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Summary:  A high-yield synthesis of the p-methoxyben- 
zylidene-protected docetaxel (Taxotere) side chain, a 
useful derivative for efficient, epimerization-free esteri- 
fication of the 7,l0-bis[(trichloroethoxy)carbonyll deriv- 
ative of 10-desacetylbaccatin I11 for the preparation of 
docetaxel, has been effected; the C-4 and C-5 stereocenters 
of the 1,3-oxazolidine are generated with complete (199 % ) 
stereocontrol whereas that at C-2 is produced with 96% 
selectivity. 

Docetaxel (1, Taxotere) and paclitaxel (2, Taxol) are 
arguably the most outstanding cancer chemotherapeutic 
substances discovered in recent times.l While paclitaxel 
can today be secured from the yew tree or semisynthet- 
ically, only the latter option is currently available for the 
preparation of non-natural docetaxel. The partial syn- 
thesis of this important substance has generally been 
accomplished through esterification of a derivative of the 
(2R,3S)-phenylisoserine side chain with a protected form 
of 10-desacetylbaccatin 111, a comparatively abundant 
natural product also obtained from the yew tree, followed 
by deprotectione2 

I I 

Siae chain 10-Desacetyl baccatin Ill (R‘ = H) 

The recognized chemotherapeutic importance of these 
complex diterpenes has fostered an impressive array of 
imaginative, albeit not always highly practical, side-chain 
approaches.’ In this paper, we report a new approach to 
the protec ted ,  esterification-ready docetaxel side chain 
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that combines unusually high levels of stereocontrol, 
directness, and efficiency. Embodied in this work are (1) 
a convenient new method for the generation of imine 
derivatives, (2) a potentially general approach to enan- 
tiopure 8-arylisoserine derivatives, and (3) new, mild 
procedures for preparing 1,3-oxazolidines. The approach 
is based on a-face differentiation in chiral enolate-imine 
condensation,3 which translates into a particularly direct 
strategy for the construction of this important side chain 
(eq 1). 

Although benzaldehyde N-(tert-butoxycarbony1)imine 
was known, its preparation proceeded in only modest yield 
and required successive  distillation^.^ As known alter- 
native approaches to this type of easily hydrolyzed 
compound also proved unsatisfactory, effort was directed 
toward the development of a new method of preparation. 
This has resulted in a convenient procedure for obtaining 
the imine in pure form that is efficient and amenable to 
scaleup: N-(tert-butoxycarbony1)-c4phenylsulfonyl)ben- 
zylamine (3), which is prepared6 from benzaldehyde, 
sodium benzenesulfinate, and tert-butyl carbamate and 
crystallizes during formation (68% yield), is simply 
refluxed in THF in the presence of potassium carbonate 
(eq 2). After filtration of the reaction mixture (K2C03, 

1 oc% 
4 t-C4HgOCONH2 68% 

3 
(es 2) 

KHC03, and C&S02K are insoluble), the pure imine 4 
can be isolated by evaporation of the solvent or used 
directly in solution. The yield is quantitati~e.~*~ 

The best chiral controller in terms of yield and dias- 
tereoselection (2R,3S vs 2S,3R and vs 2R,3R and 2S,3S) 
proved clearly to be Oppolzer’s L-(+)-camphorsultam (Sa, 
Scheme 1).8 This easily prepared,& commercially available 
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Scheme 1. 
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Scheme 2. 
OCOCH&C13 
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4 Conditions: (i) NaH, C&CHs, 0 OC, 30 min, then CeH&Hz- 
OCHZCOCI, 20 OC, 2 h; (ii) LiN(Si(CHa)s)z, THF, -78 OC, 1 h, then 
4, -78 OC, 15 min; (iii) LiOH, HzOz, THF, HzO, 20 "C, 15 h, then 
NafiOa, Hz0,O OC, 5 min. 

auxiliary on acylation with (benzy1oxy)acetyl chloride was 
converted to amide Sb in 97 % yield.9 Treatment of this 
derivative in THF at -78 "C with lithium bis(trimethy1- 
sily1)amide and then benzaldehyde N-( tert-butoxycarbo- 
ny1)imine (4) generated exclusively (299%) the desired, 
2R,3S diastereomer 6in 66% yield!'O The stereochemical 
outcome of this remarkable transformation is consistent 
with Oppolzer's published model involving a 2 enolate in 
a well-organized, Li-chelated transition state.8b 

The preparation of the esterification-ready side chain 
7 was then completed in 70% yield through hydrogen 
peroxide assisted hydrolysis of 6. In this reaction, un- 
fortunately, the alternative cleavage mode apparently was 
also optative, which diminished the yield of 7. 

