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PROCESS TO PREPARE TAXOL 5 BACKGROUND OF THE | NVENTI ON
1. Field of the Invention The present invention is a chem cal process to
prepare t axoWORM2Zxol anal ogs by use of an aryl sul f onyl oXRETHISITIA. 2.
Description of the Related Art 10 Taxol and taxotere are known to be
useful for treating cancer. Nunmerous docunents discl ose various processes
to prepare taxol, taxotere and taxol anal ogs, see for exanple, "Taxol,

Sci ence and Applications”, CRC Press, 1995, Ed.M Suffness and Drug Fut .

21, 95 (1966). International pull) (o5 scloses [err]- taxol
where the benzyl 15 noiety on e - has been repl aced
with (CHerr])[err]CGNHCO, see EXANPLE 32 In addltlon various silyl
protecting oups at C 7 were gl , =gy ef i vatives were nade
by coupling "an oxazolidi ne and ed baccatin Il

noi ety. The oxazolidine that was c@ iep ar yl sul f onyl oxazol i di ne.

20 . I nternati mm%m lxweﬁﬁaxpﬁ a%éa@sg kS prepare taxdl aAQ e8] ; 0

prepare conpounds si ar to the _substituted am no-3-phenyl (2R 3
i soserinates (Bpylogaby use %@ﬂ@&ﬁ%t’%ﬂ%nd not froma conpound simnilar
to the al kyl (2R 3S) phenyl | \: of 3@ Ars NOo di scl osure of any

of the "X[e " st t e T S ' vt| . Japanese
oubl | cat | oribb31058 mﬂwaﬁa% eatiie AReer) Nomerd | 1) of
t he present i ndeciments vamwﬂmﬁlehhepmmwol;mmmmpmggen In
the present iny M ubl i cation
W94/ 29284 di sc??%@é%g’d?hoga&f&% ?ngAMEQﬁ% ql*eoxafgfl?g@rrl@s BVEVhI ch have
traditional caﬁuﬂ’nﬂe)@}lgé?wmfeﬁ R5 £1986) i t uents 30 attached to the
3-nitrogen. The ox aﬁitéx%hﬂ@:'i‘al %bﬁcaao:pmnatoswma&ems B¢ ROH wieY CheBbhzyl

hal ogen on the 4- phen and has_sul fur contai ents on the
oxazol i di nelhi @ ﬁlﬁg mﬁmﬁ’l has/bpep replaced B’(@&%@@H é‘ﬁ’e?%s in
vv]tn CE the i soseﬂxm&’m ag nhaddgm:ﬁ;gn&iﬂﬂmmtehﬁﬂgwaﬁs &y C-7 heeré aisabmﬂk roducts
of the present 4nventi,on.. I.n 35 addi n roce use t o _make ese
conpounds is diffhf’%ertgml%ﬂ u%eﬁg'temo?' %‘?1% %’PB é?ﬁ’? oﬁn an appropnatg

protected baccatin III moiety. The oxazolidine that was coupled was not a

arylsulfonyloxazolidine.

20 International Publication W093/06079 disclose a process to prepare
compounds similar to the substituted amino-3-phenyl (2R,3S) isoserinates (II) by use
of a B-lactam and not from a compound similar to the alkyl (2R,3S)-
phenylisoserinates (I). There is no disclosure of any of the "X,-" substituents of the
present invention,

25 Japanese publication 06319588 discloses compounds similar to the nitriles
(CCIII) of the present invention where X4 of the present invention is hydrogen. In
the present invention X3 can not be hydrogen.

International Publication W094/29284 discloses 2,2-dimethyl-4-(4-
iodophenyl)oxazolidines which have traditional carbon/oxygen/hydrogen substituents

30 attached to the 3-nitrogen. The oxazolidines of the present invention do not have
any halogen on the 4-phenyl group and has sulfur containing substituents on the
oxazolidine nitrogen.

" US Patent 4,814,470 discloses taxol derivatives in which the isoserine side
chain is different than that of the final products of the present invention. In

35 addition, the process used to make these compounds is different than that of the
present invention. |
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US Patent 4,857,653 discloses a process to produce taxol and 10-
desacetyltaxol. The prior art process requires zinc and acid or fluoride to
remove t he VOP8TMZI6r ot ecti ng group. The C7 silyl protecti pergsomwesaeof the
present invention do not need zinc and acid to be renoved. In addition, the
i soserine side chain is 5 produced by renmpval of aprotecting group (BOC)
whereas in the prdd®RatenhdBolt,6a8disdiesen ppricesy tofprmcatanbdndﬂme ring
produces the rocts rocess
for coupling géﬁ&ﬁl% g!Fl%t é.g’ttleicpitnp s%"ﬁgg ﬁ ggélaé}é;ozéﬂh%g& er| vg‘felnve W th
a baccatin 10 d¥1 EPYP-haRe VPWIIHWtGWWBMthe presenit invertior derpound.
The present lﬁuaieédmwﬁwahe%owrmwl [xdhdlﬂtmﬂl%e RogkPinb ¥ille QKHinRE Ot ect ed
(2R, 3S) - 3- hen I|s er.i ng‘@g élva e to fo axol” rErecursor US, Pat ent
4,924,012 8is¥ 8§°§ gka py theipresent jovention 51y of
10- desacet yl ﬁmcopaunguoudommmmmproﬂa&scnunbmeamacmerl ne-acid with a

baccatin I11-deri g py&nt IEQ%&{IG %Q\I’,ggré' doe }; ta'ig!(spro fed 2Ry

uncyclized isoserine-acid
Pat ent 4, 942, 3348- mesﬂhaommwmh@omhémnnlnmrmmucemhm&ﬁmmm not

contain a frege 1106 Uhpbiba "l AGRRE VGt SUE LR e G TN
the pr esent | nvent | on ave a ree ro rou | SOSeri né si
chai n - US 1at Bydrosy mgtected 2B, 99d heayiis WQWMMM Brectmsor. { ho

hydroxyl gr ogp on U Patesios,924, on? cﬁh«ﬂlﬁe@&@k&aﬁrto%ep?&a&lvahmfﬂmhﬂ%( with

an am no aci e i on _does not use, any, am no

protecting gr%ﬂ?ﬁp@mﬂé ﬁgﬁ?"‘%"bg‘g% ?P?W%@gpwg‘n?&?‘db‘?@@m ng

t axol using abaccatiwlIhderivative.cFhe preaemlmvembdbesrndﬁgtxh%ﬁx prgycleea of the

present i nven{sbﬁggng_ggabaﬁm(%%a d%(azcg:{ idine ring which is structurally
Ica eren

and behaves anir s rom'the oxazi none ring. 25 us
Pat ent 5, 287, 400 di'%?ﬂ%%&%%l%‘l digplases Waten polublelfaxal deriedivesawhick dowmbt ch ar e

produced fro rr&&,%ﬁ Lf}@(}%@f&;@%&xf&ﬁ tHYisdeBRnP kiAE BRARS TRE cdrbifo uH&?&?Ee { axane

i nvention. US Patent 5 sc] oses 10-desacet oxy-taxanes
products of tw&‘@mm’m@‘@rﬂmhm &FuRoR the isgeexingside shaigy 4 oxy

function at C errjus Bafehe4,960 T90- discdonbs ghixand todipounds: where eithek th®hgdrofyiem ,
57, 4320 23 ( ér%gg)m gl'l ose§§§ mtdQ %haaurxn o 2 glxssp O{ecgedQvnEiﬁ an amino acid). The
20 present invention does not use any amino acid protecting groups.
US Patent 5,015,744 discloses a process for prodtii;ing taxo!l using an
oxazinone which is a six member ring. The process of the present invention uses a
five member oxazolidine ring which is structurally and behaves mechanistically
different from the oxazinone ring.
25 US Patent 5,227,400 discloses furyl and thieny] substituted taxanes which
are produced from B-lactams and not by the processes ofthe present invention.
US Patent 5,248,796 discloses 10-desacetoxy-taxanes. The taxane products of
the present invention have either an acetate or hydroxy :fﬁnction at Cyq in the B-
configuration. :
30 . d. Org. Chem., 57, 4320-23 (1992) discloses the ammnolysm of a phenyl
substituted-epoxide-CO-O-CoHjy with ethanolic ammonia
The ammonolysis of the epoxide (CVI) uses a_:queoug
at room temperature. |
International Publication W095/20582 disclose method for the preparation
35 of taxol-like compounds which comprises coupling a oxgg : _l__1dme and a baccatin III-
type moiety. The oxazolidine which is coupled dose noﬁ ébntain a sulfonamide

in a Parr reactor at 100°.

nia and can be performed
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substituted-epoxide-CO- O Clerr]Herr] with ethanolic amonia in a Parr
Teactor at 100[err]. The ammonol ysis of the epoxide (CVI) uses aqueous
anmoni a and can be perforned at roomtenperature. International Publication
WD95/ 20582 dMx¥7M3162 a net hod for the preparation 35 of t BEVUSHR429 '

conpounds whi ch conprises coupling a oxazolidine and a baccatin IIl- type
moi ety. The oxazolidine which is coupled dose not contain a sul fonanm de 2
WO 97/ 42167 substituent. ' PCT/ US97/ 05429

substituent. Chem Int. Ed. Engl, 35, 451-3 (1966) and Chemi cal &

Engi neeri ng News, 6 (Februya 9 9 ' 0sS an. ospium cat.a | zed
process to add amin ‘W’di'g‘ ﬁé#’&yﬁaﬁéﬁgﬁiﬁ)a ‘géﬁgﬁ’-‘:ﬁé&ﬁ@ﬁmﬁﬁ'ﬁ# e'ﬁ%%ds o)
t hat only one ofFfebrarypis; 1098)dliselosestdncodmiitam icatalytizadproceshits agd asmdwsandan be
used to prodyce rr]- [ pX ' [ | I £ lehal L §d Wth
regard to ta oll,"{mg%gﬂ%e%%ﬁagﬁgﬁ? ﬁ%e&d}eséc |o°r?h§s;%&ﬁdgr@1éb§sﬂ)rréet hyl

ci nnamat e bei ngenaptiomens isfrmedi Fhispoocessccad ibe gisess tocbrodues XyminogHORPE a
hydr.oxysul f Onaﬂkﬁﬁ sPlci VRSO SWith MS%@&{@%M&R)@@H&%&EQ 10

OCH err] where I's CH err]-[err]-SOferr[-. The t ol uenesul fonam de group is
then renoved t osegnensacbmetiiyheinpaaste bging reastadacearding 4p tha-distiosed chemiglry fhi ch

s then react edpiiiads d RydrdxysilfaniinideQf Bheflisesifié whicH 3s $OH(NHRS-CH(OBYCOOr

taxol with > 99 ant i opger | ty,. The claiped jnvention does noj, use
e sul'f onark0dc O Jhers foh ks She frusaemEwHE GrBps AP remane 19 b
rat her in produptodoceenanti@nexically pere((2R3Sphatilisesdrié which it Henpreaded eith)p-
which is attachggd, bRRubAG el de thhdn! @BF%’ilg I | : h@, E\Beni ng
of the oxazoli dleﬁed.‘lqﬁ gggnes e.%%&dgl I cation %@%‘5@%%0 %%Eelg&geé( -“and
8(R) - 3(subst it Thecnimedinventiny deesnph uee thesylformaridg-horn Dtgraqtiagpforwher e t he
substitution OnpiogeiRgitiaGasi) @iae cﬂﬂﬁ%uﬂ?ithéﬂﬁ'ﬂigﬁuﬁtg dridxabolidideqnbt prbddied | N
the present 20 ?nvent 1 on. PCT patent application PCT/US95?200551, peb
(Internatior® PR HieRTF a5k stiaghed to|hechageatin LI porfipn of texe)prigrée thet he
3' -am no group bpensrglufthé viagelidive h a 4- net hyl phenyl -SO[err]- group. Unlike
t he 4-net hyl phenyl sul f onam dg. ar.ou ' [ art th tive end
product, the sulf on?ﬁ?ﬁ%esﬁ% cg&?ﬁ %&ﬁb@é@%@mﬁ’sﬁgﬁh%ﬁ 33#)('3

3(substituted)amino-2-hydroxynitriles, RIRNH)CH-CH(OH)-CN, where the

substitution on the amino group does not include sulfur (-SO,-) as in the present

20 invention.
PCT patent application PCT/US95?00551 (International Publication

W095/20582) discloses 2 A12-taxol where the 3"-amino group is substituted with a 4-

methylphenyl-SOy- group. Unlike the 4-methylphenylsulfonamide group which is

part of the active end product, the sulfonamide groups of the present invention are

25 protecting groups and are lost prior to the formation of the final taxol (X) compound.
Oxazolidines are well known to those skilled in the art and are final end
products with regard to some utilities and intermediates with regard to others.
- However, N-sulfonyl oxazolidines are not known.

80 - Disclosed is a substituted amino-3-phenyl (2R,3S) isoserinate of formula (II)
¢-CHNHX,)-CH(OH)-CO-0-X, 1)
where X, is:
(1) C,-Cg alkyl,
(2) C5-Cyy cycloalkyl,
35 (3) -CHy-¢ where the -¢ is optionally substituted with 1 or 2

(a) -0°X1_1 where X].-l is 01-03 alkYI,

3



25 prot'ecting groups and are lost prior to the formation of the final
(X) compound. Oxazolidines are well

are final

‘regard to oMeHN4216However ,
Di sclosed is a substituted am no- 3-phenyl
(1) [err]-CH(NHX[err])-CH(OH) - CO-O X[ err ]
(1) derr]-®eFrClaBudl;, (2) err]-derr] cycloal kyl
-CHerr] - mEfJXSV\Qes@ qv{;ﬁ;@k | gg.0ptionally substituted with 1 or 2
C[eri’]l Clerr] alkyl,

-1; where X err]
(1) 4- mrzommbhenﬁz) 2 4- di nitrophenyl 5

Xerr] is:
(3)

(a)

Xerr] is:
s a substi
[err]-CH(N
X[err] is:

(3)

-O-X[err] wherg X
PCT/ US97/ 05429 (b)1) fat

-CH err] where the -[err] i
-0-X[err] where Xerr]

N- sul f onyl

eﬁrtm]hen !sl

Ftereg] )m&?’daj’&g& % Bl% i’ﬂ“j"s'

(1ymd err]-Cerr] alkyl,

is (Jerr

X3 is -SO[ err whayeckyip: where X[err] is:

9- ant hracenyl ,
oxazolldlne ester

X err] is: 1

15

20

25

36

(3)ape 'My 1,
cff@ E clealkyl,

amino- -p eny

3, 4- thladlazolyl
(IL1T) where Xl err]

t axol

known to those skilled in the art and
end products with regard to sone utilities and internediates with

oxazol i di nes are notpdfyuxiss0

i soserinate of fornula
(1) where
35

(2R, 39)

WO 97/ 42167
Is -SOerr]-Xerr] where
Al so di scl osed
tsR.85) isoverinatq ol fhroie, o
(2) Jerr]-(err] cycloal kyl,

I.SO

Pc&ﬂ%ﬁbﬂoﬁ%}?ﬁ? feut ed W|th 1 or_2 (&)&/ﬂere

(1) 2 benzoth| azol (2)
Furt her disclosed is an
is -Serr]-Xerr] 1 where

(3) -CH,-¢ where the -¢ is optionally substituted with 1 or 2
(a) 'O-Xl_l where X].-l is CI-C3 alkyl,

(b) -F, -C}, -Br, -I;
where Xg is -S05-Xg | where X , is:
(1) 2-benzothiazol,
(2) 9-anthracenyl,

(3) 5-methyl-1,3,4-thiadiazolyl.

Further disclosed is an oxazolidine ester of formula (III) where X3 is 805X,

1 Where Xg , is:
(1) 4-nitrophenyl,
(2) 2,4-dinitrophenyl,
(3) 2-benzothiazol,
(4) 9-anthracenyl,

(6) 6-methyl-1,3,4-thiadiazolyl and where X, is as defined above.

Xs_l where X3_1 ie:
(1) 4-nitrophenyl,

(2) 2,4-dinitrophenyl,
(3) 2-benzothiazol,
(4) 9-anthracenyl,

Additionally disclosed is an oxazglidine acid of formula (IV) where X, is -80,-

(5) 5-methyl-1,3,4-thiadiazolyl and where X, is as deﬁned above and salts

thereof.

Disclosed is an oxazolidine ester of silylated baocatin HI of formula (VII)

where XS is 'SO2’X3_1 where Xa_l is:
(1) 4-nitrophenyl,
(2) 2,4-dinitrophenyl,



20 (1) 4-nitrophenyl, (2) 2,4-dinitrophenyl, (3) 2-benzothiazol, (4)
9-ant hracenyl, (5) 5-nmethyl-1,3,4-thiadiazolyl and where X[err] is as

defi ned above. 25 Additionally disclosed is an oxazolidine acid of
formula (1V)WHBHA6K err] is -SOerr]- Xerr] where X err] RCI/USP§5429
4-ni trophenyl, (2) 2,4-dinitrophenyl, (3) 2-benzothiazol, 30 (4)

9- ant hracenyl, (5) -{;{;ﬁh |-1,3,4-thiadi azolyl and where X[ err] is as
defined above and st "‘PM’@ . Disclosed is an oxazolidine ester of
silyl ated baccatin [4)I9-smthiacenyl)l a (VI ) where Xerr] is -SO[err]-Xerr]

where Xerr] is: 35 henyl, (2) 2,4-dinitrophenyl, 4
VO 97/ 42167 (6) 6-methy 3,4 Skl PCT/ US97/ 05429

(3) 2-benzot hi owledre Rg4hd Ryame:hr acenyl, (5) 5-nethyl -1, 3, 4-t hi adi azol yl ;

wh d 5 -
T o it ﬁ%ﬂw&wﬂﬂw.s
Cerr]- C[err] aw. 18Le1Cs kheregk apfer eof , and

(2) Rerr] is R[err](g)!ﬁ’fb vﬂidrl- ofil 67 R/, aliR G a0l on®bf W er 1]
bond bet ween. ¢ HEMLEaAER é&ea% W*’Eﬁ*} D rfa %Qae%‘g%netﬁ O’t REEtRor of
Rl err] fanq R er which ﬂaey_Hre atiachie@ and tlesthef omezran]i R0 is+H anfl¢he pthersof B4; wher e
Rlerr] is: () Lnearﬁ_}z-ils-l._ﬁ;er r]-O-CoO-CHerr] an
where R, is:
(1) a-H:8-0-CO-CH, and
(2) o-H:8-0-C0O-0-CH,-CClg;
where R,;, Ryo and Ryg are:
15 - (1) Ry, and Ry, are taken together to form a second bond between the carbon
atoms to which they are attached and R,3 is -H,
(2) Ry and Ryg are taken together to form a second bond between the carbon
atoms to which they are attached and Ry, is -H and where X, is as defined above.
Also disclsoed is an oxazolidine of formula (XI) where X, is as defined above.
20 Further disclosed is an amino substituted phenylglycine of formula (CCII)
where X, is:
(A) -SOz-Xa-_.l where X, 4 is:
(1) 4-nitrophenyl,
(2) 2,4-dinitrophenyl,
25 (3) 2-benzothiazol,
(4) 9-anthracenyl,
(5) 5-methyl-1,3,4-thiadiazolyl,
(B) -CO-Xg 5 where X, o is:
(1) C4-Cg alkyl,
30 : (2) C4-Cg alkenyl containing 1 double bond,
(3) -¢ optionally substituted with 1 thru 3 substituents selected from
the group consisting of:
(a) C4-C, alkyl,
(b) C4-C4 alkoxy,
35 (e) -F, <C), -Br, -1,
(@) C;-Cg3 alkylthio,




(\2) [err]-H[err]-OCOOCHerr]-Cd[err]; where Rerr], Rerr] and R err]
are: 15 (1) Rerr] and R err] are taken together to forma second
bond between the carbon atonms to which they are attached and Rlerr] is -H,
(2) Rerr] WA@§167r] are taken together to form a secondpbomsoiusizeen t he
carbon atons to which they are attached and Rerr] is -H and where X2 is as
defi ned above. Also disclsoed is an oxazolidine of fornmula (XI) where

X[ err] is as defined above.(€p§Fs, Furt her disclosed is an am no
substituted phenyl gl yci ne ¢ gujag{yq&g,- ) where X3 is: (A
-Sgerr]-Xerr] where X[er?i)i . (1) 4-niét)'rophenyl, (2) 2,4-dinitrophenyl,
25 (3) 2-benzo hi ol, (4) 9-anthracenyl, (5)

6- et hyl -1, 3, 4-t hi adi azol yl(h) {N),,- CO- X[ err] where Xlerr] is: (1)

Clerr]-Cegr] alkyl, 3 (2) Jerr]-Cerr] alkenyl containing 1
doubl e boné, (3) [err]%&f%%ﬂ& substituted with 1 thru 3 substituents
sel ected fromthe groufb)@omss-thiemyd, of : (a) C[err]-Cerr] alkyl, (b)

Golder) Ao, @gonmomom, (0 R0 B0 cbe
PCT/ US97/ 05429 ( efC) €-Br¥qa wherp Xgledey | - Jerr] dial kyl anmino, (g) -OH (h)
-NdJ err], 5 (l)dlébsﬁkylpr 3-furyl,

10 (2) -CHo-0

(3) -4-tetrahydropyranyl,
(D) -CO-NH-Xg 4 where Xy y4is:
(1) C4-Cgalkyl,
(2) -¢ optionally substituted with 1 thru 3;
15 (a) C4-Cy alkyl,
(b) C,-Cg alkoxy,
(¢} -F, -Cl, -Br, -I,
(d) C;-Cg alkylthio,
(e) -CFsp
20 (f) Co-Cg dialkylamino
(g) -NOg where X, is as defined above.
Additionally disclosed is a nitrile of formula (CCIII) where Xg is as defined
above for the amino substituted phenylglycine of formula (CCII).
Disclosed is an imine of formula (CCIV) where Xg is as defined above for the
25 amino substituted phenylglycine of formula (CCH) and where X, is as defined above.
Also disclosed is a process for obtaining an enantiomerically pure (2S,3R)-2-
chloro-3-hydroxypropionic acid which comprises: -
(1) contacting a mixture of the four isomers of the formula
¢-CH(OH)-CHCI-C0-0-X,

30 where X, is as defined above with an effective amount of a lipase at a temperature
of from about 20 to about 40° in the presence of a buffer of pH about 6 to about 9 to
produce (28,3R)-2-chloro-3-hydroxypropionic acid and

(2) separating the desired (2S;3R)-2-chloro-3-hydroxypropionic acid.
Further disclosed is a process for the preparation of the amide of formula

36 (CVII) which comprises contacting a epoxide of formula (CVI) where X, is as defined

above with agueous ammonia at less than 70°.

6



(5) 2- or 3-thienyl, (6) -C(CHerr])=CHCH err], (C -COO X err] where

X[err] is: (1) C[err] Cerr] alkyl, 10 (2) -CH[err] (3)
-4-tetrahydro ran (D) CONH-X[err] where X err] is: )’
Jerr]-derr] 6"(2) [err] optionally substituted with 1@'?4?‘-5?7'35‘2'{5

(a) Jerr]- C[err] aIkyI (b) Jerr]-(err] alkoxy, (c) -F, -d, -1,
d I k t hi

Gerr]Cbrr] di al kybdainenly gipSboedip ohe mwmdsgwm@oﬁ%%
ngl ti gnalbl y di :c wﬁéﬁﬂﬁchudsl%.,aaxal(l)rﬁé ie -Hs‘-lgfanﬂm.}haal(WOR,,)_l wha'ef f R sI-Sl(CC ?
efi ned above fQ S t| cln a |
Di sclosed is an f’?ﬁeﬁg Cgcb gél‘%)cy\%ﬁég%l of "888' P(?%?I ne((:I above
for the 25 ani nwhenelRypiis (11) edl: ﬁ-l@eﬂ?’er‘lg/md”(B) oﬁﬁ&(ﬁﬂ-l(hcﬁﬁj@qlé. whete BheRes
X[err] is as gefppd é’.?gis/fh @nﬁ%]g'ﬁ?%tagé @ﬁe eatpfo%eass%cwboabtbaﬂvmwn

enanti oneri cal | y utd dropypropionic acid wh
conprises: (1) ?raetpmﬁgoarhwm’w'r@e@ftamé ﬂ”élﬁml‘%tﬁﬂars of the forrrul a
[err]-CH(OH) -CHC - COOX[e. AAOEDTSOR N ENT@gNabove with an
ature rom about, 20 to about

cifective amunt of B bBha dme R t9 Aoty faxel-liks caBREFRs it thesoBYRERIER
(2S, 3R) - 2- chl or ef Ak1Y2ZR, BBWWM!(D tetite dorpespoafingaubstiiutedantines+ ed
For the pr enldl aBhe G R URRERLEA .20 ) TUSE E S i ch comprses
contacting a epoxi derhefalky) (2R,83)-phenyljsossrimates X]) are kndven tosthokefskilled im blee/art wi t h
aqueous anmoni a,Atay RSeadiliftegdted ffom known ketones (CI) by methods known to those
skilled in the art, see CHART F. The substituted amino-3-phenyl (2R,3S)
isoserinates (II) can be prepared from the alkyl (2R,3S)-phenylisoserinates (I) or
15 from the phenylglycine compounds (CCI), see CHART G.
When it is desired to prepare the alkyl (2R,3S)-phenylisoserinates (I) rather
than purchase them from commercial sources the starting material are the ketones
(CI), ¢-CO-CHCI-CO-0-X, which are known to those skilled in the art or can be
readily prepared from known compounds by methods known to those skilled in the
20 art, see J. Org. Chem., 29, 2459 (1964). The process for preparation of the alkyl
(2R,38)phenylisoserinates (I) from the ketones (CI) is set forth in CHART F. X, is
(1) C;-Cg alkyl,
(2) C5-C cycloalkyl,
(3) -CHy-¢ where the -¢ is optionally substituted with 1 or 2
25 (a) -0-X,_; where X, , is C;-Cg alkyl,
(b) -F, -Cl, -Br, -I; it is preferred that X, is C;, Cy or C4 as -CHy-

CH(CHg),-
The ketone (CI) is transformed to the corresponding halohydrin (CII) by
reduction as is known to those skilled in the art. Suitable reducing agents include
30 sodium borohydride or zinc borohydride, sodium borohydride is preferred because it
is easier to work with. The two borohydrides give different ratios of syn/anti
isomers. The reduction is preferably performed in the presence of one equivalent of
acid, preferably acetic acid. Sodium borohydride gives a ratio of about 4/1 syn/anti
and zinc borohydride gives a ratio of about 9/1; the ratio is not important. Because
35 of the two enantiomeric centers a racemic mixture of four isomers is produced.
The mixture of four halohydrin (CII) isomers is then subjected to enzymatic

7



WO 97/ 42167 PCT/ US97/ 05429
Additionally disclosed is a phenylisoserine ester of silylated baccatin |11
(VIT'1) where Rerr] and R err] are (1) Rerr] is -H-Hand Rerr] is
[err]-H [eMO97862rr] where R err] is -Si(Rerr])[err] wmrossnsaze s
Cerr]-Cerr] alkyl or (Jerr]-Cferr] cycloal kyl or m xtures thereof, and
where Rlerr] is (1) [err]-H[err]-OCOCH err] and (2)

[err]-H [err}emwﬁ}ﬁhpaspbme[tmpmomm&ﬂdnﬂﬁmaBt-altdsﬂ{efene}i are

1 e a n en the
Cat bon at oms e eh e MAR 15" Tho AEeiab Jo P biargrereoliie RO Rt
DESCRI PTI ON aﬂecmﬁym\mitﬂsm eppatigspleetivity; ckhe mth?éolp'ﬂaeégm {sgmexie erfers
E?;(Oltllt Ee CW@U&B&MM&SW!@I; Pasad rafucahﬂ%eo siredpRRlohpdiei 5 g&am“ nat es

o the cor Nng Supst.i anin n
i soseri nat®s ”(’15%“ ”T&‘é %\WF %‘ﬁﬁ'@ﬁ&?ﬁgﬁi"éﬁlvﬁﬁl& % 8% nown to
E) hose ﬁ klj | Eﬁalohydrhe(cﬂ)temrs CﬁlmabEaﬂseﬁdmiﬂ}: opﬂan&rasdzsfemm%nﬂwm&eL ones (Clj)
met hods kn t substitute
a?/n no- 3- phen ﬁ%@ﬁ%& soser| na Q% "P’%’l&& “b%%g?igggér:%’o&ef fie al kyl
(2R, 3S) - phenyéa@asetah@mme)ofdmnlabomﬂom abmltﬁn‘énythglp}'eaeme darimifends
(CCl), see Wa&ut\/g]mﬂoﬁt 9. SSﬁ’lgﬂé]Eﬁﬁllb 1} ﬂ:ﬁ tion of the

(2R, 3S) - phe soseri nates er t pur c rom conmer ci al

sources tHe desivedi W?Mdéplw @M&m%s&weécﬂmd(th]

oati 1y Propar et T e o e B b b i 11 od i
r eadi repare r nds own to oeS| ed in
t he 20yaPt P \!’m‘%oﬁe&tﬁﬁvg’rhaﬂgg&m 2%@W &%&W‘E}% aration
of the al kyI W&mm&mreﬂamtmmemwm)oc]ﬁhﬂma&e ketones (CI) |s set
forth CHART F. ltﬁu{

c§<r:| oa: Eyl %grr &‘? Eerr ?éaﬁ%fg%al "%%?ﬁ‘{l%ﬁ%i{v‘\iﬁgth 1
or 2 25 15 ( ) by meth hw[tethopeelnue n@emr@su@@[w]haqmapou kyl, (b)

-F, -d, f
as -CH[err] C!,l‘-'l G%F%?Hr]é?%?rf;@%ﬁ{gn&gﬂ %Q?ﬁf%}gnedﬁ#ﬁvg err]

cor r espondi ng® "y 55, J8BE (19 itableyoger inelyde ppdium &R | | ed i n

Lhe ﬁré gwt Mummm,mmannwmmasﬁwnwpwmﬁmm zi nc
or ohydri-de

e The ¢ wSSBpaif R PR Bl e rRhstion or i SosR IOV, meridiotias & "71c
reducti on20s apleeti\sbehfdjolwﬂﬁm preference tolthe ¢is isomer e Thiis ayoandiyBrhalehysirin of
ester (CV) present during the ring closure is removed from the reaction because of
its rapid hydrolysis relative to the cis epoxide (CVI).
The epoxide (CVI) is then transformed to the corresponding amide (CVII).

