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SELECTI VE EPOXI DATI ON PROCESS FOR PREPARI NG PHARMACEUTI CAL COMPOUNDS 5
BACKGROUND qg &Hﬁ éNVENTICN Neopl asti c di seases, characterized b
proliferati » 8% s not subj ect to the normal control of PETES? 6m¢h,
are a maj or cause of death in humans and other mammals. Cinical experience
I n cancer chenot herapy has denonstrated that- new and nore effective drugs
are desirable to treat these diseases. Such clinical experience has al so
denonstrated that drugs which disrupt the mcrotubule system 15 of the

cyt oskel eton can be effective in inhibiting the proliferation of neoplastic
cells. Cryptophycin conpounds can now be prepared using a total synthetic
process; however, nany of the useful 20 cryptophycin conpounds contain a

| abi | e epoxi de group. SBEECOWEREROXDATON PRABSS IR SREraikiNe 2479
(1995). Applicants have discovered that the beta-epoxide can be

particularly desired. However, PHARMERCEOTIONeCOMPOUNDSt hesis of sonme of

t he cryptophycin conpounds of forrmula 25 (1) below, the epoxidation is

performe®d in the |ast step which provides only a 2:1 selectivity for the

desired epoxide. Furthernore, the diasteronmers are difficult to
BACKGROUND OF THE INVENTION

Neoplastic diseases, characterized by the

proliferation of cells not subject to the normal control of
10 cell growth, are a major cause of death in humans and other

mammals. Clinical experience in cancer chemotherapy has

demonstrated that new and more effective drugs are desirable

to treat these diseases. Such clinical experience has also

demonstrated that drugs which disrupt the microtubule system
15 of the cytoskeleton can be effective in inhibiting the

proliferation of neoplastic cells.

Cryptophycin compounds can now be prepared using a

total synthetic process; however, many of the useful

20 cryptophycin compounds contain a labile epoxide group.
Barrow, R.A. et al., J. Am. Chem. Soc. 117, 2479 (1995).
Applicants have discovered that the beta-epoxide can be
particularly desired. However, in the Barrow et al.
synthesis of some of the cryptophycin compounds of formula

25 (I) below, the epoxidation is performed in the last step
which provides only a 2:1 selectivity for the desired
epoxide. Furthermore, the diasteromers are difficult to

separate at this stage. While it would be desirable to



separate at this stage. Wiile it would be desirable to WO 98/ 38164

PCT/ US98/ 03667 -2- epoxidize an earlier internediate in the process,

epoxi des are sensitive to a nunber of reaction conditions. Mreover, there
remai ns a rWOY8BB64pr ocesses with greater stereosel ectivity tRETARIBIA3I667
difficult diastereoneric 5 separations. The present invention provides a
much desired novel and efficient nethod far, preparing cryptophycin
conmpounds havi ng an epoxi de functionality.zThe epoxidation 10 is selective
and may be enBIo Sd at varioys, steps in the overall_ synthetic process,

WD 98/ 38164 €PoXidize an earlier intermediate in thppProgessesEeppxigles

BRI EF SUMVARY_OF THE.|LNVENTI ON The .presept invention rel,ates to a process
for preparinarg 8895&&&865;Ctﬁb‘?ﬁﬁ%ﬁ?d°§ reactgon conglt%ons. MA%eover,

there remains a need for processes with greater
stereoselectivity to avoid difficult diastereomeric

5 separations.

The present invention provides a much desired
novel and efficient method for preparing cryptophycin
compounds having an epoxide functionality. The epoxidation

10 is selective and may be employed at various steps in the

overall synthetic process.



4 [err] wherein Gis[err] Ar is an aromatic or heteroaromatic group or a
substituted 10 aromatic or heteroaromatic group; R err] is [err] al kyI R4
and R5 are each hydrogen; or R4 and R5 taken together form a_second
between C- WOA¥BIG414. Rlerr] and Rerr] are each i ndependenf&/4R? 6% n or
Clerr]-Cerr] alkyl; or 15 R7 and R8 taken together forma cyclopropyl or
cycl obutyl ring; R[err] is hydrogen, [err]salkyl, [err] alkenyl, [err]

al kynyl, [err] cycl oal kyI or benzyl, vvherel n mis the integer one to three;
20 Rerr] is hydrogen or WW M [err] al kyl,
phenyl or benzyl; Rerr] is ‘Fe‘ﬁ hi?k EP IS hydro’gen or
(=O); Y is CH 0, NH, SO SOerr] or [err]al kylam no; V\D 98/ 38164

PCT/ US98/ 03667 - 4-
The present invention relates to a process for

preparing a compound of the formula

R‘
0

s1e 14
R

;\: nN R®
Y' R' ﬁ

G is C1-Ci2 alkyl, C;-Ci;; alkenyl, C;-Ci; alkynyl, or Ar;

wherein

Ar is an aromatic or heteroaromatic group or a substituted
10 ardmatic or heteroaromatic group;

R® is C;-Ce¢ alkyl;

R' and R® are each hydrogen; or R! and R® taken together form

a second bond between C-13 and C-14;

R’ and R® are each independently hydrogen or Ci-Ce¢ alkyl; or
15 R’ and R® taken together form a cyclopropyl or cyclobutyl

ring;

R’ is hydrogen, C;~C¢ alkyl, C,-C¢ alkenyl, C2-Ce¢ alkynyl,

- (CHz)m— (C3-Cs) cycloalkyl or benzyl, wherein m is the integer

one to three;
20 R' is hydrogen or C;-Cs alkyl;

R is hydrogen, Ci-Cs alkyl, phenyl or benzyl;

R" is hydrogen or C;-Cs alkyl;

R*® is hydrogen or (=0);

Y’ is CH, O, NH, SO, SO, or (C;-Ci)alkylamino;



Rlerr] is [err]alkyl, substituted [err]alkyl, (Cferr]- (err])cycloal kyl,
substituted [err]cycloal kyl, a heteroaromatic or substituted heteroaronmatic

f formila (1A), (IB 10): 5 -16 R6
oo o A gagl (o (AL (B or (19 810 o L ehehbey

halo or OR[err]; R [err], R[err], and Rl err] independently are hydrogen,
hal o, (C[err]- C[err])alkyl-, OR[err], Oaryl, NHerr], NR[err]R [err],
NOJ err], CPCIerr]H[err] (derr]-Cerr] 10 al koxy)phenyl S- benzyl ,

ndependent 15 &% Chy S %i%y%“[e bl @-fpadag) gid o) d
| kyl ; 1, ;

[12”12) al syanc ircgma]t Cﬁ%&r %&ﬁé%l?ﬁagﬁ”h %)cg’lr%(%)al Z %har magreut [ cglnl y

acceptabl e Sl etderéMhe 1608 sab%%ﬁz%&i\%{%@%l LOHROE dgPbuphx! & Ml 8

20
PCT/ US98/ 0368doup of formula (IA), (IB) or (IC):

16
o —~)
—CH ——,
{é\ ‘\ ) f\ﬁ
R6C }‘17

(IB) (1C)

5

R®, R®, and R* independently are H, halo or OR';
R, R'®, and RY indepeﬁdently are hydrogen, halo, (Ci-
Ce¢)alkyl, OR'®, O-aryl, NH:, NRY@R'?, NO,, OPOsH,, (Ci~Cs
10 alkoxy)phenyl, S-benzyl, CONH;, CO,H, PO:H;, SO.R*®, or Z';
R' and R independently are hydrogen or C;-Cs alkyl;
R** is hydrogen or {C;-C;)alkyl;
% is ~-(CH2)n,- or (C3-Cs)cycloalkyl;
nis 0, 1, or 2; and
15 2' is an aromatic or substitut.ed aromatic group; or a

pharmaceutically acceptable salt thereof;

comprising epoxidizing a compound of the formula

20



-5- wherein G J[err] and 50 as defined above and Yis Y or S, with an
oxi dant and a chiral ketone to forma conpound of formula (lI); and 5
optionally forniagca pharmaceutically acceptable salt thereof. This

i nventi on MQ1378

onprises a process for preparing a conpouRgTHSI¥Pe67

formula 10 [err] wherein Gis [err] alkyl, [err] alkenyl, [err] alkynyl,
Ar; Ar is an aromatic or heteroaromatic group or a substituted 15 aromati

or heteroaromatic group; Rerr] is [err]Jalkyl; Rerr] and R err] are each

hydr ogen;

or

Rlerr] and Rl err] taken together forma second bond between

C-13 and C14; Rerr] is hydrogen, [err] alkyl, trichloroethyl, or [err];
20 R30 is hydr n al cahaol Lpratectyng @r oyp, L a e oypnsof thesd aroul
VAR N 2, CRR0! BT RECIINI RS ORP, o, g8 Oypa oL Lhgsd ofg

WO 9138164
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as defined above and Y is Y’ or S; with an oxidant and a

chiral ketone to form a compound of formula (I); and

optionally forming a pharmaceutically acceptable salt

thereof.

This invention further comprises a process for

preparing a compound of the formula

M

. o
G 7y 13

Fl 1 _R "

anao IR‘
o OR% (1)

wherein

G is C1-Ci2 alkyl, C.-Ci; alkenyl, C;-Ci;» alkynyl, or Ar;

Ar is an aromatic or heterocaromatic group or a substituted

aromatic or heteroaromatic group;

R® is C1~-Cs alkyl;

R' and R’ are each hydrogen; or R' and R® taken together form

a second bond between C-13 and C-14;

R® is hydrogen, C;-C¢ alkyl, trichloroethyl, or -CH,SR®;

R* is hydrogen, an alcohol protecting group, or a group of

the formula

or
Cc

a



[err] Rlerr] and Rl err] are each independently hydrogen or [err] al kyl; or
Rlerr] and Rl err] taken together forma cycl opropyl or cyclobutyl ring; 5
Rlerr] is hydrogen, [err] alkyl, [err] alkenyl, C2-C6 al kynyl,

-[err] cyclwaloRpBiédr benzyl, wherein mis the integer one to RCF/ESHS/REE & ]
I's hydrogen or [err] alkyl; Rerr] is hydrogen, [err] al kyl, phenyl or
benzyl; 10 R14 is hydrogen or [err] alkyl; R50 is hydrogen or (=O); Y is
CH O, NR[err], S, SO SQerr], wherein Rerr] is Hor[err]Jalkyl; Rerr] is
[err] alkyl, substituted [err]alkyl, (C3- (Jerr] cycloal kyl, substituted

[err] cycloalkyl, a 15 heteroar ond® r bstituted heteroaromatic group
or a group of fornmula (1A, (IB) or (§O: }-16 [err] (I A

(1B) (1 [err] and ' hdently are H, [err]alkyl,
halo 20[err] or [err]; WO 98/ 3&64 R®

PCT/ US98103667 Rt

R NHR®2
R’ and R’ are each independently hydrogen or C1-Cs alkyl; or
R’ and R® taken together form a cyclopropyl or cyclobutyl
ring;
5 R’ is hydrogen, C;-Cs alkyl, C.-Cs alkenyl, C.-Cs alkynyl,
- (CHz2}m- (Ca-Cs) cycloalkyl or benzyl, wherein m is the integer
one to three;
R'® is hydrogen or C;-Cs alkyl;
R'! is hydrogen, Ci1-C¢ alkyl, phenyl or benzyl;
10 R is hydrogen or C;-Cs alkyl; |
R*® is hydrogen or (=0);
Y is CH, O, NR', S, SO, SO;, wherein R is H or C;-Cs; alkyl;
R® is C;-C¢ alkyl, substituted (C;-Cs)alkyl, (Cs-
Cs) cycloalkyl, substituted (Ci-Cg)cycloalkyl, a
15  Theteroaromatic or substituted heterocaromatic group or a

group of formula (IA), (IB) or (IC):

R6a RN
——CH, —_—7 —Z
R6b ~._15 ~,15

\, ¢ Ly
R6C R R
(1a) (IB) (IC)

R*, R®, and R* independently are H, (C:-Cs)alkyl, halo

20 NR'R! or OR!;



-7- [err] and [err] independently are hydrogen, halo, (Clerr]-
Cerr])alkyl, ORerr], Oaryl, NH2,[err] al koxy)phenyl, S-benzyl,[err] or

Z'; Rerr] a rr] |ndependently are hydrogen or [err] al o
S hydrog&YPg?ﬁs[kar]al kyl; Zis -[err]- or [err]cycloalkyl; ﬂr?‘lf/gs%I , or

2; and Z' is an aromatic or substituted aromatic group; R[err] Is [err]
al kyl ,[err] cycloal kyl, phenyl or benzyl;-7and 10 R82 is a base labile
protecting group; or a pharnaceutically acceptable salt thereof; with the

proviso t ha£1 He?;’rt%nas ri®lla épsﬁ]ﬂa}?éweﬂr%ggnhiparage | cofalo pr(& ecting

group; with provi so IS tric Ioroethyl R30 I S not

an al cohol rpé@%ingoﬁtaou;b J]cormq S|I\ﬁgaﬁpoxwzz|5g»o§a§onmwm of the

forrrula[err wherein G [err]and err] are as defi ned above; with an
oxi dant and ‘.%k%_?tyr)ﬂhéfﬁf‘lo”%iﬁéﬁﬁin aceRApOUreLDf Bty BOLRY),; cand* ;
optionally ?orm ng a

rmaceut i cal1y acceptabl e salt thereof. The
conpounds OR*® and R independently are hydrogen or Ci-Cs alkyl;
5 R?*® is hydrogen or (Ci-Ci)alkyl;
Z is -(CHz),- or (Ci-Cs)cycloalkyl;
nis 0, 1, or 2; and
Z' is an aromatic or substituted aromatic group;
R® is C1-Ce¢ alkyl, C3-Cs cycloalkyl, phenyl or benzyl; and
10 R®* is a base labile protecting group; or a pharmaceutically
acceptable salt thereof; with the proviso that when R® is
-CH,SR®!, R®® is not hydrogen or an alcohol protecting group;
_with the further proviso that when R® is trichloroethyl, R
is not an alcohol protecting group;

15

comprising epoxidizing a compound of the formula
R® R*

NO _R®

OR I
0™ ™OR®(g)

20 wherein G, R?}, R, R, R%, RY, R® and R® are as defined
above; with an oxidant and a chiral ketone to form a
compound of formula (II); and optionally forming a

pharmaceutically acceptable salt thereof. The compounds of



WO 9838164 PCT/ US98/ 03667 formul a
(I'l') are useful as internediates in preparing conpounds of formula (). 5

This invention further conprises the novel conpounds of fornulae Ildé
(18) and (We)987381&sc] osed herein, useful in the preparation oFCIHISPUONEL of
formula (1). 10 DETAI LED DESCRI PTI ON OF THE | NVENTI ON As used

in the application: (a) the designation L@iers to a bond that 15 protrudes
t

forward out of the plane of the page; (b) e designation refers to a bond

t hat protrudes backward out of the plane, of the and 20 (c) the

age; .

desi gnati on formula (Ifd, arg, ug ?%rlﬂE?Eﬂe?R€%§FeF@b&ﬁEQQﬁ%ﬂpis not
desi gnated. As used.herein, the te "pharmaceutically acceptable salt”
refers to ei ERBPOUPAF Q%d%FFgﬁl { Jor 25 base addition salts. The
expressi on pharmaceutically acceptable acid addition salt” is intended to
apply to any non-toxic organic WO 98/ 38164

PCT/ US98103667 - 9-

5 This invention further comprises the novel
compounds of formulae (IId), (18) and (19), disclosed
herein, useful in the preparation of compounds of formula

(I).
10 DETAILED DESCRIPTION OF THE INVENTION
As used in the application:

(a) the designation ” ™ 7 refers to a bond that

15 protrudes forward out of the plane of the page;

(b) the designatioh # mne » roefers to a bond that

protrudes backward out of the plane of the page; and

20 (c) the designation * W~ 7 refers to a bond for which

the stereochemistry is not designated.

As used herein, the term “pharmaceutically
acceptable salt” refers to either acid addition salts or

25 Dbase addition salts.

The expression “pharmaceutically acceptable acid

addition salt” is intended to apply to any non-toxic organic



or inorganic acid addition salt of the conpounds of formula | or any of its
i nternmedi ates. Illustrative inorganic acids which formsuitable salts

i ncl ude hydrochl orjic, hydrobronmic, sul phuric, and phosphoric ' cid
metal salt WQAMPIY 5 sodium monohydr ogen orthophophate, and po %@@g?ﬁa’
hydrogen sulfate. Illustrative organic acids which formsuitable salts

I ncl ude the nono-, di- and tricaboxylic acigls. Illustrative of such acids
are for exanple, acetic, glycolic, lactic, pyruvic, malonic, succinic,

glutaric, 10..fu ' Al C: gt ' LhLi cor i i
hydroxynaleigf ggﬁggﬁgfgﬁfg%gif%%%?%%é? %hg%yﬁgcg?%g, @@ﬁﬂgﬁ#f,gga_?E?Pﬁg,
2- phenoxy- begzgiC gngnd S Uld O o Shddi aHEl . 28 TRILIUINSSH Db £gaRLE acids

nmet hane sul fonic acid and 2- hydroxyethane sulfonic acid. Such salts can

exist in eit{agchS fonlislitthwle SsdBE 3Nt hahhea WP d¥id) H@robromic,
expression "pharmaceutically acceptabl e basic addition salts" is intended

to apply to sa¥phemrikoXighdessshericnacgdnaadbagiial aktidl osabest Such kbe
conmpounds 20 of formula | or any of its internediates. |Illustrative bases
whi ch f orsm sgotidbine mealcis/druderdcoat kaphophtigle, oand pdtams pan thydedgen
hydr oxi des such as sodi um potassium cal cium magnesium or barium
hydr oxi des; awifate.addlaistprative eyganicoacadsnaiichorfyam csaitabiesuch
as 25 nethyl am ne, dinethylamne, trinethylanne, diethylam ne,
triet hyl am ngaltsopnedyds ditry|monee, @¥ri dndetxidaficcntliie acids.
Illustrative of such acids are for example, acetic,
glycolic, lactic, pyruvic, malonic, succinic, glutaric,

10 fumaric, malic, tartaric, citric, ascorbic, maleic,
hydroxymaleic, benzoic, hydroxybenzoic, phenylacetic,
cinnamic, salicylic, 2-phenoxy-benzoic, and sulfonic acids
such as p-toluenesulfonic acid, methane sulfonic acid and 2-
hydroxyethane sulfonic acid. Such salts can exist in either

15 hydrated or substantially anhydrous form.

The expression “pharmaceutically acceptable basic
addition salts” is intended to apply to any non-toxic
organic or inorganic basic addition salts of the compounds

20 of formula I or any of its intermediates. Illustrative
bases which form suitable salts include alkali metal or
alkaline-earth metal hydroxides such as sodium, potassium,
calcium, magnesium or barium hydroxides; ammonia and
aliphatic, cyclic or aromatic organic amines such as

25 methylamine, dimethylgmine, trimethylamine, diethylamine,

triethylamine, isopropyldiethylamine, pyridine and picoline.



