WD 2012/ 003199PCT/ US2011/ 042299 1 PREPARATI ON OF TESETAXEL AND RELATED
COVPOUNDS AND CORRESPONDI NG SYNTHESI S | NTERMEDI ATE FI ELD OF THE | NVENTI ON

[ 0001] Thewpnremansidonventi on rel ates generally to nmet irouAISk@n/opr2epar at i on
of taxane derivatives that have 5 antitunor activity and can be orally

adm ni stered,in particular pentacyclic f{axanes. BACKGROUND OF THE | NVENTI ON
[ 0002] Taxol is a natural substance represented by the foll ow ng chem cal
struct ur alP*FORROEA] RhTERFTEST BEP gBta ?Pe&%‘??”fés SRl FORRAOUMPSNF r"oMT e “bar k
or other parts of Taxus brevifolia OO ™t is known that taxol has
antitunor activity, and its mechani sm of acti on is believed to be based on
its ability to inhibit depolynerization of m crotubul es during cell

division. At the tinme of the discovery of taxol this mechanism 15 of action
was di f fieffdrit 3 ori WeV'dohEtl i onal antitumor agents, so it became of great

nterestid@yiyts potentiial chigheal anplicatioon as A Anti sUABLaagent o

[ 0004] Taxol can be obtained fromnatural sources, but only in very small
anount s. mdﬂdvc&iﬁer f@axoprdeawatlbmes ocfan reove rgo b@elsymh:e‘sqazedthstng havieaxol
precursor deace ccatl (" can obt.ai ned

0- DAB
from’| eaves: L%or t h&c %’ of® xugaBI a#f i r?rraéll ti v%ﬁ%”l”a?%%rre nount’s.

One suct‘patla;xmuwlp@,{ﬂa/@jcpmei@&g{esj s marketed by Sanofi Aventis under
t he tradenanme Taxotere(r) and has been approved for the 25 treatnment of

vari ous ganeeisynd et udimanbr@asto¢ancer . o
[ 0005] Recentl vy, i nU. S. Pat ent No. 6, 646, 123, inventors at Daiichi

Phar nacelRQQ2l . repofaxql ohs aaseritesadf Perttaoyad i cepaxapeted by the
conmpounds These fhd é\iea%ﬁ yelic E@%‘P&%Y‘%&&EEQ' ned; by Ledugtion.of the,
9- p05|t|on on nown taxan
10 small amounts from the bark or other parts of Taxus brevifolia.
[0003] It is known that taxol has antitumor activity,
and its mechanism of action 1is believed to be based on its
ability to inhibit depolymerization of microtubules during cell
division. At the time of the discovery of taxol this mechanism
15 of action was different from the conventional antitumor agents,
so it Dbecame of great interest for 1ts potential clinical
application as an antitumor agent.
[0004] Taxol can be obtained from natural sources, but
only in very small amounts. However, taxol derivatives can now
20 be synthesized using a taxol precursor, 10-O-deacetylbaccatine
IIT ("10-DAB III"), which can be obtained from leaves and other
parts of Taxus plants in relatively larger amounts. One such
taxol derivative, docetaxel, 1is marketed by Sanofi Aventis
under the tradename Taxotere® and has been approved for the
25 treatment of various cancers, including breast cancer.
[0005] Recently, in U.S. Patent No. 6,646,123,
inventors at Daiichi Pharmaceutical Co. reported on a series of
pentacyclic taxane compounds. These pentacyclic taxanes were
obtained by reduction of the 9-position ketone of known taxanes
30 to form a 9-position hydroxyl group which was then linked to
the 10-position hydroxyl group to form a cyclic acetal. The

resulting compounds have strong antitumor activity.



30 to forma 9-position hydroxyl group which was then |inked to the

10- position hydroxyl group to forma cyclic acetal. The resulting conpounds
have strowQ 2arGosiseor activity. WD 2012/ 003199PCT/ US20PLT0%20994299

[ 0006] Addi ti onal studies on pentacyclic taxanes are reported in U S Patent
No. 6,677,456 (Daiichi Sankyo).These cogpounds have oral antitunor activity
and therefore the potential to elimnate the toxic side effects associated
with 5 the use of Crenmpphor EL (a pol yoxyethyl ated castor oil) and
polysorbate80tosolubiIizetaxanesforintravenous adm ni strati on. One such

d | t | t t 10[ Q007] Th
Conti nui EOREG T or e AT UM COUEOBH Bl v ShREHELTS. SOHARS 167 S

preparingegildy amail, @blf%tte&mIN@lerey@Unya% such ias it esgtiaxe) , antfser
internedi ates useful in such syntheses. SUMVARY OF THE | NVENTI ON
15[ 0008] FEETHIFY| yha‘éfhe aspect 2BE L EWBOPr edBhEViAVentien ithediefected the a

conpound, Jepresent ed by hormika i) apd.methads. § arc ar eparng, et axans,

i ncl udi esetaxe conprising reacting the conmpoun represen? ed by

forntl a t(Hea) us¥o o?ff)l@k@&B@QQPUEMSZQIM@EQ%&ylated castor o0il) and
polysorbate 80 to solubilize taxanes for intravenous
administration. One such compound is tesetaxel, having the

following structure.

10 [0007] There 1s a continuing need for efficient and
cost—-effective synthesis schemes for preparing orally available
taxol derivatives, such as tesetaxel, and for intermediates

useful in such syntheses.

SUMMARY OF THE INVENTION

15 [0008] Accordingly, one aspect of the present invention
is directed to a compound represented by formula (Ia) and
methods for preparing a taxane, including tesetaxel, comprising

reacting the compound represented by formula (Ia)



formula (la) with a taxane side chain precursor conpound to couple the side
chai n precursor conpound to C13 of the conpound represented by formula (1a)
5[ 0009] | wa 2pamBfobc exanpl e, CL3 of the conpound repreemtusdoibps$209 mul a
(la) is coupled with a side chain precursor conmpound represented by fornul a
(rr)y R33/1/./,, 1R \?,Nformula (I1) 3 wherein R2 is an al koxy group
having from1l to 6 carbon atons or 10a hal ogen atom such as fluorine (F),
brom ne (Br), iodine (1) or chlorine [0010] tesetaxel, represented (d)
and R33 is a protected hydroxyl group. For synthesis of pentacyclic

t axanes other than the dinethx%aninonethyl group of the conpound by formul a
(la) is replaced with any of t ﬂ/R4 and 15 R5 substituents disclosed in US
Pat ent No. 6, 646, 123, discuss above. In a specific enbodi nent the

di met hyl am nonet hyl group is ?spLaced wi t h anot her am no-contai ni ng group
such as nor phol i nonet hyl .

formula (Ia)
with a taxane side chain precursor compound to couple the side
chain precursor compound to C13 of the compound represented by
formula (Ia)

5 [0009] In a specific example, Cl13 of the compound
represented by formula (Ia) 1s coupled with a side chain

precursor compound represented by formula (IT)

| X
—/R
334y, \\\\\ N / 2
—N
dé% \\Boc

formula (ITI)
wherein R? is an alkoxy group having from 1 to 6 carbon atoms or
10 a halogen atom such as fluorine (F), bromine (Br), iodine (I)
or chlorine (Cl) and R*> is a protected hydroxyl group.
[0010] For synthesis of pentacyclic taxanes other than
tesetaxel, the dimethylaminomethyl group of the compound
represented by formula (Ia) is replaced with any of the R4 and
15 R5 substituents disclosed in US Patent No. 6,646,123, discussed
above. In a specific embodiment the dimethylaminomethyl group
is replaced with another amino-containing group such as
morpholinomethyl.
[0011] In some embodiments, R’ 1is triisopropylsilyl,

20 while in others R>® is methoxy methylethoxy (also referred to as

2-methoxy propyloxy or MOP).



[0011]

In sonme enbodi ments, R33 is triisopropylsilyl, WO

2012/ 003199PCT/ US2011/ 042299 4 [0012] Accordi ng to anot her aspect of the

i nvent i onwvotzhe/marwpound represented by fornula (1b) is pcoxisdadoszoone
enbodi ment, the conpound represented by fornula (la) can be derived from

t he precursor conmpound represented by fgrnula (1b) by reducing the C6-C7
doubl e bond to a single bond. [0013] Alternatively,the conpound represented
by forrmula (la) can be derived froma precursor conmpound represented by

formula (111) by converting the termnal olefin (vinyl) group to an
al dehyde reacting the al dehyde with an amne to farm
di met hyl & et hyl gr&ﬁﬁ: §8t %%%?%%? Pt P?tﬂgubréggﬁptlon’

i nventi othéSc@mpMuﬂ@sr@pee@eauea ngpresented bypf orpu fgafto(Mote)d Whi ¢h iosie

usef ul

as an internedi ate conpound in the synthesis o eset axel and ot her

pentacydﬂm@xyg%ﬁﬁés the compound represented by formula (Ia) can be

10

15

derived from the precursor compound represented by formula (Ib)

formula (Ib)

by reducing the C6-C7 double bond to a single bond.

[0013] Alternatively, the compound represented by
formula (Ia) can be derived from a precursor compound

represented by formula (III)

formula (IITI)

by converting the terminal olefin (vinyl) group to an aldehyde
and reacting the product aldehyde with an amine to form a
dimethylaminomethyl group.

[0014] Yet another aspect of the present invention
provides a compound represented by formula (VII) which 1is
useful as an 1intermediate compound 1n the synthesis of

tesetaxel and other pentacyclic taxanes:



WO 2012/ 003199PCT/ US2011/ 042299 5 OH fornmula (VII) The conpounds
represented by fornmulas (la), (Ib), (Ill) and (1V) are all derivable from
t he conmpowoaadorxpsmwsent ed by fornula (VI1) according to Prhe/usetihod99

descri bed herein. 5[0015] Yet another aspect of the present invention

provi des a nmethod for the preparati on o§ DOH whi ch invol ves reduction of
the C6-C7 doubl e bond of the conmpound represented by fornula (VI1) to
obtain DOH [0016] Yet anot her aspect of the present invention 10 provides a
conmpound represented by fornula (1 X) which is useful as an internedi ate
conpound in the synthesis of tese el and ot her pentacyclic taxanes:
formula (I X) The i nternedi ate ﬁgounds represented by fornmulas (VII) and
15(XI) are derivable from -':o Ppagnd represented by fornmula (1X) as
descri bed herein. [0017] Yet ™pect of the invention provides a
conmpound represent ed byHbq)r ch is useful as an internediate
conpound in the synthesis o $ " apd ot her 20 pentacyclic taxanes:

WO 2012/ 003199PCT/ US2011/ 0422 —"tﬁ

I \]so
formula (VII)

The compounds represented by formulas (Ia), (Ib), (IITI) and

(IV) are all derivable from the compound represented by formula
(VII) according to the methods described herein.

5 [0015] Yet another aspect of the present invention
provides a method for the preparation of DOH which involves
reduction of the C6-C7 double bond of the compound represented
by formula (VII) to obtain DOH.

[0016] Yet another aspect of the present invention
10 provides a compound represented by formula (IX) which is useful
as an intermediate compound in the synthesis of tesetaxel and

other pentacyclic taxanes:

formula (IX)
The intermediate compounds represented by formulas (VII) and
15 (XI) are derivable from the compound represented by formula
(IX) as described herein.
[0017] Yet another aspect of the invention provides a
compound represented by formula (X) which is wuseful as an
intermediate compound in the synthesis of tesetaxel and other

20 pentacyclic taxanes:



HOOTT The internedi ate conpounds represented by fornulas (VII), (Ib) and
(la) are all derivable fromthe conpound represented by formula (X) as
descri bedwbepe/a3198[ 0018] Anot her aspect of the present POYAISRé10/041299
directed to a conpounds represented by formula (XI) which is useful as an

i nternedi ate conmpound in the synthesis gf tesetaxel and other pentacyclic
taxanes: formula (XI). 10 The conpound represented by fornula (Xl) can be
derived fromthe conpound represented by formula (IX) as described herein.

[ 0019] Anot her aspect of the present invention is directed to
pharmaceutically acceptable acid dition salts of tesetaxel, including,

for exanpl e, nonobasic, dlba 16 ribasic acid salts. [0020] The
conmpounds and net hods enploy ] syntheses of the invention provide
several advantages and i npr er prior art conmpounds and net hods
for synthesis of Pentacygi irst, active taxanes require
handl i ng 20 and processi ng Znnment facilities due to their

pot ency and toxicity. Such spe andllng substantially WO

2012/ 003199PCT/ US2011/ 042299

formula (X).
The intermediate compounds represented by formulas (VII), (Ib)
and (Ia) are all derivable from the compound represented by
formula (X) as described herein.
5 [0018] Another aspect of the ©present invention 1is
directed to a compounds represented by formula (XI) which is
useful as an 1intermediate compound 1n the synthesis of

tesetaxel and other pentacyclic taxanes:

formula (XI).

10 The compound represented by formula (XI) can be derived from
the compound represented by formula (IX) as described herein.
[0019] Another aspect of the ©present invention 1is
directed to pharmaceutically acceptable acid addition salts of
tesetaxel, including, for example, monobasic, dibasic or

15 tribasic acid salts.

[0020] The compounds and methods employed 1in the
syntheses of the invention provide several advantages and
improvements over prior art compounds and methods for synthesis
of Pentacyclic taxanes. First, active taxanes require handling
20 and processing in high containment facilities due to their

potency and toxicity. Such specialized handling substantially



i ncreases the cost of manufacture. The synthesis nmethods of the invention
decrease the anount of tinme and handling under high contai nnent conditions
by maki ngvatzbmealoa®nt of the side chain the |ast key synPh@ftiseoigwe2onf the
met hod. As taxanes 5 becone active only when the side chain is attached, in
the inventive process special handling #s only required for attachnent of
the side chain and purification of the final product. This substantially
reduces the cost of taxane manufacture. 10[0021]1n addition, by naking
coupling of the well- characterized, purified, specification-set side chain

to the well-characterized, purified, specificatjon-set pentacyc]ic. cor
o e ne R TR R P b R b R e R NS D Ga g
hi ghl'y puid figdegpeshf icalionesetnpr aduehtCair beihs abiai neddr epsodueick! y

with better yield. BRI EF DESCRI PTI ON OF THE DRAW NGS [0022]Fig. 1 is an
illustrdtigh épnéaﬁéﬁéﬂFoﬁx§éﬁéﬁéﬂﬁbrb%yﬂ?ﬁé%ﬁh @?tacb@ﬁﬁécyéiiéh@aﬁ&ﬁ@
core str ur e, .. Lngl i | i S r n i of inter i_ates.
S0l 00oa] HtT SrpbERtE Mp SPREALLYE SLEDS O RYNIRERGE DL A0 Eareld
synt hesilss@fma Bekacktamnh emimedi atlee f arider epaeahi ars obttaxands. {0024kFi g.

3is an jllustration of a specific_reactian . schene for synthesis of
the conpdufid rept eskhtedby FBFAUPA Z%FPﬁﬁjéﬁH cohverSibn 6FIPHFREI atCFa)

to tesetaxelchddO25bk gend isian bh'a@%”%di()%&fiﬁ%a%itcﬁ{ naki vienspegisfic
reacti on schenme for synthesis of the conpound represented by forrmula (1a).
[ 0026] FiRpoBiGts. an i Thiust raebonantiahlal t eedaceéve BDer eaesionoschémxaher
couplin%é;é%éiqpqynd represented by fornula (la) to the side chain
precursor to prodﬁcé t eset axel

10 [0021] In addition, by making coupling of the well-

characterized, purified, specification-set side chain to the
well-characterized, purified, specification-set pentacyclic
core intermediate the last key step of the synthesis a well
characterized, highly purified specification-set product can be

15 obtained reproducibly with better yield.
BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Fig. 1 1is an illustration of a reaction scheme
for synthesis of a pentacyclic taxane core structure, including
alternative steps for synthesis of intermediates.

20 [0023] Fig. 2 is an illustration of a general reaction
scheme for synthesis of a R-lactam intermediate for preparation
of taxanes.

[0024] Fig. 3 is an illustration of a specific reaction
scheme for synthesis of the compound represented by formula

25 (Ia) and conversion of formula (Ia) to tesetaxel.

[0025] Fig. 4 1s an illustration of an alternative
specific reaction scheme for synthesis of the compound
represented by formula (Ia).

[0026] Fig. 5 1s an i1illustration of an alternative

30 reaction scheme for coupling the compound represented by

formula (Ia) to the side chain precursor to produce tesetaxel.



WO 2012/ 003199PCT/ US2011/ 042299 8 [0027]Fig. 6 is an HPLC anal ysis of

t eset axel produced according to the nethods of the invention. DETAILED
DESCRI PTIvON 20R/008#391 NVENTI ON [ 0028] Al t hough t he i nventi @oThS2@i1/043299
described with 5 reference to particular enbodinents, it is to be

under stood that these enbodinents are ngrely illustrative of the principles
and applications of the present invention. It is therefore to be understood
t hat numerous nodifications nay be made to the illustrative enbodi nents and

that other 10 arrangenents may be devised without departing fromthe spirit

and scop, t he present. invention a fined by th ppended cl ai ns.

[0020] ACCUEEH her bi e tHE et hat? oRF PREPRSARLS O oAl S Eho FAEGTRS | on
"Bz" meanschenzoylso the designsd ion i "Acreeadns, acetyl and the

desi gnati on "Boc" neans tbutoxycarbonyl .

[ 0030] Asysedheseims dheter iiders vied ofyslerimabl e’ in connection with

synthesis of a conpound from a precursor conpound neans that the conpound
can be oliGd&led by 20 dheri@alh syhehesiventiom thverdident s f fedcpibedr sdrth

either directly in,a single step aor_ in.a nulti-step process starting wth
Che FdemT 1 €011 a&ar o1 coRpetnd F B04TFOTS “aspect ‘of “Enepr eQaht "ot
inventi ahdts diheeted dmbedimidod faket hengrepar atinonsafrateset axet . | mhid. S.

Pat ent 25No. 6,677,456 and U. S. Patent No. 6,677,456, tesetaxel is grepared

by couplRig i He T dBNEhaARPIGCEPTS @f pslhpcyRi ot laxARESEEF8leonpblnd S
bef ore campletdng syniphesimolsddis t eagt axeinchidhh Hddigr 1 400321 Aopl cant s

have found that a robust synthesis of 30 pentacyclic taxane conpounds
havi ng anadiaret byd anithenet hyluetrethee angémbedontatai ngpgt oupthiat t hethiefrt h

"l ngqean. be.achisves by, cONVeIli NGt hes VLOYL oLouR oot Nl THRT 9.
and scope of the present invention as defined by the appended
claims.

[0029] As used Therein, the designation “Me” means
methyl, the designation “Bz” means benzoyl, the designation
15 “Ac” means acetyl and the designation “Boc” means t—
butoxycarbonyl.
[0030] As used herein, the term “derived” or
“derivable” in connection with synthesis of a compound from a
precursor compound means that the compound can be obtained by
20 chemical synthesis from the identified precursor, either
directly in a single step or in a multi-step process starting
with the identified precursor compound.
[0031] One aspect of the present invention is directed
to a method for the preparation of tesetaxel. In U.S. Patent
25 No. 6,677,456 and U.S. Patent No. 6,677,456, tesetaxel 1is
prepared by coupling the side chain to Cl13 of a polycyclic
taxane core compound before completing synthesis of the
tesetaxel fifth ring.
[0032] Applicants have found that a robust synthesis of
30 pentacyclic taxane compounds having a dimethylaminomethyl or
other amino-containing group in the fifth ring can be achieved

by converting the wvinyl group of the fifth ring precursor to



WO 2012/ 003199PCT/ US2011/ 042299 9 t he di net hyl am nonet hyl or ot her

am no-contai ning group prior to attachnent of a taxane side chain precursor
to the 13wOHepa®Btdvon. In either of the schenmes in U S. PPRtUS2G11/6d2299
6,677,456, this neans that the 13-lactaminternediate is coupled 5 to the
13-0H position of the conpleted pentacyglic taxane core. These net hods
reduce the conplexity and cost of synthesis of these toxic conpounds and
result in a higher yield of final product. Accordingly, nmethods for the
preparation of tesetaxel and other pentacyclic taxanes incorporating the

novel conmpounds r epr esent y for as (la), (Ib), .(LI1), (M1), (IX
(%) Sand 0 ) Sare By oo SRaMCE G593 e Mt hod TSl SIS S S S50 P o
conpoundto §0BRELSEStCOUPId NGaRahaXaiRSi diga ChabRcpl@EUYESAo Conpound o t he
C13 hydroxyl group of the conpound represented by fornula 15(la) fornula

(la) to Roduce a protlected-saxare r &t | erhsmsductin déprfot ecitRg tt hélo-
pr ot ect eﬁ@d,éﬁ%,azf%[ eactd %ea%é’dt’ﬁé% and b%éé&5ﬁ9ik@grh%ﬁ‘%ec%p%%%&ed
20[ 0034]1'n a 'specific exanple, a taxane side chain precursor conpou
représentedciy foromteoéit)on WO PDA2£603189PCTHES2011L042299 x40 foormul a

(I'l') wherein R2 is an al koxy group having.from 1-6 carbon atons or.a
hal ogen Si%TR aRBTRESSI & & Usteot ot B RYAFGATY (FBUpSOrs Gdupfelthesis of

these toxic compounds and result in a higher vyield of final
product. Accordingly, methods for the preparation of tesetaxel
and other pentacyclic taxanes incorporating the novel compounds
10 represented by formulas (Ia), (Ib), (III), (VII), (IX), (X) and
(XI) are provided.
[0033] The method for synthesis of a taxane compound
comprises coupling a taxane side chain precursor compound to
the C13 hydroxyl group of the compound represented by formula
15 (Ia)

formula (Ia)
to produce a protected taxane reaction product, deprotecting
the protected taxane reaction product, and isolating the taxane
compound.

