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AROMATIC ESTERS OF CAMPTOTHECINS AND
METHODS TO TREAT CANCERS

FIELD OF THE INVENTION

The present invention is directed to aromatic esters of camptothecins.

BACKGROUND OF THE INVENTION

Camptothecin, a natural product originally found in China, but now grown in many
countries, was 1solated and purified by Wall and his coworkers in 1966 (J. Am. Chem. Soc. 88,
3888, 1966). This compound was 1nitially tested against the mouse leukemia L 1210 system and
showed good activity. Since 1t proved to be a potent anticancer in animal models, camptothecin
was quickly tested in human clinical trials. At this time, unfortunately, anticancer activity was
not found; instead, severe toxicity was observed for those patients who participated in the trials
(Gottlieb et al, Cancer Chemother. Rep. 54, 461, 1970, and 56, 103, 1972, Muggia et al, Cancer
Chemother. Rep. 56, 515, 1972, Moe:tel et al, Cancer Chemother. Rep. 56, 95, 1972, and
Schaeppi et al, Cancer Chemother. Rep. 5:25, 1974). Trials were accordingly discontinued.
T'he reason for the failure of the early trial was later found to be an incorrect drug formulation
selected. Camptothecin 1s insoluble in water itself. In order to use the drug for i.v.
administration, camptothecin was converted to its sodium form (CPT sodium carboxylate).
This form although water-soluble, is practically devoid of anticancer activity, and quite toxic.
For example, a careful evaluation of these agents in animal models made by Wani et al
revealed that the sodium salt is only 10-20% as potent as the parent camptothecin (J. Med.
Chem. 23, 554, 1980). In addition, important parameters for anticancer activity in the

camptothecin series have now been established (Wall et al.. Ann. Rev. Pharmacol. Toxicol. 17,



10

15

20

CA 02380022 2002-01-21

WO 01/09139 PCT/US00/20133
.-

117, 1977). The intact lactone form with an o-hydroxyl group at the position 20 of the molecule

1s believed to be essential for antitumor activity.

Keeping the molecule as an intact lactone form is the key for success of the treatment.

In the laboratory, camptothecin and its derivatives have shown a promising activity against a

wide spectrum of human tumors grown in xenografts in nude mice (Giovanella et al., Cancer
Res. 51, 3052, 1991, and Natelson et al., Annals N.Y. Acad. Sci. 803, 224. 1996), but much less
activity was observed in human clinical trials. This difference in antitumor activity has been
assoclated with the finding that the hydrolysis of lactone to carboxylate of the molecule is much
faster 1n human plasma than in mouse. For example, about 50% of 9-nitrocamptothecin i1s
present as lactone form in mice plasma, but only 5% of the molecule can be found as the
lactone form in human plasma. The lactone camptothecin molecule is not stable in human.
More studies on the stability of camptothecin derivatives in human serum have been conducted
by Burke et al. (Annals N.Y. Acad. Sci. 803, 29. 1996).

Clearly, there 1s a need to obtain a camptothecin compound that keeps the molecule as
an intact lactone when it is in circulation in the body. In other words, a camptothecin product
having longer biological life span is wanted. A number of attempts have been made to obtain
protected camptothecin derivatives, but none of the compounds has been disclosed to

significantly increase the biological life span. U.S. Patent No. 4,943.579 relates to the

preparation of several water-soluble camptothecin esters by the esterification of camptothecin
with amino acids as acylating reagents at the 20 posttion. U.S. Patent No. 5,646,159 relates to
the esterification of 10,11-dioxymethylenecamptothecin with amino acid derivatives as
acylating reagents at the position 20 to provide several water-soluble compounds. These two

patents use the same acylating reagents (amino acids) for the esterification reaction, and the
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products are water-soluble, thus they are not related to water-insoluble camptothecin esters and
are not within the scope of the present invention. U.S. patent No. 5,731.316 discloses
esterification of camptothecins with various different acylating reagents rather than amino acids
to provide a wide range water-insoluble ester compounds of camptothecins. The compounds
disclosed 1n this invention significantly increase the biological life span while maintaining the
inherent antitumor activity and lowering the toxicity. However, the previous patent did not use
any aromatic functionality for the esterification reaction. The present invention relates, for the

first time, to making aromatic esters of camptothecins.

SUMMARY OF THE INVENTION

Accordingly, it 1s an object of the present invention to provide new camptothecin
compounds which are active against various types of tumors and are non-toxic.

It 1s a turther object of the present invention to provide aromatic esters of
camptothecins.

It 1s another object of the present invention to provide the prodrugs of camptothecins.
These prodrugs can regenerate to the parent active camptothecin compounds by an enzymatic
hydrolysis after in vivo administration.

It 1s still another objection of the present invention to provide the methodology of
preparing the above-described aromatic esters of camptothecins.

It 1s still a further object of the present invention to provide an improved treatment for

certain types of cancers.
Additional objects and advantages of the present invention will be set forth in part in

the description which follows, and in part will be apparent from the description, or may be
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learned by practice of the present invention. The objects and advantages of the present
invention will be realized and attained by means of the elements and combinations particularly
pointed out in the appended claims.

To achieve the objects and in accordance with the purpose of the present invention, as

embodied and broadly described herein, the present invention relates to a compound of formula

(D).

The present invention also relates to a method for treating malignant tumors or cancer

in a mammal and comprises administering an effective amount of a composition containing one

or more of the compounds of formula (I) depicted above.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to novel camptothecin derivatives. These camptothecin

derivatives are preferably water-insoluble aromatic camptothecin esters. The aromatic

camptothecin esters preferably have the formula (I):
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(1)

In this tormula, the various R groups represent substituents on one of the rings of the
structure above. In particular, R represent H, NO,, NH,, N3, a halogen (e.g., F, Cl, Br, I),
carboxyl (COOH), a C,.j¢ alkyl group, C.j¢ alkylenyl group, a Cs.4 cycloalkyl group, a C;_g
alkoxyl group, an aroxyl group, CN, SO;H, a C, 4 halogenated alkyl group, (CH,),NR,’ (where
R’"is H, ora C, alkyl group, n is an integer of from 1 to about 8), hydroxyl, SH, SR® (where
R%isa C,g alkyl group, or a phenyl group, or a substituted phenyl group), a carbonyl group,
(e.g., COR’, where R’ is a C,.4 alkyl group, or a phenyl group, or a substituted phenyl group),
a SiR;'” (where R" is a C alkyl group). The R’ group 1s respectively positioned at the 9, or
10, or 11, or 12 position of ring A. R' can also be a disubstituted 10, 11-O-(CH,),-O- group
(where y 1s an integer of from 1 to 3). X represents H, a C, 5 alkyl group, a C, ¢ alkenyl aroup,
a Cy.3 alkoxyl group, an aroxyl group, a SiR;" group (where R is a Cy4 alkyl group), or
CHoNZY where Z and Y are, independently, H, C,4 alkyl, or a C4 halogenated alkyl group.
R°, R, R*, R®, and R® are, independently, H(s), Cy.i» alkyl group(s), Ci.1; alkenyl group(s),
COOH(s), SOsH(s), CN(s), CFs(s), CCls(s), CH,F(s), CH,Cl(s), CHF(s), CHCl5(s), OH(s),
OR'"“(s) (where R'? is a C alkyl group, or a C,_g alkenyl group, or an aromatic group), N,
NOy(s), NR213(S) (where R" is H, or C,4 alkyl group), carbonyl group (s), halogen(s).

Preferably, at least one of R*, R?, R*, R, or R®is not a hydrogen.
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More preferred aromatic camptothecin esters of the present invention are as follows,
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20}

wherein:
R°=R’=R*=R°=R®=H;
R*=R’=R*=R®=H, R®>=CF;:
R?=R}*=R®=H,R*=R’=NO,:
R’=R’=R’=H,R*=R°=NO;;
R°=R’=R*'=R°=H, R’ =NO-:
R*=R*=R°*=R®=H,R*=CN;
R?=R’=R’=R°=H,R*=CN:
R?=R*=R*'=R°=H,R’=F;
RP=R'=R*=Ré=H,R*=C];
R*=R’=R*=R°=H, R*=Cl;
R?=R*=R’=R®=H,R*=Br:

R’=R*=R’>=R°=H, R* = OH:

R°=R’=R’>=R°=H, R*=OH. Preferably for these above-mentioned preferred compounds,

R*=R’=R’=R®=H, R* = CFs:
R°=R’=R*=R’=H, R® = CF;;
R*=R*=R°®=H, R’=R’=NOy;
R’=R’=R’=R°=H, R* =NO;;
R’=R*=R’=R°=H,R*=NO;;
R’=R’=R*=R°=H,R*=CN;
R°=R*=R°=R°=H, R*=F:
R°=R’=R’=R®=H,R*=F;
R°=R’=R*=R°=H, R’ =ClI;
R°=R*=R°=R®=H,R’>=Br
R°=R’=R’=R°’=H,R*=Br;

R°=R’=R*=R®=H, R’ = OH:

R' is hydrogen and X represents hydrogen as well.

Another group of preferred compounds are the following, wherein:

R*=R’=R*=R*=R°=H;

R*=R’=R*=R°®=H, R’ = CF;;
R2=R3=R6=H,R4=R5=N02;
R°=R’=R’>=H, R*=R°=NOy:
R*=R’=R*=R°=H, R’ =NOy;

R°=R*'=R’>=R%=H, R*=CN:

R*=R’=R’=R®=H, R* = CF;;
R°=R’=R*'=R’>=H, R®=CF;;
R’=R*'=R°=H,R’=R’=NOy;
R*=R’=R’=R’=H,R*=NO,:
R*=R*=R’=R°=H, R*=NO,;

R°=R’=R*=R°=H R’=CN:
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R*=R’=R’>=R®=H,R*=CN: R°=R*=R°=R®=H, R?=F:
R°=R’=R*=R°=H,R’=F; R°=R’=R’=R°=H,R*=F:
R*=R*=R°=R°=H,R?=(CI: R*=R*=R*=R°=H,R’=CL:
R*=R’=R’>=R®=H,R*=Cl: R’=R*=R°=R®=H, R?=Br:
R?’=R’=R*=R°=H, R’ =Br; R°=R’=R’=R®=H, R* = Br:
R°=R°=H,R°=R’=NO,, R*=CH;; R’=R*'=R°=R®=H,R?=OH:
R°=R’=R*=R°=H, R’ = OH:; R*=R’=R’=R®=H, R* = OH. For the above
second group of preferred compounds, R' is preferably 9-NO, and X represents hydrogen.