The process of opening an epoxide with azide ion is known to those skilled in the
25 art. While this reaction works well it is not suitable for commercial scale because
the intermediate azido derivative is quite explosive. Also the process of opening an
epoxide with ammonia is known, see J. Org. Chem., 57, 4320-23 (1992) which
discloses the amminolysis of a pheny) substituted—epoxidé_-(;’}o-o-csz with ethanolic
ammonia in a Parr reactor at 100°. The ammonolysis of the present invention uses
30 aqueous ammonia and can be performed at room temperﬁthre. If the amide (CVII)
is to be crystallized from methanol, the racemic material will not dissolve while the
optically pure will dissolve and recrystallize. |
The amide (CVII) is converted to the corresponding. alkyl
(2R,3S)phenylisoserinate (I) by heating an isobutyl alcoh_gl ___slurry of the amide to
35 about 100? after saturating with hydrochloric acid gas, s',ée"'-Angew. Chem. Int. Ed.,
33, 2076 (1994). Neutralization of the ester salt gives the alkyl
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,acid, preferably acetic acid. Sodi um borohydride gives a ratio of about 4/1
syn/anti and zinc borohydride gives a ratio of about 9/1; the ratio is not
i nportant. Because 35 of the two enantioneric centers a racem c m xture of
f our |sorrers“ﬁ%9”f5?"éauced The mixture of four hal ohydrin (E@CHUSPEBAE s s

t hen subjected to enzymatic 7 V\097/ 42167

PCT/ US97/ 05429 resolution with a |ipase by rret hods known to those skilled
in the art. |t (3R39phenylipaserinate (D).t Fais epppiiom he |ipase MAP-10 is

preferred becaysgsp héxﬁﬁsmtxombmﬂgw@mmlthemm& chain in the
enanti osel ectivity. Is'pﬁffour hal ohydrin (Cll) isoneric esters when

subj ected to t RE°RR ® produce the desired [err]-hal ohydrin acid
(CV) 5 and | eavesCHhBTlGduelbses thecprobesh & trhysiomtheslnmwn@@bnﬂla‘lym't)ng Wi th

t he .ot her syn/ (uﬁlx:k @:ELE 0P Sinirfbe. I%W the |ipase
S effectlveéal %ﬁ&ﬁon‘%?ke%%z dB'F Qapo er tgﬂ’e reacti on o e corrpl ete. It
is preferred tmﬂﬁhﬁtpbﬁsﬂlmcomm%@ﬁﬂmﬁm%v& the 20 to

about 40[err] IaBol0fafd denP Haidzin)Hy hbdnd BRY nbwh S0 G4 biifled & DI ©
aci d/ base extra n ermts se ar at’ion of he 10 eswed [errq]: hgeohydrln

p

acid (ClV) frofhe %%Q?@P?Y‘EIW gamine substituted phe
(AV) is then gpsmmeéd ﬂﬁt lhmogammhmas Fbﬁhbhmmosmamctﬁpmymm
[err]-hal oh¥(gr| n est é@% R rably the methyl ester by use of nethanol
and acid, ptef &PEBPYH @& g‘aﬂv‘g‘f"gﬁhl oric acid. The [err]-hal ohydrin ester
(CV) is then transf(z&)nﬂﬁg-ﬂigltvﬁere:lﬁgimpbﬁmlhﬂplﬂpvk(ﬂémwwﬂ;(&%t hods
known to those . y Iy a pol ar sol vents
such as DVF, acetonitril e, pre reg’ 1s he epoxi des (CVI)

b%FHﬂL:?QA(NS gﬁn,ys('?fg n@ﬁpﬂ"ig Bﬁﬁ;ﬁﬂrﬁ.
are known, see J. ORB). CO%n Wh%XmﬁlIQQQ@WYS@kM@%MWQW
sodi um and pot oabld BbER (5293 t@onaapdﬁmhﬁa&lwmt Péhth @ Bubititasdto Babdted R6mf er 1 ed

I S potassi um caf bonate |m g the f ti.o xi.d Cvl),
the trans epdxithesoup spsisting of (a ﬂé‘ﬁ &’%@ °’9r&? é’lrj Qsort & (t%ﬂélm s
i somer. Thus ang, alkylthip,dex- WQ&D@M&EII@M@ (HVDHD (A sNOL, )2+ ;gs-firel, (8)ng

closure is remyed f M, t ecause of its rapid hydrolysis
relative to th sté’g“@z (@%E}E :EiithP’epomde (CVl) is then transforned to

t he correspondi ng aff@)d€0¢@Xyls)wheF B, s €DLy-Gf allyle?) HCFLad, (@pdxi de with

aside ion is k% skilled in the 26 art. Whiile this reaction

works well it is not_sditable for comercial scal e because .
20 (D) -CO-NH-Xg , where Xg , is: (1) C;-Cgalkyl, (2) -¢ optionally substituted

with 1 thru 8: (a) C4-C, alkyl, (b) C;-C; alkoxy, {c) -F, -Cl, -Br, -I, (d) C{-C4
alkylthio, (e) -CFj, (f) Co-Cg dialkylamino and (g) -NO,. It is preferred that X is
-8049-X3_; or -CO-X3 o; it is more preferred that Xg is -S05-Xg ;.
The amino substituted phenylglycine (CCII) is then transformed to the

25 corresponding nitrile (CCIII) by dissolving the amino substituted phenylglycine
(CCII) in an inert solvent (preferably THF) under an inert atmosphere (nitrogen)
and cooled to about -78°. This mixture is then contacted with a reducing agents
such as diisobutyl aluminum hydride. The reaction mixture can be warmed to about
-60 to about -70°. Cyanide, peferably as potassium cyanide, is then added followed

30 by an alcohol, preferably methanol and a weak acid preferably acetic acid. When
the nitrile (CCIII) is produced it is not diastereomeﬁcaliy pure. The amino
substituent at the 3'-position is (S) however the hyerI substituent at the 2'-
position is both (S) and (R). Therefore a mixture of (35,26)- and (35,2R)- are
produced. While it is important that the attachment between the oxazolidine

35 portion and the bhaccatin III portion of the oxazolidine silylated baccatin IIT (VII) be
have the correct (2'R) configureation that is not a problem because regardless of
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the internediate azido derivative is quite explosive. A so the process of
opening an epomde with ammonia is known, see J. Og. Chem, 57, 4320-23
(1992) which discloses the am nolysis of a phenyl

substi t ut edvegmricte- CO-O- Clerr]H err] w th ethanolic amoptgusonsndar r
reactor at 100[err]. The ammonolysis of the present invention uses 30
aqueous ammoni a and can be perforned at roomtenperature. If the am de
(CVI1) is to whetbenstheJdilylased-10-apylabest bageasin 1T ﬁ@) saxgupled withtae(3825)- ol  not

di ssol ve whi | ggloRg.oRRbiifAs hitd B, &hiirddurtdi oL QNS iRt Faccatite

amide (CVI1) is converted to the correspon |

(2R 3S) phenyl TIE 64Dy will haye the coprpet iepe @3@9?%0%0@0%13@@’}%0% t he
anmde to 35 @kpudt nbeskay ol daditable mspuracel the (39 54)- el (asiR)RtritesaCingas,

ol Agﬁggs s?"hg%{gg rprodudtisye Tha gugure 18 catried o e kﬂ&é‘r}&r‘é Teathion hsqusee’
P|CI/ }Js?ggogg)zasiaﬁal;tafemmyeta&asmdxrmm@daytom mammﬂmes;mdnﬁ p;Jr e I
a | e .t axo
Si dg chain i n&?(agxﬁ*%gg‘g{s‘é gﬁgamk‘?“#v%ﬁ?p@?ﬁﬁwlé@ é%lg’efsﬁ)m%& oc ess '
to transform oﬂnﬂmme@m)gmhﬂeesﬂmmm@mt Becamnee efghisespondi ng
substituted Wi@?‘mgﬂr&%&ﬁ@wh%&ﬁﬁi dﬂ _J,g) ‘”Rﬁ’ﬁFﬁwl gl yci ne

conpounds ar e r eact ropriate at’ng agent

(X[ err]-ha og@ﬁ)‘ oljfine ester{Iil}-and/ox 95age) thaetanéé mm@anuthwmenaﬂmsseproduce
the correspongiesst tampaquwsﬂanhuﬁleﬂdwﬂamwﬁbﬂﬁumad the pk&eesssofmﬁtmr red

t hat hal ogen s h OI’,I ne. For, e amn sti,tu hen

conpounds Ffé&s‘mp org, %'P?l “&F’&"ﬁ? pﬂ%?ggyﬁ*{gﬁ?]t?l s:

4-ni trophenyl Reéai«)le&oﬂue dmstemohenybuntya)m&prdammbducatbj) théylgre all useful

9- ant hr acenyl CO- X[ err] where Xerr
Is: (1) C[e?/rin@r%%m %%flg#erﬁﬁm&%g#ﬁ Wﬁﬁenyl coLt ai ]nl ng 1 dOl[.lb| e]
bond, (3) ¥ err] d?hthdPKQCH thmamfwmedmwlﬂnem:;e@os&bsnmiméﬁ B)sel ect ed
from15 "the g Eﬁ)z(z sﬁﬁﬁhtgeﬁra{rﬂmgh%héﬁylgﬁ,}ié)/@é B

F[Cg{tra]rr] ?H]m ]mBP%lP%yI%%'B"h(%“)G—Fi We” ‘ﬁwé vorf; |

3-furyl, (5) sachas xﬁethkmﬂ,r‘e,thano(, @fc ard &uHhoid {s] 3ddEHICEhehature (ﬁﬁ}xe aéiﬂhﬂné({ err]
wher e XY[ err] cnﬁcal a gt}onga%uir 1L pgfgééd ﬁl ke¥hdno£ 2)the (s:cla_lllv&rt,r flhb 8(l§2tltuted amino-

20 3-phenyl (2R,8S) isoserinate (II) formed will be the methyl ester. Similarly, if
ethanol is the solvent, the substituted amino-3-phenyl (2R 3S) isoserinate (II) formed
will be the ethyl ester.

Because of the stere‘ochemistry at the two enantionieric centers in the side
chain of the taxol (X) products it is necessary that the alkyl phenylisoserinate (I)

25 starting material have the {38) configuration. It is also 1mportant that the alkyl
(2R,38)-phenylisoserinate (I) be an ester, -CO-OX,. However, the particular ester
used (the particular -X; group) is not important. It is preferred that X, be methyl,
ethyl or i-butyl. o

The alkyl (2R,3S)-phenylisoserinate (I) starting matenal is transformed to the

30 corresponding substituted amino-3-phenyl (2R,3S) isosennate (II) by one of two basic
processes. The first process involves disolving the alky | 2R ,33)-phenylisoserinate (I)
in a basic amine solvent, such as pyridine, or a basic : a;r_nn,e solvent and an inert
solvent, such as methylene chloride. It is preferred tha ﬁie basic amine solvent be

pyridine and the inert solvent be methylene chlonde Then the appropriate

35 arylsulfonylhalide (Xj-halide) is added. Xj4 includes -802- .1 Where X, , is: (1) 4-
nitrophenyl, (2) 2,4-dinitrophenyl, (3) 2-benzothiazol, (4): Q;anthracenyl and (5) 5-
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_tetrahydropyranyl, 20 (D) -CONHX[err] where Xerr] is: (1)
Cerr]-Cerr]alkyl, (2) - optionally substituted with 1 thru 3: (a) C1-c4

al kyl, (b) C[errl] Q,[eerr] al koxy, (c) -F, -d, -Br, -1, C%’%r C[err]
akylythio, (WP8f%rr], (f) (err]-derr] di al kylam no an Brr]. It
Is preferred that X[err] is -SO[err]-Xerr] or -COX[err]; it is nore

SR AN ER s LR FAMR LT 7 P T N
(Call) by di smimh&gebkherﬁlib maznhﬂisrbiabidfttﬂﬂ qnﬂ@uyi@ﬂ;uelsﬂﬂa(ed(hlabqahndﬂand
oo ed" 1o aboul Vil Ribrel bt 7 SLalohdif] bnd b INERRGHIAT 1108EE) 200
such as dii sobuwreferred M%mﬂ?@ﬂoﬂéam%&m%ﬂnﬁﬂe&hﬂ-%m}x#Ed to

about - 60 t ahpgtpméﬁk&&ﬁdtham@m fbi; sﬁf&%ﬁ@tﬂma&%@sa&émm%ée s
t hen added foI l owed 3 by an, al cohal referably rretpang ﬁ a weak acid
t

preferably acet"P%"haEtﬂnPW@He isrot pritical; ik upnually i3 ahout i s not
di astereonerical |y Whégubslibted finfie-3SpHeny mn;sshsaﬁerinb&sm)ﬂﬁslpu d Bay S)

however the hy .t uent, . the ti nd (R)
Therefore a ni 3‘?&?‘%’%&% bﬁ&ﬁﬁhﬁ%&’%&’\hﬁé‘\“}@b i s
| nportant that sblvemattachrrent bet vveen the oxazol I dine 35 portion and the

baccatin 11 5? porti Ol ?Lthtepﬁxe?i%ﬁ%h%k@&nﬁioﬂ%@&eg‘tﬂ %,ﬁ 3ah! (VIl) be have

the correct (2'R) configureatl pro etalse regardl ess
of 9 WO 97/ shepylisoserinates (I) to the corresponding substituted annno-a-phenyl (2R,38)

PCT/ IUS(Si?/ 0?;129 msat,s msé (s ;“gé botha Baibtied -ml d)ﬂagt,@getgﬁcq@m kia (VI I)t S
coupl ed wi a oxazol i di ne_ac e resulting
product the oxa‘é&‘!’?‘ﬁﬁ’ﬁg‘%ag%ég@é) lgoperinags (1) ig) “)“W‘l pr ﬂ‘éWdtlﬂé”&ﬁ'r‘?’ect
st er eocheni st r ywatér dohmﬁngﬁeseolveﬁﬂssucﬁmrt&i-ﬂ{yamfﬁﬁh fteith!d withi dcvéMbaiegﬂ_&xSa_r y
or desirabl separ Le e it is
counterprodS%t &80 ‘P’ ‘?ﬁ’é? e’ |s?"€§1 dh‘%‘ﬁ%’ﬁﬁ%]wetran t“ﬁ?‘é“’?@gglon
sequence as a mrxlsdfoaymdm cWoer thereadtionlis edmpleﬂaehc\mbstimte&nmeeemheml of
the (3S,25)- a Qaééﬁsc?&n% a9 daflln W Ié‘vﬁob” Ontbb‘%hoses lleg regzeart

7-silyl at ed- 10a ated baccatlnlll t he
(3S, 2R) - oxazol iH¥P ¥, $izgck g E’&PEA’FH‘PWPW‘%#?“%%&“ -of this, when any

of the terns substi tmé e@bs&mtwaﬁmb@ﬁbdn 1 @R,38Pisckcrdatiai(IIpAR téédsi‘orml@to
Oxa2 Ol |01 1 b B Sk 55 e S bl
by the process anfinéBipReEnyl (2R,38) 1sosermate (D) in a solvent capable of forming a water
azeotrope with an aromatic aldehyde and an acid. It is known to those skilled in the
art that azeotropic removal of water at reflux results in formation of the oxazolidine
esters (III). Suitable solvents capable of forming a water azeotrope include toluene,
25 heptane, benzene and mixtures thereof: preferred is toluene. Suitable aromatic
aldehydes include benzaldehyde, anisaldehyde, dimethoxybenzaldehyde, preferred is
benzaldehyde. Operable acids include p-toluenesulfonic, pyridinium
toluenesulfonate, pyridinium hydrochloride. The stereochemistry of the product
produced depends on the'-._pKa of the acid used. Weak acids such as pyridinium
30 hydrochloride give the kinetic product and strong acids such as p-toluenesulfonic
give the thermodynamic product. The kinetic and thermodynamic products are
controlled by the nature of the "X3¥" substituent. It is not critical whether the
oxazolidine ester (IIT) produced be the (2R)- or the (2S)- since both give the same
product when the oxazolidine ring is opened. The difference between the two will
35 affect the speed of the cleavage reaction during deprotection. The use of an
aryldimethylacetal and acid with distillative removal of methanol also gives the
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F and the diastereonerically inpure formif produced by the process of
CHART G Regardl ess of the diastereoneric purity (and process produced by)
they are all useful in producing the oxazolidine silylated baccatin |11
(VI1). 16 WO94216The nitrile (CCI11) is then transformed POI/P$HI05429
corresponding imne (CClIV) and then to the correspondi ng substituted

am no- 3- phenyl (2R 3S)/(2S,3S) isoserinate (I1) all in one pot. The nitrile
(COIT1) is diSxasphidine patery iT‘&E?’é’?&P%Tﬂ"“&'ﬂé’H"Jguﬂéﬁk%al(, 9)hanol , etc
and anf aci ddi s ?ddméhtrﬂ'ﬁulforﬂﬁtiwri] of G¥azélidineidstels 'h mr)lrg@thecaohteg;foaaingaxﬁggaag aci d
Is preferred. |, anol i,s.the solven t.he substifute i No-

3-phenyl (2R 345s &ggﬁsevffyn’g?lzquvﬁa‘f P 1P tﬁ‘é“‘?hé&ﬁ@mﬁ%gfﬁﬁs (I
Simlarly, if aesieacted in squebws alalhelinsolvenh erithubbise sucheak potassinnBegrbanatd or

(2R 39) | SQ5eLidigh hyfokiie O RAR Ll ReialdiGudt D 1s0BhSH willSoAMIRLCT 1N
stereochem stry at e LWo enantioneric centers in the Sidé charn of the
taxol (X) proselvent gives thesacith cRineathe salts are donvertddyto theacid, hrmpupesenaf this | ) 25

starti ng mat efdvehtidoiiR shits of i idd | b3 i f t hat
t he al kyl (2R,Eﬂ?:’g)t-l hen l%&%rfégi%ﬁ%?g&? Igu) &gget%“reés%é‘?‘?‘“?%d%‘éxi er rt%mHowever,

the parti cul apxaselidipe h ithe paryiclar palfjsgmimpertantepd; por t ant .
It is preferr ¢iitualigtalHases/chith @illrbé bperale & Pyodubing thdddsitkd oxdd26lidihdydids

(2R, 38)-phﬁyh'§l§!oseri nate (1) starting material is transformed to the 30
corresponding bstituted am no- 3-phenyl (2R, 3S) isoserinate (Il) by one of
two basi c processebhe Thdeshcetylbacpatinc HE (V) alsokneen g $0DARB,ig triahsformidd\th the

(2R, 39) - pheny L i sQs6difias. IshL [ ' I I di ne,

or a basic am ne Eg‘f%?%%% Qeg%al ?f‘é%asbgfc\%{énﬁ?ﬁ (ggch&e’gésmsnpipﬁ‘b?%ﬁg‘%%l oride.

It is preferrskilledin theagt baforedt igattaehedsiothe phenylipnperingte sidg ghaiph dhe ner t

?g(l[ven} lﬁe ﬁg&&%&_xﬁﬁ&hgﬁé&ﬁ;g&;ghmt ; nm% BFoRd riéxaésﬁe&ﬁ\tl\g wt«%ﬂ éxﬁ]ny! hal I(til)e
err]-haljde) is added. inclu - err!-!err re Xerr] is:

4- nitroph yF%”tefﬁ'l 18 -8%%}%"@@@"? 1 % 8R4 8o pior tp ghupling at

9- ant hr aceny| Cygit rfriigt bie-prdiécted. THS 8cktate gfotp at C,y is part of the final product in

PCT/ US97/ 0542 s AA-thi adi azol vl JFor..the. am no- 3- phenyl , (2R. 3S5)
| soserinate (?ﬂﬁ%?@(&%&%@cﬁéf@}%ﬂﬁnﬂ SWESIL ?’%ﬁoﬁ%'ggci%ﬁl’%%nd
oxazol i di ne silly|Far taxoteze 8 zethevable|proterting group 0PQ-0eCHeEClgnrt-CRICH )]s | s
4-ni tropheny! & bdish BIROEG o S , ﬁi,g,g; X[ S
2- benzot hi azol 9-??&?%%%% | and)bg_?dr?gﬁzla?% %ﬁip? I a ilgizjoc‘)ﬁﬁifcm' Wiieh

20 e removable prote group is acetafe,

it is removed as set forth in Tetrahedron
Lett., 35, 7893 (1944). With regard to the 10DAB (V), the substituents at Cg, C,,
C;0> C31, C1o and C;5 will vary depending on the particular taxol (X) product
desired.
With regard to Cg and C, Rg and R; are:
26 (1) Rg is -H:-H and Ry is a-H:B-OR;_; where Ry ; is -Si(Rq )3
where Ry o is C4-C;; alkyl or Cy-C; cycloalkyl or mixtures thereof, and
(2) Rg is Rgy:Rgo and Ry is Ry;:R4o where one of Rgy and Ry, and one of Ry
and R, are taken together to form a second bond between the carbon atoms to
which they are attached and the other of Rg; and Ry is -H, and the other of Ry
30 and Ry is -H. Ry, is: (1) 0-H:B-0-CO-CHj and (2) a-H:3-0-C0-0-CH,-CCly. R,,,
Ryp and Ryg are:
(1) Ry4 and R, are taken together to form a second bond between the carbon
atoms to which they are attached and R, is -H,
(2) Ry, and Ry5 are taken together to form a second bond between the carbon
85 atoms to which they are attached and Ry, is -H. These variable substituents
provide for and include the baccatin III portion of three important taxol-type
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51t is preferred that halide be -C. Since only primary am nes are
Jinvolved, the reaction tenperature is not critical; it usuually is about
O[err] to about 25£ err]. The substituted am no-3:phenyl (2R 3S
i soseri nat eVQP1421¢7hus prepared may be isolated either by PFHEMBO#I? on
with water or by extraction with a suitable solvent. 10 The ot her
met hod for the transformation of the alkyl (2R 3S)- phenylisoserinates (I)
to the corresMPWssﬂbﬁﬂ’m%ﬁm&‘S%@?@@?mﬁg)“l’ic%‘gﬁﬂgr?éte (1) is
by use of the Sgbo >(EEFITH] YCHECHLIN, -Sifen | diiop, [Rgclbiuxgi],p8ilCeedur e t he al kyl
(2R, 38)-pheny|?ﬁ ;Eg‘?n%[éﬁ!éﬁ!l’%{’gl diﬁﬁpl ;Eg Oix]' %I[fgr.rlimgg '%n 1 el ., or .wat er
containing a c‘ﬂgﬁ hand,-SCq ; y?f‘ﬂ{;égfa&fy hY ’ff'i%‘fg’ffﬁﬂe\laﬁsﬁ fea® base
such 15 as soﬁ'[mgmhﬁﬁc{m&iﬂ )CHICHynflassi um carbonate foll owed by the
e

addi ti on of .the ar 3y $ rs ' | t he
substi t ut ed5am' no- g)ll-o enyl |n§€eser' ﬁ%tégiﬁ T?@g%d%g%g%gt ed by
nmeans known tobMBE{‘ ézmyﬂeéﬁ'ﬁ#ﬁ#@51F,a’ﬁ%@gv-aﬂﬂ?%.dﬁ'@é@whlwwi on or

i l.Lati it _ _ ' [ ] - } -3S
oot ot ok (i BE|.0P blkyP el G0} cyckiafierd iiblarinéh Gbrdl 2t R; PIAAIM 6.00.55)
Fuyaad toespher i

esters (111) b iByg are taken form, a sepqnd, hoad beftresn the catean |
(2R, 39 isosergﬂa&g%m&théyﬁe%edau@atanqqp&bﬁqi,of formng a water aseotrope

ith ti |, deh d qacid. It K to.th illed in th
Art that - adlot r opi e RBIFR I8 pessary Hiat 8 R RS PSR on of ¢ o
oxazol i di ne eisb?:stix(llllWDR@&E&?}:-E!&&BJ,MH%B-OR@@MM@R%NH&(R@_@ wieerer
azeot rope i ncl gde. e . o3 Pherli -
preferrgd is t0 'Gégng’.: é&ﬁ%ﬁ%’i—ggo@i'lg gf]é’g%gs | ncf{(%ie:ﬁﬁ%;nsga gé? (?e',
ani sal dehyde, GGits-6G6layascGOL Y Byriand By parertplen togethertofovm pperond @g@l abl e

il LS S e i
ydrochl oride. The stereocheni.s of the product proddte endgqen the
pK[err] of ¥he aci drweﬁ'?ce\?éﬁ%@/%@wmgﬁbw YPFP%’RF?%)'SI '@?hll ori de

gi ve the Ki net jg-bpécatit G1I, Bidnabisarythat irfthe Fusilplabed-10-Acylateiipedtinolll (VIpi ve
cont 1ot 1 od. by ade Feaipacea rh B i e bog (e BalRGy bai o3 G, Infhiy
~ whet her the oxapediaketi togetbex torfoxm & isycopd bonstbatwean th gatbpRptores totwhicl( thay -
i 11 or ence bet EcRepar i sk LG phd R P I Saer IR, pRERpES BT
reaction dudd nihaddlno it wEkR-BCO-CHa, Rupoansk Regara tehten;tpgethey ta formas soeppd band
with distillatbavesrtthe\catboffatdid hadGith tHey ardlatifthed BRd R,; is -H. The silylation
and esterification -of alcohols is well know to those skilled in the art and is
extensively described in "Protective Groups in Organic Synthesis”, T. W. Green and
P. G. M. Wuts, Wiley, 1991. More particularly, numerous documents have disclosed
25 the protection (silylation) and acylation of the C, and/or C; positions of 10DAB, see
for example, J. Am. Chem. Soc., 110, 6917 (1988). L
The coupling (esterification) of the oxazolidine acids (IV) with the 7-silylated-
10-acylated baceatin IH (VI) to produce the corresponding oxazolidine silylated
baccatin ITI (VII) can be performed by a number of methods known to those skilled
30 in the art. The preferred method is to use a coupl_i__xjxg_.,a'_ggnt such as
dicydohuylcarbodiiinide (DCC) in an inert BOIVQnt{';;_'Ii(:!:h. Ea_s toluene with a catalytic
amount of dimethylaminopyridine, see for example, Tetrahedron Lett., 35, 2349
(1994). L

The deprotection of the oxazolidine silylated baccatin III (VII) to produce the
85 corresponding phenyligoseﬁne ester of silylated baccatin IH (VIII) is performed by
means known to those skilled in the art. It is known that 4-nitrosulfonamides and
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MO 97/ 42167 PCT/ US97/ 05429
oxazolidine esters (I1), see for exanple Tetrahedron Lett., 35, 2349
(1994). The transfornmati on of oxazolidine esters (lI1l1) to the correspondi ng
oxazol i di nSVRETHA67(1\V) is very well known to those skill eBCI/HSYM8420rt. The
oxazolidine esters (Il11) are reacted in aqueous al coholic solvent with a
base such as potassium carbonate or 5 sodi um hydroxide to formthe salt.

Aci di i cat i orhclated; anshracensaulignamides san bepleeved oising thiolate: see Trieahgdron. S nce
the salts areL#0mecsd78d1995) bh@ Seehd, 269 200D Espetlively Priblateltd Qﬂ-kL he
salts of the oxazqlidine amﬁs §JV2 a& cQnsi er,ed@ngvalent to the
oxazol i di ne 8% q\‘P’V}‘?”‘?‘ﬁﬂ‘l B ap alky} spbstitpted agthracepesulfgnamides. ant
and v: réual I mfddephgmb&edcﬁmﬁ%drfcbﬁd ___ed)bjei-éﬂcﬁnl ¢ theFulfonhiae thbeglzaiem'kmed
oxazol i di ng agy | 10- desacetyl bacgatin LIl al so known as
| ODAB, is gra%gg?%c%%éﬁ@oﬂﬁﬁmﬁf %" -§‘i§T'§Ht£P‘3H9‘s.L YacY ™t ed baccatin
11 (V1) by nembinakionwith anotlier selventi sukle ds THFtwi¢h athiolatd gemeratéd fremat t ached
to the phenyly ' ks ' | . 1S A t a free
hyclroxy! gr Uttt st s b SUbIiiak ko ebifial 33 olale 1iie HEGTRRVEL 7,
nost react i vepobassiupet-bytaride. Whep Shg reagtion ig gomplets; theoreactiopimintpreds topated | i ¢

-_rmsi beI pr 0; ORI deid TH PerReve 1R S1dekIdFra tHel fihd alcShd) Bbforedibolhtdéh WitRal product
I N axo an

13- (N- (t - B8t uitabls selyenfo nThe)aldebye may alao be semeved by trappingswithy sqdism | - i so0- bacc

atin Il11. Forpikiliet ere a renovabl e protecting group

-O0COOCH - " - CO- CH[ er. ' th

{1 nal produst. T cqdie EBesyteenin stst Ypnbed RpciH nE ) Bk REGTHEG &"°
renovabl e pr opreducerthe corvasporidingiN estbstivptedtisdserinecsilylesell bapcatint I AX) by i n

- Tetrahed 431::‘]13\9’" 1 A

sﬁb;?i '?utrag?sl_!gt&&’%?se?r kg‘%qgﬁ o err fﬁ%{aﬁﬁeﬂ%}# ﬁlgh gtﬁ%@rv?ﬂh*?f vary
dependi ng 18n infreprie Synthesis”, Ta Y6 Greon and B(a M. Wats, Wiley, 188 whepymaay t o C6
and C[err], Rhethbds @ et this thartfd¥ination are disclosed.) MokLpdrticiiarly, Writh egdl Rl €r 1]

; u °% i 3 .
et or ARG Crot EpOLRE spapyida ok et a6 (B QA ana
(2) R err] i slti prefdrred] that Ryde () RGO~ {2) (CHRLE-NH-COf end {3) (@H)eC-0@€098t R err ]d

d . X n
bond bot ween Tiees pidfertbiiat B (a0l Micheb e of B ShaARabibrhd ilbo© 00
Rl err] an@OR]slyigted baccatin Hi (VEHHdo praduce the cpyrespondigg N-substitmpedrisqserine - H,

Rlerr] is: (L backhtif 11t Pt pEtcHRidd bétbre or after the removal of the silyl
[err]-H [err]-OCCOOCHerr]-ClJerr]. Rerr], Rerr] and Rlerr] are: (1)
Rlerr] and R[%W”FT“%?E“’P ik 7t ogether to forma second bond between the
car bon The N-substituted isoserine silylated baccatin III (IX) is then desilylated to

produce the corresponding taxol (X) by methods well known to those skilled in the

25 art, see for example, "Protective Groups in Organic Synthesis", T. W. Green and P.
G. M. Wuts, Wiley, 1991. More particularly, with regard to taxol-type compounds, .
see J. Am. Chem. Soc., 110, 5917 (1988). For taxotere, following removal of the silyl
group at C,, the protecting group -CO-O-CH,-CClg at C,, is removed by zinc in
acetic acid to produce the free hydroxyl group which is required in taxotere.

30 - For the important taxol compounds, taxol, taxotere and 13-(N-(t-
butylaminocarhonyl)—B-phenylisoserinyl)—7~deoxy-A6'lz-isp-baccatin I1I, the
substitution of the side chain and on the baccatin III ring system is as follows, for
(1) taxol Ry is ¢-CO- and R is -H:-H, R, is a-H:f-OH, R, is o-H:8-0-CO-CHg and
R;; and Ry, are taken together {o form a second bond between the carbon atoms to

35 which they are attached and R, is -H; for (2) taxotere Ry is (CHg)gC-O-CO- and Rg
is -H:-H, R, is a-H:B-OH, Ry, is 0-H:f-OH and Ry, and R,, are taken together to
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,atons to which they are attached and Rlerr] is -H, (2) Rerr] and R err]
‘are taken together to forma second bond between the carbon 35 atons to
which they are attached and Rlerr] is -H These variable substituents
provi de for WRA#HME ude the baccatin Il portion of three P 29

t axol -type 12 WO 97/ 42167

PCT/ US97/ 05429 conpoun referred tha err] is. s cted .f omthe
group consi st i fAEmA see %(S}ﬁ"gﬁ’FM T”[ré?”f? stt%[%? d%d

-Si[Cerr] al kysj a{ndrfm] (32 33N {tebugylhminoEirb @ik - i»heiynsdsérﬁmm-waﬁré%tsw 1 and

STqerr] al ky et [%‘Fs&%? ﬁﬂ*&mﬂ o oy fod Bty R it i, 2

taxol (X) it isof RyoadRysyandiane of Ryt and Rygsarey etherde form 2 gecondbendi n m
] 1 b i S PR i e
cycl oal kyl “or ¥ W@@Q%F%ﬁf&l@ﬂcéi‘v é lbés'é‘,-"-.-f)e‘%‘fﬁa%l{mqu‘é

Rlerr] and R egfd ta&éxetdgadxﬁﬂwﬁﬁﬁhmnamoﬁobeameﬁmmontxmds aae&mﬂ:eyhe

carbon atons to %H&{ arge attached and R[err] is -H 10

produce t axot ePE® § Bax® ¥ that in the 7-sil yl at ed- 10- acyl at ed

g[accait in | ”ﬁ} (\éIL; Rvaile there ard-bmédsamﬁtﬁ[tﬂ‘lprdtentﬁzgld%plmfo}ecﬁnﬂ& ;ﬁm}eﬁ% eﬂf -Bg\/\heria
err] is - ge Sl err

cycoal kyl mp ure heré 1{ er i &

cy CH er )r/] ca [oher}yhensenw—waw atiam ]vmae- erdenpnocessptensds t o

]I;F;Tr? Isgc?nd ?5 tm&&x %ﬁ%@%ﬂeﬁ}ﬁ&%ﬁ@e&@ &*hl&ﬁi‘éﬂ reatRtagmy and

13- (N-(t- butyl mwmwm@er@%mm.mwwbmn{ ]lm

IbSO b?::rc]afll n |(|dhslrddtthhﬁ R S€4EO/R; itshnglt tJ?@HYﬁ-GRl,ﬁilfoeﬁdR-}Qi 5 wher e
acca

one of R[er %Chﬁﬁ%g 5%8*4‘1‘%ﬂ ﬂi‘?’g&e@ ‘ﬁatlgbeql her to

forma second KHRGH| ﬁmdnﬁmmnmﬂm fmwﬁmbndbwylbameatthawm and

t he ot her of Wi ?T:Z@ t eHot %5?} ‘ﬁi{t] ngd Rlerr] is
-H 20 that err errj- rr - err err are

t aken toget her ;ﬁi %ﬁnﬁﬁ"bﬂﬁeﬂ agppkie Hlt hey
alr e ﬁt f ached alrefk)ﬂ ﬁ&ﬁdforh&g-tb'the'rﬁﬂolfr(!j{b ﬂleaﬁlzpﬁoﬁa?dn goa piat CGad redivved by

al cohols is ne se e an ensi v

described i f0" ?5#‘@5%9‘8“%?&?5%3?#"0“9‘%%“ forpxa)éwx éﬁ?@}n nd P.

G M WitB, Wlisgf 1991. Mre particularly, numerous docunent s have

di scl 0550 25 1" B gl Wbk erhaclthe ke B ki bl SO

Cerr] positions of

acylated to produce the N-substituted isoserine sllylated baccatin III (IX), it is
desired that Ry is (CHg)3C-O-CO-; Ry is -H:-H; Ry is o-H:B-OR; ; where R is -

25 Si(Rqg)3 where Ry 5 is C;-C alkyl or C5-Cy cycloalkyl or mixtures thereof; Ry, is
a-H:8-0-C0O-0-CHy-CClg; Ry and Ry, are taken together to form a second bond
between the carbon atoms to which they are attached and R,3 is -H. It is preferred
that Ry ; is siamyldimethylsilyl (SDMS). When th‘jeN-_substituted isoserine silylated
baccatin III (IX) is transformed to the taxol (X) generically but specifically taxotere,

30 the silyl protecting group at C, and the protectiné group at Cyq are removed by
methods known to those skilled in the art resultmg m the formation of taxotere (X)
itself. The silyl group at C, is removed first followed by the protecting group at Cy,
using zine in acetic acid to produee the free hydroxyl group at C,q required in
taxotere.

