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SOLICITANTE: IMMUNOGEN, INC.
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JOSE LUIS REYES VILLAMIZAR, mayor de edad, identificado como aparece al
pie de mi firma, abogado en ejercicio, titular de Ia tarjeta profesional numero 44655
. del Consejo Superior de la Judicatura, obrando en calidad de apoderado de la
sociedad TECNOQUIMICAS S.A., dentro del tramite de |a referencia, en ejercicio
de lo dispuesto por el articulo 42 inciso 2° de la Decision 486 de 2000, por medio
del presente escrito, procedo a sustentar y complementar la oposicion presentada

en los siguientes terminos:
. RATIFICACION
Comedidamente me permito presentar los argumentos planteados en la oposicion

referida, los cuales, como se dijo en su momento, demuestran que la solicitud de

en tramite incumple los requisitos de patentabilidad establecidos por los articulos
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14 16 y 18 de la Decision 486 de 2000, y que por ello no merece recibir el

beneficio patentario.
1. COMPLEMENTO DE INFORMACION.

La solicitud colombiana 06-108-806 en tramite que se refiere a un proceso de

obtencion de derivados de bacatina Il

{5
O

y que utiliza un agente de proteccion (compuesto de organosilano tal como
clorotrietilsilano) y un agente de asilaciéon en presencia de una amina secundaria y
un compuesto que contiene nitrégeno seleccionado de una trialquilamina o un
heterociclo con nitrégeno (piridina o piperazina sustituidas o no), carece tanto de
novedad como de nivel inventivo, tal y como se demuestra a través de los

siguientes argumentos:

» En primer lugar, el intermediario “10-deacetilbacatina Wl” a partir del cual se

obtienen los compuestos de formula (A) y (C) es un compuesto que se ha

venido utilizando y que pertenece al estado de la tecnica, veamos:
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La publicacion internacional WO 94/04519 publicada el 03 de Marzo de

1994 vy titulada ‘PROCESS OF CONVERTING TAXANES INTO
BACCATIN Il AND 10-DEACETYLBACCATIN III" revela:

An object of the present invention is toc convert
partially purified organic by-products o»f the taxane
extraction process into l0-deacetylbaccatin III.

22. A process for the preparation of a compound of
formula (1Y)

OCOCEHS

*
"

La patente americana US 5,256,801 publicada el 26 de octubre de 1996 y
titulada “PROCESSES OF CONVERTING TAXANES INTO 10-
DEACETYLBACCATIN III" revela:

A process for the preparation of 2 compound of formula
{Ey

/ -
! QCOCTH,
OO g Hs

comprising contacting a mixture containing at least one
taxane compound haviug an ester linkage at the C-13
position with at least one borohydride reducing saltin a
reaction solvent in the presence of a Lewis acid.

...

% La patente americana US 4,924,012 publicada el 08 de mayo de 1990 y

titulada “PROCESS FOR PREPARING DERIVATIVES OF BACCATINE Il
AND OF 10-DEACETYL BACCATINE III" revela:

1. A process for preparing a derivative of baccatine
IF ot of 10-deacetylbaceatine U, of general formula:
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CH—OH OH ;
1
3
: OCOCH;
QCOC s
CiHsmmCH-~NHCOOCICH 3

in which R denotes hydrogen or acetyl, wherein an acid
of general formuls:

=Ry
1

(CH):COCONH A,
\/ COOH

CeHs

in which R, is a bydroxy-protecting group, i con-
densed with a taxan derivative of general formuda

v OCOCH
O GH

e whien Hois an acotyl group or a hydroxy-protacting

group and R 8 hydvoxy-profecting group, and the

protecting groups Ry, Ryand, where appropriate, Ryare
nydrogey.

% La patente europea EP 0526311 publicada el 03 de febrero de 1993 y
titulada “PROCEDE DE PREPARATION DE LA CINNAMOYL-13ALPHA

BACCATINE Il OU DESACETIL-10 BACCATINE liI" revela:

1 « Procédé de préparation d'un dérivé du taxane de formule générale |

B0 0 QCOOCH,CCy,




4. Procedé selon la revandication 3 caractérisé en ce que la base est choisie parmils pyreod
o4 fa dimdthulamenpyridiag. B

5 - Procédé selon Pune des revendications 1 & 4 caractérisé en ce que Fon utilise une mole d'anhydride
mixte par mole de dérivé de Ia baccating I ou de ia désacéiyl- 10 baccatine B

rigytidine

< La publicacién cientifica “'°C NMR INVESTIGATION OF SOLID-STATE
POLYMORPHISM IN 10-DEACETYL BACCATIN {ll" revela: |

ahstrgct Tonvast siginng of sobd-atate NMR ahift differences in polymonshs.
shedt tenenre e measured for veo forwe of sobd 10-isaced! haceain . a g

wded tensors that

wbvate and an an ad form A

mpanast: of al g @
inhereny! benzoyl ang Al

tsis of wix bacratin W analogues su

Como se puede observar, en todos estos documentos no solo se encuentran
detalladamente descritas varias maneras de obtener el intermediario inicial de la
solicitud colombiana en tramite (10-deacetil baccatina Il) e importantes
caracteristicas fisicoquimicas (como las de sus estado solido), sino que dicho
intermediario se encuentra incluido en procesos de sintesis de compuestos
similares a los obtenidos por la presente solicitud, especificamente refiriéndonos a
los compuestos mencionados en la patente americana US 4,924,012 y la patente
europea EP 0526311 cuando sus radicales R, R1, R2 y/o R3 representan un grupo
acetilo 0 un grupo protector de un grupo hidroxilo, caracteristicas mencionadas en
las reijvindicaciones 1, 16, 17, 18, 19, 39, 54 y 55 de la solicitud colombiana en

tramite.

Adicionalmente, en la patente europea EP 0526311 se hace uso de
pirrolidinopiridina o de dimetilaminopiridina en la obtencion de dichos compuestos
de baccatina similares a los de la presente solicitud, lo que evidencia
especificamente el uso o la presencia de un compuesto que contiene nitrogenoc
seleccionado de un heterociclo que contiene nitrégeno, como piridina sustituida o

b YC NMR Investigation of Solid-State Polymorphism in 10-Deacetyl Baccatin . Harper, J.K,
Facelli, J.C., Barich, D.H., McGeorge, G., Mulgrew, A E., and Grant, D.M. J. Am. Chem. Soc., 124
35, 10589 - 10595, 2002, 10.1021/ja020371a.
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no sustituida, tal y como se menciona en las reivindicaciones 1 y 39 de la misma

solicitud en tramite.

» En segunda instancia, es importante citar otras anterioridades que involucran
no solo el compuesto de partida y compuestos relacionados a los obtenidos por
la solicitud colombiana en tramite, si no que ademas contienen informacion

acerca de los reactivos empleados en dicha solicitud, veamos:

e Lla publicacidon cientifica ‘DIASTEREOSELECTIVE 14A-
HYDROXYLATION OF BACCATIN Il DERIVATIVES? revela:

Abstract: 144a-Hydroxybaccatin Ill, a compound with limited availability by
natural sources, is the starting material for the synthesis of the second-
generation anticancer taxoid ortataxel The 7-tertbutoxycarbonyl (1a) and_7-
triethylsilyl (1b) derivatives of 14a-hydroxybaccatin Il 1,14-carbonate were
synthesized from 10-deacetylbaccatin [l (3). The crucial steps were (a) the
C144 hydroxylation of the corresponding 13-oxobaccatin Il derivatives by
oxaziridine-mediated electrophilic oxidation and (b) the reduction of the C13
carbonyl group with sodium or alkylammonium borohydrides. This protocol
provides a practical way for the semisynthesis of ortataxel from 10-
deacetylbaccatin 1ll, a compound readily available from various yews.

()

CHART 4. Retrosynthetic Analvsis of 1a and Hs
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Such an intermediate would allow direct coupling with the appropriate C13 side
chain. This_would require protection of C7-OH as either the 7-tert-

" Diastereoselective 14<img src="http://www.sinab.unal edu.co:2139/images/gifchars/beta2 gif"
border="0" align="middle">-Hydroxylation of Baccatin Ili Derivatives Baldelli, E., Battaglia, A,
Bombardelli, E., Carenzi, G., Fontana, G., Gambini, A., Gelmi, M.L., Guerrini, A., and Pocar, D.J.
Org. Chem., 68, 25, 9773 - 9779, 2003, 10.1021/jo0347112
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butoxycarbonyl (7-BOC) or 7-triethylisilyl (7-TES) derivatives of 144-OHbaccatin
Il 1.14-carbonate {1a and 1b, respectively).
(...)

Results and Discussion

The formation of the 13-oxo-7-TES-baccatin [il (2b) from 10-DAB 3 was previously
reported_by sequential transformation of 3 via selective silylation and acetylation of
the C7 and_C10 hydroxy groups followed by MnOZ2oxidation to give 2b.13
However, a protocol for preparation of the 7-BOC analogue 2a was not available,
thus, we studied two different routes to obtain it (Scheme 1).

()
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Como se puede observar, en este documento se hace uso de los compuestos de
organosilano como protectores del hidroxilo de la posicion 7 sobre el nucleo de 10-
deacetil baccatina, especificamente el uso de trimetilsililo y trietilsililo (TES), que
son trialquilsiliios, clase de organosilanos que se mencionan en las

reivindicaciones 16, 22, 54 y 58 de la solicitud colombiana en tramite.

%+ La publicacion cientifica MODIFIED TAXOLS, DEACYLATION AND
REACYLATION OF BACCATIN lII*” revela:

ABSTRACT: Hydrogenation of baccatin 111 over platinum converted it to its
hexahidro derivative_and deacylation of this as its_7-triethylsilyl derivative was
achieved with methoxide ion. The 10-acetate was hydrolyzed first, followed by
the C-4 acetate and then the C-2cyclohexylcarboxylate, an explanation for this

* Modified Taxols, 8. Deacylation and Reacylation of Baccatin i Samaranayake, Gamini, Neidigh,
Kurt A., and Kingston, David G. |. J. Nat. Prod., 56, 6, 884 - 898, 1993, 10.1021/np50096a012
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unexpected order is presented. Base treatment also yielded a rearranged
analogue with a tetrahydrofuran ring in place of the oxetane ring of baccatin II1.
Acetylation of 4.10-bis(deacetyl)-2-debenzoyl-7-triethylsilyl~ccatinl proceeded
readily at the C-13 position, in contrast to baccatin 111 which is only acetylated
with difficulty at this position. Further acylation could be carried out selectively
at the C-2 and C-10 positions, but acetylation at C-4 was possible only under
vigorous conditions.

SCHEME i

(..)
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Como se puede observar, esta publicacidn incluye los compuestos de la solicitud

colombiana en tramite (A y C), utilizando el mismo agente de proteccion tipo

organosilano en presencia de un compuesto que contiene nitrogeno,
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especificamente trietilsili (TES) en presencia de piridina (PY), tal y como se

menciona en las reivindicaciones 1 y 39 de la solicitud colombiana en tramite.

% La publicacion cientifica “SYNTHETIC  STUDIES  WITH13-
DEOXYBACCATIN II1* revela:

Abstract: An efficient synthesis of 13-epi-7-O-(triethylsilyl)-baccatin Ill from 13-
deoxybaccatin Ill is described. Oxidation of 13-deoxy-7-O-(triethylsily))baccatin
11l with tert-butyl peroxide, followed by reduction with Smi2, produced 1 3-epi-7-
O-(triethylsilyl)baccatin Il in good overall yield. The preparation of 13-0x0-7-0-
(triethylsilyl)baccatin _Ill  from  13-epi-7-O-(triethyisilyl)baccatin Il  using

tetrapropylammonium perruthenate and N-methylmorpholine N-oxide is also

()

reported.

SCHEME 17

The 7-hydroxy group of 13-deoxybaccatin Il was protected with_triethylsily/
chloride (TESCI) to provide 13-deoxy-7-O-(triethylsilyl)baccatin Il (3)10,11 in
95% yield.

(..)

" Synthetic Studies with 13-Deoxybaccatin 111 Ahn. Y.M.. Vander Velde. D.G., and Georg. G.1. J. Org.
Chem.. 67. 20, 7140 - 7143, 2002. 10.1021/j0011183q
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Si bien es cierto que los compuestos no son idénticos a los contenidos en la
solicitud colombiana en tramite, se puede apreciar las mismas sustituciones
con grupo acetilo en la posicion 10 y la proteccion del hidroxilo de la posicion 7
con un grupo trietilsililo (obtenido de la reaccion con clorotrietilsilano) sobre un
nucleo de baccatina Ill, tal y como sucede en lo reivindicado por la solicitud

colombiana en cuestion.

< La patente europea EP 1022284 publicada el 26 de Julio de 2000 y
titulada “TAXOID DERIVATIVES AND PROCESS FOR PRODUCING THE
SAME’ revela:

57y An oheot of the mvention s to deweiop galac-
tos2 ar manhnose denvatives of docetaxe!, e having
impraved solubility and physicingial activity, t aligviate
burgen imposed on patiants and o proade effentive
Serapeutc Grug for umors,

The present mveartion proivades axod dervatives
corprising  any of paciitaxe!, docetaxed and - 10-

deaceiylbaccatn 1o which gaiactosse o Mannoss 18
inked throuagh a spacer, and methods for proeducndg tax-
o decvatives comprising veacting paciaxel ancetaxel

oy td.deanebe-acoatinill wath teraenzy! acetylonyga-
iactoside of erranensyt acetylowymannaside, siinjectn

fre product W debeozylation reacton, and optionaliy to

detrthis Bon fegoton
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2 psult foond that there tan be cheained packtavel derivatives at consists of packtaxel, and gaiact lngss
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sesivatves i vibich galacose of marnse IS finked via an ester bond © 3 SIMEAT manser.
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Si bien es cierto los compuestos de la anterioridad que aqui se mencionan no
corresponden idénticamente a los de la solicitud colombiana en tramite, se puede
evidenciar que se utilizan sobre el mismo nucleo de 10-deacetil baccatina Il los
compuestos protectores de grupo hidroxilo de organosilano, especificamente el
residuo de dicho agente en la posicion 7 (TES o trietilsilano) asi como la
sustitucion con un grupo acetilo que sirve como conector con el sacérido en el
caso de la anterioridad aqui expuesta y que hace las veces de grupo protector de

la funcion hidroxi.

< La publicacion internacional WO 93/01179 publicada el 21 de enero de
1993 y titulada “PROCESS FOR THE PREPARATION OF BACCATIN Il
AND 10-DEACETYL BACCATIN Il DERIVATIVES’ revela:



La présente invention concerne un procédé de préparation de dérivés de la
baccatine HI et de la désacétyl-10 baccatine Il de formule générale :
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C-C&HS
dans laquelle R représente un radical t.butoxy ou phényle, Ry représente un radical

aeétyle Ou un groupement protecteur de la fonction hydroxy sous forme d'un éther,
d'un ester ou d'un carbonate et (iy représente un groupement protecieur de  fonction

hydroxy sous forme d'un éther, d'un ester ou d'un carbonate scus forme 2R.3'S ou
28,3S.

dans laguelle Ry représemte un radical acéfyle ou un groupement protecteur de la
fonction hydroxy choisi parmi les radicaux wichloro-2,2,2 éthoxycarbonyle ou trial
kylsilyle dont chaque partie alcoyle contient 1 4 3 atomes de carbone et Gy représente
un groupement protecteur de la fonction hydroxy choisi parmi les radicaux trichloro-
2,2.2 éthoxycarbonyle cu trialkylsilyle dont chaque partie alkyle contient 1 & 3
atomes de carbone, suivie du remplacement des groupements protecteurs des fonc-
tions hydroxy par des atomes d’hydrogéne.

Claramente se evidencia el uso de los mismos agentes protectores de grupo
hidroxilo derivados de organosilano, especificamente trialquilsilanos, sobre el
nucleo de 10-deacetil baccatina Ill, tal y como lo menciona en su capitulo

reivindicatorio la solicitud colombiana en tramite.

% La patente americana US 6,706,896 publicada el 16 de marzo de 2004 y
titulada “PROCESS FOR SELECTIVE DERIVATION OF TAXANES”

revela:
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Processes (o the preparation of taxol aed other favanes
ihrosgh selectier doerivativahion of the €373 and 15
yarosyl groups of HEDALL particslarky & povel prod
usieg 4 aew strsteay n which the CU) Gvdroxyl growp s
protecied or denvatized pror o e CU71 bydroxy] geonp:
amid the provision of OO and COI0) dersvatigd HO-DAR
CesnpOu s,

(..)

