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JOSÉ LUIS REYES VILLAMIZAR, mayor de edad, identificado como aparece al 

pie de ml firma, abogado en ejercicio, titular de la tarjeta profesional nümero 44655 

del Consejo Superior de la Judicatura, obrando en calidad de apoderado de la 

sociedad TECNOQUIMICAS S.A., dentro del trmite de la referencia, en ejerciclo 

de lo dispuesto por el articulo 42 inciso 20 de la Decision 486 de 2000, por medio 

del presente escrito, procedo a sustentar y complementar la oposiciôn presentada 

en los siguientes tØrminos: 

I. RATIFICACION 

Gomedidamente me permito presentar los argumentos planteados en la oposición 

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

en trØmite 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 

II. COMPLEMENTO DE INFORMACION. 

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

obtenciOn de derivados de bacatina III: 

OH 
Q;,ro -r

a partir de lO-deacetilbacatina III: 

H 

R 

C 

6 

5 

0 

y que utiJiza un agente de protección (compuesto de organosilano tal como 

clorotrietilsilano) y un agente de asilación en presencia de una amina secundaria y 

un compuesto que contiene nitrOgeno seleccionado de una trialquilamina 0 Ufl 

heterociclo con nitrôgeno (piridina o piperazina sustituidas o no), carece tanto de 

novedad como de nivel inventivo, tal y como se demuestra a travØs de los 

siguientes argumentos: 

En primer lugar, el intermediario ’110-deacetilbacatina HI" a partir del cual se 

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

venido uti)zando y que pertenece al estado de la tØcnica, veamos: 



�:� La publicación internacional WO 94/04519 publicada el 03 de Marzo de 

1994 y titulada "PROCESS OF CONVERTING TAXANES INTO 

BACCATIN III AND 10-DEACETYLBACCATIN III" revela: 

An object of the present invention is to convert 

partially purified organic by-products of the taxane 

extraction process into 10-deacetylbaccatin III. 

22. A process for the preparation of a compound of 

formula (It) 
01-1 

O 
C 

0 H )Ii3J 

4 ID 

ON 0c0cu3 
ococ&.{5 

�. 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 a compound of Formula 

(I) 

014 0 

CHI 

oco.cH. 
O.COC6H5 

comprising contacting a mixture contazning at lea( one 

tawe compound having an ester linkage at the C-13 

position with at least one borohydride rtducng salt in a 

reaction solvent in the presence of a LewI& acid. 

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

titulada "PROCESS FOR PREPARING DERIVATIVES OF BACCATINE III 

AND OF 10-DEACETYL BACCATINE III" revela: 

1. A process for preparing a derivative of bccatine 
III or of 10-deacetylbaccatine LU, of general formula, 
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S 0 

)COCH 

CH5�C14�N1jC0OC.H  

in which R denotes bydroeen or acetyl, wherein an acid 
of eenerai formWi: 

(CHCOCON 
CCOI{ 

in which R1 is a bydroxy-protectin group, is con-
densed with a taxrn derivative of general formuJ 

C 

OH rI 

XCCt 
C)C(1C1-1 

in Which R i n actyl grDupp or i 
grup and a up, and thc 

R. R3 and, where appro arc, 
then 

�. La patente europea EP 0526311 publicada el 03 de febrero do 1993 y 

titulada "PROCEDE DE PREPARATION DE LA CINNAMOYL-13ALPHA 

ACCATINE III OU DESACETIL-10 BACCATINE III" revela: 

I P-oc4d6 de prØpsration d’un d6dw& du taxane de lormule gŁnŁr&eAl-0
 k 

; 

o 2C00CH2CO3 

0 

0c0ci3 

Ococ6 }15 



4. ProcØdØ selon Ia revendcation 3 caractensØ an ce que la base est choisie parmi k 
(Mi ii 

5. ProcØdØ selori rune des reveridications 1 a 4 caract&sŁ en ce que Ion utihse une mole d’anhydrde 
mbte par mole de dØrivØ de Ia baccatine III ou de ia Øiylit) baxitie 1W 

�� La publicación cientifica "13C NMR INVESTIGATION OF SOLID-STATE 

POLYMORPHISM IN 10-DEACETYL BACCATIN III"’ revela: 
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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 trÆmite (10-deacetil baccatiria II) e importantes 

caracteristicas fisicoqulmicas (como las de sus estado sólido), sino que dicho 

ntermediario se encuentra incluido en procesos de sintesis de compuestos 

similares a los obtenidos por la presente solicitud, especificamente refiriØndonos a 

los compuestos mencionados en la patente americana US 4924,012 y la patente 

europea EP 0526311 cuando sus radicales R, Ri, R2 y/o R3 representan un grupo 

acetilo o un grupo protector de un grupo hidroxilo, caracteristicas mencionadas en 

las reivindicaciones 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 obtención de dichos compuestos 

de baccatina similares a los de la presente solicitud, lo que evidencia 

espedficamente el uso o la presencia de un compuesto que contiene nitrÆgeno 

seleccionado de un heterociclo que contiene nitrOgeno, como piridina sustituida a 

11C NMR Investigation of Solid-State Polymorphism in 10-Deacetyl Baccatin Ill. Harper J.K., 
Facelli, JC., Barich, D.H., McGeorge, G., Mulgrew, A.E., and Grant, DM. 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 Ia misma 

solicitud en trÆmite. 

En segunda instancia, es importante citar otras anterioridades que involucran 

no solo el compuesto de partida y compuestos relacionados a los obtenidos por 

Ia solicitud colombiana en tramite, si no que ademÆs contienen informaciÆn 

acerca de los reactivos empleados en dicha solicitud, veamos: 

+ La publicación cientIfica "DIASTEREOSELECTIVE 14A-

HYDROXYLATION OF BACCATIN III DERIVATIVES2" revela: 

Abstract: 14ª-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 (la) and 7 
triethylsi/yl (Ib) derivatives of 14â-hydroxybaccatin III 1, 14-carbonate were 
synthesized from 10-deacetylbaccatin III (3). The crucial steps were (a) the 
C145 hydroxylation of the corresponding 13-oxobaccatin Ill derivatives by 
oxaziridine-mediated electro phi/ic oxidation and (b) the reduction of the C13 
carbonyl group with sodium or a/ky/a mmonium borohydrides. This protocol 
provides a practical way for the semisynthesis of ortataxel from 10-
deacetylbaccatin III, a compound readily available from various yews. 

(.) 
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Such an intermediate would a//ow direct coupling with the appropriate C13 side 
chain. This would require protection of C7-OH as either the 7-tert-

Diastereoselective 14<img srczhttp://www.sinab.unal.edu.co:21 39/images/gifchars/beta2.gif" 
border--"O" align=’middle>-Hydroxylation of Baccatin III Derivatives Baldelli, E., Battaglia, A., 
Bombardelli, E., Carenzi, G., Fontana, G., Gambini, A., Gelmi, ML., Guerrini, A., and Pocar, D.J. 
Org, Chem., 68, 25, 9773- 9779, 2003, 10.1021/jo0347112 



butoxycarbonyl (7-BOC) or 7-triethylsilyl (7-TES) derivatives of 145-OHbaccatin 
111 1,14-carbonate (Ia and ib, respectively). 

(...) 

Results and Discussion 

The formation of the 13-oxo-7-TES-baccatin Ill (2b) from 10-DAB 3 was previously 
reported, by sequential transformation of 3 via selective silylation and acetylation of 
the C7 and dO hydroxy groups followed by Mn02oxidation 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). 

of I 

1. 

So 
HO M:) 

ACID > DR 
\SSSS�, 

. 

JAc 

O< 

o 
S..

 

ON, 

12a,1&)C:12b.13b P. 

H 

Como se puede observar, en este documento se hace uso de los compuestos de 

organosilano como protectores del hidroxilo de la posición 7 sobre el nUcleo de 10-

deacetil baccatina, especfticamente el uso de trimetilsililo y trietilsililo (TES), que 

son trialquilsililos, clase de organosilanos que se mencionan en las 

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

�. La publicación cientIfica MODIFIED TAXOLS, DEACYLATION AND 

REACYLATION OF BACCATN iii" 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 III Samaranayake, Gamini, Neidigh, 
Kurt A., and Kingston, David G. I. J. Nat. Prod., 56, 6. 884 - 898, 1993, 10.1021/np50096012 
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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 III. 
Acet ylation of 4,1 O-bis(deacetyl)-2-debenzo VI- 7-trieth ylsilyl’-ccatinl proceeded 
readily at the C-13 position, in contrast to baccatin Ill 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 acety/ation at C-4 was possible only under 
vigorous conditions 

(...) 
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Como se puede observar, esta publicación incluye los compuestos de Ia solicitud 

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

organosilano en presencia de un compuesto que contiene nitrógeno, 
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especifcamente trietilsIit (TES) en presencia de piridina (PY), tat y como Se 

menciona en las reivindicaciones I y 39 de la solicitud colombiana en tram ite. 

�. La pubticación cientIfica SYNTHETIC STUDIES WITHI3-

DEOXYBACCATIN 1114" revela: 

Abstract: An efficient synthesis of 13-epi-7-0-(triethylsilyl)-baccatin Ill from 13-
deoxybaccatin Ill is described. Oxidation of I 3-deoxy- 7- O-(triethylsilvl)baccatin 

Ill with tert-butyl peroxide, followed by reduction with Sm12, produced 13-epi7: 
O-(triethylsilyl)baccatin III in good overall yield. The preparation of 13-oxo-7-0-
[trieth ylsil yl)bacca tin Ill from I 3-epi- 7-0-(trieth ylsilyl)baccatin Ill using 
tetrapropylammonium perruthenate and N-methylmorpholine N-oxide is also 
reported. 

(...) 

SCHEME 1’ 
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The 7-hydroxy group of 13-deoxybaccatin Ill was protected with triethylsilyl 
chloride (TESj) to provide 13-deoxy-7-0-(triethylsilyl)baccatin III (3)10,11 in 
95% yield 

Svnthctc Studies with 13-Deoxbaccatin Ill Alu Y.M.. Vander Velde. DG, and Georg, G.J. J. Org 

(’hem.. 67. 20. 7140 - 7143. 2001 10.1021/joOl I 183q 
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Si bien es cierto que los compuestos no son idØnticos a los contenidos en la 

solicitud colombiana en tramite, se puede apreciar las mismas sustituciones 

con grupo acetilo en la posición 10 
y 

la protección del hidroxio de la posición 7 

con un grupo trietilsilito (obtenido de la reacción con clorotrietilsilano) sobre un 

nücleo de baccatina Ill, tal 
y 

como sucede en 10 reivindicado por la solicitud 

colombiana en cuestiôn. 

�:� La patente europea EP 1022284 publicada el 26 de Julio de 2000 y 

titulada TAXOID DERIVATIVES AND PROCESS FOR PRODUCING THE 

SAME" revela: 
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Si bien es cierto los compuestos do la anterioridad quo aqul se mencionan no 

corresponden idØnticamente a los de la solicitud colombiana en tramite, se puede 

evidenciar que se utilizan sobre el mismo nücleo de 10-deacetil baccatina III los 

compuestos protectores de grupo hidroxito de organosilano, especificamente el 

residuo de dicho agente en la posiciôn 7 (TES o trietilsilano) asI como la 

sustitución con un grupo acetilo que sirve como conector con el sacÆrido en el 

caso de la anterioridad aqul expuesta y quo hace las veces do grupo protector de 

la funciôri hidroxi. 

�� La publicación internacional WO 93/01179 publicada el 21 de enero do 

1993 y titulada "PROCESS FOR THE PREPARATION OF BACCATIN III 

AND 10-DEACETYL BACCATIN III DERIVATIVES" revela: 



La prØsente invention concerne un procW de ptØparatkrn de dØrivØs de Ia 

baccatine III et de la d6sacŒtvl-10 baccatine Ill de fotmule gØnØrale: 

RCOH 

OH

HO 

d.ans laquelle R reprØsente un radical thutoxy ou phØnyle, R1 repr6smae un radiloal 

acØtyle ou tin grottpement protectei.lr de la fonction hydroxy sons forme thm ether, 
d’un ester on d’un carbonate et c:j repnŁwnte un groupemen ptoCLew’ de la forictioi 

hydroxv sous formed’un ether, d’un ester ou un carbonate sons forme 21R.3’S C)U 

2’S.3S. 

H 0 
0 

HO OCOC 

dans laquelle R3 reprØsnte un radical acØyie on un grouperneni pr tetau de Ia 

fonction hydroxy choisi parmi lea radicaux trichloro-2,22 Øthoxycarbonyle on t6al-
kylsifyle dont chaque partie alcoyle contient 1 a 3 atomes de carbone et GI reprØseine 

un graupenezn protecteur de la fonction hydroxy choii pari’ni les radicaux lrichloro-

2,2.2 Øthoxycarbonyle on ui.kyisiiyl.e dont chaque partie alkyle contient I i 3 

atomes de carbone, suivie du rernplacement des groupements protecteurs des tone-
lions hydroxy par des atomes d’hydroŁne. 

Claramente se evidencia el uso de los mismos agentes protectores de grupo 

hdroxilo derivados de orgariosilano, especificamente trialquilsilanos, sobre el 

nücleo de 10-deacetil baccatina UI, tal y como lo menciona en su capitulo 

revindicatorio la solicitud colombiana en tramite. 

�� La patente americana US 6706,896 publicada el 16 de marzo de 2004 y 

titulada "PROCESS FOR SELECTIVE DERIVATION OF TAXANES" 

revela: 



(7) 

I’ft1ci.ss for he r1 other 

sclubw  the ( 

P l)\1 r1iJ ut 

sr;ct.v in which (.(I )) hydroxyl uUp is 

tiTVil.I :I1 gr.s,np 

and ific J. ( arid 11 l) & .rvitiid 
peilJ i1 

(".) 

ih nl, tti�OIl IS t1r1h&r dirccWd to a for 
We Q1U p 1  a town, h 

t t "...Ydroxy L4)  lie, process Comprises Irtaling th’. 

laxane WHI a QvIaNdc or a it.1 �t’nid: to o’ m a (1 1 ( 
iLa h.J I IXifl 

/rfltI tit1ir lhiqgs, the Pwiscilt rIvcTIt Ot1 &h&, 
solvedw durkatizathm oftbc C ( 

v ihout Ii , 11i. ("(7) hydro-,- 1. , ou 
Stic(another way b his bccn. 1isc Lred that the. rctivi. 
iits prviuu.1y rp rt.d for t1w ((7 and (.’ 1(i Iivdroxl 
..’roups cw tx tcJ, thai. .s, t1.ic i i1iItv of tile (( 10) 
hvdro.Iv1 rotip htcomts gr.i.tcr that thc reicLiVil y ol 
Q7) ii dr N Luip i.inder cc riain conditiiitv,, 

In accordance with the pre,, of the Uresent i.nventon, it 
has been discovered tiat the Q10) hydroxyl grou.p ui a 
tafle Can lie s (eel R’ iv iT1 Ole A SCIJct Of  1fl11flt 

Itcah1v. ihcrerrc -iTI.UiC UCi1 As pridIie 
. ttICIh Ykiftit LC di flI&-t (J..(a tJ.t(qVrid 1.flC arid 2.64u idi.nc_ if 

present at all, any juesint in the reaction n5ame in reIat.ve.Iv 

Iow c nec rrjjion, Slated aio1 hr wa. if an vn.i.cc. hase is 
pc io the cac.ti m tii tc tuiai ia cf ii 
base to the Wane is p:kt ahv ks iIi .1 1. ie 
i,iv Iii 107 1, and inst ’r; Rb h ks. tha nI UO I 

(") 
Me. Zinc chloride or cerium tiehoride is particularly 
prelerre.d ch:n IS; mylating, iit an11yLidc. or 

dicarkniate. (’u prous chloride is particularly preferred when 

the acylating agent is an iscrtnatc. 



Ior purposes of ilIustrtion, acylating, reactions invoiviug 
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(...) 

In general, the (..(7) hydroxyl group of i ta.xae cart hc 
- - selectively silylaTed with a silviating agenT which .includ 

the �SiRRR, moiety wherein k,, R. and R, are hide-
pendently substituted or tumtibsiituted hydrocarbyl or 
tieteroarvi, provided that atiy subslilllents are other than 
hydroxyl. In one embodiment or ihe prc.scul invenlion. if 
each of R, R  and R, i lksA, then at least one ol R,, RA 
and R. comprises a carbon skeleion (i.e., earhn chain or 
ring(s)) having at least four earlxrn atoms. Suilable si.Jylaiing 
agcnls include silyl halides and silvi tn iiics, ft.-)r example, 
ri(Iwdrocarbyl)silvI hali&s and tri(hyd n’ea rbvl)silyi iii -

hates. The hvdrocarhvlsijbstiii.ictjls of these sI.lv1atllR, 

agents uiay be ubsiituied or titisubstituted and preferably 
arc substituted or unsubstituled alkvl or arvi. 



fl 

curk’J iii.it ic s’4’cnt. cii. I ii.i ii 

r priui. idIfl. th.. <1 rIta. 

S(ft�l 1 fldt!1C. Rcacuoa scMmncs  

iltiit hi. %fEi.."u of Ilic.. CO) tl?dloxy itU’ 01 
’°’�’ vivid �" 1(Ll)/\13 vvitil 

Id lint."’ffivkt, Zvi t_)lIitl. til 

ifl1CtI) ’&)\’,)R I 2)FUjC 411J d jIi: 
ft 1L US J ktI.’) nd ’ 

L) 

Este documento nos permite observar toda la informaciÆn necesaria para obtener 

tanto el compuesto A como el compuesto C, a partir del mismo intermediario (10-

deacetil baccatina Ill), especificamente en lo que se refiere a I uso de compuestos 

de organosilano como agentes protectores de los grupos hidroxilo, el uso de 

anhidrido acØtico como agente de acilaciOn, Ia presencia de pirazina 0 piridina 

para conseguir la protección en la posición 7, y en general, todas las condiciones 

necesarias para hacer selectiva la sustituciOn en los hidroxilos de la posición 7 yb 

10 de la 10-deacetiIbaccatina III, tal como se pretende en el capitulo 

rejvindicatorio do la solicitud en trÆmite. 



En conclusiOn, la solicftud colombiana en trÆmite pretende reivindicar un proceso 

de obtención de derivados de 10-deacetil baccatina Ill, a travØs de procedimientos, 

reactivos y condiciones que se encuentran ampliamente descritos en el estado de 

la tØcnica, tat como es la protección 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 to largo del 

presente escrito, respetuosamente reitero la solicitud para que su despacho se 

abstenga de conceder el privleo de patente solicitado, y ordene en 

consecuencia el archivo del expediente respectivo. 

III. ANEXOS 
S 

.- La publicación internacional WO 94/04519 publicada el 03 de Marzo de 1994 y 

titulada "PROCESS OF CONVERTING TAXANES INTO BACCATIN ill AND 

10-DEACETYLBACCATIN 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 Ill" capitulo reivindicatorio. 

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

titulada "PROCESS FOR PREPARING DERIVATIVES OF BACCATINE III 

AND OF 10-DEACETYL BACCATINE III" capitulo reivindicatorio. 

