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Abstract:  Lead tetraeetate oxidation of 6u-hydmxy-7-epi-paclitaxel leads to C-.or-paclitaxel and C-seco-paclitaxel 
derivatives. Tetrapropylammonium perruthenate (TPAP) oxidation of a 6tx-hydroxy-7-epi-paclitaxel derivative leads to 

a 6-formyl-C-nor-paclitaxel derivative. Reaction of a 6ot-O-trifluoromethanesulfonyl-7-epi-paclitaxel derivative with 

DMAP yields a 20-O-acetyl-4-deacetyl-5,6-dehydro-6-formyI-C-nor-paclitaxel derivative. C-nor-paclitaxel analogs ~e 

less active than paclitaxel. © 1997 Elsevier Science Ltd. All rights reserved. 

The importance of the novel diterpenoid paclitaxel (Taxol ®) (1) in the clinical treatment of ovarian and 

breast cancers is now well established) This importance has led to increased interest in understanding its 

structure-activity relationships, and significant advances have been made in this area. 2 Few reports, however, 

have focused on the polycyclic carbon skeleton of paclitaxel, although examples now exist of the preparation of 

A-nor, 3 B-nor, 4 and C-homopaclitaxels; ~ as expected, changes in the diterpenoid skeleton of paclitaxel cause 

significant changes in its biological activity. We have recently reported the synthesis of C-nor-paclitaxel and C- 

seco-paclitaxel in a preliminary communication, 6 and the synthesis of a C-nor-paclitaxel analogue with an opened 

oxetane ring was reported by Chen and his collaborators. 7 This paper reports the full details of the synthesis of 

C-nor-paclitaxel, a study of the oxidation of 60~-hydroxy-7-epipaclitaxel with TPAP, and an independent 

preparation of the C-nor-paclitaxel analogue prepared by Chen. 

RESULTS AND DISCUSSION 

Synthesis of C-nor-Paclitaxel and C-seco-Paclitaxel 
The key starting material for our synthetic approach to C-nor-paclitaxel was 6~-hydroxy-7-epipaclitaxel 

(3), which was prepared as previously described from protected 7-deoxy-A6,7-paclitaxel (2). 8 Treatment of 2 '-  

O-(t-butyldimethyisilyl)-6o~-hydroxy-7-epi-paclitaxel (3) with lead tetraacetate and sodium bicarbonate in 

anhydrous dichloromethane at 0 °C for 2 hours furnished two compounds, one in 67% yield which was slightly 
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more polar than the starting material and was identified as 2'-O-(t-butyldimethylsilyl)-C-nor-paclitaxel (4), and 

another in 11% yield which was slightly less polar than the starting material and was identified as the rearranged 

compound 5. Deprotection of 4 with HF and pyridine afforded C-nor-paclitaxel (6) in 86% yield (Scheme 1). 
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Reagents: (a) ButSiMe2CI/pyridine then CF3SO2CI, DMAP 25 °C, 2 h, then DBU, dry CH2CI 2, 40 °C, 4 h; (b) 
OSO4, NMO, 25 °C, 9h; (c) LTA NaHCO3, 2 hrs, 0 °C; (d) HF/pyridine, 1.5 h, r.t. 

S c h e m e  I 

The high resolution mass spectra (HRFABMS) of 6 showed a molecular ion [MNa] + at m/z 862.3064, 

indicating the loss of CH2 as compared with paclitaxei (1). The protons and the carbons of 4 were assigned by 

a combination of IH, 13C, DQCOSY, HETCOR and HMBC spectra. The 1H, IH correlations from its 

DQCOSY spectrum and the three-bond IH, 13C correlations from its HMBC spectrum revealed the formation of 

a 5-membered ring C as illustrated in Figure 1. 
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Figure 1: Key DQCOSY and HMBC correlations of C-nor-paclitaxel (6) 

Acylation of 4 with acetyl chloride and DMAP yielded 2'-O-(t-butyldimethylsilyl)-6-O-acetyl-C-nor- 
paclitaxel (7) (Scheme 2). The C-6 proton was shifted downfield from 4.35 ppm to 5.44 ppm in its 1H 

spectrum, providing further support for the structure of 4. Deprotection of 7 with HF/pyridine yielded 6-0- 

acetyl-C-nor-paclitaxel (8) in 90% yield (Scheme 2). 
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Reagents: (a) CH3COCI, DMAP, 25 °C, 2 h; (b) HF/pyridine, 1.5 h, r.t. 
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The proton signals of C-3, C-6, and C-20 were overlapped in the IH spectra of both 4 and 6, but these 

signals were resolved in the acetyl derivative 7, and this compound was thus selected for NOE studies. The 

NOE difference spectra of 7 showed that the C-6 and C-5 proton signals were enhanced when the C-3ct proton 

was irradiated, and the C-6 and C-3 signals were enhanced when the C-5o~ proton was irradiated. No 

enhancement of the C-6 signal was observed when the C-19 methyl group was irradiated. The results of these 

experiments revealed that the proton at the C-6 position was on the same face of ring C as the protons at C-3 and 

C-5, which is the ~ face. The stereochemistry of the hydroxyl group at the C-6 position in 6 is thus 13. 

The formation of C-nor-paclitaxel can be explained by normal lead tetraacetate oxidation of 3 to the 

dialdehyde 9, followed by the attack of an acetate ion on the electrophilic 7-carbonyl carbon to form the diol 

monoacetate 10 which then undergoes cleavage with loss of formic acetic anhydride and formation of the enolate 

11. Enolate 11 then attacks the 6-carbonyl carbon from the less hindered face (opposed to the oxetane ring 

which is on the 13 face of ring C) to form the C-nor-paclitaxel derivative with a 613-hydroxyl group (Scheme 3). 

This is another example of a retro-aldol reaction on paclitaxel; such reactions were first observed and explained 

by Miller. 9 
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S c h e m e  3 

The structure of the C-seco compound 5 was established only after a careful analysis of its spectroscopic 

data. Its composition, as deduced from its HRFABMS, (MLi) + at m/z 988.4100, indicated the loss of two 

protons from the protected starting material 2'-O-(t-butyldimethylsilyl)-6cx-hydroxy-7-epi-paclitaxel (3), 

consistent with the formation of the dialdehyde 9. However, the 1H NMR spectrum of 5 showed only one 

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

bond proton and carbon correlations in its HMBC spectrum (Figure 2) which showed that the aldehyde CH 

proton had a three-bond correlation with the C-8 carbon, and that the protons at C-19 had a three-bond 

correlation with the aldehyde carbon. 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 its HETCOR spectrum) 

correlated with the C-2 carbon in its HMBC spectrum. This evidence was consistent with the formation of a 
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laetol betwean the C-6 aldehyde and the C-2 hydroxyl group (Figure 2). The downfield shift of the C-1 carbon 

from 79.0 ppm to 91. I ppm and the upfield shift of the C-2 carbon from 77.8 ppm to 66.1 ppm were consistent 

with a benzoyl group migration from the C-2 position to the C-1 position. The stereochemistry of the lactol 

hydroxyl group at C-6 was not established. 
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Figure 2: Key HMBC correlations of compound 5 and 13 

In order to confirm the formation of a lactol between the C-6 aldehyde and the C-2 hydroxyl group, 

acylation on the lactol (C-6) hydroxyl group was attempted. This proved surprisingly difficult, and only starting 

material was recovered after treatment of 5 with acetyl chloride and DMAP at ambient temperature for 38 hours. 

Aeylation of 5 with acetic anhydride, 1,3-dicyclohexyicarbodiimide (DCC), and 4-pyrrolidinopyridine (PP) did 

however yield the desired acetate 12 (Scheme 4). The product showed one additional methyl proton signal at 

2.12 ppm, and the C-6 proton signal was shifted downfield from 5.38 ppm to 6.31 ppm, further confirming the 

structure of 5. Removal of the 2'-O-t-butyldimethyisilyl protecting group from 12 with HF/pyridine yielded the 

unexpected compound 13 (Scheme 4), in which the aldehyde group and one acetyl group were lacking, in 

addition to the expected loss of the t-butyldimethylsilyl group. 
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Reagents: (a) (CH3CO)20, DCC, PP, 8 h, r.t., 92%; (b) HF/pyridine, 1.5 h, r.t., 90% 

S c h e m e  4 

The HRFABMS analysis of 13 yielded a molecular ion [MNa] + at m/z 890.3004, consistent with the 

molecular mass of the structure proposed. The three-bond proton and carbon correlations of the C-6 and C-10 

protons with the earbonyl carbons of two acetyl groups in its HMBC spectrum indicated that the 4-acetyl group 

of 13 had been lost. The three-bond 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 the C-4 hydroxyl group (Figure 2). The 

stereochemistry of the C-7 position in 13 was confirmed by its NOESY spectrum; correlations between the C-7 

proton signal and the C-19 methyl signal verified that the C-7 proton and the C-19 methyl group were on the 

same face of ring C, namely the 13 face. No correlations between the C-7 proton signal and the C-3 proton signal 



Paclitaxel analogs modified in ring C 3445 

were observed, which also supported the assignment of stereochemistry at the C-7 position in 13. However, 

the stereochemistry of C-6 could not be established because the observed correlations between the C-6 and C-5 

proton signals could arise either from NOE or from COSY correlations, and no other correlations were 

observed. 