The present ipvention is further diredied toa process for
the silyistion of the ULHY hedrosy grosp ol a takine havig
4 CY10) Bwdrogy grotp, The process comprises feeating the
taxane with a sitvlamide or 3 bissilylamde 1o torem & ({1
sibviated faxanc,

()

Ay other thmgs, he present nwvention eoables hn,
selective deewatization of the CLEY hvdroxy! wuup eh o
taxane without first peowctiag the (’"’) hydroxyl g nu;t
Stated anober way, it bas been tiscovéred tﬁ(u ﬁ}u T(.q(,"a"v’lw
tes previpusly reporied for the C{7) aod C(L0} hydroxyl
groups can be roversed, that is, the yeacnvity of the C{10)
hydroxyl gronp beeomes greater than the resclivily of the
C{7y hyvdroxy] groap under certain conditions.

()

ln accordance with the process of the present invention, i
has been discovered that the CUi0) hydroxyl group ol a
tasane cun be selectively acyiated in the absencs of anamine
base. Preforably, thoerefore, amane bases such as pynidine,
tricthylamoe, dmltlh\'iutu;tu; wiiding apd 2.0-htidime. of
present at all, are present inthe reaction mustore an relatively
low coneentration, Stated another way, i sn amune basg s
pre -,¢.nf 1 f_f_aﬁ,, ,wzc-lma sresbire, e molar rane of die z‘u_ﬂi '

:.-ﬂ)}_}-‘ iwss thze.:z.z. 11, snd most proferably fess than 18 !.,

()
ride. Zine chionde o cerum tichlonide s purteudarly
preferred when the aevlating agent ix sn aphwidnde or
dicarbonate. € kprous chlorde is pdrmlsi%m ;rdurrnd when
the acvialing agent is an isocvanate,

()
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For purposes of illustration, scvlating reactions wavelving
dibenzyvl dicarbonate, diallyl dicarhonate, accte anhydride.
chloroacetic anbvdride and phenyl isocvanate are illustrated
in Reaction Schemes 1 through 5 below. In this series of
reaction schemes, the taxane which 1s selectively acylated at
the C{I) positien 15 10-deacetvibaccaun HE R should be

()

Iy sooiber ;a«;'rn-‘f:' of the gresent wveativn, the C{LO)
h\wtu‘t\‘vi Lroup UL @ faxang :ﬁ'\&ﬁ b s hs.h'\\ *\ ‘\13\ ated. In
general, the miyiatmg agent is selecred from the group
consisting of sitvlamides and hissilyamides, Preferred sily-
Farnides amd bissilvamides correspord 1o structeres 0 and 7,
respectively:

()

\
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In genceral, the C{7) hy dmwl group of a taxane can be
sclectively silylated with a my,_lanng agent which inctudes
the —SiR,;R R, molely \V‘hércin R, Ry and R, are wde-
pendently substituted or wesubstituted bydrocarbyl or
heteroarvl, provided that any substituents are other than
hydroxyl. In one embodiment ol the present invention. il
each of R,, R, and R, ix alkyl, then al least one of R, R,,
aml R, comprises & carbo Jeion (Le., carbon chain or
ring(s)) having at least four carhon atoms. Suitable silylating
accents include silvl halides and silvl triflates, for example,
iri(hydracarbyDsilyl halides and tridhyvdrocarbyDsilyl -
flates. The hydrocarbyl substituenms of these silyvlatig
agents may be subsiituted or unsubstituted amd preferably
are substituted or unsubstiwted alkyl or arvl.




The seleciive silvlation of the C(7) hydroxy g
carred out woa sobeent, such oas dimethy f 3
(DMETY or pyridiee and e the presesce of s amine buase
secdy as inddazoie of pvridme, Reacton Schemes 1720
plestrate the siviaifon of the (7)) hydroxy group of
O-DAR wn high viedd by wreating 10-DAR with
A-hstvidimethyisibel ehlonde, nbeweyisiiyl oblorade,
dgimethyl-isopropyisidyl chloride, and dimeihyiptenvlsilyi
chloride, respectively, Stiyiation under thiese conditiens was

\./‘
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Este documento nos permite observar toda la informacién necesaria para obtener
tanto el compuesto A como el compuesto C, a partir del mismo intermediario (10-
deacetil baccatina lll), especificamente en lo que se refiere a | uso de compuestos
de organosilano como agentes protectores de los grupos hidroxiio, el uso de
anhidrido acético como agente de acilacion, la presencia de pirazina o piridina
para conseguir la proteccion en la posicion 7, y en general, todas las condiciones
necesarias para hacer selectiva la sustitucién en los hidroxilos de la posicion 7 y/o
10 de la 10-deacetil-baccatina 1ll. tal como se pretende en el capitulo

reivindicatorio de la solicitud en tramite.



En conclusian, la solicitud colombiana en tramite pretende reivindicar un proceso
de obtencién de derivados de 10-deacetil baccatina lll, a través de procedimientos,
reactivos y condiciones que se encuentran ampliamente descritos en el estado de
la técnica, tal como es la proteccion selectiva de los grupos hidroxilo de las

posiciones 7 y 10 con compuestos organosilanos.

Asi las cosas, y con fundamento en los argumentos expuestos a lo largo del
presente escrito, respetuosamente reitero la solicitud para que su despacho se
abstenga de conceder el privilegio de patente solicitado, y ordene en

consecuencia el archivo del expediente respectivo.

1. ANEXOS

-

La publicacién internacional WO 94/04519 publicada el 03 de Marzo de 1994 y
titulada “PROCESS OF CONVERTING TAXANES INTO BACCATIN it AND
10-DEACETYLBACCATIN HII" pagina 4 y capitulo reivindicatorio.

» La patente americana US 5,256,801 publicada el 26 de octubre de 1996 y
titulada “PROCESSES OF CONVERTING TAXANES INTO 10-
DEACETYLBACCATIN IlI” capitulo reivindicatorio.

» La patente americana US 4,924,012 publicada el 08 de mayoc de 1990 y
titulada “PROCESS FOR PREPARING DERIVATIVES OF BACCATINE Il
AND OF 10-DEACETYL BACCATINE llI" capitulo reivindicatorio.

> La patente europea EP 0526311 publicada el 03 de febrero de 1993 y titulada
“PROCEDE DE PREPARATION DE LA CINNAMOYL-13ALPHA BACCATINE
111 OU DESACETIL-10 BACCATINE llI” capitulo reivindicatorio.

» Abstract de la publicacion cientifica “'>C NMR INVESTIGATION OF SOLID-
STATE POLYMORPHISM IN 10-DEACETYL BACCATIN 1II”

» La patente europea EP 1022284 publicada el 26 de Julio de 2000 y titulada
“TAXOID DERIVATIVES AND PROCESS FOR PRODUCING THE SAME’
paginas 4, 10, 11, 13, 18, 20, 24 y capitulo reivindicatorio.

» La patente americana US 6706896 publicada el 16 de marzo de 2004 y titulada
“PROCESS FOR SELECTIVE DERIVATION OF TAXANES” columnas 1 a 5, 7.
11, 13, 15, 16 y capitulo reivindicatorio.

» La publicacion internacional WO 93/01179 publicada el 21 de enero de 1993 y

titulada “PROCESS FOR THE PREPARATION OF BACCATIN Il AND 10-
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containing low percentages of taxol, 10-deacetyltaxol and
cephalomannine are converted into baccatin III or 10-
deacetylbaccatin III.

In large scale processing of taxol for commercial use,
the cost associated with achieving the Magris, et al. yield
is not economically feasible. The Magris, et al. process
uses tetrahutylammonium borohydride, an expensive reducing
salt. Furthermore, this procedure is run at 0°C which adds
refrigeration costs to the final product. Most taxane
extraction processes result in by-products containing some
taxol, 1l0-deacetyltaxol, cephalomannine and significant
amounts of other substances. Therefore, there remains a
need for a high yield inexpensive process of converting
these partially purified mixtures of taxanes including but
not limited to taxol, 10-deacetyltaxol and/or
cephalomannine into baccatin 111 and/or l0-deacetylbaccatin
III.

SUMMARY OF THE INVENTION
An object of the present invention is to convert
partially purified organic by-products of the taxane
extraction process into l0-deacetylbaccatin III.

An object of the present invention is to convert
partially purified organic by-products of the taxane
extraction process into Baccatin III.

Another object of the present invention is to provide
a method of converting selected taxanes into Baccatin III.

A further object of the present invention is to
provide a simple, high-yield method of preparing Baccatin
III at room temperature.

A further object of the present invention is to
provide a simple, method of preparing l0-deacetylbaccatin
II1 at room temperature.

Still a further object is to provide an inexpensive
method of converting a partially purified mixture of taxol,
cephalomannine, 10-deacetyltaxol and other substances into
baccatin III or lO-deacetylbaccatin III.
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I clajim:
l. A process for the preparation of a compound of
formula (I)
OCOCH;y

comprising contacting a mixture containing at least one
taxane compound having an ester linkage at the C-13
position with at least one borohydride reducing salt in a
reaction solvent in the presence of a Lewis acid.

2. The process of claim 1 conducted at a range
temperature of from room temperature to -30°C.

3. The process of claim 1 wherein the borohydride
reducing salt is sodium borohydride.

4. The process of claim 1 wherein the borohydride
reducing salt is tetrabutylammonium borohydride.

5. The process of claim 1 wherein the reaction
solvent is selected from the group consisting of:
CH,OCH,CH,OCH,, CH,OCH,CH,OCH,CH _OCH,,
CH,OCH,CH,0CH,CH,0CH,CH,OCH, .

6. The process of claim 1 wherein the reaction
solvent is tetrahydrofuran.

7. The process of claim 1 wherein the reaction
solvent is dichloromethane.

8. The process of claim 1 wherein the mixture
contains at least 15% - 50% taxanes which are taxol and the
reaction solvent is tetrahydrofuran.

9. The process of c¢laim 1 wherein the mixture
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contains greater than 50% by weight of taxanes which are
taxol and the reaction solvent is dichloromethane.

10. The process of claim 1 wherein the mixture
contains less than 15% by weight of taxanes which are taxol
and the reaction solvent 1s selected from the group
consisting of CH,0CH,CH,0CH,, CH,0(CH,CH,0)CH,,
CH,O(CH,CH,0),CH,.

11. The process of claim 1 wherein the Lewis acid is
a metal halide.

12. The process of claim 12 wherein the metal halide
is Tin chloride.

13. The process of claim 12 wherein the metal halide
is cobalt chloride.

14. A process for the preparation of a compound of
formula (I)

OCOCH]jy

CH,y

HO -—-

Formula (1)

on | OCOCH,

comprising contacting a mixture containing at least one
taxane compound constituent having an ester linkage at the
C-13 position with a borohydride reducing salt in aromatic
hydrocarbons.

15. The process according to claim 14 wherein said
aromatic hydrocarbon is toluene.

16. The process according to claim 14 wherein said
borohydride reducing salt is tetrabutylammonjium
borohydride,

17. The process according to claim 14 is conducted at
a temperature of 0°C.



2 1

WO 94/04519 PCT/US93/07706 %’ﬂ
rd

37

18. A process for the preparation of a compound of
formula (I)
OCOCH;

CH3

HO -~

Formula (1)

OH

comprising contacting a mixture containing a taxane
compound which is taxol and at least one other taxane
compound having an ester linkage at the C-13 position that
is not taxol with a borohydride reducing salt in a reaction
solvent wherein the taxane compound which is taxol in the
mixture is not converted to formula I as defined above.

19. The process according to claim 18 wherein the
reducing salt is sodium borohydride.

20, The process according to claim 19 wherein the
reaction solvent is ethanol.

21. The process according to claim 20 conducted at a
temperature of -30°C.

22. A process for the preparation of a compound of
formula (II)

oH
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comprising contacting a mixture containing at least one
taxane compound having an ester linkage at the C-13
position with at least one borohydride reducing salt in a
reaction solvent in the presence of a Lewis acid.

23. The process of claim 22 wherein the borohydride
reducing salt is sodium borohydride.

24, The process of claim 22 wherein the reaction
solvent is selected from CH,(OCH,CH,) OCH,, where x is an
integer from 1 to 5.

25. The process of claim 22 wherein the reaction
solvent is tetrahydrofuran.

26. The process of claim 22 wherein the reaction
solvent is dichloromethane.

27. The process of claim 22 wherein the Lewis acid is
a metal halide. ‘

28. The process of claim 27 wherein the metal halide
is tin chloride.

29. The process of claim 27 wherein the metal halide
is cobalt chloride.

30. A process for the preparation of a compound of
formula (II)

OH

OH OCOCHy

|

{

|
OCOCGH5

comprising contacting a mixture containing at least one
taxane compound constituent having an ester linkage at the
C-13 position with a borohydride reducing salt in triglyme.
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31. The process according to claim 30 wherein said
borohydride reducing salt is sodium borohydride.

32. The process according to claim 30 is conducted
at a temperature of 22°-27°C.

B
%)

—HT



WO 94/04519 PCT/US93/07706

40

AMENDED CLAIMS
[received by the International Bureau on 28 December 1993 (28.12.93);
new claim 33 added; other claims unchanged (1 page)]

31. The process according to claim 30 wherein said
borohydride reducing salt is sodium borohydride.
32. The process according to claim 30 is conducted at a
temperature of 22°-27°'C.
33, A process for the preparation of a compound of
formula
oR,
i, cu,D“
MO~ .
\cun
Hﬂ%“f//j{\jﬁ<:;u
or | ocacit,
0cocCgH,

where R is selected from H and COCH,, comprising contacting
a mixture containing at least one taxane compound having an
ester linkage at the C-13 position with at least one
borohydride reducing salt in a reaction solvent in the
presence of a Lewis acid.
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SnBr;, Snlz and CoBrz would be selected Lewis acids
under the two step test.

Various experiments indicate that large scale produc-
tion of 10-deacetylbaccatin 111 may require more than
0.1% of the Lewis acid. Furthermore, when large quan-
tities of starting material are used it is extremely impor-
tant to closely monitor the reaction by TL.C and to be
certain that the mixture is being well agitated so that the
cleavage reaction can readily occur.

The present invention discloses new high yield pro-
cesses for converting partially purified taxane mixtures
into both baccatin 1Il and 10-deacetylbaccatin IIL
These processes result in good yield of 10-deacetylbac-
catin Il which is essentially pure after further purifica-
tion by methods known to those skilled in the art. Char-
acterization of the resultant species confirms the struc-
ture of the resultant product to be 10-deacetylbaccatin
I11. In addition to the good yicld of 10-deacetylbaccatin
111 these processes are commercially viable, inexpen-
sive, and run at room temperature. The use of the boro-
hydride reducing salts other than sodium borohydride
and tetrabutylammonium borohydride and the use of
other Lewis acids are contemplated by this invention.

Accordingly, the present invention has been de-
scribed with some degree of particularity directed to
the processes of the present invention. It should be
appreciated, though, that the present invention is de-
fined by the following claims construed in light of the
prior art so that modifications or changes may be made
to the processes of the present invention without de-
parting from the inventive concepts contained herein. It
is understood that the invention may be practiced other-
wise than as specifically described.

We claim:

1. A process for the preparation of a compound of
formula (I)

10

20

25

35

45

55

65

[w]

[
i OQCOCH:-
OOOCH

comprising contacting a mixture containing at least one
taxane compound having an ester linkage at the C-13
position with at least one borohydride reducing salt in a
reaction solvent in the presence of a Lewis acid.

2. The process of claim 1 wherein the borohydride
reducing sait is sodium borohydride.

3. The process of claim 1 wherein the reaction solvent
is selected from CH3(OCH2CH3),yOCH3, where x is an
integer from 1 to 5.

4. The process of claim 1 wherein the resction solvent
is tetrahydrofuran.

5. The process of claim 1 wherein the reaction solvent
is dichloromethane.

6. The process of claim 1 wherein the Lewis acid is a
metal halide.

7. The process of claim 6 wherein the metal halide is
tin chlonde.

8. The process of claim € wherein the metal halide is
cobalt chloride.

9. A process for the preparation of a compound of
formula (I)

comprising contacting a mixture containing at least onc
taxane compound constituent having an ester linkage at
the C-13 position with a borohydride reducing salt in
triglyme.

10. The process sccording to claim 9 wherein said
borohydride reducing salt is sodium borohydride.

11. The process according to claim 9 is conducted at

a temperature of 22°-27° C.
L] * L] * *
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[57] ABSTRACT

Process for preparing derivatives of baccatine [II and of

10-deacetylbaccatine III, of general formula (I), in
which R is hydrogen or acetyl, by condensation of an
acid of general formula (II) with a derivative of bacca-
tine III or of 10-deacetylbaccatine III of general for-
mula (ITI}, R, R; and R denoting hydroxy-protecting
groups, followed by the replacement of the protecting
groups by hydrogen.

R0 o OH )

CO=0m
] o)
CH—OH OH : H
]
! OCOCH;

1
OCOCsHs
CeHs~+CH=~NHCOOC(CH3)3

0—R, (m

(CH3;3COCONH
COOH

CeHs
—_ 0 O—Rj )
R;—0O 7

HOw

OCOCH;
COCgHy

e -

11 Claims, No Drawings
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below 30° C. After 1 hour, the flask is purged with
argon. The reaction mixture is filtered on celite and
then rinsed with ethanol. After concentration to dry-
ness, an oil is obtained, which crystallizes to give, in a
92% vyield, ethyl threo-2-hydroxy-3-amino-3-phenyl-
propionate (146 g), the structure of which s confirmed
by the proton nuclear magnetic resonance spectruu and
the mass spectrum.

