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KGROQUND E_INV N
‘The present invention is directed to novel metal
alkoxides useful in the preparation of derivatives of
10 baccatin III and l0-deacetyl baccatin III such as taxol,
taxotere and other taxane derivatives which have biological
activity.
The taxane family of terpenes, of which taxol is
a member, has attracted considerable interest in both the
15 biological and chemical arts. Taxol is a promising cancer
chemotherapeutic agent with a broad spectrum of
antileukemic and tumor-inhibiting activity. Taxol has the
following structure:
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20 Because of this promising activity,-taxol is currently
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undergoing clinical trials in both France and the United
States.
The suppiy of taxol for these clinical trials is
presently being provided by the bark from Taxus brevifolia
25 (Western Yew). However, taxol is'found only in minute



a nenber, has attracted consi derabl e interest in both the ) biologicafu

and'__chem'cahvérggmogj[axol IS a prom sing cancer chenot herap%’lgsm%sz
with a broad spectrum of antileukem c and tunor-inhibiting activity. 7.
Taxol has the foll ow ng structure: [err] Because
of this promsing activity, taxol is currently under goi ng clinical
trials in both France and the United St atzes. :

quantities in the bark of these slow growing evergreens,
causing considerable concern that the limited supply of
taxol will not meet the demand. Consequently, chemists in
recent years have expended their energies in trying to find

5 a viable synthetic roﬁte for the preparation of taxols. So
far, the results have not been entirely satisfactory.

One synthetic route that has been proposed is
directed to the synthesis of the tetracyclic taxane nucleus
from commodity chemicals. A synthesis of the taxol ‘

10 congener taxusin has been-reported by Holton, et al. in
JACS 110, 6558 (1988). Despite the progress made in this
approach, the final total synthesis of taxol 1is,
nevertheless, likely to be a multi-step, tedious, and
costly process.

15 ‘ ' An alternate approach to the preparation of taxol
has been_described by Greene, et al. in JACS 110, 5917
(1988), and involves the use of a congener of taxol,
10-deacetyl baccatin III which has the structure of formula
IT shown below:
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10-deacetyl baccatin III is more readily available than
taxol since it can be obtained from the needles of Taxus
baccata. According to the method of Greene et al.,
10-deacetyl baccatin III is converted to taxol by

25 attachment of the C-10 acetyl group and by attachment of
the C-13 B-amido ester side chain through the



The,. supply of taxol for these clinical trials is presently being

provi ded b from Taxus brevifolia (Western Yew). _However
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guantities in the bark of these slow grow ng evergreens, causing

consi derabl e concern that the limted supply of taxol will not neet the
demand. Consequently, chem sts in recent years have expended their energies
intrying to find a viable synthetic route f®r the preparation of taxols.
So far, the results have not been entirely satisfactory. - One

synthetic route that has been proposed is directed to the synthesis of the
tetracyclic tBeterhiittetzonr of cdmdiGiiThaicaiasl ANidynt ResiBs agt Aohe

t axol carboxylic acid unit. Although this approach regquires
relatively few steps, the synthesis of the 8-amido
carboxylic acid unit is a multi-step process which proceeds

5 in low yield, and the coupling rgaction is tedious and also
proceeds in low yield. However, this coupling reaction is
a key step which is required in every contemplated
synthesis of taxol or biologically active derivative of
taxol, since it has been shown by Wani, et al. in JACS 93,
10 2325 (1971) that the presence of the B-amido ester side
chain at Cl13 is required for anti-tumor activity.
More recently, it has been reported in Colin et
. al. U.S. Patent No. 4,814,470 that taxol derivatives of the
formula III below, have an activity significantly greater
15 than that of taxol (I).

(IID)

R' represents hydrogen or acetyl and one of R'' and R*'"'"'

represents hydroxy and the other represents tert-butoxy-

carbonylamino and their stereoisomeric forms, and mixtures
20 thereof.

According to Colin et al., U.S. Patent 4,418,470,
the products of general formula (IXII) are obtained by the
action of the sodium salt of tert-butyl N-chlorocarbamate
on a product of general formula:
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?iggg?gf taxusin has been reported by Holton, et al. in JACS 110, 6558
I%@o#g,g 6gode Progress made in this approach the finper/uss

synt hesi taxol is, nevertheless, likely to be a nmulti-step, ﬂh@sz

tedious, and costly process. An al ternate approach to the

preparation of taxol has been described by Geene, et al. in JACS 110, 5917

(1988), and involves the use of a congener of taxol, 10-deacetyl baccatin

[l which has the structure of formula Il shown below
OH [err] 10-deacetyl baccatin IIl is nore readily avail able than
B O o OCOOCH,Cl,

(v
co-0--

CgHs ococ,

&

O

COCH,

in which R' denotes an acetyl or 2,2,2-trichloroethoxy-
carbonyl radical, followed by the replacement of the
2,2,2-trichloroethoxycarbonyl group or groups by hydrogen.
5 it is .reported by Denis et al. in U.S. Patent No.
4,924,011, however, that this process leads to a mixture of
jsomers which has to be separated and, as a result, not all
the baccatin III or 10-deactylbaccatin III employed for the
preparation of the product of general formula (IV) can be
10 converted to a product of general formula (IIX).

In an effort to improve upon the Colin et al.
process, Denis et al. disclose a different process for
preparing derivatives of baccatin III or of l0-deactyl-
baccatin III of general formula

-

OH | H
0COC, H,

€4 Hy——CH—NHCOOC( CH;) ' OCOCH,

in which R' denotes hydrogen or acetyl wherein an ac1d of

general formula:
Sheet Has Been Replaced

Hlllll IlIIll {1




taxol since it can be obtained fromthe needl es of Taxus baccata. According
to the met eene et al., 10-deacetyl baccatin IIl is co

t axdl by é?@q’éﬁﬁé’% of the C 10 acetyl group and by attachnentpﬁh%{?g/@f%
[err]-am do ester side chain through the

3 esterification of the C-13 alcohol with a [err]-ami do carboxylic acid
unit. Although this approach requires relatively few steps, the
synthesis of the [err]-am do carboxylic &acid unit is a nulti-step
process which proceeds in |low yield, and the coupling reaction is tedious

and al so proceeds in low yield. However, this coupling reaction is a key

step which is required in every contenplated
O—R,

(v
( CH,) ;COCONH COOH

CgHs

in which R; is a hydroxy-protecting group, is condensed
with a taxane derivative of general formula:

5 in which R, is an acetyl hydroxy-protecting group and Rz is
a hydroxy-protecting group, and the protecting groups Ry,
Ry and, where appropriate, R, are then replaced by
hydrogen. However, this method employs relatively harsh
conditions, proc=eds with poor conversion, and provides

10 1less than optimal yields.

A mzjor difficulty remaining in the synthesis of
taxol and other potential anti-tumor agents is the lack of
baccatin III and -l10-deacetyl baccatin III derivatives which
have been activated at the C-13 oxygen. Development of

15 such derivatives would permit attachment of the f-amido
ester side chain in high yield and thus, facilitate the
synthesis of taxol as well as related anti-tumor agents
having a modified set of nuclear substituents or a modified
C-13 side chain.

20 ' Another major: difficﬁity encountered in the
synthesis of taxol is that known processes for the
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synthesis of taxol or biologically active derivative of taxol, since it has

been shown Wwp ddpéegaet al . in JACS 93, 2325 (1971) that the presErusefoTobe
[err]-am do ester side chain at Cl3 is required for anti-tunor activity.

More recently, it has been reported in Colin et al. U S. Patent No.

4,814,470 that taxol derivatives of the fornula Ill below, have an activity
signi-ficantly greater ‘than that of taxol (I)6 [err] R
represents hydrogen or acetyl and one of R'"and R'' represents hydroxy

and the other represents tert-butoxy-
attachment of the B-amido ester side chain at C-13 are

generally not sufficiently diastereoselective. Therefore
the side chain precursor must be prepared in optically
active form to obtain the desired diastereomer during

S attachment.

SUMMARY OF THE INVENTION
Among the objects of the present invention,
therefore, is the provision of activated baccatin III and
10-deacetyl baccatin III derivatives which permit
10 attachment of the B-amido ester side chain in high yield,
‘the provision of such derivatives which permit the use of a’
racemic mixture of side chain precursor, eliminating the
need for the expensive, time-consuming process of
separating the precursor into its respective isomeric
15 forms, and the provision of such derivatives which permit
the prepération of taxanes having greater variety in the
side-chain.
Briefly, therefore,- the present invention is
“directed to a metal alkoxide having the formula:

QP

wherein T; is hydrogen or a hydroxy protecting
group, 2 is -0T,, or -OCOCH;, T, is hydrogen or a hydroxy
protecting group, and M is a metal, preferably, Li, Mg, Na,
K or Ti, and Ph is phenyl.
25 Other objects and features of this invention will
be in part apparent and in part pointed out hereinafter.

This Sheet Has Been Replaced




car.bonyl,am no and their stereoisoneric fornms, and nixtures thereof.

Accor di ng | et al., US. Patent 4,418,470, the products

foriul a (Iﬁﬁaggbé obt ai ned by the action of the sodiumsalt ofp%éyggguéﬁ%
N-chl or ocarbanmate on a product of general fornmula: [err]

DETAL D R N

Metal alkoxides (1) are activated derivatives of
baccatin III and/or ld-deacetyl baccatin III and have
particular utility in a process for the preparation of

5 taxol, taxotere and other biologically active taxane

derivatives. In accordance with the present invention,
metal alkoxides (1) are reacted with B-lactam (2) to form a
B-amido ester intermediate. The intermediate is then
converted to a biologically active taxane derivative.

10 B-lactam (2) has the general formula:
R
5\N| 2443
. 3 (2>
Ry R,
Ry R,
wherein

Ry ié -ORg, -SRy, or -NRgRg; .
R, is hydrogen,. alkyi, alkenyl, alkynyl, aryl, or
15 heteroaryl;

Ry and R, are independently hydrogen, alkyl,
alkenyl, alkynyl, aryl, heteroaryl, or acyl, provided,
however, that Rq and Ry are not both acyl;

Rg is -CORjq5, -COOR;g, -COSRlO, -CONRgRy 5/

20 -SO,5R3;3;, or -POR;yR;3:

Rg is alkyl, alkenyl, alkynyl, aryl, heteroaryl,
or hydroxy protecting group;

R+ is alkyl, alkenyl, alkynyl, aryl, heferoaryl,
or sulfhydryl protecting group; _

25 _ Rg is hydrogen, alkyl, alkenyl, alkynyl, aryl, or
heteroaryl;

Rg is an amino protecting group;

Rjp 1is alkyl; alkenyl, alkynyl, aryl, or
heteroaryl; T e
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in,which R denotes an acetyl or 2,2,2-trichloroethoxy- carbonyl radical,
fol l oned bwybgységekacenent of the 2,2, 2-trichl oroet hoxycar bonypcgsi@e8,/¢99s2
groups by hydrogen. It is reported by Denis et al. in U S. Patent No.
4,924,011, however, that this process |leads to a m xture of isonmers which

has to be separated and, as a result, not all the baccatin Il or

10- deactyl baccatin |1l enployed for the preparation of-the product of
general formula (l1V) can be converted to a p?oduct of general fornula
(renr). In. an effort to inprove upon the Colin et al. process,

Do oL i Gelose 3 Hy L RECRRC Sy PIEBRHDS, JBEHal ik ey,
-ORjqg., or -NRgRj4:
Ry, and Rj3 are independently alkyl, alkenyl,
alkynyl, aryl, heteroaryl, -ORyg, or -NRgRj,4; and
5 Ry14 is hydrogen, alkyl, alkenyl, alkynyl, aryl,
or heteroaryl. , '
In accordance with the present invention, Rg of
B-lactam (2) is preferably -COR;g with Rjg with Ry beiﬁg
aryl, p-substituted phenyl, or lower alkoxy, and most
10 preferably, phenyl, methoxy, ethoxy, tert-butoxy ("tBuO";
(CH3)3CO-) or |

—~Or-

Qherein'x is C1, Br, F, CH30-, or NO,-. Preferably R, and
R4 are hydrogen or lower alkyl. R4 is preferably aryl,
15 most preferably, naphthyl, phenyl,

Q0. O . A7
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[err]

in which R denotes hydrogen or acetyl wherein an acid of

gener al" f F &y Asooa ' s PCT/US92/07952
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wherein X is as previously defined, Me is methyl and Ph is
phenyl. Preferably, R; is selected from -ORg, -SRy oOr
-NRgRg wherein Rg, Rg and Rg, are hydroxy, sulfhydryl, and
amine protecting groups, respectively, and Rg is hydrogen,
alkyl, alkenyl, alkynyl, aryl, or heteroaryl. Most
preferably, Rj is -ORg wherein Rg is triethylsilyl (“TES"),
l-ethoxyethyl ("EE") or 2,2,2-trichloroethoxymethyl.

The B-lactam alkyl groups, either alone or with
the various substituents defined hereinabove are preferably
lower alkyl containing from one to six carbon atoms in the
principal chain and up to 15 carbon atoms. They may be
straight or branched chain and include methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, tert-butyl, aryl,
hexyl, and the 1like.

The B-lactam alkenyl groups, either alone or with
the various substituents defined he:einabove are preferably
lower alkenyl containing from two to six carbon atoms in
the principal chain and up to 15 carbon atoms. They may be
straight or branched chain and include ethenyl, propenyl,
isopropenyl, butenyl, isobutenyl, aryl, hexenyl, and the
like. '

The B-lactam alkynyl groups, either alone or with
the various substituents defined hereinabove are preferably
lower alkynyl containing from two to six carbon atoms in
the principal chain and up to 15 carbon atoms. They may be
straight or branched chain and include ethynyl, propynyl,
butynyl, isobutynyl, aryl, hexynyl, and the like.

The B-lactam aryl moieties described, either
alone or with various substituents, contain from 6 to 15
carbon atoms and include phenyl, a-naphthyl or B8-naphthyl,
etc. Substituents include alkanoxy, protected hydroxy,
halogen, alkyl, aryl, aikenyl, acyl, acyloxy, nitro, amino,
amido, etc. ?henyl is the more preferred aryl.