The formation of 5 and 13 can be explained by the mechanism proposed in Scheme 5, which differs in 

some respects from that proposed earlier. 6 Oxidation of 3 with lead tetraacetate to the dialdehyde 9 is followed 

by attack of the C-1 hydroxyl group on the electrophilic 2-carbonyl carbon to form the intermediate 14 which 

then undergoes another intramolecular nucleophilic attack to form the lactol 5. Hydrolysis of the tertiary C-4 

acetate on treatment with HF/pyridine may then occur via neighboring group participation involving attack by a 

nucleophile (either pyridine or perhaps hydroxide ion from traces of moisture in the reaction mixture) on the 

aldehyde carbonyl group followed by intramolecular acyl transfer to give the intermediate 15. A similar 

mechanism has been shown by Bender to occur for ortho-formyl benzoate esters in the presence of 

morpholineJ ° although in this case the transition state is 5-membered. Hydrolysis of 15 on work-up would 

then yield 13, formed by hydrolysis and cyclization from the I]-face of the C-7 aldehyde to yield product with an 

or-hydroxyl group at C-7 from attack of the 13-oriented C-4 hydroxyl group. 
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Scheme 5 

Synthesis of 6-Formyl-C-nor-paclitaxel 
The formation of C-nor-paclitaxel via a retro-aldol reaction, as described in Scheme 3, suggests that ring 

C contraction might take place in other situations where the C-6 carbon is electrophilic and could thus undergo 

attack by the C-8 carbanion. If this reasoning is correct, then 2'-O-(t-butyldimethylsilyl)-6-oxo-7-epi-paclitaxel 
(16) should undergo ring contraction on base treatment to the C-nor-hydroxyaldehyde 17 (Scheme 6). 

It has been reported that tetrapropylammonium perruthenate (TPAP) is a mild and powerful oxidizing 

agent to oxidize secondary alcohols to ketones. H Treatment of 2'-O-(t-butyldimethylsilyl)-6t~-hydroxy-7-epi- 

paclitaxel (3) with TPAP and NMO in anhydrous dichloromethane at 0 °C for 30 minutes or at -20 °C for 20 

hours gave a minor product (17) that was less polar than the starting material and a major product (16) that was 

much less polar than the starting material on TLC. Pure compound 17 was obtained from the upper band on 

preparative TLC, and a mixture of 16 and 17 was obtained from the lower band. Repurification of this mixture 
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again gave pure 17 and a mixture of 16 and 17, as determined from its IH NMR spectrum. These observations 

indicated that compound 16 was slowly converted to compound 17 on silica gel (Scheme 6). 
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Scheme 6 

The IH NMR spectrum of the mixture of 16 and 17 was interpreted by subtracting the spectrum of 17, 

and indicated that the major component had a spectrum consistent with the structure 16. In particular, the 

downfield shifts of the C-7 and C-5 protons (C-7 from 3.70 to 5.00 ppm, C-5 from 4.68 to 5.06 ppm) resulting 

from an adjacent carbonyl group indicated the formation of the C-6 keto group, and the change of H-7 from a 

quartet to a doublet also indicated the formation of a C-6 keto group. 

The less polar compound was fully characterized as 2'-O-(t-butyldimethylsilyl)-6-formyl-C-nor- 

paclitaxel (17). The proton assigments were based upon TOCSY and HMBC spectra and the carbon 

assignments were based upon HMQC and HMBC spectra. The aldehyde CH signal at 9.94 ppm was assigned 

to the C-7 position from its HMBC spectrum (Figure 3) which showed that the aldehyde CH proton had a three- 

bond correlation with the C-8 carbon. The key three-bond C-H correlations in its HMBC verified the formation 

of a five-membered ring as illustrated in Figure 3. 
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The formation of 17 can be explained by the mechanism of Scheme 7. Selective oxidation of the C-6 

hydroxyl group to ketone 16 presumably occurs because this hydroxyl group is more accessible than the C-7 

hydroxyl group. An equilibrium between the ketone 16 and the enol 18 on the silica gel surface would then set 
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up attack of the C-8 enol on the electrophilic C-6 carbonyl carbon, leading to the formation of the 5-membered 

ring compound 17. This facile formation of 17 further confirmed the propensity of paclitaxel analogs to form 5- 

membered C-rings under appropriate conditions via a retro-aldol reaction followed by an aldol reaction. 
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Deprotection of 17 with HF and pyridine at ambient temperature for 2.5 hours afforded the desired 6- 

formyl-C-nor-paclitaxel (19) in 80% yield (Scheme 6). Unfortunately compound 19 was unstable, and 

decomposed on standing in solution in CDCI3 for 3 days at ambient temperature to a mixture in which the 

aldehyde CH peak was no longer present. The mixture was very difficult to separate into pure compounds, and 

no pure compounds were isolated from it. 

Synthesis of 20-O-Acetyl-4-deacetyl-5,6-dehydro-6-forrnyl-C-nor-paclitaxel 
The sucessful synthesis of 6ct-hydroxy-7-epi-paclitaxet (2) marked the first introduction of a hydroxyl 

group into the C-6 position of paclitaxel. It was of interest to attempt to introduce other heteroatoms into this 

position in order to obtain a variety of analogs for SAR studies. Since nucleophilic substitution is one of the best 

methods to achieve such introductions, a route was devised using this reaction. 

In order to perform a nucleophilic substitution at the C-6 position, it is necessary to transform the C-6 

hydroxyl group into a good leaving group, and the trifluoromethanesulfonate group was chosen for this 

purpose. Reaction of 2'-O-(t-butyldimethylsilyl)-6ot-hydroxy-7-epi-paclitaxel (3) with trifluoromethanesulfonyl 

chloride and DMAP at ambient temperature for 1 hour furnished 2'-O-(t-butyldimethylsilyl)-6o~-O- 
trifluoromethanesulfonyl-7-epi-paclitaxel (20) in 95% yield (Scheme 8), in contrast to a recent paper" where 

reaction of 3 with triflic anhydride and DMAP failed to yield the desired C-6 triflate analog, giving instead a 

complex mixture of products. The selectivity was expected as demonstrated in our synthesis of 6-acylated 

paclitaxel analogs, a" 

No reaction occurred on treatment of 2'-O-(t-butyldimethylsilyl)-6ot-O-trifluoromethanesulfonyl-7-epi- 
paclitaxel (20) with tetrabutylammonium iodide in anhydrous dichloromethane at ambient temperature for 1 day, 

but raising the temperature of the reaction to 40 °C for 5 days led to a more polar compound in 15% yield along 

with recovered starting material in 65% yield. The new compound was fully characterized as the unexpected 20- 

•-acety•-2'-•-(t-buty•dimethy•si•y•)-4-deacety•-5•6-dehydr•-6-f•rmy•-C-n•r-pac•itaxe• (21), a ring C rearranged 

compound, and not the desired 2'-O-(t-butyldimethylsilyl)-6-deoxy-6[5-iodo-7-epi-paclitaxel (22) (Scheme 8). 

The structure of 21 was established only after a careful analysis of its spectroscopic data. Its 

composition, as deduced from its LRFABMS, [MNa] + at m/z 988, indicated the loss of one molecule of 

trifluoromethanesulfonic acid from the starting material (20), consistent with the molecular mass of 20-O-acetyl- 

2'-O-(t-butyldimethylsilyl)-4-deacetyl-5,6-dehydro-6-formyl-C-nor-paclitaxel. The IH NMR spectrum of 2 1 
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showed one aldehyde CH signal, and the aldehyde giving rise to this signal was assigned to the C-7 position 

from the three-bond proton and carbon correlations in its HMBC spectrum (Figure 4). These showed that the 

aldehyde CH proton at 9.60 ppm had a three-bond correlation with the C-8 carbon at 60.2 ppm and the C-5 

carbon at 151.6 ppm, and the aldehyde carbon at 187.6 ppm had a correlation with the C-5 proton at 6.27 ppm. 