35 For 13-(N-(t—butylammocarbonyl)-ﬂ-phenyhsosennyl)-?-deoxy 2512 555,
baceatin III, it is desired that both the A®- and a12- double bonds be present early in
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for exanple, J. Am Chem Soc., 110, 5917 (1988). The coupling
(esterification) of the oxazolidine acids (IV) with the 7-silylated-

10- acyl ated baccatin Il (VI) to produce the correspondi ng oxazolidi ne
silylated BeQ¥#161 111 (VII) can be perforned by a nunbeRCTAIsImassds known
to those skilled 30 intheart. The preferred met hxod is to use a coupling

agent such as_dicycl ohexyl carbodii m de in an inert solvent such as
t ol uene with theswmthesie, preferably at the s'esméthy pretersion of 46-desacesylbaqeatin BtV e,

Tetrahedron Lgtthe corfeapordiitd7-sikiRda -IO-IEﬁatG&BﬁéE&t@&mQW)Ofthﬁ?ow%'thd' ne
silylated bac trn IIf

(VL) .t uc corr ondi n
phenyl i soseri f“?FP@T‘%%@B‘fg% Hi“ﬁﬁ)m(w t&@s"’ﬂ&“f‘&?‘?@d by
means Kk noYvn tsmbbﬂtmw isssetihesilylated bsccstii I11 (IX), i iskdesired tHab Ry is (CHq)gC-NH-
4-nitrosu

mCT Use T 0823600 Re s ReiRarend BB Fad fre SAre opest Ren #sbFep 104, p fBry gnd

thiol ate, seeRpeire ddledrtogethertto foM;eMX@Iﬁmnamcﬁbommm tQ@&;chZOZ

(1995) respe am des -
and the al kyf&lbygidrt%%?ée%%%ﬁ?gﬁngﬁﬁ’r {5 iE Be %t 5}. %actron
i s performed By r@mﬂ?r%ﬁ%@oﬁﬁs’&aﬁ?éﬁnmﬁﬂ&mﬂﬂ%ﬁ gsﬂ:esrqurxataed
baccatin I'll deddnid)bonil Befiber Biddarbontdthih & whith 5y ars dftAct2d. WHkh Rdgatdto

comnbi nati Qn not her, sol ven ch as THF fth a ol ate rat ed from
comtl nat {9 14 R ARSIST Solienh Seh ee T M Sl L ate aeippled 1o
base and pot aﬁherumetN-thsﬁmtdElsoééhﬁa silylated daccatin MIIi(X)d9 pivdaded, thé figak eact i on
m xture is trea m)vethe I from the am no al cohol
before isol atﬁ?’o%‘%\?mwp%hggﬁr e SHI% ?foﬁ'{% ‘F“&'@ﬂyde may al so be
renmoved by trappi @MMWM‘W@W@MKHBM&QMter of
silylated bac@ﬁtﬂsﬁgﬁéﬂylﬁﬂbﬁﬁte ® 14%&%*?&?&%%9 ol o2 e %vﬁfch xmg:t

correspondin substituted isoserine si accatin

met hods waf glws Mfirequrgr?m» giich as §richlorgacetaldghy ean a

V\E{ ot e\cNt, : ve Gioiéitsuch asranr Wx : t bremfx&fj onn]htgh%hnaaﬁzem%l@&ﬁh?s the IVl |
s, ey, 0 0 e is transfo ion

di scl osed. y%@éﬁ%ﬁ@ﬁm ééwhaﬁ’r F\°’fﬁz°'él‘8? peterd axol

type conpoundis bysse oflat aldﬁadebnmewbwerﬁﬂ@lecﬁeﬁidmwﬁ)g giotips. SNpmedllyy ifed

that Rerr] i ?&él’@i&céfcﬁ]as BehizaldeRydd &reluSld WideR 36 hit RiYe SdnicAf etectkon

(CH[err])[zerr
0 mthdramng groups, the product of O-sulfonylation is obtained because it forms an

imine rather than an oxazolidine.

Both taxol and taxotere have been approved by the US Federal Food and
Drug Administration .(F,ng) for treating humans with cancer. Other analogs such as
13-(N-(t-butylaminocarbonyl)-B-phenylisoserinyl)-7-deoxy-A%12-iso-baccatin III are

25 useful in treating cancer, see International publication W095/20582.
- DEFINITIONS AND CONVENTIONS

The definitions and explanations below are for the terms as used throughout

this entire document mclndmg both the specxﬁcatlon and the claims.

30 . 'The chemical formulas representing various compounds or molecular fragme-
nts in the speclﬁcahon and claims may contain variable substituents in addition to
expressly defined structural features. These variable substituents are identified by
a letter or a letter followed by a numerical subscript, for example, "Z," or "R;" where
"i" is an integer. These variable substituents are either monovalent or bivalent, that

35 is, they represent a group attached to the formula by one or two chemical bonds.
For example, a group Z, -Wo_;u_ld represent a bivalent variable if attached to the
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Is nore preferred that RNis (1) [err]-CO. The acylation of the

" phenyl i soserine ester of 20 silylated baccatin Il (VIIl) to produce the
correspondi n N-su?stltut ed isoserine silylated baccatin ||l I can be
per formed be 8?3"% after the renoval of the silyl protect?’ﬁ'{;}'J

Cerr]. The N-substituted isoserine silylated baccatin Il (IX) is then

desi | yl d k
tﬁilseysi;[?l eéolw %bgeztl seg‘ﬁ’gg;k?exa ?%\ﬂhréﬁg? fdmw%%ogﬁg%ln rC])(r)\évgn;[g
Synt hesi s”, T. suhstithentmif attachd ttheNbrmwla Hs\ﬂlﬂgSZ{R,XEf}B Whenechemiealcul ar | y,
wth regard to fdriiis s a.fr¥ Eﬁ qm%ﬂgﬁfasﬁ?ﬁ slmh%q%‘ﬁ?ﬂve%able%gmtﬁ%z

(1988). For taxot oW ng renova group, at
protecting groG‘fPta‘Eﬁ@ mb"B[’ 1 the atem ippediately toithe leftof3het i ¢ acid
to produce td"evﬁﬁﬂﬂehﬂﬁﬁiéﬁiemn VBUr6dthésis. | Wl £wslord Moletsiietiitire 30

For the ortant, ta ounds ol otere a 1
but y1 ani nobar b MRS parEeRRars Frdesed i pire Bthscsarh L e cpeemiis vasieble |||
t he substi t ut i eubstituenkeis bonideddb theinanelistelytpreceling atdrh o thielleft mbfrhdy adtem i S

I e, GO A R A G g

Rlerr] are takéhe preepdi atem.mAlsosfor anyimotenvle with aneestabilishesbsystem oft ons t o
35 which thgy
50 0 i, ok . gk AL

RLor ] | 5 [ ort MRRrT e s bR miesmIoopeiing o thp esrbyn sfom RERess. Fareimmsls,C 14
WO 97/ 42167  represents the 6 position or carbon atom number in the steroid nucleuf’ed tral@i%i6h 05429

Form & second bl hi slled I vi} Qe brolf illhalele VL Bl HlASHE T 2nd

13- (N (t-but yI ang"rmpmaémq\ylvaném substituent (eithesmanovyleht or ieslent) hethe]Gg So-
baccatin I1§ E% Is (CHerr])[err] GNHCO and Rerr] is R[err]:R[err]
| s err

and Rl err] -Rlerr] where one of Rlerr] and Rerr] and one of
Rlerr] and Rlerr] a Méjmwrmmn@thmvﬁ@aw@mam@nmm t he

carbon atons tQtdEH:ﬁfbﬁKéﬁyclﬂﬁﬁ Thd AR "2 flgdniafal Pbdiedentt a BRI Helwestdo Rl €1 1]

PRl i o e o e
a second bond lmdl:lvmypropm comptvend. dhGamilar fiehioh, ﬂxbeymbdl&-"afepmhﬁd aaladble
bt or &/ af t of0 0Pt S O BEORT, S84 thessiniB) & rBSssble 4 PGPS B8t r & anc
13- (N-(t-butyl He=GBRLH 3 CHg o ﬂa}-bonyl groups are represented i m either one of two
phenyl i soseri nydays: 742 @¥ YC(EOS-] with $Rs RAREAdifl preteriel Fof diinboiyn9 Or der of
process steps is Chemical formulas of cyclic (ring) compounds or molecular fragments can be
represented in a linear fashion, Thus, the compound 4-chioro-2-methylpyridine can
25  be represented in linear fashion by N'=C(CHj)-CH=CCI-CH=C"H with the
convention that the atoms marked with an asterisk (*) are bonded to each other
resulting in the formation of a ring. Likewise, the cyclic molecular fragment, 4-
(ethyl)-1-piperazinyl can be represented by -N"-(CH,)o-N(CoH;)-CH,-C H,,.
A rigid cyclic (ring) structure for any compounds herein defines an orientation
30 with respect to the plane of the ring for substituents attached to each carbon atom of
the rigid cyclic compound. For saturéi:ed compounds which have two substituents
attached to a carbon atom which is part of a cyclic system, -C(X,)X,)- the two sub-
stituents may be in either an axial or equatorial position relative to the ring and
may change between axml/equabonal However, the 'position of the two substitvents
35 relative to the ring and each other remains fixed. While either substituent at times
may lie in the plane of the ring (equatbﬁal) rather than above or below the plane
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preferred. For taxol, when the phenylisoserine eater of silylated baccatin
[Tl (VIll) is acylated to produce the N-substituted isoserine silylated
baccatin Il (IX), it is desired that RNis [err]-CO; Rerr] is -H-H R7
is [err]-HwpommaltéOR[ err] where Rerr] is -Si(Rerr])[errpcrisomdseme R err]
Is CJerr]-Cerr] alkyl or Jerr]-Cerr] cycloal kyl or m xtures thereof;
Rlerr] is a-H[err]-O COCHerr]; Rerr] and R err] are taken together to
form a secondadialhcnbetheticuent iscalwaystabovethernthdro Inichahicalhwsucturel fathalained and
Rlerr] is -Hgahiiid t b ' Wil Ly ) .
When t he I\I—sﬁlgél%ﬁ%?%h%ﬁgggség?’qe S%ﬁ@é{%@%ﬁ%ﬁé%ﬂﬂﬁﬂl I p é‘*b)sal ransf or med
to the taxol alywilljhe idgntified ps being in the alpha () eanfigyratisn apds identifiedy avet hods

known to t hoggolak] ddsBel biddiied Link lattaihidritits the darbdnCathi! 181 hyoihe Rfmbaol (1 X)
itsel f. For taxoter when tggﬁggﬁlg | 1 soseri ngnester' of .silylalted baccatin
t

LT (VI11)8 i s" Syt atlds cpaespp jinent atiached "ahoxe Xobtheothar Xiig| at ed
g[accaiti n il Li‘dﬁﬁ}ﬁed bs béingl atheddtd (BHﬁI[:onﬁ&']ﬁFaaig[n lafid f%ﬂ%ﬁh&{b&r%ﬁ;&%é

err] is -H-H. Rerrl.is [err]-Hlerr]- err ere Rerr] is -
Si (R[err])[ePﬁ“b%&‘gL&ee?ﬁml err]-Clerr] alky or Jerr]-Cerr]
cycl oal kyl or m xWiess wahigble sfibstitiient i bivalent, the valences may be taken together .
[err]-H [err]

- lgg:h . dnd SEF! a : _togther
to forma segggh&%@gﬁ[gﬁg&%n t Leﬂég%xb%ﬁhg%%‘:sﬁgoli‘%l C ﬁé?aggieiga t ached
and R[ err}0i attagheditp acarhoneatem ae (=Rt might be bivalent padihe defined g oxd ory|
(SDVB) . When i ablisSoisihg b ehldny 1 SRS q-@@-) of by 1) &)aRRQY attabhelilthonbbaldnt! S
transforned to the taxol @&gene%g l'y _but specifically_taxotere, 30 the
silyi prot ect"BFighlg ubpbitusnta ¢-8 ; pnd By -k'h&"}?f‘d‘tt@ PRV pRm‘“&ﬁéF‘FP are
removed by nebkxddf woitndvalehtieartablidsubetithenta, tHecconvdntivon sséd tortdgfihd1tiiehe
formati on of er X, Jebsekf. oThe syl _group at Cf is.remved first
fol | owed by tb&u‘ga)fe%? %P’g% 1|e %sgoféﬁ%égna? Iiﬁaﬂg #i% ?fgﬁoﬁﬁpvﬂgg‘l"hﬁ r%?(i‘:'e TR_Ed to
produce the feasechobly drRyy phd §iigymreattaibed t theamuianeatom to give SCEFR; (BB, )-
For 13- N- (t - bupy 3inRRC ko on bl o | icg OB 8 E-pt‘g a_{ Si'so
baccatin |11 ullt"%gj IS g%’s%gelgmtér%‘{aﬁ cg'tvhn?ﬁg%’eﬁég'a{r% | err %ﬁ%u tl%g%%nds be
present earl ququalent\mwe.@gq_qwuents, the two monovalent variable substituents are a- .
PCT/ US97105438, BR, 3y} B83iB-RP[ £ bR giing -GlaR) 9(3‘»1%33}3,_ Qf @R RNBREGEH,ON Of
10- desacet yl bacecatrn. 11] %i\;a&%ihe ﬁgﬂr esp, {1_ ing , /-si lnélo?t ed- loélacyl at ed
baccatin |11 ‘%‘/I keevrige, fox; e, Nay B‘hlén@ & P RaenR et VBFARIP| V| at ed
baccatin 201 sibétithgnts sreeefRy 0i:8Ryh 9. Fooduing substithentfubwhich sepagiate Sowel § ne
silylated bag @iolm}h 'Oxist (d g, lafie 8P Eile"Hrebseh(kPdr dipboh dafidnGlolbik b6hd inC- NH- 5
CO; Rerr] is Rlerr]:Rerr| and Rlerr] Is Rerr]:Rerr ere one_ o
Rl err] and R[tberipghpad fira sybstifuent hondedito a carbon atom which is not part of a ring
the above convention is still used, but the o and B designations are omitted.
Just as a bivalent variable may be defined as two separate monovalent
25 variable substituents, two separate monovalent variable substituents may be defined
to be taken together to form a bivalent variable. For example, in the formula
-Cl(Ri)H-Cz(Rj)H- (C, and C, define arbitrarily a first and second carbon atom,
respectively) R; and R] may be defined to be taken together to form (1) a second
bond between C, and C, or (2) a bivalent group such as oxa (-O-) and the formula
30 thereby describes an epoxide. When R, and RJ are taken together to form a more
complex entity, such as the group -X-Y-, then the orientation of the entity is such
that C, in the above formula is bonded to X and C, is bonded to Y. Thus, by
convention the designation “... R; and Rj are taken together to form -CH,-CH,-O-
CO- ..." means a lactone in which the carbonyl is bonded to C,. However, when
36 designated "... R; and R, are taken together to form -CO-0-CH,-CHy-the convention
means a lactone in which the carbonyl is bonded to C,.
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Rlerr] are taken together to forma second bond between the carbon atons to
which they are attached and the other of Rlerr] and Rlerr] is -H and t he
other of Rlerr] and Rerr] is -H Rerr] is [err]-H[err]-OCOCHerr];
Rlerr] is - OR8] and Rlerr] are taken together to fornFaQ Y8 bond
bet ween the carbon atons to which they are attached Wth regard to 10 13

-N(t-butylam nocarbonyl)-[err]-phenyljsaoser 7- deqx e[rr]-isq-baccatin
111 (X), when the NREgsEhqn P'éde'? ‘Z % %ﬁdﬁ%&%‘f@'ﬁ'}e % s

produced the fiwags. ’mmmm:iaisewapfeﬁdltﬁﬂtbﬁtiﬂsﬂambefmelmhiemﬂﬂas"m-

deprotection. aI ter by .. 70 [)
fromthe al kyl 62I¥h§ ll;%%e%y :ag%s rrelin&?gr%(‘%éa ?mﬁéﬁx min ﬂlpor nalﬁ%fn% é’e or
an al dehyde mmbMtca@nm indhe vatighie. 'Blheemteﬁnm Wmmlnghtnglﬁ such

as trichloragacg 2Rfingle, 30, € ufeE #‘Ptﬂ:‘&i%’iﬁ
transform n?a E‘f%:/ohol S such r*uk (2R ) - phenyl i soserl nat e (1)

to oxazol i di ne@t%ﬂndsdtmasomaz se#mm@n gigatipncoth

a: geﬂyge havi E@b %gﬁrmltene&eema w;ﬁedia mg{e : 1nm§ﬂ|tl]|§éf’entir5carhot n

a e Yy es SucC as enza us on ave u I Cl en

el ectron 20 wi @FER g{eﬁé‘ ‘gﬁﬁé ’gf oy} describps & ned

because i L for Esm@rcmgﬁ Gy -et(l!mrwhdiaﬁ mﬂgsm@k bwlo. NBy thiRodeBoridaniethod gk
taxotere ha e D Feder monisination
(Fom) Tor tIEackign R Sl o ifthe JERSANE BRlad bableilysy

U

13- (N-(t-butyl andwmg)ﬁny‘C}-C W@nylpnmhse@d)plmmw@y(m baccat

inlll are 25 ; at|on
W95/ 20582. DE%F%@%%EW%W%WH% % Wanatlons '
bel ow are for tontional cepvention (CarPslalkaxyesbany] hag @%FFPPF’@‘E’@SGP(@M 4 #kRYdi ng
both the speci fcmﬂﬁymcﬁadtndw@ T B iréTers 0B} to the carbdi\&tof @Hiefbf fhe aMkbxs

oD SE e i S SARO AR i ST SAITE el xﬂéaaalmcre&net 0

expressly defi rﬁd:xgalkyl@mnpalcoﬁteaing&m 2Tth éxarbon ratanind, ﬂxestmsdeﬁhltmnhmre

|dent|f|ed by %Apg ‘"e{"ﬁ?é &Jﬁhﬁfo %ﬁlo&?utﬁ’@@ﬂe% &uﬁﬂlpﬁlﬁg Sﬁ&&%l tmn

exanpl e, "Z[er ere I's an | nteger Se varla
substituents ardeordi camkon atomswhile the bmbﬂﬂmmhmﬁhathesyﬂsﬂe givaps Yﬂe?pr esent
a group attachegsof atdks.f ormul a by one or two chem cal bonds. For exanpl e,

a group Z[e%] woul d represent a bi vaﬁl eEE v&ri%!e If attached to the 16

All temperatures are in degrees Centigrade.
TLC refers to thin-layer chromatography.
DCC refers to dicylcohexylecarbodiimide.
SDMS refers to siamyldimethylsilyl or (8-methylbut-2-yl)dimethylsilyl.
25 THF refers to tetrahydrofuran.
DMF refers to dimethylformamide.
Hunig's base refers to diisopropylethylamine, ((CHg),CH],N-CH,CHj.
Saline refers to an aqueous saturated sodium chloride solution.
Chromatography (column and flash chromatography) refers to
30 purification/separation of compounds expressed as (support; eluent). It is understood
that the appropriate fractions are pooled and concentrated to give the desired
compound(s).
IR refers to infrared spectroscopy.
CMR refers to C-13 magnetic resonance spectroscopy, chemical shifts are
35 reported in ppm (3) downfield from TMS.
NMR refers to nuclear (proton) magnetic resonance spectroscopy, chemical
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MO 97/ 42167 PCT/ US97/ 05429
formula CH err]-C(=Z[err])H Goups R err] and R err] would represent
nonoval ent variable substituents if attached to the formul a

CH err] - CHNQ 427 R err] XR[ err])-H Wen cheni cal fornul arcewssridsdaenn in a

| i near fashion, such as those above, variable substituents contained in
parentheses are bonded to the atomimrediately to the left of the 5

vari abl e sub#hifispenrenoried inserm (3 dowpbield foom tetrapethyleiledeor nore consecutive
vari abl e substltumtmﬁ{ dlyt.n parentheses, each of the consecutive
vari abl e substi tuent aﬁo the i medi ately preceding atomto the
left which is not % ‘E) (g ht heses. Thus, in the formul a above, both
Rlerr] and Rierr] fod ’é“wmwhefwmﬁadumawmamm(sﬁémophw any

nol ecul e L rbon at om nunbering, such as
st eroi ds, hggégo r%iﬁ L'pp’%@le%}r/e esl g é@%ﬁfas Cerr], where "i" is the

i nt eger corresponMﬂ'@fm'&)tOtMSGaGMMmm&lbas mléom/zeoxanﬁsbha@emt]
represents th oSiRLD O‘ﬁ'gﬁ 110?& & eus as
tradition- P‘y g?gl ghat eglgt? ho?g@% I n tth t af)t%; s;ﬁelggi}g%

chenistry. Llem%@ﬂ% FEFQ%“FQ ehemical ienizationn FARrefers tafgpicatomost i t uent
(ei ther nonowaimBaidmdnt bi val ent) at the Cferr] 15 position. Chem cal

formul as porti f_drawn_inp | i near fashion represent atons in a
| i near chgén The%é)ﬁ? g“*‘ﬁ‘ﬁ'@@”ﬁf"&l mass specttomettys hond bet ween two at ons
i n the chain. ThuBtier|refers)to Qiethjlethidr- CH( Rl err]) - CH err] represents a
2-substituted-1- Wﬁgg g‘ Q lh a siml.ar f | he synbol
"=" represents a dou mrg% etrﬂ? ﬁ&’? &E‘[ and the
synbol "=" r oyhidsanstacceptable fo/the bmt fmnga pharmacologxcalltomoloswal point of _

H err] G CH RL&&H&&%LW%&U Dﬁém'ch%ﬂyg}sm Fhyfehlich din

ei ther one_ of two_way - or me el ngqnpre erred
for sinpl AR twmteﬁweawﬂesma@*eﬂn atiop stabjl I%Bﬁ%ﬁr‘?&%e co@rdcul ar
fragments camidweailgtitgsented in a linear fashion. Thus, the corrpound

4-chl oro-2-net hyl gyri di ne .can 25 he r e |.i near fashi,o

N¢ =C( CH[err])-CH:%e  spfvat Faike ke Pred, His rosing P‘e‘r‘?“’fﬁ'ét 55, e o M‘P"R%d Wit h
an asterisk ((¥). are bonded to each other resulting in the formation of a
ring. Likew se, I @4yl can
be represented by g%:ﬁ?err ) grsr% dkﬁgﬁmgﬁtﬁﬂw‘]@g%&ﬁl"w@ﬁ[ f A
rigid cycmc BPIVFWQ)‘ ) any conpounds herein defines an
orientation 30 W thindeaRe¢hat thereltde IQ'p%%bl@BnEﬁlﬁh&Wr ﬂﬁratﬁdéhﬁi grobis s

ot 10 o o St B e i M SRR et o
part of a cyaﬂarhbnsnymeﬁadmbmd])(X[err])- the two sub- stituents may be
in either an axi ab Hv& BYALER'TA refiBSto 7.2 bR B ¥ 51)hiRet {Eailyl PRctR T,
25  13-(N-(t-butylaminocarbonyl)-B-phenyl isoserinyl)-7-deoxy-A87-A1213 jgo.baccatin I
is also known as 13-(N-{(t-butylaminocarbonyl)-B-phenylisoserinyl)-7-deoxy-A A812 450.
baccatin III.
EXAMPLES
Without further elaboration, it is believed that one skilled in the art can,
30 using the preceding description, practice the present invention to its fullest extent.
The following detailed examples describe how to prepare the various compounds
and/or perform the various processes of the invention and are to be construed as
merely illustrative, and not limitations of the preceding disclosure in any way
whatsoever. Those skilled in the art will promptly recognize appropriate variations
35 from the procedures both as to reactants and as to reaction conditions and
techniques.
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.may change between axi al/equatorial. However, the position of the two
substituents 35 relative to the ring and each other remains fixed. Wile
either substituent at times may lie in the plane of the ri rll,%'r;ugqyuatori al)
rat her t han WO&W&21EF bel ow t he pl ane 17 WO 97/ 42167 ‘ 97105429
PCT/ US97/ 05429 (axial), one substituent is always above the ot her In

chem cal structurlz:il for Ias? I.cting sych 8@% F‘ﬁ’e’?ﬁ“f' trt

(X[err]) whi chPREPARR 8‘?‘?‘#’8@(\‘5’ | e ntrfred

gs lroleidng ig EPe a: pm,ssp&pmyr-isgmaémm;anaererammrmmﬂ digsokecbimhwn

ashe or o] ga aleMe -
50 Cor 0 EHF dREmE bRERTHANR b} of TR By Bl i et AL EeiREE) )

the ot her (X[ e@ﬂﬂr%nﬂﬁnﬂﬂﬂ@rzﬁ nmeuwgshqw&domebmngmtﬂ}éll%m i guration

and is indi % Fd’%’r’? mﬂkﬁgﬂ)qﬁa@ﬂeﬁa%@ﬁertl%@g%&ﬁs;n to Aingm When a

vari abl e subst |ﬁ I'sS “bi val ent e val ences ether or
separately or m@enmipptlwéohrmiﬁmqupdm@emm pressyrgto giva the title 5

\éar AF‘EL? g[ngrlr)lo uﬁ&tlggfdnb gxrvmg;?(g;aaﬁmxagf 3#?@&%53%7 kbé mhﬁd P84

iv S ’ gg up
(-CO) or as tWéé%gﬁ tP%fE?H Qutf 5 479- 1998 §&9§3§

£ err]-Rf er r] f a?H.EPARATIG!F er [t]ats mqmumuminmo?mmrmmxy;%mﬁm% i Ped
0 consis wo nonoval en ention used to
define the l@r val ent vari abl epl%’e?ﬁ(-)%%a%gh#&c%h%@% dFé' \e"r rl-Rlerr]”

sone vari ant theredﬂ4t~btnylgma'baxﬁrl)-ﬂ3plmybmdenpeme}hy&paherPWIONR[ err]
are attached t o Pﬁﬁn - For
exanpl e, when Ma ent var%ﬂqnq*gw(% in% l%‘“égl‘%&; dél-z)
consi st of two e-dimethyl Beetalt (70 mgs @t

vari abl e SUbSttdlt’éﬁBitﬂfoﬁﬁiﬁ (6 aig; 0.02 RMY drd the iiiktuid Fafrhed to.reflux. Approximately

e ] RO £ ity i oo Syl Homed ip 45 ipte Reriod eplenithéng ith 2 Mlof e
bi \t/)alt etnt v?rr aﬁbﬁx'ﬁlﬁmt]w,hmh@(mﬂ[‘bﬁrsb@»wsnﬁmmh tTheasolvait is 20
substituents a I

whi ch separ at eé‘?‘err % |on§h§%awg{{plg§@g$éj?ﬂm&ﬁ%b{k%t he
presence of a tmeth 543eelsbmrwﬁth QOHBLFﬁWb)‘ce%W Y348l t uent
bonded to a caamna@m iain 11 B0, ot heoiltoBeishi02/8 BB BOBHCthGNVENT i ON i 5

SRRt S N E SARY 1 H ) %&3«8”“ 05 Jeee PR Paerfpuakin o, o
substituents, B2walsdMR amc OIS K1, £9)13.823 8i86)3. 89 awssarss,rmm,s 460¢.70@ndef i ned
to be taken togghhg S G AR R e B0 G EE b2 BB, o £°
448.2172; more polar isomer in fractions 33-42 - NMR (CDClg, TMS) 0.99, 3.53, 3.81,
3.88, 4.05, 4.55, 5.45, 6.48, 6.79 and 7.25-7.50 &§; MS (FAB-High Res.) theory for
25 CypyHy NyOg+H = 443.2182, found = 443.2180.
PREPARATION 3  (48,6R)-N-(¢-Butylaminocarbonyl)-2-(2,4-dimethoxyphenyl)-4-
-phenyl-5-oxazolidinecarboxylic acid potassium salt
(4S,5R)—N-(t-’Butjlaminocarbonyl)_-2-(2,4-dimethox_yphenyl)-4-phenyl-5-
oxazolidinecarboxylic acid methyl ester (PREPARATION 2 - less polar isomer, 6.27
30 g, 14.2mM)is stirred at 20-25° under nitrogen in methanol (50 mL). To this
mixture is added a solution of potassium carbonate (2.50,;g, 18.1 mM) in water (6
ml). After 6 hr the reaction is conéentrated under redticed pressure to remove the
methanol and the residue freeze dried to give the mtle compound (admixed with
potassium carbonate salts asa powder) NMR (DMSO-dG, TMS) 1.10, 3.77, 4.17,
35 4.70,5.16, 6.50, 6.60 and 7.14-7.42 5. c
PREPARATION 4 -(48,ﬁR)-N-(t-Butylaminocarbonyl)—Z—:(2,4-dimethoxyphenyl)—4-
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sCJerr]Rerr])Hderr](Rerr])H (Cerr] and CJerr] define arbitrarily a
first and second carbon atom respectively) Rerr] and R err] nay be
defined to be taken together to form (1) a second bond between Clerr] and
Clerr] or MWOS¥IMTval ent group such as oxa (-O) and the PCI/HSHOS429

t her eby describes an epoxide. Wien Rerr] and R err]) are taken together to
forma nmore conplex entity, such as the group -X-Y-, then the orientation
of the entity is such that MHNW'PW%WWWIM%MS bonded to X and C2 is

bonded to Y. Thus (@mﬁmua &d&%ﬁ%ﬂﬂ@ldhxﬁ&hoxypheﬁﬁﬂ plengisl Rlerr] are
taken toget her téﬂin?rm- - M@ ¢ctone in i ch the
carbonyl is b%¥ m" gﬁé&wm“e etWRERR] er r ]
are taken togmbﬂglenémmﬁdmnmﬁr%aﬂﬂgdiyﬂ}omMcm\mmlom"lmlmamﬁe a |l actone
in which t rbon 71

b1 USer/ 0B o SPAERLARe sebetald MR Ut Roidofi blse 1 roeytratthd itf Sfelytene chloride.

i ndi cated in '&!ﬂeommp\nbamw comefdi deed mthoﬂiumsaek'at& apdeénmnwed Ilmgleelti re

name of the vgj ﬁkﬂ "Cerr]- C[err] , Where both "1" and "4" are
i ntegers representl n t m ni nrum and i mum nunber of carbon atonms in the

vari abl e. ThePRE 1QN §epﬁ‘ﬂ'ﬁ‘?@ﬁlﬂlvb¢r MII@@'(‘iﬁﬁRr&Ns(ﬁrace. For
exanpl e, "C[err]-C4 al kyl " raﬁﬁfdea&oaﬂmz@.mﬂetﬁammﬁ QR atons,

‘(including.isoneric forms ther unl ess, an, ex ress |nd|cat|on to the
contrary i given). V\heneve?xaﬁﬁ'}‘é“ ﬂmﬁw Tis given, the prefix

i ndi cat es t he enti (48,6R}¥NGButylanimesdbenl)-2(2, 4-&meﬂmxyﬁhhyl)—bq:hml¢efl ned.
Thus C2-C4 al r I]n rr]-0 CO
whore n s selBERRSRH S REPARATIONT, Belal LlgSTlA B0 iy
cont ent of ontnptlvkemh chlorité (i rol.)-toluene € k. (Tocthisiis addedi lietbysidylbd €t €l y by
encl osi ng t hey ¢l ek q@&w RS Bﬁﬁ% jt

I mredi at el% (ir?g | nt%‘lr‘\I/g[r??gﬁl gg‘g@‘eq e oreaﬁhe ortion o ﬂ?ﬁ IIEHdgi?,l WI on
bei ng def i Wedand}3dinyel W%ﬁ% gw*] thereqctipy mixyss tirFesony |
has the same f@aMrithdesa ﬂﬁ@aﬂ%&mﬁ'ﬁ@ﬂwﬁﬁﬁiﬂﬁﬂd WRE 2b166ne i

gﬂ)ﬁror ] SIC[melr ;h'?‘ahﬁ's ﬁg’&‘% iy OM GE rEM omﬁg}&ﬁ]t of t he .aI koxy 15
(d err] - errbiratbkmate (.'g%)ralid-aﬁ‘[me rThabdg;dm pbaserie sepakated adgtiedyoveups
orte 00, | By Sl R Bkl DAl R b g ce e
contain 4 2 ehremetograpky defticagel BE; qcﬁfenwhwep na#mq? tq wﬁerﬁﬂescomm of
these groups NMR(CHCI)OTMS] €.5%,0.90, 1.16, 1.17, 1.80, 1.89, 2.15, 2,18, 2.30, 2.50, 2.78,
3.83, 3.85, 3.91, 4.28, -'4:_-'3.8. 4.43, 4.64, 4.88, 5.04, 5.55, 5.65, 5.99, 6.49, 6.74, 7.22,
7.34-7.68 and 8.07 5; CMR (CDCly, TMS) 5.27, 6.55, 8.99, 13.83, 14.11, 18.92, 20.90,
22.30, 28.79, 29.67, 32,86, 36.94, 38.75, 39.63, 50.59, 56.13, 55.28, 56.42, 58.40,
25 62.81, 72.50, 73.15, 74.10, 76.88, 80.58, 84.28, 85.81, 98.11, 104.94, 117.48, 122.28,
126.75, 127.66, 128.41, 128.49, 128.76, 120.76, 133.43, 139.81, 142.87, 154.95,
158.14, 161.68, 166.32, _1@8.33, 168.565, 170.12 and 204.76 .
PREPARATION 8 1233 s0-baccatin III-13-(45,5R)-N-{t-butylaminocarbonyl)-2-
(2,4-dimethoxyphenyl)-4-phenyl-5-oxazolidinecarboxylic acid
30 . ester
7-TES-A123.150-baceatin ITI-13-(48,5R)-N-(z-butylaminocarbonyl)-2-(2,4-
dimethoxyphenyl)-4-phenyl-5-oxazolidinecarboxylic acid ester (PREPARATION 5,
460 mg, 0.413 mM) is dissolved in acetonitrile (0.5 mL) and the solution treated with
triethylamine hydrofluoride (0.5 mL). The reaction is stirred at 20-25° for 6 hr. The
85 reaction is then diluted with ethyl acetate and washed with aqueous sodium
bicarbonate (5%), aqueous sodium bisulfate (6%) and saline. The organic phase is
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20 1, DEFINITIONS All tenperatures are in
degrees Centigrade. TLC refers to thin-layer chronmatography. DCC refers to
di cyl oohexyl carbodiim de. SDVS refers to sianyldinethylsilyl or

( 3- met hyl but W2SH¥ net hyl silyl. 25 THF refers to t RGTARUIEHMur an.
DVF refers to dinethylformam de. Hunigs base refers to

di i sopropyl et hyl am n [err]) err,] N-CH ecr err] .. Saline
refers to an amﬁggaé?gg&?]'g%ﬁ rﬁcg%\L W@éﬁ%@ﬁ%ﬁﬂﬁf&?ﬁphy
(col um and fIa‘hbcﬁme@mmmgisthiﬁ)adbghmmatagrﬂmymmgbfmcmdeeqdmegm on of
conmpounds expr t;

appr opri at o aSErBAAD 86 WAy o S heshab3a U UES HER iR, N
conpound(s). | [CB@%eTMsﬂ ol.9hAar b&.épﬁ?cﬁﬁ&sb%by‘! 16CR@4, %316 249 %86 313,
magnet| ¢ I expnYnacs BROFAE AXBORNS, LA 810836 4% tids, 5.6 €47 5020898 £, 3PP

([err]) do érs to_nucl ear rot o

resonance spect?@8an8$07 G & a¢MBdCDCIaI@B@?I9 1 %83, 14. 3, 1985 5t 09, 22 50,
PCT/.US97/ 05429 ghif 4593138, sr $32,/95638, 38169 13060, 5092, )ssdavastazebusé 16396, 71.60,

tetranet hyl si | 0 I

(Clerr]H o r1) %%Feﬁﬁ [7217’?’] ‘f"réé 3‘? éﬁt”ﬁé %ﬁa‘*hglr"é%f F‘Ha? aﬁﬁgﬁi ‘&’rt’q‘&pgﬁ%'

lopl ar |( éggAl) i ght1265ﬁ,e128f83;:1m9.¢33795t14m2,a:¥43m) 1654, 258.3{162 ijmsgse?som um D.
i ne ectronetry expressed as e z or

mass/chargel%wbgéﬁé%ﬂw%ryers to thg poglél ve ion of a parent plus a

hydrogen at om FRERARASNIOND §aifiuoromethepesifonytia’f-}-iso-baccetin 3 18¢48.6R)-N-

ionization . FAB refers to f agfutbRioRaBhaiBIB M. dimb Wenyl)—k'%ﬂ%fers to

hi gh resol uti on mass spectronetry, Ether refer$ to di
Phar maceuti cal | y accept abl e P¥f%9Hingcgriopplicacid oateri ¢ j es and/ or substances
A solution of AY%13.iso-baccatin 111 13-(48,5R)-N-(¢-butylaminocarbony)-2-

15 (2;4-dimethoxyphenyl)-4-phenyl-5-oxazolidinecarboxylic acid ester (PREPARATION
6, 63 mg, 0.063 mM) in methylene chloride (0.4 mL) and pyridine (0,15 mL) is cooled
in a -78° bath. Triflucromethanesulfonic anhydride (33 pL, 0.20 mM) is added
resulting in the reaction solidifying. The reaction is warmed until it melts and then
is re-cooled. After 1 hr the reaction is warmed to 20-25° and stirred 10 min. The .