� 
La patente europea [P 0526311 publicada el 03 de febrero de 1993 y titulada 

"PROCEDE DE PREPARATION DE LA CINNAMOYL-13ALPHA BACCATINE 

III OU DESACETIL-10 BACCATINE III" capitulo reivindicatorio. 

- Abstract de la publicaciôn cientifica "13C NMR INVESTIGATION OF SOLID-

STATE POLYMORPHISM IN 10-DEACETYL BACCATIN III" 

i.- 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 et 21 de enero de 1993 y 

titulada "PROCESS FOR THE PREPARATION OF BACCATIN III AND 10-



DEACETYL BACCATIN III DERIVATIVES" paginas 1, 3 y capitulo 

reivindicatono. 

La publicación cientifica "DIASTEREOSELECTIVE 14A-HYDROXYLATION OF 

BACCATIN III DERIVATIVES". 

La publicación cientifica ’SYNTHETIC STUDIES WITH 13.DEOXYBACCATIN 

III" 

Seæor Superintepd.ieç 

JOSE CUJSREYES VILLAMIZAR 
CC. 79.152.473 de Usaquen 
T, P, 44655 del C. S de la J. 
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containing low percentages of taxol, 10-cleacetyltaxol 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 tetrabutylammonium 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, 10-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 III and/or 10-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 3.0-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 10-deacetylbaccatin 

III 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 10-deacetylbaccatin III. 
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I claim: 

1. A process for the preparation of a compound of 

formula (I) 

OCOCH 

CH 
0 ON 

CY.’10

HO - - 

-  

Formula (I) I u 
OH OCOCH3 

OCOC6H5 

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 tetrabutylamxnonium borohydride. 

5. The process of claim 1 wherein the reaction 

solvent is selected from the group consisting of: 

CH3OCH2CH2OCH2, CH3OCH2CH2OCH2CII2OC1I3, 

CHOCH2CH2OCH2CH2OCH,CH2OCH3. 

6. The process of claim 1 wherein the reaction 

solvent is tetrahydrofuran. 

7. The process of claim 1 wherein the reaction 

solvent is dichloromethane. 

B. The process of claim 1 wherein the mixture 

contains at least 15% - 50% taxanes which are taxol and the 

reaction solvent is tetrahydroturan. 

9. The process of claim 1 wherein the mixture 
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contains greater than 50% by weight of taxanes which are 

taxol and the reaction solvent is dichioromethane. 

10. The process of claim 1 wherein the mixture 

contains less than 15% by weight of taxanes which are taxol 

and the reaction solvent is selected from the group 

consisting of CH3OCH2CH2OCH3, CH3O (CH2CHO) CH3, 

CH3O ( C2CH2O) 3CH3. 

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. 

fe14. A process for the preparation of a compound of 

formula (I) 

OCOCH3 

OH 
H3
 11jSH3 V 

HO ---f 
/
 �\10* 

CHI 

’I CH 

Formula Formula (I) I H 
OH IOCOCH3 

OCOC6H5 

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 tetrabutylammonium 

borohydride. 

17. The process according to claim 14 is conducted at 

a temperature of 0°C. 
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18. A process for the preparation of a compound of 

formula (I) 

OCOCH 

CH 
0 OH 

ill3 
,L.J CH3 V 

CHS 

\ CH,A\ 

Foz,uja (I) I r’ ii I.-

011 OCOCH3 
0 CO C6 H5 

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) 

0 VA 

. 

HO- 
- 

OH I 
OCOCH3 

ocOc6 
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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 C1f3(OCH2CH2)XOCHJ, 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) 

CH 

HO --

Me 

0,-I 
Iocacii3 

OC0051-15 

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 triglynie. 
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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 220-270C. 
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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 22-27C. 

33. A process for the preparation of a compound of 

formula 

on 

C11 3  Cl 13 
C) Oil 

ItO 

CI’3 
1’ 

011 
OCQCH3 

OCOCGUS 

where R,is selected from H and COCI-1J, 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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[57] ABSTRACT 

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

OH 0 

jp 

HO 

OH H 

OCOCH3 

ÔCOCaHs 

comprising contacting a mixture containing at least One 
tax.ane compound having an ester linkage at the C-13 
position with at least one boro’hydride reducing salt in a 
reaction solvent in the presence of a Lewis acid. 

11 Claims, No Drawings 
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SnBrt, Sn12 and COBr2 would be selected Lewis acids 

under the two step test. 

Various experiments indicate that large scale produc-

tion of 10-deacetylbaccatin III may require more than 

0.1% of the Lewis acid. Furthermore, when large quan-

tities of starting material are used it is extremely impor- 
10 

tact to closely monitor the reaction by TLC and to be 

certain that the mixture is being well agitated so that the 

10 

OH 0 
OH CH3 tn 

CHI 

HO --

OH if 
0 

OCOCH3� 

ócoc4H5 

cleavage reaction can readily occur. comprising contacting a mixture containing at least one 

15 taxane compound having an ester linkage at the C-13 
The present invention discloses new high yield pro- position with at least one borohydride reducing salt in a 

ceases for converting partially purified taxane mixtures reaction solvent in the presence of a Lewis acid. 
2. The process of claim 1 wherein the borohydride 

into both baccatin Ill and 10-deacetylbsccatin 111 reducing salt is sodium borohydride. 

These processes result in good yield of 10.-deacetylbac- 20 3. The process of claim I wherein the reaction solvent 
is selected from CH3(OCH2CH2),OCH3, where x is an 

catin 111 which is essentially pure after further purifica- integer from I to S. 

lion by methods known to those skilled in the art. Char- 4. The process of claim I wherein the reaction solvent 
is tetrahydrofuran. 

actcriution of the resultant species confirms the struc- 25 
S. The process of claim I wherein the reaction solvent 

ture of the resultant product to be 10-deacetylbaccatin is dichioromethane. 
6. The process of claim 1 wherein the Lewis acid is a 

III. In addition to the good yield of 10-dcacetylbaccatin metal halide. 
7 The process of claim 6 wherein the metal halide is 

III these processes are commercially viable, inexpen- 
-tin chloride. 

sive, and run at room temperature. The use of the boro-  8. The process of claim 6 wherein the metal halide it 
cobalt chloride. 

hydride reducing salts other than sodium borohydride 9. A process for the preparation of a compound of 
and tetrabutylammonium borohydride and the use of formula (I) 

other Lewis acids are contemplated by this invention. 35 

Accordingly, the present invention has been de-

scribed with some degree of particularity directed to 

the processes of the present invention It should be 4o 

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 
45 

to the processes of the present invention without de-

parting from the inventive concepts contained herein. It comprising contacting a mixture containing at least one 
taxane compound constituent having an ester linkage at 

is understood that the invention may be practiced other- the C-13 position with a borohydride reducing salt in 
50 triglyme. 

10 The process according 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. 

55 S S * * * 

wise than as specifically described. 

We claim: 

1. A process for the preparation of a compound of 

formula (1) 

60 

65 

OH CH3 
C nH3 

HO 

CHI 

014 H 

OCOCH, 

c005H 
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Process for preparing derivatives of baccatine III and of 

S 

[11] Patent Number: 4,924,012 

[45) Date of Patent: May 8, 1990 

10-deacetylbaccatine III, of general formula (1), 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 (Ill), itj, R2 and R3 denoting hydroxy-protecting 
groups, followed by the replacement of the protecting 
groups by hydrogen. 

R0 0 OH (1) 

tkOCH, 
Ococ61-ts 

1-4115-CH-N1iC00C(CH3)3 

0-K1 (131) 

(C113)lC000NH,,/1\ 

06H5 

R’-O 0 0-1k3 (IV) 

HC

-Oil
 H

 

OCOCH3 
Ococal-Il 

11 Claims, No Drawings 



7 
4,924,012 

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% yield, ethyl threo-2-hydroxy-3-amino-3-phenyl-
propionate (146 g), the structure of which is confirmed 
by the proton nuclear magnetic resonance spectrum and 
the mass spectrum. 

10 
Ethyl threo-2-hydroxy-3-azido-3-phenylpropionate 

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

ate (194 g) is dissolved in absolute ethanol (1 liter) in a 
15 4-liter three-necked round-bottomed flask. A freshly 

prepared solution (550 cc) of hydrochloric acid in etha-
nol at a concentration of 13% 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 20 

residue is taken up with methylene chloride (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 sal- 25 
vent, ethyl threo-2-hydroxy-3-azido-3-phenylpropion-
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. 30 

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

tert-Butyl 3-phenylglycidate (189 g), dissolved in 
ethanol (3 liters), is introduced into a 6-liter three- 35 
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 ethanol are dis-
tilled off under reduced pressure at 50 C., water (4 

40 

liters) is then added and the evaporation of the ethanol 
is finally completed. After the aqueous suspension is 
cooled, a crystalline precipitate is obtained, which is 
separated by filtration and washed with water. After 45 

drying under reduced pressure in the presence of a 
phosphorus pentaxsdc, tert-butyl threo-2-hydroxy-3-
azido-3-phenylpropionatc (186.4 g) is obtained in an 
82.4% yield, its structure being confirmed by the proton 50 
nuclear magnetic resonance spectrum and by the mass 
spectrum. 

tert-Butyl 3-phenylglycidate may be prepared ac-
cording to the process described by F. W. Bachelor and 55 
R. K. Barisal, J. Org. Chem., 34, 3600 (1969). The prod-
uct obtained is purified by chromatography on Merck 
7734 silica, so as to obtain tert-butyl cis-3-phenylglyci-
date (200 g). 60 

The product of general formula (IV) in which R2 and 
R3 each denote a 2,2,2-trichloroethoxycarbonyl radical 
may be prepared according to the process described in 
European patent application EP No. 253,738. 

65 We claim: 
1. A process for preparing a derivative of baccatinc 

Ill or of 10-deacetylbaccatine III, of general formula: 

0 OH 

co�o-

cl-I--OH 

OCOCH 
C6I-E�CH-- NHCOOC(CH3)3 

0 

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

O� RI 

(01)IC000NH)\ 
COOH 

C6H5 

in which R1 is a hydroxy-protecting group, is con-
densed with a taxan derivative of general formula R�O 0 0�R3 

0 
oil MH OCOCH3 

OC005H3 

in which R2 is an acetyl group or a hydroxy-protecting 
group and R3 is a hydroxy-protecting group, and the 
protecting groups R1, R3 and, where appropriate, R2 are 
then replaced by hydrogen. 

2. A process according to claim 1, wherein Ri is 
chosen from the group comprising methoxymetilyl, 
l-ethoxyethyl, benzyloxymethyl, (/3-trimethylsilyle-
thoxy)methyl, tetrahydropyranyl and 2,2,2-trichloroc-
thoxycarbonyl. 

3 A process according to claim 2, wherein R1 is 
I -ethoxyethyl. 

4. A process according to claim 1, wherein the hy-
droxy-protecting groups R2 and R3 which may be the 
same or different are each chosen from 2,2,2-trichloroe-
tlioxycarbonyl or trialkylsilyl groups in which each 
alkyl portion contains I to 3 carbon atoms. 

S. 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-
(lensing agent is chosen from carbodiimides and reac-
tive carbonates and the activating agent is chosen from 
dialkylaminopyridines. 

R. A process according to claim 7, wherein the con-
densing agent is chosen from dicyclohexylcarhocliimide 
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 
P.2-0 o O�R 

from benzene, toluene, xylenes, ethylbenzene, isopro- 5 

pylbenzene and chloroben2ene. 
co�o-

10, A process according to claim 1, wherein the con- I CH�ORI  0 H 11, MH, 0 
�

densation is performed at a temperature of between 60’ 10 I 
OCOCJ-1 

and 90 C. OCOC6H 
C6H�CH� NHCOOC(CH)3 

11. A process according to claim 1, for replacing by 
comprising treating said intermediate with zinc in the 

hydrogen of the protecting groups R1, R3 and, where 15 presence of acetic acid or with an inorganic or organic 

appropriate, R2 on the intermediate product of general acid dissolved in an aliphatic alcohol containing I to 3 
carbon atoms. 

formula: * s * * 
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desacetyl-lO baccatine iii de formule gØnerale (III). 

Dans les formules (I) et (iii). R1 reprØsente un radical acOtyle ou trichloro-2,2,2 Othoxycarbonyle. 
Dans la formule (ii). R reprOsente I a 5 substituants, identiques ou diffArents (halogŁne, nitro, mØthyle, 

mCttioxy). R1 -0 0 0000CH2CcI3 
H 0 0_Q1 R OH - OCOCH OCQC61›15 (Ii) R1-O 

M0C:-r- 
ocooci-icc 

HO’’ (III) 
0 

3 

OCct5H5 

40 

CL 
Uj 
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2,4,6 benzoique. 
GØnØralement, I’anhydride mixte de formula gØnØrale (III) estobtenu par action du chlorure d’acide de for-

mule gØnØrale (IV) sur l’acide cinnamique an solution dans un solvant organique convenable tel que Is tCtra-
hydrofuranne an presence d’une base organique tells qu’une amine tertiaire comme la triØthylamine a une tern-

5 pØrature comprise entre 0 at 30°C. 
De preference, af in d’óviterles reactions secondaires, Ia reaction de (’anhydride mixte de formula geriØrale 

(Ill) sur Is dØrivC de la baccatine Ill ou de la dCsacØtyl-10 baccatine III esteffectuØe on ajoutantlentement une 
solution de lanhydride mixte dans un solvant organique convenable 

a 

une solution du dCnvØ de Is baccatine 
Ill ou de la desacCtyl-10 baccatine III dans Is mØme solvant an presence d’un agent de condensation tel qua 

w la pyrrol idinopyridine ou la dimØthylaminopyridine. II est particuliŁrement avantageux d’opØrer sous une atmos-
phŁre inerte telle qu’une atmosphere d’argon. 

Comma solvant, on utilise de prØfØrence un hydrocarbure aromatique, choisi parmi Is benzOne, le toluŁne 
ou les xylŁnes, ou un ether tel qua Is tØtrahydrofuranne. 

II est particul iŁrement avantageux d’operer a une temperature comprise entre 40 at 110°C at de prØfØrence 
15 à80°C. 

Le produit de formula gØnerale (I) obtenu par Is procede salon Is prØsente invention pout Œtre transforrnØ 
en produit de formula gØnØrale; 

20 
R’1 -O1641 
 0 

Ii 

? 

00  
25 CH -OH T7�../ H 

OH OCOCH3 

C6H5-CH-NH-00-R 0c0c65 

30 dans laquelle R reprØsente un radical ibutoxy ou phenyle at R’1 reprØsente un atome d’hydrogŁne ou un radical 
acØtyle selon les procØdØs dØcrits dans les demandes de brevet european EP-A-0 253 738 at EP-A-0 253 739. 

L’exemple suvant illustre la prØsente invention. 

EXEMPLE 
35 

A 0,6059 d’acide cinnamique (4 mmoles) an solution dans 10 cm3 de tCtrahydmfuranne anhydre, on ajoute 
0,580 nil de mØthylamine anhydre. On ajoute alors, sous atmosphere d’azote, 0,640 rA de chiorure de trichloro-
2,4,6 benzoyle (4,1 mmoles) dans 10 cm3 de tCtrahydrofuranne anhydre. On agite pendant I heure 

a une tern-
pØrature voisine de 20°C. Le chlorhydrate de trlØthylamine est sØparC par filtration sur verre frittC. Le t6trahy-

40 drofuranne eat ØliminC sous pression rØduite. L’anhydride mixte ainsi obtenu est rapris par 50 cm3 de toluŁne 
anhydre. 

Dans un fricol, on dissout, sous atmosphere d’argon, 4,02 g de bis(thchloro-2,2,2 Øthoxy) carbonyloxy]-
73,103 dØsacØtyl-10 baccatine Ill (4,48 mmoles) et 1,16 g de pyrrolldinopyridine (7,83 mmoles) dons 50 cm3 
de toluŁne anhydre an chauffant a 50°C. On ajoute abcs, goutte A goutte, l’anhydride mixte au moyen dune 

� 45 ampoule a Øgabisation de pression. L’Cvolution de la reaction est suivie par chromatographie an couche mince. 
Apres 3 heures a 80°C, il se forme 70 % d’ester. 

La phase toluCnique eat lavØe par de I’acide chiorhydrique N, par de IhydrogØnocarbonate cia sodium an 
solution aqueuse a 2,5 % puis est sØchØe sulfate de sodium. AprŁs filtration at concentration a sec sous pres-
sion rØduite, Ic rCsidu obtenu est purifiØ par chromatographie sur silica (0,015-0,025 mm) an Øluant par un me-

50 lange toluŁne-Øther (95-5 an volumes). 
On obtient, avec un rendement de 61,9%, 2,5 g de cinnamoyl-1 3a bis((trichloro-2,2,2 Øthoxy) carbonyloxy]-

71.3.101.3 d6sac6lyl-1 0 baccatine III dont lea caractCristiques sont identiques a cables qui sorit dØcrites par F. GU E-
RIfl’E-VOEGELEIN at coil., Tetrahedron, Vol. 42, N° 16, 4451-4460  (1986)-

55 

Rovendicationa 

I - ProcØdØ de preparation d’un dØrivØ du taxane de formule gØnØrale: 
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Al -0 
1116 o 2C0OCH2CcI3 

5 

OH 
H 

OCOCH3 

10 
OCOC6H5 

15 

20 

dans laquelle R1 reprØsente un radical acØtyle ou un radical trichloro-2,2,2 ethoxycarbonyle caractØrisØ en ce 
qua Ion fait rØagir un anhydride mixte de formule gØnerale: 

C6 H5 CO 

dans laquelle R reprØsente i a 5 substituants choisis parmi les atornes dhaiogŁno et los radicaux nitro, mØthyle 
ou mØthoxy. sur un dØrivØ do la baccatine III ou dØsacØtyl-10 baccatine III do formule gØnØraie: 

R, -0 0 OCOOCH2CCl3

 

ÔCOC6H5 

35 dans laquelle R, reprØsente un radical acØtyle ou tiichloro-2,2,2 Øthoxycarbonyle. 
2 - ProcØdØ scion la revendication I caractØrisØ an ce qua Ion opere dans un solvant organique choisi 

parmi les hydrocarbures aromatiques at los ethers. 
3 - ProcØdØ salon I’une des revendications I ou 2 caractØrisØ an cc quo I’on opere an presence dune base 

organique. 
40 4 - ProcØdØ scion la revendication 3 caractØrisØ an ce quo la base est choisie parmi la pyrrolidiriopyridine 

ou la dimØthylamirtopyridine. 
5 - ProcØdC solon l’une des revendications i Ø 4 caractØrisØ an ce que Ion utilise une mole d’anhydride 

. mixte par mole de dØrivØ do la baccatine III ou do la dCsacCtyl-10 baccatine III. 
6- ProcedØ salon I’une des revendications I a S caractØrisØ an cc quo I’on opŁre a une temperature compri-

45 Se entre 40 at 110°C. 

4 
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OH OH 
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PfINH 0 
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BZOM 

[0018) Mannosyloxyacetyl-10-paclitaxel (hereinafter, abbreviated as 10-MAG-PT) of the following formula, 

20 HO 
H0- i 

25 

OH 0 
. - 

30 

oil-

OH 

HO dAc BZO 

35 

L00191 Galactosyloxyacetyl-7-docetaxel (hereinafter, abbreviated as 7 -GAG -DT’) of the following formula, 

40 

0 

(H3c3c-0’MH 0 
45 

Ph 

OH 

50 

(0020] Marinosyloxyacetyl-7-docetaxel (hereinafter, abbreviated as ’7-MAG-DT) of the following formula. 
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Reaction Scheme II 

5 

0 

H 

Hc 

10 0 xx 
c-o 

H0 
No  

(10) (U) 

/ iflES  

IS 

0 Ioo 
0 (3) 

A?Ef OH 

20 

25 

30 

� OlE 
-r -V 

(12) 
40 W (3) 

0 0 
0 

35 

MO ft6 
(14) 

41’ 

45 

0 

50 OK 

fto 

(16) 

55 

10 



r 

A 

P CT WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 0 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 

(51) International Patent ClassiFication : (11) International Publication Number: WO 94/04519 

C07D 30/14 Al 
(43) International Publication Date: 3 March 1994 (03.03.9] 

(21) International Application Number: PCT/U S93/0770 

(22) International Filing Date: 16 August 1993 (16.08.93) 

(30) Priority data: 
07/930,840 14 August 1992 (14.08.92) US 
07/986,852 4 December 1992 (04.12.92) US 

(71) Applicant. NAPRO BIOTHERAPEUTICS, INC. US/ 
US]; 2885 Wilderness Place, Boulder, CO 80301 (US). 

