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Abstractr 4-Deacetylpaclitaxel, prepared from baccatin III via two synthetic approaches and from 
pa&axe1 via one synthetic approach, has minimal effects on tubulin polymerization and is not 
cytotoxic to human CA46 Burkitt lymphoma cells. 

The anticancer drug paclitaxel (Taxol@) (1). a naturally occurring diterpenoid isolated from the bark of 

the western yew Tarus brev~~lia. has shown excellent clinical activity against both ovarian cancer and breast 

cancer, and is currently being developed for general clinical use-l Since its discovery by Wall and co-workers in 

the late 1960s.2 and the discovery of its unique mode of action by Hotwitz in 1979,3 extensive studies of its 

chemistry and structure-activity relationships have been reported. 4 From these studies, the important 

generalizations have emerged tbat changes in the southem hemispheres of psclitaxel have a much larger effect on 

its bioactivity than changes in the northern hemisphere. In particular, the oxetane ring appears to be essential to 

paclitaxel’s activity, as is the C-2 benxoate. 4 One of the questions that has so far not been addressed is that of 

the effect of the C-4 acetate group on the activity of paclitaxel. We have now prepared 4-deacetylpaclitaxel(9) 

by three different routes, and report herein that it is noncytotoxic to human CA46 Burkitt lymphoma cells at 

concentrations up to 10 pM and has only a minimal stimulatory effect on tubulin polymerization.6 

Our initial synthetic approach (Scheme 1) began with 4.1~bis(deaeetyl)-2-&benzoyl-7-(triethylstiyl)- 

baccatin III (2), obtained from baccatin III as previously described.7 Previous studies had shown that acetylation 
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scheme 1 

of 2 occurred preferentially at C-13,7 but when reacylation was effected with Commer9on’s oxaxolidine- 

protected side chain 3 (prepared from (S)-phenylglycine by a modification of published pmceduress). the only 

C-13 acylated product observed was the isotaxol derivative 4. The formation of isomers of baccatin III 

corresponding to the isotaxol analog 4 has been reported previously.7~g 
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Because of this problem of isomerlzation when the C-2 position is deacylated. we chose to revise our 

synthetic approach to utilize 4,10-bis(deacetyl)-7-(tthylsilyl)baccatin III (6) as a key intenucdiate (Scheme 2). 

This compound has previously been isolated in low yield from the methanolysis of 7-(triethylsilyl)baccatin III 

(5),7 and the effect of the nature of the base on this selective cleavage net&on was studied. It was found that 

potassium rerr-butoxide afforded 4.10-bis(deacetyl)-7-(uiethylsilyl)baccatin IIl (6) in the highest yield, 72%. 

Compound 6 was then coupled with the protected tax01 side chain 3 using standard coupling conditions 

(DCCYDMAP) to give 4,l0-bis(deacetyl)-7-triethylsilyl-13-((4S,SR)-N-te~-butoxycarbonyl-2,2-dime~yl-~ 

phenyl-S-oxaxolldinyI)baccatin IlI (7) in 90% yield. Acetylation of the C-10 hydroxyl group of compound 7 

afforded 4-deacetyl-7-trie~y~yl-13-((dS,5R)-N-tert-butoxycarbonyl-2,2-~~yl4p~nyl-5-o~~dinyl)- 

baccatin III (8) in 65% yield, and &protection ofthis with 99% formic acid followed by N-benxoylation of the 

resultant free amine gave 4-deacetylpitclitaxel(9) in 46% yield from compound 8 and iu 19% overall yield from 

5. 

A second synthetic approach (Scheme 2) was realized by treatment of 7-(ttiethylsilyl)baccatin IlI (5) with 

lithium aluminum hydride.ga affording 4-deacetyl-7-(triethylsilyl)baccatln lII (10) in 10% yield. Compound 10 

was coupled to the protected tax01 side chain 3 described above, giving ~deacetyl-7-triethylsilyl-13-((4s.5R)- 

N-te~-butoxycarbonyI-2,2-dimethyl4-phenyl-5-oxaxolidinyl)baccatin Ill (8) in 88% yield and identical to the 

same compound made by the first approach 
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MIS: (a) KOr-Bu. TEIF; (b) 3. DCC. DMAP. tolume; Cc) AC& DCC 4-W’. THF; 
(d) 99% HCqH. then F’hCOCl, NaHCOj, EtOAc-Hzo; (e) LAB, THF 

scheme 2 

Although both of the preceding approaches did succeed in providing 4-deacetylpaclitaxel. they required 

several steps and proceeded in unacceptably low yields. We thus sought an approach directly from paclitaxel. 

which would require the selective hydrolysis of a tertiary acetate in the presence of two other ester groups. 

Based on our earlier experience with the chemoselective hydrolysis of the 2-benzoate of paclitazel,lu we 
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investigated the use of base hydrolysis in non-hydroxylic solvents, and jbumi thaz this mehod gave a good 
overall conversion sfpacriraxl w its I-&ecetyi analog aiui is the prGfrrrcd method jbr thb conbwsim 

Treatment of 1 witb rcrt-butyldimethylsilyl chloride and imidaxole followed by uiethylsilyl chloride and 

imidszole afforded 2’-rerr-butyldimethyIsilyl-7-(uiethylsilyl)paclitl (11) in 92% yield (Scheme 3). 

