
Pergamon 
Tetrahedron Lerrers, Vol. 36. No. 43, pp. 7195-1198, 1995 

Elsevier Science Ltd 
Printed in Great Britain 

oao-4039/95 $9..50+0.00 

0040-4039(95)01650-3 

Synthesis, Structure Elucidation and Biological Evaluation of C-Norpaclitaxel 

Xian Liang and David G.I. Kingston* 

Department of Chemistry, Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061-0212 

Byron H. Long, Craig A. Fairchild, and Kathy A. Johnston 

Bristol-Myers Squbb Phammeuucal Research Institute. P. 0. Box 4000, Princeton, New Jersey 05843 

Abstract: Oxldatmn of 2’.TBDMS-6a-hydroxy-7-eplpaclitaxel (1) with lead tetraacetate furnished 2’-TBDMS-C- 
norpaclitaxel (2) and the C-seco compound 3. Deprotection of 2 with pyridinium hydrofluoride yielded C- 
norpaclitaxel (4). C-norpaclitaxel (4) is less effective at promoting the assembly of microtubules and less cytotoxic 
towards HCTI 16 cells than paclitaxel. 

The clinical activity of the naturally-occurring antitumor agent paclitaxel (Taxol@) has spurred the 

preparation of numerous chemically modified paclitaxels, 1 but until recently most work has focussed on 

modifications of the various functional groups. Modifications to the basic taxane ring system have been relatively 

rare, although examples now exist of the preparation of A-nor, 2 B-nor,3 and C-homo4 paclitaxels. As a part of 

our continuing studies on the chemistry of paclitaxel,lf we have had a long-standing interest in modifications of 

ring C. We now report our preparation of C-norpaclitaxel and of a novel C-secopaclitaxel from the recently 

reported 2’- TBDMS-6cl-hydroxy-7-epipaclitaxel (1).5 

Treatment of 1 with lead tetraacetate and sodium bicarbonate in dry dichloromethane furnished 2’- 

TBDMS-C-noqaclitaxel(2) in 67% yield, together with a second compound 36 in 11% yield. Deprotection of 2 

with pyridinium hydrofluoride yielded C-norpaclitaxel (4)7 in 86% yield (Scheme 1). The HRFABMS of 4 

indicated it to have lost H2CO as compared with unprotected starting material. The H,H correlations fro& its 

DQCOSY spectra and the H.C correlations from its HMBC spectra revealed the formation of a cyclic C ring 

(Figure 1). Acylation of 2 with acetyl chloride and 4-dimethylaminopyridine (DMAP) yielded 2’-TBDMS-6& 

acetyl-C-norpaclitaxel (5) (Scheme l), in which the C-6 proton was shifted downfield from 4.35 ppm to 5.44 

ppm, further confirming the structure of 2. 

Key’DQCOSY correlauons of C-norpaclitaxel(4) Key HMBC correlations of C-norpaclitaxel (4) 

Figure 1 

Deprotection of 5 with pyridinium hydrofluoride yielded 6fi-acetyl-C-norpaclitaxel (6) in 90% yield 

(Scheme 1). The stereochemistry of the C-6 proton in 5 was determined by NOE difference spectra, which 
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showed that the C-6 and C-5 proton signals were enhanced when the C-3 proton was irradiated, the C-6 and C-3 

signals were enhanced when the C-5 proton was irradiated, and that no enhancement of the C-6 signal was 

observed when the C- 19 methyl group was irradiated. 

ph:-.:oao 
6H 
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Reagents: (a) LTA, NaHCO,, 2 hrs, 0°C; (b) CH,COCl, DMAP, 0.5 hr, rt; (c) HF/Py, 1.5 hrs., rt 

Scheme 1 

The formation of C-norpaclitaxel can be explained by normal lead tetraacetate oxidation of 1 to the 

dialdehyde 7, followed by attack of an acetate ion on the electrophilic 7-carbonyl carbon to form an intermediate 

which then undergoes cleavage with loss of formic acetic anhydride and formation of the enolate 8. Enolate 8 

then attacks the 6-carbonyl carbon from the less hindered face (opposed to the oxetane ring) to form the 6p- 

hydroxy C-norpaclitaxel derivative (Scheme 2). 

7 

Scheme 2 

The structure of the C-seco compound 3 was established only after a full analysis of its spectroscopic data. 

Its composition, as deduced from its HRFABMS, indicated the loss of two protons from the starting material 1, 

consistent with the formation of the dialdehyde 7. However, the 1H NMR spectrum of 3 showed only one 

aldehyde CH signal, and the aldehyde giving rise to this signal was assigned to the C-7 position from an HMBC 

spectrum (Figure 2). The C-2 proton correlated with a carbon resonating at 96.1 ppm and thus bearing two 

oxygen substituents, and the proton on this carbon (assigned from a HETCOR spectrum) correlated with the C-2 

carbon in an HMBC spectrum. This evidence was consistent with the formation of a lactol between the C-6 

aldehyde and the C-2 hydroxyl group (Figure 2). The downfield shift of C-l from 79.0 ppm to 91.1 ppm and the 

upfield shift of C-2 from 77.8 ppm to 66.1 ppm were consistent with a benzoyl migration from C-2 to C-l. 

Acylation of 3 with acetic anhydride and DCC yielded the acetate 9, in which the C-6 proton was shifted 

downfield from 5.38 ppm to 6.3 1 ppm, further confirming the structure of 3. Deprotection of the 2’-TBDMS 
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group of 9 with pyridinum hydrofluoride yielded the unexpected compound 10,s in which the aldehyde and one 

acetyl group were missing (Scheme 3). The correlations of the C-6 and C-10 protons with the carbonyl carbons of 

the two acetyl groups in its HMBC spectrum indicated that the 4-acetyl group had been lost. The correlation of the 

C-7 proton with the C-4 carbon in its HMBC spectrum indicated the formation of a lactol between the C-7 

aldehyde and C-4 hydroxyl group (Figure 2). The formation of 3 and 10 can be explained by the mechanism 

proposed in Scheme 4. 

3 9 10 

Reagents: (a) (CH3CO)2O, DCC, PP, 8 hrs. tt, 92%; (b) HF/Py, 1.5 hr, rt, 90% 

Scheme 3 

AcO Acb AcO 
10 12 9 

Scheme 4: Mechanism of formation of 3 and 10 

Figure 2: Key HMBC correlations of compounds 3 and 10 

The biological activities of C-norpaclitaxel 4, its acetate 6, and of the hemiacetal 10 were determined in a 

tubulin-assembly assay and (for 4) in an HCT 1 16 cytotoxicity assay. Data for both assays are presented in the 

Table. From these data, it can be seen that C-norpaclitaxel (4) is significantly less cytotoxic and significantly less 
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effective at promoting the assembly of microtubules than paclitaxel, while compounds 6 and 10 are even less 

active. These results indicate that changes in the size and conformation of ring C and the attached oxetane ring 

make a significant difference to the activity of paclitaxel. 

Table: Cytotoxicities and Effects of Paclitaxel and C-Norpaclitaxel on Tub&n Polymerization 
Compound Pa&axe1 C-Norpaclitaxel 6-Acetyl-C-nor- Hemiacetal 10 

(4) paclitaxel(6) 

Cytotoxicity: HCT116 (ECso, nM) 1.4 13.5 NT NT 

Tubulin Assembly: ECO.01 (@I) 6.9 + 1.1 57 + 26 208 + 59 >lOOO 
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