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Abstract: A novel 3’-desphenyl-3’-cyclopropyl analogue of docetaxel was synthesized from 10-deacetyl-
baccatin ITI. The cytotoxicity of the new taxoid was evaluated against several human tumor cell lines, and it
had ca. 20 times stronger activity against human colon cancer cell lines (WiDr and Colon 320) than that of
docetaxel. This taxoid was converted to its water-soluble prodrugs that have 2’-substituted amino acid
derivatives with spacer. The prodrugs had good solubility in saline and showed more potent antitumor activity
against B 16 melanoma in mice than that of docetaxel. © 1999 Elsevier Science Ltd. All rights reserved.

Introduction

A diterpenoid anticancer drug, paclitaxel 1,' and its semisynthetic analogue, docetaxel 2* that exhibits
more potent antitumor activity than that of 1 in experimental models, have recently become indispensable
drugs in clinics.® This is due to their potent antitumor activities especially against solid tumors, and unique
mechanisms of action. However, these drugs have a number of undesirable side effects and are inactive
against certain tumor types. And their water-insolubility hampers their clinical application. Because of this,
these drugs should be co-injected with a detergent, Cremophor EL or Tween 80, which induces adverse
effects such as hypersensitivity reactions. Due to attenuate the side effects, complicating injection is
inescapable for clinics. ***

To overcome these problems, we set up two criteria. First one is finding a new taxoid which has a
promising antitumor activity. Previously, a number of taxoids that have modified C-13 side chains,’ were
prepared and evaluated. Among them some 3’-desphenyl-3’-aryl®>*C and alkyl(’ analogues have same or more
potent antitumor activity than that of 2. Herein, we envisaged that a cyclopropyl group which has not only
alkyl function but also sp® character, would alternate the 3’-phenyl group. Then, we synthesized and evaluated
a 3’-desphenyl-3’-cyclopropyl analogue 3 as a novel new lead compound (Figure 1).

Next, we aimed at producing water-soluble prodrugs of 3 with the primary goal of eliminating the toxic
effects caused by detergents, and the secondary goal of modulating the pharmacology and toxicology of 3.”
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Figure 1
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To solve the problem of low water-solubility, several research groups have recently reported the
synthesis and evaluation of water-soluble prodrugs of paclitaxel having the functionalized hydroxyl group at
2" and/or 7-positions.® Deutsh er al. have reported the synthesis of 2’-paclitaxel esters with amino acid
moieties.®® Although a few of them exhibited potent antitumor activity, they were quite reactive and
underwent chemical hydrolysis readily. We speculated that the poor chemical stability was caused by steric
repulsion of bulky 2’-amino acid derivatives and 3’-position and neighboring effect of amino group. To avoid
these undesired effects, we designed 2’-substituted water-soluble prodrugs 4, which have amino acid
derivatives with a glycolate spacer. Here, we wish to report the preparation of water-soluble taxoids 4 and
their promising antitumor activity.

Chemistry

The synthesis of the 3’-desphenyl-3’-cyclopropyl analogu: 3 is shown in Scheme 1. The a,p-
unsaturated ester from § was subjected to the asymmetric dihydroxylation (AD) afforded the enantiomerically
pure (25,3R)-diol 6. The diol 6 was converted to the monotosylate 7, which was treated with K,COs to afford

Scheme 1
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Reagents and conditions: (i) PhaP=CHCO,Me, toluene, 55 °C, 18 h, 65%; (ii) Aid-mix-B, t+-BuOH-H0, i, 1 d, 48%;

(il}) TsCl, NEt3, CHaClp, 0 °C, 42 h, 81%; (iv) K2CO3, Ha0, CH3CN, 50 °C, 1 d, 10%; (v) NaN3, HCOzMe, Hy0-MeOH,
50 °C, 14 h, 81%; (vi) Pd-C, Hg, Bocz0, ACOEY, 1, 2.5 h, 96%; (vii) CHa=C(OMe)Me, PPTS, toluene, 80 °C, 1.5 h, 96%;
(viii) LIOH, H,0-MeOH, 1t, 1 h, 100%; (ix) 12 (1.5 eq), DCC, DMAP, toluene, 80 °C:, 1.5 h, 100%; (x) HCOoH, 1t, 2 h, 97%;
(xi) BocaO, KHCOg, THF, rt, 3 h, 81%; {xii) Zn, AcOH, MeOH, 60 °C, 0.5 h, 85%.
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the cis-glycidic ester 8. The reaction of 8 with sodium azide afforded 9, which was subjected to the catalytic
hydrogenation in the presence of Boc,O to give N-tert-butoxycarbonyl-3-cyclopropylisoserin 10. Cyclic
protection of 10° was carried out to give the oxazolidine 11, which was saponified to yield the acid 12.
Esterification of baccatin I derivative 13° using the acid 12 with DCC gave 14. Deprotection of the
oxazolidine-type protection followed by N-acylation afforded 15. The deprotection of 15 with Zn gave 3

Aspartic acid derivatives 16a-d and glutamic acid derivative 16e were treated with tert-butyl
bromoacetate'® followed by deprotection to give the water-soluble auxiliaries 17 as shown in Table 1. The
protected 3’-desphenyl-3’-cyclopropyl analogue 15 reacted with 17 gave the 2'-esters of 15, followed by
reductive deprotection of 2,2,2-trichloroethoxycarbonyl (Troc) groups gave the compounds 18. The final
catalytic hydrogenation in the presence of MsOH gave the water-soluble taxoids 4.