20 reaction is poured into saturated aqueous ammonium chloride and the mixture is
extracted with methylene chloride. The organic extract is washed with aqueous
sodium bisulfite (1 M, 650 mL), dried and concentrated under reduced pressure. The
residue is chromatographed (silica gel, 3 g; acetone/hexane, 30/70, 1 ml fractions,
fractions 17 and 18) gives the title compound, NMR (CDClg, TMS) 1.11, 1.17, 1.77,

25 2.20, 2.21, 2.34, 2.68, 2.80, 2.95, 3.83, 3.88, 3.93, 4.34, 4.43, 4.67, 4.86, 5.05, 5.53,
5.60, 6.88, 6.47, 6.53, 6.72, 7.20, 7.30-7.70, and 8.07 §; CMR (CDClg, TMS) 10.17,
14.12, 14.42, 19.71, 20.71, 22.36, 22.65, 29.10, 29.93, 31.59, 33.24, 38.75, 39.67,
50.93, 55.16, 55.44, 55.69, 57.57, 63.04, 72.95, 74.73, 77.20, 79.68, 80.87, 83.38,
85.86, 86.06, 98.3_8, 105.33, 117.61 122.78, 127.00, 12;1.9_8, 128.81, 130.09, 133.98,

30 140.17, 142.78, 1656.29, 158.46, 162.06, 166,41, 168.91, 168.99, 170.90 and 203.44 8.
PREPARATION 8 13-(N-(t-Butylammocarbonyl)-B—phenyhsosennyl)-7-deoxy

7B,8p-methano-a12-18.igo-baccatin III and 13-(N-(t-
butylaminocarbonyl)-p-phenylisoserinyl)-7-
-.triﬂluoromethaneaulfpnyl-Am'ls-isoébaccatin m

35 A solution of 7-tﬁﬂuommethan§sulfonyl-A12'13-is§;baccatin III 13-(4S,5R)-N-

(¢t-butylaminocarbonyl)-2:(2,4-dimethoxyphenyl)-4-phenyl-5-oxazolidinecarboxylic acid
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.which are acceptable to the patient from a pharmacol ogi cal /toxi col ogi cal
point of view and to the manufacturing pharnmaceutical chem st froma

physi cal / chem cal 15 point of view regarding conposition, formulation,
stability, WOYRW? acceptance and bioavailability. Wen mmqm rs are
used, the ratios of solvents used are volune/volunme (v/v). Wen the

sol ub| lity of a solid in a solvent is used the ratio of the solid to the 20

sol vent is weestpn(PREPARATION 7.,0.20 g, 0. KumdMa in 8 mi off aceticacid/methanol(§8201is e
orientations sftﬂfeatd@%oatsb for N0 P rendtibh ik Bflditbd With| &ﬁfﬂa%?d“anﬁt wakhBgd to

t he st d d g t tt bo f

doﬁbfee[)glnd I‘vI‘F an Bsd cwﬁ or ra%\é%w)ﬁgo%gan?ccp mtlsodr%dcggra&y%mom of a

7- (3- et hyl btﬁodﬁnydn)ﬁwrmd‘-;ohwnhsaltedoma&ndh product Zchrdmatographed (silica gel

B T R R TR E A —

%3 (N;(t lb:rlt yeHhatyl s iacdrbenyl- B—pﬂnenyliseqaheyl}bps](?sm-batydtljn 11.d'Ele pfoduetd - ISE-II |
accatin H)ﬂm @QQ[ Mol ne skille

in the art can u3|tfu c{)ﬁﬁ& recedi ng % ahLd |ot§ﬁd|3§t\aéc %’2@% ée) pr esent

i nvention to thosldhm @)@M&(Nfﬂﬁéufymﬂmﬂﬂ%mhﬂmml)ﬁs descri be

how to Prepartﬁ:m&b?oﬂ&hhﬁﬁéﬁlf mmq&-ﬁéﬁutﬁinpeﬁwm m)lpgyslgrlocesses
of the invention ég %true as merely il stratlve and not
{

d t
Vimitatiod® obTh Aol dedil e SRR P A L
skilled in trssss;rstssywtsbammt&qasmmn@ a'mSDmosam:aaamw, noas 35 from

the procedur g3 Gobhasee, beaslANsSs PRl 851! A 4L 365H 4 HO8Gkb, B8, 2n°

t echni ques
PCT/ US97/ 054 255 AARERBRARITINT4, 24\ 74166 37A.59, 88:80,08568%) 42470, -126.72, 127199 328.61,

 soserine met pyglgze: &eés gagaggogag%g uiaﬂéﬁ&sasl%h'@x'm%serzﬁrfe 35 g,

22 M) is di ssolve | ask cool ed

m xture i 36acRRdR03.49 3Ati-hntylamipocathory epybiposeyinyl)-d deery-TBBri nut es
shows sone staéﬁxwaam*’aﬁd-mmétﬁi‘m NMR (CBd 1msmb4lﬁmmealanss(ﬂ7§ n) is

cOoed T o i 208 P 8o A I 1L S WS ATk
7.27-7.65, and 8.18 §; CMR (CDCl4, TMS) 12.80, 14 22 20.86, 21.08, 22.44, 25.79,
28.77, 29.20, 30.09, 32.44, 32.81, 36.69, ‘39.70, 50.38, 55.03, 65.22, 74.39, 75.70,

20 78.29, 78.41, 78.87, 80.47, 85.15, 122.40, 126.65, 127.83, 128.77, 129.02, 130.38,
138.64, 139.15, 141.77, 156.19, 167.28, 169.76, 170.36, 171.02 and 203.64 5.
PREPARATION 9 13-(N-(¢-Butylaminocarbonyl)-B-phenyl isoserinyl)-7-deoxy- 287,

a1213 jgq.baccatin 11
A mixture of 13-(N-(¢-butylaminocarbonyl)-B-phenylisoserinyl)-7-

926 trifiluoromethanesulfonyl-a1213.is0-baccatin 11T (PREPARATION 8) and 1,8-
diazabicyclo{5.4.0Jundec-7-ene in THF is stirred at 20-25° for 1 hr, at 50° for 2.5 hr,
and at reflux temperature for 3 hr, after which reaction is complete. Ethyl acetate
is added and the mixture washed with saturated aqueous sodium bicarbonate and
with saline. The organic phase is dried over sodium sulfate, filtered and

30 concentrated under reduced pressure. The residue is flash chromatographed (silica
gel using a solution in methylene chloride for application to the column. The column
is eluted with acetonitrile/methylene chloride mixtures) to give the title compound.
PREPARATION 10 7-Deoxy-A%7-A1233.4s0.baccatin ITI 13-(4S,5R)-N-(¢-

butylaminocarbonyl):2-(2,4-dimethoxyphenyl)-4-phenyl-5-

35 oxazolidinecarboxylic acid ester

Following the general procedure of PREPARATION 9 and making non-critical

um
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_compound, NWVR (CDCl[err], TM5) 1.27, 3.43, 3.81, 4.34, 4.48, 5.27, 5.32,
7.29 and 7.34 8, M5 (FAB-H gh Res.) theory for Cerr]Herr]Nerr]Jerr]+H =
295. 1658, found = 295.1663. PREPARATI ON 2

(4S, 5R) - N- (t WRRT#PTRi nocar bonyl ) - 2- (2, 4- di met hoxyphenyl ) 4- PF/USI/05429
phenyl - 5- oxazol i di necar boxylic acid nethyl ester

L 68 Ty 0. 23 VARFAGRE teh SEGE TR R o R baBL ST AR OP Pl el
Wi t hd2 4- di rret(hmtylahﬁi&dbdﬂﬁyw d&imlmﬂypml)al-pl(eiﬂ mg;azﬂltdﬂ&cuwxy&ngm;i
pyridi niump- tg e mxture warned to
refl ux. Approxrﬁ)ﬁWbﬁ‘vermE %én;m avvay3t|rres in a 45 r;n'nute
period repl eni Wmﬁm1m3@?{t-33maahonmeﬁhenﬁmpsﬂmnsﬁm- %
starting matgrial . The sol venu2s, s&gg&gg%ﬁ gt ed under reduced pressure and

chr omat ogr aphed (7 of siljcC I n ethyl acetate/lhexane 1/ 3;
elution with 80 nL g‘t 'ﬁé(f%éﬁfeﬂm%nm @E&ﬂﬁ" bey{ylamingeasbenyiz ane,

5 i) 30 nL et be 4£mﬁfma h&mm &&ﬁﬁ@ﬂioﬁﬁnéﬂar&kﬁlﬂac@estﬂ???ﬂ?hmgl .
0 give e .conpou i s 0 i,n fractions
- NWR (c%cr [erP’]%) "ﬁ%féﬁe" M’SQ E‘S %(Rﬁ?ﬁ%&)‘ éﬁ’d‘%“%‘?’% 46, 6.70
and 7.25-7.50 [stmosphetdFor EAD;yd.-h'Qh Mo}n is Gidavey nﬁthrethyl acetate and washed
err]H err er t(r]l+H,= 4 2172: ol soner
o o o0 Sl Hihta Wit wtfol ad Btnechst Wi Wi thopar? T arpitpe o2
4.55, 5.45, 6.4Bjed@vacanhydrons sEHEN Bolfiteranti conBnirated- Mg praduct i t heory for
25 H 's*ib'ca' E}nggﬁ%ég 3
y e [err]cﬁhﬁﬁﬂ)& fhdd ?ﬁ 2 gr nethoxyaﬁ& | ek

(4S,5R) - N-(t Buttxel mnocarbonyl ) -4-
phenyl - 5- oxazol # xyI ic acid pot assium sal t

(4S, 5|R_) éN (t- B;ExAImequa(rj boruﬂﬁil m&oe@gmgw Bropiondte(THY | - |

oxazol | dl ne rnox | S ol,ar soner,
6 27 30 g 18 2 my Aeion s g#‘%’“%f’é’ "?ﬂ"?"rﬂ%eﬁ“% Br?ét‘?i"a{ ol (50
m). To this ma@@wﬂ&eama5adlmaiml)aﬁeﬁmabﬁl)mmleﬂctmsﬁ and siredy,
18.1 mVM) in watgr 14 Bl Sodidih bbfoh 9&% n&{i‘r@ gﬁﬁ%go@séﬁr P%ﬂ?&rﬁrxﬂw&éﬁ[gﬁ@d

r educed pressure to renove the net resi ue reeze dri

give the titl e anepisns@-2 e with vigemupdlitaing The seachiom tampesgiuresisgs g

goggef ), g yNR ( QiEatahedr 4tl-5 td 0B) Aflerlifle addifién, the dactiPmixturdlis stirrk@, 6. 60,
.60 an

(4S, 5R) - N-( 28 Bmﬁa%%%]ﬁpﬁgE ﬁ% : @W%ﬂwwﬁmﬂmﬁw stirring.

The mixture is extracted with ethyl acetate (11). The organic phase is washed three
times with water (100 ml) and saline (100 ml), dried over magnesium sulfate, and
the solvent is removed under reduced pressure to give the title compound as a 1:4
mixture of the anti and syn isomers as determined by NMR, MS (m/z, CI +NH,) 246
25 (M*+17), 228 (MY), 210, 194; "Anti" NMR (500 MHz, CDCly) 7.60-7.50, 5.33, 4.64,
4.33, 1.33 5;. CMR (300 MHz, CDCl;) 167.9, 138.2, 128.7, 128.5, 126.7, 74.6, 62.9,
62.2 and 13.7 §; "Syn" NMR (500 MHz, CDCl;) 7.60-7.50, 5.24, 4.58, 4.44 and 1.46
§; CMR (300 MHz, CDClg) 168.9, 138.8, 126.7, 126.5, 126.9, 75.2, 62.3, 59.2 and 13.8
d.
30 EXAMPLE 2 Ethyl 2-chloro-3-hydroxy-8-phenylpropionate (CII)
A mixture of ethyl 2-chloro-3-oxo-3-phenylpropionate (CI, EXAMPLE 1, 6.8 g,
30 mmol) in dichloromethane (68 ml) is cooled to -5° and a solution of zinc
borohydride (0.4 M, 38 ml, 16 mmol) in ether is added d?opvvise over 30 mins. After
the addition, the reaction mixture is stirred at 0° for 30mms and then poured into a
35 cold solution (0°) of acetic acid (5 ml) in water (15 ml). The resulting mixture is
extracted with dichloromethane (30 ml x 2). The combined organic extracts are
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MO 97/ 42167 PCT/ US97/ 05429
phenyl - 5- oxazol i di necar boxylic acid

(4S,5R) - N- (t - Butyl am nocar bonyl ) - 2- (2, 4-di net hoxyphenyl) - 4- phenyl - 5-
‘oxazol i di N\WMOATMIEY| i c aci d potassi um salt (PREPARATI ON 3)PCTAISpz0sd2% i oned
bet ween net hyl ene chl oride and. water containing hydrochloric acid (1 N,

0.9 nL). The 55&* ses are separated and the aqueous phase is reextracted
wi th met hyl e/ashed with yater{3Q.mh) dried evep maguesium sulfateyfiltered and copepnixated sodi um

sul fate and Qﬂ&&&l&hﬁ@ﬂ%ﬁeﬁb&eglﬂ'@r&ﬁhetxb%ﬁuﬁ Gﬂi(sxlEb‘B FeehBthyi ON 5

7-Triethylsil 4S. 5R
but yl am noca - -( , 4-di

? o ariptpErae, S G e e i it soime Wé'%awm‘mf
oxazol i di necanﬁcxn;llsjmmnierk assdemzmmedbyNMR
4S, 5R) N gocarb Zad
(()X8.ZO|I)dI ﬁ\éecar OXYy |c aci d%%%ﬁ%?@%‘%so v‘g I h 20 mL
met hyl ene chl ori d&)@ﬂﬂlﬁt@%ﬂﬂﬁm%ml}yl propionates(ClE EXAMMRLE 2, 5.5 g, 24
7-(triethyl siggil) g ﬁﬁsmasaéemmpaﬁémm A% &0z M piM.0

4- di met hyl am nop i d| ne
1, 3-di cycl oh 'fedwer %ﬁ?o%regm@mlﬁmﬁmwﬁw 58 ur e
stirred for %madwmmm&mmaymhﬁmmﬁm8wmt adbtdritrilé/wateed W t h

(ol ene 45, b b RS M e B (11,

aqueous s
and dried ove'ebeandixyﬁmeus OgroikisLands(@8 3R)-2-chiarb-3:hydrenyt3-phengiiprapienipaddiuct i s

fied b Q9
pu;!tulrgs) %/o?gl ve trﬁgmﬁg’?mco oumxj"l‘l{e%b{é'l %er%%&gﬁa’gﬁ%
1.16, 1.17, hySochlerigecid £6%:15 ml) igpHx Zand @rtmtedzwtﬂsethxl @state (599l 83H1,
4.28, 4.38, 4ndIom &nﬁ&orgﬁnﬁ%haﬁa {9 4xtractePwith ﬁ?ﬁmﬁ B&%m&nfé&boﬁaﬂm% 282,

1211 18 %‘%w%ei St Wb s 06 ) i pminid ks T oo

50. 59, 55. 13 mdgnesitm sufphdts, axﬁ&oﬂ&ntﬁﬁedﬁﬁx&iredﬁé’edﬁﬁesﬂ& tbgive /@' mbfure/dd. 88,

80.58. 8428 el 3 7,48 1 27.66, 128. 41,
128. 49, 128. °%!§‘§“’7 ‘E@b" “fzti wé%"edfgﬂ‘ éé@, ‘%@g’“h’“’ 161. 68,
166. 32, 168, mdmmhmakm mh(lgwswal)[te pH < 2Pl mbue s

[err]-1so-bacgahbted dh 1%&&%0 %@m%&d@&ﬂ:@ﬂ%&@m&o@r magnesmm

(2, 4-di met hoxy henyl 5- oxazolldlnecarboxyllc acid 3
ester 7-TE& G%.if e ad. ‘195?98 ¥ﬁ4 reduced pressure to give the desired product.

I11-13-(4S, 53}!! Mﬁﬁuiﬂﬂmﬁﬁ@ﬁj’i’émﬁtﬂﬂmﬂg the crude acid. The crude acid .
g e Bory el f ARy ket 05 M BB R 0,
treated with added and the resulting mixture is cooled to 0° for 1 hr which produces a solid .
which is the title compound, mp = 98-100°% (1?5 = +1.95° (c = 1.48, methanol) and
25 -3.9%(c= 135, CHCl_.s); NMR (300 Mz, CDCly) 7.42-7.39, 5.28 and 4.58 5; MS (in/z)
200 (M+), 165, 147, 129, 119, 107, 91, 79, 65 and 51; HRMS calculated for CgHgO4Cl
= 200.0240, observed =:200.0240. |
EXAMPLE 4 Methyl (28,3R)-2-chloro-3-hydroxy-3-phenylpropionate (CV)
A mixture of_'_'.(25;3R)-2-chloro—3-hydroxy—3-phenyl propionic acid (CIV,
30 EXAMPLE 3, 2 g, 10 mmol) in methanol (20 ml, saturated with hydrochloric acid) is
stirred at 25° for 1 hr. The reaction mixture is poured mto a saturated aqueous
sodium bicarbonate (20 'ml) and extrached ‘with ethyl acetate (20 ml x 3). The
combined organic phases are washed w1th water (20.ml) and dried over magnesium
sulfate. Filtration and solvent removal under reduced pressure gives the title
35 compound, [0]%} = -5.0° (c = 1.5, CHCly); NMR (300 MHz, CDCly) 7.41-7.35, 5.19,
4.51 and 3.70 5; CMR (300 MHz, CDCly) 168.4, 138.1, 128.7, 128.5, 126.5, 74.4, 62.8
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triethylam ne hydrofluoride (0.5 nmL). The reaction is stirred at 20-25 for
‘6 hr. The 35 reaction is then diluted with ethyl acetate and washed with
aqueous sodi um bi carbonate (5%, aqueous sodium bisulfate (5% and saline.
The organi c WRY4216Z 22 WO 97/ 42167 PCT/US97/05429

PCT/ US97/ 05429 separated and dried over sodium sul fate and evaporated under
reduced pressure. 5 rebea crude product is purified by chromatography (50 g of
HPLC gr ade si l a0 -dr ™eluting with 30 % and 40 % acetone in hexane) to give
the title conpEKAMPRER ( CDCMethyl|(2R,3RE2,3-p6F-3-phetylpropigate (CVBR, 1. 67,

489 506 o g0 oMpmBnidorGshiruitigha o LhyidiPrhenpipidpiadh Oy, 4. 00,
(m 2H) [err]: RXAMPIDE 316 g]0.15rmel) in DMF (780 nikis addedswater ¢1335mi)follqyepd by

22.50, 29.125 ZQQdumichribnatéies g, G2 hal) af S5CWith 3rdth. THE nildurdi alewed b 82,
57.99, 63.16, 71. 60, J 7 %;8 77,72, 80.9

: 7 6, 84.Q2, 86.27,.98.43,
105. 27, 117.86, 5&‘2‘??8&,‘%1%?‘02?‘1 .nsztedfz@.am;xtﬁpz@?gg‘,ﬂ 2%‘8%@”%3%?’
140..2, 143.21, (56(mi), Therghniclfhaselis sépdrated ahfqhe aqudus fhHle Tback washedand
206,74 orr] . PREPORATLCN: b ORI  Boad B4 iRl
(t-butyl am nocaebmy k B). The 2quecds phases ayesxtragtell withpéthylcetate (100 mi). The
1 di b . j . vl )

oxaz0l 01 e/ DGl il 3kl o Shal ot b gh G e it
(2, 4- di met ozy pronseniratedmdex reduced,pressnredioabewt 809, the organic mixtuye is again
( PREPARATI ON 6, wéiRed @ithGveérI250Vinl B 4YPXHR)or ke SHHs0 i difod(dFer midlmestitisliaid, di ne
(0.15 L) is cogled. in -g@%ﬁrr bath.. Trifl uor omet hanesu f& C anh‘Yn%Ll de
(33 Lerr]L, 0. 2ty andkihe sluept, raonyed srider redppnd Rressirs 1 Ereihe fiHe pemEotah o
reaction i s warfdpwti5l0°i(t = 2] chlerofirt}) STMR $300MHe,0CRAL,;) ABE-3133,14.50, 388

ti [ . t gk A1 ' r t] ' red
hto sat ur adbd SR As CHE ez, aOCKfnddd, Tadly 1R, fiho RS, OS5, dom ALY O}
met hyl ene chl or326@5; M tnis) HE8(Ver) 161y 38, 10T 108, 2He @9,7tanddJueous sodi um

bisulfite (1 MppRvplie dri edaahyl (GRASES hindtloPSn 6 3-b iy HRopitHaaade (Rm The
][ esi dye I's chr onat og&ggﬁzg%&il |’I ca gel, 3 0; acgt one/ hexane | 30/70, 1. m
ractions, fraction ¥4,3-8Pax-3-Rheaylpropiop %m%%q 2127,
TVB) 1.11, 1. 17mol}isfaddedto a cbi®(®?) sblution of atrinonfun® Bydréxide (220.1015 30%) With 3. 88,
255 % 35 g e el 0 e e B o8
for 4 days. The resulting mixture is concentrated to dryness under house vacuum in
a 30-35° water bath to give a the crude product. An analytical sample is prepared
by recrystallization. The crude product (2 g) is dissolved in refluxing methanol (80
ml). After 15 mins of refluxing, the suspension is filtered at the boiling temperature
25 and a solid collected which did not dissolve in methanol. The filirate is kept in the
freezer at -20° overnight to give the first crop of crystals (730 mg). The mother
liquor is evaporated under house vacuum to reduce the volume to about 10 ml.
After standing at -20°, a second crop of crystals (500 mg) is obtained, mp = 175-178°%
[0}, = +60° (¢ = 0.66, methanol); IR (mineral oil) 3425, 3418, 3139, 1640, 1451,
30 1316, 996, 971 and 647 cm'l; NMR (300MHz, DMSO-dg/D,0 3/1) 7.13-7.36, 4.10 and
3.88 3; CMR (300 MHz, DMSO—de/QZO 3/1) 174.8, 144.1, 127.7, 127.0, 126.3, 75.5
and 57.2 §; MS (m/2) 181 (M*+1), 164, 106 and 105; HRMS (m/z) calculated for
CoHoNo0p +H, = 181.0977, cbserved = 181.0975.
EXAMPLE 7 Isobutyl (2R;3;S)-3-axni.no—2-hydroxy-3-pheny1propionabe 0
35 To a mixture of crude (2R, 3§):2—hydroxy—3—amine—3-pheny1propionamide
(CVIL, EXAMPLE 6, 180 mg, 1 mmol) in isobuty] alcohol (2.5 ml) is bubbled
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14.12, 14.42, 19.71, 20.71, 22.36, 22.65, 29.10, 29.93, 3159, 33.24, 38.75,
39.67, 50.93, 55.16, 55.44, 55.69, 57.57, 63.04, 72.95, 74.73, 77.20,
79.68, 80.87, 83.38, 85.86, 86.06, 98.38, 105.83, 117.61 122.78, 127.00,
127.98, 128v@27/4216J0. 09, 133.98, 30 140.17, 142.78, 155. 29pC/ED7A8129 162. 06,
166. 41, 168.91, 168.99, 170.90 and 203.44 [err]. PREPARATI ON 8

13- (N-(t But yl ani nocar bonyl ) -([err]-phenylisoserinyl deox
7[err], 8[ err] ankydreas bvizege qmweme@amwmtew@mg@wwmmwm

?Ut %/: ?m noc a{ 'ﬁﬁ@t@@h&nﬂﬁfﬂf uﬂh@ﬂiéh'h‘éﬁ&grtb ﬂﬁ?")ovax ht. The resulting solutmntls f

ri uor onet haneaul f.0 err]-iso-baccati ution o
7-trifl uor ometHEHE tf’%? 4‘?'*’1"3?? ‘Eﬁﬁ‘t’:‘b‘ﬁl‘? ﬁbl I%ﬁ?"(’&%‘%”ﬁ?&

(t - but yl ami nowateb (unl)) azi&(h% afuebiuatd hentyglized with-sdturhied potassiomaarhohatienecar box
ylic acid

PCT/ US97/ 0 42?“3??&?%%%’5\?“’7‘”‘8 1g gxtzacted with ethyl acetaje (15 mix B o1 ¢

aci d/ met hanol Tksembined; @ga;m“; Ph&!d m@@bwgsmesm shifate, Miiteredcanck then i s
diluted with t kﬁgss‘%é hl‘l?egx‘é ﬁm bonate (5% .
The organic pﬁﬁ‘ts%klrgﬁg?élae over anhy rous sodiumsultate agé concent r at ed.
The crude prothres ‘(‘W%éf%é‘?gl&etmﬂhwm@ NMRBne

m xtures), regab mwcnc amfwmzs mvmelom t10957anh%gaes fmmu«io’é:(m!z

oot o oo ChRy Yok P B, 19, M2 Yl 5,814 S B b "

acet at e/ net hyMM*@-ﬂ) ass de'nlet 10% 106, 1D4ye1, 79, 77 and 57; HRMS (m/z) calculated

tlflglNiu()E oPnl;E Kg%e@§&$¥§ﬂagq%*é fdlso ba?géa‘% %?ﬁu%:\/?? 7-CDCI [err], TMB) 1.09,

1.11, 10 1. 17EXAMPLE 8A 76, (8)- 44241mbe@emenulf®y®ahexwlgbyp1nm8:byl mxccm 48,

4.73, 4.88, 5.32, (B)- Ly'éﬁ;exﬁ'btﬁﬁ Far%ﬁﬁn g:(ﬁ 9818; 10¥Rol) G Edde8" 1]
TMB) 10.09. 14.36, 1 23.00. 29 1% 73, 31 54,
33. 2)1 33,153 togyrigine “s‘@'@*) égg 33“““5'3 ZPm%ﬁ%em"l?z%%w

74.66, 79.59, c&ﬁd&@dtﬂin&@reamri’ﬂmséaﬁrumﬂ:ZﬁﬂQQsolﬁﬁ&aﬁﬂd.- 128. 81, 128- 86,

ind 565, 40 [ ohitrobasgsultonsT hidiide (338 g, 15 mndl) dlasolvad i methylbde aldeiae'dd 10 1°

13- (N-(t - but yhdixi Aﬁealboﬂ;dx)eaft&nn?tphMWﬂBwserKMij)indebmdi{xerr] 8[err]-
met hano-[err] g .gaozi%@gs%ié“'rh& Leac&%s(tﬁ%&gag kntoIrM?gylgne%lonhe 1ide aﬂa 31,

155 1 3 o , 4. 70,
4.78. 5. 080 5%&90“551!!5’(5@9“%92@ /8By ?hﬁsleﬂ&iﬁae@lmds layey/iR semeﬁépﬁ] TVG)

12.80, 14.22, eﬁ@a&wﬂla&&oﬁ&dﬁﬂnb&ﬁr&ﬁm23ﬂ7%89nﬁ&le&%&9ﬂe3&eﬂﬁ

32.81, 36.69, ﬁ? en dﬁed%ger?’rgbgnSengnBéu]fS ?e gn2d coZnA:'en tedl?ndlzq reduced pressure (less

than 30 mm Hg). The concentrate is crystallized from methanal, collecting two crops
to give the title compound, TLC (silica gel GF) R¢ = 0.43 (ethyl acetate/toluene, 1/8).
25 EXAMPLE 8D (8)-N-(2,4-Dinitrobenzenesulfonyl)-phenylgiycine methyl ester
(ccm)

Following the general procedure of EXAMPLE 8A and making noncritical
variations but using 2;4-dinitrobenzesqlfonyl chloride (3.20 g, 12 mmol) the title
compound is obtained, TLC (silica gel GF) R; = 0.60 in (ethyl acetate/toluene, 1/9).

