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(57) Abstract

The present invention provides ! SIR®R'RS

R
generally a compound having general
formula (1), wherein R! and R? are R N =N O (1)
independently the same or different and 3 l A =z N
are hydrogen, an alkyl group, an alkenyl R N \ y
T O

group, a benzyl group, an alkynyl group, 4
an alkoxyl group, an aryloxy group, R 5
an acyloxy group, a carbonyloxy group, R ™

a carbamoyloxy group, a halogen, a OH O

hydroxyl group, a nitro group, a cyano

group, an azido group, a formyl group,

a hydrazino group, an acyl group, an

amino group, —SRC, wherein, R¢ is hydrogen, an acyl group, an alkyl group, or an aryl group, or R! and R? together form a group of the
formula -O(CH2)nO- wherein n represents the integer 1 or 2; R3 is H, F, a halogen atom, a nitro group, an amino group, a hydroxyl
group, or a cyano group; or R? and R3 together form a group of the formula ~O(CH3),0~ wherein n represents the integer 1 or 2: R4 is H,
F, a C1-3 alkyl group, a Cz-3 alkenyl group, a C-3 alkylnyl group, or a Ci-3 alkoxyl group; R is a Ci-10 alkyl group, or a propargyl
group; and R®, R7 and R® are independently a Cj_yo alkyl group, a C-1¢ alkenyl group, C2-10 alkynyl group, an aryl group or a —(CH,)NR®
group, wherein N is an integer within the range of 1 through 10 and R? is a hydroxyl group, alkoxy group, an amino group, an alkylamino
group, a dialkylamino group, a halogen atom, a cyano group or a nitro group; and pharmaceutically acceptable salts thereof.
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CAMPTOTHECIN ANALOGS AND
METHODS OF PREPARATION THEREOF

Fiald of the Invention

The present invention relates to novel compounds
and methods of preparation thereof and, particularly, to
silyl camptothecin derivatives or analogs and to methods of

preparation of such silyl camptothecin analogs.

Backaground of the Invention

(20S) -Camptothecin (CPT, see below) and its
derivatives are some of the most promising agents for the

treatment of solid tumors by chemotherapy. See, for example,

Wall, M. E. et al, J. Ethnopharmacol., 351, 239 (1996);

Camptothecin: New Anticancer Agents; Potmesil, M. and Pinedo,
H., Eds.; CRC, Boca Raton, FL (1995):; Bonneterre, J., Bull.
Canc., 82, 623 (1995); Sinha, D. K., Drugs, 49, 11 (1995).

‘ This natural alkaloid was first isolated 1in 1966 from the

extract of a Chinese plant, Camptotheca accuminata, by Wall.

Wall, M. E. et al, J. Am. Chem. Soc., 88, 3888 (1966). As
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depicted Dbelow, camptothecin has a fused ring system

generally comprising a pyrrolo[3,4—b]quinoline system (rings

ABC) fused to a 2-pyridone ring (ring D), which, in turn, 1s

fused to a lactone ring (ring E).

(20S)-camptothecin, CPT
Rings are labeled A-E from left to nght

topotecan, TPT irinotecan, IRT

(\N,Me

S Gl-147211C

Camptothecin belongs toO the family of topolsomerase

I poisons. See, for example, Froelich-Ammon, Ss. J. et al.,
J. Biol. Chem., 270, 21429 (1995). Research to date strongly
suggests that this molecule acts Dby interfering with the
10 unwinding of sﬁpercoiled DNA by the cellular enzyme

topoisomerase I, an enzyme which is usually overexpressed in
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malignant cells. In the highly replicating cancer cells,
this triggers a cascade of events leading to apoptosls and
programmed death. See Slichenmyer, W. J. et al., J. Natl.
Cancer Inst., 85, 271 (1993). Recent advances at the

molecular pharmacology level are reviewed in Pommier, Y. et

al., Proc. Natl. Acad. Sci. USA , 92, 8861 (1995).

Camptothecin's initial clinical trials were limited
by its poor solubility 1in physiologically compatible media.
Moreover, early attempts to form a water-soluble sodium salt

of camptothecin by opening the lactone ring with sodium

hydroxide resulted 1n a compound having a poor antitumor

activity. It was later reported that the closed lactone-form
is an absolute requisite for antitumor activity. See Wani,
M. C. et al., J. Med. Chem., 23, 554 (1980). More recently,

structure-activity studies have identified analogous

compounds with Dbetter solubility and better antitumor
activity. For example, topotecan (TPT) and irinotecan (IRT)
have recently been approved for sale 1n the United States,
while GI~-147211C is in late stage clinical trials. These
analogs are effective against a variety of refractory solid
tumors such as malignant melanoma, stomach, breast, ovarlan,

lung and colorectal cancers, and seem particularly promising

for the treatment of slow-dividing cancer lines. See, for
example, Kingsbury, W. D. et al., J. Med. Chem., 34, 98
(1991); Sawada, S. et al., Chem. Pharm. Bull., 39, 1ld4o
(1991); Luzzio, M. J. et al., J. Med. Chem., 38, 385 (1995);
Abigerges, D. et al., J. Clin. Oncol., 13, 210 (19935).
Furthermore, synergistic or additive effects have Dbeen
ocbserved in combination therapies with cisplatin,
irradiation, or hyperthermia. See Fukuda, M. et al., Canc.
Res., 56, 789 (1996); Goldwasser, F. et al., Clin. Canc.
Res., 2, 687 (1996); Wang, D. S. et al., Biol. Pharm. Bull.,