(72) Inventors: CARVER, David, R. ; 4620 Starboard Drive, 
Boulder, CO 80301 (US). PROUT, Timothy, R. 2227 
Canyon Blvd., *l5. Boulder, CO 80302 (US). EWALD, 
Hernita, A. ; 300 E. 17th Avenue, #920. Denver, CO 
80203 (US). HENDERSON, Donia. L. 4500 19th 
Street, #595. Boulder, CO 80304 (US). 

(74) Agents: REWOLDT, Dana, S. et al.; 44 Union Blvd., Suite 
620, Lakewood, CO 80228 (US). 

(81) Designated States: AU, CA, Fl, Wi, JP, KR, NO, NZ, Eu-
ropean patent (AT, BE, CH, DE, DK, ES, FR, GB, OR, 
IE, IT, LU, MC, NL, PT, SE), 

Published 
With international search report. 
With amended claims, 

(54)Title: PROCESS OF CONVERTING TAXANES INTO BACCATIN III AND 10-DEACETYLBACCATIN 111 

ORI 

CH   OAH
 

_?J) q 1-i I T 

Cl-I3 
HO 

(I I) 

0i-I 
I OCQCl-1 

OC005H5 

(57) Abstract 

A process for the preparation of a compound of formula (II) where R1 H or R1 = COCH3, comprising contacting a 
mixture containing at least one taxanc compound having an ester linkage at the C-13 position with at least one horohvdride 
reducing salt in a reaction solvent in the presence of a Lewis acid. 
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Reaction Scheme III 
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Reaction Scheme V 
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(27) 

55 

[00361 The method illustrated in Reaction Scheme (I) is to react lo-deacetyl-baccatin 111 (7) with tetrabenzyl acety-
loxygalactoside (3) and then debenzylate the product and by this method 7-GAG-baccatin Ut (9) represented by the 
above formula can be obtained. 

13 



11 
EP1022284A1 

Reaction Scheme VII 
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55 Example 5 

(31)) 

(32) 

100661 Using 10-deacetyl-paclitaxel (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-paclitaxel with TES groups. Thereafter. the 

18 
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Reaction Scheme V11 
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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/V) 

No treatment control 10 77777777710 7 - 

Paclitaxel solvent control 10 7 7 7 7 7 7 7 7 7 7 7 100 

Paclitaxel 2omg/kg 9 991010101011 1112 10 143 

Paclitaxel derivative sol- 10 7 7 7 7 7 77 7 7 7 7 100 
vent control 

10-MAG-DT (a-anomer) 10 8 999 99 9 10 1115 9 129 

20 mg/kg 

10-GAG-DT(c-anomer) 10 1011 11 11 12 12 12 12 13 12 171 

20 mg/kg 14 

10-GAG-DT(3-anomer) 10 11 11 11 11 1212121213 12 171 
20 mg/kg 20 

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

[00811 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 (ii-anomer) group. 12 days 10-GAG-DT (u-anomer) group, and 12 

days for 10-GAG-DT 3-anomer) group. From this it follows that the taxoid derivatives have antitumor activity equivalent 
25 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 body 
weight, so that the latter are also excellent in safety. 

30 Industrial Applicability 

[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 

35 

Claims 

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

40 

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

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

45 

0 
.50 

Ph NtIO 

OH 
55 

26 
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4. Mannosyloxyacetyl-7-paclitaxel represented by the following formula. 

5 

0 

10 
PVNH o 

Ph 01, 

OH 

15 

20 

5. Galactosyloxyacetyl-1 0-paclitaxel represented by the following formula. 

OH 

’ 
75 

HO  

PhNH 0 \ 
Ph -O 

L 30 
OH 

35 

B. Mannosyloxyacetyl-1 0-paclitaxel represented by the following formula. 

40 

HO 
HO 

HO
 o HE?4?0 

. 45 

OPhNH 0 
0 OH 

OH 
50 

HO CM 

55 

7. Galactosyloxyacetyl-7-docetaxel represented by the following formula. 
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OH OH 
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MO 0 
HO 

0 HO 0 

10 Ph 

6H 0 
HO c5 OAc 

IS 

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

20 

HO 
HO 

HO 0 
HO a 

25 

� 

30 OH Fj 

Bzó 
OAc HO  

35 

4(1 

45 

. 

.50 

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

55 10, Marinosyloxyacetyl-10-docetaxel represented by the following formula. 

28
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OH 

Is 

Ii. Galactosyloxyacetyl-7-baccatin Ill represented by the following formula. 
20 

30 

HO 

HOBz60 

35 

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

40

ormula40

 
HHO 
O 

HO
 

0 45 

SC) 

55 

13. Galactosyloxyacetyl-lO-baccatin III represented by the following formula 
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5 

15 

14. Mannosyloxyacetyl-10-baccatin Ill represented by the following formula-
20

ormula20

 

:i] 

25 

30 

35 

15. A method for producing the taxoid derivative of claim 3 or 7, comprising after protecting a hydroxyl group at the 2 -
position of paclitaxel or docetaxel with chlorotriethyl si lane, reacting the product with tetrabenzyl acetyloxygalacto-

40 side represented by the following formula, and then subjecting the product to debenzylatlon or detriethylsitylation 
reaction. 

OBn 
OBn 

45 

O OH 

. 

SnO 

50 

16. A method for producing the taxoid derivative of claim 4 or 8 comprising after protecting a hydroxyl group at the 2’ -
position of paclitaxel or docetaxel with chlorotri ethyl silane. reacting the product with tetrabenzyl acetyloxymanno-

55 side represented by the following formula, and then subjecting the product to debenzylation or detriethylsilylation 

reaction. 

30 
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BriG 
05n 

BnO 0 
OH 

5 BnO 

0 

10 

17. A method 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 chlorotriethylsilane, reacting the product 
with tetrabenzyl acetyloxygalactoside represented by the following formula, and then subjecting the product to 

15 debenzylation or detriethylsilylation reaction 

S720 BnO yCH 

BnO 0 

� 
25 

IS. A method for producing the taxoid derivative of claim 6 or 10, comprising after protecting hydroxyl groups at the 2 -
and 7-positions of 1 0-deacetyl-paclitaxel or docetaxel, respectively, with chlorotriethylsilane, reacting the product 
with tetrabenzyl acetyloxymannoside represented by the following formula, and then subjecting the product to 

30 debenzylation or detriethylsilylation reaction. 

9 
OBn 

n0 

35 BnO BriGJ0\QH 

0 

40 

19. A method for producing the taxoid derivative of claim 13, comprising after protecting a hydroxyl group at the 7-posi-
. tion of 1 0-deacetyl-baccatin III with chlorotriethylsilane, reacting the product with tetrabcnzyl acetyloxygalactoside 

represented by the following formula, and then subjecting the product to debenzylation or detriethylsilylation reac-
tion 

OBn OBn 

50BnO
 0 

55 

’4 
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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 Ill with chlorotriethylsilane, reacting the product with tetrabenzyl acetyloxymannoside 

represented by the following formula, and then subjecting the product to debenzylation or detn ethyl silylation reac-

tion. 

BnO� 
OBn 

BnO 
BnC 0..yOH 

10 

C 

15 

21. A method for producing the taxoid derivative of claim 11, comprising reacting 1 0-deacetyl-baccatin Ill with tetraben-
zyl acetyloxygalactoside represented by the following formula. and then subjecting the product to debenzylation 
reaction. 

20 

08n cDGn 

25 
BnO 

SnO 
LQ,NT_OH 

30 

22. A method for producing the taxoid derivative of claim 12, comprising reacting 1 0-deacetyl-baccatin Ill with tetraben-

zyl acetyloxymannoside represented by the following formula, and then subjecting the product to debenzylation 
reaction. 

35 
O 

BnO 
Bn

 

BOOH 

40 0 

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

50 

55 

32 
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24, An antitumor agent comprising mannosyloxyacetyf-1 0-docetaxel as an active ingredient. 
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PROCESS FOR SELECTIVE 
DERIVAI’IZATION OF TAXANES 

Ihis application is a divisional of U.S. patent application 
Ser. No. 09/063,477, filed Apr. 20, 1998 pending; which is 
based on provisional application Serial No. 60 056,(X)0, filed 
Aug. 15, 1997, now abandoned, and No. 60,081,265, filed 
Apr. 9, 1998, now abandoned. 

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

BACKGROUND OF ’TIlL INVENlION 

the present invention is directed, in general, to a process 
for the preparation of taxol and other taxanes, and in 
particular, to such a process in which the (’(7) or (’(10) 
hydroxyl group of a laxane is selectively dcrivatij.ed. 

I tt-l)AIl (1), which is extracted from the needles of (lulLS 

haccala L., the English yew, has become a key starting 
material in the production of’ taxed anti 1axrterc, birth of 
which are potent anticancer agents. Conversion of 10-DAB 
to taxed, ’I’axoterefi and other laxancs having antitumor 
activity requires protection or derivatization of th (’(7) and 
(’(10) hydroxyl groups followed by esterification of the 
(’(3) hydroxyl group to attach an appropriate side chain at 
that position. 

HO 

A_Ct 
I R,, ii, 1-i 

’R,,=H,R7=TFS 

Until now, strategies for the preparation of taxed and taxol 
analogs were based upon the observation of Senilh ci al. 
(CR. /icad. .Sci. Paris, II, 1981, 293, 501) that the relative 
reactivity of tIre four ltydwxyl groups of 10-DAB toward 
acetic anhydride in pyridine is ((/)_OH>C( l0)�OH>C 
13)�OhI>C(1 )�OH. Denis, ci, al. reported (I. Am. C/iron. 

Soc., 1988, liP, 5917) selective silylation of the (’(7) 
hydroxyl group of 10-DAB willi triethylsilyl chloride in 
pyridine to give 7-tricthylsilyl- I 0-deaeetvl baccatin (III) (2) 
in 85% yield. Based riisrrr these reports, in 1110SC 
in which difierentiation of the (’(7) and (’(10) hydroxyl 

groups is required (e.g., preparation of taxol from 10-DAB), 

the (’(7) hydroxyl group must be protected (or dcrivatized) 

before the (.’( it)) hydroxyl group is protected or dcrivatized. 

For example, taxol may he prepared by treating 10-DAB 
with triethylsilyl chloride to protect the (’(7) hydroxyl 
croup, acetylating the (’( 10) hvdroxvt group, attaching the 
Side chain by estenliciition of the f’( t 1) hvdr ixyl group. 

and, finally, removal of protecting groups. 

It is known that t:txartes having various ubstitucnt 
txnded to either the (( tO) or the (’(7) crxvgens show 

anticancer activity. ’I’ll provide liii wore efficient sytithesis of 
these materials, it would he useful to have methods which 

permit more efficient and more highly selective protection or 

dcrivatitation of the (’(10) and the 7) hdroxy1 groups. 

SUMMARY OlDIE INVLNI’ION 

itnioilg the objects of the present invention, therefor(_, is 

the provision of hightv efficient processes for the preparation 

of taxol and other taxanes through selective dcrivali,,ationr of 

the (’(7) group or the (’(10) hydroxyl group of 10-DAB and 

other taxanes, particularly a process in which the (’(10) 

hydroxyl group is proleeled or derivalized prior lo the (’(7) 

5 hydroxyl group; and the provision of (’(7) or (’(10) deriva-

tiied taxanes. 

Briefly, therefore, the present invention is directed to a 

process fur the acvlation of the (’(10) hvdroxy group irt a 

taxanc, lhc process comprises forming a reaction roniXturc 
IC) containig the taxane and an acylating agent which contains 

less iliari rue eqinivateuit ol an ajmiehastt for cacti e(pnvatertl 

of taxane, and allowing the tasane to react with the acvlating 

agent to form a (( It)) acylated taxanc. 

Pic present invention is further directed to a process for 
Ix the silylation of the (’(10) hydroxy group of a taxane having 

a (110) hvdroxy group. The process wmprises treating the 

taxane with a silylarnude or a hissilylamide to form a ((10) 

sily1ateI taxunc. 

l’he present invention is further directed to a process for 

cotivet tilip the (’(7) ltvdroxy group of a I 0-acyloxy-7-

hvdroxvtaxune to an acetal or ketal. Ihe process comprises 

treating the 10-acvloxy-7-hydroxytaxanee with a ketalizing 

agent in the presence of an acid catalyst to form a (’(10) 

25 
ketalized taxane, 

The present invention is further directed to a taxane 
having the structure: 

CI) 

30 

RI C 

ix 

wherein 
40 M is a metal or comprises ammonium: 

I,,; hydrogen, hvdroxy, protected hydroxy, or together 

with R1 or R. forms a carbonate; 

R_ is keto, �01., acvloxv, or together with R1 forms a 

45 carbonate; 

is 0’I’.l or acvloxv; 

Is 

R., is hydrogen, keto. �--OI’_ or acvloxy; 

I is hydrogeit. ketri, �O’I’ 
,, 

or acyluxy; 
50 

R1 is liydroxy, piotceted ir)droxy. keto. or MO�. 

�(fl.., acyllixy, or opetiter ,iih R. 

arms ii carbonate; 

R, RA, R1 are independently hydriucarhyl. substitutes 
tivdricarhvt, or heteroaryl, provided, however, :f each 

ii R,. Ra,. IrKI R, arc alkyl, it least one of R,, Il  and 

R, comprises a carbon skeleton having at least four 
carbon atoms; and 

1’.. ’l’. Il, F,and I).  arc independently hydrogen or 
Irdrrx’e protecting grurrip. 

Other objects and features of this invention will he in Part 

apparent and in part pointed out hereinafter-ereinafter.

DL lAILI)LTAII LI) I)LS(’RIPTI( IN (hi, ’11 IL 

l’RLI ERRED EM 001)1 MEN IS 

Among other things, the prcsettt invention enuhlr s lht 

sxileciise den’. atization of the (’(10) h’,’etroxyl group If a 

A?l 
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taxanc without first protecting the (’(7) hydroxyl group. 
Stated another way, It has been discovered that the reactivi 
tics previously reported for the C(7) and (T(10) hydroxvl 
groups can he reversed, that is, the reactivity of the (’(It)) 
hydroxyl group becomes greater than the reactivity of the 
(’(7) hydroxyl group under certain conditions. 

Although the present invention may be used to selectively 
derivatii.e a laxane having a hydroxy group at (’(7) or ((10), 
it oilers particular advantages in the selective derivatization 
of taxanes having hydroxy groups at (’(7) and (T(10), i.e., 
7.1 0-dihydroxy taxanes. In general, 7.10-dih0roxytaxanes 
which may be selectively derivatiiccl in accordance with the 
present invention correspond to the following structure: 

[CII 

where in 

R1 is hydrogen, hydroxy, protected hvdroxy, or together 
Will) R or R. forms a carbonate; 

R_ is keto, �Ol’, acyloxv, or together with R1 forms a 
carbonate; 

R.1 is ___OFa 01 acvloxy; 

R, is hydrogen, keto, �0 Y, or acvloxv; 

R.1 is hydroxy, protected hydroxy, keto, or 

0X X 0 

1-1 11  N:??’ 0�? 
tt X2 XI 

R1.4 is hydrogen, �OT,, acvloxv or together with R: 
forms a carbonate; 
’1’,, T1, ’I’, and 1M arc independently hydrogen or 

hydroxy protecting group; 
X1 is �()X5, �SX7, or �NX5X; 
X is hydrogen, hvdrocarbvl, substituted hydrocarbyl, 

or hetcroarvl: 
X and X,1 are independently hydrogen, hydrocarbyl, 

substituted hydrocarhvl, or hctcroarvl; 
X is �X1 ,. ----OX �SX ,, �NX5X ,, or 

--SO_X 
X,, is hydrocarhyl, substituted hvdrocarbvl, heleroarvl. 

hvdroxv protecting group or a functional group 
which increases the water soluhility of the taxanc 
derivative; 

X7 is hydrocarbvl, substituted hvdrocarhvl, heteroarvi, 
or sulihydryl protecting group; 

X,, is hydrogen, hydrocarbyl. or substituted hydrocar-
byl; 

X,, is an amino protecting group,-
X,

roup;X,,,
 is hydrocarbyl. substituted hydrocarbyl, or bet-

croaryl; 
is hydrocarbyl, substituted hvdrocarhvl. heteroarvl, 

�( )X 
"’or

 �NX5X11; and 
X14 is hydrogen, hydrocarbyl, substituted hydrocarbyl, 

or heteroarvl. 

4 
Selective (’(10) Derivatization 

In accordance with the process of the present invention, it 
has been discovered that the (’(10) hydroxyl group of a 
taxanc can he selectively acvlated in the absence of art amine 
base. Preferably, therefore, anutric bases such as pyridine, 
triethylamine, dimethylaminopyridine and 2.6-lutidine, if 
present at all, are present in the reaction mixture in relatively 
low concentration. Stated another way, if an amine base is 
present in the reaction mixture, the molar ratio of the amine 
base to the taxane is preferably less than 1:1, more pre Icr-
ably less than 10:1, and most preferably less than 1(k): I. 

Acylating agents which may be used for the selective 
acylation of the (’(10) hydroxyl group of a taxanc include 
anhvdrides, dicarbonatcs, thiodicarhcinaies, and ss&icVanatcs. 

