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Abstract—The use of drug-antibody conjugates affords a method for the targeted delivery of anticancer drugs specifically to cancer
cells. Monoclonal antibodies alone usually do not possess high therapeutic efficacy, however, they are capable of targeting tumor
markers selectively. We have prepared taxoids with significantly higher cytotoxicity than paclitaxel and docetaxel. These taxoids
now meet the high potency required for use in a targeted-delivery approach using monoclonal antibodies. The synthesis and bio-

logical evaluation of these taxoids are reported.
© 2004 Elsevier Ltd. All rights reserved.

The advent of monoclonal antibody (mAb) technology
has led to the development of a large number of anti-
bodies directed against tumor-associated antigens.! De-
spite their tumor specificity, most antibodies are found
to be only weakly cytotoxic themselves and therefore
are not therapeutically useful. However, their high spe-
cificity and long circulation half life (several weeks for
a humanized antibody) render them excellent vehicles
for the targeted delivery of cytotoxic drugs to the tumor
in the form of an antibody—drug conjugate.

The amount of mAb localized at the tumor site in
humans has been reported to be only a fraction of
the total injected dose. As a result of this limitation,
the drug component of the conjugate is required to pos-
sess a very high potency (ICsy < 1 x 107'M) in order to
achieve a therapeutic dose at the tumor site.>? We have
previously developed antibody conjugates of highly
potent drugs such as the maytansinoids and CC-1065
analogs.? These conjugates were shown to display high,
antigen specific cytotoxicity in vitro, and remarkable
antitumor activity in human tumor models in mice.

The natural product paclitaxel (1), and its semisynthetic
analog, docetaxel (2), are members of the taxane diterp-
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enoids family,* and two of the most active anticancer
agents in clinical use today, being commonly used
against ovarian and breast cancers. Despite their wide-
spread use these taxanes possess various undesirable
qualities, such as low tumor selectivity, the development
of multidrug resistance (MDR), and poor solubility in
aqueous solutions. In light of these limitations, the tar-
geted delivery of taxanes in the form of antibody-taxane
conjugate offers a means of greatly enhancing the tumor
selectivity, and hence, the therapeutic efficacy of taxa-
nes. Initial efforts on the tumor-specific delivery of tax-
oids have been previously described.> However, the
taxoids utilized in these studies were found to be only
moderately potent, and thus not ideal for use in the tar-
geted delivery approach.

In an effort to identify new highly potent taxanes that
are suitable for use in targeted delivery, our ongoing
studies on the structure—activity relationships (SAR) of
taxoids revealed that C-2 modified taxoids, such as 3,
were 30-100 fold more potent than paclitaxel in various
assays.® In order to further investigate the SAR of these
C-2 modified taxoids, we were interested in evaluating
the effects of modification at the C-3’ and C-3’'N posi-
tions. Herein, we report the design, synthesis, and bio-
logical evaluation of these novel taxoids.

The synthesis of taxanes 829 began by constructing the
required baccatin core 7. Thus, starting with the com-
mercially available natural product 10-deacetylbaccatin
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R,=Ph, Ry=Ac, Taxol’® (Paclitaxel); 1

R,='BuO, R,=H, Taxotere® (Docetaxel); 2

IIT (4), exhaustive protection of the C-7, C-10, and the
C-13 hydroxyl groups as their triethylsilyl ethers, fol-
lowed by de-esterification of the C-2 benzoate gave the
protected C-1,2 diol 5 in good yields. While it has been
shown in the literature that esterification at the C-2 posi-
tion of baccatin can easily be achieved using a variety of
coupling agents such as EDC,’* DIC,”® and DCC,’® we
found this was not the case with a more bulky acid, such
as 2,5-dimethoxybenzoic acid. Utilizing either DIC or
EDC resulted in the formation of virtually no product
even with mild heating for several days. More forcing
conditions, using a large excess of reagents and higher
temperatures resulted in the formation of significant
amounts of the undesired oxetane ring-opened product,
making purification extremely difficult. After detailed
studies, we have found that the coupling could be
achieved by using DCC (10equiv) and 4-PP (0.1equiv)
in toluene at 60°C for 8-9days. These conditions gave
a 95% conversion of starting material and 85-90% iso-
lated yields of the desired product with no apparent side
products.