WO 9818164 PCTI US98/ 03667 -10- As
used herein, the term[err] alkyl" refers to a saturated strai ght or
branched chai n hydrocarbon group of fromone to twelve carbon atons.

| ncl uded Ww®Pb83816¢ scope of this termare nethyl, ethyl, n-RCIHBEIBN3667

i sopropyl, n- 5 butyl, isobutyl, sec-butyl, tert-butyl, pentyl, neopentyl,
2-met hyl butyl, 3-nethyl butyl, hexyl, heptyl, octyl, nonyl, decyl and the
like. Included within the termis the ter [err] alkyl"™ which refers to a
sat urated, unsaturated strg%ght or, branched chain hydrocarbon radi cal of

[romone 10" to six cahAoHAMRe: eI eRCERFENI e 3562 oF SFARS £t &
e b St Respinigt ??ﬁ ﬁﬁf@”’b‘ﬁ‘?: piatbilibaty S Y 26 1
gsrgfaggﬁ;a] gf%@%n 1% gﬁiiﬁ rete E:4c§§9%§tuzgﬁﬁﬁ, ?ﬁ?gPhbéPE&h sfﬁ%ﬁﬁ%t

| ncl uded mﬁtﬁ?ﬁtgﬁgyg%g%égg FLlsygérﬁgg? ihg%ﬁgr?ﬁg%hyﬁsspgggpgﬁy . and

the likes 205ty1, isobutyPubsldd Zi,glrj%éﬂk%l:tt %,Ef Bbatl, 2nkBpehtdky!

group that may T nclude up"to three stituen
2-methylbutyl, 3-methylbutyl, hexyl, heptyl, octyl, nonyl,

decyl and the like. Included within the term is the term
“C1-Cs alkyl” which refers to a saturated, unsaturated,
straight or branched chain hydrocarbon radical of from one
10 to six carbon atoms. Included within the scope of this term
are methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
sec-butyl, tert-butyl, pentyl, neopentyl, 2-methylbutyl, 3-
methylbutyl, hexyl and the like. Included within the terms
#C1-C12 alkyl” and “C;-C¢ alkyl” is the terms #C;-C; alkyl”
15 which refers to a saturated, unsaturated, straight or
branched chain hydrocarbon radical of from one to three
carbon atoms. Included within the scope of this term are

methyl, ethyl, isopropyl, and the like.

20 "Substituted (C;-Cg)alkyl" refers to a Ci;-Cs alkyl
group that may include up to three (3) substituents
containing one or more heteroatoms. Examples of such
substituents are OH, NH;, CONH,, CO,H, P0;H, and SO0,R*
wherein R*' is hydrogen, C;-Cs alkyl or aryl.

25
The term “(C3;-Cg)cycloalkyl” refers to a saturated

C3-Cs cycloalkyl group. Included within this group are

cyclopropyl, cyclobutyl, cyclohexyl, cyclooctyl, and the



contai ning one or nore heteroatons. Exanples of such substituents are

OH, [err] and [err] wherein R err] is hydrogen,[err] alkyl or aryl. 25 The
term"[err]cycloalkyl" refers to a saturated C3-C8 cycl oal k

I ncl uded m}ﬁ?ﬁ?‘% s group are cyclopropyl, cyclobutyl, cycl é’lt%l%!ﬁ}%“m
cyclooctyl, and the WO 98/ 38164

PCTI US981 03667 -11- |ike. A "substituted [e11}cycloal kyl group” refers to a
[err]cycl oal kyl group having up to three Cl1-C3 al kyl, halo, or OR21

Stom  Oyel ondire o Bn RUERALMERA M 2h TEELoAON e " BifrER 80,2
ityh;fpdzp'go' y'waaE’:%?%ﬁ°?rf"%ylif%%%‘ir§3ﬁ5‘i.fﬁ ’3%?%8‘8%&5{%8?%% ﬁéf%‘%%a‘é‘;a“'
al kenyl " ref ecr’€ @g&arslgg’%?a]’[%uﬁr)a ée%‘ s?%%ueg%?bg%:lﬁ?gﬁgﬁeg:gg’ﬁaéeﬁ %%%%é%%b%%
Goubl ¢ bonds. ShctTabRaREEn SRR Hhsfh oroT R ORI ibc 88 BRI Gy
| sopropengl ’ ;E‘fé’k‘éze-ﬂ&'i cﬂr?:‘i%%tl oyl ’g:r.poeunpg.eny“fhezﬁem “~ (CHz2) m- (C3-Cs)
cycloalkyl” where m is an integer one, two or three refers

to a cyclopropyl, cyclobutyl or cyclopentyl ring attached to

a methylidene, ethylidene or propylidene substituent.

10 The term ”C;-Ci; alkenyl” refers to an unsaturated
straight or branched chain hydrocarbon radical of from two
to twelve carbon atoms and having from one to three double
bonds. Included within the scope of this term are ethenyl,
propenyl, isopropenyl, n-butenyl, isobutenyl, pentenyl, 2-

15 methylbutenyl, 3-methylbutenyl, hexenyl, octenyl, nonenyl,
decenyl and the like. It is especially preferred that

alkenyl have only one double bond.

The term “C;-C;; alkynyl” refers to an unsaturated
20 straight or branched chain hydrocarbon radical of from two
to twelve carbon atoms and having from one to three triple
bonds. Inc_luded within the scope of this term are ethynyl,
propynyl, isopropynyl, 2-methypropynyl, hexynyl, decynyl,
and the like. It is particularly preferred that alkynyl has

25 only one triple bond.



15 net hyl butenyl, 3-nethyl butenyl, hexenyl, octenyl, nonenyl, decenyl and
the like. It is especially preferred that al kenyl have only one doubl e
bond. The term "[err]al kynyl" refers to an unsaturated 20 straight
branched cwei98/3Bi6dr ocar bon radical of fromtwo to twelve car g’[’@ﬁgé"and
having fromone to three triple bonds. Included within the scope of this

termare ethynyl, propynyl, isopropynyl,_ézﬂpthypropynyl, hexynyl , decynyl,
and the like. It is particularly preferred that al kynyl has 25 only one
triple bond. WO 98138164

PCT/ US98103667 -12- The term "[err]al koxy[err] refers to a straight or
branched al koxy group containing fromone to, six_carbon atg .such _as

met hoxy, ethoxy, n-propeRyteFBopFapos2Lr*y" rebsys Fgoﬁﬁgg?,lgggnf)&y,

2- met hyl pent oxy, .and the |like. The term,"[.err]_al koxy)phenyl refers to a
phenyl ~ gr oupranshed A YRt STPBr FPR rtﬁcﬁﬁ?‘%ltmg%f%\épfa%?gb%%r bon on
t he phenyl rirmysji) The term "hal o" refers tp chloro, brono,

fluoro, or PEES THMGR A% MGEHRMY I c SFMOIR" dHPTIRAZS nat TRFPROZY» 1B~
5 butoxy, isobutoxy, pentoxy, 2-methylpentoxy, and the like.

The term " (C;-Cs alkoxy)phenyl”® refers to a phenyl group
substituted with a C1-Cs alkoxy group at any available

carbon on the phenyl ring.

10 The term “halo” refers to chloro, bromo, fluoro,

or iodo.

The terms “aromatic group” and “heterocaromatic
group” refer to common aromatic rings having 4n + 2 pi

15 electrons in a monocyclic or bicyclic conjugated system.
The term “aryl” refers to an aromatic group, and the term
“aralkyl” refers to an aryl(C;-Ce-alkyl) group. Examples of
aromatic groups are phenyl, benzyl and naphthyl.
Heteroaromatic groups will contain one or more oxygen,

20 nitrogen and/or sulfur atoms in the ring. Examples of
heteroaromatic groups include furyl, pyrrolyl, thienyl,
pyridyl and the like. When the aromatic or hetercaromatic
groups are substituted, they may have from one to three
independently selected C;-C¢ alkyl, C;-Cs-alkoxy or halo,

25 substituents. The aromatic groups may be further

substituted with trifluoromethyl, COOR®’ (wherein R* is



group” refer to common aromatic rings having 4n + 2 pi 15 electrons in a
nmonocyclic or bicyclic conjugated systen1 The term"aryl" refers to an

aromatic the term"aralkyl" refers to an PCT/US98/0366
aryl(C[er??R%§§?ﬁ?palkyI) group. Exanples of aromatic groups are pﬁény?}
benzyl and naphthyl. Heteroaromatic groups will contain one or nore oxygen,

20 nitrogen and/or "sulfur atonms in the ri+Apg3-Exanpl es of heteroaromatic
groups include furyl, pyrrolyl, thienyl, pyridyl and the |ike. Wen the

aromatic or ahopgt OISy tidaed, Y, fta\gsfyr om one
to three md%%%ﬁggntly sbﬁeg{ ed[erﬂ a‘lﬁ%?lﬁ [ée?gr}]?- asc?fgiy g?vl?\a?\c() )

substituents 0 | e Rex SIU tpeoe
trifluor omath wiEfedh ﬁ?r rl](\S %H er el %ﬁR‘fgrﬁ%‘t @k}él@%g%%S%AfgLsW‘h&@rogen,

PCT/ U8981036@7 Ky, d1 bR fgbE]  al rr] rein RS9 is hydrogen
or[err]al kyl - and R[err = dpoglg?\ erdrf?é ér FMOCO), -CN, - N2,

.'SRﬁZdrBSreL]ar?‘e“??”“f%ﬁ s fyné‘;“e?égi s?fsute%ﬂ%?n%@%’?'?‘%? o1
ar omat | ngfokkﬁﬁz-'dréy%’ﬁf?kh%' (RO QwnbEBIY) RPRON  nPifogEO4r c;-c
alkyl). Especially preferred substituents for the aromatic
groups include methyl, halo, N(R*’) (R®®), and -OR*.
The substituents may be attached at any available_ carbon
atom. |
10
Especially preferred heterocyclic or substituted

heterocyclic groups include

15 wherein R* is hydrogen or C;-C¢ alkyl.

The term ”aryl” refers to an aromatic group of

from 6 to 12 carbon atoms, such as phenyl or naphthyl groups



The substituents may be attached at any avail abl e carbon atom 10
Especially preferred heterocyclic or substituted heterocyclic groups
include [err] OR 20 or 15 wherein R err] is hydrogen or[err] alkyl. The
term "arylWOP8B8164 t o an aronmtic group of from6 to 12 car &T"%ﬁ’é’ﬂi‘,‘wsuch
as phenyl or naphthyl groups "WD 938164

PCT/ US98103667 -14- wherein said groups afg.optionally substituted wth
one, two or three substituents selected fromthe group consisting of [err]

a1 Koy THUDEGRIE g Uy S5 oo ELBhal LG PSR R M s 1 S o

St ai gnt or OBy SRERSH TR 11 FYRP Ot o BYCE At EADoE s JEPRE SRR o

but yT oxy, 1 Sonct yI DSt SBa TR pke s ELEER RPN, hARBGERYOE-E1
alkoxy. The terms “lower alkoyl group” or “C;-Cs alkoxy”

5 refers to an alkyloxy radical made up of an oxygen radical
bearing a saturated straight or branched chain hydrocarbyl
radical of one to five carbon atoms and specifically
includes methoxy, ethoxy, propyloxy, isopropyloxy, n-
butyloxy, isobutyloxy, sec-butyloxy, tertiary butyloxy,

10 pentyloxy and the like. Specifically included with the scope
of the term “aryl” are phenyl, p-toluoyl, p-methoxyphenyl,

p-chlorophenyl, naphthyl and the like.

As used herein, the term “heterocaryl” refers to a

15 substituted or unsubstituted heterocaromatic radical which
contains one or more non-carbon substituents within the
ring, said substituents selected from oxygen, nitrogen or
sulfur. The total number of carbon atoms and non-carbon
atoms in the ring range from four to twelve atoms.

20 Specifically included with the scope of the term
“heteroaryl” are monocyclic conjugated systems such as
furyl, pyrrolyl, thienyl, pyridyl, and the like and bicyclic

conjugated systems such as indole.

25 As used herein "epoxide ring" means a three-
membered ring whose backbone consists of two carbons and an
oxygen atom. As used herein, "aziridine ring" means a

three-membered ring whose backbone consists of two carbon



10 pentyloxy and the like. Specifically included with the scope of the
term"aryl" are phenyl, p-toluoyl, p-nethoxyphenyl, p-chlorophenyl,

napht hyl a | ke. As used herein, the term"heteroaryl" pehosoiee7 2 15
substitute%qb%ﬂﬁﬁétbstituted het eroaromati ¢ radi cal which contal ns one or

nmore non-carbon substituents within the ring, said substituents sel ected
from oxygen, nitrogen or sulfur. The totatl®dnber of carbon atons and
non-carbon atonms in the ring range fromfour to twelve atons. 20

Speci fical l yat gbudad W b cildgyeif Qo] (A§ 41868 hBeEEnOARYI Fi¥e ring”
nonocycl i c conjugated systens such as furyl, pyrrolyl, thienyl, pyridyl,

and the |ikepaaflsbhcythriee-aRAibeE dr HY§ WHEsEUBAcRBohedbdisiZts of two
As used herein "epoxide ring" neans a three- nenbered ring whose backbone

consi sts of ¢spbear AeBmsaathdm GOHRNr adO6h. ASAEsadelicherein’ dapiislilfide
ring" nmeans a three-nenbered ring whose backbone consists of two carbon
WO 98/ 38164 ring" means a three-membered ring whBE2&l baeXbades torkh-s s @fb
and a nitrogen atom As used herein "sulfide ring" neans a three-nenmbered
ri ng whosSe bewaboarboonsitoms @nd w swifen atoms aAd used hereitohiswisatsed
herein "episulfide
group”" means a five membered ring consisting of a carbon-
carbon-oxygen-sulfur-oxygen backbone with two additional
oxygen atoms connected to the sulfur atom. As used herein
"ecyclopropyl ring" means a three member ring whose backbone
10 consists of three carbon atoms. As used herein,
"monoalkylphosphate ring" means a five membered ring
consisting of a carbon-carbon-oxygen-phosphorous-oxygen
backbone with two additional oxygen atoms, one of which
bears a lower alkyl group, connected to the phosphorous

15 atom.

As used herein, the term #(=0)” in combination
.with the carbon on the ring to which it is attached refers

to a carbonyl group of the formula

20
The term “O-aryl” refers to an aryloxy or an aryl
group bonded to an oxy moiety.
25

As used herein, the term “Ph” refers to a phenyl

moiety.



ring" nmeans a three-nenbered ring whose backbone consists of 5 two carbon
atons and a sulfur atom As used herein "sulfate group"” neans a five
menbered ring consisting of a carbon- carbon-oxygen-sul fur-gx bone
with two éﬂ@g?WHﬁﬁl oxygen atoms connected to the sul fur atBﬁ¥R§EW@§éﬁ
herein "cycl opropyl ring" nmeans a three nenber ring whose backbone 10
consists of three carbon atons. As used.gein, "nonoal kyl phosphate ring"
nmeans a five nenbered ring consisting of a

car bon- car bon- oxygen- phosphor ous- oxygen backbone with two additional oxygen
atons, one of which bears a | ower al kyl group, connected to the phosphorous

15 atom As used herejg, ,Lhg }8 ‘BQZQHEiééfﬁ”“ﬁ%%ﬁ;%ﬁkefgtébt@@rﬁarbon

on the ring to which it is attached refers to a ca group of the

formula 20 gy rifheOndi¥hivieher $dprcdortiad By tHe ¥bdfyla 9roup bonded
to an oxy noiety. 25 As used herein, 'the term"Ph" refers to a phenyl

noi ety. WO 98/ 38164 PCT/ US98103667

?Hs /CHS
—$i~CCCH,
CH, CHs

As used herein, the term “NHS” refers to a N-

hydroxysuccinimide moiety of the formula

o

As used herein the term "base labile amino
protecting group" refers to common amino protecting groups
which are known to be base labile. The artisan can consult

15 common works such as Greene, T.W. "Protecting Groups in
Organic Synthesis", Wiley (New York, 1981). See particularly
Chapter 7 of Greene. BAn especially preferred base labile

amino protecting group is fluorenylmethoxycarbonyl (Fmoc) .

20 The term “suitable activatable carboxy protecting
group” refers to carboxy protecting groups containing
activatable ester substituents and are known by one of

ordinary skill in the art and disclosed by Greene, T.W.,



-16- As used herein, the term"TBS" refers to tert- butyldinethylsilyl as
represented by the formula 5H3 CH3 [ERR] As used herein, the term "NHS"
refers to oxysucci ni m de moiety of the fornula [ERRbc&RH@@nﬂﬁed
her ei n the ern1 ase | abile am no protecting group"” refers to common am no
protecting groups which are known to be base | abile. The artisan can
consult 15 conmmon works such as Greene, F1W "Protecting Goups in Organic
Synthesis", Wley (New York, 1981). See particularly Chapter 7 of G eene.

An especi al | ¥uptaf.er g thaske | e bhetBELLAG! E&auysota&é %hose which
f1uorenyl met hoxycar bonyl (Fnoc). 20 e term"suitable

activatabl e agebaxy ivatizdslie regstEOUPibseicnents cachading N-28idABoeF Oups
contai ning activatabl e ester substituents and are known by one of ordinary

skill in thesactciaddidiescMdgdiiyxfaebfesudciinide\V\@nd833lG4s thereof, 2-
PCT1US98103667 -17- )
nitrophenyl, 4-nitrophenyl, 2,4-dichlorophenyl, and the
5 1like. An especially preferred activatable carboxy

protecting group is N-hydroxy-succinimide (NHS).

As used herein, the term "oxidant" has the meaning

associated with the term by the artisan. For example, an

10 oxidant is an agent capable of converting an alkene moiety
of a chemical intermediate of this invention to an epoxide
moiety. Suitable oxidants include potassium
peroxomonosulfate (Oxone), m-CPBA, methyltrioxorhenium
(VII), trifluoroper-acetic acid, and magnesium

15 monoperoxyphthalate. A preferred oxidant is potassium

peroxomonosulfate (Oxone).

As used herein, the term "chiral ketone" refers to
a ketone containing the following general features:
20 1) the stereogenic centers are close to the
reacting center; and
2) the ketone has a fused ring and a a quaternary
center & to a carbonyl group; and
3) one face of the ketone is sterically blocked.

25 One especially preferred chiral ketone is of the structure:



supra. Suitable carboxy protecting groups are those which are activatable
ester substituents including N hydroxy- succinim de,

N- hydr oxysul fosucci ni m de and salts thereof, 2- nitrophenyl, _4-nj nyl ,
2, 4-di chl oMPP¥RIF4 and the 5 like. An especially preferreﬂéga#éégggﬁle
carboxy protecting group i s Nhydroxy-succinimde (NHS). As used herein,
the term "oxidant" has the neaning associajgd with the termby the artisan.
For exanple, an 10 oxidant is an agent capable of converting an al kene

noi ety of a chemcal internediate of this inven[ion to an epoxi de noiety.

Sui t abl e oxi dants include potassiump fate (Oxone), m CPBA,

met hyl t ri oxorhenium (VI1), trifluoroper-a ic pcid, and nagnesi um 15
nonoper oxypht hal ate. A preferregd & dant A% pgbassi um per oxononosul f at e
(Oxone). As used herein, the terfi"ch ketone"” refers to a ketone

contai ning the follow ng generak}featlres:020 1) the
stereogenic centers are close to th5)reacting center; and 2) the ketone has
a fused ring and a a quaternary center a to a carbof¥}-group; and 3) one
face of the ketone is sterically blocked. 25 One especially preferred
chiral ketone is of the structure: '

As used herein the term "alcohol protecting group”
can be selected using common works. The term refers to
5 alcohol protecting groups that can be selected from works
such as Greene, T.W. "Protecting Groups in Organic
Synthesis", Wiley (New York, 1981). See especially Chapter
2 of Greene. Preferred alcohol protecting groups are
selected from silyl and acyl groups. An especially

10 preferred group is tert-butyldimethylsilyl (TBS).

A general synthetic procedure for preparing a
compound of formula (I) is set forth in Scheme A. In Scheme
A, all substituents unless otherwise indicated, are as
15 previously defined. Reagents, techniques, and procedures
used in Scheme A are well known and appreciated by one of

ordinary skill in the art.