Another group of preferred compounds are the following, wherein:

10
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R*=R’=R*=R’=R°=H;:
R*=R’=R*=R°=H, R’ = CF;;
R’=R’=R°’=H, R'=R’=NO;;
R*=R’=R’=H, R*=R®=NO,;
R*=R’=R*=R°=H, R’ =NO,:
R'=R*'=R*=R®=H,R?=CN;
R*=R’=R’=R°=H,R*=CN;
R°=R’=R*=R°=H,R’=F;
RP*=R*=R’=R®=H R?’=Cl:
R*=R’=R’=R°=H,R*=Cl;
R’=R’=R*=R*=H,R’=Br;

R’=R*=R’=R®=H, R*= OH:

R*=R’=R’=R°®=H, R*=OH. For this third group of preferred compounds, R’ is preferably

9-NH, and X represents hydrogen.

R*=R’=R’=R’=H, R* = CF;;
R*=R’=R'=R’=H, R® = CF;;
R*=R*'=R°=H,R’=R’=NO;;
R’=R’=R’=R®=H, R*=NO,;
R'=R*=R*=R°=H, R’ =NO,;
R*=R’=R*=R®=H,R® = CN;
R’=R‘=R°=R°=H,R*=F;
R*=R’=R°=R°=H,R*=F;
R?=R’=R'=R°=H, R’ =Cl;
R’=R*=R*=R°=H, R* = Br;
R’=R’=R’=R°=H,R*=Br;

R’=R’=R*=R®=H, R’ = OH;



10

15

20

25

30

CA 02380022 2002-01-21

WO 01/09139 PCT/US00/20133

_8-
For the above-described substitutents, preferred alkyl groups are -CH,. -CH,CH,,

CH,CH,CH,-, CH,(CH,),-, CH,(CH,),-, CH,(CH,),-, and CH,(CH.)

276-17
|
(CH,),CH-, CH3-CH2-—CH-CH3, (CH3CH2)2CH-, (CH3CH2CH2)2CH-, (CH3)3C-,
CH3(CH3CH2)2C-.
Preterred alkylenyl groups are CHZZCH-, CH3CH=CH—, CH3CH=C(CH3)-,

CH,CH=CHCH,-, CH,CH,CH=CHCH,-, CH (CH,), ., .CH=CH- , CH,CH=CH-(CH,),  .CH -,

273-15

CH,=CH-CH=CH-, CH,CH=CH-CH=CH-, CH,(CH,), -CH=CH-CH=CH-(CH,), .-CH. -

Preferred Cs.g cycloalkyl groups are CH, -CH-CH, - , CH,-CH-CH- CH,-
% \O/
O
CH3CH2-C{{-(}H- CH,CH,-, C@Z-/CH-CH2CH2-, CIQZ-C;T{(CH2 , CH, -, C{-Iz-/CH-(CHz) +CH.-
O O O O

Preterred C_galkoxyl groups are MeO-, EtO-, n-C3H7-O-, i-C3H7-O-, n-C 4H9-O-,
1-C JHy-0-, t-C 4H9-—O-, n-CSH“O-, (CH3)2CHCH2CH20-, C}l{3CHz'CH'CHzO'>

CH
3
(CH,CH,),CH-O-, n-C H ,-O-, n-C_H, -O-, n-C,H _-O-.

Preterred aroxyl groups are p-CH,OC H,-, m- -CH,0-C H,-, o-CH ;OCH,-, o,p-
Dimethoxyl phenyl-, m,m-Dimethoxyl phenyl-, m,p-Dimethoxyl phenyl-, o-CH,CH,O0C H,-,
m-CH,CH,0CH,-, p-CH,CH,0-C H,-.

Preferred cycloalkyl groups are cyclo-C,, cyclo-C,, cyclo-C o> cyclo-C, cyclo-C,, cyclo-
C,,» alkyl substituted cyclo-C,, alkyl substituted cyclo-C ,» alkyl substituted cyclo-C,, alkyl

substituted cyclo-C,, alkyl substituted cyclo-C_, and alkyl substituted cyclo-C, (where alky]

includes preferably those alkyl groups described above).
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Preferred unsubstituted and substituted phenyl groups are C <H.-, (0,m,p) CH3C H,-,

halogen substituted phenyl groups (X C H,, wherein X=F, Cl, Br, I), (0,p,m) CH,OCH,-,

6 " 4°

(0,m,p) NO,C.H,-, (0,m,p) NH,C H,-, (0,m,p) CNC H,-.
O O O O
| | Il II
Preferred carbonyl groups are CH,C-, CH,CH, C-, CH,CH,CH,C-, CH,CH,CH,CH,C-,
O O O O O O
| | | | | |
(CH,),CH-C-, (CH3)3C-C-, CH3(CH2) - CH3C-CH2-, CH3C-CH2CH2-, CH3CH2-C-CH2CH2—.

Conversion of the prodrugs to camptothecins is mediated by a group of enzymes called
esterases. Mammahan carboxylesterases represent a multigene family and are present 1n a wide

variety of organs and tissues of many mammalian species (Satoh, in reviews in Biochemical

Toxicology, 8:155-81, New York: Elsevier, 1987: Heymann, in Enzymatic Basis of
Detoxication, 2:291-323, New York: Academic, 1980. and in Metabolic Basis of Detoxication,

1:229-45, New York: Academic, 1982). In general, the highest hydrolase activity occurs in the
liver. Carboxylesterase activity is present in many tissues in addition to liver. More information
about distribution of carboxylesterases in tissues can be found in a review article written by

Satoh et al. (Annu. Rev. Pharmacol. Toxicol. 38, 257, 1998). Carboxylesterases are known to

be responsible for the hydrolysis of many exogenous compounds, the consequences of which
include both activation of prodrugs and deactivation of drugs. CPT-11, a semisynthetic
camptothecin derivative and now commercially available for cancer treatment, is a prodrug of
SN-38. This compound is converted to SN-38 by carboxylesterases (Danks et al., Cancer Res.
58, 20, 1998; Potter et al., Cancer Res. 58, 2646, 1998; Tsuji et al., J. Pharmacobio-Dyn. 14,
341, 1991). The prodrugs disclosed by the present invention are rapidly distributed throughout
the body within a short period of time after delivery and are ‘then converted to active

camptothecin compounds by carboxylesterases specifically in tissues.
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The prodrugs of the present invention are prepared by esterifying the 20-hydroxyl group
of camptothecins with the corresponding aromatic carboxylic acids. The reaction can be done
in  DMF (N,N-dimethylformamide, Aldich, Milwaukee, WI) with DCC (I, 3-

dicyclohexylcarbodiimide, Aldrich, Milwaukee, WI) as catalyst as depicted in Scheme 1.

Scheme 1
O
N N
R | O C
N/ N , O M’-
o DMAP
’ OH » DD/IF, I.t.
O
N
R; | N | O
N NN O a
Wt 5
O
, (1)
R4
O

From among these formulae, preferred structures represented by formula 1 are as follows:
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CZ176:

CZ185:

CZ188:

CZ189; dw [ 9
S ’p C27H1gN3O9F  (MW: 515)

CZ190:

C27HsN307F (MW: 515)
CZ192:

CqagH gN4O+ (MMW: 522)
CZ196:

CagH|gN4O7 (MW: 522)
CZ197:

C27HgN3O5F  (MW: 515)
CZ198:

C27HgN3O7Cl (MW: 531.45)
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CZ199:

CZ200:

CZ201:

CZ202:

CZ2203:

CZ204:

CZ208:

CZ209:

CA 02380022 2002-01-21
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Co9HgNj O,Cl (MW: 531 45))

C27H13N3O7C1 (MW: 53 1.45)

Cg‘;Hl gIN4Og (MW: 542)

C27H19N303 (MWZ 5 13)

CQ7H1 3N3 07BI' (MW 576)

C28H13N4O7BI' (MW; 576)

Cy7H}7NsO;; MW: 587)

Cz‘;Hl‘;NjO“ (MW.' 587)
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CZ212:

CZ213;

CZ215:

CZ216:

CZ217:

CZ218:

CZ219:

CZ220:

CZ221:
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C28HgN307F3 (MW: 565)

C28HsN3O7F; (MW: 565)

C2sHjoNsOp; MW: 601)

Ca7H sN4Og  (MW; 542)

C28H19N7OsF3 (MW: 520)
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O
CZ222
C27H20N205 (MW 452)
CZ235;

C27H21N30s5  (MW: 467)
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The preparation is preferably carmied out in the following way: The starting
camptothecin compound, preferably 2 to 10 molar equivalent of the reacting aromatic acid ot
the general formula C,R>..COOH, preferably 2 to 8§ molar equivalent of DCC, and a catalytic
amount ;)f DMAP are added to about 60-100 ml DMF in a 250 ml round-bottomed flask
equipped with a mechanical stirrer. The mixture is stirred at room temperature under nitrogen
gas for 72-96 hr. Dicyclohexyl urea formed is removed by filtration. The filtrate is poured onto
500-800 ml ice water while stirring. The crude product i1s collected by filtration, air-dried at
room temperature, then separated by column chromatography with THF-C,;H» (from 1:7 to
1:15) as eluent. The pure ester prodrug is obtained as white or yellow powders after

precipitation from petroleum ether. Reaction yields can range from 5 to 98%.

Any camptothecin compound having an available hydroxyl group may be used to
prepare the aromatic esters of the present invention. Suitable camptothecin compounds are
described, for example, in US Patent Nos. 4,894,456, 4,981,968, 5,053,512, 5,049,668,
5,106,742, 5,180,722, 5,244,903, 5,227,380, 5,122,606, 5,122,526, 5,225,404, 4,914,205,
4,545,880, 4,604,463, 4,473,692, 4,031,098, EP 0 220 601, EP 0 074 256. These US and EP
patents as well as the earlier mentioned patents and publications provide a more complete
description of camptothecin compounds which can be employed to prepare the aromatic esters

of the present invention as well formulations and methods of using and preparing formulations.