20 [0034] In a specific example, a taxane side chain

precursor compound represented by formula (ITI):



to the C13 hydroxyl of the conmpound represented by fornula 5(la). A
preferred R2 substituent is fluorine at the 3-position of pyridine.

[ 0035] Corwounte#os®pr esented by forrmula (I1) can be prepacedshymebods
known in the art as well as the inventive nethods described herein. For
exanpl e, where R33 is 10 triisopropylsilyy, the conpound can be prepared
using the nethod described in Exanple 13 of U S. Patent No. 6,677,456 and
in US Patent Number 7, 126, 003 B2. [0036] Ot her pentacyclic taxanes
according to the invention can be synthesized by reacting a conpound having
a 15 desired am no-containing group in place of the dinethylam nonethyl
group of the conmpound represented by forjula (la) with a conpound having a
desired pyridine or pyridine derlvag ve#in place of the fluoropyridine
group of the conmpound represented by fornula (I'1). In one such conpound, 20
t he di met hyl am nonet hyl group ok _faormmta (la) is replaced by

nor phol i nonet hyl . For exanplgﬁfF&“bf foﬂﬁhla (I'l) may be an al koxy group
having from1 to 6 carbon at'oits off an alternative hal ogen atom such as

chl orine. [0037] The conpound repfesented by fornula (la) can be 25 derived
fromeither the conpound represented by fornul @ofhlill): (T

2012/003199PCT/U$2011/042299 11 formul a III%
wherein is an alkoxy group having ffom 1-6 carbon atoms or a

halogen atom and R* is a protected hydroxyl group, 1s coupled
to the C13 hydroxyl of the compound represented by formula
5 (Ia). A preferred R’ substituent is fluorine at the 3-position
of pyridine.
[0035] Compounds represented by formula (II) can be
prepared by methods known in the art as well as the inventive
methods described herein. For example, where R’ is
10 triisopropylsilyl, the compound can be prepared using the
method described in Example 13 of U.S. Patent No. 6,677,456 and
in US Patent Number 7, 126, 003 B2.
[0036] Other ©pentacyclic taxanes according to the
invention can be synthesized by reacting a compound having a
15 desired amino-containing group in place of the
dimethylaminomethyl group of the compound represented Dby
formula (Ia) with a compound having a desired pyridine or
pyridine derivative in place of the fluoropyridine group of the
compound represented by formula (II). In one such compound,
20 the dimethylaminomethyl group of formula (Ia) is replaced by

morpholinomethyl. For example, R*

of formula (II) may be an
alkoxy group having from 1 to 6 carbon atoms or an alternative
halogen atom such as chlorine.

[0037] The compound represented by formula (Ia) can be

25 derived from either the compound represented by formula (III):



or the compound represented by fornula (1V): formula (1V) using the

rel evant portions of Synthetic Method 1 or Synthetic 5 Method 2,

respect i WweDp127003199S. Pat ent No. 6,677, 456. These net ho@#sTiusednmde220%i dat i on
of the term nal double bond (i.e., the olefin) to renove one carbon and
produce an al dehyde. The al dehyde i s hydrogenati on 10[ 0038] prepared
reductively amnated with as necessary. The conpound represented by
dimethylamne with forrmula (la) nay be acetal of the conpound represented
by formula (I1l) or formula (1V) to a diol group, for exanple using an

al kali metal permanganate or osmium tetroxide. The diol is oxidatively 15
cl eaved to an al dehyde (e.g., usghg periodate) and converted to a

di met hyl am nomet hyl group. Thezgi?eactions are taught in connection with
different internediate conpoungs in U S. Patent No. 7,456,302 or U. S

Patent No. 6,677,456, both of WhifB-are hereby incorporated by reference in
their entirety. If the 2Q.sta eompound for this reaction is the
conpound represented by form he product of the above reaction is
t he conpound representedmgy nand the C6- C7 doubl e bond

HE

Wy DAC formula (III)

or the compound represented by formula (IV):

HO Doz S

formula (IV)
using the relevant portions of Synthetic Method 1 or Synthetic

5 Method 2, respectively, in U.S. Patent No. 6,677,456. These
methods include oxidation of the terminal double bond (i.e.,
the olefin) to remove one carbon and produce an aldehyde. The
aldehyde is reductively aminated with dimethylamine with
hydrogenation as necessary.

10 [0038] The compound represented by formula (Ia) may be
prepared by converting the terminal olefin group of the cyclic
acetal of the compound represented by formula (III) or formula
(IV) to a diol group, for example using an alkali metal
permanganate or osmium tetroxide. The diol is oxidatively

15 cleaved to an aldehyde (e.g., using periodate) and converted to
a dimethylaminomethyl group. These reactions are taught in
connection with different intermediate compounds in U.S. Patent
No. 7,456,302 or U.S. Patent No. 6,677,456, both of which are
hereby incorporated by reference 1in their entirety. If the

20 starting compound for this reaction is the compound represented
by formula (IV), the product of the above reaction 1s the

compound represented by formula (Ib) and the C6-C7 double bond



WO 2012/ 003199PCT/ US2011/ 042299 12 is subsequently reduced to provide the
conpound represented by fornmula (la). [0039] The cyclic acetal ring of the
conpoundswoepramarwed by forrmulas (111) and (I1V) can bePprCorused1ogizog the 5
sanme or simlar nethodol ogy as described in connection with different

i nternedi ate conmpounds in U S. Patent N 6,646,123, hereby incorporated by
reference in its entirety. The nethod includes the use of acrolein dialkyl
acetals (such as acrolein dinmethyl acetal, acrolein diethyl acetal) with an
acid catalyst 10 (for exanple, canphorsulfonic acid) and, optionally,
triethylamne, or with a Lewis acid catalyst (for exanple, zinc chlaqride).
[ 0040] THEE | RURHETBR. b b BRLCEA St P it T Hoa R orhdy REREEPS RGPS, i
pent acyctdemey e(0of) t esetaxel (i.e., the 15 conpound represented by fornula
la) which is nore econom cal and practical than nmethods of the prior art.
It will &P be appreciBied bBycéne ofagkidl i withe aPf t hdie t h€OFPRILRES s

t hod ' [ d t truc f
ot her  pentACYET e ahned ThaTugea i n The G5 roael i ons of TEhe  mudntyon
are Ssyntdwses ofrorsihel moveletintderlnedi akes deeprreisent ednbycdaraent 2or( | a)ith

formula (Ib), formula (111), formula (M), formula (1X), fornula (X). _and
f or mul a%%%e.ref@oﬂl]l%ém%%ﬂ%ﬁ Sf)mprﬁlﬁﬁﬂﬁ a't akatre %%é’r%% nHOacggﬁdli%&zz?’B to
the inveltiaon cOnpLls68a£0HPIIYNG & draxane shdecehait jpreguUr sorneomReuRd t o
t he C13- hydroxyl of the conpound represented by fornmula (la) to produce a

pr ot ect edhdlesdate FleactFenopr eduet,eideptiotldatl ngce el pr 6seckedst axaméein
eact| ORLAAUA o AN ] solating, L he, Laxgre, compopnd 4 SReqLlle 2xample 30
b syn e pentac cl’ (SI

of a rea%]tl on “schene 1or €sis o0 i C tesetaxel core .e.,
t heloconpoitnd represebted by aimphaulsalfloa)y) i s ddddistrated, in bipg.iohal 1Y
2012/ 003199PCT/ US2011/ 042299 13 [0042] Referring to Fig. 1, in a_first,
aspect tth%lec%“rﬁb]ﬁ]‘i‘ﬂd“er'ep?%s‘éﬁ%%dab&eWb?nﬁFéd(Fé a&&ﬁtbgfé’%?ﬁég‘ipzl@d zinc

chloride).
[0040] The invention provides an alternative method for
synthesis of the pentacyclic core of tesetaxel (i.e., the
15 compound represented by formula Ia) which 1s more economical
and practical than methods of the prior art. It will also be
appreciated by one of skill in the art that the synthesis
methods of the invention can be adapted to produce the core
structures of other pentacyclic taxanes. Included in the
20 reactions of the invention are syntheses for the novel
intermediates represented by formula (Ia), formula (Ib),
formula (III), formula (VII), formula (IX), formula (X) and
formula (XI).
[0041] The method of making a taxane compound according
25 to the invention comprises coupling a taxane side chain
precursor compound to the Cl3-hydroxyl of the compound
represented by formula (Ia) to produce a protected taxane
reaction product, deprotecting the protected taxane reaction
product, and isolating the taxane compound. A specific example
30 of a reaction scheme for synthesis of the pentacyclic tesetaxel
core (i.e., the compound represented by formula (Ia)) 1is

illustrated in Fig. 1.



according to Steps 1-7, starting with 10-DAB Ill.1n this enbodi nent, the
conpound represented by fornmula (la) is derived 5 fromthe conpound

repr esentwo 2biz/doereul a (1 b), which is derived fromthe eommsand/onrepy esent ed
by formula (VII), which is derived fromthe conmpound represented by fornula
(I'X)y: Step-1: Fornylation of C10 of 104qRAB IIl. (e.g., using

1f 20/ DVAP/ DMF) ; 10Step-2: Triflic anhydride reaction of the C7 hydroxyl.
(e.g., using 1f 20/ Pyridi ne/ CH2C12); Step-3: Formation of a C6-7 doubl e bond
and hydrolysis of the Cl10 formyl ester to produce the conpound represented

by fornmu ). (e.qg., Base suych as Me2NH THF, b. 15Base such as
D Lo . (R g m e Bt P B g oodrt o Porty T GhERind ThEvi ng
hydr oxyl oo & anﬂ%@@seMQ@JUCbpg tehe nearpound, yr epsgsenbed Ry nf-oerulaqg

(M1). (e.g., hydride reduction such as BH3, NaBH4 or (Bu)4NBH4),; 20Step-5:
For mat i G- &FrELICD- €P0 TyePs ¢ lacet aftartaeted i@ alPePAPnall ol ef i 1R gicbdps,

pr oduci . ral,i ne i al.ys , nphar | iC
Dol d. TERIOr TSR o Lour Soe o (o B hhatr Bha o R Tahi G R da) < e ep
Oxi dat i vier @b edvagecofoting tepnesahted ebynfgroupaoflI2%, tvhecaydlsi ceadeteal to
form an al dehyde, and reductive am nati on _of the aldehyde, producing the

compound T¥pr ed¥nt erOHHiPlfncfr mﬂeé’r(qsrf)n.te(da. bé’on\f&réqu&ﬁ of Vdilefi n '3 i oS
e.g., KVnd4i-aig 0804 the %r%%urv& davage of gherdigl 4 01]@9 al dehyde,
e.g., periodate, e.g., Nal04, 30c. conversion of the al dehyde to a

di met hyl am nowetthyl : gFoupyletgon Me2NIIAc ONG/ NABHAGACY3Y;: afrl- WD using
2012/ 003199PCT/ US2 2299, 14 Step-7: Hydr ogenation of the C6-7 double
bond to producey?ﬁ(g/]%%gn%ound) tepresented by formula (la). (e.g.,
RhAL203/ H2, PokdgH2: orrPd1QCHCOONHMYide reaction of the C7 hydroxyl.

(e.g., using Tf,0/Pyridine/CH,Cl;) ;

Step-3: Formation of a C6-7 double bond and hydrolysis of
the Cl10 formyl ester to produce the compound represented
by formula (IX). (e.g., a. Base such as Me;NH/THF, Db.

15 BRase such as DBU/THF) ;

Step—4: Reduction of the C9 ketone to form a diol compound
having hydroxyls at C9 and C10, producing the compound
represented by formula (VII). (e.g., hydride reduction
such as BH;, NaBH; or (Bu);NBH,) ;

20 Step-5: Formation of a C9-Cl10 cyclic acetal attached to a
terminal olefin group, producing DHB. (acroline acetal
and acid catalyst (e.g., camphor sulfonic acid, TFA or
TSA) or Lewis acid (e.g., anhydrous zinc chloride));

Step—-6: Oxidative cleavage of the terminal olefin group of

25 the cyclic acetal to form an aldehyde, and reductive
amination of the aldehyde, ©producing the compound
represented by formula (Ib). (a. conversion of olefin
to diol, e.g., KMnO, or 0s0O4, b. oxidative cleavage of
the diol to an aldehyde, e.g., periodate, e.g., NalQ,,

30 c. conversion of the aldehyde to a dimethylaminomethyl

group, €.9., Me,NH/AcONa/NaBH(OAc)s); and



[ 0043] Again referring to Fig. 1, in an alternative 5 route for synthesis of
the conpound represented by fornmula (la), the reaction proceeds as

descri bedwalow#odrwom Steps 1-4. In this enbodi ment, thePcomsouns42299
represented by fornula (la) is derived fromthe conpound represented by
formula (111), which is derived fromtheg conpound represented by formul a
(VI'1), 10 which is derived fromthe conpound represented by formula (1X).
Following Step 4, the synthesis proceeds as follows to produce the conmpound
represented by fornmula (111): Step-8: Hydrogenation of the C6-7 doubl e bond

of the diol c ound represented by fornula (VLI) to_praduc . 15(e.g.,
Rh- A 9031 1D or B O KB BF CRRLeS R0 Ty B 6 UEbTe (ot or 8 B8 ParGe
cyclic acetal athacheshtoumt eprealolel ngyoup puoducingl hecpapound rn -
representedbyfornula(lII).(e.g.,acrollne acet al / CSA (canphor sulfonic

aci d)or other aéild020EataP¢st/{if opT eX@npl ECOGIEA)or TSA or Lewi s acids such
as anhydrggissgi nc chlorj de)). ]: The ynd represe d far 1]
is then Eonvéfted diHﬂ%#%?%or%%%ééég'ouggnﬁgb éséﬁte §b3£ oFﬁ%F&gﬁggk%by
oxi dat i veowleavvage efnthester mhalthad etompguadp tepfoesanand 25sal delyde sand
reductive am nation of the aldehyde. (a. conversjon of olefin to diol,
e.g., KM or- 05045265 6Ri BAPrTEE] S S e WoTe 1 br andehyas, ey,
periodat®, s 0s,eMNob@fnest, C@lﬁ'é!%éﬂn?@u% abdebydgrte aydicaehhyhaniingnmethyl
group, e.g., Me2NH AcONa/ NaBH(OAc)3) as shown in Step {1 of Fig. 1. 30

[ 0045] Fgtiesd afremnnaticvecwygnes eseprovededdbyyt Heotimident ( 6R1T or which
produci ng. t conpound repr.esent b ot nmul I i ncl ud égtern i
nethods'?%r éfﬁgghg@Fﬁé 88%%03ﬁ§%¥%%Fisén 5%8%9% grnuYa:§1 11%%h35ﬁ%§,

pr ecur sofhiodh the conpesmndsrWO 204 2L003300RCFEPS20410£042299 fhomuepr ggent.ed
by formula (M]) from10-DAB II1.1n a first

Following Step 4, the synthesis proceeds as follows to produce
the compound represented by formula (IIT):
Step—-8: Hydrogenation of the C6-7 double bond of the diol
compound represented by formula (VII) to produce DOH.
15 (e.g., Rh-A1,05/H; or Pd-C/H; or Pd-C/HCOONH,) ;

Step-9: Formation of a C9-Cl1l0 cyclic acetal attached to a

terminal olefin group, producing the compound
represented by formula (ITTI). (e.qg., acroline
acetal/CSA (camphor sulfonic acid) or other acid
20 catalyst (for example, TFA or TSA or Lewis acids such as

anhydrous zinc chloride)).
[0044] The compound represented by formula III is then
converted directly to the compound represented by formula (Ia)
by oxidative cleavage of the terminal olefin group to form an
25 aldehyde and reductive amination of the aldehyde. (a.
conversion of olefin to diol, e.g., KMnO, or 0s0,, b. oxidative
cleavage of the diocl to aldehyde, e.g., periodate, e.g., NalIOg,
c. conversion of aldehyde to a dimethylaminomethyl group, e.g.,
Me,NH/AcONa/NaBH (OAc);) as shown in Step 11 of Fig. 1.
30 [0045] Further alternative syntheses provided by the
invention for producing the compound represented by formula
(Ia) include alternative methods for deriving the compound

represented by formula (IX) (the precursor of the compound



alternative reaction schene illustrated as Step 10 in Fig. 1 1, and as Step

1 and Step 2 in Fig. 4, 10-DAB IIIl is converted to the conpound represented
by f or mulsio@bdgyoobyef or mati on of a C6- 5 C7 doubl e bond. PThaSdaabkrIbond may
be formed, for exanple, by reaction of the C7 hydroxyl of 10-DAB Il wth

triflic anhydride (e.g., Tf20/Pyridine/1g2C12) foll owed by base such as
(DBU)/ THF) to formthe C6-C7 double bond of the conpound represented by
formula (1 X). The reaction then proceeds 10 through Steps 4-7 of Fig. 1 as
descri bed above to obtain the conpound represented by fornula (la).

Al ternativel the r act on s eps proceed.th ep 4, Step 8, Step
9 and Step’d %éed? Eﬁg 83”8}1 Vi oi}?ﬁ} d&<COR b%@i B‘% ef er F ngatgllfisg. 3,
an al terama{céﬂ&%ﬂﬁa@tﬂ@dbt%MMm@mé or1systhesis 9f acpgntacyel Fegtaxane is
illustrated using tesetaxel as an exanple. This synthesis does not involve

the CLO %t g3 @selrli Apér Fe@Pate 1of % 4. 16 @Wslﬂtéﬁnﬁppﬁ’ér5§§e&0 of

the | ”V?{ré 08, ﬁ}p&%rg%nggﬁg% %SP&&S%@ %%Irg‘% 1hor a%ofﬁa@f&ﬁ@@ Lregthe

compoun epr esen orrmul a” (Il whi ¢ derived fromthe
conpéund:T ezmlﬁs]emtkemdby fbmrudiaublé()bofrdjnemeprrpeuﬁdrmepl; esent edamplbor m;vl a
(la) can be synt he5|zed accordl n 0 eps 1- Fig. 3, startin

t f
10- DAB 193¢t ®¥p 1°* Reddti on’of g%oé&? hyaFoxgprﬁBloléﬁs PEFPwi £ 252
25trifligyaphydid dee(g. 9. Tfléwﬂcﬂir%r@féz@i%@%)on%%@ dyﬁ%é@t k@Rnofsa

C6- 7 doubl e bond by base elimnation to formthe conpound represented by
formul a (DBUXAELHE), DRU) fOSﬁTEptge Redu€ti O@O@lﬁl@ heb@sd 7 dfouliite bewdrigpnd

hydrogen 0 qC duce CQNRO re sente
formul a ?%é]ﬁgiengc %?hl%n rﬂkﬁfo:%/%g Pd- D “or C%&% % %
20120003 1ORCH USQQ@&/ Q42299 181 &t ep 4is Reductipadofarihe G kebﬂaent @he

produce a diol conpound havi ng hydroxyls at C9 and C1Q (DOH). usi ng
BH3, NaBRARUBu)MNBIHS St%ep B Esratlidon dfé)a Co- éﬂ@eéﬁ@itllé’eééfet al-Per om

the diolycaction steps can proceed through Step 4, Step 8, Step 9 and
Step 11 of Fig. 1 as previously described.
[0046] Referring to Fig. 3, an alternative reaction
15 scheme for synthesis of a pentacyclic taxane is illustrated
using tesetaxel as an example. This synthesis does not involve
the (C10 formyl ester intermediate of Fig. 1. In this
alternative aspect of the invention the compound represented by
formula (Ia) 1s derived from the compound represented by
20 formula (III), which is derived from the compound represented
by formula (IX). The compound represented by formula (Ia) can
be synthesized according to Steps 1-8 of Fig. 3, starting with
10-DAB III:
Step 1: Reaction of the C7 hydroxyl of 10-DAB III with
25 triflic anhydride. (e.g., Tf,0/Pyridine/CH,Cl,);
Step 2: Formation of a C6-7 double bond by base
elimination to form the compound represented by formula
IX. (e.g., DBU);
Step 3: Reduction of the C6-7 double bond by hydrogenation
30 of compound 1X to produce the compound represented by
formula (XI). (e.g., with Rh-Al1,05/H; or Pd-C/H, or Pd-
C/HCOONH,) ;



5 DOH to produce the conpound represented by fornmula (I11), wherein the
cyclic acetal is attached to a termnal olefin group. (acroline acetal and
aci d cat avp=2012@3199, canphor sul fonic acid, TFA or TSA) POI/USewi1®42209 d
(e.g., anhydrous zinc chloride)); and 10 Steps 6-8: Oxidative cleavage of
the termnal olefin group to an al dehydg and reductive am nation of the

al dehyde to produce the conpound represented by forrmula (la). (a.
conversion of olefin to diol, e.g., KVMi04 or 0s04, b. oxidative cl eavage of
the diol to the al dehyde, e.g., 1l5periodate, e.g., Nal04, c. conversion of

al dehyde to di met hyl am.nopet hyl group, g., Me2NH AcONa/ NaBH( QAc) 3) .. The
reactions of a%ieéops “6- SQ%gﬂcggoﬂcc%ﬁpl%%seheggi - Sihglte oBEPATTENn Wi thGdt
any purificationocgbountiemi®dingt es;a 20400473 Yet oaneiher: @l tesmpt i ve cappr,oach
to synthesis of the conpound represented by fornula (la) is illustrated in
Fig. 4. This syhfhasi 8Hal slli mmattes «NE6Fmat i on of the C10 formyl ester
shown in Fig. ln, a-fi - i _ Qqun e e y f.armul a
(la) is deri vset}jﬂ?t r%'m ?%E@%hﬁ%ﬁg rﬁrlg%igepctrlg)ge ge%)l%yg?%f%l gjg?'{nb;g,hgvﬁll%% is

deriwed from t heogonpoundroépeesetited dyngarmil aqdidseritreda fgactfioemusehene
with early formation of fhe CE\{C| ic acetal, This first. reaction schene is

shown in Fig. 4ol | BiErstartifhg WEh 90-328-311:15 %% L REJuétion

of the C9 ketonecehikQi1DAB1LKLn 3@RbRGUCE NY (@ ckbigheconpaund (fL@umula ik0)
havi ng hydroxyls at C9 and Cl0 (e.g., using borohydride); Step 2: Formation

of a C9-Cl0 cyckitaagetal (from t herphipl seddpoded ¢ otmullEA10)L, WAk eior t he
cyclic acetal i 12/ 003199P UsS2011/ 04229 a he o a termnal
ol efin group. (a@reg\l{\ignégééeggl' éhd%/{:l?/ rgg%alzﬁéf% ?Q%é?f,l&%zﬁﬁhgpgsul fonic

aci dp TFA or StSA)s -t ewsi@et tvd ecQeavandydrousezicpemehbor bdek)n amdubt ep
3: Triflic anhydride reaction of the C7/ hydroxyl 5 (e.g.

