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Abstract: 4-Deacetoxypaclitaxel(9) has been prepared in seven steps from paclitaxel (%x01@). It 
is significantly less active than paclitaxel in tubulin-assembly and cytotoxicity bioassays. 

The novel diterpenoid paclitaxel (Taxol@) (1). originally isolated1 from TQXKS brevifoliu, has become 

established over the last few years as one of the most exciting anticancer drugs in recent hist~ry.~ Its structural 

complexity and its unique biological activity have combined to catalyze efforts to develop analogs with simpler 

structures and improved bioactivities. and a number of studies designed to uncover structure-activity 

relationships have b&n carried out.3 From these studies, the important generalizations have emerged that 

changes in the northern hemisphere4 of paclitaxel have less effect on its bioactivity than do changes in the 

southern hemisphere, where relatively small changes can have major effects on activity.5 In continuing studies 

on the structure-activity relationships of pachtaxel. we have found that removal of the C-4 acctatc group causes a 

significant loss in tubulin-assembly activity and cytotoxicity.6 

Although the C-4 acetoxy group appears to be implicated as a requirement for paclitaxelk activity, the 

simple removal of the acetyl group dots not establish this conclusion unambiguously, since the polarity change 

involved in the conversion of an acetate to an alcohol might also affect the activity. It is also televant to note that 

recent evidence indicates that paclitaxel forms a “hydrophobic cluster” between the C-2 benxoate, the C-4 

acetate, and the side chain 3’ phenyl group in aqueous solvents.7 and this hydrophobic cluster may be associated 

with paclitaxel’s activity, since an inactive oxetane ring-opened analogsb does not show hydrophobic 

clustering.* It is thus possible that the C-4 hydroxyl group could Inhibit formation of a hydrophobic cluster, 

while a C-4 hydrogen would not. For these msons. it is important to establish the effect of a C-4 deacetoxy 

transformation on the activity of padit9xeL 

The synthesis of 4-deacetoxypaclitaxel(9) is outlimd in the Scheme. Conversion of paclitaxel(1) to its 

2’-(r-butyldhnethylsilyl)-7-(triethylsilyl) derivative 2 was followedby selective hydrolysis of the C-2 benzoate 

and C-4 acetate groups with Triton B as previously described6 to yield the trio1 3. Protection of the 1,Zdiol unit 

as the cyclic carbonate 4 proceakd in 83% yield with triphosgene and pyridiie, and set the stage for the key 
deoxygenation sequence. 
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Carbonate 4 was converted to its xanthate derivative 5 in 90% yield by treatment with C82 and methyl 

iodide in the presence of NaH. Deoxygenation of 5 by the Barton-McCombie methods proo&ed smoothly in 

TrifalB 

-780 toRT 
CM% 

3 I 
2 R = Si’BuMe2, R’ = Sit& 2 NalUlTFRT 

4 R=H 
s R = C(S)SMe 

B R=Ac 12 
11 R=H 

the presence of BugSnH and AIBN in toluenc at 90 Oc to give the 4-deacetoxy derivative 6 in 805% yield. 

Attempted ring opening of 6 with Triton B gave exclusively the baccatin III derivative 7, in contrast to the case 

with the corresponding pa&axe1 derivative 2. Conversion to the paclitaxel analog 8 was thus effected in 60% 

ykld by treatment with P&i (3 eq.) at -78 0~1.10 If a larger excess of PhLi was used (5 eq.), the IO-deacetyl 

derivative 10 was fotmed in addition to the l@acetyl derivative 8. 

Deprotection of 8 was fast attempted with HCYMeOH, conditions that work perfectly we11 on silylated 

paclitaxel derivatives. However, these conditions applied to 8 led surprisingly to the ring opened product 12, 

indicating the subtle effects that structursl changes have on the reactivity of the functional groups of paclitaxel. 

In this case. it is appamnt that the electron withdrawing effect of theC4 acerate must stabilixe the oxetane ring to 

a greater extent than the destabilization provided by the anchimeric assistance of the oxygen lone pairs.sn 
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Deprotection was then achieved by ueatmentof8witltHP(pyridine,2!5oC)toyield 4deac&oxypaclitaxel(9) 

in6696yield. Smilartmatmat 0ftbe1~aMlog10gave 4-&acemxy-l( (11). 