19, 354 (1996).
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Although  most research  has focused on  the

development of water-soluble derivatives of camptothecin, new

formulations, such as lipid-complexation, liposomal
encapsulation, and wet milling technology have recently been
developed. Such formulations result in new therapeutic
opportunities for poorly water-soluble camptothecins. See

Daoud, S. S. et al., Anti-Cancer Drugs, 6, 83 (19985):;
Merisko-Liversidge, E. et al., Pharm. Res., 13, 272 (1996);
and Pantazis, P., Leukemia Res., 19, 775 (199)). An
attractive feature of these formulations is their impact on
drug biodistribution. Sugarman and coworkers have recently
reported that while free camptothecin achieves the greatest

concentration in the pulmonary parenchyma, lipid-complexed

camptothecin has the highest concentration in the
gastrointestinal tract. These results open new and
interesting perspectives for the treatment of colon cancer.
See Sugarman, S. M. et al., C(anc. Chemother. Pharmacol., 37,
531 (199¢6). Another interesting aspect of using insoluble
camptothecin analogs 1is that they are usually more active

than their water-soluble congeners and seem less likely to

create drug-induced resistance, probably because they are not

substrates of the p-glycoproteiln multi-drug transporter. See

Pantazis, P., Clin. Canc. Res., 1, 1235 (1995).

In this context, new camptothecin analogs that
combine good to excellent anti-tumor activities with
different solubility and biodistribution profiles could play

a crucial role in the therapeutic arsenal for the treatment

of various types of cancers.

Given the proven beneficial biological activity of

camptothecin and analogs thereof, it is desirable to develop

additional camptothecin analogs and methods of preparation of

camptothecin analogs.

SUBSTITUTE SHEET (RULE 26)
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Summary of the Invention

The present invention provides generally a

compound having the following formula (1):

(1)

OH O

R' and R’ are independently the same or different
and are preferably hydrogen, an alkyl group, an alkenyl
group, an alkynyl group, an alkoxyl group, an aryloxy group,
an acyloxy group, a carbonyloxy group, a carbamoyloxy group,
a halogen, a hydroxyl group, a nitro group, a cyano group,
an azido group, a formyl group, a hydrazino group, an acyl
group, an amino group, -SR°, wherein, R is hydrogen, an acyl
group, an alkyl group, or an aryl group, or Rl and RZ

together form a group of the formula -O(CH,),0- wherein n

represents the integer 1 or 2.

According to one aspect of the present invention

there is provided a compound having the structure:

(1)

wherein R* and R* are independently the same or
different and are hydrogen, an alkyl group, an aminoalkyl
group, an alkylaminoalkyl group, a perhaloalkyl group, a
hydroxyalkyl group, a benzylalkyl group, a phenylalkyl
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group, an alkenvylalkyl group, an alkynyl alkyl group, an
acyloxyalkyl group, an alkenyl group, an alkylalkenyl group,
an alkoxyalkylalkenyl group, an aminoalkylalkenyl group, an
alkynyl group, an alkylalkynyl group, an alkoxyalkylalkynyl
group, an aminoalkylalkynyl group, an alkynyl group, an
alkoxyl group, an aryloxy group, a carbamoyloxy group, a
halogen, a hydroxyl group, a nitro group, a cyano group, an
azido group, a formyl group, a hydrazino group, -C(0)RE,
wherein R is an alkyl group, a haloalkyl group, an alkoxyl
group, an amino group or a hydroxyl group, an amino group,
an alkylamino group, a dialkylamino group, an arylamino
group, -SR®, wherein R® is hydrogen, -C(O)R!, an alkyl group,
or an aryl group, -0OC(0)R? or -0OC(0)ORY, wherein RY is an
alkyl group; or R' and R? together form a group of the
formula -O(CH;y),0- wherein n represents the integer 1 or 2;
R’ is H, F, a halogen atom, a nitro group, an amino group, a
hydroxyl group, or a cyano group; or R? and R’ together form
a group of the formula -O(CH;),O0- wherein n represents the
integer 1 or 2; R is H, F, a C,.; alkyl group, a C, , alkenyl

group, a C, , alkynyl group, or a C, , alkoxyl group; wherein

at least one of R!', R%, R’ and R® is other than H: R’ is a

C, ., alkyl group, or a propargyl group; and R°, R’ and R® are

independently a C,_;, alkyl group, a C, ,, alkenyl group, a C,_,,

alkynyl group, an aryl group or a —(Cth&Q group, wherein N
is an integer within the range of 1 through 10 and R’ is a
hydroxyl group, alkoxy group, an amino group, an alkylamino
group, a dialkylamino group, a halogen atom, a cyano group
Or a nitro group; or a pharmaceutically acceptable salt
thereof.