As noted above, R; of B-lactam (2) may be -ORg
with Rg being alkyl, acyl, ethoxyethyl_jfggf), trlethyl—
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in which Rerr] is a hydroxy-protecting group, is condensed

T
h a taxzwg Agsdoyat i ve of general fornmula: [ er rderruse2/07952

10

silyl ("TES"), 2,2,Z—trichloroethoxymethyl) or other
hydroxyl protecting group such as acetals and ethers, i.e.,
methoxymethyl ("MOM"), benzyloxymethyl; esters, such as
acetates; carbonates, such as methyl carbonates; and alkyl
and aryl. silyl such as triethylsilyl, trimethylsilyl,
dimethyl-t-butylsilyl, dimethylarylsilyl, dimethyl-
heteroarylsilyl, and triisopropylsilyl, and the like. A
variety of protecting groups for the hydroxyl group and the
synthesis thereof may be found in "Protective Groups in
Organic Synthesis" by T. W. Greene, John Wiley and Sons,
1981. The hydroxyl protecting group selected should be
easily removed under conditions that are sufficiently mild,
e.g., 1in 48% HF, acetonitrile, pyridine, or 0.5%
HCl/water/€thanol, and/or zinc, acetic acid so as not to
disturb the ester linkage or other substituents of the
taxol intermediate. _

Also as noted previously, R; may be a sulfhydryl
protecting group and Rg may be an amine protecting group.
Sulfhydryl protecting groups include hemithioacetals such
as l-ethoxyethyl and methoxymethyl, thioesters, or
thiocarbonates. Amine protecting groups include
carbamates, for example, 2,2,2-trichloroethylcarbamate or
tertbutylcarbamate. A variety of sulfhydryl and amine
protecting groups may be found in the above-identified text
by T. W. Greene.

The B-lactams (2) can be prepared'from readily
available materials, as is illustrated in schemes A and B

below:
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in which R2 is an acetyl hydroxy-protecting group and R3 is a

hydr oxy- protecting group, and the protecting groups Rl err], R3 and, where
appt opri at WO #37060% t hen repl aced by hydrogen. However, this MG USe M7 952s
relatively harsh conditions, proceeds w th poor conver si on, and provides

| ess than optimal vyields. A major difficulty remaining in the
synthesis of taxol and other potential anti-tunor agents is the | ack of
baccatin Ill and 10-deacetyl baccatin Ill deg{fivatives which have been

activated at the C 13 oxygen. Devel opnment of such derivatives would permt
attachnment of the [err]-am do ester side chain in high yield and thus,
facilitate tlaghewat Resis of taxol as well as related anti-tunmor agents
having a nodified set of nuclear substituents or a nodified C 13 side

chai n. Anot her major difficulty encountered in dije _synthesis of
taxol is that known processes for thg. )

(o}
(o]
\/u\C . 4
OCH
Ar OAC

& S %,
Ar OEE Ar “OEE Ar “onc
Scheme B
o) OL1
¢ —
TESO OEt — TESO OEt
o)
h }kh-49
N—TMS Ar OTES
ArCHO __g_’ Ar —//
le
o)
O il
@ 4'54
Ar OTES

reagents: (a) triethylamine, CH,Cl,, 25°C, 18h; (b) 4 equiv

ceric ammonium nitrate, CH3CN, -10°C, 10 min; (c) KOH, THF,
10 H,0, 0°C, 30 min; (d4d) ethyl vinyl ether, THF, toluene

sulfonic acid (cat.), 0°C, 1.5h; (e) n-butyllithium, ether,

-78°C, 10 min; benzoyl chloride, -78°C, 1lh; (f) lithium

diisopropyl amide, THF -78°C to -50°C; (g) 1lithium

hexamethyldisilazide, THF -78°C to 0°C; (h) THF, ~78°C to
15 25°C, 12h.
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6 , attachnent of the [err]-am do ester side chain at G 13 are generally

not suffici t%ﬁ,%ﬁﬁstereoselective. Therefore the side chain EFRRUL SN
must be pre% 0 optically active formto obtain the desi r edP CT/US92/07952
di astereomer during attachnent. SUMVARY OF THE | NVENTI ON Anong
the objects of the present invention, therefore, is the provision of °
activated baccatin Il and 10-deacetyl baccatin Il1l derivatives which

permt attachment of the [err]-am do ester di2de chain in high yield, the
provi si on of such derivatives which permt the use of a racemic m xture of
side chain precursor, elimnating the need for the expensive,

ti me-consum ng process ofhees&egttiimg ek gricdhs sore i Feadily pe¥spdebilee 1In

i someric formsgcapflet N, PLOUCHIXYO! adlep1de0H M i 4s 1hi BhepRiEE! £Hém
preparation of taxanes having greater variety in the_ side-

. / chain. . .
Briefly, thereBe¥€0Llifeafidsed nidhtihfh REERRCR IRV 2 0C QTR RIY 3MROSddt

havi ng the forgitt@ocondenses with imines prepared from aldehydes and

5 p-methoxyaniline to give l-p-methoxyphenyl-3-acyloxy-4-
aryiazetidin-z-ones. The p-methoxyphenyl group can be
readily removed through oxidation with ceric ammonium
nitrate, and the acyloxy group can be hydrolyzed under
standard conditions familiar to those experienced in the

10 art to provide 3-hydroxy-4-arylazetidin-2-ones. The
3-hydroxyl group is protected with l-ethoxyethyl, but may
be protected with variety of standard protecting groups
such as the triethylsilyl group or other trialkyl (or aryl)
silyl groups. In Scheme B, ethyl-a-triethylsilyloxyacetate

"15 is readily prepared from glycolic acid.

. The racemic B-lactams may be resolved into the
pure enantiomers prior to protection by recrystallization
of the corresponding 2-methoxy-2-(trifluoromethyl)
phenylacetic esters. However, the reaction described

20 hereinbelow in which the B-amido ester side chain is
attached has the advantage of being highly diastereo-
selective, thus permitting the use of a racemic mixture of
side chain precursor.

The 3-(l-ethoxyethoxy)-4-phenylazetidin-2-one of

25 Scheme A and the 3-(l-triethylsilyloxy)-4-phenylazetidin-
2-one of Scheme B can be converted to B-lactam (2), by
treatment with a base, preferably n-butyllithium, and an
acyl chloride, sulfonyl chloride, phosphinyl chloride,
phosphoryl chloride or an alkyl chloroformate at -78°C or

30 1less. '

Preferably, the metal alkoxides are prepared by
reacting an alcohol having two to four rings of the taxane
nucleus and a C-13 hydroxyl group with an organometallic
compound in a suitable solvent. Most preferably, the

35 alcohol 1is a protected baccatin III, %n _particular,
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[err] .. wherein T[err] is hydrogen or a hydroxy protecting group,

S OT[err [err] T2 is hydrogen or a hydroxy prot egir G450
and Mis a mgiﬁ6 preferably, Li, Mj, Na, Kor Ti, and Ph is pﬁen@?sah 2

Q her objects and features of this invention will be in part apparent and
in part pointed out hereinafter.

13

7-O-triethylsilyl baccatin III (which can be obtained as
described by Greene, et al. in JACS 110, 5917 (1988) or by
other routes) or 7,10-bis-O-triethylsilyl baccatin III.
As reported in Greene et al., l0-deacetyl
5 baccatin III is converted to 7-O-triethylsilyl-l10-deacetyl
baccatin III according to the following reaction scheme:

(CyHg)81C]

C. H,N

(3) (4a)

Under what is reported to be carefully optimized

10 conditions, l0-deacetyl baccatin III is reacted with 20
equivalents of (C,Hg)3SiCl at 23°C under an argon
atmosphere for 20 hours in the presence of 50 ml of
pyridine/mmol of 10-deacetyl baccatin III to provide
7-triethylsilyl-l10-deacetyl baccatin III (4a) as a reaction

15 product in 84-86% yield after purification.

The reaction product (4a) is then acetylated with

5 equivalents of CH3COCl and 25 mL of pyridine/mmol of 4a
at 0 °C under an argon atmosphere for 48 hours to provide
86% yield of 7-O-triethylsilyl baccatin III (4b) as

20 reported by Greene, et al. in JACS 110, 5917 at 5918 (1988).

Alternatively, 7-triethylsilyl-10-deacetyl
baccatin III (4a) can be protected at C-10 oxygen with an
acid 1labile hydroxyl protecting group. For example,

treatment of (4a) with n-butyllithium in THF followed by
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7 . DETAI LED DESCRI PTI ON Met al al koxi‘des (1) are activated

derivati vew@b3teaesatin t11 and/ or 10-deacetyl baccatin |11l an®CTaus92/07952
particular utility in a process for the preparation of taxol, taxotere and
ot her biologically active taxane derivatives. In accordance with the
present invention, netal al koxides (1) are reacted with B-lactam (2) to
forma [err]-am do ester internediate. ‘é’i}@ internmediate is then
converted to a biologically active taxane derivati ve. B-l act am
(2) has the general fornmula: [err] '

triethylsilyl chloride (1.1 mol equiv.) at 0°C gives
7,10-bis-O-triethylsilyl baccatin III (4c) in 95% yield.
Also, (4a) can be converted to 7-O-treithylsilyl-10-(1-
ethoxyethyl) baccatin III (4d4) in 90% yield by treatment

5 with excess ethyl vinyl ether and a catalytic amount of
methane sulfonic acid. These preparations are illustrated
in the reaction scheme below.

ool . - Cap)
CqHyN § OCocH,
0COC  Hy
0S1(C,oHg) 4
0S1(C,Hg),
n-Buli HOmm :
4a >
(C2Hs)3SicCl .
E g (4c)
g 5
§ OCOCH,
OCOC4Hs
OEE
C,oH30C; Hy
— 0S1(C,Hy),
( CAT)CH,SOzH Hom
£ 2 C4d)
E §
E OCOCH,
OCOC Hy

The 7-0O-triethylsilyl baccatin III derivatives
(4b, 4c or 4d) are reacted with an organometallic compound
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wher ei n, R err] is-CR[er.r], -SR[err], or -NRerr]Rerr];
R2 is hydwmggyoﬁe\é,kyl al kenyl, al kynyl, aryl, or heteroaryl; pcr/us92/07958
and R4 are |ndependently hydr ogen, al kyl, al kenyl, alkynyl, aryl,

heteroaryl, or acyl, provided, however, that Rerr] and Rerr] are not
both acyl; Rlerr] is -CORerr], -COOR[err], -COSR err], '
-CONR[err]Rerr], -SOerr|Rerr], or -PCR[fér]R[err]; Rlerr] is
al kyl, al kenyl, al kynyl, aryl, heteroaryl, hydr oxy protecting group;

Rlerr] is aIkyI alkenyl al kynyl, aryl, heteroaryl, or -sulfhydryl
protecting 910! ﬁs n- butylf{E§$$m F thEQQ%@ntaQﬂQq f%k@@yLahﬂhkxgﬁkan

aryl, or heteroar an amno protecting g
R[err] is al KWHF)aI m;ﬂorr&mdwynetalyalkwlﬂet dBo@ryithium-7-0- trleth}’l-

silyl baccatin III derivative (Sb, 5c or 5d) as shown in
the following reaction scheme:

CH3CH,CH,CH,L1 + HO--

CHRCH,CH,CH; + L10O-
(22b) 2

= —OCOCH;
(22¢) Z = -OSi(C,H)s
(22d) 2 = -OEE

As shown in the following reaction scheme, the

13-0-1lithium-7-0O-triethylsilyl baccatin III derivative (5b,
10 5c, or 5d) reacts with B-lactam (2) to provide an

intermediate (6b, 6c, or 64d) in which the C-7 and C-2°

hydroxyl groups are protected with a triethylsilyl group.

The triethylsilyl and ethoxyethyl groups are then

hydrolyzed under mild conditions so as not to disturb the
15 ester linkage or the taxane substituents.
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8 , . Rlerr] is alkyl, alkenyl, alkynyl, aryl, heteroaryl,
-OR[err], oVOIM4) Rlerr]; Rlerr] and Rlerr] are ipcirsssensdy
al Kyl , al kenyl, alkynyl, aryl, heteroaryl, -ORerr], or -NRerr]R err]; and
Rlerr] is hydrogen, alkyl, alkenyl, alkynyl, aryl, or heteroaryl.

I n accordance with the-present invention, Rerr] of [err]-lactam(2) is
preferably -COR[err] with Rlerr] with Rlerrjgbeing aryl, p-substituted
phenyl, or |ower al koxy, and nost preferably, phenyl, nethoxy, ethoxy,
tert-butoxy ("tBuO'; (CHerr])[err]CO) or -

[err]

(o)
MOt = R O
3N\
. N 1) THF
W R, .
PhcooAco R; Ry
5 b-a : (2) 6 b-ad
b, Z = -OCOCH3
C, Z = -0Si(C5Hc)

wherein Ty is a hydroxy protecting group; M is a metal; Ph
is phenyl; Ac is acetyl; and Ry to Rg are as previously
defined.

Metal substituent, M, of metal alkoxide (3) is a

10 Group IA, IIA, IIIA, lanthanide or actinide element or a
transition, Group IIIA, IVA, VA or VIA metal. Preferably,
it is a Group IA, IIA or transition metal, and most
preferably, it is 1lithium, magnesium, sodium, potassium or
titanium.

15 Both the conversion of the alcohol to the metal
alkoxide and the ultimate synthesis of the taxane
derivative can take place in the same reaction vessel.
Preferably, the B-lactam is added to the reaction vessel
after formation therein of the metal alkoxide.

20 The organometallic compound n-butyllithium is
preferably used to convert baccatin III or 10-deacetyl
baccatin III to the corresponding metal alkoxide, but other
sources of metallic substituent such as lithium diisopropyl
amide, other 1lithium or magnesium amides, ethylmagnesium
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wherein. X is Cl, Br, F, CWeH]O or NJerr]-. Preferably R2 and R err]

are hydrog%gg,ogg%er al kyl. R3 is preferably aryl, nost prefengd yiso2/07952
napht hyl , phenyl, [err]

Ph

10
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bromide, methylmagnesium bromide, other organolithium
compounds, other organomagnesium compbunds, organosodium,
organotitanium, organozirconium, organozinc, organocadmium
or organopotassium or the corresponding amides may also be
used. Organometallic compounds are readily available, or
may be prepared by available methods including reduction of
organic halides with metal. Lower alkyl halides are
preferred. For example, butyl bromide can be reacted with
lithium metal in diethyl ether to give a solution of
n-butyllithium in the following manner:

-10°C
CH,CH,CH,CH,Br + 2Li = CH3CH,CH,CH,L1i + LiBr
; ty

Alternatively, the 1lithium alkoxide may be
induced to undergo exchange with metal halides to form
alkoxides of aluminum, boron, cerium, calciﬁm, zirconium or
zinc.