WD 98/ 38164 PCTr US9&/ 03667 - 18-
[ERR] (7). As used herein the term "al cohol protecting group"” can be

sel ected gﬁbggﬁﬁggnon works. The termrefers to 5 al cohol poYne9s03I6g?
groups th e selected fromworks such as Geene, T.W "Protecting

G oups in Organic Synthesis", Wley (NEM/Ybrk 1981). See especially
Chapter 2 of G eene. Preferred al cohol prdecting groups are selected from
silyl and acyl groups. An especially 10 preferred group is
tert-butyldinmethylsilyl (TBS). A gener &cpswms 2etic procedure for preparing
a conmpound of forrmula (I) is set forth in Schenme A In Schene A al
substituents unless otherwi se indicated, are as 15 previously defined.
Reagent s, techni ques, euuiﬁwocedur¢p used in Scheme A are well known and
appreci ated by one of ordi ary sBRY| in_the art. WO 98/ 38164

pCT/ us98/ 03667 -19- 4 NP

1

R Epoxidation

qe " H :

4)

5 In Scheme A, an alkene of formula (4) is
epoxidized with a chiral ketone and an oxidant to form a B-

epoxide of formula (I).

For example, a compound of formula (4) may be

10 stereoselectively epoxidized to form a P-epoxide of formula
(I} using a chiral ketone with an oxidant in the presence of
a suitable base such as NaHCOs: using procedures analogous to
those disclosed by Tu, Y. et al, J. Am. Chem. Soc. 118, 9806
(1996); Wang, Z-X et al. J. Org. Chem. 62, 2328 (1997);

15 Wang, Z-X et al., J. Am. Chem. Soc. 119, 11224 (1897}.
Preferred compounds of formula (4) for this reaction include
those compounds where G is phenyl, R® is methyl, R* and R®
form a second bond, R is hydrogen, R' is hydrogen, R*® is
(=0), and Y is O. The preferred oxidant is Oxone and the

20 preferred chiral ketone is the compound of formula (7).

This preferred chiral ketone can be prepared from

D-fructose by ketalization and oxidation under routine



[ERR] (4) 5 In Scheme A, an al kene of fornula (4) is epoxidized
with a chiral ketone and an oxidant to forma epoxide of fornmula (I). For

exanpl e, a conmpound of forrmula (4) may be 10 stereosel ectively epoxidi zed
to forma [ %’-’%xide of formula (1) using a chiral ketone Ms%%é

oxidant in the presence of a suitable base such as NaHCJ ERR] usi ng
procedures anal ogous to those disclosed byspu, Y. et al, J. Am Chem Soc.
118, 9806 (1996); Wang, Z-X et al. J. Org. Chem 62, 2328 (1997); 15 Wang,

formil o (4) FoPe iRl Wor chimpde’ e kebatarata S draf SF L Shecrs
formia (: . XS Sth ,
|3 hydrogen, FR0Y S G L fATRRE PERLesR T8 ook b ™

the 20 prefergoeg Chiscl dsdnpsiEe | stls@eoﬁsegraweﬁ ?an Bb’“c'!o%#lk@&eaﬁr plzs;itzlago o and

preferred chiral ketone can be prepared om D-fructose
oxi dation ungeridiyivie chld¥>O838h&¢e at room temperature. These

pCT/ US98/ 03667 -20- conditions. For exanple, the ketalization can be

conpl eteds reactions are known in the art; see, for example: Tu, Y. et
al, supra. and Wang, Z-X et al. supra. The asymmetric
epoxidation can be carried out at a pH within the range of

from about 7.0 to about 11.5.

10 Although it requires about 3-4 equivalents of
chiral ketone to obtain conversions of greater than 95% with
many cryptophycin intermédiates at a pH of about 8.0, it is
possible to use less chiral ketone (about 1-2 equivalents)
at a pH of about 9.0 or above. Suitable solvents useful for

15 the epoxidation step include H,0, DMF, glyme, dioxane,

CHisCN, alcohols, THF, EtOAc, halohydrocarbons, chloro-
benzene, and toluene, with a CH;CN/H,0 solvent combination
being preferred. Reaction temperatures may range from about
-20°C to about 25°C with about -10°C to about 10°C being

20 preferred. The PB-epoxide of formula {I), can be isolated
and purified by techniques well known in the art such as
extraction, evaporation, chromatography and
recrystallization. A preferred stefeoselective epoxidation
utilizes the chiral ketone of structure (7) to provide a

25 mixture of epoxides (& and B) in the crude product (I) in
the ratio of about a:B 1:5. This procedure can also be
utilized analogously to obtain the a-epoxide derivative of

formula (I).



usi ng acetone, HCIO[ERR], and the process is conducted at about 0 C. For
exanpl e, the oxidation can be conpleted using pyridiniumchlorochronate at

room t enperyad bg/ssigd hese 5 reactions are known in the art; sSegradds03667
exanple: Tu, Y. et al, supra. and Wang, Z-X et al. supra. The asymetric

epoxi dation can be carried out at a pHwithin the range of fromabout 7.0
to about 11.5. 10 Al t hough it -Rdquires about 3-4 equival ents of
chiral ketone to obtain conversions of greater than 95% w th many
cryptophycin internmedi ates at a pH of about 8.0, it is possible to use |ess
chiral ketone (about 1-2 equivalents) at a pH of about 9.0 or above.

Sui t abl e sol vent s usef ifhd aliénes hef efoxinddai dd )staare ikrodwl eahifl BREY CoeDVF,
gl yme, dioxane, CH3CN, alcohols, THF, EtOAc, hal ohydrocarbons, chloro-
benzene, andPrEP@eRd agaordimloy techpifvest anshirneaeduresi kyownelisr tbe.
Reaction tenperatures may range from about -20[err]C to about 25[err]C with

about - 10[ er A€ -t o BAFHRW 10} & 1 | €F bRt ngT20Amyr Ehent-edfoc THELT er2478poxi de
The art shich (9SSt 5T SHRCIELapBrat | oo - cHPoRdY S 4y Tl tehed Harch's,
recrystallizatjian. referre tereqsel ective idation utilizes the

chiral ketongtggﬁ'stpﬁ}gtﬁ}t@](ﬂdm?%fpr 9rd@8ab§§4%ﬂl%§t'u@‘%1§b%‘ii]aﬁge EFr]
and [err]) iligtheiggréjde product (1) in the ratio of about [err] 1:5. This

procedure can~dl $6 b€ utilized anal ogously to obtain the a-epoxide
derivative of

A general synthetic procedure for preparing a

10 compound of formula (II), useful as an intermediate for
making the P-epoxides of formula (I), is set forth in Scheme
B. In Scheme B, R®' is hydrogen or C;-Cs alkyl; R® is a
base labile protecting group; R*" is an alcohol protecting
group; and ¢ is an integer 1 or 2. All other substituents

15 unless otherwise indicated, are as previously defined.
Reagents, techniques, and procedures used in Scheme B are
well knoﬁn and appreciated by one of ordinary skill in the

art,



formula (1). WO 9838164
PCTI US9&/ 03667 -21- The al kenes of formula (4) are known and may be
prepared accordi ng to techni ques and procedures known in the w,
RA et al WOPBBEMS® Chem Soc. 117, 2479 5 (1995): PCT Int nl e S
97/ 07798, published March 6, 1997, PCT Intnl. Publ. No. WO 96/40184,
publ i shed Decenber 19, 1996. A general sympdetic procedure for preparing a
10 conmpound of formula (I11), useful as an internediate for nmaking the
[err]-epoxides of formula (lI), is set f hhgSchenme B. In Scheme B,
Rlerr] is hydrogen or [err], al kyl; R[erér)(? I's a base | abi ke protegting
group; Rerr] is ag alc protecting group; and q i i ty 1 ﬁ; 2.
} S BN |y

Al'l other sug QL wyp®ss otherw,se . indi cateed, v A
defined. Reafents, ' tdehrtquek.rand protaduras used in Sched® B ar ejpaRl Lo

known and appr eci at egr¥y one“j(;'ﬁr di na;é‘ps}q [T in the art. OR¥® I
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PcT1US98103667 -22- SCHEME B [err] (ll1b) G 14 [err]
[err] W § Ssiahed 4 PCROIAINSO36G 7
-23- SCHEME B (cont.) [err] (10) 5 In Schene B, step 1, an

al kene of fornula (5a) is epoxidized with a_chiral ketone and an oxi dant
according to the procedure set forth in Sschéme Ato forma fragnment A-B

[ ERR] - epoxi de of fornula (1la). 10 In Scheme B, step 2, a
fragment A-B [err]-epoxide of formM$GHEMEaR i{somépriotected with a suitable
al koxy deprotecting agent to forma conpound of formula (l1b). A suitable
al koxy deprotecting agent is one that 15 renpves the Dydroxy protecting

group signified by the R err] R gt ¥
' o
G 7 Y. o b R"
Amino o o . N _R*
Deprotection R
~ Yr,.X
step 6 A Y (o) (o]
]
R1o &R '\S(O)QR"
R NH,
(10)
Cyclization
- (1)
step 7
5 In Scheme B, step 1, an alkene of formula (5a) is

epoxidized with a chiral ketone and an oxidant according to
the procedure set forth in Scheme A to form a fragment A-B

B-epoxide of formula (IIa).

10 In Scheme B, step 2, a fragment A-B B-epoxide of
formula (IXIa) is deprotected with a suitable alkoxy

deprotecting agent to form a compound of formula (IIb).

A suitable alkoxy deprotecting agent is one that
15 removes the hydroxy protecting group signified by the R*”
substituent while inert to the epoxide moiety of the
fragment A-B compound of fbrmula (ITa). Preferred
deprotecting agents include basic fluoride sources such as
tetrabutylammonium fluoride, pyridinium fluoride,
20 triethylammonium fluoride, cesium fluoride, and the like,
with tetrabutylammonium fluoride being preferred. The

deprotection reaction takes place in the presence of a



substituent while inert to the epoxide noiety of the fragnent A-B conpound
of fornmula (lla). Preferred deprotecting agents include basic fluoride
sour ces s&?’g fﬁs k‘?t rabut yl anmoni um fl uoride, pyridini um f | ugrQThes9sDB667
triethyla R u&l | uoride, cesiumfluoride, and the like, with ,
tetrabutyl ammoni um fl uori de being preferred. The deprotection reaction
takes place in the presence of a WO 98238164

PCTI US981 03667 -24- suitable organic solvent such as tetrahydrofuran,
optional l'y ighilehe ¥ esenaei of s81¢ehtabuehbase t etteihadrshairam) bophiboadidy
(NaHCJ err]). The reaction takes place in the range of from about O[err]C
to about 80[ier tiHe Widsdnes aboat sdfikablleChasegbautctd agfediil bei ng
preferred. The reaction is run for a period of tine ranging from about 3
to 24 hour s biGanbormtosluNalCOd) . nePhéeresctiont hekest plaes igurthe EARSA.
Al ternatively, the conpound of fornula gllb) may be isolated_and purified
accor di ng t @fpriome aksunedIC Kkipvabort | 8RMOWILEHR £remaabont 29 entgsabout
extraction, evaporation, chromatography and recrystallization. In.%ghe B,
step 3, %he 7®SRpberadorrefiensed (| |'Bhe| seachiadt é§ Wi Lo 17 RSXE? fBEIrsri ng

agent to provide the
J P time ranging from about 3 to 24 hours. Crude product (IIb)

may be used without further purification. Alternatively,

the compound of formula (IIb) may be isolated and purified

according to procedures well known well known in the art
10 such as extraction, evaporation, chromatography and

recrystallization.

In Scheme B, step 3, the compound of formula (IIb)
is contacted with a thioester forming agent to provide the

15 thicester of formula (IXIc).

The term “thioester forming agent” encompasses any
suitable means or conditions for forming the thioester
moiety of formula (IIc). Included within this definition

20 are the conditions set forth and/or analogously described in
Ono, N. et al., Bull. Chem. Soc. Jpn. 51 (8), 2401 (1978);
. Ho, Tse-Lok, Synth. Caﬁm. 9(4), 267-270 (1979); Narasaka, K.
et al., J. Am. Chem. Soc. 106 (10), 2954-2960 (1984); L.G.
Wade, Jr. et al., Tetrahedron Lett. 731-732 (1978); Mora, N.
25 et al., Tetrahedron Lett. 34 (15), 2461-2464 (1993); and
Dossena, A. et al. J. Chem. Soc. Perkin Trans. I, 2737

(1981).



15 thioester of fornmula (Ilc). The term"thioester form ng agent™
enconpasses any suit.able neans or conditions for formng the thioester

noi ety of {wyogsseea |1 Cc). Included within this definition 20 pOTRUSISR3667
conditions set forth and/ or anal ogously described in Ono, N et al., Bull
Chem Soc. Jpn. 51 (8), 2401 (1978); Ho, Tse-Lok, Synth. Comm 9(4),
267-270 (1979); Narasaka, K. et al., J. Am@3Chem Soc. 106 (10), 2954-2960
(1984); L.G Wade, Jr. et al., Tetrahedron Lett. 731-732 (1978); Mora, N.
25 et al., TetrahedrorFdretéxafiglélSrhe?oinpdima (O B)rmabad DOIIbEnaayAbect
al. J. Chem Soc. Perkin Trans. |, 2737 (1981). WO 98/ 38164

PCT/ US9810366%eak®d murtlexangtericatlyohpodededt Hldnnuilalide) sughbas
treated with a sterically hindered al kyl halide, such as tert-bugylbronide,
and a sol ventest-bweyilhramide R and] a( Fplsentwed dihe fermilas (Bs )dde il
above, in the presencg,of a 5 suitable base, such as sodi um bi carbonate
(NaHCJ er r] ) Whergads & r ebS s3fvERfingd phwMe onin stiie neraseacer &6 & (DVBO) .

Both the sterical hi,ndered al kyl hali_de agg t he suitabl e base are added
in a nol at egbasd » PECRAg Sediym bicarbonate (NaHCO;). A

preferred solvent for reaction is dimethylsulfoxide (DMSO).
Both the sterically hindered alkyl halide and the suitable
base are added in a molar excess of about 7.0 to 12.0 in
comparison to the compound of formula (IIb). The reaction
10 takes place in the range of from about 0°C to about 60°C
with from about 10°C to about 30°C being preferred. The
reaction is run for a periocd of time ranging from about 1 to
24 hours. Crude product (IIc) may be used without further
purification. Alternatively, the thioester of formula (IIc)
15 may be isolated and purified according to procedures well
known well known in the art such as extraction, evapofation,

chromatography and recrystallization.

In those instances when the substituent R®’ is a
20 moiety other than hydrogen, the compound of formula (IIb)
must first be carboxy-deprotected. Carboxy-deprotections
under basic conditions are known by those of ordinary skill
in the art. For example, the compound of formula (IIb) may
be treated with a suitable base, such as lithium hydroxide
25 (LiOH) for a period of time sufficient to remove the carboxy

protecting group, for example from about 1 to 24 hours.



conparison to the conmpound of formula (lI1b). The reaction 10 takes place
in the range of fromabout O[err]C to about 60[err]C wth from about
10[err]C to out 30[err]C being preferred. The reaction is

period of "Yq’ﬁ@“rli%gi ng fromabout 1 to 24 hours. Crude pr odtf(;[‘lti! Lﬁfg?/gao%‘r’ray be
used without further purification. Alternatively, the thioester of fornula

(I'lc) 15 may be isolated and purified aceggdi ng to procedures well known
wel | known in the art such as extraction, evaporation, chronmatography and

tallization. | | nst wh th bsti t t ' 20
moi ety ot her than hyar JJLECHAES dBrpRhRE Ar PoPRAPEY) B ORIEH (95 be
boxy-d tected. Y- d t] ' P Kk
by those of BPATRAR, G 3% TRUShE WEER HiSRsreRES Md O E T

(I''b) may begirgaged with a suitable base, such as |ithium hydroxide 25
(LiOH) for aperiod of time suffjgciergyto renove the carboxy protecting

group, for exanple from about 1 t 2 hR¥rs. WO 98138164
PCT/ US98103667 -26- In Schenme B, stjep 4] a rr]-epoxy thioester of fornula
(I'1c) is coupled with a carboxyl g&7Jey e formul a :
R R®
RM NHR®2 (19a)

5 wherein R’, R%®, R®, R', R, R°® and R®*? are as defined above

to provide the compound of formula (8).

For example, the carboxylic acid of formula (10a)
is dissolved in a suitable organic solvent, such as DMF,

10 glyme, dioxane, THF, CH3 CN, EtOAc, and halohydrocarbons,
with dichloromethane being preferred. This solution is then
treated with a coupling reagent. Possible coupling reagents
include DCC, EDCI, and similar reagents, such as DMAP which
activate carboxylic acids towards esterification with

15 alcohols. This solution may then be opﬁionally treated with
a suitable base such as solid sodium bicarbonate and then
contacted with a P-epoxy thiocester of formula (IIc). The
concentration of (10a) after these additions should range
from about 0.1 M to about 2.0 M. The reaction takes place

20 in the range of from about -30°C to about 60°C with from
about 10°C to about 30°C being preferred. The reaction is
run for a period of time ranging from about 0.5 to 12 hours.
Crude product (8) may be used without further purification.
Alternatively, the compound of formula (8) may be isolated

25 and purified according to procedures well known well known



0 OH[err] 5 wherein [err] and R82 are as defined above to provide the
conpound of fornula (8). For exanple, the carboxylic acid of fornula (10a)

i s di ssol wegoamsiessuitabl e organi c solvent, such as DVF, 10 PGTAIRE8/03667

di oxane, THF, CH err] CN, Et OAc, .and hal ohydrocarbons, w th dichl oronet hane
being preferred. This solution is then tr ed with a coupling reagent.
Possi bl e coupling reagents include DCC, 1, and sinilar reagents, such as
DVAP whi ch activate carboxylic acids towards esterification with 15

al cohol s. i thelart csushyashentracticonvaperakien, wehropatagranhy
base such as solid sodium bi carbonate and then contacted with a [err]-epoxy
t hi oest er ofardrregwystat}izahaosencentration of (10a) after these
addi ti ons should range fromabout 0.1 Mto about 2.0 M The reaction takes
place 20 in the range of fromabout -30[err]C to about 60[err]C with from

bout 10 Ct bout 3 C_bei f d. Th ti | f

period of 111 rangi ngt?r SRREBBUE-0 S oEb 5o AT<RoR HBLBPBAEH of8) mmy be
d wt t_furt Lficatien. -Alt. tiyvel f
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known provide the sulfone or sulfoxide of formula (9).

A suitable oxidizing agent is an agent capable of
converting the sulfide of formula (8) into the sulfone or

10 sulfoxide of formula (9), while inert to the epoxide moiety
of the molecule. Suitable oxidizing agents include
potassium peroxomonosulfate (Oxone), m-CPBA,
methyltrioxorhenium(VII), and magnesium monoperoxyphthalate,
with'0xone being preferred.