30 EXAMPLE S8E (S)-N-(Benzoyl)phenylglycine methyl ester (CCII)

Following the general procedure of EXAMPLE 8A and making noncritical
variations but using benzenesulfonyl chioride, the title compound is obtained.
EXAMPLE 9E  2-Hydroxy-(35)-(benzamido)-3-phenylpropionitrile (CCIII)

(S)-N-(Benzoylphenylglycine ethyl ester (CCII, EXAMPLE 8E, 16.52 g, 58.31

35 mmol)is added to tetrahydrofuran (76 mL) and the mixture cooled to -78° under a
nitrogen atmophere. To this is added diisobutyl aluminum hydride (neat, 26 mL,
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20 78.29, 78.41, 78.87, 80.47, 85.15, 122.40, 126.66, 127.83, 128.77,

129. 02, 130.38, 133.64, 139.15, 141.77, 156.19, 167.28, 169.76, 170. 36,
171.02 and 203.64 [err]. PREPARATION 9

13- (N- (t - But YWeA"#d¢%r bonyl ) - [ err] - phenyl isoserinyl) - 7- deoRGT/Pes7 a9
[err]-iso-baccatin Il A mxture of

13- (N-(t-butyl am nocar bonyl ) [er r&phenyl | soserinyl) -

triflluoromet haktidmmebqver 4} min.; ARenpan-additional 39 WMWW&%G‘W 8-

di azabi cycl o[ 5. és%ﬂmwma somuwlsf pétaéii\inﬁ eﬁ&@twﬂw 2480 inol) Aissolvdd , at

eaction s confEiter (b Eowpde SEMaA 4ty 84 ReetiasB PR NER i 1

sat ur at ed aqueomnﬁmﬁstthebalkmeb@muhan&mdﬂ-ﬁﬁén&imddor Ibédlnowmrc’lbhase i's

g;gggu?gerTﬁ?rWe ?‘gﬂ’ hL %ﬁg%% gegg%s?lpl ca ge%us% gﬁl&g?sut i on

i n et hyl ene chbmraiedywqbwth mqognhwoqw@mma%»mrcm ut ed

Wi th. acetonitri I C conpound.
PREPARATI ON 10 %e%%[%- .'ds" g{gél?g‘?ggit‘ﬁmﬁﬁ?gﬁ&?ﬁm S@@ dfef b8

but yl am nocar boﬁ‘iﬂp}’t@p{‘?‘ FigRe HEtneamRoyed; %%Faselcﬁér—ozilln(ethyl
oxazol i di necar baetatelycishesiarts 1Ry, Fol | owi ng t he general procedure of

b 0507/ 04ty SRR EL fRERE) G N iBeont -ohenslifosarins’ &tk ester o

7-tri f | uor omet hanes uB8pivehzapida)B-phemylmpivaitiile (CCII,IEBXAMBLE RE; 029 g, 1.09

(1-but yl am nocaphamikgads d-ohati) BASYPRSNHL bRl 6oea Taf bt ST 0O
lic acid ester ound 1S obt

>F/>REPARATI ON 11 (82§ N, {mipy 7&'319 hoab20:2thy r{aew; isjtreategd with water (5 mL) and

i soserinyl]-7-degmyd Lﬁhﬂ&moﬁl 2 hr. The reaction is then Lﬂftfo}xed BAwear &Ry, l dbetdtd

7-Deoxy-[err]-iso:bacca 13-(4S, 5R | am n (;arb )-2-
(2, 4-di neth iﬁ/pﬁﬁ‘hwﬁ% ﬁéll‘h}'b r%ﬁeﬂ%?éﬁf’b o spd éP ead
( PREPARATI ON 10}oricentsdted naderiraduve mressmeo give thectitle ompodﬁa\,amm (sflikh bl GF)
20-25[err] under a ?}%QF r on_ | d| I
w th ethyl acet erbadngg'\l:/hv&lﬁée o m% }ﬁ %%w%?ﬁ “g’ﬁas
sodi um bi car bon@t33)%; NMiR (GPglanTMSpa34a: 7 &i’fd'i’ #1% 5486r4.862r5/dr ous SOdI um
sul fate and congAMEREe (RG] (98)-Ndkakoy1.3- Qﬁﬁi@d’eﬁﬂé it edtsd fihyca gel 60,
230400 nesh; acet oneﬁ, hexane m xt ur es t 0 g|
ollowing the gen cedure of EXAMPLE 10E(Cy) and making non-
critical variations but using methanol the title compound is obtained, TLC (silica gel
GF) Ry = 0.31 (ethyl acetate/cyclohexane, 1/1, starting material in the in the same
system Rf = 0.31); anti isomer NMR (CDCly) 8.010, 7.791, 7.309, 5.534, 4.615, 3.581
§; syn isomer NMR (CDCl,) 7.762, 7.698, 7.303, 5.639, 4.508, 3.685 5.
26 EXAMPLE 10C (88)-N«(9-anthracenesulfonyl)-8-phenylisoserine methyl ester
(In
Following the general procedure of EXAMPLE 10E(C,) and making non-
critical variations but using (9-anthracenesulfonamido)-3-phenylpropionitrile (CCIII),

the title compound is obtained.
30 EXAMPLE 11A Methyl (2R, 385)-3-(4-nitrobenzenesulfonamido)-3-phenyl-2-
hydroxypropionate (II)

Triethylamine (4.8 ml, 34.4 mmol) is added to a stirred solution of methyl
(2R,3S)-phenylisoserinate (], PREPARATION 7, 7.26 g, 31.3 mmol) in methylene
chloride (80 ml) at 0°. To this slurry of is added trimethylsilyl chloride (4.4 ml, 34.7

35 nmmol). Additional methylene c_hl_pj_ride; (45 ml)is added. The mixture is cooled to -
65% and triethylamine (9.8 ml, 70.3 mmoi) is added. p-Nitrophenysulfonyl chloride
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title conpound. EXAMPLE 1 Et hyl

2- chl or o- 3- hydr oxy- 3- phenyl propi onate (Cll) 15 A sol ution of ethyl
2- chl or o- 3- oxo- 3- phenyl propi onate (Cl, 100 g, 0.44 nol) and gl acial acetic
acid (25 nwo@re6hol) in ethanol (1 1) is cooled to -5[ epciusembs@prred for
10 mi n. Sodium borohydride pellets (12.54 g, 0.33 nol, diam 11 nm are
added in portions &4 2 X 3) with vigorous stirring. The reaction

tenperature i§9%& 1&%@’&@“@ t Bhegreagtionanate isgomelawiat 5 se the r eact i on
mxture i s StiepBdd is aﬁmwmxoa@ ﬁ&&%&nﬁe{nd'é(m%a&ﬁo@sthen pour ed

sl ow nto ice ter hs rr The m xt re racte t h et hyl
acet atyeI (1 13”“&‘1%@”6%’@%“?#"6‘1 fﬂ‘%{%eﬁ 8 i sepaEsied f éfimmnxﬁégsﬁby{emoym)
and sal i ne ( lékloride) phaié hﬁdmﬂﬁhom&ﬂﬂsd toeth8 Bi-éaﬁi@haﬁé]d'l‘ﬁMeﬂgie‘ﬂe dhlokige

of The. ant P eyl uoBRERIteE sl thd S bl sRiE PR, g firr’ 1) Y5l
25 (|v[ err] +1178p° mwwqop, 723.07 111 482, 1.3413. 79%@569019!&2(@0@1@4;])
7.60-7.50, 5. 3 ? 167.

138. 2 128. 7, &%284‘%% %4 85 lgglf[agﬁé 1%3% ?6%3&@2%” E%id%r\%-'é‘d( 500
MHz, CDQ [ er r381.0748 traleddoy éﬁnaewzw-%@m 352.0356); [lg® 8-48WR (300 Mz,

CDCi[err]) l6BxRMPpLBSI® - 128iofp) ARDS52 b oot oo ph 8813 and 13. 8

[err]. 30, EXAMPLE 2 chl or o- 3- hydr oxy- 3- phenyl propi onat e
(a1) A nture of ethyl 2-W8‘°8§ @phenyl propi onate (Cl, EXAVPLE 1,

6.8 g, 30 nmol) i iBodiuehbicdrbomité(2ig,(Fmhib)) and 2Gm!fbﬁadclﬂmde5{eﬁithiazaacb a _
dr opwi oo over "octilt B lsaapd o' Mepindt of et (B B} pheyiaen ML | o
at O[err] forPBBPM'HQ&h&zﬁ’e&lﬂmeﬂmmlmtas(ﬂlcéﬂml)sdl‘hﬁneemmerr]) of
acetic acid (, E\gggdﬁ“d-ﬂ@ﬂé%nﬂ-ﬂeWa gﬁgﬁﬁs@d&dﬁxﬁlﬁéxﬁﬁ&@&t gd

@

with dichl oromet ane e conbl ne ani c extracts are
WO 97/ 4218 extracted thyl aeetate (2 x 50 ml). The combined organic phaseg-gye washed)54 29 .

washed wi th Waith kvater(307in)) agdin, Qﬁed)h"&rr meaﬁmwmmél Jnﬂtcenceﬁtrhieﬂr\ﬂdeland
concentrated der reduce ress resi du r aphed (silica
gel ; ethyl }}‘fe&/ ‘Em? tograg ﬁ?ft g&m*‘@gborrpound whi-ch
isal:9 m xt mathandl/mthylewnhl@;de (W&Mrg;svea&e dﬁlee:nmpmmﬂ p AVR-18°% EXAVPLE 3
(28, 3R) - 2- Onl A28, 3 AT @0V0.69, MIRRAAIDE B0 Likfal 3fi) SbaaCi b, 1476, 1450, 1422,
20 1349, 1240, 1160 and 1089 cm'l; NMR (300 MHz, DMSO-dg) 9.33, 8.12, 7.99, 7.55, -
7.20, 7.01, 5.73, 4.82, 4.25 and 3.41 5; CMR (300 MHz, DMSO0-dg) 171.5, 166.8,
151.6, 187.7, 135.8, 127.5, 127.2, 124.2, 122.8, 74.1, 60.8 and 51.5 §; MS (mn/z) 393
(M*+1), 333, 308, 215, 196, 134, 106; HRMS (m/z) calculated for C;7H;oNoOgS, +H;
= 398.0579, observed = 393.0572.
256 EXAMPLE 11C-1 Methyl (2R,38)-3-(9-anthracenesulfonamido)-3-phenyl-2-
hydroxypropionate (II)
To a suspension of methyl (2R,3S)-phenylisoserinate (I, PREPARATION 7, 40
mg, 0.2 mmol) in THF/water (1/1, 2 ml) is added sodium bicarbonate (34 mg, 0.4
mmol) and anthracene-9-sulfonyl chloride (88 mg, 0.3 mmol). This reaction mixture
30 is stirred at 25° for 12 hr. Water (2 ml) is added and the mixture is extracted with
ethyl acetate (10 ml x 2). The combined hrganic phase is washed with saturated
potassium carbonate (3 ml) and water (5 ml), dried (magnesium sulfate), and
concentrated under reduced pressure. Tfhe residue is chromatographed (silica gel;
ethyl acetate/hexane (1/1)) to give the title :compound, mp = 98-102°%, [a]25D = +7.2°
36 (c=0.76, CHClg); IR (mineral oil) 3469{%3297, 1742, 1330, 1285, 1260, 1245, 1230,
1160, 1150, 1115, 1090, 1063, 781, 742 and 703 cm'l; NMR (300 MHz, CDCl,) 9.23,
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([err]) Ethyl-2-chloro-3-hydroxy-3-phenyl propionate (ClI, EXAMPLE 2, 5.5
g, 24 mmol syn/anti = 14:3) is incubated with |ipase MAP-10 (1 g) in 0.2 M
pH 7.0 phosphate buffer (100 ml). The reaction mxture is stirred

vi gorously atWo37id$] for 6 days. The conversion i s checkedPEyUBITOS29

(nucl eosil c-18 colum, acetonitrile/water 10 30/70, flow 2 n1/m'n and W

207 d sh d st ! ri 60 65‘V L on t| ns) and
(25, 3R - 5- chi or 848 PORICHREGE BIbriyitn PO BB 0.5 PUS hBEdets, SERABASITM 11 e
1.0 mins). The CMRI(300MHEz, OM30-dg) 1T2:3, 1861, 1853¢ 131i.0,130.0)\1 298, hgsls,oﬂal'?orl c

id (5% 15 m
35 “The conbi nelZbpgRit B 135‘1‘29%‘3’5 33861 ald P03l 8 (eI oA L {1} b
carbonate (10% (Mb), 388, 354,)34§rﬁl§8t2@a2ﬁ&sl9§dl% 177,139 end 106; HRMS (3%} The

organi ¢ phasex i E rba B L ge)¢fyat rat ed under
reduced pres?urgd?'ghéﬁgl \i/% 24 %lumﬁl ?angrl ns. '?1)5; conbi ned agueous

phase i s washed RG-2 3BI°FHJ’)‘ (%ﬁﬁ)aﬁ:@tﬁnﬁréﬁfnﬂﬁ‘#ﬁnw phewvl-2- aci d
(10% 50 m) to pH [err] 2. Thed o,mtg(mre is extracted with ethyl

acetate (50 m x 2) ni has s ed over m 20. sul phat e
and concentrat ed una@g{]ﬁ?ggﬂg'ga‘“ﬁ’f‘g 'gdlv%sqq'néséé%‘gﬁr’]g Sldﬁ‘t’cn An
anal yti cal sanphstiyenerchpeide (5 h!‘)md:pyﬁdxaé (1 mL)and the solutide treated witlhe crude
RO (1) bR R R s B g i,

ept ane and t or
1 IEI)I‘ whi ch pr odatmad at S&ﬂfonl%m hTh@retamnmtthmmmmﬁmMme lene giflodi@and
[[err]][err]-+ sl ‘@5\% 5,
CHCl [err]); 00 M{zlizthﬁl erfﬁwﬁg 309 %8 arf%teg{sg%a% err | 0{%
(m z) 200 (M+) %emm#ulfafzgcoqofg Emoffbe_owc Apdersreduceg pressirec ul at ed
for (Jerr]Herr bﬂdﬁ&é’s]cﬂxde—pr&’ﬁﬂt OPHid comdesitratedsl chréidtdgidbhed BiiNTEel60} ethyl

(5 5R) ooeniy aeshinbbibant, B KR P S RSt ALe il m{oBliphBes o
10 mmol ) in net mwaeétawmupne;arax;rmmnmsmus QL,/8.5%, 41804.78)6.22; 659 6.6%d
at 25[err] for J,bgar.7 ?(ra ?‘gé@n gp&h& g5 poured into a saturated

aqueous sodi um bi car ona ract ed with ethyl acetate (20 ml
x 3). The conbi FEAMPIFaIA ph! @@.wmwlmmtmﬁne%fomdah& dried

over nagnesi um sul fate. F| I tra{e under reduced
R SR RN
CVMR (300 MHz, CM;émul}‘o)nclﬁ;ﬁl (87 mig3 @ré added o methy? BR;3S)844- 5, 74.4, 62.8 26
nitrbbenzenemﬂfonaxhido)-s-pheny]-2-hydtoxypropionate (11, EXAMPLE 114, 3815
mg, 0.83 mmol) in toluene 5 ml. The mixture is heated at 100° under reduced
pressure (16 mm mercury) with no condenser. The reaction is complete after 1 hr.
25 The crude reaction mixture is diluted with ethyl acetate and washed with water (2
x). After drying the organinc layer over magnesium sulfate the crude material is
purified by column chormatography (silica gel; eluting with ethyl
acetate/cyclohexane, 36/65) to give the title compound, mp = 118-120°.
EXAMPLE 12B (2R 4S,5R)- and (25,4S,5R)-2,4-Diphenyl-3-
30 . benzothiazolesulfonamido-6-methoxycarbonyl-1,3-oxazolidine
(III-R/S, diasteriomeric mixture of R and S diasteriomers at Cy
A mixture of methyl (2R,38)-3-benzothiazolesulfonamido-3-phenyl-2-
hydroxypropionate (II, EXAMPLE 11B, 3.45 g, 8.8 mmol) in dry toluene (100 ml) is
treated with benzaldehyde dimethylacetal (4 ml, 26.4 mmol) in the presence of a
36 catalytic amount of p-toluenesulfonic acid (170 mg, 0.9 mmol) and stirred at 105°
under reduced pressure (15 inches mercury for 2 hr). TLC analysis (silica gel; ethyl
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and 53.0 [err]. EXAMPLE 5 Met hyl

(2R, 3R) - 2, 3- epoxy- 3- phenyl propi onate (CVI) To a m xture of

(2S, 3R) - netWQPT4UFN| or o- 3- hydr oxy phenyl propi onate (CV, ERGIVPEg0542931.6 g,
0.15 nol) in DVF (730 m) ‘is added water (13.5 nl) followed by 5 potassium
carbonate (62 g, 46 nol) at 25[err] with stirrin The m xture is all owed

oot e S e etate/hegpnos BURD) i Erbrogsts: acmAt Brodavhwth Fes BAS At
acetate (3 1) ﬁﬂ&m&@tw&;}., 410.87. 'ﬁmeaﬂ f&cmuﬁzsmamm t he

h he. t 40 Th nbi ned

organt o bhase e O aCePdaaed ith wion 30 17 b pucnyt phtedb AR o ar o
extracted wit lagsiblwith ethpt avbentd (50GnlxiThe chinbined organiiyhass ape gried evephase i s

d d t ed d
Feduced pr dbodianfilin TRORECANIRE ing Rleoteat dobloftt Bits SRRCETbolE 001
water (250 m Burifiatiopthy @hmmlumphml:hs (silicacgel; othyl acedetabhexann(BU9Mht e,
corpound, [ [ eFL et P HCbons SRS HaRRCRD 4 REHEAT ‘Pﬁ“ﬁ?ﬁf‘ﬁmﬁ@ P00y ©
CDglp[err]) 7. 4B A@Sﬂ@%’*’ 45 1433, 1320, 32@1328@@#(13 1382 and 507 [cmv T3] )
(1%) 0, 1%3%2 7311@1@ (500 N3, mm) 8.205816;.7.%057.82,2748, 73007.38, 6\f9, (5!'7&549.7178
(08 5613t hoa S 100 Slomic moio K hekl, AR5 Sag g, 1LY

(2R 3R) - 2, 3- e(186.9; B8 ARG BHIATSH, ARAT,C120 6V 124.5420/7) $2.8, 8127, B5.8 and 522 57M9 i S
dded t I 0. h 20
added, 108 cokpia) By AELHL R, Sl RTS8 AV B, 26 (R0 g WAl
stirred at 25[wz palewated for-GuH,5iNeOySo 30 1t 48]1.0892; abservied = 48H020% M@8Xtmpo
dryness under JWﬁqSﬁqu&]?. -"f.'-ﬂ:inGQ: -35J3Qrd5ﬁ P‘@tlﬂr(mhﬁﬂl otxlS’IfHSVQ’Ia'B 496, crude

product. An_ anal %/tlcal | S_prepa recrystal t|on The crude
Pt oduct " ( 2% 1832 1881381008, 1049 s Apkp ere 3 MBI GY0 M DEBIQ-fal 8 3868 4Bne o
refl uxi ng, thawsﬁemmrssussmmmaﬁhanssmmqsﬁomztenmyaswaszﬁ and a

solid collect ﬁgzyfﬁﬁl %gsn%glﬁg? izzg gzﬁtﬁ%ri?i%,,éﬂﬁ,zg i7r3a§§,{is kept in

the freezer a Ol err] overnr Cro als (730
nmg) . The not hei266i kR, 93(5. &&@rﬁﬁ&@mﬁ%ﬁ&dﬂsM&M&Ea@rﬂﬁﬁo‘lﬂemﬁ;é?ﬁ,he

volurme to abOLgtml:.gbgThsz %5%4319@ 2‘&1 Oy Of crystals

(500 ng) is_ obfained err err : +60[err] (c = 0.66,

met hanol ) , 24 RQMzﬁs mﬂ'f& %‘!13259 581 1451 30 1316, 996,

971 and 647 crExAMPLE H&S) 3Qﬁ$;|18 sﬁl\@@dﬁﬁﬁﬁﬁ]d (@{ﬁﬂ{rbﬁnﬂxﬂ&nm&-ﬂ 36, 4.10

and 3.88 [err]; CVMR (300 Mz Ogén et,l. 1) 174.8, 144.1, 127.7,

127.0, 126.3, 75.5 and 57.2 % Y rr]+1), 164, 106 and

105; HRMB (m z) caFolldwitg tha‘ gmeral procedure of EXAMPLES 9A and malnng non-criticical

vanatxons but starting with methyl (2R,3S)-3-(9-anthracenesulfonamido)-3-pheny}-2-

25 hydroxypropmnate (II EXAMPLE 11C, 220 mg, 0.5 mmoal), the title compound is
obtamed, mp = 169-17 1°% IR (mineral oil) 1755, 1749, 1312, 1304, 1243, 1229, 1218,
1146, 1113, 1105, 997 987, 736, 696 and 680 cm'1 NMR (300 MHz, CDCl,) 9.12,
8.44, 7.87, 7.46, 7. 19—705 6.98, 6.57, 5.59, 4.86 and 3.89 5; CMR (300 MHz, CDCl,)
169.6, ,1384 137.1 __}35 7, 131.3, 130.7, 129.0, 128.9, 128.8, 128.7, 128.2, 127.9,

30 1275, 127.4, 127.2,125.4, 125.2, 125.0, 93.3, 82.3, 64.5 and 52.7 5; MS (m/z) 524
(M*+1), 528 (M"), 348, 282, 254, 241, 208, 193, 178, 165, 105 and 91; HRMS (m/z)
calculated Cg;HpsN1058; +H; = 524.1531, observed = 524.1525.

EXAMPLE 12C(R)-. (2R,4S,5R)-2,4-diphenyl-3-(9-anthracenesulfonamido)-5-
‘methoxycarbonyl-1,3-oxazolidine (IIT)

35 A suspensiq_t_';i_ﬁpf ‘methyl (2R,38)-3-(9-anthracenesulfonamido)-3-phenyl-2-

-'hydroxypropionate_('l_'_L EXAMPLE 11C, 45 mg, 0.1 mmol) in dry toluene (1 ml) is
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Cerr]Herr]Nferr]Jerr]+Herr] = 181.0977, observed = 181.0975. EXAWPLE 7

I sobutyl (2R, 3S)-3-am no- 2- hydr oxy- 3- phenyl propi onate (1) 35 To a
m xture of crude (12R 3S) 2-hydroxy- 3-ami ne- 3- phenyl propi onanide (CVI 1,
EXAVPLE 6, M@97H{1671 mmol ) in isobutyl alcohol (2.5 m) is PO 7082% 7 WD
97/ 42167 PCT/ US97/ 05429

anhydrous hydrogen chlorld IIo the te ature to
rise. The reactieated yih ’Eﬁ"éﬁpé‘yﬁﬁgﬂn‘f@’ﬁ‘%ﬂt@g E’gﬁ Mﬁﬁ?gp‘g
[rﬁzulrtelsinguzo! gbaﬁlg;xt:auﬁuv ﬂpafm&h&d:ﬁmtdugmaﬂbnuudeﬁ xh%]uﬂs&i mmnmndahrrsd)blzega]

W th saturat ed %gf%cég?%g%\’g{e %H%])é/?u@g’}(’?%ﬁ Li-ﬁﬁ? 'ﬁyﬂsﬂgm C aqueous
is extracted V\mﬂh 201§ graupsattached; aaetm:tnadgyterwwsﬁ;&mmummmw Phase is
dried over rRORGSikMeatht Bhp rgg,l% i, %Qﬁgﬁ&ﬁxﬁﬁ'm%&?m’&@ (smder

reduced pressure. resi hr omat ogr aphy
§ GPRgtio

(et hanol / di chiinstesiemes (5%, retention tige, 1d. octﬁ@sl i Thecregwitin MHz,
CDCL[err]) 7. 4'ﬁﬂ‘1tea&nth49tﬁﬁ acétatd)15 dnlPond washed With Qat%5 (£ miGMhe(agpdbouyHz, 10

CDdl 173. 2 71. 6 d
50 6 NE (i Phassin eippc ket with g1 aosete (10mb); Fpe egmeiw%fﬁasﬁg‘gnw
and 57; HRVS ( dkied omlmdnamm shlfsite (filtsred bhd the] sovent is(ﬁamwe}i uniderrediiced

238. 1443, oﬁferved

(S)-N-(4-Ni ogé??i‘gﬁeéﬁfl%%) Bhenyﬁkﬁ’,%@ﬁ“e'-‘hm?ﬁmzf?hpéeth I&ﬁ'ﬂfﬂeﬂn&,

(S) - phenyl gl ycilf@0ngivésthe title cempopadowhn|=0TE-T8%; TR Bhinerd] 0iD) 1762,11737n1832, i s
added 15 to pynbfg rﬁsé %Qw%@adosilmﬁmwmbﬁi %h&iawam( Zné)séitwﬂqwmvl )

Th t
T XUl S O SDC s 0,99, T 8Bor. msto.e:f 48730535, 7081 6 8 &S | n
met hyl ene chl orgigies.4428.27)-5.94 Al84cind13.17 5; ;IOMR (S08CNTHR,CDCl,) 17020, 9d7.9) 1d8.2)at er

et byl ene. i orPare: 05 1866 5% S%Peiﬁzmﬁyﬁ%ﬂﬁ?éﬁfﬁéaﬁ#?ef%?%”?ﬂi%eﬁd e
lr)r:atc gyr/lbgzgtghl(gmdeaddaﬁﬁeﬁh 5;i MS<myra 524 M%XWaGB&cBSMh 848, anﬂﬂsaﬂsum

magnesi um sulfa'(ti% gﬁd concentrat eg und'hir;‘sac'Jl uce ﬁ ﬁf' ](Fﬂ§s\6?%é%3130 nmm
Hg) . The concembreved 38241538 al | i zed from net hanol coI I ectl ng two crops to

give the title mowomdsa TLC(ESUs sRyR aaiphﬁﬁa.aﬁi&aiﬁdhmaeﬁ&oﬁmw
acetate/tol yene, 1/9). 25

(S)-N-(2, 4-X ni t r obenzenesul f’%'%ow)'El%ﬂm‘BPflMe met hyl ester -

Water (8 ml), methanol (8 ml) and THF (8 ml) are added to (28,4S,6R)-2,4-
diphenyl-3-(4-nitrobenzenesulfonamido)-6-methoxycarbonyl-1,3-oxazolidine (III,
EXAMPLE 124, 1.50 g 3.19 mmol). Potassium carbonate (1.018 g, 7.71 mmol) is
then added. The resulting mixture is stirred at 20-25° until complete by TLC. After

25 5 hr the reaction is complete and the reaction mixture is extracted with basic

methylene chloride (2 x). The aqueous phase is then acidified with hydrochloric acid
and extracted with ethyl acetate. The ethyl acetate phase is then washed with
water, saline and dried over magnesiuim sulfate. Concentration of the organic
phase (ethy] acetate) gives the titie compound, mp = 61-65°.

30 EXAMPLE 13B  (2R,4S,5R)- and (25,45,5R)-2,4-diphenyl-3-
benzothiazolesulfonamido-5-carboxy-1,3-oxazolidine (IV,
diasteriomeric mixture of R and S diasteriomers at Cp)

A suspension of (2R,48,5R)- and (28,4S,5R)-2,4-diphenyl-3-
benzothxazolesulfonamldo-5-methoxycarbonyl-1 3-oxazolidine (III, EXAMPLE 12B,

35 100 mg, 0.2 mmol) in THF/methanol/water (1/1/1, 3 ml) is treated with potassium

carbonate (100 mg, 0.73 mmol) and stirred at 25° for 3 hr. The resulting basic
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(CCl) Follow ng the general procedure of EXAMPLE 8A and maki ng noncriti cal
vari ations but using 2,4-dinitrobenzesul fonyl chloride (3.20 g, 12 mmol)
the title conpound is obtained, TLC (silica gel GF) Rf = 0.60 in (ethyl

acet at e/ t o’'wesmnq21e7/ 9). 30 EXAMPLE 8E (S) - N( Benzoykgpossmobgb yci ne
met hyl ester (CCll) Follow ng the general procedure of EXAMPLE 8A and
maki ng noncritical variations but using benzenesul fonyl chloride, the title
conpound i s oteactionguixtuExiy\dilutedwith water (156 ml) and washed with ethyl acetate (15

2- Hyd -(3 ﬁﬁ*’g‘{?’ i Dhiads Dglﬂé%
(Sg_lyl\lt?)é)éngoy { eny g?ym ne %t £i%ll“[(yisltﬁg(% LJEQ]ZBOI?H?LgHSéz and58 31
35 mol) is i mhe ﬁfﬂ&%ﬂi prEapic,phases aeaén@g

-78[err] undafveamla dsﬁﬂ@ e&ae and the! ddivend ferdV6E Endb irédifebd y}esairblm num

hydri de (ngat 4216

PCT/ US97/ 0 42@%&‘8%‘%“%%?‘2{)%71&% 1 48183 o UPL I B e
reaction i s wainedl 4il) 3064 084,176 51d14,r¥368,1316) 287,123 0/ 1171,01128 1100} FO¥8] um
cyani de (37. 77 RY7=Ye I ) | b O

met hanol (30 rg@?agé?eégggﬂ%@38@@%@%@?&2&%”’7? Qtshbﬂ'@%?ﬁ Wwed to '
warmto 20- 254.64,5183zand 481 §; (@R (300 MHz,Me@PLI21S, ﬂ691115§75140%alc354'30n is then
partitioned bﬁﬁV!eQQl ftﬁW'l 866, qtzg aﬁb?‘@%é 12-5*'991969 %, 9@35&3

separ at ed, washed ric acl § wat er, sa |ne and

Separ Al e e g M v @w@iwém.aaaoﬂo&w 396, 270213, 194,182, 2}
after co- evag@ RiT HRMS (nz) calcubia tohegénﬁlv;o }2d67.6%58, Gseewea& gel GF)

= 0.31 tate JO0E
(R[S(;;r}\l- benzoyt é@éﬁ %L(P 'gté‘gl néé)' ¥ Qs“t%qs I Ff gpc}ﬁAlvﬁi—F s‘% b
(39) - (benzamanﬁ)l F038hET68] PHOApLSHT| 1213] 214ECI1T3| 108BXATIL46ATBD carksmgx mo
I d d
rwmrgrécklsor: isg‘gé gﬂﬁghﬁla@%l i:%’ 6% %BQWQHH%E%&W leet rez;ct lon i's
treated wilbh Wfl64.8, Wy, 14H0,5138,2; &B%\rﬁ@-@dmﬂaﬂ@ 0, 1393, ¥8detion is
then partiti ofu, beésemoebhx smsﬁ&m?s sSMSaM)w aurt+ 17 aso, eﬁabyéz«tam ate

DET s SRl B o518 DA it o e 1 s B AN RO 08 o0
(et hyl acet ata‘{fysambmrobeeﬁeﬂl-, 4eat05730| ng material in the sane system
Féﬂ ]r I =0. B%XAM%BE(IQECI [ e(zéhs 5%)4 pheny -3-&?—m1htawnea&l?0ha§11cfb§-g-car% 62

20 1,3-oxazolidine (IV)

Following the general procedure of EXAMPLES 13A and 13B and making
non-criticical variations but starting with (2R,48,5R)-2,4-diphenyl-3-(9-
anthracenesulfonamido)-5-methoxycarbonyl-1,3-oxazolidine [III-R, EXAMPLE 9C(R),
210 mg, 0.4 mmol), the title compound is obtained, NMR (300 MHz, CDCly) 9.19,

25 8.50, 7.89, 7.52-7.45, 7.16-7.08, 7.00, 6.65, 5.61 and 4.88 §; CMR (300 MHz, CDClg)
138.4, 137.1,185.7, 131.3, 130.7, 129.1, 128.9, 128.8,128.2, 127.9, 127.3, 127.1, 125.2,
125.0, 93.3, 82.3 and 64.5 5; MS (m/z) 509 (M™*), 194, 178, 176, 151, 105, 89, 76 and
64.

EXAMPLE 14A 7-SDMS baccatin III 13-(2R,4S,5R)- and (25,48,6R)-2,4-
30 . diphenyl-3-(4-nitrobenzenesulfonamido)-1,3-oxazolidine-5-
carboxylic acid ester (VII)

(28,4S,6R)-2,4-Diphenyl-3-(4-nitrobenzenesulfonamido)-5-carboxy-1,3-
oxazolidine (IV, EXAMPLE 13A, 323 mg, 0.711 mmol) is mixed with toluene (2.5 ml)
at 20-25°%. DDC (160 mg, 0.775 mmol) is then added to the reaction mixture.

35 7SDMS Baccatin HI (VI, 156 mg, 0.218 mmol) is added followed by DMAP (35 mg,
0.286 mmol) and the reaction mixture is stirred at 20-25° until complete (1 hr) by
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EXAMPLE 10E(C[err]) (3S)-N-benzoyl-3-phenylisoserine nethyl ester (I11) 20
Fol I owi ng the general procedure of EXAMPLE 10E(Cferr]) and neking non-
critical variations but using nethanol the title conmpound is obtained, TLC
(silica gel @PWISL 0 31 (ethyl acet at e/ cycl ohexane, 1/1, PETISYHOR 430
material in the in the sanme system Rf 0.31); anti isomer NVMR (CDCl[err])

8.010, 7.791, 0 581 VN
7.752. 7.698. % é’é"bﬂ“"gbé"@a [ ﬁﬁg&}@gﬁ%%@)%gﬁeﬁ%r])
(39) - N-(9 ant hmmmmyb)anetmmds@% éorrﬁahlhleheswe@tlmémD}tuR)iﬂ owi ng
th | |

var S o ot el i Ok ﬁ%ém%‘?%b%“" rop. e thE
(CCl11), the t phraesermssparated andibe anvweoys phepe iEnyixmmted ethyl acetgipt e

(2R, 39)-3-(4% mcsmhsm x‘iﬂﬁ% gh&saaape Washes witheiaboud soliue BiXarbsraed 0%, Qv&(téz‘)

Triethylamne (4.8 n éﬁ\? % |sade toastlrred ol (flrrethl

(2R, 3S) - phenyl iaag sakinen oFgani pver magnes)! Swn%? ARd th

met hyl ene chl orcostentrited 1The 8éncélitedte is pﬁiﬁeﬁhjy&:oﬁllnuf mm&togﬁpﬁ(kilm gel;

1L o i s o ol

tri et hyl am ne (&hgl avbtate/yclohexnane,)30/79).added. p- Ni t rophenysul fonyl chloride
WO 974412

P usa71 osiSs IR 1R, 7SS sty RIS ARSI IERAL 00 o1

at -65 so the tenperature |sd§ﬂ“a WWM“B‘@P&’ jB-oxpgelidgdn f | uori de
(10% aqueous, 5 equival ents) carbolie Qﬁdeugg(mpeous phase IS separated from

Itoﬂglsgr g?—ﬂiecm(egﬁtyrﬁln arepion ot GR AN o s T I A g ccour o and e,

beszotitazalen WO, 7. 43,
e e el
128. 4, 128. % 5 ) grrf& ound
381, 0749 (cal cOMAP (@p:s;opﬂpmn]m[d@eq:qo&mg,s oo ianj stiered 8y 8FF)for 4 b.

