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" FIELD OF THE INVENTION

' The present mventton relates to a novel process for the preparatton of Cabazttaxel

~ and ltS mtermedtates

' BACKGROUND OF THE INVENTION

e '-“Cabazltaxel éxhibits notable anttcancer and antrleukaemrc propertxes Cabazrtaxel

10

)

chemrcally known as 4- -acetoxy-2a- benzoyloxy 5B, 20- epoxy I- hydroxy 7B 1OB
dimethoxy-9-oxo-tax-11-en-13a-yl (2R,3S)-3-tert- butoxyoarbonylammo 2- hydroxy—

3- phenylpropronatc and is represented by the fo]lomng structural formula:

The compound was dtsclosed in US 5 847 170 (heremafter referred as Us’ 170) Itis |

sold under brand name Jevtana as 1ts acetone solvate Cabazrtaxei 1S prepared

accordmg to the method which is descrrbed more partlcularly in US 170

Although Cabazrtaxel Is a very lmportant second hne treatment for thc metastatrc.

CRPC there are still limited reports on the synthesrs of Cabazrtaxel Aventts

' reported the first synthetic route - of Cabaataxel n- US 170 startmg from LO-.

deacetylbaccatin Il (10-DAB). The synthesis consisted of rn.o_re than five steps with

a very low reported yield.
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US 5,962,705 disclosed a process for the taxoid derivatives using alkylating agents

such as atkyl halide»,_a»_lkylr.sulf»at‘_e,"o_xorri'um- in the presence »of_a‘n anionization agent.

- CN 102060815 provrded a method for the conversron of Docetaxel to Cabazrtaxel by -

using drmethylsulfate as an alkylatmg agent in a weakly alkalme orgamc solventv

 (pyridine).

| " CN 102285947 reported. the synthesis of Cabazitaxel by methylating the 7 and 10~

OH in 10-DAB srmultaneously to furnish 7,10-dimethyl-10- DAB which was 'then
coupled with a protected (3R, 4S) B-lactam followed by deprotectron of the 2-OH,
the total yield is approxrmately 18.0% for 3 steps.

Thus, there is a need for developing a process for preparation of cabazitaxel and its

key intermediates which is not only feasible at industrial scale but also meets

economics of scale in terms of yield.

- OBJECTS OF THE INVENTION

20

25

It is an object of the present invention is to provrde a novei process for the_

preparatlon of Cabazrtaxel and rts key mtermedlate

Another object of the present mventron is. to provrde a process for preparmg

Cabazitaxel using chrral auxrharres

Another object of the present mventron Is:to provrde a process for preparmg

Cabazrtaxel from Docetaxel
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- SUMMARY OF THE INVENTION

e '_'I‘n one aspect the present mvent10n provndes a process: for preparatlon of cabazntaxe]

(I) comprlsmg methylatlon of compound of formula ([I)

(in

. Z represents a hydroxy protectmg group, R1is C(O)OC(CH;);,
Usmg a methylatmg agent methyl trlﬂuoromethansulfonate to get compound of

’ ‘, : formula (IV)

F c,qnve'rﬁng-;,_conﬁbpund of formula (IV) to cabazitaxel (I).
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Yet another aspect of the present mventlon provides process to prepare cabazltaxel
(I) comprlslng - ’ ' ”
reactlng a compound of formula’ (II) wherem Z= triethyl sxlyl

wrth _‘methyl; t_r-_1ﬂ,uoro,_rn_ethansulfona_te-t_o_vobtarn compound :of'formiula.(XII)' :

(X1D)
converting cornpound of formula (XIT) to cabazitaxel

10 In another aspect the present mventron provides a process to prepare cabazitaxel (I)

comprrslng selective. 2’ deprotection of compound of formula (XI11)

C

15 In accordance w1th another aspect of the present mventlon there s provrded a

process for preparatlon of cabazrtaxel where novel and chiral brs lactam of formula

5 (V).
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Rl is. deﬁned above Aris a phenyl group and Li isa cleavable lmker