- In general, the anhydrides, dicarbonates, and thiodicarbon-
15 ates correspond to structure 4 and the isocyanatcs corrc-

spond to structure 5: 

I) 

20 

R1 R2 

N C () 

’S wherein R’ is -OR’, --SR", or R’; R is �( K (0)l(’, 
_)( ’(0)OR", �O( ’(0)SR", �OPOR’R, or 
R’ is hydrocarbyl, substituted hydrocarbyl, or hctcroaryl; 
and R, R", R are independently hydrocarbyl, substituted 
hydrocarbyl, or hcteroaryl. For example, suitable carboxylic 

.n acid anhydride acylating agents include acetic anhydride, 
chloroacetie anhydride, propionic anhydride, benzoic 
anhydride, and other carboxvlic acid anhydrides containing 
substituted or unsuhstitutcd hydrocarbyl or heteroaryl moi-
eties; suitable dicarhonate acylating reagents include dihen-

ss zyl dicarbonate, diallyl dicarbonate, dipropyl dicarbortate, 
and other dicarbonates containing substituted or unsubst 
tuicd hydrocarbyl or heteroaryl moieties; and suitable iso-
cyanate acylating agents include phenyl isocyanate, and 
other isocyanates containing substituted or unstibstituted 

40 hydrocarbyl or hcteroaryl moieties. In addition, although the 
anhvdrides, 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 rrtolecule is symmetrical (e.g., if R’ is W’ R is --O(’ 

45 (0)R" with R" being the same as Rh). 

While the acylation of the (’(10) hydroxy group of the 
taxane will proceed at an adequate rate for marty acylating 
agents, it has been discovered that the reaction rate max’ be 
iflCrea.sC(l by including a Lewis acid in the reaction mixture. 

50 The concentration of the I .ewis acid appears riOt to hi: 
narrowly critical; experimental evidence obtained to date 
suggests it may he present in either a stoichiometrie or a 
catalytic amount. In general, Lewis acids which mav he used 
include tritlates and halides of elements of groups lit, III), 

i5 11113. lV13. V13, V1l3, V1113, VOl, LIlA, IVA, lanthanidcs, and 
actinides of thc Periodic l’ahlc (American Chemical Society 
format). Preferred Lewis acids include zinc chloride, st:tnIlic 

chloride, ccriurrl trichlc iridc, cuprous chloride, taotha liii 01 

trichloride, dysprosium trichloride, and ytterbium trichlo-
ride. Zinc chloride or cerium trichloride is particularly 
preferred when the acylating agent is an anhydride or 
dicarhonate. Cuprous chloride is particularly preferred wbut 
the acylating agent is an isocyanate. 

The solvent for the selective acylation is preferably an 

ss ethereal solvent such as tetrahvdrofuran. Altertialivelv, 
however, other solvents such as ether or dinicthoxvctliaitc 

may he used. 
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5 
Itie lcuijieriiRtre al which the (’(10) selective acvlatinri is 

carried out is not narrowly critical- In general, however, it is 

preferably carried out at room temperature or higher in order 

br lh reaction to proceed at a sufficiently high rate. 

1K) 

For purposes of illustration, acylaijog reactions involving 

dihcny.yl dicarhonate, dialivi dicartonatc, acetic anhydride. 

chioroacetic anhydride and phenyl icvanatc arc illustrated 

n Reaction Schemes 1 through 5 below. In this series of 

reaction schenie, the taxanc which is selectively acylated at 

the C(10) position is 10-deacetylbaccatin Ill. It should be is 
understood, however, hac these racIiou schemes arc merely 
ilitisi ra liVe and that ollicr taxanes having a C(10) hvdrnxy 

group, in general, and other 7,10-dihvdroxviaxanes, in 

particular, may he selectively acvlated with these and other 

aclaling agents in accordance with the present invention. - 
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In another aspect of the present invention, the (’(10) 
hydroxyl group of a taxane may he selectively silylated. In 
general, the silylating agent is selected from the group 
consisting of silylamides and bixsilvarnidcs. Preferred sily-
lamides and hissilyam ides correspond to structures 6 and 7, 
respectively: 

I) 

II 
R(;C’" SiR0JlR 

Rif 

OSi R1,01 R1 

5 
R"( SiR1)R.}1, 

where in R0, R1 , R,.., R0, and R are independently 
hvdrocarhvl, substituted hydrocarbyl, or heteroaryl. 
Preferably, the silvlating agents are selected from the group 
consist i n g of t r i ( h y d roe a r b y 1)s i I y I - 
trifluoromethylacetamides and his tri(hydrocarhyl)-
silyltriiluoromethylaeetaniidcs, with the hydroearbyl moiety 
being substituted or unsubstituted alkyl or aryl. For example, 
the preferred silylamides and bissilylamides include N,(J-
bis-(trimethylsilyl)trifiuoroacetamide, N,O-his-
(triethylsilyl)trilluoroacetarnide, -niethyl-N-
triethvlsilyltrifluoroacetamide, and N,0-1)is(1-
hu tyldiniet hylsily l)trifluoruacetam ide 

ftc silvlating agents may he used either alone or in 
combination with a catalytic amount of a base such as an 
alkali metal base. Alkali metal amides, such as lithium 
amide catalysts, in general, and lithium 
hexamcthyldisilaiidc, in particular, are preferred. 

ftc solvent for the selective silylation reaction is prefer-
ably an ethereal solvent such as tetrahydroluran. 
Alternatively, however, other solvents such as ether or 
dinicthoxyethane may he used. 

The temperature at which the (( 10) selective silylation is 
carried out is not narrowly critical. In general, however, it is 
carried out at 00 C. or greater. 

Selective C(10) silylation reactions involving N,O-his 
(trimethylsilyl)tritluoroaeetamide and N.O-bis(triethylsilyl) 
trifluoroacetamide are illustrated in Reaction Schemes (, and 
7 below. In these reaction sehemes, the taxane which is 
selectively silylated at the (’( to) position is 
10-deacctvlhaccatin III. It should he understood, however, 
that these reaction schemes arc merely illustrative and that 
nttier taxanes, having a (’(1(t) hydroxy group, in general, and 
other 7,10-dihvdroxytaxancs, in particular, may he selec-
tively silylated with these and other silvlating agents in 
accordance with the present invention. 
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After the (T(lO) hydroxyl group of a 7,10-
35 dihvdroxytaxanc has been derivatizcd as described herein, 

the (’(7) hydroxyl group can readily be protected or other-
wise derivatied selectively in the presence of the C( l) and 
(’(13) hvdroxyl groups (and a ("(14) hydroxy group, if 
Present), 

40 Selective (’(7) Derivatization 
Selective aevlation of the 7) hydroxyl group of a (’( 10) 

acylated or silylated taxane can be achieved using any of a 
variety of common acylaling agents including. but tot 
lioiitect to, substituted and unsubstituted carhoxvltc acid 

,is derivatives, e.g., earhoxvlic acid halides. anhvitridc.s, 
dicarfsinates, isoevanatcs and halofrirmates. For example, 
the (’(7) hvdroxvl group of haecatin III, I ()-acvl- 0-
cleaeetvlbaccatin Ill or I 0-trihydroearbvlsilvl- lO-deacelvi 
baccatin III can he selectively acylated with Wbcnzl 

5)) dicarhonate, dialivl dicarhonate, 2,2,2-trichloroctl,v I 
chloroformate, he nzyl chloroforoate or another common 
acvlating agent. 

In general, acylation ot’ the (’(7) hydroxy group of a (’(10) 
aevlatcd or silylated taxane are more efficient and more 

55 selective than are (’(7) acylations of a 7,1 (t-dihyclroxv lax-
anc such as 10-DAB, i.e., once the C( 10) hydroxvl group has 
been acvlatcd or silvlated, there is a significant difference if] 

the reactivity of the remaining (’(7), ((1 3), and C (I 
hvdroxvl groups (and the (’(14) hydroxyl group, it present). 

:0 these acvlatiun reactions may optionally he carried out ill 
the presence or at,scnce of an amine base. 

Lxamples of’ selective Q7) acvlation of a taxarie having 
an acylated or silylated (’(10) hydroxy group are shown in 
Reaction Schemes S through 11. In these reaction setiernics, 

’ the taxane which is selectively acylated at the 07) position 
is haccatin III or 1 0-triethylsilvl- I 0-deacetvlhaeeatin III. It 
should he understood, however, that these reaction schemes 

Ac() 
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Alternatively, the (’(7) hydroxyl group of (’( 10) acvlared 
taXaites can be selectively protected using any of a variety of 
common reagents including, but not limited to, simple 
aectals, ketals and vinyl ethers, in the presence of an acid 
catalyst. Ihese reagents (whether acetal, ketal, vinyl ether or 

20 otherwise) are referred to herein as "ketalizing agents" and 
are described in "Protective Groups in Organic Synthesis 
by ’F W Greene, John Wiley and Sons, 1981 The acid 
catalyst used may be an organic or inorganic acid, such as 
tolucnesultonic acid or camphorsulfonic acid, in at least a 

)21,h catalytic amount. For example, the C(7) hydroxyl group of 
haccatin III can he selectively ketalized using 2-methoxv 
propclic. Other suitable reagents for the preparation of 
acctals and ketals include methyl vinyl ether, ethyl vinyl 
ether, tetrahydropyran, and the like. 

30 
Selective ketalizalion of the (’0 substituent of a C(10) 

acylated taxanc is more efficient and more selective than it 
is with 10-DAB, i.e., once the Q10) hydroxyl group has 
been acylated, there is a large difference in the reactivity ol 
the remaining C(7), Q13), and 1(1) hydroxyl groups (and 
the (’( 14) hydroxyl group, if present). 

35 An example of selective formation of a (’(7) kctal from 
haccatin Ill is illustrated in Reaction Scheme 10. It should 
he understood, however, that this reaction scheme is merely 
illustrative and that other taxanes may he selectively ketal-
ized with this and other kelalizing agents in accordance with 

40 the present itiVefltiOIi. 

Scheme If) 

A5) 

0 1I’h 
tt( )nnn) 

Ott 

Ito 

BA) Acd 

Ito" 

Under appropriate conditions, the C(7) hydroxyl group of 
a taxanc further comprising a (T( 10) hydroxyl group can he 

1,5 selectively silylaled. Advantageously, these silvlat ions arc 
riot limited to silyl groups hearing alkyl substituents having 
three carbons or less. 
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In general, ihe ((7) hydroxyl group of a Icivino can he 
selectively silylateil with a silylating agent which includes 
the ----SiR,RA.R, moiety wherein R1, RA- and R, are inde-
pendently substituted or unsubstituted hydrocarhyl or 
hctcroaryl. provided that any sul,stituents are othcr than 
hdroxvl. In one embodiment 01 the preis ol iflvcfltiOfl, it 
each of R,, RA. and R1 is alkyl, then at least one of R,, R. 
and R, Comprises a carbon skeleton (i.e., carbon chain or 
ring(s)) having at least four carbon atoms. Suitable silylating 
agents include silyl halides and silyl inflates, for example. 
tni(hvdrocarhyl)silyl halides and iri(hvdrocarhyl)silyl In-

flatc. The livclrocarbvl stthstitiicnts of these sily]ating 
iiLillS itiav he subailulcd or uiisuhstittiied and preferably 
are sul,stiuted or urtsuhstitulcd alkyl or aryl. 

lic scicctivg silvlation of the C(7) hvdroxy group may he 
carried out in a solvent, such as dimethvl forrnamtde 
(I)MY") or pyridine and in the presence of an amine base, 
such as imidazole or pvridine. Reaction Schemes 17-20 
illustrate the silylation of the ((7) hydrr>xv group of 
ID-flAil in high yield try treating ID-flAil with 
t-hutyldirncthylsilyl chloride, trihenz.vlsilvl chloride. 
dimethyl-isopropvlsilvl chloride, and dimethvlphatnylsilyl 
chloride, respectively. Si vIal ion utler I tiese tidi ionS was 
surprising in view of the report by Denis, et. al. (3. AOL 
Che’mSoc., tcs, 110, 91 7) that selective formation of 
7-113S-10-DAB was not possible. 
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Fhc- process of ihe present invention can akci be tit to 
pnnieio Lice 7) and ((10) tiydtoxy groups of a 7,10-

50 dilisclroxvtaxaite with difteceill silyl protect tug gRiupr. I lv 
selecting groups which can he ic moved u ncici diP C ft 01 

conditions, the ((7) and Q10) hvdroxv groups cad I’,. 
separately accessed for derivatizatirin. these reitittns. 

- therelore. increase the ttexihility of the overall prclee and, 
e nabk a higher vie Id for many of the Individual po 0cc>> nn 

reactions relative to the yield obtained using c>irre,itl\ 
available rRc’ses F,cr example, ilic Iriethvlilyt protecting 
group is more readily removed from (tO) that> is the 

so t-butvldimethvlsilvt protecting group from ((7) and itni 
itiutetlivlphenls>ll proleilicig group is more readily 
FeiltIlved from (’(7) than is the i-butyldintetliylsilvl putted-
ilig group from ((10). The preparation of 7-1-

- lnuty)dimeth-ilsilvt-tO-triethylsilyh-10-DAII and 
7’diniethvlphen lsilvl- I 0-i’hutvldimethvhislvl- l0-I).\ It tnt, 

illustrated in Reaction Schemes 21 and 2. 



US 6,706,896 B I 

15 

ihnc 

HO 

Ito’’’’’’ 

Mm 

S 

Oils 

I F3�’-- ( ItOS 

lIMOS (cat 

I1IF. () nOr, 951�t�  

She,nic 

;i(M)2l’hOTBS 

-* 
LITMI)S (cat.) 

’lI-It-. R.  ii It, 

16 
The methods disclosed herein may be used in connection 

with a large number of different taxanes obtained from 
natural or synthetic sources to prepare a wide variety of’ 
taxane intermediates which may then be further derivatized. 
l’or example, the methods of the present invention may be 
etketivelv used to protect the (’(7) and/or (’(10) hvdroxv 
junctional group prior to the coupling reaction between a 
(’(13) side chain pieeursktr and a laxarie to introduce a C( 13) 

-arnido ester side chain, and also prior to the react ions for 
preparing taxanes having alternative substinients at various 
locations on the taxane nucleus. 

The attachment of a (’(13) side chain precursor to a taxanc 
may be carried out by various known techniques. I -or 
example, a side chain precursor such as an appropriately 
substituted -lactam, oxazolite, oxai.olidine carboxylic 
acid, oxazolidine carboxylic acid anhydride, or isotscrijc 
derivative may be reacted with a tricyclic or tetracvclic 
taxane having a (’(13) hydroxy, metallic oxide or ammo-
nium oxide subsiptuent to form compounds having a 
l-amido ester substituent at (T(13) as described, for example, 
’1ixol: Science and Applications, M. Suffness, editor, (’RC 
Prcxs (I3oca Ro(an, 1-la.) 1995, Chapter V, pages 97-121. For 
example, the synthesis of taxol from 10-DAB is illustrated 
in reaction scheme 23. It should be noted that while a 
l-lactam and 10-DAB are used in this reaction scheme, 

(( other side chain precursors and other taxanes could he 
substituted therefor without departing from the present 
invention. 
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lie dlirate ill vaciii arid liillowecl by hash chromatography 
(hexane:LdOAc, 4:1) gave 7-Dimethyl-phcnyhsilyl-10-
cyctopr(ipane-carbonyl- l0-I)AB (816 tog, -10017c). li 
NMR (CI)(’13. 5(10 MU,.), l0.32. 0.43(2 a, 6 ii, Mc..Si). 
0.9 1, 100, 1,17(3 ni, 5 ii, cyclopropvl). I 07(s, 3 11, W17), 
1.21(s,3 If, Me10), 1.73(s,3 II, Mc 19), l.74(s, Ill, 1-011). 
1 .78(ddd, J-14.4. 10.5, 2.1 Ili., I II, 116h), 2.04(ni, 1 11, 
13.011), 2.05(d, J-1.5 Hz, 3 H, Me18), 2.24(s, 3 U, 4-Ac), 
2.2((m, 2 H. 111 4a, 1114h), 2.34(ildd, 1=14.4, 9.5, 6.7 Hz, I 
It, 116a), 3.87(cl, J7.() Hz, I II, 113). 4.15(d, J8.2 liz, I If. 
1120b), 4.36(d, J-8.2 liz, I II, 1120a), .1..16(dcl, J-10-5, 6.7 
lix. 1 H. 117). 4.82(m. 111. 1113), 4 85(dcl, J9.5, 2.1 Hz, 1 
II. 115). 5.65(d, J7.0 lIz, 1 11, 112), 6.44(a. 1 ii. 1410), 
7.32-7.36, 7.55.-7.57(2 to, S II. l’hSi), 7.10(m, 2 Ii, 
hcnzoaie, to), 7.59(m. 1 11, henzr)ate. p), I’<.ltd, 18.0 liz. 
2 11, hcnzoatc, o) ppm. 

LXAMPLL 8 

7-1)-Nitrohenzyloxvenrlionyl -10-DAB. 

To a ’liii’ solution (I toL) of 10-alloc-7-p-
nitrohenzyloxycarhonvl-1 0-DAB (34 mg, 0.048 mrnol) at 
room temperature was added a ’l’IIF solution (1 ml.) of 
formic acid (14 niL, 0.48 mmol, 10 equiv) and butylamine 
(47 ml., 0.48 mrnol, 10 cquiv), followed bN the addition of 
PtI( PPI e) ii tick r N,. Lie react tori iii st u re was stirrcd at 
room temperature for 0.5 Ii. LtOAc (10 ml.) was added, and 
tilc solution was quickly filtered through a Shiitl column of 
silica gel. ’Die silica gel was washed with EtOAc (100 nil.), 
arid the solution was concentrated under reduced pressure. 
I’he residue was purified by flash column chromatography 
usingLtOAc:itexanc.s (1:2) as the elucot and dried iii vacuo 
to give 7p .nitrobcnzvloxycirhonvl -10- DAlI as a colorless 
solid: yield, 2 mg (93i). [ok -38° ((’ll(’l. c0.48); ’11 
NMR (.41 MHz, CDCI)) ( I .0(s, 3 11, Mc 16), 1 .(ls, 3 If, 
W17), 1.5-5(s. I It, 1-0I1), 1.86(s, 3 II, Mel’)), 2.01(ddd. 
.114.4, 10.7, 2.0 Fix, 1 H, 116h), 2.03(d, 15.1 Hz, I ii. 