Although THF is the preferred solvent for .the
reaction mixture, other ethereal 'solvents, such as
dimethoxyethane, or aromatic solvents may also be
suitable. Certain solvents, including some halogenated
solvents and some straight-chain hydrocarbons in which the
reactants are too pobrly solublé, are not suitable. Other
solvents are not appropriate for 'other reasons. For
example, esters are not appropriate for use with certain
organometallic compounds such as n-butyllithium due to
incompatibility therewith.

Although the reaction. scheme disclosed herein is
ideally directed to the synthesis of taxol, taxotere, and
other taxane derivatives exemplified herein, it can be used
with modifications in either the B-lactam or the
tetracyclic metal alkoxide to produce other compounds.
Thus, the B-lactam and the tetracyclic metal alkoxide can

i This Sheet Has Been Re;

i




wherein, X is as previously defined, Me is nethyl and Ph is phenyl.

Preef er abl yW@P6994 s sel ected from-OR[err], -SRlerr] or - NR BET]ES22/07952
wherein R err], Rerr] and Rerr], are hydroxy, sulfhydryl, and am ne
protecting. groups, respectively, and R8 is hydrogen, alkyl, . alkenyl,

al kynyl, aryl, or heteroaryl. Mst preferably, Rerr] is -ORerr]
wherein R err] is triethylsilyl ("TES'), 1-pghoxyethyl ("EE") or
2,2,2-trichl oroet hoxynet hyl . The [err]-lactam al kyl groups,
either alone or with the various substituents defined herei nabove are
preferably | ober dggiitedofitamninaguradmamneuhnasiuxatasburcaisgnsto nptbeare

princi pal chaij C to T trai 0 _
branched chai h@gﬁgdiﬁfggggﬁgtﬁ{/ , es?fhyg?xgﬁog%,{?%%gf%%yl ?‘%‘[ﬁeyﬂé,etyl
i sobutyl, tertaggdgl. argl thrxpnaniigemers | phd. diastereomghe RHemscin

al kenyl groupgon@ietipara tAOME tHi tVidHe gY@t OlsySaPsdA t uent s defined
her ei naboye are preferably | ower al kengl containing fromtw to six carbon

atonms in Phe principal Jif% nPAAESSH t@Ff 15her BoYeRtdoR ThEQ nR§spehe
strai ght or bimpoltdnthaadvantiageclofiebeiRgnytigpIPpaiklst erediFearRaiive.
but enyl, isob I r eny. dth | ke . . The
[err]-lactam g?’%&%ﬁ“&r ?ua’&g?ﬁ)é:l ?%leﬁtlgﬁneosneogrtb\?t AL PReChAfPo RS SSRGS
defined herei hgébosedar e Praftanibial |onet sbkygngs cent dienirepIizedt beckasei x
carbon aton® tfere is no need to resolve racemic B-lactams into their
10 pure enantiomers. Aadditional cost savings may be realized
because less side chain precursor, e.g., 60-70% less, is
required relative to prior processes.

The following examples illustrate the invention.

EXAMPLE 1
15 _ Preparation of 2'-ethoxyethyl-7-triethylsilyl
taxol, and subsequently taxol, from racemic B-lactam:

To a solution of 7-triethylsilyl baccatin III
(20mg, 0.028 mmol) in 1 ml of THF at -78°C was added
dropwise 0.17 ml of a 0.164M solution of nBuLi in hexane.

20 After 30 min at -78°C, a solution of cis-l-benzoyl-3-
(l1-ethoxyethoxy)-4-phenylazetidin-2-one (47.5 mg, 0.14
mmol) in 1 ml of THF was added dropwise to the mixture.
The solution was allowed to slowly warm (over 1.5 h) to 0°C
and was then stirred at 0°C for 1 h and 1 ml of a 10%

25 solution of AcOH in THF was added. The mixture was
partitioned between saturated aqueous NaHCO5 and 60/40
ethyl acetate/hexane. Evaporation of the organic layer
gave a residue which was purified by flash chromatography
to give 23 mg (80%) of (2'R, 3'S)-2'-ethoxyethyl-

30 7-triethylsilyl taxol and 3.5 mg (13%) of 2',3'-epi(2'S,
3'R)~-2'~-ethoxyethyl-7-triethylsilyl taxol.
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theyprincipal chain and up to 15 carbon atons. They nmay be straight or

branched cWe 5/868b4i Nncl ude et hynyl, propynyl, butynyl, isobutyp ¥§7L§§%%797
hexynyl, and the |ike. The [err]-Iactan1aryI noi eties describ

ei ther alone or with various substituents, contain from6 to 15 carbon
atons and i ncl ude phenyl, a-naphthyl or [err]-naphthyl, etc. Substituents

I ncl ude al kanoxy, protected hydroxy, hal ogen, alkyl, aryl, al kenyl, acyl,
acyl oxy, nitro, am no, anmido, etc. Phenyl i the nore preferred aryl.

As noted above, R err] of [err]-lactam (2) nay be -OR6 with R6 being al kyl,
acyl, ethoxyethyl ("EE" riethyl - . . .

10 'silyl ("TES"), 2, 2)‘2 1 ) %PB‘SEﬁox?/ﬁet(ﬁwR,' of SPRé& ~ethoxyethyl-

7—tr1ethy1511y1 taxol was dissolved in 2 ml of ethanol, and
0.5 ml of 0.5% aqueous HCl solution was added. The mixture
was stirred at 0°C for 30 h and diluted with 50 ml of ethyl

5 acetate. The solution was extracted with 20 ml of
saturated aqueous sodium bicarbonate solution, dried over
sodium sulfate and concentrated. The residue was purified
by flash chromatography to provide 4.5 mg (ca.90%) taxol,
which was identical with an authentic sample in all

10 - respects.

A 5 mg sample of 2',3'-epi(2'S,3'R)-2'-ethoxy-
ethyl-7-triethylsilyl taxol was dissolved in 2 ml of
ethanol and 0.5 ml of 0.5% agqueous HCl solution was added.
The mixture was stirred at 0°C for 30 h and diluted with 50

15 ml of ethyl acetate. The solution was extracted with 20 ml
of saturated aqueoué sodium bicarbonate solution, dried
over sodium sulfate and concentrated. The residue was
purified by flash chromatography to prov1de 4.5 mg (ca.90%)
of 2',3'-epitaxol.

20 EXBMPLE 2
Preparation of 2',7-(bis)triethylsilyl taxol, and
subsequently taxol, from racemic B-lactam:

To a solution of 7-triethylsilyl baccatin III

(100mg, 0.143 mmol) in 1 ml of THF at -45°C was added

25 dropwise 0.087 ml of a 1.63M solution of nBulLi in hexane.
After 1 h at -45°C, a solution of cis-l-benzoyl-3-
triethylsilyloxy)-4-phenylazetidin-2-one (274 mg, 0.715
mmol) in 1 ml of THF was added dropwise to the mixture.
The solution was allowed to warm to 0°C and held at 0°C for

30 1 h. One ml of a 10% solution of AcCOH in THF was added.
The mixture was partitioned between saturated aqueous
NaHCO4 and 60/40 ethyl acetate/hexane. Evaporation of the
organic layer gave a residue which was purified by flash
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hyqroxyl protecting group such as acetals and ethers, i.e., 'nmethoxynethyl
("MOM'), bAYRYBUEOFEt hyl : esters, such as acetates; carbonat es PAUERI%E7952
met’hyl carbonates; and al kyl and aryl silyl such as triethylsilyl, ~
trinmethylsilyl, dinmethyl-t-butylsilyl, di met hyl aryl sil yl, di met hyl -.
heteroarylsilyl, and triisopropylsilyl, and the |like. A variety of
protecting groups for the hydroxyl group anglpt he synthesis thereof nay be
found in "Protective Goups in Organic Synthesis" by T. W G eene, John
Wl ey and Sons, 1981. The hydroxyl protecting group sel ected should be
easi |y renovecchrmesteopnaphy ofisllibwedaby setfiystedfligatkiion tm ggiveée nl3Bimg
HF, acetonitri o PYLEdrRep Ok +Qy 5% HES1/ / |l d/ | N, aget |
acid so as notdfsoﬁ)giﬁ u$ }tzheéegee%( |’?n§§géggfgt§?g‘§?s§g stiﬁxe_(ﬁjf sé:% tfﬁellns
taxol intermedid%). of 2',3'-epk62 58, HoREd2 pr éviBusS) Y rirkhydyidg 1y taxol.

sul fhydryl protecting gresipa a6 864 ] ofBY2PE320gaDNE 1R DAY RE oW,

Sul fhydryl_protectin roups, i ncl ude. hem t hi oacetal s such as | -ethoxyet hyl
and net hoxd/methyi) —4 ﬁ‘i g’e&?%%‘f‘b‘?“ﬂﬂ'%ﬁhﬁ’boﬁéi‘@é. 1n &iRe Ofr &COHFrile
groups includemdaobanmailexnf fpyredanpl et DX 2whsi @ddeded hyl adr hefrag 8%or

be. found i n  HEUEe- Mhent FRPolRENF S yiaF P e "I Hor G P BR™
[err]-1actans 12) 2688 o prépdr.ed Theonmisidirley wasi pabltd trimned abetweeni s
ilTustrated, idL,SENEES 5086ud sodium bicarbonate and ethyl acetate.

10 Evaporation of the ethyl acetate solution gave 113 mg of
material which was purified by flash chromatography and
recrystallization to give 94 mg (98%) taxol, which was
identical with an authentic sample in all respects.

To a solution of 5 mg of (2'R, 3'S)-2',7-(bis)

15 triethylsilyl taxol in 0.5 ml of acetonitrile and 0.03 ml
of pyridine at 0°C was added 0.09 ml of 48% agqueous HF.
The mixture was stirred at 0°C for 8 h, then at 25°C for 6
h. The mixture was partitioned between saturated aqueous
sodium bicarbonate and ethyl acetate. Evaporation of the

20 ethyl acetate solution gave 5 mg of material which was .
purified by flash chromatography and recrystallization to
give 4.6 mg (ca. 95%) of 2',3'-epitaxol.

EXAMPLE 3
Preparation of taxotere.

25 To a solution of 7,10-bis-triethylsilyl baccatin
III (200 mg, 0.248 mmol)) in 2 mL. of THF at -45 °C was
added dropwise 0.174 mL of a 1.63M solution of nBuli in
hexane. After 0.5 h at -45 °C, a solution of cis-l1-~(tert-
butoxycarbonyl)-3-triethylsilyloxy-4-phenylazetidin-2-one

30 (467 mg, 1.24 mmol) in 2 mL of THF was added dropwise to
the mixture. The solution was warmed to 0 °C and kept at
that temperature for 1 h before 1 mL of a 10% solution of
AcOH in THF was added. The mixture was partitioned between
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below. .,

Schene A CH3 0

WO 93/06094 PCT/US92/07952

10

15

21

saturated agqueous NaHCO; and 60/40 ethyl acetate/hexane.
Evaporation of the organic layer gave a residue which was
purified by filtration through silica gel to give 280 mg of
crude 2',7,10-tris-triethylsilyl taxotere.

To a solution of 280 mg of the crude product
obtained from the previous reaction in 12 mL of
acetonitrile and 0.6 mL of pyridine at 0 °C was added 1.8
mL of 48% aqueous HF. The mixture was stirred at 0 °C for
3 h, then at 25 °C for 13 h, and partitioned between
saturated aqueous sodium bicarbonate and ethyl acetate.
Evaporation of the ethyl acetate solution gave 215 mg of
material which was purified by flash chromatography to give
190 mg (95%) of taxotere, which was recrystallized from
methanol/water. All analytical and spectral data were
identical with that reported for taxotere in U.S. Patent
4,814,470. )

Ph

wherein sz is
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[err]

., Scherme B [err]

WO 93/06094 PCT/US92/07952
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Preparation of 3'-desphenyl-3'-(2-naphthyl) taxol.

To a solution of 7-triethylsilyl baccatin III
(200 mg, 0.286 mmol) in 2 mL of THF at -45 °C was added
dropwise 0.174 mL of a 1.63M solution of nBuLi in hexane.
After 0.5 h at -45 °C, a solution of cis-l-benzoyl-3-
triethylsilyloxy—4—(2—naphthy1)azetidin;z-one (620 mg, 1.43
mmol) in 2 mL of THF was added dropwise to the mixture.
The solution was warmed to 0 °C and kept at that
temperature for 1 h before 1 mL of a 10% solution of AcOH
in THF was added. The mixture was partitioned between
saturated aqueous NaHCO; and 60/40 ethyl acetate/hexane.
Evaporation of the organic layer gave a residue which was
purified by filtration through silica gel to give 320 mg of
a mixture containing (2'R,3'S)-2',7-(bis)triethylsilyl-3'-
desphenyl-3'-(2-naphthyl) taxol and a small amount of the
(2'S,3'R5 isomer.

To é solution of 320 mg (0.283 mmol) of the
mixture obtained from the preyious,reaction in 18 mL of
acetonitrile and 0.93 mL of pyridine at 0 °C was added 2.8
mL, of 48% aqueous HF. The mixture was stirred at 0 °C for
3 h, then at 25 °C for 13 h, and partitioned between
saturated aqueous sodium bicarbonate and ethyl acetate.
Evaporation of the ethyl acetate solution gave 255 mg of
material which was purified by flash chromatography to give
166 mg (64%) of 3'-desphenyl-3‘'-(2-naphthyl) taxol, which
was recrystallized from methanol/water.

m.p 164-165 °C; [al?3y, -52.6° (c 0.005, CHCl;).