[[err][err] T 18b Pddction Al Fatdr 80 ml) M&h and the product extracted with ethyl
(2R, 39) - 2- benzt hi azol engl f qnam do- 3- pheny
Ffu

hydr oxypr opi onZegk %@Pﬁsﬁwc(@asesgmﬁgeﬁﬁmmwm sulfate,
2- sul fonyl chl Orﬁlﬁsee:baﬂd thd solvehtcis rbmoved under reduced pressure. Purification by column

20 chromatography (silica gel; ethyl acetate/hexane, (20/80)) gives the title compound as
a diasteriomer mixture of (2R)- and (28)-, NMR (500 MHz, CDCly) 8.186, 8.08, 7.77,

- 7.60, 7.60-7.45, 7.26, 7.15, 6.70, 6.33, 6.15, 5.90, 5.63, 4.80, 4.79, 4.31, 4.21, 4.09,
3.72, 3.46, 2.19 and 2.08 3; CMR (500 MKz, CDClg) 201.6, 169.7, 169.1, 168.5,
167.1, 166.7, 152.0, 140.0, 137.5, 136.6, 134.6, 133.7, 130.1, 130.0, 129.2, 129.0,

25 128.8, 128.7, 128.6, 128.1, 128.0, 127.4, 127.2, 126.2, 121.6, 94.3, 84.2, 83.4, 80.8,
79.1, 76.3, 75.0, 74.9, 72.4, 72.2, 72.0, 66.5, 58.4, 49.2, 46.8, 43.2, 37.4, 86.4, 383.9,
29.7, 28.3, 26.4, 25.6, 24.9, 21.7, 20.9, 14.0 and 10.2 5; MS (m/z) 1163 (M*+1) 9686,
679, 637, 467, 308, 268, 224, 194, 119, 105, 91, 73, 59 and 43; HRMS (m/z)
caleulated for CgyHpoNo0,£S,Si; +H, = 1163.4065, observed = 1163.4043.

30 EXAMPLE 14C 7-SDMS baccatin III 13-(2R,48,5R)- and (2S,4S,6R)-2,4-

diphenyl-3-(9-anthracenesulfonamido)-1,3-oxazolidine-5-
carboxylic acid (VII)
Foliowing the general procedure of EXAMPLES 11A and 11B and making
non-critical variations but starting with (25,4S,5R)-2,4-diphenyl-3-(9-

35 anthracenesulfonamido)-6-carboxy-1,3-oxazolidine (IV, EXAMPLE 13C, 185 mg, 0.36

mmol) and 7-SDMSBac(III) (93 mg, 0.13 mmol), the title compound is obtained,
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wet, ca. 11 mmol) is added to a suspension of nethyl

(2R, 3S) - phenyl i soserinate (I, PREPARATION 7, 2.53 g, 11 mml) in THF/ water
(1/1, 40 mM). The reaction mxture is stirred at 20-25[err] for 30 m ns.
Water (20 MOQ9%4168ddded and the mixture is 15 extracted vaCHUSIUMDSARS acet at e
(2 x 60 m). The conbi ned organi c phases are washed wth water (30 m)
again, dried over magnesi um sul fate and concentrated under reduced

pressure. TheNOBhEAMELCHE) D $2008 P HE 7(48) 7.869-29e7-054 %93 6.85,
met hanol / met hglygreas; is.x0; 586, &5, 380, 1.93 01,9 411884 bzté 3 Rl e o

707 %@m&é P amo 30, TEH 8 106 SRATES ")(336‘4
ey Tt e
%:2),;, 230%2421527 292154 288, 2&9&€§Rwﬁdgn§,zmiangm§’,§$ frmé )and 2. 2ﬁs fm/]z) ).
EXAVPLE 1101 I AET L SRELN daoobel b, 241, bk O doa PRCIAC Hog, o 872 25

hydr oxypr opi ofgd 63-( W’écﬂaéﬁeﬁﬁeeﬁqé‘hoqﬁﬁ}d +Hz R 1205410 abserved ser i nat e
(1, PREPARATI ¢dbe/46840 ng, 0.2 nmmol ) in THF/water (11, 2 mM) is added

sodi um bi car b : 4 ny, ant ene 9- sulfo yl chloride (88
ng, 0.3 )W%tiogsﬁ@g‘?‘)@ e%a!alm ri 212 hr. Water
(2 M) is added and the mxhymmﬁoﬁatamnd W|th et hyl acet_ate (10 M x
2). The conbi ned at e ot assi um car bonat e
(3 M) and water ( # 555 ??@Eéﬁﬁﬁw&&?ﬂri?‘é% gﬂgd%?ﬁ%‘gi‘[rat ed under
reduced pr essaltmﬁheremqtmsm mdmmeegﬁugmme( sThioplkeng0; 22en1h9.ll4
acet at e/ hexan

ﬁmﬁ& Z[eédjﬁoﬁbv\/éﬁ <)L| 1‘4{%87:119 38m1n§1)3469

Loer IS0t ) ager & maimuten, AIOMS bpacgtin 1!?3?!9-(2& I A2 B 50 2 deihenh s
781, 742 and a&tﬁﬁéﬁeﬁ&aulfmaaqwmohﬁm&ﬁwb)m Qma%ster (VINEXAMEPR 67

(3o 21873108 et it e g i el bttt
135.3, 131.0, idS6wl9 wak@d 39 -1020The ma:&arenp stifed 5 -109 Tinti] thib36d Rolori{BBeslto
8. 354, o3t Mttt dhyalflhd g Kbl o APOAEL)
cal cul at ed2® oﬁoéﬁefhe] WWP]IF\E@F?‘} foF drhrjbefors pgsaying by TLOand HBLG éﬁ‘ﬁ

435. 1150. bisulfite (241 mg, 2.31 mmol) is added in water (5ml). The mixture is stirred at 20-

25° and after approximately 115 hr the reaction is complete (by TLC) giving the free
amine ﬁtle compound, Rf = 0.10 (ethy! acetate/cyciohexanes, 75/25).
EXAMPLE 16B  7-SDMS baccatin III 13-(2R,3S)-3-amino-3-phenyl-2-
25 hydroxypropionate (VIII)
A solution of 7-SDMS baccatin III 13-(2R,4S,5R)- and (25,4S,6R)-2,4-diphenyl-
3-benzothiazolesulfonamido-1,3-oxazolidine-5-carboxylic acid ester (VII, EXAMPLE
14B, 80 mg, 0.069 mmol) in DMF (1.6 ml) is degassed under house vacuum for 30
mins with stirring. To this mixture is added thiophenol (32 ul, 0.3 mmol) and '
30 Hunigs base (87 nl, 0.5 mmol). The mixture is stirred under a N, atmosphere at 50-
55° for 12 hr. The reaction mixture is quenched with water (10 ml) and extracted
with ethyl acetate (25 ml). The organic phase is back washed with water (5 ml x 3)
and then treated -with'ihydmchloric acid (5%, 3 ml). The resuiting organie solution is
washed again with water (5 ml) and dried over magnesium sulfate. After filiering
36 and concentrating under reduced pressure (with ﬁeé.t) to dryness, the residue is
pm'iﬁed; by column chromatography (silica gel; methanol/dichloromethane (1-5%)) to
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EXAMPLE 11C-2 Methyl (2R, 3S)-3-(9-ant hracenesul f onam do) - 3- phenyl - 2-

hydr oxypropi onate (lI1) (3S)-3-Phenylisoserine nethyl ester (I, 0.38g, 1.95
nmol ) is dissolved in nethylene chloride (5 nL) and pyridine ,g‘ and t he
solution treXXYI6fh a 10 suspension of 9-ant hracenesulfo‘ﬂ%}'&‘éﬁ?’ﬂ7 tHe
(0.536 g, 1.95 mmol ). The reaction is stirred at 23[err] for 90 m n. The

ool or o ace e e comroutin Nt (B nelp 785,734,490, Tl Yilpae,
magnesi um suIdLg&es 5(38)¢.82/ 4.29, 4(20, #M,tarm ,Q3TARLE, zwgmsunmza,rniseaua,emss-
PCrTT on ol 6o, 08t R 05uP5 Y oo s, CRBEERNAE a1 ALY, RO TP R4S,
corrpound TLC (1;4]10 384.5,c1300F 13031, 42815, 1294,388.Pn1%7h, I8§-I0, &b&t’l&tﬁaﬂﬁél ehdb.8,
3/ g% | 75 75%2’?5%7&%3%}% 47% E{gi&@@go‘gg& %_9@ %gfz 83 8%7.6 288, 236,50

(2S, 4S, 9R) - 2, 4- 23-$1227y 0.9, 2088, #ﬁ@r U and Srfodii MR fmiz) 878 (M*+1) 698, 697,
met hoxycar bony! g, 331”3&3@18(11829165 |1J4§ 128, 119, 106, 1&@@6147@'659%&4@ HRM®/(m@pet al

(200 1M1 L L e o e M b i oot Tonr a1

ni t r obenzenesul ERAMPLE5C3- mm&mymmmﬁd-&phWLE 11A, 315
ng, 0.83 l) in toluene 5 Theﬂrélm%&r heated at 100[ err] under
C

reduced pressure (15 mm nerc enser. The reaction is
conpl ete after 1 hr Foowingithe genetid precedyreofi EXAMRLEs 154 ahd| i§Bahdunaltingt hy |

acetate and V"asﬂﬁﬂmﬁﬁ AQ%‘:E §Qarn mug over
magnesi um sul fat e t cru nagbétr;l @g;,%&ﬁcgl ed ggy COFTI%%'@%%%?E%%%B}IWW
(silica gel; el @5SFRurrdinkeny]-3-f-anthracerepulfonamidoid,3-oxgzatidineriraghoxgliq he
Elztsl zscgg;)ound adi® (V1 EGANEIE 160/ 30k, dB:Bmmol)(&Bﬁk&mpnuﬁlﬁ obtained, NMR

4-
(2o s, o)t B Y i 0, 206 LD TA5558 B0 FAPRR 420 420 404
di a?]t Ier |( ggeg |S )c 8176,12.3% 246, RO?,HQBSSIﬂEaLBQrJJ m;re.lss-oaels anda.015)5; CMR Qmumﬂ-mtf
met , at e
(1 eanpLe 11 EDRRRS A%, 7L ‘Z iefs Tagaribho, g%@y?ﬁwm A28 wi th
benzal dehyde di ﬂr%&‘h}?&@eﬂ?lﬂ 68.0n81. 27@6476(151)7@9,|7|56|; 7310726 A3 591, 41.834.0,
catal ytic amoungsg8faed, 20/1usme el 99'302?1&'2@4559 J5B, 29 7926f§0i(98 383, $4.57 r ed

at LOSLert] O 5 9uE RS S she thet 15 o8, 857 S48, Yoh Has 21 Yoo, 1B, 1e,
136, 119, 106, 105, 91, 73, 59 and 43; HRMS (mv/z) calculated CyHggN, 0,581, +H,
= 878.4147, observed = 878.4140,
EXAMPLE 15A(H) 7-SDMS baccatin III 13-(2R,38)-8-amino-3-phenyl-2-
hydroxypropionate (VIII)

25 THF (12.6 ml) and DMF (1.4 ml) are mixed and cooled to -35°. The solvents
are degased by alternating reduced pressure and nitrogen three times. Thiophenol
(0.22 ml, 2.14 mmol) is added followed by potassium ¢-butoxide/THF (1.978 M, 0.7
ml, 1.38 mmol). After 5 min 7-SDMS baccatin III 13-(48,6R)-4-phenyl-8-(4-
nitrobenzenesulfonamido)-1,3-oxazolidine-5-carboxylic acid ester (VII, 877 mg, 0.762

30 mmol). After solids are added, the mixture is slowly warmed to the reaction
temperature of -10°. The mixture is stirred at -10° until the red color fades to
yellow. After 1.5 hr the bath is removed and the mixture is permitted to warm to
20-25°. At 20-25° the reaction is stirred for 10 min before assaying by TLC and
HPLC. At this point the cleavage is nearly complete (1.7% starting material by

35 HPLC) but an intermediate which needs to be hydrolized is present. To the mixture
is added sodium thiosulfate (744 mg, 7.15 mmol) with water (20 rl) in three equal
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MO 97/ 42167 PCT/ US97/ 05429
acet at e/ hexane, 30/70) shows two products: a major product with Rerr]=
0.43, and a mnor product with Rlerr] = 0.37. The resulting reaction
mxture i sSWRI74ESH with ethyl acetate (50 nl) and washed ROTVUSTRS2Y ( 50
m). The aqueous phase is extracted again with ethyl acetate (50 m). The
conbi ned organi c phases are dried over 5 magnesiumsulfate, filtered and
t he sol vent rperhnn@.dThelmhlr@dmmdptB&Qﬁ?&r lﬁ'rhrsbefmtassnﬁdzybxfﬂl@nﬁhe

chr onat ogr aphyixfsh béaid title
corrpoundg ¥ —E?L}fo?élM err err err = %0}‘9% E%/ésg)%
CHO [err]); P A' oi 1H)S Qawms 184 !12%5’3-?*1322%2- 1204,

1172, 1132 and 1107 cni er r bydmhfprogoshtbtiz) Dl\/BOd[err]) 8.20, 8.10, 7. 70

7.62, 7.43, 7.30, .7,.18,.6.70 10 00
DVBO- d[ err}) 168, §°““i’8é’”?"°i‘§*f‘ﬁgg?§75§'? Tebe ‘.‘f%f&rg“’[ﬁ@(ﬁlﬁa%é‘gz 128. 3,
1r2ﬂ7 ? 4& 7( K/[ SDMSbﬁ:caﬁﬁm5342&38)73—aﬁﬂo8rp}ﬂﬁyl?z-hﬁﬁoﬂrpﬂdpibdi& @&fierr] rvrls |
Z an
(91 HRVE (m ca cufw‘%)égn? 9‘&’[‘% T"f—’feg ]ONF’"”'I]e ePz‘]y [:hl? é(wllt]’—‘i?er rﬂL}
481. 0892, obmvlwmddqulm nnpmmetimapem]mox{mqe]xgerr] =
+43. 22 St 1315, 15
1212, [1§r7r2] (iﬁll gedq%mgéva 1%’1% and&idogk?l%ﬂjgrgé%ﬁm é%‘mrﬁ#e%%o dlerr])
8.39, 8.330 rombined and washedgvitiswatsr, syline and; gdmrr@zgsﬂmrsﬂfateovre (300

MHz, CDO [ e rGnrom&iBgiphit 66hE crite Dréduct Gitich. Ile%@mﬁn 2098501.00%%hyl aethies- S
128.3, 128.1, ,127.9, 127. 5, 82.4, 65.6

7 5.5, 122.
and 52. 4 [er gveshe fiflg som %M%é%‘a?féi‘h g8 tfi°7°‘° e%?é’? 310, 303, 282,
265, 224, 19EXAMPLENGB121:7-SUNS baccatih manaermasmbamnﬂmphenyl-z-

Cerr] H[err] Nerr]err] 9| 1. 0892, observed 481. 0898.
EXAVPLE 12C(S) (2S, 4S, 5R) ‘**%“M['S ‘°‘]r'1°tf-®(9 ant hr acenesul f onani do) - 5-

met hoxycad®onyl - 17'§QM%EG¥°¥*€HH&1§-I(2R»¥ ¥haminnid-phenyle2-hrdrorypropinmg e of
EXAVPLES 9A oyt MBKE 1682 mE, 0.6140hm 6@ gmmwpa/mts ﬁg&li&th‘i‘&i ¥ dopgoet hyl

(2R, 3S)-3-(9- anthrac nesulfonamd hen roxypro |onate (rr,
EXAMPLE | | C, foplmigs. Tg %‘ &fﬁf}w&ﬁﬁ‘ﬁ%%?#ﬁ%ﬁ

Ioge. 1115 ff%“"-";‘c“%‘“"é%%""ff ngté?“%‘*?:ggﬁﬁ”w% 1215,
) err

err 9. ff',’ n‘éﬁ g ltg wlf %nl};md

?(,:Dg[Q [e]r Z B0 OWe c(l'm phase lmd[terﬁr }nﬁgnsmsum ﬂte!qd?.ﬂlelaolmﬁrefnwgdal 3,

130.7, 120.0, PREEYN R
127. 2. 125. 4, “f%’gﬁma éﬁﬁ e g yhafictis phiified by sy err] mrz) 524

(Merr]+1), Hailicg aﬁleetbql)aceﬁs%exmﬂoﬁﬂﬂ) to give the @ﬂe EQ‘BPWPF‘BM‘% 00 105 and
91, HRVE (Il Z2NHe 0Dl p8.04, 187 75k .37 4B R.34-F 95 ,56.96, 939 608 5B, £10,
524. 1531, obsggy 3%2 4?3 0£8%2, 3.50, 2.34, 2.28, 2.23, 2.08, 1.95, 1.82, 1.70, 161, L.19-
25 1.08, 0.83-0.69 and 0.02-0.00 5; CMR (300 MHz, CDCl;) 202.4, 173.3, 171.3, 170.0,
167.8, 167.7, 140.5, 1388, 134.8, 134.5, 132.7, 131.0, 130.0, 129.8,129.5,129.1, 127.9,
85.0, 82.1, 79.5, 75.9_,.?:5.5, 74.0, 713.2, 61.5, 59.4, 55.7 47.5, 44.0, 38.3, 36.0, 29.9,
29.1, 29.0, 28.8, 27.5,23.8, 28.5, 21.7, 20.9, 15.1, 15.0, 10.9, 8.6, 0.0 and -2.4 §; MS
(m/z) 982 (M*+1) 698, ;5697, 637, 372, 286, 268, 240, 210, 149, 133, 122, 106, 105, 73,
30 59 and 43; HRMS (m/z) calculated Cg Hg,N,04,8Si; +H, = 982.4409, observed =
982.4428. _
EXAMPLE 16A(H) 7-SDMS baccatin III 13-(2R,3S)-3-benzamido-3-phenyl-2-
hydroxypropionate (IX)
Potassium carbonate (1.15 g, 8.32 mmol) is added to 7-SDMS baccatin III 13-
35 (2R,3S5)-3-amino-3-phenyl-2-hydroxypropionate (VIII, EXAMPLE 15A(H)). The
resulting mixture is méled to 0° and then benzoyl chloride (150 ml, 1.3 mmol) is
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EXAMPLE 12C(R): (2R 4S, 5R) -2, 4-di phenyl - 3- (9- ant hr acenesul f onam do) - 5-

‘met hoxycar bonyl -1, 3-oxazolidine (I1l1) 35 A suspensi on of nethyl

(2R, 39) - 3- (9-ant hr acenesul f onami do) - 3- phenyl - 2- hydr oxypr opi onate (11,
EXAVPLE 11C, WB9T421670. 1 ol ) in dry toluene (1 nl) is 32 PCHPFY 9167
PCT/ US97/ 05429 treated with benzal dehyde di methyl acetal (45 [err]l, 0.3
nmml) in the presence of a cat alét I ¢ _amount of Eyrl di ni um t ol uenesul fonate

(2.5 ny, 0.01 nnéde)i aﬁmrslthrrtheaf nzgyl prefuet is efl. pFhasregetiongpixure is
i nch/ mercury fog andb c%e&ﬁithhﬂ@w&katw trhe Brghnié Phodeds P
attached; acetonltr 65/ 35, ov‘vqé‘g_l/m n and Y 254 6 nm showed
the fi nal produé‘PPa( 2” F‘EY”@ht‘YW £ eﬁ1°ﬁ%’)m%ﬁﬁs‘flﬁ’e°“ef§ '

di asteriome 8 (3@%md dwgﬁaﬁmyhemch igalecohufni) emyllshetaﬁm% as100%% agﬂraeaaw)gi(ve%
m xture is diJute th et with water (1
m). The aque‘{n Hﬁ%&“ﬁ‘%“@ t ﬁégt‘ '\%H"P(a’n?%‘ Cétate (10 m). The
conbi ned or gani Wl‘% dri é‘dxd\ﬂﬁ) rragne5| um sul fat e filtered and the
sol vent is renoved up f dnyfs el
col utm chr omat ogra h acet at e/ xgﬁ%‘;&fﬁg&aﬂl vVes k%pi&gteg
conmpound, np = ﬁ)@l@m&i%ﬂmiﬂﬁsdl%bﬂiwmn itgleA2.5mls 1158,
1146, 1116, 110 Yoy Mgaugmf,], WR (300
Mz, DO [err]) 9 395?86 67{9 e oﬁﬁﬂaﬁa 7.07 .
6 67651, - 610) the pesbltpe mivtugs i gtirgedat n&nélepwv?% Y Zv?éwmete
CDCl[err]) 170. Quixtudd 1s1extfh8lﬁd3v1thlﬁeﬂ:3rBBbﬁyleﬂlﬂ£ afid whaliedSwithl sbidivin bicafboRate

B (i z) 524 (NPRFPp:1FRe Bopssilomabge are ok Sufapecd il contpla B8 1 gl |

193, 178, 165, kbaseriEhedpmbiseiorganiczphases we weashed with water and saline, dried over
err]Herr] Ner r
(E:[XAI\/P}_E[ I 3A] [ (‘%@%&g] ﬁ[fﬁd’e hﬁeﬁﬁ%ﬁ% %ce?é nit r%beﬂ%%églﬁ%gnam do) -'5- 20

car boxy- 1, 3- é&aﬂa%‘&w&w 9. nethanol (8 m) and THF (8 m )
are added to (2ExKMPEE18. 4- 48, 5R)-4-Pheny]-3-(4-n1trohenzenesu1fonamido)-5—

di phenyl - 3- (4-ni trobenzenesul f onam do) - gié t hox ar onyl -1, 3- oxazol i di ne
(111, EXAMPLE 12A, 1.50 g 3.1 *F‘ﬂ?f?“ bONate (1.018 g, 7.71

ol ) is then added. Metkyl I(ER.QS)t-phegylmomm #5781 g,rmmeZGQ@vﬂnpm il
conpl ete by TLC.y e%‘ﬁ ﬁr%t&f with Gat&a8 fdrfhAideRyde QTIPS ME 331! e TRIFGE' ON

m xture is extrac
20 removed on the rotary evaporator to azeotrope out the water. This is repeated with

an additional 756 ml of THF. Toluene is then added (about 100 ml) and this also
removed under reduced presure. Pyridine (50 ml) is then added and the majority
removed. Pyridine (40 mi) is then added and the mixture cooled to -13°. 4-
nitrophenylsulfonylchloride (9.5 g, 43.0 mmol) is then added which resuites in a

25 temperature rise to -2°. The reaction mixture is recooled and stirred for 1.5 hr and
then warmed fo 20-25° and stirred for 4 hr. Water (50 mL) is added slowly and
then the product is isolated by filtration and dried to give the title compound, mp =

160-162°.
EXAMPLE 19 (48,5R)-4-Phenyl-5-methoxycarbonyl-1,3-oxazolidine (XI)
30 - To a mixture of methy! (2R,38)-phenylisoserinate (1, 1.0 g) in THF (50 mL) is

added aqueous formaldehyde solution (37%, 0.47 mL). The mixture becomes
homogeneous after a few minutes. The THF is removed under reduced presure to
azeotrope out the water. Additional THF (50 mL) is then added and the mixture is
again concentrated. The concentrate is dried under reduced pressure. Both the

35 proton and carbon NMR show the formation of two products in about a 2:1 ratio.
The title compound is CMR (CDCla) 171.8, 139.3, 128.6, 127.8, 126.8, 88.7, 82.0, 68.6
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met hyl ene chloride (2 x). The aqueous phase is then acidified with

hydrochl oric acid and extracted wth ethyl acetate. The ethyl acetate phase
is then washed with water, saline and dried over magnesi ui msul fate.
Concent r at I W@ 94216he or gani ¢ phase (ethyl acetate) gives POWUSYHOS429
conpound, np = 61-65[err]. 30 EXAMPLE 13B (2R, 4S,5R) - and

(2S, 4S,5R) - 2, 4- di phenyl - 3- '

benzot hi azol esnd 525h&m do- 5- car boxy- 1, 3-oxazol idine (IV, diasterioneric

m xture of R pRgvBreiwst er | @BRS2Shidreb-hidihts-BRehfProplonfc2RatBreR) - and

s o 2 RNt 4o oy e aropious ST o ATk EKAMFLEshp
12B, 35 100 Mg,ﬁﬁWMBY&HMM%M“ﬁMMABIMI)QIm otz Mat ed
hr. The. roBul PRng pepfass buRed oo 1), g Heacton Bixtire 1o hifved vighroutly sk o
PCT/ US97/ 054 2fer ﬁdaya (e convetajoneis nonttotedtbyHRLC (nustebsil c-Q,&Eoluin)x and washed
wi th ethyl [

v ochl or i o SerprAdyatt sty ind 4R AT o nbey Bl AR Ol pdtc, o
m). The conb@eﬁé%omjwti@ m%@% m@ agd K@W)é«é%‘?ﬁagm@mmm 9 gnins). The
filtered, and I RE5E t he
title corrpounlt.jers R) - 64. 66 [err err|] = +47 %eé;&@]lﬁtoqm/ﬁz 61,
CHC [err])i0 m‘kvv&%@rmﬁrﬁlﬁ%@ @ ']i}r e combined argessc  arg37,
1211, 1171, lgxifhcteBhith adieéhs po%ﬁh%ﬁmami-b&ﬁ%e CI0P% 25 Inil) W%ﬁéﬂz\mﬁ@@)

8.19, 7.92. 7 6/ 5.66, 5.83 and err]:
(300 Mz, MeOBf ‘7%@9" 26, gug oreh °’gf§‘§ P"”‘ﬁ?é’“fd OyéF magnesiym ?“'3’1‘{"1 130. 7
130. 0, 129. 8, cah@entfated aadep ,redmei Pressi@6 tgivd R Bmabiingthreslisemensd The 68. 7

VB rﬂ 212, 194,
[1§r2r] 121 agld %‘?Xs‘i’g car at e&ag’géh@ggﬁl edr rf’i [err] S[ err]
+H err] = We7hyirochlorigpsid = @@?00%92&% acidigsmixtupg,is Oﬁ'ﬁ

[[err]][err] acetatd (50 MI&PR). meor@nﬁmas}@drﬁarompmh e@nmxﬂﬁilﬁbeﬂid') 3064
3034, 1763, 1401, 137; %%13 1 1173,. 1086, 077 .and 700 fyrlg%glr
go CVR (300

(300 MHz, MeCPSpogntsss reduc P"F’W tg;8i79 thetrude product. An ana
VHz , I\/ECD) 153ﬁpleﬁprlaﬁ¢e@by téetystigllidatibnD Tha dfude a@me:z&,mpa@?sso‘nw 9,

1297, 125, o in b6 bt 8o 2 rp it il i ke 7 525” ’
121 and 1020 pemwitingrmixture is qopled te0” for drhriampidiltered torgivecthe title cpmpound, mpy 1 | =
467.0735, obsegrggado; (@8, Q43B6° (c = 1.48, methanol) and -3.9° (¢ = 1.5, chloroform); NMR

(300 MHz, CDCly) 7.42-7.39, 5.28 and 4.58 §; MS (m/z) 200 (M+), 165, 147, 129, 119,

107, 91, 79, 65 and 51; HRMS calculated for CgHgO3Cl = 200.0240, observed =

200.0240.
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EXAMPLE 13C

(2S, 4S, 5R) - 2, 4-di phenyl - 3- (9-ant hr acenesul f onam do) - 5- car boxy- 20

1, 3- oxazol i di %H%L%% Fol | owi ng the general procedure of EXAMPLES 13A and
13B and naking’ Ji#2%7i ti ci cal variations but starting with PCI/US705429

(2R, 4S, 5R) - 2, 4- di phenyl - 3-(9-

ant hr acenesul f onam do) - 5- net hoxycar bonyl - 1, 3-oxdzolidine {I11-R EXAVWPLE
9C(R), 210 ny, 0.4 mmol), the title conpddBABLA obt ai ned, NVR (300 Mz,
cbA 3) 9.19, 25 8.50, 7.89, 7.52-7.45, 7.16-7.08, 7.00, 6.65, 5.61 and
4.88 8; CMR (300 MHz, CDCl[err]) 138.4, 137.1,135.7, 131.3, 130.7, 129.1,
128.9, 128.8,128.2, 127.9, 127.3, 127.1, 1RH, 2% 125.0, 93.3, 82.3 and 64.5
[err]; M5 (mlz) 509 (Merr]), 194, 178, 176, 1p1, 105, 89, 76 and 64.
EXAMPLE 14A g 7-SDMS baccatin 111 13- £RRAS, 3R)- and (2S, 4S,5R) -2, 4- 30
di phenyl - 3- (4- ni t robenzenesul f onani ddjf- 1j[3- oxazolokdi ne-5- car boxyl i ¢ adPd
ester (VI1) : .
(2S,4S, 6R) -2, 4-Di phenyl-3-(4-nitrobenzenesul?ﬂnanido)-5-carboxy-1f3-
oxazolidine (1V, EXAVWPLE 13A, 323 ny, 0.711|nnn|) is mxed with tol uene

(2.5 M) at 20-25[err]. DDC (160 nmg, 0.775 |) is then added to the
reaction mxture. 35 7SDMS Baccatin Ikl (W, 156 ng, 0.218 nmol) is added
followed by fMAP (35 ng, 0.286 mmol) a elxthg/'f"ebaction m xture is stirred at
20-25 until conplete (1 hr) by 34 Wo 9782421
PCT/ US97/ 05429 TLC. Sodi um bi car bonate ; ¥eous, 10 nml) and nore
toluene (5 mM) is added to the react i xtare then stirred at
20-25[err] for 2 hrs. The reaction #e id filtered through a nedi Ulfit
to remove the urea byproduct. After filterin§Hhe phases are separated and
t he agueous phase is extracted with ethyl acetate. The 5 conbined organic
phases are hed wi t h aqueous sodi um bi carbonate (50%, water and sali ne.
The organi ¢ phases are dried over magnesi unjsul fate, filtered and then
concentrated. The concentrate is purified by colum chromatograpy (silica
gel; eluting wth ethyl acetate/cycl ohexan 20/80) to give the title
conpound, Rf 0.3 (ethyl acetate/cycl ohexane, 30/70). 10 EXAMPLE 14B

7-SDMB baccatin 111 135(2R, 4S,5R)- and (2S,,4S, 5R) - 2, 4-
diphenyl-3-benzothiazo|esulfonaniquQLB-OKaé?lidine-5-
2 ~
0 . N 0
'\64 o (I
|
OX,
25

X
X, 12
30 . N/l\O
¥ "
]
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car boxylic acid ester (VI I) A suspension of (2R 4S,5R) - and

(2S, 4S,5R) - 2, 4- di phenyl -

benzot hi azol esul f onani do 5 car boxy-1, 3-oxazolidine (1V, EXAMPLE 13B, (269
my, 15 0.5¥M¥F¥7and 7- SDVBBac(l11) (107 ng, 0.15 ol ) rcinisoesene (2 ™M)
is added DVAP (8 ng, 0.06 mmol) and DCC (105 ng, 0.51 mml) and stirred at
25[err] for 4 hr. To the reaction mxture water (10 m) is added and the
product extracted with ethyl acetate (10 mi x 3). The conbi ned organic
phases are dried over magnesi um sul f at Wered, and the solvent is
renoved under reduced pressure. Purificatl by colum 20 chromat ogr aphy
(silica gel; ethyl acetate/henxane, (20/80)) gives the title conmpound as a
di asteriomer mxture of (2R)- and (2S)-, NWR (500 MHz, CDCl[err]) 8.16,
8.03, 7.77,57.60, 7.60-7.45, 7.25, 7.15. "’970 @ 33, 615 5.90, 5.63,
4.80, 4.79,° 4.31, 4.21, 4.09, 3.72, R.61 .08 [err]; CMVR (500
MHz, CDCl[err]) 201.6, 169.7, 169.1g 169 H 667 152.0, 140.0,
137.5, 136.6, 134.6, 133.7, 130. 1,Hém". P68 25 128.8, 128.7,
128.6, 128.1, 128.0, 127.4, 127.2 / . 84.2, 83.4, 8Os,
79.1, 76.3, 75.0, 74.9, 724 72. 2, Ry 63 49.2, 46.8, 43.2,
37.4, 35.4, 33.9, 29.7, 28.3, 26.4, 25;-&)249 20. 9, 14.0 and 10. 2
[err]; M5 z) 1163 (l\/[err]+1) 966, 679, 637, 7 303, 268, 224, 194,