Preferred hvdroxyl group containing camptothecin compounds for use in the present
invention are camptothecin itself, 9-nitrocamptothecin and 9-aminocamptothecin. The (R, S,)
or (S), versions, or both can be used to prepare the compounds of the present invention. The S-

camptothecin is preferred. Accordingly, the aromatic esters of camptothecin can be (R, S,)
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or (S) aromatic esters of camptothecin.

T'he compounds disclosed in the present invention were tested against 14 human cell
lines and the results are summarized in Table 1 and Table 2. Table 1 shows the average
response of 14 human cell lines to camptothecin and its aromatic esters. Table 2 shows the
average response of 14 human cell lines to 9-nitrocamptothecin and its aromatic esters. What

1s interesting from these in vitro data is that the activity of these esters is related to the
substituents on their side aromatic rings. The esters with nitro group(s) on their side aromatic
ring are more active than the others. Esters without any substitutent on their side aromatic rings

such as CZ176 and CZ222 do not show any activity. Thus, the difference in activity among the

esters of the present invention are due to the different substituents on their side aromatic ring.

The compounds of the present invention are effective in the treatment of cancer,
including, but not limited to, malignant tumors and other forms of cancer. As used herein, the
term malignant tumor i1s intended to encompass all forms of human carcinomas, sarcomas, and

melanomas which occurs in the poorly differentiated, moderately differentiated, and well

differentiated forms. In administering the compounds of the present invention to patients in

need of such treatment, an effective amount of the compound or formulation containing one or

more compounds of the present invention is administered to the patient. As used herein, an
“effective amount” of the compound of the present invention is intended to mean that amount
of the compound which will inhibit the growth of, or retard cancer, or kill cancer or malignant
cells, and/or cause the regression and/or palliation of cancer such as malignant tumors, i.e.,
reduce the volume or size of such tumors or eliminate the tumor entirely.

T'he compounds of the present invention and formulations of the present invention can

be used 1n the treatment of a number of tumors and/or cancers including, but not limited to,
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human cancers of the lung, breast, colon, prostate, melanoma, pancreas, stomach, liver, brain,
kidney, uterus. cervix, ovaries, urinary track, gastrointestinal, and other solid tumors which grow
in a anatomical site other than the blood stream as well as blood borne tumors such as leukemua.
Other solid tumors include, but are not limited to, colon and rectal cancer. The compounds of the

present invention are also useful as inhibitors of the enzyme topoisomerase L.

The compounds ot the present invention can be administered by any acceptable route
including, but not himited to, orally, intramuscularly, transdermally, intravenously, through an
inhaler or other air borne delivery systems, and the like. Preferably, the compounds and the
formulations of the present invention are administered orally, intramuscularly, or transdermally
and most preferably delivered orally. Examples of transdermally delivery systems can be found,
for instance in U. S. Patent No. 5,552,154 and 5,652,244. The compounds or formulations of the
present invention can also be admintstered to a patient through a liposome system such as ones
described in U. S. Patent Nos. 5,882.679:; 5,834.012: 5,783.211; 5.,718,914: 5,631,237;
5,552,156; 5,059,421, 5,000,958; 5,874,105; 5,567,434; 5,549,910; 5,043,165;

5.736,156: 5,567,433, and 4,663,161.

In addition, the compounds and formulations of the present invention can be used in
combination with other drugs and formulations for the treatiment of cancers such as taxol,

taxotere, or their derivatives as well as cisplatin and denvatives therecot
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With mammals, including humans, the effective amounts can be administered on the
basis of body surface area. The interrelationship of dosages for animals of various sizes.

species and humans (based on mg/M2 of body surface) is described by E.J. Freireich et al.,

Cancer Chemother. Rep., 50(4):219 (1966). Body surface area may be approximately

determined from the height and weight of an individual (see, e.g., Scientific Tables, Geigy

Pharmaceuticals, Ardsley, N.Y ., pp. 537-538 (1970). An effective amount of the camptothecin
compounds in the present invention can range from about 12.5 mg/m* of body surface per day
to about 31.3 mg/m* of body surface per day.

The preferred effective amounts or dosages of the compounds of the present invention
In mice are about 1 to about 4 mg per/kg of body weight twice a week for an intramuscular
route and about 0.75 to about 1.5 mg per/kg/day for the oral route. Effective amounts or
dosages of the compounds of the present invention in mice are, for instance about 1.5
mg/Kg/week to about 10 mg/Kg/week for the transdermal route. For all of the administering
routes, the exact timing of administration of the dosages can be varied to achieve optimal

results. Generally, when using Intralipid 20 as the carrier for the compound, the actual dosage

of the compound reaching the patient may be less. This is due to some loss of the compound

on the walls of the syringes, needles, and preparation vessels, which is prevalent with the

Intralipid 20 suspension. When a carrier, such as cottonseed oil is used, the above-described

loss 1s not so prevalent because the compound does not adhere as much to the surfaces of
syringes, and the like. For instance, and preferably, it has been found that generally about 2.5
mg compound per kg of body weight twice per week using cottonseed oil, administered by an
intramuscular route, will deliver the same amount to the patient as 4.0 mg per/kg of body

weight twice per week using Intralipid 20 as a carrier. Generally, about 1 mg to about 4 mg of



10

CA 02380022 2002-01-21

WO 01/09139 PCT/US00/20133
-19-

the compound 1s added to about 0.1 ml to about 1 ml of carrier. Levels of the compounds were

well tolerated by mice in the examples set forth below without weight loss or other signs of

toxicity. These dosages have been administered for up to six months continuously without any

1l effect.

Another important feature of the method provided by the present invention relates to the

relatively low or no apparent overall toxicity of the camptothecin compounds administered in

accordance herein. Overall toxicity can be judged using various criteria. For example, loss of
body weight in a subject over 10% of the initially recorded body weight (i.e., before treatment)

can be considered as one sign of toxicity. In addition, loss of overall mobility and activity and

signs of diarrhea or cystitis in a subject can also be interpreted as evidence of toxicity.
The compounds of the present invention may be administered in combination with
pharmaceutically acceptable carriers or dilutents, such as Intralipid 10 or 20 or natural oils, or

other suitable emulsifiers for lipophilic compounds.
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Other features of the present invention will become apparent in view of the following

description of exemplary embodiments which are given for illustration of the invention and are

not intended to be limiting thereof.

EXAMPLE 1
20-O-phenylcamptothecin

Camptothecin (0.8 g, 0.0023 mol), benzoic acid (1.8 g, 0.014 mol), DCC (1.2 g, 0.0058
mol), and DMAP (0.3 g, 0.0025 mol) were added to 60 ml DMF in a 250 ml round-bottomed
flask equipped with a mechanical stirrer. The mixture was stirred under N, at room temperature
tor 72 hr. Dicyclohexyl urea formed during the reaction was removed by filtration. The filtrate
was poured onto 600 ml ice water while stirring. The stirring was maintained for 30 min. The
crude product was collected by filtration. The residue was chromatographically separated with
THF-CH,Cly (1:15) as eluent. The pure product (0.4 g) was obtained as white powders by
precipitation from petroleum ether. Yield 38%. Mass m/e (relative intensity): 452 (m”, 25), 330
(100), 315 (35), 302 (60), 287 (40), 169 (12), 122 (36), 105 (70), 77 (35), 69 (26); precise mass

(C27H20N205)I fOLIIld, 452137, required, 452.137.

EXAMPLE 2
20-O-p-trifluoromethylphenylcamptothecin
Camptothecin (0.8 g, 0.0023 mol), trifluoro-p-toluic acid (1.6 g, 0.0084 mol), DCC (1.2

g, 0.0058 mol), DMAP (0.3 g, 0.0025 mol) were added to 60 ml DMF all at once. The reaction

was done by the same procedure as above. The pure product (1 g) was obtained as white

powders, yield 84%. Mass m/e (relative intensity); 520 (m’, 45), 330 (100), 315 (20), 302 (78),
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173 (40), 147 (9), 56 (12); precise mass (CysH 9N, O5F3): found, 520.124: required, 520.125.

EXAMPLE 3
20-O-m-trifluoromethylphenylcamptothecin

With camptothecin (0.8 g, 0.0023 mol), trifluoro-m-toluic acid (1.7 g, 0.0089 mol),
DCC (1.2 g, 0.0058 mol), and DMAP (0.3 g, 0.0025 mol) as the starting materials, the pure
product (1.07 g) was obtained as white powders by the same procedure as in example 1, yield
89%. Mass m/e (relative intensity): 520 (m", 50), 330 (100), 315 (40), 302 (97), 287 (38), 246
(6), 190 (10), 173 (56), 145 (38), 124 (3), 75 (3); precise mass (C,3H;oNsF3): found, 520.125:

required, 520.1235.

EXAMPLE 4
20-O-m,p-dinitrophenylcamptothecin
By the same procedure as described in example 1, the pure product (0.13 g) was

obtained as white powders with camptothecin (0.8 g, 0.0023 mol), 3, 4-dinitrobenzoic acid (2

g, 0.0094 mol), DCC (1.3 g, 0.0063 mol), and DMAP (0.3 g, 0.0025 mol) as starting materials,
yield 10%. Mass m/e (relative intensity): 542 (m", 10), 330 (100), 315 (38), 302 (78), 287 (42).
272 (12), 195 (10), 168 (40), 120 (20), 75 (18); precise mass (Cy7HsN4Oy): found, 542.107:

required, 542.107.
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EXAMPLE 5
20-O-m,m-dinitrophenylcamptothecin
By the same procedure described in example 1, the pure product (1.2 g) was obtained
as white powders with camptothecin (0.8 g, 0.0023 mol), 3, 5-dinitrobenzoic acid (2 g, 0.0094
mol), DCC (1.3 g, 0.0063 mol), and DMAP (0.3 g, 0.0025 mol) as starting materials, yield
96%. Mass m/e (relative intensity): 542 (m", 4), 330 (44), 317 (20), 235 (10), 212 (100), 195

(15), 150 (35), 93 (25), 75 (23); precise mass (C7H;sN4Oy): found, 542.109: required, 542.107.

