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Paclitaxel (Taxdl, 1),' highly functionalized diterpene stepsca 80%), as shown in Scheme 1.
isolated primarily from the inner bark of the western yew Imine 7 derived from benzylamine and (R)-2-O-benzyl-
(Taxus brevifoli§? is a new anticancer drug with particular glyceraldehyde®) was chosen as promising substrate that
efficacy against refractory breast and ovarian cariders. would allow for straightforward transformation at other ter-
Because western yew is relatively rare and very slowlyminus by adding C-nucleophiles to the C=N bond. Addition
growing tree in old growth forests, the supply of taxol isof phenylmagnesium bromide to imineproceeded at a
solely dependent on the extraction from the bark of pacifimoderate pace and gave satisfactory yield with an isomer
yew in the early 1980. The harvest of those western yewsatio greater than 9 : 1. The successful outcome of this dia-
endangers not only the old growth forests in the northwest adtereofacial selectivity has been attributed to prior formation
the United States, but also the future supply of taxol. of a five-membered chelation between the 2-benzyloxy
group and imine nitrogen atoth.
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With 8 in hand, our next effort was directed toward the
formation of 3-lactam4 shown in Scheme 1. Oxidation of
primary alcohol with Cr@H,SOy followed by methylation

However, it has been found that 10-deacetylbaccatin Ilbf resulting acidlO afforded11 in ca. 90% vyield. Hydro-
(2), the abundant constituent of the needles of the Europeagenolysis (Pd/C, HCOOH) of N,O-dibenzyl grouplinfur-
yew tree specie¥axus baccatais more readily obtained. nished12 in 85% yield. The resulting 2-hydroxy group was
With 10-deacetylbaccatin 1IR} in hand, it appears that suf- then selectively protected by using TES&.In order to
ficient supplies of taxol can now be produced in a semi-obtain-lactam4, cyclization was conducted with LHMDS
synthetic fashion. in THF at 0°C. FinallyN-benzoyl group was introduced by

It is known that C-13 side chaine., N-benzoyl-(2R,3S)- standard procedure (BzCl, TEA). This fully functionalized
3-phenylisoserine3j moiety, is crucial for the activity of f-lactam4 is coupled with 7,10-ditriethylsilyl baccatin(lll)
taxol® Semisynthetic taxol wofkhas generated a demand (15) according to Holtohand Ojima protocol§ shown in
for new stereoselective preparations of isoserine type stru&cheme 2. Fluorine-induced removal of silyl protecting groups
ture. So farS-lactam4 to reduce steric bulk derived from afforded 10-deacetyl taxol§). Finally, the stereochemistry
isoserine moiety is an excellent C-13 side chain precursor aff 8 was reconfirmed by comparing 10-deacetyl tat@) (
taxol. In fact, HoltoA and Ojim4 have preparef-lactam4 with authentic sample obtained from other academic gréups.
for the side chain precursor from [2+2] cycloaddition and In conclusion, a facile synthetic route to optically acfive
ester enolate-imine cyclocondensation reaction, respectivelJactam 4 from L-tartaric ester has been developed. This

We report herein our new results regarding the stereoselebighly useful protocol will provide an efficient stereoselec-
tive semisynthesis of taxol from optically active L-tartaric tive synthesis of-lactam4 which was important side chain
ester as our taxol side chain precursor. precursor of taxol. Also we are now exploring the offer
lactams bearing the different alkyl substituents.

Taxol (1) 10-Deacetylbaccatin Il (2)

Results and Discussion
Experimental Section
L-Tartaric ester was converted to optically pure (R)-2-O-
benzylglyceraldehydes) via the known procedut? (three Preparation of 8 and 9 To a solution of iming (1.40 g,

. o 5.0 mmoal) in dry ether (20.0 mL) at @ under N was

o added dropwise over 30 min 3.0 M phenylmagnesium bro-
©)(gﬁ o ©)J\ — mide in ether (4.2 mL, 12.5 mmol). This resulting mixture
©/3\;‘)\0H I_ was stirred at room temperature for 20 h and quenched with
o o oTES saturated aqueous NEl (30 mL) at @C. Organic layer was

Taxol C-13 side chain (3) B-tactam (4) separated and aqueous layer was extracted with ether (3
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Scheme 1 ®Reagents and conditions: (a) PhCHIOISOH (cat.),
PhH, reflux, 20 h; (b) LiAlH, AICI3, MC, -40°C to reflux, two
steps 85%; (c) Nal) H,O, 95%; (d) PhCkENH,, MgSQ, ether, 0
°C; (e) PhMgBr, ether; two steps 73% (f) Gr&,SQ,, acetone; (g)
TMSCI, MeOH, reflux, two steps 80%; (h) Pd/C, HCOOH, reflux,
85%: (i) TESCI, TEA, ether/THF (1 : 1), 94% (j) LHMDS, THF, 0
°C, 85%; (k) BzCl, TEA, MC, rt, 96%.