13-011). 2.09(d, J=1.3, 3 II, Me18), 2.28(m. 2 11, 1114a, 
111 111), 2.3((s, 3 11, 4 -Ac), 2.02(d0d, Jl4.1, 9.5, 7.3 lIz, I 
Ii. liOa), 3,89(d. J2.0 Hz, ill, 10-011), 4.08(d, )6.9 lix. 
I If. 113), 4.20(d, 18.4 liz, I II. 112(*i), 4.34(d, J8.4 lix. 
I II, 1120a), 4.88(rn, 1 11, 111 31, 4.9((dd, J9S, 2.0 lix, I If. 
US), 5.19(d,i13.3,1 11,Cl11l’0C(0)),5.26(d,113.3, IlL 
(’JlIl’O(’(0)), 5.36dd, J-10.7. 7.3 hi, I ii, 117), 5.40(d, 
i2.0 lIz, 1 If. 1110), 5.64(d. J6.9 liz, I Ii, 112), 7.48(dd, 
J8.1, 7.5 lIt, 2 If, beuxoale, iii), 7.540, J8.7, 2 Ii. 
N0.(’,,1l4), 7.61(11, J7.5, 1.3 Hz, 111, benzoate, p). S. l(kd, 

1.3 Hz, 2 11, herizoate, ci), $.2(’4d, J8.7, 2 II, 
N0Ci 14) ppm. 1:’C NMR (75 MlIr., (iX’1) 610.5(M 
(IV)). I ’t.O(Me( 18)), 19.1(4 -Ac), 22.2, 20. t(Me If), Mel 7), 
33.2((’(0)), 38.7(C(14)), 42.4<(’(15)). 46.5(((3)), 56 -5(C-
(8)),

6.5(C(8)).
 67.9, 68.3((’(13), 0ClI111-i-NO.-p). 74.7, 75.2, 76.8(C 

(1), (2), qlU), (:(20)). 78(( (1)), 80.4 (4)), 3.(( ’(5)), 
124.1, 128.4, 128 9, 130.3. 133.9 (O(1I.Ph-NO.-p. 
heuxoate), l35.0(C(1 1)). 142.1, 143.0 (O(’llPhN(h_p. 
U(12)). I 54.2(0( ’(0)0), I 67.3(benx.oate), 171.1(1 -Ac). 
2t I (r((’(Q))pprn 

LXAMPI.L 9 

Selective Lstcrification of the (’-101 Ivdroxvl of I (i_DAli 
using the catalytic lJvLl1 reaction 

Asolutjon of hutyri anhydride (0.55 rnF1’lol) in hilL (131 
tail) was added, under a nitrogen atmosphere. to a solid 
mixture of 10-l)Al1 (30 nag. (1.055 rnmol) and I)v(’l, (1.3 
tog, 10 mol. % wrt l(t.DAB). ftc resulting suspension aa 
stirred at room temperature until judgcci coniplcte by II .(’ 
(2:1 LtOAc’I Icxarie). The reaction was diluted with LIDAc 

42 
and washed three times with saturated NaHC’0 si at ion 
The combined bicarbonate washings Were extracted three 
time,, with UtOAc, these combined organics were dried 
(Na _SO4) and the solvent evaporated. The crude priiitici 

5 was triturated with heanes and the mother liquors decanted 
away. Crystallization from UtOAchexanes yielded 
l(P-butyrl-10-DAB identical to that isolated front the (’eCI.., 
cal alvscd reaction. 

EX.AMPI.L 10 
10 

Selective [terific:ttion of the (’-11)1 lvdroxvl tO’ 10 -DAB 
usiag the catalytic Yb(’11 reaction. 

Asulcition ot’hiutsiic aitltydt Ide (0.55 ouutol) iii I’l Il’ (1.32 
nil) was added, under a nitrogen atntosphcrc, to a solid 
mixture of 1 0-DAB (30 tog, 0.055 mrnol) and Yb( ’l 11 3 
tog. 10 tool. 91 wrt 10-DAB), The resulting suspension aas 
stirred at room temperature until udg,cd complete by I 1.( 
(2:1 EtOAc/Uexanc). The reaction was diluted with Lt( )Ac 
and washed three times with saturated Na1ICO1 solution 

20 The combined bicarbonate washings were extracted three 
times with EtOAc. these combined organics were dried 
(NaSO) and the solvent evaporated. The crude product 
was triturated with hexanes and the mother liquors decanted 
sway. Crystallization from Lt0Achexttnes yielded 

25 l0-hutvrl-10-DAII identical to that isolated from the (.’cCl 
calalvsecl reaction. 

In view of the above, it will he seen that the several 
oh(ects of the invention are achieved. 

As various changes conlil he itiadi: in die abi ivi, 031111’0-
3’)

iroipo-
in sitiOfls without departing from the scope of the invention, it 

is intended that all matter contained in the above description 
he interpteted as illustrative and not in a limit inc scriso. 

What is claimed is: 
1. A taxane having the stricture: 

.15 

40 Id 

45 

wherein 
M is a metal or comprises ammonium, 
H1 is hydrogen, hvdrrisy, protected hyd.roxy, or together 

Si)

 

with R or H forms a carbonate; 
is keimi, ---(IL, acylitsy, or ti’,ether with R ’onus a 

carbonate: 
H,  is (I 14 or acvloxv: 
H7 is .�(IStR,RA.R,; 
H., is hydrogen, keto, . .-0’1’, or acyloxy; 
H is hs’drogen, kelo, --0 1’ ,,, or acvloxv; 
H is hvctroxv, protected hvdroxy. kcto, or Mt�
R,

(�:K
 is hydrogen, ---Ui’.., acyloxy, or togetlie r a’ tb 

torms a carbonate: 
H,. H5., R are irckpenderutiv hvdrocarl’uvl, sul’stiti:ted 

hvdrocarhvl, or heteru.iarvl, provided, however, it each 
if H,, H5 and It, ate alkvl. at least uric t’ H,, R,,  and 

H, comprises a carbon skeleton having at least hut 
s carbon atoms; and 

’1’., 1’,. ’l’, l’, and IF,, are independently hydrogen or 
hydroxy protecting group -
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2. The taxane of claim I wherein R10 is �0T10, Tfl-, is 

SiR,,R,,R1, and R0, RE, R are independently hydrocarbyl, 

substituted hydrocarbyl, or heleroarvl. 

3. A taxane having the structure: 

R 

wherein 

44 
4 A taxane having the structure: 

wherein 

15 M is a metal or comprises ammonium; 

R is hydrogen, hydroxy, protected hydroxy, or together 

with R or R. forms a carbonate; 

R is keto, ----0l’, acvkixy, or together with R1 t’oriits a 
N carbonate; 

M is a metal or comprises amnionium; k, is �( )’F,7 or acyloxy; 

R1 is hydroxy or together with R14 or R, forms a R is acyloxy. 

carbonate; R is hydrogen, keto, �0T9, or acyloxv;, 

K. is �0(0Z,, �0(’0OZ, or together with K1 forms K7,., is acyloxy provided, however, R10 is oilier than 

a carbonate; acetoxy and R7 and R10 are different; 

R1 is �0(0Z1; R1 is hydroxy, protected hydroxy, keto, or MO.... 

K7 is ---OSiR,RAR, 
R1.4 is hydrogen, -----OT 

, 
acyloxy, or together with K7 

:so forms a carbonate; and 
K9 is hydrogen or keto;- - I.,

 11
 
1.1,

I and 14 are independently hydrogen or 

K17 is hydrogen, keto, �4)T7,. or acyloxy; hydroxv protecting group. 

K, is hydroxv. protected hydroxy, MO� or 5. A taxane having the structure: 

5) 

X 

I 

, 

‘ ?__ 0_ 

ii x: x   

K4 is hydrogen, hydroxv, protected hydroxy, or 
together with R4 forms a carbonate; 

K,, R, K1 are independently hvdrocarhyl, substituted 45 

hydrocarbyl, or heteroaryl, provided, however, if 
each of R, RE and K, are alkyl, at least one of R,, 

RE and R, comprises a carbon skeleton having at 

least four carbon atoms; 

11 is hydrogen or hvdroxy protecting group; 
NO 

is ---��-OX, or �NX5X.4; 

X is hydrogen. hydrocarbyl, or substituted hydrocar-
by!; 

X3 and X,1 are independently hydrogen, hydrocarbyl, 
substituted hydrocarbyl, or heteroaryl; 

X, is -----X10, �OX70. or 

X, is a hydroxv protecting group; 

X. is hydrogen, hydrocarbyl, or substituted hvdrocar- 40 

by!; 

X9 is an amino protecting group; 

X,., is hydrocarhyl. substituted hydrocarhvl, or het-

eroaryl; and 

Z. and Z.1 are independently hydrocarbyl. substituted 
hvdrocarbvl, or heteroaryl. 

R1, 
Ro 

RI., 

RI, RI 

wherein 

M is a metal or comprises ammonium, 

K is hydrogen, hydroxy, protected hydroxv. or together 

with K7,4 or K. forms a carbonate; 

K. is keto, �01., acyloxy, or together with K7 forms a 

carbonate; 

K,, is �014 or acvloxy; 

K. is hydrogen, halogen, hydroxy or acyloxy, 

K, is hydrogen, keto. �01,, or acyloxy; 

K17, is �OSiR1,R,R,.�; 

K, is hydroxy, protected hydroxy, keto, or MO�

K14 is hydrogen, �UT or together with K  loilris a 
carbonate.   

K,,, K, . K,, are independently hydrocarl’vl. subsillulcd 

hvclroearbyl, or heteroaryl; and 

’I’., I.,, ’19 and l’., arc independently hydrogen or hydroxv 

protecting group. 
6. l’hc taxane of claim 5 wherein K1 is aevh’xv. 



fl 

1.JS 6,706,896 UI 

45 46 
7. A i;ixartc liciving 11it sirilcIlire: 9. A taxane having the structure: 

R1 

tO 

5 

(.1 

whereirt wherein 

M us 
� 

a metal or comprises ammont -um; M is a metal or comprises ammonium,
 

� H is hvdroxy or together with H or H. limm a 
H is hydrogen, hvdroxy, protected hvdroxv, or together -  

- - . - carbonate, 
with R or H - forms a carbonate: .. j4 

. H. is ---O(’OZ., �O( 00/.., or together with H Ioi’itis 

H. is ketru, 01., acvloxv, or together with H1 forms a ’a carbonate; - 

carbonate; o R is �O(’0Z; 
H is 01’4 0 acyloxy: 

H7 
H7 is acIoxv; R is hs’drogcn or kto; 

is hydrogen. Woo �0T, or acyloxv; H1 is hydrogen. keto, �O’I’.,, or acyloxy, 
R,., is hydrogen, kcto. �0T10, or acyloxy, provided, H is hvcirosv, protected hydroxy. MO� or 

when Ri,1 is acyloxy, H7 and R are different;
 

H is hydroxy, protected hydroxy, keto. or MO�: 

R,.4 is hydrogen, _O11 
, 

acyloxy or together with H1 
V () 

forms a carbonate; and 
11 

11 

X4X7 

’I-. 14V ’i’, f., arid lVi.i are indcpcndi;niIN hydrogen or oi 
. 

hyctroxv protecting group
-0-

 

V 

8 A taxaulu having the structure. x. x 

Is 
R 

4’?2

H. is hydrogen. hytiroxy. protected hytiroxy. or 
13 together with H1 forms a carbonateRI

 
is a ketcut hr an acetal radical; 

J.F10is hyrogen or hvdroxv protecting group, 

5X is �OX,, trX
 is Iuvdnigen. tiydiocarbyl, or substituted Iidroc;ut-
hvl; 

X1 and X4 arc md penelcntiv hydrogen. hvdrocarhyl. 

wherein - substituted hvdrocarhyl, or heteroarvl; 

X is X, OX1, or NX5X11 
M is a metal or comprises ammonium \ is a hyjroxv protecting group; 
H1 is hydrogen, hydroxy, protected hvdruxs’, or together X.1 is hydrogm hvclrocarhvl, or substituted hvdroc.jr-

with H1 or H. forms a carbonate: JwL 

H. is ketit, ---01’.. acyloxy, or together with H forms a 
50 

X7 i m an amino protecting group; 

carbonate; - 

- X is hvdru’carbyl, substituted hvdrocjrhvl. or bet -

H is _OI4 or ac’’juixv; crtiar’.1; and 

�01’ V 

-, 7. and i, Ire iriclejieiiilently tiydruc:urtytV sirhsl iuicd 
I t- I’ hvdrocarbvl, or hcteruaryl. 

H is hydrogen, keto, hsdroxv or acvloxv; 10 The taxancc,f claim 7 wherein 
H is hydrogen, keto, --4) 1’,,, or acyloxy; 

’’ R1 is hydroxy’
R, is hydroxy. protected hvdroxv, kcto. or MO�; H. is hcnm’nvti,xv 
R14 is ltvduugeit, _01i acyloxy, of together with It, is acctoxv; 

forms a carbonate; H is oxo; and 

’I’-, is a ketal (or an acctal radical: H, is hvdroxv, 

1’.. F.I. !’. and F. arc itelepetide Ill ly Itehi&igeii on 

hydroxy protecting group. * * 
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(57) Abstract 

Process for the preparation of a taxane derivative of general formula (I) and use of the product obtained for the prepara-
tion of taxane derivatives of general formula (11). In the general formula (I). R1 is an acetyl radical or a protective grouping. G 
is a protective grouping and R is a t.butoxy or phenyl radical. In the general formula (II), R is a t.butoxy or phenyl radical 
and R’1 is a hydrogen atom or an acetyl radical. 

(57) AbrkgØ 

ProcØdØ de preparation d’un dŁrivŁ du taxane de formule genØrale (I) et utilisation du produit obtenu pour La preparation 
de dØrivØs du taxane de formule gØnØrale (I)). Dans Ia formule gØnCrale (I), R1 reprØsente un radical acØtyle ou un groupement 
protecteur, Gi reprØsente un groupement protecteur et R reprØsente on radical t.butoxy ou phCnyle. Darts In formule gØnC-
rale (11), R represente un radical Lbutoxy ou phenyle et R’ reprØsente tin atorne d’hydrogŁne ou un radical acØtyle. 
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PROCEDEi)EYREPARATIOftflE DERIVES DE LA 

BACCATNE 111 FT DE LA DESACETYL-J 0 BACCATINE III 

La prØsente invention concerne tin proc&IØ de preparation de dErives de la 

baccatine Ill et de la dØsacØtyl-10 baccatine III de forrnule gØnerale: 

RCONH

 

Ri4 .Gi 

o’ii

 

OH

 

O

 

H

 (I) 

HO 
ÔCOC6H5 

5 
dans laquelle R reprØserite un radical t.butoxy ou phØnyle. R1 reprØsente tin radical 

acØtyle ou tin groupement protecteur de Ia fonction hydroxy sous forme dun ether, 
dun ester ou dun carbonate et ’i represente tin groupement protecteur de la fonction 

hydroxy sous forme dun ether, dun ester ou dim carbonate sous forme 2’R,3’S ou 
10 21S,31S. 

Plus particuuiŁrement la presente invention concerne un procØdØ de prØpara-

tiori dun produut de foi-rnule gØnØrale (I) dans laquelle R reprØsente un radical 
t.butoxy ou phØnyle, R1 reprØsente un radical acØtyle ou trichloro-2,2,,2 Øthoxycarbo-

nyle et G1 reprØsente 
un radical trichloro-2,2,2 Øthoxycarbonyle sous forme 2’R,3’S 

15 ou2’S,3’S. 

Les produits de for-mule gØnØrale (1) sont particuliŁrement utiles dans la 

synthŁse des produits de for-mule gØnØrale: 

RCONI-I 

OH 

(I!) 

HO OCOCH3 
ÔCOC6H5 

dans laquelle R est dØfini comme prØcØdemment et R1 reprØsente tin atome d’hydro-

20 gene ou tin radical acØtyle. 

Les produits de forrnule gØnØrale (II) dans laquelle R reprØsente tin radical 

phØnyle correspondent au taxol et au dØsacØtyl-10 taxol et les produits de forrnule 
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dans laquelle R est Mini comme precØdemment et R2 reprØsente un groupement 

protecteur de la fonction hydroxy choisi notamment parmi les radicaux mØthoxymØ-
thyle, 6thoxy-1 Øthyle, benzyloxymØthyle, ((3-trim6-thylsilyl6thoxy)m6thyle, tØtrahy-

dropyrannyle ou ti-ichloro-2,2.2 Øthoxycarbonyle, sur un dØrivØ de la baccatine Ill On 

5 de in dCsacØtyl-10 baccatirie Ill de formule gØnØrale: 

R304 ,9 QGl 

(V) 

HO OCOCH3 

ÔCOC6H5 

dans laquelle R3 reprØsente un radical acØtyle ou un groupement protecteur de la 

fonction hydroxy cholsi parmi les radicaux trichloro-2,2,2 Øthoxycarbonyle ou trial-
kylsilyle dont chaque partie alcoyle contient 1 a 3 atomes de carbone et Gj, reprØsente 

10 un groupement protecteur de la fonction hydroxy choisi parmi les radicaux trichioro-

2,2,2 Øthoxycarbonyle ou triallcylsilyle dont chaque partie alkyle contient I a 3 

atomes de carbone, suivie du remplacement des groupements protecteurs des fonc-
tioris hydroxy par des atomes d’hydrogene. 

Selon la nature des groupements protecteurs, ce remplacement peut Ctre 

15 effectuØ au moyen de zinc en presence dtacide acØtique ou d’un acide mineral ou 

organique tel que i’acide chiorhydrique ou i’acide acetique en solution dans un alcool 

aliphatique contenant I 
a 

3 atomes de carbone en presence de zinc lorsque les grou-

pements protecteurs reprØsentent au moms un radical trichloro-2,2,2 Øthoxycarbo-

nyle, soit au moyen dun acide tel que i’acide chlorhydx-ique dans un alcool alipha-

20 tique contenant 1 
a 3 atomes de carbone 

a tine temperature voisine de 0°C Iorsque les 

groupements protecteurs reprØsentent au moms un radical trialkylsilyle. 

Les produits de formule gØnØrale (II) obtenus par La mise en oeuvre de ces 

procØdØs antØrieurement connus doivent Œtre purifies, gØneralement par chromatogra-

phie ou par cristallisation, afin, plus particuliØrement, de sØparer les formes ØpimŁres 
25 2’R,3’S et 2’S,3’S. Cette separation est industz-iellement de mise en oeuvre delicate du 

fait de in cytotoxicitØ des produits de formule gØnerale (II). 

II a maintenant ØtØ trouve que les produits de formule gØnØrale (II) prati-

quement pm-s peuvent Łtre obtenus en purifiant prØalabiement un produit de formule 
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I - ProcedØ de preparation d’un dØrivØ de la baccatine III ou de la 

dØsacØtyl-10 baccatine III de formule gØnØrale: 

RCOrH 

011111 
(I) C6H5 

OH 

HO 

- 
OCOCH3 

= 

OCOC6H5 

5 dans laquelle R reprØsente un radical t.butoxy ou phenyle, R1 reprØsente un radical 

acØtyle ou un groupement protecteur de la fonction hydroxy sous forme dun ether, 
d’un ester ou dun carbonate et G1 reprØsente un groupement protecteur de La fonction 

hydroxy sous forme d’un ether, d’un ester cm d’un carbonate sous forme 2’R,3’S ou 

2S,3’S, caractØrisØ en cc que Von traite en milieu acide wi dØnvØ du taxane de for-

10 mule gØnØrale: 

RCONH 
R1 -O 0 O-G1 

C6H5OWSI (VI) 

6-R2 H 
HO OCOCH3 

OC005H5 

dans laquefle R1 et GI sont dØfinis comme ci-dessus et R2 reprØsente un groupement 

protecteur de La fonction hydroxy choisi parmi les radIcaux mØthoxymØthyle, 

Øthoxy-I Øthyle, benzyloxymØthyle, ((3-ti-imØthylsilylØthoxy) mØthyle ou t6traliydro-

15 pyrannyle. 