Docetaxel could be prepared from this free acid with 
reasonably high efficiency (Scheme 2). Its esterification 
with 7,lO-bis[(2,2,2-trichloroethoxy)carbonyll-10-desacetyl- 
baccatin I11 (8) was effected in toluene with DCC and 
DMAPZbJ to provide in 93 !% yield after purification the 

(6) Sulfone 3 was prepared as follows: amixture of benzaldehyde (10.6 
g, 100 mmol), tert-butyl carbamate (5.86 g, 50 mmol), sodium benzene- 
sulfi ite (20.3 g, 124 mmol), and formic acid (4.6 g, 100 mmol) in 50 mL 
of methanol and 100 mL of water was stirred at 20 OC for 21 h. The solid 
material was filtered, washed with water and diieopropyl ether, and then 
dried under reduced pressure to give 11.8 g (68%) of sulfone 3 mp 170 
'C; 1H NMFt (200 MHz) 6 8.00-7.80 (m, 2 H), 7.75-7.20 (m, 8 H), 5.93 
(deformed d, J = 10 Hz, 1 H), 5.80 (deformed d, J = 10 Hz, 1 H), 1.26 
(8,  9 H); 1% NMFt (50.3 MHz) 6 153.5 (C), 136.8 (C), 133.9 (CH), 129.8 
(C), 129.7 (CH), 129.4 (CH), 128.9 (CH), 128.6 (CH), 81.1 (C), 73.9 (CH), 
27.9 (CHs); IR (Nujol) 3370,3280,1700,1540,1520,1320,1160,1090cm-~; 
masespectrum $1) m/z 365 (MH+ + NHs), 348 (MH+), 311,263,236,225, 
206,169,160,150,106. Anal. Calcd for C&1NO,S C, 62.23; H, 6.09; 
N, 4.03. Found: C, 62.51; H, 6.24; N, 3.97. Preparation of imine 4: a 
stirred mixture of 2.00 g (5.76 mmol) of sulfone 3 and 4.70 g (34.0 mmol) 
of dry potassium carbonate in 67 mL of THF under argon was refluxed 
for 12 h. The mixture was then allowed to cool to room temperature and 
filtered through Celite, and the filtrate was concentrated to leave 1.18 g 
(100%) of imine 4 1H NMR (200 MHz) 6 8.90 (e, IH), 8.W7.90 (m, 2 
H), 7.6G7.44 (m, 3 H), 1.59 (s,9 H); 1SC NMR (50.3 MHz) b 169.4 (CH), 
162.5 (C), 134.1 (C), 133.4 (CH), 130.1 (CH), 128.8 (CH), 82.1 (C), 27.8 
(CHs); IR 2970,2925,1730,1650,1605,1590,1485,1460,1400,1375,1275, 
1260,1220,1155 cm-1; mass spectrum (CI) m/z 206 (MH+), 166,150,146, 
132,122,118,106. Anal. Calcd for C12H1dOz: C, 70.22; H, 7.37; N, 6.82. 
Found C, 70.25; H, 7.57; N, 6.99. 

(7) Benzaldehyde N-benzoylimine can also be prepared in high yield 
through an analogous procedure. For the use of this imine with chiral 
enolates, see ref 3. 

(8) For reviews, see: Oppolzer, W. Tetrahedron 1987,43,1969-2004; 
Pure Appl. Chem. 1990,62,1241-1250. Seealso: (a) Davis,F. A.;Towson, 
J. C.; Weismiller, M. C.; Lal, S.; Carroll, P. J. J. Am. Chem. SOC. 1988, 
110, 8477-8482. (b) Oppolzer, W.; Blagg, I.; Rodriguez, I.; Walther, E. 
J. Am. Chem. SOC. 1990,112,2767-2772. (c) Oppolzer, W.; Tamura, 0. 
TetrahedronLett. 1990,31,991-994. (d) Oppolzer, W.; Lienard, P. Hela 
Chim. Acta 1992, 75, 2572-2582. 
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a Conditions: (i) 7, DCC, CsHaCHa, 20 "C, 5 min, then 8, DMAP, 
20 OC, 20 h; (ii) Zn-Cu, CHsCOOH, CHaOH, 65 "C, 30 min; (iii) Hz, 

triply protected docetasel derivative 9. Docetaxel could 
be liberated from 9 through treatment first with zinc- 
copper couple in acetic acid-methanol and then with 
hydrogen in the presence of palladium black. However, 
docetaxel so produced was found to be contaminated with 
up to 15% of the corresponding 2% derivative. The 
formation of this epimer, which occurs during esterifica- 
tion, is apparently unavoidable with open forms of the 
side chain.ll In that removal of this diastereomeric 

Pd, CHaCOOH, 40 OC, 6 h. 