Protons at C-19 had a three-bond correlation with the quarternary olefinic carbon at 145.7 ppm (C-6 carbon). 

The C-3 proton showed three-bond correlations with both olefinic carbons at 145.7 and 151.6 ppm (assigned 

from HETCOR and HMBC spectra). The C-20 proton had a three-bond correlation with the olefinic carbon at 

151.6 ppm. These correlations defined a five-membered ring C with a double bond at the C-5 and C-6 positions 

and a formyl group at the C-6 position. The geminai proton coupling constants at the C-20 protons (12.4 Hz) 

together with the carbon shift change in the C-20 carbon (70.6 ppm), indicated that the oxetane ring had opened 

and that migration of the C-4 acetyl group to the C-20 oxygen had occurred. 
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40 °C, 1 day, 80%; (d) Bu4NF/THF, 0 °C, 15 min; (e) l-lF/Pyridine, 25 °C, 1.5 h, 85%. 
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Figure 4. Key HMBC correlations of 21 

The formation of 20-O-acetyl-2'-O-(t-butyldimethylsilyl)-4-deacetyl-5,6-dehydro-6-formyl-C-nor- 

paclitaxel (21) can be explained as illustrated in Scheme 9. Deprotonation of the C-7 hydroxyl group would set 
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up a retro aldol reaction to give the enolate 26. This enolate would then attack the C-6 carbon with loss of the 

good trifluoromethanesulfonate leaving group, generating the 5-membered ring C compound 2'-O-(t- 

butyldimethylsilyl)-6-dehydroxy-6-formyI-C-nor-paclitaxel (27). Removal of the acidic C-6 proton by base 

would then be followed by oxetane ring opening to release the oxetane strain and by migration of the acetyl 

group from the tertiary C-4 hydroxyl group to the primary C-20 hydroxyl group to form the more stable ct,l~- 

unsaturated aldehyde (Scheme 9). Support for this mechanistic hypothesis was provided by repeating the 

reaction under more basic conditions; treatment of 20 with the stronger base DMAP at 40 °C for 1.5 days 

yielded 21 in 80% yield together with recovered starting material in 10% yield (Scheme 8). This experiment 

thus supported the proposed base-catalyzed mechanism. 
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Deprotection of 21 with tetrabutylammonium fluoride at 0 °C for 15 minutes gave a major product, 20- 

O-acetyl-4-deacetyl-5,6-dehydro-6-formyl-C-nor-paclitaxel (23), and a minor product, 20-O-acetyl-4-deacetyl- 

2-debenzoyl-5,6-dehydro-6-formyl-C-nor-paclitaxel (24) (Scheme 8). Deprotection of 21 with HF and 

pyridine furnished exclusively 23 (Scheme 7). The HRFABMS analysis of the deprotected product 23 yielded 

a molecular ion [MNa] + at m/z 874.3035, consistent with the molecular mass of 20-O-acetyl-4-deacetyl-5,6- 

dehydro-6-formyl-C-nor-paclitaxel; this evidence, together with the NMR data recorded in the experimental 

section, confirmed the structure of compound 23. 

Compound 23 has also recently been reported by Chen et al. by deprotection of the tosylate 

corresponding to 20 with TBAF. 7 

Biological Evaluation of C-nor-Paclitaxel Analogs 
The C-nor-paclitaxel analogs 6 and 8, the hemiacetal 13, and the C-nor-D-seco analog 23 were tested in 

the human colon carcinoma HCT116 cell line, as well as in a tubulin assembly assay. From the data in Table 1, 

it can be seen that C-nor-paclitaxel (6) is somewhat less cytotoxic and significantly less effective at promoting 

the assembly of microtubules than paclitaxel, and the acetate 8, the hemiacetal 13, and the C-nor-D-seco analog 

23 are even less active. Analog 23 was also evaluated in a microtubule assembly assay at the National Cancer 
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Institute, and preliminary results indicated that it was also devoid of any activity in this somewhat different 

assay. ~ Similar results were obtained by Chen 7 on this compound, presumably due in part to the loss of oxetane 

ring. 

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 1. Cytotoxicities and Effects of Analogs on Tubulin Polymerization 

Compound Tubulin Polymerization Cytotoxicity 
Ratio a EC50 (nM) with 

HCTII6 cells 

Paclitaxel 1.0 6.9 

6 8.3 15 

8 47 44 

1 3 >230 930 

2 3 >230 960 
a Concentration of analog required to effect tubulin polymerization under defined conditions relative to 
that of paclitaxel under the same conditions. 

EXPERIMENTAL 

General experimental procedures. All non-aqueous reactions were performed in oven-dried glassware. 
THF was distilled from Na/benzophenone. Dichloromethane was distilled from Call2. The HRFABMS data 
were obtained from the Nebraska Center for Mass Spectrometry, University of Nebraska. The LRFABMS data 
were obtained from either the Nebraska Center for Mass Spectrometry, University of Nebraska, or Department 
of Chemistry and Department of Biochemistry, Virginia Polytechnic Institute and State University. IH NMR 
spectra and NOE spectra were obtained on a Varian Unity 400 spectrometer operating at 399.95 MHz. 13C 
NMR spectra were obtained on a Varian Unity 400 spectrometer operating at 100.57 MHz. All 2-D NMR 
spectra including COSY, DQCOSY, TOCSY, HETCOR, HMQC, HMBC and NOESY were obtained on a 
Varian Unity 400 spectrometer operating at 399.95 MHz or 100.57 MHz. All NMR spectra were recorded in 
CDCI3 with TMS as an internal standard unless otherwise noted. The phrase "worked up by standard methods" 
refers to diluting the reaction mixture with an excess of organic solvent (i.e. CH2C12, EtOAc, ethyl ether), 
successive washing with H20 and brine, drying over Na2SO 4, and evaporating the solvent in vacuo unless 
otherwise noted. 

2'-O-(t-Butyldimethyisilyl)-7~-O-trifluoromethanesuifonylpaclitaxel. 2'-O-(t-Butyldimethylsilyl)- 
paclitaxel (180.0 rag, 0.19 mmol) was dissolved in dry CH2C12 (2 mL). To this solution 4-dimethyl- 
aminopyridine (61.0 rag, 0.5 mmol) and trifluoromethanesulfonyl chloride (50 IxL, 0.5 mmol) were added 
successively at 0 °C and the mixture stirred at room temperature for 1 hour. Then to this solution additional 4- 
dimethylamino pyridine (61.0 rag, 0.5 mmol) and trifluoromethanesulfonyl chloride (50 ~tL, 0.5 mmol) were 
added successively and the mixture stirred for an additional 1.5 hours. The reaction mixture then was diluted 
with EtOAc (4.0 mL) and the precipitate filtered off on Celite. The solvent was evaporated, and the residue was 
purified by preparative TLC (silica gel, 6:4 hexane:EtOAc) to furnish 2'-O-(t-butyldimethylsilyl)-7-O- 
trifluoromethanesulfonylpaclitaxel (187.0 mg, 92% yield). IH NMR ~ 8.12 (d, 2H), 7.73 (d, 2H), 7.60 (t, 
IH), 7.53-7.30 (m, 10H), 7.09 (d, 1H, J = 8.9, NH), 6.62 (s, 1H, H-10), 6.25 (t, 1H, J =  9.2, H-13), 5.76 
(q, IH, J =  8.9, 2.6, H-3'), 5.74 (d, 1H, J = 7.0, H-2), 5.49 (dd, IH, J =  7.5, 10.1, H-7), 4.94 (d IH, J =  
8.6, H-5), 4.67 (d, 1H, J =  2.0, H-2'), 4.37 (d, 1H, J =  8.5, H-20), 4.22 (d, IH, J =  8.5, H-20), 3.97 (d, 
IH, J =  7.0, H-3),2.85 (m, 1H, H-6) 2.60 (s, 3H, -CH3), 2.39 (m, IH, H-14), 2.19 (s, 3H, -CH3), 2.18 (m, 
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2 H, H-6, H-14), 2.08 (s, 3H, -CH3), 1.89 (s, 3H, -CH3), 1.22 (s, 3H, -CH3), 1.18 (s, 3H, -CH3), 0.8 (s, 
9H),-0.02 (s, 3H),-0.29 (s, 3H). 13C NMR 5201.0, 171.9, 171.2, 169.3, 167.7, 167.4, 141.7, 138.8, 
134.7, 134.4, 133.5, 132.5, 130.8, 129.5, 129.5, 129.4, 129.4, 128.6, 127.6, 127.0, 86.4, 83.7, 80.6, 79.2, 
76.9, 75.8, 75.7, 74.9, 71.7, 58.0, 56.2, 47.5, 43.7, 36.3, 34.7, 26.8, 26.2, 26.1, 23.5, 22.0, 21.3, 18.7, 
14.9, 14.8, 11.5, -4.5, -5.2. LRFABMS m/z calcd for C54H65NOI6F3SiS [MH] + 1100, found 1100. 

