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2-Monosubstituted-1,3-Oxazolidines as Improved Protective 
Groups of N-Boc-Phenyiisoserine in Docetaxel Preparation 
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13, Quai Ju&s Gwsde - BP14 - 94403 Vitry-sur-Seine (France) 

Abwtmct: A new route for mc QcctMcl, 1, is described using 2-mo1~a&stitutai~-phephtnyl-1.3- 
oxamlidinc4cslboxylic acids in eaaifkation Ot 7,1O-OdiTmc-WdcsaWylbaccatn III (4). Subapent 
&pmeth of cstels lq+lo’) l#EoM MC cxmpomd 1 withcul removal of tk Boc gmlp. 

Docetaxel (Taxotere@) 1, like the structurally related natural product paclitaxei (Tax019 2, belongs to 

a new class of antitumor drugs able to interfere with the microtubule-tubulin systemt. These two taxoids are 

now well-established as clinically active anticancer agent9. Pacliuurel ctm be extracted tiom yew bark3 while 

docetaxei is prepared by partial s?Lkis pm l~e~tyl~~tin III 3 obtained from yew needlesd. 
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1, RI-~BuOCO, R2=H (docetaxel) 3, R3=H (1 Odesacetylbauxtin III) 

2, RI=C~HSCO, Rz=Ac (paclitaxel) 4, R3=Troc (Cf3CCH2COO) 

In a previous paper5, we showed that (4S,5R~N-~-2,2~~hyl4phenyl-S~~~idin~~lic 

acid 6, obtained fkom {2~3S~N~re~-buto~~n~~3-ph~y~~~e methyl ester f6 by cyclization with 

2-methoxypropene and subsequent saponification, afForded upon coupling with the O&protected baccatin 

III derivative Ir4 the corresponding ester in high yields without epimerization at C-2’. Subsequent cleavage of 

the oxazolidine ring by formic acid at room temperature resulted in an undesired concomitant removal of the 

Boc group at the nitrogen atom to give product 7 rather than 1. 
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In order to retain the Boc moiety, we investigated a large number of other smooth acidic conditions7 but 

none aikrded a chemoselective opening of the oxazoiidine ring. These results led us to examine other 

oxtwlidine-type protections. Conveniently 2-modified oxazolidines appeamd to be suitable candidates. 
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As depicted in Scheme 1, cyclic N,O-acctakation of compound 5 with selected aldehydes or 

dimethylacetals in the presence of a catalytic amount of pyridinium ptoluenesulfonate (PPTS) afforded the 

corresponding 2-monosubstituted- 1,3-oxazolidine methyl esters 8a-c and S’r-e as mixtures of diaatereomers 

in 40-80% yields. In several cases, under kinetic control9 (antries a, b and d, Table l), the reaction gave 

diastereomeric excesses higher than 70%. allowing the isolation of the major diastemeomers 88, Ib and 8d in 

50-74% yields tier a single crystallization from the crude reaction products. A diastereomeric excess of 

40% was obtained for compound 8e while a quaai-equimolar diaatereomeric mixture of 8c and 8’c was 

obtained under thermodynamic control. Tbe contiguration of diastereomer 8b at the 2-position was shown to 

be R by NOE experiments. Further lH-NMR correlations con6rmaJ the same configuration for compounds 

8a and 8d. 
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Scheme 1 

Reapus; i) 88: 5. PhCH(OCH3)2 (l.Icq.), PITS (cat.), tolucnc, 80°C (dirt. 2l1). tryst. in diisopropylcthq 8b: 5, 4XMc- 
PhCH(OCH3)2 (l.lq.), PlTS (cat.). tolm (dbt. O.Sh), crys(. toluenc/cyclokxant, &+WC: 5,2,4-(OM+-PhCHO (l.OSq.), 
m (cat.). tdutnt @St. 24hq Dtan St&); 8d: 5. 3,4<@&)2-Pha(mH3)2 (1.02q.). Pm (Cat.). tol~ene (d&t. O.Sh). 
tryst. in dibpmpyletkr. Ikcll’e: S. CH(OCH3)3 (lcq.), PITS (cat.). toluene (dist. 2h). tryst. in n-hexanc. ii) KOH or 
LiOH-H20 (I.lep), MeOH, H20, HCl 1N. >9oK for 9Q.d and 9cWe. 74% for 9c+9’0. iii) 10x 4. 9~ (3q.), DCC (3cq.). 
DhUP (0.2cq.). tolucnc. 25°C (24h). flash chmmatography in n-hexand-t: l/l. 753b; lob: 4. 9b (1.7q.). DCC (IMcq.), 
DMAP (0.2cq.). tobnc. 25T (2h); Itk+lO’c: 4.9cWc (3q.). DCC (3cq.J DMAP (0.2cq.), toluac, 25°C (St); 1Od: 4, 9d 
(1.3s(l.). DCC (1.M.). DMAP (0.2-q.), tohuaz, OY! (lh); lOe+lO’c: 4, 9eWe (2cq.), DCC (2eq.), DMAP (0.2cq.). tohunt, 
2YC (4h); iv) CH3SO3H (1.2cq.) or FTSA (1 cq.), MeOH, 25°C. (l-48@; from lOe+lO’c: aq. HCI (37%) (1.3cq.). AcOEt, 
25T (2Oh); v) Zn (1 lcq.). AcOH (40 cq.). A&Et, 3h, 3OT, 95% by HPLC. 
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Table 1 
Compounds 8+8’ Compound 11 