15

For example, the sulfide of formula (8) is treated
with a suitable base, such as sodium bicarbonate followed by
a suitable oxidizing agent, such as Oxone. The reaction is
carried out in a suitable solvent, such as acetone, DMF,

20 glyme, dioxane, CH,CN, alcohols, THF, EtOAc, halohydro-
carbons, chlorobenzene, and toluene, with acetone being
preferred. Generally, the reaction is carried out at
temperatures of from about -30°C to about 50°C with from
about -10°C to about 10°C being preferred. .Generally, the

25 reaction requires from about 15 minutes to about 5 hours.
Crude sulfone or sulfoxide (9) may be used without further
purification. Alternatively, the sulfone or sulfoxide of

formula (9) may be isolated and purified according to



WO 9838164 PCT/ US9& 03667 -27- in
the art such as extraction, evaporation, chromatography and
recrystallization. In Schene B, step 5, a [err]-epoxy thioester of 5

fornul a (8WOABI64i zed with a suitable oxidizing agent to pPEVUFEHIEE

sul fone or sulfoxide of fornmula (9). A suitable oxidizing agent is an agent
capabl e of converting the sulfide of fornuhbg (8) into the sulfone or 10

sul foxide of formula (9), while inert to the epoxide noiety of the

nol ecul e. Suitabl e oxidizi agents incluyude pot.assium per oxononosul fate
(Oxone) , m CPERCSRRTRA (14 Lk JFRRHR UNEVE| FICHRG LRabhEs P Such as
nonoper oxypht hal ate,. with _Oxone bei ng eferred. 15 For exanple, the

sul fide of fSF%ﬁFg% ﬂs?Yq%%E%glafthgérgﬂPFﬁﬁggngégPdguch as sodi um
bi car bonat e Ilg%g Ve | 1 abl e oxidizing agent, such as Oxone. The
reaction is %%Fr'e %gilﬁéﬁigéUitable sol vent, such as acetone, DW, 20
gl yne, dioxane, CH3CN, al cohols, THF, EtQAc, hal ohydro- carbons,

chl orobenzene, and toluene, with acetone being preferred. Generally, the

reactiongs carried outrtgdiamerat Uééégok,f R ahaYbne3Ureid1E d:0 b Bt
50[err]Cwith fromabout -10[err]C to about 10[err]C being preferred.

Ceneral ly, tlgerdmlaeast) ofs rd@sptéescteanvabaut koivahillet Adprodetirhy hours.

agent to provide the amine of formula (10).

A suitable deprotecting agent is an agent capable

10 of removing the base labile substituent R** on the compound
of formula (9) while inert to the epoxide moiety of the
molecule. Suitable deprotecting agents include bases such
as secondary and tertiary amines and inorganic bases, for
example, piperidine, morpholine, dicyclohexylamine, p-

15 dimethylaminopyridine, diisopropylethylamine, and the like,
with piperidine being preferred. The reaction is carried
out in a suitable solvent such as DMF, glyme, dioxane,
CH3;CN, alcochols, THF, EtOAc, halohydrocarbons,
chlorobenzene, or toluene. Generally, the reaction is

20 carried out at a temperature ranging from about 0°C to about
120 °C. Generally, the reaction requires from about 1 to 72
hours. The compound of formula (I) may be isolated and
purified by techniques well known in the art, such as
extraction, evaporation, chromatography and

25 recrystallization. Alternatively, the compound of formula
(10) is isolated and may be further cyclized with a

cyclizing agent to provide a compound of formula (I).



Crude sul fone or sulfoxide (9) may be used wi thout further purification.
Alternatively, the sulfone or sulfoxide of formula (9) nmay be isolated and

purified a%(g%é}“gg‘ to WO 9838164 _ PCT/US98/03667
PCTI US98/ 0 -23- procedures well known well known in the art such as

extraction, evaporation, chromatography and recrystallization. 5
In Schene B, step 6, the sulfone or sul fox2®&e of fornula (9) is deprotected
with a suitable deprotecting agent to provide the amine of forrmula (10). A

sui tabl e deprotecting aggsicaFly) 8868t thepainpolhd Gf revEwhlg (be basse
| abi | e substituent R82 on the conpound of formula (9) while inert to the

epoxi de nDi edgprotidttad) et endévgbebl spoapariemis ey cprzdisionc| uHewbuees
such as secondary and tertiary am nes and i norganic bases, for exanple,
pi peri di ne, somehgantd cullay ctonpeayhdsi né, formba di Netmay anégaepyei aAnne,
dii sopropyl ethyl am ne, and the like, with piperidine being preferred. The
reaction i s edditddralk ¢ywckizatian| stepl.veFor wetarmsl O\Vthel sudfideoREne,

CH3CN, al cohols, THF, EtQAc, hal ohydrocarbons, chlorobenzene, or  tol uene.
General 1\ t kormed& i & 4 @although'much less active than its oxidized

counterpart, upon removal of the base-labile protecting
group may be cyclized with a suitable cyclizing agent, such:
as 2-hydroxypyridine to form a compound of formula (I). For
example, the sulfide of formula (8), or alternatively_a

10 selected compound of formula (10), is heated in a suitable’
solvent, such as DMF at about 60 °C for several days in the
presence of piperidine and 2-hydroxypyridine.  The compound
of formula (I) is isclated and purified by technigues well
known in the art, such as extraction, evaporation,

15 chromatography and recrystallization.

Alternatively, a compound of formula (9) may be
formed according to SCHEME Bl. In SCHEME Bl, all
substituents are as previously defined except where

20 otherwise indicated.



20 carried out at a tenperature ranging fromabout O[err]C to about 120
[err]C. Cenerally, the reaction requires fromabout 1 to 72 hours. The
conmpound of formula (1) may be isolated and purified by technigues wel|
known i n t \WOMBB816d,,ch’ a5 extraction, evaporation, chronat ogrPé-%WfF 9803667 25
recrystallization. Alternatively, the conmpound of forrmula (10) is isolated
and may be further cyclized with a cyclizimg.agent to provide a conpound of
formula (1). WO 9838164

PCTI US98/ 03667 -29- Typically, once the,ag ougg of formula (9) is
deprotected, it undergoes spontaneous c§c However, sone particul ar
conpounds of formula (9) may require an addltlonal cyclization step. For
exanple, the sulfide of & formula (8), although nmuch |less active than its
oxi di zed counterpart, upon rengv I ~of the base-labile protecting group nay
be cyclized with I agent, such as 2-hydroxypyridine to

forma compound & forrr'ul as( | )1 ‘ﬁo gxarrpl e, the sulfide of forrmula (8), or
alternatively a 10 Oed ,£onpoN formul a lQdeidnS heated in a
sui t abl e sol vent, such at abo 60 [err]C for several days in the
presence of plperldlne - hy 7ox r|d|ne The conpound (9)
Rai
R1 NHRe2
{(11)

5 1In SCHEME Bl, alkene of formula (11) is epoxidized with a
chiral ketone and an oxidant according to the procedure set
forth in Scheme A to form a compound of formula (9). The
alkene of formula (11) may be prepared by one of ordinary
skill in the art according to analogously known techningques

10 and procedures. During the epoxidation reaction, the
sulfide moiety of compound (11) is oxidized to form the

sulfoxide or sulfone moiety of compound (9).

Optionally, on those compounds of formula (I)

15 containing basic or acidic functional groups,
pharmaceutically acceptable salts of the compounds of
formula (I) may be formed using standard techniques. For
example, the free base may be dissolved in agqueous or
aqueous-alcohol solution or other suitable solvent

20 containing the appropriate acid and the salt isolated by
evaporating the solution. Alternatively, the free base may

be reacted in an organic solvent containing the appropriate



of formula (I) is isolated and purified by techniques well known in the
art, such oosrisigsti on, evaporation, 15 chronmatography andPCT/US98/03667
recrystallization. Alternatively, a conpound of fornmula (9) may be forned
according to SCHEME Bl. In SCHEME Bl1l, all substituents are as previously
defined except where 20 ot herwi se indicate®l- WD 9838164

PCT/ US98/ 03667 -30- SCHEME Bl [err] \ \ 5 In SCHEME B1, al kene of fornula
(11) is epoxiabizkdamdtthe shltalisiodiadesd byl evaporataing acber dohytoont.he
procedure set forth in Scheme A to forma conpound of formula (9). The

al kene of forFmttzhénl)theyfeepbase asbbeoreatteddinary okupnicn SPAYeRt
according to anal ogously known techninques 10 and procedures. _During.the
epoxi dat i on rigacihbeh eAsesthe #alfoisaparAtes Pbreetly 19T sapxbg shgaiged
formthe sul foxide or sulfgne nojety of conpound (9).aC£éionall , %pa%hose

conmpounds of b}brq;mgel(x'pyatlon of the solution or in vent suc
5 water which is then removed in vacuo or by freeze-drying, or
by exchanging the cations of an existing salt for another

cation on a suitable ion exchange resin.

A synthetic scheme for making the carboxylic acids
10 of formula (10a) is set forth in Scheme C. The reagents and
starting material are readily available to one of ordinary
skill in the art. 1In Scheme C, all substituents, unless

otherwise indicated, are as previously defined.



15 containing basic or acidic functional groups, pharmaceutically

accept abl e t he conmpounds of fornula (I) nmay be for 4

standard tec H#%%%é. For exanple, the free base may be dissgﬁgg §?ﬂﬁggheous
or aqueous-al cohol solution or other suitable solvent 20 containing the
appropriate acid and the salt isol ated by-3aporating the sol ution.
Alternatively, the free base nay be reacted in an organi c sol vent

contai ning the appropriate WO 9&3816GdHEME C

PCT/ US98/ 03667 -31- acid and the salt isolated by evaporating the sol ution.
Further, the free base may be reacted in an organic solvent in which case

t he salt separates @I echhy or can be obtained by @pQceoHrajion of the

solution or in a soI t su& as 5 maﬁﬁﬁmmhbﬁh ist re ved in vacuo or
by freeze-drying, or an +he—cat+ome of an (ngRsalt for
anot her cation on Rxlo ui t ¥bl e exchang@ fesin. Hﬂwsynt“eti henme for
maki ng the carboxylic acids formula (10a) is set for '@Hﬁfﬁgne C.
The reagents and startlnB Yrat eN ﬂﬁOQuea readily availabl® to on€ @&f “ordi nary
~skill in the art. In Schene C, all substituents, unless otherw se
i ndi cated, are as previouslyy defined. (15)
Base-labile step 2
Protecting
Group
50
RY NHR®2
(10a)

In Scheme C, step 1, the Boc-protected amine of
5 formula (14) is deprotected to provide the deprotected amine

of formula (15).

For example, the deprotection reaction involves

the removal of an amino protecting group by techniques and

10 procedures well known and appreciated by one of ordinary
skill iq the art. The selection, use, and removal of
protecting groups are set forth by Greene, T.W. *Protecting
Groups in Organic Synthesis", Wiley (New York, 1981). For
example, the Boc-protected amine of formula (14) is

15 dissolved in a suitable acid, such as trifluorocacetic acid
or hyrdrochloric acid. Generally, the reaction is carried

out at a temperature ranging from about 0°C to about 60 °C.



WO 9338164 PCT/ US98/ 03667 - 32-
SCHEME C |yth b4/38184) (15) Baae- | abiPOX/US98/03660 2
Protecting G oup [ee [err]
(10a) In Scheme C, step 1, the Boc-protected amne of 5 fornula (14) is
deprotected to provide the deprotected armiPie of fornul a (15). For exanpl e,
the deprotection reaction involves the renoval of an am no protecting group
by techni queemsarhllly, prlve cdeactinal reiguiwesafi-ap @ewitt bdtdy24nhovrs ..
ordinary skill in the art. The selection, use, and renoval of_protecting
groups are $Site fdeprotscedcaning. of 'torsnda i (if lamap e nisplaked and
Synthesis", Wley (New York, 1981). For exanple, the Boc-protected am ne of
fornul a (14punifised dysbechaianes weldaknowsciip e ek t$RERudPoacetic

acid or hyrdrochlorjc acid. Cenerally, the reactiqQn is garried
extraction, evaporation,” chromatography an

5 recrystallization. ,

The Boc-protected amine of formula (14) 1is
described in Barrow, R.A. etsal. J. Am. Chem. Soc. 117, 2479
(1995); PCT Intnl. Publ. No. WO 96/40184, published December
10 19, 1996; and PCT Intnl. Publ. No. WO 97/07798, published

March 6, 1997.

In Scheme C, step 2, Qhe deprotected amine of
formula (15) is amino-protected with a base-labile amino
15 protecting group to provide the carboxylic acid of formula
(10a) .
.
For example, the protection of an amino group with
a base-labile amino protecting group involves the addition
20 of a base-labile amino protecting group by techniques and
procedures well known and appreciated by one of ordinary
skill in the art. The selection, use, and removal of base-
labile amino protecting groups are set forth by Greene, T.W.
"Protecting Groups in Organic Synthesis", Wiley (New York,
25 1981). A preferred base-labile amino protecting group is
Fmoc. For example, to a solution of the deprotected amine
of formula (15) in a suitable solvent, such as dioxane, is

added a suitable base, such as sodium bicarbonate, followed



out at a tenperature ranging fromabout O[err]C to about 60 [err]C WO
98138164 ‘Y 9838164 . PCT/ US98f 0366 pcTA%98/03667
General ly, e reaction requires fromabout 1 to 24 hours. The deprotected
am ne of fornula (15) may be isolated and purified by techni ques well known
in the art, such as extraction, evaporatieB4-chromatography and 5
recrystallization. The Boc-protected amne of forrmula (14) is described in

Barrow, R A. @loomboudA dhethe Spermhld, R (HO9PF-NES] buth asPEnmoc-
No. WD 96/40184, published Decenber 10 19, 1996; and PCT Intnl. Publ. No.

WD 97/ 07798, quuidy FestHS hsbccifAfmiden Sthenmiktuiteemay Beheoplepomaklyed
amne of fornula (15) is amno-protected with a base-labile amno 15
protecting gddimten pwicch de $thellasfhounti ofawateaf atd midixrxedaor For
exanpl e, the protection of an amno group with a base-labile am no

prot ecting grexpiddaf vsime heangingi Snom012o0toa 4Badbeursbidte aarfieperature
protecting group by techniques and procedures well known and appreci ated by
one of or®i nFapwig |£5om (aeowk t 0°CrHo sbpeiet | 68°C usThe FAL¥ewH9aMayf Phase-

quenched with a suitable acid, such as hydrochloric acid.
The carboxylic acid of formula (10a) may be isolated and
purified by techniques well known in the art, such as
extraction, evaporation, chromatography and

10 recrystallization.

A synthetic scheme for making a compound of
formula (II) wherein R®® is trichloroethyl is set forth in
Scheme D. The reagents and starting material are readily

15 available to one of ordinary skill in the art. In Scheme D,
all other substituents, unless otherwise indicated, are as

previously defined.



| abi | e am no protecting groups are set forth by Geene, T.W "Protecting
Groups in WaennsteaSynt hesi s”, Wley (New York, 25 1981). ApprRisesiyseT
base-1abile am no protecti ng group is Fnoc. For exanple, to a solution of
the deprotected amine of fornula (15) in a sui tabl e sol vent, such as

di oxane, is added a suitable base, such as38odi um bi car bonate f ol | owed
WO 98/ 38164 PCT/ US9S/ 03667 -34- by a
conpound of the formula Rlerr]-Clerr] osCEEMErDb-NHS, such as Fnoc- C or
Frnoc- NHS succinim de. The m xture nmay be optionally diluted with a snall
anount of water and stirred for a period of tinme ranging from 12 to 48
hours at a tenperaRUre 5 mingl ng from about O[err]C topabout 6Qf{ err] C. The

m xture may be.guelch h @ suitable acid, such ydrocmg{ri c_acid.
The carboxyl B a¥id yf T6r «( 10a) De: |nsol Y ?)y -
techni ques well knovworin tha&ZarR® such as extraction, gﬂgr ati oh,R"

chr omat ography and 10 recrysti! I | zati o QpAlsynt hetic sch for mg a

conmpound of formul gaggl 1) vvhg{ Bf:ﬁ%% I's trichloroeth is set forth in
Schenme D. The reagents and ar faterial are readif 15 avai v abloecH,ecl,

one of ordinary skill in the art. In Schenme D,
Coupling
step 2

3 3 1]

R R¢ R’ R R, R
x> o (o}

~ ”
(o) 0 N Epoxidal:ion /”

: t 4
R<Js O
o Y -R” OCH,CcCl, step 2A ocu ,CCl,
Rl
A g ) R Sape Y

Amino Deprotection
step 3

8
R® R

R‘
Cyclization /<Y/k/\l)\(°
: =16 "
() -
step 4 i
\& OCH,CCl,
{19)

5 In Scheme D, step 1, the alkene of formula (16) is

epoxidized with a chiral ketone and an oxidant according to
the procedure set forth in Scheme A to form a B-epoxy

compound of formula (IId).



all other substituents, unless otherw se indicated, are as previously
defi ned. g&ﬁg 8164 PCT/US98/03667
PCT/USQ&ldgg SCHEME D * [err] 5 In Schene D, step 1
the al kene of fornmula (16) is epoxidized with a chiral ketone and an

oxi dant according to the procedure set for3frin Schene Ato forma
[err]-epoxy conpound of fornula (IId) WO 98/ 38164

PCTr US981 03667 - 36- | nygche, c' am%’ o? ;rg_] 5&%; Wﬁﬂ&dogf fBQﬁﬂi.]J

(I'1d) is coupled with a carboxyli ornu according to the

procedures d?ﬁfﬁ%b%g bBupﬁzim%ﬂ%h5%“3%f£oﬁfl{é”5%fﬁQQEDEHBﬂuQE flaioay! a

(18). 51n SC te | kene of fornmula (17) is
according to the procedures described in Scheme B, step 4,

to form a compound of formula (18).

5
In Scheme D, step 22, an alkene of formula (17) is
epoxidized with a chiral ketone and an oxidant according to
the procedure set forth in Scheme A to form a compound of
formula (18).
10
In Scheme D, step 3, the compound of formula (18)
is base-deprotected with a suitable base-deprotecting agent
to provide the compound of formula (19).
15 A suitable base-deprotecting agent is an agent

that is capable of removing the base labile substituent R*
on the compound of formula (18) while inert to the epoxide
moiety of the molecule. Suitable base-deprotecting agents
include bases such as secondary and tertiary amines and

20 inorganic bases, for example, piperidine, morpholine,
dicyclohexylamine, p-dimethylaminopyridine,
diisopropylethylamine, and the like, with piperidine being
preferred. These agents are set forth in Greene, T.W.
*Protecting Groups in Organic Synthesis”, Wiley (New York,

25 1981). The reaction is carried out in a suitable solvent
such as DMF, glyme, dioxane, CHiCN, alcohols, THF, EtOAc,

halohydrocarbons, chlorobenzene, or toluene. Generally, the



epoxi dized wth a chiral ketone and an oxi dant according to the procedure
set forthwoofsfiese A to forma conpound of fornula (18). 10PCTUSSNN3667 D,
step 3, the conpound of fornula (18) is base-deprotected with a suitable
base- deprotecting agent to provide the conpound of forrmula (19). 15

A suitabl e base-deprotecting agent is an'gﬁkﬁt that is capable of renoving
the base | abile substituent R82 on the conpound of forrmula (18) while inert
to the epoxiveacienyisfcanried cufl at Suitenpersbtwredrangiogt fmprmhaut

i ncl ude bases such as secondary and tertiary am nes and 20 inorganic
bases, for C&m¥ice ahsyerddf n?C . noRpnerrddy dithe | xsassieni Frequires from
p- di met hyl am_nopyri di ne, dji sopropyl et hyl am ne, and the |ike, with

pi peri di ne FRBINE pt cb@r FRdNOWKEse compund of ofprmphacd ddle may, \Re
"Protecting Goups in Organi ¢ _Synthesis", WIley (New York, 25 1981). . The
reaction is k%ﬁlr%e%éo%‘?di H“Elgﬁﬁgag’p’e teghnafm %c‘ﬁeﬁi ang%?‘edi%ne,
GBON. alcohal S J4FeeElQhe1 N UNICAIANS: o£hLALEBSTASRS: o0l tO! uene.
PCT/ US98I 03616gc£y?’gﬁallization.

Typically, once the compound of formula (18) is
deprotected, it undergoes spontaneous cyclization to provide
10 a compound of formula (I). However, some particular
compounds of formula (18) may yield a compound of formula
(19) after deprotection and require an additional ring-

closing step as set forth in Scheme D, step 4.