According to a further aspect of the present

invention there is provided a compound having the structure:
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(1)

wherein R' is hydrogen, an alkyl group, an
aminoalkyl group, an alkylaminoalkyl group, a perhaloalkyl
group, a hydroxvyalkyl group, a benzylalkyl group, a
phenvlalkyl group, an alkenvylalkyl group, an alkynyl alkyl
group, an acyloxyalkyl group, an alkenyl group, an
alkylalkenyl group, an alkoxyalkylalkenyl group, an
aminoalkylalkenyl group, an alkynyl group, an alkylalkynyl
group, an alkoxyalkylalkynyl group, an aminoalkylalkynyl
group, an alkynyl group, an alkoxyl group, an aryloxy group,
a carbamoyloxy group, a halogen, a hydroxyl group, a nitro
group, a cyano group, an azido group, a formyl group, a
hydrazino group, -C(O)R', wherein R' is an alkyl group, a
haloalkyl group, an alkoxyl group, an amino group Or a
hydroxyl group, an amino group, an alkylamino group, a
dialkylamino group, an arylamino group, -SR®, wherein R° is
hydrogen, ~-C(0)RY, an alkyl group, or an aryl group, -0C (0) R
oY —OC(O)ORQ,*Wherein R® is an alkyl group; R?’ is a hydroxyl

group; R’ is H, F, a halogen atom, a nitro group, an amino

group, a hydroxyl group, or a cyano group; R* igs H, F, a Ci.1
alkyl group, a C, , alkenyl group, a C, , alkynyl group, or a
C, 5 alkoxyl group; R’ is a C, ,, alkyl group, or a propargyl
group; and R°, R’ and R® are independently a C, ;o alkyl group,
a C, ,, alkenyl group, a C,,, alkynyl group, an aryl group or a

- (CH;)yR’ group, wherein N is an integer within the range of
1 through 10 and R’ is a hydroxyl group, alkoxy group, an

amino group, an alkylamino group, a dialkylamino group, a
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halogen atom, a cyano group or a nitro group; or a
pharmaceutically acceptable salt thereof.

The invention further provides: pharmaceutical
compositions comprising the compounds in admixture with
pharmaceutically acceptable diluents or carriers:; the use of
the compounds for use in the treatment or prevention of
cancer or leukemia or for use in the preparation of
medicamets for such treatment or prevention: and commercial

packages comprising the compounds together with instructions

for the use in the treatment or prevention of cancer or
leukemia.

R’ is preferably H, a halogen, a nitro group, an
amino group, a hydroxyl group, or a cyano group. R and R’
can also together form a group of the formula -0(CH,),O-
wherein n represents the integer 1 or 2.

R* 1is preterably H, F, a C1-3 alkyl group, a Cp-3
alkenyl group, a C2-3 alkynyl group, or a C1-3 alkoxyl
group. R’ is preferably a C1-10 alkyl group. A preferred

alkyl group 1s an ethyl group. Preferred substituted alkyl

groups for R’ include an allyl group, a propargyl and a

benzyl group.
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RS, R’ and R® preferably are independently (the same
or different) a Ci1-10 alkyl group, a (2-10 alkenyl group, a
Co-10 alkynyl group, ©or ah aryl group. A preferred
substituted alkyl group for R®, R’ and RE is a - (CH»)xR’ group,
wherein N is an integer within the range of 1 through 10 and
R® is a hydroxyl group, an alkoxyl group, an amino group, a
halogen atom, a cyano group OrI d nitro group. Preferred

amino groups for R? include alkylamino groups and a

dialkylamino groups.

The terms “alkyl”, “aryl” and other groups refer
generally to both unsubstituted and substituted groups unless

specified to the contrary. Unless otherwise specified, alkyl

groups are preferably C;-Cis (that 1s, naving 1 to 15 carbon
atoms) alkyl groups, and more preferably C1-Cjg alkyl groups,

and can be branched or unbranched, acyclic or cyclic. The
above definition of an alkyl group and other definitions

apply also when the group is a substituent on another group

(for example, an alkyl group as a substituent of an
alkylamino group or a dialkylamino group). The term “aryl”
refers to phenyl or napthyl. As used herein, the terms

“halogen” or “halo” refer to fluoro, chloro, bromo and iodo.

The term “alkoxyl” refers to -OR%, wherein R? is an

alkyl group. The term “aryloxy” refers to -OR®, wherein R® is
an aryl group. The term acyl refers to -OCR'.  The term
“alkenyl” refers to an unsaturated radical with preferably 2-
15 carbon atoms, more preferably with 3-10 carbon atoms

(~C=CHRY) . The term “alkynyl” refers to an unsaturated

radical preferably with 2-15 carbon atoms, more preferably

with 3-10 carbon atoms (*CECRh).

