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TAXANES PREPARED SY SETA·LACTAMS AND AMMONIUM ALKOX!DES 

BACKGROUND OF THE INVENTION 
Three esters of N-acyl phenyl isoserine, taxol, 

taxotere and cephalornannine have been found to possess 
significant properties as antitumor agents. This 
application describes a process for the preparation of 
N-acyl, N-sulfonyl and N-phosphoryl substituted isoserine 
esters, in general, and to a semi-synthesis for the 
preparation of taxane derivatives such as taxol, taxotere 
and other biologically active derivatives involving the 

-use of a.Tt'lmonium alkoxides a!iq g-lactams, in particular. 
The taxane family of terpenes, of which taxol 

is a member, has attracted considerable interest in both 
the biological and che.'Tlical arts. Taxol is a promising 
cancer che.~otherapeutic agent with a broad spectru.~ of 
antileukemic and tumor-inhibiting activity. Taxol has 
the following structure: 
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wherein Ac is acetyl. Because of this promising 
activity, taxol is currently undergoing clinical trials 
in both France and the United States. 

The supply of taxol for these clinical trials 
is presently being provided by the bark f rorn Taxus 
brevifollia (Western Yew) . However, taxo.l is found only 
i"n minute quantities in the bark of t.hes.~ ·slow growing 

evergreens. causing considerable concern· that the limiced 
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supply of caxol will not meec the demand. Consequently, 
chemists in =ecent years have expended the~~ ener~ies ~~ 
trying to find a viable synthetic route for the 
preparation of taxol. 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, likely to be .·a multi-step, tedious, and . - ..... -. . 
costly process ~ 

A semi-synthetic 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 I!I which has the structure of 
formula I! shown below: 

OH 

10-deacecyl baccatin II! 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 
esterification of the C-13 alcohol with a B-amido 
carboxylic acid unit. Although this approach requires 
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=alatively few St=os ~he syn~hesis o: the ~-amide 
-- I \,. '-

ca=boxylic acid uni~ is a mulci-step p=ocess which 

proceeds in low yield, and the coupling reaccicn is 

tedious and also proceeds in low yield. Howeve=. this 

coupling reaccion is a key step which is raquired in 

everv conte..1ttplated 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 Cl3 is required for 

anti-tumor activity. • 
More recently, it has been reported in Colin ec 

al. cr.s. Patent No. 4,814,470 that taxanes corresponding 

to the following fol:lt1.ula J:Ir,--: have an activity 

significantly greater than that of taxol (Z). 

C0-0 
I 

2 'CH-R' 
I 

C6 Hs--CH-R ' 

3' 

R 'O 

0 

< r:r:r} 

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

represents hydroxy and the other represents tert-butoxy­

carbonylamino and their stereoisorneric forms, and 

mixtures thereof. 

According to Colin et al., U.S. Patent 

4,418,470, the products of general formula (rII} are 
-

obtained by the action of the sodium salt of tert-butyl 

N-chlorocarbarnate on a product of general formula: 
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in which R' denotes an acetyl or 2,2,2-trichloroethoxy­
carbonyl radical, followed bv the replacement. of the 

· .. : -
2,2,2-trichloroethoxy-carbdnyl group or 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 
mixture of isomers which has to be separated and, as a 
result, not all the baccatin II! or 10-deactylbaccatin 
!!I employed for the preparation of the product of 
general formula {IV} can be converted to a: product of 
general formula crrr). 

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 10-deactyl­
baccatin III of general formula 

OH 

(V) 

co-o 

I 
CH-OH 0 

I OCOC5H5 

C6 H5---CH--NHCOOC(CH 3) 3 OCOCH 3 
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:i..:i which R' denotes hydrogen 
general for:nula: 

( CH-:i) .. COCONH 
- .::I 

,..,.,.. .._._ acetyl wherein an ac~i c: 

0-R 1 

COOH 

(VI} 

in which R\ is a hydroxy-protecting group, is condensed 
with a taxa.T'le derivative of general fo:rmula: 

(VI I J 
HO--

Q 

in which R1 is an acetyl hydroxy-protecting group and R3 

is a hydroxy-protecting group, and the protecting groups 
R1 , R, and, where appropriate, R2 are then replaced by 

hydrogen. However, this method employs relatively harsh 

conditions, proceeds with poor conversion, and provides 

less than optimal yields. 
A major dif f.iculty remaining in the synthesis 

of taxol and othe~ potential anti-tumor agents is the 

lack of a readily available method for easy attachment, 

to the C-13 oxygen, of the cbemical unit which provides 

the g-amido ester side chain. Development of such a 

process for its att:achm~nt in high yield would facilitate 

the synthesis of taxcl as well as related-anti-tumor 
agencs having a mcdif ied set of nuclear substituencs or a 

;;;::;-:, 



modified C-l3 side chain. This need has been fulfilled 
by the discovery of a new, effi~ient process :c= 
attachment, to the C-13 ox:ygen, of the che..~ical ~ni~ 
which provides the B-arnido ester side chain. 

Another·major difficulty encountered ~n che 
synthesis of taxol is that known processes for the 
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 attachment. The process of this invention, 
however, is highly diastereoselective, thus permitting 
the use of a racem.ic mixture.:-of side chain precursor, 
eliminating the need for the expensive, time-consuming. 
process of separating the precursor into its respective 
enantiomeric forms. The reaction additionally proceeds 
at a faster rate than previous processes, thus permitting 
the use of less side-chain precursor than has been 
required by such previous processes. 

St.n1?4-~RY OF THE INVENTION 
Among the objects of the present invention, 

therefore, is the provision of a process for the 
preparation of N-acyl, N-sulfonyl and N-phosphoryl esters 
of isose=ine; the provision of a side chain precurso= for 
the synthesis of taxane derivatives; the provision of a 
process for the attachment of the side chain precursor in 
relatively high yield to provide an intermediate which is 
readily converted to the desired taxane derivative; and 
the provision of such a process which is highly 
diastereoselective. 

In accordance wtth the present invention, a 
process is provided for the preparation of isoserine 
esters having the formula 
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comprising reacting a B-lactam with an alkcxide, cne 

B-lact:am having the fannul.a: 

Xstt-'N «-0 
7. 

1 

X4 X1. 

X :r --:X .z 
~. 

and ·the al.koxi.de: having- t:he fo:cnui.a 

MOCE"i.SzZ3 

·wherein. 