-5 1s reacted w1th a sultable taxane precursor of formula (VD)
h H,co o
HyC
HO#H1e
o]
OH (%cocsH5 cs)cocn_.,
ENCOR
to give a compound of formula (VII)
o . H,CO, o
. R
A HiC
I;JH o] AN
E N CSHSI:/.\E)J\?""”.{“
A o
9. cE BN
: I OH._ OCOCsHs OCOCH, .
: e 0
.LA .
o
‘ OH  GCOCsHs OCOCH,

" cleaving ihe linker from compound of formula (VII) to get-cabazitaxel (I).

ln a further .aspect the prescnt invention provides a process to prepare c%b'urmcl

15 whrch comprises reacting compound of formula (VIH)
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HiC

L HIOAI_lIIun‘

"
ococsnS B ge
| BCocH;

(vm)

. w1th methyl trlﬂuoromethansulfonate to obtam compound of. formula (Vl)

5 o . : dcocH,
(VD)
reacting compound of formula (VI) with compound of formula (IX)

Boc, a

N

. e .
o CgHgW!

o (1X) |
10 BOC CO(O)C(CH?»);, W= =alkyl ofl 30 carbon atom.

to get compound of formula (X)
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" OCOCHs =

(X)

conve@ing corﬁpox_md of fofmula X)to cgbazitaxel Q)
| DETAILEi) DESCRIPTION
- The present_inyégtion iprbviid‘e:::s pt'oc_e‘ss' for_»prep_ari’ng .ca_bazita'xel.. o
._Avccor_di.ngly, 'the_:present iﬁventio‘q .;ﬁrov.:i.d‘es a process fQ'r meiit.hyl."a‘tioﬁi"qlf vthei::.tv';/o =

" hydroxyl groups at 7 and 10 position of 10-deacetylbaccatin or derivatives thereof of
e | S
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) In which, X re‘présents H-or side chain of formula (III)-

N

HR,{ o}

_ (i) - . -

i '_,'b‘ywherem Z represents hydroxy protectmg group and Rl is C(O)OC(CH3)3, using '."

5 methyl trrfuoromethanesulfonate as methylatmg agent ThIS process includes dlrect"’_
: conversnon of docetaxel to cabazntaxel or methylation of 10- deacetyl baccatin and

further conversion of 7,10 dimethyl baccatin to cabazitaxel.

More specifically, according to one of the aspects of the present invention, processes
[0 for preparation of cabazitaxel using docetaxel are described.
Accordingly, in an embodiment the present invention provides a process to prepare

cabazitaxel wherein compound of structural formula (XI)

E .' _f | Xy

H;CO

NHBoc O HiC

ettty

CoMls . y O\\W.h

SIEty

Ollhn

on =
. OCOCsHs i
" BCOCH,

(Xt
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The compound of formula (XII) can be converted to cabazitaxel

o “The process can be further exemplified as following scheme'

")2Zprotestion
2)7.10-methiylation

3) ' -deprtotection- -

e e L : : o S, < BCoEH;
5 .o Docetaxel Cabazitaxcl Lo

In another aspect the present invention provides a process for preparing cabazitaxel

| by selective deprotection of compound of formula (X1IT)

HyCO

CgHs

0

oy

C e

: - Theprocess ¢an .b'c_fu.rth_er’exefn‘piiﬁgd’a-s foI-IOW'in,'g*s'C;'h'élh_e" v
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2'7,10-methylation

—— Y-

Docetaxe!

selective.2'deprolection

Cabazitaxal

- In the process of present invention. protecting group can be selected from any

suitable hydroXy protecting group preferably a silyl protecting group such as triethyl

silylis used for the purpose of present invention.

The protection react’ion or can be cartied out in presence of a‘suitable sofvent and
base. Solvent .can be. selected from any suxtable solvent such from the group

comprlsmg of nitrile,. chlormated hydrocarbon polar aprotlc solvent ethers and

- mixture thereof Base can be selected. from morgamc such as. alkalt metal or alkali
' earth metal carbonate or btcarbonates metal hydroxrde orgamc base can be. selected' |

’ from group consisting of alkyl amine llke trlethyl amme morpholme pyridine llke:.

dlmethyl amino pyridine, piperidine or like.