The groups set forth above, can be substituted with

a wide variety of substituents to synthesize camptothecin

SUBSTITUTE SHEET (RULE 26)
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analogs retaining activity. For example, alkyl groups may

preferably be substituted with a group OI groups 1including,
but not limited to, a benzyl group, a4 phenyl group, an
alkoxyl group, a hydroxyl group, ar amino group (including,
for example, free amino groups, alkylamino, dialkylamino
groups and arylamino groups), an alkenyl group, an alkynyl
group and an acyloxy group. In the case of amino groups
(-NR?RP), R® and R° are preferably independently hydrogen, an
acyl group, an alkyl group, or an aryl group. Acyl groups
may preferably be substituted with (that is R® is) an alkyl
group, a halocalkyl group (for example, a perfluoroalkyl
group), an alkoxyl group, an amino group and a hydroxyl
group. Alkynyl groups and alkenyl groups may preferably be
substituted with (that is, R? and R" are preferably) a group
or groups including, but not limited to, an alkyl group, an

alkoxyalkyl group, an amino alkyl group and a benzyl group.

The term “acyloxy” as used herein refers to the
group -0C=0.

o

The term “carbonyloxy” as used herein rerfers to the
group -OCOR®.
O
The term “carbamoyloxy” as used herein refers to the
group -OCNR®R”.
|
O
Amino and hydroxyl groups may 1include protective

groups as known in the art. Preferred protective groups for

amino groups include tert-butyloxycarbonyl, formyl, acetyl,

SUBSTITUTE SHEET (RULE 26)
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8
benzyl, p-methoxybenzyloxycarbonyl, trityl. Other suitable
protecting groups as known to those skilled in the art are
disclosed in Greene, T., Wuts, P.G.M., Protective Groups in

Organic Synthesis, Wiley (1991).

In general, R1, R2, 'R3, R6, R’ and RB are
preferably not excessively bulky to maintain activity of the

resultant camptothecin analog. Preferably, therefore, Rl,

R¢, R3, R®, R’ and R8® independently have a molecular weight

less than approximately 250. More preferably R1, rZ, R3, RO,
R’ and RSB independently have a molecular weight 1less than

approximately 200.

Some of the camptothecin analogs of the present
invention can be prepared for pharmaceutical use as salts
with inorganic acids such as, but not limited to,
hydrochloride, hydrobromide, sulfate, phosphate, and nitrate.

The camptothecin analogs can also be prepared as salts with

organic acids such as, but not limited to, acetate, tartrate,
fumarate, succinate, citrate, methanesulfonate, p-
toluenesulfonate, and stearate. Other acids can be used as
intermediates in the preparation of the compounds of the

present invention and their pharmaceutically acceptable

salts.

For purification purposes, the E-ring (the lactone
ring) may be opened with alkali metal such as, but not
limited to, sodium hydroxide or calcium hydroxide, to form
opened E-ring analogs of compounds of formula (1). The
intermediates thus obtained are more soluble in water and may
be purified to produce, after treatment with an acid, a

purified form of the camptothecin analogs o©of the present

invention.
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The E-ring may also be modified to produce analogs

of compounds of formula (1) with different solubillity
profiles in water or other solvents. Methods to achieve this
goal include, but are not limited to, opening the E-ring with
an water-soluble amino group Or functionalyzing the hydroxyl
group at position 20 of the E-ring with a water-soluble group

such as a polyethylene glycol group. The analogs thus
prepared act as pro-drugs. in other words, these analogs
regenerate the compounds of formula (1) (with the closed E-
ring structure) when administered to a living organism. See,

Greenwald, R.B. et al., J. Med. Chem., 39, 1938 (1996).

The present invention ailso provides a method of
treating a patient, which comprlses administering a
pharmaceutically effective amount of a compound of formula
(1) or a pharmaceutically acceptable salt thereof. The
compound may, for example, be administered to a patient
afflicted with cancer and/or leukemia Dby any conventional
route of administration, including, but not 1limited to,
intravenously, intramuscularly, orally, subcutaneously,
intratumorally, intradermally, and parenterally. The
pharmaceutically effective amount oOr dosage 1s preferably
between 0.01 to 60 mg of the compound of formula (1) per kg
of body weight. More preferably, the pharmaceutically
effective amount or dosage is preferably between 0.1 to 40 mg
of the compound of formula (1) per kg of body weight. In
general, a pharmaceutically effective amount or dosage

contains an amount of a compound of formula (1) effective to

diaplay antileukemic and/or antitumor (anticancer) behavior.

Pharmaceutical compositions containing as an active
ingredient a compound of formula (1) or a pharmaceutically
acceptable salt thereof in association with a

pharmaceutically acceptable carrier oOr diluent are also

within the scope of the present invention.

SUBSTITUTE SHEET (RULE 26)
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composition may contain between .1 mg and 500 mg of the

5 compound of formula (1), and may be constituted into any form

suitable for the mode of administration.

Brief Descrigtion of the Drawings

Figure 1 is an illustration of a general synthetic

scheme for the preparation of compounds oCf formula 1.