15 _ In Scheme D, step 4, the compound of formula (19)
is cyclized using a ring-closing agent to provide a compound

of formula (I).

The ring—closing reaction may be carried out by
20 intramolecular aminolysis. For example, the compound of
formula (19) is treated with a suitable cyclizing agent such
as 2-hydroxypyridine analogous to the deprotection and
cyclization conditions described in Scheme B, steps 6 and 7
to provide a compound of formula (I).
25
The pharmaceutically acceptable salts of a

compound of formula (I), prepared as described in Scheme D,



reaction is carried out at a tenperature ranging fromabout O[err]Cto

about 120 I, eaccnerally, the reaction requires from aboupeq 03867
hour s. The #%ghnd of formula (19) nmay be isolated and purl? ﬁkgw

techni ques well known in the art, 5 such as extraction, evaporation,
chr omat ogr aphy and recrystallization. Typ+t3gtly, once the conpound of
formula (18) is deprotected, it undergoes spontaneous cyclization to

provide 10 angonggeRdnaf 1ouE! frrda A‘@é@i’@in%seaetﬂér Phrdderiuregrpounds  of
formula (18) nmay yield a Conpound of fornmula (19) after deprotection and

require an addsbr9bal Ann@GcHem@sSIgg Sstep as set forth in Scheme D, step 4.
15 In Schene D, step 4, the conpound of forrmula (19) is cyclized

using a ring-closing agent to provide a conpound of formula (1). The
ring-closing reaction may be carried out by 20 intranol ecul ar am nol ysi s.
For exanpl e, the conpoSotheoprefiemted (dYracteriatbdswotth thisuiiradrtion
cyclizing agent such as 2-hydroxypyridi ne anal ogous to the deprotection and
cycl i zat Bon avadsetofiorgbsan Wk ifiolddwing B;abubas Eozmd whemein dhele a
conmpound of forrmula (I). 25 The pharnaceutically acceptable salts of a

conpound of ferhurgs(mpy saee;;mdap%ryi@é?sbn%hewe@cﬁ@n@rpwde preferred

embodiments of this invention. The invention is in no way

limited to the features described below:

10 A) R8 is ethyl, propyl, isopropyl, butyl, isobutyl
or isopentyl;
B) R7 is ethyl, propyl, isopropyl, butyl,
isobutyl, pentyl, or isopentyl;
C) R? is H, R® is methyl, R3 is methyl, and X and

15 Y are not both 0O;
D) R3 is ethyl, propyl, isopropyl, butyl,
isobutyl, pentyl or isopentyl;
E) R? is methyl, ethyl, propyl, butyl, isobutyl,
pentyl, or isopentyl;

20 F) R10 is methyl, ethyl, propyl, butyl, isobutyl,
pentyl, or isopentyl;
G) Ar is phenyl optionally substituted with a
substituent selected from the group consistinglof
hydrogen, halogen, and simple alkyl;

25 H) a compound wherein Y is selected from the group
consisting of O, NH, S, SO and SO3;
I) a compound wherein Y is C, R7, R8, R9, and R0

are each hydrogen; and R! and R2 form an epoxide;



W 9838164 PCTUS98I 3667 -38- may
optional | ywgasksieped according to the procedures described iPCHBUSS/NS366.
Sonme preferred characteristics of this invention 5 are set forth in the
foll owi ng tabular formwherein the features may be independently sel ected
to provide preferred enbodi ments of this 13 ention. The invention is in no
way limted to the features described below 10 A Rerr] is
ethyl, propyl, isoprop§),RButRP, areobachl hydrogmrentyl: B) R7 is ethyl
propyl, isopropyl, butyl, isobutyl, pentyl, or isopentyl; O R7 is H R8 is
nmethyl, R3 is nethyl, BhdRX and R8 are each selecfred n%worbciuﬁd@gep R¥ is
et hyl, propyl, isoproegl, butyl, isobutyl, pentyl or isopentyl; E) RO is
met hyl , ethyl, propyl,OBatyl, isobutyl, pentyl, or isopentyl; 20

F) Rlerr] is nethyl, ethyl, propyl, butyl, isobutyl, pentyl, or isopentyl;
O Ar is phenyl optionkliy 3§b¥Hituted with a substituent sel ected fromthe

roup consisting of X . s
g P 5 g M) R is selected from the group consisting of

methyl, ethyl, n-propyl, and phenyl;
N) X is O and Y is NH;
0) R%* and R® form a double bond;
P) R® is substituted benzyl wherein.one
10 substituent is a halogen and one is an OR12 group
wherein R12 is lower alkyi;
Q) the oxidant is Oxone;
R) the process is utilized to prepare a
cryptophycin compound;
15 S) the epoxidation is selective;

T) the ketone is of the formula:

U) RP is NHS; and
V) R’ and R® are each methyl.
20
To provide further guidance for the artisan, the

following schemes are provided:



hydrogen, hal ogen, and sinple al kyl; 25 a conmpound wherein Y
is selecte e group consisting of 0, NH S, SO and SOpgfinlgeshics?
\Aﬂ@éﬁ?lwis C, [err] and R err] are each hydrogen; an err] and

conmpound

R2 form an epoxi de; WO 98/ 38164

PCTI US98/ 03667 - -39- J) R7, R8 are-sch hydrogen; K) R7 and R8 are
Ris

each selected fromhydrogen or OH, L) Yis NH, 5
£thyl, n-propyl, and phenyl;

sel ected fromthe group consisting of gﬂ)ﬁ%
Rlerr] and ﬁierr orm a doubl e b@gg; P) R6 is

N Xis Oand Y is NHg
substituted benzyl wh In one 10 substituent i hal ogen and
one is an OR12 ' ol S Io&r a| ké/' Q the oxi I S\\Oxene;
R) the proces oT i & ( geepare Ci 3 oH

S) the epoxid B , Acetone SrBS

EDC, NHS, DMF

5
Scheme I°
R3 RS R3 RS
1 : 1
Ar : -g; > Ar ~ y
Or26 c OR26 OHt
R3 R® 3 Y
1 10 R RS
~——
Ax i . 5 Ar i ! o
OH \bD OR26 \N:l
0 o)

As used in Scheme I' and throughout the
specification, Rl' is halogen, SH, amino, monoalkylamino,

10 dialkylamino, trialkylammonium, alkylthio, dialkylsulfonium,



T) the ketone is of the formula: U RPis NHS, and V) Rerr] and Rerr] are
each net hylwO2838164 pr ovi de further guidance for the artisan, PORUS28/43660 ng

schenmes are provided: WO 938164

PCTI S9803667 -40- [err] O 41 [err] 5
Schene I[err] R3 R ) TR R3 Ar

Ar O [err] As used in Schene |I' and throughout the specification, Rerr] is

hal ogen, SH, &Mlf&tewRhasghake er aoryrkeckeshioh ox rprokgchadofHugroup;
al kylthio, diﬁ5kxgsghf%@ %@; R26 is an alcohol protecting group
introduced during a portion of the synthetic process to
protect_an alcohol group which might otherwise react in the
5 course of chemical manipulations, and is then removed at a
later stage of the synthesis. Numerous reactions for the
formation and removal of such a protecting groups are
described in a number of standard works, including, for
example, "Protective Groups in Organic Chemistry", Plenum
10 Press, (London and New York, 1973); Greene, T.W. *Protecting
Groups in Organic Synthesis", Wiley (New York, 1981). fThe
skilled artisan can select an appropriate alcohol protecting
group particularly with guidance provided from such works.
One particularly useful alcochol protecting group is tert-

15 butyldimethylsilyl (TBS).

Scheme 2

CH

«»

Olm

H ONHS

EDC, CH,CL,, DMAP

20



WD 98/ 38164 PCT11S9W3667 -41-

sul f at e, pgﬁ§ 464 O @ protected OH or protected SH group; ReTrusskB6Er SH;
R26 is an al cohol protecting group introduced during a portion of the
synthetic process to protect an al cohol group which m ght otherw se react
inthe 5 course of chenical manipulations42and is then renoved at a |ater
stage of the synthesis. Nunerous reactions for the formati on and renoval of
such a protecting groups are describegidhemenuber of standard works,

i ncluding, for exanple, "Protective Goups in Oganic Chem stry”, Plenum 10
Press, (London and New York, 1973); Geene, T.W "Protecting Goups in
Organi ¢ Synthesis", Wley (New York, 1881). The skilled artisan can sel ect
an appropriate al cohol protectingp . |y with gui dance provided

fromsuch works. One particularly usefulz alc INprotecting group is tert-
15 butyldinmethylsilyl (TBS). Schene 20 e'ﬁ;ro] 20 co,A\D 9858164

PCT/ US98103667 -42-
(1) O Q‘./‘ NHBoc

\\\i%i-iii)
/////" A

CH,
MO /\*/\/
P T PR e ©

H NHS
0 o) i
O - M l

As used in Scheme I' and throughout the
specification, R!' is halogen, SH, amino, monoalkylamino,

5 dialkylamino, trialkylammonium, alkylthio, dialkylsulfonium,
sulfate, or phosphate; R? is OH or SH; R26 is an alcohol
protecting group introduced during a portion of the
synthetic process to protect an alcohol group which might
otherwise react in the course of chemical manipulations, and

10 is then removed at a later stage of the synthesis. Numerocus
reactions for the formation and removal of such a protecting
group are described in a number of standard works, |
including, for example, "Protective Groups in Organic
Chemistry", Plenum Press, (London and New York, 1973);

15 Greene, T.W. "Protecting Groups in Organic Synthesis", Wiley
(New York, 1981). The skilled artisan can select an
appropriate alcohol protecting group particularly with
guidance provided from such works. One particularly useful

alcohol protecting group is tert-butyldimethylsilyl (TBS).



Schenme 3 [err] As used in Schene |I' and throughout the specification,
Rlerr]" | woassgiésa, SH, am no, nonoal kyl am no, 5 di al kyl am POT/US98/03667
trial kyl ammoni um al kyl t hi o, dial kyl sul fonium sulfate, or phosphate; R2 is
OH or SH, R26 is an al cohol protecting grqﬁf i ntroduced during a portion of
the synthetic process to protect” an al cohot?group whi ch might otherw se
react in the course of chem cal manipulations, and 10 is then renoved at a
| at er st age Wie torodyetfecefssuchusschemes czan i basdévivahd zedr m@tingh and
removal of such a protecting group are described in a nunber of standard
wor ks, i ncl whanfardrmetkhagsecto prevdde \etlenupsyProphyainc compaunds,

Pl enum Press, (London and New York, 1973); 15 Geene, T.W "Protecting
Goups in Oganic Synthesis", Wley (New York, 1981). The skilled artisan
can sel ect an appropriate al cohol protecting group particularly with

gui dance provided from such works. One particularly useful  al coho
protecting group is tert-butyld thylsilyl (TBS). 8164

PCT/ US9SW667 -43- The h hqus can b d ; ﬁ%ﬂﬁﬂ ng

ONHS

(iv)

CH3
H
(vi-vii) £

RS has the meaning defined supra.



standard nmethods to provide other cryptophycin conpounds. [err] R6 has the
nmeani ng defbRgdssypr a. WO 9/ 38164 PCT/US98/03667
Pcr/ US981 3667 -44- [err] WD 98/ 38164

PCT/ US98/ 03667 -45- The product of the schenmes provided herein can be
further derivatized using standard nethod$4o provide further cryptophycin
conpounds. 5 The artisan can utilize appropriate starting materials and
reagents to prepare desired conp ds using the guidance of the previous
schenmes and fol |l owi ng exanpl The ester starting nmaterial
can be prepared, for o

base base




WD 98/ 38164 PCTJUS98103667 - 46-
[err] WRODB/B31546 4 PCT/US98/03667
PCr1/US9SI 03667 -47- [err] WD 98/ 38164

PCT/ US98103667 -48- R6 has the neaning defjned supra. The schene for
preparing the ester is further explained by the Preparation Section herein
whi ch provides 5 one specific application of the schene for the conveni ence
of the skilled artisan. The Schene for preparing the ester is applicable to
the Ar substituents clajned herein. The scheme 10 illustration,i s not
intended to linited th EyﬁFﬂ§§F§ & o %ﬁﬂﬁ%ﬁéﬁ% PrR¢n can be

[ ustrat ed. ¢ Baber . aLPS ELLR" WS3hg ko ARPhLc 8RS BEOBERY1HR POV

further cryptophycin compounds.

5
The artisan can utilize appropriate starting
materials and reagents to prepare desired compounds using
the guidance of the previous schemes and following examples.
10 The ester starting material can be prepared, for

example, as follows:



materials for the conpounds clainmed herein. 15 The schene for
prepari NGwbags8Eher is further explained by the Preparati opciggdosasssher ei n
whi ch provides one specific application of the scheme for the conveni ence
of the skilled artisan. 20 Schenme E for preparing the ester is
applicable to the Ar substituents clai ned4berein. The schene illustration
is not intended to limted the synthesis schene only to the phenyl ring
illustrated. Rather, the artisa 0g®Hg apply this process to provide
desired starting materials for Se in the processes clained herein. The
necessary reaction tine is rel & o the starting materials and operating
tenperature. The optinmum WO 9&38164

PCTI US9SI 08667 -49- reaction time fprSkepilven process is, as al ways, a
conprom se which is determ ned by cpnsHBEWIi ng t he conpeting goal s of

t hroughput, which is favored by shoft TM@&tion times, and maxi mum yi el d,
which is favored by long reaction 5ftinmes. To further illustrate the
invention the foll ow ng exanpl es ar QL?vided. The scope of the invention
isin no COMe

Step 2
DIBAL

N
OH

Step 3
SAE

H ...c‘ OH
(¢)

Step 4
MegAl

OH ———r P
H Step 5
Bu,Sn=0
TsCl, TEA

© nun



way to be construed as limted to or by the follow ng 10 exanpl es. WO
08/ 38164 WO 98/38164 PCT/ US9810366RCT/g898/03667
Preparation 1 Step 1. Methyl 5-Phenyl pent-2([ERR]-enoate. [err] 5 A
solution of trinethyl phosphonoacetate (376,49, 417 m., 2.07 nol) in THF
(750 nmL) was stirred at O[err]Cin a 3L 3-neck round bottom fl ask equi pped
with a nechanical stirrer and N2 10 inlet., To the chilled solution, neat
tetramet hyl guani dine (239 g, 260 ni, 2 07fnol) was added dropw se via an
addition funnel. The chilled cl e pwsol.ution was stirred for 25
mnutes at 0 [err]C. A solution ydr00| nnpnal #hyde (90% 253 g, 248 ni,
1.9 mol) in THF (125 nlL) was ad 5 dropwiee to the reaction solution
slow y. Upon conpletion of addition, the fea was stirred for 10 h
rising to roomtenperature. GC indicated 9&? tio of product to
starting material. 500m of water was added U'e reaction vessel and the
reaction stirred overni ght separating int¢ 20 t | ayers. The organic | ayer
was i sol ated and t he aqueous

NBS/AIBN

OTs
OTBS

Step 8
DBU/ACN

N OTs
oTBS

Step 9
KCN

CN
OTBS

Step 10
DIBAL;

HEW




| ayer was extracted with t-BuOve. The organic |ayers were conbi ned and

dri ed over wsaBsied hen concentrated in vacuo to yield an or aPQBUS¥0366Mhe
crude product was distilled at 129 [err]C/ 0.3nm Hg yi el di ng 360.5g, 91. 7%
yield, of a clear 25 slightly yellow oil. WO 98/ 8164

PCT1US98103667 -51- EIMS m z 190(13; N%),‘§§9(410, 158(39), 131(90),
130(62), 117(22), 104(12), 95(57), 91(100), 77(21), 65(59); HREIMS m z
190. 0998 [ er RP BasOthemmeanig |defdied 20Pr&a8400), 260 (230) nm | R nmax
3027, 2949, 1723, 1658, 1454, 1319, 5 1203, 978, 700 cm1; 1H NMR d
(cbCderr]).15-7.3 (Ph-H5; bm, 7.00 (3-Hdt, 15.6/6.6), 5.84 (2-Hdt,
15.6/1.2), 3.70 (Ow;s), 2.76 (5-H2;t, 7.2), 2.51 (4-H2; bdt, 6.6/7.2); 13C
NVR d (CDCl [err]) 166. &he)scheme 3foy prepagipg. thp estgrjigpfurther

(Ph2'3'/5'6"), 126.1 (Ph 4'), 121.4 (2). 51.3 (oMe), 1Q 34.2/.33.8 (A[5).

Step 2. 5_—ph§P’F§°|1-a;§é%ﬁd(_ o kS 0111?9?%?%&]'-198 fq”fscag??ﬁﬂ&rﬁéekm SRt

Lgﬁﬁfigﬂﬁgfp%%émégééi £¥”£EEi§%QEROHE8?aEhéaLcELhér o2 eN%dnJéﬁie&Ee
of the skilled artisan.

The Scheme for preparing the ester is applicable
to the Ar substituents claimed herein. The scheme
10 illustration is not intended to limited the synthesis scheme
only to the phenyl ring illustrated. Rather, the artisan
can broadly apply this process to provide desired starting

materials for the compounds claimed herein.

15 The scheme for preparing the ester is further
explained by the Preparation Section herein which provides
one specific application of the scheme for the convenience

of the skilled artisan.

20 Scheme E for preparing the ester is applicabie to
the Ar substituents claimed herein. The scheme illustration
is not intended to limited the synthesis scheme only to the
phenyl ring illustrated. Rather, the artisan can broadly
apply this process to provide desired starting materials for

25 use in the processes claimed herein.

The necessary reaction time is related to the

starting materials and operating temperature. The optimum



enoate ester (310.5 g, 1.5 nmol) in THF (1.5 L) was charged and chilled to
-71 [err] Gyvoiogsgues- Pr OH/ CO2 bat h. To the 20 reaction vessgpussniéedded
dropwise DIBAL (2.5 L, 1.5 Min toluene, 3.75 nol) at a rate to naintain
the reaction tenperature < -50 [err]C. Upon conplete addition, the reaction
was stirred overnight with the reaction teferature < -50 [err]C. TLC (3:1
Hexanes: Et OAc, Si Q2) indi cated absence of 25 starting material after 16 h.
The reacti onré@opiont timewdorald ginker prodess tds; 1afealwlysTha reaction
was quenched sl owy WO 98/ 38164

PCT/ US98/ 0368ampaomiaet WhilcHCL s( 86t ennined i comsiderihg thactiompetdhiop
into a gelatinous solid. A spatula was enpl oyed to breakup the the

semi-sol i d @eriN PE thropghpptuawhidded srefaveredcoyi shart meaetfioni d.
Concentrated HC1 (625 nL) was charged 5 to forma two _phase system The

| ayers wer e SERSF at BRAaMEXLAEM Y » shkckriisl frvored Bovvbonghzeschdonc

| ayer wag dried over MJSO4 and concentrated in vacuo to yield a clear pale
yel | ow oFl , @ﬁ@?%g. The crude product was distilled at 145 [err] C/ 0. 25nm Hg
yi el ding 209.7g, 86.2% 10 EIMS mz 162 (1:Mw) 144 (16), 129 (7), 117 (9
108 (6), 92 (17), 91 (100), 75 (5), 65 (12), HREIMS mz 162, 1049

To further illustrate the invention the following
examples are provided. The scope of the invention is in no

way to be construed as limited to or by the following

10 examplés .