Table 1: Synthesis of water-soluble taxoids 4.
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Reagents and conditions: (i) BrCH,CO,#Bu, K2COg, acetone, reflux; (i) HCO2H, 1t; (iii) 17, DCC, DMAP, THF, rt;
{iv) Zn, AcOH, MeOH, 60 °C; (v) Hp, Pd-C, MsOH, THF.

product
R-A.A-O 17_ yield 18 yield 4  yield solubility of 4 in saline
(R=2) (%) (R=2) (%) (R=H) (%) (mg/mL)
NHR
HNOG-CO0 17a 86 18a 55 4a 74 5
2!
NHR
HoN 0c~C00 17b 84 18b 58 4 76 50
NHR
MeHNOG X_coo 17¢ 82 18c 72 4 58 10
NHR 17d 78 18d 46 4d 66 1
R-ooc)\/COO (R'=Bn) (R'=Bn) (R =H)
NHR
17¢ 70 18e 67
E100 C’k/\coo . 8e 4 73 10

The salt of 2’-esters 4 had the greatly improved solubility in saline (1~50 mg/mL). Furthermore, 4 were
found to be chemically stable in saline. According to our expectation, the glycolate spacer was found to be a
effective moiety to make the prodrugs with amino acids at 2’-OH stable '!
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Evaluation and Discussion

The cytotoxicity of 3’-desphenyl-3’-cyclopropyl analogue 3 of docetaxel was evaluated against several
human xenografts as shown in Table 2. The analogue 3 showed ca. 20 times stronger activity against human
colon cancer cell lines (WiDr and Colon 320) than that of docetaxel 2.

Table 2: Cytotoxic activities against human xenografts of 3'-desphenyl-3'-cyclopropy! analogue 3 and docetaxel 2.

ICsq (NM)*
compound SK-LU-1 MKN1 OVCAR-3 SK-BR-3 WiDr Colon 320
(lung) (stomach) (ovarian) (breast (colon)  (colon)
3 1.0 1.2 0.52 1.1 0.027 0.21
docetaxel 2 1.8 1.7 1.2 4.7 0.43 4.8
Cwtor T 14 23 s 6 23

*Cytotoxicity was determined by the MTT assay. The incubation time was 72 h and ICg values are expressed
as the concentration which causes a 50% decrease in cell viability. **ICgq (2) / IC5q (3).

Next, 3 and water-soluble taxoids 4 were evaluated for antitumor activity by intravenous administration
against B16 melanoma (implanted subcutaneously) in mice (Table 3). Docetaxel 2, which is regarded as most
powerful antitumor taxoid in vivo, was included for comparison.

Table 3: Antitumor activity of 3 and 4 against B16 melanoma. *

compd. optimaldose ofdrug  ILS**  body weight change

(mg/kg/day) (%) on day 10 (%)
4a 125 227 -3.2
4b 6.3 127 " 1.1
4c 6.3 185 -0.5
4d 25 212 ™ 33
4e 12.5 213 2.9
3 6.3 187 75
docetaxel (2) 20 149 -13.0

* B16 melanoma cells were inoculated subcutaneously in 5 mice, and each compound was administeret
ivon days 110 5. ** Increase in life span of mice when treated at optimal dose.

ILS(%) = (mean survival time of treated group (except cured mousem) / that of control group - 1) x 100.
*** One mouse survived on day 90, and the tumor was undetectable.

We found that 3 showed more potent in vivo antitumor activity than that of 2, which was determined by
the comparison of increase in life span (ILS) of B16 melanoma-bearing mice. Futhermore, several compounds
4 showed antitumor activity superior to 2 and 3. Especially, 4a, waich showed the largest ILS value, had
excellent antitumor activity at wide range of dose (the ILS value of 4a at dose 6.3 mg/mL/day was 165%).
Judging from the body weight change 4a,4d,4e appeared to be less toxic than 3, an active metabolite of 4.
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This was probably due to modulating the pharmacology by water-solubility. To our knowledge, 4 are
effective water-soluble prodrugs of taxoid which are compatible with strong antitumor activity in vivo and
stablity in water. Potent antitumor activities in experimental models using human tumor xenografts in
athymic nude mice and good results of the pharmacokinetic studies of 4a will be submitted soon.

In conclusion, we synthesized water-soluble prodrugs 4 of 3'-desphenyl-3'-cyclopropyl analogue 3.
These compounds had good solubility and stability in saline. Moreover, most of them showed potent
antitumor activity against B16 melanoma, compared with 3 and docetaxel 2.
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