(9) Spectroscopic (NMR, Et, MS) data are in full accord with the 
proposed structures in this paper, and satisfactory combustion d y a e a  
have obtained for all new compounds. The stated yields are for the 
purified, chromatographically homogeneous substances. Data for key 
compounds: 1 0  mp 85-86 OC; [a]% 55' (C 0.9, CHCb); 'H NMR (300 
MHz) 6 7.43-7.20 (m, 5 H), 6.95-6.89 (m, 2 H), 6.74-6.68 (m, 2 H), 5.57 
(d, J = 9.3 Hz, 1 H), 5.31 (d, J = 9.3 Hz, lH), 4.83 (8, 1 H), 4.29 (ABq, 
JAB = 11.3 Hz, 6~ -a, = 123.3 Hz, 2 H), 4.00 (m, 1 H), 3.76 (s,3 H), 3.61 
(ABS, JAB = 13.6 Hz, 6~ - 6~ = 21.7 Hz, 2 H), 2.30-1.89 (m, 5 H), 1.39 (8, 
9 H), 1.60-1.20 (m, 2 H), 1.27 (s,3 H), 0.99 (s,3 H); W NMR (50.3 MHz) 
6 169.9 (C), 159.1 (C), 154.9 (C), 139.6 (C), 129.5 (CH), 128.8 (C), 128.0 
(CH), 127.0 (CH), 126.7 (CH), 113.4 (CH), 80.9 (CH), 79.2 (Q72.1 (CHn), 
65.0 (CH), 55.6 (CH), 55.1 (CHa), 53.0(CH1),48.8 (C),47.9 (C),44.4 (CH), 
37.5 (CHz), 32.7 (CHd, 28.2 (CHs), 26.5 20.6 (CHa), 19.9 (CH& IR 
3425, 2950, 2920, 2850, 1720, 1710, 1610, 1580, 1510, €490, 1385, 1360, 
1325,1270,1240,1210,1160,1130,1100,1055,1030,1005,980 cm-l; mam 
spectrum (CI) m/z 600 (MHz+), 538,499,345,233,216,206,197,180,164, 
150,137,121,106. Anal. Calcd for C&ZNZO~S C, 64.19; H, 7.07; N, 
4.68. Found C, 64.10; H, 7.19; N, 4.71. 11: mp 147-148 O C ;  [a1%53O 
(c 1.0. CHCM: 1H NMR (300 MHz) 6 7.53-7.50 (m. 2 HI. 7.4G7.20 (m. 
5 H),6.92-6.i$ (m, 2 H), 6.28 (s , i  $, 5.29-5.16'(&, 2 Hj, 3.81 (s,3 H i  
3.88-3.75 (m, 1 H), 3.33 (s,2 H), 2.10-2.07 (m, 2 H), 1.87-1.84 (m, 3 H), 
1.52-1.26(m,2H),1.01 (s,~H),O.~~(S,~H),O.~~(S,~H);~~CNMR(~~.~ 
MHz) 6 167.9 (C), 159.9 (C), 151.3 (c), 138.2 (C), 130.8 (C), 129.0 (CH), 
128.4 (CH), 127.9 (CH), 126.6 (CH), 113.3 (CH), 92.4 (CH), 82.1 (CH), 
80.2 (C), 65.3 (CH), 64.7 (CH), 55.1 @Ha), 52.5 (CHd, 48.4 (C), 47.5 (C), 
44.4 (CH), 37.9 (CHz), 32.4 (CHz), 27.6 (CHS), 26.1 (CH*), 20.4 (CHs), 19.5 
(CH3); IR 2970,1710,1620,1595,1520,1460,1395,1375,1280,1250,1170, 
1140,1095,1070,1030,830 cm-l; mass spectrum (CI) m/z 597 (MH+), 533, 
497,477, 433,399, 360,346, 299, 254, 233, 224,216,196, 180, 151, 137. 
Anal. Calcd for Ca~H,,,N20$3: C, 64.41; H, 6.76; N, 4.69. Found C, 
64.15; H, 6.85; N, 4.80. 12: mp 140-141 OC (hexane-dichloromethe); 
1H NMR (200 MHz) 6 7.42-7.26 (m, 7H),6.95-6.89 (m, 2 H),6.38 (8, 1 
H), 5.54 (br s, 1 H), 5.40 (deformed d, J = 4.7 Hz, 1 H), 4.61 (d, J =  4.2 
Hz, 1 H), 3.81 (8, 3 H), 1.06 (8, 9 H); NMR (75.5 MHz) 6 172.7 (C), 
160.4 (C), 151.7 (C), 140.4 (0, 130.5 (C), 128.8 (CH), 128.4 (CH), 128.1 
(CH), 126.3 (CH), 113.9 (CH), 92.4 (CH), 82.7 (CH), 81.0 (C), 63.7 (CH), 