Ethyl threo-2-hydroxy-3-azido-3-phenylpropionate
may be prepared in the following manner:

tert-Butyl threo-2-hydroxy-3-azido-3-phenylpropion-
ate (194 g) is dissolved in absolute ethanol (1 liter) in a
4-liter three-necked round-bottomed flask. A freshly
prepared solution (550 cc) of hydrochloric acid in etha-
nol at a concentration of 139 by weight is added. After
3 hours at a temperature in the region of 20° C.,, the
ethanol is evaporated off under reduced pressure. The
residue is taken up with methylene chioride (1.5 liter)
The methylene chloride solution is washed with satu-
rated sodium bicarbonate solution (200 cc) and then
with water. After drying and evaporation of the sol-
veni, ethy) threo-2-hydroxy-3-azido-3-phenyipropion-
ate (180 g) is obtained in a 99.7% yield, its structure
being confirmed by the proton nuclear magnetic reso-
nance spectrum and by the mass spectrum.

tert-Butyl threo-2-hydroxy-3-azido-3-phenylpropion-
ate may be prepared in the following manner:

tert-Buty] 3-phenylglycidate (189 g), dissolved in
ethanol (3 liters), is introduced into a 6-liter three-
necked flask equipped with a stirrer, a thermometer and
a condenser. Sodium azide (95 g) and ammonium chlo-
ride (75 g) are added and the mixture is then heated to
75° C. for 20 hours. Two-thirds of the cthanol are dis-
tilled off under reduced pressure at 50° C., water (4
liters) is then added and the evaporation of the ethanol
is finally completed. After the agueous suspension is
cooled, a crystalline precipitate is obtained, which is
separated by filtration and washed with water. After
drying under reduced pressure in the presence of a
phosphorus pentoxide, tert-butyl threo-2-hydrozy-3-
azido-3-phenylpropionate (186.4 g) is obtained in an
82.4% yield, its structure being confirmed by the proton
nuclear magnetic resonance spectrum and by the mass
spectrum.

tert-Butyl 3-phenyiglycidate may be prepared ac-
cording to the process described by F. W, Bachelor and
R. K. Bansal, §. Org. Chem., 34, 3600 (1969). The prod-
uct obtained is purified by chromatography on Merck
7734 silica, 50 as to obtain tert-butyl cis-3-phenylglyci-
date (200 g).

The product of general formula (IV) in which R; and
Rj3 each denote a 2,2,2-trichloroethoxycarbonyl radical
may be prepared according to the process described in
European patent application EP No. 253,738,

We claim:

1. A process for preparing a derivative of baccatine
LI or of 10-deacetylbaccatine III, of general formula:

25

40

45

50

65

R—0 o OH
d
CO—0=~
! 8]
CH-—-0H OH; H o
! 0cocH;
OCOCgH;5

CyHs—CH—NIICOOC(CH3);

in which R denotes hydrogen or acetyl, wherein an acid
of general formula:

O—R,

(CHiWCOCONH
COOH

CeHs

in which R, is a hydroxy-protecting group, is con-
densed with a taxan derivative of general formula

R;—0 0 O=Ry
A |
HO-
1
)
oH [ H |
¥ 1
' QCOCH;
0COCHs

in which Rj is an acetyl group or a hydroxy-protecting
group and Ra is a hydroxy-protecting group, and the
protecting groups Ry, R3 and, where appropriate, Ry are
then replaced by hydrogen.

2. A process according to claim 1, wherein R is
chosen from the group comprising methoxymethyl,
l-ethoxyethyl, benzyloxymethyl, (B-trimethyisilyle-
thoxy)methyl, tetrahydropyranyl and 2,2,2-trichloroe-
thoxycarbonyl.

3. A process according to claim 2, wherein R is
l-ethoxyethyl.

4. A process according to claim 1, wherein the hy-
droxy-protecting groups Rz and R3 which may be the
same or different are each chosen from 2,2,2-trichloroe-
thoxycarbonyl or trialkylsilyl groups in which each
alkyl portion contains 1 to 3 carbon atoms.

5. A process according to claim 4, wherein the hy-
droxy-protecting group is 2,2,2-trichloroethoxyoarbo-
nyl.

6. A process according to claim 1, wherein the con-
densation is performed in the presence of a condensing
agent and an activating agent.

7. A process according to claim 6, wherein the con-
densing agent is chosen from carbodiimides and reac-
tive carbonates and the activating agent is chosen from
dialkylaminopyridines.

8. A process according to claim 7, wherein the con-
densing agent is chosen from dicyclohexylcarbodiimide
and di-2-pyridyl carbonate, and the activating agent is
4-dimethylaminopyridine.
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9. A process according to claim 1, wherein the con-
densation is preformed in an aromatic solvent chosen
from benzene, toluene, xylenes, ethylbenzene, isopro-
pylbenzene and chlorobenzene.

10. A process according to claim 1, wherein the con-
densation is performed at a temperature of between 60°
and 90° C.

11. A process according to claim 1, for replacing by
hydrogen of the protecting groups R;, R; and, where
appropriate, R; on the intermediate product of general

formula:
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@

10
Ry—0 0 O—Rj
A
CcoO—0-
| 0
CH—0—R, OH | H
[ i
i OCOCH;
OCOCgHs

CgHs—CH~=NHCOOC(CH3)3

compnising treating said intermediate with zinc in the
presence of acetic acid or with an inorganic or organic
acid dissolved in an aliphatic alcohol containing 1 to 3

carbon atoms.
® E 4 * * x
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@ Procédé de préparation de la cinnamoyl-13alpha baccatine lll ou désacétyl-10 baccatine lil.

Procédé de préparation de la cinnamoyl-13a baccatine Il ou désacétyl-10 baccatine Il de formule (I)
par condensation d'un anhydride mixte de formule générale () sur un dérivé de la baccatine Il ou de la
désacétyl-10 baccatine Il de farmule générale (IIf).

Dans les formules (1) et (), R, représente un radical acétyle ou trichloro-2,2,2 éthoxycarbonyle.

Dans la formule (Il), R représente 1 3 5 substituants, identiques ou différents (halogéne, nitro, méthyle,
méthoxy).

Jouve, 18, rue Saint-Denis, 75001 PARIS
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2,4,6 benzoique.

Généralement, I'anhydride mixte de formule générale (I1) est obtenu par action du chlorure d’'acide de for-
mule générale (V) sur I'acide cinnamique en solution dans un solvant organique convenable tel que le tétra-
hydrofuranne en présence d'une base arganique telle gu'une amine tertiaire comme la triéthylamine & une tem-
pérature comprise entre 0 et 30°C.

De préférence, afin d'éviter les réactions secondaires, la réaction de ('anhydride mixte de formule générale
(1) sur le dérivé de la baccatine 11l ou de la désacétyl-10 baccatine Il est effectuée en ajoutant lentement une
solution de I'anhydride mixte dans un solvant organique convenable a une solution du dérivé de la baccatine
Il ou de |a désacétyl-10 baccatine Il dans le méme solvant en présence d’'un agent de condensation tel que
la pyrrolidinopyridine ou la diméthylaminopyridine. Il est particuliérement avantageux d'opérer sous une atmos-
phére inerte telle qu'une atmosphére d'argon.

Comme solvant, on utilise de préférence un hydrocarbure aromatique, choisi parmi le benzéne, le toluéne
ou les xylénes, ou un éther tel que le tétrahydrofuranne.

Il est particulierement avantageux d'opérer & une température comprise entre 40 et 110°C et de préférence
4 80°C.

Le produit de formule générale (1) obtenu par le procédé selon la présente invention peut étre transformeé
en produit de formule générale ;
R -0

0O OH

oo V)

CH-OH z
OH 4 OCOCH4

CgHg-CH-NH-CO-R  6COCgHS

dans laquelle R représente un radical t.butoxy ou phényle et R', représente un atome d’hydrogéne ou un radical
acétyle selon les procédés décrits dans les demandes de brevet europden EP-A-0 253 738 et EP-A-0 253 739.
L’exemple suivant illustre |a présente invention.

EXEMPLE

A 0,605 g d'acide cinnamique (4 mmoles) en solution dans 10 cm3 de tétrahydrofuranne anhydre, on ajoute
0,580 ml de méthylamine anhydre. On ajoute alors, sous atmosphére d’azote, 0,640 mi de chlorure de trichloro-
2.4,6 benzoyle (4,1 mmoles) dans 10 cm3 de tétrahydrofuranne anhydre. On agite pendant 1 heure a une tem-
pérature voisine de 20°C. Le chiorhydrate de triéthylamine est séparé par filtration sur verre fritté. Le tétrahy-
drofuranne est éliminé sous pression réduite, L’anhydride mixte ainsi obtenu est repris par 50 cm3 de toluéne
anhydre.

Dans un fricol, on dissout, sous atmosphére d’argon, 4,02 g de bis|(trichloro-2,2,2 éthoxy) carbonyloxy]-
78.10p désacétyl-10 baccatine 11l (4,48 mmoles) et 1,16 g de pyrrolidinopyridine (7,83 mmoles) dans 50 cm3
de toluéne anhydre en chauffant &4 80°C. On ajoute alors, goutte a goutte, I'anhydride mixte au moyen d'une
ampoule & égalisation de pression. L'évolution de la réaction est suivie par chromatographie en couche mince.
Aprés 3 heures & 80°C, il se forme 70 % d'ester.

La phase toluénique est lavée par de I'acide chlorhydrique N, par de I'hydrogénocarbonate de sodium en
solution aqueuse a 2,5 % puis est séchée sylfate de sodium. Apres filtration et concentration a sec sous pres-
sion réduite, le résidu obtenu est purifié par chromatographie sur silice (0,015-0,025 mm) en éluant par un me-
lange toluéne-éther (95-5 en volumes).

On obtient, avec un rendement de 61,9 %, 2,5 g de cinnamayl-13a bis{(trichlore-2,2,2 éthoxy) carbonyloxyl-
7B.10p désacétyl-10 baccatine Il dont les caractéristiques sont identiques a celles qui sont décrites par F. GUE-
RITTE-VOEGELEIN et coll., Tetrahedron, Vol. 42, N° 16, 4451-4460 (1986).

Revendications

1 - Procédé de préparation d'un dérivé du taxane de formule générale :
3
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Ry-0 0 QCOOCH,CCly

OH ()COCH3

OCOCgHs

dans laquelle R, représente un radical acétyle ou un radical frichloro-2,2,2 éthoxycarbonyle caractérisé en ce
que I'on fait réagir un anhydride mixte de formule générale :

0
Ce”s"§*”&‘ocoo—<<:;§
My

dans laquelle R représente 1 & 5 substituants choisis parmiles atomes d'halogéne et les radicaux nitro, méthyle
ou méthoxy, sur un dérivé de la baccatine lll ou désacétyl-10 baccatine Il de formule générale :

Ry-0 0 QCOOCH,CClg

HO"I'

OH

dans laquelle R, représente un radical acétyle ou trichloro-2,2,2 éthoxycarbonyle.

2 - Procédé seion la revendication 1 caractérisé en ce que I'on opére dans un solvant organique choisi
parmi les hydrocarbures aromatiques et les éthers.

3 - Procédé selon I'une des revendications 1 ou 2 caractérisé en ce que I'on opére en présence d'une base
organique.

4 - Procédé selon la revendication 3 caractérisé en ce que la base est choisie parmi la pyrrolidinopyridine
ou la diméthylaminopyridine.

5 - Procédé selon 'une des revendications 1 & 4 caractérisé en ce que 'on utilise une mole d’anhydride
mixte par mole de dérivé de la baccatine lll ou de la désacétyl-10 baccatine I11.

6 - Procédé selon 'une des revendications 1 & 5 caractérisé en ce que I'on opére 4 une température compri-
se entre 40 et 110°C.
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deacetyl-baccatin | to which galactose or mannose is
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lactoside or tetrabenzyl acetyloxymannoside. subjecting
the product to debenzylation reaction, and optionally to
detriethylsilylation reaction.
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[0020)
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OH

WSE,
3

Galactosyloxyacetyl-7-docetaxel (hereinafter, abbreviated as "7-GAG-DT") of the following formula,

Mannosyloxyacetyl-7-docetaxel (hereinafter, abbreviated as "7-MAG-DT") of the following formula.
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{0036] The method illustrated in Reaction Scheme (1) is to react 10-deacetyl-baccatin ill (7) with tetrabenzyl acety-
loxygalactoside (3) and then debenzylate the product and by this method 7-GAG-baccatin [it (9) represented by the

above formula can be obtained.

EP 1022 284 A1

Reaction Scheme V
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Reaction Scheme VII

Example 5

[0066] Using 10-deacetyl-pactitaxel (17) instead of docetaxel, compound (18) was obtained in the same manner as
in Example 3 above by protecting the 2'- and 7-positions of 10-deacetyl-paclitaxe! with TES groups. Thereafter. the

18
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Reaction Scheme VIII
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Reaction Scheme X
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Table 2
Treatment Number of Animals | Survival Day by Individual | Median of Survival Days %T/C?
No treatment control 10 77777777710 7 -
Paclitaxel solvent control 10 TT7T11TTTTT 7 100
Paclitaxel 20 mg/kg 9 991010101011 1112 10 143
Paclitaxel derivative sol- 10 77771777777 7 100
vent control
10-MAG-DT (a-anomer) 10 8999999101115 9 129
20 mg/kg
10-GAG-DT («t-anomer) 10 101111111212121213 12 171
20 mg/kg 14
10-GAG-DT (3-anomer) 10 111111111212121213 12 171
20 mg/kg 20

AMedian of survival days of each treated group (day) X 100 / Median of survival days of control group (day)

{0081] From the table, it is apparent that the median of survival days was 7 days for the control group while it was
10 days for paclitaxel group, 9 days for 10-MAG-DT («-anomer) group, 12 days 10-GAG-DT («-anomer) group, and 12
days for 10-GAG-DT (f-anomer) group. From this it follows that the taxoid derivatives have antitumor activity equivalent
to or higher than that of paclitaxel. In particular, 10-GAG-DT has excellent antitumor activity.

[0082] Furthermore, as will be apparent from the figure, the paclitaxel group showed an abrupt decrease in body
weight after the administration in contrast to the taxoid derivatives, which showed substantially no change in hody
weight. so that the latter are also excellent in safety.

Industrial licabilit

[0083] The present invention provides taxoid derivatives having increased solubility in water and improved physio-
logical activity and production method therefor. The taxoid derivatives alleviate burden imposed on patients and their
utilization as an effective therapeutic drug can be expected.

Claims

1. A taxoid derivative comprising any one of paciitaxel, docetaxel and 10-deacetyl-baccatin Ill to which galactose or
mannose is linked through a spacer.

2. The taxoid derivative as claimed in claim 1, wherein the spacer is a glycolate.

3. Galactosyloxyacetyl-7-paclitaxel represented by the following formula.

26
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5. Galactosyloxyacetyl-10-paclitaxel represented by the following formula.

6. Mannosyloxyacetyl-10-paclitaxel represented by the following formula.

7.

EP 1 022 284 A1

Mannosyloxyacetyl-7-paclitaxel represented by the following formula.

HO

Galactosyloxyacetyl-7-docetaxel represented by the following formula.
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HOS=
Q wo o/ °

{HaC)aC -0

B. Mannosyloxyacetyl-7-docetaxel represented by the following formula.

9. Galactosyloxyacetyl-10-docetaxel represented by the following formula.

10. Mannosyloxyacetyl-10-docetaxel represented by the following formula.

28
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11. Galactosyloxyacetyl-7-baccatin 11l represented by the following formula.

12. Mannosyloxyacetyl-7-baccatin Ill represented by the following formula.

HO

HO
Aoy
HO o

13. Galactosyloxyacetyl-10-baccatin Ill represented by the following formula.

e
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14. Mannosyloxyacetyl-10-baccatin |l represented by the following formula.

HO
HO
HO o

15. A method for producing the taxoid derivative of claim 3 or 7. comprising after protecting a hydroxyl group at the 2'-

16.

position of paclitaxel or docetaxel with chlorotriethylsilane, reacting the product with tetrabenzyl acetyloxygalacto-
side represented by the following formula. and then subjecting the product to debenzylation or detriethylsilylation
reaction.

OBn 0Bn
Q

Bn0 ot O/YOH

O

A method for producing the taxoid derivative of claim 4 or 8. comprising after protecting a hydroxyl group at the 2'-
position of paclitaxe! or docetaxel with chiorotriethyisilane. reacting the product with tetrabenzyl acetyloxymanno-
side represented by the following formula, and then subjecting the product to debenzylation or detriethylsilylation
reaction.

30
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18.

19.