X1 is -ox.,. -SX7 , or -NXJC,.; 
X1 is hyd::'agen, al.ky.l, alkenyl., al.kynyl., ar:yl, 

or het.:eroaryl.; 

X3 and X4. are independent:l.y hydrogen, alkyl, 

alke.Tlyl, alkynyl, ·aryl, heteroa.ryl., acyl or het.ero­
subst:.it:uted alkyl, alkenyl, alkynyl, aryl or het.eroaryl, 
provided, however, that Xl and x~ are not both acyl; 

X5 is -COX10 , -COOX10 , -COSX10 , -CONXaXio' 

or -SOiX11 ; 

x, is hydrogen, alkyl, alkenyl, alkynyl, aryl, 
het.eroaryl, hydroxy protecting group; 

X7 is alkyl, alkenyl, alkynyl, aryl, heteroaryl, 

or sulfhydryl protecting group; 
X6 is hydrogen, alkyl, alkenyl, alkynyl, aryl, 

heteroaryl, or het.erosubstituted alkyl, alkenyl, alkynyl. 
aryl or heteroaryl; 

x, is an amino protecting group.; 
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:::.ec.e=oa=:r!., c:::- :tece:::-osubsc:..~utee al:,.r.!.., alkeny:, a2.:<y:iy2.. 

a::y!. o:::- hece=ca:="Jl; 

X11 is alkyl, alkeny 1., alkyny l, a::--.!.:.., 

heteroary l, -OX10 , or -NX9.X14 ; 

X14 is hydrogen, alkyl, alkenyl, alkynyl, a::::yl, 

or heteroaryl; 

E1 , E2 and E3 are independently hydroqe..11, 

hydrocarbon or cyclic, provided, at least one of E1 , E2 

and E3 is other than hydrogen; and 
M comprises ammonium. 
In. accordance. wit:h another aspect of the 

present invention, the. al.koicide and K-iactam are selected 

so as to provide a process forpz;epa.ring taxol, taxot:ere 
and other biologically active taxane derivatives having 
the fol.lowing structural. :formula; 

R14a 
(3} 

wherein 

X1 - X.H are as previously defined; 

Rt is hydrogen, hydroxy, protected hydroxy or 

together with R14 forms a carbonate; 

R~ is hydrogen, hydr~xy, -OCORH, or toge_ther 

wit.h R24 forms an oxo; 

R24 is hydrogen or together with R~ forms an 
oxo; 
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:\4 :.s hyC.:=oqen, t:cged:.er w:;::i. R.,.. tc:::ns a:: cxc, 
ex .. -=no . 1 '~ - . ,_,,,. .,.., an·~ -he ,-::o-\..,c,., --- ~- or mec:.ny ~e..11e, c= t:oget:.":!e.:. w:. ...... Z'-Sa ..... '- ·- ...... _ .... •· 

ar::.::ms O:::l ·,.,hie=:. t:hey a=e ar::. ~ached. ::o=:n a.."'l oxet:ane =i::.<;; 

R4a is hyd=agen, alkyl, alkeny l, alkyr..y l., a~.! l., 

heteroaryl, cyano, hydroxy, -OCOR30 , or coqet:her wi~h R~ 

fo=ms an oxa, oxi.rane or met:hylene; 

Rs is hydrogen or together wit:h R5,. forms an 

oxa, 

Rs. is hydrogen, hydroxy, protected hydroxy, 
. 

acylaxy, t:.oqet:her with Rs forms an. oxo, or together wit:h 

R.; ~""Id the carbon at:ams to which. they· are at:t:ached form 

an oxet.ana ringi 

R5 is hydrogen, all<Y'"l, aI.kenyL, alkynyl, acyl, 

or het:.eroa.ryl., hydroxy, prot:ected hydroxy- or together 

wit:h R6., forms: an. oxo; 

R6• is hydrogen,. alkyl.,. a.lkeey-L,.. aL"l(:ynyl., aryL, 

or he.t:eroa:c:y-1, hydroxy, prot:ect:ed. hydroxy- or together 

wit:h R,. fo:r:ms an. oxo. i 

RT is. hydrogen, haI.ogen, protected hydroxy, 

-OR2a, or together with R7a forms an. oxo; 

R1., is hydrogen or together with. R:r forms an 

OXO; 

R, is hydrogen or together with ~. forms an 

oxo; 

R, 11 is hydrogen, hydroxy, protected hydroxy, 

acyloxy, or togethe= with R, forms an oxo; 

R10 is hydrogen or together with R10• forms an 

oxo; 

R1oa is hydrogen, hydroxy, prat.ect:ed hydroxy, 

-OCOR19 or together with R10 forms an oxo; 

R14 is hydrogen, alkyl, 'alkenyl, alkynyl, aryl, 

or het.eroaryl, hydroxy, prot.~ct.ed hydroxy or togethe= 

with R1 forms a carbonate; 

R14• is hydrogen, alkyl, alkenyl, -alkynyl, aryl, 

or hec:eroaryl; 
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and 

:a2,, alo a."'ld. RH a-.... ind.ep en den c: ly ~yd.=::::t;er:.. 

alkyl, alkenyl, alkyny1, mcnocyclic arj'l or monocyclic 

heteroaryl. 

Briefly, therefore, the taxane derivatives a~0 

prepared by reacting a S-lactam (Z) with an alkoxide 

having the bi-, tri- or tetracyclic taxane nucleus to 

fo:z:m a g-amido ester int:ennediat.e. The intermediate is 

then converted to the taxane· der'-vative. K-lact:&u {2) 

has the general. fo:anula: 

XS:++'N ~O. 4 

l: 

x+ I xt 

XJ: Xz. (Z) 

wherein. X1 - X5 are as previously above.. The a.lkoxide 

preferably has the tricyclic taxane nucleus corresponding 

to the general formula: 

( 3) 

wherein R1 - RHa are as previously defined and M 

comprises ammonium. More preferably, the alkoxide has 

the tetracyclic taxane nucleus corres§onding to alkcxide 
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whe:ein. M:, Rz, R • .,., R7 , &r... Et,:, a,_, R1o:, and R10., are·. as 
previousI.y. defined. 

Other abject:s: and features: aE t:his::: invention 
will. be fat part:. apparent:. and in part painted: out: 
here.±l:Iaft:er -

DETAILE!1 OESCRI:PTI:ON 

As us.ed:. herein •Ar:• means:. aryl; "'Ph" means 
phenyl;- •Ac:"" means acet.yl.; •s.t:"' means ethyl; "R" means 
al.kyl unless· 9t:herwise defined~ ·a~· means butyl; "Pr~ 
means prcpyl; •TES" means triethylsilyl; "TMS• means 
t.rimethylsilyl; "TPAP" means tetrapropyla.mmonium 
perri.1:thenat.e; "DMAP" means p-dimethyl-ami.no pyridine; 
"DMF'* means dimethylfor:mamide; "LDA ... means lithium 
diisopropylamide; "LAH" means lithium aluminum hyd::ide; 
"Red-Al" means sodium bis{2-methoxyethoxy) aluminum 
hydride; "AIBN" means azo-(bis)-isobutyronitrile; "FAR" 
means 2-chloro-l,l,2-trifluorot:riet.hylamine; "10-DAB" 
means 10-desacetylbaccat:in III; protected hydroxy means 
-OR wherein R is a hydroxy- protecting group; sulfhydryl 
protecting groupM includes, but is not limited to, 
hemithioacetals such as 1-ethoxyethyl and methoxymethyl, 
thioescers, or thiocarbonat.es; "amine p·rotect.ing group .. 



includes, but is net. ~i~~~ed to, ca=bama~es, :o= exam;::. 

includes, buc is 
. . . . 

not:. .!.1.!"ri.:.: ec 

to, ethers such as methyl, t.-but:yl, benzyl, 9-met:.hcxy­
benzyl, p-nitrobenzyl, al~yl, trityl, mec?oxymec.hyl, 
methoxyethoxymethyl, ethoxyethyl, tetrahydropy=anyl, 
tetrahydrothiopyranyl, and trialkylsilyl ethers· such as 
trimethylsilyl ether, triethylsilyl ether, dimethylaryl­
silyl ether, triisopropylsilyl ether and t-butyldimethyl­
silyl ether; esters such as benzoyl, acetyl. phenyl­
acetyl, formyl, mono-, di-, and trihaloacetyl such as 
chloroacetyl, dichloroacetyl, trichloroacetyl, trifluoro­
acetyl; and carbonates including but not limited to alkyl 
ca~bonates having from one to six carbon atoms such as 
methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl; 
isobutyl, and n-pentyl; alkyl carbonates having from one 
to six carbon atoms and substituted with one or more 
halogen atoms such as 2,2,2-trichloroethoxymethyl and 
2,2,2-trichloroethyl; alkenyl carbonates having from two 
to six carbon atoms such as vinyl and allyl; cycloalkyl 
carbonates have from three to six carbon atoms such as 
cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl; and 
phenyl or benzyl carbonates optionally substituted on the 
ring with one or more C1• 6 alkoxy, or nitro. Other 
hydroxyl, sulfhydryl and ·amine protecting groups may be 
found in "Protective Groups in Organic Synthesis" by T. 