2'-O-(t-Butyidimethylsilyl)-6,7-dehydropaclitaxel [2]. To a stirred solution of 2'-O-(t-butyldimethyl- 
silyl)-7[3-O-trifluoromethanesulfonylpaclitaxel (202.0 rag, 0.18 mmol) in dry CH2C12 (1.0 mL) was added 1,8- 
diazabicyclo[5,4,0]undec-7-ene (DBU, 300.0 gL, 2.0 retool). The mixture was kept stirring at 40 °C for 4 
hours. The reaction mixture then was diluted with EtOAc (2.0 mL) and washed with dilute HCI, followed by 
dilute NaHCO3 solution, water, and brine. The aqueous layer was extracted with additional EtOAc (2 x 2 mL). 
The combined organic layers were dried over Na2SO 4 and evaporated to give crude product. Purification of the 
crude product by preparative silica gel TLC (7:3 hexane : EtOAc) furnished two compounds: 2'-O-(t- 
butyldimethylsilyl)-6,7-dehydropaclitaxel (2, 150.0 rag, 86%) and 6,7-dehydropaclitaxel (21.3 rag, 13%). I H- 
NMR fi 8.12 (d, 2H), 7.73 (d, 2H), 7.60 (t, IH), 7.53-7.30 (m, 10H), 7.07 (d, 1H, J =  8.9, NH), 6.24 (s, 
1H, H-10), 6.25 (t, 1H, J =  9.2, H-13), 6.08 (dd, lH, J =9.9, 5.6, H-6), 5.87 (d, IH, J = 9.9, H-7), 5.86 (d, 
1H, J = 6.5, H-2), 5.72 (d, 1H, J = 8.6, H-3'), 5.12 (d IH, J = 5.5, H-5), 4.65 (d, 1H, J = 2.0, H-2'), 4.45 
(d, IH, J =  8.1, H-20), 4.34 (d, IH, J =  8.1, H-20), 4.03 (d, lH, J =  6.5, H-3), 2.58 (s, 3H, -CH3), 2.44 
(m, IH, H-14), 2.22 (s, 3H, -CH3), 2.18 (m, 2 H, H-6, H-14), 1.88 (s, 3H, -CH3), 1.83 (s, 3H, -CH3), 1.24 
(s, 3H, -CH3), 1.14 (s, 3H, -CH3), 0.79 (s, 9H), -0.05 (s, 3H), -0.32 (s, 3H). 13C NMR ~ 205.4, 171.3, 
169.6, 169.4, 166.9, 166.9, 141.6, 140.0, 138.3, 134.1,133.7, 133.6, 131.8, 130.2, 129.2, 128.8, 128.7, 
128.7, 128.7, 127.9, 127.0, 126.4, 126.1, 81.2, 81.1, 76.3, 75.8, 75.6, 75.1, 71.2, 60.4, 55.6, 55.4, 36.0, 
26.3, 25.5, 23.1, 22.1, 22.0, 20.7, 20.5, 18.1, 14.6, 14.1, -5.3, -5.9. LRFABMS m/z calcd for 
C53H64NOI3Si [MH] + 950, found 950. 

2'.O.(t.Butyldimethylsilyl)-6c~-hydroxy-7-epi-paclitaxel [3]. To a solution of 2'-O-(t-butyldimethyl- 
silyl)-6,7-dehydropaclitaxel (60.0 mg, 0.063 mmol) in THF (500 gL, 10 drops H20 ) were added osmium 
tetraoxide (2.5 wt. 2.5% solution in 2-methyl-2-propanol, 150 gL, 0.015 mmol) and 4-methyl morpholine-N- 
oxide (NMO, 50 mg, 0.42 mmol). The mixture was stirred at room temperature for 4 hours. Additional 
osmium tetraoxide solution (150 gL, 0.015 mmol) was then added to the reaction mixture to accelerate the 
reaction. The reaction mixture was kept stirring at room temperature for an additional 5 hours, and sodium 
bisulfite (25 rag) was then added. After stirring for a further 10 minutes, the mixture was diluted with EtOAc (1 
mL), filtered through Celite, and washed with H20 and brine. The aqueous layer was extracted with additional 
EtOAc (2 x 2 mL). The combined organic layers were dried over Na2SO4 and evaporated. Isolation of the 
residue by preparative TLC (silica gel, 1:1 hexane:EtOAc) furnished the starting material (7.2 mg, 12%) and a 
more polar compound 2'-O-(t-butyldimethylsilyl)-6tx-hydroxy-7-epi-paclitaxel (48.0 mg, 78%). IH NMR ~5 
8.15 (d, 2H), 7.70 (d, 2H), 7.64-7.26 (m, 6H), 7.07 (d, IH, J = 8.8, NH), 6.83 (s, 1H, H-10), 6.29 (t, 1H, J 
= 8.8, H-13), 5.79 (q, IH, J =  8.8, 2.4, H-3'), 5.74 (d, IH, J =  7.6, H-2), 4.71 (d, 1H, J =  12.0, HO-7), 
4.68 (d, 1H, J = 2.0, H-5), 4.66 (bs, 2H, H-20), 4.36 (s, IH, H-2'), 4.18 (m, IH, H-6), 3.87 (d, IH, J = 
7.6, H-3), 3.70 (q, 1H, J = 5.2, 12.0, H-7), 2.90 (d, 1H, J = 8.2, HO-6), 2.62 (s, 3H, -CH3), 2.42-2.10 (m, 
2H, H-14), 2.18 (s, 3H, -CH3), 1.90 (s, 3H, -CH3), 1.62 (s, 3H, -CH3), 1.18 (s, 3H, -CH3), 1.12 (s, 3H, - 
CH3), 0.78 (s, 9H), -0.03 (s, 3H), -0.3 (s, 3H). LRFABMS m/z calcd for C53H65NOI5Si [MH] + 984, found 
984. 