Scheme 22Reagents and conditions: (a) LHMDS, 4§ then4;
(b) HF/Py., CHCN 0°C, two steps 77%.

20 mL). The combined organic layer was dried over anhy-
drous MgSQ filtered, and concentrated under reduced pres-
sure. The crude product was purified with column chromato-

graph with 15% EtOAc in hexane to give major compd®ind
(1.2 g, 67.0%) and min@r(0.10 g, 5.6%) as pale yellow syrup:
'H NMR (CDC}, 300 MHz) for8 §7.20 (m, 15H, aromatics),
4.49 (d, 1HJ = 11.5 Hz, -OCHPh), 4.30 (d, 1H]) = 11.5 Hz,
-OCHPh), 3.81 (d, 1H] = 4.4 Hz, -CH\Bn), 3.75 (dd, 1H)
=12.0, 3.4 Hz, -ChDH), 3.54 (d, 1HJ = 12.9 Hz, -NCHPh),
3.49 (dd, 1H)=12.0, 2.5 Hz, -CkDH), 3.41 (m, 1H, -CBBn),
3.36 (d, 1HJ = 12.9 Hz, -NCHPh), 3.0 (brs. 1H, -NBn).
'H NMR (CDCb, 300 MHz) for9 §7.20 (m, 15H, aromatics),
4.38 (d, 1H,) = 11.3 Hz, -OCkPh), 4.22 (d, 1H) = 11.3 Hz,
-OCH,Ph), 3.91 (d, 1H] = 6.1 Hz, -CHN\Bn), 3.65 (dd, 1H,
J=11.7, 3.0 Hz, -ChDH), 3.64 (d, 1H)=12.9 Hz, -NCHPh),
3.55(dd, 1H)=11.7, 4.8 Hz, -CK¥DH), 3.45 (m, 1H, -CBBn),
3.36 (d, 1HJ = 12.9 Hz, -NCHPh), 2.9 (brs. 1H, -NBn).
10-Deacetyl taxoll(6). To a solution of 7,10-bis-O-triethyl-
silyl baccatin Il L5) (115 mg, 0.149 mmol) in dry THF (5.0
mL) at -45°C was added dropwise 1.0 M LHMDS (1.08
mL, 7.2 eq) in THF. After 0.5 h at -48, a solution of3-lac-

tam4 (285 mg, 0.7 mmol) in THF (5.0 mL) was added drop-

wise to this mixture. After 30 min stirring at -5, the solution
was quenched with saturated NaHG®.0 mL) at this tem-

perature. The mixture was extracted with EtOAc (50.0 mL),

&2.

rinsed with brine, and dried over anhydrous Mg3Yapo-

ration of the organic layer gave a residue which was purifie
by column chromatography with 10% EtOAc in hexane to
give a crude solid (155 mg). To a solution of this solid (155

mg) in CHCN (8.2 mL) and pyridine (410L) at 0°C in

Notes

polyethylene vial was added to 48% aqueous HF (1.25 mL).
The mixture was stirred at°C for 2 h, then at 2% for 4 h,
and partitioned between saturated aqueous NaH@@
EtOAc (30.0 mL). Evaporation of the EtOAc solution gave a
crude solid which was purified by column chromatography
with 50% EtOAc in hexane to give a white coupled 10-
deacetyl taxoll6 (93.2 mg, two steps 77.0%): mp 205-207
°C; 'H NMR (CDCk, 300 MHz)$ 8.07 (d,J = 7.3 Hz, 2H,
aromatics), 7.70 (d) = 7.1 Hz, 2H, aromatics), 7.58 (m, 1H,
aromatic), 7.38 (m, 11H, aromatics, NH), 6.13 ¢,8.1 Hz,
1H, H13), 5.71 (ddJ = 8.8, 2.5 Hz, 1H, H3’), 5.61 (d,=
6.4 Hz, 1H, H2), 5.18 (s, 1H, H10), 4.86 (dd; 9.0, 1.2 Hz,
1H, H5), 4.74 (d) = 2.5 Hz, 1H, H2"), 4.19 (m, 3H, H7, H20),
3.81 (dJ=6.4Hz, 1H, H3), 2.44 (m, 1H, Id% 2.31 (s, 3H, 4Ac),
2.19 (m, 2H, H14), 1.78 (m, 1H, 185 1.69 (s, 3H, Me18), 1.67
(s, 3H, Me19), 1.13 (s, 3H, Mel7), 1.04 (s, 3H, MEF6)NMR
(CDCls, 75 MHz)5172.63, 170.49, 167.33, 166.82, 138.19,
137.91, 135.86, 133.66, 133.55, 131.87, 130.09, 129.12, 128.84,
128.66, 128.58, 128.15, 127.08, 126.96, 84.18, 80.99, 78.56,
77.20, 74.76, 74.39, 73.21, 72.07, 71.83, 57.58, 55.14, 46.37,
42.94, 36.63, 35.70, 29.64, 26.44, 22.47, 20.57, 14.20, 9.80.
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