W. Greene, John Wiley and Sons, 1981. 
The alkyl groups described herein, either alone 

or with the various substituents defined hereinabove are 
preferably lower alkyl containing from one to six ca~bon 
atoms in the principal chain and up to 15 carbon atoms. 

They may be straight or br~nched chain and include 
methyl, ethyl, propyl, isopropyl, butyl, he.xyl and the 

like. 
The alkenyl groups desc~ibed herein. eiche~ 

alone or with the various subscituents defined herein-



above are prefe=ably lower alkenyl ccncai~ing ==~rn t~c 

six ca=bon acorns i~ the p=inci?al -chai~ anc u~ c~ :5 

carbon atoms. They may be sc=aighc c= b=a~chec c~ai~ a~c 

include ethenyl, propenyl, isop=cpenyl, bu~enyl, 

isobutenyl, hexenyl, and the. like. 

The alkynyl groups described herein, eithe= 

alone or with the various substituents defined herein­

above are preferably lower alkynyl containing from two to 

si.x carbon atoms in the principal chain and up to 15 

carbon atoms. They may be straight or branched chain anc 

include ethyny~, propynyl, butynyl, isobutynyl, he.xynyl, 

and the l·ike . -

The a.ryl moieties~described herein, either 

alone or with various substituents, contain from 6 co 15 

carbon atoms and include phenyl. Substituents include 

alkanoxy, protected hydroxy, halogen, alkyl, aryl, 

alkenyl, acyl, acyloxy, nitre, a.Ttt.ino, amide, etc. Phenyl 

is the more preferred arzl. 

The heteroaryl moieties described herein, 

either alone or with various substituencs, contain f=om 5 

to 15 atoms and include, furyl, thienyl, pyridyl and the 

like. Substituents include alkanoxy, protected hydroxy, 
halogen, alkyl, aryl, alkenyl, acyl, acylo:x-y, nitre, 
amino, and amido . · 

The acyloxy groups described herein contain 

alkyl, alkenyl, alkynyl, aryl or heteroaryl groups. 

The heterosubstituents of the heterosubstituted 

alkyl, alkenyl, alkynyl, aryl, and heteroaryl moieties 
described herein, contain nitrogen, oxygen, sulfur, 

halogens and/or one to six carbons, and include lower 
alkoxy such as methoxy, ethoxy, butoxy, halogen such as 
chloro or fluoro, and nitro. 

The present invention is directed to a process 

for preparing substituted isoserine estecs, in general, 
and taxol, taxotere and other taxane derivatives which 
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are biologically active usi:iq 3-lac:::arn (2}, the s::.:".J.c:.:...:..:-e 

of wh~ch is depicted he=e~nbelow: 

(2) 

wherein X1 - X5 are as previously above. 

In accordance with the present invention, X5 of 

B-lacta.Ttt (2) is preferably -COX1a or -COOX10 with X10 being 

lower alkyl, aryl, heteroa~l (such as furyl or thienyl}, 

or subst.ituted phenyl., and most. preferably phenyl, 

methyl, ethyl, tert-butyl, or 

x--\Q)--
wherein X is Cl, Br, F, CH10-, or N02-. Preferably X2 and" 

X4 are hydrogen or lower alkyl. X3 is preferably a:r:yl, 

most preferably, naphthyl, phenyl, 

x 

a 

0- or-

rAYOMe 
~Oii.ie 

- s 

0-

Ph r 

wherein X is as previously defined, Me.. is methyl and Ph 

is phenyl. Pref:e.:-ably, Xt is selecc.eC. Ecom -OXs, -sx, o:: 
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-NX,X9 wherein Xs, X7 and X9 , are hydroxy. sulfhyd:::yl, and 

amine protect:ing groups, respective.J.y. and. Xa is hyd::-cgen, 
alkyl, alkenyl, alkynyl, aryl, or heteroa=Yl. Mose 

preferably, X1 is -OX5 wherein Xs is triethylsilyl 
( uTES"}, 1-ethoxyethyl ("EE"). or 2, 2, 2-trichloroethoxy­

methyl. 

As noted above, X1 of B-lactam (2) may be -ox, 
with x, being alkyl, acyl, ethoxyethyl ("EE"), triethyl­

silyl (•TES"}, 2,2,2-t:richloroetho.xymethyl, or other 
hydroxyl protecting group such as acetals and ethers, 

i.e., methoxymethyl ( .. 'MOM"),· benzylox:y:methyl; esters, 

such as acetates; carbona~es, such as methyl carbonates; 

and alkyl and aryl silvl such~-as tri:echylsilyl, tri-. -
me thy ls ily l, dime thy 1-t-bu ty 1 s i ly l._, dime thy lary ls ilyl, 

dimethylheteroary-lsilyl, 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 re.~oved under conditions that 

are sufficiently mild, e.g., in 48% HF, acetonitrile, 
pyridine, or 0.5% HCl/water/ethanol, and/or zinc, acetic 

acid so as not to disturb the ester linkage or other 
substituents of the taxol intermediate. However, X, is 
preferably triethylsilyl, l-ethoxyethyl or 2,2,2-tri­

chloroethoxymethyl, and most preferably triethylsilyl. 
Since 5-lactam (2} has several·asyrnmetric 

carbons, it is known to those skilled in the art that the 

compounds of the present invention having asymmetric 

carbon atoms may exist in diastereomeric, racemic, or 

optically active forms. All of these forms are 

contemplated within the scope of this invention. More 
specifically, the present invention includes enantiomers. 

diastereorners, racemic mixtures, and othe~ mixtures 
thereof. 
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~-lac:am (2) can be prepared f=om =eadily 

available materials, as is ill~strated i~ schemes A and 3 

below: 

Scheme A 

+ 

· . .. ~ 
b 

cd 

Scheme B 

~o 
iESO OEt 

Ar CHO 9 

f 

Oli 

[ 
r-=< 

TESO OEt 

H 0 

' // 0/ 
~~ 'l,.. 

