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Abstract. New taxoids, 14j3-hydroxydocetaxel and its l,lCacetonide, are synthesized from 148-hydroxy-lo- 
deacetylbaccatin III in good yieids. The cytotoxicity of the new taxoids are evaluated against different human 
tumor cell lines and their ability to inhibit the microtubules disassembly examined. 14~-hy~xyd~~el shows 
very strong cytotoxicity, especially against A549 human non-small cell lung cancer cell line (Km = 0.8 nM). 

Tax01* @aclitaxel) is currently considered the most exciting lead in cancer chemotberapy.13 Taxotere@ 

(docetaxel), a semisynthetic analog, is also very promising> Pa&axe1 and docetaxel possess strong antitumor 

activity against different cancers which have not been effectively treated by existing antitumor drugs5r6 Pa&axe1 

has been approved by FDA in late 1992 for the treatment of advanced ovarian cancer, and is currently in phase II 

and RI clinical trials for breast cancer, lung and other cancers. 2 Docetaxel is currently in phase II and III clinical 

trials for breast and lung cancers in the United States, Europe, and Japan and expected to be on the market very 

SOOII.~ A recent report on clinical trials of paclitaxel and docetaxel, however, has disclosed that these highly 

effective drugs have a number of undesired side effects as well as multi~g resistance (MDR).1-s*7 Therefore, it 

is very important to develop new anticancer drugs which have less undesirable side effects, better ph~a~logic~ 

properties, a&or activity spectra against various tumor types different from those of these two drugs. 

14~-Hy~oxy-IO-deace~lba~atin III (ICOH-DAB), recently isolated from the needles of Taxlss 

wallichianu Zucc.* possesses an extra hydroxyl group at the C-14 position, which makes 14OH-DAB much 

more water soluble than the usual lO_deacetylbaccatin IX (DAB) which is the key intermediate for pa&axe1 and 

docetaxel. Therefore, the new antitumor taxanes derived from ICOH-DAR can be expected to have improved 

water solubility, bioavailability, and hydrophobic&y-related drug resistance.7 These improved pharmacological 

properties may well be related to the modification of undesirable toxicity and activity spectra against different 

cancer types. In fact, recent reports on the related “hydroxy-taxoids”, 9-dihydrodocetaxele and 19- 

hy~xyd~t~ello, show quite promising results We would like to communicate here the synthesis of a highly 

potent new taxoid, 14&hydroxydocetaxel (SB-T-1001), and a related analog, 14&hydroxydocetaxel-1,14- 

acetonide (S&T-1071).11 

Syntheses of 14~-hydroxy-docetaxel-~,14-a~etonide @B-T-1071) and 14P-hydroxydocetaxel 

(So-T-~001). We have found that the reactivities of the four secondary hydroxyl groups of 14/3-OH-DAB 

toward acyiation decreases in the order C-7 > C-10 > C-14 > C-13, which appears to be in good agreement with 

the relative steric congestion at these positions. Accordingly, the coupling of the baccatin in 13position with an 
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isoserine side chain precursor requires an appropriate protection of hydroxyl groups at the 7, 10 and 14 positions. 

The selective protection of the 7- and IO-hydroxyl groups was easily carried out using 2,2,2-trichloroethyl 

chlorocarbonate (trot-Cl) in the presence of pyridine to give 7,10-ditroc-14fi-hydroxy-lO-deacetylbaccatin III (1) 

in high yield.12 However, the protection of the IChydroxyl group was not straight forward, e.g., (i) an 

attempted protection with trot-Cl/pyridine resulted in the formation of 1,14-carbonate,12 (ii) the selective 

protection with triethylsilyi (TBS) was successful, but the attempted coupling with a C-13 side chain precursor, a 

p-lactam 4 (vide injia), did not work because of steric hindrance caused by the in~~uction of TBSO group 

adjacent to the 13-hydroxyi group. We successfully introduced an acetonide as a potential protecting groups for 

the l- and 14-hydroxyl groups which constitute cis-diol, giving 7,10-~~-14~-hyd~xy-l~~acetylbaccatin III- 

1,lCacetonide (2) in 89% yield (Scheme 1), but the attempted deprotection of acetonide under acidic conditions 

led to the ring opening of the D ring. Thus, acetonide turned out to be inappropriate as the protecting group for 

our purpose. Finally, we introduced an orthoformate to the 1- and 14-hydroxyl groups using triethyl 

orthoformate in the presence of p-toluenesulfonic anhydride, giving 7,10-ditroc-140-hydroxy-1,14- 

ethoxymethylene-IO-deacetylbaccatin III (3) in 93% yield (Scheme 1). This protecting group was found to be 

quite appropriate for the coupling with the C-13 side chain precursor 4 (vide infra) and subsequent deprotections 

to give the &sired 14B-hydroxydocetaxel (SB-T-1001). 

(i) Me&(OMe)s, TaOH, room temp., SO h; (ii) HC(OEt)s, TasO, Cl-f&Is, room temp., 30 min. 

The protected I4-OH-DAB 2 was coupled with enantiopure (3~,~-l-t-B~C-3-~SO-4-phenyl~ti~n- 

2-one {4) using our protocoI,I3 i.e., N~S in THF at -40 OC for 45 min, to give the co~s~n~ng coupling 

product in 82% yield. Since the 1,14-acetonide moiety of this compound catmot be removed wi~out affecting the 

D-ring, the TBS at 2’ position and the trot groups at the 7 and 10 positions wem removed sequentially by treating 

with OSN hydrochloric acid - THE (1:4) and then with zinc in 0.5N NC1 - THE (1:4), respectively to give 14p- 

hydroxydocetaxel-1,lCacetonide (S&T-1071)14 in 72% overall yield (Scheme 2). 

