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Abstract : A series of 5-C-substituted 20(S)-camptothecin anaiogues were synthesised and
evaluated their in vitro anti-cancer activity. Several of these analogues have showed excellent
activity against human tumor cell lines. © 1999 Elsevier Science Ltd. Al rights reserved.

For the past three decades, the research studies on a medicinally important plant
alkaloid ‘20(S)-Camptothecin’ 1' have engaged the special attention of medicinal chemists
and pharmacologists due to its excellent anti-cancer activity. Since 20(S)-camptothecin 1
itself could not make much clinical progress due to its high toxicity, low water solubility
and transformation of active ‘lactone form’ into inactive ‘open acid form’ observed in
human clinical studies”, several hundreds of camptothecin analogues were prepared to date’
and their clinical efficacies were evaluated in various laboratorizs. The analogues that have
successfully crossed these hurdles so far and entered into the market recently are topotecan”

and imotecan’ and several other anlogues® are in various stages of their development.
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20(S)-Camptothecin 1 Topotecan CPT-11 (Imotecan)

The structure activity rela’cionship7 emerged out of the pharmacological study of
several 20(S)-camptothecin analogues indicated that any modification of C-, D- or E-ring of
1 has resulted into diminished activity or total loss of anti-cancer activity. In particular, the
5-C-substituted camptothecin derivatives were reported to be incative by Lee™ and
Fukuda’™. In continuation of our research programme aimed at the design of novel
analogues of plant based pharmacophores®, we have synthesised several 5-substituted 20(S)-
camptothecin analogues9 having a variety of A- and B-ring substituents and evaluated their
in_vitro anti-cancer activity against 60 human tumor cell line assay at NCI, Bethesda,
Washington, USA. Interestingly, most of these analogues exhibited excellent i vitro anti-
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cancer activity against various cancer cell lines. The synthesis and the biological activity of
the 5-C-substituted analogues of 20(S)-camptothecin are reported here in this
communication

Accordingly, 5-hydroxy camptothecins 4-6 were prepared as shown in Scheme 1
from the corresponding 20(S)-camptothecins 1-3 by a new synthetic transformation
developed in our laboratoryg. Utilising the ‘masked aldehyde’ functionality embeded in 5-
hydroxycamptothecins, treatment of 4-6 with Wittig reagent such as methyl (triphenyl-
phosphoranylidene)acetate in the presence of pyridine in toluene solution afforded the
corresponding esters 7a-9a respectively.Under the similar reaction conditions, reaction of
1-triphenylphosphoranylidene-2-propanone with 4-6 produced the corresponding acetone

derivatives 7b-9b'° respectively, Schemel.
SCHEME 1

8a: R1=10-OH
— 9a: R1= 9-NO2 o

1:R1=H 4 Ri=H Th:Ri=H >
2: R1= 10-OH 5. R1= 10-OH 8b: R1= 10-OH
3: R1= 9-NO2 6: R1=9-NO2 9b: R1= 9-NO2

Reagents and Conditions:(i)FeCl3,HpSO4,EtOH,80°C; 50%aq.HCI,EtOH,1000C; (ii) Ph3P=CH
COOMe, toluene, Py, 110°C, 24h,70-80%; (iii) Ph3P=CHCOC H3, toluene, Py or NEt3,1100C, 24-
48h, 75-85%;

Alkaline hydrolysis of methyl esters 7a-9a provided the corresponding 5-
carboxymethyl analogues 10a-12a respectively, Scheme 2. Derivatisation of the acid 10a
with 2-ﬂuofoethanol, ethylene glycol or 2,2,2-trifluoroethanol under acidic reaction
conditions furnished novel ester derivatives 13a-13¢ respectivelym. Similarly reaction of
ester 7a with ammonia, pyrrolidine or piperidine under reflux conditions provided the
corresponding amides 14a-14c respectively.
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SCHEME 2