Protection of 27 _OH is followed by methylation of 7 and 10 hydroxyl group. The

methylation is carried out by using methyl"tri'ﬂtloromethanstllf_on'at'e (methy! triflate).
The reaction can be carried out'in presence of solvent and base. The solvent used in

methylation reaction can be selected from any suitable organic solvent such- as
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IER Rl is' defined above Ar 1s a phenyl group and Lisa cleavable lmker IS reacted wrth'.”" '

20

solvent selected from the class of ester, ketone ether, cyclic ether or like. The base

.can be selected from any base sultably used in methylatlon preferably salts B
-hexamethyldrsrlazrde are” used m present process: 2°,7,10° methylatlon can also be e

carried out in presence of suitable so]vent and base. -

_The protected cabazitaxel',thu's'.prepared:can be subjected to deprotection.or selective - "

deprotection: in presence of .base. Preferably a mild base such as. tetrabutyl

“ammonium fluoride is used.

The above process of protection of ~OH group, methylation and deprotection or
2°,7,10 methylation and 2’selective deprotection to get cabaZzitaxel can be carried out

in a single step 1.e. without tsolating the intermediate stages or in multiple steps.

Another_ aspect of the present invention is to provide a process for the preparation of

Ca_bazitaxel, where novel, chiral 'bis-lac_tams- of formula (\_/)»,

R}N——‘——f/ ° Cv)\h—wr«n
§ Ar/ ‘.\‘O_—*.—-L—f——-b,/-.-' - \. A
. (Vj .

a surtable faxane precursor havmg a free C-13. hydroxy group

'Ac'_cord'ingly-, cabazitaxel can b_e:p_rep__ared‘b‘y reacting taxane precursor of _formu.la

(VD:



-
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THCl

HOllll‘l‘u-
oﬁ’ =
oy

~ . 'with a compound of formula (V).to give a compound of'fOrmu_la (Viny

HCO, -0

2

/
&
o

nz
X
)

. - g
.o__... r-;— Ottt {

(‘VII)"

) Ca‘baiitaxel i‘s".re_leé'se_d from the cdmpound of forrhula (VII) by cleaving the linker. .
".T'hev cled{/ablé'li,nkef.'[,‘:cén..'bér ch-ifal-dr'hén—cﬁir'al, pfeferably _“selected fromv_t‘h'ebi .
-group  consisting . of - hydrolysable ketals, " acetals; sillyl, esters, diesters and

hydrogenolysable benzyl group.

Further L cah.be selected form compound of structural formula
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\C/ \ / \ ey /
/\ /\ /\

/\

RQ Rg Rg

“wherein Re and R'c, identical or different are alkyl, aryl or hydrogen, Rd and R'd,

identical or different are alkyl, aryl or hydrogen Rf and R'f, identical or different are

5 alkyl, aryl or hydrogen Rg and'R'g; identical or different are alkyl aryl or hydrogen
W is an alkyl. Further W can be an alkyl of 1-30 carbon atoms.

In an embodiment the taxane precursor can be prepared by reacting 10-deacetyl

‘ baccatin Iif of formula (VIII)
He

S HOMUI

10 . B S .H;Q' " 0COCsHs BCOCH,
| (VI |
wrth methylatmg agent, preferably methyl trrﬂuoromethansulfonatc The methylation -
" reaction is carried out in presence of a base preferably the base used herein is salt of

hexémethyl disilazide like sodium, bpotassium‘ lithi’um hexamethyl disilazide. |

s . [he 7; 10 drmethoxy 10- deacetyl baccatin- [{I (V[) thus prepared

éCOCEHs <§3<:QCH3 ( V[)
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is reacted with N-boé{bié lactam of formula (IX)

Mo ——si

5 L . (IX)
| BOC CO(O)C (CHB) W“alkyl ofl 30 carbon atoms

to give compound of formula (X)

oo

o ’The reactron s carrled out in presence of a suitable solvent and base. The proeess'-"

'_Ycomprlses reactmg in presence of solvent selected from class of ether, cyclle ether

_‘ester halogenated solvent hydrocarbon protlc or aprotle solvent. The base can’ be,'*.'“'"

selected from any surtable base for such reaction preferably the present mventlon,
IS uses salt of hexa methyl dlSllazlde such as sodmm potassium or llthrum hexamethyl-u

dlSllazrde
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-Compound of formula(X) is subjected to a'reactlon for cleavage of linker to get’

cabazitaxel. The teaction can be camed out in presence of solvent and base. Solvent '

can be selected: from any sultable solvent like ether such as tetrahydrofuran ketone'

lsopropyl alcohol nitrile such acetomtnle or. llke The solvent can be used as- smgle- x

solvent, as. mixture or as a sol-vent antisolvent combination the_reof.