(C11H140, D -0.4 mmu); W Ilmax (e) 206 (9900), 260 (360); IR nmax 3356,
2924, 1603, 1496, 1454, 970, 746, 700 cm1; 1H NWR d 7.15-7.?#@%5%59
5.70 (3-H ¥NO9%BB16 6. 0), 5.61 (2- 15 H dt, 15.6/4.8), 4.02 %) |
2.68 (5-H2; t, 7.2), 2.40 (OH; bs), 2.36(4-H2; dt, 6.0/7.2); 13C NVR d141.6
(Ph 1'), 131.8(3), 129.5 (2), 128.3/128.2_6gh 2'/3'/5/6"'), 125.7 (Ph 4'),
63.3 (1), 35.4/33.8 (4/5). 20 Step 3.
(28,38)-2,3-Epoxy-5-pheny|-1-pentancﬂé e tik) 1L 3 neck round bottom
flask equi pped with a nechanical 25 nocoupl e and ni trogen
inlet was added [err] (350 nL), dried 4 A nDIecuIar sieves (30 g) and

L-(+)- WO 9858164 PCT1US98103667
-53- di et hyl g 2t © MdeRy195-Bh8agipeht -2 ld.Ng M xture was cool ed
to -20 [err] nd treated Wth Ti 6? Pr)4 3392 m., 0 031 nol ), followed by

the addition of t-butylhydroperoxide (4.0 Min [err] 182 nL, 0.78 nol) at a
rate to maintain 5 the tenperature 2 -20 [err]Col#xn1coanete addi tion,

the reaction mxture was stirred for another 30 n, and then treated with
a solution of the allylic al cohol )0+¢H{err] (30 nmL) at a
rate to maintain the tenperature

5

A solution of trimethyl phosphonoacetate (376 g, 417 miL,
2.07 mol) in THF (750 mL) was stirred at 0°C in a 3L 3-neck
round bottom flask equipped with a mechanical stirrer and N2

10 inlet. To the chilled solution, neat tetramethyl guanidine
(239 g, 260 mL, 2.07 mol) was added dropwise via an addition
funnel. The chilled clear pale yellow solution was stirred
for 25 minutes at 0 °C. A solution of hydrocinnamaldehyde
(90%, 253 g, 248 mL, 1.9 mol) in THF (125 mL) was added

15 dropwise to the reaction solution slowly. Upon completion
of addition, the reaction was stirred for 10 h rising to
room temperature. GC indicated a 95:5 ratio of product to
starting material. 500ml of water was added to the reaction
vessel and the reaction stirred overnight separating into

20 two layers. The organic layer was isolated and the agueous
layer was extracted with t-BuOMe. The organic layers were
combined and dried over MgSO4, then concentrated in vacuo to-
yield an orange oil. The crude product was distilled at 129
°C/0.3mm Hg yielding 360.5g, 91.7% yield, of a clear

25 slightly yellow oil.



2 -20 [err]C. The reaction was stirred at the sane tenperature 10 for 5 h,

then filter | a solution of ferrous sulfate heptahydrat éﬁé nd
tartaric aC‘?@’%@%}%‘é) in water (400 nmL) at O [err]C. The m'xtﬁPre V\%gﬂé?ﬁ?rred

for 20 mn, then transferred to a separatory funnel and extracted with t-
BuOwe (2x200 nL). The conbi ned organi c phasgtwas stirred 15 wth 30% NaCH
solution containing NaCl, for 1 h at O [err]C The layers were again

separ at ed, ar@m@%ﬁw@m?haggi)%gfﬂsgﬁiugg: Midg %@‘&Oﬁ;ﬂg&bcoﬂ?b’%% )i o

organi ¢ phase was washed w th n nd’ concent

to yield 52. 817 egapn 2OREL29L ! 954875, @14 10d)2R 77 (21), 65(59) ; HREIMS
3R)-2-hydroxy-3-nethy|-5-phe2y|peﬁta?—l-g] Cng[err ZE'TO é gt 3 neck

round bott omsh/)asko®@ae9 ppedcyh il 4@nBchanic ams)t} rinerimaReapcaupl ¢8and) ,
nitrogen inlet was added hexanes WO 9838164

PCT/ 1 JS981036660 - 230 lhh; anH amaked ory ,0 Jorg,] Q728 2. Lh4spl vasan aB1kE3A

I n hexanes (800 nm., 1.6 nol) was added, followed by a solution of the

epoxi de (820 XR03, 678 noTYOi omhéxands 250 d efadcls) 7.15-7.3 (Ph-HS;bm),
7.00 (3-H;dt, 15.6/6.6), 5.84 (2-H;dt, 15.6/1.2), 3.70
(OMe;s), 2.76 (5-H2;t, 7.2), 2.51 (4-H2; bdt, 6.6/7.2); 1l3c
NMR 4 (CDCl3) 166.9 (1), 148.3(3), 140.6(Ph-1'), 128.4/128.2
(Ph2'/3'/5'6'), 126.1 (Ph 4'), 121.4 (2). 51.3 (OMe),

10 34.2/33.8 (4/5).

Step 2. 5-phenyl-pent-2-en-l-ol.

@M/\OH

To a 12L 4-neck round bottom flask equipped with a

15

thermocouple, mechanical stirrer and N3 inlet, a solution of
enoate ester (310.5 g, 1.5 mol) in THF (1.5 L) was charged
and chilled to -71 °C via a i-PrOH/CO2 bath. To the

20 reaction vessel, was added dropwise DIBAL (2.5 L, 1.S.M in
toluene, 3.75 mol) at a rate to maintain the reaction
temperature < -50 °C. Upon complete addition, the reaction
was stirred overnight with the reaction temperature < -50
°C. TLC (3:1 Hexanes:EtOAc, Si02) indicated absence of

25 gstarting material after 16 h. The reaction temperature was

allowed to raise to -15°C. The reaction was quenched slowly



(50 mL) maintaining the tenperature below 20 [err]C. Upon 5 conplete
addition, the cloudy reaction m xture was stirred at 5 [err] 1.N,
wher eupon awgoﬂse?f%n of 10% HO (300 nL) was added dropw se, %‘g‘o’f"ﬁg’aggg
the addition of concd HC (350 nmL). The layers were separated, and the

organi c phase was washed with brine and drigg over MgSO4. After renoval 10
of the volatiles in vacuo, 122.1 gram of an oil was obtained. Step 5. (2R

Found bott om PFEBENHG L SId 0l . AlIE S oG F88 BRnchipRogel ey iEe
i g1 ekl abdichn i MO MRS -5
Foom enperat ire PontzopLrd dut AP sC) LAd B (ud¥ Juded fakifg" L oY
vol ati Leb in AeacarerTare M I G B ST AR aRE] rad' iggBied €
9838164 S5 to form a two phase system. The 1&3%d+4S9848386Farated and
the product extracted with t-BuOMe. The organic layer was
dried over MgSO4 and concentrated in vacuo to yield a clear

pale vellow oil, 247.8g. The crude product was distilled at

145 °C/0.25mm Hg yielding 209.7g, 86.2%.
10 EIMS m/z 162 (1:M+) 144 (16), 129 (7), 117 (9) 108 (6), 92

(17), 91 (100), 75 (5), 65 (12), HREIMS m/z 162, 1049
(C11H140, D -0.4 mmu); UV lmax (e) 206 (9900), 260 (360); IR
nmax 3356, 2924, 1603, 1496, 1454, 970, 746, 700 cm~1; 1m
NMR d 7.15-7.3 (Ph-H5;m), 5.70 (3-H;dt, 15.6/6.0), 5.61 (2-

15 H;dt, 15.6/4.8), 4.02 (1-H2;d 4.8), 2.68 (5-H2; t, 7.2),
2.40 (OH;bs), 2.36(4-H2; dt, 6.0/7.2); 13c NMR d141.6 (Ph
1'), 131.8(3), 129.5 (2), 128.3/128.2 (Ph 2'/3'/5'/6"'),
125.7 (Ph 4'), 63.3 (1), 35.4/33.8 (4/5).

20 Step 3. (28,38)-2,3-Epoxy-5-phenyl-l1l-pentanol.

To a 1L 3 neck round bottom flask equipped with a mechanical

Qun

25 stirrer, thermocouple and nitrogen inlet was added CH2C1,

(350 mL), dried 4 A molecular sieves (30 g) and L-(+)-



-55- Step 6. (2R 3R) - 2- (tert-Butyl di met hyl si | yl)oxy] - 3- met hyl -

5- phenylpq&# é% Tosylate. [err] 5 A solution of the tosyl gerfddgidaes7 O- 29
nol) and t Fan1ne (81.0 mL, 0.58 nol) in [err] (1200 nL) was treated

Wi th neat TBS-OTf (99 nmL, 0.43 nol) dropwise with 10 continued stirring
for another 20 mn. The reaction was wast&3-twi ce with brine, dried over
[err] and concentrated to dryness. The oil was dissolved in a m ninal

amount of h%fé@@ﬁn@a{—tfaeeedwmrga 9 0P mar) . el ghénge¥ullRing mixture
hexanes: Et CAc (9:'1) to yield a sligh tIy anber oil, 134 g. 15 Step 7. (2R

3R, 5RS) -2-wdd tesslEat ybdipot byl ainky Ithevtledwith Myl (6-bForD,5 (9.2 mL,
- phenyl pent - 1-yl Tosylate. Br CH3 [err] 20 To a 5L 3 neck round bottom

fl ask equi ppedd3d thoh) pefbdbbwad by they ,addition cofderbetydhgdmopeogeiide
inlet was added CC14 (1680 nt), TBS Ts (140 g, 0.30 nol), NBS (65g, 0.365
nmol ) and Al BM (A @45ig, CB2QD2 /o182 fMbe Oi.Z8umellastdegassss thy maintain
5 the temperature ? -20 °C. Upon complete addition, the
reaction mixture was stirred for another 30 min, and then
treated with a solution of the allylic alcohol (50 g, 0.31
mol) in CH2Clz (30 mL) at a rate to maintain the temperature
2 -20 °C. The reaction was stirred at the same temperature
10 for 5 h, then filtered in;o a solution of ferrous sulfate
heptahydrate (132 g) and tartaric acid (40 g) in water (400
mL) at 0 °C. The mixture was.stirred for 20 min, then
transferred to a separatory funnel and extracted with t-
BuOMe (2x200 mL). The combined organic phase was stirred
15 with 30% NaOH solution containing NaCl, for 1 h at 0 °C.
The layers were again separated, and the agueous phase
extracted with t-BuOMe. The combined organic phase was
washed with brine, dried over MgSO4 and concentrated to
vield 52.8 g as an amber oil.
20

Step 4. (2R, 3R)~-2-hydroxy-3-methyl-5-phenylpentan-1l-ol .

25 To a 5L 3 neck round bottom flask equipped with a mechanical

stirrer, thermocouple and nitrogen inlet was added hexanes



WO 9138164 PCr 1 US98/ 03667 - 56-

evacuati o ull vacuumwi th stirring, and backfilling L Lrogen
(3x). Thenwgggﬁﬁgﬁ m xture was then heated to refl ux, mhered%%hagﬂ%hggﬁor
becanme dark brown. After 15 mn at vigorous reflux, the reaction mxture

becanme light 5 yellow, and chronat ographics@nal ysis indicated the reaction
was conplete. After cooling to roomtenperature, the reaction was filtered

A anee hnd NEHT PARCERNALEd & BNk 2 TGl LEH0N8R R BEGAIST O] LN

hexanes and ere arn, and concen ryness r’170 3 10

gram as an agbBgknekl 3§begmﬁ {
3R) - 2-[(tert Butolai nethylm of )%E‘;/ 1); was aqded, followed by @S9t

Tosyl ate. CHgf[ ehe] epexddd Q219G rOUEE; t&@éi PMh | pakanayl erfsfb ‘fdﬂ)h/é’kizClz

mechani cal stirrer, reflux condenser and nitrogen inlet was added

sol ution of ke hLOWmd&ntH@&nmg(LhéﬂiéﬁbéraiuﬁQGEQMbwrQbe°20 ﬁﬁﬁﬁlﬁL)
DBU (83.6 nm., 0.557 nol) was added and the resulting dark brown sol ution

was stirided amnpéétaxaﬂdu.tmnﬂ rtheAfdsudpatéagt ionr nagtuedd dadt Wiel ridd
sol vent was renoved in vacuo, and the residue digested in [err] (200 ni)
and filteredathbofghfarsBbi mrpad\zhemmalds@buu\eon of 10% HCl (300 mL)
was added dropwise, followed by the addition of concd HC1
(350 mL). The layers were separated, and the organic phase
was washed with brine and dried over MgSO4. After removal
10 of the volatiles in vacuo, 122.1 gram of an oil was

obtained.

Step 5. (2R, 3R) -2-hydroxy-3-methyl-5-phenylpent-1-y1
Togylate.
15

OTs

To a 2L 3 neck round bottom flask equipped with a mechanical
stirrer and nitrogen inlet was added the diol (58 g, 0.30

20 mol), dibutyltin oxide (1.5 g, 0.006 mol, 2 mol%),
toluenesulfonyl chloride (57.5 g, 0.30 mol), CH3Cly (580 mL)
and triethylamine (42.0 mL, 0.30 mol). The resulting
mixture was stirred at room temperature for 2 h (although
the reaction was complete within 1 h), filtered, washed with

25_ water and dried over MgSO4. Concentration of the volatiles

in vacuo afforded 104.1 gram of a slightly amber oil.



25 agai n evaporated, and the residue dissolved in Et OAc and washed with
water, briye aRgigdri ed over MgSO4 and WO 98/ 38164 CT 898/03667

r PCTJUS981 667 -57- concentrated to dryness. Preparative npr ?Irep
chromat ogr aphy afforded the desired unsaturated conpound (50.3 g, 60@6y|eld
over 4 steps). 5 Step 9. (3S, 4R -3- ~55-
(tert-Butyl di net hyl silyl)oxy]-4-nmethyl- 6-phenyl hex-5(E)-en-1-nitrile.

[err] 10 The tosylate (50 g, 0.11 nol) was dissolved in DVMSO (1 L) and
treated with KCN (14.2 g, 0.22 nol) and water (25 nlL), and the resulting

m xture was Sttep réd a(2BP BR) FRC[(tdart-Butyiptimétliy18i Dy 1 \bike1] -3caldtigr1-o
roomtenperature, the reaction mxture was partitioned between EtQAc (1 L)
and 15 wat &-ghenylpentind-wjuPosylalitase was extracted with Et OAc (500 ml),
and the conbi ned organi c phase was washed with brine and dried over [err]

Fl ash chromat ography over silica with [err] afforded the desired nitrile in
92% vyield. 20 Step 10. Methyl (5S, 6R)-5-[(CHt-Butyl dinmethylsilyl)oxy]-

A solution of the tosylate (100 g, 0.29 mol) and
triethylamine (81.0 mL, 0.58 mol) in CHyCls (1200 mL) was
treated with neat TBS-OTf (99 mL, 0.43 mol) dropwise with
10 continued stirring for another 20 min. The reaction was
washed twice with brine, dried over MgSOs and concentrated
to dryness. The o0il was dissolved in a minimal amount of
hexanes and filtered over a silica pad, eluting with
hexanes:EtOAc (9:1) to yield a slightly amber oil, 134 g.
15
Step 7. (2R, 3R,5RS)-2-[(tert-Butyldimethylsilyl)oxy]-3-

methyl-5-bromo-5-phenylpent-1-yl Tosylate.

20
To a 5L 3 neck round bottom flask equipped with a mechanical
stirrer, reflux condenser and nitrogen inlet was added CCls
(1680 mL), TBS Ts (140 g, 0.30 mol), NBS (65g, 0.365 mol)

and AIBN (16.5 g, 0.10 mol). The mixture was degassed by



6- hethyl 8- phenyl octa-2(E), 7(E)-di enoate. [err] WO 9838164
PCT(U898/03667 The nitrile (14.67 g, -46.5 mmol) was dIS

t ol uene (2&' aghd cooled to -78 [err] C under nitrogen. §&§§?56¥L¥|on
of DIBAL in toluene (37.2 nL, 55.8 muol) was added 5 dropmnse W th

vigorous stirring. Upon conplete addition~Shke cooling bath was renoved
and the reaction was stirred at roomtenperature for 1 h. The reaction

n xture was C%rﬁduaryld}puﬁgd?'fnfaﬁwﬂﬁuﬁ«n%ﬁ# dﬂ? i&iﬁ“éﬁ&eﬂaékfmﬁhg

tenperature for 30 mn ayers were separate organic

phase was washgdirditodeh U(FkEd agHEOWEaTRlidn A &fu o diasn PREASEREER] to
tartrate (2x), brine and dried over [err] The volatiles were renoved in

vacuo, and theeflugs mherawpoavehel coasrudedaiiad Qidly Hrovhe Sabseguest min
condensation. 15 The crude al dehyde from above was dissolved in THF (90

nm.) and treat et wiidorousretréfl uphoshkonreactiane MiktNireibeddmd bighfy and
tetranet hyl guanidine (7.0 nL, 55.8 nmol) at roomtenperature under .
ni trogen. The yeddaw oramd xthremakegraphied ahalysd sh,indisratped t theonedction
bet ween Et OQAc (200 i)
was complete. After cooling to room temperature, the
reaction was filtered and the filtrate concentrated to
dryness. The residue was redissolved in hexanes and
filtered again, and concentrated to dryness to afford 170.3

10 gram as an amber oil.

Step 8. (2R, 3R)-2~[(tert-Butyldimethylsilyl)oxy]-3-methyl-

5-phenylpent-4 (E) -en-1-yl Tosylate.

OTs

15

To a 2L 3 neck round bottom flask equipped with a mechanical
stirrer, reflux condenser and nitrogen inlet was added a
solution of the bromide (100 g, 0.186 mol) in acetonitrile
20 (700 mL). DBU (83.6 mL, 0.557 mol) was added and the
resulting dark brown solution was stirred at reflux for 15
min. After cooling to room temperature, the solvent was
removed in vacuo, and the residue digested in CHaCly (200
mL) and filtered through a silica pad. The volatiles were
25 again evaporated, and the residue dissolved in EtOAc and

washed with water, brine and dried over MgSOs and



20 and water (100 nL).  The aqueous phase was back extracted with Et OAc
(100 nL),“@ﬂggggﬁ conbi ned organi c phase was washed w t h watper/wsysnsss? and
dried over . The volatiles were renoved in vacuo, and the crude
yellow oil (17.0 g) was chronmat ographed over silica gel with CH2Cl2 25
cyclohexane (1 : 1 to 2 : 1) to-afford 13+87-grans of the desired ester,

78. 5% WD 98/ 38164

PCT/ US9810368dncéfit rREepakal dayness. Preparative mplc (Prep 500)
(5S,6R)-5-[(tert-Butyl di met hyl si-l yl)oxy]-6-nethyl-8- phenylocta-2 (E),7 (E)
- di enoi ¢ aci ¢énhbohatogriphlyy affotded the desired unsaturated compound
6R)-5-[ (tert-Butyl di net hyl silyl)oxy]-6-nethyl-8-

phenyl oct a- 2(&) . 3( &) - 60&nyaed & myrexPrépactepsdn 1, step 10 10 (1.00g, 2.673
mmol ) was di ssolved in acetone (44nL) and then 1N aqueous Li OH (26nl) added
at roomtenperature. The cloudy m xture was further diluted with acetone
(20mL) and the resultin%'yellom/nixture stirred at_rqom_tenperature fgﬁ
23.5h. The r8tePi 8n wd3Sai KR Wi (Fext TRutyidipethydgidylyoxylod rpgthyl -

organi cs washed with 1IN Hcl_(120nl),,. brjne (200nl)
6-phenylhex-5 (E)-en-1-nitrile.

10 The tosylate (50 g, 0.11 mol) was dissolved in DMSO (1 L)
and treated with KCN (14.2 g, 0.22 mol) and water (25 mL),
and the resulting mixture was stirred at 60 °C under
nitrogen for 18 h. Aftei cooling to room temperature, the
reaction mixture was partitioned between EtOAc (1 L) and

15 water (1 L). The aqueous phase was extracted with EtOAc
(500 mL), and the combined organic phase was washed with
brine and dried over NazS0O4. Flash chromatography over
silica with CH3Cls; afforded the desired nitrile in 92%
vield.