. 119, 105, 1, 73, 59 and 43; HRVMSB (nfz) cal cupatef for

Cerr]Herr] N[err] err]S[err]Si[err]+His 1883. 465, observed = 1163. 4043.
30 EXAMPLE 14C 7- SDMS baccatin |11 2R, 4%, 5R) - and (2S,4S,5R) -2, 4-
di phenyl - 3- (9- ant hr acenesul f onam do) - 1 gxazol i di ne-5- carboxylic acid
(M) Follow ng the general procedure of EXAMPLES 11A and 11B and neki ng
non-critical variations but starting with (2S4S, 5R) -2, 4-di phenyl -3-(9- 35
ant hr acene%ul f onam do) - car boxy-1, 3-oxazolidine (I1V, EXAMPLE 13C, 185 ngy,

0. 36 rrm)l) and 7-SDVvsBac(I111) (93 ng, 0.1B nmol), the title compound is
obt ai ned, 35 WO 97/ 42167

PCT/ US97/ 05429 NMVR (300 MHz, CDCl[err]) 8§99, 8.29, 7.93, 7.72, 7.48,
7.36-7.29, 7.07, 6.99-6.93, 6.85, 6.48, 6738, 6.19, 5.80, 5.50, 4.80, 4.73,
4.31, 4.13, 4.02, 3.73 and 3.46 [err]; CMR (500 MHz, CDCl[err]) 202.7,
170.8, 170.3, 170.0, 167.9, 139.1, 138.3, 136.4, 134.5, 132.2, 131.6,130.9,
130. 1, 1302.00, 129.8, 129.5, 129.2, 129.0, 128.5, 128.3, 128.2, 126.0, 85.1,

Hse R
Rz

25 (o) 1)
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5 83.4, 81.6, 80.0, 76.8, 73.0, 72.8, 65.7, 59.3, 50.1, 47.6, 44.2, 34.7,
29.2, 29.1, 28.8, 27.4, 26.4, 25.8, 23.9, 22.6, 22.0, 21.8, 21.0, 20.8,
11.0, 9.7, O.Q‘,@gﬁé.z [err]; M5 (mz) 1206 (Merr]+1), 966, 464, 346,
296, 268, 241, 4‘, 09, 193, 177, 121, 106, 91, 73, 69 and PI/USKRNAR29 nT z)
calculated CJerr]l]Herr]Nerr]Qerr]S[err]Si[err] +Herr] = 1206. 4705,
observed = 1206.4681. 10 EXAMPLE 15A 7- SDMS baccatin |11

13- (2R, 3S) - 3- am no- 3- phenyl - 2- hydroxypropionate (VMIl1l) THF (13.5 nl) and
DVF (1.5 m) are cooled to -35[err] and dgpgeed by alternating reduced
pressure and nitrogen three tinmes. Thiophenol (0.22 m, 2.14 mvol) is added
foll owed by potassium butoxide/ THF (1.978 M 0.7 m, 1.38 mmol). 15 After
5 mnutes, 7-SDMB baccatin Il 13-(2R 4S, SRQ(- and

(2S,4S, 5R) - 2, 8- di phenyl - 3- X, 2

(4-ni trobenzenesul f onam do) - 1, 3- oxazol i o “elﬁ-car boxylic acid ester (VII,
EXAMPLE 14A, 877 ng, 0.762 nmmol) is added.y Affer the solids are added, the
reaction mxture is slowy warned to -10. ¢ m'xtélre is stirred at j('RJ')
until the red color fades to yellow. Ar 3 Mg#Phe bath is dropped
allowing the mxture to warmto 20-2%ke ]. At |20 20-25[err] 1the reaction
is stirred for 1 hr before assaying by TLC andgdPLC. Sodium bisulfite (241
mg, 2.31 nmojg is added in water (5m ). The m xture is stirred at 20-
25[err] and after approximately 115 hr the reaction is conplete (by TLC)
giving the free amne title conpound, R err] = 0.10 (ethyl

acet at e/ cycl ohexanes, 75/25). EXAMPLE 15B 7- SDVMS baccatin |11

13- (2R, 3S) - 3- am no- 3- phenyl -2- 25 hydr oxypr opi onat e
(M11) A solution of 7-SDM5 baccatin Il 13*%(2R 4S,5R)- and

(2S, 4S, 5R) - 2, 4- di phenyl -

3-benzot hi azgy esul f onam do- 1, 3- oxazol i di ne_5-carboxylic acid ester (VII,
EXAMPLE 14B, 80 ng, 0.069 nmol) in DVF (1. ?ﬁ) i s degassed under house
vacuum for 30 mins with stirring. To this m xture is added thi ophenol (32
[err]l, 0.3 nmmol) and 30 Hunigs base (87 [err]l, 0.5 mol). The m xture is
stirred under a N2 atnosphere at 50- 55[errfy for 12 hr. The reaction

m xture is quenched with water (10 nl) and pxtracted with ethyl acetate (25
m ). The organic phase is back washed with ter (5 mM x 3) and then
treated wt hghydrochloric acid (5% 3 m). The resulting organic solution
is washed. again with water (5 m) and dried over magnesium sul fate. After
filtering 35 and concentrating der reduced pressure (with heat) to
dryness, the residue is pufifiedj®y columm chronatography (silica gel;
met hanol / di chl or onet hane (1)3°/R|¥Ltc9 36 R

““ \c//o
25 : S~ O;lllo

)

(Vi)
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WD 97/ 42167 PCT/ US97/ 05429
give the title corrpound NVR (300 WHz, CDCl[err]) 7.98, 7.54, 7.41, 7. 30,
7.18, 6.32, 6.03 56, 4.82, 4.29, 4.20, 4.04, 3.70, 2.37, 2.15, 2.08,
1.95 1.72. P’fwﬁ‘l 12, 0.83- 0.69 and 0.015 [err]; OMR ( 3RGndrmpsszs
CDCl[err]) 202.5, 173. 7 171.0, 170.0, 167.8, 142. 3 141.0, 134.5, 130 9,
130.1, 129.5, 129.4, 128. 9, 127.7, 85.0, 81.8, 79.6, 76.5, 75.9, 75.6, 5
73.1, 72.0, 59.3, 59.1, 47.5, 44.0, 38.3, 36.0, 29.1, 29.0, 28.7, 28.3,
27.4, 23.8, 23.6, 23.3, 21.7, 20.9, 20%23, 10.9, 9.6, 0.0 and -2.4
[err]; M5 (mz) 878 (Merr]+1l) 698, 697, 637, 343, 213, 182, 165, 149,
136, 119, 106, 105, 91, 73, 59 and 43; HRMS (nfz) cal cul ated
Cerr]Herr]Nerr]Jerr]Si [err]x +H err] = 878.4147, observed = 878. 4140.
EXAVPLE 15G 7- SDMS ba¥gatin’fll 13- (2R, 3S)- 3-ani no- 3- phenyl-2- 10

hydr oxypropl onate (VI1) Fol™ the general Mwocedure of EXAMPLEs 15A and
15B and maki ng non-critical tions, bua"st|

111 13- (2R 4S, 6R)- and N\ o M
(2S, 4S, 5R) - 2, 4- di phenyl - Fant htgenRgo
ylic acid (VI1, EXAMPLE 30 mg\eo»s» ¥€ conpound i s
obt ai ned, NWR 15 (300 MHz,”CDCl [err]) v 7.30, 7.18, 6.32,
6. 03, 55310482 4.29, 4.20, 4.04, 3. 2! .8, 1.95, 1.72,
1.59, 1.12 0.83-0.69 and 0.015 [err]; cuvﬁ'O(soo NHzg CBEtQ[err]) 202.5,
173.7, 171.0, 170.0, 167.8, 142.3, 141.0, 134.5, Q30)97 130.1, 129.5,
129.4, 128.9, 127.7, 85.0, 81.8, 79.6, 76.5_ 75/, 7H.6, 73.1, 72.0, 59.3,
59.1, 47.5, 44.0, 38.3, 36.0, 29.1, 29.0, LB 27.4, 23.8, 23.6,
23.3, 21.7, 20.9, 20.8, 15.3, 10.9, 20 9. 0 and - -2.4 [err]; M5 (mz)
878 (Iv[err]+1) 698, 697, 638, 637, 343, 2¥8, 182, 165, 149, 136, 119, 106,
105, 91, 7 59 and 43; HRMS (m z) cal cul at ed

Cerr]H er N[err]qerr]Sl [err] +H = 878. 4147, observed = 878.4140. EXAMPLE
15A(H) 7-SDMS baccatin 111 13-(2R, 3S)-3-am no- 3- phenyl - 2-

hydpr oxypropi onate (VII1) 25 THF (12.6 mM) and DVF (1.4 m) are m xed
and cooled to -35. The solvents are degaspd by alternating reduced pressure
and nitrogen three tines. Thiophenol (0.2 m, 2.14 mmol) is added foll owed
by potassiumt-butoxide/ THF (1.978 M 0., 1.38 nmol). After 5 mn

7- SDMB baccatin |11 13-(4S, 5R)-4-phenyl - 3- (4-

ni tr obenzétiesul f onam do) - 1, 3- oxazol i di ne-5-carboxylic acid ester (VII, 877
mg, 0.762 30 nmol). After solids are added, timg, m xture is slowy war med t o
the reaction tenperature of 1ﬁﬁer6] Theﬂmx urg,®s stirred at -10 until
the red color fades to HaC,

R Ry (VIID

25
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yellow. After 1.5 hr the bath is renoved and the mxture is permtted to
warmto 20-25[err]. At 20-25[err] the reaction is stirred for 10 mn before
assayi ng by Tifg LPLC. At this point the cleavage is nearly conplete

(1. 7% starting naterial by 35 HPLC) but an internmediate whirdT/wssosazd 0 be
hydrolized is present. To the m xture is added sodiumthiosul fate (744 ng,
7.15 mmol) with water (20 mM) in three equal 37° W07/ 42167

PCT/ US97/ 05429 portions. The m xture is stirred at 20-25[err] for 15 hrs
bef ore assaying by TLC. The m xture CHART DS dohRgndedee amne (R err] = 0.10
in ethyl acetate/cycl ohexanes, 5/25)). EXAVPLE 16A 7- SDMS baccatin I

13- (2R, 3S) - 3- benzam do- 3- phenyl - 2- hydroxypropionate (I X) 5 Sodi um
bi carbonate (485 ng, 5.77 mmol) and water (30 nm) are added to 7- SDVS
baccatin 111 &3-(2R, 3S)- 3-am no- 3- phenyl - 2- ydr oxypr opi onate (VII11, EXAVPLE
16A). The mxture is cooled to O[err] and tRen benzoyl chloride (150 nl,
1.3 mol) is added. After 1 hr the reaction¥is conplete and the reaction
mxture is diluted with water_and extracted with ethyl acetate. The organic
phases are 10 conbi ned and ma%hed with water, i

sahbnegand dried over
magnesi um sul f at e. Chronatography of Ot he ct (silica gel colum;

20% to 100% et hyl aetate gives the t tIeR c”a(h46 (ethy

acet at e/ cyclghexanes, 1/1) APk 12 <[ LR |

13{ 2R, 3S) - 3- benzani do- 3- ph 2. Bydr 095'/ » 7- SDVB
baccatin m 13- (2R, 3S)-3-am™ phaay! - 2-hy drgfyr o pHess (M1, EXAgR E
15B, 12 ng, 0.014 nmmol) in THF/ water (1/1, -|§*S\|r ed at 20-2 ?or

5 mns. To this nmixture is added sodi um bi car bonat ¢ 0.15 mmol) and
benzoyl chloride (4 [err]l, 0.03 mmol) and stirred for 30 mins. The
resulting reaction mxture is diluted with e icet e (10 mM) and washed
with water (1 mM ). 20 The organi c phase i $ ed ¥ger magnesi um sul f at e,
filtered, the solvent renoved under reduceé gssure and the product is
purified by colum chromatography (silica gel; ethyl acetate/hexane
(10-30% ) to give the title conmpound, NMR (300 MHz, CDCl[err]) 8.04, 7.67,
7.52, 7.43-7.48, 7.34-7.25, 6.96, 6.30, 6.08, 5.72, 4.83, 4.70, 4.29, 4.22,
4.10, 4.04, 3.72, 3.50, 2.34, 2.28, 2.23, 2.08, 1.95, 1.82, 1.70, 1.61,
1.19-

20

25

30

35
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25 1.08, 0.83-0.69 and 0.02-0.00 [err]; CWVWR (300 MHz, CDCl[err]) 202.4,
173.3, 171.3, 170.0, 167.8, 167.7, 140.5, 138.8, 134.8, 134.5, 132.7,
131.0, 130.0, 129.8,129.5,129.1, 127.9, 85.0, 82.1, 79.5, 75.9, 75.5, 74.0,
73.2, 61.5WO8TM16E5 7 47 .5 44.0, 38.3, 36.0, 29.9, 29.1pcRRsOnosdd. S,
27.5, 23.8, 23.5, 21.7, 20.9, 15.1, 15.0, 10.9, 9.6, 0.0 and -2.4 6; M
(mz) 982 (Merr]+1) 698,697, 637, 372, 286, 268, 240, 210, 149, 133, 122,
106, 105, 73, 30 59 and 43; HRMS (nfz) calcul ated
CerrJHerr]Nerr]derr]Si[err] +Herr] = 982.4409, observed 982. 4428.
EXAMPLE 16A(H) 7-SDMS baccatin |11 13-(2R, 3S)-3-benzam do- 3- phenyl - 2-
hydr oxypr opi onate (I X) Potassiun1carboﬁé68141.15 g, 8.32 mol) is added to
7- SDM5S baccatin Il 13- 35 (2R, 3S)-3-am no- 3- phenyl - 2- hydr oxypr opi onat e
(VIT1, EXAWPLE 15A(H)). The resulting m xture is cooled to O[err] and then
benzoyl chloride (150 M, 1.3 mol) is 38 W97/ 42167

PCT/ US97/ 05429 added. After 1 hr the N behzoyl product is produced. The
reaction mxture is diluted with water extracted with ethyl acetate.
The organi c phase is separated, washedNi t wat er, saline and dried over
magnesi um sul f at e. Chr omat ogr aphy AT el colum; ethyl acetateggpO%to
100% et hyl acetate) gives 5 the t | conp #8 Rlerr] = 0.46 (ethyl
acetate/c 8Iohexane, 1/1). EXAMPLE 8l (X) 7-SDMS Baccatin ||
13- (2R, 3S)'*'3- benzam do- 3- phenyl - 2- hydr oxypr opi onate (IX), EXAMPLE 16,
126ng, 0.128mmol) is dissolved in acetonitrile (2.5 m). Triethylam ne
trihydrofluoride (128 ng, 0.763 nmol) is added under nitrogen and 10 the
resulting mxture is stirred at 50[err] until conplete by HPLC. Wen
conplete, the mxture is extracted with nmethyl t-butylether and washed wth
sodi um bi carbonat e sol uti on. The aquesous washes are back extracted and
conbi ned with the organi c phase. The conbi ned organi ¢ phases are washed
with wated®and saline, dried over magnesi um sul fate, filtered and
concentrated to give the title conpound, TLC Rlerr]= 15 0.39 (ethyl

acet at e/ cycl ohexane, 75/25). EXAVPLE 18

(4S, 5R) - 4- Phenyl - 3- (4-ni trobenzenesul f onam do) - 5-

met hoxycar bonyl -1, 3- oxazolidine (I111)
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Met hyl (2R, 3S)-phenylisoserinate (1, 7.97 g, 40.8 mmole) is disolved in THF
(100 nl) and treated with aqueous formal dehyde (11.55 M 3.5 nm). The THF
is 20 rem)veqv(%l“é&g rotary evaporator to azeotrope out the water. This is
repeated with an L4 i onal 75 nl of THF. Tol uene is then adeerivsoasns 100
m) and this also renoved under reduced presure. Pyridine (50 m) is then
added.- and the majority renoved. Pyridine {40 mg is then added and the

m xture cooled to -13[err]. 4- nitropheny ylchloride (9.5 g, 43.0
nol ) is then added which resultes in a tenperature rise to -2[err].

The reaction mxture is recool ed and stlired for @ 5 hr and then warmed to
20-25[err] and stirred for 4 hr. 0 n) i added slowy and then the

product is isolated by filtrati o . c-ed-¢;.p_g.| ge__tbq(tl tle conmpoundp
= 160-162. EXAMPLE 19 l
(4S, 5R) 4- Phenyl - 5- net hoxycar bonyl - 1, 3- oxazolti di ne (XI ) 30 To a

m xture of nethyl (2R, 3S)-phenyllsoser| nate @1, 1.0 g) in THF (50 nL) is
added aqueous formal dehyde solution (37% 0.47 nL). The m xture becones
honogeneous after a few mnutes. The THF is §renoved under reduced presure
to azeotrope out the water. Additional THF (J50 nL) is then added and the

m xture is again concentrated. The concentrgte is dried under reduced
pressure. Bogs the 35 proton and carbon NMg show the formation of two
products in about a 2:1 ratio. The title conmpound is CVR (CDCl [err]) 171.8,
139.3, 128.6, 12794.8, 126.8, 86.7, 82.0,.68.6 39 V\097/42167__

PCT/ US97/ 05429 and 52.3 [err]. EMWLE?E

(2S, 3R) - 2- Chl or 0-}3- hydr oxy- 3- phef rop oni ¢ aci (“(CIV) () Et hyI

2- chl or o- 3- hydr oqy- 3- phenyl pr o Gre—CGr ++ OYAMPLE 1, 5.6 @24
mol , erythro/thrjeo = 14:3) Is i bated wi tth |i pase MAP-10 (1 g) in 0.2 M
5 pH = 7.0 pjpspljate buffer (100 m ). The regction mxture is stifred
vigorously at 25[jerr] for 6 days. The converSion is nonitored by HPLC

(nucl eosil c-18 golumm, acetonitrile/water, 30/70, flow 2 m/mn pnd W 207
nm and shows (Cljl) and (C11) (60-65% retentlon time 10.9 mns)jand (CV)
(40-35% retentign tinme 1.0 mns). The resul"tlng reaction mxture]lis
acidified with hydrochloric acid (5% 15 m) to pH < 2 10 and exfracted

wi th ethyl acetatﬂe (50 M x 3). The corrbl ned organlc extracts are

® I
- @—én-——pu—— c—o0X, (I
o T
25
OH Te)
Ob—at .
CH=——CH~— ¢ — OH
i
% - cl
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extracted wi th aqueous potassium carbonate (10% 25 m) and then washed
with water (25 nl x 2). The organic phase is dried over nagnesium sulfate
and concentrated under reduced pressure to give the renmaining three

i soners. Th&Q¥MI6led aqueous solution is washed with et hepct/géhrihas and
acidified wwth 15 hydrochloric acid (10% 50 m) to pH < 2. The acidic
mxture is extracted with ethyl acetate (50 nm x 2). The organic phase is
dried over magnesi um sul fate and cdZIEART Fat@uhtinneler reduced pressure to

gi ve the crude product. An analytical sanple is prepared by

recrystal lization. The crude acid (6.9Hg, np = ©6-80[err]) is dissolved in
hot chloroform (35 m). To this—q xtu'e heptanef|(10 m ) is added. The 20
resulting mxture is cool ed t ohyo— el d f tered to glveg%
title corrpogmd np = 98- 100[ er [[err]][ rr] = [err] (c = 5,

met hanol ) and -3.9 (¢ = 1.5, chl oroforn) VR (300 M—lz, CDCl [err])

7.42-7.39, 5.28 and 4.58 [err]; M5 (mz) 280 (M), 165, 147, 129, 119, 107,
91, 79, 65 and 51; HRMS calculated for (Jerr]Herr]gerr]d = 200. 0240,
observed = 200. 0240. 25 40 WO 97/ 42167

PCT/ US97/ 05429 [err] -41- WD 97/ 42167 HCT/ US97/ 05429 [err] 15 20 30 -42-

10 o

K
-
-

C. (CVD)
@ \ €0 — ox,

15
@—cu CH— CO — NH, (CVID)
-
.l
25 @—cu CH— CO — OX, ®

oll'l'l
I

30
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WO 97/ 42167 PCT/ US97/ 05429
[err] 43- W) 97/ 42167

PCT/ US97/ 05423,0[9@%7 WO 97/ 42167 [err]
PCT/ US97/ 0542 ' 97/ 42167 PCT/ US97/ 05429 [err] WO 97 /PLTABT /05429
PCT/ US97/ 05429 [err] 47- WO 97/ 42167
PCT/ US97/ 05429 Jerr] -48-
Lerr] CHAET G
NH,*
g
5 -_\ IC co () X, (CCh
H
10
Xg-NH
7\ :
__ Ic CO— 0—X, (CCII)
H
15
Xy"NH ll-i
Q—C——C——CE N (CCIID)
20 ’ §
H OH :
25
+
Xg"NH T NH,
Ottdie, e
30 ) H olH
am
35
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\IggT?LYJ/Sg%/lgg4ggT/CIL_J§?K/{SO?422 [Sﬁ[);][ I tut \é\g 251/ ﬁ(z)lg7phenyl (2R, 3S)”"uluu1"|“lut"l||" l“l
of formula (11) [err]-CH(NHX[err])-CH(OH)-CO O X[ err] et oS

(I'1) wherew@ewazléris: 5 (1) derr]-derr] alkyl, (BrnSsesss Clerr]
cycloal kyl, (3) -CHerr]-[err] where the -[err] is optlonally substituted
with 1 or 2 (a) -OXerr] where Xerr] is CJerr]-Cferr] alkyl, (b) -F,

-Cl, -Br, -1; 10 where Xerr] is -SO cECkpAIMBerr] where X[err] is: (1)

4-ni trophenyly, A%hm&émdhﬂiﬁ&%ﬁ@:?vtzn@ iddseritatd bit foinidla @1y NO- 3- phenyl

(2R, 3S) isoserinate (11) accordj lﬁﬁ( V&Sr}g 15 x[err] is (err],
Clerr] or (Jerr] as -CHerr]- O—Q’@f 3))(?}3% substituted (D

am no- 3- phenywhdré®,3&) i soserinate (11) according to claim1 where X err]

IS 4-ni troghenyl q:4 @k‘y\*}:bSt i tuted am no- 3-phenyl (2R 3S) isoserinate
(I'1) accor ingto Ia’i'%q ere Xerr] is 2,4-dinitrophenyl. 5. A
substituted am no{2-Gyeneicloplk®,3S) i soserinate (11) according to claim1
which is nethyl . i
(2R, 3S)-3-(4-ni troz-k‘)e(r'g-I r?evgltzﬁr?ona%‘s%ﬁogal%smhge%m&hoxypr opi onate. 25 6. A

substituted ani no- 3- phyP-Xgarviwes X; q ds€y-LCaalivlof fornmula (11)

[err]-CH(NHX[ err]) - CH( C@CBIXLprr] (1) where
Xerr] is: (1)1“3(!;[e 11-8 lwere ,130 (2) derr]-Cerr] cycloal kyl,
(1) 4-mtrophe1_1y1,
(2) 2,4-dinitrophenyl.

2. A substituted amino-3-phenyl (2R,3S) isoserinate (II) according to claim 1 where

3. A substituted amino-3-phenyl (2R,38S) isoserinate (II) according to claim 1 where
Xg 1 is 4-nitrophenyl.

20 4. A substituted amino-3-phenyl (2R,3S) isoserinate (II) according to claim 1 where
Xg.; is 2,4-dinitrophenyl. '

5. A substituted amino-3-phenyl (2R,38S) isoserinate (II) according to claim 1 which
is methyl (2R,38)-3-(4-nitrobenzenesulfonamido)-3-phenyl-2-hydroxypropionate.
25
6. A substituted amino-3-phenyl (2R,3S) isoserinate of formula (II)
¢-CH(NHX,4)-CH(OH)-C0-0-X, an
where X, is:
(1) C4-Cg alkyl,
30 . (2) Cg-Cy cycloalkyl,
(3) -CHy-¢ where the -9 is optionally substituted with 1 or 2
(a) -O-X,_; where X, , is C;-C; alkyl,
(b) -F, -Cl, -Br, -I;
where Xg is -S0,-X3 y where Xj ; is:
35 (1) 2-benzothiazol,
(2) 9-anthracenyl,
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(3) -CH2-Terr] where the [err] is optonally substituted Wlmllulml““ WAUH!II
-0-X[err] where Xerr] is (Jerr]-Clerr] alkyl, (b) -F, -

Xerr] is -Sderr]-Xerr] where Xerr] is: 35 (1) 2-benzothi azol,

(2) 9-ant hr aW@7i42167 50 WO 97/ 42167 PCT/US97/05429

PCT/ US97/ 05429 (3) 5-nmethyl-1,3,4-thiadiazolyl. 7. A substituted

am no- 3- phenyl (2R spse according to claim6 where X/ err]
is CJerr], derr] o?§é[ ?"?‘Yl'{déA'%ﬁflgﬁh}l CH(CH err])[err]. 5 8. A
substituted am no-3-phenyl (2R 3S) isoserinate (lI1) according to claim®6

which is: nmethy . amino-8-
(2R, 39) - 2- benzﬁhl‘%zo sggﬁ onan%s%hegylﬁ%Ras?lsgsﬁ?n(ﬁeogwﬁrc%oﬁ?‘gﬁzﬁ%lalzta‘hgwrlrlgifehyl

(2R, 3S) - 3- (9- arﬁi#&‘qeﬁgsnpﬁeﬁé?ﬁ‘z@?ﬁ&ﬁbenyl 2- hydr oxypropi onate. 10 9. An
oxazol i dine gster of forrmula (I111) [err] 20 where Xerr] is: (1)

| kyl 2 | oal kyl wh th
CLrT 7 Sl ot ot et ke s r(in é%f Clgo%?ayate@l&md;nsvﬁéi%mg@éxﬁq 's
Cerr]-Cerr] abkyl 25 -c, -Br, -1; where Xerr] |s
1 H, 2 St l.L th 2 wh
DI NCH e TORTS I T o1 SPRCS e

X[err] is -SJerr]- )ﬁe&hyl](2WF33(9)£{n&m]:qnemdfonam1do)-3-phenyl-z-hydroxypropmnate

10
9. An oxazolidine ester of formula (ITI)
Xo
o
156
@ L—k (1)
20 where X, is:
(1) C4-Cgq alkyl,
(2) C5-Cyy cycloalkyl,
(3) -CHy-¢ where the -¢ is optionally substituted with 1 or 2
(a) <O-X,_; where X, ; is C,-Cq alkyl,
26 (b) -F, -Cl, -Br, -I;
where X, is:
(1) -H,
(2) - optionally substituted with 1 or 2
(a) -0-Xg_; where X, , is C;-C4 alkyl,
30 . (b) -F, -Cl, -Br, -I;
where X is -S0,-X, ; where X , is:
(1) 4-nitrophenyl,
(2) 2,4-dinitrophenyl,
(8) 2-benzothiazol,
35 (4) 9-anthracenyl,

(5) 5-methyl-1,3,4-thiadiazolyl.
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(1) 4-nitrophenyl, (2) 2,4-dinitrophenyl, (3) 2-benzot hi az'o“w

9-ant hracenyl, (5) 5-nmethyl-1, 3, 4-thiadiazol yl. WD 97142 mml'“m”mn”"'
PCT/ US97/ 05429 10. An oxazolidine ester of formula (rrn) accordl ng to clfaim
9 where X[ WO%42167 Clerr], Cerr] or (Jerr] as -CH err] - CRCTHsemosgdY err] .

11. An oxazolidine ester (Il11) according to claim 9 where Xerr] is -H or

-[err] optionally 5 substituted with 1 or 2 --Xerr] where Xerr] is (err]
al kyl . 12. Anl%xétewah%e easernl frmuly (1L aecerding forclpity Saphere Xyrie Co Sg 00 r] i s

sel ected fronmlbga_ (CHy)si ting of 4-nitrophenyl and 2, 4-dinitrophenyl.
10 13. An oxazolidi'ne ester (lI11) according to claim?9 V\/nere Xerr] is
sel ected fromthe group consiting of 2-benzothiazol, 9-anthracenyl and

5- met hyl - 1, 3, Xt t An axhzelidihe ésterl(FT) mmmldadnwmxgu(m o)) -poptiotaliyng to

claim9 whichy
(2S, 4S, 5R) 52 Jibgmuﬁeenw'lth%ofz }E%'bg}e“r’\rfe ulcflongrﬁ do) - 5- net hoxycar bonyl -1, 3
- 15 oxazolldlne

(2R 4S, 5R) - 2, 5 dpbamyhidine BRAZQI b RGAGSH fandViKles X 781 hasspe-batyd - 1. 3-

oxazol i di ne,
(2S, 4S, 5R) - 2 WM@4E&WH¥%%@P¥WH3@O 5- met hoxycar bonyl - 1, 3-

oxazol i di ne,
(25,55, 2. 0 pheteds 3o LSRG L € VPR -1 ®
(2R, 4S, 5R) - 2, grovp pdnsiting-of 2(benzothihzol, P aethracényd and Sasthyl-1i84-tidadiazlylony| - 1, 3-

oxazolidine. 25 15 An oxazolidi ne acid of formula (1V) [err] where X err]

is: 35 (D (2 err(]l optionally substituted with 1 or 2 -52-
14. An oxazoh ine ester II) according to claim 9 which is:

(2S,48,5R)-2,4-diphenyl-3-(4-nitrobenzenesulfonamido)-5-methoxycarbonyl-1,3-
15 oxazolidine,
(2R,48,5R)-2,4-diphenyl-3-benzothiazolesulfonamido-5-methoxycarbonyl-1,3-
oxazolidine,
(28,48,5R)-2,4-diphenyl-3-benzothiazolesulfonamido-5-methoxycarbonyl-1,3-
oxazolidine,
20 (28,48,5R)-2,4-diphenyl-3-(9-anthracenesulfonamido)-5-methoxycarbonyl-1,3-
oxazolidine and
(2R,4S,5R)-2,4-diphenyl-3-(9-anthracenesulfonamido)-6-methoxycarbonyl-1,3-
oxazolidine.

25 15. An oxazolidine acid of formula (IV)

X
)(3 2
AN
30 & \
. R ’\c P (o} av)
{
OH
where X2 is:
36 1) -H,

(2) -¢ optionally substituted with 1 or 2
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'}/\g)g-?g)z([lg:r] where Xerr] is Cerr]-Cerr] alkyl, (b) Fllﬂmyll“ﬁ!mmﬂjﬂml

where X3 is -SQerr]- Xerr] where Xerr] is: (1) 4-nitrophe XJ' 5
(2) 2,4-dini¥PSYMMEY | (3) 2-benzothiazol, (4) 9-ant hracenyF1/Us%y0s429
5-nmet hyl -1, 3, 4-thi adi azolyl and salts thereof. 10 16. An oxazolidine acid
(I'V) according to claim15 ere, X[err], i.s sH.,or. [err] optionally
substituted with 1 or 2(40-0%'%)(‘1” e fle‘sﬁs-lé‘f-‘irﬂn%fls Jerr] alkyl. 17. An
oxazolidine acid (1V) adweFdChgBtoLcl ai m 15 where X[err] is selected from
t he group consiting, of Nt r | and 2,4-dinitrophenyl. 15 18. An
oxazol i di ne ac?@e%mé%%%ﬁr{@ﬁ%gfe%lgpm 15 where X[ err] is selected from
t he group consi sti n@) &hitfepbenydot hi azol, 9-ant hracenyl- and

5-nethyl -1, & 4-t hi ag 2§QiktrophkRyl, An Oxazol idine acid (1V) according to

claim 15 where the cation Qf the salt is 20 lithium sodium potassium and
cesium 20. An oxazd)henssthiagoly (|1\) according to claim 15 which is

sel ected fromthe gupg@ngeadehd]i ng of:

(2S,4S, 5R) - 2, 4-di p“&&‘)ﬂﬁ%;,ﬁﬁ'a”i.&&é’&%%?g&éE&&%ﬂ%ﬁ&ﬁo) -5-carboxy-1, 3- 25

oxazol i di ne,
(2R, 4S, 5R) - 2, 4- di phenyl - 3- benzot hi azol esul f onam do- 5- car boxy- 1, 3- oxazol i di n

e, . . . . . .
(25, 45, SR) - B 43; AR sxazcliding acid (W), according to elatm 15 whese X, tsHor ¢ optionally 1 i i n
e, (2S4S, 5R) - Bubstitnte sith| 1 % -3 whereshes is € pallyh do) - 5- car boxy- 1, 3-
oxazol i di ne. 30 WO 97/ 42167
PCT/ US97/ 05429
17. An oxazolidine acid (IV) according to claim 15 where Xj , is selected from the

group consiting of 4-nitrophenyl and 2,4-dinitrophenyl.

15
18. An oxazolidine acid (IV) according to claim 15 where X; , is selected from the
group consisting of 2-benzothiazol, 9-anthracenyl and 5-methyl-1,3,4-thiadiazolyl.