2'.O.(t-Butyldimethylsilyl)-C-nor-paclitaxel [4] and 2'-O-(t.butyldimethylsilyl)-C-seco-pacli- 
taxel [5]. 2'-O-(t-butyldimethylsilyl)-6~-hydroxy-7-epi-paclitaxel (10 rag) was dissolved in anhydrous 
CH2C12 (250 mL) with stirring. Sodium bicarbonate (2.4 mg, 4 eq.) and lead tetraacetate (9 mg, 2 eq.) was 
added and the reaction was allowed to proceed at 0 °(2 for 2 hours and then was worked up by standard methods 
to yield a crude mixture which was subjected to silica gel preparative TLC (7:3 hexane : EtOAc), affording 2'-0- 
(t-butyldimethylsilyl)-C-nor-paclitaxel (4, 5.9 rag, 67%) and 2'-O-(t-butyldimethylsilyl)-C-seco-paclitaxel (5, 
1.3 rag, 11%). 
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2'-O-(t-Butyldimethylsilyl)-C-nor-paclitaxel (4): 1H-NMR 8 8.17 (d, 2H), 7.66 (d, 2H), 7.60 (t, 1H), 
7.58-7.30 (m, 10H), 7.06 (d, IH, J =  8.7, NH), 6.48 (s, IH, H-10), 6.30 (t, 1H, J =  8.4, H-13), 5.81 (d, 
IH, J =  7.9, H-2), 5.76 (bd, 1H, J =  8.9, H-3'), 5.16 (d, 1H, J =  4.3, H-5), 4.63 (d, IH, J =  2.1, H-2'), 
4.46 (d, IH, J =  8.1, H-20), 4.36 (d, 1H, J =  7.9, H-3), 4.34 (q, 1H, J =  4.3, 7.9, H-6), 4.29 (d, 1H, J =  
8.1, H-20), 2.55 (s, 3H, -CH3), 2.45 (d, IH, J = 7.9, HO-6), 2.34-2.26 (m, 2H, H-14), 2.21 (s, 3H, -CH3), 
1.92 (s, 3H, -CH3), 1.86 (s, 3H, -CH3), 1.24 (s, 3H, -CH3), 1.13 (s, 3H, -CH3), 0.80 (s, 9H), -0.06 (s, 
3H), -0.32 (s, 3H). 13C NMR ~ 204.4 (C-9), 170.8 (C-I'), 169.7 (C-4 carbonyl), 169.6 (C-10 carbonyl), 
167.0 (amide carbonyl), 166.7 (C-2 carbonyl), 140.9 (C-12), 138.3, 135.6, 134.0, 133.7 (C-I1), 131.7, 
130.3, 128.7, 128.6, 128.6, 127.9, 126.9, 126.3, 87.0 (C-5), 81.7 (C-4), 78.6 (C-I), 77.0 (C-20), 75.6 (C- 
2), 75.3 (C-2'), 74.3 (C-6), 73.5 (C-10), 70.9 (C-13), 59.8 (C-8), 55.9 (C-3'), 44.5 (C-3), 42.7 (C-15), 37.0 
(C-14), 26.4 (C-17), 25.4 (Si-C-CH3), 22.2 (C-40Ac), 21.2 (C-16), 20.7 (C-10 OAc), 18.1 (Si-C), 14.7 (C- 
18), 12.9 (C-19), -5.3 (Si-CH3), -6.0 (Si-CH3). HRFABMS m/z calcd for C52H63O14NSiNa [MNa] ÷ 
976.3915, found 976.3912. 

2'-O-(t-Butyldimethylsilyl)-C-seco-paclitaxel (5): IH NMR ~i 9.45 (s, IH, H7), 7.95 (d, 2H), 7.80 (d, 
2H), 7.30-7.60 (m, 6H), 7.14 (d, 1H, J =  8.1, NH), 6.40 (s, IH, H-10), 6.22 (dd, 1H, J = 9.8, H-13), 5.66 
(d, IH, J--- 9.2, H-3'), 5.52 (d, IH, J =  8.0, H-20), 5.51 (d, 1H, J =  7.0, H-2), 5.38 (s, IH, H-6), 4.85 (d, 
1H, J =  8.0, H-20), 4.73 (d, 1H, J = 1.5, H-2'), 4.29 (s, IH, H-5), 4.14 (d, 1H, J =  7.1, H-3), 3.37 (s, IH, 
H-6-OH), 2.80-3.00 (m, 2H, H-14), 2.15 (s, 3H, -CH3), 2.11 (s, 3H, -CH3), 2.10 (s, 3H, -CH3), 1.74 (s, 
3H, -CH3), 1.25 (s, 3H, -CH3), 1.20 (s, 3H, -CH3), 0.82 (s, 9H, -CH3), -0.02 (s, 3H, -CH3), -0.33 (s, 3H, 
-CH3). 13C NMR 8 197.8 (C-7), 197.7 (C-9), 171.0 (C-I'), 169.9 (C-4 carbonyl), 169.2 (C-10 carbonyl), 
166.7 (amide carbonyl), 166.6 (C-2 carbonyl), 142.8 (C-12), 131.9 (C-I 1), 96.1 (C-6), 91.1 (C-l), 83.4 (C- 
5), 83.4 (C-4), 81.0 (C-20), 77.2 (C-10), 75.2 (C-2'), 70.8 (C-8), 70.5 (C-13), 66.0 (C-2), 55.6 (C-3'), 46.7 
(C-3), 44.2 (C-15), 35.5 (C-14), 22.5 (C-10 OAc), 21.5 (C-17), 20.7 (C-40Ac), 20.7 (C-16), 17.0 (C-18), 
15.1 (C-19), 25.5 (Si-C-CH3), 18.1 (Si-C), -5.4 (Si-CH3), -6.0 (Si-CH3). HRFABMS m/z calcd for 
C53H63OsNSiLi [MLi] ÷ 988.4127, found 988.4100. 

C-nor.Paelitaxel [6]. To the solution of 2'-O-(t-butyldimethylsilyl)-C-nor-paclitaxel (18 mg) in anhydrous 
THF (400 mL), 50 mL of HF.pyridine solution was added. The reaction proceeded then at room temperature 
for 1.5 hours and then was worked up by standard methods to yield the crude mixture which was subjected to 
silica gel preparative TLC (3:2 hexane : EtOAc), affording C-nor-paclitaxel (13.1 mg, 86% yield). 1H-NMR 8 
8.20 (d, 2H), 7.66 (d, 2H), 7.60 (t, 1H), 7.58-7.30 (m, 5H), 6.94 (d, 1H, J =  9.3, NH), 6.46 (s, 1H, H-10), 
6.27 (t, IH, J = 8.9, H-13), 5.81 (d, IH, J =  8.0, H-3'), 5.81 (d, 1H, J =  7.9, H-2), 5.14 (d, 1H, J =  4.4, H- 
5), 5.14 (d, 1H, J= 4.6, H-2'), 4.45 (d, 1H, J =  8.2, H-20), 4.35 (d, 1H, J =  7.9, H-3), 4.33 (dd, IH, J =  
4.3, 7.8, H-6), 4.28 (d, 1H, J = 8.2, H-20), 3.46 (d, IH, J = 4.5, H-2'-OH), 2.53 (d, 1H, J = 7.8, H-6-OH), 
2.43 (s, 3H, -CH3), 2.21 (s, 3H, -CH3), 2.12-2.20 (m, 2H, H-14), 1.85 (s, 3H, -CH3), 1.84 (s, 3H, -CH3), 
1.23 (s, 3H, -CH3), 1.14 (s, 3H, -CH3). 13C NMR 8 204.3 (C-9), 172.6 (C-I'), 169.7 (C-4 carbonyl), 
169.6 (C-10 carbonyl), 167.0 (amide carbonyl), 166.9 (C-2 carbonyl), 140.4 (C-12), 138.1, 136.0 (C-I1), 
133.8, 133.6, 131.9, 130.3, 129.0, 128.9, 128.7, 128.6, 128.3, 127.0, 126.8, 87.1 (C-5), 81.7 (C-4), 78.6 
(C-l), 77.3 (C-20), 75.7 (C-2), 74.2 (C-6), 73.5 (C-10), 73.2 (C-2'), 72.3 (C-13), 59.8 (C-8), 54.7 (C-3'), 
44.5 (C-3), 42.7 (C-15), 36.9 (C-14), 26.6 (C-17), 22.0 (C-40Ac), 21.0 (C-16), 20.7 (C-10 OAc), 14.6 (C- 
18), 12.9 (C-19). HRFABMS m/z calcd for C46H49014NNa [MNa] ÷ 862.3051, found 862.3064. 

6-O-Acetyi-2'-O-(t-butyldimethylsilyl).C.nor.paclitaxei [7]. To the solution of 2'-O-(t-butyl- 
dimethylsilyl)-C-nor-paclitaxel (8 rag) in anhydrous CH2C12, DMAP (25 rag) and acetyl chloride (10 mL, 10 
mg, 12 eq.) were added. The reaction was allowed to proceed at room temperature for 30 minutes, and then was 
worked up by standard methods to yield the crude mixture which was subjected to silica gel preparative TLC 
(7:3 hexane : EtOAc), affording 2'-O-(t-butyldimethylsilyl)-6-O-acetyl-C-nor-paclitaxel (7 mg, 87% yield). I H 
NMR 8 8.17 (d, 2H, J = 7.0), 7.75 (d, 2H, J = 7.2), 7.59 (t, 1H, J = 7.2), 7.58-7.30 (m, 5H), 7.06 (d, l H, 
J= 9.2, NH), 6.56 (s, IH, H-10), 6.29 (t, IH, J= 8.6, H-13), 5.75 (q, IH, J =  10.4, 1,9, H-3'), 5.82 (d, 
1H, J= 7.9, H-2), 5.44 (d, IH, J =  4.3, H-6), 5.25 (d, 1H, J= 4.4, H-5), 4.63 (d, 1H, J= 1.9, H-2'), 4.46 
(d, IH, J= 7.9, H-20), 4.45 (d, IH, J =  7.9, H-3), 4.33 (d, 1H, J =  7.9, H-20), 2.55 (s, 3H, -CH3), 2.30 (q, 
IH, J = 15.9, 10.2, H-14), 2.18 (s, 3H, -CH3), 2.09 (s, 3H, -CH3), 2.09-2.04 (m, 1H, H-14), 1.98 (s, 3H, - 
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CH3), 1.93 (s, 3H, -CH3), 1.22 (s, 3H, -CH3), l . l l  (s, 3H, -CH3), 0.78 (s, 9H), -0.05 (s, 3H), -0.32 (s, 
3H). 