20
Step 10. Methyl (5S, 6R)-5-[(tert-Butyldimethylsilyl)oxy]-

6-methyl-8-phenylocta-2 (%), 7 (E)-diencate.




and H20 (160nL). The organics were dried (MgSO4) and concentrated in vacuo

to | eave a i1 which was purified by col um chronat ogr. I ent
puied &
2 o

el ution: 20% 40% Et OAc/ Hexanes) to give carboxylic acid as a
yellom120 0|I (960ny, 100% [a] D589 +87.6[err] (c 10.5, CHCl[err]); 1H NWR
(CDCl[err]) d 7.38-7.19 (m PhHe®err]), 7.0958ddd, J = 15.2, 7.6 and 7.9 Hz,
3-H), 6.38 (d, J = 16 Hz, 8-H, 6.16 (dd, J = 16 and 8 Hz, 7-H), 5.85 25
(d, J = 15.8 Hz, 2-H), 3.81-3.75 (m 5-H), 2.49-2.37 (m 6- H 4-HH), 1.12
(d, J = 6.7 Hz, 6-Me), 0.91 (s, 9H, Si Cwe3), WD 9838164

PCT/ USOS/ 0366 Treb i td:i065 (B4 67 Mg) . 48.868mb3) Ral¥elaiyBlvdh ({HiEbeache
lmax 2957, 2930, 2858, 1697, 1258, 1098, 838 cm1; M5 (FD) 360.2 (M, 100);

Anal . cal cd. f(@00] enty)] aredjutsebed G:69~98; o, ande¥ ridyulier 6% 1D, 5M, 8. 39%
5 Preparation 3 CH3 [err] 10 To a stirred solution of the carboxylic acid
of Preparati oso2utizenmft DIBAL )inntdivedend8nyRf emyaEsils mdDniyageadded
5 dropwise with vigorous stirring. Upon complete addition,
the cooling bath was removed and the reaction was stirred at
room temperature for 1 h. The reaction mixture was
carefully poured into 1N HCl and the mixture stirred at room
temperature for 30 min. The layers were separated, and the
10 organic phase was washed with a saturated agqueous solution
of sodium potassium tartrate (2x), brine and dried over
Naz2S04. The volatiles were removed in vacuo, and the crude
pale yellow oil was used directly in the subsequent
condensation. |
15 The crude aldehyde from above was dissolved in THF (90 mL)
and treated with trimethyl phosphonoacetate (9.03 mL, 55.8
mmol) and tetramethylguanidine (7.0 mL, 55.8 mmol) at room
temperature under nitrogen. The reaction mixture was
stirred for 16 h, then partitioned between EtOAc (200 mL)
20 and water (100 mL). The aqueous phase was back extracted
with EtOAc (100 mL), and the combined organic phase was
washed with water, brine and dried over NazSO;. The
volatiles were removed in vacuo, and the crude vellow oil
(17.0 g) was chromatographed over silica gel with CHaCl2
25 cyclohexane (1 : 1 to 2 : 1) to afford 13.67 grams of the

desired ester, 78.5%.



added 1- Et hyl - 3- ( 3-di net hyam nopr opyl ) car bodi i m de (459mg, 2.4 mmol) and
N- hydr oxy vegoghasis§l de (299ng, 2. 6mmol ) at room tenperat ure. FCBUSINBGe was
stirred for 28h and then 15 diluted with EtOAc (I 00nL) and washed with IN
aqueous HCO (2x50m.), H20 (75nmL), dried (MgSO4) and concentrated in vacuo
to | eave an oil. Crude product was purifi ﬂmfcolunn chr omat ogr aphy
(gradient elution : 5-30% Et CAc/ Hexanes) to give active ester as a pale
yell ow oil (724ny, 80% . 20 [al D589 +Zargﬁagat16nlg CHCl[err]); 1H NWR
(CDCl[err]) d 7.36-7.20 (m PhHerr], 6.38 (d,J = 16 Hz, 8-H), 6.14
(dd, J = 16.1 and 8.0 Hz, 7-H). 6.03 (d J = 16 Hz, 2-H), 3. 79 (g, J 4.3
Hz, 5-H), 2.94 (brs, CH2CH2), 2.58-2.42 H 4-HH), 25 1.10 (d, J =
6.8 Hz, 6- NE)(5S)QR))-(%‘lmrsrmsﬂdimﬂﬁ;wilylmwémkwl 8-

PCTr US98t 03667 - 61- 6H, Si Me2 IR (CHCl[err]) | max 2957, 2931, 2858,
1772, 1741, Pheayiosta-2tE), 188251999§-° @id@nierr]; M5 (FD) 457

(N%,lOO) Anal calcd. for [err] requires: C 65.61;H 7.71; N, 3.06% Found:

C,65.51;F§7L56; N, 3.02% 5 Preparation 4CH
3

Methyl (55, 6R)-5-[(tert-Butyldimethylsilyl)oxy]-6-methyl-8-~
phenylocta-2(E),7 (E)-diencate from Preparation 1, step 10

10 (1.00g, 2.673 mmol) was dissolved in acetone (44mL) and then
1N agqueous LiOH (26mL) added at room temperature. The cloudy
mixture was further diluted with acetone (20mL) and the
resulting yellow mixture stirred at room temperature for
23.5h. The reaction was diluted with diethyvlether (400mL)

15 and the organics washed with 1N Hcl (120mL), brine (200mL)
and H20 (160ml). The organics were dried (MgSO4) and
concentrated in vacuo to leave a yellow oil which was
purified by column chromatography (gradient elution: 5% AcOH
+ 20%-40% EtOAc/Hexanes) to give carboxylic acid as a yellow

20 oil {960mg, 100%).

[a]p°8® +87.6° (c 10.5, CHCl3); lH NMR (CDCliz) 4 7.38-7.19

(m, PhHs), 7.09 (ddd, J = 15.2, 7.6 and 7.9 Hz, 3-H}), 6.38
(d, J

16 Hz, 8-H), 6.16 (dd, J = 16 and 8 Hz, 7-H), 5.85
25 (d, § = 15.8 Hz, 2-H), 3.81-3.75 (m, 5-H), 2.49-2.37 (m, 6-
H, 4-HH'), 1.12 (d, J = 6.7 Hz, 6-Me), 0.91 (s, 9H, SiCMe3),



[err] 10 To a stirred solution of active ester of Preparation 3

(2.50qg, 5. 47 n CH err]CN (130nL) was added 48% aqueousp¢nsdgies7 at
[err] C Th@’%%?‘!on was stirred at 0 C for 0.75h and then at room
tenmperature for 4h. The reaction was diluted with diethylether (300n) and
washed with H20 until the wash 15 was -pH/60&xrganics were dried (MgSOH)
and concentrated in vacuo to give a yellow residue which was recrystallized

fromEt20 to gi 5?5al(§gh?a_l@ Wy | t@sg:Hg@t aémé)l %-éﬂ 7§%) (cﬁUH?Jb/ng%p@]gﬁr])

d 7.41-7.20 [érr J=16Hz, 8-

(m5-H), 2.83348p, fz'@s%,,ﬂi%ﬁﬁ,) 12560-2088, (93@ Fk:ﬁl-@ﬂ&s 1(95) (566.25- OH),

1.14 (d,J=6.8Hz, 6-Me) ppm IR u (KBr

3457, 1804, 177$M17§50172Anazm9 CHIMA 1 06 1OAN:905, r@4dioed :cm, 59 .98 ;( Et OH)

| max 250 (e =20535) nm 25 M5 (FD) 343.2 ( M+ 100); WO 9838164

PCT/ US9810366#, 8685%.aFlourtd: & ,69]1%9c BO85B9%CHCl[err]); Anal. calcd. for

[err] requires: C, 66.46;H 6.16;N,4.08% Found: C, 66.49; H 6.16; N, 4.07%
5

P:gparation 3'

10 To a stirred solution of the carboxylic acid of Preparation
2 (720mg, 2 mmol) in dry dimethylformamide (5.50mL) was
added 1-Ethyl-3-(3-dimethyaminopropyl)carbodiimide (459mg,
2.4 mmol) and N-hydroxy-succinimide (299mg, 2.6mmol) at room
temperature. The mixture was stirred for 28h and then

15 diluted with EtOAc (100mL) and washed with 1N agueous HCl
(2x50mL), H20 (75mL), dried (MgSO4) and concentrated in
vacuo to leave an oil. Crude product was purified by column
chromatography (gradient elution : 5-30% EtOAc/Hexanes) to
give active ester as a pale yellow oil (724mg, 80%).

20
[a]lp®®® +71.3° (c 10.1, CHC13); lH NMR (CDC13) d 7.36-7.20
(m, PhH5, 3-H), 6.38 (4,J = 16 Hz, 8-H), 6.14 (dd, J = 16.1
and 8.0 Hz, 7-H). 6.03 (4, J = 16 Hz, 2-H), 3.79 (g, J = 4.3
Hz, 5-H), 2.94 (brs, CH2CH2), 2.58-2.42 (m, 6-H, 4-HH'),

25 1.10 (4,0 = 6.8 Hz, 6-Me), 0.90 (s, 9H, SiCMe3), 0.05 (s,



5 Preparation 5 10 Acetone (10nL) was added to a
sol ution qfoloRgsiRti ve ester of Procedure 3 (2.90 g, 6.35 mMPCY/USP8/N3667
di chl oronet hane (20 nL) and the solution cooled to [err]C. An aqueous
solution of oxone (11.7 g, 19 mml) in H20 (30 nL) was slowy added to
stirred solution of 15 aqueous NaHCJ err] =68-3 g, 63.5 nmol) in Herr]O
(30 nm.) (gas evol ution observed!).The resulting solution was added to the
reacti on m xt 6H¢ SiMe3t)i ppag AR [ CCHET3 ) olmalk (21967 ,5@83oNV2858 pn}772,
Further oxone (6 g) and acetone (15 nmL) were added and thg m xture stirred
for 1.5h 20 17#dlc- 16418,SN3cehs b2, IT082;eaO6i%n 83k tame; WS dFPUt é87wi t h
H2O (5 vol unmes) and product extracted with [err] (5 X 100nL). Conbi ned,
dried [err] ol¥YAanil@9)uednadonentedt efornCesd3sNCs glemigresiuct as a yel | ow
. gumy solid (2.88 %). Tl c and 1H NMR i ndi cated 90% 25 desired epoxide
product (a:b €16%.-82yH,VodbloM . Iy Qefe. pFeunde ®adSpddi i . 357 i u$m02%.

chromat ography (Si @2: gradient elution: 15% 25% Et OAc: Hexanes) to give
WO 98/ 38164 PCT/ US98/ 03667 - 63-

recovered styrene (389 ng, 13% and e%%xei daerasignygl | ow
Zreparation 4 ,

10 To a stirred solution of active ester of Preparation 3
(2.50g,5.47mmol)  in CH3CN (130mL) was added 48% aqueous HF
(15mL) at 0C. The solution was stirred at 0 C for 0.75h and
then at room temperature for 4h. The reaction wés diluted
with diethylether (300mL) and washed with H0 until the wash

15 was ~pH7. Organics were dried (MgSO4) and concentrated in
vacuo to give a yellow residue which was recrystallized from
Et20 to give alcohol as white crystals (1.46g,78%).
1H NMR (CDC1l3) 4 7.41-7.20 (m,PhHs,3-H), 6.48 (d,J=16Hz,8-
H), 6.15-6.07 (m,7-H,2-H), 3.71-3.65 (m,5-H), 2.83

20  (brs,CHCHz), 2.60-2.33 (m,6-H,4-CH2),1.95 (brs, 5-OH), 1.14
(d,J=6.8Hz, 6-Me) ppm;
IR u (KBr) 3457,1894,1773,1735,1724,1209,1099,1067,1049,975,
744,694 cm™1;
UV (EtOH) lmax 250 (e =20535) nm;

25 MS (FD) 343.2 (M*,100);



oil (2.38 g, 80%. Epoxides (2 g, a:b =1:1.50) were separated by HPLC to

gi ve b-epoxide as a white crystalline solid (1.17 g, 59 % %%d%f
and-a- 5 Wﬂ)%?(sﬁkﬂas white crystalline solid (0.864 g, 43.2 g%&ggeﬁe-,)

Preparation 6 [err] 10 HPLC. Cl18 reverse phase, flowrate | n/mn,
60: 40- CH3CN: H20, 1= 254 nm b-epoxi de Rt =142~ mns (AUC 1.5); [a] D589
+77.36 (¢ 1.06, CHC [err]); 1H NWVR (CDCl[ERR]) d 7.35-7.24 (m 6H,

Ar H ERR] .59.88 5, 3.91-3. 88 5-H), 3.70 (s,
8EH§, 2] 97 (d§§1§0 652n§ 0. g ﬁé 5§ éﬂﬁg:’és (s, 4H, 042042§TT]2.522.51 (m(s

4-HH), 1.78-And8.(Bh16aH) fok quﬁgm 56 Sedizir&sMe), 0.86 (s, 6H SiCwe3),
0.05 (s, SiMe), 0.01 (s, SiMe) ppni IR (CHCI[ERR]) u 2957, 2931, 1742,

1773, 1200, 18686.889H76. m@-n AN Gduddec 246.48; ‘HZG:L@@) N 4V 76FD)
mz 474 (MW+, 10) , 416 [err] +, 100); Anal. calcd. for [err] requires: C
63.40; H 7.45; N, 2.96 % Found: C, 63.45; H 7.31; N 3.21 % WO
98/ 38164 PCTI US98/ 03667 - 64-

5 Preparation S5

CHs

- o
PhM./\/Y
O =

ortes ONHS

10 Acetone (10mL) was adaed to a solution of the active
ester of Procedure 3 (2.90 g, 6.35 mmol) in
dichloromethane (20_mL) and the solution cooled to
0°C. An aqueous solution of oxone (11.7 g, 19 mmol) in
H0 (30 mL) was slowly added to stirred solution of

15 aqueous NaHCO; (5.3_g, 63.5 mmol) in Hy0 (30 mL) (gas
evolution observed!).The resulting solution was added
to the reaction mixture and stirred at 0°C for 7h
(tlc- 50% conversion). Further oxone (6 g) and acetone
(15 mL) were added and the mixture stirred for 1.5h

20 (tlc- all SM consumed). The reaction mixture was
diluted with H;0 (5 volumes) and product extracted with
CH,C1, kS X 100mL). Combined, dried (MgSO4) organics
were concentrated in vacuo to give product as a yellow
gummy solid (2.88 g). Tlc and 'H NMR indicated 90%

25 desired.epoxide product (a:b =1:1.62): 10% SM. Crude
product was purified by column chromatography (SiO;:

gradient elution: 15%-25% EtOAc: Hexanes) to give



Preparation 7 [err] 5 HPLC. Cl18 reverse phase, flowrate | n/mn,

60: 40- CH3QN =254nm a-epoxide Rt=21.0 mns (AUC 1.0);

+10. 68[e’rWO?§B§%3, [err] ; 1IH NVMR (CDCl[err]) d 7.38-7.26 l(’(r:;]i‘lﬁ]gﬁﬁ%"%,
3- H, 6.13 (d, J = 15.7 Hz, 2-H), 3.94-3.89 (m 5-H), 3.60 (s, 8-H, 2.99
(dd, J=7.3 and 1.3 Hz, 7-H), 2.85 (s, 4H-8® CH2CH2), 2.76-2.71 (m 4-H)
2.61-2.54 (m 4-H), 1.64 (dt, J =7.2 and 2.8 Hz, 6-H), 1.03 (d, J = 7 Hz,
6-Me), 0.90 (fecbredMsByrefe0q 36D mg Mel3sP. &84 (EpoRidB) aBPE low
(CHC1l[ err]) u 2957, 2931, 1741, 1773, 1649, 1254, 1200, 1125, 1095, 1069,
891, 839 cm bilM1ZE3&Hy, | 80%)21Epoxides 70 )ghna:BE=1FD). 50 werza 474
(Merr], 10), 416 [err] 100); Anal. calcd. for [err] requires: C, 63.40; H,
7.45; N, 2.9@épdoaved By HBLZOtoHgikes H-dpodifeE% a®rapahatieon 8 20 [err]
Preparation of [err]-Epoxy Fragnent A Acid. A solution of 2a" (1.91 g, 5.30
mol ) of the dxystablinewsodddad417 g, 59 %. 99.8 % ee) and a-

PCT/ US98/ 03667 - 65- )
5 epoxide as white crystalline solid (0.864 g, 43.2 %,

99% ee).

Preparation 6

CHj

(o)
hW/\(

T8S ONHS

Ol

10

HPLC: C18 reverse phase, flow rate 1mL/min, 60:40-CH3CN:H0,
1= 254 nm, b-epoxide Rt=17.2 mins (AUC 1.5); [a]p°8® +77.36
(c 1.06, CH2Cl2); lH NMR (CDCl3) d 7.35-7.24 (m, 6H, ArHs, 3-

15 H), 6.08 (4, J= 15.8 Hz, 2-H), 3.91-3.88 (m, 5-H), 3.70 (s,
8-H), 2.97 (dd, J=6 and 0.9 Hz, 7-H), 2.85 (s, 4H, CH2CH2),
2.56-2.51 (m, 4-HH'), 1.78-1.76 (m, 6-H), 1.06 (d, J=6.9 Hz,
6-Me), 0.86 (s, 6H, SiCMe3), 0.05 (s, SiMe), 0.01 (s, SiMe)
ppm; IR (CHCl3) u 2957, 2931, 1742, 1773, 1200, 1069, 839

20 com™l; UV (EtOH) lpax 217 (e = 21180) nm; MS (FD) m/z 474
(M*, 10), 416 ([M-CMe3] *, 100); Anal. calcd. for CzsH3sNOg
requires: C, 63.40; H, 7.45; N, 2.96 %. Found: C, 63.45; H,
7.31; N, 3.21 %.



[err] in [err] (18 nmL) was treated with mchl oroperbenzoic acid 5 (0.96
g, 5.6 m"ml%) ? the m xture stirred for 4 h before the vol g4 6
evapor at edV (?g}é & a2 colorless oil (2.88 g). Preparative HPLC was used to
separate the epoxides (1.2:1 [err]:a) to give the desired [err]-epoxide as
a colorless solid (42% . [err]H NVR (50042 CDCl [err]) 87.37-7.27 (m
5H, 10 7.11 (ddd, 1H, J = 15.5, 7.6, 7.6 Hz), 5.92 (d, 1H, J = 15.5 Hz),
3.90 (ddd, 1H, J = 5.6, 5.6, 5.4 MH, J= 2.0 Hz), 3.00 (dd,
1H, J = 6.6, 2.1 Hz), 2.51 (dd, 2H, -0, 5, o5 Hz), 1.77-1.73 (m 1H),
1.10 (d, 3H, J = 6.8 Hz), 0.89 (s, 9H), 0.07 (s, 3H), 0.03 (s, 3H). M5 (FD
mz 377 15 (M1, 43), 319 (M57, 100)cHfreparation 9 [err] 20 Alternate
Preparation of [err]-Epoxy Fragnent AYJAcid. To a stirred solution of acid

2a' (100 ng, 0.277 mmol) in £ @ was added a sol ution
of [err] [err] Min H20, 2.8 , OW28 [gr]nol) amd tetrabutyl anmoni um
hydroxide (1 WD 9838164 OTBS ONHS

PCTr 1 S9$J03667 - - 66-

5 HPLC: C18 reverse phase, flow rate 1ImL/min, 60:40-CH3CN:H20,

1=254nm, a-epoxide Rt=21.0 mins (AUC 1.0); [a]lp>®® +10.68°
(c 1.03, CH2C12); 1H NMR (CDCl3) 4 7.38-7.26 (m, 6H, ArHs, 3-
H), 6.13 (d, J = 15.7 Hz, 2-H), 3.94-3.89 (m, 5-H), 3.60 (s,
8-H), 2.99 (dd, J= 7.3 and 1.3 Hz, 7-H), 2.85 (s, 4H,

10 CH2CH2), 2.76-2.71 (m, 4-H), 2.61-2.54 (m, 4-H’), 1.64 (dt,
J = 7.2 and 2.8 Hz, 6-H), 1.03 (4, J = 7 Hz, 6-Me), 0.90 (s,
9H, SiMe3), 0.08 (s, SiMe), 0.05 (s, SiMe) ppm; IR (CHCl3) u
2957, 2931, 1741, 1773, 1649, 1254, 1200, 1125, 1095, 1069,
891, 839 cm'l; UV (EtOH) lmax 218 (e = 21727) nm; MS (FD)

15 m/z 474 (M', 10), 416 ([M-CMe3]’, 100);.Anal. calcd. for
Cas5H35NOg requires: C, 63.40; H, 7.45; N, 2.96%. Found: C,
63.20; H, 7.63; N, 3.07%.