In the same manner, the protected 14-OH-DAB 3 was coupled with 4, giving 5 in 78% yield. Then, 5 

was first treated with 0.5% HCl in EtOH to remove the TES group at the 2’ position (96%), followed by reacting 

with formic acid in dioxane at room temperature for 24 h. yielding 14-formyl-7,10-ditroc-1Chydroxydocetaxel 

(6). which was treated with 1% aqueous NaHCO3 in THF-MeOH (1:7:3) at room temperature for S h to give 

7,l~~~-l~hy~xyd~t~el (6.73% for two steps). The trot groups of 6 at the 7 and 10 positions were 

deprotected by using zinc in O.SN HCl - THE (1:2) at 0 eC for 30 min to give 14~-hy~xyd~et~el (SB-T- 

1001)15 in 73% yield (Scheme 3). 
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(i) NaHMDS, MF, -WC, 30 min; (ii) 0.5% HCI in EtOH, FIT, 2 h; (iii) Zn, 0.5 N HCVTHF, 0%‘ 20 min. 

Scheme 3 

3 + 0 

4 - OEt 

ii, Iii 

S&T-1001 6: R = HC(0). 

(1) 0.5% HCI, EtOH, RT, 2h; (li)HCOOWdbxane (l:l), RT, 24 h; 
7: R=H 

(I& 1% NaHC~~F~H (1:7:3), RT, 5 h; (Iv) Zn, 0.5 N HWTHF (2:1), 0 Oc, 30 min. 

Cytotoxicity and microtubules disassembly inhibitory activity of new taxoids. Cytotoxicity of 14- 

OH-docetaxel @B-T-1001) and 14-OH-d~~el-l,14-~to~~ (SB-T-1~~) were evaluated in virru against 

different human tumor cell lines A 12 1, A549, HT-29, and MCFQ. Microtubules disassembly inhibitory activity 

of these new taxoids were also examined. Results are summarked in Table 1. 

As Table 1 shows, 14-OH-docetaxel (SB-T-1~1) possesses strong cytotoxicity in between docetaxel 

and paclitaxel excqx for the activity against AS49 human non-small cell lung cancer cell line (ICH~ = 0.8 r&Q 

which is slightly better than that of docetaxel. It should be noted that the introduction of 14@hydroxyl group to 

do&axe1 influences tumor specificity, i.e., 14-OH-docetaxel (SB-T-1001) has a higher tumor specificity than 

docetaxel and paclitaxel. A~t~~gh it is ~~~~~, this rest& is very e~a~g~g~orn a view point that 

structural mod@cations of abcetaxel andpaclitaxel can alter the activity spectrum against dgemnt tumor types, 

which may complement the existing anticancer drugs. I4-OH-Docetaxel-1,14-acetonide (SB-T-1071). 

however, showed one order of ~~~ weaker activity in both cytotoxicity and microtubules disassembly 

inhibitory activity. This can be ascribed to conformational change caused by the bulky acetonide moiety. 
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Table 1. Cytotoxicity and microtubules disassembly inhibitory activity of SB-T-1001 and SB-T-1071 

Cell Line 
AlZla A549a HT-298 MCF7a 

Microtubules 

(human ovarian) (human NSCLC) (human colon) disassembly 
Taxoid (human breast) 

inhibitionb 

Paclitaxel 6.1 3.6 3.2 1.7 1 .OT 

Docetaxel 1.2 1.0 1.2 1.0 0.7T 

SB-T-1001 3.3 0.8 2.1 1.9 0.8T 

I SB-T-1071 
I 

46 
I 

18 
I 

21 
I 

34 
I 

3T 
I 

a The concentration of compound which inhibit 50% (IC50, r&i) of the growth of human tumor cell line, A121 
(ovarian carcinoma), A549 (non-small cell lung carcinoma), HT-29 (colon carcinoma), and MCF7 (mammary 
carcinoma) after 72 h drug exposure according to the method developed by Skehan et al.t7 The data represent the 
mean values of at least three separate experiments. b IC5flCso (paclitaxel): T = ICm of paclitaxel 

In fact, molecular modeling study on the conformations of docetaxel 16 and these two new taxoids based on the 

SYBYL 6.0 program and NOESY analyses (DMSO-D20) clearly indicates the distortion in the “hydrophobic 

cluster”16 of 14-OH-docetaxel-1,14-acetonide (SB-T-1071) (Figure 1). It should be noted that the introduction 

of 14P-hydroxyl group to docetaxel has only a little effect on the overall conformation of the molecule although 

there was a possibility that this hydroxyl group might have significantly changed the side chain conformation 

through hydrogen bonding. It is also worth mentioning that the conformation of 14-OH-docetaxel (SB-T-1001) 

shows excellent overlap with that of paclitaxel rather than docetaxel as shown in Figure 1. 

Further studies on the structure-activity relationships of new taxoids derived from 14-OH-DAB and the 

conformational analyses of these taxoids based on 1DnD NMRs and molecular modeling are actively underway in 

these laboratories. 
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14-OH-docetaxel @B-T-l 001) 

paclitaxel 

14-OH-docetaxel-1 ,14-acetonide 
(SB-T-1071) 

docetaxel 

Figure 1. Chem 3D representations of SB-T-1001, SB-T-lW1, paclitaxel and docetaxel 
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