14 NMR (CDCl,;, 300 MHz) § 8.14 (d, J = 7.3 Hz, 2H, benzoate
ortho), 7.96 (m, 1lH, aromatic), 7.90 (m, 1H, aromatic),
7.85 (m, 2H, aromatic), 7.76 (m, 2H, aromatic), 7.60 (m,
3H, aromatic), 7.52 (m, 4H, aromatic), 7.41 {(m, 2H,
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reagents: (a) triethylamne, CHerr]C[err], 25C, 18h; (b) 4 equiv ceric
anmoniumnitrate, CH3CN, -10[err]C, 10 mn; (c) KOH THF, Herr]O OC 30
mn: (d) oVEN43/860841 ether, THF, tol uene sulfonic acid (cat.), POE/USIZA7IS2
(e) n-butyllithium ether, -78C, 10 min; benzoyl chloride, -780 | h;

(f) lithiumdiisopropyl am de, THF -78[err]C to -50C, (g) lithium
hexamet hyl di sil azide, THF -78[err]Cto 0C, (h) THF, -78C to 25[err]C, 12h.
12 The starting materials are readily avallable In schenme A,
a-acetoxy acetyl chloride is prepared from

aromatic), 7.01 (4, J = 8.8 Hz, 1lH, NH), 6.27 (s, 1lH, H10),
6.26 (ad, J = 9.2, 9.2 Hz, 1H, H13), 5.97 (dd, J = 8.8, 2.5
Hz, 1H, H3'), 5.68 (d, J = 7.1 Hz, 1H, H2B8), 4.93 (m, 1H,
HS), 4.92 (m, 1H, H2'), 4.39 (m, 1H, H7), 4.30 (4, J = 8.5
5  Hz, 1H, H20a), 4.20 (d, J = 8.5 Hz, 1H, H208), 3.81 (4, J =
7.1 Hz, 1H, H3), 3.60 (d, J = 5 Hz, 1H, 2'OH), 2.48 (m, 1H,
H6a), 2.45 (br, 1H, 70H), 2.39 (s, 3H, 4Ac), 2.30 (m, 2H,
H14), 2.24 (s, 3H, 10Ac), 1.83 (m, 1H, H6B), 1.82 (br s,
3H, Mel8), 1.68 (s, 1H, 10H), 1.68 (s, 3H, Mel9), 1.24 (s,
10 3H, Mel7), 1.14 (s, 3H, Mel6).

EXAMPLE 5
Preparation of 2*',7-hydroxy protected Taxol using

magnesium alkoxide:

To a solution of 7-triethylsilyl baccatin III

15 (100 mg, 0.143 mmol) in 1 mL of THF at -45 °C was added
dropwise 0.048 mL of a 3.0 M solution of methyl magnesium
bromide in ether. After 1 h at -45 °C, a solution of
(+)-cis-l—benzoyl-B—triethylsilyloxy—4-phenylazetidin—z—one

(82 mg, 0.215 mmol) in 1 mL of THF was added dropwise to

20 the mixture. The solution was warmed to 0 °C and kept at
that temperature for 4 h before 1 mL of a 10% solution of
AcCOH in THF was added. The mixture was partitioned between
saturated aqueous NaHCO; and 60/40 ethyl acetates/hexane.
Evaporation of the organic layer gave a residue which was

25 purified by flash chromatography followed by recrystalli-
zation to give 148 mg (96%) of (2'R,3'S)-2',7~-(bis)tri-
ethylsilyl taxol.

This Sheet Has Been Replac

[T




glycolic acid, and, in the presence of a tertiary amne, it cyclocondenses
wth i from al dehydes and p-net hoxyaniline to giv _
1- p- nethox?ﬁﬁéﬁaﬁ&ggacyloxy 4- aryl azetidin-2-ones. The p- netﬁﬁ?ybﬁ3H@V*”
group can be readily renoved through oxidation with ceric ammoniumnitrate,
and the acyl oxy group can be hydrol yzed under standard conditions famliar
to those experienced in the art to provide

3- hydroxy-4-aryl azetidi n-2-ones. The 3-hydeéxyl group is protected with

1- et hoxyet hyl, but may be protected with variety of standard protecting
groups such as the triethylsilyl group or other trialkyl (or aryl) silyl
groups. In Scheme B, ethyl-[err]-triethBiAMBUEs & acetate is readily

prepared from glycolic asiébaration ofThe,nagedirexyeipdotctiedrsTa%y1 bésing

resolved into the pure quptiqﬁeys prior to protection by recrystallization
of the cornﬁﬂﬁﬂé%*ﬂf a Dxy-2- (trifluoromethyl) phenylacetic esters

However, the reaction descri bed herei nbelow in which the B-am do ester side

chain is attached has thg, agvant aeogf obey ng: ILERLY <4193t Bt Sel aaid ve,

thus permitting the use of a racemc nt xt precursor.
The 3-(1- & hoxfidthory) - - gdSnywregk) | dhnl2mineobHf TBEhate #%‘r@ vRe added

3-(1-triethyl %Jaﬂv@% 4-.pRRNYhAZ Y4 dian- 0250@18 9519cD8RE &k CPR e Gamyerted
to [err]-lactam (2), by treatnment w.th a base, preferably n- butyII|th|um

and an acyl cHerateEbEIATSHAZERE oinddoluederhi A ten| or it =4

solution of (+)-cis-l-benzoyl-3-triethylsilyloxy-4-phenyl-
" azetidin-2-one (82 mg, 0.215 mmol) in 1 mL of THF was added

10 dropwise to the mixture. The solution was warmed to 0°C
énd kept at that temperature for 3 h before 1 ml of a 10%
solution of AcOH in THF was added. The mixture was
partitioned between saturated aqueous NaHCO5 and 60740
ethyl acetates/hexane. Evaporation of the organic layer

15 gave a residue which was purified by flash chromatography
followed by recrystallization to give 139 mg (90%) of
(2'R,3'S)-2"',7-(bis)triethylsilyl taxol.

EXAMPLE 7
Preparation of 2',7-hydroxy protected Taxol using
20 lithium alkoxide from lithium hexamethyldisilazide:

To a solution of 7-triethylsilyl baccatin III
(100 mg, 0.143 mmol) in 1 mL of THF at -45 °C was added
dropwise 0.143 mL of a 1.0 M solution of lithium hexa-
methyldisilazide in THF. After 1 h at -45 °C, a solution
25 of (+)-cis~-l-benzoyl-3-triethylsilyloxy-4-phenylazetidin-
2-one (82 mg, 0.215 mmol) in 1 mL of THF was added dropwise
to the mixture. The solution was warmed to 0°C and kept at
that temperature for 2 h before 1 mL of a 10% solution of
AcOH in THF was added. The mixture was partitioned between
30 saturated aqueous NaHCO; and 60/40 ethyl acetate/hexane.
Evaporation of the organic layer gave a residue which was
purified by flash chromatography_followed by recrystalli-
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phosphor yl
Preferably

chl oride or an al kyl. chi orof ormat e at -78[err]C or |ess.
the netal al koxi des are prepared by reacting an al cohol having

two 'to folYOMBM§Ebf -t he taxane nucleus and a C 13 hydroxyl grROHUSKRH07952
organonetal lic conmpound in a suitable solvent. Mst preferably, the al cohol
Is a protected baccatin Ill, in particular, -

7-O-triethylsilyl baccatin Il (which can be obtained as described by
G eene, et al.

13

7,10-bis-Otriethylsilyl baccatin 11,

aI

in JACS 110, 5917 (1988) or jky other routes) or
As reported in G eene et

10- deacetyl baccatin Ill is converted to 7-0-triethylsilyl-10-deacetyl

10

15

20

25

zation to give 151 mg (98%) of (2'R,3'S)-2',7-(bis)tri-
ethylsilyl taxol.

E PLE
Preparation of Taxol using lithium alkoxide (from
lithium hexamethyldisilazide):

To a solﬁtion of 7-triethylsilyl baccatin III
(100 mg, 0.143 mmol) in 1 .mL of THF at -45 °C was added
dropwise 0.143 mL of a 1.0 M solution of 1lithium hexa-
methyldisilazide in THF. After 1 h at -45 °C, a solution
of (+)-cis-l1-benzoyl-3-(2-methoxy-2-propyloxy)-4-phenyl-
azetidin-2-one (58 mg, 0.172 mmol) in 'l mL of THF was added
dropwise to the mixture. The solution was warmed to 0°C
and kept at that temperature for 2 h before 1 mL of a 10%
solution of AcOH in THF was added. The mixture was
partitioned between saturated agueous NaHCO; and 60/40
ethyl acetate/hexane. Evaporation of the organic layer
gave a residue which was purified by recrystallization to
give 147 mg (99%) of (2'R;3'S)-z'—(2-methoxy-2-propyloxy)=
7-triethylsilyl taxol. | '

To a solution of 116 mg (0.112 mmol) of
(2'R,3'S)-2'-(2-methoxy-2-propyloxy)-7-triethylsilyl taxol
in 6 mL of acetonitrile and 0.3 mL of pyridine at 0°C was
added 0.9 mL of 48% aqueous HF. The mixture was stirred at
0°C for 8 h, then at 25°C for 10 h. The mixture was
partitioned between saturated agueous sodium bicarbonate
and ethyl acetate. Evaporation of the ethyl acetate
solution gave 113 mg of material which was purified by
recrystallization to give 95 mg (99%) of taxol, which was
identical with an authentic sample in all respects.
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bagcatin I'll according to the follow ng reaction schene: o HO
[err] wggg%w;ypat Is reported to be carefully optim zed Cm/USggfmgsg

10-deacetyl ccatin Ill is reacted with 20 equi val ents of
(Cerr]Herr])[err]SiA at 23[err]C under an argon atnosphere for 20 hours
in the presence of 50 m of pyridine/nmol of 10-deacetyl baccatin IIl to
provi de
26
EXAMPLE 9

Preparation of 2°',7-hydroxy ﬁrotected Taxol using
sodium alkoxide:

_ To a solution of 7-triethylsilyl baccatin III

5 (100 mg, 0.143 mmol) in 1 mL of THF at -45°C is added
dropwise 0.143 mL of a 1 M solution of sodium hexamethyl-
disilazide in THF. After 1 h at -45 °C, a solution of
(+)-cis-1l-benzoyl-3-triethylsilyloxy-4-phenylazetidin-2-one
(82 mg, 0.215 mmol) in 1 mL of THF is added dropwise to the

10 mixture. The solution is warmed to 0°C and kept at that
temperature for 3 h before 1 mL of a 10% solution of AcOH
in THF is added. The mixture is partitioned between
saturated aqueous NaHCO3 and 60/40 ethyl acetate/hexane.
Evaporagion of the organic layer gives a residue which is

15 purified by flash chromatography followed by recrystalli-
zation to give 108 mg (70%) of (2'R,3'S)-2',7-(bis)tri-
ethylsilyl taxol. ' :

In view of the above, it will be seen that the
several objects of the invention are achieved.

20 As various changes could be made in the above
compositions and processes without departing from the scope
of the invention, it is intended that all matter contained
in the above description be interpreted as illustrative and
not in a limiting sense.

i



/-t ghathyl silyl-10-deacetyl baccatin Ill (4a).as a reaction product in
84-86% yield after purification. The reaction product (4a) is then
acet yl at ed WPtB/®0®4ui val ents of CH err] COC1 and 25 nlL of pyri dRCBNAIENY07652
4a at Q[err] C under an argon atnosphere for 48 hours to provide 869hy|eld

of 7-O-triethylsilyl baccatin IIl (4b) as reported by G een a

JACS 110, 5917 at 5918 (1988). Al ternatively, T[M"M"Uﬂ“mnm,
7-triethylsilyl-10-deacetyl baccatin Il (4ay can be protec

oxygen with an acid |abile hydroxyl protecting group. For exarrpl

treatment of (4a) with n-butyllithiumin THF foll owed by
14 tr|ethqullgi_;iggglmL_ig.1 nol equiv.) at OC gives

. 1. A metal alkoxide having the following formula:

D)

wherein Ty is hydrogen or a hydroxy protecting -
group, Z is -0T,, or -OCOCH3, T, is hydrogen or a hydroxy
5 protecting group, M is a metal, Ac is acetyl and Ph is
phenyl.

2. The metal alkoxide of claim 1 wherein M is
Li, Mg, Na, K or Ti.

3. The metal alkoxide of claim 1 wherein M is
lithium. ’

) 4. The metal alkoxide of claim 1 wherein M is
lithium, Z is -0T,, and T, is a hydroxy protecting group.

5. The metal alkoxide of claim 4 wherein T; and
T, are independently selected from the group consisting of
l-ethoxyethyl, 2,2,2-trichloroethoxymethyl, trialkyl silyl
and triaryl silyl.

ThlS Sheet Has Been Replaced
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application of U.S. Serial No. 07/862,778, filed April 3,
1992 which is a C-I-P application of U.S. Serial No.
07/763,805, filed September 23, 1991, now abandoned.

continuation-in-part

BACKGROUND_ OF THE INVENTION

The present invention is directed to novel metal
alkoxides useful in the preparation of derivatives of
baccatin III and l0-deacetyl baccatin III such as taxol, ‘
taxotere and other taxane derivatives which have biological
activity. .

The taxane family of terpenes, of which taxol is
a member, has attracted considerable interest in both.the
Taxol is a promising cancer
broad
antileukemic and tumor~inhibiting actiyit&.

biological and chemical arts.
spectrum of
Taxol has the

chemotherapeutic agent with a

following structure:

(1

Because of this promising activity, taxol is currently

under901ng clinical trials in both France and the United

States T e o

Y

2

The'supply of "taxol for these clinical trials is

presently be1ng prov1ded by the bark from Taxus brevifolia

However. taxol is found only in minute
R .

d

;g--;,‘ . \,'a

: €



Theb7-0-triethylsilvl baccatip-l4+4q derivatives (4b, 4c or 4d) are reacted

with an or ganometffakEpicaCEMEND SHEET
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quantities in the bark of these slow growing evergreens,
causing considerable concern that the limited supply of
taxol will not meet the demand. Consequently, chemists in
recent years have expended their energies in trying to find
a viable synthetic rodte for the preparation of taxols. So
far, the results have not been entirely satisfactory.

One synthetic route that has been proposed is
directed to the synthesis of the tetracyclic taxane nucleus
from commodity chemicals. A synthesis of the taxol |
congener taxusin has been-reported by Holton, et al. in
JACS 110, 6558 (1988). Despite the progress made in this
approach, the final total synthesis of taxol is,
nevertheless, 1likely to be a multi-step, tedious, and
costly process.