2 - ProcØdØ de preparation selon Ia revendication I d’un dØrivØ de la bacca-

tine HI ou de la dØsacØtyl-10 baccatine m de formule gØnerale (I) dans laquelle R 
reprØsente un radical t.butoxy ou phØnyle et R1 reprØsente un radical acØtyle ou tn-

chloro-2,2,2 Øthoxycarbonyle et GI reprØsente un radical tnchloro-2,2,2 6thoxycar-

20 bonyle sous forme 2’R,3’S ou 2’S,3’S 

3 - ProcØdØ scion la revendicatiori I caractØrisØ en ce que le traitement en 

milieu acide est effectuØ au moyen dune solution alcoolique dun acide mineral fort. 
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4 - ProcØde selon la revendication 1 caractØrisØ en ce que l’on utilise une 

solution Øthanolique d’acide chiorhydrique. 

5 - Utilisation dun dØrivØ du taxane obtenu par 1e procØdØ de Fune des 

revendications 1 
a 4 pour la preparation dun dØrivØ du taxane de formule &6rale: 

R1 -O 
RCONH 

C6H5.’)LO,II 

OH 
HO 

O OH 

OCOC6 H5 
5 

dans laquelle R reprØsente tin radical t.butoxy ou phØnyle et R’1 reprØsente Un atome 

dhydrogene ou tin radical acØtyle caractØrisØ en ce que Ion Waite tin dØrivØ du taxane 
obtenu par le procØdØ de Iune des revendications 1 a 3. Øventuellement purifiØ par 

chromatographie ou cristaflisation, par toute mØthode connue pour Øliminer un grou-
10 pement protecteur. 

6 - Utilisation d’un produit obtenu par le procØdC de la revendication 2 pour 

la preparation dun dØrivØ du taxane tel que dØfini dans la revendication 5 caractØrisØ 

en ce que l’on traite tin dØrivØ du taxane obtenu par le procØdØ de la revendication 2, 
Øventuellernent purifiØ par chromatographie ou cristallisation par le zinc dans l’acide 

15 acØtique en milieu alcoolique 
a une temperature comprise entre 20°C et la tempera-

ture de reflux du mØlange rØactionnel et isole le produit obtenu. 
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HO OHOBZ OAc HO 

OBz 
OAc HO OAc 

CHART 3. Ortataxl 

BOC.NH 
AcO Qi OH 

0 \2 "/’ 
L. I 

.11 OH :-° 
O OBz OAc 

0 

CHART 4. Retrosynthetic Analysis of la and lb 
AcO OCR AcO OCR 

HO! \/B CJ 

/O 

O ' OAc OH A OAc 
OBz 087 

0 lob 2a.b 

HO OOH 

la 2a:RBOC: 
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’,i:1((31tt;I31 tt’titct’ii itI(’ 0 ftt li3  1i rfrcd’,st,; of’ 
’1) i9(-li oçc-ijrr-td xt�i 

la and 14a vc’rst.s 11) .iitd fib. i$,-’,r 
V(’ti oil ’lined v,-j111 kv]incnian in ni bnroh’rI r’idcss which 
ri’30ti1 .3 }tortt’r I l -,icli(lrt ritOci (OT tlrjs 5. 1 1 oril 0 13). 
0. 13 t ;tinlO ClUi.Ul’j.il II)T3, 

Ito It’-orvod ci ;to1cw;ooctivlt o; dopiriclont on 
&:IlL hyd I*lr. JICI 10c’t i i (131 (’ i\ proTIc oivcon riinjrt f lox -
E’I 1t.ti( ii,if,.1i:). \,F(j’}t lis’siicit s.)lvi0( ( 110 i::)3(lelljCl(’. 

\vos r’t)( nliltI 1IV (itlSi’lc.OiiVt’ (v t 11ries 13 tli(l ). P1)11’ 

rd&-nis iv) ;is v1e()l oncf L1011 (olifili sul iIr’ (Hi 

’uhvdcidr ion iicrro;od tlic ikinc’s’, of  111t, rOt it -

(0.311 31I1i3\Vtfl9 p-i’-’i-’l t-1i;-1,:lI.i)s1Il-.(-lliIrt - 1105("t 10’.111’; 

lc’.313C! ,;nci l-a.b sr’ ’cf oi:i’c (- � 

to i�(.)l I c jci’’s S wid 9). his solvent 
i’-. Toni’ ’f(irienI lh3il c’trtnnnl. roi riling hi d1 311 tue 

.\i;b;l33l1lrtitIrL( lI0(iiE3’jt3I (C’, i1l((T’3isP(1 ti’’ cc 

.irt’c’’livtiy With 3(51)01 10 lldLSftiIC(l l)0l()h15tt(hC’.S 

13105 5, siid 9 13). This etr he- by a 
pcu;ich cnrttroi iXH:’I. Accmdingls/. in ,iit cucIy 

30; 1s(,(’ br rt’cIl.u’1.jc,t) (II lli111Idrc(1 kttlllrs. Olt 
o11c’tg’, 1’ tortl.rdli( ni sot H ltiicir’, its 

(’051- iiipr1’ta( 11 iii Ib’’ hvtlriifc. \\’I’ ptisiiihart 1 1131 Iii 

so, rn of ite’ hty i-idr incri-ost’s ht- bulkines-’ oF He 

stonc c-onsirlor;ittoitc cr’’ tilc’viint in pito IC 

10 1(31 I3I1(d’’ iIisstnitt’iI i,(hi(l(CtilliLl(t ’this 

lii lj’’ltlI,tle’cl zc’chit 111t (C oh:-,. A’-. 3t)hii’tll1(1t(i’. 

bit lol di;isr’roosc’lec-i inn hi.ss hero i,hs-rc-c1 -al It tin’ 
f\li-()[ Lik.tN- BI j JT:phr. On ific �’.SjS uiI 111:0’ C’ii1i5. 

het(lh.;iIon (11(0 ro(1’Sls(rhdt3ii: H fit’ n sok of fit’ 

l. I .1. i;’; 5. 19+32 t-3. 

ui S ki S Lt 
t991 95 211-/iS’) 19/2. !: 155--0, Oily 1-4-14 is sHown 

f1tr;I/Fr 2 ( loin -II) ’it’’., of crnc’nan 13h. 

hydro., in ilie F/-fur fiss lower rnira’ h,ii bat. list’ 

ce--mci’. Cnhiiuiroi,trv (11 hIS IV)Ot lIStS. 01 3s101 aI,- it)r 
(5’5 1311’i)’,c -thu Ih(’,’.i’C it’1I(1)1lii ii1’’S 151111 1- I 1). 

Otlirs recb.it- ion in(.thnifs wcre ,(1(u’nil)teil. Su;’fi a- id 
iidi :ot nvcli000ti I in anti 11 11iSIOL 15:1 ()Ct30 II) 

Nai} 13-indiccith (1’iiilCIi(tfl of 13a.h, in:lit, the 

si:trrS’alIs- 13ClliHtlniIli2 tel. I:: L.e’’is aco:l dtiTItf’,:-,1 - iiloii to 

iittpFTiVC’ 011151 rlu’0SOICCI is)iy. I Iowe’,’rt: pi u3(;( I- (((1(3,.... 

C;il3h3’SjS, using Ainborivsi . caused ott I ’ttSit0 Of In -

on: io ri’pirdIr,r, Of it 0,0 of’ Ow l’l(rhih’1(if id(’ (nirf’.’s 17 tool 18). !’IIt, ai!v1’rst’ t-I’Ioct of 1le 

L’wis neid aslalysts could he r-nlicttiahiiod h-ts 11n- Intro-i 

(bit of si,rneally cnngc-sird ItS-c ninherc-rI -july che- ko 
bo:sri’i’n Our coi.ihyst the 

t(XyCt,Jl ilnr1i.  lmlms11,1 IhV11T11f40(ltil 1,0111 13a 

wiIh Pu-C tt ill-101L...(I. ill hi, lll’dS(’11Ct’ t:1 3t(iItI(0IiIJI3t 

foIble-. ri’ti1!i-ti 131 (ii IC lotipluihic 501)511 icr 00 fl( f 

by lit’ i-oclri,hc- 11)11 wi: Ii 131 0303W 110 of 

2;s. 

’3pt’ HI (1.11 I3 1,! itt’_L’. 00I(iOdii (\ Iii fttoo’ (IjS)i 301 

ill thu h(HfHlI.(1’r’. �I iii’ tL-S(Cl0Or’iI’nrlSiLs (3( I Hi’ (::,01! I 
groop of in antI 14a vveic tijrthirnirz( ’, c1t cf ou1t-

honmrntctt-t Ni)I. dii ’en’ ii’’ 3.li((c1 lrlIliti’I Lii ilt 

.SIgTttII 133 6115 pwo of I   Si1luVu-t’C! ((}71’(SltOli to-

1itIntfli(’1l’ (4Si of (He’ (1ii 131’O10() at �fl 7 IPni (-.3 

9051(19 (litil both p103005 are born nO iii 1 ho ; tat c of 11it’ 

iaxonr’ skt-ht’ten. Cnrnflsit-rtl.fv, iho :1!ti(ibiltifl ti (hr fly -I I 

Sigrilhb did (ml shoe,- iii’,’ NOI..-c-iueu 00 I 111’ C iIpi wmt 
-i 1.81 1)131. Ih’ C-,-epiinci’I 4a sIim’ctI citt t’lillltl,t’rllYuill 

Of IliC’ (:oI p3 (it 011 at 53 I ppi  
(b/ct 01)011 Ii’iOi(ftI’ iti of 

013’ CI  I sigri.ih tI 415 pnn 

( OrIi3kJSiOXlS 

All i’Iiict’’itr s?X’i’t’ buit1:t:1(i ttlprt’pinI ityS ’1 11113. ’.03 

I: !W IC fir -.’,rhIristt t1 0(l3li-0lt’f .111(1 

3urldS. bus (:e’rt di-’5-t-hnio’d ’artrl rig 100111 1 (br 

11\;:ll3,ilh’ 11! h)\Lb III (3). }.dith "dii) (31 In 

o°’ i’ii. ’’:13 It lilgI i \’it’huts, ’sf tfth 0)3111 rll:_O’S( 11: 0(fiIn u’ 

rst-,lti iti 1 I it,, .1i tiC ,,i3Ol.;ul u hut 
i’.(ritI’s him3 ui y-t1uci- ,01t5utt;itI 1/cc,--,-  

’i’ tIir t c(E it -I,,,, I litt 1:11 fl- hit u’,  I Is’ C --------0,-i 

- (ri tA i 1,.- -3,1,51 i ai,- (:1 lcr m 0 tu sir;-iu-hl t,i,l(,, c(  
-t:t-rl:rucr.-’ I -I-,:,. iu’Ic’tri,’iihtiE,-

1 0!.?. (I,t, 15/. r/Ai :s-’t. ,01 5,’i,[ 9777 
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Experimental Section 

.13 Oio- iO-deaccity1haccain iii. (1 3-&’)xo I)i.B) (5), ()’riu, 

ill 
- 
loill-lii SOlLIT ]i -if-(01)11 1.1 3 ’. 367 

jfjj?);; (.1 )C._5J),ir&i)F 2IH) nit 5: rI 71i ’1. liii .15 
[hi’ rr 111111 i:’<liir�’ wa; el) iii --78 br 6 1 lie cxii -i of 

’;ii; ui--u c’c’.l in adfillioci nt i-ui turu:r-, of ’.5T, g) 

is r:3 I,.(,(]I im’(. itui [Ii- rq)’_cr_ 

fIT-:] lie i ’idiie ’oi; Iru-:iO-d i’:- ’kh (13. 0 

cl ouTiO)iigl’li)1410d ))iuz. in]o’lazi& 

I cT) hj)12n 1 to 13 o’,,iu,� [11\[) 5 1)1)3 137 mmo 

1(1)1)6 111. 

Ac- ( ) (4.70 . K.36 Ilurloc) W(.’iu’ i-I ci) i.o 1 ri curd. u lull ’H 
-1 {1( MoTto]) I) 16 (211.1) nil.) ol. 25 C. }’u)A: wii; 

([ui ’,l;ci scoshud i)[i ’ oted NI ](J 
?mdI. uc) 1114, ’cHv’id Ii i\;)1:11i_4]. (}iicouIo))n)_t(y lo  

(-)i, -. :’1:n:-!i,’e )..), i-(a’v 1nulipllJuln]fi )21) 5.1.1]) 

15 �()x .7 �Bb)U-bau:eai in Ill (2a). I :1-()xcli;icci-i 
).u11J;jiiC))(/(0.j1c[)’s(6li))1,(.]l440 

oh 3)) C I \lc’ilir)iuii!u:r)c’ )33d.. 0.28 111)11)0) (1)1(1 

4.7 uriifl eru’e ou)uIl’ii iirii;’iicg. 

06.0 II 1).30 (1011)]) \c icucco cO -u 6 Ii. 
muM so- lu-li -u 21) 4 liii 34 1. ’l lit, 1,01%vitl %% r. 

ii’’ ccli’ war dj$s0),4’C1 1)1 II 111:11.13 Of 
CC) (111.11 1111 1� aio) )fi 31 20 1 Irs (1 6. 1 ho 

)lri’u:iT1lll)1- \car 1i)hilibi(l Ii) rilcl a;I.(? . c.6.(1lii’it ,). i411H. 
ui’id.cc’ ’ni e[ii-osiiflo4rap[ic’c.l ru "Old all iddilklual 

iituiini ci’ 2a lulp 102-1931’. L)’. --313.6 
- Ic l( IOJR UllCIJ 5 493 3I 1671) ) 1274 

i))J]14:,)i()).1l)(l)(](413301717)1]..7113 (bIll))). 
7.44 - 7.Ho ItIl-:I I). 6317 (. III). 5 67 if: II, .1= 6 8 1 Io 3.39 

lii / cI 4 Ii J il 1 - klId I / 

/1)Ii).4.5?)d 11).. /9]1) )45(çi 

11) (3] 1/1. 2.64 (so  1).

 

Q.  
(1. 1 / I 1) 1 -, ] 1), 1 

3))). 1.211 311)))’ 7. NMR 
((4(1 Ml 1::. (Dc I, 6 2(30.5 198.4, 743 ,3 167.0. 152.5, 

77-1. 7651. 76.3. 74.7. 72.8. 573 411.7 -12.7 .13.6. 13 I. 27.3. 
23.9. 2] .1) :R4, 14.0  1037: MS ;u4’ 1M, (;=;I td lot 

Aria), Clulc:(l ha- 1. i-I l.  ,ft - 5: 1.11.48. 
Fi’ujii.F .. Os 3", 11 8$o 

I 5-Oxo-7-1310C-14fl-hydr’.uxybaccn(in 111 I 12n). I 15 

7}"fl( 5cac:-ju)u Ill 1a (1.2.65)7. (ill-_/ 
1)3-1)9.] I) 1.1) ni., 8:3). II’Or ,id-( iiiiulso MnTu:n] 53 ;i 1 I(1 

iii) I -11312! itm,. of IiiijOK )0:13 e. 3.7(3 nuno)) 11! --65 5C ’sill-i (5 
lm:. rxi;1s1’Iiun’ 9 (0.81)4 :4 2.6’) ) il:ro1s H ii TI I [/ 

ITITh’(I. 1551<) SITe I ’-11141131 use 

(c  

(I )]): IbTIll!; s’.,t’, added. \uuu 1)1) 10(11. 411111: cc ii) (1)2 sill 1 :1111 

1(1:1 ’’ioa i’ll 1 17) 10,1/; 1; 1) itll ,)V&l 1’ f14ii(T1I l,c) )v liii 

013;Jklll I11,u-1 ’’’O-- ’ki3l1’(i Irit  I WOOF. 1)1(1-H, ;ic.] (n1)y3l 

TI---------Hcbne war cIiconi;irograchc.d 4\’i1:4 12a 15(1)1 

4 ci’ iis:l.cic’ I ru-i-Oil s1))c 11() 1111] usc u ’1, 
lfiiim-

Afic,l I!: an)s’:oik rIo’, sv:)1a,cliu-,c TI-- re’ud: is- nlu-caciafu-

-1)1.1 12a (11.5)1) 0n64 osrciiH.  

15 Oxr) 7. 1’S .1418-hydroxybacs:atin 111 (121A.-
(2

120).(2
 ’ n! of I u 31 si I) II) war .old(d. ;) --45 4. ’ 

Ii) 
il (11 31311>1 3)1 IT uL 2.11). 1Iiee i r,cic kill

 

of l:sss/uu dies 

11 II �)il I 29 151110)) III )31}: (7 ut) I VII’, OlIcilO 

0111)00: euiTflutl’ IVJi qtiei:chrd ,u -1)0 1 ru-jc[ iii, -IT, ia) (0 7 
lilt -10) 11IF) 1113] ’.101101! 0 IIIuHO 0!141’rciTt 1(T)! 

di)uc.iou ’r’Hfi Ijsjst- 1,1001111 1, rio- mIxture was exuartec) wilbi 
[71(34<: (3 10 cu! 1. ill- Trg;iIlic layer WIll crod i-iuic) 

irvapslrail-() \/lorLni4 of Ito’ 10S(i)3i’ ITS <iuou.i us-i) ollore 7O1110’ 

12b (0.52 is. 1)71) 11004 
)5%;. 

lisT) 1119- lOu) C (HAr! 

2923. 2853. 1749. 1 7716. :W.10. 165. 1373. 1273. 2-1.3: Ii N IV, K 
(40(1 73] 4’. I)(. 17 8.112 id 2))). 7.40 7 ft (in. 3])) 4.5’S Ia 

I I 1i 1)) 71 3),) -1 I il 1 1 4) 
a Ic).7 .3 611]]. 4 .31 ,. 21o. 1 114. 31 / 

1 8 lIil 1 41 c1  i - ii I I 11. 7.0 (1 I 3 hi 

3.c114 )r. ]])(,34u....241 rn. 1)13.226 is, 5) 142.2) i-.7)u);4 

IS 31]). 1.83-205 )in. III). 1.75 ( 01) 126):. 331)  i 74  
)i 1)9) liii) I ’31 ’Ii II i5 c Iii (I 

N3IR (101) 311];’ (31711) u 7101 8. .71)0.1(711  

133.5. 137.4. 133.9. 1303. 129,6. I 20.1).  
74.4. 73.] 72.9. 725.59.4 45.4 4331 (7.; 1(3.7 :32.4 22.4 

2)1. ))(l  10, 2, 7.6 IN .48/(5/74739 (31 raIFd)1si.,1(( 

-a 4 87i AiiaJ Caiid 10i 1 3 1) ’ac C. (1/ 31 7f)5. 

I... 62.39: Ii. (.08. 

f5-Oxo-7-ROC 14./(.hvd rill- vhaccakin lit JIj-1(,orlcsin 

au (13a). ( I1TS)XT(TT1I 42a IjIVPllI0d ;Ic-rrslu:g ls: in-
avorhel Ir plis1-d1lrc- ri-.mcIed ilefi,r,: lucnl 2a 1,7  

411(1 9 1 .63 4. Ii -11; iurrsull AbIc’c i russIa-a) (11 Ow ’OII,1-T11 11’’ 

rrcidu’ ))’(TUI3TIT 05(X) im, iI)’,MTC-I-d (11 IeIiI:’fll’ (23.)) ns) ), 
wIrlxnirluI.;:ui)a/i!s’ 32 11 12 4 ITIIT1))) ) sra’, ;i(1’lt-3 i 3)) ’4. 