EXAMPLE 6
20-O-p-nitrophenylcamptothecin

By the same procedure described in example 1, the pure product (1.1 g) was obtained
as white powders with camptothecin (0.8 g, 0.0023 mol), p-nitrobenzoic acid (2 g,‘ 0.0120 mol),
DCC (1.2 g, 0.0063 mol), and DMAP (0.3 g, 0.0025 mol) as starting materials, yield 96%.
Mass m/e (relative intensity): 497( m+, 35), 330 (100), 315 (30), 302 (86), 287 (38). 205 (8),
179 (12), 113 (16), 100 (35), 65 (20); precise mass (C,7H9N305): found, 497.122, required,

297.122.

EXAMPLE 7
20-O-m-nitrophenylcamptothecin

By the procedure described in example 1, the pure product (1.1 g) was obtained as white
powders with camptothecin (0.8 g, 0.0023 mol), m-nitrobenzoic acid (2 g, 0.0120 mol), DCC

(1.2 g, 0.0058 mol), and DMAP (0.3 g, 0.0025 mol) as starting materials, yield 96%. 'H NMR:

o 1.12 (3H, t, J = 7.08Hz, C19-methy! protons), 2.20-2.60 (2H, m, C18-methylene protons),
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5.30 (2H, s, C5-methylene protons), 5.40-5.82 (2H, dd, J = 17.53. 17.56 Hz, C17-methylene
protons), 7.24 (1H, s, C14-H), 7.56-7.86 (3H, m, C10-H, C11-H, C25-H), 7.88-8.20 (2H. dd,
J = 8.05,8.07 Hz, C9-H, C12-H), 8.3-8.55 (3H, m, C24-H, C26-H, C28-H), 8.95 (1H. S. C7-
H). "CNMR: § 7.9 (C19), 31.8 (C18), 49.8 (C5), 66.7 (C17), C20 buried in solvent peaks,
95.5(C14), 120.4, 1224.5, 124.6, 127.7, 127.9, 128.1, 129.5, 129.7, 129.8, 130.1, 130.5. 130.9.
135.7,145.0, 146.4, 148.1, 148.5, 151.9, 159.0 (C2, C3, C6-C13, C15, C16, Cl6a, C23-C28),
163.0, 166.9 (C21, C22). Mass m/e (relative intensity): 497 (m", 6), 330 (28), 315 (12). 302
(18), 287 (15), 167 (100), 121 (40), 100 (10), 65 (35); precise mass (C,7H;oN30-): found,

497.122; required 497.122.

EXAMPLE 8
20-O-phenyl-9-nitrocamptothecin

By using the procedure described in example 1, the pure product (0.2 g) was obtained
as yellow powders with 9-nitrocamptothecin (1.5 g, 0.0038 mol), benzoic acid (1 g. 0.0082
mol), DCC (1.7 g, 0.0083 mol), and DMAP (0.3 g, 0.0025 mol)‘as starting materials. yield
11%. Mass m/e (relative intensity): 497 (m", 10), 392 (6), 375 (100), 360 (35), 347 (80), 332
(30), 319 (15), 302 (10), 286 (20), 274 (8), 258 (5), 216 (7); precise mass (C,7H;oN;0-): found,

497.123; required, 497.122.

EXAMPLE 9
20-O-m-nitrophenyl-9-nitrocamptothecin
By using the same procedure as described in example 1. the pure product (0.3 g) was

obtained as yellow powders with 9-nitrocamptothecin (0.6 g, 0.0015 mol), 3-nitrobenzoic acid
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(0.8 g, 0.0048 mol), DCC (1 g, 0.0049 mol), and DMAP (0.2 g, 0.0016 mol) as starting
materials, yield 37%. 'HNMR: & 1.13 (3H, t,J =7.0 Hz, C19-methyl protons), 2.30-2.60 (2H,
m, C18-methylene protons), 5.40 (2H, S, C5-methylene protons),5.46-5.85 (2H, dd, J = 17.50,
17.55Hz, C17-methylene protons), 7.25 (1H, S, C14-H), 7.72 (1H, t, ] = 8.02Hz, C25-H), 7.88
(IH, t, J=38.01 Hz, C11-H), 8.37-8.52 (4H, m, C10-H, C12-H, C24-H, C26-H), 8.95 (1H, S,
C28-H), 9.28 (1H, S, C7-H); "C NMR: §7.9 (C19), 32.0 (C18), 50.8 (C5), 67.5 (C17), C20
buried by CHCIl; peaks, 96.7 (C14), 121.0, 121.8, 125.0, 126.1, 127.7, 128.5, 128.8, 130.1,
130.8, 131.6, 135.9, 136.5, 145.5, 146.0, 148.2, 148,5, 157.0 (C2, C3, C6-C13, C15, C16,

C16a, C23-C28), 163.4, 166.9 (C21,C22). Mass m/e (relative intensity): 542 (m+, 3), 389 (20),
375 (100), 360 (38), 347 (78), 332 (58), 306 (30), 286 (261), 272 (15), 258 (10), 229(8); precise

mass (Cy7H1sN4Oyg): found 542.107; required 542.107.

EXAMPLE 10
20-0-o-fluorophenyl-9-nitrocamptothecin

With 9-nitrocamptothecin (0.5 g, 0.0013 mol), 2-fluorobenzoic acid (1 g, 0.0071 mol),
DCC (1.5 g, 0.0073 mol), and DMAP (0.2 g, 0.0016 mol) were used as starting reaction
materials, the pure product (0.12 g) was obtained as yellow powders, yield 18%. 'H NMR:
0l.12 (3H, t, J = 7.08 Hz, C19-methyl protons), 2.20-2.50 (2H, m, C18-methylene protons),
5.39 (2H, S, C5-methylene protons), 5.45-5.84 (2H, dd, J = 17.51, 17.58 Hz, C17-methylene
protons), 7.24 (1H, S, C14-H), 7.16-7.40 (2H, m, C24-H, C27-H), 7.52-7.70 (1H, m, C25-H),
7.89 (1H, t, ] = 8.09 Hz, C11-H), 8.05 (1H, t, J = 6.8HZ, C26-H), 8.36-8.60 (2H, m, C10-H,
C12-H), 9.28 (1H, S, C7-H); °C NMR : § 7.9 (C19), 32.0 (C18). 50.6 (C5), 67.4 (C17), C20

buried by CHCIl; peaks, 97.1 (Cl4), 117.0, 117.6, 121.0, 121.6, 124.4, 125.9, 127.4, 128.7,
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131.4, 122.8, 135.8, 136.7, 145.0, 146.0, 148.6, 157.2, 160.8 (C2, C3, C6-C13, C15, C16,
Cléa, C23-C28), 164.5, 167.2 (C22,C22). Mass m/e (relative intensity): 515 (m", 2), 375 (22),
347 (18), 332 (8), 286(3), 140 (63), 123 (100), 45 (36), 75 (16); precise mass (Ca7H 13N3O7F);

found, 515.113; required, 515.113.

EXAMPLE 11
20-O-m-fluorophenyl-9-nitrocamptothecin

With 9-nitrocamptothecin (0.5 g, 0.0013 mol), 3-fluorobenzoic acid (1 g, 0.0071 mol),

DCC (1.5 g, 0.0073 mol), and DMAP (0.2 g, 0.0016 mol) as starting materials, the pure product
(0.6 g) was obtained as yellow powders, yield 90%. 'H NMR: 81.12 (3H, t, J = 7.08 Hz, C19-
methyl protons), 2.23-2.55 (2H, m, C18-methyl protons), 5.33 (2H, S, C5-methylene protons),
5.42-5.82 (2H, dd, J = 17.50, 17.54 Hz, C 17-methylene protons), 5.42-5.82 (2H, dd, J = 17.50,
17.541Hz, C17-methylene protons), 7.25 (1H, S, C14-H), 7.30-7.52 (2H, m, C24-H, C26-H),
7.75-7.93 (3H, m, C14-H, C25-H, C28-4), 8.40-8.50 (2H, d, ] = 8.08 Hz, C10-H, C12-H), 9.25
(1H, S, C7-H); "C NMR: §7.9 (C19), 32.0 (C18), 50.8 (C5), 67.5 (C17), C20 buried by solvent
peaks, 97.0 (C14), 118.0, 118.2, 121.0, 121.4, 122.0, 126.2, 127.4, 128.6, 131.0, 131.2, 131.9,
137.0, 145.0, 145.5, 145.7, 148.5, 153.9, 157.5, 161.0 (C2, C3, C6-C13, C15, C16, Cl6a, C23-
C28), 164.3, 167.0 (C21, C22). Mass m/e (relative intensity): 515 (m", 7), 375 (38), 347 (32),
332 (10), 286 (3), 140(60), 123(100), 95 (50), 175 (15); precise mass (Co7H;sN;0-F): found,

5315.133, required, 515.133.
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EXAMPLE 12
20-O-p-cyanophenyl-9-nitrocamptothecin

With 9-nitrocamptothecin (0.58 g, 0.0015 mol), 4-cyanobenzoic acid (1 g, 0.0068 mol),
DCC (1.5 g, 0.0073 mol), and DMAP (0.2g, 0.0016 mol) as starting materials, the pure product
(0.3 g) was obtained as yellow powders, yield 38%. '"H NMR: §1.15 (3H, t, J =7.05 Hz, C19-
methyl protons), 2.30-2.60 (2H, m, C18-methylene protons), 5.44 (2H. S, Cl14-H), 5.55-5.85
(ZH, dd, J =17.50, 17.53Hz, C17-methylene protons), 7.30 (1H, S, Cl14-H), 7.85 (2H, d, J =
8.08 Hz, C24-H, C28-H, 7.94 (1H, t, ] = 8.02 Hz, C11-H), 8.26 (2H, d, J = 8.09 Hz, C25-H,
C27-H), 8.45-8.55 (2H, m, C10-H, C12-H), 9.33 (1H, s, C7-H); '*C NMR: §8.0 (C19). 32.0
(C18), 50.6 (C5), 67.5 (C17), C20 buried by solvent peaks in the area of 76.0-78.0ppm, 96.6
(Cl4), 117.2,117.3,121.0, 121.4, 126.0, 127.5, 128.5, 130.6, 131.6, 132.7, 136.7, 145.2, 145.9,
149.0, 153.9, 157.4, (C2, C3, C6-C13, C15, C16, Cl6a, C23-C28, C26-cyano carbon), 163.6,
166.8 (C21, C22). Mass m/e (relative intensity): 522(m",2), 389(4), 375 (100), 360 (35), 347
(85), 332 (55), 306 (20), 286 (25), 272 (8), 229(5), 203 (2); precise mass (CagH;sN4O5): found,

522.118; required 522.118.