' An alternate approach to the preparation of taxol
has been_described by Greene, et al. in JACS 110, 5917
(1988), and involves the use of a congener of taxol,
10-deacetyl baccatin III which has the structure of formula
II shown below:

10-deacetyl baccatin III is more readily available than
taxol since it can be obtained from the needles of Taxus
baccata. According to the method of Greene et al.,
10-deacetyl baccatin III is converted to taxol by |
attachment of the C-10 acetyl group and by attachment of
the C-13 B-amido ester side chain through the



AL —sql vent such as tetrahydrofuran (THF), to form
REPHACEMENS SHEES Um 7-O-triethyl- silyl baccatin Il derivative
(5b, - 5¢c or 5f)fas—snown 1n tlhg followi ng reaction-schenme: [err]

06 NOV 199

esterification of the C-13 alcohol with a B-amido
carboxylic acid unit. Although this approach requires
relatively few steps, the synthesis of the pBf-amido
carboxylic acid unit is a multi-step process_which proceeds
in low yield, and the coupliﬁ§ reaction is tedious and also
proceeds in low yield. waever, this coupling reaction is
a key step which is required in every contemplated
synthesis of taxol or biologically active derivative of
taxol, since it has been shown by Wani, et al. in JACS 93,
2325 (1971) that the presence of the B-amido ester side
chain at C13 is required for anti-tumor activity. '

More recently, it has been reported in Colin et
al. U.S. Patent No. 4,814,470 that taxol derivatives of the
formula IIXI below, have an activity significantly greater
than that of taxol (I).

(III)

R' represents hydrogen or acetyl and one of R'' and R'"''
represents hydroxy and the other represents tert-butoxy-
carbonylamino and their stereoisomeric forms, and mixtures
thereof.

According to Colin et al., U.S. Patent 4,418,470,
the products of general formula (XIX) are obtained by the
action of the sodium salt of tert-butyl N-chlorocarbamate

on a product of general .-formula:



As shown in
13-Olithiunf
reacts wth

whi ch the C
group. The t
mld conditi
substituents

eplAgiehiowd réiEEBagt i on schene, the
- ' ETRyé baccatin Il derivative (5b, 5c, or 5d)
0

rr]-| 2 provi de an internediate (6b, 6c¢, or 6d) in
anéﬁiﬁébaﬁgérgx‘l groups are protected with a triethylsilyl

I et hyl si t hoxyet hyl groups are then hydrol yzed under
 sturb the ester |linkage or the taxane

RO o OCOOCH,Cl,

(Iv)

co-0 --

OH | H !
CoHs OCOC,H, |
OCOCH,

in which R' denotes an acetyl or 2,2,2-trichloroethoxy-
.carbonyl radical, followed by the replacement of the
2,2,2-trichlofqethoxycarbonyl group or groups by hydrogen.
It is reported by Denis et al. in U.S. Patent No.
4,924,011, however, that this processileads to a mixture of
isomers which has to be separated and, as a result, not all
the baccatin III or l0-deactylbaccatin III employed for the
preparation of -the product of general formula (IV) can be
converted to a product of general formula (XIII).

In an effort to improve upon the Colin et al.
process, Denis et al. disclose a different process for
preparing derivatives of baccatin III or of 1l0-deactyl-
baccatin III of generai formula

Q)

{ H
OCOCHy

Cg Hs——CH—NHCOOC( CHy) 5 OCOCH,

in which R' denotes hydrogen or acetyl wherein an acid of

general formula:
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CeHs

in which R; is a hydroxy-protecting group, is condensed
with a taxane derivative of general formula:

(VID)

in which R, is an acetyl hydfoxy—prbtecting group and R4 is
a hydroxy-protecting group, and the protecting groups Ry,
Rg and, where appropriate, R, are then replaced by
hydrogen. However, this method employs relatively harsh
conditions, proceeds with poor conversion, and provides
less than optimal yields. _

A major difficulty remaining in the synthesis of
taxol and other potential anti-tumor agents is the lack of
baccatin III and l0-deacetyl baccatin III derivatives which
have been activated at the C-13 oxygen. Development of
such derivatives would permit attachment of the B-amido
ester side chain in high yield and thus, facilitate the
synthesis of taxol as well as related anti-tumor agents
having a modified set of nuclear substituents or a modified
C-13 side chain.

Another major- difficulty encountered in the
synthesis of taxol is that known brocesses for the



wher ei n Tlerr] |spaingdmeNy &biEBYe]cti ng group; Mis a metal; Ph is phenyl;
Ac is acetyl; anpd, r{ are as previously defined.

Met al substituent), %& %@miﬁﬁéﬁ | koxide (3) is a Goup IA IIA 1II1A
| ant hani de or adtilnil@ r{a transition, Group II11A [IVA VA or VIA
nmetal. Preferaldly, it is p{lA II1A or transition nmetal, and nost

preferably, it ils Tithium magnesiflum sodium potassium or titanium

Both the conver si.on of—the—atcotol to theP netal al koxi de and the ultimte
synthesis of the taxane derivative can take place in the sane react:onf
vessel . Pre he [err]-lLactamis added _to the reactjon vessel after
formation t gé%?’&#%?ét RE ﬁ%‘}%| ké?'ﬁ?é??degsater 5183. dt gﬁho#e\li | 13%®
conpound n-$RR§TA]1ini ooti ssyf bieient Iy udédste remsedrdctiaccat | Thekkfore

10-deacetylthe side chain precursor must be prepared in optically

active form to obtain the desired diastereomer during
attachment. )

SUMMARY OF THE INVENTION

: Among the objects of the present invention,
therefore, is the provision of activated baccatin III and
10-deacetyl baccatin III derivatives which permit
attachment of the B-amido ester side chain in high yield,
‘the provision of such derivatives which permit the use of a
racemic mixture of side chain precursor, eliminating the
need for the expensive, time-consuming process of
separating the precursor into its respective isomeric
forms, and the provision of such derivatives which permit
the preparation of taxanes having greater variety in the
side-chain.

Briefly, therefore, the present invention is

directed to a metal alkoxide having the formula:

1)

wherein T; is hydrogen or a hydroxy protecting
group, 2 is -0T,, or -0COCH3, T, is hydrogen or a hydroxy
protecting group, and M is a metal, preferably, Li, Mg, Na,
K or Ti, and Ph is phenyl.

Other objects and features of this invention will

be in part apparent and in part pointed out hereinafter.



baccatin |11 to'-,,'cq*(eﬁpqmdﬁmg nmet al al koxi de, but other sources of
metal | i ¢ substi ttuén hiium di i sopropyl am de, other |ithiumor
magnesi um an de ethylna n N | 17
brom de, nethyln neﬁbuhﬂg'ﬁééde,:other or ganol i t hi um conpounds, ot her

or ganomagnesi um koppounds, orgadogodi um organotitani um organozirconi um

or ganozi nc, orgapotadm um or orgarfopot assi um or the correspondi ng am des
may al so be used} O ganonmetakk~e—conpounds are readily available, or may be
prepared by avail abl e nethods including reduction of organic halides with

met al . LO@?@EI§#§beE?h?gﬁﬁi are preferred. For exanple, butyl brom de
can be rea al in diethyl ether to give a solution of
Metal alkoxides (1) are activated derivatives of

baccatin III and/or 1l0-deacetyl baccatin III and have
particular utility in a process for the preparation of
taxol, taxotere and other biologically active taxane
derivatives. 1In accordance with the present invention,
metal'alkoxides (1) are reacted with B-lactam (2) to form a
B-amido ester intermediate. The intermediate is then

converted to a biologically active taxane derivative.
B-lactam (2) has the general formula:

T 2
« 3 (2
Ry —R,

wherein _

Ry is -ORg, —SRg, or -NRgRg;

R, is hydrogen, élkyl, alkenyl, alkynyl, aryl, or
heteroaryl; .

Ry and Ry are independently hydrogen, alkyl,
élkenyl, alkynyl, aryl, heteroaryl, or acyl, provided,
however, that R and Ry afe not both acyl;

Rg is -COR;q9, —-COOR;,, -COSRjqp. —-CONRgR;q.
-SOlel, or —POR12R13;

Rg is élkyl, alkenyl, alkynyl, aryl, heteroaryl,
or hydroxy protecting group;

R4 is alkyl, alkenyl, alkynyl, aryl, heteroaryl,
or sulfhydryl protecting group;

Rg is hydrogen, alkyl, alkenyi, alkynyl, aryl, or
heteroaryl;

Rg is an amino protecting group;

Ryp 1is alkyl; alkenyl, alkynyl, aryl, or
heteroaryl;



0 {ranner : [err] Al ternatively,
the lithium al htuked to undergo exchange with netal halides
to form al koxi ge f—aiim num | bpbron, cerium cal cium zirconiumor zinc.
Al t hough THF i heggr'ﬁé@rw $okvent for the reaction mxture, other
et hereal sol verit q, ch-as dlﬂt oxyet hane, or aromatic solvents may al so
be suitable. rif. aln-sedverts; iincl udi ng sone hal ogenat ed sol vents and
sonme straight-chain hydrocarbonsljin whicl the reactants are too poorly
sol ubl e, are not—suttabtite. (O her solvents are not appropriate for other
reasons. For exanple, este e r ophi for 1 in
organonetal lic conggéﬁd%:E%G%fggih-gg%?ﬁ??fh?&%ﬂﬁi&ﬁc?#ﬁgbn%%g?gﬁé%?a'
therewith. ~ORyg. or ANRyRugiy t he reacti on schene disclosed hereinis

ideally directed to sgﬂahgﬁjs ggetqﬂaepéﬁagggqf,aq ﬁﬁhgikéﬁfgpe
derivatives exemplifi herein,% t can be used wth nodifications 1n either

the [err]-|2dd@@¥lor 3ryd » heteroaryl, -OR;q5, or -NRgR;4; and
Ry4 1is hydrogen, alkyl, alkenyl, alkynyl, aryl,

(@)
g
3
E
=
T
7
-

or heteroaryl.

. In accordance with the present invention, Rg of
B-lactam (2) is preferably -COR; o with Ry with Rlo being
aryl, p-substituted phenyl, or lower alkoxy, and most
preferably, phenyl, methoxy, ethoxy, tert-butoxy ("tBuO";

(CH3)3CO—) or

~O-

wherein X is Cl, Br, F, CH30-, or NO,-. Preferably R, and
R4 are hydrogen or lower alkyl. Ry is preferably aryl,
most preferably, naphthyl, phenyl,

O~
Q0 0. ~



tetracycllc metal__a

Ferr]-iactam rutpthﬁfdmﬂj '

jyr oduce ot her conpounds. Thus, the

| ilc metal al koxi de can be derived
S, to prepare other synthetic taxols, taxol
5, and the enantioners and di ast ereoners

from nat ur al atur al
derivatives, W 1996X

h|n t helpresent invention. The process of
porit ant advant age of being highly

t hereof conte

di astereosel ec}i ve. dcemi c mRtures of the side chain precursors
may be used. S cost savings may be realized because there is no
need to resol ve racen1c [err]-lactams inLo taglh pure. e ntJ oMersy,

Addi ti onal WB8ER18a¥i Ags amPTRY F&F 1% cdebilg Feds &% 31 jhaiil n- pr s sor,

e.g., 60- 7Qﬂéh?§$,|Pieferab1y,.Rl is selected from -ORg, -SRy or
-NRgRg wherein Rg, Ry and Rg, are hydroxy, sulfhydryl, and
amine protecting groups, respectively, and Rg is hydrogen,
alkyl, alkenyl, alkynyl, aryl, or heteroaryl. Most
preferably, R; is -ORg wherein Rg is triethylsilyl ("TES"),
1-ethoxyethyl ("EE") or 2,2,2-trichloroethoxymethyl.

The B-lactam alkyl groups, either alone or with

the various substituents defined hereinabove are preferably
lower alkyl containing from one to six carbon atoms in the
principal chain and up to 15 carbon atoms. They may be
straight or branched chain and include methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, tert-butyl, aryl,
hexyl, and the like.

The B-lactam alkenyl groups, either alone or with
the various substituents defined hereinabove are preferably
lower alkenyl containing from two to six carbon atoms in
the principal chain and up to 15 -carbon atoms. They may be
straight or branched chain and include ethenyl, propenyl,
isopropenyl, butenyl, isobutenyl, aryl, hexenyl, and the
like. )

The B-lactam alkynyl groups, either alone or with
the various substituents defined hereinabove are preferably

"~ lower alkynyl containing from two to six carbon atoms in
the principal chain and up to 15 carbon atoms. They may be
straight or branched chain and include ethynyl, propynyl,
butynyl, isobutynyl, aryl, hexynyl, and the like.

The B-lactam aryl moieties described, either
alone or with various substituents, contain from 6 to 15
carbon atoms and include phenyl, a-naphthyl or. 8-naphthyl,
etc. Substituents include alkanoxy, protected hydroxy,
halogen, alkyl, aryl, alkenyl, acyl, acyloxy, nitro, amino,
amido, etc. Phenyl is the more preferred aryl.