EP 1022 284 A1

8n0 Ogn
B
o OWOH

o)

A methad for producing the taxoid derivative of claim 5 or 9, comprising after protecting hydroxyl groups at the 2'-
and 7-positions of 10-deacetyl-paclitaxel or docetaxel, respectively, with chiorotriethylsilane, reacting the product
with tetrabenzyl acetyloxygalactoside represented by the following formula, and then subjecting the product to
debenzylation or detriethylsilylation reaction.

OB8n

BnQ 0O OH
BnO /\r

A method for producing the taxoid derivative of claim 6 or 10, comprising after protecting hydroxy! groups at the 2'-
and 7-positions of 10-deacetyl-paclitaxel or docetaxel, respectively, with chlorotriethylsilane, reacting the product
with tetrabenzyl acetyloxymannoside represented by the following formmula, and then subjecting the product to
debenzylation or detriethylsilylation reaction.

8n0O Ogn
BnO
BHO& o) /Y OH

o

A method for producing the taxoid derivative of claim 13, comprising after protecting a hydroxy! group at the 7-posi-
tion of 10-deacetyl-baccatin Il with chiorotriethylsilane, reacting the product with tetrabenzyl acetyloxygalacioside
represented by the following formula, and then subjecting the product to debenzylation or detriethylsilylation reac-
tion.

O8n _ngn
0

BnO Q/YDH

BnO fo)

oy
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20. A method for producing the taxoid derivative of claim 14. comprising after protecting a hydroxyl group at the 7-posi-
tion of 10-deacetyl-baccatin Iil with chlorotriethylisilane, reacting the product with tetrabenzy| acetyloxymannoside
represented by the following formula, and then subjecting the product to debenzylation or detriethylsilylation reac-
tion.

B0 Og”
T
8n0 OIYOH

0

21. A method for producing the taxoid derivative of claim 11, comprising reacting 10-deacetyl-baccatin |/l with tetraben-
zyl acetyloxygalactoside represented by the following formula. and then subjecting the product to debenzylation
reaction.

O8n OBn
Q

BnO fo) OH
BnO /\[r

0

22. A method for producing the taxoid derivative of claim 12, comprising reacting 10-deacetyl-baccatin IHl with tetraben-
zyl acetyloxymannoside represented by the following formula, and then subjecting the product to debenzylation
reaction.

BnO Og"
BnO O/YOH

0

23. An antitumor agent comprising galactosyloxyacetyl-10-docetaxel as an active ingredient.

32
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24. An antitumor agent comprising mannosyloxyacetyl-10-docetaxel as an active ingredient.

(H,C);,C-O)L"

o

Ph
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H

OHO
o

HO

HO

NH
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PROCESS FOR SELECTIVE
DERIVATIZATION OF TAXANES

this application 1s a divisional of U.8. patent application
Ser. No. 09/063,477, filed Apr. 20, 1998 pending; which is
based on provisional application Serial No. 60 056,000, filed
Aug. 18, 1997, now abandoned, and No. 60081205, filed
Apr. 9, 1998, now abandoned.

This invention was made with Government support
under NIH Grant #CA 42031 awarded by the National
Institutes of Health. The Government has certain rights in
the mvention.

BACKGROUND OF THE INVENTION

The present invention is dirceted, in general, to a process
for the preparation of taxol and other taxanes, and in
particular, to such a process i which the ((7) or C(10)
hydroxyl group of a taxane is sclectively derivatized.

10-DAB (1), which is extracted from the needles of raxus
baccata L., the English vew. has become a key starting
material in the production of 1axol and Taxotere, both of
which are potent anticancer agents, Conversion of 10-DAB
to taxol, Taxoere® and other taxanes having antitumor
activity requires protection or derivatization ot the C(7) and
C(10) hydroxyv] groups followed by esterification of the
C(13) hydroxyl group o attach an appropriate side chain at
that position.
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Until now, strategics for the preparation of taxol and 1axol
aualogs were based upon the observation of Senilh ¢t al.
(C.R. Acad. Sei. Paris, [f, 1981, 293, 501) that the relative
reactivity of the four hydroxyl groups of 10-DARB toward
acctic anhydride in pyridine 15 C(7)—OH>C(10—0OH>C
(13)—OH>C(1—0OH. Denis, ot al. reported (J. Am. Chern.
Soc, 1988, 110, 5917) selective silylation of the C(7)
hydroxyl group of 10-DAR wiih tricthylsilyl chloride in
pyridine to give 7-tricthylsilyl-10-deacetyl baccatin (111) (2)
in 83% yield. Based upou these reporis, in those processes
in which differentiation ol the C(7) and C(10) hydroxyl

provups is required (¢.g., preparation of 1axol from 10-DAB),

the C(7) hydroxyl group must be protected (or derivatized)
before the C(10) hvdroxyl group 1s protected or derivatized.
For cxample, (axol may be prepared by treating 10-DAB
with tricthylsilyl chloride to protcet the C(7) hydroxyl
group, acetylaling the C({10) hydroxyl group, altaching the
side chain by esterilication of the C(13) hydroxyl group,
amxl, finally, removal of protccting groups.

It is koown that taxances having various substituents
honded 10 cither the C(10) or the C(7) oxvgens show
anticaneer activity, To provide for more efficient synthesis of
these materials, it would be usctul to have methods which
permit more efficient and more highly selective protection or
derivatization of the C(10) and the C(7) hvdroxyl groups.

SUMMARY OF THL INVENTION

Among the objects of the present invention, therefore, is
the pravision af highly efficient processes for the preparation
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ol taxol and other taxanes through selective derivatization of
the C(7) group or the C(10) hydroxyl group of 10-DAB and
other taxancs, particularly a process in which the C(10)
hydroxyl group i protecied or derivatized prior (o the €(7)
hydroxyl group; and the provision of C(7) or C(10) deriva-
tized taxanes.

Hricfly, theretore, the present invention is directed to a
process for the acylation of the C(10) hydroxy group of a
taxane. The process comprises forming a reaction mixture
containing the taxane and an acylating agent which contains
less than one equivalent of an amine base for cach cguivalen
of taxane, and allowing the taxane to react with the acvlating,
agent to form a C(10) acylated taxane.

‘I'he present invention is further directed to a process for
the silylation of the C(L10) hydroxy group of a taxanc having
a ((10) hydroxy group. The pracess comprises treating the
taxane with a silylamide or a bissilylamide (o form a C(10)
silylated raxane.

The present invention is further directed o a process for
converting the C(7) hydroxy group of a 10-acyloxy-7-
hydroxvtaxane to an acetal or ketal. The process comprises
reating the 10-acyloxy-7-hydroxytaxane with a ketalizing
agent in the presence of an acid catalyst to form a ((10)
ketahized taxane.

The present iovention 1s further dirceted to a taxane
having the structure:

R]ll

Ruy . e‘“‘

4

[

wherein

M is a metal or comprises ammonium:

R, is hydrogen, hvdroxy, protected hydroxy, or together
with R,, or R, torms a carbonate;

R. s keto, —OT., acvloxy, ar together with R forms a
carbonale;

R, is —OT, or acvloxy:

Ro s —O8IR,RR,

R, is hydrogen, keto, -——OT,, or acyloxy;

R, is hydrogen, keto, —OT. ., vr acyloxy;

R . is hydroxy, protected hydroxy. keto, or MO—.

R, s hvdrogen, —OT
forms a carbonate;

1 devloxy, or together with R,
R,. R,. R, arc independently hydrocarbyll substituted
hvdrocarbyl, or heteroaryl, provided, however, i cach
ol Ry Ry amd R, are alkyl, al Teast one of R, Ry and
R, comprises a carbon skeleton having at least four
carbon atoms; and
T, Ty, Ty, and T, are independently hvdrogen or
hvdroxy protecting group.
Other objects and features of this invention will be 1o part
apparent and in part pointed out hereinafter.

DUTAILLD DLSCRIPTION O TTIL
PRLFLRRED EMBODIMENTS

Among other things, the present invention cnables the
selective derivatization of the COLGY hydroxyl group of a



US 6,706,896 Bl

3

taxane without first protecting the C(7) hydroxyl group.
Stated another way, it has been discovered that the reactivi-
tics previously reported for the C(7) and C(10) hydroxyl
groups cao be reversed, that is, the reactivity of the C(10)
hydroxyl group becomes greater than the reactivity of the
C(7y hydroxyl group under certain conditions.

Although the present invention may be used o selectively
derivalize a taxanc having a hydroxy group at C(7) or C(10),
it offers particular advantages in the sclective derivatization
ol taxanes having hydroxy groups at ((7) and C(10), ie,,
7.10-dihydroxy taxanes. In gencral, 7.10-dihydroxytaxanes
which may be selectively derivatized in accordance with the
present avention correspond to the following structure:

OH

wherein

R, is hydrogen, hydroxy, protected hydroxy, or together
with R, or R, forms a carbonate;

R.. is keto, —O'1,, acyloxy, or together with R forms a
carbonate;

R, is —OF, or acvloxy;

R, is hydrogen, keto, —OT,, or acvloxy;

R, is hydroxy, protected hydroxy, keto, or

R, is hydrogen, —OT , acvloxy or together with R,

forms a carbonate;

T,, T,, Ty, and T, are independently hydrogen or
hydroxy protecting group;

X, s —OX,, —5X,, or —NX X!

X, 18 hydrogen, hydrocarbyl, substituted hyvdrocarbyl,
or heteroarvi:

X, and X, ar¢ independently hydrogen, hydrocarbyl,
substituted hvdrocarbyl, or heteroaryl;

Xs s —X 0. ~=0X ;. —8X,., —NX.X,,, or
—80.X,;

X,, 1s hydrocarbyl, substituted hvdrocarbyl, heteroaryl,
hvdroxy protecting group or a functional group
which increases the water solubility of the taxane
derivative:

X, 1% hydrocarbyl, substituted hyvdrocarbyvl, heteroaryl,
or sulfhydryl protecting group;

X, is hyvdrogen, hydrocarbyl, or substituted hydrocar-
byl;

X,, 1s an amino protecting group;

X,, 1s hydrocarbyl, substituted hydrocarbyl, or het-
croaryl;

X,y is hydrocarbyl, substituted hvdrocarbyl. heteroaryl,
—O0X,,, or —NX,X,,; and

X, Is hydrogen, hydrocarbyl, substituted hyvdrocarbyl,
or heteroaryl.

30
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Sclective C(10) Derivatization

In accordance with the process of the present invention, it
has been discovered that the C(10) hydroxyl group of a
taxane can be selectively acylated in the absence of an amine
base. Preferably, therefore, amine bases such as pyridine,
tricthylamine, dimethylaminopyridine and 2.6-lutidine, if
present at all, are present in the reaction mixture o relauvely
low concentration. $tated another way, it an amine base is
present in the reaction mixture, the molar ratio of the aminc
base to the taxane is preferably less than J:1, more prefer-
ably less than 10:1, and most preferably less than 10001

Acylating agents which may be used for the sclective
acylation of the C(10) hydroxy! group of a taxanc include
anhydrides, dicarbonates, thiodicarbonates, and 1socyanates,
In general, the anbydrides, dicarbonates, and thiodicarbon-
ates correspond 1o structure 4 and the isocyanates corre-
spond to structure 5:

RI—N=(Cz=0

wherein RY is —- OR", -=8R*, or R*; R* is —OC(O)RY,
—OCOYORY, —OC(MSR, —OPORYRY, or —0OS(0).R?;
R? is hvdrocarbyl, substituted hydrocarbyl, or heteroaryl;
and R?, R", R are independently hydrocarbyl, substituted
hydrocarbyl, or heteroaryl. For example, suitable carboxylic
acid anhydride acylating agents include acetic anhydride,
chloroacetic anhydride, propionic anhydride, benzoic
anhydride, and other carboxylic acid anhydrides containing
substituted or unsubstituted hydrocarbyl or heteroaryl moi-
etics; suitable dicarbonate acylating reagents include diben-
zyl dicarbonate, diallyl dicarbonate, dipropyl dicarbonate,
and other dicarbonates containing substituted or unsubsti-
tuted hydrocarbyl or heteroaryl moietics; and suitable iso-
cvanate acvlating agents include phenyl isocyanate, and
other isocvanates containing substituted or unsubstituted
hydrocarbyl or heteroaryl moicties. In addition, aithough the
anhydrides, dicarbonates, and thiodicarbonates used as acy-
lating agents may be mixed, it is generally preferred that
they be symmetrical; that is, R' and R* are selected such that
the molecule is symmetrical (¢.g., if R' is RY, R™ s —0OC
(OR? with R” being the same as R”).

While the acylation of the C(10) hydroxy group of the
taxane will proceed al an adequate rate for many acylating
agents, 1t has becn discovered that the reaction rate may be
increased by including a Tewis acid in the reaction mixture.
The concentration of the Tewis acid appears not o be
narrowly critical; experimental evidence obtained o date
suggests it may be present in either a stoichiometric or a
catalvtic amount. In general, Lewis acids which may be used
include triflates and halides of clements of groups 1B, 1R,
IR, IVRB, VB, VIB, VIIB, VI, HIA, IVA, lanthanides, and
actinides of the Periodic Table (American Chemical Socicty
format). Preferred Lewis acids include zine chloride, stannie
chloride. cerium trichloride, cuprous chloride, Janthanum
trichloride, dysprosium trichloride, and ytterbium trichio-
ride. Zinc chloride or cerium trichloride is particularly
preferred when the acylating agent is an anhydride or
dicarbonate, Cuprous chloride is particularly preferred when
the acylating agent s an isocyanate,

The solvent for the sclective acylation is preferably an
cthereal solvent such as tetrahvdrofuran. Alernatively,
however, other solvents such as cther or dimethoxycethane
may be used.
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The wmperature a6 which the C(10) selective acylation is
carried out is not narrowly critical. In general, however, it is
preferably carried out at room temperature or higher in order
for the reaction to proceed at a sutticieniy high rate.

For purposes of illustration, acylating reactions involving
dibenzyl dicarbonate, diallyl dicarbonate, acetic anbydride,
chloroacetic anbydride and phenyl isocyanate are illustrated
in Reaction Schemes | othrongh 5 below. In this series of
reaction schemes, the taxane which is selectively acylated at
the C(10) position is 10-deacetyibaccatin 11 It should be
understood, however, that these reaction schemes are merely
Mustrative and that other taxanes having a C(10) hydroxy
group, in general, and other 7 10-dihydroxytaxanes, in
particular, may be selectively acylated with these and other
acylating agents in accordance with the prescat invention.
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ln another aspect of the present invention, the C(10)
hydroxyl group of a taxane may be selectively silylated. In
general, the silylating agent 1s selected from the group
cansisting of silylamides and bissilvamides, Preferred sily-
Jlamides and bissilyamides correspond to structures 6 and 7,
respectively:

0
Re;= 0= NSiRpRy:R

OSiRpRyRy

Ry C=N$iRpR;. Ry

wheremn Ry, R, R R, and R,, are independently
hvdrocarbyl, substituted hydrocarbyl, or heteroaryl.

Preferably, the silvlating agents are sclected from the group -

consisting of trithydrocarbyl)silyl-
triflvoromethylacetamides and bis trithydroecarbyl)-
silyltriffluoromethylacetamides, with the hydrocarbyl moiety
being substituted or unsubstituted alkyl or aryl. For example,
the preferred sitylamides and bissilylamides include N,O-
bis-(trimethylsilyl)trifluoroacetamide, N,O-bis-
(triethyisilyDtrifluoroacetamide, N-methyl-N-
tricthyvlsilyltrifluoroacctamide, and N,O-bis(1-
butyldimethvlsily trifluoroacctamide.

The silylating agents may be used cither alone or in
combination with a catalytic amount of a basc such as an
alkali metal base. Alkali metal amides, such as lithium
amide catalysts, in general, and lithium
hexamethyldisilazide, in particular, are preferred.

The solvent for the selective silylation reaction is prefer-
ably an ethercal solvent such as tetrahvdroluran,
Alternatively, however, other solvents such as cther or
dimethoxyethane may be used.

The temperature at which the C(10) selective silylation is
carried out is pot narrowly critical. In genceral, however, it is
carnied out at 0° C. or greater.

Sclective C(10) silvlation reactions involviag N,0-bis

(trimethylsilyDtrifluoroacetamide and N.O-bis(tricthylsilyl)

trifluoroacetamide are tlustrated in Reaction Schemes 6 and
7 below. In these reaction schemes, the taxane which 1s
sclectively silylated at the C(10) position is
10-deacetvibaceatin 11 It should be understood, however,
that these reaction schemes are merely Hlustrative aod thal
other taxanes, having a C(10) hvdroxy group, in general, and
ather 7,10-dihydroxytaxanes, in particular, may be selec-
tively silvlated with these and other silylating agents in
accordance with the present invention.

scheme 6
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After the C(10) hydroxyl group of a 7,10-
dihvdroxytaxane has been derivatized as described herein,
the (°(7) hvdroxyl group can readily be protected or ather-
wise derivatized selectively in the presence of the C(1) and
((13) hvdroxyl groups (and a C(14) hydroxy group, if
present).