- Cabazitaxel thus obtained can be further purified by treating with solvents, such as -

acetonitrile, diethyl ether, benzyloxy methyl ether, benzyl ether, petroleum ether,
ester such as ethyl acetate, alcohol such as ethanol, methanol, isopropanol either as _'a_; :
single solvent or a mixture of solvents in different ratios, preferably in acetonitrile
and an alcohol preferably methanol. Cabazitaxel could also be purified by cotumn

chromatography but yields may be at lower side.

Following are the specific examples describing the mventlon These examples are

 not mtended to limit the scope ofthe invention in any way

- ’EXAMPLES

| ",-‘;Example 1 Preparatlon of (2’ Tes docetaxel) (XD

20

To a mixture of docetaxel (807-mg) in 25 ml of dlehloromethan_e at 0°C was added
ditnethylaminopyridine, (122 mg) and triethylamine (0.278‘ ml) followed by triethyl:
silyl chloride (lSOmg) ‘The product was isolated by extraction followed by-

- evaporation of solvent, purlﬁed over silica gel using hexane/acetone as eluent to’
. -obtain. approxtmately 800 mg of2’ -Tes-docetaxel, in apploxunately 90% yleld
25 | |

',Example',2:~Preparation of 2’-Tes-7,10 dimethoxy-docetaxel (XID)

To 2’-Tes-docetaxel (S00 mg) in 10 mlof THF at -30 to -50°C was added LIHMDS,

(1ml) and methyl trifluoromethansulfonate (0.120 m1). The product was isolated by
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T éxtraction followed by, evaporation of solvent; purified over silica’ gel- usin'g' :
-_dlchloromethane/methanol as eluent to obtain approx1mate]y 464 mg of 2’ -Tes 7, 10- =

: ‘ 'dlmethoxy docetaxel in approx1mately 90% yleld

. Example 3: Preparation of cabazitaxel 1))

" To “2’ Tes-7, 10- dimethoxy-Tes-docetaxe! (380mg) in. 10 ml of tetrahy‘dro’fufan at
~ room temperature was added tetrabutylammomumﬂuorlde (800u1) The product: 1s 
- isolated by extraction and evaporatlon of solvent punﬁed over silica gel using

_ dichloromethane/methanol as eluent to obtain approximately 275 mg of-Cabazltaxel,

in approximately 80% yield.

Example 4: Preparation of 2,7, 10-trimethoxy-docetaxel (XI1I) _

To Docetaxel (2 g) in 25 ml of tetrahydrofuran at -30 to -50°C was added LiHIMDS,
(7.4 ml) .and methyl trifluoromethansulfonate (0.8 15 mi). Followed by exltractio.n and
evaporation of solvent, purified over siblica gel using diéhlorbmethane/methanol as

e]uent to obtam approx 1. 7 g of 2°7,10- mmethoxy docetaxel an approx1mately 80%_

' .yleld

Example 5: Preparatlon of Cabaz:taxel M. -

To. trxmethoxy—Docetaxel (850 mg) in 25 ml of dxchloromethane at O°C was added

~ aqueous solution of HBr (2 ml) and allowed the reactlon to complete product was

isolated by extraction and evaporatlon of solvent purlﬁed over snhca gel usmg

_ “dichloromethane/methanol as eluent to obtain approxrmately 600 mg of cabazitaxel,

in approximately 72% yield

“Example 6: Preparation of 7, 10-dimethoxy-10-deacetyl baccatin ITI (VI)