As noted above, R; of B8-lactam (2) may be -ORg
with Rg being alkyl, acyl, ethoxyethyl ("EE"), triethyl-



reqﬁired relativedaapriar processes. The foll ow ng exanpl es
il lustrate the i nycREMAGCEMENT SHEET Preparation of 2

- et hoxyet hyl - 7-tr e“hy+s++7+—11vnj and subsequently taxol, fromracemc
[err]-lactam : sofufion of 7-triethylsilyl baccatin Il]
(20ngy, 0.028 Mol nolb Mo-(gﬁ&ﬁ-lF -78[err] C was added dropw se 0.17 nl
of a 0.164M solut§onaf nBulli in ane. After 30 min at -78[err]C, a

sol ution of cis-I{benzoyl - 3- xyet H¥xy) - 4- phenyl azet i di n- 2-one (47.5
ng, 0.14 mmol) in%% ded dropwi se to the m xture. The

sol ution was; al | owed «S1 oWy rm (oyer 1.5.h) to r] C and S _then
stirred at 5Tg¥¥]2ffg%gl§h Q%dZﬁenfrgfmgoﬂﬁéiﬂﬁﬁﬁW%) iﬁ’ﬁc%iii?ggéﬁ was
added. Thizy &f gzt epwatepgdingt igoeed Bicleers satetral edanduetbs rNaHIO® .and
60/ 40 et hyl 66t RL DAY AN l@?:,@. I At vAfo iy i r a jesidue
whi ch was p%??f?%% by Iag% C rgprratoer aaﬂf t'o th{\?e '238%#30%9&%&(5'%,
3'9)-2' - et RXGERRGF: F2LPPBEKFFsi SUCH Bfolmedity 3. G2 rRp(aGeg; odnd alkyl

2',3" -epi (Zafmd JdPr 2siabhoxyeERylay - terrii@ithylisi i t a¥@imethylsilyl,

dimethyl-t-butylsilyl, dimethylarylsilyl, dimethyl-~

heteroarylsilyl, and triisopropylsilyl, and the like. A
variety of protecting groups. for the hydroxyl group and the
synthesis thereof may be found in "Protective Groups in
Organic Synthesis" by T. W. Greene, John Wiley and Sons,
1981. The hydroxyl protecting group selected should be
easily removed under conditions that are sufficiently mild,
e.g., in 48% HF, acetonitrile, pyridine, or 0.5%
HCl/water/€éthanol, and/or zinc, acetic acid so as not to
disturb the ester linkage or other substituents of the
taxol intermediate. )

Also as noted previously, R4 may be a sulfhydryl
protecting group and Rg may be an amine protecting group.
Sulfhydryl protecting groups include hemithioacetals such
as l-ethoxyethyl and methoxymethyl, thioesters, or
thiocarbonates. Amine protecting groups include
carbamates, for example, 2,2,2-trichloroethylcarbamate or
tertbutylcarbamate. A variety of sulfhydryl and amine
protecting groups may be found in the above-identified text
by T. W. Greene.

The B-lactams (2) can be prepared from readily
available materials, as is illustrated in schemes A and B

below:



19 A
taxol was disso
sol uti on was add d
with 50 m of et ny

Q'R 3'S)-2'-ethoxyethyl- 7-triethylsilyl
eRAL ac&mamféﬁE% anol, and 0.5 ml of 0.5% aqueous HO

Fhe nnxture stirred at Oferr]C for 30 h and diluted
sat urated aqueous

3fe§$%f solution was extracted with 20 nl of
% car o atle solution, dried over sodiumsulfate
and concentr at ed.

provide 4.5 ng (qa.90% taxol, whi

urifigq by flash chromatography to

h was identical wi th an authentic sanple
in all respects. A5 ng sanple of 2',3 -epi(2'S,3' R -2'-ethoxy-
ethyl -7-trgesémbsal yl taxol was dissolved in 2'm of ethanol and 0.5 m  of
0. 5% aqueous HO sol ution was added.

&%, N $y,
Ar OEE Ar “OEE Ar “onc
Scheme B
o oLi
- —
TESO OBt —_— TESO OEt
H )
Y
h T:j/
$,
N-—TMS Ar IOTES
/
ACCHO 9, Ac—

reagents: (a) triethylamine, CH,Cl,, 25°C, 18h; (b) 4 equiv
ceric ammonium nitrate, CH3CN, -10°C, 10 minﬁ {c) KOH, THF,
H,0, 0°C, 30 min; (d4) ethyl vinyl ether, THF, toluene
sulfonic acid (cat.), 0°C, 1.5h; (e) n-butyllithium) ether,
-78°C, 10 min; benzoyl chloride, -78°C, 1lh; (f) lithium
diisopropyl amide, THF -78°C to -50°C; (g) 1lithium
hexamethyldisilazidg, THF -78°C to 0°C; (h) THF, -78°C to
25°C, 12h. '



The ni xture was stirred at O,Ler._r.-} for 30 h and diluted with 50 m of ethyl
acetate. The sol \m@§¢§x14§mt d wth 20 i of saturated aqueous sodi um

bi car bonat e sol Ut oh“‘dr odi um sul fate and concentr at ed. The
reS|due was purntfl‘ed by flash chrdmat ography to provide 4.5 ng (ca.90% of
2', 3" -epitaxol. 1 1 b nov 1996 EXAMPLE 2 Preparation
of 2", 7- (bls)trlgthyIS|IyI taxol nd subsequently taxol, fromracemc

B- | act am _ i =—T6 a sol utioh of ZAZriethylsilyl baccatin Ill (100ng,
0.143 mmol) in 1 of THE at—45ferr] C was added dropwi se 0.087 ml of a

1. 63M sol ution of n uLi in hexane. -After 1 h at -45C, a solution of

ci s-1-benzoyl - 3- trlehhybﬁdqﬂxngﬁmquﬁE§W$aaeelneadilwn@VqEE&P1Qn) I, 715

mol) in 1 @he%f THE vvasaé:ae%(ﬁgg, rég%&.ge éR%&PFdQ‘ @yr%re'gg,e_—e'ﬁ)l gkbAn was

al Lowed to®farmto oc%n rr]C m, of a 10% sol ution
of AcCH i ngIMFolds agddd. amsb rAxttRe NBESSPRAFE| Pfoﬁe&eﬁéﬁﬁgéfn AN rat

aqueous NaHS;QI%EBhd@BQe@O/vAQ:F?HMné@Eﬁr?éﬁf@d(aﬂﬁom Evaehyaesoandf the

organi ¢ lagg%e %%iy%n&%i%%H%SMyfgg 1— Fﬁgégé§¥gﬁgh§ia§-acyloxy-4-
arylazetidin-2-ones. The p-methoxyphenyl group can be
readily removed through oxidation with ceric ammonium
nitrate, and the écyloxy group can be hydrolyzed under
standard conditions familiar to those experienced in the
art to provide 3-hydroxy-4-arylazetidin-2-ones. The
3-hydroxyl group is protected with l-ethoxyethyl, but may
be protected with wvariety of standard protecting groups
such as the triethylsilyl group or other trialkyl (or aryl)
silyl groups. In Scheme B, ethyl-a~-triethylsilyloxyacetate
is readily prepared from glycolic acid.

The racemic B-lactams may be resolved into the
pure enantiomers prior to protection by recrystallization
of the <corresponding 2-methoxy-2- (trlfluoromethyl)
phenylacetic esﬁers. 'However, the reaction described
hereinbelow in which the B-amido ester side_ chain 1is
attached has the advantage of being highly diastereo-
selective, thus permitting the use of a racemic mixture of
side chain precursor.

The 3-(l-ethoxyethoxy)-4-phenylazetidin-2-one of
Scheme A and the 3-(l-triethylsilyloxy)-4-phenylazetidin-
2-one of Scheme B can be converted to B-lactam (2), by
treatment with a base, preferably n-butyllithium, and an
acyl chloride, sulfonyl chloride, phosphinyl chloride,
phosphoryl chloride or an alkyl chloroformate at -78°C or
less.

Preferably, the metal alkoxides are prepared by
reacting an alcohol having two to four rings of the taxane
nucleus and a C-13 hydroxyl group with an organometallic
compound in a suitable solvent. Most preferably, the
alcohol is a protected baccatin III, in particular,



20 chr omat ogr aph
(2R, 3'S)-2",7-(b
2', 3" -epi(2'S, 3K

e eqrystallization to give 131 ng (85% of
é?cPLA%&W%NTSS tlaxol and 15 mg (10% of
‘,/ (bls)trl t Ryl silyl taxol. To a sol ution of
121.3 ng (0.112 njro UQ;#P% 32, 7-(bis)triethylsilyl taxol in 6 n
of acetonitrile apd}O pyri dine at O[err]C was added 0.9 m of 48%
aqueous HF. The T\LLupa—wee—s%rrF-o at ?égrr]c for 8 h, then at 25[err]C
for 6 h. The m xture was partitionkd be en saturated aqueous sodi um
bi car bonat e and ethyt—acerare. Evaporation of the ethyl acetate solution
gave 113 mat-er.i r|f S r g
recrystal In?7z %51?%}’%1?/%@55 %\%%5%‘37@ iﬁj P%\AEH’1 Q:aﬁh ngtﬁ?%ggﬁ% '?eﬂéjan

aut henti c stegdeibed aby Geepsetset al. 1n Jﬁﬁ% Lb!lut ﬁ@ﬁ"of 19883 AT (BY R
3'9)-2', 7- (Nigdr tXd LYY SbLYh, 18X8E sLO-LrBelhyak iagal Gidddt #n angr 0. 03
As reported in Greene et al., l0-deacetyl
baccatin III is converted to‘7-0—triethylsiiyl—lo—deacetyl
baccatin III according to the following reaction scheme: '

(CyHg),84C1

CyHyN

(3) : (4a)

Under what is reported to be carefully optimized
conditions, 10-deacetyl baccatin III is reacted with 20
equivalents of (CyHg)3SiCl at 23°C under an argon
atmosphere for 20 hours in the presence of 50 ml of
pyridine/mmol of l0-deacetyl baccatin III to provide
7-triethylsilyl-l0-deacetyl baccatin III (4a) as a reaction
product in 84-86% yield after purifiéation.

The reaction product (4a) is then‘acetylated with
5 equivalents of CH3COCl and 25 mL of pyridine/mmol of 4a
at 0 °C under an argon atmosphere for 48 hours to provide
86% yield of 7-O-triethylsilyl baccatin III (4b) as
reported by Greene, et al. in JACS 110, 5917 at 5918 (1988).

Alternatively, 7-triethylsilyl-10-deacetyl
baccatin III (4a) can be protected at C-10 oxygen with an
acid labile hydroxyl protecting group. For example,
treatment of (4a) with n-butyllithium in THF followed by



of pyridine at 0OC was added 0.09 m*of 48% aqueous HF. The mi xture was
stirred at Of[err][Cd- -t ag 25[err]C for 6 h. The m xture was
partitioned bet eﬁﬂéﬁrbm-re us sodi um bi carbonate and ethyl acetate.
Evaporation of the {ethyl acetatejisdlution gave 5 ng of material which was
purified by flashl chr 6mato¥r @86y lafd recrystallization to give 4.6 ngy (ca.
95% of 2',3'-epitakol. : EXAMPLE 3

Preparati on of tat<o ere. To a ol ution of 7,10-bis-triethylsilyl
baccatin Il (200 ny. 0.248 nmol)din 2 nL of THF at -45 [err] C was added
dropwi se 0.174 nL of a 1.63M solution of nBuLi in hexane. After 0.5 h at
-45 [err] Ctrd ex®yllsiiay10f cEl6ridét ef1:1 mol equiv.) at 0°C gives

but oxycar bonyl ) - 3-triethyl sil.yl.oxy.- 4: .azet . di o] ( .24
mol ) in ZQ’rﬂ)é'ozi'iblfHIQ'%Jsleé%ge}cf1§ryolpwb§'28%&ﬁh§tfr#x?a§%. r1‘?LI'_hée]@%o ul':eil(?n was
war med to @Ifser,r ] Giahdceeptbat conaertedpetat Tro-ftaeithy Indbik-10n{lof a
10% sol uti Q1 Qf, AR 1IN iideaiBs addedcadyer i ¥64r $ivea BY' tickerrdtbet ween
with excess ethyl vinyl ether and a catalytic amount of '
methane sulfonic acid. Tbese preparations are illustrated

in the reaction scheme below.

cffci,/, § (4b)
CqHyN S ocock,
OCOC,4 H,
0Si(C,Hg) 4
o}
0S1(C,Hs),
n-BuLi HOum '
4a >
(C,yHs)381iC1 -
. “HO E 3 (4c)
: £
£ OCOCH,
OCOC,4 Hy
OEE
C,H,0C, Hy
(CAT)CH,S0zH —
E 2 (4d)
£ 5
E OCOCH,
0COC, Hy

The 7-0-triethylsilyl baccatin III derivatives
(4b, 4c or 4d) are reacted with an organometallic compound



1 sat urated agueous NaHCO3 and 60/ 40
nREPLﬂgngTalsﬁB T f the organic |ayer gave a residue which
was purified by fyltration throughsilica gel to give 280 ng of crude
2',7,10-tris-trie}hyl il NOVt 996t dr . To a solution of 280 ng of
t he crude productf opt ai ned from tjhd previ ous reaction in 12 nL of
acetonitrile and 0.6 nL of pyrrarnd at #Jerr]C was added 1.8 nmL of 48%
aqueous HF. The nmixture was stirred at O [err]C for 3 h, then at 25 [err]C
for 13 h, and partitioned _hetween saturated agueous sodium bij C and
ethyl acet 3VEN BFaPoPEYdd 15h iUk hi/ls%ﬁ‘é?%,esgﬁﬁu?ﬁoﬁe 5\?5'%%#8&0

mat eri al WOTHR) wagop@voichi ¢tebyneftlads fa lddurxdinde dg-aphiyi tloi wnve-Q90r hgt193%) of
taxotere, whigh Wae gqtystet! haed LEQULMRSHNYL 6L e5a)Nds anabwh i gal and

spectr al

;
et hyl acet at e/ hexh

(@)

the following reaction scheme:

CH,

o
‘°;(/CH3 0S1(CyHs) 5
CHyCH,CH,CHyL1 + HO-- 3

OH

CH,CH,CH,CH, + LiO-
(22b) z

= -OCOCH,
(22¢c) 2 = -0S1(CyHy);
(22d) Z = -OEE

As shown in the following reaction scheme, the
13-0-1ithium-7-0O~triethylsilyl baccatin III derivative (5b,
5c, or 5d) reacts with B-lactam (2) to provide an
intermediate (6b, 6c, or 6d) in which the C-7 and C-2'
hydroxyl groups are protected with a triethylsilyl group.
The triethylsilyl and ethoxyethyl groups are then
hydrolyzed under mild conditions so as not to disturb the
ester linkage or the taxane substituents.



identical with that reported for taxotere in U S. Patent 4,814, 470.
[err] wherein Np2._ IS

REPLACEMENT SHEET
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(1) THF
e

5 b-4 _ (2) 6 b-d
b, Z = -OCOCH,
d, Z = -0QEE

wherein T; is a hydroxy protecting group; M is a metal; Ph
is phenyl; Ac is acetyl; and R; to Rg are as previously
defined.