Ihe il0II.tiI(il) Will ’.19-crc) il((Iel0i]J0(T Icn 51) liii: II 75 ’1 . 24(31, 

the SOIIIIIOIT 1111’, ilI.T](’() i-i 2) ’1 ,,_1 31) 115;.)) 1111 - Ii 7 7-1 1:5:1) 

I I cM lilt I ’.5,1,: 11(1(3.3 lilt cagaou: Ill. ---------1’  

rated, s’lOIhFd Will) lIllel au:(; dud. 05)5] clue  

evapcsFauel). Chrilsislti:4r;1)I6V
 

of 161 r-indue 44  

CJJ:C[a’l)r,O, 14:3.525,: 7iirc 13-uwic-7-l)316.- 4-731)i- 3114 
r3rboss;31,m )il3j:l:11 ii: Ill 43a 31.77 4. 3 43  

IS-Oxta-? -TES. .14 /7hyd*oxybas.:catin lit LI 4-C>sr’hrn-

ate (130). (II A ’aTC:IiosT of chlo7,eis. (7(n1) (43w) - 3.)’ blOTcH, 
11).5;  4i I(1)TJ(1IT:) :,iO) vsjdii5 ’1.4 oH . 1/ 2 item)) ’1O HblT-Ti 

he (31(1, (ISO fill 43t 0 1.. :3 ’,uH)iou ii 120 9-37 (-3 0 74 

11111101) Is, (.1i_H: (3.1) lilt) ""IiIc addrd  
qlJc’ITI[ic’llsIs’r 30 05111 WIll) ne’tIIOITOI ((.1) 1(5) 1 ccli] 41130cc] 

wiTh 1)14 LI)IlbHui ). 1 fit, u’iw1’sc-wa’wiab:3sI  

Na) ’CO3)]54( uI .1. <Is ],]. liii] :1 ;1)i:lr;uI9s) (:litiiel1445;ic)3; 

35303. l-.I0\r:c:r&1u>lii’’,.-nc’. 1.3,6(1) 1)i-iVc- 15)) (1) IS (lU 35 1:01136 

(16 I .OiTqT(lclid 121) (’Sift h,,0ki5)1l ccs(xIi 1ST’ 0(3,2,1) 1:.: 

fci:;Oh1 II) 0)(3.5:) V.1(1 I I Trs:isrl) ;11 (1 ....0,: (7.1)  
ilre)Twirl’ lo 11 ’(I (crc-SI .’,u]csS.iicii of ):Ii0’.1)’)l(’14.I’u 01 

tO)5l�13. 8(1 211(10)) ,ritl )’,iiii:i’.c (1.31) 101,. 17 Z ia,O) I>’ 

((I 1,44 (IS 1251.) it TI ’C. :\h.er 20 111hr. uhi’ ,i,iCiiOTi 111% 

4 tcflTil(d, ’,rrrh’d. c-’.’aporaI c -H. aid list (31 0. :7 a( I :6aI  

I1IT1li,T4! 2 TI) 4115’ iSIs (Icaisel 11X)cl;IITI 11: 75’): (((211) l,3;Ci,4:ii. 

7. 61)4): 05)1 111)) 19) ’C: U31’i: )170), ;.0. 11144). II) 
2053. I 3126. 1 754. 173). 14:7.9, 1376.  

I)) N’4l4 41)5)3]) 1"1.i11CLT7 filci cS). 211 /: ’7)1 );/:31--
7II ius I I - s] 11, h,5 il iS 

It,,) 4 (’1 1.: ))]� : 75 ) 1:1 4 31) (a. ill) 4 41 (:1 II. 

SI / 1) 1 I 5’ :7 Hi: 

(721-
it HI - 3 ft 1) ’,31 I 3 II) Ii I 

359)). !-)).7)1:’).c].39---)(1)4 (nI 611):  
1118 1(i -I I A I / - 

3 T 1 86 1 8 9 812 1 (2 3 

593 .1511.-)) 73117°....7.  ’18 31)7. 1:1.5. 3 431  
311) i:5 -7 10 49 ’s] cHill Inc 4.111,018)7411.316).......1 ( 

64! (u,] lj31lu: 8: 1., 6)6)): 3). 11.53. mood: I - 5147 ) ) 1: 35. 

’l-BOC - 14-//-hydroxyba&:cai.in .111 1 ,14-(;arhcsna3uis I HI 
.111(1 (14tc). (l ;outraiiica! ISa (11.7) g. 0:18 nuiii4( Ic: III) 35 1) 

iTs),) sIllS adOl’&l ill 53 ’C in si ’sirOl I sol ur if";  () .1) 

i1lcNl)(’ (1(5)1)1.1) ITSITITII). 1 l, scarbiin \(O’l 

SOlO Ii ’.5(151 ’,H:ii SIC 11301 Ili 041 tnsI IllIsI ’5:6 ai3::i:I’’] 

0s)cliSl:I’ >110 tIlls) :1tl0 ITS! J. I he 143<) 5)1114  

’scOf) 111:11 q)ji,] ;,lTd Ihe  
1lit lcsliukOu .t)IITSd (6))),. ’: hex;-uc- :,)) I 

4) Ole ,ii’l:i I   (1.(49 s. 0.67 1)511(1). 1361)’,.: ni: lb 31 35 

8 ((.18 no,). 19.3):). 

9778 . ((j -g. 1/jew,, 63/. C/i’..  



.1I.!(ir..r(!it i-I/i Ii /rvl1,iJr;’.[13!;Iin 11/ 

1 .TES-14-fl-hvth’oxyba&.catin Hi 1. 14-Cnibcnates (Ib) 

and (14b). Ti, a sn1ninrt of Eh K11 4 c’. 6 2 inninll it 0011 
(-((I ii.) was wWd ’14.,N Fl)) (11.12 t( 1)( rii!no:) nI 

( cod ,alcr 1)0.1) ccl I wi-  cc 

c’ 40 acid Ihi’- FrIctIon rri(xi.ai’c WcIs c-xtc’ac’rec; 
}rc �ij\ç. nrc-c), and v;’cccc-n(. The ccx).- 11011 (’Fc)’.l was 

n.’hrucrcIccn,i .ci1c(ni ((c(()/ c:rI;licxac ’.1iii\c 30311-- 700) ICc 

,Odd lb 10 11 r, (I. )5 imnA, 7611 cocci 14b O1027 ’. 0.637 
rico). 1)35. lbs op 216-2(8’S: al -’’5 == -241) ir = nI 

(( )NIcj(c!) ’.. 3448. 292. 2852. 1815. 17:11. 1451. 
1376, 1230 Si N\114 (MM WIN, CIX 51) 804 Id. ?H .170 

(cci. 1Ii(.7,7{’(c.211),6.$5 N. 1111.6.11 51. 111. 
.1=74)).;). W-503 kv III) 4.90 (c5 III. 1=7 11;).W 

1)1)4.11) oS In ’.’ 0.) i I/ I ((3 11,5 4.12 1.35 

cc, (74 ,l III 17 I I li 47--f’-6 -It 1 1) 2-33 
314211 Ic.. 31 1). 1.06 (:-,. 31 i 115-114 (in. III. 6-I I). 1.74 Is. 

is II) I II., 3 fly) -119(1! 1 1-97 114 
O UGIrlic, ol I ’14i- Od\l 1, 1)( 111a(ly I 

1163. 64.6, 53 0. 142.2. 134.2. .12.6 1359. ISIs. 128.2. 
SRI 841 844 1(0.4, 7111 71k 71.9. 71.6, 1555.5(1 8. 46.7, 
41.1 c7.( , 2521. 21.3. 21.7. 2011. 14.6. 1 UK 6.3.5.3: )5]S 11)1,1 

71.’,;06 :ci calc.d for C�,5 5,11,61 7428(1) aa) C;cc(c.d for  
(:’,liz(. .%: 0. 61.44: H. 6.78. I mini: (5 61 18, P. 6.87. 
14b- iry 3),I -330-C (c1- = irIl) If 11.7, CI (CI 1: 

bc A ;tIsh 

INNA c., ,. 3451. ?111 2WO, 2H52 1814, 1136, 1731, 14: 

1375. 1340: If N3R 466 341 in ODd1) ,), 8,02 AL 21]. .*-’7 ii 

liz). 7.6)- ;’.118 (. i Ii), 7.49 (u 2111.6 45 N. LIII, 6 14 (cS 111. 

7(Il,4}2’cIl 77i4AA3 W, E L j 4c};I 

4.41 crc. 211, 1111h 4 AS tv 3(1), 1,711 It Ill..’ 711 Hz). 
2.46-2.63 (ni. III). 23") Is. 31 Ii. .1 37 Is. 311.
2.10  

(I. I’ll,.) -- 87 II::) I) 5-8--{H30 In. 615: C KIMP a{Xi SI),. 

(:1x15o2n(n.4. 170.1002. 104.7. 132.0 (50.8 13P6 1143. 
12 1289  12820 I S40 81  , 11 01, 711 71 q3115, 

617.......-:. 403 In ?(. 117.) :10.2 32.1 34 3fl�3 151 10.11 

0.8.23. No ;;;,. 712.14 (31 vow IcirO l 1,0, Sc 112.86 ..\:cn 

CalisS Inc C-.) 1,0’ .%c’ 1’. 6 IA4: II, II 7% I5nncc) C - (2 33: ii, 

6.71. 

c:Icln’cvIedgl1lent. We 0111.11 ii-’ .’i(’K flOW IecJgc - 

()ocrnrrti \pfcnnr:cO no for hcs hci plc 0 

SuppocLin Infoc-inalion .vaUabIe: (:-rnnc-c’aI ’c’I’ciq:.cc’s 

aid c-nrccrncc,c’cyni’ cccl ;coaI’ cii nicca cr ccmrcpcnncdc la. 5. Ii. 

.12a. 13,3, coccI 11a. I his iccnS’,’nai - 
ns,ila)cin’ fins? ofrhilig-

vicl it:,- lcc,-n’i:c-c cc, lid)::. -inibs ac:c.crl.1. 
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jucNote 
Synthitic Studies with 
13Deaxvbaccatin HI 

’t’u T’5’ti .ict [)avid G. \aiidti \"eld, and 
(,ltfl&Ja I. (,OrL 

OF u,,; / �i i> 1’ .’irr 1)/fl, / IJifi)? /1; !.’1fl’( ’J!fl- I. (f/ITT 

’s!i/..,f/I of i<;fl:.a-;. J- sc;i:r’, 1c’ars,a.r n(7/’ 77? 

�i_"’S 11/R? 1. lI!?.! 

F,’Triv�(l ;),’.�-3’3;S/T,., 

AbsffacE:’n C ent sthe:-flT ul 13 ei;- / 1 jet I ;yL;iyl) - 
:;i 11 trnr I den 7b?tC;at itt Ill n, described. 

4A 13 3 denx\ 7 0. r;el hylsdvi) alit; 111 ’.vth 1e1  

p-;nxi;lt’. ullowed by tecl (it t ’at with S; l:. jaedu(et.i 
/t) 

 13 op-1-

(f -jet 1a’I. c’t’at3n [11 in good Wetahl yield. ’flie 
i).?t (lInt It! 1 $-ctxo-1 -(’tt?ettlS17i)b2–c’ltctr4 111 t(?t); 13-

5/1: (.3.1.; e(byKt’11)1-jt’34’4-i;r:;i II! :su;g let 
4WtiL )E’r t’fltE’ and .’-F/:tIVtIiW}ittOl/tte ;/-itxici li also 

0 (1. )t(j,t’.’ Ii. d colfll)iktS d  l TI; TO’ i’,ulal �d 
1(1W )t;t;k cF /??xfl.’; /0 i’/f’hti (1’ll(’!iiC ’(WL is a 

fl 1(tt Wit); /t ’S’( SlOt it :1001’ f1(.-

tEasel Is tlable only in sn?..l1 qoinloic5; 
ront 101/111.1 SOI.0U?’ S: ltwttvt’r. ’Intisyntlut it ill-

N.A.11 dt’eloped. i.;t.ilixittg l0-di"cicntyl-

lIt. a flC0’" t’PIIdIIY �1\5111001r ptaxcltnlated 

1;r;:()nci A tfl)ijt?r il(m:Tllciptl fi: t1Sire., it)-

1}(’’(%fltatt itt 1 i’, lit/il it C)r 11:’ �0u!ttin(33 10111 1.1 

ta bk ’;ot.l14’F’. he t;l’efl IC’s a) 1 is 1)1111/a. As 
paclil E1X’71 bOITOfl’if’S \ id(I\’ tIS(d lot’ Ole n’eal.tnctnt Of 
s;vc-ral tvpcs of eancers, l?ti0 cell cult w-e rrprcsi-nts an 

1I)(’) 31)11 (II’ jOlCli)1:5l’l /Fi]i’ltI1’t 0)1) hI’ 1)04)1)1’ 

IC 141.110 (),jl C)IIOlr( ;1) )T’(IIiII paIIil I in 0111.711 

�la tiIttJt’I’.IJilI)2 101 lotrn1iüt; 10 utl’itt’ Ia\-II4)" 1113(11-

p11105 I i(lva’3r, i: rican nvprn1iIn’’ c/TI )ircc:rn: ;;sel;jI 
tthi’ic 1(/)3)05 0’.tI I’o’ )’li’.’l’l(t[X’Cl 1)) 

011 1?’ /ttI(tltiOdiatf’S lo (it’ Is 113 0100 

3) / iT3V 1’C’11"t3’t on In I. h;-c;iiSlt’’5 (it such ,; 
(11(1. ),I1f31x’I3fl;’Ca!11 111 (2, ligurt’ 1), ’.’hirl’ is ploducad 

ugh qi ’Ti:’ i’n;nt I311i cell cull;: t’asT 

NI ., l3;’(tiSI’,T’l I,., 5530), M. fl.’,(0) II(1,P. M-Ctac,A 
197  

35.,, ’.;’,.(’;’’33?’3’0,;1’3’(’’ S’/)il;?’s’, 51 So - (�(5� 1’O’S’s’ 05(31’ 

1) �o�’’" 5( t ,;(3)t), )).’.t. 93).1, �;4’ I: -51 
Ic) t3I)_’.s.’I 5 ’, :�/.’.;-; "01 I 1(1-.’ ’’’;;:-’ 2(1)3). 

/151)� 

’5,1 ’si,,! >t/I3)/I3’0)t;’(  

Iltt I I ;i " 14 t it t I I 

2090 IC I--

NH 
OAc 

OAc - 

Ph 
OH Flo 

BzOH ACID -0 \0
-

FIGURE 1. Stnn’;;iit’s ofpaclitaxel (1) and 13doxvbacratill 
lii (2) 

SCHEME i 

OAc 15 1  0 
5 0 17 I, 1c 

:3 
> VOTES 

a 
HO-\-- 

/H 
/ 

HO Br- 40 
AcO H Ph OAc 

3 4 
b or C/ 

AcO OAc 

O17,O1ES 

HO 
BzO0 8zoVj 

AcO 0 AcO 0 

’Conditions: (a) NRS herizoyt peroxide CC!.1 r’flnx 8 It, 9410: 

(1;) NaNt DMF 40 ’C, 7 Ii. 79% (5:6 1:1): (c) A0At’. lIME, 40 
’C, 7 It, 855 (5:6 - 2:1). 

I he 7 }t(it’fl\\ group til 3 rlc’nsvlc’tc/ .3 313 1 

pro(t’cI:’d wit Ii triiFtvI’,iI’s’I t’I;Iuric] c’(  

13-cleox\- 7 ().(tt’H I ltslsilsIlI’no:cal in III (3)’ 

Yield. ih-n. I 3-denxy-7-C)-(Trielhylsiiyl)h.ln’;I i 

>3,S ’ttt’1tI"d 1’,Ii}i :’s-broniosttccirtut:idc’ (t’i.’)Si :,Ijlt 

1tt1ls/11 /’i’ ,l ltor;air4’l [e’r’/cXl(’lt’ pici/)tJc’;ilg 1 ltt m’!  cs3(ItIr)ilte 

I 

3/ltr;itiiit 31;"t’i\’al i’s.’;’ 4 ill 1(1/ vOid Nc.’l;t’r;le I. It/tIlt? 

compel t:131 4 V/V’s 10)10/1 t,; hr I ’t;3,t;-11’dr /1:1.51//I /51 ?’1131 
htrt"lOre it’tl SuI))(’1 0)1 10 1/ilriIJc//t tori 5;/ 

C)l(nIni;)4)grtlliiv. i’1;; stints };t-n:isn y at  
Ii:’;I’rntil;ccl 1. )itca:gh NOL :x(s’r;(lirrIIs. I ltli’lio nI? 1,1 

Ii lb (.’� I .1-I) sIlitIttly rtihaiiced 112. bu not ;W3,  OIl;) 
irr;tdnition ui 1117 ’d 1.24) stgnihcantly t7fll0:rlrc(i II I.t. 

till 111/I Ill 1. I’ Ili r�’l/lle. tlte 11w 13 

i/rfltIc/ group wa:; ussigitta) at; 1 3[/. ’his "i ’IrItlIl" is 

it It, ht’ tort (itt’ ;’laIiIIr,’l; /)11 il11(1 1,41//I’)  
pounds. ’At-ten t’e,’;rtcd t’ih sodium 0/./fit 13tH ’-.313(1 

?tt(l1i)illr

 

prod Iwed a noixittli, Of il/H-tot;: 

(Il/C 4 I (tJ( 1 t I" Ft 1)11 

:1 ’’no /1 .._ - S i’ 

L’’.IJ2;1t35103’,, I’ -’s.: S/3t’-uc/’I(. I’ /. .’ 1>3’;. ’5’’ 995, ".  

li K.nit’,tc;i; >31 (St ,5303,’,’t"(’I’, 1"Ii(tI?’(l �’:;’tns’-,tu;i I s’s 1>. ui/s 

II! ci (’11)(1’s (it liii’ ?’.;03030i1’,d t’(’p(t’)ItU.(I I ic  
NI. I) : (fi1>31’pLIi’(’ Si .51,, 11)61 -- I l0.l021/jo0l I I83 (’Cl’ S22.00 
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Sc,Mi 2" 

OAc OAc OAc 

aorb 
c/OTES 

2 4-

AGO 0 AGO 0 

d 

7 8 

OAc OAc 

-OTES Q71ClAr

 

OTES 

H0BzH: 

e 
HO:TES 0 

AcO 
 

AGO 0 AGO 0 
A r CICH200,, 

6 9 10 

or it ions: (a) tort PuO( )H beni.etie. 60 C. 7 h, 78"/ for product 7; (6) oxidant s. tori BuOOH Ixiarit. ri 22 26 1, goN c 7 at it] 8. 
0 3 t for jmxltnct 7; (c) PDC, CuBr, or ()ttCl, tel t RnjOOH, benzene, 50 55 C. 18 23 If: (d) Snrilz. THE. rI 3.5 If, 86’): (c) DEAF). MelP, 
CI(’H2(’01H, tolLienir. fronri 0 to 90 ’C, 24 Ii, 43% for product 6: (1) TPAP. \M0, C1››11CI1. rn, 2 6. 8 I’). 

TABLE 1. Oxidation of 3 with Various Oxidants in the Presence of trr-EuiyI Hydroperoxide in Benzene 

relative product tot in 
(isolated yield, ii) 

uril r’v srtlst rote re�igrnits"’ rime (Ii) T(’’C) 3 7 

3 Pf3(1/t RtrOOH 20 25 18 43(31) 37 
2 3 Cr0,," BuOOH 23 25 5 31(14) 64 
3 3 Sr0/1 F3u00H 25 25 100 0 0 
4 3 PCC/t BtnOOH 23 25 25 30(23) 15 
5 3 CuRr/t Bt00H 22 55 37 63(43) 1) 

3 CtiCl/t BuOOH’ 26 50 0 1(X)(72) 0 
7 3 t BuOOl-I 22 25 19 55(34) 26 
8 3 1 RicOOH 7 (10 0 100(78) 0 
9 7 PDC/t BtiOOH 23 50 0 1 00( 93)’ II 
0 7 CoRn/f BriOOH 18 55 (1 100(>95)"  1) 
it 7 Cri(:lIt P,ttOOH’ 20 55 0 

()I,l.iirtt’d from ititegn-uniunr n1igriats in the ’H \MR of impurified reaction pt’islucts. Ratio nf3:tixidtrntts:t RrrOOH � 1 10 10 (’tiRr 
irrd CtiLt %%cTc used as catalysts. "Snorting natn�n’iol 7 was recovered quorrtinanivtty. 

’vY, ,lsir f’CIFCI"cJ 1,1.1) ollvlic fly. rclolic,rn r0 ;it ’l if) lts wit  

3 rIsing \d’1ocI:, cxiritn1s )’n ill nu’ Jotirl 

I) ni re 1MTr’fll:t’0t ttl-hrtI ,I lt\’c1cip0rr’t’si(f.’ i’hnrs. 
13-dl’oxybac’cOl in 11 to 

tci,1;iCrls)’((. J:n))(/, )’)4t-tO,. 1110,. alol ill 

jet" irl ;ei’r.�-bu tyi hydrnperosicic in ,,rdr ’r Ii., Oht.C: ill 

k)rou’ S. 1 )wever. the otricial ircn.t pave .1 rIlixirJr( ol 
5) 111 littp ltial.ei’ia) 3, t it’ It’111))Ot’i’iX’u 1)t’(Sfti(I 7, amid 13 
oxo-7’ O-( riei.l’rv)silv))bacc’tin III 18) Schcnr’ 2, ’1 ahlr’ 

I �4, \’hc"n tntcl 0)1(1 (:’ wcII 

e,r),tl’;’d’, ill itt’ e:’i.htjivI )rv.:ircpr’r’rxndr’ c,si,i,ltcr,r 

o;5i;< .’xj’i’;cii’ii’. fit polts,it (13.0 C I) 

50515 c cc 

:,f3{.,j,n1c.s;y.rtj,cjv tcr’rt-i,:c’n,c’ 
C . ,�o nt 1:;.: I, no: s:cIra (’ I I IH MIA 

I,’ IS. 1 tic: uc’u,ncu:c at ’’I I ,1’:s,c’u! 1I>ri’’ strut (’.’;J);.’;iu),s cc Ic’......1 
1. ’cci,) C )c St clIent’ Ii ’’,ccs ’etl,’,’:c’,) ’j"\’ I �,., 

sac’l, ’is .; 1-6.’.. cxi;’- (’I.. 
o, 

’1 : ct ,uic( cc) 1. .0- uc’c’,,�-’:cc IS 
N.., cc,,,. :cccc! c -tent kin’’. t’c’pc; ’c’.i 1,0 c’ncnp.scod 3 1.10 

11: 

I inn,’’’’’ rinni’ of Ire i’;.C’VrItc’ 8 ul’tliiliV’i) I i’a)rli’ 

S and 6. 1’lJrlijr)rpnio, I.Ic’,IiITitrii 111 3 0001 CiSc)’, 

tri’t-l:rinyl hvdrofu’r’osicii" in i:n’fl/(’itt’ Si 60  

lit’ lciiitialiotn ol ftc’ fi’/’!l)t11.’lp(’!’t)XV dt’nis’,tit’c 7 ’: 

OS the (lu tcSIvf’ ptodtcl (Sclr’ntr’ 2 .rCI ’ahle’ 

(’(is’ 

te;’t-hn 1’, JIti’cnxv ic)lnpflti rtd 7 OnES 0 lx rt .t’s 5,1 

in lit’ pal1rc’.’,rv le;’rdi;rg In l)tn kc’’eit’ 8. 

fors, tIn’ tompound 7 v. is 

ru’scc:i.i’d with ceii-,sccsvl hsilsncpemnxtch: nnil )’)0( iwr 

rid ’ itt order in. prodscc’ I 3-n�r 7  

iii II 8): Itc,\ce\I’t’ , itcitic’ ill liii’ dOSi)’’.’! 

iorn’tcd, etncl lilt’....,’s-(’it’ vlper’oxs’ ei;rn,1’inc;:td 7 

t’CcOV&-I’O(i ri Cf1 C7’O’S )Scenro’ ’2 arid ’I ablc’ 

lit.’ slr’r.’oeh(-titislty lii. CII tn :Iii �/j’) ut), liN.’Si)Xv 
tsortpoclritl 7 tv.’, (k’rrl’ti)i)I((I llrt’OciI_tIS r’.JCi ’lOch’’. ii’. 

cst’sn’rrl’ir,) ,’ifiuvt ho  )nt’ixrnu (.otiip(rtttnt’l 4,Itrtc.’ 

ol,loincd. 1110 S)(-r’Oe(ti"tflrs;rv ,if’ tic,’ I .-tr; C-

Sti: .1.

 �\ R. �..t C ’)s-:..,�.-1997 ’,x, fl’,) 3rito.ti A-; Wn:utt. �\. .10, C 5:0’ ’:::’’ 19911, .1 ()1L’ C/win, Vol. 67, jVo, 27), 2(102 71’11 



JOC z’.iot 

To eff.’ct I he ti d oct ive t:levage or the oxygen --oxygen 
bond in eir-hn:yipetoxv comixtucui 7 to (or-tn I 3--epi-
baccatin III 9, a variety of hydride delivering reagent.s 
were used, including L1AII14. NaH14, LiBI and t - 
Sekcit ide. I 1owe’er, none of these i-agents provided t tie 
des Hit proctuci.. The results of these react ions included 
multiple eSter cIeaage products or recovery of the 

starting toxarie diterpene. Dimerhyl sulfide. triphertyl 
}usphirte, arid trimethoxyphosphirie were also onstic 

cessfuih’ employed in the Eiempted reductive cleavage 
of We oxygrre-oxvgen bond of peroxide 7)8 Therefore. 
we turned our attention to Snii1 as a reducing reagent. 
which cleanly reacted with 7 to genera-u- the desired 
product 13- op(-7- 0-( i. riet hy Is i I yJ) bacca tin )1 (9) in xtel 
letit yield 1,8(0/6, Scherite 2) The coupling constants 
bet.wc’en H 3 and both H l4ci and 1414ji of 3-epi-7- 0-
(t.riet ;tvk,tvi)baccatin NI (9) show (1.7 and 3.5 lIz. re 
spet:l ivel y, which are sEmi lar in those rqxirled before (rn 
1 3 -cm -pad ia xel - 

in 1995,  the syntheses or i 3-ctj;i/-paclitaxel and 4 -tie-
-1 3 ep baccatin 111 via removal of the 4-acehi 

group or a 1 3-ketobacratin 111 deris’ati-e were pub 
lishCd.Ic The free 4-1.hydrocy group assisted in the trans -
annular delivery ol a hydride 1MetNBI-1(OAc.):1 to ’he 13-
1(1’ torte moiety yiolcii tig the corresponding yl 13 
ep.-hat:caiin I’1. The new two-step preparation of I 3-’pi-
bccatiti 111 from I 3-deoxy-7-0-(trietiiylsilyi)baccatin III 
by tcrt-hutyl hydroperoxide oxidation followed by Sm12 
reduction avoids the deacetylation turd reacetylation at 
(:4. 

Mltsutiobi i conditions were then utilized in an attempt 
to inv’ri the C13 stereochemistry of 13- epi-bacceriu ill 
9: I lowivet, St an irig ma ti’tia( was recovc’red in at! C aS(’S 

tti4 ICC!. I hCSo results are III tgre(’!rieril with t’iC 
uhserva;. ion rhal, the cup-shaped conformation of the 
3\30c direrpene ring dislhvors reactions at C 13 front the 

(:nrii:itvi’ side 01 the molecule.1 
3- ept-7-0-TriethyIsilyl)baccatiri 111 (9) was treated 

with retrapropylanirnonium perruthonitte (TPA}’) and 
V-m(-ihylniotphotinie 1\-4)Xide (NIMO) to obtain 13  ool,7 
i3 (t.t’ietJrvisil’i)bat:cat.ij’i 111 (8) in 811/o yield (Sc herric 21 
1’he structure of 3 was identical in all respects to the 
compound described in the literature. r Compound 8 
can be convert ed rogio mid St ereosc-(ecr I vr’ ly to 7 
(tnit’i.nvI5.iIvI)bac:cat.in 111 by reduction whir NaBlIvITA 

in conclusion, an r’t1ictnt synthetic: pathway has been 
devc:loptd to prepare 13- epi-baccal:in I] I by oxidation of 
13- deox-,’ -7-0- (i rietl-iylsilyi)baccat in 111(3) With tr1-but.y1 
perosirit’. ollciwtd by reduction with Snii I 3-epl- 7-- 0-

7 loIre ba rant’ - N : (’t-i wn nr’okaran. S - I Jon 1987,  72. 
;ci1 

-�io 

(IS: S1-irrra. ’r S:r,innntr;. t.. SISISU:. r C/nra; I ’fl. 3993. ¶(tS 
HAI 

I ’a Kick . I’..: Mrfturty.  

(:1(1 Ri’iiocrr. N1 .’.: Vsrirjei’ ’’c’ide 1,1. C., ,’etx’- .1.. C,c’or.. 1. 1.. 
.tvsnitr’. I I-I .?. Org. Cit-a;, 1995, 67, lCtlb-1b2! 

:t c-a!ii:i:ri1 (9  irdi thy) r’rJtIiC.’iitiOX%hei (DI-AU), t,i’,JOIO 
5114,1 . ton .’Icrnir. aid (or ; -_.,-id) ii’ tOOli’l 

a; 00 ’C rer,Irrnd iii ti-un, fr,rrnr,rit’r,of e:irnnat Jo prniucr H instead of 

pr.di;rg becrai’in iii 10 (Sriwnno 2). Other conditions for tho Mit-
SJtI(IEOI ic:rr.;o;i of 9 v,’r’-rs’ ::r*5ST gc ix; to) ti Ohers ;’hts:uh ne. 
nitr 0tikI,,’&iO leSt), 1Lt!\t), :it r earn r.en1r ratir’-’ :1, ti!-’’ (C) trphei - 

flC ’-j’Qb(ffl-i(OC j6 d. l,itf’.At), .0 90 0 01 trilL ne; (I tr;r111-t hs’Iphosphlfli’. i,’ uirrobenzc:c ,icicl. DIC’,L). ’IL room rrriparai U1’if in 7142 .1 C’iq. Chem.. Vol 67 Air, /0, 2002 

(Jiii’thylsilyl)harcatitt 11.1 (9) ws oxidized to I:--O 7--
U (tnie lrisiivl)barcat.in UI (3) using TPAP/NMO condi - I ions. Experimental Section 

General. ’H N4F( And 13C N\4i- spectra were recorded ill 
CDCk on a i3rukor 1)UX-4{$) spectrometer operating at ’ItO) 

MHt. and IOU \tI-Ii, respectively. }-ligh-i’rnsolutioni niass enec-

trornetry (i-IRMSI spectra ’.sirfl otrtalned on a \/C insiitinwnt 

/.At? deunle-rocusltip, mass $pcTrometer, Colurnir c.bi’oratc;gl.’r-

itt-s was uan’i.id out empto\lng silica gel (EM-931155. 230---400 

rn-’sh) - Arra1’tcaI chin layer chromatography (Ti .C) was p4’- 
Thrnwd on a silica gel 60F-a plate (FM 5717, Merck). Sntl2 was trc’shiv prepared from. samarium i-octalande I .l-riltoc!cwihnucn 

using the pcntedut’e described by Kagan. ’I’HF  alid CH:Ci; ’’ems’ 

distilled befw. use. and anhdruiut; solvents were )1nirf1l0Se4; 
ccmmercialls - 13 Deoxv-7-o-(triethylsityl)baccatifl 111 (3). liii .Suntl,tilrI of I3-dc-oxshaccatir UI (2 102 mg, 0.18 mmnol) in DM0 (3 

were aided TI7SCt i3W, st 10 tnq;riv) and 4-.(dirnctbs’timina)-
pvridirir (ta rahitic soon". 100 r’eactioir mist ore was WWII red at tonic. i i’rnr’ua; on. to,’ I i-s and then poured irit ii h:e waler 

Cl iTIU, and CXI cart-nd with C}-1.Ch’. let organic eat 
washed with 10% 1401. satin’aid Nat-117O-1, and We saltition, 

(hr organic piwrsc’ sins dr-id aver ;sntredrOi.s Nil-SO4, and the 

ssas rcrnc’ved under redu;i-d p’4t5;ur’4 . The ,’t-n,idu� was 
purifled tv fl-isl’r silica gel nolunirn nlrr’rurnatogr’aptv (2-1 H t’.tIve 
hcxane) to give 3 (1 7 rag. 95%) as a white ttlid. nip 208 -2-01) 
"(./’-() 74 Ill FrOAc.’hcxsrne); air’ -ii 3 IC ((.500. (71-ON) 

(he Structure cit 3 was identical in all res1ri5 to 0w (ompund 
described itt the literal tire. ill.: 13-Deoxy- I 3fl- rer-r-butyIproxy-7-a(triet}ryIsilyl)hacea-

tin 111 (7). To a :-siriu!iOri (if I 3-deoxy-7-C7 (r r?i’rhdsilvl)tacceiin 
lIt (3, 80 trig, 0.12 nntnol) in hcnzene (5 rot,) in rillUi --water bath was added o’rr-hrmts) hydropeni’uside (400 !.l 70 

water). The reaction mixture was heated at hi) ’0 IN 7 Ii: it; 

reaction was quenched si’rtlr water (5 niL) - rind the next tied-’ ten’ 

and i-xirartd with Ut OAr. I he organic Iaer won; 631d anhdrous NqS0j and then rho solvent was �n’axinut i:tl. ’lh�; retinue ass puniflcd by flash silica gel co.tu:rnn rhroittetng:’ophy 1;4 l tOAt,hexanel to gise 7 (7? rag, 18%) as a a-hOc solid: olp I 1:9--- 170 In f/’0.54 (1:2 t’.rOAc/treaamre) 117 Ilsi-In) ’’ 37.1)0 1W. 2q61;. 2875, 1745 1724, 1716 1370. 1238, 1 HE on : 41 MR O &t3 W. .,’’ 7.1 Ha. 21-4), 7.62 (i...i 

74 i-Ia.. tH). 7.:! (1.1 = 705 Hz, 7H). () 40 U. I HI 5.05 (d. J 634 i-I,. rH:, 4 99 Id. --8,0 

8.0 15, iHj. .147 (dd. I = 6.9 itt) H, it-I). 4.34 (A of At. ). 

J= 8.1 lIz. ti -I), 4.20 (dd. 1 30 9r); (a, lj’I). 4. jO (I) 4 At?. 0. 
141 Eli: to 360 p1. 2= 6.8 i-Ia, lii). 211 NO 2" 9.0 ii:.)) H:’, IH. 2.56 (ni. tH). 2.37 (s, 31-I). 424 c, 3M 271 ),. 3l-t(, 2 16 (Od. .1 = 2 :1. 10.0 Hi.. IHt 1.149 (in. I K. 1 09 ts. OH). 1.25 (s. OH). 1.25 )s. 31-1). 1.19 )s. 3111. 0.9-i )t. ,1= 178 I’D., 0)11. (1.(r9 (do = 2.2, 7.9 f(i. Gil): ’0 NMI- a 2020, t7i) 6. 16)1.9. 167 2, 140.5. 138.2’ 134.0 13115. 120,7 120.1) 84:4, 1434 

fl 7. 80.6, ’/6,7, 76.4, 73.4. 12 8.59 3. 47 3, 42 0, 37.8, 33 9, 32.11, 21.1, 22.1 21.4, Go 10.1, 7.2. 57. I--I!2M3 tl-’Al?) a-sOc n :Icd or (.41H510SiN IM 1- s)L3I+ 7911.4108. found laFol, ---3.64 U 0.560, Cl-IN.1) 13 Oxo-7.0(trierhylriily0ac:catin 111 (8). la-a 5(11111 10’; of l3.r1-,/-7.0-t)rieth-lsilyi)hicc.ar1n 11.1 1A 1 erg. titt() 4

 oniol) It. OH11 4.3 ml..) wet-c aiidd 3PAP (cra1viic amrtttnu) ;eal NM)O 2 r’g:. the reaction ilixture was t-iii’r-d at roofn uraulpelcutuse 2 h Thu solution was purified by fi]tl’;in 41-el Silica gel (1.3 Er OA fhexancn) to give 8 (0.6 mg lIt tO) 3;; ii ’,s’tune silOS /7.’ lISt) (1’ F.tC)Acf1-jxanr1. ’liv: striici tire of 8 ’.s,s itluntirOl in: :111 respects to the co,nnjourrti.I d4’srm’i’iit’d in the iitJ’nilit IC 13.cpi-7-O-(1’r1cthyIsIIyI)hacctifl 111 (9). 1’- ,i ’,nJ;t:I lunr ’I 7 (20 tog. 0026 10;W.10it; Ore ’tHU 7 rot.) tinder itrin i.e’s ;tddc’;l Syj (0.1 M srj)utiort in Fl-lU) ur0 the tTk’r ul ii-’ r(;::: 74i (.,4rr) P, Nsirty...t 1..: Ks,gan)-t I"...1./hi,. i.,’. /.......(05(1 11.2. 2693-?1tI18 
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Con fundamento en lo previsto por el artIculo 43 de la Decision 486 de Is ComisiOn de 
la Comunidad Andina, se le comunica que la oposicion presentada por el doctor JosØ 
Luis Reyes Villamizar, en su calidad de apoderado de Tecnoquimicas S.A., reUne los 
requisitos formales exigidos por la ley al momento de su presentaciôn. 

En cumplimiento de lo dispuesto en la citada norma, se le concede el tØrmino de 
sesenta (60) dIas hâbiles 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 dispuesto en el numeral 5.2, literal e), del 
capItulo quinto del tItulo primero de la Circular Unica NO 10 de 2001. 
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