-fluore-N4-(hexyloxycarbonyl)cytidine,
2',3'-di-O-acetyl-S’-deoxy-N4-[(2-ethylbu{:yl)oiycarbonyl]-S—ﬂuoroz_:y’tidine,
2',3'-di-O-acetyl-N4-[(cyclohexylmethoxy)carbonyl)-5'-deoxy-5-

fluorocytidine,

2',3'-di-0-acetyl-5'-deoxy-5-ﬂuoro-N4-[(2-phenylethoxy)-carboxiyl}cytidine.

5. A process for producing the compounds according to claims 1-4 which
comprises réacting & compound represented by the general formula (II),

NH,

N’F

|
HaC OJ\N

o _ (1)

_ RO OR*
wherein R4 is a hydroxy-protecting radical,
with a compound represented by the general formula (IIT),
. Rlococl (IID)
wherein R1 is the same as defined above,

and, if necessary, removing the protecting radicals.

6. A pharmaceutical composition, particularly for the treatment of tumors
characterized by containing a compound of the general formula (I), as in claim
1, or 2 hydrate or solvate of the compound of the general formula (I), as an
active ingredient.

7. The use of the compounds of claims 1-4 for the manufacture of an
antitumor agent.

Lt 2]