Metal substituent, M, of metal alkoxide (3) is a
Group IA, IIA, IIIA, lanthanide or actinide element or a
transition, Group IIIA, IVA, VA or VIA metal. Preferably,
it is a Group IA, IIA or transition metal, and most
preferably, it is lithium, magnesium, sodium, potassium or
titanium.

Both the conversion of the alcohol to the metal
alkoxide and the ultimate synthesis of the taxane
derivative can take place in the same reaction vessel.
Preferably, the B-lactam is added to the reaction vessel
after formation therein of the metal alkoxide.

' The organometgllic compound n—butyllithium is
preferably used to convert baccatin III or 11l0-deacetyl
baccatin III to the corresponding metal alkoxide, but other
sources of metallic substituent such as lithium diisopropyl

amide, other 1lithium or magnesium amides, ethylmagnesium’



Prebaration of napht hyl ) taxol . To a

sol ution of 7-t in Il (200 ng, 0.286 mmol) in 2 nL of
THF at -45 [err se 0.174 nmL of a 1.63M solution of nBuLi
i n hexane. Afte [erk]C, a solution of cis-1-benzoyl-3-
triethylsilylox Zetidin-2-one (620 ng, 1.43 mmol) in 2 nL

of THF was adde m xture. The solution was warnmed to O
[err] C and kept at that tenperat re for 17h before 1 nL of a 10% sol ution
of AcOH in THF | : ™xture was partitioned between saturated
aqueous NaHCO3 and 60/40 et hyl acetate/ hexane. Evaporation of the organic

| ayer gave hromdsiedue metifchlnegnesiwmni ceiropide | t rethen toreaghlithisa gel to
gi ve 320 Q4o Al UBBheQNt G & Aind #n s Burm) c%mp%u%ss)tskgsmsgsawh 3 -

desphenyl - 3* - (2- napht hyl') taxol” and a small anmount of I somer.
organotltanlum, organozirconium, organozinc, organoca mium

or organopotassium or the corresponding amides may also be
used. Organometallic compounds are readily available, or
may be prepared by available methods including reduction of
organic halides with metal. Lower alkyl halides are
pfeferred. For example, butyl bromide can be reacted with
lithium metal in diethyl ether to give a solution of
n-butyllithium in the following manner:

-10°C
CHyCHaCHCHpBr + 2L1 ———= CH;CHCHCH;L1 + LiBr
2

Alternatively, the lithium alkoxzide may be
induced to undergo exchange with metal halides to form
alkoxides of aluminum, boron, cerium, calcium, zirconium or
zinc. . -
Although THF 1is the preferred solvent for .the
reaction mixture, other ethereal -'solvents, such as
dimethoxyethane, or aromatic solvents may also be
suitable. Certain solvents, including some halogenated
solvents and some straight-chain hydrocarbons in which the
reactants are too poorly soluble, are not suitable. Other
solvents are not appropriate for other reasons. For
example, esters are not appropriate for use with certain
organometallic compounds such as n-butyllithium due to
incompatibility therewith.

Although the reaction scheme disclosed herein is
ideally directed to the synthesis of taxol, taxotere, and
other taxane derivatives exemplified herein, it can be used
with modifications in either the B-lactam or the
tetracyclic metal alkoxide to produce other compounds.
Thus, the B-lactam and the tetracyclic metal alkoxide can



To a sol ution of REOLAGEMBNT283E |) of the m xture obtained fromthe
previous reactidgnfi agettonitrile and 0.93 nL of pyridine at O

[err]C was added 2.8 f % aquieous HF. The m xture was stirred at 0
encgb"gg 1[6§§/r] Cifor 13 h, and partitioned between

D)

[err]C for 3 h,
sat ur at ed aqueous isadium-bicarhonate and ethyl acetate. Evaporation of the
ethyl acetate sqglution gave 255 of matjgrial which was purified by flash
chr omat ogr aphy t'o-girve—166- 9 of 3'-desphenyl -3'-(2-naphthyl) taxol
whi ch was recrystallized from net hanol / wat er. mp 164-165 [err] G

[err][err] '\E‘e égu':@v(a@l OELQQ15, ch‘@iEQr ro]r) .unndtifd H ABRcEERCL[t rjrePdPe MHZ)
[err] 8.14 ﬁnzo ar.o tlc)

7.90 (m 1I—P“é‘?5m§ty"ht§het7"85t€ﬁ1° LB t.%%f”f%egﬁnﬁ] EH el 58
7.60 (m 3HazsDsptiand Ehe2 énanﬂ&bmemenaamdﬂ diasterneomedty thereof

contemplated within the present invention.

—+

The process of the invention also has the
important advantage of being highly diastereoselective.
Therefore racemic mixtures of the side chain precursors may
be used. Substantial cost savings may be realized because
there is no need to resolve racemic B-lactams into their
pure enantiomers. Additional cost savings may be realized
because less side chain precursor, e.g., 60-70% less, is
required relative to prior processes.

The following examples illustrate the invention.

EXAMPLE 1
"Preparation of 2'-ethoxyethyl-7~triethylsilyl
thol, and subsequently taxol, from racemic B-lactam:

To a solution of 7—trie{:hylsily1 baccatin III
(20mg, 0.028 mmol) in 1 ml of THF at -78°C was added
dropwise 0.17 ml of a 0.164M solution of nBuLi in hexane.
After 30 min at -78°C, a solution of cis-l-benzoyl-3-
(l-ethoxyethoxy)-4-phenylazetidin-2-one (47.5 'mg, 0.14
mmol) in 1 ml of THF was added dropwise to the mixture.
The solution was allowed to slowly warm (over 1.5 h) to 0°C
and was then stirred at 0°C for 1 h and 1 ml of a 10%
solution of AcOH in THF was added. The mixture was
partitioned between saturated agueous NaHCO3; and 60/40
ethyl acetate/hexane. Evaporation of the organic layer
gave a residue which was purified by flash chromatography
to give 23 mg (80%) of (2'R, 3'S)-2'-ethoxyethyl-
7-trie£hylsily1 taxol and 3.5 mg (13%) of 2',3'-epi(2'S,
3'R)-2'-ethoxyethyl-7-triethylsilyl taxol.



H7) 4. 30

H20[err]),
(m 1H He6
2.24 (s, 3
1H, 10H),

EXAMPLE 5
magnesi um

tic), 7| CRERLACEM , 1H, NH), 6.27 (s, 1H HLO), 6.26 (dd,

.2 ?—|Z 1 H HiS),Emgygg , J =8.8, 2.5 H, 1H H3'), 5.(6B (d, J

1H, H[lerk] 93 . H5), 4.92 (m 1H, H2'), 4.39 (m 1H,

(d, J 44 bhzﬁCYmgﬂzc rr]), 4.20 (d, J = 8.5 Hz, 1H,

3.81 ([d,b1=7.1 W, H3), 3.60 (d, J =5 Hz, 1H 2' OH), 2.48

[err]).,| 2.45 (br, 1R . 2.39 (s, 3H, 4Ac), 2.30 (m 2H, H14),

H 10AC—+—83—(m—Lk_Hb{err]d® 1.82 (br s, 3H Mei18), 1.68 (s,

1.68 (s, 3H, Mel9), 1.24 (s, 3H Ml7), 1 14 (s, 3H|I\/EI6)
reparatiqn of. 2',7-h ,rx cted Taxo

al koxi de: R 9y gam?& gglu%? ‘ ﬁ tr 6t %*Y?Fh% ccatln

11 (100 nﬂrtQiEABYﬁﬁéﬂyliWEBQﬁ_wﬁsTaFSablvéB Cnwas mdddel ethanol, and

0.5 ml of 0.5% aqueous HCl solution was added. The mixture
was stirred at 0°C for 30 h and diluted with 50 ml of ethyl
acetate. The solution was extracted with 20 ml of
saturated aqueous sodium bicarbonate solution, dried over
sodiu& sulfate and concentrated. The residue was purified
by flash chromatography to provide 4.5 mg (ca.90%) taxol,
which was identical with an authentic sample in all
respects.

A 5 mg sample of 2',3'-epi(2'S,3'R)-2'-ethoxy-
ethyl-7-triethylsilyl taxol was dissolved in 2 ml of
ethanol and 0.5 ml of 0.5% aqueous HCl solution was added.
The mixture was stirred at 0°C for 30 h and diluted with 50
ml of ethyl acetate. The solution was extracted with 20 ml
of saturated aqueous sodium bicarbonate solution, dried
over sodium sulfate and concentrated. The residue was
purified by flash chromatography to provide 4.5 mg (ca.90%)
of 2',3'-epitaxol. :

EXAMPLE 2
Preparation of 2',7-(bis)triethylsilyl taxol, and
subsequently taxol, from racemic f-lactam:

To a solution of 7-triethylsilyl baccatin III
(100mg, 0.143 mmol) in 1 ml of THF at -45°C was added
dropwise 0.087 ml of a 1.63M solution of nBulLi in hexane.
After 1 h at -45°C, a solution of cis-l-benzoyl-3-
triethylsilyloxy)-4-phenylazetidin-2-one (274 mg, 0.715
mmol) in 1 ml of THF was added dropwise to the mixture.
The solution was allowed to warm to 0°C and held at 0°C for
1l h. One ml of a 10% solution of AcOH in THF was added.
The mixture was partitioned between saturated agueous
NaHCO3 and 60/40 ethyl acetate/hexane. Evaporation of the

organic layer gave a residue which was purified by flash



dropwi se 0.04¢ il of a 3.0 tholution of nmet hyl magnesi um brom de in ether.
After 1 h at -{45 C, a sol ut.i of
(+) - ci s-1- benZoyl -'3-tri et hyl sifl | oxy- 4- phenyl azeti di n- 2-one (82 ng, 0.215
mol) in 1 nl jof; T¥P NEY gropwi se to the m xture. The solution was
warnmed to O [4grr fhat tenperature for 4 h before 1 nL of a
10% sol ution ¢f AcOH in THF was}added. T. m xture was partitioned between
sat ur at ed aqueéeus-NaHCG3—and 60J 40 et hyl” acet at e/ hexane. Evaporation of the
organi c | ayer gave a residue which was purified by flash chromatography

fol | owed bEpW@HaﬁadﬁdﬁhyiﬁﬁlIﬁhé& 8y VEed APsBH1196% ieh to give 131 mg
gi R3'9)- %85 (mé”t{ Q§Q¥J8£Iyg Eblsgtrlethylsllyl taxol and 15 mg
(10%) of 2',3'-epi(2'S,3'R)-2"',7-(bis)triethylsilyl taxol.
To a solution of 121.3 mg (0.112 mmol) of (2'R,
3'5)-2",7-(bis)triethylsilyl taxol in 6 ml of acetonitrile
and 0.3 ml of pyridine at 0°C was added 0.9 ml of 48%
agqueous HF. The mixture was stirred at 0°C for 8 h, then

at 25°C for 6 h. The mixture was partitioned between
saturated aqueous sddium bicarbonate and ethyl acetate.
Evaporation of the ethyl acetate solution gave 113 mg of
material which was purified by flash chromatography and
recrystallization to give 94 mg (98%) taxol, which was
identical with an authentic sample in all respects.

To a solution of 5 mg of (2'R, 3'S)-2',7-(bis)
triethylsilyl taxol in 0.5 ml of acetonitrile and 0.03 ml
of pyridine at 0°C was added 0.09 ml of 48% aqueous HF.
The mixture was stirred at 0°C for 8 h, then at 25°C for 6
h. The mixture was partitioned between saturated aqueous
sodium bicarbonate and ethyl acetate. Evaporation of the
ethyl acetate solution gave 5 mg of material which was .
purified by flash chromatography and recrystallization to
give 4.6 mg (ca. 95%) of 2',3'-epitaxol.

EXAMPLE 3
Preparation of taxotere.

To a solution of 7,10-bis~triethylsilyl baccatin
IITI (200 mg, 0.248 mmol)) in 2 mi: of THF at -45 °C was
added dropwise 0.174 mL of a 1.63M solution of nBuLi in
hexane. After 0.5 h at -45 °C, a solution of cis-l-(tert-
butoxycarbonyl)-3-triethylsilyloxy-4-phenylazetidin-2-one
(467 mg, 1l.24 mmol) in 2 mL of THF was added dropwise to
the mixture. The solution was warmed to 0 °C and kept at
that temperature for 1 h before 1 mL of a 10% solution of

AcOH in THF was added. The mixture was partitioned between



EXAMPLE 6 Preparation of 2',7-hydroxy protected Taxol using
pot assi um al kox} de: - ;ivs .7 SHEET o @ solution of 7-triethylsilyl baccatin
11 (100 ng, O.[]48: ﬁﬁa#}~%n—;—ai

of THF at -45[err] C was added dropw se
0.286 nL of a 0 SLZIsolutlon of
e

ot assi um hexanet hyl di si | azi de in tol uene.
After 1 h at -4 219961 Jtijon of

(+)-cis-1-benzoyl triethylsillyljoxy-4-phenyl - azetidin-2-one (82 ng, 0.215
mmol) in 1 nL of THF was added drjopw se tQ the m xture. The sol ution was

war med to Of erri& _ttemmrmureforB h before 1 nL of a 10%
solution of AcOH in THF was added. The m xture was partltloned bet ween

saturat ed aguenus NpHCER ﬁg Q%é§PetQthﬁU¥@ﬁeggﬁ?? 140 of the
organi c | ayer gave a re5| as rona ogr aphy

urified
fol | owed bEVRRIBARIAN | 9ht rcaﬁ {OF SR RAC 159%@ 99@% aofresnme which was

(2 R 3,9)- %uf&ﬂﬁé@)ﬁflﬁimﬁkﬁthﬁh &%&@ugh 5111ca1ge1 to give 280 mgE&AMPLE
Pr epar.at i pr.ot ect ed xol using I|th|um

aIKOX|de f FIM9S thiu n%@ Eﬁéfﬁ§Fé BVﬁfﬂ&Xl taxotere.