10 Figure 2 is an 1illustration of a synthesis of

1208)-11-fluoro-7-trimethylsilylcamptothecin.
Figure 3 is an illustration of a synthesis of
(205)—10—acetoxy—7—trimethylsilylcamptothecin and (2085)-10-

hydroxy-7-trimethylsilylcamptothecin.

15 Figure 4 is an illustration of a synthesis of

(20S8)-10-amino-7-trimethylsilylcamptothecin.

Figure 5 is an illustration of a synthesis of

(203)-10-amino—ll~fluoro-7~trimethylsilylcamptothecin.

Figure 6 is an illustration of a synthesis of a

20 novel analog of irinotecan.
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Detailed Description of the Invention

Compounds

Among the compounds of formula (1), those having
the (S)-configuration at position 20 of the E-ring are

preferred for pharmaceutical use.

R! and R? are preferably and independently (the same
or different) H, a hydroxyl group, a halo group, an amino
group, a nitro group, & cyano group, 4 C1-3 alkyl group, a
C1-3 perhaloalkyl group, a C1-3 alkenyl group, a C1-3 alkynyl
group, a Ci1-3 alkoxyl group, a Ci1-3 aminoalkyl group, a C1-3

alkylamino group, a C1-3 dialkylamino group, Or Rl and RZ
together form a group of the formula -0O(CH;),0- wherein n
represents the integer 1 or 2. More preferably, R! and R® are
independently (the same oOr different) H, a methyl group, an
amino group, a nitro group, a cyano Jgroup, a hydroxyl group,
a hydroxymethyl group, a methylamino group, a dimethylamino
group, an ethylamino group, a diethylamino group, an
aminomethyl group, a methylaminomethyl group, a

dimethylaminomethyl group, and the like.

R® is preferably F, an amino group, oOr a hydroxyl
group. R* is preferably H or F. R> is preferably an ethyl

group. Rf, R’ and R® are preferably independently (the same
or different) a Ci1-¢ alkyl group, a phenyl group or a
~ (CHy)yR*® group, wherein N is an integer within the range of 1

through 6 and R!° is a halogen or a cyano group.
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Method of Preparation

The compounds of the present 1invention can be
prepared according to the general synthetic scheme shown in
Figure 1. In the synthetic scheme of Figure 1, an
iodopyridone 2 is first N-alkylated with a propargyl
derivative 3 to produce radical precursor 4. Radical
precursor 4 then undergoes a radical cascade with
arylisonitrile 5 to generate product 1. The N-alkylatidn
proceeds smoothly following optimized conditions. See

Curran, D.P. et al., Tetrahedron Lett., 36, 8317 (1995). 7he

synthesis of iodopyridone 2 and the conditions of the radical
cascade have been previously reported. The propargylating
agent 3 is readily prepared by the standard silylation of the
dianion of propargyl alcohol with a suitable sylating agent
R°R'R¥SiX followed by conversion of the propargyl alcohol to a
leaving group such as a bromide, iodide or sulfonate. See

Curran, D.P. et al., Angew. Chem. Int. Ed. Engl., 34, 2683

(1995), and U.S. Patent No. 6,211,371.

Generally, various reagents can be wused 1in the
radical cascade including, but not limited to, hexamethyltin,
hexamethyldisilane, or tetrakis(trimethylsilyl)silane. The
source of energy for this reaction can be a sun lamp or an
ultraviolet lamp. The temperature is preferably set between
approximately 25 and 150°C. More preferably, the temperature
is set at approximately 70°C. There are generally no
limitations wupon the choice of solvent wused other than

inertness to the radical cascade. Preferred solvents include

benzene, toluene, acetonitrile, THF and tert-butanol. Also,

there is very broad latitude in the choice of substituents on
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the alkyne and the isonitrile hecause of the mildness o©f the

reaction conditions.

Figure 2 1illustrates an embodiment o©f a general
synthetic scheme for the synthesis of (208)-11-fluoro-7/-
trimethylsilylcamptothecin 12. A problem in this synthetic
scheme is to control the regioselectivity of the radical
cascade when both ortho positions in the arylisconitrile are
available for cyclization (that 1s, R* is H in the final
compound of formula 1). One solution to this problem relies
upon the introduction of a trimethylsilyl group on the aryl
isonitrile, (e.qg. 3-fluoro-2-trimethylsilylphenyl
isonitrile 9). The trimethylsilyl substituent blocks one of
the ortho sites of the isonitrile toward cyclization ana can
be removed after the cascade reaction by hydrodesilylation.
In this example, the selectivity proceeds further 1in the

sense that only one of the trimethylsilyl groups 1s removed

in the last step.

Other embodiments of the general synthetilc scheme
for the preparation of several novel camptotheclin derivatives

are illustrated in Figures 3 to 6, and in the Examples.

The present invention provides a short and
efficient synthetic scheme well suited to known structure-
activity relationships in the camptothecin family. Indeed,
the biological activity of the camptothecin skeleton 1is
generally intolerant or has very little tolerance to
substituents other than at the 7 and/or B9-11 positions.

Following synthesis, these substituents are introduced via

the alkynylderivative 3 and arylisonitrile 5, respectively.