Ar "'ores [ N-TMS ] 
AR__// 
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=ear.en:-=:·. {a) ... · · • ,,..m· '.'"IQ c~-_:-_, :' .,-...... ac, :'...3!:,· ('.:Ji 4 -= -- ._=::_.et:..::y .;...~ :.. ..... _, -- . .._ .; "-

ecuiv ce=·-'.c ~ ........ 0~~":rn· ~~--=:- ... CE;CN_ -~0°C, 10 mi~; - ~-~'" ··-- -·------1 
.,,.o·· 'T't·- ~ o .... · (\ r: I -:!: I ~2 I coc 1 ..la :n=-~; 

I-' . -· 
:--~u ... ~ ... s•11=0n~~ ac~~ (~~- } ooc ~ ~~- (e) ~-=~:vl--'loW- -··- \.Jo.-- ,._._ _......, ...__I...,. I I - • -•-r -

lithium, ether, -78oc, ia mi.n; benzoyl chlo=ide, -7acc, 
lh; ·(fl lithi.um dii sooroovl amide, TEF -1aac tc -50°C; - - --
(g} lithium hexamethyldisilazide, TEF -78oC to 0°C; (~) 

THF, -1acc to 2soc, i2h. 

The start.ing materials are readily available. 

!n sche.~e A, ~-acetoxy ace.t.yl. chl.oride is prepared f=cm 

glycolic acid, and, in t:he presence of a t.ertiacy amine, 
. . - - ~ 

it cyclccondenses with im:L.'"'!.es prepared from aldehydes and 

p-met:hoxyan±lin.e. co give L-pimethoxyphenyl-3-acylo.xy-4-

arylazet:idin-2-ones. The p-me.t:hoXJ[Phenyl. group can be 

readily removed t:hrough oxidation with.ceri.c: ammonium 

ni.trat.e, and the acylo:xy group can be hydral.yzed uxrder 

s:t:andard conditions famil.i.ar to t:hose experienced: in: the 

a...-t: to: provide 3.-hyc:h:oxy-4-ary lazat:idin-2-ones: - The 

3.-hydl:oxyl. group: is. prot:.ec:ted with. 1.-e~hoxyethyl, but. may 

be protected wit.h. a- variety of standard protecting groups 

. such .as the triet:hyls:ilyl group or other t·rialkyl (or 

aryl} silyl groups. In Scheme B, ethyl-a.-t.riethyl­

silyloxyacetate is readily prepared ·from glycolic acid. 

The racemic B-lactams may be resolved into the 

pure enantiomers prior to protection by recrystallizacion 

of the· corresponding 2-methoxy-2-(trifluoromethyll 

phenylacetic esters. However, the reaction described 

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 racernic mixture 

of side chain precursor. 

The 3-(1-ethoxyet~oxy}-4-phenylazetidin-2-one 

of scheme A and the 3-(l-triethylsilyloxy)-4-phenyl­

azetidin-2-one of scheme B can be converted to 3-lactam 

(2), by treatment with· a base, preferabl~·n-butyllithium, 

and an acyl chloride, alkylchloroformate; sulfonyl 
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h l . d h h. 1 . l . . . . 1 \., 1 .• c -Orl. e, p osp iny _ en oriae or pncspno::y _ c •• _or::..c.e at. 

-78 oc or below. 

The process of the present invention is 
particularly useful for the esterification of mono- or 

polycyclic alkoxides renresented by the for:nula 

in which E1 , E1 and the carbon to which they are attached 
define a carbocyclic and/or:.heterocyclic skeleton which 
may be mono- or polycyclic and E3 is hydrogen or hydro­
carbon, preferably lower alkyl. Most preferably, the 
carbocyclic and/or heterocyclic skeleton comprises about 
6 to 20 atoms and the hetero atoms are oxygen. The 
C/clic skeleton may be hydrocarbon and/or hetero­
substituted with heterosubstituents including, for 
example, esters, ethers, amines, alcohols, protected 
alcohols, carbonyl groups, halogens, oxygen, substicuted 
oxygen or substituted nitrogen. 

When the alkoxides have the bi-, tri- or 
tetracyclic taxane nucleus, the process of the present 
invention may advantageously be used to prepare taxane 
derivatives, many of which have been found to have 
significant biological activity. As used herein, an 
alkoxide having the bicyclic taxane nucleus has the 
carbocyclic skeleton corresponding to rings A and a of 
alkoxide ( 3 ) : 
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(3) 

wherein R1 - R14a and M are as previously defined. An 

alkoxide h~ving the t~ic:Yclic taxane nucleus has the 
carbocyclic skeleton corresp~nding to rings A, B and C of 
alkoxide · ( 3) . An alk~xide hS:vlng the tetracyclic taxane 
nucleus has carbocyclic rings A, B·and C cf alkoxide (3} 
and the oxetane ring defined by R4 , R5a, and the carbons 
to which they are attached. 

Substituent, M, of alkoxide 3 comprises 
ammoniu.Ttt, preferably tetraalk:ylai.-nmonium, and the alkyl 
component of the tetraalkylammoniu..-rn substituent is 
preferably C1 - C10 alkyl such as methyl or butyl. 

Alkoxides (3} are prepared by reacting an 
alcohol having two to four rings of the taxane nucleus 
and a C-13 hydroxy-1 group with a tetraalkylammoni~ 
halide such as tetrabutylammoniurn chloride in a suitable 
solvent. Preferably, the alcohol is a derivative of 
baccatin !II or 10-deacetyl baccatin III having the 
formula: 

M011111 



HO--

--~--

20 

hyd::-oxy 0 --· -CC"'·= 0 ; s i-vc·-c,.."'" ~ _; -= hydrogen, l,,.i.i.~2~ I ;;-.,7ll - ••- - -:-••1 ~1 - -

• 1 na-ogen o= protecteC. hyC.=o.xy, ?.~4 is aceco.xy, and R2 :.s 

benzoylo.xy. Most ~refe~ably, the alcohol is a procec~ed 

baccatin III, in parcicular, 7-0-triethylsilyl baccati~ 

!!I (which can be obtained as described by Greene, et al. 

in JACS 1.1.Q., 5917 (1988) or by other routes) or 

7,10-bis-O-triethylsilyl baccatin III. 

As reported in Greene et al., 10-deacetyl 

baccatin III is converted to 7-0-triethylsilyl-10-

deacetyl baccatin III according to the fallowing reaction 

scheme: 

(5) {6a) 

Under what is reported to be carefully optimized 

conditions, 10-deacetyl baccatin III is reacted with 20 

equivalents of (C?Hs} lSiCl at 23oc under an argon 

atmosphere for 20 hours in the presence of 50 ml of 

pyridine/rnmol of 10-deacetyl baccatin III to provide 

7-triethylsilyl-lO-deacetyl baccatin I!! (6a) as a 

reaction produce in 84-86% yield afte~ purification. The 

reaction produce is then acetylated with 5 equivalencs o: 

CH1COC1 and 25 mL of pyridine/rnrnol of (6a) at 0 oc unde~ 

an argon atmosphere for 48 hours co provide 86% yield oe 

7-0-triethylsilyl baccatin III (6b). Greene, et al. in 

JACS 110, 5917 at 5918 (1988l. 
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Alternatively, 7-triethylsilyl-10-deacetyl 
baccatin III (oa) can be procected-at C-10 oxygen wi~h a~ 
acid labile hydroxyl protecting group~ Fo~ example, 
treatment of (6a} with n-butyllithium in TEF followed by 

triechylsilyl chloride (1.l mol equiv.} at ooc gives 
?,10-bis-O-triethylsilyl baccatin III {Sc) in 95% yield. 
Also, {6a) can be converted to 7-0-triethylsilyl-10-
(l-ethoxyethyl) baccatin III (6d) in 90% yield by 
treatment with excess ethyl vinyl ether and a catalytic 
amount of methane sulfonic acid. These preparations are 
illustrated in the reaction scheme below . 

. -~ 
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H01111 

CH 3 COC! ---
CsHsN 

-OCOC 5 H5 

(6a} (ob} 

OS i (C 2HsJ 3 
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H01111 

n-Suli 

(C 2H5J 3srcr 
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OCOCsHs 

(6c} 
C2H30C 2H5 ---------(CAT)CH 3S0 3H 

H01111 

(Eid} 

7-0-triethylsilyl baccatin III (6b}, 7,10-bis-
0-triethylsilyl baccatin III (Eic), or 7-?-triethylsilyl-
10-{l-ethoxyethyl} baccatin rrr (od) is reacted with 

-base such as an organometallic compound· (for example. 



; ... -.) 

butyllithiu:mJ, an amide (fa= example, pccass~'-1...~ ~exa­

mec:hyldisilazide ( ''K.~S"), a hyd=ide (for example, 

potassium hyd=ide) and the like and an a.'t1Incciu.~ c=mpc~~c 

such as anhydrous tet=amechylammonium chlo=ide ~~ a 

solvent such as tet=ahyd.!"ofuran (THF), to form 13-o­

tetramethylamm.onium-7-0-triethylsilyl baccatin !II (7b) 

13-0-tetramethylammonium-7,10-bis-O-triethylsilyl 

baccatin II! (7e), or 13-0-tetramethylarnmonium-7-0-tri­

ethylsilyl-10-(1-ethoxyethyl) baccatin III (7d) as shown 

in the following reaction scheme: 

I 
I 
t 
t 

OCOCH 3 
OCOCsHs 

j 
a) :<HMOS 

b) (CH 3 )"'NCI 

z 

~ 4' 

H', 
t 

: 0 
I 

OCOCH 3 
OCOCsHs 

(7b} Z = -OCOCH3 

(7s) Z = -OSi(C7H 5 ).> 
( 7d) Z = -OE!E 

As illustrated in the following_reaction 

scheme, a suitable ammo.nium alkoxide oE t;Ji.e present 

invention su~h as l3-0-tsc~amethylamrn.oniilln-7-0-



t=iethylsilyl baccatin !II derivative (7b, 7c, o= 7d} 

reac::·s with a S-lactam of the present invem:ion :o 
provide an in~ermediate (Bb, Sc, or Sd} i~ which en~ 

hydroxyl group is protected with a criechylsilyl or 
1-ethoxyethyl group. 

RO 

M011111 

7 b-d (2) 

(1) THF 

FiO 

a b-d 
b, R = -COCH3 

c, R = -Si ( C2H5 }, 

d, R = -EE 

- -~-I 

Intermediate compound (Sb) readily converts to 
taxol when ~ 1 is -OX6 , X2 and xl are hydrogen, x~ is 

phenyl, X5 is benzoyl and X6 is a hydroxy protecting grou9 
such as triethylsilyl. Intermediate compound (Sc) 

readily converts to taxotere when X1 is -ox~. X2 and X} are 
hydrogen, X~ is phenyl, Xs is tertbutoxyearbonyl and X5 is 



= 

..... 

a hyd=o.xy ~ro~ec~i~g g=oup such as criechylsily~. 
!~cer.:nediate compou..~d (8d) =eadily-conve=~s to 
10-deacetyl caxol when Xi is -ox,, .X1 and X1 are 

' . 
:?.yc.=-::<;e~, 

l4 is phenyl, X5 is ~enzoyl, and Xs is a :iydroX'.f 
procecting group such as triechylsilyl. Intermedia:e 
compou.~ds (Sb, Sc a.~d Sd) may be conve=ted ta the 
indicated compounds by hydrolyzing the triethylsilyl and 
1-ethox-~ethyl groups under mild conditions so as not co 
disturb the ester linkage or the taxane derivative 
substituents. 

HF, CsH;N, CH3W."\i 
. _, 

8b > TJi...XOL 
......... 

C5H5N, CH1CN .tt.t" I 

8c > TAXOTC'....RE 

0.1% HCl, Et OH 
8d > 10-DE~.CETYL TAXOL 

Both the conversion of the alcohol to the 
ammonium alkoxide and the ultimate synthesis of the caxol 
can take place in the same reaction vessel. Preferably, 
the S-lactam is added to the reaction vessel after 
formation therein of the ammonium alkoxide. 

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 poorly soluble, are not suitable. 
Other solvents are not appropriate for other reasons. 
for example, esters are not appropriate for use wit~ 
certain organometallic compounds such as n-butyllithium 
due to incompatibility therewith. 

Although the reaction scheme disclosed herei~ 
is directed to the synthesis of certain ~axol 
de=ivatives, it ca~ be used w:th modificacions in e::he~ 
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=~e 8-lac=am a= t~e tat=acyc:ic C-J.imtCnil:.Itt alk~xicie. 

T~e=efare, alkoxides other t~an ~3-0-cec=amec~y:a.r;::mcci-..:..~-
-7-0-c=i-ethylsilyl oaccacin r:: may be used co =~::::n a 
caxol o= cche= caxanes accc=~i~g co che method at =~is 
invention. The ~-lacta:_m and the cetrac1clic alkoxide can 
be derived from natural or unnatural sources, co prepare 
other taxol derivatives, 10-deacetyltaxanes, and 
synthetic taxanes, and the enantiomers and d.iastereomers 
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 orecursars . -
may be used. "Substant:ia1- co~t: savings :may be realized 
because t:.here is. na need t:a resoive racemic ~-lactams. 
into their pure enant:iomers. Addit:ional. cost:. savings may 

be: realized because l.ess. side chain. precursor, e.g. , 

e0-70%. les.s, is required. relat:i.ve t:o pr£orprocesses. 
The: water sol.ubil.it:y .af compound's: of foz:mul.a. 

( 3.) may be: imp.raved. by modificat::ion of t:he CZ / and/ or C7 

subst.ituent::s-~ Far instance, water s:qlubilit:y may be 
increased if R1. is -ox, and R7 is -OR28 , and X6 and R2s · are 
independently hydrogen or -COGCOR1 wherein: 

G is ethylene, propylene, -CH=CH-, l,2-cyclo-
hexylene, or l,2-phenylene; 

R1 =OH ba~e, NR2Rl, ORl, SR3 , OCH3CONR4R5 , or OH; 
R2 = hydrogen or methyl; 

R3 = {CH-z) :tNR0R7 or (CH:il l\~0R7R8X•; 

n = 1 to 3; 

R~ = hydrogen or lower alkyl containing 1 to 4 
carbons; 

R5 = hydrogen, lower alkyl containing 1 to 4 
carbons, berrzy l, hydroxye thy 1 , CH2C02H, or 
dirnethylaminoethyl; 

R0 and R7 = independently selected from lower 
alkyl. containing 1-or 2 carbons or 

~ 

benzyl, or R0 and R7 togethe= with 



..,,,...- -

27 

· · a com o e NR0R7 :o::::ns one. tne n.:.c.=ogen 
cf the follc~ing =~~gs 

I I I I 

0 0 C) C) or 

Ra = lower alkyl containing l or 2 carbons, 

benzyl; 

x• = halide i and 
base = NH3 , (HOC2H4 ) 3N, N(CH3 ) 3 , CH3N{C2H~OH} 2 , 

NH2 (CB'.2 } 6NH2 ,~. N-rnethylglucamine, NaOH, 
- ~ 

or KOH. ~-

The preparation of compounds in which x~ or X2 is -COGCOR1 

is set forth in Haugwitz U.S. Patent 4,942,184 which is 
incorporated herein by reference. 