To a solution of 280 mg of the crude product
obtained from the previous reaction in 12 mL' of
acetonitrile and 0.6 mL of pyridine at 0 °C was added 1.8
mL of 48% agqueous HF. The mixture was stirred at 0 °C for
3 h, then at 25 °C for 13 h, and partitioned between
saturated aqueous sodium bicarbonate and ethyl acetate.
Evaporation of the ethyl acetate solution gave 215 mg of
material which was purified by flash chromatography to give
190 mg (95%) of taxotere, which was recrystallized from
methano;/water. All analytical and spectral data were
identical with that reported for taxotere in U.S. Patent
4,814,470. ) |

wherein Np2 is



To a SO|UtiOﬂ‘Ut“TfttfethygﬁggYh baccatin Il (100 ng, 0.143 nmol) in 1 nL
of THF at -45([err]Cwas'a giropwi se 0.143 nL of a 1.0 M solution of
l'i thi um hexa- nﬁthyldisilazidi in THF. After 1 h at -45 C, a solution of

(+)-cis-l-benzojl-@atm@eb@g&siI)ony-4-phenylazetidin- 2-one (82 ng, 0.215
mml) in 1 nLjoff THF was added ¢ropwi se to the m xture. The sol ution was
warnmed to 0C gn tenperature for 2 h before 1 nL of a 10%
solution of AJOH in THFE was addéd. The ¥4 xture was partitioned between
saturated aqueous NaHCJ err]| and 60/ 40 ethyl acetate/hexane. Evaporation of

the organic | ayer gave a resi.due ich s purified fla chr omat ogr aph
follomgd by regrys?aﬁﬁepara ion 8?13'-gggpﬁény{—f'—Py—napﬁghyQ)zgaxoq. Py

To a solution of 7-triethylsilyl baccatin III
(200 mg, 0.286 mmol) in 2 mL of THF at -45 °C was added
dropwise 0.174 mL of a 1.63M solution of nBuLi in hexane.
After 0.5 h at -45 °C, a solution of cis-l-benzoyl-3-
triethylsilyloxy—4—(2—naphthy1)azetidin;z—one (620 mg, 1.43
mmol) in 2 mL of THF was added dropwise to the mixture.
The solution was warmed to 0 °C and kept at that
temperature for 1 h before 1 mL of a 10% solution of AcOH
in THF was added. The mixture was partitioned between
saturated aqueous. NaHCO3; and 60/40 ethyl acetate/hexane.
Evaporation of the organic layer gave a residue which was
purified by filtration through silica gel to give 320 mg of
'a mixture containing (2'R,3°'S)-2',7-(bis)triethylsilyl-3'-
desphenyl-3'-(2-naphthyl) taxzol and a small amount of the
(2°S,3'R) isomer.

To a solution of 320 mg (0.283 mmol) of the
mixture obtained from the previous. reaction in 18 mL of
acetonitrile and 0.93 mL of pyridine at 0 °C was added 2.8
mL of 48% aqueous HF. The mixture was stirred at 0 °C for

3 h, then at 25 °C for 13 h, and partitioned between
saturated agqueous sodium bicarbonate and ethyl acetate.
Evaporation of the ethyl acetate solution gave 255 mg of
material which was purified by flash chromatography to give
166 mg (64%) of 3'-desphenyl-3'-(2-naphthyl) taxol, which
was recrystallized from methanol/water.

m.p 164-165 °C; [al?3g, -52.6° (c 0.005, CHCls).

14 NMR (CDCl;, 300 MHz) 6§ 8.14 (d, J = 7.3 Hz, 2H, benzoate
ortho), 7.96 (m, 1lH, aromatic), 7.90 (m, 1lH, aromatic),
7.85 (m, 2H, aromatic), 7.76 {(m, 2H, aromatic), 7.60 (m,
3H, aromatic), 7.52 (m, 4H, aromatic), 7.41 (m, 2H,



zatfon to give 151 .m..(98% of (2'R 3'S)-2',7-(bis)tri- ethylsilyl taxol

EXAMPLE 8 asH qf Taxol wusing lithium al koxide (from
| ithium hexa ; 2 | To a solution of 7-triethylsilyl
baccatin Il (2 143 nTDI) in 1 m of THF at -45 [err] C was added

dropwi se 0. 14 5% NOY 991 dol{uti on of Iithium hexa- nethyldisilazide in
THF. After 1 h -45 Ierr]C. a |sol ution of ‘
(+)-cis-I-benzpyl - 3-(2-nmet hoxy- 3- propyl ) - 4- phenyl - azeti di n-2-one (58
ng, 0.172 mol }inlm—of—tH- ﬂas added%%ropmnse to the mxture. The

sol uti on was warned to O[err]C and kept at that tenperature for 2 h before

1 b of a A0¥nsekubion @f WJmTwFaM§CC§ﬂgﬁgug0/ 2312:’% ﬁ(ﬁe, YW&Y, H1o),

partitioned betmeen sat'urat ed aqueous NaH
acet at e/ heRaR8. (dByagdoratd-Fv of- 4 héZ or §éni B1BhyeP - §avd dd .r akidul. &hi 2h5 was

purified byzreanystal'l) zagiom (a,guve 17471%(991% Q§ B), 4.93 (m, LlH,

- (2'R,3'S)-ﬁ'-(2-n§ h?x -%%grgﬁ% oxx% 3g rlethyIS| taxol To
a sol uti ondf ‘116 F%. ) )' . (d, J = 8.5

Hz, 1H, H20q), 4.20 (d, J = 8.5 Hz, 1H, H20B3), 3.81 (4, J =

7.1 Hz, 1H, H3), 3.60 (4, J = 5 Hz, 1H, 2'OH), 2.48 (m, 1H,

Héa), 2.45 (br, 1H, 70H), 2.39 (s, 3H, 4Ac), 2.30 (m, 2H,

H14), 2.24 (s, 3H, 10Ac), 1.83 (m, 1H, H6B), 1.82 (br s,

3H, Mel8), 1.68 (s, 1H, 10H), 1.68 (s, 3H, Mel9), 1.24 (s,

3H, Mel7), 1.14 (s, 3H, Mels).

EXAMPLE 5
greparation of 2',7-hydroxy protected Taxol using
magnesium alkoxide:

To a solution of 7-triethylsilyl baccatin III
(100 mg, 0.143 mmol) in 1 mL of THF at -45 °C was added
dropwise 0.048 mL of a 3.0 M solution of methyl magnesium
bromide in ether. After 1 h at -45 °C, a solution of
(+)-cis-1-benzoyl-3-triethylsilyloxy-4-phenylazetidin-2-one
(82 mg, 0.215 mmol) in 1 mL of THF was added dropwise to
the mixture. The solution was warmed to 0 °C and kept at
that temperature for 4 h before 1 mL of a 10% solution of
AcOH in THF was added. The mixture was partitioned between
saturated agqueous NaHCO; and 60/40 ethyl acetate/hexane.
Evaporation of the organic layer gave a residue which was
purified by flash chromatography followed by recrystalli-
zation to give 148 mg (96%) of (2'R,3'S)-2',7-(bis)tri-
ethylsilyl taxol.
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Preparation of 2',7-hydroxy protected Taxol using sodium
EXAMPLE 6
Preparation of 2°',7-hydroxy protected Taxol using

potassium alkoxide:

To a solution of 7-triethylsilyl baccatin III

(100 mg, 0.143 mmol) in 1 mL of THF at -45°C was added
dropw{se 0.286 mL of a 0.5 M solution of potassium
hexamethyldisilazide in toluene. After 1 h at -45 °C, a

solution of (+)-cis-l-benzoyl-3-triethylsilyloxy-4-phenyl-
azetidin-2-one (82 mg, 0.215 mmol) in 1 mL of THF was added
dropwise to the mixture. The solution was warmed to 0°C
énd kept at that temperature for 3 h before 1 mL of a 10%
solution of AcOH in THF was added. The mixture was
partitioned between saturated aqueous NaHCO3 and 60/40
ethyl acetate/hexane. Evaporation of the organic layer
gave a residue which was purified by flash chromatography
followed by recrystallization to give 139 mg (90%) of
(2'R,3'5)-2',7~(bis)triethylsilyl taxol.

EXAMPLE 7
Preparation of 2',7-hydroxy protected Taxol using
lithium alkoxide from lithium hexamethyldisilazide:

To a solution of 7-triethylsilyl baccatin III
(100 mg, 0.143 mmol) in 1 mL of THF at -45 °C was added
dropwise 0.143 mL of a 1.0 M solution of 1lithium hexa-
methyldisilazide in THF. After 1 h at -45 °C, a solution
of (+)-cis-l-benzoyl-3-triethylsilyloxy-4-phenylazetidin-
2-one (82 mg, 0.215 mmol) in 1 mL of THF was added dropwise
to the mixture. The solution was warmed to 0°C and kept at
that temperature for 2 h before 1 mL of a 10% solution of
AcOH in THF was added. The mixture was partitioned between
saturated aqueous NaHCO; and 60/40 ethyl acetate/hexane.
Evaporation of the organic layer gave a residue which was
purified by flash chromatography followed by recrystalli—
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lithium hexamethyldisilazide):

To a solﬁtion of 7-triethylsilyl baccatin III
(100 mg, 0.143 mmol) in 1.mL of THF at -45 °C was added
dropwise 0.143 mL of a 1.0 M solution of lithium hexa-
methyldisilazide in THF. After 1 h at -45 °C, a solution
of (+)-cis-l-benzoyl-3-(2-methoxy-2-propyloxy)-4-phenyl-
azetidin-2-one (58 mg, 0.172 mmol) in ‘'l mL of THF was added
dropwise to the mixture. The solution was warmed to 0°C
and kept at that temperature for 2 h before 1 mL of a 10%
solution of ACOH in THF was added. The mixture was
partitioned between saturated agueous NaHCO; and 60/40
ethyl acetate/hexane. Evaporation of thé organic 1layer
gave a residue which was purified by recrystailization to
give 147 mg (99%) of (2'R;3'S)—2'-(2—me£hoxy—2—propyloxy)>
7-triethylsilyl taxol. '

To a solution of 116 mg (0.112 mmol) of
(2'R,3’S)—Z'-(z-methoxy-z-bropyloxy)-7—triethylsi1yl taxol
in 6 mL of acetonitrile and 0.3 mL of pyridine at 0°C was
added 0.9 mL of 48% aqueous HF. The mixture was stirred at
0°C for 8 h, then at 25°C for 10 h. The mixture was
partitioned between saturated agqueous sodium bicarbonate
and ethyl acetate. Evaporation of the ethyl acetate
so;ution gave 113 mg of material which was purified by
recrystallization to give 95 mg (99%) of taxol, which was
identical with an authentic sample in all respects.
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e | EXAMPLE 9
Preparation of 2',7-hydroxy protected Taxol using

sodium alkoxide:

To a solution of 7-triethylsilyl baccatin III
(100 mg, 0.143 mmol) in 1 mL of THF at -45°C is added
dfop&ise 0.143 mL of a 1 M solution of sodium hexamethyl-
disilazide in THF. After 1 h at -45 °C, a solution of
(+)-cis-l-benzoyl-3-triethylsilyloxy-4-phenylazetidin-2-one
(82 mg, 0.215 mmol) in 1 mL of THF is added dropwise to the
mixture. The solution is warmed to 0°C and kept at that
temperature for 3 h before 1 mL of a 10% solution of AcOH
in THF is added. The mixture is partitioned between
saturated agqueous NaHCO3 and 60/40 ethyl acetate/hexane.
Evaporé;ion of the organic layer gives a residue which is
purified by flash chromatography followed by recrystalli-
zation to give 108 mg (70%) of (2'R,3°'S)-2',7-(bis)tri-
ethylsilyl taxol. '

In view of the abdve, it will be seen that the
several objects of the invention are achieved.

As various changes could be made in the above
compositions and processes without departing from the scope
of the invention, it is intended that all matter contained
in the above description be interpreted as illustrative and

not in a limiting sense.



[er‘r]

wherein_

Tlerrl]

Offerr] or -
is a netal
or actinide ele
VA or VIA, Ac is
according to clai
al koxi de accordin
A netal al koxi de

lithium Zis -Olferr],

LS hvrlrnaﬁ\
[ 6JE(EPI.&\CE_MEN’IT SHEEY
-SHret-art-es—a

IIU

g B

1, wherein Miis
Egto claim1 or cl

—h

and T[err]

WHAT I CLAIM IS:
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wherein Ty is hydrogen or a hydroxy protecting -
group, 2 is -0T,, or -OCOCH3, T, is hYdrogen or a hydroxy

phenyl.

2.
Li, Mg, Na, K or Ti.
lithium.

M is a metal,

Ac is acetyl and Ph is

_The metal alkoxide of claim 1 wherein M is

3. The metal alkoxide of claim 1 wherein M is

4. The metal alkoxide of claim 1 wherein M is
lithium, Z is -OT,, and T, is a hydroxy protecting group.

5. The metal alkoxide of claim 4 wherein T, and

T, are independently selected from the group consisting of

l-ethoxyethyl,

and triaryl silyl.
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2,2,2-trichloroethoxymethyl,

trialkyl silyl
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5. A netal al koxide according to any one of clains 1 to 4 wherein T[err]
and T[err] are independently selected from 1- ethoxyethyl,
2,2,2-trichloroethoxynmethyl, trialkyl silyl and triaryl silyl.
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ABSTRACT

A metal alkoxide having formula (1) wherein T, is
hydrogen or a hydroxy protecting group, Z is -OT,, or -
OCOCH,, T, is hydrogen or a hydroxy protecting group,
and M is selected from the group comprising Group IA,
IIA and transition metals are wuseful in the
preparation of biologically active derivatives of
baccatin III and 10-deacetyl baccatin III.
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1. A metal alkoxide having the following formula:
Z
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‘wherein T, is hydrogen or a hydroxy protecting group, Z is -
0T, or -OCOCH,;, T, is hydrogen or a hydroxy protecting group, M
is a metal selected from metals of Group IA, IIA, or IIIA,
from lanthanide or actinide elements, from transition metals,
"or from metals of Group iVA, VA or VIA, Ac is acetyl, and Ph

~ is phenyl.

. 2. A metal alkoxide according to claim 1, wherein M is
. Li, Mg, Na, K or Ti.

3. A metal alkoxide according to claim 1 or claim 2,

wherein M is lithium.

4. A metal alkoxide according to any one of claims 1 to
3, wherein M is lithium, Z is -OT,, and T, is a hydroxy

protecting group.

S. A metal alkoxide according to any one of claims 1 to
4, wherein T, and T, are independently selected frdm 1-
ethoxyethyl, 2,2, 2-tr1chloroethoxymethyl trialkyl silyl and
triaryl sxlyl.:




