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10- deacetyl baccatin I1l. 15 Background and Summary of the Invention The

i nvention relates to the synthesis of G4 nethyl carbonate anal og of
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\ I 20 and i®ternedi ates useful forRelategARplications of novel antitunor

agents starting- f roﬁég?gﬁc%@iﬁﬁtcﬂl%f&ﬁ nbéﬂ&%?ﬁ&gﬁTﬂggs?%?gﬁéﬁds

formula. | is' superior paclitaxe our al srte
MLO9 nuri ne | un§tates Provisienal APPlicatidnuiNen6@/648,892 Hiled Augast 1990 aénd

ind HOCro. = o EhitE ORI R T P AR TN 3P APACL R B S o
xenograft. In t METHMUCARBGNATEANALOG) ths entite contaptiolwhich aire about twi ce

as potent a?opaﬁxlcb}?p%gtled hcerféﬁbglrgfe%néehe conmpound of formula I

Brief Description of the Invention
The present invention is directed to the synthesis of a paclitaxel C-4
methylcarbonate analog from 10-deacetylbaccatin lil.
15
Background and Summary of the invention
The invention relates to the synthesis of C-4 methyicarbonate analog
of paclitaxel having the formula
Ph/U\
Ph

20 and intermediates useful for the preparation of novel antitumor agents starting
from 10-desacetylbaccatin (10-DAB).
.+ The compound of formula | is superior to paclitaxel in four distal site
tumor models: M109 huﬁne'iﬁng carcinoma; HCT/bk humaﬁ coldr'.:'car'cinbrha '
xenograft (multidrug resistant tumor model); L2987 human lung carcinoma

25 xenograft; and HOC79, a clinically derived Taxol® unresponsive ovarian
carcinoma xenograft. In the tubulin polymerization assay, compound I is
about twice as potent as paclitaxel. Crystals of the compound of formula |
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-1 WD 01/10856 PCT/US00/ 21260 display noderately increased solubility
relative to pacl’itaxel in typi cal taxane vehicles and thus offers the
potential fo OJYM® stration of |ess crenophor per dose t BGh

currently admni stered w t h paclitaxel. Previously, the original synthesis

of the G4 net hyI car bo anal o acl it axel required
protections of @iSPlaysRg ga 'Mnﬁ"%%ﬁdi?r Egreégtavg,tpyqa "éf‘ﬁ'éﬂék’P"Pﬁ’@@“?m s of
C- 2 benzoate an@eﬁci%s@fattﬂwoﬁémhe%t@ma%r Gdrhiristrhtfonof 186K rBNbh& pBIPS as

cyclic carbonate; formation of C 4 mnethylcarbonate; regioselective opening
of the carbonat doseth%ﬁhatpur@rﬁ'wm&t%e with paglig¥ell  of protecting groups

to prepare | as indi p?é\g&_,gl tR€ BRGRalls %gqﬁqﬁgd_‘; har 5 hesi s
of I from Paclitaxel % %ﬁicé_ﬁnoaﬁ Ph111l Nthét!&@éa&éﬁ%%aggéPh oi |
OH HOBzO ; osonpanbta_«xe! (%c@%rqume@coonmoﬁ G-2Rae-D hydroxy gpsugs assily Ove
Ph' iii QOIBS 0> BRAN .- alj OrBs
HO HO HO O O OH%(%I%QQ hy%rg%gi)s%f %2 B8 @ ah &-9 a@agé, d%t‘a%% of 8-h| and &-2
hydroxyl groups as cyclic carbonate; formation of C-4 methylcarbonate;
regioselective opening of the carbonate to install C-2 benzoate; and removal
of protecting groups to prepare | as indicated in Scheme |.
10

Scheme 1 _(Prior Art) - Synthesis of | from Paclitaxel




0 PthHOAcOOOSi(i-Pr)ZOVE Ph 1JI1I NH O _ OSi(- Pr)ZOVE PhO, v Ph = a

01 OTBS 00O OHO7 0 ~0O 0 -2 fi

PGT/ 1J8001‘§(15%§5%0 PhNH o AcO O OSi (i -Pr)zOve vi PhYO' %km%%é 0> |
OO O0O08 05 Conditions: (1) TBDMSCl, im dazole, DWF, 4h, 90% (ii)

di i sopropyl di chl orosi | ane, inidazole, 12h, MeOH quench, 80%
crystallization fromIPA;, (iii) Triton-B, DCM -70 C --). 0 C, 4h, '
chromat ogr aphy, 40-50% (iv) carbonyldiimndazole, THF, reflux, 4h,

chromat ography, 75% (v) WHVDS, CL\@DXB THF, -78 C - 0 C chromatography,
85% (vi) PhLi, -78 C, H WHE,O 45 mi A Ims&mm;zogleaphy, 85% (vii) TEA-3HF,
THE, anbient tenp, chrorm{/og—rua@ Jhis original synthesis, however,
al t hough swta—bi—e-'r-br t he prépesa smal | ba.t_(ﬂﬁ.aﬁ.(< g of 1, is
not scal able to prepare |arge GLP 3ng G0 15 batches of 1 for the

foll owi ng reasons: (a) Triton B hydrol @,@\of conmpound 4 afforded conpound
5in 40% vyield after chromatographic p fication. Attenpts to inprove
this reaction were unsuccessful® Furthernore, a variety of inpurities 9-12

were identified and were difficult to renmove by crystallization or
chr onat ogr &phEonglitions: () TBDMSCI, imidazole, DMF, 4h, 90%; (ii)

diisopropyldichiorosilane, imidazole, 12h, MeOH quench, 80%, crystailization
from IPA; (iii) Triton-B, DCM, -70 °C — 0 °C, 4h, chromatography, 40-50%;
(iv) carbonyldiimidazole, THF, reflux, 4h, chromatography, 75%; (v) LHMDS,
CICOOMe, THF, -78 °C — 0 °C, chromatography, 85%; (vi) PhLi, -78 °C,

10 THF, 45 min, chromatography, 85%; (vii) TEA-3HF, THF, ambient temp,
chromatography, 80%.

This original synthesis, however, although suitable for the preparation

of small batches (< 20 g) of I, is not scalable to prepare large GLP and GMP
15 batches of | for the following reasons:

(a) Triton B hydrolysis of compound 4 afforded compound 5 in 40%
yield after chromatographic purification. Attempts to improve this reaction
were unsuccessful. Furthermoré, a variety of impurities 9-12 were identified
and were difficult to remove by crystallization or chromatography.

20
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| mpurities HOO O AcOOOH OH Ph 1k NH O AcOOOH HO HO' Ph O HO - '

. OIBS HO, , z5 Q;gg.sgzmcoo HO HOAaO 0 9 10 11 O 0 AcO O f¥Hr/bSopdsl! © HO O
Ph NH 1A II |(|-r)20|ve Ph G Ph 0.,. OIBS HO OTBS HO HO = 0 12 Caf
OHOH 13 HO -3 WD 01/10856 PCT/ US00/ 21260 N O N~ O Ph~N~O AcO

GSi (i-Pr)20ve Ph NH Q HO O CSi (i -Pr)20v Ph~O'" Ph~O" ' OTBS O OTBS HOBZo O
QOHO O OO 14 15 @@ (H) Synthesis of the cyclic carbonate of conpound 6
generated 5-10% §in N-acyl inmpurity 14 whigh was difficult to renove by

5 crystallization. (ﬁg:oTr e%gen of phenyl Ii_i,ht,lh&b:_[n Wi t h kKnppund 7 produced

approxi mately 1886 o CP10\dedcgt absi(-bH,OMdE COo QSH-FrOM8 wi t h

the product. (d) gou @@ pst  of t hePhhie ¢ uired the
.10 additional step @yggo! e rrat ography. SyatsgetiF 1« for the
preparati on of compound | & s previ ously disclosxd Je@ W94/ 14787;
Chen et al., "First Synt heg?s/ de Yo

14 15 O

(b) Synthesis of the cyclic carbonate of compound 6 generated
5-10% of an N-acyl impurity 14 which was difficult to remove by
5 crystallization.

(c) Treatment of phenyllithium with compound 7 produced
approximately 10% of C-10 deacetate 15. The compound co-
crystallized with the product.
(d) Purification of most of the intermediates required the

10 additional step of column chromatography.

Synthetic routes for the preparation of compound | have been
previously disclosed. See WO94/14787; Chen et al., “First Synthesis of
Novel Paclitaxe! (Taxol) Analogs Modified at the C4-Position”, J. Org. Chem.
59 (21). pp. 6156-6158 (1994), Chen et al., “Novel C-4 Paditaxel (Taxol®)

15 Analogs: Potent Antitumor Agents”, Bioorg. Med. Chem. Lett. 5 (22), pp.
2471-2476 (1995). However, none of these processes disclose the
preparation of the compound of formula | starting from 10-DAB. Furthermore,
the synthesis of the present invention provides a process wherein the acetate
group at the C-4 position of 10-DAB is reductively removed using Red-Al prior

20 to C-10 acetylation. As such, C-10 deacetylation side products are avoided.

Detailed Description of the Present Invention
in an effort to overcome these disadvantages, a more expedient
synthesis of | was developed. This novel synthesis provides for the synthesis
25 of | from readily available paclitaxel precursor 10-deacetylbaccatin (“10-DAB")
16 and is described in detail in Scheme 2.



Novel Paclitaxel (Taxol) Anal ogs Mddified at the C4 POSI tion"

Chem 6156- 6158 (1994); Chen et al. e}, V3 .6| taxel
(Taxol(r))‘al%% ’Hﬁgqoog Pot ent Antitunor Agents", Bi oor g. (ﬁ/edgh(’(%gm Lett. 5
(22), pp. 2471-2476 (1995) However, none of these processes di scl ose; t he
preparation of the corrpound of formu

tart Furth
the synthesis of t Hethjsnay @h?rqcﬁ%ﬁ'f‘? 9n4 5?%9?%}8;3% '0& SQA% Bi grt h:r e,

acetate gr OUglbe%\Peth%ethEkéy ReSihédiatedh tﬁé)smvesissoﬂledtmtkey&bucﬁmmmd usi ng
Red- Al prior t

o C-10 acetyl ation. such %@1 %e_g I atl on %&ﬂ
products are aoyeldyathesisds e @wrmeé@qﬂrﬁ? restictien p a N I n an
effort to overgo GRS X |aeﬂp,g S of
was devel oped'tﬁ ﬁg%ﬁ@@%ﬁg@ﬂ%@%s r?(')l(\jltlél lggstﬁ:lf%(t)re g8 yn?ﬂéasrlmsahﬁég
fromreadi sy asaamablte qnmazmlabeseqbr:eunlng@hemwx\'edes,qryalesae&h& Hat Ngo DAB )

16 and is des AO SOQ 21260
In this novel %#P%g%émﬁﬁh?%‘%%ﬁ%ﬁg‘%ﬁ%ﬁ?fm%%}?%) %2@%%232 vi ewed as
the key inter rragb@wely raridincerpatdied hereirf byl refdfiencé dg previde thencampaunds  novel
synthesis is th sel ective reduction of the C-4 acetate using Red- Al.
The paclltaxel° EWW 'soserine side chain at C13 is appended via the (i 5
| actam route or oxazol e based coupli n@chbmei ztry described in U S. Pat.

No. 5,274,124 (Holton) and U. S, Patent li(i t] a Serial No. 071995, 443 -
respecti ve1IOy and i ncorporated Mﬁﬁﬁ—M—' to provide the conpound
of formula |I. Schene 2 10 Synthesis of | from 10-DAB Step 1: Protection of
C7, CG10, an 3 L@.aoagnd¢|.1 | y¥silyl ethers HO
e 2 SR ot G o0tend € IspseRY gRAIE) LY S 5 O
i m dazol e

MeO(-PrisSiQ

1.(-PpSICL MeO(i-Pr)ZSiO"

OSi(-Pr),0Me

imidazole
DMF, 18 h BzO, (o}
2. MeOH AcO

15 - 16 -90-95% 17
Step ll: Protection of C-1 hydroxyl group as dimethyisilyl ether

MeO(-Pr);SIQ o OSiPrl;OMe

- Me,HSICl
- O| l i
MeO(i-Pr);Si ‘ imidazole
T o) DMF
BzOAcO
17

MeO(-PriSi0 o OSIPrLOMe
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DVF, 18 h HOBz6.

. O HOBzOACO O 2. MeCH 15 16 90-95% 17 Step 11:
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18 20 -5 WO 01/10556

C-4-acetate MeQ(i-Pr)2S10 O

HSi OBzO O -2 5 Ce AcO 40
) 2S10" Me2HSI OBzO Co

MeO(-Pr);SiQ o OSiGPr,OMe

G
5 19
Step IV. Preparation of C-4 methylcarbonate
. MeO(i-Pr);SiQ o
- 0OSi(i-Pr),OMe
MeO(i-Pr),SiO™ LHMC%SC
MeO |
MeHSi Ao THE
HO 0 °C, 30 min
19 ;
MeO(i-Pr):SiIQ
OSI(i-Pr),OMe
MeO(i-Pr),SiO
Me,HSIO 6 o
20 71/0\
10 ©
TEA.3HF
THF, it, 26h
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HO 5 19 Step IV. Preparation of C-4 nethyl carbonate
MQ(i-Pr)2Qo@iadkéXt-6-- LHMDS M2HWO THF HOO C, 30

MeQ(i - Pr) 2Si O
is0b21260

l\/EO(l-Pr)28|O Me2HSI O O CSi (i -
O Step V. Deprotection of silyl
H ,,
O 210 150 -6

f C-7 hydroxyl th
1 (7-Pr)3s & Stepin. balesepite

M - Pr) 2Si O TEA. 3HF HOB Me2HSi 06 CO THF,
WO 01/ 10856 PCTI USOOn1260 Step VI

1.(1-Pr)pSiCl,

Pr)20Me MeQ(i-Pr)2SiOBz6 ~ O 20 ~-O 10
ethers McQ(i-Pr)2S10 OHO O GSi(i-Pr)20Mme
rt. 26h HOgzO = O O 20
Sel ective protection -

g&mﬁtﬁég}&l@s si y?et er HO™ -

HO o

OSi(i-Pr),OMe

im

DMF, 18 h
2. MeOH

90-95%

idazole

Step Vil. Chemoselective C-10 acetylation

HOO

10

OSi(i-Pr),0Me

AQ o

LHMDS OSi(i-Pr),0Me
Acy

THF, -40°C

Step Vill. Coupling reaction to append the side chain

15

20

. o)
AcO MeO~ e
O osiFProMe /N P

o

Ph

TPh

o
LHMDS, THF

N
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21 HOBzOO ~ 2. MOHO\ 5 0\ 90-95%22 o Step VII. Chenosel ective C 10
acetyl ation w—pomgﬁo SI(i-Pr)20ve 0 OSi(i-Pr)20ve0 S AHOBptiEsdu1268 HF

-40aC HOBZO O 0 22 )1-10\ 23 )~ 10 0 O Step VIII. Coupllng reaction to
append the side chain 15 AcO MOXO,, ,Ph OGCSi(i-Pr)20v / \ NPhy 24 O
HO ,, 0 HOBzO O O LHWDS, THF O 23 \ff O O Ph-'- NHO AcO O

osl(l-Pr)y20 Ph O\ MO HoBzOa O 250 20 -7 WO 01/10856
PCT/ USOQ 21260 Step | X. Final deprotection, preparation of I

Step IX. Final deprotection, preparation of |

5
X
AcO
Ph"hNH O P 08i(-Pr),0Me
: TFA
P Y O HOAc
MeO é ©
N
25 o}
1
Ph”"NH O
Ph”
OH
Alternate coupling via oxazole acid and its conversion to |
10

Ph

N0
OSi(i-Pr);,0Me R OH
25 - Ph gﬂé

DCC, DMAP, toluene




50 PhANH O ACOOGOGSi(i-Pr)20Me Ph'OHOAc \/OHOBzZOOO MO O 2500
PhhNH O AQQ §ksPh O OH HOBzO CO ) 7-, O 0 Alternat ecgrishdipd Vi a

oxazol e acid an(f its conversion to |l 10 Ph AcO O CSi(i-Pr)20ve N OOH Ph
~( HO 26 s O DCC, DWVAP, toluene HOBzO O 23 0 Ph )20vwe AcO 460:--- N O

Si (i-Pr Ph" HOAC
Use of the novel synthesis of this invention is advantageous since 10-
DAB is significantly less expensive to use as a starting compound than
paclitaxel itself. Furthermore, the chemistry of the novel synthesis of the
5 present invention is amenable to scale-up and synthesis of new antitumor
agents in the C-4 carbonate series with modified side chain.
The present invention is further described by reference to the working
Examples. The Examples are provided for the p'urpose of illustrating the
present invention and should not be construed as being a limitation on the
10  scope or spirit of the invention. It should be understood that there may be
other embodiments which fall within the spirit and scope of the invention as
defined by the claims appended hereto. |

15 Examples

(1) Synthesis of baccatin derivative 17

MeO(-Pr);SiIC OSiEPrOMe

MeO(i-Pr),SiO™

20
To a solution of 10-desacetylbaccatin (16) (47.4 g, 87 mmol) in

anhydrous N,N-dimethylformamide (DMF) (500 mL) was added imidazole
(47¢g, 691 mmol) at ambient temperature. Solution was stirred for 10-15 min
until a clear solution was observed. Dropwise, diisopropyldichiorosilane (58

25 mL, 322 mmol) was added to the reaction mixture. Reaction mixture was
stirred for 16 h at ambient temperature. Additional amount of
diisopropyldichiorosilane (6 mL) was added to the solution and the reaction
was stirred for 60 min. HPLC at this point indicated completion of the
reaction. Methanol (36 mL) was added to the mixture and the solution was

30 stirred for 60 min. Reaction was stopped and diluted with a mixture of tert-
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OH27 ro O O PhlJIL~ NHO AcOO OH - 11, PWY 0" OHHBIOO O O 0 -8
WO 01/ 10856 pof{idsie™ 21260 Use of the novel synthesis of p&iBstoRYREti ON 1S
advant ageous since 10 DAB is significantly | ess expensive to use as a
starting conmpound than paclitaxel itself. Furthernore, the chem stry of

t he novel synthesis of e 5 L nyention. is nable to scal e-up and
synt hesi s of ne\huﬁlhmem)'ﬁrg?m”&dgh@ﬂ%oé H’t\ﬁéngf “@é‘?rb&%gf @ig'eﬁ%?s\me{‘ﬁ

modi fied side chghsrateindbrERIY phidseards wastied with biives (2585@L), kiidd Ryodium
reference to the workin Exanpl es. The Exanpl es e provided for the

pur pose of il usulfaie) apd ewaPOrg W°F%%@€Eﬁ%@% ¥W§’bl§§ H¥Be construed
as being alim ' r ligh § | ifker |t shoul d
be under st ood ttﬁgédrpﬁ%‘%;bénrggo%@ ﬁgit%ﬁglrééeuns%g(ljriﬁ Er%nﬁm%?)c\kh{m?%ﬁm% hin the
spirit and s&opeudfication. i nventi on as defined by the clains appended
hereto. 15 Exanples (1) Synthesis of baccatin derivative 17 MQii-Pr)2Si O
OGCSi(i-Pr)20ve MQ(i-Pr)2s-0, HOBzOW 0O 20 To a solution of

10- desacet yl bac 8ILRMSLB)+ qakd. Fog Csélfaa@maSia) O7h Fawng 87 bus

N, N- di met hyl f ormam de (DVF) (500 ni) was added im dazole

2) Synthesis of baccatin derivative 18
10

MeO(-PrSi0 o OSILPI,0Me

MeO(i-Pr),SiO™

To a solution of baccatin derivative 17 (90 g, 92 mmol) in DMF (500
mL) was added imidazole (22 g, 320 mmol) at 0 °C. Dimethyichlorosilane (35
15 mL, 320 mmol) was added dropwise at 0 °C. Precipitation of the compound
was observed at this point. Reaction mixture (slurry) was stirred for 0.5 h at 0
°C. Solid was filtered and washed with cold DMF (3X150 mL). After air
drying, solid was redissolved in TBME (700 mL) and the solution was washed
* with water (3 X 200 mL), brine (250 mL) and dried (sodium sulfate). The
20 solution was filtered through a short silica pad. Removal of the solvent under
vacuum afforded 18 in 77% yield (70 g).

ESILRMS M+ calcd. For CsoHgoO13Sis: 1035. Found 1035

25

30
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(479, 691 mmol ) at anbient tenperature. Solution was stirred for 10-15 mn
until a chapsiegsuti on was observed. Dropw se, diisopropgrdissdpiggeosi | ane
(58 25 nL, 322 mmol ) was added to the reaction m xture. Reaction mxture
was stirred for 16 h at anbient tenperature. Additional anount of

di i sopropyl di ng%E;Qﬁgigr&@ g%gcgqh) dﬁﬁ‘?‘ww to the solution and the reaction
was stirred f . i ndi cated conpl etion of the .
reaction. Methanol (36 nL) was added to the mixture and the solution was 30
stirred for 60 m n. Reaction mas,@og%egoand diluted with a m xture of
fort- -9 1 WO 01/10856 PCT/ USOCOn126 nEsi@ph,onet one (TBME) (500 ni)

- and water (200 nL). Layers wgg i-Pri.SIRA( organi ¢ phase was washed
with brine (250 nL), dried (sodium su and evaporated to afford 17
(91 g, >100%vyield) as a white altf¥iBuss cotmpund which was used in the
next step without further 5 purification. B3 LRV M+ cal cd. For

CroHaMOL3Si 3: 977. Found 977 2) Synt hesi S of baccati n derivative 18 10
MeQ(i-Pr)2SiO O Csi (i-Pr)2 OS Me2HSI OBzO AcO O To a

sol ution o% baccatTﬁacﬁilFfedeﬁOW@nP? és 64 mmel) jn oluensRc8&0d) aht34 was

a0ded | m dazobe ektadhed Reli- AT b)rB@t16@r&noP6%‘%Mh/xkslhogdeﬁéddﬁRﬁb . 15 i,

320 mmol ) was a ropw se at Precipitation the co nd was
observed at tmethquemoxy)aélanmumrhmlde m@lt(eﬂeouﬂrqgww@gve:ta perr@d afd0 0.5 h at
0 C Solid f { air
drying, solid hﬁégl S50) h@%ﬂ@d tgoggng é'("%ée so?h% i g@ﬁ/\?ﬁ?’ washed

with water (3(62 Rﬂl@w&)addbd |dmp\I( (2155 (0] theyemtondnb(we keepingiinteroaf at e) . The 20
sol ution yas {1 5&kaHe bRAS128 RA2S °6! SofifioR3has SRRl BN PaME Es6S! vent
' mL) followed by the addition of 1N sodium hydroxide solution (60 mL) and R
brine (60 mL). Solution was stirred for 30 min. Celite (12 g) was added to the
mixture, stirred for 10 min, and filtered through a pad of celite. Layers were
separated. Organic layer was washed with water, brine, and dried (sodium
15 sulfate). Next, solution was passed through a'shor,t silica pad before removal
of the solvent. The compound was obtained in 97% yield (62 g) as a white
solid.

ESILRMS M+ calcd. For CsoHgsO12Sis: 993. Found 993

20
4) Synthesis of baccatin derivative 20

MeOlRS8 o OSi(i-Pr),0Me

Me,HSIO Lo
% o
N\
o
25 Under argon atmosphere, to a solution of 19 (62 g, 62 mmol) in

anhydrous tetrahydrofuran (THF) (600 mL) at -60 °C was added LHMDS

-11-



vacuum afforded 18 in 77%yield (70 g). ESILRVMS M+ cal cd. For 'C50Hs0013Si a:
1035. Found @9%5,108365 30 -10 WD 01/:10856 PCTNS00/ 21260 3) $y;@hjg@ﬁl§600f
baccatin derivative 19 MeQ(i-Pr)2Si0 Pr)20ve 4~z 0 Si (i MQ(i - Pr)2Si O
Me2HSIHO 5 To a stirred solution of 18 (66.3 g, 64 mol) in toluene (680

m) at -34 C wa sodi um

bi)s(2- met hoxye?“tﬁg'%g\sﬁﬁﬁ?ﬁl '551'3'23 t"B(ZI“g'gto uenerﬁé'g l@ﬁ&ééﬂ% nngif:beri :)3 of

10 nmin. Reacti (mopwnstawSelumB wasrstieedifor wﬁnﬁ:fdlml'edtbyrtheddﬂmbnbf éthyl

Met hanol 62 nl)  was _adde act | re ee

i nt er nal 18 tenﬁ%‘t'oo{?f?f@g%e@ ﬂ%ﬁ?ﬁ)d 'ntt%r%'age n@ar%y%ﬂt)% PUR’@?QW th

;I‘g(l\)/E m( )500 dm_z) rﬁahmeo tb)ﬁOP%e Readtion wasdlovﬂlywagmfddwghmtrm(mdc?r%%aﬂ i on 9
-) an rine oS0l Ut an e r m n ite

s added 105 nothealos B. Ater Sorbhlefie St heierclcth safiated ABmoRbEL oW ac

of celite. Laye c}:%o&v@m.e) wasttitied! Rbactibg Mixtard ae éxMemhathegmomme)r

brine, and dried_(sodi,um 15 sulf olution was passed through a

t
short silica padPtenis! %y‘?ré’\’ﬁi)ﬁ?s“%&fﬁ‘z"fm%atgfﬁt?iﬁF‘mefWém@BlﬂSGGr(a 00 )obt ai ned

in 97%yield (63ygkr @D0anibiife (200 md), drcdlEdEuMisufrat Porst 2Si 4
993. Found 993 20 I-4 Sy nl\t!\hhesfl s(of ba?:catlh( deri vgﬁa\ﬁdand:wa MO | aé? 250 O

A-1ol ft 6oz Si(i-RreYides awq:t(ﬁy)gz 218R%ae Jhe crude material was used in the next
10 step without further purification.

ESILRMS M+ caled. For Cs2Hg0014Sis: 1051. Found 1051.

5) Synthesis of baccatin derivative 21

15

To a solution of baccatin derivative 20 (62 g, 58 mmol) in dry THF (260
mL) was added triethylamineehydrofluoric acid complex (56 mL, 344 mmol) at
ambient temperature. Reaction was stirred for 3 h. Reaction mixture was
20 diluted with ethyl acetate (350 mL) and washed with water (200 mL), brine
(200 mL), dried (sodium sulfate), and evaporated to afford 21 (43 g, >100%
crude yield). Resluring of the crude compound in a mixture of hot ethyl
acetate (350 mL) and hexanes (50 mL) gave pure 21 in 90% vyield.

25 ESILRMS M+ caled. For C20H36011: 560. Found 560.
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O O)- 0 0 25 Under argon atnosphere, to a solution of 19 (62 g, 62 muol)
i n anhydro hydrofuran (THF) (600 ml-) at -60 C wag %khﬂ\/DS -11
R eRian

WO 01/ 1085 00/ 21260 (lithium bis(trimethylsilyl)am 125 m, 125
mmol, 1 Msolution in THF) dropw se. Solution was stirred for 15 mn

foll owed by t dc{ti.on f .hy .chlor formate(9 m., 116 mmol);
internal tenp mal ntai ned at -60 C. Reaction was

slowly warned to 0 C and nixture was 5 stirred for 3 h. After conpletion of
the reaction, saturated anmoni um chl o |de (300 mM-) was added. Reaction
m xture was extracted with TBVE (1Q0 miL)° oﬁg,zz@m | ayer was washed with
saturated amoni um chl ori de (20 v (200 m.), brine (200 nL),
dried (sodiumsulfate), and evapor provide 20 as an oil (67 g,
>100% . The crude material was usedil t~ next 10 step without further
purification. ESILRVMS M+ cal cd. For .%, 4Si 4: 1051. Found 1051. 5)
Synt hesis of baccatin derivative 21 15 HOf 'NOBZ OOH HOO O To a

sol ution of baccatin derivative 20 (62 9,259 nmml) in dry THF (260 m-)
was added triethyl am nehydrofluoric acid conpl ex (56 m-, 344 mmol) at

anbi ent tenperature. Reactjon was stlrred for 3 h. Reaction m xture was 20

diluted with et hyl TRgstires golutionaf bacgatip 2R %WW%@'WW@ &), brine

(200 nmi), dri 6@1(75@?'2%@%13%91220%9)awesocwa%daddédaffOrd 21 (43 g, >100%
crude yield). Reslurin he crude conpound in_a m xture of hot ethyl

acetate (350 rﬂ_i)soarnaylﬁ@iaﬁaﬁ@%laosﬁﬁmL)gmér prges. Aemneratgrg of e geaction

mixture was maintained at -60 °C and the mixture was stirred for 2 h. After

completion of the reaction (HPLC), a solution of imidazole in methanol (11.7 ¢

10 imidazole dissolved in 35 mL methanol) was added and the solution was
stirred at 0 °C for 30 min. Mixture was extracted with TBME (500 mL).
Organic phase was washed with water (4x150 mL), dried (sodium suifate),
and evaporated to afford crude 22 (45 g). The crude material was further
dissolved in acetonitrile (150 mL) and the solution was washed with hexanes

15  (3X100 mL). Removal of acetonitrile afforded pure 22 as a white solid (34 g,
84% yield). '

ESILRMS M+ calcd. For C3sHs2042Si: 704. Found 704.

20 7) Synthesis of baccatin derivative 23
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25 ESILRMS Mt cal cd, For C29H36011: 560. Found 560. -12 WD 01/10856

PCT/ US00/ 21260 *6) Synt hesis of baccatin derivative 22 HO AHOBz.- O Si (i
-Pr)20Ve HOMO®I198S) O 0 5 To a stirred solution of bacAWYS093126032 g,
57 mol ) and imdazole (11.7, 172 mmol in DMF (220 nL) at -65 C was added
di i sopropyl di chlorosilane (26.8 nml-) under argon. Tenperature of the

Leac; ion mxt ijre vvas'l'c:csralsﬁnmnn@d batcatiGierivative 221({?312@ &Wenmel&) lrSDMFlr(QdOf or

. After conple n of t utirqn o ole in
methanol (137 gmiowesadassRAPS BT 2rnlint 2 5mnel ntdaine A 4 %m'oand
the sol ution waswa§tifredtorats RinJollowed By dadditiorn ura:m%rﬁyaﬁ@@(sesimm 6B
TBVE (500 nL). Organi w th water

(sodi um sul f at e) MMghd Br‘%?%%"\fl‘%s{éf 88 mjncat 4R "So A(‘?Pﬁcg*’j:'d élﬁfé”‘éb was
material was 5urbigsd and ﬁﬁzoéddﬁﬁlg batRas ?é?hé\Féd GRééc'iBn TFhikipe %a‘s@tr’é@ﬂekjt I on

was washed with hexanes_ 15 (3X1 m.). Renoval of acetonitrile forded

pure 22 as a whi WEhJEME (3Chmy) . %’M%'@f%)wasaﬁp@mgdmn washed vptbrwater

C36H52012Si | 704 (3,55 )/ Biine (14 rhL) Yighsdiam b 3 AcO
G OB (- Fr) 2O (:i_yr'é)@ I—)ibB ( B heSdidmBulfRRS AHd Svaliriisadtd Yford
the crude product Purlf cation of this compound was achieved by
crystallization from a mixture of THF:heptane (1:6). Input of 40 g provided 21

10 g of crystallized baccatin derivative 23 (60% yield).
ESILRMS M+ caled. For CagHs4013Si: 746. Found 746.

8) Synthesis of paclitaxel derivative 25

15
2
AcO
PR M O 0si(-Pr),0Me
Ph o 63

Under argon atmosphere, LHMDS (32 mL, 1 M solution in THF) was

added to a stirred solution of baccatin derivative 24 (19 g, 25.5 mmol) in THF
(65 mL) at —55 °C. After stirring the solution for 10 min at —37 °C, solution of

20 p-lactam 24 (10.4 g, 30.6 mmol) in THF (25 mL) was added to the reaction
mixture. Reaction mixture was warmed to 0 °C and stirred for 60 min. After
completion of the reaction (as indicated by HPLC), pH 7 phosphate buffer (17
mL) was added followed by 20% solution of sodium bicarbonate (54 mL).
Reaction mixture was extracted with ethyl acetate. The organic layer was

25 washed with water, brine, and dried (anhydrous magnesium sulfate) to afford
the crude coupled product. The compound was purified by crystallization (4:6
mixture of heptane/IPA) to provide 21.8 g of 25 (77%) of pure product.
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0 -13 WO 01/10856 PCTMJUSOO121260 To a solution of baccatin derivative 22
(33.2 g, 47 mol) in DVF (200 nL) was added LHVDS (61.2 ni, '61.2 mmol)
dropwi se aWQUA0% Reaction was stirred for 15 min fol | SGSYSERII6Ae

addi tion of acetlc anhydride (5.8 nL, 63 nmmol). Reaction was stirred for
30 mn. at -40 C. Acetic acid (3.6 nL) was 5 added and the cooling bath was
renoved. React iESILRMS Mraaless FoxCs7hieaN@y7Sini1OR1 TBoENd3001.nL) . Organic | ayer-
was separated and washed with water (3x150 ni), brine (150 m.), dried
(sodium sul fate), and evaporated to afford the crude product. Purification
of this conpound was achi eved Rreparatiol ) Im a m xture of

THF: heptane (1:6). Input of 40 g provided 21 10 g of crystallized baccatin
derivative 23 (60%yield). ESILRVMS M+ cal cd. For C38H5MOL3Si: 746. Found
746. 8) Synthesis of oaclitaxel rivative 25 15 0 PhANH O AcO O

CSi (i-Pr)20Me Ph 0" M0 HOBzOp AgQ e(ﬁ argon at nosphere, LHVDS
(32 m,, 1 Msolution in THF) was yrifdd sol ution of baccatin
derivative 24 (19 g, 25.5 mml) = o t -55 C. After stirring
the solution for 10 min at -37 C, solti opgdf 20 - | actam 24 (10.4 g, 30.6
mml) in THE (25 nmL) was added to the reactPEQl Qture. Reaction nmixture
was warnmed to O C and stirred for 60 mn. After ?rc%pl etion of the reaction
(as indicat®d by HPLC), pH 7 phosphate buffer (19 nl) was added fol | owed
by 20% solution of T&Q'éémtﬁh%f%ﬁaﬂﬁie?dé%tu%)zs inBR864 1A (69 il Y s s

extracted with eth acet at e organic layer was shed"w th water,
brine, and dri add¢daa|spt!lﬂlgugf mgw@gpetmm m@lctagwhﬁﬁdnu 1 mmol solution
prepared by dissolving 23.4 g of trifiuoacetic acid in 120 mL of water and 69

mL of acetic acid) at ambient temperature. Reaction mixture was stirred for

10 17 h and quenched with 40% aqueous sodium acetate solution (6 equiv).
Reaction was stirred for 20 min followed by the addition of dichloromethane
(200 mL) and water (50 mL). The biphasic mixture was stirred for 20 min
before separating the organic layer. Organic layer was washed with water
(3x100 mL), dried (magnesium sulfate) and evaporated to afford 6.9 g of the

15 crude product. Crystallization of the crude material from ethanol/heptane
(1:1) gave 4.2 g (76%) of the title compound .

ESILRMS M+ calcd. For C47H51NO45: 869, Found 869 -
Anal calcd. for C47Hs1NO4s : C, 64.89; H, 5.91; N, 1.61. Found: C, 64.79,; H,
20 5.82; N, 1.54.

Alternate coupling procedure via oxazole intermediate: Preparation of
the paclitaxel derivative 27.

25 To a solution of baccatin derivative 23 (13.2 g, 17.6 mmol) in toluene
(130 mL) was added 4-dimethylaminopyridine (3.24 g, 26 mmol), oxazole acid
26 (5.67 g, 21.2 mmol) and 1,3-dicyclohexylicabodiimide (DCC) (5.47 g, 26
mmol) at ambient temperature. Reaction mixture (slurry) was stirred for 3 h

-15-



the crude coupl ed product. The conpound was purified by crystallization
(4:6 m'xtur& ofl; %eggtane/lPA) to provide 21.8 g of 25 (77%,_ of pure
product. -14 34%%0856 PCT/ US00/ 21260 ESI LRVB M+ cal cd. HEJfUS00/21260

C5i H72NOL7Si : 1071. Found 1071. Preparation of conpound (1) O Ph NH O AcO
OOH PhO OH HOBZ6 0 0 5 0 To a_solution of paclitaxel derivative 25 in
acetic acid (69 Howagy thgaddition of peetioacigd24mk) anst $isdrg for additionaid&icet i ¢
acid (39 nm., | | Mp@liretviAdil j [ . f i .
trifluoacetic am I n 1ﬁ2é0 ﬁblgﬁdav\g?'g?%ggécgtgﬁgeéoﬁﬂaﬁtvﬁac&aég van)th g{m%’rrbi ent
t enper at ure. Re&kt Ndwdrpshiericeacighsodium picarbanate, giried (magnesiguendfate), and h 40%

aqueous’. sodi um Gife afid o &Gu8837V pur % YRSy lrred for 20 mn
fol |l oned by the%_ggél L o_nﬁo%?ghiﬁyo%?ha%ugﬁ W%{? an(f%v\g{ er (50 nm).
The bi phasi c5mi xrystallizafiondtom 28% aqueoRs isaproparel;onput ©f paiggirovidet H6.8g géini c

| ayer. Organic | a/(\@l% 5 ith water (3x100 nlL), dried (magnesi um
sul fate) and evggﬁgé{e %@a‘fﬁg’r&# 6.9 g of the 15 crude product.
Crystallization of the crude nmaterial from ethanol/heptane (1:1) gave 4.2

/50 L2 SR LML U el 51015, 060, roin

64.79,; H 20 5.82; N, 1.54. Alternate coupling procedure via oxazole

I nt er medi at a Preparati on 7 tol he pacl &é_axel derivative 27. 25 To a
sol ution of 'Bac ERMVPFHON 4" Pe-IBPPYAAL: 4 176 mmol) in toluene (130 ni)
was added 4-di met hyl geizsyitionchfoxatdle 2enthoudl 214 M. o P& 3ZAMBINAS afeti?b (5 67
g, 21.2 mol) and,dl 3 di cycl oh&&(gl cabodi i m de ( DCC;) 5.47 g, 26
acid (123 mLywas added a solution of trifluoracetic acid in acetic acid (7.2 mL
of trifluoroacetic acid in 29 mL of acetic acid) and water (28 mL) at ambient
temperature. Reaction mixture was stirred for 18 h followed by the addition of
15 sodium acetate (8.3 g) and water (30 mL). Solution was stirred for 5 min
before adding dichloromethane (140 mL) and water (95 mL). Organic layer
was separated, washed with water (150 mL) and transferred in the flask. To
the stirred solution triethylamine (25 mL) was added while keeping the
internal temperature of the reaction between 20-25 °C. Reaction mixture was
20  stirred for 45 min. Sulfuric acid (21 mL) and water (209 mL) was added and
the organic layer was separated and washed with water, brine, dried
(magnesium sulfate), and evaporated to afford 12.2 g of the title compound

(97% yield). Purification was achieved by crystallization as mentioned earlier.
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mol ) at anbient tenperature. Reaetion mxture (slurry) was stirred for 3 h
- 15 WO 01{@(@?@ érDCT/ usoo 21260 the addi t i opcfismaRe C aci d
(2.1 nl) ?lngfor add|t| ’ ture was diluted with
ethyl acetate (200 ml-) and wash .1 N hydrochloric acid,
sodi um bi carbonate, dried (magnesi um sul f at e) and evaporated to. afford

the crude 27. Purification was achieved by 5 crystallization from 25% >
aqueous i sopr opmapis;cldimpdis:of 18 g provi ded 15.8 g of pure product (86%

yield). ESILRVMS Mt calc For 99 ersion
of 27 to conpound 13- Tog‘ac"?f?ﬁﬁ(i5 ﬁi‘ 3‘}50 éﬁ%ﬁﬂ&%@gﬁﬁiﬁa@%

mml) in acet :j 5a(c|,eé;(|edfn6rﬂ;a? déachltylmcatidamm anf(;pﬂsersrthefstépadﬂ uor acet i cd;am d
in acetic aci 7 of trifl uor ic acidi aci