1410,1370,1250,1170,1090,1035,920,830,730,700 cm-l; mass spectrum 
(CI) m/z 417 (MH+ + NHs), 400 (MH+), 361,356,344,317,300,264,256, 
236, 213, 199, 180, 154, 137, 124,110. Anal. Calcd for CmHzt."Os: C, 
66.15; H, 6.31; N, 3.51. Found: C, 66.01; H, 6.35; N, 3.56. 

(10) TheR,S+S&/RJ?+S,Sdiesteroselection wasestablished by NMR 
comparison of 7 (methylester, obtained from crude@ withindependently 
prepared syn and anti samples. The R,S/S,R diastereoselection was 
determined by application of the Mosher ester technique to the above 
derivative after debenzylation (Hz, Pd/C, HClOdcat), CzHsOH). 

55.3 (CHs), 27.8 (CHs); IR 3700-2300,2985,2925,1770,1710,1615,1520, 



1240 J. Org. Chem., Vol. 59, No. 6, 1994 

Scheme 3. 
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4 Conditions: (i) NaH, C&CH3, 20 "C, 30 min, then p-CH3- 
OC&CH20CH2COCl, 20 "C, 3 h; (ii) LiN(Si(CH&&, THF, -78 "C, 
30 min, then 4, -78 OC, 15 min; (iii) DDQ, 4-A MS, CHzCl2,20 OC, 
14 h; (iv) LiOH, H202, THF, H20,O OC, 30 min, 20 OC, 2 h, then 
NazSOs, H20,O "C, 5 min. 

contaminant required a tedious, impractical chromatog- 
raphy, and inspired by Commercon and co-workers' 
important finding that the side chain in a cyclic oxazolidine 
form is effectively protected and suffers no epimerization 
during the crucial we elected to examine 
a modification of our approach, which proved eminently 
successful. 
N-[[@-Methoxybenzyl)oxy]acetyll-2,lO-camphorsul- 

tam (5c, Scheme 3), formed in 86% yield from [@- 
methoxybenzy1)oxyl acetic acid, under reaction conditions 
similar to those used above produced in 64% yield and 
once again exclusively (199%) the desired 2R,35 dias- 
tereomer (10). With the expectation that a (tert-butox- 
ycarbony1)amino group might readily intercept a neigh- 
boring cation in analogy with Oikawa and co-workers' 
finding12 with a hydroxyl substituent, the vicinal hydroxy 
amine derivative 10 was exposed to dichlorodicyanoben- 
zoquinone (DDQ) in dichloromethane at ambient tem- 
perature. Pleasingly, a smooth, highly stereoselective 
(96% ) cyclization ensued under these nearly neutral 
conditions and gave in 90% yield after purification the 
(2R, 45,SR)oxazolidine 11, which on hydrolysis provided 

(11) Denis, J.-N.; Kanazawa, A. M.; Greene, A. E. Tetrahedron Lett. 

(12) Oikawa, Y.; Yoshioka, T.; Yonemitsu, 0. TetrahedronLett. 1982, 
1994,35,105-108. 

23,889-892. 

the esterification-ready, pure free acid 12, now in quan- 
titative yie1d.l3J4 

Interestingly, this product (methyl ester) could also be 
secured intermolecularly and under kinetic control from 
ester 13, albeit slightly less effectively (96% diastereo- 
selection, 76% yield of 14), by using p-methoxybenzyl 
methyl ether and DDQ in refluxing acetonitrile.16 These 
new, exceptionally mild oxazolidine syntheses will un- 
doubtedly find additional application. 

t-C4HgOCONH 0 t - C ~ H e o C O N ~ o  
H CeH40CH[ 

-. . 
13 

76% 

As expected, esterification of 7,10-bis[(2,2,2-trichloro- 
ethoxy)carbonyll-l0-desacetylbaccatin I11 (8) with asmall 
excess of acid l2l4 delivered in high yield the protected 
docetaxel precursor, now devoid of epimeric impurities, 
which could be readily converted to docetaxel by mild 
acid treatment followed by Zn reduction. 

In summary, a new, highly stereocontrolled and excep- 
tionally direct preparation of the esterification-ready 
docetaxel side chain in an effective protected form has 
been developed. Additional applications of this approach 
are now under study and will be discussed in a future 
publication. 
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ordering information. 
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