Em R’ 
d.e. (%) Yield t?om 4 (%) GXXiitiOnS 

Yield (%) by HPLCa by HPLC= 

b” 
Ph 65 (Ik) XF7 50 MSA, MeOH, rt., 48h 

4-MeO-Ph 74 (Ib) >99 92 PTSA, MeOH, r.t., lh * 
2,4-(McO~-Ph 

: 3+(MrS&-Ph 
80 (aCe8’c) <5 88 MSA, MeOH, r.t., 4h 

50 (8d) =97 86 MSA, MeOH, r.t., 2h 
e Me0 40 (tk+8’e) 3ob 53 37% aq.HCl, A&Et, rt., lh 

a External cation b Measured by JH-NMR; 

Alkaline hydrolysis of the methyl esters 8sb.d and &+S*c to give the corresponding carboxylic acids 

9a.b.d and 9c+9*c was carried out in nearly quant&ive yields under standard conditions while that of 2- 

methoxy-oxazolidines 8e+8’e and acidication to pH=S resulted partly in deproteotion of the oxazoliie ring 

due to its high lability in an acidic medium (16% of the corresponding NH-Boc-hydroxy acid followed by 

HPLC). 

The coupling of carboxylic acids 9(+9’) with the O-diprotected baccatin derivative 4 afforded the 

corresponding esters lO(+lO’) in nearly quantitative yield and without detectable epimerization at C-S on the 

oxazolidii ring. Only in the case of 9a, coupling mmained incomplete after 24h and ester 108 was obtained 

in 75% yield after chromatography. Esterification of 9e+9’e was carried out on a crude mixture containing 

about 16% of the corresponding NH-Boc-hydroy acid (vide srrpro). 

Acid-mediated oxazolidine cleavage of the crude esters lO(+lO’) was carried out with methanesulfonic 

acid (MSA) orptofuenesulfonic acid (PTSA) in methanol at room temperature (see Table I). Derivative 10a 

was very slowly and incompletely deprotected even a&r 48 h reaction with MSA. Deprotection of IOetlO’e 

with aq. HCI (37%) in AcOEt at room temperature tiorded within 1 hour the 2’-0-formyl intermediate 

which gave very slowly and incompletely product 11 in 53% yield from 4 after 20h. 

Deprotection of the 2,2,2-trichloroethoxycarbonyl (Trot) groups from 11 was carried out by the 

standard procedure to give docetaxel 1 in 95% yield. 

These results demonstrate that oxazoiidines bearing ~rn~o~-ph~yl and 3,~~etho~-phenyl 

substituents at the 2-position are the most suitable protective groups for retaining the Boc moiety under 

acidic cleavage. This methodology has proved general and easily applicable to the preparation of docetaxel 