Treatment of baccatin 6 with HF/pyridine to remove the
silyl protecting groups, followed by selective acylation at
C-10, employing Holton’s method,® and reprotection of
the C-7 hydroxyl as its triethylsilyl ether provided the
desired baccatin derivative 7 in six steps (Scheme 1).

In order to thoroughly investigate the SAR with modifi-
cations at the C-3’ and C-3’N positions we prepared a
variety of different B-lactams using known methods.’
The couplings of these B-lactams with baccatin 7 were
carried out using NaH, followed by removal of the silyl
protecting groups with HF—pyridine to give the desired
taxoids (8-29) (Scheme 2).

The biological evaluation of these novel taxoids modi-
fied at the C-2, C-3’, and C-3’'N positions is summarized
in Table 1.'° In contrast to the parent taxanes paclitaxel
and docetaxel, which possess an unsubstituted benzoyl
group at the C-2 position all the compounds in this
SAR study had a dimethoxybenzoyl substituent at the
C-2 position. Introduction of this substituent along with
the modifications at the C-3' and C-3'N positions re-
sulted in taxoids that were up to 68-fold more potent
than paclitaxel. This level of increase in cytotoxicity
was not observed when the C-2 benzoyl remained un-
changed and the C-3’ and C-3’N were modified simulta-

a, b

6Ac

MeO MeO
7 6

Scheme 1. Synthesis of the baccatin derivative 7. Reagents and
conditions: (a) chlorotriethylsilane, imidazole, DMF, rt; (b) Red-Al,
THF, rt; (c) 2,5-dimethoxybenzoic acid, DCC, 4-PP, PhCH3, 60°C; (d)
HF-pyridine, THF, 0°C-rt; (e) Ac,0, CeCls, THF, rt; (f) chlorotri-
ethylsilane, imidazole, DMF, rt.

1. NaH, THF, tt,
TIPSO, R

2. HF-Pyr., THF

MeO

8-29
Scheme 2. Synthesis of taxoids 8-29.

neously,!' suggesting that the dimethoxybenzoyl group

at the C-2 position is responsible for this high potency.
To further investigate this phenomenon we prepared
taxoids 28 and 29. As expected it is clear that the intro-
duction of the dimethoxybenzoyl group at the C-2 posi-
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Table 1 (continued)

the near future.

Taxoid® R, R, A549°¢ MCF7¢ Taxoid® R, R, A549° MCF7¢
e S,
Paclitaxel, 1 Ej C( 17 08 24 Q/ 5 /=/%L' 0.180  0.161
2,
Docetaxel, 2 (j >LO/}%, 1.0 1.0 25 @/Hﬁ (j%% 230 30
3 i N, 0.040  0.043 S, % =,
| o : : 26 @/ AN 0048 0.048
%, %, S % S %
8 )i /( 0025  0.020 27 @/ @/ 0.036  0.036
LLH 7’,7 28 ZL" a’y 0.130 0.032
9 )i (\2/7/ 0.060  0.038 ©/ ©/ ' '
% , 29 s >L Ph 0052 0.063
10 /E = 0030  0.012 0
7777 %, #The concentration of taxoid that kills 50% of the growth of cancer
1 0.041  0.041 cell line population after 72h of exposure.
| ' ' ® Taxoids 1 and 2 do not bear a dimethoxybenzoyl group at C-2.
¢ Non-small-cell lung carcinoma.
7-,77 9 Breast cancer.
12 /( ST 0,042 0,032
[®)
5 S. "% tion greatly contributes to the cytotoxicity of taxoids
13 0.0420.032 possessing the paclitaxel and docetaxel side chains.
\_/
5, Introduction of the isobuteneyl substituent at the C-3’
14 é/ % | 0.037  0.041 position, regulted in highly potent 'Faxoids, regardless
\ / of the substituent at the C-3'N position. Thus taxoid 3
\ and 8-13, bearing seven different substituents at C-3'N
O, were all highly cytotoxic, with ICsy values in the 0.01-
15 0.031  0.042 . ’ . .
@/ Xo% 0.06nM range. Taxoids bearing a 2-furyl or 2-thiazolyl
\ \ substituent at the C-3’ position were also potent when
(o} (o} the C-3’N position had a -BOC, isobuteneyl or n-
16 @/ @/ 0090 0.120 BOC group. An important and interesting result of this
\ SAR study is the interactive effects between the
o) *, substituents.
17 Q/ — 0.162  0.131
For example, the 2-furyl and the crotonyl groups at the
18 o__"% & 0221 0210 C-3'N position showed lower cytotoxicity with the 2-fur-
@/ (j ’ ’ yl group at the C-3’ position (analogs 16 and 17), while
the same groups showed higher cytotoxicity than with
o _% the isobuteneyl group at the C-3’ position (analogs 9
v U/ AN O/Z% 0036 0.031 and 10). Introduction of the benzoyl group at the C-
3’'N position (analogs 18 and 25) gave lower potency,
suggesting that the benzoyl group may not be the best
20 ®/ b @/H 0.100  0.061 ch%%ce forg this position. v e
s. % 5, This SAR study has revealed that the C-3’ and C-3'N
2 @/ )i 0.047  0.050 positions of these taxoids can tolerate a variety of sub-
stituents, while retaining high potency. This finding
s lLH opens the door to the incorporation of appropriate func-
22 @/ >L Pt 0.033  0.031 tional groups at these positions to enable linkage to
0 monoclonal antibodies. Efforts to prepare such ‘linkable’
H and highly cytotoxic taxoids for conjugation with a
23 @/ 5 0.055  0.065 mAb are currently underway and will be reported in