Sclective C(7) Derivatization

Selective acylation of the C(7) hydroxyl group of a C(10)
acylated or silylated 1axane can be achieved using any of a
variety of common acylating agents including, but not
limited to, substituted and unsubstituted carboxvlic acid
derivatives, ¢.g., carboxvlic acid halides. anhydrides,
dicarbonates, 1socvanates and haloformates. For example,
the C(7) hvdroxyl group of baccatin HI, 10-acyvl-10-
deacetylbaccatin 111 or 10-tribydrocarbylsilyl- 10-deacetyl
baccatin Il can be sclectively acylated with dibenzyl
dicarbonate, diallyl dicarbonate, 2,2,2-trichlorocthyl
chloroformate, benzyl chloroformate or another common
acylating agent.

In general, acylation of the C(7) hydroxy group of a €°(10)
acvlated or silylated taxane are more efficient and more
sclective than are ((7) acvlations of a 7,10-dihydroxy tax-
ane such as 10-DAB, 1.e., once the C(10) hydroxyl group has
heen acvlated or silylated, there is a significant difference in
the reactivity of the remaining C(7), C(13), and (1)
hyvdroxyl groups (and the C(14) hydroxyl group, if present),
These acylation reactions may optionally be carried out in
the presence or absepoe of an amine base.

Examples of selective C(7) acvlation of a taxane baviog
an acvlated or silvlated C(10) hydroxy group are shown in
Reaction Schemes & through 11 In these reaction schomes,
the taxane which is sclectively acylated at the C(7) position
is baccatin 11T or 10-tricthylsilyl-10-deacetylbaceatin UL Iy
should be understood, however, that these reaction schemes

e
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Alternatively, the C(7) hydroxyl group of C(10) acylated
taxancs can be selectively protected using any of a variety of
common reagents including, but not limited to, simple
acetals, ketals and vinyl ethers, in the presence of an acid
catalyst, These reagents (whether acetal, ketal, vinyl ether or
otherwise) are referred to herein as “ketalizing agents” and
are described in “Protective Groups in Organic Synthesis™
by T. W. Greenc, John Wilcy and Sons, 1981, 'The acid
catalyst used may be an organic or inorganic acid, such as
toluenesulfonic acid or camphorsulfonic acid, in at least a
catalytic amount. For example, the C(7) hydroxyl group ol
baccatin HI can be sclectively ketalized using 2-methoxy
propene. Other suitable reagents for the preparation of
acelals and ketals include methyl vinyl cther, ethyl vinyl
cther, tetrahydropyran, and the like.

Sclective ketalization of the C(7) substituent of a C(10)
acylated taxane is more efficient and more selective than it
is with 10-DAB, i¢., once the C(10) hydroxyl group has
been acylated, there is a large difference in the reactivity of
the remaining, C(7), CC(13), and C(1) hydroxyl groups (and
the C(14) hydroxyl group, if present).

An example of selective formation of a C(7) ketal from
baccatin HI 1s illustrated in Reaction Scheme 16, Tt should
be understoad, however, that this reaction scheme is merely
illustrative and that other taxancs may be selectively Ketal-
ized with this and other ketalizing agents in accordance with
the present invention.

Scheme 10
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Under appropriate conditions, the C(7) hydroxyl group of

a taxanc further comprsing a C(10) hydroxyl group can be
sclectively silylated. Advantageously, these silvlations are
not limited 1o sily] groups bearing alkyl substituents having
three carbons or less.
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In general, the C(7) hydroxyl group of 4 taxane can be
selectively silylated with a silylating agem which includes
the —8iR,R; R, moicty wherein R;, Ry and R, are inde-
pendently substituted or unsubstituted hydrocarbyl or
heteroaryl. provided that any substitucnts are other than
hydroxyl, In one embodiment of the present invention, 1f
vach of R, Re and R, is alkyl, then at least one of Ry, Ry,
and R, comprises a carbon skeleton (i.e., carbon chain or
ring()) having at least four carbon atoms. Sujtable silylating
agents include silvl halides and silvl uriflates, for example,
trithydrocarbyl)silvl halides and tri(hydrocarbylsilyl tri-
flates. The hydrocarbyl substituents of these silylating
agents may be substituted or unsubstingied and preferably
are substituted or unsubstituted alkyl or aryl.

‘Ihe selective silvlation of the C(7) hydroxy group may be
carricd out in a solvent, such as dimethyl formamide
("DME™) or pyridine and in the presence of an amine base,
such as imidazole or pyridine. Reaction Schemes 1720

tlustrate the silylation of the C(7) hydroxy group of -

10-NAB in high yicld by resting 10-DAB with
t-butyldimethylsilyl chloride. tribenzylsilvl chlonde.
dimethyl-isopropylsilvl chloride, and dimethviphenylsilyl
chloride, respectively. Silylation wisder these conditions was
surprising i view of the report by Denis, e al. (J. Am
Chem. Soc., 1988, 110, 5917) that sclective formation of
7-TB5-10-DAB was ot possible.
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The process of the present tnvention can alsa be used 0
proteet the C(7y and C(10Y hydroxy groups of a 7,10.
dibiweleoxytaxane with diffeceot silyl protecting provps By
selecting groups which can be removed under different
conditions, the C(7) and C(10) hydroxy groups can b
separately accessed for derivatization. These reactions,
theretore, increase the flexibility of the overall process end,
enable a higher vield for many ol the individual protecting
reactions relative 1o the vield obtained using currenily
available processes. For example, the triethylsilyl protecting
group s more readily removed from C(10) than is the
t-burvldimethylsilyl protecting group from C(7) and the
dimethyiphenyisibyl proteciing gronp is more readily
removed from C(7) than is the t-butyldimethylsidyl protect-
ing group from C(10). The preparation of 7-t-
butyldimethylsityl-10-tricthylsityl-10-DAR  and
7-dimethylphenylsilyl-10-1-butvldimethylisly-10-DAB - arc
illusirated io Reaction Sehemes 21 and 22
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Scheme 21
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The methods disclosed hercin may be used in conpection
with a large number of differcnt taxanes obtained from
natural or synthetic sources to prepare a wide varicty of
taxanc intermediates which may then be further derivatized.
For ¢xample, the methods of the present invention may be
effectively used to proteet the C(7) and/or C(10) hydroxy
functional group prior to the coupling reaction beltween a
C(13) side chain precursor and a taxane o introduce a C(13)
f-amido ester side chain, and also prior to the reactions for
preparing taxanes having alternative substituents at various

10

locations on the taxane nucleus.

The attachment of a C(13) side chain precursor to a taxane
may be carried oul by various known techmigues. bor
example, a side chain precursor such as an appropriately
substituted f-lactam, oxaroline, oxazolidine carboxylic
acid, oxazolidine carboxylic acid anhydride, or isoserine
20 derivative may be reacted with a ineycelic or tetracyelic
taxane having a C(13) hydroxy, metallic oxide or ammo-
nivm oxide substituent to form compounds having a
[3-amido ester substituent at C(13) as described, for example,
Taxol: Science and Applications, M. Suffness, editor, CRC
Press (Boca Rotan, Fla.) 1995, Chapter V, pages 97-121. For
example, the synihesis of taxol from 10-DAB js illustrated
in reaction scheme 23, 1t should be noted that while a
f-lactam and 10-DAB are used in this reaction scheme,

20 other side chain precursors and other taxanes could be
substituted therefor without departing from the present
imvention.

s
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5

Ac(

Taxol (K99 overally,
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the filirate in vacuo and [ollowed by lash chromatography
(hexanc:EtOAe, 4:1) gave 7-Dimethyl-phenylsilyl-10-
cyclopropane-carbonyl-10-DAB (816 mg, ~100%). 'H
NMR (CDCL,. 500 MHZz), §0.32, 043(2 s, 6 H, Mc.S8i),
0.91, 1.00, 1.17(3m, 5 H, cyclopropyl), 1 07(s, 3 H, Me17),
1.21¢s, 3 H, Mel6), 1.73(s, 311, Mc19), 1.74(s, 1 H, 1-OH),
1.78(ddd, J=14.4, 105, 2.1 Hz, 1 H, Hob), 2.04(m, 1 I,
13-0OH), 2.05(d, J=1.5 Hz, 3 H, Mc18), 2.24(s, 3 H, 4-Ac),
2.26(m, 2 H, Hida, H14b), 2.34(ddd, 1=14 4, 9.5, 6.7 1z, 1
H, Héa), 3.87(d, I=7.0 Hz, 1 H, H3). 4.15(d, J=8.2 Hz, 1 H.
H20b), 4.26(d, J=8.2 Hz, 1 H, H20a), 1.406(dd, J=10.5, 6.7
Hz, L H, H7), 482(m. 1 H, 1113), 4 85(dd, J=9.5,2.1 Hg, 1
H. 115), 5.65(d, J=7.0 Hr, 1 I H2), 6.44(s, 1 . H10),
7.32-736, 7.55-7572 m, 5 H, PhSi), 746(m, 2 I,
henzoate, m), 7.5%m. 1 H, benzoate, p), X.10(d, J=8.0 Hz,
2 H, benzoate, o) ppm.

LXAMPLE ¥

7-p-Nitrobenzyloxyearbonyl-10-1DAB.

Ta a THEF solution (I mL) of 10-alloc-7-p-
nitrobenzyloxyearbonyl-10-DAB (31 mg, 0.048 mmol) at
room femperature was added a THF solution (1 ml) of
farmic acid (19 ml, 0.48 mmol, 10 cquiv) and butylamine
(47 ml., 0.48 mmol, 10 equiv), followed by the addition of
PI(PPhL,), under N, The reaction mixture was stirred at
room emperature for 0.5 b EtOAe (10 ml.) was added. and
the solutton was quickly filtered through a short column of
silica gel. The silica gel was washed with EtOAc (100 mL),
and the solunion was concentrated under reduced pressure.
I'he residue was purified by tlash colurnn chromatography
using EtOAchexanes (1:2) as the cluent aod dried in vacuo
1o give 7-p-mirobenzyloxycarbonyl-10-1DAB as a colorless
solid: vield, 28 mg (93%). [a],,, ~38° (CHCT,. c=0.48); 'H
NMR (400 MHz, CDC1,) 81.06(s, 3 H, Mel6), 1.0%s, 3 H,

0

20
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MetT), 1.55(s. 1 1, 1-OH), 1.86(s, 3 H, Mel19), 2.01(ddd, -

J=14.4, 107, 2.0 Hg, 1 H, H6b), 2.03(d, I=5.1 Hz, I 1L
13-O1D, 2.09(d. J=1.3, 3 1L, Mc18), 2.28(m, 2 11, 1114a.
H14b), 2.30(s, 3 1, 4-Ac), 2.62(ddd, )=14.4, 9.5, 73 Nz, |
1, Ho6a), 3.89(d, J=2.0 Hz, 1 11, 10-OI1), 4.08(d, J=6.9 Hx.
1 H. H3), 4.2(0d, J=8.4 11z, 1 }, H20b), 4.34(d, J=8.4 Hz.
1 M, 120a), 4.88(m, 1 1, H13), 4.96(dd, J=9.5, 2.0 Hz, | H,
HA), 5.190d, 1=13.3, 1 H, CHITOC(O)), 5.26(d, 1=13.3 1 .
CHHOC(0)), 5.36(dd. J=10.7. 7.3 Hz, 1 H, H7), 5.40{d.
J=2.0 He, 1 HOHI0), 5.04(d, J=6.9 Hz. 1 H, H2), 7.48(dd.
I=8.1, 75 Hz, 2 H, benzoate, m), 7524, J=8.7, 2 H.
NO.CH), 7.6101,J=7.5, 1.3 He, 11, benzoate, p). 8.10(d.
Jai.1, 1.3 Hz, 2 I, benzoate, o), 8.26(d, J=8.7, 2 H.
NOCHL) pprr. PC NMR (75 Mz, CDCL) 310.5(Mu
(19)), 14.6(Me(18)), 19.4(4-Ac), 22.2, 26.4(Mel6, Mel7),
312C(6)), INTACID), 42.4C(15)), 46.5C(3), 56.5(C
(K1), 67.9. 68 3C(13), OCHPh-NO.-p), 74.7, 75.2, 76.8(C
(7), C(2), COL0), CL20Y). TEB(L(1)), SOAE (D), 83.6(L(3)),
124.1, 1284, 1289, 1303, 133.9 (OCH.Ph-NO.-p.
benzoate), 135.0(C(11)), 1424, 1430 (OCILPB-NO.-p,
CI2Y). 154.2(00(O)0), 167 Y benzoate). 171.1(1-Ac).
2LT.6(C))ppm.

EXAMPLE 9

Selective sterification of the C-10 Hydroxyl of 10-DADB
using the catalytic DyUly reaction:

Asolution of butvric anhydride (0.55 mmol) in THEF (1.32
ml) was added, under a nitrogen aimosphere. o a solid
mixture of 10-DAB (30 mg, 0,055 mmol) and Dy, (1.3
mg, 10 mol. % wrt 1U-DAB). The resufting suspension was
stiered at room temperature uniil judged complere by TLOC
(2:1 LtOAc 1 lexame). The reaction was diluted with LtOAc

45
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and washed (hree tmes with salurated NaHCO, solution
The combined bicarbonate washings were extracted three
times with E1OAe, these combined organics were dried
(Na.S0,) and the solvent evaporated. The crude product
was triturated with hexanes and the mother liquors decanted
away. Crystallization from EtOAc’hexanes yiclded
10-butyrl-10-1DAB identical to that molated from the CeCl,
catalysed reaction.
EXAMPILE 10

Selective Esterification of the ¢-10 Hydroxyl of 10-DARB
usty the catatyte Yb{l; reaction:

Asulution of butyric anhydiide (0.55 nwaol) i THE (132
ml) was added, under a nitrogen atmosphere, o a sohd
mixture of 10-DAB (30 myg, 0.055 mmol) and YhCl, (1 3
myg, 10 mol. % wit 10-DAB). The resulting suspunsion was
stirred at reom temperature until judged complete by 11.C
(2:1 EtOAc/Hexane). The reaction was diluted with E1OA¢
and washed three times with satwrated NallCO, soluton
The combined bicarbonate washings were extracted three
times with EtOAc, these combined organics were dricd
(Na,80,) and the solvent evaporated. The crude product
was triturated with hexanes and the mother liquors decanted
away. Crystallization (rom FIOAc/hexancs yielded
10-butvel-10-1YAB 1dentical 1o that isolated from the CeCly
catalysed reaction.

In view of the above, tt will be scen that the several
abjects of the invention are achieved.

As various changes conld be made in the above compo-
sitions without departing from the scope of the invention, it
is intended that all matter contained in the above description
bu interpreted as ilostrative and not o a imiing scnse.

What is clammed is:

1. A taxanc having the structure:

Ryo

_‘3
s

wherein

M is a metal or comprises ammonium;

R, is hydrogen, hydroxy, protected hydroxy, or together
with R, or R, forms a carbonate;

R. is keloy, — T4, acyloxy, or logether with R, Torms a
carbonate;

R, s O, or acyloxv;

R, is —OSIRRR,

R, is hvdrogen, keto, -—OT,, or acyloxy;

R, , is hydrogen, keto, —OT ,,, or acvloxy;

R, s hvdroxy, protected hydroxy. keto, or MO—:

R,, is hvdrogen, 0T acvioxy, of together with R,
forms a carbonatc:

R, Ry, R, arc independently hydrocarbyl, substituted
hydrocarbyl, or heteroaryl, provided, howgver, if cach
of R, Ry amd R, are alkyl. at least one of R, Ry and
R, compriscs a carbon skeleton having at least four
carbon atoms, and

T.. 1,. Ty, T\o, and T, arc independently hydrogen or
hydroxy protecting group.

¢
P
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2. The taxanc of claim 1 wherein R, is —OT,,, T,q is

SiR, R, R, and R, R, R;- are independently hydrocarbyl,
substituted hydrocarbyl, or heteroaryl.