1f 20/ Pyri di ne/ CH2CED) 2 46t 6led®by B&SECELTRI FEtiGH 1B for ntaecslErhg6i6bI e
bond, produci ngithe, compound eeprssgated el ArdBad ¥, et (1a).

Oxi datively cleaving the termnal olefin group of the cyclic acetal to an
al dehyde, and réductdorelersion of olefin to diol, e.g., KMnOs or O0sOg,

b. oxidative cleavage of the diol to the aldehyde, e.g.,

15 periodate, e.g., NalIO,, c¢. conversion of aldehyde to a
dimethylaminomethyl group, e.g.,
Me,;NH/AcONa/NaBH(OAc)3). The reactions of Steps 6-8 can

be accomplished in a single operation without any
purification of intermediates.
20 [0047] Yet another alternative approach to synthesis of

the compound represented by formula (Ia) is illustrated in Fig.

4, This synthesis also eliminates formation of the C10 formyl
ester shown in Fig. 1. In a first embodiment, the compound
represented by formula (Ia) 1s derived from the compound

25 represented by formula (Ib), which is derived from the compound
represented by formula (IV), in a reaction scheme with early
formation of the cyclic acetal. This first reaction scheme is
shown in Fig. 4 as follows, starting with 10-DAB III:

Step 1: Reduction of the C9 ketone of 10-DAB 1III,

30 producing a triol compound (formula 10) having hydroxyls

at C9 and C10 (e.g., using borohydride);
Step 2: Formation of a C9-C10 cyclic acetal from the triol

compound (formula 10), wherein the cyclic acetal 1is



10 am nating the al dehyde to produce the conmpound represented by fornula
(I'b). (a. conversion of olefin to diol, e.g., Kvh04 or 0s04, b. oxidative
cl eavage Wb 2di2glo3t99 al dehyde, e.g., periodate, e.g., NaPOF/USC0110¢229€r Si ON
of al dehyde to a di net hyl am nonet hyl group, e.g., 15

Me2NH AcONa/ NaBH( QAc) 3) . These reactiong can be acconplished in a single
operation without purification of any internmediates to produce the conpound
represented by formula (Ib); Step 5: Hydrogenation of the C6-C7
doubl e bond of the 20conpound represented by forrmula (Ib) to produce t he

conpound represented b fornu Rh- Al 203/ H2 or -

P O HCOTN ) L G048 T PR art ol erRERT UL oA et SHtown (ACEPYL T 26 256tai n
the conpound reprgsentied @ytép%@mlaéléd , apdm@hosubsaquentd yathe, C@ﬁﬂO@@d
represented by fornmula (1a) e conpound represented by formula (1V) is
deri ved fron1th@Séénﬁéuhéwﬁépﬁééénﬁédgby pERROrauEVELNC ®hilelirs) der pRed
fromthe co r-epr a ( t f he

illustrated in 3 %§§2E?§|o nﬁ%npoundré%ngggineg b?ﬁioqgtdugffg%y&f

t he €9 ketone imeSgep 1 nay.heefnirdirer/ceadted as followsd WDy base
2012/ 003199PCT/ US2011/ 042299 18 Step 6: Trifljc _anhydride reaction of the
C7 hydroxyl of F ém%PPEFOBOﬁﬁbu%ﬁ“ﬁoat86ppgd63%ﬂﬁﬁ% %%%%buﬁao BpregettEd by
formia (X). (ecBnpolhadkBycedenetGrRCllinStap Ty Base elimnation to form
a C6-C7 double bond in 5the conpound represented by "fornul a (X), producing
t he conpound %@ﬁ?eéEn@éédbylV©ﬂMupée@Vﬂmﬁ HﬂaﬂiQ¥m$ﬁﬁha@1©ﬁl@fgaOGB (@4 X0)

cyclic acetal %E%Ch c??e? %%E%%”a'%'ef' o) el %&%%”C'%%?he%%%%%%lvely

represented by fornu acro i ne "acet al
10 aminating the aldehyde to produce the compound
represented by formula (Ib). (a. conversion of olefin to

diol, e.g., KMnO, or 0804, b. oxidative cleavage of diol
to aldehyde, e.g., periodate, e.g., NaIO,, c. conversion
of aldehyde to a dimethylaminomethyl group, e.g.,
15 Me,NH/AcONa/NaBH (OAcC) ;) . These reactions can be
accomplished in a single operation without purification
of any intermediates to produce the compound represented
by formula (Ib);

Step 5: Hydrogenation of the C6-C7 double bond of the
20 compound represented by formula (Ib) to produce the
compound represented by formula (Ia). (e.g., Rh-A1,03/H;

or Pd-C/H, or Pd-C/HCOONH,)
[0048] In an alternative embodiment shown in Fig. 4 to
obtain the compound represented by formula (1IV), and
25 subsequently the compound represented by formula (Ia), the
compound represented by formula (IV) 1s derived from the
compound represented by formula (VII), which 1is derived from
the compound represented by formula (X). That is, as further
illustrated in Fig. 4, the triol compound 10 obtained by
30 reduction of the C9 ketone in Step 1 may be further reacted as

follows:



10cat al yst (e.g., canphor sulfonic acid, TFA or TSA) or Lewis acid (e.qg.,
anhydrous zinc chloride)); and Performng Step 4 and Step 5 of the first
enbodi nerwoab12dea198i g. 4 reaction schene as descri bed alporastaiobi2ad n t he
conmpound represented by fornula (la). 15[0049] The conpound represented by
formul a(la), produced by any of the forggoi ng nethods, can then be coupl ed
at the C13 hydroxyl position to a taxane side chain precursor conpound
usi ng any appropriate nmethod known in the art. For exanple, a side chain
precursor conpound according to formula 20(11) can be coupled to the

conmpound repregsent ed formula (la), to produce a variety_ of nt acyclic
t axane fi nal %F%%u%tsg%éégéfAégﬁggﬁ%f%ae APt e°of © uéﬁ“%dﬁﬁ|P§§r8§V¥gO£ 13-
| act am si de chaiReprectfsOr ton@htaidn teset axel psoblbust raded idmdodngd,

wherein a protected P-lactam precursor (+)-THA is 25 converted to (+)-TBA)
(Step 9), coupl EEPEESERESCIBYhFAFBRYE roup (6 It he THenf RcyEdiee {@xane) ¢or e
conpound repr ted for - ) _Using | nder-ed ~sol I N
net al base, éﬁ%%? ﬁHN%éi%ﬁ%%%ﬁaéé@%%g %Eeﬁ%%ﬂe%tFﬁgcgugﬁyéﬁéZﬁgﬁgigg

chai A of the coupkedoumaduct tspdepsotett bg (EStremlkl) (2Us) ngroducing the
30e.g.,TBAF.The13-Iactang%ecursorTBA
u

1-(tert-
butoxycarbony1)92§?§ppp 8¥§§59F?3y%Y-%9FPPﬂ§06V569VSiIonxy-2-azetidinone

)), is discl i 9. US, Pabenbn7o£126,c 003 B2 and d naddes US,Pakent 6:67 4, 456
(Soga). WD 2012/ 003199PCT/ US2011/ 042299 19 [0051] Alternatively, the side

chai n precursor teayibela fgdetfiional Faurght Rhednceemi vakbat ofcormeund
13-l actam such as_T . .
(S—(4-Bronophen§%?fggg§§f93pﬁ(gg%?FHU OZVerboﬁ%? %%%%%]§Cetal and acid
3-(3of | uor o- 2- pynidipyl) -@& [L1,ri tsapropylssilliyh)i Soxy]dr opanetdy oasr), or

di sclosed in US Patent 7,678,919 (Ilnura). The cougling reaction of the
conpound represeftiéd BYLforRuPar ( PFAFYRAFPHSTBBEC §DiPFAUSEr afed@™Pn Fig. 5 and

]9“ scussed in pay &, detd | sbebow 1QPS3LCgnventtonal synthestsn9hiddntactams
or tse as the Fig. 4 reaction scheme as described above to obtain
the compound represented by formula (Ia).

15 [0049] The compound represented Dby formula (Ia),
produced by any of the foregoing methods, can then be coupled
at the C13 hydroxyl position to a taxane side chain precursor
compound using any appropriate method known in the art. For
example, a side chain precursor compound according to formula

20 (IT) can be coupled to the compound represented by formula (Ia)
to produce a variety of pentacyclic taxane final products
[0050] A specific example of such coupling using a f-
lactam side chain precursor to obtain tesetaxel is illustrated
in Fig. 3, wherein a protected P-lactam precursor (+)-THA 1is

25 converted to (+)-TBA) (Step 9), coupled to the Cl3 hydroxyl
group of the pentacyclic taxane core compound represented by
formula (Ia) wusing a hindered soluble alkaline metal base,
e.g., LHMDS (Step) 10, and the protecting group of the side
chain of the coupled product 1s deprotected (Step 11) wusing

30 e.g., TBAF. The R-lactam precursor TBA (1-(tert-
butoxycarbonyl)-4-(3-fluoro-2-pyridyl)-3-triisopropylsilyloxy—
2—-azetidinone)), 1s disclosed in US Patent 7, 126, 003 B2 and
in the US Patent 6,677,456 (Soga).



10 side chains precursors for coupling to taxane core conpounds may use
p-ani sidine to make the acet oxyphenyl azeti di ne (APA) internediate, which
necessi t awex0t2m®3198e of ceric amoniumnitrate (CAN) at PaTIust@n/0s12ep to
remove the 1-phenyl substituent and convert TPA to THA See, for exanple, US
15 Patent 5,336,785 (Holton).This is ang npractical chem stry for use on a
commercial scale due to poor yield, quality issues and significant waste
generation. [0053]1n an additional enbodi ment that addresses these

probl ens, the invention provides a nmethod for synthesis of the 20 13-|actam

si de chaj recursor for..use in taxane synthesis which enpl oys nmet hox
et hyl ot HBBE I NOP, or | Mot oSGt BTN PropsT Coy bt obRer CACRE alodr GEpe f or
prot ectiam®fidher 3s@Ha0fhtherk3- ] asam sidecChal NncpeeUNSRIas gisel ased

in US Patent 6,310,201 (Thottathil), which is incorporated by reference 25
her ei n. WEhoudlk tHirSreRemisnyy ) Has general [l (f chéehUdesecesee niva ) 89 ipatl ent

7’176’329_égl%%ﬁé%éﬁ%ﬁﬁfﬁé§}§§f¥ﬂfﬂ¥(é¥{ﬁxﬁé%¥ﬁ¥£§%£@ién0t previ ously been

applied to a ein the 4-"'s nt terocyclic and
hal ogen-subisdhdpdred lasoategul reétdstbosedie iayntcheRaiseof Tese@Bageb. (Therlkal.ogen
substituent on the 30 side chain particularlﬁ?the fluorine substitution of

taxanest@U%hcagpﬁéggtéﬁﬂqtﬁ%pcﬁfp§¥FﬁCEPQPOP err €S SATd WG | PY y Tee it a

al  ows PET;) MpgingTebrt axane distrddt i oh FAgt he body, gespesiad ! ynt @csgancer
sites and cancer cells. The fluorinated WO 3012/003199PCT/U82011/042299 20
pyridi nedétsadal seelgarticul arly inportant for the enhanced biol ogi ca

act | vi .ty%cﬂfsé set axel aéonavecfgtei@té‘fr%g%%%‘éiég%"% - L?Qgﬂﬁng tdy,s ?&Qe%ts the
I nventl on pr i des taxane side chai n precursor conpounds represen ed by
formil a {Me andabher meacu \dors fhHor mduw1(iV)g f o6 Mtlaxa(d ) core compounds
may use p-anisidine to make the acetoxyphenylazetidine (APRZ)
intermediate, which necessitates the wuse of ceric ammonium
nitrate (CAN) at a later step to remove the l-phenyl
substituent and convert TPA to THA. See, for example, US
15 Patent 5,336,785 (Holton). This 1s an impractical chemistry
for use on a commercial scale due to poor yield, guality issues
and significant waste generation.
[0053] In an additional embodiment that addresses these
problems, the invention provides a method for synthesis of the
20 R-lactam side chain precursor for use in taxane synthesis which
employs methoxy methylethoxy (MOP, or methoxydimethyl
propyloxy) or other acetal groups for protection of the 3-0H of
the R-lactam side chain precursor as disclosed in US Patent
6,310,201 (Thottathil), which 1s incorporated by reference
25 herein. Although this chemistry has generally been described
in US Patent 7,176,326 (Thottathil) and US Patent 6,310,201, it
has not previously been applied to a B-lactam wherein the 4-
substituent is heterocyclic and halogen-substituted as required
for the synthesis of tesetaxel. The halogen substituent on the
30 side chain, particularly the fluorine substitution of taxanes
such as tesetaxel, 1s of particular interest and utility as it
allows PET imaging of taxane distribution in the body,

especially to cancer sites and cancer cells. The fluorinated



[ 0055] wherein Me is nethyl and BOC is tert- butoxycarbonyl. The conpounds
represented by fornmulas (V) and 10 (VI) may be synthesi zed generally as
descri bedwOreoli®oPmpent 7, 176, 326 and US Pat ent 6, 310, 20PCTIUuS20%1/0k2289 so be
appreci ated by those skilled in the art that other groups for protection of
the 3-0H of the 13-l actam side chain prgcursor as disclosed in US Patent

6, 310, 201 (Thottathil) may be substituted for MOP in 15fornula (V) and
formula (VI). [0056] However, i nanot heraspectt hei nventi on provi des an
alternative synthesis that avoids the use of CAN while producing a

crystalline solid 13-1actam si de.ch?i n. precurso fgr | i nkage to Cgﬁ?’ of the
Laxane BBISKUEIT ¢ Eor o b1 ot POGELAFAL“ThE SyRPRESTECI s Bar 1 oFfed A026F 6hg
to the generadideacddion scheie idddisdtat et i Hidnotzhe iRl it Bygdrst .
pyridine or substituted pyridine; Ac is acetyl; Me is nmethyl; MOP is 2-

met hoxypk@BAl and BOC i ttéyits: baeeggcar bbayl InTenini ¢ &y Iske sapprecingt ed
by thoses\gisc}%alc%ggihngrr%%u%!’stort h@émﬁéd}?&s gE%PéséH{eé%@r At &Ghien of) t hgy3- OH

of the 1 m si de chain precursor a
di scbhosetthmuSRat ent )6, 310, 201( Thottat hi | ) maybe substituted for MOP in the
foregoing reaction schenme.ln a particular enbodinent Py is a

hal o- substituted pyridi neg h as fl uoropyridi a net hoxy-substituted

pyridine.In a 30 pr rred\]gznégdi ment (I;’\‘?/ T 3-f 1 upropyri di ne. Wien Py is 3-

WD 2012/ 003199PCT/0S2 42299 21 f1 udfSpyrPdine ~néonpound 18 of the above

reaction schene is theﬁpound represented by fijormula (VI) and conpound 17
te

is the conmpound repres c¢h by fornmula (V). Pg ismdcso intended to

formula (V) formula (VI)
[0055] wherein Me is methyl and BOC is tert-
butoxycarbonyl. The compounds represented by formulas (V) and

10 (VI) may be synthesized generally as described in US Patent
7,176,326 and US Patent 6,310,201. It will also be appreciated
by those skilled in the art that other groups for protection of
the 3-0H of the R-lactam side chain precursor as disclosed in
US Patent 6,310,201 (Thottathil) may be substituted for MOP in

15 formula (V) and formula (VI).

[0056] However, in another aspect the invention
provides an alternative synthesis that avoids the use of CAN
while producing a c¢rystalline solid pB-lactam side chain
precursor for 1linkage to Cl13 of the taxane polycyclic core

20 structure. The synthesis is performed according to the general
reaction scheme illustrated in Fig. 2, wherein Py is pyridine
or substituted pyridine; Ac 1is acetyl; Me is methyl; MOP is 2-
methoxypropyl; and BOC is tert-butoxycarbonyl. It will also be
appreciated by those skilled in the art that other groups for

25 protection of the 3-0H of the R-lactam side chain precursor as
disclosed in us Patent 6,310,201 (Thottathil) may be
substituted for MOP in the foregoing reaction scheme. In a
particular embodiment Py 1is a halo-substituted pyridine, such
as fluoropyridine, or a methoxy-substituted pyridine. In a

30 preferred embodiment Py is 3-fluoropyridine. When Py is 3-



enconpassar omat i csubsti t uent sandot hersuitable 5 heteroaromatic noieties.

[ 0057] Thei nvent i onal sopr ovi desaconpound represented by forrmula (VII1) which
is a novewoiznt2ee®di ate in the reaction schene of Fig. PCrar2@&yniizesi s of

t he conpounds represented by formula (V) and formula (VI). ")1 ir" N'N 1 Py
10formula (VII1) wherein Py is as definad above. [0058] The above reaction
proceeds by reacting anmonia with the al dehyde PyCHO to produce the
conmpound represented by fornmula (VIII1). Treatnment of the conpound
represented by 15 formula (VII1) with acetoxy acetyl chloride, TEA and THF
forns the 13-lactamring 2) and the 1- substituent is
Forved LN T T e BHTRROCH of foL B8 AEPHEMERBR ¢ Ay aFGPetRsy Sot T

m xture @md¥lnfe (pabkadeumeearnbpnyoandilydrogen ahpedsstbOmat a 7f orem the
Compound 20. Conpound 20a is 20 formed by enzynatlc resol uti on of Conpound

20 enantG @IS GYehePaLEnESIdEsCridEdia US) Pat eny 1517€1826lntﬁn@ﬁ¢st0
process (omound. 20 Is. freated "‘%Eﬂslcﬁ?ﬁéﬁt pen- am das sterase and the

desi red enantiorer is recovered y recrystallization. ase ydrolysi's of
ConpﬁunduiKErddmﬁm&DEﬂWM&ﬂ&EﬂGEJ K2CO3) renoves the 25 acetyl to produce the

3-0H (Co 21), which is then rotecte by addition of methoxypropene
and pyrlﬂﬁﬁgﬁn1p t ol ueng*Ssul f bMaER %@PTS)afﬁ%nerBFP 18§Sdeséri bEGTPR VDS

Patent 6,30 20);cd esyl EbpgulA C@TROYNG L En Ald ef n@@w@ YntEeORRAYAd1Z i S
prepared by addition of methoxypropene/ CSA or 2, 2-

2012/ 00319 PCTAUS201 1/S04H22G9 QQ Hﬂgetﬁbx9®ro§§ﬁéhesAS BAC tReaddewoupds
Conmpound_17 dd t on. of OlgyﬁP to fo e final product Conpound
18. [005&§H§§§%ﬁ%‘é%l n% §£ﬁ1 é%l of " the 13-
P P
\r

Py
10 formula (VIII)

wherein Py is as defined above.
[0058] The above reaction proceeds by reacting ammonia
with the aldehyde PyCHO to produce the compound represented by
formula (VIIT). Treatment of the compound represented by
15 formula (VIII) with acetoxy acetyl chloride, TEA and THF forms
the R-lactam ring (Compound 1%9a in Fig. 2) and the 1-
substituent is removed using a mixture of hydrochloric acid in
water (hydrolysis) or a mixture of Pd-C (palladium carbon) and
hydrogen (reduction) to form Compound 20. Compound 20a 1is
20 formed by enzymatic resolution of Compound 20 enantiomers
generally as described in US Patent 7,176,326. In this process
Compound 20 is treated with lipase, pen-amidase or esterase and
the desired enantiomer is recovered by recrystallization. Base
hydrolysis of Compound 20a (for example using K,CO3) removes the
25 acetyl to produce the 3-OH (Compound 21), which is then
protected by addition of methoxypropene and pyridinium p-
toluene sulfonate (PPTS), generally as described in US Patent
6,130,201, resulting in Compound 17. Alternatively, compound
17 1s prepared by addition of methoxypropene/CSA or 2,2-



| actam si de chain precursor for use in preparing tesetaxel, the 5 al dehyde
starting conpound is a derivative of 3-fluoropyridine and the reaction
schene i swaoiddogwprated in Fig. 2. [0060] For preparati @nTafS2eihe4120%et axel
side chain precursor as shown in Fig. 2, the 2-al dehyde of FFP (3-
fluoropyridine) is reacted with amoni &y Step 1). Subsequent 10 steps to
prepare the conpound represented by formula (VI) are as descri bed above. In
a preferred enbodi ment the conmpound represented by fornula (V) is prepared
usi ng et hoxypr opene/ CSA or 2, 2-di met hoxypr opane/ CSA and the BOC group is

added using (.BOC2) 0/ DVAP, 15[ 00 The conpound represented_by formula (V1)
o R R s By T BPERe SR | ERhEREN o7t e ot )
to produgse psatectesrreset axelh ehcamrathher preldat-ed C@@E)TO@@MC lisc taxane

conpound. The side chain linking reaction is preferably acconplished using
a hinder P33l ubl e al kalt e Poewethd dasedsnent asori eENGRCRERanEL ke B-

di sil azi i d ribed.in .ent . Publicatio

2002/ oogq‘%‘zész< %%n&éﬁg %g?%ﬁf %6]? 7§§E 55%8( LBI'E g%) ggrﬁgau?%%tg%t% ‘6, g@& 887
(Thobt atdiidghfax $takagegofospdendhdisns tdet hea€Cl3e hydr 8x ¥l vofr opypriotieet ed
t axanes. However, other netallic bases, may al so be 25 used for coupling of

t axane ste CHaiTfiedst Ut sTHHEEd 15 VS Pateitr 3455088729 Al er nat i vel y,

attachmepgogd) the of the,A3-plactamiidd erdrediate neprasentied yf ormalia
(VI') to the 13- position of the pentacyclic taxane internediate represented
by for mpzequzpoTamshe sperfor red BsJdeséri beldei e Btpredsd iaf UFSP 3dPat ent

No. 6,677,456, [0062] The.reactl sch I . l.ubl e hi nder a for
coupl i ngg%%oer%}{ralccflarln? )si %Ié éh%%cﬁ%%&r e%%rr%o%%#ggég fs(§lt:é%vv§l:) ) V\i!)(asu%%e%u%%t
2012H00FHA9RCT SRR EHAE4229% 23ombetied NrHbXesehers ty thermnter ned) atee
conpound in which the 2' hydroxyl is protected by R and Ris as indicated

in the rEacfP6ATSEREMARDGVe. ThE cAPItMEE TR e SERCEFTEY T o Ml £O"BOUPS) i s
first reagt.edswiidy L@a%ﬂﬁ apother ;suptabhecal kalkhne etal y?ﬁl% rfd /&
sol vent such as tetrahydr ofltljr ank(ﬁ'Hll:) gs auSht ir% Exarrpl esX a%dn9 /ofSAU. S.
Patent Noz 8,873 #86hokponorddiet C6A cfnd hehselBsst edrdBr| dct amldedt e ing
rH%i(Ct irﬁg(égét)%r/%MAtPhe 13-position OH reacts with the 13-lactamto produce

15 [0061] The compound represented by formula (VI) 1is
coupled to the C13 hydroxyl of the compound represented by
formula (Ia) to produce protected tesetaxel or another related
pentacyclic taxane compound. The side chain linking reaction
is preferably accomplished using a hindered soluble alkaline

20 metal base such as lithium hexamethyl disilazide (LHMDS), which
has been described in US Patent Publication 2002/0091274
(Holton), US Patent 6,794,523 (Holton) and US Patent 6,350,887
(Thottathil) for linkage of side chains to the C13 hydroxyl of
T-protected taxanes. However, other metallic bases may also be

25 used for coupling of taxane side chains as disclosed in US
Patent 6,350,887. Alternatively, attachment of the of the (-
lactam intermediate represented by formula (VI) to the 13-
position of the pentacyclic taxane intermediate represented by
formula (Ia) can be performed as described in Example 6 in U.S.

30 Patent No. 6,677,456.

[0062] The reaction scheme wusing a soluble hindered
base for coupling the [p-lactam side chain precursor 1is as

follows:



10 2'-OH of HTX is deprotected by treatment with mld acid or TBAF
(tetrabutyl ammoni um fl uori de) generally as taught in Exanples 7 and 9 in

U. S. Pat ewmO 2h/00619877, 456. The tesetaxel final product PSTMSROMI0ERIANd,
optionally, crystallized to obtain the desired pol ynorph.

15[ 0063] Al ternativel y,thel3-1actam nterggedi ate represented by formula (V)
can be converted to the functional equival ent TBBE as descri bed below with
respect to Fig. 5, and coupled to the taxane core conpound represented by
formula (la). 20[0064] An exanple of a reaction schene for obtaining TBBE
and coupling the TBBE side chain precursor is shown in Fig. 5. As shown,
TBA is synthesized by conversion of 4-(3- X
fluoro-2-pyridyl)-3-triisopropylsilyloxy-2-azetidinone (THA) to TBA by
reaction with a butoxycarbonyl grgup. The B<hydroxyl of 25 the THA and TBA
precursors can Qﬁw@rofﬁggkg by ahy [hydro Dy ot ect | YHGFOUTPAS uBisERSEL
triisoprdpydsial . 3 n_p ved fromidiBA by
thio-esterificatjpn of TBA (thel JDZR0T5100310QPET/ USTOL 42209 24
conmpound represented by fornula (1)) witEadthigl conptdnd such as

4- br onot hi ophenol or 4- br onoleYfZeliettii.or be' presence of a base. This
process is described in US Patent 7,678,9 Qé&yra).TBBE is then coupled to

C13 hydroxyl group 5 of the pentacyclic taxane core conpound (e.g., the
conpound”?%%ﬁ%%éﬁﬁ%dF%@e?%r%gl%h?lé?§eFWe%haFﬁeFPmEBPQQn%“iWhﬂﬁ@ bPEsénce
of basekhQﬁRﬁ%ﬁMC%f@_%@6%@%t@bthb9 hydroyy| wpretected sige-chal n.i Coupli ng
may be nedi ated by either bases such as sodium hydride or by sol ubl e

hi nder edrdrsstesosuckhhagie HMDS/e and 10ei s prefurdblkyrecaseneddouty i doamuilaer t
as atno ere uch.as nit.rogen. or . The_coupl ed ot ecte r.oduct
CRE i i TELAE: S Wi Rttt e e R Al
depr ot eclieeth T dmpsoduceat belfénal staxane cenpaupdrofheahi nabrpr aduetaudmy

optional]ly be crystallized to obtain the desired 15 pol ynorph. [0065] One
net hod fot &RPSEASS zdt i BRYofd t exlet &xel- | §2888¢ri Bed ity US Phtent 71800, 980

(Uchi da)aomitsimtde_tfl»féege%%tt%e,sf—qa@téwr@? ?Ehé‘cfég&?ié‘ﬂdm%@ft‘é&ehoﬁ:h%

m xture of acetonitrile and water for crystallization; however, other
13-position OH reacts with the R-lactam to produce HTX. The

10 2’-0OH of HTX is deprotected by treatment with mild acid or TBAF
(tetrabutylammonium fluoride) generally as taught in Examples 7
and 9 1in U.S. Patent ©No. 6,677,456. The tesetaxel final
product is purified and, optionally, crystallized to obtain the
desired polymorph.

15 [0063] Alternatively, the R-lactam intermediate
represented by formula (VI) can be converted to the functional
egquivalent TBBE as described below with respect to Fig. 5, and
coupled to the taxane core compound represented by formula
(Ia).

20 [0064] An example of a reaction scheme for obtaining
TBBE and coupling the TBBE side chain precursor 1is shown in
Fig. 5. As shown, TBA is synthesized by conversion of 4-(3-
fluoro-2-pyridyl)-3-triisopropylsilyloxy-2-azetidinone (THA) to
TBA by reaction with a butoxycarbonyl group. The 3-hydroxyl of

25 the THA and TBA precursors can be protected by any hydroxyl
protecting group, such as triisopropylsilylether (TIPS). TBBE

can be derived from TBA by thio-esterification of TBA (the



20 nethods for purification of tesetaxel by crystallization nmay be

enpl oyed. O her solvents such as ethanol, nethanol, isopropanol (each with
or w t houwwowat2n}19aay al so be used for crystallization ®€Tits26ano¥2299 n t he
art. [0066]1f necessary, steps may be taken to control and 25 mnim ze
hydrol ysis of the BOC group of HTX by tdye acid deprotection reaction. For
exanpl e, reducing the reaction tenperature, shortening the reaction tine
and varying the reaction conditions nay be enployed to mnimze hydrol ysis
of the BOC group if necessary AIter natively, in the event of an 30

ndesi rabl e anount of BOC. hydrol S | y. be re-added
by e B ST koo EEoHb 850 T DREUIE qolar) bt Uhade. L | ConBol

2012/ 003429PCTLYS201 104299 2 d0067] A-t eer'oVrﬁJbériz@rFeQﬂﬁ'dlng e thee
conpound represented by fornula (la) to produce 2'-0-protected tesetaxel

(HTX), theesompould rrepbesent ed biys f srageas(149 desfsihafa (v YScartisat
| ed 3 | f.
Formita 1By o it T1]) ar Formu v D e Gl R P FRE hE T a55%e as

deschi bedf ahbee penipaogutec altaeranat | ver &ntemredirat egel.n. t,hettteesetoaqoehmd
synt hesi s schenes descri bed above. The cgﬁgled protected product, i s then

depr ot ected Hitd” i f%d HEHESeri Yed Jab Boupli&tg t Fe 19iSde¢ 16 chdi

precursgsrdothe & tgrpat rttse drideidedi at £5- (& ept esent ed by, far gﬂ%lo%e@ﬂe'd)
formula (1V) and formula (Ib)) neans that the side chain is added to the

taxane cor&e stﬂﬁ@retl ureQ@elderlelgcdm eb¢onedfiathd toseriddedr clorees Thesk as
al ternatj A r tes y .t | ves e ycli an 5
i o%b e 415‘ § EEB gﬁ% not%ereg.ggi ul . p Qucfrg %%n%fqt@é €

conpoun redCte escri fherein e’the
SyntLbeSIJSs oﬁaréf\er@enyaewtmedt esetl akel agoneerit. &as r&m@;ﬁh@fel heu€h- és
doubl e bond fromthe conpound represented by formula rermval of aqne
carbon fiHom ¥ tF MHAP" ol ef PR BPUPPﬁ%dcyEFPEeﬁE%?aPraﬁHcgddpt t8nEFde -t He

di met hyl am npnet hy) 205 sybshistuent ;1@ %ﬂ%ﬁ%ﬂou%c{ epresented by, {oraul a
(rrr); or renoval of one carbon fromthe termnal olefin, addition of the

di met hy|carmoret tsd gpow:godemﬂz removalinefl ttrxadss 7cdmprJedbondTlfler ftime 1

conpound_re sented b % V) 068].The, fj nal teset axe roduct may
al so be erBOCP eR/erfaed tlvoamr S ﬁarmatlsoE ﬁcaﬁﬁd 8cer}ﬁt§bn

usi ng metdwodsomel ] known in the art. These salt forms Wi ||

provi deavarr et yof usef ul physi co- chem cal and Ehar macol ogi cal properties to
t eset axel0QRkh will bfimselGFPPA i eFERECARdieal LappldfcatFonsarot 1s

exa”p'e@éeeﬁﬁﬁgﬁ'ﬁho%s Patent 7,410,980 (Uchida). This method uses

acetone, a mixture of acetone and water, or a mixture of

acetonitrile and water for <crystallization; however, other

20 methods for purification of tesetaxel by crystallization may be

employed. Other solvents such as ethanol, methanol,

isopropanol (each with or without water) may also be used for
crystallization as is known in the art.

[0066] If necessary, steps may be taken to control and

25 minimize hydrolysis of the BOC group of HTX by the acid

deprotection reaction. For example, reducing the reaction

temperature, shortening the reaction time and varying the

reaction conditions may be employed to minimize hydrolysis of

the BOC group if necessary. Alternatively, in the event of an

30 undesirable amount of BOC hydrolysis the BOC group may simply

be re-added by reaction of HTX with Boc,0O in DMAP as described

above.



30 salts of tesetaxel may be prepared through dissolution thereof in an
appropriate solvent in the presence of an appropriate acid prior to
purificatworrommdse crystallization. The salt forns of wPreFaisaxalo4azay have
the general structure (TT)m (HX), WD 2012/ 003199PCT/ US2011/ 042299 26
wherein TT is tesetaxel, HX is an acid,gsand mand n are each independently
1 to 5 [0069] The salts of tesetaxel and a nonobasic acid may be desi gnated
TT. HX or TT.2HX. The useful nonobasic acids for 5 formng salts of

tesetaxel having these structures include HC1 (hydrochloric acid) HBr

hydr ob ), W (hydrol od o8 (ot t
oy ) - HOIMEIE acl o, | ETE I NBA CHet HAne SUlphonfe. achd) . BERRE ¢

(benzene spiphoni <y as ;lbdﬁ@r@@yt at @a(etba@@oaub@hqmg ~gelodlctedl frdkies 2k 1
acid, CSA (canphor sul phoni c acid), p-TSA (toluene sul phonic

aC|d) matiiet)i c aei s, @@%@@%n%ak$ﬁrﬁ$%®ﬁ$¢chﬁléormUla (IT) or formula (VI)
2- hydro h aci.d aphth o] |c I

aci d, an?%%gc? sandkgg%gr%phéﬁﬁgcgugl§g$?8§%%%e%€a aggdg99§5F66§6f?
salt§ ofrdesetcaxedd ang arfdrhasiac ammn,wwpﬂmmmmswqmabedofTﬂ&&muléTKIHx

The useful . di basic s for formng salts of tesetaxel_ having the TT.HX or
2TT. HX 13Ut ufé iﬁ@ﬁ% R e H’gsﬁal B ¢ S %?Pevﬁci > HELce

acid, succidvaacid 4ntaktabieragi dinmleni ccaeidxeti t&§erded s 20 nemes
phosphorlc acid, edisylate (1, 2-ethanedisulfonate), phenyl phosphoric acid,

di gl ucorﬁEt:SCa@k@Ed ambeaci ds,Thend Qﬁqiétedphamm@ﬂtl%ﬂal IOy calsisapt alsl e tdeinds.
[0071]I fi,rst aspec the cess th ny on r u g

salts of é%%(%%% The R ec?%% %%I %%ragig SUIt%b|eE§O veﬁ %égaﬁéeg to
thelDeaQﬂuﬂnlﬂpXéUUEsbﬁrtﬂjnkh@gziﬂﬁéﬁﬂa&ﬁx@halﬂtef@éﬁb&ﬁ@sbyr@@m@@baﬁbwon
of the 2'- rqbﬁt The final product is then subsequently purified and
crystaJI@&eﬁP?W th%IEtudgot%%ktl6ﬁvh1§Pﬂr§Oé@uﬂPI&%PP&t@ﬁaPﬁ fhet the

fol I ow ng; Jeactyipn, schengiqqa 0 2Q12/QQ3199RGHUS2OLY 042298 ture  before

completion of the tesetaxel core. These alternative

intermediates may themselves be useful pentacyclic taxane
15 compounds, but may also be reacted as described herein to
complete the synthesis of the pentacyclic tesetaxel core, i.e.,
removal of the C6-7 double bond from the compound represented
by formula (Ib); removal of one carbon from the terminal olefin
of the cyclic acetal and addition of the dimethylaminomethyl
20 substituent to the compound represented by formula (III); or
removal of one carbon from the terminal olefin, addition of the
dimethylaminomethyl group, and removal of the C6-7 double bond
for the compound represented by formula (IV).
[0068] The final tesetaxel product may also be
25 converted to various pharmaceutically acceptable salt forms
using methods well known in the art. These salt forms will
provide a variety of useful physico-chemical and
pharmacological properties to tesetaxel which will be useful in
different medical applications. For example, acid addition
30 salts of tesetaxel may be prepared through dissolution thereof
in an appropriate solvent 1in the presence of an appropriate
acid prior to purification and/or crystallization. The salt

forms of tesetaxel may have the general structure (TT)n. (HX),



27 1. MId Acid (or TBAF) TESETAXEL 2. Add acidAcid salt 3. Purificati
crystallization as the acid salt [0072]In an alternative enbodi nent, the

sel ect ed wiOi2d12003®9sui t abl e sol vent

on/

i s added to the puripCiras2@anad4i2eol at ed

t eset axel (al sodi ssol vedi nasol vent) fol | owedby 5 crystallization of the salt

form as illustrated in the follow ng rgaction schene: Aci d/ Sol vent
TESETAXEL TESETAXEL Acid suit Crystallise EXAMPLES Exanpl e 1:
Coupling O Internediate Conpound (la) Wth The 10Si de Chain TBA. Procedure
1: [0073] A solution of the 13-hydroxy taxane internediate (la) (715 ng)
froshiy diled ang distilled T wag, Prepared and cogled 0.4 0% I"2acn

10

15

20

25

independently 1 to 5.

[0069] The salts of tesetaxel and a monobasic acid may
be designated TT.HX or TT.2HX. The useful monobasic acids for
forming salts of tesetaxel having these structures include HCI1
(hydrochloric acid), HBr (hydrobromic acid), HI (hydroiodic
acid), HNO; (nitric acid), HOAc (acetic acid), benzoic acid,
lactic acid, MSA (methane sulphonic acid), BSA (benzene
sulphonic acid), esylate (ethane sulphonic acid), sulfuric

acid, CSA (camphor sulphonic acid), p-TSA (toluene sulphonic

acid), mandelic acid, gentisic acid, hippuric acid,
2-hydroxyethanesulfonic acid, 2-naphthalenesulfonic acid,
gluconic acid, amino acids and other pharmaceutically

acceptable acids.

[0070] The salts of tesetaxel and a dibasic acid may be
designated TT.HX or 2TT.HX. The wuseful dibasic acids for
forming salts of tesetaxel having the TT.HX or 2TT.HX structure
include malic acid, maleic acid, fumaric acid, oxalic acid,
succinic acid , tartaric acid, malonic acid, citric acid,
phosphoric acid, edisylate (1, 2—-ethanedisulfonate), phenyl
phosphoric acid, digluconic acid, amino acids, and other
pharmaceutically acceptable acids.

[0071] In a first aspect, the process of the invention
for producing acid salts of tesetaxel, the selected acid in a
suitable solvent is added to the reaction mixture for linking
the side chain, followed by deprotection of the 2’-0 group.
The final product is then subsequently purified and
crystallized from the crude reaction mixture as illustrated in

the following reaction scheme:

in



conpl ete dissolution of the material. To this cooled solution 15 was added
drop wise with vigorous stirring lithium hexanethyl disilazide (LHVDS, 1.05
eq. in TH¥Q20i¢m0atsed wi th 1, 3-di phenyl acetone p-tosyl hpdrasemnap4oer a
period of several mnutes to keep the internal tenperature around -50C
After the addition, the reaction m xturgey was warnmed to -30C and stirred at
that 20 tenperature for 5 mnutes. A freshly prepared solution of TBA (1.1
eq.) in THF was added drop wise to the reaction m xture over a period of
several mnutes. No significant exothermwas observed. The flask contai ning
TBA was washed with a fewm of W) 2012/ 003199PCT/ US2011/ 042299 28 THF and
t he washi ngs were transferr lﬁd to the reaction mxture. The resulting

sol ution was brought to O y replacing the cooling bath with an ice-water
bat h. The reaction_was stm for an additional 90 m nutes. The reaction
was nonitor e?ﬁi&j\ﬁgc 5 and, C whi ch mindiceatasaepnpl et e conversion to

2' - TIPS tesetaxelNH{imte ]

9). t MepEMELquenched wi th pH
7 phosphat e by¥ d, tur t 1ﬁc%;q)upous Nakedslq t was then dil uted
wi th ethyl ackt Feo1‘<oll vent h@@@jau %t haklikae 10 work-up and

sol vent concentration to gDH/e) the goupl ed product in quantitative yield.

The crude LhQdn AR G is ol 1 purified by silica gel polish filtration and
1.2 g of coUpfelr" M ¢r| all whs obtai ned. M5 MW 1037. HPLC retention tine
(RT) 11.2 nminutes. 15 Example 2: COdpling O Intermediate Compound (la) Wth

The [0072] In an alternative embodiment, the selected acid

in a suitable solvent 1is added to the purified and isolated
tesetaxel (also dissolved in a solvent) followed by
5 crystallization of the salt form, as 1llustrated in the

following reaction scheme:

Acid/Solvent
TESETAXEL - - TESETANEL Acid saft
Crystallise

EXAMPLES

Example 1: Coupling Of Intermediate Compound (Ia) With The

10 Side Chain TBA. Procedure 1:

[0073] A solution of the 13-hydroxy taxane intermediate
(Ia) (715 mg) in freshly dried and distilled THF was prepared
and cooled to -50°C. The cooling was applied only after
complete dissolution of the material. To this cooled solution
15 was added drop wise with wvigorous stirring lithium hexamethyl
disilazide (LHMDS, 1.05 eq. in THF; titrated with 1,3-diphenyl
acetone p-tosylhydrazone) over a period of several minutes to
keep the internal temperature around -50°C. After the addition,
the reaction mixture was warmed to -30°C and stirred at that
20 temperature for 5 minutes. A freshly prepared solution of TRA
(1.1 eg.) in THF was added drop wise to the reaction mixture
over a period of several minutes. ©No significant exotherm was

observed. The flask containing TBA was washed with a few ml of



Side Chain TBA. Procedure 2 [0075]In an alternate nmethod, the procedure was
repeated using 58 ng of pure 13-hydroxy taxane core internediate (la) as in
Exanpl e IwoOheivioglvd of the reaction 20 was cl ose to 100PCIrUSen¥omeee t y
(yield 77 mg). M5 MNV 1037. HPLC retention tinme (RT) 11.2 mnutes. Exanple
3: Deprotection of 2" TIPS Goup, Internmed ate 9 to Tesetaxel [0076] A
solution of 2' TIPS tesetaxel (internmediate 9) 25(77 ng) in ethanol-THF
(1:1) solvent (5 m) was cooled to OC using an ice-bath. To this solution
pre-cooled (0C) 1.5 N HC1 (aqueous) (1 rri) was added drop w se with

Vi gor ous irri n over eriod of sever utes, The reaction,

stirred T wevornf HoaniRGh M AP AT TIie] nef chPedCEBRpt R M0 Lore

di sappeanancecefiithegst aptiingoR’ WRS besetaxel t@and tcheppr esencec Dig  the
tesetaxel. WD 2012/ 003199PCT/ US2011/ 042299 29 [0077] The conventi onal

ext ract i %20 Wiork- %tlﬂlsi\fhéheﬁﬁyllcﬁc@taéteé fhﬂq%de%%/ spRUeRPNeVaporatirdsdgave

teset axel f .4 ?c?cﬁ f ¥ %QnuPﬁge”% gQCEQSanF‘st %on&@%rgjﬂgg Ri pduct

may bef urth erpuri rorrat ogr aphyand/ o crystallrzation yield
was B0 mapd 87H/E>]HPLprmbht y inHRIcGtRE 7. @ampﬂﬁ‘t&fmt«a@mﬁ@msﬁorpur tbi cat’'i-aipgave

0 . I
ng ﬁt ;(raset atg%el n 1318t/é)1pmerc'11t3/te I\/95 .MN 882. Exanple 4:Alternate Deprotection

[0074] The reaction was guenched with pH 7 phosphate
buffer followed by saturated aqueous NaHCO;. It was then
diluted with ethyl acetate followed by conventional extractive
10 work—-up and solvent concentration to give the coupled product
in quantitative yield. The crude product was further purified
by silica gel polish filtration and 1.2 g of coupled material
was obtained. MS MW 1037. HPLC retention time (RT) 11.2

minutes.
15 Example 2: Coupling Of Intermediate Compound (Ia) With The
Side Chain TBA. Procedure 2
[0075] In an alternate method, the procedure was

repeated using 58 mg of pure 13-hydroxy taxane core
intermediate (Ia) as in Example 1. The yield of the reaction
20 was close to 100% in 94% purity (yield 77 mg). MS MW 1037. HPLC

retention time (RT) 11.2 minutes.

Example 3: Deprotection of 2'TIPS Group, Intermediate 9 to
Tesetaxel

[0076] A solution of 27 TIPS tesetaxel (intermediate 9)

25 (77 mg) 1in ethanol-THF (1:1) solvent (5 ml) was cooled to 0°C

using an ice-bath. To this solution pre-cooled (0°C) 1.5 N HCI1
(agqueous) (1 ml) was added drop wise with vigorous stirring
over a period of several minutes. The reaction was stirred for
several hours until HPLC and TLC indicated complete
30 disappearance of the starting 2’TIPS tesetaxel and the presence

of tesetaxel.



Teset axel . The TBAF net hod. 10[ 0078] A solution of 2' TIPS tesetaxel
(intermediate 9) (1.2 gm in ethyl acetate (10 m) was cooled to 0-10 C
and 1.1 eyoizoelmwatovof tetrabutyl ammoni um fluoride sol ut iPom/usasi1Aadrted and
stirred for 0.5-3 h. Conpletion of the reaction was nonitored by HPLC. This
reacti on was consi dered conpl eted whengkh the starting material was .0.1%
At that time, 4% sodi um hydrogen carbonate and saturated saline were added,
and the organic | ayer was separated and washed with saturated saline, then
concentrated under reduced pressure at .50C. The crude

t eset axe i spoi nt can..be rified either 20 .chronmat.ography.or b
crystaflé@—{%npo: by grkbeonggﬂ%?%nbhog%icﬁﬁgﬁﬁfgdyﬁphv%_gl%%éfﬂgl i%éltyilon.
The yi elgbavas: S35 dm wdd HRLC Ridnit 0fe25%r diRlda REake9. .t Mo tMA882.1n

Exanpl e 5: Tesetaxel Crystallization [0079] Crude tesetaxel was dissolved in
acet one, I PB5 Gctd Vated/ takbon WererdHed, OAndREhBUAL XY ur € RaSTyeer PE@ R t15-

50C for -2 h.lnso tt was fJ |l teped of i i filter

(0. 2-0. é@a«ﬁm g)r?d vvalfsﬁ%%ﬁ%\ﬂi h dcetone, |tr§§fi|téek%ﬁé%dﬁ%i%ﬂv§%r atatnj%%o C
was added;ysared Theatsiodrut | oOrwas yiedtli maed Tlormds, h3 7ThBPpCepupital e HEAS

i sol ated an shed with 30 cold 40% aqueous acetone, The precipitate was
then dri®ed under qiéro‘??taéooqpﬁ ePRE 1T 66 L WO T2/ 693 T60PET? ©is2B1/ 342299

30 [0080d=orp & secongs anysdgl | i zation to increase the purity and/or to
control the norphol ogy, the crystals were dissolved in acetone at .50C,

wat er was, added to. effegi crystal 1 hzgtheoandnt hgsm XhuEenWas 18Li 1 bed cat

room
Tesetaxel. The TBAF method.

10 [0078] A solution of 27 TIPS tesetaxel (intermediate 9)

(1.2 gm) in ethyl acetate (10 ml) was cooled to 0-10 °C and 1.1

equivalent of tetrabutylammonium fluoride solution was added

and stirred for 0.5-3 h. Completion of the reaction was
monitored by HPLC. This reaction was considered completed when
15 the starting material was <0.1%. At that time, 4% sodium

hydrogen carbonate and saturated saline were added, and the
organic layer was separated and washed with saturated saline,
then concentrated under reduced pressure at <50°C. The crude
tesetaxel at this point can be purified either by

20 chromatography or by crystallization or by a combination of
chromatography and crystallization. The yield was 535 mg with
HPLC purity of 95%. HPLC RT 7.9., MS MW 882.

Example 5: Tesetaxel Crystallization

[0079] Crude tesetaxel was dissolved in acetone,
25 activated carbon was added, and the mixture was stirred at 15-
50°C for 0.5-2 h. Insoluble matter was filtered off with a
micro filter (0.2-0.25 um) and washed with acetone. Ultra
filtered (UF) water at 40-50 °C was added, and the solution was
stirred for 26 h. The precipitate was isolated and washed with
30 cold 40% agqueous acetone. The precipitate was then dried under

reduced pressure at <60°C.



5 tenperature for 6 h. Precipitated crystals were collected by filtration
and washed with 40% aqueous acetone. The product was wei ghed and the yield
of teset awol201a®39al cul at ed. The yield from crude teseraxaiS2abtaizaed from
crude 2' TIPS tesetaxel can be 60-80% HPLC RT 7.9., MS MN 882. The teset axel
was 10 dispensed into brown bottles. [G@31] Synthesis of tesetaxel as

descri bed in Exanples 1-5 was confirnmed by HPLC, as shown in Fig. 6.

Exanpl e 6: Preparation of TBA [0082]0.9 noles of (+)-THA and 10 v/w (to
THA) of THF 15 were placed in a reactor, dissolved to a solution while
stirring | owed by dition of 0.0361 ww (to THA) of DVAP and 1.0 noles
of (Boc)%ﬁ.%e react i onf Was Zal F6%83% ocﬁy\é\%%%élé?t?B%m?%nﬁé}cﬁetﬁsee f?hheSO
to 90 mpConpl ekl rof thhecseaedi onnaasmehpekedqghy HPLE. ddpan Lommhetieon,
5 v/iwof a 4% 20 sodi um bi carbonate sol uti on was added and extraction was
per f or meth a0 gedL0 v wa(dex oHdA) aaf mSh&Xaneratldre oraganiscldeayert onas ffashed

with about 5 v/w tap water, and t{?en dried over an apgrogri te anount of
magnesi U S 3 at e 21 HE0 ublPE@%substancds et r eddved By FTFtratilon ang™

vashed w i ahaut, 2 vl €10, THA) 25, of, ihexane  The, T Lt rate, capbined

w th the shi hgs, was concentr at reduced pressure at
to obt aifi MBAt@sora aesi dushddPLE Ret @nti cgdeaes ( REptbael?. 4The ngtresiuchS MWV

439. Yield 100% This residue was used for all tesetaxel coupling
exper i mefts. "SOIERANGIE! 7-0Pr ap&i'at i Bh JeerREES wgras calculated.  The

(2212/ 003 LAORCTY M52 01,1/ 842299: 81 £ D083 £X Hdg #BAnmandudel seqibvakent@le4- BTP
can be 60-80%. HPLC RT 7.9., MS MW 882. The tesetaxel was
10 dispensed into brown bottles.
[0081] Synthesis of tesetaxel as described in Examples

1-5 was confirmed by HPLC, as shown in Fig. 6.
Example 6: Preparation of TRA

[0082] 0.9 moles of (+)-THA and 10 v/w (to THA) of THF
15 were placed 1in a reactor, dissolved to a solution while

stirring, followed by addition of 0.0361 w/w (to THA) of DMAP

and 1.0 moles of (Boc)0. The reaction was allowed to proceed
at room temperature for 30 to 90 min. Completion of the
reaction was checked by HPLC. Upon completion, 5 v/w of a 4%

20 sodium Dbicarbonate solution was added and extraction was
performed using 10 v/w (to THA) of n-hexane. The organic layer
was washed with about 5 v/w tap water, and then dried over an
appropriate amount of magnesium sulfate. Insoluble substances
were removed by filtration and washed with about 2 v/w (to THA)

25 of n-hexane. The filtrate, combined with the washings, was
concentrated under reduced pressure at 40°C or less to obtain
TBA as a residue. HPLC Retention Time (RT) is 17.4 minutes, MS
MW 439. Yield 100%. This residue was used for all tesetaxel

coupling experiments.

30 Example 7: Preparation of TBRE



br onmono-t hi ophenol) were dissolved in 13 v/w of |PE (isopropyl ether), 0.3
equi val ent of potassium carbonate was added, and the m xture was stirred at
room t enpgoa01wm3fer 0.5 to 3 hours. 5 Conpletion of theCrTasellom29as
checked by HPLC. [0084] Upon conpl etion seven volunmes of | PE and nine

vol unes of tap water were added and thejorganic | ayer was separated. The
organi c | ayer was washed with nine volunes of saturated saline, and then
dried over an appropriate anount 10 nagnesi um sul f at e. | nsol ubl e subst ances
were renmoved by filtration and washed with 2 volunes of IPE. The filtrate

conbi ned_ w washi ngs S. CO trated under reduced pressur 40C or
less to E)déq@n TBBE as (#alfdeesi dug’ Yietd gugnt?gﬁfVé “MHPLE pu‘rzi_%?w0 “RT
21. 8 m it @somdVE MY 2o Thi seFeshdygowasalinused §of atl rbesgqtiaxelopyl
coupling experinments. Exanple 8: Coupling of Intermediate Conpound (la) with
t he Sidetdidiln TBBE. FFocEdRTeE 10T GOE5]S3 I0MEqaRrvaAPeAtc o aNaHE @RI 8 w6 ues
of DMVE (gommpgy -h t axa o] e r | aced in 20 a
r eact or tgrgd st}?%]ge%.&%s. 2%?%9%5%(% %? ?quﬁyé%g gr?glﬁg%eg)ég\rl\g'?ag i?s%lo\}lgg'i n7
vol ufes @imelret PIVE svast raddeth ctfiodd owveed diye dked eéguiiml@nt of crude residue
TBBE di S€904V din 5 volunmes of dry DVE at an int ir nal tepperature_ of 10C or
| ess. Cod19§R was st opp&f” af@™PhEreactTOF had CallieRedt o JpFocedd 61 to
4 25 howsiufonplet i papof dihe- r eacki ogamas checked by HRLE: cUpOyer was
conpl etion, the reaction was quenched with a mxture of "9 volunes of 4%
sodi um biexabort € sdheat icowaand 9latunessofvashikygl Hddt at¥)e andluhesodani ¢

| ayer \A%Sq,tserpaacre% ed.1TRE, 0 gan ¢rlayen Y8 ared W th & X E Qhdnt

vol unes © Lfap
10 magnesium sulfate. Insoluble substances were removed by
filtration and washed with 2 volumes of IPE. The filtrate

combined with washings was concentrated under reduced pressure

at 40°C or less to obtain TBRE as a residue. Yield gquantitative.
HPLC purity 97%, RT 21.8 minutes. MS MW 628. This residue was

15 used for all tesetaxel coupling experiments.

Example 8: Coupling of Intermediate Compound (Ia) with the

Side Chain TBBE. Procedure 1.

[0085] 3.0 Equivalent of NaH and 8 wvolumes of DME
(compared to 13-hydroxy taxane core to be used) were placed in
20 a reactor and stirred. 0.2 to 5 g of 13-hydroxy taxane core Ia
dissolved in 7 volumes of dry DME was added, followed by 1.1
equivalent of crude residue TBBE dissolved in 5 volumes of dry
DME at an internal temperature of 10°C or less. Cooling was
stopped, and the reaction was allowed to proceed for 1 to 4
25 hours. Completion of the reaction was checked by HPLC. Upon
completion, the reaction was quenched with a mixture of 9
volumes of 4% sodium Dbicarbonate solution and 9 volumes of
ethyl acetate, and the organic layer was separated. The
organic layer was washed with a mixture of 9 volumes of tap
30 water and 6 volumes of saturated saline, and concentrated under
reduced pressure at 50°C or less. The residue obtained is 27

TIPS protected tesetaxel (compound 9).



30 water and 6 volunes of saturated saline, and concentrated under reduced
pressure at 50C or |less. The residue obtained is 2' TIPS protected

t eset axelwQcorpwsryd 9). WO 2012/ 003199PCT/ US2011/ 042299C3AISp008E12TNe

2' TIPS protected tesetaxel was further purified by crystallization or

chr omat ogr aphy and/ or a conbi nati on of 3»0th chromat ography and
crystallization. M5 MW 1037. HPLC Retention time (RT) 11.2 m nutes.

5[ 0087] The crude product obtained was al so used as-is for the next
deprotection step to tesetaxel. Exanple 9: Al ternate Coupling of

| nt er med] Conpound (l.a) Wt e Side Chain TBBE. Procedure 2 8] The
13- hydro@f@xane core #kb% V% Eaﬁga) pffﬁ%fctt(?dlo 3 %O]d 8" vol ur?él[sr(%g?ﬁdry
THF wer ex\pd acech | Npg reaei Of a1 cophedoh 0 -RO0C andosbibbedpnd. 1 £auiyal ents
of LHI\/DS in THF (1 M was added to the reaction and the m xture was stirred

for 20 rYEwtaton 50f3¢th. qh@@fmwlé@i?@ ofnEr e Stesli ldire tIBBE  dil8 s & ed
in5 vol Yes %deﬁ-@fn%ﬁ aézllq@éj ?fgld) 1hp 2 qﬁﬁ{d’@é 15 tenperature was
i to 0-1 ,

rai sed Cool 1 ng was st oppe and the reaction was all oned to
procéed [@087] to 4 hourkhe Conpliet icavdofctt hebteactd omawas lcheckedd by sHRIsC.
Upon conpl etion the reaction was quenched with a m'xture of 9 volunes of 4%
sodi um bi Tarftndt e s ot R Y SniP o Rines 'G5t acetate, and the 20
organic Iayer vvas separated. The organic | ayer was washed with a m xture of
9 vol unmes P tap dvat ef 1 AAENBL ol AnEs 1819 sat urldtedmesliae anPeoneerftifat ed

under reduced pressurg;at S0C ©/4d €5$2:Jhergesi due, obtained is 2° TIPS
protected tesetaxel (conmpound 9). 25[0089] The 2' TIPS protected tesetaxel

was furt rified byncry o] t

conbi nat on of both chr o%t%%r a%%g&ga%d{lacgég aﬁ??%a?%ﬁ%?é@ans\??oé? 2HI}»’LC
Ret enti on 4 i mea{dRTy td12mes nofesdry[ 0090%¢he ephiuadedpriadacteabtairnedondsdal so
used as is 30 for the next deprotection step to tesetaxel.

VO
2012/00§%§9P%%/%S§@f1ﬁ6@?§§§1 1.1 equivalents of LHMDS in THEF (1 M)

was added to the reaction and the mixture was stirred for 20
minutes at -50-30°C. 1.1 equivalents of crude residue TBBE
dissolved in 5 volumes of dry THF was added and the internal
15 temperature was raised to 0-10°C. Cooling was stopped, and the
reaction was allowed to proceed for 1 to 4 hours. Completion
of the reaction was checked by HPLC. Upon completion the
reaction was quenched with a mixture of 9 volumes of 4% sodium
bicarbonate solution and 9 volumes of ethyl acetate, and the
20 organic layer was separated. The organic layer was washed with

a mixture of 9 volumes of tap water and 6 volumes of saturated

saline, and concentrated under reduced pressure at 50°C or less.
The residue obtained is 2’ TIPS protected tesetaxel (compound
9).

25 [0089] The 2’ TIPS protected tesetaxel was further
purified Dby crystallization or chromatography and/or a
combination of both chromatography and crystallization. MS MW
1037. HPLC Retention time (RT) 11.2 minutes.

[0090] The crude product obtained was also used as 1is

30 for the next deprotection step to tesetaxel.

Example 10: Triflic Anhydride Reaction; Conversion of 10-DAB

IITI to Intermediate 2 of Fig. 3



33 [0091]10 m of pyridine, 2.9 g of 10-DAB IIl, and 2.10 g of

4-di met hyl am nopyri di ne (DVAP) were added to the reactor. The reaction

m xt ure wai® 20fwdoB®d and nmi nt ai ned under controll ed temperatsaria/obeyneen 0C
and 10C under nitrogen 5 atnosphere. 1.94 g of trifluoronethansul fonic

aci d/ anhydri de was added drop w se overz3s period of several m nutes. During
the addition the reaction m xture was nai ntai ned between 0C and 10C. The
reaction m xture was checked by HPLC for conpletion. Conventional extractive
wor k- up gave the crude 10 product as a mixture of the triflate

(i nternmed] 2 in Fig..4) and_the correspgonding elim ed_6-7 olef]
(corrpoun'gdcfég)e]. The cr ude’ rfjéfe?}f arY st Used” a -9sogoh61fﬁggng%$’s€88. 2I\'/%OMN
677. HPLEL set entipachimem{ RI)y9idiAknubesy) Exame exdde ter nate rReeedur e

for 7-Hydroxy Triflation; 15General Prot OICO|%€£I0092] A sol ution of
10- deaceltig baceatiiAn( 100 BABITE ef@val @nt)lemhd pydi dimel {22 Ngd| umesier20

equi val e tirr i C ol S) d ed. to -20C r
nit rogenégar'?gn%sp eecfe.te“in%%fﬂla&g?oérzmga%g%seél fgﬁc %ﬁ ydir:(?%e ?’dllc% ?%%ﬁ%%ﬁ 20
sol ubi oret{d ydianes) vias addedfover i 4l hovsset keepi hfot he iantiel/mahydride

tenperature %%%0 uynder nitrogen atnosphere. The resulti njglﬁm' xture wa

S
stirred "Hd £¢ oFEdPby FiEC. realEr A%t Ui’ Wit qliehiched- by PAddingi on

of THF (it vahureshnanthdiClebdt Nonb nvaltiires) whbenddihe e d ayer ¥as waghed
wi th 25 NaHCO3 and NaCl saturated sol utions. Evaporation of the sol vent

gave t hent udd 4G f | affée Puepfiéani ohiwasreeald s edcychedhdx wilhCDCMONEOH
98: 2. [0093]20g. of 10-D 14 of triflate internedjate (i.nternediate
2 of Fi gc.O le\c/l\ll&tcl\f{];'a ché(ﬁlngg%{gﬁ%lg%y e3>i)tro 4t814‘6% and a fll el %g%% %Q% VS
6771 0HPL Retentd©na timhet () 0. 7Thel but €3ate (intermediate 2 in Fig. 4)
and the corresponding eliminated 6-7 olefin (compound IX). The
crude material was used as—-is for the next step. MS MW 677.

HPLC retention time (RT) 9.7 minutes.

Example 11: Alternate Procedure for 7-Hydroxy Triflation;
15 General Protocol
[0092] A solution of 10-deacetyl baccatin (10-DAB, 1

equivalent) and pyridine (2.9 wvolumes, 20 equivalents) was
stirred in CH,Cl, (2 volumes) and cooled to -20°C under nitrogen
atmosphere. Trifluoromethanesulfonic anhydride (OTf,) in CH,Cl;
20 solution (2 volumes) was added over 4 hours, keeping the
internal temperature at 0°C under nitrogen atmosphere. The
resulting mixture was stirred and monitored by TLC. The
reaction mixture was quenched by addition of THF (10 volumes)
and HC1l (1 N; 6 volumes) then the THF layer was washed with
25 NaHCO; and NaCl saturated solutions. Evaporation of the solvent
gave the crude triflate. Purification was realized by washes
with DCM/MeOH 98:2.
[0093] 20 g of 10-DAB gave 14 g of triflate
intermediate (intermediate 2 of Fig. 3) with a chemical purity
30 of 84% and a yield of 70%. MS MW 677. HPLC Retention time (RT)

9.7 minutes.



WO 2012/ 003199PCT/ US2011/ 042299 34 Exanple 12:Elimnation of the 7-Inflate
(Intermediate 2 of Fig. 3) to 6-7 Aefin (Conmpound |IX). CGeneral Protocol

[ 0094] A swDhubi2me3wp 7-0Tf- 1ODAB (internediate 2 of 5 Fi @CTA)S2¢11/0¢2299 val ent)
and DBU (5 equivalents) was stirred in THF (6.2 volunmes). The resulting

m xture was stirred at reflux (70C) for3gh and nonitored by HPLC. The
reaction m xture was quenched by addition of EtOAc (10 vol unes). The

sol ution was washed with saturated NHAC1 and saturated aqueous Nad . The 10
organic layer was dried (MgSO4), filtered and evaporated to dryness. The

crude c oud purjfied flas OonA ( ck 40-63 W|th
oM MeOR 01 4T g o 1hT F1AR T | B eE HEd BI85 1510 b5 Ha 8 0o
desired conpound (conppugd 13 agso a6wr7| te1pewder (c@{ﬁ@@ﬁn@ryls); al | |Géa11é|rgr1 15
in DCM, HPLC chemical purity is 95% The yield is 80% M MN527. HPLC
Retention tinme (RT) 4.B8r@atAgPés. Exanpl e 13: Reduction of C6-7 Doubl e Bond:
Conversion of Conpound (1 X) to Internmediate XI of Fig. 3 [0095] The C6-7

ol efi n of0Q@¥hpound (I X)A o@tOdiUrt@'@Dab@ﬁe 200Was1dPaBol Vet ¢rmeliatemes off

et ha ol and 0, | une. .o e 10% Pd/C 0% wet (5%wt and
ot ur o1 il e L2 0BT dnt S vES  added Ad S Rrdd Ther b e Fagen

at nospherwr até 40 +©1 0 f or théordshouisg LoRpleti QasOEttlh’]Qeﬂeé@t r@IF 1W&S
checked by HPLC 25[ 0096] I nsol ubl e subst ances were renoved. The resi due

for 2h and monitored by HPLC. The reaction mixture was
gquenched by addition of EtOAc (10 volumes). The solution was
washed with saturated NH,Cl and saturated agueous NaCl. The

10 organic layer was dried (MgS0O.), filtered and evaporated to
dryness. The crude compound was purified by flash
chromatography (Merck 40-63 um) with DCM/MeOH 98:2. 14 gm of
triflate (intermediate 2 of Fig. 3) gave 9 g of desired
compound (compound IX) as a white powder, after crystallization

15 in DCM., HPLC chemical purity is 95%. The yield is 80%. MS MW

527. HPLC Retention time (RT) 4.9 minutes.

Example 13: Reduction of C6-7 Double Bond: Conversion of

Compound (IX) to Intermediate XI of Fig. 3

[0095] The C6-7 olefin of compound (IX) obtained above
20 was dissolved in 5 volumes of ethanol and 0.5 volume of water
was added. 10% Pd/C 50% wet (5% wt) and ammonium formate (2X5

equivalents) was added and stirred under nitrogen atmosphere at

40 to 60°C for 1 to 4 hours. Completion of the reaction was
checked by HPLC.
25 [0096] Insoluble substances were removed. The residue

was washed with 3 volumes of ethanol, then concentrated under

reduced pressure at 50°C or less. To the concentrated residue,
15 volumes of ethyl acetate and 3 volume of 4% sodium hydrogen
carbonate and 3 volume of saturate saline were added, and the
30 organic layer was separated. The organic layer was washed with
7 volumes of saturated saline, then dried over an appropriate

amount of magnesium sulfate. Insoluble substances were



was washed wth 3 volunmes of ethanol, then concentrated under reduced
pressure at 50C or |less. To the concentrated residue, 15 volunes of ethyl
acet at e awo 281v0B199e of 4% sodi um hydrogen car bonat e an@C3/Us00 1082209
saturate saline were added, and the 30 organic | ayer was separated. The
organi c | ayer was washed with 7 vol uneggspf saturated saline, then dried
over an appropriate anount of magnesium sul fate. |Insol uble substances were
WO 2012/ 003199PCT/ US2011/ 042299 35 renoved, and the residue was washed w th
3 volunes of ethyl acetate and again concentrated under reduced pressure at

50C or | ess. The crude product was rified chromat ogr.aphy and/ or
oryssal IOt G P s B S By STt Bl Bty s
67% Th i 04 225 i i 7 4v )
Exanpl e%l%é:t%Bt(c)%\g%gd ga}éﬁulcrg/i%odr\ﬁ/%f I natJde_(gradr_n(,;?1 I at%mﬁ&{boéd@%%c%rﬁl%te %‘@_?g%%gnyl

group oflegd er nBdeateudk wasdueducedsd tout heiedrbespondinagobetahal eohiglorby

t he reducin a%%gnt 10 borane-THF conplex. Intermediate XI (700 ng) was
di ssol ved' ¥ =430 ) E ArftP iES! cottEd 9D 240 under ni trogen at mospher e.

15 hydr oggapequi val ent symfc horane-dHRL-west added drep whseyandat hes 955,
tenperature was brought to OC. After stirring the reaction for 2 hours, an

addi ti ond} Mirownt - diPBorRateeMHP 5 idtfui V&l ent®) 7 I5Lnvigseadded to the
reaction. After stirring the reaction for another two hours, it was
guenched®Eymaddi Iy t o raactRahiai Xiuret | hitteerdneed weteerXlcont &0t ng 0. 1%
formc acid. Extractive work-up followed by chromatography gave 77%yvyield
of the XM 9Bloduct. 20[0VOO9]|HRLC et calr ur i tof wasitEtMediecyi Id was

90% M5 531, HPLC retention tipe (RT% 10.0 m u%ﬁes. Exampl e ,15:
Pr epar at TSI ACerEl® (CONVETRIBALEY PRt ar iedPaAPe 28 5! AEAPRIaPacEets of
Fig:04) LO0LDIBEL oimACQE. 3:68.kacoheal ool jteyodk at e:10,25CH ax 4).

0.46 kg of triethylamne HCL salt (TEA HCl), and 2.63 kg of acrolein
di et hyl T&et &1 0 (nDbR) aner @agdded tes! the vEACE orndey, nigrepepamphosplicteni c

acid (CSA) was disgol ‘ét%qv%%e%té Ithfbg‘gaq;élleﬂ{""e 3?' %d%%%?ﬁddgget 9 Lhe

reacti on mxture; an he tTenperature was kep between and 2 f or

sever al tourserd@fatomd hourisrdogR8 bounsy. ThetereactionimgX ke rwas tdhecked
for 2 hours, an additional amount of borane-THF (5 equivalents)

15 was added to the reaction. After stirring the reaction for
another two hours, 1t was qguenched by adding the reaction
mixture into ice-water containing 0.1% formic acid. Extractive
work—-up followed by chromatography gave 77% yield of the DOH
product.

20 [0099] HPLC chemical purity was 77%. The yield was 90%.

MS MW 531. HPLC retention time (RT) 10.0 minutes.

Example 15: Preparation of Acetal (Conversion of Intermediate

10 to Intermediate 13 of Fig. 4)

[00100] 35L of AcOMe, 3.68 kg of alcohol intermediate 10
25 (Fig. 4), 0.46 kg of triethylamine HC1l salt (TEA.HCl), and 2.63
kg of acrolein diethyl acetal (ADA) were added to the reactor.
14.1 g of camphorsulfonic acid (CSA) was dissolved to 1.8 L of
AcOEt, the solution was added to the reaction mixture, and the
temperature was kept between 15°C and 25°C for several hours
30 (from 4 hours to 28 hours). The reaction mixture was checked

by HPLC for completion. 37 L of isopropyl ether (IPE) was



by HPLC for conpletion.37 L of isopropyl ether (IPE) was WO

2012/ 003199PCT/ US2011/ 042299 36 added, and 29 L of n-hexane was added. The
m xture wWai® 20ftwdoB®d to bet ween 10C and OC and stirred f@cTfusommD412093 hours
while maintaining the tenperature. After stirring, the precipitate was
obtained by filtration using a 60 cm Nggche filter. The 5 precipitate was
washed with 15 L of IPE. The precipitate was then dissolved in 74 L of
AcCEt. The organic | ayer was washed with 37 L of water followed by 18 L of
water (twice). Next, 9 L of 4% NaHCO3 and 9 L of saturated NaCl sol ution
were m xed and used to wash the organic |ayer. The organic |ayer t hen
10 e e ARG ot peoan TexGae PRt BRUR and TReT 4P HGe "dds Cladned
with 18 o afeAeEt .1 Jhe g£earbh nedaengani eréayebrwasofvapenated e sa whesicdue
under controlled tenperature between 20C and 40C. 22 L of |PE was added to
t he resifthie)t Al 1hetBe g arafe Svas Stirpred UndemDontRel P& CL@mbetat ur e
bet ween L5, 206, 30306y 22t of, Nshexang was agded, o, de,di xipre, andothe
m xture was stirred not |ess than our. ter chilling under confrolled

t enpér atprre et tveeen dOC ansh&C, wihe abxtLurel WekE st | Thedpnetipéesstehamak
hour. The precjpitate was filtered with a 60cm Nutsche(SUS) filter and
washed i 9 11 0F VTBE S 204 A G YyiTlg wi TIF s0vdettim UFYeF , "EemIBrattr e

control led beinwegn,20G and 40€) otBe ¢hystalld ine form was,obtai nedext, 9
(Standard 2.01 kg (Yield 51%, Theoretical 3.94 kg, Specification; not |ess

t han 80% b3f HRL QjaHEcamplde 916: oPr eparatiten dCAcedlutCompoene (ikey: and
Procedure 25[00101] The di ol _caonpound DOH ( ) di.ssal ved |

G ohi o GSThang (Z0TM [ Eand a0 vhients of et 8P hr Hottey Hhdt 40V
added t aldihel react i pnkei xttunesdZowdare draanhydriotsezi aed chher krdei@l0e2 was
equi val ents) was added and the reaction m xture was stirred at_about 30C
for 24 HRFEUNTEFRHPIEC 800andtS it i ndiPCat €M ot et ©€G%HELT oh2Y Bkt MASt i ve

wor k- up 4.1} oved by ehromatagpaphi ¢@ur i tiocatian cgave.83% yield i 98%n
purity. M5 MN568. HPLC Retention tinme (RT) 13.9 WO

2012/ 00AQIPCINWSZ0L L/ 042299 87 EXanpias 17ddaflt épndtte Procedur e fiod tthe
Preparation o.fC Afet al @gpo%g(%r(e

on | C ) .l ll)ri eF_;r ocedur elﬁ éogégz }'hgﬂgsgn& Rr o%%dure
as that UsEd ¥or the" cBRversion cof UTter nediat & 197t 6 I REEFBET ale 155 n
Exampl e 266 ahoveonas appl iiedf or-Hderconves shage®@f t OOthtomagetuiak, cempound
(Irr) in 8%yield and 95% purity. M5 MV 568. Retention tine (RT) 13.9
the mixture was stirred not less than 1 hour. After chilling
under controlled temperature between 10°C and 0°C, the mixture
was stirred not less than 1 hour. The precipitate was filtered
with a 60cm Nutsche(SUS) filter and washed with 11 L of IPE.
20 After drying with a wvacuum drier, temperature controlled
between 20°C and 40°C, the <crystalline form was obtained.
(Standard 2.01 kg (Yield 51%), Theoretical 3.94 kg,

Specification; not less than 80% by HPLC),
Example 16: Preparation of Acetal Compound (III): Procedure 1

25 [00101] The diol compound DOH (1 g) was dissolved in
dichloromethane (10 ml) and 4 equivalents of acrolein dimethyl
acetal was added to the reaction mixture. Powdered anhydrous
zinc chloride (0.2 equivalents) was added and the reaction
mixture was stirred at about 30°C for 24 hours until HPLC

30 analysis indicated complete reaction. Extractive work-up
followed by chromatographic purification gave 82% yield in 96%

purity. MS MW 568. HPLC Retention time (RT) 13.9



Exanpl e 18: Conversion of Compound (lI11) to Conpound (la) [00103]0.17 to
7.9 g of the acetal conpound |1l and 15 10 v/w of pyridine were placed in a
react or awo 2diz¢®salvged to a solution, followed by additi eaTafS2@.1842209v of tap
water. The internal tenperature was nai ntai ned between 25C and 55C. 4. 09
v/w of a potassi um permanganate solutigy (50 g per liter of water) was
added, and the reaction was allowed to proceed for 15 0.3 to 3 hours. The
resi dual amount of acetal conpound (I111) was checked by HPLC. 15 v/w of
ethyl acetate, 5 v/w of a 10% aqueous citric acid solution and 3 v/w of
sat ur at sal i ne re ded, ,and the organic | ayer_was separated. Th
or gan. ¢ 155 e nos ACd ot P e THOREITS St OF vilF of L aE25% ineBhs ACRFALe
acid 20 solution and 3 ‘clomp@tm@at(quqt)edps_r@lcie@@l,ref ol l owed by a wash with a
m xture of 5 v/w of 4% sodi um bi carbonate solution and 3 v/w of saturated
saline. [ldweowshed organic | ayge wWas dden.concentrahed undery redygced e
pressure at 50C or less to obtain the diol internmediate as a residue.
25[ 00104]arhes ki obn | of ek nediaecdipesi dle twasidisssuidiedd nl ¥ ynwEghmple 15
acetgni t111 e, .45 0w of agtiyated carhon yas added and Lhe,mxiure yas
stirred at°'1s 18° 5081 of to 2 Kours.” I'nsol Ubl e subst ances were renoved,
fol | owed(loyr adthit BeR @fie3 dvelnsress of pacet oni t Md emansls 4. vRwceht pyhi diine,
and then 3.3 v/w 30 of tap water in which 0.426 w w of sodi um peri odate was
di ssol velRThel Tehction was all owed to proceed at 15 to 50C WO
2012/ 003199PCT/ US2011/ 042299 38 for 2 hours or nore. Conpletion of the
react i orEX¥aRP khekked ®&HPLG O] 00 0By W of L &l 2098 defiesuisnd odi adm
t hi osul fate sol uti on was added. | nsol ubl e subst ances were renoved by 5
filtrati d0XM¥lough cel it el andowdshed wift K2 Waptofl ethiyboweet AL é. alhHe 15
fil trate ‘Apmcz))i ned rvgof.r}lewasgi ngs ;was, concentr at ec ourndequdre lusc%qa;)erdesggr% at
50C or |ess. Jiop\}//W 0 et%yjf afetate and 2 voiunes of Saturated sal rhe “was
added t asdhe- concendbrabeddsolutddtand bhe 2qrganiw bayeampwas separ atred.
The organic 10 | ayer was washed twice with 2 v/w of saturated saline and
furt her Mwastheth W tdmrzemm xiung evad M2 vl ve oied Y% agureous2 s6diand B ar-bodatdd@ and
4 v/ w of saturated saline. The organic |ayer s then dried over. an
appr opr i 4% Sfount BT HAGHESIHEOITHEES | RGOFOBPB Sutst 4nded vieh & F effved
by filtradion andswashed, Wdady 1kha véweolost hvls acetates dbepbbbteat eor
conbi ned with the washings, was concentrated under reduced pressure at 50C
or léss.0{b0a06PARCaGonceht? at PEAIBAL1GMPMRE R 22CHE 9 ofFO8BERDfM ddetidt e
and 0.1 / I h i ne hl ori de stkrrednat O
to 15C %wl%%%}ﬁ% reTEEZt gbgwﬁour@/d\%ﬁg1%9\/\%%%3?&5%5%&&%%% ;%ag\g}tj%xé/go%oﬁycfri de
was addedyerthstartred atc0dt oo hQCi doraddt ® 8/hourfssaComplketi ealdhet were
reaCtlOQxﬂﬁiijgﬁgeghgyo?g%gic layer was separated. The organic layer
was washed with a mixture of 3 v/w of a 10% aqueous citric acid
20 solution and 3 v/w of saturated saline, followed by a wash with
a mixture of 5 v/w of 4% sodium bicarbonate solution and 3 v/w

of saturated saline. The washed organic layer was then
concentrated under reduced pressure at 50°C or less to obtain
the diol intermediate as a residue.

25 [00104] The diol intermediate residue was dissolved in 7
v/w of acetonitrile, 0.15 w/w of activated carbon was added,
and the mixture was stirred at 15 to 50°C for 0.5 to 2 hours.
Insoluble substances were removed, followed by addition of 3
volumes of acetonitrile and 1 v/w of pyridine, and then 3.3 v/w

30 of tap water 1in which 0.426 w/w of sodium periodate was

dissolved. The reaction was allowed to proceed at 15 to 50°C



[ 00107] The reaction was quenched by adding 7 v/w of a 25 15% aqueous

pot assi um hydrogen carbonate solution and 3 v/w of saturated saline. The

or gani ¢ Iagepivmsivgepar ated and washed with 5 v/ w of tapCraisesiiamtonith 3
v/w of saturated saline, and dried with an appropriate anmount of nagnesi um
sul fate. Insoluble substances were remayed by filtration and the residue 30
was washed with 3 v/w of ethyl acetate. The filtrate was then concentrated
under reduced pressure at 50C or less to obtain WO

2012/ 003199PCT/ US2011/ 042299 39 conpound (la) as the residue. The residue

furt fied b h d/ tall t 108] M5 MV
600. HPLC Rl ahtTon 11 MB (RT) 6090 BhYPiy 5005 Exanpl 8" 167 AFPEPRACe ™
Procedurigotkor t he Conversion of Conpound (I11) to Compound (la) [00109] 2. 38

g of acetal at OC and 17 vol umes _of pyridine/ H20 were m xed, then 5.4
vol umes 0k Rleous KVNGH (507 g/ 25 fall 8déd BJUSOBSyoSGRBETOf thdeasls SRINOA

(50 o/ L)iarie g0 added finesl.ow addLblon, over, 30, o Ul esy. 0 hggs on APLC

(RT 9.1 nlnute corresponde possi bl e isomers a
new ¥ f of imed- ftyidsroxydhrgrootp foerl itthi s andacwashed MSvMM 603. wConvert | enaly 1

extractive work-up_gave crude produc 2.86 The, crude product was used
" the fHITOW T STEB WLLRSGELS FULEIRSr "Bur! { YEati RS [OBLTOT2 86 1§ t6r. t he

above Wﬁéf"'r@& éeoc‘t);B deeé@tgfé"té‘{ %c@s 6)? ﬁ%‘é r101 f/\4J°'o‘f”%w'°:h ‘ie%%%'t%“ le,

1 vol unme yr| ter
ConversuﬂnjMBSv@bﬁﬁéyedff@atth&td@ssEEﬂnGOWBQUdeeNBtNMkﬁ%lcoHEb@tREteBO
9.7. Conventional extractive work-up gave crude product of materi al

was |scﬂ%&%&F%ﬂQerapﬁe1#3%09?8ﬁ“lFOO%%TT?oWaFedﬂ%@?@%F %1nat?%% OF 98B I§ of
t he gbove, rude -al dghydeqwas, dissqlived at ph i %f24s%u9£tg&0%11%9@ ABhd

further washed with a mixture of 4 v/w of 4% aqueous sodium
bicarbonate and 4 v/w of saturated saline. The organic layer
was then dried over an appropriate amount of magnesium sulfate.
Insoluble substances were removed by filtration and washed with
15 3 v/w of ethyl acetate. The filtrate, combined with the
washings, was concentrated under reduced pressure at 50°C or
less.
[00106] At a concentration of 10 v/w, 0.122 w/w of
sodium acetate and 0.122 w/w of dimethylamine hydrochloride was
20 added and stirred at 0 to 15°C for 15 minutes to 2 hours. 0.316

w/w of sodium triacetoxyborohydride was added and stirred at 0

to 40°C for 1 to 3 hours. Completion of the reaction was
checked by HPLC.
[00107] The reaction was quenched by adding 7 v/w of a
25 15% agueous potassium hydrogen carbonate solution and 3 v/w of
saturated saline. The organic layer was separated and washed
with 5 v/w of tap water and with 3 v/w of saturated saline, and
dried with an appropriate amount of magnesium sulfate.
Insoluble substances were removed by filtration and the residue

30 was washed with 3 v/w of ethyl acetate. The filtrate was then

concentrated under reduced pressure at 50°C or less to obtain



of NaOAc, followed by 290 ng of NMe2. HC1l, followed by 752 ng of 25

Na( AcO) 3BH were added to the reaction m xture. Customary extractive work-up
at t he cowpletzoosivef the reacti on gave the crude am no eomrpseeid/0§12a9 .

[ 00112] Pr oduct MVSMAB00. HPLCRT. 6. 2. Chr omat ographic purification gave 1 g
pure conpound (la). WD 2012/003199PCT/4¢452011/ 042299 40 [00113]0.17 to 7.9
kg of the acetal conmpound (IV) and 15 v/w of pyridine were placed in a
reactor and dissolved to a solution, and 2.5 v/w of tap water was added. The
internal tenperature was maintai ned between 25C and 55C. 4.09 v/w of a 5

t t | ut 09 it f wat dded,_.and
Rt e A o R AT P - e s
of acet aly campaundddAn wasichacked, dya HRALG 16 v/ w of ethyl acetate, 5 v/w

of a 10%a ueous citric acid solution and 3 v/w of saturated saline were

added, 1P k he organit Yayer OwasdPsepaicdtsed.1oThet BrgahRe) | Ayér Was Wwashed

wth a rgdﬁgure of 3 v/w of a 10% aqueous citric acid solution and 3 v/w of
S

saturate aline, followed by a wash V\Athamxture of 5 v/iw of 4% sodi um
bi carbonat e sol on d 3 v/iw of satur at d sa The produ t
concant TR Undet 155 Baase preetant & Fapcthr " Fand Fs58: atn LRE )

internedi ate as a resi du&.II[)O(ﬂblé]oEEle@u(ﬂﬂdol(Ilar)t ernedi at e reS| due was
dissolved in 7 v/iw of acetonitrile, 0.15 w w of activated carbon was added,

and the pootoge was stizred af b3 tace@eifort0.5°to Zadours. 20 unesol whl e
subst ances were renoved, then 3 volumes of acetonitrile and 1 v/w of
pyri di neXerE rided, wole owededy addnt idort df0131H3?S//Q\foﬁqt1§9U\ﬂ/atKé4Nq4n Wi ch

G 20 vyt SeduimAT) }\p/va%t% (‘%)l Sogke éc&e}ge at 1 MNBf 58%% 21%1)12 hours or

di ssol ve The reaction s al owe 0 proce
25 mdre. ac(atnfqalleyl ohowof atiiétieacbiven Wwas ncihedleed byTWdPLlﬁZeal[:@OdzﬂS]{BL(Z/ WRAf a
20% aqueous SOdI %m thiosul fate , ,
9.1 minutes) corresponded to the two possible isomers
at the newly formed hydroxyl group for this reaction. MS MW
603. Conventional extractive work-up gave crude product, 2.86
g. The crude product was used in the following step without
15 further purification.
[00110] 2.86 g of the above material at room temperature

was mixed with 10 wvolumes acetonitrile, 1 volume of pyridine

and 1.01 g of NalIO4 in 7.9 ml of water. A complete conversion
was observed for the desired compound. MS MW 571. HPLC RT.
20 9.7. Conventional extractive work-up gave crude product, 2.2 g

of material was isolated after the reaction.

[00111] For reductive amination, 1.88 g of the above

crude aldehyde was dissolved at 5°C in 24 ml of EtOAc. 290 mg

of NaOAc, followed by 290 mg of NMe,.HCl, followed by 752 mg of
25 Na(AcO);BH were added to the reaction mixture. Customary

extractive work-up at the completion of the reaction gave the

crude amino compound (Ia).

[00112] Product MS MW 600. HPLC RT. 6.2.

Chromatographic purification gave 1 g pure compound (Ia).

30 Example 20: Conversion of Compound (IV) to Compound (Ib) and

Then to Compound (Ia)



sol ution was added. | nsol ubl e substances were renoved by filtration through
celite and washed with 2 v/w of ethyl acetate. The filtrate conbined with
washi ngs weoaeeat rat ed 30 under reduced pressure at POTUSROI1O$299 To t he
concentrated solution was added 10 v/w of ethyl acetate and 2 v/w of
saturated saline. The organic |ayer waggeparated and washed WO

2012/ 003199PCT/ US2011/ 042299 41 twice with 2 v/w of saturated saline,

foll owed by a wash with a m xture of 4 v/w of 4% aqueous sodi um bi carbonate
and 4 v/w of saturated saline. The organic |ayer was dried over an

appropri unt of sjum_sul fate, then insoluble 5 subst S were

r enoved Qﬁ]@%ﬁhed Wi t hn&%ni/{?\i)of7' t HyA %](C:ei:ﬁtee.ac éEHT RARC\Sh o%?ﬁe&n\ﬁi th
washi ngs) svas/ £ opEepl ratiedeundee paduced ipr esstiLcadr S 0n1kessvedhis o
produced the crude internedi ate al dehyde. [00116] To t he above concentrate
in ethyls@detiqte (2091F A W EBmpar elde® o "elieracetsal 194a8 - addéde 0 inz2rnwaw of
sodi um acetate and 0.122 w/ w of dinethyl am ydrochl.ori de. ‘The m xture
was St TS0 HEE P HS AT RS 6 556 whnOor T{ad i
triaget gxyhos Ohdr bdendagarddedscand ishi regd @t p@rt 0 14Q6 for Fater$ was
hours. Conpl etion of the 15 reaction was checked by HPLC The reacti on was
quencheddiedhddihg The wofchlaByaguedbsopet assi M dsRRbgEAT car-bonade 3
solutio 3 Vv of t i ne. r i y epar ,
nashed W 5 v st 05 af e TaNA w Eh2 3o SP EGrhE R ey ke ne e gkEt
dri ed witth arLappropbi at v apaunétiofl 26 cragnesi un sukf abe. al ns0% ublg@eous
subst ances were renoved, and the arganic |ayer was washed with 3 v/ w of

et hyl acet@te afie € heAlebheRnerdt d Udert redlucedt ¢t eSdhrBeate56Ca6F P ess

to gbtaighgorpaund-ddb)c a%%@@ resi dygpaFQ0d47] ThenLesidue i b) s yas was
di ssolved in 8 v/wof 25 ethanol (conpared to acetal corpound V), 0.15 ww
of acti veastearboh wasnaddeds amnd 3 he/w xtture® WA% stdugets atiibsli¢oas0GC f or

0.5 to 2 hours. Insoluble supbstances re_renoved, v/ f ethanal, .2.11
Viwof cupuna D30 G ohE Took B chBoc et Tana b1 iadel BYof Bamniigy
format e { coipaied 60 aceval occonmpouiul 30n | V) werisorgteds o andi heaAUXBURE wWas
stirred under nitrogen atnosphere at 40 to 60C for 1 to 4 hours. Conpletion

of the r¥actiBHIESEheHed by HPLIES USRSl éison Consaltghited under

15 reduced pressure at 50°C or less to obtain the diol intermediate
as a residue.
[00114] The diol intermediate residue was dissolved in 7
v/w of acetonitrile, 0.15 w/w of activated carbon was added,
and the mixture was stirred at 15 to 50°C for 0.5 to 2 hours.

20 Insoluble substances were removed, then 3 volumes of
acetonitrile and 1 v/w of pyridine were added, followed by
addition of 3.3 v/w of tap water in which 0.426 w/w of sodium

periodate (compared to the amount of acetal) was dissolved.

The reaction was allowed to proceed at 15 to 50°C for 2 hours or

25 more. Completion of the reaction was checked by HPLC.
[00115] 5 wv/w of a 20% agueous sodium thiosulfate
solution was added. Insoluble substances were removed by

filtration through <celite and washed with 2 v/w of ethyl
acetate. The filtrate combined with washings was concentrated
30 under reduced pressure at 50°C or less. To the concentrated
solution was added 10 v/w of ethyl acetate and 2 v/w of

saturated saline. The organic layer was separated and washed



WO 2012/ 003199PCT/ US2011/ 042299 42 substances were renoved and washed wth
3 v/w of ethanol. The reaction product was then concentrated under reduced
pressur e WO 280M03199]1 ess. To the concentrated residue, 1BCY/usafi/oet2hy |
acetate, 7 v/w of 4% sodi um hydrogen carbonate and 3 v/w of 5 saturate
saline were added. The organic | ayer wagjseparated and washed with 7 v/w of
saturated saline, then dried over an appropriate anount of nagnesium

sul f at e. I nsol ubl e substances were renoved and washed with 3 v/w of ethyl
acet ate. The reaction product was then concentrated under reduced pressure

10 at 50C h f ti h d/ .
crygt al Iq‘”ﬁjg?ref o"ﬁlta%vgurovﬁgéﬁg%yw%%‘:g%?oﬁﬁwnc rgmgg%gp%énw% with a
6. 2. Chr amatagraphi ca puyif beatison gave quald tim conpoumsh{l @) ahe 95v%6:HBLEC

purity. Exanple 21: Conversion of 10-DAB |1l to Internediate 10 15[00118] 45
liter ofSycOMESfbs %@Ihl@”deto th@?ea@%@@n{soolw@ér)Waﬁol ﬁé\l\éé by V&Ir5k§rof

10-DAB 1] 0 kg hi td on ' ed a
sol ution Elopflat&%f {44 aﬁg fﬂi gﬁégne;? [kk Bu S'n Ac g%ﬁﬂﬁ%
(reaéti oanb:ﬁ:rmmeaet ureere &BerﬁcS\E?ad dam@pwamghéd neitd03660/m nf eautilomce2Bte.

f oam nQ).. sol.ution of 1. g of malonic acid in 14 liter of AcOw was

sl o y ﬁbeed ftl&ttrﬁé:ern WH‘Pén(efjeaWFBn W%ﬁlf)é?%ur“éas 3CBEE S ng e
90-150 midy, L t h-ALaRRI NG, e eact han M Xt urg was, mRi LAl ned atcr%%l_e35c'

intermediate aldehyde.

[00116] To the above concentrate in ethyl acetate (10
10 v/w compared to the acetal) was added 0.122 w/w of sodium

acetate and 0.122 w/w of dimethylamine hydrochloride. The

mixture was stirred at 0 to 15°C for 15 minutes to 2 hours.

0.316 w/w of sodium triacetoxyborohydride was added, and

stirred at 0 to 40°C for 1 to 3 hours. Completion of the
15 reaction was checked by HPLC. The reaction was quenched by
adding 7 v/w of a 15% aqueous potassium hydrogen carbonate
solution and 3 v/w of saturated saline. The organic layer was
separated, washed with 5 v/w of tap water and with 3 v/w of
saturated saline, and dried with an appropriate amount of
20 magnesium sulfate. Insoluble substances were removed, and the
organic layer was washed with 3 v/w of ethyl acetate and then
concentrated under reduced pressure at 50°C or less to obtain
compound (Ib) as the residue.
[00117] The residue (Ib) was dissolved in 8 v/w of
25 ethanol (compared to acetal compound IV), 0.15 w/w of activated
carbon was added, and the mixture was stirred at 15 to 50°C for
0.5 to 2 hours. Insoluble substances were removed. 5 v/w of
ethanol, 2.11 v/w of tap water, 0.5 w/w of 10% Pd/C 50% wet
and 0.439 w/w of ammonium formate (compared to acetal compound
30 IV)were added, and the mixture was stirred under nitrogen
atmosphere at 40 to 60°C for 1 to 4 hours. Completion of the

reaction was checked by HPLC. Upon completion, insoluble



[ 00119] HPLC conditions: 25Sanmple : 0.1 m of reaction mxture , 10 nil/50%
aqueous acetonitrile Injection volune: 1 pl Colum: YMC PACK ODS- AM302 (4.6
mrt 150 nTWO2012103199 Mobi | e phase: 0.02M Acet at e PBuiftiSes11(0p3299
5.0)/acetonitrile 30(7:3) WD 2012/003199PCT/ US2011/ 042299 43 0. 02M Acet at e
Buffer; 1.36 g of NaOAc, 500 m, the sqgation was adjusted to pH 5 by AcOH
solution(0.60 g of AcOH, 500 mM) Flowrate: 0.7 m/mn 5Col um
tenperature: 40C Detector: UV 230 nm Stop tinme: 15 min Judgnent: 10DAB I |
not nore than 1% [00120]5 L of water was then added to the reaction 10

m Xt ur e, th nmore than 30 m n _ of t|rr L .2 H a 23
Carur o s R A Te Ser Y B et ohBl i oot hethalnf; on he”

m xt ur e.rcde: @4 r gebhabt Was sdofige v £BhBed@raikBa 2dhderOf r 4% NakiCEB caRehrd3 L
of saturated NaCl solution were m xed and used for washing the reaction

nixture.awb&®%31dr1£b$sof 4%)N@HC@&nmmmtrhﬂedﬁreﬁﬁdu@ueHSNBCW s6l ettihgn

were m xed and us ,ng the reaction mxture. [00121]22.5 of_ion
exchangeaqeetsqtr?,(A erlvf t% | 74%3£1um %ydrogen carbonite anli % vy% of
5 saturate saline were added. The organic layer was separated

and washed with 7 v/w of saturated saline, then dried over an
appropriate amount of magnesium sulfate. Insoluble substances
were removed and washed with 3 v/w of ethyl acetate. The

reaction product was then concentrated under reduced pressure

10 at 50°C or less. Further purification by chromatography and/or
crystallization gave compound (Ia). Product MS. MW 600. HPLC
RT. 6.2. Chromatographic purification gave gquality compound

(Ia) in 95+% HPLC purity.
Example 21: Conversion of 10-DAB III to Intermediate 10

15 [00118] 45 liter of AcOMe was added to the reactor (300
liter), followed by 4.5kg of 10-DAB III and 0.65kg of malonic
acid. To this reaction mixture was added a solution of N-
BusNBH,; in AcOMe (4.25 kg of N-BuysNBH, in AcOMe 23 L) (reaction
temperature: 30-35°C, dropping time: 10-60 min, caution:

20 foaming). A solution of 1.07 kg of malonic acid in 14 liter of
AcOMe was slowly added to the mixture (reaction temperature:
30-35°C, dropping time: 90-150 min). After dropping, the

reaction mixture was maintained at 30-35°C.

[00119] HPLC conditions:
25 Sample : 0.1 ml of reaction mixture - 10 ml/50% agueous
acetonitrile

Injection volume: 1 ul

Column: YMC PACK ODS-AM302 (4.6 mm*150 mm, 5 um)

Mobile phase: 0.02M Acetate Buffer (pH 5.0)/acetonitrile
30 (7:3)



was added to the organic |layer.After nore than 1 hour stirring, the m xture
was filtered with a 60 cm Nutsche(SUS) 20 filter. The residue was washed
wi th 45 Lwof20208t99 Conbi ned organi c | ayer was washed wpCh/us201l1/005299
saturated NaCl and dried with 2 kg of Mg504. After drying, the organic

| ayer was filtered and evaporated undergzxontrol |l ed tenperature between 20C
and 40C. The residue was dissolved wwth 2.7 liter of 25 nethanol and 9.0
liter of AcOEt, and 36 L of acetonitrile was added under controlled
tenperature between 20C and 30C. The m xture was stirred slowy, and a
precipitate for . After no re than 1 hour_stirring, th 1 Xture S
chilled to bet 6€* ﬁ&elo%?gg?lfm% ouf's, t h&35PEci pit a (9,81\/\/6{]%1’30t\p{ae
filtered with a 60:cmdNdsched SUBudtddero Fhesppechpohiake1wasowashed with
9 L of acetonitrile and dried at a controlled tenperature betwen 20C and

40C, producing cryst &#3G¢thes WO 2042/ 003199PCT/ US2011/ 042299 44 i nter medi at e

10. (St andard 3, Yiel 1,599, Theoretical 4.52 kg, Specification; not
Ry RS’ (00153

| ess than 709 C condition: Sanmple : 10 ny of
sanpbe , 10 mldb0%ragengeetaonitad |40 51 nj ecti on volunme: 1 pl Colum: YMC PACK
ODS- AMB02 (4.6 mmt 150 mw\}d%d)%%wbbi | e phase: 0.02 M Acetate Buffer(pH

5. 0)/ acet oni t¥5 1Y 8)'0’ tate Buffer; 1.36g of NaOAc , 500 m,

t he sol ution adjmst eds t9;, pH 5 by AcOH 10sol ution(0.60 g of AcOH , 500
m) Flowrate: 0.7 m/mn Colum tenperature: 40C Detector: UV 230 nm St op
time: 15 mi n JdBIEcnp! el @AB Gohversti orpwsf Worpound 10 to I nternediate (X)

and Thengy jg er medi ate (VIL) [OQAZ31 30, ofcpyriflie: +3- %k 0k Gapound

10 mixture, with more than 30 min of stirring. 23 L of 0.2 N HC1
and 23 L of saturated NaCl solution were mixed and used for
washing the reaction mixture. The extraction was done within
10 min. 23 L of 4% NaHCO; and 23 L of saturated NaCl solution
were mixed and used for washing the reaction mixture. Next, 11

15 L of 4% NaHCO3; and 11 L of saturated NaCl solution were mixed
and used for washing the reaction mixture.

[00121] 22.5 kg of ion exchange resin (Amberlite IRA743)
was added to the organic layer. After more than 1 hour
stirring, the mixture was filtered with a 60 cm Nutsche (SUS)

20 filter. The residue was washed with 45 L of AcOEt. Combined
organic layer was washed with 11 L of saturated NaCl and dried
with 2 kg of MgSO,. After drying, the organic layer was
filtered and evaporated under controlled temperature between
20°C and 40°C. The residue was dissolved with 2.7 liter of

25 methanol and 9.0 liter of AcOEt, and 36 L of acetonitrile was
added under controlled temperature between 20°C and 30°C. The
mixture was stirred slowly, and a precipitate formed. After
not more than 1 hour stirring, the mixture was chilled to
between 0°C and 10°C. After 3 hours, the precipitate was

30 filtered with a 60 cm Nutsche(SUS) filter. The precipitate was
washed with 9 L of acetonitrile and dried at a controlled

temperature Dbetween 20°C and 40°C, ©producing crystalline



2.10 kg of 4-dinethyl am nopyridi ne (DVAP) was added to the reactor. The
reaction mxture was chilled to between 10C 0C 20 under nitrogen

at nospherwg 2ar2h031994 kg of trifl uoronet hansul foni ¢ aci dPamhysdeilde229ms
dropped for between 1 hour and 3 hour. During dropping the reaction m xture
was maintained at a tenperature betweemC and 10C. The reaction m xture
was nonitored by HPLC. After conpletion of the 25 reaction, 14 L of

cycl opentyl met hyl eter (CPME) was added to the mixture during stirring. The
precipitate (TFA-DVAP salt) was renoved by filtration using a 30 cm Nut sche

filter, and washed w 16 of CPNE.. The conbj ned organic | ayer s first
ushed i TP IO S il or ARASREER D0 1o o1 Bof hopLouE IREE - saFCoran cal
30(twi ce), 55 old ovmek byr washidig; Widih 2054 ofad%MNakOipdd) L of 4% WO