19. An oxazolidine acid (IV) according to claim 15 where the cation of the salt is
20 lithium, sodium, potassium and cesium.

20. An oxazolidine acid (IV) according to claim 15 which is selected from the group
consisting of:
(28,48,5R)-2,4-diphenyl-3-(4-nitrobenzenesulfonamido)-5-carboxy-1,3-

25 oxazolidine,
(2R,45,5R)-2,4-diphenyi-3-benzothiazolesulfonamido-5-carboxy-1,3-oxazolidine,
(28,4S,6R)-2,4-diphenyl-3-benzothiazolesulfonamido-5-carboxy-1,3-oxazolidine,
(28,485,5R)-2,4-diphenyl-8-(9-anthracenesulfonamido)-5-carboxy-1,3-

oxazolidine.

30
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21. An oxazolidine ester of silylated baccatin Il of for rru\“l“” "l "%"lll III'
where Xerr] is: (1) -H (2) [err] optionally substituted

-O-Xerr] where Xerr] is err]-Cerr] alkyl, () -F. -d, Br -I

where X[ erwo97a21680[ err]-X[err] where Xerr] is: (1) 4-rli>d'lvw’msa;d (2)

2, 4-di ni trophenyl, (3) 2-benzothiazol, (4) 9-anthracenyl, 25 (5)
S5-nethyl -1, 3,4-thi adi azolyl; where Rerr] and Rlerr] are: (1) Rerr] is

-H -Hand Rlerr] is [err]-H[err]-ORerr] where Rlerr] is -Si(Rerr])3
where Rl err] ¢3S - | oal kyl or m xtures
t hereof, and Aq%?‘]rhdg]egés{&gfémt &;Pﬁg @ﬁﬁ;"?ﬂdﬁs g| err]:rlerr] where
one of R err] and R[err and Q?e of Rlerr] 30 and R err] are taken together
to forma second bond b¢ mgen he carbon atong to which they are attached

and the otger of Rlerr] an is -H, _andythe @ther of Rlerr] and

Rlerr] is ®H, where R[err] | ) [err,}scﬁ: QOCH[err] and
(2)[err]-HJerr]-0CO O r;}p V\/n N , ",-' and R err] are:
WO 97/ 42167 ' PCT/ US97/ 05429
(1) Rerr] and Rerr] a ken togetﬂ nd bond between the

carbon atons to which they are attachRg and ‘ (2) Rerr] and

Rl err] are taken together to forma seco £ he carbon atons to
whi ch the¥(bare attached and Rlerr] is -H 6 22. nofzol i di ne eater of
e

silylatedaccatin Il (VIl) according to clai ms21 re X[err] is -H or
[err] optionally substituted with 1 or 2 - & X ] ere Xferr] is (err]
al kyl . o
15 where X, is:
(1)‘Hp

(2) -¢ optionally substituted with 1 or 2
(a) -0-Xgy 1 where X,, , is C,-C3 alkyl,
() -F, -Cl, -Br, -I;
20 where Xg is -SO5-Xg | where Xg , is:
(1) 4-nitrophenyl,
(2) 2,4-dinitrophenyl,
(3) 2-benzothiazol,
(4) 9-anthracenyl,
25 (5) 5-methyl-1,3,4-thiadiazolyl;
where Rg and R; are:
(1) Ry is -H:-H and R, is o-H:B-OR;_ ; where R, ; is -Bi(R, 5);
where R, 5 is C;-Cg alkyl or Cg-C; cycloalkyl or mixtures thereof, and
(2) Rg is Rgy:Rgy and Ry is Ryy:Ry, where one of Rg; and Rgy and one of Ry,
30 and Ry are taken together to form a second bond between the carbon atoms to
which they are attached and the other of Rg; and Ry, is -H, and the other of Ry
and Ryp is -H; |
where R is:
(1) a-H:B-0-CO-CH; and
35 (2) -H:B-0-C0-0-CH,-CClg;
where Rn, Rio and R4 are:
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23.; An oxazol i di ne eat er of silylated baccatin |11 _(VI I accoJ“l“H"l'H!mu‘lllr"llm

"21 where 10 X err] is selected fromthe group consiting

and 2, 4-dinitrophe 24. An oxazolidine ester of sil yI at ed baccatl n | I I
(VI'1) accor Wﬁ@"’@’d‘%l aim 21 where Xerr] is selected fromPCRUSH

consi sting of 2-benzothiazol, 9- anthracenyl and 5-

thyl -1, 3, 4-thi adi I I 6 25. A t f I
T L S 8L ka5 9l RS S bl BT S
-H -H and R er a}mﬁssmﬁaﬂudh]ﬂxbyﬁnrat}ac&&:i@ is}-H,
P 1 O G 48k i v St e
t aken tbget her atognsftowhich avecettashel and Reels -Hhe car bon atom; to which they
are attachedgand Rlerr] is -H (B) for taxotere: (1) Rlerr] is -H-H and

H: QS|
i ] g or 1] . CRRCAP@RhichSometint o Fibjatedt bacpatiny B (Viflaopqrding to claim 21 where

[err]-H [err]- Qﬁﬁn&ﬁd[@m Bstxtaﬁdavﬁﬁxlorz-ogtztlwhexé Xy, 1736 @ ralkyind

Rlerr] are tak t oget her t orm a second bond ween the car bon atons to
which they are attached and Rerr] is -H and (C for

13- (N- (t - but y| 28i nxcexdsalidfhe esberraf hilylated Phicatia 41T (VD) pecbrdtmpioycidiar 21 where -

oneof Ryer ¥y Sy plkded ki oy e @tiitlofey) b 1Sl | Y1 €

together to forma second bond bet ween the carbon atons to which they are

attached and tm OA:II&EazaimﬁiI é‘sur]ofaﬁﬂaﬁh%é& qlrddmaeéér&lkfm%@g[ err]

and Rlerr] is -H err| [err err] and

Rlerr] are t akéﬁ&lt‘&@@?‘ﬁ%’rﬁ?’& "L?)?‘F?PH °€'€3€’(§W§ b ﬁ%@?%gr? W@%@ﬂ:ﬁ?‘béﬁ at ons

to which they aiethyldiBetastiselylR err] is -H -55- WO 97/ 42167
PCT/ US97/ 054&9 26. An oxazolidine ester of silylated baccatin Il (VII)
accordl ng tZ) claim?21 where Rlerr] is selected fromthe group consi sting of

(1) -Si[C[err] 25 |Apl dxpzolidine-eglier of lylated Brdeatin ) [GH) dcpording to claim 21 where

(A) for taxol:
(1) Rg is -H:-H and R, is a-H:8-0-Si[C, alkyl]o[-CH(CHg)-CH(CHg),],
(2) R,q is a-H:p-O-CO-CHjz and
20 (3) Ry; and Ry, are taken together to form a second bond between the
carbon atoms to which they are attached and Rygis -H;
(B) for taxotere:
(1) Rg is -H:-H and R, is a-H:B-0-Si[C, alkyl],[-CH(CHg)-CH(CHjy),],
(2) Ry is 0-H:$-0-CO-O-CH,-CCly; and
25 (3) Ry; and Ry, are taken together to form a second bond between the
carbon atoms to which they are attached and R,g is -H; and
(C) for 13-(N-(t-butylaminocarbonyl)--phenylisoserinyl)-7-deoxy-4%12-is0-
baccatin III: _
(1) Rg is Rgy:Rgy and R, is Ryy:R,, where one of Rg; and Ry, and one
30 of Ry and Ry are taken together to form a second bond between the carbon atoms
to which they are attached and the other of Rg, and Rgy is -H, and the other of Ry
and Roo is -H,
(2) R,y is a-H:B-0-CO-CH3 and
(3) Ry, and R,q are taken together to form a second bond between the
35 carbon atoms to which they are attached and Ry, is -H.
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Tyl TLerr] [ cycloneptyl] and (4) S (G err] alkyl] [orr] [qcﬂﬂlflllﬂlllllllll IIIIlHIIII

An oxazolidine ester of silylated baccatin IIl (V1) accordi*ng®totcl*irh 28
where R errVoi9/42187 -Si[Cerr] alkyl][err][-CH(CH err]) - Ccehdsergshol err]] .
10 28. An oxazolidine ester of silylated baccatin Il (VIl) according to
claim21 which is: 7-SDVS baccatin Il 13-(2R, 4S, 5R) -2, 4-di phenyl - 3-( 4-

ni t r obenzenes#§-f Haanazglifing egfenofsilylated bascﬁmdﬁmyduwdiagmclam 21 whide

7- SDVB baccatRP Idéeléc%sdf?&n@l%é& &mg penyl - 3- (4-
ni t r obenzenesuf fonapmi do QICZ_‘ g oxazoI| |ne 5 carboxylic acid ester, 7-SDVS
olAC

baccatin Il 13- (2(@ A §3)abnzot hi azol esul f onam do-
1, 3- oxazol i di ne- 5-(@pSi(Cy \aliiyl) [aydla,eﬁ,q] er, 7-SDMB baccatin |11

13-(2S, 4S, 3R) - 2, 4- oth azql esul f onam do- 20
1, 3- oxazol ?’dl ne- 5- (g %S[g’ﬂﬁ&"?"@ B?'] 8 7- SDMB baccatin |11
13- (2R, 4S, 5R) - 2, 4-4) -@i&ip&yﬂﬂzmaﬂqﬁhracenesul f onami i do) -

1, 3-oxazol i di ne-5-carboxylic acid and 7- SDVMS baccatin |11

13- (2S, 4S, 5R) - 2, 4- di phenyl - 3- (9- ant hr acenesul f onam do) -
1, 3- oxazol i di ¥e- énemzsbd@ﬁ eeteryefisilylael Izgcatin ITIoVAD alctording toélaiim2érwhere( X1 ) 30

" kyl, (2
E%[Lm ner e gl b Bl concapeg el alkyl, (2)cerr]-Cerr]

P_CT/USQ?/(}Q429 (3) -CH2-[err] where the -[err] is optionally substituted
with 1 or 2 (28. ADoxgmlidihe estbesfailyiatid HacdatinGIE(VIT) abdoding tP414i 21 which

is:
7-SDMS baccatin IIT 13-(2R,4S,5R)-2,4-diphenyl-3-(4-
nitrobenzenesulfonamido)-1,3-oxazolidine-5-carboxylic acid ester,
15 7-SDMS baccatin III 13+(28,4S,5R)-2,4-diphenyl-3-(4-
nitrobenzenesulfonamido)-1,3-oxazolidine-5-carboxylic acid ester,
7-SDMS baccatin III 13-(2R,4S,5R)-2,4-diphenyl-3-benzothiazolesulfonamido-
1,3-oxazolidine-6-carboxylic acid ester,
7-SDMS baccatin IIT 13<(28,48,6R)-2;4-diphenyl-3-benzothiazolesulfonamido-
20 1,3-oxazolidine-5-carboxylic acid ester,
7-SDMS baccatin III 13-(2R,4S,6R)-2,4-diphenyl-3-(9-anthracenesulfonamido)-
1,3-oxazolidine-5-carboxylic acid and
7-SDMS baccatin III 13-(28,48,5R)-2,4-diphenyl-3-(9-anthracenesulfonamido)-
1,3-oxazolidine-5-carboxylic acid.
25
29. An oxazolidine of formula (XI)

30 . HNJ\

where X, is:
35 (1) C;-Cg alkyl,
(2) C5-C, cycloalkyl,



(b) -F, -d, -Br, -1. 5 30. An oxazolidine (Xl) according $FUMWMHHMH&"H '
"X[err] is Cerr], derr] or Clerr] as -CHerr]- CH(CH err] N ,,
oxazolidine (XlI) according to claim29 which is (4S,5R)-4phenyl -5-

met hoxycar bOMQPV4R1E axazoi di ne. 10 32. An anmino substitut eé"—'ﬁ%@%"@’yci ne

of formula (CCII) X3-NH 15 [err] where Xerr] is: (1) (err]-Cferr] alkyl,
20 2 err err yc| oal kyl rr]-Jerr] where the [err
is opti onal(l i/ gjbst(%’}%lww tll t?r'“% i‘%ﬂ“n}bs)(f’@twjed\ﬂﬁ Em]X"["err] i's ferr]

Cerr]-Cerr] alkyl, (b)(;;t)-.é,.x1 le‘qhe Is|C g1, X[err] is: 25 (A
-SOerr]-Xerr] V\,her e X[@r }1] n| t rophenyl (2) 2,4-dinitrophenyl,
(3) 2-benzothiazol, (4) (5)

5- et hyl - 134thiadiazo|y| (B) COX[err] vvhere X[err] is: (1)

err err Kk N 0 bond,
%) ][eﬂ] oﬂptlglc))nxh y su%igtgl tut ecgkﬁﬁék)%&‘?ﬁ ’ug%‘t}rsé%g ect«ed from
35 the group E8EHgpi ng of: (a) Cerr]-d err] aI kyI , -57- WO 97/ 42167

PCT/ US97/ 05429
31. An oxazolidine (XI) according to claim 29 which is (4S,5R)-4-phenyl-5-
methoxycarbonyl-1,3-oxazolidine.
10
32. An amino substituted phenylglycine of formula (CCII)

x 3’N H
(CCII)

15 WA

co 0— X,

x - ollllll

where X, is:
(3) C4-Cy alkyl,
20 (2) Cx-Cy cycloalkyl,
(3 -CHg-¢ where the -¢ is optionally substituted with 1 or 2
(a) “0-X;., where X, , is C,-Cg alkyl,
(b) -F, -C}, -Br, -1
where X, is:
25 (A) -805-X, ; where X3 , is:
(1) 4-nitrophenyl,
(2) Z'Minitrophenyl,
(8) 2-benzothiazol,
) 9—anthracenyl
30 . (5) 6-methyl-1,3,4-thiadiazolyl,
(B) -CO-Xg o where Xy  is:
(1) C4-Cg alkyl,
(2) 01-08 alkenyl containing 1 double bond,
(3)-¢ _op_tmnglly substituted with 1 thru 3 substituents selected from
35 the group consisting of:
~{a) C;-C, alkyl,
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(f
-OH, (h) -NgJerr], (4) 2 or 3-furyl, (5 2- or 3-thienyl, 10

(6) -C(CH wo97426HCH err], (O COO [err] where X[ err] RCGI/USYWY5429
Clerr]-Cferr] alkyl., (2) -CHerr]-[err] (3) 4-tetrahydropyranyl, 15
(D) -CONH X[err] where X[erré Is: (1) derr]-Cerr]alkyl, (2) [err]
optional ly substituted wit ) CtBgalkexy,(a) Cerr]-Cerr] aIIyI (b)

Egg qcﬁ{re]”f[ei-,” al koxy (c¢) -F, -d, ?[rér;iicggzr]c[elr(rjgl %Ilm!mu"m;wﬁ“l
e

)
(
X
‘

Clerr]-Cerr] al koxy, 20 ()-F -, Br 1, (c¢c) -F, -d, -Br, -1, (d)
Clerr]-Clerr] alkylthio, (e CF[e (f)yderr]- C[err] di al kylam no (9)
-NdJ err]. 25 33. An am no ¥henyl gl ycine of formula (CClI)

according to claim32 wherg e))(bpé |s Cerr], Clerr] or CJerr] as

-CH err]-CH(CH err])[err] substltuted phenyl gl yci ne of
fornula (C&I1) according téggﬁa gﬂ"‘“‘b\here Xerr] is -SOerr]-Xerr] or

-CO- X[err]. 35. An am no sub)s-oﬂ,uted phenyl gl ycine of formula (CClI)
according to claim 34 vvher {mj is -SOerr]Xerr]. 35 36. An am no
substituted phenyl gl yci ne o? Zula (CCl 1) according to claim32 which is
-58- (4) 2- or 3-furyl,

(5) 2- or 3-thienyl,
10 (6) -C(CHg)=CHCHy,
(C) -CO-O-X3_3 where Xa_s is:
(1) C4-Cg alkyl,
(2) -CHg¢
(3) 4-tetrahydropyranyl,
16 (D) -CO-NH-X; 4 where Xg , is:
(1) C;-Cgalkyl,
(2) -¢ optionally substituted with 1 thru 3:
(a) C;-C,4 alkyl,
(b) C;-C4 alkoxy,
20 (¢) -F, -C}, -Br, -1,
(@) C,-Cg alkylthio,
(e) -CF3,
(B C5-Cy dialkylamino
(8) -NO,.
25
33. An amino substituted phenylglycine of formula (CCII) aceording to claim 32
where X, is C;, Cy or C, as -CH,-CH(CHy),.

84. An amino substituted phenylglycine of formula (CCII) according to claim 32
30 where X; is -805-X3 ; or -CO-X; 5.

35. An amino substituted phenylglycine of formula (CCII) according to claim 34
where X is -S05-Xg ,.

35 36. An amino substituted phenylglycine of formula (CCII) according to claim 32
which is
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}MS)) gKI{ ?ilﬁrt robenzenesul f onyl ) phenyl gl yci ne net hyl ester, Hmmﬂmﬁmﬁ' I!II '

(S)-N-(2,4-dinitrobenzenesul fonyl)-phenyl gl yci ne nethyl ester and
(S) - N- (benzoyWOIHe3§T gl yci ne nethyl ester. 5 37. A nitril e &CTUSIMAFHIR
(CCll) [err] where Xerr] is: (A Sqerr] X[err] where X[err] is: 15

(1) 4-nitrophenyl, (2)_.2 di ni trophenyl , 2; 2- benzot hi azol, (4)

9- ant hracenyl , (5) 5% begzenesylfonyphenylglycing methyl ester, B) - CO X[ err]
Cont ai ni ng L doubl & pog o s th 1 thru 3
cont ai ni ng oubl e tion Substituted w ru
substituents sel ect e&?‘#@ﬁ{"{‘%’é&ﬁﬂﬁ%y ﬁ'grof 25

(a) derr]-Cerr] alkyl, (b) (err]- C[err] alkoxy, (¢) -F, -Ad, -Br, -1,

d err rr, err], 30 f
E:[)er?][ q]er?][§d|3]£11% gllﬁr%te%g?%@(csgﬁ(h)]-w, (4) 2- or 3-fury|,(()5) 2- or
3-thienyl, 35 (6) -C(CH err])=CHCH err], (O -COOXerr]
wher e X[err] is: -59-

XgNH H

c c== N (CCHID

:

OH

7 N

10

o ol e LALLM

where X, is:
(A) -8045-Xg | where X3 , is:
15 (1) 4-nitrophenyl,
(2) 2,4-dinitrophenyl,
(8) 2-benzothiazol,
(4) 9-anthracenyl,
(5) 5-methyl-1,3,4-thiadiazolyl,
20 (B) -CO-Xg o where X; , is:
(1) C;-Cg alkyl,
(2) C4-Cg alkenyl containing 1 double bond,
(3) -0 optionally substituted with 1 thru 3 substituents selected from
the group consisting of: .
26 (a) 01-04 alkyl,
(b) C4-C5 alkoxy,
(¢) -F, -Cl, -Br, -1,
(d) C4-C4 alkylthio,
(e) -CFg,
30 . (f) C5-Cg dialkylamino,
(g) -OH,
(h) -NO,,
(4) 2- or 3-furyl,
(5) 2- or 3-thienyl,
35 (6) -C(CHg)=CHCH,,
(C) -CO-0-X;, 5 where X3 g is:
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\I:/gi'Z/LJZSlEZJ%?(?)SMQ (1) dJerr]-derr] alkyl, (2) -CHerr] (3) ”!ll"c”"'!_'"'ﬂ "(Ilil)l”!ll

4-tetrahydropyranyl, (D) -CONH X err] where Xerr] is: 5

Clerr]-C erWParHa167 (2) [err] optionally substituted w thptTiobsmsady (a)
Jerr]-Cerr] alkyl, (b) (Jerr]-(Jerr] al koxy, (c) -F, -d, -Br, -1, 10
(d) Jerr]-Cerr] alkylthio, (e) -CFerr], (f) (Jerr]-Cerr] dialklamno
(g) -NdJerr]. 15 38. APt i;PE‘Y{’CCIII') according to claim37 where X err]
is SO[err]-Xerr]or CO-(2(1.@H2}¢ 39. Anitrile (CCOI1l) according to claim 37
where X3 is -S02-Xerr] i itrile (CClI1) according to claim 37 which
s 2- hydroxy-(3S)-(benz(§)m =3- ana}aenyl propionitrile. 41. An im ne of
formula (CClV) 25 (D3rCO-NH- evtereXenid: is: (1) (err]-Clerr] alkyl, (2)

Cerr]-Cerg] cycloalk ). GCH err] where the [err] is optionally
substituteddwith 1 or gbé%l( salky?,H (a) -O-Xerr] where Xerr] is
Clerr]-Cerr] alkyl, (§2 -¢pptionally suldtituted withoDthru 3:

(a) C,-C, alkyl,
(b) C;-Cg alkoxy,
(c) -F, -Cl, -Br, -],

10 (@) C;-C; alkylthio,
(e) -CFy,
(f) Co-Cg dialkylamino
(g) -NO,,.

156 88. A nitrile (CCIII) according to claim 37 where X3 is -805-X5 4 or -CO-Xg o.
39. A nitrile (CCIII) according to claim 37 where X3 is -805-Xg ;.

40. A mtnle (CCIII) according to claim ‘87 which is 2-hydroxy-(3S)-(benzamido)-3-
20 phenylpropionitrile.

41. An imine of formula (CCIV)

25 XgNH H  NH,
S ©ccw)
@—— c g C—0— X,
S
30
where X, is:
(1) C;-Cy alkyl,
(2) C5-Cy cycloalkyl,
(3) -CHy-¢ where the -¢ is optionally substituted with 1 or 2
35 (a) -0-X, ; where X, , is C,-Cj alky],

(b) -F, -Cl, -Br, -I.
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WD 97/ 42167

PCT/U897/
Xerr] is: (A -SOerr]-Xerr] where Xerr] is: (1) 4-nitrop Emmlwmmm”“"l
2, 4-di ni trophenyl, 5 (3) 2-benzothiazol, (4) 9- anthraceny ,
(5) 5-nethyl -WO74216hi adi azol yl, (B) -CO X[ err] where X err [PCTAIS7/05429
Cerr]-Cerr] alkyl, 10 (2) dJerr]-Cerr] alkenyl containing 1
doubl e bond, (3?*%:3 r%ﬂoptlonally substituted with 1 thru 3 substituents
selected fromt B B31¥- consi sti ng of (a) Cerr]-Cerr] alkyl, (b)
derr]-Cerr] alkoxyia)l§o 1 where X (c¢) -F, -d, -Br, -1, (d
Clerr]-Clerr] alkylthio, ixi" CFer (f) Cerr]- C[err] dlalkylamno (9)
-OH, 20 'err] (4) 2- or 3-furyl, (5) 2- or

3-thienyl, (6)

C(CI—I[err](}’.):z;Hﬁi:[m«)pﬂenyKC) -COOX[err].vvhere Xerr] is: 25

(1) C[err] C[berr] al kyl , ?iben ri-[err] (3) 4-tetrahydropyranyl, (D)
-CONH X[ err] where X[err err]-Cerr]al kyl, 30 (2)
[err] optionally substit b&amh!‘#?ellylthru 3: (a) C[err] derr] alkyl, (b)

Cerr]-Cerr] alkoxy, (5) 5-methyl-1,3,4-thiadiazolyl,

10

15

20

25

35

(B) -CO-Xg o where Xg 5 is:
(1) C4-Cg alkyl,
(2) C;-Cg alkenyl containing 1 double bond,
(3) -¢ optionally substituted with 1 thru 8 substituents selected from
the group consisting of:
(a) 01-04 alkyl,
(b) Crcg alkoxy,
(c) -F, -Cl, -Br, -1,
(d) C;-Cy alkylthio,
(e) ‘Cps.
(f) Cy-Cg dialkylamino,
(@ -OH,
() -NO,,
(4) 2- or 3-furyl,
-(5) 2- or 3-thienyl,
(6) -C(CHg)=CHCHj,
(C) -CO-0-X3 g where Xy 4 is:
(1) C4-Cg alkyl,
(2) -CHy¢
(3) -4-tetrahydropyranyl,
(D) -CO-NH-Xg , where X3 , is:
(1) C;-Cgqalkyl,
(2) -¢ optionally substituted with 1 thru 3:
(a) C;-C, alkyl,
(b) C,-Cg alkoxy,
(c) -F, -C), -Br, -],
(d) C,-C5 alkylthio,
(e) -CFs,
(f) Cy-Cg dialkylamino
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c) -F, -4, -Br, -1, (d) C(err]-Cerr] alkylthio, 35 Mll

ée) -CF[err], (f) Cerr]-ferr] dialkylamno -61- WO 97/ l"'"“"”"""'“'
PCT/ US97/ 05429 (g) -NJerr] 42. An imne (CClV) according to “clai m 41 wher &
Xerr] is Oovoorg216Ci err] or Clerr] as -CH err]-CH(CH err] pCPusdrossze43. An
imne (CCIV) according to claim4l where X3 is -SOerr]-Xerr] or
-COXerr]. 44. An imne (CCV) according to claim4l where X/ err] is
-Sgerr]-Xerr]. 10 45. A pfeecl¥Bg for obtaining an enantionerically pure
(2S,3R) - 2-chl oro-3- hydrozypropionic acid which corrprises: (1) contacting a
m xture of the four isoners of the forrmula [err -CHO -CO- O X err]
where X[ err] #3. Apdmine (CCTY)gccqrpingtp clajr 4l wi élb ©F €418B- Cl err |

cycl oal kyl , (m%&ﬂm%% [err] where the -[err] |s optlonally substituted
with 1 or (1) O X eff] where Xerr] is (Jerr]-Clerr] alkyl, (ii) -F,
-ad, -Br, 1, 20 with an effective anobunt of a |ipase at a tenperature of

from about 2048.0Aalimirie (OUTVY dckording!th €lafth 43 Whefe X isaSOLUKE, rorO(bong_z?bout 6 to
about 9 to produce (2S, 3R)-2-chloro-3- hydroxypropionic acid an

separating the desired (2S, 3R)-2-chloro-3-hydroxypropionic acid. 25 46. A
process for oltalniimipe{CERVmccadingite slainy 4 where X Ss380y-Xaghl or 0- 3-
hydr oxypropi oni ¢ acid according to claim45 where the |ipase is MAP-10. 47.

A process for the preparatjon of the amde of formula (CVIl) [err] 30
10 45. A process for obtaining an enantiomerically pure (2S,3R)-2-chloro-3-

hydroxypropionic acid which comprises:
(1) contacting a mixture of the four isomers of the formula
¢-CH(OH)-CHC)-CO-0-X;
where X is:
16 (a) C4-Cg alkyl,
(b) Cy-C eycloalkyl,
(c) -CH,-¢ where the -¢ is optionally substituted with 1 or 2
(i) -O-X; , where X, , is C,-C, alkyl,
(ii) -F, -Cl, -Br, -1,

20 with an effective amount of a lipase at a temperature of from about 20 to about 40°
in the presence of a buffer of pH about 6 to about 9 to produce (2S,3R)-2-chloro-8-
hydroxypropionic acid and

(2) separating the desired (2S,3R)-2-chloro-3-hydroxypropionic acid.

25 46. A process for obtaining a enantiomerically pure (2S,3R)-2-chloro-3-
hydroxypropionic acid according to claim 45 where the lipase is MAP-10.

47. A process for the preparation of the amlde of formula (CVII)

30

co NH, (CvID

35

3y i.'i'ii'l i-:.'-
2"g
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Pg%/ USQ?y\QS?lzgll\?\/rl]?(?:h conpri ses contacting a epoxi de of forwJIluluulull)lluuull “III

10 where Xerr] is: (a) (err]-Cerr] alkyl, (b) (err] C[err cycloa kyf, *
(c) -CH err]-MN9¥42ere the -[err] is optionally substitut REVWSHOSHIDr 2
(i) -OXerr] where X[err] is (Jerr]-Cferr] alkyl, 15 (1) -F,
-, -Br, -1, with aqueous ampni a at less than'70[err]. 48. A process for
t he preparat|on of the am de of fornmula (CVII) accordl ng to claim47 where
Xerr] is (err] ﬁﬁms DiRAS “9’?{5‘9 gihon of the amide of
formula (CVI ) J:%%?dl ng t&o&%l al mﬁ?B%%AP‘g reaction is preforned at
about 20-25[err]. 50. Phenylisoserine ester of silylated baccatin |1
(M) 25 [err] 35 -63- WO 97/ 42167 o

PCT/ US97/ 05429 where Rlerr] ahd.R err] (1) RM®rr] is -H-H and Rlerr]
is [err]-H [err]-ORlerr] where R[er.,r] | s- Si R[arr])[err] where Rerr] is
Cerr]-Cerr] alkyl or (Jerr]- cherr Ccyetoal or m xtures thereof, (gv
where R err] is: 6 (1) -H [err] QO%Q CH err] and (2)

[err]-H [err]-OCOOCHerr]- prr]; --ox

10 where X, is:
(a) C4-Cg alkyl,
(b) Cy-Cy cycloalkyl,
(c) -CHy-¢ where the -¢ is optionally substituted with 1 or 2
(i) -0-X; ; where X; , is C,-C; alkyl,
15 (i) -F, -Cl, -Br, -I,
with agueous ammonia at less than 70°,

48. A process for the preparation of the amide of formula (CVII) according to claim
47 where X, is C;.

20
49. A process for the preparation of the amide of formula (CVII) according to elaim
47 where the reaction is preformed at about 20-25°,

50. Phenylisoserine ester of silylated baceatin IIT (VIII)
25

(Vi)
30

36

-63-



foget hor 1o forma Second bond bet veen 1 ho. carbon at o {0 ﬂﬂﬂﬂlﬁiﬂﬁlllllillllll |||l

attached and Rlerr] is -H 10 51. A phenylisoserine ester of Si l%1 &
baccatin | IWO@AYsA16) according to claimb50 where (A for tm}usgﬁn@zgR[ err]
Is -H-Hand Rerr] is [err]-H[err]-OSi[(err]

al kyl][err]][- CH(CH[err]) CH(CH[err])[err]], (2) Rerr] is

[err]-H [err] whe he Ry Jareand 15 (3) Rlerr] and Rlerr] are

t aken toget her to b he carb ms to which they
are attached and 12?‘2]]@&%&9&1 3%18 Thee R 1" %@ 8is -H -H and

Rlerr] is [ermhepe: giqciﬁsia{l@f@r 5-C7cycloalkylormxxturesthereof and
aIkyI][err][ GHefd RErf] ) CH(CH err] ) [err]], (2) Rerr] is

[err]- [er ]-O CO [err]; and 20 (3) Rerr] and
Rlerr] are aken t &Egﬁbid‘{’b‘é%ﬂda second bond between the carbon atons to

whi ch they are attmh&&ﬂimOORD-e HolCGlg; -H. 52. A phenylisoserine ester of
silylated bacc Bﬂé accordlngto claim50 where Rlerr] is
sel ect ed from“f i%f“i'ehg of 25 (1) -Si[derr]

a: ty: } %er r} % CH( CI-{léRrﬂ pndCR¢ Ohifedakdn) ﬁogeﬂx}x}tof()ﬁ!% a-sSt}boF%G!li& l]riletwteenI 1ihe cax('jbm(:4) '
a err][cy §qu err][cycl ohe an

- Si %/C[ err] aI ka* i | %%aﬂe?)?e al ky f%% l‘%h] A phenyl>/| SOSGIPI %e ester of
silylated Huccatin 11l (MI1) according to cl ar m 50 where R[err] is (1)
-Si[(err] allgyl Mﬁeﬁ}iwﬁﬂn@ﬂsﬁ%ﬂﬂ

Ege\r)\%: Lﬁolsgr |7n§ eslIAggggmﬁnl IyII i’it ed baccati nﬁl [ (Vv I)Iafc acc r d| ng t o claim
13- (2R, 3S) - 3- ani no- 3- phenRy is2HvAamkRPisaPHPO.SIC, AkylIGHCH(CH,)-CH(CH),],
(2) Ry is 0-H:p-0-CO-CH;3 and
15 (3) Ry, and R,, are taken together to form a second bond between the
carbon atoms to which they are attached and R1s is -H;
(B) for taxotere:
(1) Rg is -H:-H and Ry is o-H:B-0-Si(C, alkylly[-CH(CHg)-CH(CHy),),
(2) R, is a-H:-0-C0-0-CH,-CClg; and
20 (8) Ry; and R,, are taken together to form a second bond between the
carbon atoms to which they are attached and R, 4 is -H.

52. A phenylisoserine ester of silylated baccatin ITI (VIII) according to claim 50
where R,,_; is selected from the group consisting of
25 (1) -Si{C, alkyl],{-CH(CHg4)-CH(CHg),],
(2) -8ifC, alkyllylcyclohexyl), |
(3) -8ilC, alkyllplcycloheptyl] and
(4) -Si[C, alkyl],[C, alkyl].

30 b53. A phenylisoserine ester of silylated baccatin III (VIII) according to claim 50
where R, ; is (1) -SilC, alkyl];[-CH(CH,)-CH(CHg),].

54. A phenylisoserine ester of silylated baccatin IIT (VIII) according to claim 50

which is 7-SDMS baccatin III 13-(2R,3S)-3-amino-3-phenyl-2-hydroxypropionate.
35
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