Antitumor Activities
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The antitumor activities of several compounds of
formula 1 are shown 1in Table 1 and compared to those of
several well known camptothecin analogs. The syntheses of
the various exemplary compounds of the present invention set

forth in Table 1 are discussed in further detail in an

Example section following this section.
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. M
"
:

. i'
'

CA 02302226 2000-02-25

WO 99/09996 PCT/US98/17683
15
| Table 1. Biological Activities of
(208) -7-Silyl-Camptothecin Derivatives.
- Inhibition of cancer Enhancement Inhibition
9 cell growth cf Topo 1 cf Topo I
10 O ICgg (nM) Mediated mediated
o Cleavage relaxation
12 O
et
OH O
eyt gyt

Example ~a 9 10 11 12 HL-60 833K DC-3F
CPT H H H H H 5 10 6-9 +++ + 4+
IRT Et H oppd E H 270 487 372 - —
1 TMS H H H H 3.8 5.6 4.2 +4++ +++
2 TBDMS H H B H 0.12 1.2 2.9 + bt +++
3 TBDPS H H H H 339 243 663 ++ +
9 TMS H OAC H H 2.7 6.7 ++++ +4+ 44+
5 TMS 2! OH H H 2.6 7.0 6.9 +4+++ ++ 4+
5a Example 5 with opened E ring 9.7 158.0 14.2 ++ + +
7 TMS H H 3 H 0.75 0.92 2.0 +F+ o+ o+
7a TMS F H H H 3.0 2.9 8.2 ++++ ++++

TMS H H F H (2:1)
8 TMS H NHo H H 0.52 5.7 0.72 - —~
9 TMS H H NHo, H 2.6 7.4 6.4 - -
10 TMS H NH2 3 H 0.07 0.14 0.29 ++++ ++++
11 TMS H H E F 1.01 2.1 2.5 +4+ + 4+
TMS i) F H H {(3/1) |
12 TIPS H H H H 1506 10730 1038 - -
13 TES H H H H 31.9 122 57.1 - -
14 DMNPS H H H H 66.9 197 64.1 - -
15 DMCPS H H r H 0.91 2.7 2.7 -— —-
10 DMHPS H H H H 2.1 5.4 2.3 - ~
17 TBDMS r QAC H H 1.86 = 3.57 — —
18 TBDMS Y OH H H 2.60 ~ 5.20 - -
a) OPP = irinotecan’'s pyrrolidinyl pyrrolidine carbamate; TMS = trimethylsilyl, TBDMS = t-

butyldimethylsilyl; TBDPS = t-butyldiphenyl silyl; TES = triethylsilyl; TIPS = triisopropyisilyl; DMNPS =
dimethylynorpinylsilyl; DMCPS = dimethyl-3-cyanopropyisilyl; DMHPS = dimethyl-3-halopropyisilyl; b)
More active than CPT in S-180 in BD>Fj mice testing. ¢) More active than CPT in Lewis lung Carcinoma
in BD>F1 mice.
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As 1illustrated in Table 1, the compounds of the present

invention exhibit good to excellent antitumor activity as

compared to camptothecin (CPT) and irinotecan (IRT).

Cyto toxici ty Assays

The camptothecin derivatives were evaluated for

their cytotoxic effects on the growth of HL-60 (human
promyelocytic leukemic), 833K (human teratocarcinoma) and DC-
3F (hamster lung) cells in vitro. The cells were cultured in
an initial density of 5 x 107% cell/ml. They were maintained

in a 5% CO» humidified atmosphere at 37°C in RPMI-1640 media

(GIBCO-BRL Grand Island, New York) containing penicillin
100u/ml) /streptomycin (100 pg/ml) (GIBCO-BRL) and 10% heat

inactivated fetal bovine serum. The assay was performed in
duplicate in 96-well microplates. The cytotoxicity of the
compounds toward HL-60 cells following 72 hr incubation was
determined by XTT-microculture tetrazolium assay. Scudiero,
D.A., et al., Cancer Res., 48, 4827 (1988).
2',3"-bis(-methoxy-4-nitro-5-sulfheny) -5~

[ (Pphenylamino)carbonyl]-2H-tetrazolium hydroxide (XTT) was
prepared at 1 mg/ml in prewarmed (37°C) medium without serum.

Phenazine methosulfate (PMS) and fresh XTT were mixed
together to obtain 0.075 mM PMS-XTT solution (25 ul of the

stock 5 mM PMS was added per 5 ml of 1 mg/ml XTT). Fifty pl
Of this mixture was added to each well of the cell culture at
the end of 72 hr incubation. After incubation at 37°C for

4 hr., absorbance at 450 nm and 630 nm was measured with a
microplate reader (EL340, Bio-Tek Instruments, Inc.,

Winooski, Vermont).

The cytotoxicity of the camptothecin compounds

toward 833K teratocarcinoma solid tumor cells and DC~3F
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hamster lung cells was determined in 96-well microplates by a
method described by Skehan et al. for measuring cellular

protein  content. Skehan et al., “New Colorometric

Cytotoxicity Assay for Anticancer Drug Screening,” J. Nat’l

Cancer Inst., 82, 1107 (1990). Cultures were fixed with

trichloroacetic acid and then stained for 30 minutes with
0.4% sulforhodamine B dissolved 1in 1% acetic acid. Unbound
dye was removed by acetic acid washes, and the protein-bound

dye was extracted with an unbuffered = Tris base

[tris (hydroxy-methyl)aminomethan] for determination of
absorbance at 570 nm in a 96-well microplate reader. The

experiments were carried out 1in duplicate using five to six
concentrations of the drugs tested. Data were analyzed via
computer software. See, Chou, J, and Chou, T.C., Dose-Effect
Analysis With Microcomputers: Quantitation of EDsp, LDsp,
Synergism, Antagonism, Low-Dose Rlisk, Receptor-Ligand Binding
and Enzyme Kinetiés, 2" ed., Biosoft, Cambridge (1987); and
Chou, T.C., “The Median-Effect Principle and the Combination
Index for Quantitation of Synergism and Antagonism, ”

Synergism and Antagonism in Chemotherapy, Academic Press, San

Diego, 61-102 (1991).

Topo I Maediated DNA Cleavage Assay

For DNA cleavage assay the reaction mixture comprised
Tris-HCl Dbuffer 10 mM, pH7.5; PBRj32; supercoiled double

stranded circular DNA (4363 base pairs, from Bochringer

Mannheim Biochemicals) 0.125 ug/ml, drug (camptothecin or its
derivatives) concentration at 1, 10 and 100 uM, in the
presence of purified DNA topoisomerase I with final volume of

20 u1 as described previously. Hsiang, Y.H., et al.,

“Camptothecin Induces Protein-Linked DNA Breaks Via Mammalian
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DNA Topoisomerase I,” J. Biol. Chem., 260, 14873 (1985),
Incubation was carried out at 37°C for 60 min. The reaction

was stopped by adding the loading buffer dye (2% sodium
5 dodesyl sulfate, 0.05% bromophenol blue and 6% glycerol).
Electrophoresis was carried cut on 1% agarose gel plus

ethidium bromide (1 pg/ml) in TBE buffer (Tris-base-boric

acid-EDTA) and ran at 25 V for 18 hrs. Photographs were
taken under UV light wusing Polaroid film type 535/N and

10 developed as indicated by the manufacturer.

Inhibition of Toro I Mediated Relaxation of Supercoiled DNA

To study the inhibiting effect on DNA
topoisomerase I mediated relaxatioon of DNA, the method
described by Liu and Miller was used. Liu, H.F. et al.,

15 “Cleavage of DNA by Mammalian DNA Topoisomerase I1I,” J. Biol.
Chem., 258, 15365 (1980), For this assay, 0.18 pg of
PBR3>- DNA, 0.5 0 of Topo I (GIBCO-BRL), various

concentrations (1-100 uM of camptothecin or an analog, 1in a
reaction mixture (20ul) containing 50 mM Tris-HCl, pH 7.5,

200 120 mM KC1l, 10 mM MgCl,, 0.5 mM DTT, 0.5 mM EDTA, 30 upug/ml

BSA, 20 pg/ml PBR3;» DNA and various amounts of the enzyme was
incubated at 37°C for 30 min., and stopped with 5% SBS and
150 pg/ml proteinase K. The samples were loaded onto 1%

agarose in TAE running buffer, electrophoresed overnight at
25 39 V, stained with EtBr, and photographed under UV light.

Antitumor Activity in vivo

Antitumor activities of camptothecin derivatives

were tested in BgDpF7 mice bearing sarcoma-180 or Lewis lung
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murine solid tumor. For $-180, 3 X 10° cells were innoculated

subcutaneously on day 3. Antitumor treatment started on

day 1 intraperitoneously twice daily for five days. Tumor

volumes on day 7 and day 14 were measured. Average tumor
5 volumes were described as the ratilo of treated versus

untreated control (T/C). The control (treated with DMSO

vehicle only) tumor volumes for day 7/ and day 14 were 0.11 cm’

and 0.61 cm’, respectively. The T/C camptothecin 1is
designated with "+++.” An 1increment Or decrement of 10% as
10 compared to the camptothecin T/C on day 14 at 2 mg/kg dosage
is designated with increase or decrease of one “+" unit,

respectively.

For Lewis lung carcinoma, tumor cells {1 x 10%) were
inoculated subcutaneously on day 0 and treatment started on
15 day 1, intraperitoneously twice daily for five days. The

grading of effects was as described above.

As shown Table 1, many of the camptothecin
derivatives tested for the antitumor cytotoxicity 1in Vvitro
exhibited higher potency than camptothecin in one to three '

20 cell lines. Most of those compounds exhibiting higher
antitumor cytotoxicity also exhibited higher potency 1n
enhancing the DNA-topoisomerase I-mediated cleavage of PBRj3z;
DNA, or in inhibiting the DNA-topoisomerase I-mediated
relaxation of PBR3;> DNA. These results suggest excellent

25 correlation . between the antitumor cytoxicity of the
camptothecin compounds with their ability to 1inhibit the

functions of DNA-topoisomerase 1.