6-O-AcetyI-C-nor.paclitaxel [8]. A solution of 6-O-acetyl-2'-O-(t-butyldimethylsilyl)-C-nor-paclitaxel 
(8.9 rag) in anhydrous THF was treated with 100 ILL HF.pyridine solution. The reaction was allowed to 
proceed at room temperature for 1.5 hours and then was worked up by standard methods to yield the crude 
mixture which was subjected to silica gel preparative TLC (3:2 hexane : EtOAc), affording 6-O-acetyl-C-nor- 
paclitaxel (7.0mg, 90% yield). 1H NMR ~5 8.19 (d, 2H, J =  7.0), 7.75 (d, 2H, J =  7.2), 7.59 it, IH, J =  
7.2), 7.58-7.30 (m, 10H), 7.02 (d, 1H, J =  9.2, NH), 6.58 is, IH, H-10), 6.29 (t, lH, J = 8.6, H-13), 5.84 
(d, 1H, J =  7.9, H-2), 5.73 (q, 1H, J =  10.4, 2.0 H-3'), 5.44 (d, 1H, J =  4.3, H-6), 5.25 (d, IH, J =  4.4, H- 
5), 4.63 (q, 1H, J = 6.0, 2.0, H-2'), 4.46 (d, 1H, J = 7.9, H-20), 4.45 (d, IH, J = 7.9, H-3), 4.33 (d, IH, J 
= 7.9, H-20), 3.75 (d, 1H, J = 6.0, HO-2'), 2.58 (s, 3H, -CH3), 2.30 (q, 1H, J = 15.9, 10.2, H-14), 2.20 (s, 
3H, -CH3), 2.11 (s, 3H, -CH3), 2.14-2.00 (m, 1H, H-14), 1.98 (s, 3H, -CH3), 1.90 (s, 3H, -CH3), 1.22 (s, 
3H, -CH3), 1.14 (s, 3H, -CH3). LRFABMS m/z calcd for C48H52OIsN [MH] + 882, found 882. 

Acetylation of 2'-O-(t-butyldimethylsilyi)-C-seco-paclitaxei [12]. To the solution of 2'-O-(t- 
butyidimethylsilyl)-C-seco-paclitaxel (7 rag) in anhydrous CH2CI2, 1,3-dicyclohexylcarbodimide (DCC) (3 rag, 
2 eq.), 4-pyrrolidinopyridine (PP) (catalytic amount) and acetic anhydride (6.7 mL, 7.3 rag, 8 eq.) were added. 
The reaction was allowed to proceed at room temperature for 2 hours and then was worked up by standard 
methods to yield the crude mixture which was subjected to silica gel preparative TLC (7:3 hexane:EtOAc), 
affording impure 6-O-acetyl-2'-O-(t-butyldimethylsilyl)-C-seco-paclitaxel (5.5 rag, 80% yield). IH NMR 8 
9.48 (s, 1H, H-7), 7.85 (d, 2H), 7.80 (d, 2H), 7.30-7.60 (m, 6H), 7.12 (d, IH, J =  8.9, NH), 6.41 is, IH, 
H-10), 6.31 (s, 1H, H-6), 6.23 (bd, IH, J =  9.8, H-13), 5.67 (bd, lH, J =  8.4, H-3'), 5.53 (d, IH, J =  8.4, 
H-20), 5.43 (d, 1H, J = 7.9, H-2), 4.89 (d, 1H, J = 8.4, H-20), 4.70 (d, IH, J = 1.5, H-2'), 4.25 (s, IH, H- 
5), 4.24 (d, IH, J= 7.8, H-3), 2.78-3.00 (m, 2H, H-14), 2.21 (s, 3H, -CH3), 2.16 (s, 3H, -CH3), 2.12 (s, 
3H, -CH3), 2.10 (s, 3H, -CH3), 1.70 (s, 3H, -CH3), 1.23 (s, 3H, -CH3), 1.21 (s, 3H, -CH3), 0.82 (s, 9H, - 
CH3), -0.02 (s, 3H, -CH3), -0.33 (s, 3H, -CH3). 

C-seco-Paclitaxel [13]. To the solution of 6-O-acetyl-2'-O-(t-butyldimethylsilyl)-C-seco-paclitaxel (5.5 mg) 
in anhydrous THF (250 mL), 100 mL HF.pyridine solution was added. The reaction then proceeded at room 
temperature for 1.5 hours and then was worked up by standard methods to yield the crude mixture which was 
subjected to silica gel preparative TLC twice (3:2 hexane:EtOAc), affording C-seco-paclitaxel (4 mg, 90% yield). 
IH NMR 8 7.89(d, 2H), 7.82 (d, 2H), 7.56 (t, 1H), 7.50-7.30 (m, 5H), 6.95 (d, IH, J = 8.1, NH), 6.49 (s, 
IH, H-10), 6.20 (t, 1H, J = 8.1, H-13), 6.14 (s, 1H, H-6), 5.78 (d, 1H, J = 9.1, H-2), 5.70 (dd, IH, J = 8.2, 
3.4, H-3'), 5.13 (d, IH, J =  3.1, H-7), 4.85 (d, 1H, J =  7.5, H-20), 4.72 (d, 1H, J =  7.4, H-20), 4.72 (d, 
1H, J = 5.2, H-2'), 4.43 (s, IH, H-5), 3.86 (d, 1H, J = 9.0, H-3), 3.68 (d, IH, J = 4.5, HO-2'), 3.28 (s, 1H, 
HO-7), 2.65-3.00 (m, 2H, H-14), 2.19 (s, 3H, -CH3), 2.13 (s, 3H, -CH3), 1.80 (s, 3H, -CH3), 1.43 (s, 3H, 
-CH3), 1.26 (s, 3H, -CH3), 1.25 (s, 3H, -CH3). 13C NMR ~5 202.5 (C9), 172.2 (C-I'), 169.6 (C-10 
carbonyl), 168.3 (C-6 carbonyl), 167.3 (amide carbonyl), 165.8 (C-I carbonyl), 140.5 (C-12), 136.2 (C-11), 
103.0 (C-7), 90.8 (C-6), 90.8 (C-I), 84.3 (C-5), 80.3 (C-4), 84.0 (C-20), 76.7 (C-10), 74.0 (C-2'), 61.0 (C- 
8), 72.0 (C-13), 67.0 (C-2), 55.9 (C-3'), 40.8 (C-3), 43.8 (C-15), 35.8 (C-14), 20.8 (C-10 OAc), 22.6 (C- 
17), 20.9 (C-40Ac), 27.8 (C-16), 15.1 (C-18), 19.0 (C 
-19). LRFABMS m/z calcd for C47HsoOIsN [MH] + 868, found 868. 

2'-O-(t-Butyldimethylsilyl)-6-keto.7-epi-paclitaxel [16] and 2'-O-(t-butyldimethylsilyl)-6- 
formyI-C-nor-paclitaxel [17]. To a solution of 2'-O-(t-butyldimethylsilyl)-6tx-hydroxy-7-epi-paclitaxel 
(15.0 mg) in anhydrous CH2C12 (500 mL) were added tetrapropylammonium perruthenate (TPAP, 1.0 rag, 0.2 
eq.) and 4-methylmorpholine N-oxide (NMO, 10.0 rag, 6 eq.) at -20oc. The reaction mixture was allowed to 
proceed at -20 °C for 20 hours and then was worked up by standard methods to yield the crude mixture which 
was subjected to silica gel preparative TLC (7:3 hexane : EtOAc), affording a mixture (10 rag) of 2'-O-(t- 
butyldJmethylsilyl)-6-keto-7-epi-paclitaxel (16, major) and a less polar product, 2'-O-(t-butyldimethylsilyl)-6- 
forrnyl-C-nor-paclitaxel (17, minor). Repurification of the mixture by silica gel preparative TLC (7:3 hexane : 
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EtOAc), afforded the same mixture and additional pure 2'-O-(t-butyldimethylsilyl)-6-formyl-C-nor-paclitaxel 
(17). 