EXAMPLE 13
20-0O-m-cyanophenyl-9-nitrocamptothecin
With 9-nitrocamptothecin (0.5 g, 0.0013 mol), 3-cyanobenzoic acid (1 g, 0.0068 mol),

DCC (1.5 g, 0.0073 mol), and DMAP (0.2 g, 0.0016 mol) as starting materials, the pure product

(0.26 g) was obtained as yellow powders, yield 38%. 'H NMR: §1.14 (3H, bs, C19-methyl

protons), 2.25-2.26 (2H, m, C18-methylene protons), 5.38 (2H, s, C5-methylene protons), 5.40-

J.78 (2H, dd J = 17.50, 17.54 Hz, C17-methylene protons), 7.21 (1H, s, C14-H), 7.60-7.70 (1H,
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m, C25-H), 7.80-7.96 (2H, m, C11-H, C24-H), 8.25-8.55 (4H, m, C10-H, C12-H, C26-H. C28-
H), 9.28 (1H, s, C7-H); "CNMR: 7.9 (C19), 32.5 (C18), 50.8 (CS5), 67.5 (C17). C20 buried by
CHCl; peaks in the area of 76.0-78.0 ppm, 96.8 (C14), 113.2, 117.8, 121.0. 121.8,126.1, 127.8,
128.5,129.9,130.1, 131.6, 133.9, 134.1, 136.7, 137.0, 145.4, 146.0, 148.4, 153.1, 156.1, 156.5
(C2, C3, C6-C13, C15, C216, Cl6a, C23-C28, C27-cyano carbon), 163.1, 166.5 (C21, C22).
Mass m/e (relative intensity): 522 (m", 3), 389 (18), 375 (100), 360 (40), 347 (80). 332 (61).
306 (56), 286 (35), 272(15), 216 (10); precise mass (C2sHsN4O7): found, 522.117: required,

522.118.

EXAMPLE 14
20-O-p-tluorophenyl-9-nitrocamptothecin
With 9-nitrocamptothecin (0.5 g, 0.0013 mol), 4-fluorobenzoic acid (1 g, 0.0071 mol),

DCC (1.5 g, 0.0073 mol), and DMAP (0.2 g, 0.0016 mol) as starting materials, the pure product

(0.15 g) was obtained as yellow powders, yield 22%. 'H NMR: §1.10 (3H, t, J=7.04 Hz, C19-
methyl protons), 2.20-2.50 (2H, m, C18-methylene protons), 5.38 (2H, S, C5-methylene
protons), 5.41-5.82 (2H, dd, ] = 17.42, 17.49 Hz, C17-methylene protons), 7.18 (2H. t (d+d),
J=8.05 Hz, C25-H,C27-H), 7.27 (1H, S, C14-H), 7.85 (1H, t, ] = 8.04 Hz, C11-H), 8.10-8.20
(ZH, d+d, J=8.06, 8.05 Hz, C24-H, C28-H), 8.45 (2H, d, J = 8,08 Hz, C10-H, C12-H), 9.26
(1H, s, C7-H); "C NMR: 87.9 (C19), 32.2 (C18), 50.6 (C5), 67.6 (C17), C20 buried by solvent
peaks 1n the area of 76.0-78.0 ppm, 97.3 (C14), 116.0, 116.3, 121.0, 121.6, 125.0, 126,0, 127.5,
128.,131.6, 133.2,136.3, 145.0, 146.0, 148,6, 153.4, 156.8, 157.0 (C2, C3, C6-C13, C15. C16,
Cloa, C23-C28), 164.2, 168,1 (C21,C22). Mass m/e(relative intensity): 515 (m”, 8), 375 (60).

360 (14), 347 (50), 332 (10), 155 (6), 140 (18), 123 (100), 95(30); precise mass (Co7H18sN3O4F):
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found, 515.113; required, 515.113.

EXAMPLE 15

20-0O-0-chlorophenyl-9-nitrocamptothecin

With 9-nitrocamptothecin (0.5 g, 0.0013 mol), 2-chlorobenzoic acid (1 g,0.0063 mol),
DCC (1.5 g, 0.0073 mol), and AMAP (0.2 g, 0.0016 mol) as starting materials, the pure product
(0.25 g) was obtained as yellow powders, yield 36%. 'H NMR: §1.12 (3H, t,J=7.10 Hz, C19-
methyl protons), 2.20-2.50 (2H, m, C18-methylene protons), 5.38 (2H, s, C5-methlene protons),
0.42-5.85 (2H, dd, J = 17.51, 17.56 Hz, C17-methylene protons), 7.38 (1H, s, C14-H), 7.35-
7.50 (3H, m, C25-H,C26-H,C27-H), 7.87 (1H, t, J = 8.08 Hz, C11-H), 8.05 (IH, d, ] = 8.06Hz,
C24-H), 8.44-8.54 (2H, d+d, ] = 8.05, 8.08 Hz, C10-H, C12-H), 9.26 (1H, s, C7-H); *C NMR:
0 7.9 (C19), 32.3 (C18), 50.8(C5), 67.7 (C17), C20 buried by solvent peaks in the area of 76.0-
718.0 ppm, 97.3 (C14), 121.0, 121.2, 125.9, 126.9, 127.4, 128.7, 131.3, 131.6, 132.2, 133.7,
134.8,136.8, 145.0, 146.0, 148.8, 153.7, 156.6, 158.9 (C2, C3, C6-C13, C15, C16, Cl6a, C23-
C28), 164.0, 166.8 (C21,C22). Mass m/e(relative intensity): 531(m”~ weak), 375 (100), 360
(20), 347 (85), 335 (80), 285 (38), 235 (38), 185 (8), 147 (75), 139 (85), 111 (18), 97 (25), 77

(15); precise mass (Co7HsN307Cl): found, 531.083; required, 531.083.

EXAMPLE 16
20-0O-p-chlorophenyl-9-nitrocamptothecin
With 9-nitrocamptothecin (0.5 g, 0.0013 mol), 4-chlorobenzoic acid (0.5 g, 0.0032

mol), DCC (1 g, 0.0049 mol), and DMAP (0.2 g, 0.0016 mol) as starting materials, the pure

product (0.05 g) was obtained as yellow powders, yield 7%. 'HNMR: §1.11 (3H, t, J = 7.06
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Hz, C19-methyl protons), 2.20-2.50 (2H, m, C18-methylene protons), 5.35 (2H, s, C5-
methylene protons), 5.40-5.82 (2H, dd, J = 17.51, 17.55 Hz, C17-methylene protons), 7.23 (1H,
S, C14-H), 7.47 (2H, d, J = 8.09 Hz, C25-H, C27-H), 7.86 (1H, t. J = 8.0 Hz, C11-H), 8.04 (2H.
d, ] = 8.07 Hz, C24-H, C28-H), 8.43 (2H, d, ] = 8.03 Hz, C10-H, C12-H), 9.25 (1H, s, C7-H):
PC NMR: §7.9 (C19), 50.5 (C5), 67.2 (C17), C20 buried by solvent peaks in the area of 76.0-
78.0 ppm, 96.8 (C14), 120.9, 121.5, 125.9, 127.4, 128.8, 129.1, 131.5, 136.5, 140.4, 145.0,
145.8,145.9, 148.7, 153.6, 157.0 (C2, C3, C6-C13, C15, C16, Cl6a, C23-C28), 164.5, 167.0
(C21,C22). Mass m/e (relative intensity): 531 (m’", weak), 375 (95), 360 (35), 347 (70), 332

(38). 156 (43), 139 (100), 111 (35), 75 (10); precise mass (Ca7H,5N30,Cl): found. 531.083.

required, 531.083.

EXAMPLE 17
20-O-m-chlorophenyl-9-nitrocamptothcin

With 9-nitrocamptothecin (0.5 g, 0.0013 mol), 3-chlorobenzoic acid (0.5 g, 0.0032
mol), DCC (0.8 g, 0.0039 mol). and DMAP (0.2 g, 0.0016 mol) as starting materials, the pure
product (0.06 g) was obtained as yellow powders, yield 9%. '"H NMR: 81.10 (3H, t, J=7.04
Hz, C19-methyl protons), 2.20-2.54 (2H, m, C18-methyl protons), 5.38 (2H, s, C5-methylene
protons), 5.40-5.83 (2H, dd, J = 17.52, 17.55 Hz, C17-methylene protons), 7.23 (1H. s, C14-H),
7.44 (1H, t (d+d), J = 8.06 Hz, C25-H), 7.59 (1H, d, ] = 8.08 Hz, C26-H). 7.86 (1H, t (d+d), J
=38.08 Hz, C11-H), 7.98 (1H, d, ] = 8.04 Hz, C24-H), 8.10 (1H, s, C28-H), 8.45 (2H, d, ] =
8.06 Hz, C10-H, C12-H), 9.25 (1H, s, C7-H); >C NMR: § 7.9 (C19),32.0 (48), 50.4 (C5), 67.0
(C17), C20 buried by solvent peaks in the area of 76.0-78.0 ppm, 96.9 (C14), 120.8, 121.5,

125.8,127.4, 128.3, 128.6, 129.7, 129.8, 129.9, 131.2, 134.0, 134.9, 136.6, 144.9, 145.5, 145.8,
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148.8,157.2 (C2, C3, C6-CI3, C15, C16, Clba, C23-C28), 164.2, 167.1 (C21, C22). Mass m/e
(relative intensity): 531 (m”, 1), 375 (35), 360 (6), 347 (25), 243 (15), 231 (15), 156 (100), 139

(90), 119 (82), 111 (35), 100 (28), 75 (8); precise mass (C7H;sN3O7CI): found, 531.084:

required 531.083.

EXAMPLE 18
20-O-p-nitrophenyl-9-nitrocamptothecin

With 9-nitrocamptothecin (0.5 g, 0.0013 mol), 4-nitrobenzoic acid (0.5 g, 0.0030 mol),
DCC (0.8 g, 0.0039 mol), and DMAP (0.2 g, 0.0016 mol) as starting materials, the pure product
(0.18 g) was obtained as yellow powders, vield 26%. 'HNMR: 81.11 (3H, t, J=7.05 Hz, C19-
methyl protons), 2.20-2.53 (2H, m, C18-methylene protons), 5.39 (2H, s, C5-methylene-
protons), 5.40-5.83 (2H, dd, J = 17.50, 17.54 Hz, C17-methylene protons), 7.22 (1H, s, Cl14-H),
7.86 (1H, t (d+d), J = 8.03 Hz, C11-H), 8.20-8.60 (6H, m, C10-H, C12-H, C24-H, C25-H,C27-
H, and C28-H), 9.25 (1H, s, C7-H); "C NMR: §7.9 (C19), 32.1 (C5), 67.3 (C17), C20 buried
by solvent peaks in the area of 76.0-78.0 ppm,96.6 (C14), 121.0, 121.8, 123.9, 126.0, 127.8,
128.8, 130.3, 131.4, 131.5, 133.9, 136.5, 137.0, 145.1, 146.0, 148.5, 151.4, 153.5, 157.0 (C2,
C3, C6-Cl13, CI5, Cl16, Cl6a, C23-C28), 163.6, 166.6 (C21, C22). Mass m/e (relative
intensity): 542(m", 8), 375 (95), 347 (100), 333 (14), 304 (8), 258 (6), 203(4); Precise mass

(C27H13N4Oy): found, 542.109; required, 542.107.

EXAMPLE 19
20-0O-0-nitrophenyl-9-nitrocamptothecin

With 9-nitrocamptothecin (0.8 g, 0.0020 mol), 2-nitrobenzoic acid (0.8 g, 0.0048 mol),
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DCC (1 g, 0.0049 mol), and DMAP (0.2 g, 0.0016 mol) as starting materials, two isomers were

obtained as yellow powders, total yield 9%.

Isomer 1 has a structure as shown below:

NO,

'"HNMR: 81.05 (3H, t, ] = 7.08 Hz, C19-methyl protons), 2.25-2.42 (2H, m, C18-methylene
10 protons), 5.44 (2H, s, C5-methylene protons), 5.45-5.82 (2H, dd, J = 17.51, 17.58 Hz, C17-
methylene protons), 7.24 (1H, s, C14-H), 7.60-8.58 (7H, m, C10-H, C11-H, C12-H, C24-H,
C25-H, C26-H, and C27-H), 9.26 (1H, s, C7-H); "CNMR: 87.9 (C19), 32.0 (C18), 50.8 (C5),
67.5 (C17), 78.0 (C20), 97.9 (C14), 121.1, 124.1, 126.0, 127.4, 128.7, 131.0, 131.4, 132.7,
133.5,137.1, 145.5, 145.8, 149.0, 154.0, 157.5 (C2, C3, C6-C13, C15, C16, Cl6a, C23-C28),
15 164.0,167.0 (C21, C22). Mass m/e (relative intensity): 542 (m", 2), 389 (38), 375 (85), 347

(100), 361 (35), 332 (80), 306 (55), 286 (36), 272 (25), 260 (16), 230 (18), 203 (12); precise
mass (C,7H18N4O9): found, 542.108; required, 542.107.

Isomer 2 has a structure as shown below:

NO ,

B Y
e
N
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'HNMR: 81.14 (3H, t, J =7.06 Hz, C19-methyl protons), 2.28-2.46 (2H, m, C18-methylene
protons), 5.40 (2H, s, C5-methylene protons), 5.45-5.84 (2H, dd, ] = 17.50, 17.55 Hz, C17-
methylene protons), 7.25 (1H, s, C14-H), 7.60-8.58 (7H, m, C10-H, C11-H, CI2-H, C25-
H,C26-H, C27-H, and C28-H), 9.35 (1H, s, C7-4); °C NMR: §7.9 (C19), 32.1 (C18), 50.8
(C5), 67.5 (C17), 78.0 (C20), 96.6 (C14), 121.4, 124.0, 126.0, 127.5, 128.8, 131.1, 131.4,
132.7,133.3, 137.1, 145.4, 145.8, 148.9, 149.2, 157.6 (C2, C3, C6-C13, C15, C16, Cl6a, C23-
C28), 164.0, 167.0 (C21,C22). Mass m/e (relative intensity): 542(m", 2), 389 (38), 375 (85),

347 (100), 361(35), 332 (80), 306 (55), 286 (36). 272 (25), 260 (16), 230 (18), 203 (12); precise

mass (C27H;3N40y): found, 542.108; required 542.107.

EXAMPLE 20
20-0O-0-hydroxylphenyl-9-nitrocamptothecin

With 9-nitrocamptothecin (0.5 g, 0.0013 mol), 2-hydroxylbenzoic acid (0.5 g, 0.0036

' mol), DCC (0.75 g, 0.0036 mol), and DMAP (0.2 g, 0.0016 mol) as starting materials, the pure

product (0.03 g) was obtained as yellow powders, vield 5%. '"HNMR: §1.11 (3H, t,J =7.05
Hz, C19-Methyl protons), 2.20-2.52 (2H, m, C18-methylene protons), 5.40 (2H, s, C5-
methylene protons), 5.41-5.85 (2H, dd, J = 17.51, 17.55 Hz, C17-methylene protons), 6.80-7.06
(2H, m, C25-H, C27-H), 7.24 (1H, s, C14-H), 7.55 (1H, t (d+d), J = 8.02 Hz, C26-H), 7.90 (1H,
t (d+d), J = 8.05 Hz, C11-H), 8.10 (1H, d, J = 8.03 Hz, C24-H), 8.45 (2H, d, J = 8.04 Hz, Cl0-
H, C12-H), 9.25 (1H, s, C7-H), 10.0 (1H, s, C28-phinolic proton); >C NMR: §7.9 (C19), 32.0
(C18), 50.3 (C5), 67.5 (C17), C20 buried by solvent peaks in the area of 76.0-78.0 ppm, 96.9
(Cl14),111.0,118.1,119.7,121.0, 121.6, 126.0, 127.5, 128.8, 130.2, 131.3, 137.0, 137.2. 145.0,

145.2, 145.5, 148.5, 153.5, 157.3 (C2, C3, C6-C13, C15, Cl16, Cl6a, C23-C28), 162.5, 168.6
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(C21, C22). Mass m/e (relative intensity): 513 (m*, 1), 375 (25), 347 (12), 138 (62), 120 (100),

92 (56), 64 (10); precise mass (C,7H9N3Og): found, 513.116; required, 513.117.

EXAMPLE 21
20-O-m-bromophenyl-9-nitrcamptothecin

With 9-nitrocamptothecin (0.5 g, 0.0013 mol), 3-bromobenzoic zcid (0.5 g, 0.0025
mol), DCC (0.75 g, 0.0036 mol), and DMAP (0.2 g, 0.0016 mol) as starting materials, the pure
product (0.06 g) was obtained as yellow powders, yield 8%. 'H NMR: 81.10 (3H, t, ] = 7.04
Hz, C19-methyl protons), 2.20-2.52 (2H, m, C18-methylene protons), 5.40 (2H, s, C5-
methylene protons), 5.41-5.85 (2H, dd, J = 17.50, 17.55 Hz, C17-methytlene protons), 7.24
(IH, s, C14-H), 7.36 (1H, t, ] = 8.03 Hz, C25-H), 7.76 (1H, d, J = 8.04 Hz, C26-H), 7.88 (1H,
t, ] =8.05 Hz, C11-H), 8.05 (1H, d, J = 8.06 Hz, C24-H), 8.26 (1H, s, C28-H), 8.48 (2H, d, ]
= 8,05 Hz, C10-H, C12-H), 9.25 (1H, s, C7-H); °C NMR: §7.9 (C19), 50.4 (C5), 67.5 (C17),
C20 buried by CHCl3 96.9 (C14), 121.0, 121.8, 122.5, 125.9, 127.6, 128.7, 128.9, 130.2, 130.5,
131.3, 133.1, 136.6, 137.0, 145.1, 145.7, 145.9, 148.5, 153.5, 157.0, 157.6 (C2, C3, C6-C13.
C15, Cl6, Cl6a, C23-C28), 164.0, 167.0 (C21, C22). Mass m/e (relative intensity): 575 (m",
5), 389 (10), 375 (100), 360 (35), 347 (74), 332 (48), 318 (8), 286 (16), 258 (8), 224 (8); precise

mass (C,7H;3N30O4Br): found, 575.032; required, 575.034.
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EXAMPLE 22
20-0-0-bromophenyl-9-nitrocamptothecin
With 9-nitrocamptothecin (0.5 g, 0.0013 mol), 2-bromobenzoic acid (1 g, 0.0050 mol),

DCC 90.75 g, 0.0036 mol), and DMAP (0.2 g, 0.0016 mol) as starting materials, the pure
product (0.14 g) was obtained as yellow powders, yield 19%. Mass m/e (relative intensity):
577 (M+2, 5), 575 (m’, 5), 375 (58), 347 (38), 332 (12), 286 (4), 202(26), 183(36), 84 (100):

precise mass (Cy7H3N30O7Br ): found, 575.032; required 575.033.