analogs having modified phenylisoserine side-chains. 
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AlI new compounds exhibit JR, *H-NMR spectra and mass spectra in agreement with the structure 
indicated. Aa examples, we report herein the *H-NMR data of docetaxel precursors in the Z-(2,4- 
dirn~~~-p~~~ti~ series {analytiad samples}. 
8e+8*e: foam, IH-NMR (250 MHz, DMSG4j): 6 1.00 (s, C(CH3)3 &), 1.22 (s, C(CH3)3 S’c), 3.55 
cbs, oCH3 aC), X75-3.85 (m, OCH3), 4.64 (d, J=+SHq H(5) &), S.Ol(d, J=2.5Hz, H(5) WC), 5.21 
(d, J=2.5Hz, H(4) WC), 5.26 (d, J=4.5Hz, H(4) &), 6.46 (dd, J=7.SHz and l.SHz, H(CgH5) 8’~). 6.52 
(5, H(2) 8’c), 6X-6.65 (m, H(2) 8e + H(C6H5)), 7.00 (d, J=7.5Hz, H(C6H5) WC), 7.10 (d. J=7SHz, 
HQH5) &), 7.30-7.55 (m, C6H5). 
9e+9’c: foam, ‘H-NMR (200 MHz, DMS&$j, 393X): & 1.00 (s, C(CH3)3 Se), 1.25 (s, C(CH3)3 
9(e), 3.75-3.85 (m, OCH3), 4.43 (4 J=5& H(5) SC), 4.77 (d, J=2HZ, H(5) 9’c), 5.21 (d, J=SHz, H(4) 
9’~). 5.21 (d, J=SHz, H(4) SC), 6.42 (dd, J-7.5 and I.SHz, H(C6H5) 9’e), 6.49 (9, H(2) 9’c), 6.45-6.60 
(m, H(2) Pe + H(C&H5& 7.02 (d, J=7.SW H(C&H$9’c), 7.15 (d, J=7.5Hz, H(C6HJ) SC), 7.25-7.50 
tm, CgH5). 
toe: foam lH-m (400 MHz, CDcJ3, 323X): 6 1.10 (s, 9H, C(CH3)3), 1.16 (s, 3H, CH3), 1.24 
(s, 3Y CH3), 1.53 (s, 3Y CH3), 1.66 (s, lH, OH), 1.82 (s, 3H, CH3), 2.00 (s, 3H, CGCH3), 2.00 (m, 
lH, lHofCH2), 2.12(dd, J-15 and9Hz, Hi, lHofCH2), 2.24 (dd, J=lS and9Hq H-J, lHofCH2), 
2.6 (m, 1J-L 1H of CQ). 3.82 (d, J=7Hq IH, CH), 3.82 (s, 3H, GCH3). 3.90 (8, 3H GCH3), 4.12 (d, 
J=8Hq IH, 1H ofCH2), 4.26 (d, J=8J-4 lH., 1H ofCH2), 4.55 (d, J=4Hz, H, CH), 4.62(d, J=12&, 
IH, 1H ofCH2). 4.78 (ab, J=l IHz, 2H, CH2), 4.89 (d, J=lOHz, IH, CH), 4.89 (d, J-W-Jz, HI, IH of 
CH2X 5.46 @x-J, J=4Hz, Hi, CH), 5.50 (dd, Fl I and 7Hz, Hi, CH), 5.65 (d, J=7Hq lH, CH), 6.05 
(t, J+=, 1J-K CEO, 6.16 ts, W CHj, 6.50 (m, 2H, HQH5)). 6.72 (bs, lH, CH), 7.22 (d, J=‘7SHz, 
JH H(CgH5)). 7.30-7.50 (m. 5H f&J-Jg), 7.48 (t, J=7.5Hz, 2H, H(CgHg)), 7.63 (t, J=7.5Ht, lH, 
HQjHj)), 8.03 (d, J-7SHz. 2H, H(CgH5)). 
18’e: foam, ‘H-NMR (400 MHz, CDC13): 6 1.20 (s, 3H, CH3). 1.25 (s, 9H, C(CH3)3), I.30 (s, 3H, 
CH3), 1.76(s, WOW, 1.85(~,3H,CH3),2.~(~3~CH3),2.OS(m, N-I, lHofCH2),2.17(~, 3H, 
CDCH3). 2.26 (dd, J=15 and 9H2, H-I, 1H of CH2), 2.34 (dd, J=lS and 9Hz., lH, IH of CH2), 2.60 
(m, W JH ofCH2), 3.82 (s, 3Y OCH3), 3.92 (s, 3H, OCH3), 3.95 (d, J=~Hz, lH, CH), 4.14 (d, 
J=8Hr., H-J, 1H of CH2), 4.30 (d, J=8Hz, 1H. 1H of CH2), 4.62 (d, J=12Hz, lH, 1H of CH2), 4.90 
(hmit ab, 2Y CH2),4.90 (m, Hi, CH), 4.92 (m, lH, CH). 4.92 (d, J=l2Hz, IH, IH of CH2). 5.36 (d, 
J=2Hq H-K CJ-0, 5.63 (dd, J=ll and 7Hz, H-L CH), 5.70 (d, J=7Hq Hi, CH), 6.28 (s. HI, CH), 6.34 
(t, J==W-Jz, H-J, 0.6.43 (dd, J=7.5 and J.SHz., Hi, H(QH5)), 6.51 (d, J=l.SHz, IH, H(C6H5)), 6.69 
(s, JH, CH), 7.16 (d. J==7.5Hz, 1H H(QHg)), 7.35-7.50 (m,3H, H(CgH5)), 7.48 (t, J-7.5H2, 2H, 
H(CdH5)). 7.57 (d, J=7.5wz, 2H H(CgH5)). 7.63 (t. J=7.5Hz, lH, H(C&i5)), 8.04 (d, J=7.5Hz, 2H, 
HCWW. 
Kinetic control was performed by adding a toiuene solution of aldehyde or dime&yfaceml derivative 
within 5-15 minutes to a refhudng toluene solution of substrate 5 and PPTS (loo/o) with sim&aneo~s 
azeotropic di~llation of methanol or water. The total refluxing period did not take more than 0.5.& 
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