Alternatively, water solubility may be 
increased when X1 is -OXs and Xs is a radical having the 
formula -COCX:CHX or -COX-CHX-CHX-5020-M wherein X is 
hydrogen, alkyl or aryl and M is hydrogen, alkaline metal 
or an ammonia group as described in Kingston et al., U.S. 
Patent No. 5,059,699 {incorporated herein by reference). 

Taxanes having alternative C9 substituents may 
be prepared by selectively reducing the C9 keto 
substituent to yield the corresponding C9 ~-hydroxy 

derivative. The reducing agent is preferably a 
borohydride and, most preferably, tetrabutyla..itunonium­
borohydride (Bu~NBH4 l or triacetoxy-borohydride. 

As illustrated in Reaction Scheme l, the 
reaction of baccatin !!I with Bu1NEH4 in methylene 
chloride yields 9-desoxo-9~~hydroxybaccatin III 5. After 

the C7 hydroxy group is protected with the triethylsilyl 
protecting group, for example, a s~itable-side chain may 
be actached to 7-protected-9B-hydroxy der~vative 6 as 
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REACT!ON SCHEME 1 

OAc 

·~·· 
'. 

Remova: .... -.__ :.:::e 

OAc 

H0111 1 • 

' HO 
a '" ... 

Ph--{ Ace' 
S a 

l TES'.CI 

ET :rN 

OAc.: 

HOl11•· 

--a ./ 
Ph--{ Aco' 

0 

6 

Alternatively, the Cl3 ·hydroxy group of 7-

protected-9~-hydroxy derivative 6 may be protected with 

trimethylsilyl or other protecting group which can be . ·~ 
selectively removed relative to the C7 hydroxy protec:ing 

group as illustrated in Reaction Scheme 2, t:o enable 

further selective manipulation of the various 

substituent.s of the taxane. For example, -_reaccion of 

7, 13 -.prot.ected-9 ~-hydroxy deri vat:.i ve 7 wU.h K.t\ causes the 
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acetate group ~o miq=ate f~om ClO to C9 and ~he ~yc=~xy 

group to migrate from C9 to ClO, the-:-eby yieldi~; :J­

desacetyl derivative 8. P=ccec~ion o: Che C~Q hyc=o~! 

group of 10-desacety.!. de=ivative a w:.ch t::-iet:.hylsilyl 

yields derivative 9. Selective removal of the Cl3 

hydroxy protecting group from derivative 9 yields 

derivative 10 to which a suitable side chain may be 

attached as described above . 

. · 
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R~AC~!ON SCHEME 2 

OAc OAc 

HOU•,. iMSCll•" 

1) iMSCl, 
HO _ 

a .. -·\ \ 
Ph---i AcO~ \_.,;Q 

0 

6 7 
2) !::H 

T 

OH 

TMS0111 .. TMSOlll•• 

TESCI 

HO 
0 , .. ·· 

Ph-i Aco' 

0 

9 8 

HF 

PYI'" id i ne 

10 
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As shewn ·- Reac~icn Sc~a~e 3, 10-oxc 
de=ivat_~ vc_ l.1. C-=!"t ;...e ..,.,....,v.; ,..;.::,...; :...v ,....X~ ..;a~~ CC: a~ 1 0--- ~ ~-~ -~-~ ~- ~ -~ -- . - -

atcachmenc of a side chain ~s desc=ibed above to yield ~­
acetoxy-10-axo-t:axol. or other 9-acetoxy-10-cxotet.ra~ic 

taxanes having a C.13 side c.i-iain. A.lt:ernat:ively, the C9 
acetate group can be selectively removed by reduction of 
10-oxo derivative ii with a reducing agent such as 
samarium diiodi.de to yield g-desoxo-10-oxo derivacive l2. 

from which the c.:Ll hydrox-~ protecting group can be 
sel~ctively .removed followed by attaci"i..men.t af a side 
chai.zi as described above t.a -yiel.d 9--desoxo-I.O-oxo-caxol. 
or other 9--desaxo-I.a~oxatetracyc1ic taxanes having a CI.3 

side cha.in. 
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Reaction Scheme 4 illustrates a series of 
reactions in which iO-DAB is used as the starting 
material. Reduction of 10-DAB yields pentaol 13, the C7 

and ClO hydroxyl groups of which can be selectively 
protected with the triethylsilyl or another protecting 
group to produce trial 14. A Cl3 side chain can be 
attached to trial 14 as described above or, alter­
natively, after further modification oE the tetra~lic 
subsc::.icuents. 
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REACTION SC~EME 4 

OH 

HO -
6 .. { Pn--< AcO' 

0 

1 3 TESCI 

14 

Taxanes having C9 and/or ClO acylo:xy 
substituents other than acetate can be prepared using 10-
DAB as a starting material as illustrated in Reaction 
Scheme S. Reaction of 10-DAB with triethylsilyl chloride 
in pyridine yields 7-protected 10-D~~ 15. The ClO 
hydroxy substituent of 7-protected 10-DAB 15 may then be 
readily acylated with any standard acylating agent to 
yield derivative 16 having a new ClO acyloxy substituent. 
Selective reduction of the C9 keto substituent of 
derivacive 16 yields gg-hydroxy derivative 17 to which a 
Cl3 side chain may be attached. Alternatively, the ClO 
and C9 groups can be caused to migrate as·set for~~ in 
Reaction Scheme 2, above. 
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TESCi 

pyl""idine 

1) HF 

3) TESCI 
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Taxanes having alternative C2 and/or C4 esters 

can be prepared_ using baccatin III and 10-DAB as starting 

materials. The C2 and/or C4 esters of baccatin II! and 
10-DAB can be selectively reduced to the corresponding 

alcohol{s} using reducing agents such as LAH or Red-Al, 

and new esters can thereafter be substituted using 

standard acylating agents such as anhyd=ides and acid 

chlorides in combination.with an amine such as ~yridine, 

triethylamine, DMAP, or diiso~ropyl ethyl amine. 

Alternatively, the C2 and/or C4 alcohols may be converted 

to new C2 and/or C4 esters through formation of the -correspond~ng alkoxide by treatment of the alcohol ~ich a 
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suitable base such as LDA followed by a:i ac:tla:::.:lc; age~:: 
such as an acid chloride. 