EXAMPLE 23
20-0-0,p-dinitrophenyl-9-nitrocamptothecin

With 9-nitrocamptothecin (0.8 g, 0.0020 mol), 2,4-dinitrobenzoic acid (2 g, 0.0094
mol), DCC (1 g, 0.0049 mol), and DMAP (0.2 g, 0.0016 mol) as starting materials, the pure
product (0.1 g) was obtained as yellow powders, vield 9%. 'H NMR: 81.08 (3H,t,J=7.56 Hz,
C19-methyl protons), 2.15-2.40 (2H, m, C-18-methylene protons), 5.40 (2H, s, C5-methylene
protons), 5.41-5.85 (2H, dd, J = 17.50, 17.58 Hz, C17-methylene protons), 7.58 (1H, s, C14-H),
7.94 (1H,t, 1 =8.08 Hz, C11-H), 8.15 (1H, d, J = 8.06 Hz, C10-H), 8.45-8.70 (3H, m, C12-H,
C27-H, C28-H), 8.86 (1H,s, C24-H), 9.28 (1H, s, C7-H); °C NMR: 87.9 (C19), 31.6 (C18),
51.0 (C5), 67.5 (C17),79.0 (C20),97.5(C14)),119.8, 121.4, 126.0, 127.4, 128.0, 128.6, 131.6,
131.8, 132.2, 137.0, 145.5, 145.8, 146.0, 147.5, 149.2, 149.4, 153.5, 157.4 (C2, C3, C6-C13,
C15, C16, Cl6a, C23-C28), 164.0, 167.8 (C21, C22). Mass m/e (relative intensity): 587(m", -
weak), 389 (4), 377 (6), 347 (6), 306 (5), 212 (75), 168 (100), 120 (85), 75 (70); precise mass

(C27H1sN5Oy1): found, 587.092; required, 587.092.
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EXAMPLE 24
20-O-m,m-dinitrophenyl-9-nitrocamptothecin

With 9-nitrocamptothecin (0.8 g, 0.0020 mol), 3,5-dinitrobenzoic acid (1.5 g, 0.0071
mol), DCC (1.3 g, 0.0063 mol), and DMAP (0.3 g, 0.0025 mol) as starting materials, the pure
product (0.9 g ) was obtained as yellow powders, vield 77%. 'H NMR: §1.10 (3H, t, J =7.50
Hz, C19-methyl protons), 2.30-2.60 (2H, m, C18-methylene protons), 5.37 (2H, s, C2-
methylene protons), 5.40-5.84 (2H, dd, J = 17.50, 17.55 Hz, C17-methylene protons), 7.20 (1H,
s, C14-H), 7.88 (1H, t, ] = 8.15 Hz, C11-H), 8.35-8.50 (2H, t (dd), ] = 8.09 Hz, C10-H, C12-H),
9.18 (2H, strong s, C24-H, C28-H), 9.30 (2H, s, C7-H, C26-H); *CNMR: 817.8 (C19). 32.0
(C18), 50.6 (C)), 67.6 (C17), 78.8 (C20), 96.5 (C14), 121.0, 122.1, 123.5, 126.4, 128.0, 129.1,
130.0, 131.6, 132.3, 136.4, 1445, 145.1, 145.8, 149.0, 153.2, 157.4 (C2, C3, C6-C13, C15-
C16, Cl6a, C23-C28), 161.5, 166.4 (C21, C22). Mass m/e (relative intensity): 587(m", weak),
389 (1), 377 (3), 306 (2), 212 (100), 166 (26), 120 (20), 75(40); precise mass (C7H;7N50)):

found, 587.092; required, 587.092.

EXAMPLE 25

20-O-p-trifluoromethylphenyl-9-nitrocamptothecin

With 9-nitrocamptothecin (0.5 g, 0.0013 mol), 4-trifluoromethylbenzoic acid (1 g,
0.0053 mol), DCC (0.8 g, 0.0039 mol), and DMAP (0.2 g, 0.0016 mol) as starting materials,
the pure product (0.35 g) was obtained as yellow powders, yield 48%. 'H NMR: §1.10 (3H, t,
J =7.05 Hz, C19-methyl protons), 2.20-2.52 (2H, m, C18-methylene protons), 5.39 (2H, s. C5-
methylene protons), 5.40-5.82 (2H, dd, J = 17.50, 17.55 Hz, C17-methylene protons), 7.22 (1H,

s, C14-H), 7.78 (2H, d, J = 8.03 Hz, C25-H, C27-H), 7.86 (1H,t,J = 8.04 Hz, C11-H), 8.24
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(2H, d, J = 8,06 Hz, C24-H, C28-H), 8.45 (2H, d, J = 8,06 Hz, C10-H, C12-H), 9.25 (1H, s, C7-
H); C NMR: §7.9 (C19), 32.0 (C18), 50.4 (C5), 67.5 (C17), C20 buried by CHCIl; peaks,
96.8 (C14),121.0, 121.6, 125.8, 126.0, 127.5, 128.7, 130.6, 131.5, 131.9, 136.5, 145.0, 145.2.
145.8, 148.5, 153.5, 157.0 (C2, C3, C6-C13, C15, C16, Cl6a, C23-C28), 164.7, 166.8 (C21,
C22). Mass m/e (relative intensity): 565(m", 4), 375 (50), 360 (20), 347 (48), 332 (15), 302 (6),
190 (45), 173 (100), 145 (60), 95 (4); precise mass (C3HsN30O4F3): found, 565.109; required,

565.110.

EXAMPLE 26
20-O-m-trifluoromethylphenyl-9-nitrocamptothecin

With 9-nitrocamptothecin (0.5 g, 0/0013 mol), 3-trifluoromethylbenzoic acid (1 g,
0.0053 mol), DCC (0.8 g, 0.0039 mol), and DMAP (0.2 g, 0.0016 mol) as starting materials,
the pure product (0.45 g) was obtained as yellow powders, yield 61%. 'HNMR: 81.10 (3H, t,
J=7.08 Hz, C19-methyl protons), 2.20-2.50 (2ZH, m, C18-methylene protons), 5.38 (2H, s, C5-
methylene protons), 5.40-5.85 (2H, dd, J=17.51,17.58 Hz, C17-methyl protons), 7.24 (1H, s,
C14-H), 7.65 (1H, t, ] = 8.08 Hz, C25-H), 7.82-7.95 (2H, m, C11-H, C26-H), 8.28 (1H, d, J =

8.07 Hz, C24-H), 8.38 (1H, s, C28-H), 8.47 (2H, d, J = 8.06 Hz, C10-H, C12-H), 9.25 (1H, s,

C7-H); >C NMR: §7.9 (C19), 32.0 (C18), 50.5 (C5), 67.6 (C17), 76.2 (C27-trifluoromethyl

carbon), 77.2 (C20), 96.9 (C14), 121.0, 121.4, 126.0, 127.2, 127.5, 128.7, 129.4, 129.8, 130.7,
131.4, 133.3, 136.4, 145.2, 145.3, 148.8, 153.5, 157.0 (C2, C3, C6-C13, C15, C16, Cl16a, C23-
C28), 164.0, 167.1 (C21, C22). Mass m/e (relative intensity): 565 (m", 3), 375 (18), 360 (5),
34 (18), 332 (4), 190 (68), 173 (100), 145 (85), 95 (8); precise mass (C28H;3N307F3): found,

565.110; required, 565.110.
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EXAMPLE 27
20-0O-p-methyl-m,m-dinitrophenyl-9-nitrocamptothecin
With 9-nitrocamptothecin (0.8 g, 0.0020 mol), 4-methyl3,5-dinitrobenzoic acid (2 g,

0.0088 mol), DCC (1.3 g, 0.0063 mol), and DMAP (0.3 g, 0.0025 mol) as starting materials,

the pure product (0.15 g ) was obtained as yellow powders, yield 12%. '"H NMR: 81.12 (3H,
t, J =7.08 Hz, C19-methyl protons), 2.20-2.60 (2H, m, C18-methylene protons), 2.68 (3H, s,
C26-methyl protons), 5.40 (2H, s, C5-methylene protons), 5.41-5.84 (2H, dd, J = 17.52, 17.56
Hz, C17-methylene protons), 7.20 (1H, s, C14-H), 7.90 (1H, t, ] = 8.08 Hz, C11-H), 8.45 (2H,
d, J = 8.06 Hz, C10-H, C12-H), 8.64 (2H, s, C24-H, C28-H), 9.27 (1H, s, C7-H); °C NMR:
07.9 (C19), 15.0 (C26-methyl carbon), 32.4 (C18), 50.5 (C5), 67.4 (C17), 78.0 (C20), 96.8
(C14), 121.0,121.8,125.4,126.0, 127.6, 128.2, 128.3, 129.0, 129.2, 131.5, 132.8, 136.6, 144.5,
145.9, 146.1, 148.9, 152.1, 153.6, 157.2 (C2, C3, C6-C13, C15, C16, Cl6a, C23-C28, 161.6,

166.5 (C21, C22). Mass m/e (relative intensity): 602 (M+1, 45), 449 (100), 376 (40), 347 (12),

332 (15), 136 (15), 72 (46); precise mass (CogHoNsOqy): found, 602.116; required 602.116.

EXAMPLE 28
20-O-phenyl-9-aminocamptothecin

To 20 ml hydrochloric acid solution (1 M), 1 g (0.0020 mol) 20-O-phenyl-9-
nitrocamptothecin and 0.2 g Fe powders were added. The mixture was shaken for 30 min. The

remaining Fe powders was removed by filtration. The filtrate was extracted with 100 ml

methylene chloride (25 ml x 4). The combined extracts were combined and dried over 5 g
anhydrous sodium sulfate for 2 hr. The solvents were evaporated by a rotary evaporator. The

residue was separated and purified by column chromatography with THF-Methylene chloride
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(1:10) as eluent. The pure product (0.6 g) was obtained as brown powders, yield 64%.
Numerous modifications and variations of the present invention are possible in light of
the above teachings. It is therefore to be understood that within the scope of the appended

claims, the present invention may be practiced otherwise than as specifically described herein.
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WHAT IS CLAIMED IS:

1. An aromatic camptothecin ester having the structure:

X O
T
R : j N | ?O
N :
r O 0 RG
Rs
Rj
Ry

wherein R' is H, NO,, NH,, N, a halogen, carboxyl, a C, alkyl group, a C,.1¢ alkyenyl group, a
Csg cycloalkyl group, a Cyg alkoxyl group, an aroxy! groug, CN, SO;H, a C,3 halogenated alkyl
group, (CH,), NR;’, hydroxyl, SH, SR®, COR®, or a SiR; ; wherein the R' group is respectively
positioned at the 9, 10, 11, or 12 position of ring A; R is H or a C,3 alkyl group; n is an integer
of 1 to 8; R%is a C,; alkyl group or a phenyl group: R® is a C alkyl group or a phenyl group
optionally monosubstituted with CHs, halogen, CH3O, NO,, NH, or CN,; R is a Cy. alky! group;
X is H, a C,5 alkyl group, a C,.5 alkenyl group, a C, s alkoxyl group, an aroxyl group, a SiR; "
group, or CH,NZY; and wherein R?, R?, R*, R, and R® are, independently, H, C,_,; alkyl group,
C,.1» alkenyl group, COOH, SO;H, CN, CF;, CCls, CH,F, CH,CI, CHF,, CHCI,, OH, OR'", N,
NO,, NR; *°, COR®, or halogen, wherein R® has the same meaning as above; R'' is a Cy4 alkyl
group: Z and Y are, independently, H, C, 4 alky!, or a C,., halogenated alkyl group; R'* is a Cy.5
alkyl group, a C,4 alkenyl group, or an aromatic group; R' is H or C, 4 alkyl group; and wherein
at least one of R%, R, R*, R” or R%is not hydrogen.