2'-O-(t-butyldimethylsilyl)-6-keto-7-epi-paclitaxel (impure) (16): IH NMR 8 8.16 (d, 2H), 7.70 (d, 
2H), 7.64-7.26 (m, I1H), 7.08 (d, 1H, J =  8.8, NH), 6.54 (s, IH, H-10), 6.29 (t, IH, J =  8.8, H-13), 5.80 
(bd, 1H, J =  8.8, H-3'), 5.76 (d, IH, J =  7.6, H-2), 5.06 (s, 1H, H-5), 5.00 (d, IH, J =  5.2, H-7), 4.66 (s, 
1H, H-2'), 4.44 (d, 1H, J = 8.0 H-20), 4.40 (d, 1H, J = 8.0 H-20), 4.34 (d, 1H, J = 7.6, H-3), 3.60 (d, 1 H, 
J =  5.2, HO-7), 2.64 (s, 3H, -CH3), 2.40-2.10 (m, 2H, H-14), 2.18 (s, 3H, -CH3), 1.90 (s, 3H, -CH3), 1.60 
(s, 3H, -CH3), 1.18 (s, 3H, -CH3), 1.12 (s, 3H, -CH3), 0.78 (s, 9H), -0.05 (s, 3H), -0.3 (s, 3H). 

2'-O-(t-butyldimethylsilyl)-6-formyl-C-nor-paclitaxel (17): IH NMR ~ 9.94 (s, IH, H7), 8.17 (d, 
2H), 7.70 (d, 2H), 7.56-7.20 (m, llH), 7.10 (d, IH, J =  8.5, NH), 6.53 (s, ill, H-10), 6.31 (t, IH, J =  8.7, 
H-13), 5.92 (d, 1H, J =  7.8, H-2), 5.81 (bd, IH, J =  9.0, H-3'), 5.18 (s, 1H, H-5), 4.69 (d, IH, J =  7.9, H- 
20), 4.65 (d, IH, J =  2.0, H-2'), 4.51 (s, 1H, HO-6), 4.47 (d, 1H, J =  7.7, H-3), 4.43 (d, IH, J =  7.9, H- 
20), 2.40 (m, lH, H-14) 2.53 (s, 3H, -CH3), 2.21 (s, 3H, -CH3), 2.16 (s, 3H, -CH3), 2.10 (m, IH, H-14), 
1.98 (s, 3H, -CH3), 1.21 (s, 3H, -CH3), 1.14 (s, 3H, -CH3), 0.8 (s, 9H), -0.07 (s, 3H), -0.33 (s, 3H). 13C 
NMR 8 203.5 (C-9), 198.8 (C-7), 170.7 (C-1'), 170.4 (C-4 carbonyl), 169.4 (C-10 carbonyl), 166.8 (amide 
carbonyl), 166.8 (C-2 carbonyl), 140.3 (C-12), 138.4, 134.4 (C-II), 133.8, 131.6, 130.2, 128.9, 128.8, 
128.7, 127.9, 126.9, 126.2, 92.3 (C-5), 85.8 (C4), 85.1 (C-6), 78.4 (CI), 77.2 (C-10), 77.0 (C-20), 75.4 (C- 
2'), 74.0 (C-2), 70.6 (C-13), 64.3 (C-8), 55.6 (C-3'), 47.9 (C-3), 42.3 (C-15), 36.7 (C-14), 25.8 (C-17), 
25.4 (Si-C-CH3), 22.3 (C-40Ac), 20.7 (C-16), 20.7 (C-10 OAc), 18.1(Si-C), 15.3 (C-19), 14.6 (C-18), -5.4 
(Si-CH3), -6.0 (Si-CH3). LRFABMS m/z calcd for C58H63OIsNSiNa [MNa] + 1004, found 1004. 

6-Formyi-C-nor-paclitaxel [19]. To the solution of 2'-O-(t-butyldimethylsilyl)-6-formyl-C-nor-paclitaxel 
(3 mg) in anhydrous THF (250 mL), HF-pyridine solution (75 mL) was added. The reaction proceeded then at 
room temperature for 2.5 hours and then was worked up by standard methods to yield a crude mixture which 
was subjected to two-fold preparative TLC (silica gel, 3:2 hexane:EtOAc), affording 6-formyl-C-nor-paclitaxel 
(19, 2 mg, 80%). 1H NMR 8 9.92 (s, 1H, H-7), 8.20 (d, 2H), 7.70 (d, 2H), 7.56-7.30 (m, 11H), 6,96 (d, 
1H, J =  9.6, NH), 6.52 (s, IH, H-10), 6.30 (t, 1H, J =  8.7, H-13), 5.93 (d, IH, J =  8.0, H-2), 5.89 (bd, IH, 
J =  9.5, H-3'), 5.15 (s, IH, H-5), 4.82 (d, 1H, J =  2.0, H-2'), 4.69 (d, 1H, J =  8.1, H-20), 4.49 (d, 1H, J =  
8.1, H-20), 4.42 (d, 1H, J =  7.9, H-3), 3.75 (s, 1H, HO-2'), 2.70 (q, 1H, J =  15.7, 9.0, H-14), 2.45 (s, 3H, 
-CH3), 2.26 (m, 1H, H-14), 2.19 (s, 3H, -CH3), 2.18 (s, 3H, -CH3), 1.90 (s, 3H, -CH3), 1.21 (s, 3H, - 
CH3), 1.15 (s, 3H, -CH3). 

2'-O-(t-Butyldimethylsilyl)-6ct-O-trifluoromethanesulfonyl-7-epi-paclitaxel [20]. 2'-O-(t-butyl- 
dimethylsilyl)-6o~-hydroxy-7-epi-paclitaxel (3, 170.0 rag) was dissolved in dry CH2C12 (2 mL). To this 
solution dimethylaminopyridine (102 mg, 5 eq.) and trifluoromethanesulfonyl chloride (47 mL, 2 eq.) were 
added successively at 0 °C and the mixture was stirred at room temperature for 1 hour. The reaction mixture 
then was diluted with EtOAc (4.0 mL) and the precipitate was filtered through Celite. The solution 
wasevaporated, and the residue was purified by preparative TLC (silica gel, 1:1 hexane:EtOAc) to furnish 2'-0- 
(t-butyldimethylsilyl)-6o~-O-trifiuoromethanesulfonyl-7-epi-paclitaxel (175.6 mg, 96% yield). IH NMR 5 8.15 
(d, 2H), 7.70 (d, 2H), 7.62 (t, 1H), 7.64-7.26 (m, 10H), 7.07 (d, 1H, J = 9.2, NH), 6.77 (s, IH, H-10), 
6.29 (t, 1H, J= 8.6, H-13), 5.80 (q, IH, J= 8.8, 2.4, H-3'), 5.73 (d, IH, J= 7.3, H-2), 5.28 (q, 1H, J= 
4.6, 2.7, H-6), 4.93 (d, IH, J = 2.8, H-5), 4.90 (d, 1H, J = 12.0, HO-7), 4.67 (d, IH, J = 2.3, H-2'), 4.47 
(d, 1H, J = 8,9, H-20), 4.38 (d, IH, J = 8,9, H-20), 3.97 (d, 1H, J = 7.3, H-3), 3.92 (q, 1H, J = 4.6, 12.0, 
H-7), 2.71 (s, 3H, -CH3), 2.40 (q, 1H, J =  9.6, 15.2, H-14), 2.20 (s, 3H, -CH3), 2.11 (q, IH, J =  9.6, 15.2, 
H-14), 1.91 (s, 3H, -CH3), 1.68 (s, 3H, -CH3), 1.20 (s, 3H, -CH3), 1.13 (s, 3H, -CH3), 0.78 (s, 9H), -0.05 
(s, 3H), -0.3 (s, 3H). HRFABMS m/z calcd for C53H63OI4NSiNa(MNa-CF3SO3) 988.3915. 988.3915, found 
988.3913.. 