Compound 11 was treated with benxyltrimethylammonium methoxide, giving 2’-rerr-butyldimethylsilyl-2- 
debenzoyl-4-deaeetyL7-(triethylsilyl)paclitaxel (12) iu 69% yield. The C-2 hydroxyl group of compound 12 

was rebenzoylated to afford 2’-te~-butyl~~y~yl~l-7-(ttie in 67% yield, snd this 

compound was then deprotected by treatment with 5% HCI in methanol, affording kkacetylpaclitaxel(9) in 

needy quantitative yield, and in 42% over& yield from paclitaxel. 

11 R1=Ao;Rp=cOPtl a cl2 R1=Re=H 
0 

-eats: (a) ~mzyxmcthyknnmonium methoxide, CH2(32; 09 PhcqH. 
DCC!, DMAP, t&me; (c) 5% HU in MeOH 
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4-Deacetylpaclitsxel (9) displayed spectroscopic data fully consistent with the assigned structure. In 

particular, its IH-NMR spectrum showed the C-4 acetate peak to be absent, end upfield chemical shifts for the 

C-3 and C-7 protons and a downfield chemical shit for the C-14 protons were also noted. indicative of the 

removal of the C-4 acetate. The remaining peaks were similar to those of taxol. FAR MS indicated an (M+H) 

molecular ion peak at 8 12 mass units, con&tent with the assigned structure. 

Table: Effects of Paelitaxel aud 4-Deacetylpaelitaxel (9) on Tubulin Polymerization 

Maximum Assembly Rate: Maximum 
Compound AAs, unitlmin 

0°C 20 “C 
Depolymerixation 

37 ‘C Rate: AA350 unit/min 

None 
Paclitaxe1(10 t&I) $I;; 
Paclitaxel(40 pM) . 

H.s 
0.46 0.56 

iii 
0.17 
0.14 

9 (10 LtM) 0.46 0.46 
9(4ol.W : :.015 0.60 0.34 

Baselines wcrc cstabbhed with all annponents (1.0 mg/mL mbulin. 0.6 M manotium gluumau, 1.0 mM MgCI2, 0.4 mM 
GTp)iothereedion~exccpcdrugordimethyl~~(~drugsolvent).~wsr,addsd,and~rtactianfonowedfm1O 
mh,atO’C.ISminatU)‘C,andtSmioat37’C.Reaction temperaaacw8sthenrcdncedto0%forthe&uol~phase. 
Theexpu.imeluwPsperfomudillnGiRorcmodcl250 Bpsctropbolometacq~withulelectronictempapnrnomlrolleuwiul 
tbis device tcmv rises at 0.5 l C/mio when a higher ~isset.pldcoo~gfnm37too%talcuabout5min. 
Readioagccmbesinbefore~~~squilibrpdonisoomplet4andreacploaI~~is~oalyaominal.Themuirmrmrate 
is&filXdaSIhe ~~~imeascinitdinsfaareactbn.Asthccuvctltholdabrrsfaapwitiaorrandadwelltimeof5 
sg:W8StE3dSU~~rcpdings8teacbpoaitioaWereapgroxhnately26seCgar 
Noemcaniagful,sbcctbecxtm~ofrcaalonatthclowa~~ans 

dl@btCvalues~prrrmpdNM= 
UyextensiveiA8tthcmaximmnrateat 

theidcataj v was xclalivcly bw. 



‘lb biological activity of4deacetylpaclitaxel(9) was &tern&& in a cytotoxicity assay using human 

CA46 Burl& lymphoma cells and in a tubulin assembly assay. At concentrations as high as 10 pM. 9 had no 
inhibitory effect on cell growth, as compared with an IC50 value of 30 nM for paclitaxel. In addition 9 was 

almost inactive in promoting tub&in polymerization and in stabilizingtubulin polymer. Under conditions where 

assembly occurs without drug at 37 ‘C but not at 20 ‘C (Table), paclitaxel gave a feeble reaction even at 0 

“C and vigorous assembly at 20 ‘C. In this system disassembly occurs following assembly when the 

temperature is reduced to 0 ‘C in the absence of drug; these observations can be quantitated in terms of 

maximum assembly and disassembly rates taken from turbidity trkngs (Table). No reaction occurred with 9 at 

0 “C at concentrations as high ss 40 @I. and at 20 ‘C only a slightmaction was seen at 40 pM. At 37 ‘C 

assembly in the presence of 40 pM 9 was slightly faster than in the control. The depolymerization rate was only 

moderately reduced even at 40 pM 9, but this effect was reproducible. 

In summary, 4-deacetylpaclitaxel is significantly less active than pociitaxel in two different away 

systems, suggesting that the I-ace@ group is necessary for paclimxek activity. 
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