2. A pharmaceutical composition comprising an effective amount for treating cancer of at ieast
one aromatic camptothecin ester of claim 1 and at least one pharmaceutically acceptable carrier
or diluent.

3. The aromatic camptothecin ester of claim 1, wherein R' is hydrogen and X is hydrogen.

4. The aromatic camptothecin ester of claim 3, wherein R? =R’ =R’ = R®=H, R*=CF,.

5. The aromatic camptothecin ester of claim 3, wherein R =R’ = R* = R% = H, R* = CF,.

6. The aromatic camptothecin ester of claim 3, wherein R?=R*=R*=R° = H, R® = CF;.

7. The aromatic camptothecin ester of claim, wherein R* = R* = R° H, R* = R® = NO,.

8. The aromatic camptothecin ester of claim 3, wherein R° = R"* = R® = H,R’> = R® = NO,.

9. The aromatic camptothecin ester of claim 3, wherein R? = R* = R* = HR* = R® = NO,.

10. The aromatic camptothecin ester of claim 3, wherein R* =R’ = R® = R® = H,R* = NO,.

11. The aromatic camptothecin ester of claim 3, wherein R? = R® = R* = R® = H,R® = NO..



12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27
28.
29.
30.
31.
32.
33.
34.
35.
36.
37
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The aromatic camptothecin ester of claim 3, wherein R® =

The aromatic camptothecin ester of claim 3, wherein R® =

The aromatic camptothecin ester of claim 3, wherein R? =

The aromatic camptothecin ester of claim 3, wherein R? =

The aromatic camptothecin ester of claim 3, wherein R*=R* =

The aromatic camptothecin ester of claim 3, wherein R® =

The aromatic camptothecin ester of claim 3, wherein R® =

The aromatic camptothecin ester of claim 3, wherein R® =
The aromatic camptothecin ester of claim 3, where R* = R’

The aromatic camptothecin ester of claim 3, wherein R® =

The aromatic camptothecin ester of claim 3, wherein R’ =
The aromatic camptothecin ester of claim 3, wherein R? =

The aromatic camptothecin ester of claim 3, wherein R® =

The aromatic camptothecin ester of claim 3, wherein R’ =
The aromatic camptothecin ester of claim 3, wherein R? =

The aromatic camptothecin ester of claim 3, wherein R® =

R*=R’>=R%=H,R?=NO,.
R'=R*=R°=HR*=CN.
R*=R'=R°=HR*>=CN.
R*=R°=R®*=H,R*=CN.
R°=R°=HR’=F.
R*=R'=R°=HR’=F.
R'=R°=R®=HR*=F.
R'=R°=R°=H,R*=Cl.
=R*=R%=H,R*=Cl
R*=R*=R®=H,R*=Cl.
R*=R>=R®=H, R*=Br.
R°=R*=R®=H, R°=Br.
R°=R>=R°=H, R*=Br.
R*=R’>=R®=H,R*= OH.
R*=R*=R®=H,R’ = OH.
R®=R®=R®=H,R*= OH.

The aromatic camptothecin ester of claim 1, where R' is 9-NO,, and X is H.

The aromatic camptothecin ester of claim 28, wherein R? =
The aromatic camptothecin ester of claim 28, wherein R? =
The aromatic camptothecin ester of claim 28, wherein R =
The aromatic camptothecin ester of claim 28, wherein R* =
The aromatic camptothecin ester of claim 28, wherein R? =
The aromatic camptothecin ester of claim 28, wherein R? =

The aromatic camptothecin ester of claim 28, wherein R? =

The aromatic camptothecin ester of claim 28, wherein R® =

The aromatic camptothecin ester of claim 28, wherein R =

R3
R3
R3
RS
R4
R3

R3

R4

R’ =

R5
R4
R4

R®=

R6

R® =

R5

R5

R* =

R® = H,R* = CF,.
= H,R® = CF;.

R’ = H,R® = CF.
H,R* = R® = NO,.
H,R’ = R®> = NO,.
H,R* = R® = NO.
R® = H,R* = NO,.
= H,R® = NO..
R® = H R? = NO..
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48.
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50.
51.
52.
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54.
55.
56.
57.
58.
59.
60.
61.
62.

63.
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The aromatic camptothecin ester of claim 28, wherein R® =

The aromatic camptothecin ester of claim 28, wherein R? =

The aromatic camptothecin ester of claim 28, wherein R =
The aromatic camptothecin ester of claim 28, wherein R® =

The aromatic camptothecin ester of claim 28, wherein R* =

The aromatic camptothecin ester of claim 28, wherein R? =

The aromatic camptothecin ester of claim 28, wherein R® =
The aromatic camptothecin ester of claim 28, where R? =

The aromatic camptothecin ester of claim 28, wherein R? =
The aromatic camptothecin ester of claim 28, wherein R’
The aromatic camptothecin ester of claim 28, wherein R?

The aromatic camptothecin ester of claim 28, wherein R? =

The aromatic camptothecin ester of claim 28, wherein R® =

The aromatic camptothecin ester of claim 28, wherein R° =

The aromatic camptothecin ester of claim 28, wherein R? =

The aromatic camptothecin ester of claim 28, wherein R* =

The aromatic camptothecin ester of claim 1, wherein R' is 9-NH,, X is H.

The aromatic camptothecin ester of claim 54, wherein R? =
The aromatic camptothecin ester of claim 54, wherein R?

The aromatic camptothecin ester of claim 54, wherein R? =

The aromatic camptothecin ester of claim 54, wherein R? =

The aromatic camptothecin ester of claim 54, wherein R* =
The aromatic camptothecin ester of claim 54, wherein R? =
The aromatic camptothecin ester of claim 54, wherein R* =

The aromatic camptothecin ester of ciaim 54, wherein R? =

R4

R® =

R3
Rd
R3

R4

R3

RB

=R =
=R3::

RS

R* =

R3

R =

R3

=R3=

R3
R3
R4
R3
R3
R3

The aromatic camptothecin ester of claim 54, wherein R° = R* =

R>=

R® =

RS

R4
RS
RS

R4

R® =

RS

=HR’=

RS
R4

R5

RS

R* =

R4
RG

RS =

RS
RS
R4

= H,R? = CN.
R® = H,R®> = CN.
R®=H,R*=CN.

=R*=H,R =F.

RP=HR*=F.
R°=HR*=F.
R®=H,R*=Cl

= H,R’ = Cl.

=HR*=Cl

=H R?=Br.

=R*=HR’=Br.

R°=H,R*=Br

R®>=NO,, R* =
R® = H,R? = OH.
R® = H,R" = OH.
R®=H,R*=OH.
R? = H,R* = CF,.
R® = H R’ = CF,.
R® = H,R° = CF,.
H.R* = R’ = NO,.
H,R? = R® = NO..
H,R* = R’ = NO,.
R® = H,R* = NO..
RS = H,R® = NO,.
= R% = H,R® = NO..

CHs.
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64. The aromatic camptothecin ester of claim 54, wherein R’ = R*= R’ = R* = H,R? = CN.
65. The aromatic camptothecin ester of claim 54, wherein RP=R’=R*=R*=H,R’ = CN.
66. The aromatic camptothecin ester of claim 54, wherein R°=R’*=R*= R®* = H.R* = CN.
67. The aromatic camptothecin ester of claim 54, wherein R’ = R*=R* =Rz HR?*=F.
68. The aromatic camptothecin ester of claim 54, wherein R°=R*=R*=R =H R’=F.
69. The aromatic camptothecin ester of claim 54, wherein R° =R} =R’ =z R = H R* =
70. The aromatic camptothecin ester of claim 54, wherein R* = R*=R* =R = HR? = Cl.
71. The aromatic camptothecin ester of claim 54, where R* = R*=zR* =R = H,R° = CI.
72. The aromatic camptothecin ester of claim 54, wherein R*=R*=R*=R® = H,R* = Cl.
73. The aromatic camptothecin ester of claim 54, wherein R® = R*=R* =R = H.R? = Br.
74. The aromatic camptothecin ester of claim 54, wherein R° = R*=R* = R® = H.R® = Br.
75. The aromatic camptothecin ester of claim 54, wherein R = R*=R* =R’ = H,R* = Br.
76. The aromatic camptothecin ester of claim 54, wherein R’ = R* =R = R® = H R? = OH.
77. The aromatic camptothecin ester of claim 54, wherein R° = R*=R*=R®* = H,R® = OH.
78. The aromatic camptothecin ester of claim 54, wherein R* =R*=R°= R® = H, R* = OH.
79. The aromatic camptothecin ester of claim 1, wherein said R' is 10, 11-O-(CH,),-O-group

wherein y is an integer of from 1 to 3.

80. Use of an aromatic camptothecin ester of the structure according to any one of claims 1-79
for the manufacture of a composition for the inhibition of the enzyme topoisomerase |, wherein
the compaosition comprises the aromatic camptothecin ester and a pharmaceutically acceptable

carrier or diluent.

81. Use of an aromatic camptothecin ester of the structure according to any one of claims 1-79
for the manufacture of a composition for the treatment of cancer wherein the composition
comprises the aromatic camptothecin ester and a pharmaceutically acceptable carrier or diluent.

82. The use according to claim 81, wherein said cancer is lung, breast, colon, prostate,
melanoma, pancreas, stomach, liver, brain, kidney, uterus, cervix, ovaries, urinary tract,
gastrointestinal, or leukemia.

83. The use according to claim 81 for oral administration.
84. The use according to claim 81 for intra-muscular administration.

83. The use according to claim 81 for transdermal administration.
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86. The use according to claim 81, wherein said cancer is a solid tumor.
87. The use according to claim 81, wherein said cancer is a blood borne tumor.

88. The use according to claim 81, wherein said compaosition is a liposome containing said at
least one aromatic camptothecin compound.

89. The use according to claim 81 for administration by an airborne delivery system.
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