2•••-Acety••2•-•-(t•buty•dimethy•si•y•)•4•deacety•-5•6-dehydr••6-f•rmy•-C•n•r-pac•itaxe• 
[21]. 2'-O-(t-Butyldimethylsilyl)-6tx-O-trifluoromethane sulfonyl-7-epi-paclitaxel (10.0 mg) was dissolved in 
dry CH2CI2 (2 mL). To this solution was added 4-dimethylaminopyridine (10.0 mg, 9 eq.). The mixture was 
stirred at 40 °C for 36 hours and then was worked up by standard methods to yield a residue which was purified 
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by preparative TLC (silica gel, 7:3 hexane:EtOAc) to furnish 20-O-acetyl-2'-O-(t-butyldimethylsilyl)-4-deacetyl- 
5,6-dehydro-6-formyl-C-nor-paclitaxel (21, 7.0 mg, 80% yield) and starting material (1 rag, 10%). IH NMR 
5 9.60 (s, 1H, H-7), 8.03 (d, 2H, J = 8.4), 7.76 (d, 2H, J = 8.1), 7.57 (t, IH, J = 7.5), 7.48-7.32 (m, 3H), 
7.30 (d, 1H, J =  8.2, NH), 7.02 (m, 2H), 6.77 (s, IH, H-5), 6.27 (s, 1H, H-10), 5.92 (t, IH, J =  7.0, H-13), 
5.87 (d, IH, J =  9.0, H-3'), 5.79 (d, 1H, J =  6.2, H-2), 5.02 (bs, 1H, HO), 4.61 (d, IH, J =  6.4, H-3), 4.53 
(d, 1H, J =  1.4, H-2'), 4.47 (d, 1H, J =  12.2, H-20), 4.14 (d, 1H, J =  12.2, H-20), 2.87 (q, 1H, J =  15.7, 
6.6, H-14), 2.56 (q, 1H, J = 15.7, 6.6, H-14), 2.23 (s, 3H, -CH3), 1.97 (s, 3H, -CH3), 1.91 (s, 3H, -CH3), 
1.67 (s, 3H, -CH3), 1.17 (s, 3H, -CH3), 1.13 (s, 3H, -CH3), 0.86 (s, 9H), -0.03 (s, 3H), -0.29 (s, 3tt). 13C 
NMR 8 187.6 (C-7), 170.6 (C-4 carbonyl), 170.0 (C-I'), 169.3 (C-10 carbonyl), 167.6 (C-2 carbonyl), 167.2 
(amide carbonyl), 151.6 (C-5), 145.7 (C-6), 139.7 (C-12), 137.5 (C-11), 84.2 (C-20), 78.5 (C-I), 76.0 (C- 
10), 75.7 (C-2'), 75.0 (C-2), 71.9 (C-13), 69.0 (C-4), 60.2 (C-8), 56.5 (C-3), 55.6 (C-3'). 42.9 (C-15), 36.8 
(C- 14), 27.2 (C- 17), 20.8 (C-10 OAc), 20.5 (C-40Ac),  20.5 (C-19), 20.1 (C-16),15.8 (C- 18), 25.5 (Si-C- 
CH3), 18.3 (Si-C), -5.3 (Si-CH3), -5.9 (Si-CH3). LRFABMS m/z calcd for Cs3H6~OI4NSiNa [MNa] + 988, 
found 988. 

20.O.Acetyl.4-deacetyl-5,6-dehydro-6-formyI-C-nor-paclitaxel [23]. HF-pyridine solution (100 
mL) was added to a solution of 2'-O-(t-butyldimethylsilyl)-20-O-acetyl-4-deacetyl-5,6-dehydro-6-formyl-C-nor- 
paclitaxel (21, 11.0 rag) in anhydrous THF (500 mL). The reaction was allowed to proceed at room 
temperature for 1.5 hours and was then worked up by standard methods to yield a crude mixture which was 
twice subjected to preparative TLC (silica gel, 3:2 hexane:EtOAc) to afford 20-O-acetyl-4-deacetyl-5,6-dehydro- 
6-formyl-C-nor-paclitaxel (23, 8 rag, 85% yield). IH NMR 8 9.60 (s, 1H, H-7), 8.12 (d, 2H, J = 8.6), 7.71 
(d, 2H, J = 8.1), 7.54-7.32 (m, 4H), 7.03 (m, 2H), 7.02 (d, IH, J =  8.0, NH), 6.79 (s, IH, H-5), 6.26 (s, 
IH, H-10), 5.96 (t, IH, J = 7.1, H-13), 5.90 (d, lH, J =  10.1, H-3'), 5.83 (d, IH, J =  6.4, H-2), 5.19 (s, 
IH, HO), 4.68 (d, 1H, J =  6.4, H-3), 4.69 (bs, IH, H-2'), 4.52 (d, 1H, J =  12.2, H-20), 4.14 (d, 1H, J =  
12.0, H-20), 3.37 (d, IH, J =  3.0, HO-2'), 2.95 (q, IH, J = 14.8, 6.9, H-14), 2.58 (q, IH, J = 15.1, 9.2, H- 
14), 2.23 (s, 3H, -CH3), 1.93 (s, 3H, -CH3), 1.92 (s, 3H, -CH3), 1.68 (s, 3H, -CH3), 1.17 (s, 3H. -CH3), 
1.15 (s, 3H, -CH3). 13C NMR ~ 187.6 (C-7), 170.6 (C-4 carbonyl), 170.0 (C-I'), 169.3 (C-10 carbonyl), 
167.6 (C-2 carbonyl), 167.2 (amide carbonyl), 151.6 (C-5), 145.8 (C-6), 139.7 (C-12), 137.5 (C-1 l), 84.3 
(C-20), 78.4 (C-l), 75.9 (C-10), 74.8 (C-2), 73.4 (C-2'), 73.0 (C-13), 68.9 (C-4), 60.4 (C-8), 56.8 (C-3), 
54.2 (C- 3'), 42.9 (C-15), 36.3 (C-14), 27.5 (C-17), 20.8 (C-10 OAc), 20.5 (C-40Ac) ,  20.5 (C-19), 19.9 (C- 
16), 15.9 (C-18). HRFABMS m/z calcd for C47H490~4NNa [MNa] + 874.3050, found 874.3035. 

20.O-Acetyl-4-deacetyl-2.debenzoyl-5,6.dehydro-6-formyl-C-nor-paclitaxel [24]. Tetrabutyl- 
ammonium fluoride solution (100 mL) was added to a solution of 2'-O-(t-butyldimethylsilyl)-20-acetyl-4- 
deacetyl-5,6-dehydro-6-formyl-C-nor-paclitaxel (21, 5.0 rag)in anhydrous THF, and the reaction then allowed 
to proceed at room temperature for 15 minutes. At this time the reaction mixture was diluted with EtOAc, 
followed by H20. The aqueous layer was washed with additional EtOAc (2 x 2 mL). The combined organic 
layers were then washed with H20 and brine, and after drying over sodium sulfate, the solution was filtered and 
evaporated to yield the crude mixture which was subjected to preparative TLC twice (silica gel, 3:2 hexane : 
EtOAc), affording 20-O-acetyl-4-deacetyt-5,6-dehydro-6-formyl-C-nor-paclitaxel (23, 0.8 rag, 20% yield) and 
20-O-acetyl-4-deacetyl-2-debenzoyl-5,6-dehydro-6-formyl-C-nor-paclitaxel (24, 1.6 mg, 45% yield) t H NMR 
for 20-O-acetyl-4-deacetyl-2-debenzoyl-5,6-dehydro-6-formyI-C-nor-paclitaxel: 8 9.58 (s, 1H, H-7), 7.78 (d, 
2H, J = 7.0), 7.71 (q, IH, J = 5.7, 3.4), 7.57-7.34 (m, 7H), 7.20 (d, IH, J = 10.1, NH), 6.84 (s, IH, H-5), 
6.19 (s, 1H, H-10), 5.92 (t, IH, J = 7.1, H-13), 5.80 (d, 1H, J =9.2, H-3'), 5.19 (s, 1H, HO), 4.98 (d, IH, J 
= 12.6, H-20), 4.76 (bs, IH, H-2'), 4.51 (d, 1H, J =  12.6, H-20), 4.13 (d, IH, J =  7.6, H-3), 3.90 (d, 1H, J 
= 7.9, H-2), 3.37 (bs, 1H, HO-2'), 3.33 (d, IH, J = 7.9, HO-2), 2.30 (m, IH, H-14), 2.18 (m, IH, H-14), 
2.20(s, 3H, -CH3), 2.07 (s, 3H, -CH3), 1.89 (s, 3H, -CH3), 1.60 (s, 3H, -CH3), 1.13 (s, 3H, -CH3), 0.97 
(s, 3H, -CH3). LRFABMS m/z calcd for C40H46OI3 N [MH] + 748, found 748. 
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