3. A taxane having the structure:

Ry

Rl_\"““'

Ry

wherein

M is a metal or comprises ammonium;

R, is hydroxy or together with Ry,
carbonate;

or R, forms a

L

10

R, is —0COZ., —0OCOOZ,, or together with R, forms ~

a carbonate;
R, is —OCOZ,;
R, is —OSIR,RR, ;
R,, 15 hydrogen or keto,
R, is hydrogen, keto, —OT ., or acyloxy;

R, . is hydroxy, protected hydroxy, MO— or

@] Xy N, )
i ‘
PN
Xi T ()
no XX

R,, is hydrogen, hydroxy, protected hydroxy, or

together with R, forms a carbonate;

R,, R, R, arc independently hvdrocarbyl, substituted
hydrocarbyl, or heteroaryl, provided, however, if
cach of R, R and R, arc alkyl, at least one ol R,,
Ry and R, comprises a carbon skeleton having at
least four carbon atoms:

T,,, 15 hvdrogen or hvdroxy protecting group;

X, s —0X, or —NX, X,

X, is hvdrogen. hydrocarbyl, or substituted hydrogar-
hyl;

X; and X, are independently bydrogen, hvdrocarbyl,
substituted hydrocarbyl, or heteroaryl;

X is =X, —OX,,. or —NXKX

X,. is a hydroxy protecting group:

10e n

X, 18 hydrogen, hydrocarbyl, or substituted hydrocar-
byl;

X,, 15 an amino protecting group:

X, 15 hydrocarbyl. substituted hydrocarbyl, or hel-

croaryl; and

Z. and Z, are independently hyvdrocarbyl, substituted
hvdrocarbyl, ar heteroaryl.

30
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4. A taxanc having the structure:

Rip

wherein

M is a metal or comprises ammoniurm;

R, is hydrogen, hydroxy, protected hydroxy, or together
with R, or R, forms a carbonate;

R. is keto, 0T, acvloxy, or together with R, Torms a
carbonate;

R, 15 —OT, or acyloxy;

R, is acvloxy:

R, is hydrogen, keto, —OT,, or acyloxy;,

R, is acyloxy provided, however, Ry 15 other than
acetoxy and R, and R, are different;

R, is hydroxy, protected hydroxy, keto, or MO---;

R,, s hydrogen, —OT,,, acyloxy, or together with R,
forms a carbonate; and

T., T,, T,, and T,, are indcpendently hydrogen or
hvdroxy protecting group.

5. A taxanc having the structure:

RH‘

Ryt

wherein

M is 4 metal or comprises ammonium;

R, i hydrogen, hydroxy, protected hydroxy. or together
with R, or R, forms a carbonate;

R, is keto, —OT, acyloxy, or together with Ry Torms a
carbonatce;

R, is —O1, or acvloxy;

R is hvdrogen, halogen, hydroxy or acyloxy;

R,, is hydrogen, keto, —OT,, or acyloxy;

R,, is —OSiR,R.R,;

R, s hydroxy, protected hydroxy, keto, or MO—-;

R,, is hydrogen, —OT,,; or together with Ry forms a
carbonate;

R, R,. R, arc independently hydrocarbyl, substituted
hvdrocarbyl, or heteroaryl; and

1., T,, T, and Ty, are independently hydrogen or hvdroxy
protecting group.

6. The taxane of claim § wherein Ry is acyloxy.
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7. A taxane having the struciore:

Ry

wherein

M is a metal or comprises ammaonium;

R, is hvdrogen, hvdroxy, protected hydroxy, or together
with R, or R forms a cathonate;

R. 1= Keto,
carbonate;

O, acvloxy, or together with R, forms a

R, it —OT, or acyloxy;

R- 1= acyloxy;

R, is byvdrogen, keto, —OT,, or acyloxy;

R,, is hydrogen, keto, ~—OT ,, or acyloxy, provided,
when R, is acyloxy, R; and R, are ditferent:

R, s bydroxy, protected hydroxy, keto, or MO—;

R,, i» bydrogen, —OT,,, acyloxy or together with R,
forms a carbonate; and

T.. T, Te, T., and Ty, arc independemly hvdrogen or
hydroxy proteeting proup.

8 A taxanc having the structure:

Rllv

R guenn

=

K

wherein

M is a metal or comprises ammonium;

R, is hydrogen, hydroxy, protected hyvdroxy, or together
with R, ar R, forms a carthonate;

R, i« keto, —OT,, gevlexy, or ogether with R, forms a
carbonate,

R, 18 —OT, or acyloxy:

R, is —OT;

R, s hydrogen, keto, hyvdroxy or acvloxy;

R, is hydrogen, keto, —OT,,, or acyloxy;

R, 15 hydroxy, protected hydroxy, keto, or MO—;

R,, is hydrogen, —OT,,, acyloxy, ot together with R,
torms a carbonate;

T, is a ketal or an accetal radical;

Tay Ty Tyew and Tpooare independenmly hydiogen or
hydroxy protecting group.

n

10

M

40
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9. A taxane having the structure:

Rio

v

Ry &

&

wherein

M is a metal or comprises ammonium;

R, is hydroxy or together with R, or R, forms a
carbonate;

R, is ~—OCOZ., —OCOOZ., ur together with Ry fuorms
" carbonate; i ’

R, is —OCOZ,;

R, s —OT,:

R,, is hydrogen or ketos

R,, is hydrogen, keto, —OT ., or acyloxy;

R, is hydroxy, protected hyvdroxy. MO— or

R,. is hvdrogen, hydroxy, protected hydroxy, or
together with Ry forms a carbonate;
12 1% a ketal or an acetal radical;
T, 18 hvdrogen or hydroxy protecting group,
X iy —OX, or —NX, X,;
XK. is hydrogen. hydiocarbyl, or substituted hydroca;-
byl;
X, and X, are independently hydrogen. hvdrocarbyl.
substituted hydeocarbyl, or heteroaryl;
XNels o X OXgpoor NXGX
X, 1% 2 hydroxy protecting group:
X is hydrogen. hvdrocarbyl, or substituted hydrocar-
bvi:
X, 18 an amino protecting group;
X , 18 hydrocarbyl, substituted hydrocarbyl. or hat-
croaryl; and
7. and 7, are independently hydrocarbyl, sabsiinicd
hvdrocarbyl, or heteroaryl.
10. The taxane of claim 7 wherein
R, is hydroxy;
R, 15 henzovloxy
R 15 acctoxy;
R, 15 oxo; and
R, 15 hydroxy,
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(57) Abrege

Procédé de préparation d'un dérivé du taxane de formule générale (I) et utilisation du produit obtenu pour la préparation
de derives du taxane de formule générale (I1). Dans Ja formule générale (1), R, représente un radical acétyle ou un groupement
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rale (1I), R représente un radical tbutoxy ou phényle et R’; représente un atome d’hydrogéne ou un radical acétyle.
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La présente invention concerne un procédé de préparation de dérivés de la
baccatine III et de la désacétyl-10 baccatine I1I de formule générale :

Ri-Q 0 0-G

RCONH 0

!

CBHS O (I)

Qrenn
X

; 0COCH,4
OCOCgHs

HO

dans laquelle R représente un radical t.butoxy ou phényle, Ry représente un radical

acétyle ou un groupement protecteur de la fonction hydroxy sous forme d'un éther,
d'un ester ou d'un carbonate et G représente un groupement protecteur de la fonction
hydroxy sous forme d'un éther, d'un ester ou d'un carbonate sous forme 2'R,3'S ou

10 255,36,
Plus particuliérement la présente invention concerne un procédé de prépara-

tion d'un produit de formule générale (I) dans laquelle R représente un radical
t.butoxy ou phényle, Ry représente un radical acétyle ou trichloro-2,2,2 éthoxycarbo-

nyle et G représente un radical trichloro-2,2,2 éthoxycarbonyle sous forme 2'R,3'S
15 oul§,3S.
Les produits de formule générale (I) sont particuliérement utiles dans la

synthése des produits de formule générale :

R'y-0, O OH

RCOI!H 0
g :
CGHS ER Olllll
OH

(1

HO ! OCOCH4
0COCgHg
dans laquelle R est défini comme précédemment et R’y représente un atome d'hydro-

. 20  géne ou un radical acéryle.
Les produits de formule générale (II) dans laquelle R représente un radical
phényle correspondent au taxol et au désacétyl-10 taxol et les produits de formule
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dans laquelle R est défini comme précédemment et R représente un groupement
protecteur de la fonction hydroxy choisi notamment parmi les radicaux méthoxymé-
thyle, éthoxy-1 éthyle, benzyloxyméthyle, (3-triméthylsilyléthoxy)méthyle, tétrahy-
dropyrannyle ou trichloro-2,2,2 éthoxycarbonyle, sur un dérivé de la baccatine Il ou
de la désacétyl-10 baccatine III de formule générale :

HOllll (V)

dans laquelle R3 représente un radical acétyle ou un groupement protecteur de la

fonction hydroxy choisi parmi les radicaux trichloro-2,2,2 éthoxycarbonyle ou trial-
kylsilyle dont chaque partie alcoyle contient 1 & 3 atomes de carbone et G représente
un groupement protecteur de la fonction hydroxy choisi parmi les radicaux trichloro-
2,2,2 éthoxycarbonyle ou trialkylsilyle dont chaque partie alkyle contient 1 & 3
atomes de carbone, suivie du remplacement des groupements protecteurs des fonc-
tions hydroxy par des atomes d'hydrogéne.

Selon la nature des groupements protecteurs, ce remplacement peut étre
effectué au moyen de zinc en présence d'acide acétique ou d'un acide minéral ou
organique tel que I'acide chlorhydrique ou I'acide acétique en solution dans un alcool
aliphatique contenant 1 & 3 atomes de carbone en présence de zinc lorsque les grou-
pements protecteurs représentent au moins un radical trichloro-2,2,2 éthoxycarbo-
nyle, soit au moyen d'un acide tel que I'acide chlorhydrique dans un alcool alipha-
tique contenant 1 & 3 atomes de carbone & une température voisine de 0°C lorsque les
groupements protecteurs représentent au moins un radical trialkylsilyle.

Les produits de formule générale (II) obtenus par la mise en oeuvre de ces
procédés antérieurement connus doivent étre purifiés, généralement par chromatogra-
phie ou par cristallisation, afin, plus particuliérement, de séparer les formes épimeéres
2'R,3'S et 2'S,3'S. Cette séparation est industriellement de mise en oeuvre délicate du
fait de 1a cytotoxicité des produits de formule générale (II).

Il 2 maintenant été trouvé que les produits de formule générale (II) prati-
quement purs peuvent étre obtenus en purifiant préalablement un produit de formule

@
)
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1 - Procédé de préparation d'un dérivé de la baccatine III ou de la
désacétyl-10 baccatine IIT de formule générale :

D

HO ? OCOCH,
0COCgHs

5 dans laquelle R représente un radical t.butoxy ou phényle, Ry représente un radical

acétyle ou un groupement protecteur de la fonction hydroxy sous forme d'un éther,

d'un ester ou d'un carbonate et G représente un groupement protecteur de la fonction

hydroxy sous forme d'un éther, d'un ester ou d'un carbonate sous forme 2'R,3'S ou

2'8,3'S, caractérisé en ce que I'on traite en milieu acide un dérivé du taxane de for-
10 mule pgénérale

RCONH

CBHS/\/lkoutu

(VI)

HO ! écocn3
0C0C sHs
dans laquelle R] et G1 sont définis comme ci-dessus et R représente un groupement
protecteur de la fonction hydroxy choisi parmi les radicaux méthoxyméthyle,
éthoxy-1 éthyle, benzyloxyméthyle, (B-triméthylsilyléthoxy) méthyle ou tétrahydro-
15  pyrannyle.

2 - Procédé de préparation selon la revendication 1 d'un dérivé de la bacca-

tine ITI ou de la désacétyl-10 baccatine III de formule générale (I) dans laquelle R
représente un radical t.butoxy ou phényle et Ry représente un radical acétyle ou tri-

chloro-2,2,2 éthoxycarbonyle et Gj représente un radical trichloro-2,2,2 éthoxycar-
20  bonyle sous forme 2R,3'S ou 2'S,3'S

3 - Procédé selon la revendication 1 caractérisé en ce que le traitement en
milieu acide est effectué au moyen d'une solution alcoolique d'un acide minéral fort.
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4 - Procédé selon la revendication 1 caractérisé en ce que l'on utilise une
solution éthanolique d'acide chlorhydrique.

5 - Utilisation d'un dérivé du taxane obtenu par le procédé de l'une des
revendications 1 & 4 pour la préparation d'un dérivé du taxane de formule générale :

HO : 6COCH3
6COC6H5

dans laquelle R représente un radical t.butoxy ou phényle et R'j représente un atome

d'hydrogéne ou un radical acétyle caractérisé en ce que I'on traite un dérivé du taxane

obtenu par le procédé de I'une des revendications 1 a 3, éventuellement purifié par

chromatographie ou cristallisation, par toute méthode connue pour éliminer un grou-
10  pement protecteur.

6 - Utilisation d'un produit obtenu par le procédé de la revendication 2 pour

la préparation d'un dérivé du taxane tel que défini dans la revendication 5 caractérisé

en ce que 'on traite un dérivé du taxane obtenu par le procédé de la revendication 2,

éventuellement purifié par chromatographie ou cristallisation par le zinc dans l'acide

15  acétique en milieu alcoolique & une température comprise entre 20°C et la tempéra-
ture de reflux du mélange réactionnel et isole le produit obtenu.
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waterial for the synthesis of the second-generatinn anticancer taxeld ortaraxel, The 7 teri-
butaxvearbonyt 1a) and 7Tanethylsiivl (b)) derivatives of 145 hvdrosyvbaccatin 1 1 H4-carbonate
woere synthesized frarn T -deacetvibaccatin HEEY The concial stops wore (ad the Tff bydrosyladion
ol the corresponding P 3 axobaccatin T decivatives by oxasividine mediared electrophilic oxidarion
andd {8} the reduetion of the O carbioniyl group with sedium or atkylammonion borohvdrides, This
protoce] provides a practical way fr the semisynthesiz of ortataxel from 10-deacetyibaceztin I &

compound readily available from various vews,
Intradaction CHART 1. Taxol and Taxotere

Fhe Jineal officacy! and the chiemisiry? of the nature
diterpenaid Faxol (pacitaxell and its semisvntbetic
anadogus Tasotere! {doceraxel) (Chart 1} have been
extensevely cepurted. While the raxeids have potent
antituinor activity against sold wumors aud nnique
mochanisrn of action. they also have nurerous undesdcd
erabio skl effects and pose activity against coriain
umors. Since these drugs are sparinsly solable v water.
thov mnst be co-udininistered with a cosolvent {erome.
phor L1, bween B0 which eanindues adverse offects”
he developraent ol resdstance, due priroarily o muliiphe
drug resistanee MDRIY mechanisms, prompis initia-

spetdenee shogld Lo osebdeessod. Phone: 030

S e swhinpr porTis)s
39 341648348, Taxotere
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CHART 2.

CHART 3. Ortataxel
BOC.NH o ", \
Siho [TV
N I e e
00O 0Bz OAc
Yoo
Q
CHART 4. Retrosynthetic Analysis of 1a and 1b

AO OOR

/ \/B‘ ¢

{i)e)
/—r AONPO
: OAc
OBz
Q 1ab
HO O OH
\_' !
1a 2a: R = BOC! ‘\:1/ R
1b. 2b: R = TES HO ) I
S -
OH :  OAc
OBz
3

L arbsnaie moiery, exhibin improved clinteal preper-
ties sichors orad bisavailabibty and & broader spectrurm
of antiturnor activily,

One of theae niew taxanes, ortataxel {TIDMNAGH, Boay 55-
A8G2) {Chart 3} was solecied far predlinical develnp-
ment. Hhe Hmited availability of 144 0HDARY tram
hmaiavan vew, Daxos wallichizing Juce. prompied us
1o develop a research prograrn aimed an the seroiavrahe-
sis of eriheponally protected 17-Ob-baceatin TH frem
VU ol cating TTT (I0-DAR) (3 ol Chiart 4). a readily

avatiable compound,

suehoan vdermediaie wondd alow divedt conpling with
the oppropriaie O side chain, This would require
proscotion of U0 as cither vhe 7ot oxyearbany
(71O ar 7—mv Bylsilyl (7-TRS) derivatives of td8 OFE-
Braceatin ; aud The tespestivelvl,
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SCHEME 1.

Baldelli ot al.