The spectroscopic data of 9 wem fully consistent with its assigned structtue.1~ In particular, itrr 1H 

NMRspectnrmshowbdthepreaenceofaC4mthineprotonat3.84ppn. overlappedwiththesignalforthec- 

7 proton and C-3 methine proton as a triplet centered at 3.32 ppm_ The C-5 proton appeamd as a multiplet at 

5.18 ppm. and the C-20 protons as a doublet at 4.33 ppm_ Tbe 13~ NMR spectrum of compound 9 showed the 

presenceoftheC4carbonat33.5ppmascomparedto81.lppminpaclitaxel. 

The biological activities of compounds 9,ll. and 12 were determined in a cytotoxicity assay using 

human CA46 Burkitt lytnphoma cells and in a tubulm-sssembly assay. The thffe compounds only marginally 

inhibited ceLl growth. Whereas pa&axe1 yielded an N&I value of 30 nbl wltb the Burkia ceus. me comparabie 

values were 0.7 pM, 8 pI4¶. md 0.3 plbi for ctmpounds 9.11, and 12. reqcctivcly. Compounds 9.11, and 12 were 

also muchless acdve than paclitsxel both in promoting tubulin polyme&ation and tn stabiiizing tubulin polymer 

to low temperatures: under a reaction condition in wbiclj tubultn will not assemble in the absence of 811 active 

taxoid,’ the three new coqoun& bad negligible atimuMay effects. Under conditia when aswmbly occurs 

without drug at 37 l C but not at 20 ‘C (Table), the three compounds gave maximum assembly rates at 20 ‘C 

which wete between 38 and 940 times smaller ti that for paclitaxel at the same concentration, and a higher 

concentration of drug failed to offset this lack of activity. 

Table: Effc~ts of Paclitucl and Analogs 9, 11, and 12 on Tubulin Polymerization 

Maximum Assembly Rate: 
Compound 

O’C 
AA,uniVmin 

20 ‘C 37 ‘C 

None 
Paclitaxel(10 p&I) 8010 :98 

0.46 
E4 

Paclitaxel(40 p.M) 0:029 0:9s : 0:14 
9 (10 @Q 0.025 0.28 
9(4ocLM) : 0.13 E 0.28 
11(10 IM 0.001 0.45 0.49 

:tYz $j 
: 0.039 0.30 

12 (40 I.tM) : 
0.008 FE 0.48 
0.023 NM 0.36 

BssellneswcseesmbHsbedwbball compauats (1.0 mg/mL tubulin. 0.6 M monosodium glutamate. 1.0 mM MgCl2, 0.4 a&l 
~intherescbiollmix~~~gordimstbyl~~~the~sdvcot~.~warrddtQcmdthcrtactiollfollowodfff1o 
minatO’C.15mfnat~~C.aodlSmtnet37’C.Readba tempaatmtwasrhenleducedto0-cformerkpolyaraiptionpLlase.. 
The experiment was peaformed in a Gilfad model 250 ~cquippaJwiIhmckctronic~~conlfoll~wiul 
this device temperature rises at 0.5 ‘C/~~II when a higher temperatam is set, slid cooling from 37 to 0 % takes about 5 min. 
r&actionscan~befcretempdahneq~iscanp~radfeaeti~ teqwaWei8Umsualyaominal.Tbsawhnammte 
is&fiiasulemaximam lotaMfinacsscinlreadingtorartsctim,~~thecuvcotchdderhastbur~~cmdad~limof5 
secwasu.?&-ve.nadingsateecbpadaioaweIc rpporim;ltely26sccapatAvasgesddupHcatevalaesarepresea@d.NM= 
Nocnwhgful,since.tbsexte~1of-atLbtlowerprcceding~wa3suf6aen . Uyextuuivethattbemaximumnueat 
the indicated tcmpcmturc was relatively low. 

The reduced activity of compounds 9 and II prvvides dejinitive proof rhat an ester substituent at the 4- 

position of paditzzwl is necessary far its activity, and that tbe lack of activity of ~eacetyIpac~axel6 is due 

primarily to its lack of the acetyl group rather than to a polarity change due to the presence of the hydroxyl 

group. Iiowever. the fact that compounds 9 and 11 appear to be slightly more active than 4-dezetylpaclitaxefi 

suggests that polarity changes at C-4 also have an effect on activity. Whether or not these activity changes are 

associated with the presence or ab&mce of a “hydrophobic chu&r” mains to bc determined. 
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