For in vivo chemotherapeutic effects 1in tumor-bearing
mice, for example, 7-trimethylsilyl camptothecin showed
30 better activity than camptothecin against sarcoma 180 in

BgD-F, mice at several equivalent doses in a dose dependent

manner in terms of tumor volume reduction. Similarly, for
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Lewis lung carcinoma, 7-trimethylsilyl-11l-flouro camptotnecin

of tumor volume reduction at 4-fold lower doses than

camptothecin. Thus, 7-trimethylsilyl-1 1-flouro camptothecin

is more efficacious than camptothecin in 1ts antitumor

effects in vivo.

The present inventors have thus discovered that

introduction of a silyl group (for example, a trimethylsilyl
group) at position 7 of the camptothecin structure typically

results in a compound with better anti-tumor activity than
camptothecin (see, for example, the compound of Example 1 as
compared to (20S5)-CPT). The silyl group 1is also beneficial
in the irinotecan series (see, for example, the compound of

Example 6 as compared to irinotecan).

The anti-tumor activity remains essentially
unchanged when a hydroxy group is 1introduced at position 10
of the compound of Example 1 to produce the compound of
Example 5. The compound of Example 6 is a relative of SN-38,
the active metabolite of irinotecan. Some of the highest
activities were observed in the present studies when a
trimethylsilyl group was introduced 1n conjunction with a
fluoro atom at position 11 (see, for example, the compound of
Example 7), or a primary amine group at positions 10 or 11
(see, respectively, Examples 8 and B9). Introduction of a
fluoro atom in position 12 also results in an analog only
approximately 2 times less potent than camptothecin (see,
Example 11 as compared to (205)-CPT). This result 1is
surprising considering the poox activity of the

12-substituted camptothecins reported previously 1in the

literature.

A mammal (human or animal) may thus be treated by a

method which comprises the administration to the mammal of a
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pharmaceutically effective amount of a compound of formula

(1) or a pharmaceutically acceptable salt thereof. The

condition of the mammal can thereby Dbe improved.

The compounds of the present invention can be

administered in a variety of dosage ZIforms including, for
example: parenterally (for example, intravenously,

intradermally, intramuscularly or subcutaneously); orally

(for example, in the form of tablets, lozengers, capsules,
suspensions or liquid solutions); rectally or vaginally, 1in
the form of a suppository; or topically (for example, as a

paste, cream, gel Or lotion).

Optimal dosages to Dbe administered may  Dbe

determined by those skilled in the art and will vary with the
particular compound of formula (1) to be used, the strength
of the preparation, the mode of administration, the time and
frequency of administration, and the advancement of the
patient’s condition. Additional factors depending on the
particular patient will result in the need to adjust dosages.
Such factors include patient age, weight, gender and diet.
Dosages may be administered at once or divided into a number

of smaller doses administered at varying intervals of time.

Examples

The following examples are provided for

illustration of the invention and are not intended to be

limiting thereof.
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Example 1.

Preparation of (203)—7~trimethylsilylcamptothecin

(1) (S)—4—Ethyl~4~hydroxy*6—iodo-3—oxo—7-(3-trimethylsilyl—2-
propynyl)-1H-pyrano[3,4-c]-8-pyridone

To a solution of (S)-4-ethyl-4-hydroxy-6-10do=-3-
oxo-l1H-pyrano[3,4-c]-8-pyridone [iodopyridone (2), 250 mg,
0.746 mmol] in DME (2.5 mL) and DMF (0.60 mL) at 0°C under

argon was added 60% NaH in mineral oil (31.3 mg, 0.783 mmol).

LiBr (150 mg, 1.75 mmol) was added 10 min latter. After 15

min at room temperature, 3-trimethylsilyl-2-propynyl bromide

(430 mg, 2.24 mmol) was injected and the reaction mixture was
heated in the dark at 65 °C for 20 h. The final solution was
poured into brine (20 ml), extracted with AcOEt (6 x 15 mL)

and dried (Na2S04). The residue obtained after removal of

the solvents was subjected to flash-chromatography

(CHC13/AcOEt 95:5) to give 283 mg (85%) of a foam: [a]%%p
+36.7 (c 1, CHCl3y):; IR (neat, cm—i) 3384, 2940, 2166, 1730,

1634, 1518, 1406, 1130, 841, 752; 1H NMR (300 MHz, CDCl3) 3

0.14 (s, 9 H), 0.95 (t, J= 7.4 Hz, 3 H), 1.77 (m, 2 H), 3.66
(s, 1 H), 5.00 (d, J = 17.2 Hz, 1 H), 5.10 (d, J = 16.4 Hz, 1
H), 5.15 (d, J = 17.2 Hz, 1 H), 5.49 (d, J = le.4 Hz, 1 H),
7.16 (s, 1 H); 13c NMR (75 MHz, CDCl3) & -0.40, 7.7, 31.5,
44.5, 66.3, 71.8, 90.9,<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>