“Under Argon, 243 g of deacetyl baccatin in 50 ml of tetr‘ahydrofurén \Bva%; cooled :

to -30 to -50C followed by the addition of 1.23 ml of Methyl triflate and 9.8 m! of
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~IM LiHMDS. Product was isolated by extraction followed ‘b'y évaporation of |

solvent, puriﬁed over silica gel using dichloromethane/methanol as eluent to obtain |

'approx1mately 2.2 g of 7, 10 dlmethoxy deacetyl baccatm in apprOX\mately 87%
.'.-yle(d . : e _ : o

: Example 7: Iireparatioh__o"f"C(i)mpotmd_ of fo_rmvula‘ X)

" To 82g, of 7 'lO—dimethOXy-deac'etyl baécatin in a mixture of tetrahydrofuran _and: |

dlmethylformamlde was added 7.363 g N-Boc-bis- lactam and 15 m'l of I' M " 
LiHMDS at 20°C to -30C under argon product was lsolated by extraction, followed

- by evaporatlon oftthe solvent to afford approximately 17 g_of-d:lmer compound .of

formula (XI).

Example 8: Preparation of cabazitaxel (I)
To 3 g of the dimer (XI), in 20 ml of tetrahydrofuran, at 0°C was added 3.8 mi of
tetrabutyl ammonium ﬂuonde and left stirring under argon. Product was isolated by -

extraction followed by evaporation of the solvent to afford ~approximately 3.17 g ofi ‘

Caba21taxel

17
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~ We Claim:

1. A process to prepare cabazitaxel (I) comprising e.l_‘st'ép‘ oft

) _reaétirig a compound_'of fdrm-Qla:EIi-‘ :

in which X represents H or side chain of formula (I1I) :
NHR, o)
‘ (110).
o

Z represents a hydroxy protecting group, R1is C(O)OC(CH3‘)3

with m_e_thyl trifluoromethansulfonate to get compound of formula (IV)

HCQ
AN : fo)
HyCo .
CH; | OCH;
*O\un‘"‘ ' .
oH N .
¢ 7 OCOCeHs 2 (&)

vy
15 2. A process to prepare cabazitaxe’lvéqmprising a step of:

reacting compound of formula If

18
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w

wherein X,;épresen'fs side chain of formula (1), Z= triethyl silyl |

HR, o

sz

(4

(111

with methy! trifluoromethansulfonate to get a compound of formula (XI)

3. A process fd'pr.e'pare'cab.ézita}(el comprising a step of

selective 2 deprbtection of compound of formul‘a (XTI

e
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4 A pro C»es_‘s to prepare cabazitaxel (1) éomp‘_qising a step of
'_feaCting ‘qérﬁfpduhd c')f:f'Q:r'm,.u_'la-(;V') T B
N

B NS
V)

wherein R1 as defined, Ar is a phenyl group and L is a cleavable linké_r

:.. AR{N?—“’.//O o

with a suitable taxane precursor of formula

HyCO, o

HiC_

HO 1t

10° ' S - .OH  BCocgHs BeocH,’

v

o get compourd of formula (V1I)

O o e Ottt

OH OCOCgHs OCOCH,

_.15 o : o
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5 A process to prepare cabazrtaxel comprising steps of:
a. reactmg a compound of formula (VIIT) with methyl

trr_ﬂuorome_thapsulfonatg :

HyC. *
UH‘Olm’u--
Ho 0OCOCsHs OCOCH;
(VII[)
to get compound of formula (Vl)
10, D
B b reacting compound of formula (VI) with compound of formula (IX)
- e
* e N
_ (IX) .
15 :' R ' tQ get compound bfforrnula (X)
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. -Boc” - . BeocgHs £
. e - OcocH,

X)

wherein w= alkyl having C,-Cj

¢. treating compound of formula (X) in presence of solvent and base to

obtain cabazitaxel (1)

6. A process according to any. of the preceding claim wherein solvent selected
for protection is selected form the group consisting of nitrile, chlorinated
_hydrocarbon, polar aprotic solvent, ester, ether, cyclic ether and mixture

thereof.

7. A process according to any of preceding claim wherein methylation is carried

" in presence of base.
8. A process according to- claim 7, whérein base is selected from lithium

hexamethyl - disilazide, . sodium hexamethyldisilazide and potassium

hexamethy! disilazide.

22
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