—
. °



5888

2

3

4

5

References and notes

. (a) Kohler, G.; Milstein, C. Nature 1975, 256, 495-497; (b)
Carter, P. Nat. Rev. Cancer 2001, 1, 118-129; (c¢) Dillman,
R. O. Cancer Invest. 2001, 19, 833-841.

. (a) Chari, R. V. J. Adv. Drug Deliver. Rev. 1998, 31, 89—
104; (b) Allen, T. M. Nat. Rev. Cancer 2002, 2, 750-763.

. Blattler, W. A.; Chari, R. V. J. In Anticancer Agents
Frontiers in Cancer Chemotherapy; Ojima, 1., Vie, G. D.,
Altmann, K. H., Eds.; ACS Symposium Series 796;
American Chemical Society: Washington, DC, 2001; p
317.

. Baloglu, E.; Kingston, D. G. 1. J. Nat. Prod. 1999, 62,
1448-1472.

. (a) Ojima, I.; Geng, X.; Wu, X.; Qu, C.; Borella, C. P.;

Xie, H.; Wilhelm, S. D.; Leece, B. A.; Bartle, L. M.;

Goldmacher, V. S.; Chari, R. V. J. J. Med. Chem. 2002,

45(26), 5620-5623; (b) Safavy, A.; Bonner, J. A.; Waksal,

H. W.; Buchsbaum, D. J.; Gillespie, G. Y.; Khazaeli, M.

B.; Arani, R.; Chen, D.-T.; Carpenter, M.; Raisch, K. P.

Bioconjugate Chem. 2003, 14, 302-310; (c) Wahl, A. F.;

Donaldson, K. L.; Mixan, B. J.; Trail, P. A.; Siegall, C. B.

Int. J. Cancer 2001, 93, 590-600; (d) Milas, L.; Mason, K.

A.; Hunter, N.; Li, C.; Wallace, S. Int. J. Radiat. Oncol.

Biol. Phys. 2003, 55(3), 707-712; (e) Safavy, A.; Raisch, K.

P.; Khazaeli, M. B.; Buchsbaum, D. J.; Bonner, J. A. J.

Med. Chem. 1999, 42, 4919-4924; (f) Gilbert, C. W;

McGowan, E. B.; Seery, G. B.; Black, K. S.; Pegram, M.