and water (28 ni) d?)aﬁ?ﬂpﬂmaé glf’ﬁ‘}b natganajq ﬁgt abrtffl rred for
18 h fol | owed pymtinedestet gﬂiawam‘fs bi%@mﬂwmml atthe(@&cg)atelmdmgw er (30
m.). Solution was stirre for‘i fore add i chloro evéune(140
m-) and wat er redgsingiagenidoliowe bVéR%? °f53e'5'§b5f&@g° F%ﬁ'e '?h wat er
(150 nL) and t gﬁaﬁ;r’gp&ﬁln the flask. To the stirred solution

triethylam ne % was added whil e kee mgxthe internal tenperature of

the reacti on bet mdﬁ)%@ewwpmgmﬁx YAr&Y\GEOUPIMItR B [ r ed for 45 nin.
Sul furic a ky WSW,—O@&Q g'Gtoup; Was added and the organic |ayer

was separa ed an ter, brine, dried (magnesiumsulfate), and
evaporated to af f or(g) acetplatingthe Gel & hydrexyk@iosBund  (97% vi el d) .

puri 11 cation vas ac Oifh@) Lt the aTPa by hp:@ind - 16 VO
01/10856 | I"1" @Ff{&ﬂjlg@é ISéF'CT/ USO‘OI 21560 y\%%q}’??ﬂg.l med is: 1.
A process for the s@er)ﬂﬁle@i@tlﬁg S@'@'qufmtéﬁtfﬂﬂcﬂfa%a&ﬁ;ﬂog of paclitaxel
from 10- deacet yl baccatin,. which conprises the steps of: 5 (a) preparing a -

C-4 net hyl carbonat e anal og of 10-deacetyl baccatin
15 2.  The process according to claim 1, wherein said prepanng step

(a) comprises the steps of:
(i) protecting the C-1, C-7, C-10 and C-13 hydroxyl groups of
10-deacetylbaccatin with a dialkyldialkyloxysilane protecting group;
(if) protecting the C-1 hydroxyl group with a dialkyichlorosilyl
20 protecting group as a dimethylsilyl ether;
(1) chemoselectively reducing the C-4 acetate group with said

reducing agent;
(iv)-adding a methylcarbonate group to the C-4 hydroxyl group;
- and '
25 (v) deprotecting the C-1, C-7, C-10 and C-13 protected hydroxy!
groups to form C-4 methylcarbonate-10-deacetylbaccatin having the formula:
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from 10-deacety| baccatin by reductive renoval of the G4 acetate using a
reduci ng ag 01 g% owed by the addition of .a nethylcar bonaf, oyztfﬁsoc 4
hydr oxyl gro /‘? selectively protecting the C 7 hydroxy group Wth a
10 di al kyl di al kyI oxysi |l ane protecting group; (c) acetylating the C 10

hydr oxy__gf_oupk_(_d)_amlpJ_l_ng a paclitaxel si q)echal n to the C 13 hydyroxyl

de rotectl ng said silylet®er jpropecting group at C-7. 15 2.
The proceH HLB HIHH HI aim1l, f
conpri ses ) protecting

groups of 10- deacetyl baccatin with a
group; (ii) protecting the G 1 hygoxy <
protecting group as a dinethylsilyl et [ (J\:I I )= c®nosel ectivel y reducing
the C-4 acetate group with said reduci ng o>_ addi ng a

met hyl car bonate group to the C- 4 hydroxy BHP; (%1\25 (v) deprotecting
the G1, CG7, C10 and C 13 protected hydroxyl QJroups to formC4

met hyl car bonat e- 10- deacet yl baccatin having the formula: , -17 WO 01/ 10856
PCT/ US00/ 21260 O 1111211 112112 110ji lull 211 I1l1] C HWM8 HQi"~ O HO
0-< Ph O >0 3. The $rocdd® HLEEBFAGRETdiRG k9 Glaim 2, whpreinsaid seguringagrntng
agent is Red-Aljgfpdial The process according to claim3, wherein said

5

4. The process according to claim 3, wherein said
dialkyldichlorosilane protecting group is diisopropyisilyldichloride.

5. A compound having the structural formula
10

MeO(i-Pr).SiO 0 OSi(-Pr},0Me

MeO(i-Pr),Sio™

15 6. A compound having the structural formula

MeO(l-Pr)2810 o) OSi(-Pr),OMe

20
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di al kyl di chi orosilane protecting group is diisopropylsilyldichloride. 5. A

conpound '@mﬁ&e structural fornula 10 MeQ(i - Pr) 2Si Opcrafseésiréa - Pr) 20ve
MeQ(i-Pr) zOVM6 0 15 6. A conpound having the structural fornula

MeQ(i-Pr)2S10 _ O OSi (i-Pr)20ve McQ(i-Pr)2Si O Me2HSi 0820 AcO - 0 20 -18

Vects L Pry 2% 0.0 Cc1 - Soenind AR RN lE & L L0 R

conmpound havi ng the structural formula MeQ(i-Pr)2Si O O CSI(i-Pr)20we

MeQ(i - Pr) 2Si O Me2HSi GBzO Z 33,6 \o 0 —

OSi(i-Pr),OMe

MeO(-Pr),SiO™

5 8.
10 e

10.
15
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10 9. A conpound having the structural formula HO "~ OSI(i-Pr)20vw HO

HOBzO 0 CO @ou%’ossﬁ conpound havi ng the structural fornul PdeTARNE %600
OSi(i-Pr)20 HOTHOBzOO O~-O 0 -19 111111l CMS W 01/10856

PCTI US00121260 11. A conpound having the structural formula O P h - ' Ph

0b., /0 MeO HOBZO QO Rchiioblihd Haigthe slrbbhurdi il 11 C L M'S -20

o)
. AcQ

h)LM O 08i(-Pr),0Me

PR Y O 63.

R MRS X

MeO o]

N
0

P

_—

A 0 0 o
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