COOH [KO,&

13a:R3=CH2CH2F
13b:R3=CH2CH20H
13¢:R3=CH2CF3

7a:R1=H Ao

8a: R1= 10-OH 11a: R1= 10-OH
9a: R1= 9-NO2 \ 12a: R1=9-NO2

14a:R4=NH
14b:R4=—

14c:R4=—NC>

Reagents and Conditions : (i) IN KOHEtOH, rt, 3-4h, 75%; (ii) 2-Fluoroethanol for 13a;
Ethylene glycol for 13b; Trifluoroethanol for 13¢; 1,2-Dichloroethane, H2SO4, 80°C,12-16h, 70-
75%; (iii) ammonia for 14a; Pyrrolidine for 14b; Piperidine for 14¢; reflux, 10-12h, 60-70%;

(i)

Biological Activity : The in vitro anti-cancer activity of most of these compounds“ were

determined by testing against 60 human tumor cell line assay at NCI, Bethesda, Washing-
ton, USA. Some of these compounds were also tested at our in-house screening facility

Table 1: In vitro cytotoxicity (GI50) of 5-C-substituted 20(S)-camptothecin analogues :

HUMAN TUMOR CELL LINES
Compd. | SF | OVCAR | MCF7 | DU- | ACHN | HOP | UACC

268 8 /ADR | 145 62 62
Ta 18.6 16.3 72 155 | 5.29 --- 6.44
8a 2.32 1.72 - 06 | 044 209 [ 1.72
9a 26.2 12.6 . 8.51 4.61 525 | 4.04
7b 7.15 7.39 388 [392 | 3.03 - 3.54

8b 400 | 3.50 5.00 |[2.00 1.00 4.00 | 7.50
9 0.14 1.12 050 (028 | 0.17 0.13 | 030
13a 005 0.04 6.00 |0.10 | 0.08 >30 0.20
13b 1.00 | 0.25 6.00 | 1.00 10 >30 0.20
13c 1.00 | 0.10 400 [0.10 | 0.80 20 0.07

14a 29 20 - 12 16 >30 16

14b - { 0.76 079 1045 | 0.21 029 | 041

14c 0.65 | 357 303 (032 | 034 053 [ 033
Topotecan | 0.08 | 0.20 007 {004 [ 0.04 0.05 [ 0.03

All the above values were given in pM conc. The term GIS0 stands for the conc. of the drug required
to produce 50% growth inhibition of the cells under study. Representative cell lines are SF 268(CNS),
OVCAR 8(Ovarian), MCF7/ADR( Breast), DU-145(Prostate), ACHN (Renal), HOP 62(Lung), UACC
62(Melanoma).
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against a set of 7 selected human tumor cell lines representing one cell line per each
cancer subpanel following the NCI protocol'2. As per the in vitro cytotoxicity data
presented in table 1, the 5-C-substituted camptothecin anilogues have showed good anti-
cancer activity. In the case of carbomethoxymethyl analcgues, 10-hydroxy derivative 8a
showed better activity than 7a and 9a. But, in the case of acetone derivatives, 9-nitro
analogue 9b is found to be more potent than 7b or 8b. Among the ester derivatives
prepared, substituted alkyl ester analogues 13a and 13¢ are found to be more active than
the simple alkyl ester derivatives 7a, 8a and 9a. Similarly, compared to unsubstituted
amide derivative 14a, cyclic amide analogues 14b and 14c exhibited excellent activity
against all the cell lines. However, none of the acid derivatives 10a, 11a or 12a showed any
significant anti-tumor activity even at 100 pM concentration. Overall, compounds 9b,13a
and 14b were considered to be the most active analogues jor which further studies such as
MTD(maximum tolerated dose), in vivo efficacy and lactone stability in mice and human

plasma are warranted.

Thus the biological avtivity data of the above 5-C-substituted 20(S)-camptothecin
analogues clearly demonstrated that not all the C-ring snalogues of 1 produce inactive
compounds as reported in the literature’. Certainly the type of substituent at the C-5 carbon
of 1 has a marked role to play in altering the anti-cancer activity of the parent molecule.
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