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Abatnwt: A practical diastereoselective synthesis of phenylisowxin e methyl esters 8a-c is described using Q- 

methyl-henzyhxnine as the chiral template of a Staudinger reaction. Optically pure diastereoisomers 6a-e were 
easily recovered by crystallization. After opening of these intermediate az&iinones by hydrochloric acid and 
methanol, regioselective cleavage of the chiral auxiliary was achieved by hydrogenation over palladium. 

Phenyliiates 8b.e were used to prepare analogs of Taxotere@. 

Taxotere@ (docetaxel), 1, which is currently in phase II clinical trials, is a promising new anticancer 

agent and the fii semisynthetic taxoid prepared so far that exhibits a higher level of activity than the related 

natural product Taxol@ (paclitaxel), 2, in in vitro and in viw experimental modelsl. 

1, RI= tHuOC0. R2 = H (docetaxel) 
2, RI= QHsCO, R2 = AC (paclitaxel) 

In a previous paperz, we mported an enantioselective access to the phenylisosetine chain of docetaxel 

along with an oxazolidine-type chain protection to prepam docetaxel and paclitaxel without epimerization. 

New methodologies to prepare the docetaxel and paclitaxel side-chains have been published recently3 

including several promising ones that utilize (3-lactams as intermediates. For instance Ojima and ~011. have 

developed an elegant method for the preparation of (3R.4S) @lactams in high optical purity using chiral 

enolate chemist@. The product azetidinones are then N-acylated (introduction of a N-benzoyl or N-tert- 

butoxycarbonyl group) and opened by sodium or lithium baccatin alcoholate@. 

The ketene-imine cycloaddition process, frequently refetred to as the Staudinger reaction, provides the 

most direct access to the (3-lactam nucleus. Stereochemical control of this process has been proven possible 

employing chiral ketene or imine synthons6. 

Two different approaches to phenylisoserines have been published using the Staudinger reaction7. 

Georg and ~011. used chiral imines derived from galactose to form enantiomerically enriched cis+lactams 

which can be transformed to the unnatural (2S,3R) enantiomer of the paclitaxel side chain% 
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More recently Farina and ~011. reported7b a diastereose lective synthesis of (3R,4S)-3-hydnxy-4- 

phenyl3-azetidinone using L-threonine as a chiral template& The activity in this synthetic area has prompted 

us to disclose our results. 

Our method was inspired by diastereose lective conditions recently published by Teutsch and co11.9, 

who obtained 30-80% d.e. in the Staudmger reaction using imines formed from haloacetaldehydes and (R)-a 

-methyl-benzylamine. 
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Regents: (i) C&$12 , molecular sieves 4A. 20°C, 70h. (ii) AcOCH2COCI. CHCl3, Et3N, 0°C. lSh, then R.T. 3b. (iii) 
KOH/H20 (lM), THF, 0°C lh. or NH3, MeOH, 0°C. lh, then crystallization fmn AcOEt. (iv) I-ICI (6N)/MeOH (5/l), reflux 
2Oh, 0~ HCl &ss, MeOH, 4o°C, 2.5h. (v) a) H2 (345 psi), Pd/C (3%), MeOH/AcOH (3/l), 65T, 4h, or H2 (15 psi), Pd(OH)2 
(2096). Md)WkOH (20/l), 20% 18h. b) (&x)20, CH2CI2, Na2C03, 20°C, 725. vi) CH2=C(OCH3)CH3 (8eq.), PITS, 
tohume, 80°C Wt.). (vii) LiOH, EtOH, H20,20°C, 2h, then H3Oc. 
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Employing (S)-a-methyl-benzylamine as chicaI template, immes 4sc were condensed with 

acetoxyacetyl chloride unrler standard conditions to give azetidinones %I-c and 5%c (5~5’ ratios varying 

from 7525 to 80~20). Cleavage of the acetoxy group was easily achieved using ammonia or potassium 

hydroxide. From the crude mixture of diaskreoisomem, optically pure 68-c wem obtained by simple 

crystallizationlO. The lactams were then opened up by methanol in the presence of hydrogen chloride to 

yield the N-protected phenyl kserinates 70-c. The (S)-a-methyl-benzyl group proved to be more easily 

cleaved than the other benxylic moiety of the molecule upon hydrogenation in the pmsence of palladiumt 1 to 

give, after N-acylation, the N-Boc phenyl kserinates &k-c. Cyclic pmtection2 using methoxypqene and a 

catalytic amount of pyridinium pamtoluenesulfonate (PPTS) followed by saponification of the corresponding 

intermediates 9a-c afforded acids 1Oa-c in good yields. 

‘l?ms. the protected side chain equivalents loo-c may be obtained in few steps and with high optical 

purity (>99% by HPLC) from inexpensive starting materials. This approach has been proven general and 

useful to prepare other modified phenylisoserinates. Intermediates lob and 1Oc have been used to synthesize 

the corresponding docetaxel analogs 1b.c utilizing our previously described sequence% 

11 12b@8%),12c(81%) 

ii 

lb, R-F (23% overall yield) 
lc, R=NM+ (42% overall yield) 

begentS: (i) 1Ob.c (1.5eq.). DCC (1.6eq.). DMAP (OSeq.), toluene, 80°C, 2h. (ii) a) HCOOH, 20°C, 4h.. b) (~~~920, (JH~(J~, 
NaHC03.20°C, d) Zn, AcOH. MeOH, 60°C. Ih. 

Esterification with 0-diprotected baccatin III derivative 1112 gave esters 12b.c. Deprotection under 

acidic conditions, N-acy-lation with &cl20 and reductive Odeprotection by zinc in acetic acid led to 

compounds lb,c in satisfactory yields. 

Taxoid lb proved to be a very active docetaxel analog in vitro against P388 leukemia cells with an IC50 of 

0.03 &ml W250 of docetaxel was O.O4pg/ml). 
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