3accatin !II and l0-DA3 analogs havi~~ 
different substituents at C2 and/or C4 can be p=epared as 

set forth in Reaction Schemes 6-10. Tc simplify the 
description, 10-D~.E is used as the starting material. It 
should be understood, however, that baccatin I'' 
derivatives or analogs may be produced using the same 
series of reactions (except for the protection of the ClO 
hydroxy group) by simply replacing 10-DAB with baccatin 
III as the starting material. Derivatives of the 
baccatin !II and 10-D~..B analogs having different 
substituents at C2 and/or c4~can then be prepared by 

carrying out the other reactions described herein. 
In Reaction Sch~~e 6, protected 10-DAB 3 is 

converted to the trial 18 with lithium aluminum hydride. 
Trial 18 is then converted to the corresponding C4 ester 
using Cllco in pyridine followed by a nucleophilic agent 
(e.g., Grignard reagents or alkyllithium reagents}. 
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Oeprotonation of trial 18 with LOA followed by 

introduction of an acid chloride selectively gives the C4 

ester. For example, when acetyl chloride was used, trial 
18 was converted to 1,2 diol 4 as set forth in Reaction 
Scheme 7. 

Trial 18 can also readily be converted to the 

1,2 carbonate 19. Acetylation of carbonate 19 unde~ 

vigorous standard conditions provides carbonate 21 as 

described in Reaction Scheme 8; addition of alkyllithiurns 
or Grignard reagents to carbonate 19 provides the C2 
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Cl 2 CO • 

Pyridine 
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TMS01111 
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As set forch in Reaction Scheme 9, other C4 
substituents can be 9rovided by reacting carbonate 19 

with an acid chloride and a tertiary amine to yield 
ca=bonate 22 which is then reacted with alkyllithiums or 
Grignard reagents to provide 10-DAB derivatives having 

new substituents at C2. 
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TMSOttll 

22 
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Alternatively, baccatin III may be used as a 
starting material and reacted as shown in Reaction Scheme 
10. After being protected at C7 and Cl3, baccatin !I! is 
reduced with LAH to produce 1,2,4,10 tetraol 24. Tetraol 
24 is converted to carbonate 25 using C1 2CO and pyridine, 
and carbonate 25 is acylated at ClO with an acid chloride 
and pyridine to produce carbonate 26 (as shown) a~ with 
acetic anhydride and pyridine (not shown) . Acetylation 
of carbonate 26 under vigorous standard conditions 
provides carbonate 27 which is then reacted with alkyl 
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lithiums to provide the baccac:.:i.:i ::c::: derivatit1es having 

new substituents at C2 and ClO. 

Scheme 10 
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iO-desacetoxy derivacives of baccatin III and 

!0-desoxy derivatives of 10-DAB may be prepared by 

reacting baccatin III or LO-DAB {or their derivatives} 

with samarium diiodide. Reaction between the tetracyclic 

taxane having a ClO leaving group and samarium diiodide 

may be carried out at o0 c in a solvent such as tetra­

hydrofuran. Advantageously, the samarium diiodide 

selectively abstracts the ClO leaving group; Cl3 side 

chains and other substituents on the tetracyclic nucleus 

remain undisturbed. Thereafter, the C9 keto substituent 

may be reduced to provide tRe corresponding 9-desoxo-9~­

hydroxy-10-desacetoxy or 10-desoxy derivatives as 

otherwise described herein. 
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As shown in Reaction Scheme 12, Baccatin !!! 
may be converted into 7-fiuoro baccatin I!I by treatment 
with FAR at room temperature in THF solution. Other 
baccatin derivatives with a free C7 hydroxyl group behave 
similarly. Alternatively, 7-chloro baccatin !!I can be 



sul::inyl chloride an~ c:-~=~~v,am~~e. ~n met~vlene c~lo=~de 
~ ---~·~- -· -

solution contai~ing an excess of t=iec:hylarr~~a hyc=o-
" 1 ..... ~ • Q cn_o ..... a_. 

Taxanes having C7 acyloxy substicuents can be 
oreoared as set forth in Reaction Scheme 12a, 7,13--. -
protected 10-oxo-derivative 11 is. converted to its 

corresponding Cl3 alkoxide by selectively rainoving the 

Cl3 protecting group and replacing it with a-rnmonium. The 

alkoxide is then reacted with a ~-lacta:m or other side. 
chain precursor. Subsequent hydrolysis of the C7 
protecting.groups causes a migration of the C7 hydroxy 

substituent to ClO, migration~of the ClO oxo substituent 

to C9, and :migration of the C9 aCY,la.xy substituent to C7. 

A wide variety of t~icyclic taxanes are 
naturally occurring, and through manipulations analogous 

to those desc=ibed herein, an appropriate side chain can 

be attached to the Cl3 oxygen of these substances. 
~.lternatively, as shown in Reaction Scheme 13, 7-0-

criethylsilyl baccatin: III can be converted to a 

tricyclic taxane· through the action of· trimethyloxonium 

tetrafluoroborate in methylene chloride solution. The 
product dial then reacts with lead tetraacetate to 
provide the corresponding C4 ketone. This ketone can be 

reduced to the alcohol with a hydride reducing agent such 
as sodium borohydride and subsequent acetylation produces 

the C4, CS diacetate. 
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REACT!ON SCHEME 13 

OAc 

HOIJU• 

OAc 

HO 
0 '/ _/ a 

Ph \'\_ 
a 

/ 

~ 
OAc 

Recently a hydroxylated taxane {14-hydroxy-10-
deacetylbaccatin III} has been discovered in an extract 
of yew needles (~, 9 36-37, April 12, 1993). 
Derivatives of this hydroxylated taxane having the 
various C2, C4, etc. functional groups described above 
may also be prepared by using this hydroxylated taxane. 
In addition, the Cl4 hydroxy group together with the Cl 
hydroxy group of 10-DAB can be converted to a 1,2-
carbonate as desc=ibed in ~ or it may be converted to 
a variety of esters or other functional groups as 
otherwise described herein in connection.with the C2, C4, 
C9 and ClO substituents. 



The following example is ~rovided to mc=e tully 
.; 1 1 ucc-a- . . . --- - - ~e tne ~~vsnt~cn. 

EXAMPLE 

Taxol Usina Tet~abutvlarnrnoniu.~ Alkoxide 

To a solution of 7-triethylsilyl baccat.in !II 

(100 mg, 0.143 mmol}) in 1 mL of TEE at -45 °c was added 

dropwise 0.286 rnL of a 0.5 M solution of potassium 

hexamethyldi-silazide in toluene. After 15 min, a 

solution of 16 mg (0.143 mmol) of anhydrous tetra.i.uethyl­

a.mmonium chloride in O.S mL of THF was added. A£te:- an 

additional l h at -45 °c, the mixture was warmed to O 0 c 
and a solution of (+}~cis-l~bEan.zoyl-3-triethylsilylo:xy-4-
:9henylazetidin-2-one { 82 mg, O. 215. mm.cl) in 1. mL of Ts:F' 

was added dropwise to the mixture. The solution was 

stirred at 0 °c for 3 h before l It\L of a 10% solution of 

AcOE in TEF was added. The mixture was partitioned 

between saturated aqueous NaHC03 and 60/40 ethyl acetate/ 

hexane. Evaporation of the ~rganic layer gave a residue 

which was purif·ied by flash chromatography followed by 

rec=.yst:alliz-at:ion to give 134 mg (87%} of (2'R,3'S)-2' ,7-

(bis)triethylsilyl taxol. 
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CLAIMS 

1. A.~ alkoxide having t:he fortnUla: 

This Sheet Has Been Replaced 

18111111 

(3} 

wherein 

Rt is hydrogen, hydz;o.xy, protected hydroxy or 

together with Ru forms.a·carbonate; 

