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Summary: Deoxygenation of taxol a t  C-7 can be achieved 
through its S-methyldithiocarboxy derivative 3 to yield a 
product which is more cytotoxic than taxol to P-388 cells. 

Taxol (1) is an important new anticancer agent with 
clinical activity against several human cancers. First 
isolated in the late 1960's by Wall and co-workers,2 it has 
recently been shown to have excellent clinical activity 
against ovarian and breast cancers and also to have some 
activity against lung cancer; clinical trials in other cancers 
are ongoing.3 Extensive studies on its chemistry and 
structure-activity relationships have appeared, both from 
our group4 and from other groups,s and it continues to be 
the focus of several on-going studies.6 

One of the early results obtained both with taxol and 
its close relative cephalomannine was that the hydroxyl 
group at the 7-position is readily epimerized when either 
compound is treated with mild base; this epimerization is 
thought to occur by a facile retro-aldol reaction followed 
by recyclization by an aldol condensation.' As normally 
carried out on taxol in hydroxylic solvents this reaction 
gives a mixture of taxol and 7-epi-taxol, which can be 
separated to yield both epimers. 7-epi-Tax01 has not been 
tested extensively for biological activity, but it appears to 
be slightly less active than taxol.6b$C Further studies of 
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the effect of the 7-hydroxyl group on taxol's activity were 
carried out by preparation of 7 - a ~ e t y l t a x o l ~ ~ ~  and other 
7-acyltaxols.9 These derivatives also showed activities 
which were only slightly less than those of taxol in several 
bioassay systems. 

On the basis of these data, it appeared that the C-7 
hydroxyl group has only a secondary effect on the activity 
of taxol, since epimerizing it or acylating it cause only 
modest decreases in taxol's activity. We now report the 
surprising finding that removal of the C- 7 hydroxylgroup 
yields a taxol analogue which is more cytotoxic than taxol 
to P-388 leukemia cells. 

Initial attempts to deoxygenate taxol a t  C-7 through a 
7-thionobenzoate derivativelo or a 7-(pheny1oxy)thionyl 
derivative" were as were attempts to 
deoxygenate it through its 7-(pentafluorophenyl) thio- 
carbonate13 and its 7-(2,4,6-trichlorophenyl) thiocarbon- 
ate13 derivatives. Deoxygenation was, however, finally 
achieved through the S-methyl xanthate 3. Treatment of 
taxol (1) with triethylchlorosilane and imidazole gave 2'- 
(triethykilyl)taxol(2) in quantitative jield, and treatment 
of 2 with 1-2 equivof sodium hydride in dry THF, followed 
by excess carbon disulfide and iodomethane, yielded 3 in 
60% yield. Formation of 3 was accompanied by the 
formation of lesser amounta of a second product tentatively 
identified as l-benzoyl-2-debenzoyl-2'-(triethylsilyl)-2,7- 
bis(S-methyldithiocarboxy)taxol(4), together with some 
unreacted starting material. Deoxygenation of 3 with 
tributyltin hydride in the presence of AIBN in toluene at 
75 OC14 gave the 7-deoxy derivative 5, and deprotection 
of 5 with dilute acid gave 7-deoxytaxol(6) in 49% yield 
from 3. On the basis of unrecovered starting material, the 
conversion of 1 to 6 can be carried out in approximately 
37% yield. 

Compound 6is more cytotoxic than taxol in the P-388 
leukemia system, showing EDN 1 X 10-4 pg/mL as 
compared with 4 X lWpg/mL for taxol. This compound 
thus represents an important new derivative for future 
development, and it also suggests that introduction of a 
hydroxyl group at C-7 may not be necessary for the 
synthesis of taxol analogues, thus simplifying the synthetic 
problem. 
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In the course of these studies, we also developed efficient 
methods to convert taxol into 7-epi-tax01 and 7-epi- taxol 
to taxol. Treatment of taxol(1) or 2~-(triethylsilyl)taxol 
(2) with sodium hydride in dry THF led to rapid 
epimerization at  C-7 to yield 7-epi-taxol (7) or 2’- 
(triethyhilyl)-7-epi-taxol (8) in 70-80 % yield. This 
method of formation of 7-epi- taxol is superior to the one 
reported which has proved to give very variable 
results and has failed completely in some cases in our 
hands, although it originally worked very well. It thus 
seems probable that the original purified batch of AIBN 
was contaminated with base in some way and that 
epimerization was due to this contaminant rather than to 
the AIBN. 

Conversion of 7-epi-tax01 to taxol could be achieved 
through the 7-(S-methylthiocarboxy)taxol3. Treatment 
of 2’-(triethylsilyl)-7-epi-taxol 8 with sodium hydride, 
carbon disulfide, and methyl iodide converted it into the 
S-methylthiocarboxy derivative 3 of the normal series, 
together with some of the putative dixanthate 4. The 
pathway for this reaction, which was verified by TLC 
analysis of the course of the reaction, involves equilibration 
of the epi-taxol derivative 8 and the taxol derivative 2, 
with 8 being the major epimer. Compound 2, however, 
can react with carbon disulfide and methyl iodide to form 
the S-methyl xanthate 3, while compound 8 is unreactive 

5 R = SiEt3 
6 R = H  

to these reagenb (presumably because of steric crowding 
around the 7-epi-hydroxyl group). Conversion of 8 to 3 
thus occurs under the indicated conditions, in an unop- 
timized yield of 62%. 

Hydrolysis of 3 could be achieved by treatment with 
tributyltin hydride and AIBN in wet toluenelo to yield 
2’-(triethylsilyl) taxol (2), which could be hydrolyzed 
quantitatively to taxol (11, thus completing the cycle. The 
overall conversion of 3 to 1 occurred in 95 % yield. These 
reaction sequences thus provide pathways for the con- 
version of taxol to 7-epi-taxol and of 7-epi-tax01 to taxol. 
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