Synthesis of 2a from 3 or 44

HO O OH HO, O OH
AR A
wo /Y L — = 0 ; // S l.
H . OAc A8z OAc
3 5
"
y
AcQ Q 0ac ACO [SRreTY]
p— 1 ! !

e I I |
" NO —f T N

HO gz OAc . MO Onc
2c i - 6
’,". l”,
AcO O OoH Ac() O oBOC
\_‘\ ' . \ __4 ! '
HO © \2/ } .
N0 SO
HO C:)B OAc OAL
4 2a

* Reagents and conditions: (i) Oa CHCL/MeOHL 78 °CL i)
YH{OTHs. Ac;O, THE: (iii) | methylimidazole, (BOC) 0. CCly.

brasertion of vhe O O modeny wondd reguire enolivaiion
of the Oy carbonyl rolety, eventualby keading 1o 7pro-
tected P2-oxe derivatives of baccarin TI(2) as starting
ratevials,

Resulis and Discassion

The formation of the (P 3axe ¢ TESbacoarin 11 (25
fram 10-DAB 3 was previously 1{:;)0r'u-d. by senuential
1.1';3115%:"}1:{?mn o 3 via seloative ﬁii\'k.un"\ sl acetyla
tioncol the Oy and O hvdroxy uwupx Tobowed by Mindh
axidation 1 give 2b. However. a profacal for proparation
of the 7-BOC analopue 2a was not available: thas we
studied twe different ventes ta ebzagr v (Scheroe § 1
the initialt apprsach, FEDAB 3 was exidived frovery high
viekds (029 1o 13-0xa-DAB § with avone on g mulligram
scale. Vhe acvlation of the Oy hydroxyl group of 8 with
Aesy ar 25 UL v glve iXoxshaccatine 11 6] was
faclitated by Lowis actd Jaowbanide triflote rotadysis
following o Hieranre protocelt A proper chsioe ai ihe
lanthen n(-( veas cracial o minirnize competitive ac,
af the C; hydronyt wenup andior lormation uf 7
aceivhued bvprodue: 200 Aeviuton of 5 in ey
of eorium or scandium ariflates asve B in s
amotnis G200 and 3390 respectivelyt, Novaizh o viroeh
triflate AYBHIO TN, afforded 6 in 9% vields, woh e
anwuil s of 7010 bis cectvl-13-0x0-BAB 20 (51
wteriad was idvsnicad (o g sample of 6 roade by ozonalby

air

sis of baceatin 114 (62% violds)
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Diastereoselective 4R Flvdroxviation of Baccatin ITT Derivatives

TABLE I, Effcct of the Type of Base.” Solvent,® and Oxidant on the Hydroaxylation of Compounds 2ab

erd iy o gents [T solveng efedd 10 ALY reagenis hase solvern vieddd (96}
i ra - 7 HKHNMTIS ™=y A b By - 7 KHMDS A 74
2 2o = 7 KHMDS CHCE 45 9 b~ 8§ KHADS A 74
3 Za -9 NaHMDS 2 14 Hi Zh -9 KHMDS A 7i
4 Za— 98 KHMNS b 672 i b — 14 BRI A Vi
i a9 iDEA B 4 i7 Zh - 11 KHAS A i
i 2+ 8 RTIOLN t B8 i3 2h — 1 e K 2 h
! A -7 BoK 2 G 14 Zh— 13 REATTRIN t R

S DEA lv:"m--r. diethrylaride, RHMDS potvain bosane m\mml ERN NoaHMDS sodiu bexarmethn disi
3 d [ lh‘./ ‘

cers atoxide T HMPAL hiexsunethyiphospesanide DMPL
THMPA RS B THEDMPU R 1_]7}

l\"unffi yie

Preatment of 8 with BOO pyrecachonaie (BOCON in
CHLCH s 20 L in the presence ol eirher acylation
cavatysts d-idincthviamunsipyridine (DMAP) or 1-weth-
yiisidnyote (MIZTMYL ;vﬂ'or'ir'( T-BOC-
Z2a). When DMAP (18020 mel %) was vrnplu_v(‘--:'!. vickds
of Zacwere i ia'-r.:m?. with twoe bypraducts whose strue-
turad assignrnents are still ander invesitgation. Hawever,
with MUIR aned excess BOC O (2.5 equiv), 7-B0OC- 13-
oxa in 11 {2a) was ole zined o very fagh vields
BE%) when the reaciion was carcied out i the apolar
salbveni COH D Minor amounts SQALAMITIANTS wWoere
invined when the polar solvent MeON was nsed, ivotabiy
we abserved tha MEIM also catalysed the hydrolysis ol
pxeens B o ferebiay] aleohiol when water was
actded 1o the crude reaction mixture, This facilitares the
in situ crystallization of 28 which was sed withisur
addirional purifieaiion.

The w-hyedroxylation of aliphatic ketones by either thae
oxidarion of sityl ensl ethers with poracids’™ or the divec
oxication af the enslates with r;x"*/;r:d:m'ﬁ"" 15 4 vorsatife
provedure. A four-step symthesis of 7-TLES-13-ox0-140-
O baceatin T (12b) vie o silyl- rr'z-)l ALHRT Ot e, SLar-
ing from compond 2b was recenily reported.’ The
cecatroent of 2h wish trimerthyisibv chloside {IMSC] and
DEU eave a mixture of 7-TES-13-MS-enol crher and
TSR LS nisTMS enol cther derivatives of 2b. The
fniter camponnd was selconively desilylined with 1.0 M
{CH ta give the cool ether that was converiad into 12b
by segoential oxidation with eCPBA aned desilviaian.
The fabarious nature of this procedare prompled us @
exampw lunctionalization of an enclare to alford targors
Ild B direciiy,
sigiticant efforts were expended 1o dovelop on of-

ot

ficiend proterol 1o convert intermoediates 28, b 1o 14-0H-
Paxobaccanin £ derivatives 12abh. ibis was accon-
phished Ly iveatment of the appropiiaie enolates with
N-lcuHonvlioxaziridines (T—ID7 Scheme 1) Vavious
vases (DDA /B0, KEMDS, and NatIMUIS), salvents
SR SHIMPAL 85,15, and THUNPL 80200 and
xaziridines {Z-benzenesalforny -3-phenviosariridine {7},
spensenesidfonve 3042 clhilura-5-nitvaphenyoxazridine
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SCHEME 2. Conversion of Za.b to 12a. b

ACO\_JZO /c'm : Acoua ?R
o TV } g o
NGO L
HO 687 OAc HO . OAc

2ab A

AcO
. \ //1 ' AcO, Q OR

. ) NP
o= Y . . i Van
o T 0— \/ i

O n f -~ H ;\-O
' op, ORC HO HO OAc
I Bz
A
13ab 12ab

12a 13a:R = BOC: 12b. 13b: R = TES

“ Reagents and conditions: (i) 2a, 2b (see Table 1) (i) 13a:
carbonyldiiinidazole. toluene: 13b: COC/pyridine. CHxCL, 0°C.

CHART 5. Oxaziridines 7—11
R -
Q0
Qﬁ,/‘\\ NIS\\/‘K._\j //
R 0 \// 7 \\O
7-9 10 11

7 R=R'=H B R=NOz R = Cll & R=NO,. R =H

(8% 2 bensenesullomd 3 (3 site )h:‘ whoxasiridine
{LAY-110 campharwuifony osa ne (103 ol (0
ennntiomer (311 woere studied {Table and Chart 31 Mo
appreciahle differences were noticed with the 1ype of
subsritnesy Al the O hydroxy group, Oar fiese (mv-n;:x.:-,
tecarey out he Tvdrosylation in THE ov CTEHLO .
Voand 2) gave mesderate sansunts of the tareet procat.
However, vields inereasced sipnificantty when the reac-
tons woere performed in JUHE invhe presence of 15200
PINVIP A or DIMHPL).

A secies of resctions periormed on corapound Za. in

FIRVDNET B30T wirh 2 beeeeneseiforet 5-(Fnna-
phenylb-axazridine (8 cleariy showed tiast Pl txatetnee o
the base was au impariant faetor for vields fenrries 506
She reactivity erdder was Bai o LA <
“LNAHIMUDS The wreaer ntficioney of 'BoORK with respee:

"H [
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TaBLE 2. Syothesis of Compaunds 12 and b io-Fpimers) and 14a and 13b {G-Epirvers) by Reduction of Componneds

13a.b
entry Feagent ESHE S PREH {0 (%) 1/14% 1 yiehde ¢4

f 13b RE| 1.1 28
2 13a { 26 ! 27 1.4 i
- i3k iR B 184 i 1.5

4 13a ) -1 30 46 12

£ 13 B 24 A [RH

£ V34 UMY 188 78 Ry

{ da el X1 8 1.5

# 13b Ne(i 50 »0 S

R 1ia MeO3H i & R4 3
o 13b Mce(H 24 K
i1 13hb MO 4 ER)
1z 13b ! 58 R0

)4 13a 25 bl 81
14 f3a -4t} 240 3G

i 13a 5 RIFY 37

16 t3a A} 4090 LE]
17 13a +20 St il &
kel 3a THE 240 34 60 7

SO el veeide, By THONMEL Jsolated viekds, @ DME:

dimethoxyethane. © A

MeOHTHE (2

“inthe presence of Arsberiest 15

Hydregen alinns see 00 shower:

FICURE 1. Chemn 313 view of the enelate of 2b.

¢ the analogue 2b when
fentries 7 anet B The
lh . r\f\(»lm eridarion of

to KREIMDS was afss conficmed |
uxaziridine 7 owas the oxidam
stetes and clecronic offeas of
2h wire explored (entries 8105 Fhe reaction vields wore
oody slighily affected by the elearophilicity of the axidant
with e of 70--74% yiclds ol compound 12b. Norably,
vivkds of products were uot affeerad by the chiratity (\f
:lw exidtarg whoen either enantiorner of camphaor r,u}.(m_,.l
xasiricine wore used {erdcies Tl t4)
these axidants impoeded conversian of the
with recovery of variable amonnts of siariing
19, sev emries §3 and 24) The diasies
selertiviny of the hydroxylation cars be rationabia

a fotded confarmation of the teepenoit skedeion of 1 he
rexs which precludes attack of the stericrily de-

3

Flaweser, steric

clepnaned ot

e
HARITUR B

~ (\ 2

ok

manding uxasiricdives from the inore hrzdersd o -fuce of

the A ring syspem, thigs prorpating Brmaton of the T
O epimers tiguee 1)

Che fermation of trace amouarnits af comraminanis, o hose

structure and relative amsunts dqpended on the fype af

was abeo observed, For instance. TP --MK

af feast five isorocric compeunds of 12a.h, rang-
A major preblem related (o the

redeTion,
3
ing hotween 1 oane 4%

alimeg
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use of oxaziridines 78 was the purification of con
pounds 12a.b which requived maltiple coburn chro
tograpiy and fraciional eoystallization due 1o the pres
ene of nveacted sxasvidine, inme, and tmine livdreivsis
produats. Thas, traces of unseparable Byvproduns were
often detested after the pucification process, Whess cans
phorsulfonyloxacicicines 18 and 11 woere wardl Bighe
purities of 12ab were obiained

To minimize fosses of vaduabte taxoid intermedionges
12a b. the arude praducts were conve o
ates 13ab by oue of two prurocels ()
pyridie! or {ji} sovhonvidiimidianle {(Scherme 23
pound 13a was sitained froro crode 123 with cartonyt
Giivntdazade in 84% vicld {entry 6] while compound 136
was ebtained flon: cruds 12b in 75--80% yields {eny 7
and 14}

Raduciion of the 13-keto group of 13ab consisiennly
afforded 1he n-epimers 1lab {major products) with the
Aepimers Mab {Table 2, Scheme 3). Lligher Eh
hydricdes, withe subistitaens Boked direohy Lo th
atorg. such as (K- Alpioe hydeide, {5 Selectride i
tricthyiborabivdride, and IpcBCE failed to erdinee the 12
uxe groups. L he din croaselectivity af the keoane pedo
tier s depeaden on a bataoee of <ierie demaands ol vhe
Ketore rooioiy and the reductant. The Joldod sieoiure
THE SIS e skeleran, assaciated by she presence 2 the
hvdrages: atam in the o-free, tavars hivdride approact
fram the /A face, while the T carbonate moiety shisids
the 5 face which itdhibits reduation (Figuee 2 SRS FTETS
remarkable ratios of the ufi-epimers were abiained from
the vedurtion,

Compounds (B 14b) were usaally olnained o bigher
viclts vs 1a, 1a whoen metatated borolwdeides wore ased
aned 80 NaBi, is mare othieion than

phespicne i

{am-

{enrrjesy 14

witly Bisirvichlorane:

Aty (-

IR I

citegenuds

pted ohiosgenotin:
Wb ve onedy e ate

TRk oot ll:z- i, I
aneniod Hh 1:: Lid
iGhaserie >--l Vo aedugen ot TS
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SCHEME 3. Reduction of Compounds 13a,h?

1a 14a: R=BOC 1b.14b: R =TES

“ Reagents and conditions: see Table 2.

a3, while oo reaction was absorved with the more
bty deronnding An{ B, The veaction yvieids wore
antby redoeced duce to pardial hydrolysis of the Co-
aceioxy maiery witich ocoarred 1o a greater extord with
COPREE ia and t4a vorsus s and 14b. Bosr results
weerr obt ained with alhyvlammonium Lmu}u dricies which
rogruittred shorter ceaction Hmes fordiea 5, 1 anet 5 13)
with minimal deacctvlation,

The observed distereoselectivity s dependent nn aol-
vent hydvide, aud tersperarure. Aprone sobvent dimethox-
yethane (M) whish doss nat solvate the barahydrivle,
was comnpleiely unseleciive {entries & and 12). Protic
sobvents suchy as MeCOll and Lkl which sobvate the
Borohyeride ion? imcreased the bulkiness of the redie-
fant atlowing partiat dipsiereoselection, The besgreanlis
weore Tonnc when 13a b woers reduced with a conshination
uf Nabb, O dentries B oaned 9 Thas solvent
AT 1 iircient than othaoal ranfirming Hicveare
daiast Mkylairaniuny bortabyvidrides increased te e -di
astereostlectivity with respect 1o mei s A borolvyides
fenrries BV and ¢ 13). This can be r‘a:l\,zmii;‘,('d bv a
sivrie approach control model? Acoordingby. inoan cavly
fripnsition staie for reduction of hindered RKetones, the

tranaition qiate snergy is condrolled by such tactors as
cane ol aupraach of the hvdeide, We postudare that betier
sadvation af the hydride increases the bulkiness ol the
reductant, Sa stere consideraiions are relovan i provie
sobversis arid for the more dissociated ammoning sabrs
TR AR 3 CONRNGuCneD.

versos the metabaed reducing
better diasternaselection has h( o observed wih the
MeOR N BHLT couple. Onrhe basis of 1he
the transivion sfaie correspanding (o the agiay

s reavilis,

ool the

e Ry Sen

' ‘kw,n Wi Ik,

ait U e BRT2L 500 3NK -

I0C Avticl

Onty H-14 is shown %-——-@

FIGURE 2. Chemn 313 view of eavhenaie 13b.
hydride 10 the g-fare has lower energy thasn
a-ince. Confivipatory of 7hb hvpnthesis, diasievouseleets
wan nproved at lower temperaiures (eniries 149, H
J. 15

Other reductjion methods were artemptod. sueh as ackd
fudnerd Bvdveborativn and ransfer hiydrogenation
ik h-inriuu_. reduction of 13ab, inihe prosenee ol the
sterically gormanding CeChy Lewis acid eatalyvst, faited 1o
iraprove diastoreoselectivity. However, prowon-inducs
catatysis, using Amberlyst [ caused s inversisnnl the
@ ratie regardless of 1he size of the alkylnnenoniom
varohvdreide (errios 17 and 18] The adverse offect of the
Lowis acit catalysts coubd be rationaltized by the lorma
tion of # stericalty conpested five membered ring chelaie
berween the caalyst, the Cperarhonvh st the 0
axyoen atom? Finally, traoster hydregenation of 13a
withy PdiC i methansl io the presence of davarnoninm
formane, resulted in nncleophibic substitution of ©-
oxvgen o by the bvdeide son with the fonmotion of
Za.

Spectral data af Yowas compared with thaow
it the fierature, The wsicreorhicisistey nf 1)
group of la and Ha woere wondirned by qcmm,mu
horsooucicst NOL ditferense speatra, Dryadianien ol the
Coh signal o 608 ppra of Ta sbowed comsisioni on-
hancemern (476 of the (ot protan ar 5.37 ppm. sug-
gesting that bath pratons are Jocated itvthe Jawe o
taxane skeleion, Consistenily, the invadiation ol the
sigrad chicd not show aov NI eTeet an the C \; if pmmn
fppar The Copepitmer Fa showed an onbareermen
af the Co-b proton at 531 ppin {876 upon trvadiation of
1he Co b signat 2t 418 ppan

R

At 4.8

Conclosions

Anelliciens sixesiop: protoeot of preparatien ol Tab ke
i erimediates fur the svithesis of ertataxed and o i
taxntds, hias boen df'-n-lnpr‘d starting from ing
avatable 10 DABR T 35 Each wep of the sy
proceeds with bigh vields, which oinimiaes the n\({ IS

i !\fnulr} b b T it i nhie obo \L.czlc.-n (8N

fos Tadiend ta red e cotpiaas
come the reditong picbabdy enie Bires w
aad ihe T O of the sabstviae o feran o storioetly m.\?m((:
arempers b e terne

Gy ien, Vo BE Neo 250 A0 BT
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chroroatography paritication in many sieps.
Phese eosubts provide an efficiers industoial syniehesis of
this class of taxoids,

Fxperimental Section

12 Oxe- i) -deacerytbaccarin T (13-Oxo DARY (5}, Done
was sassed through a solution of compearsd 3 (200 o, 367
rranoll b CHOCEAMeOR (200wl '7,-:! at =780 for 30 rin
The reaction mikiura was left at 7R 70 for B The exvens of
(o was destsoved by addition of an eseess of Me,S and
pyrdine. The temperature was ratsed 1 20 °C abvent
evaprranegd The vesadue was trestid Dy we Ih ( Ty 1o yield
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Synthetic Studies wilh
13 Deoxybaccatin I

Yu Mi A, David G. Vander Velde, and

Gunda T, Georg®
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Abstrace: Aneffivient synthesis of 13 eui 7 - Ohitviethylsiiyl-
baceatin H frors 13 deoxybaccatin HE is described. Oxida-
tion of 13 deoxy 7 CuiethylsilyBbaceatin {1 with tere-huevt
peraxide. jullowed by reductione wich Sy, roduced 13-0p40-
¢ QrierhylsivDbaceatin HT in pood averall yield. The
v o of 13-0x0-7-Critriethyisiiviibaceatin 1 from 13-
g fieisthylsiiylibaceatin Fit wsing tetrapropyiamrmo-
v e cathenate and Nanethyirorpholine Neoxide is also
reported.