2012/ 003199PCT/ US2011/ 042299 45 NaHCG3 and 10 L of saturated NaCl sol ution
were m xE¥1Z4d the or gt FHyErt @S washed with this solution. After
washing, 2 kg of MgS™, 6.0 kg of Si02 (florisil), and 4.0 kg of alum na
wer e added t anmeleorgai ond ayfer .safinler elr§immly Hhd ale- coterdmigir5le he

organi c |l ayer was recovered by filtration. The precipitate was washed with
20 L5of CPME.IrComddiined worlgamc 1ayler was evaporated under controlled

t enper at ures between 20C and 40C. The obtai ned residue was dissolved in 8.0
L of chl orof aromamnd: heat edh o GDImXIINAN (enpenat 6@ nof, 55Gm) f t he residue
did not 10 dissolve conpletely, several additional anounts of chloroform
were added (wpd0ld Bhus¥el uE)2 WAf efetsitew yuehét (Hng 5.0 )heltarem130€ 110
20C, 16 L of IPE and 16 L of n-hexane were added. After 1 hour stirring at
a tenperature between’ 200 aftl! 3Dt heS pPeEf prt at e3AdsOf ellavéfed BYV ml,
filtration with a C it.sch S) filter.; The pregipitat S hed
with 6 L of I|PE hetsfgenem(q‘gf?il?%s% u%%ﬂJ Rfdtjg%%ggyi n‘SOW- i Dol oy
tenpér at ures cont rsod lwedi dyetvegh R0C t2c@0C f0r0 fmlom 3 hours to 72 hours,
crystalline conpound VII was obtained. (Standard 1.56 kg (Yield 80.0%,
Theoretical IE95r keggt&SperiTigatmion; not 20l ess than 95% by HPLC). [00124]If
t he product specification was not net, 4 v/v of chloroformwas added to the
crude productgomansh thensoladuen: wesedeated to 55C. After heating, 8 v/v of
| PE was added to the solution. After checking for precipitation, an
additional 2%5& adoof WPEWas sl oWy added. After stirring for from?2
hours to 24 hours, the precipitated product conpound VII was obtai ned by
filtration. (&l d 8Qs85% .,ikhis step can be repeated until product purity
nmeets specifications. Exanple 23: Conversion of conpound intermediate VII to

30 ﬁ@teﬁﬁﬁﬁﬁﬁ£ iyz Conversion of Compound 10 to Intermediate (X) and

Then to Intermediate (VII)

[00123] 10 L of pyridine, 2.91 kg of compound 10 and
2.10 kg of 4-dimethylaminopyridine (DMAP) was added to the
reactor. The reaction mixture was chilled to between 10°C 0°C
20 under nitrogen atmosphere, and 1.94 kg of

trifluoromethansulfonic acid/anhydride was dropped for between

1 hour and 3 hour. During dropping the reaction mixture was
maintained at a temperature between 0°C and 10°C. The reaction
mixture was monitored by HPLC. After completion of the

25 reaction, 14 L of cyclopentylmethyleter (CPME) was added to the
mixture during stirring. The precipitate (TFA-DMAP salt) was
removed by filtration using a 30 cm Nutsche filter, and washed
with 16 L of CPME. The combined organic layer was first washed
with 20 L of water and with 20 L of 5% aqueous NaCl solution

30 (twice), followed by washing with 20 L of 4% NaHCO;. 10 L of 4%



WO 2012/ 003199PCT/ US2011/ 042299 46 1.3 kg of acrolein diethyl acetal (ADA)
was added to the reactor. 7 g of canphorsul fonic aci d(CSA) was dissolved in
1 L of AcwBt2g12zm08ii99he sol uti on was added to the reacti oRCRIUSRO1842299

mai nt ai ni ng the tenperature between 15C and 25C for several 5 hours (from4
hours to 28 hours). The reaction m xtureggvas checked by HPLC for

conpl etion. Upon conpletion, 15 L of isopropyl ether(IPE) and 15 L of

n- hexane was added. The m xture was chilled to between 10C and 0C, and
stirred for from1 to 3 hours while maintaining the tenperature. After 10

stirrin e precipitate_was, obtaine filtration using.a 60 cm_Nutsche
R T el fci IR TP g e gl ST S -ty 4 2ol
di ssol vedh-¢d4h 30 1apdr AGEEL wathedorgami G Hiayeio masi washedrvet hwééh&n?f, 2

water, and twice wth 9 L of water.Next, 5 L of 4% NaHCO3 and 5 L of
sat ur at & NaC1Me50s0l| Gt Porkdnetle Fiked (Brariused) t oaRdsH tthekdr ganigg¢ umina

| ayer. T ggm | aye dri W t g Mg S It, was -fil. ed
and thehfeergél ue %\%s%mé%%gé'@&%??%rE%?g],&éCEtﬂ.f%Fgofg%]l%{%egégm%ilene%lgrrgltg i'c
| ayepb washevappiatedl aneerwveonteobledetienperaturetbehweenh20@Crand p4@Gtent i |

the residue 20 was between 1.5 ww and 2.0 ww. 11 L of |IPE was added to
t he resi'tte, W&ﬁaefjhewb?%a%ioc Faydr WaSFstir e UAEEr CoREFOFI edP X EpdPst ur e

bet ween 206 gk 30Ginddr L8 Ao hexanecmesr addedst get heeni Xbure gnagnd gtole

m xture was stirred for not less than 1 hour. After chilling to between 10C
and 0C, thre ebxeunredwass2gust inaseddforohotd | e8s St-Rak 10hoghloThéorm and

preci pi t.at s filtered with 0_.cm Nutsche¢SUS) filter. The precipitate
was vvashh}oaecvﬁ htcgj { @%XJ{ . ‘A?‘ﬁ%%%‘?%%géfm ?I’%I §ac%5mt Fier a u?oé%n(%l%oc,
crystal l[dines@lcet akonpmpound, | \banas 20bt atlanediodad kgoutitel dob0%hloroform
30[ 00127] All publications cited in the specification, both patent and

non- pat etit*puBPredt i Brs, tar e i Hdi'caf 9 aor - t hettter slowly ‘chilling to
between 30°C to 20°C, 16 L of IPE and 16 L of n-hexane were

added. After 1 hour stirring at a temperature between 20°C and

30°C the precipitate was recovered by filtration with a 60 cm
15 Nutsche(SUS) filter. The precipitate was washed with 6 L of

IPE/hexane (1:1) solution. After drying with a vacuum drier at

temperatures controlled between 20°C to 40°C for from 3 hours

to 72 hours, crystalline compound VII was obtained. (Standard

1.56 kg (Yield 80.0%), Theoretical 1.95 kg, Specification; not
20 less than 95% by HPLC).

[00124] If the product specification was not met, 4 v/v
of chloroform was added to the crude product, and the solution
was heated to 55°C. After heating, 8 v/v of IPE was added to
the solution. After checking for precipitation, an additional
25 8 v/v of IPE was slowly added. After stirring for from 2 hours
to 24 hours, the precipitated product compound VII was obtained
by filtration. (yield 80-85%). This step can be repeated until

product purity meets specifications.

Example 23: Conversion of compound intermediate VII to

30 intermediate IV

[00125] 15 L of ethyl acetate, 1.8 kg of alcohol
compound VII, 0.23 kg of triethylamine HC1 salt (TEA.HC1l), and



| evel of skill of those skilled in the art to which this 47 invention
pertains. All these publications are herein fully incorporated by reference
to the saweertmwatooas i f each individual publication wereTapseaitfirad !y and
i ndividual ly indicated as being incorporated by reference. WO
2012/ 003199PCT/ US2011/ 042299 48 WHAT g¢S CLAIMED | S: 1. A conpound having a
formula \ 09 2. A nethod of maeking a taxane conpound conpri sing
coupling a taxane side chain precursor conpound to a Cl3 hydroxyl group of
t he conpound of claim1l to produce a protected taxane reaction pr oduct,
deprotecti t he protected.taxane reactio o] 10 and t|ng
t axane co ﬁgou % a%ﬁgfﬁé?ho ?ﬁh%faﬂﬁ%%ékmgﬁﬁ%ﬁ tﬂ%std§ side hﬁln
preCUfSQfeé‘@iﬂlO.Uﬂd7 hgsof £@EPMbAsulfonic acid (CSA) was dlssolved in 1L
of AcOEt, and the solution was added to the reaction mixture,

maintaining the temperature between 15°C and 25°C for several

5 hours (from 4 hours to 28 hours). The reaction mixture was
checked by HPLC for completion. Upon completion, 15 L of
isopropyl ether(IPE) and 15 L of n-hexane was added. The

mixture was chilled to between 10°C and 0°C, and stirred for
from 1 to 3 hours while maintaining the temperature. After
10 stirring, the precipitate was obtained by filtration using a 60
cm Nutsche filter. The precipitate (crude acetal wet) was
washed with 15 L of IPE and dissolved in 30 L of AcOEt. The

organic layer was washed with 15 L of water, and twice with 9 L

of water. Next, 5 L of 4% NaHCO; and 5 L of saturated NaCl
15 solution were mixed and used to wash the organic layer. The
organic layer was then dried with 1 kg of MgSOs. It was

filtered and the residue was washed 9 liter of AcOEt.

[00126] The combined organic layer was evaporated under
controlled temperature between 20°C and 40°C until the residue
20 was between 1.5 w/w and 2.0 w/w. 11 L of IPE was added to the
residue, and the organic layer was stirred under controlled
temperature between 20°C and 30°C. 11 L of n-hexane was added

to the mixture, and the mixture was stirred for not less than 1

hour. After chilling to between 10°C and 0°C, the mixture was
25 stirred for not less than 1 hour. The precipitate was filtered
with a 60 cm Nutsche(SUS) filter. The precipitate was washed

with 5 L of IPE. After drying with vacuum drier at 20°C and

40°C, crystalline acetal compound IV was obtained. 1.0 kg,
Yield 50%.
30 [00127] A1l publications cited in the specification,

both patent and non-patent publications, are indicative of the

level of skill of those skilled in the art to which this



wherein R2 is an al koxy group having from1l to 6 carbon atons or a hal ogen
atomand R33 is a protected hydroxyl group. 20 4. The nethod of claim 3,
wher ei n tweo 2b1adareyl group is protected by TIPS or MOP. PCP/USTH/onEdhod Of
claim3, wherein R2 is fluorine. 6. The nethod of claim5, wherein
fluorine is at the 3- position of pyridimne. WO

2012/ 003199PCT/ US2011/ 042299 49 7. The nethod of claim 3, wherein the side
chai n precursor conmpound has a fornula wherein Me is nethyl and BOC is
tert-butoxycarbonyl. 5 8. The nethod of any of clains 2-7, wherein the
conpound, according to claim1l1 is._derived froma conpound having,a fornul a
(Tby: (B Gho rBF BedBipount havitiig & POPMIFa trir) are nercifl Ty

incorporated by reference to the same extent as 1f each
individual ©publication were specifically and individually

indicated as being incorporated by reference.



0 9.The nethod of claim8, wherein the conmpound having the formula (I11)
or the conpound having a formula (Ib) is derived froma conpound havi ng a
formul a (WOI2p12/008¥992012/ 003199PCT/ US2011/ 042299 50 OH P(VIUSR011/041299 The

met hod of claim9, wherein the conpound having the fornula (VIl) is derived
froma conpound having a fornmula (X): @g HOOTf 5 or froma conpound
having a fornmula (I X): (1X).

WHAT IS CLAIMED IS:

1. A compound having a formula

2. A method of making a taxane compound comprising coupling a
taxane side chain precursor compound to a Cl13 hydroxyl group of
the compound of claim 1 to produce a protected taxane reaction
product, deprotecting the protected taxane reaction product,

10 and isolating the taxane compound.

3. The method of claim 2, wherein the taxane side chain

precursor compound has a formula

15
wherein R? is an alkoxy group having from 1 to 6 carbon
atoms or a halogen atom and R is a protected hydroxyl
group.

20 4. The method of claim 3, wherein the hydroxyl group is

protected by TIPS or MOP.
5. The method of claim 3, wherein R? is fluorine.

6. The method of claim 5, wherein fluorine is at the 3-

position of pyridine.



11. The method of any of clains 2-10, wherein the conpound according to
claim1l is synthesized by a process: fornylating C10 of 10- DAB
11 to prwouree/m3fwrst 10i nternedi ate conprising a CLO0 Pormgskoiestre9
reacting a C7 hydroxyl of the first internmediate with triflic anhydride to
produce a second internedi ate; form ng gy C6-7 double bond in the second

i nternmedi ate and hydrol yzing the C10 fornyl ester to produce a third

15i nternedi ate; WO 2012/ 003199PCT/ US2011/ 042299 51 reducing a C9 ketone of
the third internediate to forma dioI conpound having hydroxyls at C9 and
C10; form ng ic acet fromthe diol rein the cyclic
coetal 1L At i TS T AT o HI D SHATT el Yo BTyt he

t er m nalc@h@fidy group toferm an al dehyde; reductively am nating the

al dehyde; and hydrogenating the C6-7 doubl e bond. 12. The met hod of
clainms 2-10, wherein the conpound accor di to claim1 is synthesized by
a process conprising: formylating of ?azééb 1l to produce a first
internedi ate conprising a CLO foMepl &8terd>~gy&acting a C7 hydroxyl of the
first internmediate with triflic anhydri to produce a second internedi ate;
15form ng a C6-7 double bond in the seg ggb@ternedlate and hydrol yzing the
Cl0 fornyl ester to produce a third internedi ate; reducing a C9 ketone of
tcgg t hi rehd 1 81 negli iad endtohforana siol i € apeunsh havw ag-dyrdfoxyl s at C9 and

5 8. The method of any of claims 2-7, wherein the compound
according to claim 1 is derived from a compound having a

formula (Ib):

(Ib),

or from a compound having a formula (III):

10 (ITII).

9. The method of claim 8, wherein the compound having the
formula (III) or the compound having a formula (Ib) is derived

from a compound having a formula (VII):



20hydr ogenating the C6-7 double bond; form ng a C9-Cl0 cyclic acetal from
the diol, wherein the cyclic acetal is attached to a termnal olefin group;
oxi dat i vew9 2012¢m9i99g the term nal olefin group to form aaoTalSdehydry and
25reductively am nating the al dehyde. 13. The nethod of any of clains
2-10, wherein the conpound according tgglaiml is synthesized by a process
conprising: WD 2012/ 003199PCT/ US2011/ 042299 52 reacting a C7 hydroxyl of
10-DAB Il with triflic anhydride to produce a first internediate; form ng
a C6-7 double bond in the first internedi ate by base elimnation; 5reducing
the C6-7 double bond to produce a reduyced first internediate; reducing a C9

ket one of the reduced first int (ﬂdre te to forma diol conpound having
rm ng a cyclic acetal fromthe diol,

hydroxyls at C9 and C10;
o0 a termnal ol efin group;

wherein the cyclic 10acet al is
@

oxi datively cl eaving the t Qi qroup to an al dehyde; and
reductively amnating the al deh. ? The nmet hod of any of clains

2-8, wherein the compound 15 aCC(ﬂHﬂl@g aiml is synthesized by a
process conprising: reducing a C3 k 7; 10-DAB |1l to produce a triol
first internediate; form Cl0 cyclic acetal fromthe triol to
produce a second internediate, ~- ein the cyclisgracetal is attached

10. The method of claim 9, wherein the compound having the

formula (VII) is derived from a compound having a formula (X):

(X,
5 or from a compound having a formula (IX):
(IX).
11. The method of any of claims 2-10, wherein the compound

according to claim 1 is synthesized by a process:

formylating C10 of 10-DAB III to produce a first

10 intermediate comprising a Cl10 formyl ester;

reacting a C7 hydroxyl of the first intermediate with

triflic anhydride to produce a second intermediate;

forming a C6-7 double bond in the second intermediate and
hydrolyzing the C10 formyl ester to produce a third

15 intermediate;



20to a termnal olefin group; reacting a C7 hydroxyl of the second
internmediate with triflic anhydride formng a C6-C7 doubl e bond by base

el i m nat 1 W0;2012/003199 oxi datively cl eaving the term n2CTaiSedtiL4geoup to
an 25al dehyde; reductively am nating the al dehyde; and hydrogenating the
C6- C7 doubl e bond. WD 2012/ 003199PCT/ 832011/ 042299 53 15. The net hod of
any of clains 2-10, wherein the conpound according to claim1l is

synt hesi zed by a process conprising: reducing a C9 ketone of 10-DAB Il to
produce a triol first internediate having hydroxyl s at C and Cl10;

5r eact C7_hydr oxy| f t te with trifl hydri de t
o7 oduce 5 ect BT AB 00 rig s By WO B {1 tHE Rdbond

i ntermedi at e Byo basand A naty oy oy pragduce 2 tdu rehd nieyredi at e;
form ng a C9-Cl10 cyclic acetal fromthe diol of the third 10i nternediate,

wherein the cyelioacet@-ds 3&3}%@%&&;@1 tergh nale €1 N HOUPin the
oxi datively cleaving the termnal olefin group to an al dehyde

reductively aidhlatd rmrcatrel al dehyidechethdo a terminal olefin group;

5 oxidatively cleaving the terminal olefin group to form an

aldehyde;
reductively aminating the aldehyde; and
hydrogenating the C6-7 double bond.

12. The method of claims 2-10, wherein the compound according

10 to claim 1 is synthesized by a process comprising:

formylating C10 of 10-DAB III to produce a first

intermediate comprising a Cl10 formyl ester;

reacting a C7 hydroxyl of the first intermediate with

triflic anhydride to produce a second intermediate;

15 forming a C6-7 double bond in the second intermediate and
hydrolyzing the C10 formyl ester to produce a third

intermediate;

reducing a C9 ketone of the third intermediate to form a

diol compound having hydroxyls at C9 and C10;
20 hydrogenating the C6-7 double bond;

forming a C9-C10 cyclic acetal from the diol, wherein the

cyclic acetal is attached to a terminal olefin group;

oxidatively cleaving the terminal olefin group to form an

aldehyde; and
25 reductively aminating the aldehyde.

13. The method of any of claims 2-10, wherein the compound

according to claim 1 is synthesized by a process comprising:



15hydr ogenating the C6-C7 double bond. 16. The nethod of claim 10, wherein
10-DAB |1l is converted to the conpound represented by forrmula (1X) by
react i ng woQai2anpsrvoxyl of 10-DAB Il with triflic anhydPcaasand/osrneati ng
with base to forma C6-C7 double bond. 20 17. The nmet hod of any of clains
2-16, wherein the side chain precursor sgonpound is coupled to C13 using a
hi ndered sol ubl e al kaline netal base. 18. The nethod of any of clainms 2-17,
further conprising converting the taxane conpound to a salt form

reacting a C7 hydroxyl of 10-DAB III with triflic
anhydride to produce a first intermediate;

forming a C6-7 double bond in the first intermediate by

base elimination;

5 reducing the C6-7 double bond to produce a reduced first

intermediate;

reducing a C9 ketone of the reduced first intermediate to

form a diol compound having hydroxyls at C9 and C10;

forming a cyclic acetal from the diol, wherein the cyclic

10 acetal is attached to a terminal olefin group;

oxidatively cleaving the terminal olefin group to an

aldehyde; and
reductively aminating the aldehyde.

14. The method of any of claims 2-8, wherein the compound

15 according to claim 1 is synthesized by a process comprising:

reducing a C9 ketone of 10-DAB III to produce a triol

first intermediate;

forming a C9-C10 cyclic acetal from the triol to produce a
second intermediate, wherein the cyclic acetal is attached

20 to a terminal olefin group;

reacting a C7 hydroxyl of the second intermediate with

triflic anhydride
forming a C6-C7 double bond by base elimination;

oxidatively cleaving the terminal olefin group to an

25 aldehyde;
reductively aminating the aldehyde; and

hydrogenating the C6-C7 double bond.
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15. The method of any of claims 2-10, wherein the compound

according to claim 1 is synthesized by a process comprising:

reducing a C9 ketone of 10-DAB III to produce a triol

first intermediate having hydroxyls at C9 and C10;

reacting a C7 hydroxyl of the first intermediate with

triflic anhydride to produce a second intermediate;

forming a C6-C7 double bond in the second intermediate by

base elimination to produce a third intermediate;

forming a C9-C10 cyclic acetal from the diol of the third
intermediate, wherein the cyclic acetal is attached to a

terminal olefin group;

oxidatively cleaving the terminal olefin group to an

aldehyde;
reductively aminating the aldehyde; and
hydrogenating the C6-C7 double bond.

16. The method of claim 10, wherein 10-DAB III is converted to
the compound represented by formula (IX) by reacting a C7
hydroxyl of 10-DAB IITI with triflic anhydride and treating with
base to form a C6-C7 double bond.

17. The method of any of claims 2-16, wherein the side chain
precursor compound is coupled to C13 using a hindered soluble

alkaline metal base.

18. The method of any of claims 2-17, further comprising

converting the taxane compound to a salt form.