R2 is hy¢.rogen, hydroxy, -CCORltt or t:oc;ethe= 
with R2a forms an oxo; 

R'2a. is hydrogen or together with R1 forms an 
oxo; 

R4 is hydroge..~~ together with R~a· fonns an oxo, 

oxirane or methylene, or· together with.Rs. and the carbon 
atoms to which· they are attached for.m an oxetane rinq; 

R,. is hY_drogen, alkyl, ·alkenyl, alkynyl, aryl,· 

hec·eroaryl, cyano, hydroxy; -OCORJ0 , or together with R~ 
' forms an oxo., oxira:ne or methylene; 

Rs is hydrogen or together with Rs. forms an 
oxo, 

Rs. is hydrogen,. hydroxy, protec~ed hydroxy, 
acyloxyb t~gether with Rs forms an oxo, or together with 
R~ a:nd the carbon at.oms t.o which they are actached form 
an oxetane ring; 

R, is hydrogen, alkyl, alkenyl, alkynyl, aryl, 
or heteroaryl, hydroxy, protected hydroxy or together 
with R,. forms an oxo; 

R,,. is hydrogen, alkyl, alkenyl, alkynyl, aryl, 

or heteroaryl, hydroxy, protected hydroxy.:Or together 
with R, forms an oxo; 
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R7 is ~yd=oqen, halogen, .;rot:ec::ed hyd=cxy, 
-ORla • a:- to<;ethe= wi::h ::\74 .E:::=:ns an axe; 

R1 .. is hyC.=ogen c= togei:ter w:.::.h R1 fcr:ns a!!. 
oxc; 

R, is hyerogen or together with R98 forms an 

oxo; 

R9• is hydrogen, hydroxy, prot:ect:ed hydroxy, 

acy~oxy, or together with R, forms an oxo; 
Rta is hydrogen or together with Rio. for.ms an 

OXO; 

Rio. is hydrogen, hydro~~ prot::ect:ed hydroxy, 

-OCORl9 or together w~th R1~ forms an oxo; 
R14 is hydrogen, alkyl, alkenyl, alkyny·l, aryl, 

or heteroaryl, hydroxy, protected hyd.r,axy or together 
with Ri fonr..s a carbonate; 

Rt"a is hydrcg~'"l., alk'zl, alkenyl, alkynyl, azyl, 

or heteroaryl; 
R28 is" hydrogen:, acyl, hydroxy protecting groupj 

R19 , R10 and R11 are independently hydrogen, 
alkyl, alkenyl, alkynyl, monocyclic acyl or monocyclic 

heteroaryl;"ana· 

Mis an ammonium-containing substituent. 

2. The alkoxidc of claim l wherein Ruia is -OCOR,,9• 

3. The alkoxidc of claim 1 wherein~ is hydroxy, protected hydroxy or acyloxy. 

4. The alkoxidc of claim 1 wherein R, is oxo. 

5. The alkoxide of claim 1 wherein R.z is -OCOR31 

6. The alkoxide of claim I wherein R4 .. is -OCOR30 

7. The alkoxide of claim 1 wherein ~ is -OCOR.l0, R2 is -OCORw and R30 and R;1 arc as 
dc:.fiJled in claim 1. 

8. The alkoxide of claim 1 ftrein R1 i s protec:tecHlYdroxy or .-oR18 wrerein Rl,is as 
defined in claim 1. 

iiiiiU 
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9. The alkoxide of claim 1 wherein Ri. is -OCOR301 ~is -OC0~1 • R.1 is hydroxy; and R3o and 
R11 are as defined in claim 1. 

10. The alkoxidc of claim 9 wherein Rt°" is hydroxy, prolecled hydroxy or -OCOR:z9; and R..i?J is 
as defined in claim 1. · 

11. The alkoxide of claim 9 wherein R,. is hydrogen, hydroxy, protected hydroxy or acyloxy. 

12. An ammonium alkoxide having the formula: 

wherein 
M compris.cs ammonium; 

~l 
MO~ 

two ofE1, E1 311..d !!l togetherwilh the carbon to which they are attached comprise a polycyclic 
skeleton. 

13. TI1c ammonium alkoxide of claim 12 wherein Mis Cl-CIO tctralkylammonium. 

14. The ammonium alkoxide of claim 12 wherein M is cetramethylammonium. 

IS. The alkoxitle of claim 1 wherei.a. M is tctramemyl3mmonium or tetrabulyl ammonium. 

16. The alkoxidc of claim 1 wherein 
R10~ is protected hydroxy ot -OCOR.z,. and &i, is alkyl; 
R., is oxo; 
~ is protected h.ydroxy; 
R-4.a is -OCORlo and R30 is alkyl; 
~ is -OCOR31 and R31 is aryl; and 
R1 is hydroxy. 

17. The alkoxide of claim 16 wherein 
R1a-tl is hydroxy, protected hydroxy or acetoxy; 
R, is oxo; 
Rt is hydroxy or protected hydroxy; 
R4a is acetoxy; 
R1 is benzyloxy; and 
R1 is hydroxy. 

18. The allcoxide of claim 16 whc~ R1011 is hydrogen or oxo. 

19. The .alkoxide of claim 16 wherein R4a is ·OCOR30 and R10 is alkyl. 
This Sheet Has Been Replaced 
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20. The alkoxidc of claim 16 whcrcinRz is -OCOR31 and R31 is aryl. 

2L The alkoxide of claim 16 wherein~ is OCOR!o• R1 is -OCORn• R30 is alkyl and R31 is aryi. 

22. TI1e alkoxide of clahn 16 wherein Mis tetramethylammonium or tetrabutylammonium.. 

23. The alkoxide of cJaim 21 wherein 
R1011 is protected hydroxy or -OCOR19• and R29 is alkyl; 
R., is oxo; 
Rt is protected hydroxy; 
R4:i. is -OCOR30 and R30 is alkyl 
R2 is -OCOR:i1 and R31 is myl; and 
R1 is hydroxy. 

24. The alkoxide of claim 21 wherein 
R1011 is hydroxy, protected hydroxy or ac:etoxy; 
Rg is oxo; 
Rr is hydroxy or protected hydroxy; 
'Rt:i is acetoxy; 
Rz is bcnzylo:xy; and 
R1 is hydroxy. 

25. The alkoxidc of claim 21 wherein R.r is hydrogen or protected hydroxy. 

26. The alkoxide of claim 21 wherein R1oa is hydrogen or lower acyloxy, 

27. The alkoxide of claim 21 wherein R10,. is b.ydrogen or oxo. 

28. The alkoxide of claim 21 wherein R.ia is -OC0~0 and R,0 alkyl. 

29. The alkoxide of claim 21 wherein Riis -OCOR31 and R31 is aryl. 

30. The alkoxide of claim 21 wherein~& is -OCORJos R.z is -OCOR31 • R30 is alkyl and R31 is 
aryL 

31. An alkoxide having the formula 

.MOlllll 
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wherein 
Z is -OCOCH3 or-OT-z, 
T1 is a hydroxy protecting group 
T :z is a hydroxy protecting group 
Ph is phenyl, 
Ac is acetyl, and 

.·.·""":""~-
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M is an ammonium containing substituent. 
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