Pogciitaxed ( Figure 1) a mn*ph*x direrpene iwolatod
fram the baek of Taxis beevifolia (Paciiic Yew) 7 s a
chimntherapeniie agent with hepressive antitentor ac-
fvity S Pactitaxel 1) avaitable ouly iu small quantivies
fram naturad seurces:? however. seruisynthetic aps
praaches toward pactitoxe! svrohesis and analogue do-
velaprnent e been developed, utiliving 10-dearcetyl-
baceatin Hia more readily available pactitanel-related
naturad product. ™ A majer advamage of using 10-
deacetyloaccatio iy that it can be silained from a
regenerable source. the neadles of Javes bacrana As
paclitaxel becomes widely ased for the treatinent of
several tvpes sf cancers, plan erll culivre represents an
adrernative mceibod for paclitaxet production. Fhe major
goat of plare cetl culiure is 10 produce paclitaxel it
vieki winimizing the nrmation of other taxane diter-
povies ! However, coriain byprodies can become useful
it approprinte symhetie rouies can be developed 1o
thess inermesdiaies 16 pastitaxel or its deriva -
Cnnw ropart on {h" chemisiry of sucl g byprod-
Pt n\wlmua in {2 Vigure 1, which is produced
dph aquanrity from plam cell cultures.”
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FIGURE 1. Structures of paclitaxel (1) and 13-deoxybaccatin
111 (2).

SCHEME 1#

* Conditions: {(a) NBS, benzoyl peroxide, CCly. reflux. 8 h, 94%:
(b) NaXNy, DMF, 40 °C, 7 h, 79% (5:6 ~ 1:1): (c) AgOAc. DM, 40
°C, 7 h, 83% (5:6 — 2:1).

Uhe 7 hydroxy group of 13 deoxvbaccatin WlA
protected with riethyisityl ehloride (TESCH v provide
{G-deoxy- 7 OxGiricthylsibvbacoin 1113007 in
siekd Then, 13-deexy-7-03H ruihyix:,v! hw ar )
was weasted with N-bhromosuccinimide (i ‘*\ ity the
presence of herwovl peroxide producing x‘u Presponging
13bromo devivative 4 in 949 vield (S hv‘m«" L Hrooe
compaundd 4 was found 1o be wnstable an silica get o
wis therefsre pat subjecied to pariticarion viecolumn
chromatography. The stereocheruisity ar G ¢
determined thraugh NOL experimerds, Teeaciati
FIIG (4 1.1 strangdy enhanced T2, but nor S, and
irradiasion of 17 {6 1.24) signtfiandy enbanced PITYL
Hut naot 1A Pherefore. the storeschemisiry of the 13
HOMG GrOup Wis assig: as 135, This bromide is
unsuitable for further f'Ifslmrd inn inio bioactive oo

pounds. When reacied with sadiue aricie gt silbver
u‘m o the bromide produeed a mixtare of 10T -secy
derivative 5V g diene 6 (Scheroe 13077
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SCHEME 2+

aorb

—

R = CICH,CQ,;
10

“Comdivions: (@) tert BuOOH, benzene, 60 °C. 7 h, 78% for product 7; (b) oxidamts, rerr BUOOH, benzene, rt. 22 26 h, gave 7 and 8,

0 319 for product 7; {¢) PDC, CuBr, or CuCl, rert BuOOH, benzene, 50- 55 °C,

18 23 b {d) Sinle. THE, rt. 3.5 h, 86%: (¢) DEAT). Me ],

CICH,COzH, toluene, from 0 1o 90 °C, 24 h. 43% for product 6: (f} TPAP. NMO. CH:CL. 1, 2 b, 8%,

TABLE 1.

Oxidation of 3 with Various Oxidants in the Presence of tert-Butyl Hydroperoxide in Benzene

relative product ratio (o)
(I*'\old(('(l yield, %

ey substrate reagents? rime {(h) T('C) 3 7 8
1 3 PODC/H BuOOH 20 25 18 43(31) KYl
2 3 CrOyr BuOOH 23 25 B) 31(14) 04
3 3 S50/t - BuOOH 25 25 100 0 0
4 3 PCC/t BuOOH 23 25 25 30(23) 15
A 3 CuBr/t BuQQOH: 272 a5 37 63(43) 0
6 3 CuClt BuQOH:¢ 26 50 Q 100(72) QO
7 3 t BubOOH 22 25 19 55(34) 26
L] 3 { BuQOH 7 60 Q 100(78) 0
9 7 PDC/t BuOQOH 23 a0 0 100(=95) )

10 7 CuBr/t BuOQOH: 18 55 0 100(=95)+ 0
1} i CuaClr BuOOH: 20 k5] 0 100{=99)« 0

< Obtained from integration of signals in the 'H NMR of unpurified reaction products. # Ratio of 3:oxidants:r BuOOH — 1110107 CuBr
and CuCl were used as catalysts, Y Starting material 7 was recovered quantitatively.

Wi sdse rarried ont aliviic oxidadon reactings wich
cotpaind 3 nsing vavions exidems uheme 4 oaud
Tabie I icthe presence af rect- iyl bvdroperogicde Thus,
Toprotected 13adeoxybaccatio [ 3 was subjected 1o
axidants PCC PO, MOy, Crfly sna Sedd) b the
proesence of reri-butyl hydreperoxide in order 16 shizin
ketone 8. Hmwover, the oxidations gave g mixiure of
starting material 3, l‘e=i'1'--[}ll‘tj)fl])(?‘ Cprosuc I' ,'.::d 13
oxo-T- O-liriethyisilyhibacestin [ (8 {Scheme 2, T zhie |
etrivs =43 When (nCl and Cueile were nsed fs
catidvers dn the rersbuty] hyvdroperaxide exidation reace

OO
g .(',pr-l,‘(n Thes
o U8 maud the 13000 pyane s
cxperinent. we foueed thor the i
r_r-ul,'mu.x ctie et ot © "
Cis. 'h( profon gl O shwed theee boad

; Do dioree & vas subjecied o oo baen :
\.n('h iy i !"h oot OO ned VO e
15 ‘l Tty
'fukm"; reporied tiat \m.‘po\
b converted e e lez\ chation dshw eseeas of
eeclivermate 1350 pquivi in refluxing benzone 1730 viekdt
e} i

A NI

( H shovved three by
NS HIFTANRIDIT
dpitigs 1o the ol

(8D N ot

s 3 oo ol

tions, ' nene of the ketone B was ubtained (iable 1.

ertries 5 and 6). Furtheomnore reanmen: of 3 with omdy
fort-buryl hydropern<ide in tenyene at 6070 resubied s
the formation of the rert-buatyiperoxy dervivative 7
vield {78%) as the excusive prodact (Schemne 2 and Table
boenry 8)

Che tepebut dperaxy sompound 7 coulet o nperentiad
intermadiate in the pathway leading 1o the keione B
This, the rert "m’\,'ipr‘my\f compound 7 owas {acther
reaied \'\nh rorshutet b npwuxv"‘-z st PLEC T Undys
and CaCl ™ order to prodice |
Ivlbacsatioe i1 8) honwever, none of the desirea prodio
wis formed, and the rersbaaviperoay eempound 7 s
recovered in all cases {Schenie 2 and Table
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The stercochemistey at €13 it dest b viperoxy
compaurad T owas deiermioed {}n-.)u;.;!\ NOL siudics as
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vesudis were olgained. the sierochemesiry of the [ 270
burviperexy group was asstgoned as 1350
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To effect the reductive deavage of the oxygen--oxygen
bond in terebwylpecoxy compound 7 to form 13-eni-
baccatin II1 9, & variety of hydride delivering reagents
were used, including LiAll,. NaBEH,, LB, and -
Selecivide. However, none of these reagents provided the
desired product. The reselts of these reactions included
multiple oster cleavage producis or recovery of the
starting texane diterpene. Dimethyl sulfige. triphenyl:
phosphine, and trimethoxvphosphine were also unsuc.
cessfully erngpdoved in the attemptad reductive cleavage
of the axygern-—-oxygen bond of percxide 7.'¥ Therefore,
we turned onr attention to Smiz,® as a reducing reagent.
which cleanly reacied with 7 to penerate the desited
product, 13-0pi7-O firiethylsilvlbascatin }11 {9) i excel-
Jeot yield {86%. Scherne 2). The coupling constants
between HI3 znd both Hldo and H140 of [2-5p0-7-O-
friethvisibviibaceatin 111 {9) show 9.7 and 3.5 (e, re-
spectively, which are sirnilar 1o those reported before e
1 '3-r"n'-p’ clitaxel ™

in 1995, the syotheses of 13-enipaclitaxel and 4-ce-
aceiyl- H(’p?ha(mtm {i} via removal of the ¢ d(‘(‘~y]
group of @ 13-ketobaccatin [[I derivative were pub-
lished.?® The free 4 4-hydroxy group assisted in the trans-
annlar delivery of a hydride [Me,NBH{OAc) to the 13-
ketone maicty viclding the corresponding 4-deacetyl 13-
epi-baccatin 1L The new two-step preparation of 13-epi-
baceatin [ from 13-deoxy-7-O-(triethylsilyl)baccatin 11
hy tert-butyl hydroperoxide oxidation followed by Smilz
reductinn avoids the deacetvlation and reacetylation at
4.

Mitsunobn conditiens were then utilized in an atternpt
to invert the C13 stereochemistry of 13- epihaccarin 111
9 bowever, starting matetial was recovered in all cases
ivestigated.®! These results are in agreemernt with the
ohservaiion that the cup-shaped conformnation of the
taxane diterpene ring disfavors reactions at C13 from the
conwave side of the roofecule.

3 opiT-O-{Triethylsilybbaceatin i (9) was treated
mth wetrapropylammonium perruthenate (TPAP) and
N-ruethybmorpholine N-oxide (NMO) to abtain 13ox0.7-
(3 (triethyisilyDbaceatin 1L (8) in 81% vield (Scheme 2).
The structure of 8 was identical in all respects to the
compound described in the literature. ™! Compound 8
can be converied regio- and stereoselectively w0 7.0
{triethyleilylbaccatin 111 by reduction with NaBl. Y

in canclusien. an efficient synthetic pathway has been

developed 10 prepare 13-epibaccatin 11 by oxidation of

13- deogy 7-O-(triethylsilylba
peroxide, iollowed by reduction with Sl

atin 1 3) with fert-butyl
13-epi-T-O
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trimethylphaos p"lln(‘ -njirobenzeic acid, D}'nh AL TGO TeIperature
in Ty
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(Triethylsityllbaccatin (1 (@) was oxidized to 13-oxe.7-
CritrieshylstiyvBbaccaiin {11 (8) using TPAP/NMO condi-
tiens.

Experimental Scction

General, 'H NMR and B3C NMR spectra were recorded in
CDCl; on a Bruksr DRX-4(0 spectrometer operating at 440
M and 100 Mz, vespectively. High vesolution mass
remetry (HRMS! specrre were obtained oo @ VI instrun
AL deuble-focusing mass spectrometer. Cofurnn
phiy was carried out employing silica gel (EM-9385.9, 250~ 4')()
mash). Analytical thin layer chrr'ndt(:graphy (T1.0) was -
formed on 3 'smm pet BOF 11 plate (EM-HT717, Mm Ck) Sy was
freshiv prepaved frotr samarium meai and |4 -tliodacibane
using the procedure described by Kagan @ THE awi G
distilled before ose. and anhydrous solvents were purchased
commercially.

13 Deoxy-7-C (tricthylsilytybaccatin I (3}, To 2 solutzn
of 13-deoxybaccatin U (2. 162 mp, 0.18 mmal} in DINVEE 48 pwd )
were added TESC (300 41 10 equiv) and $-(dimernylamino-
pyridine (casaivtic amount). The reaction mixtare was siived
at roem temperature fer 17 boand then poured into e water
(10 ml) and exivacted with CHCly. The orgarde phass was
washed with 1% HOL saterated NaHC Oy, and brine satution.
Lhy arganic phase was dried over anhydross Na SOy and the
sulvert was rernoved under redured pressure. The residue was
purifiad by lash silica gel column chromasography 21 FiOAz/
hexane) to give 3 (117 mg. 85%) as a whiie sclid. mp 206--2t19
YOO RO TR (U BrDACheNene): @i ~5 37 (0 05600 CHCL).
The structure of 3 was identical in a.ll respects o the compound
described in the literature 193

13-Deoxy-138-rert-butylperoxy-7-O-(tr wchylwlyi)bacca-
tirs I (7). To a soluiion of 13-deoxy-7- (X (iriethylsilyBhe
IT1 (3. 80 mg. 0.12 mmel} in benzene {5 ml) in A e --wamr
hath was added fece-butyl hydroperoxide (400 g1 70 wt % in
water), The reaction mixwuee was heated ar GG °C far 7 e the
reaction was quenched with water (& mi), and the mixiure was
and extracted with E(QAc. The erganic layer was dried ovar
anhydrous Na;50y and then the solvent was avaporated. 1"'
"( sidite was purified by flash silica g l CC-l mo chromatageaphy

i:4 BtAchexane o give 7 (72 mg, 78%] as a white solid mp
H.S} TOC°C: A5 {102 ?,'.[()A(l'hd_\&l)(")‘ LRI B » 3500 (),
2660, 2875, 1745 1724, 1716, 1370, 1238, 1102 cm 0 TH NMR
ARI3(d =T Re PR TE2 (. =T A e 1R 7OV 0, U=
7.5 Hu, 2H). 6,48 (~. TH) 565 id. S+ 6.8 Ha IHH 489 [, Fe=
8.0 Hz, 1H). 4,47 (id. = 6.9 10.0 Hz, MY 434 (A of AR i
J=8.4Hz iH), 4.20 (dd. 7= 34). 30 P, li'l}A 408 3 of Ald oL

=84 s, M) 360 ¢ = 58 Fle, 1H 2,60 (e, 7 3.6 160
Hy, 16t 255 (m. TH)Y 2.37 (s, 3HY 224 05, 3 221 46 3H),
236 (e, J= 20 10 Ha THY LR \D fm, JTHE 189 (s GHY 128
e BHY 125 (5 3R 119 4 3D, 094 [ = T8 By, 9':if_ 059
fdeg, 7= 2.2, 7.9 Hr. 6HY; 70 NMEK 4 2G2.0, 1706, 169.4. 1672,
1405, 1382 134.0 130.5 1207 128.0 84.3 83 ¢ 817, 81.(}
8046 767,764, 754,72 ‘3 545, 47 342 5. 37 8. 529,320,274,
225 214 194, 10.1. 7.2. 567, HARMS (FAR) vz csled fur
CouHeOSIN M+ NHGY 7904308, found 79042150 lal
—3.64 (¢ 8.560, CHCLY

£3-Oxo-7-O-liriethylsilylybaccatin HI (8). To asclution of
13- opi-T -1t viethylsitylibaccarin 118, | ug. 00614 waal) in
CHLCL 0.3 mb) were added TPAP {caralvtic amaunt} and NGO
(2 mgi Ihe reaction mixture was stiveed at room tempetetuee
for 2 h The solutjon was purified by fltzation over silica gel
(1:3 FiDAmexane) to give 8 {05 g, 81%) as & white sulic: I
.36 (U FrOAcexanes. The strucure of 8 was identical i ait
respects to the compound deseribed o the Rtevatnee = '

13-epi-7-(H(TriethylsilyDbaccatin T (). Yoo 50
7 (20 g, 0.026 ol in dey THE {2 b} ander argon «
Sl (£.1 M spivtion in THE) untit the color of the
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Con fundamento en lo previsto por el articulo 43 de la Decision 486 de la Comision de
la Comunidad Andina, se le comunica que la oposicion presentada por el doctor José
Luis Reyes Villamizar, en su calidad de apoderado de Tecnoquimicas S.A_, reune los
requisitos formales exigidos por la ley al momento de su presentacion.

En cumplimiento de lo dispuesto en la citada norma, se le concede el término de
sesenta (60) dias habiles siguientes a la fecha de notificacion del presente oficio, para
que haga valer sus argumentaciones y presente pruebas.

Notifiquese el presente oficio conforme a lo disguesto en el numeral 5.2, literal ), del
capitulo quinto del titulo primero de la Circular Unica N° 10 de 2001.

ALIX CARMBNZA CESPEDES DE VERGEL
Jefe de la Divisidon de Nuevas Creaciones.

El anterior oficio fue notificado por fijacioén en lista de fecha,
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