D. J. Exp. Therapeutics 2003, 3, 27-35; (g) Sledge, G. W.,

Jr. Semin. Oncol 2003, 30(2), 19-21; (h) Jaime, J.; Page,

M. Anticancer Res. 2001, 21, 1119-1128; (i) Kirschberg, T.

A.; Vandeusen, C. L.; Rothbard, J. B.; Yang, M.; Wender,

P. A. Org. Lett. 2003, 5(19), 3459-3462.

Miller, M. L.; Roller, E. E.; Baloglu, E.; Leece, B. A.;

Goldmacher, V. S.; Chari, R. V. J. 226th ACS Nat.

Meeting, New York, NY, USA, September 7-11, 2003,

MEDI-260.

(a) Baloglu, E.; Hoch, J. M.; Chatterjee, S. K.; Ravindra,

R.; Bane, S.; Kingston, D. G. 1. Bioorg. Med. Chem. 2003,

11, 1557-1568; (b) Ojima, 1.; Wang, T.; Miller, M. L.; Lin,

S.; Borella, C. P.; Geng, X.; Pera, P.; Bernacki, R. J.

Bioorg. Med. Chem. Lett. 1999, 9, 3423-3428; (c) King-

10.

11.

E. Baloglu et al. | Bioorg. Med. Chem. Lett. 14 (2004) 5885-5888

ston, D. G. I.; Chaudhary, A. G.; Chordia, M. D
Gharpure, M.; Gunatilaka, A. A. L.; Higgs, P. 1.; Rimoldi,
J. M.; Samala, L.; Jagtap, P. J. J. Med. Chem. 1998, 41,
3715-3726.

Holton, R. A.; Zhang, Z.; Clarke, P. A. H. N.; Procter, D.
J. Tetrahedron Lett. 1998, 39, 2883.

(a) Ojima, 1.; Habus, I.; Zhao, M.; Zucco, M.; Park, Y. H.;
Sun, C. M.; Brigaud, T. Tetrahedron 1992, 48, 6985-7012;
(b) Ojima, I.; Sun, C. M.; Zucco, M.; Park, Y. H.; Duclos,
O.; Kuduk, S. Tetrahedron Lett. 1993, 34, 4149-4152; (c)
Ojima, 1. Acc. Chem. Res. 1995, 28, 383; (d) Ojima, 1.
Delaloge, F. Chem. Soc. Rev. 1997, 26, 377-386; (e)
Holton, R. A.; Biediger, R. J.; Boatman, P. D. In Taxol:
Science and Applications; Suffness, M., Ed.; CRC Press:
New York, 1995; pp 97-121, and references cited therein;
(f) Brieva, R.; Crich, J. Z.; Sih, C. J. J. Org. Chem. 1993,
58, 1068-1075.

The in vitro cytotoxicities of these new taxoids were
evaluated using a clonogenic assay. Cells were plated in
six-well tissue culture plates and exposed for 72h to the
taxoid. The medium was then replaced and the cells were
incubated until colonies had formed (5-10days). Cells
were then fixed and stained with crystal violet, and the
surviving fractions were determined. The clonogenic
(plating efficiency) assay is a direct and accurate method
to determine the survival of cells following their exposure
to a cytotoxic drug (Sellers, J. R.; Cook, S.; Goldmacher,
V. S. J. Immunol. Methods, 1994, 172, 255-264). We
found indirect methods, such as MTT (Mosmann, T. J.
Immunol. Methods, 1983, 65, 55-63) and SRB (Skehan,
P.; Storeng, R.; Scudiero, D.; Monks, A.; McMahon, J.,
Vistica, D., Warren, J. T.; Bokesch, H.; Kenney, S.;
Boyd, M. R. J. Natl. Cancer Inst., 1990, 82, 1107-1112)
less accurate and reproducible when used for evaluation
of highly cytotoxic compounds. The ICs, values varied
dramatically depending on the conditions, such as the
cell number, and the length of cell culturing following
their exposure to a drug.

Kingston, D. G. I.; Jagtap, P. J.; Yuan, H.; Samala, L. In
Herz, W., Falk, W., Kirby, G. W., Eds.; Progress in the
Chemistry of Organic Natural Products; Springer: Wien,
2002; Vol. 84, and references cited therein.



	Synthesis and biological evaluation of novel taxoids designed for targeted delivery to tumors
	References and notes