Preparation 8

20

Preparation of B-Epoxy Fragment A Acid. A solution of 2a’

(1.91 g, 5.30 mmol) of the formula



Min MeOH, 28 [err] 28 [err]nol). After NaHCOJ err] (23.3 ng, 0.277 mol)
was added,wodlbgsgisswas adjusted to 8.0 with 2 M NaCH and a nipadmuUsssedsedone
(1.70 g, 2.77 mmol) and NaHCJ err] (722 ng, 8.59 mmol) prepared. A 100 ny
portion of the Oxone/ 5 NaHCO3 was added foll owed by ketone (7) (143 ng,
0.554 mol ). The pH was i mediately adjust®to 7.8-8.0 with 2 M NaCH. The
rest of the Oxone/ NaHCO3 m xture was added in 95 ng portions in 10 mn
intervals and a solution of (7) (143 ng, 0.554 mmol) in CH3CN (500 [err]L)
was added to the m xture 10 during this p«IHQd Vi a a syringe punp.

Thr oughout the experinent the pH was ng .8-& 0 with 2 M NaCH
and 1 N [err] HPLC analysis (C nat 220 rim flow
rate at 1 mL/mn, CH3CN (0.05% / H20 (O ? TFA) % CH3CN: 80%to 90%
over 10 mn) 3 h after 15 the QRefe add|t|o aledjhhat t he conversion
was greater than 95% with a [err]/[err]epoxide ratio of 5.0:1. The m xture
was filtered and the wetcake washed with [err] (15 nL). The filtrate was
washed with H20 (15 nlL) and the aqueous phase back extracted with [err] (15
m.). The conbiizedH3CdaniL82AL) phaset neitedasitill ¢l Ordpdrbehzo1e Ekidand
H20 (10 nmL), dried (MyS®™), and concentrated to give the crude product as a
yell ow 0i% (1@ 96y,9,1(% .mmol) and the mixture stirred for 4 h before

the volatiles were evaporated to give a colorless oil (2.88
g). Preparative HPLC was used to separate the epoxides
(1.2:1 B:a) to give the desired P-epoxide as a colorless
solid (42%). 'H NMR (500 MHz, CDCl) §7.37-7.27 (m, SH),

10 7.11 (ddd, 1H, J = 15.5, 7.6, 7.6 Hz}, 5.92 (d, 1H, J = 15.5
Hz), 3.90 (ddd4, 1H, J = 5.6, 5.6, 5.4 Hz), 3.70 (4, 1H, J =
2.0 Hz), 3.00 (dd4, 1H, J = 6.6, 2.1 Hz), 2.51 (44, 2H, J =
6.5, 6.5 Hz}, 1.77-1.73 (m, 1H), 1.10 (4, 3H, J = 6.8 Hz),
0.89 (s, 9H), 0.07 (s, 3H), 0.03 (s, 3H). MS (FD) m/z 377

15 (M+1, 43), 319 (M-57, 100).

Preparation 9

CH,

OTBS  OH

20
Alternate Preparation of B-Epoxy Fragment A Acid. To a
stirred solution of acid 2a’ (100 mg, 0.277 mmol) in CH.CN
(3.7 mL) at 0°C was added a solution of Na;EDTA (1X10™* M in

H:0, 2.8 mL, 0.28 umol) and tetrabutylammonium hydroxide (1



WO W381 PCTI US98/ 03667 -67-

Prepar at i rr] 5 Alternate Preparation of [err]-EpoxpcigshaRsésrA N
Hydroxysuggps??ﬁ#%é Ester. The epoxidation of N hydroxysucci rﬁ_‘(m de ester of

Preparation 3 (127 .ng, 0.277 mmol) was perfornmed in the same manner as
described in Preparation 9 except that the-f+was |lowered to 5.6 with 1 N
10 [err] after the tetrabutyl amoni um hydr oxi de was added, prior to

ddi ti f dj | . | ys4 th dg f th
nal ysi o usedt HIpBORT LRR Rt 2 shglr Tk eP ARRCS 16 O a0 Py e
that th [ 9% W / ihd ' f
631, 15 ATE L orer P e e O he

wet cake washegn¥i bhmli @tulre( b4 Bxone NEL 70 4 A2, YRSISE edny NaHC®; " k7220
m.) and the aqueous phase back extracted with [err] (2 X 20 nmL). The

combi ned or gagg¢ Bhageamaane pHepRt-ddSQH) 1@ dng apseiont 68 thea Oxone/ ess
oil. 20 Chronmatography on silica gel with EtQAc/ hexane (1:3) gave the

ti EI e conpounNaHSOg okas | addedoEbliloed e Ke'tiome |((Ioxi A3 mgt ud 5582 ny,
o3 mmol). The pH was immediately adjusted to 7.8-8.0 with 2 M
NaOH. The rest of the Oxone/ NaHCO; mixture was added in 95
mg portions in 10 min intervals and a solution of (7) (143
mg, 0.554 mmol) in CH,CN (500 pL) was added to the mixture
10 during this period via a syringe pump. Throughout the
experiment the pH was maintained at 7.8-8.0 with 2 M NaCH
"and 1 N H,SO;. HPLC analysis (Cl8 reverse phase, detection
at 220 nm, flow rate at 1 mL/min, CH3CN (0.05% TFA) / H:0
(0.05% TFA) - % CHiCN: 80% to 90% over 10 min) 3 h after
15 the Oxone addition revealed that the conversion was greater
than 95% with a PB/aepoxide ratio of 5.0:1. The mixture was
filtered and the wetcake washed with CH,Cl, (15 mL). The
filtrate was washed with H,O (15 mL) and the aqueous phase
back extracted with CH,Cl, (15 mL). The combined organic
20 phases were washed with 0.1 M HC1l (10 mL) and HO (10 mL),

dried (MgS0,;), and concentrated to give the crude product as

a yellow oil (104 mg, 100%).



WD 98/ 38164 PCT/ US98&03667 - 68-
Preparati qpoddgiesr] 5 Preparation of [err]-Epoxy Fragnent Adyarsvglosésst er.
The epoxidation of the nethyl ester of Preparation 1, step 10 (104 ny,

0.278 mml ) was perfornmed in the same manner. as described in Preparation 9
except that the pH was |owered to 3.3 mntﬁQlTQ[err] after the

t et rabut yl anmoni um hydroxi de 10 was added, prior to the addition of sodium
bi carbonate. HPLC anal ysis (sane netluégggahinhfxn t he anal ysis of the
product of Preparation 9 except % CH3CN: 95% isocratic) 2 h after the
Oxone addition reveal ed that conversion was greater than 95% wth a
[err]/[err]epoxide ratio of 4.9:1. AftefHi5 [err] (6 nL) was added, the
m xture was filtered and the wetcake wa¥hed h [err]a(14 nmL). The
filtrate was washed with H20 ( 1By osy#phase back extracted
with [err] (2 X 20 nL). The conbin orgaﬁic hases ﬁ@ﬁf dried (MgS™4) and
concentrated to give the crude product as QF yeIP oil (123 ng, 1139%.
[err]H NVMR (500 MHz, CDCl[err]) [err]7.38- 7.26 (m 5H), 6.99 (ddd 1H, J
15.8, 7.6, 7.6 Hz), 5.91 (d, 1H, J = 15.8 Hz), 3.87 (ddd, 1H, J 5.6, 5.6,

5 4 Hg) noS 27%\)1(‘:%1.% é’ig‘g%é%‘%éﬁ(ﬁ# Fépofyl 3 00 %ﬁ' 1H, :J6_86H§) 2.1
0 88 (s, 9H) pyddlfnishciilinfalZebter3™ The epox1dat10n of N-

hydroxysuccinimide ester of Preparation 3 (127 mg, 0.277

mmol) was performed in the same manner as described in
Preparation 9 except that the pH was lowered to 5.6 with 1 N

10 H280, after the tetrabutylammonium hydroxide was added,
prior to addition of sodium bicarbonate. HPLC analysis
(same method as used for the analysis used in Preparation 9)
3.5 h after the Oxone addition revealed that the conversion
was greater than 95% with a B/oepoxide ratio of 6.3:1.

15 After CH,Cl:; (6 mL) was added, the mixture was filtered and
the wetcake washed with CH;Cl, (14 mL). The filtrate was
washed with H20 (10 mL) and the aqueous phase back extracted
with CHCl: (2 X 20 mL). The combined organic phases were
dried (MgS0O:) and concentrated to a colorless oil.

20 Chromatography on silica gel with EtOAc/hexane {1:3) gave
the title compound as colorless solid (8:1 B/aepoxide

mixture, 82 mg, 63%).



M5 (FD) mz 391 (M+1l, 8), 333 (M57, 100). WD 95838164

PCT/ US93/ 0 i -69- Preparation 12 [err] 5 Boc am

(1.69g, 5. omﬁ“s?)'“of the formula [err] 10 PCT Intnl. Publ. 287708,
publ i shed March 6, 1997; was dissolved in trifluoroacetic aci d (17m ) and
the solution stirred at roomtenperature urgies a dry nitrogen atnosphere
for 4.75h and then concentrated in vacuo and dried under high vacuum for
24h to give the 15 anmine salt as a ygteyarastonsiPi! (1.76g, 100% .

[a] D589 -11.54[err] (c 1.04, MeOH); ocrferr]) [err] Unit C: 7.43
(br s, 3H [err] (m 3-H, 3.18-3.12 (m 3- H), 1.42 (s 2-Me), 1.36 (s,
2-Me); Unit Do 10.94 (br s, 20 [err] 5. Zépﬁ 20 ((m 2-H),1.92-1.77 (m 3H,
3-HH, 4-H), 1.10 (d, J 5.8 Hz, 5- o 8 (d, J = E)S Hz, 4-Me) ppm IR

(CHC13) [err] 2963, 1746, 17104 MB (FAB) 232.2
([ MF1] +, 100). @

5 Preparation of P-Epoxy Fragment A Methyl Ester. The
epoxidation of the methyl ester of Preparation 1, step 10
(104 mg, 0.278 mmol) was performed in the same manner as
described in Preparation 9 except that the pH was lowered to
3.3 with 1 N H;S0; after the tetrabutylammonium hydroxide
10 was added, prior to the addition of sodium bicarbonate. HPLC
analysis (same method as used for the analysis of the
product of Preparation 9 except % CH;CN: 95%, isocratic) 2
h after the Oxone addition revealed that conversion was
greater than 95% with a B/aepoxide ratio of 4.9:1. After
15 CHCl: (6 mL) was added, the mixture was filtered and the
wetcake washed with CH.Cl, (14 mL). The filtrate was washed
with H,O (10 mL) and the aqueous phase back extracted with
CHCl: (2 X 20 mL). The combined organic phases were dried
(MgSO4) and concentrated to give the crude product as a
20 yellow oil (123 mg, 113%). 'H NMR (500 MHz, CDCl,) §7.38-
7.26 (m, S5H), 6.99 (ddd, 1H, J = 15.8, 7.6, 7.6 Hz), 5.91
(d, 1H, J = 15.8 Hz), 3.87 (ddd, 1H, J = 5.6, 5.6, 5.4 Hz),
3.75 (s, 3H), 3.70 (4, 1H, J = 2.1 Hz), 3.00 (44, 1H, J =
6.8, 2.1 Hz), 2.49-2.45 (m, 2H), 1.75-1.69 (m, 1H), 1.10 (d,
25 3H, J = 6.8 Hz), 0.88 (s, 9H), 0.06 (s, 3H), 0.02 (s, 3H).
"MS (FD) m/z 391 (M+1, 8), 333 (M-57, 100).



WO 9838164 pCT1US9S103667 - 70-
Preparati gpdgdigs r] 5 To a stirred solution of amne salt SCTAISOH/AI6ET i on
12 (5.09muol s) in di oxane (20nlL) was added sodi um bi carbonat e
(2.149, 25. 5mmol s) fol l owed by Fnocd (1.58g 6. 11mmol s) at roomtenperature.
The mi xture was diluted with Hérr] O (4nL) dRd 10 stirred for 19h. The
reaction m xture was quenched in 1N aqueous HCl1 (150nm.) and extracted with
Et OAc (2xl 00nL). Conbi ned organi cs were washed with Herr]O (100n.), dried
(MgS™) and concentrated in vacuo to give a yellow gunmy solid. The crude
product was purified by col um 15Exepaxakion b2, (Bjotage-Si O2: gradient
elution; 10% 75% Et OAC. Hexanes) to provide Fnoc am ne as a pale yellow
solid (850ng, 37% . Product was contanminated with am no acid, which was
removed by di ssol ving the prodde it oAc and stirring with 1IN HC1L aqg for
several hours. Organics were 20 ried and concentrated to gi ve product
(85:15 product: amno acid). [er err err] (c 0.50, [err] [err]H
NVR (CDCllerr]) [err] Unit C: f.5970d, p% 7. N B TFAAr H2) , 7.67-7.61 (m
[err] 7.43 (t, J 7

Boc amine (1.69g,5.09mmols) of the formula

Oy__OH
Q
| OJB(,”\NHBN:

10 PCT Intnl. Publ. No. WO 97/07798, published March 6,
1997; was dissolved in trifluoroacetic acid (17ml) and
the solution stirred at room temperature under a 4ry
nitrogen atmosphere for 4.75h and then concentrated in
vacuo and dried under high vacuum for 24h to give the

15 amine salt as a yellow viscous oil (1.76g, 100%).

[@}p58? -11.54° (c 1.04, MeOH); lH NMR (CDCli) § Unit C’:
7.43 (br s, 3H, NH3*),3.34-3.28 (m, 3-H), 3.18-3.12 (m, 3-
H'), 1.42 (s, 2-Me), 1.36 (s, 2-Me); Unit D: 10.94 (br s,

20 CO2H), 5.23-5.20 (m, 2-H),1.92-1.77 (m, 3H, 3-HH’, 4-H),
1.10 (4, J = 5.8 Hz, 5-H3), 0.98 (d, J = 5.8 Hz, 4-Me) ppm;
TR (CHC13) v 2963, 1746, 1710, 1678, 1192, 1172 cm'l; MS
(FAB) 232.2 ([M+1]*, 100).



25 = 7.3 Hz, ArH2), 7.36- 7.30 (m ArH2), 5.88 (t, J = 5.8 Hz, O

9835164 w0 9838164 PCTrUSgslqﬁ_qu”,z,gﬁmNm
4.41-4.38 (m 3'-HH), 4.35-4.28 (m4'-H), 3.42 (d, J = 6.5 Hz, 3-HH),

1.27 (s, 2Me), 1.26 (s, 2-Me); Unit D 8.40 (br s, CO2H), 5.18-5.13 (m
2-H), 1.87-1.69 (m 3H, 3-HH, 4-H), 0.97 ((d0-J = 5,8 Hz, 5-H3), 0.93 (d, J
= 6.1 Hz, 4-Me) 5 ppm IR (KBr) [err] 2959, 2937, 1730, 1540, 1471, 1451,
1307, 1268, 1145, 1128, 759, 741 cm1l; UV (EtOH) [err] 299 (e = 5851), 288
(e = 4773), 265 (e = 18369), 227 (e = 4813) run; M5 (FAB) 454 ([ Mtl]+, 26);
Anal . calcd. for [err] requires: C Pgép8gatilon5139; N, 3.09% Found: C,
68.92; H 10 7.01; N, 3.34% Preparation 14 [err] 15 Preparation of Fnoc

Seco. To a m xture of a fragment A-B compound (4') 20
o

0

o”f;n:/\\NHFmoc
K4

To a stirred solution of amine salt of Preparation 12
(5.09mmols) in dioxane (20mL) was added sodium bicarbonate
(2.14g,25.5mmols) followed by FmocCl (1.58g,6.llmmols) at
room temperature. The mixture was diluted with H;0 (4mL) and

10 stirred for 19h. The reaction mixture was quenched in 1N
aqueous HC1l (150mL) and extracted with EtOAc (2x100mL).
Combined organics were washed with H,O (100mL), dried
(MgSO4) and concentrated in vacuo to give a yellow gummy
solid. The crude product was purified by column

15 chromatography (Biotage-SiO2: gradient elution; 10%- 75%
EtOAC: Hexanes) to provide Fmoc amine as a pale yellow solid
(850mg, 37%). Product was contaminated with amino acid,
which was removed by dissolving the product in EtOAc and
stirring with 1IN HCl ag for several hours. Organics were

20 dried and concentrated to give product (85:15 product: amino

acid).

[@]p®8d -15.95° (c 0.50, CH2Cl2); 1H NMR (CDCls) O Unit C’:
7.59 (4, J = 7.4 Hz, ArH2), 7.67-7.61 (m, ArH2), 7.43 (t, J

25 = 7.3 Hz, ArH2), 7.36- 7.30 (m, ArH2), 5.88 (t, J = 5.8 Hz,



WD 98/ 38164 PCr/ US98/ 03667 -72- CH3
[err] (4') wO0O8&3sm4 1.01 mol, Barrow, R A et al., J. Amn CRCR/USS036617,
2479- 2490 (1995)), a conpound of Preparation 13 (618 ng, 1.36 nmol), and
DVAP (24.7 ng, 0.202 mmol) in CH2Cl12 5 (3.6 ) at O[err]C was added a
solution of DCC (281 ng, 1.36 mmdl) in [err]7 1.2 nl) and the reaction was
allowed to stir 5 mn at OeH]Cmm:MIﬁnatrL After the m xture was
diluted with BNEhc/ Aeddné. %ﬁ Am, 18 ‘mBH’ & 435141 28r é®, LhrHlgh 3c42 tdantl =

t he cake washe mnth Et OAc/ hexane (1: 10 15 nL The filtrate was mashed
W h D MG (SePriR, SaBH dred AT SMEki oh. €40 (Rr) 2-HeD o Ot R -

gel e&%ﬁ?‘&c;ﬁsxa 8@%*-‘1%”%938&131% SR HERT T F o8 oo Band s SH-cal 0P e

0 e o 0 0TS ) Ve e

o). 6. 86- & LM iﬁé?Kégéz 025 P AR égﬁg (7L 1l 1207

L oL g 1o B e b

11.9 Hz), 4.4354588, (988 (e = 4773), 265 (e = 18369), 227 (e = 4813) nm;
MS (FAB) 454 ([M+1]+, 26); Anal. calcd. for C3gH31NOg
requires: C, 68.86; H, 6.89; N, 3.09%. Found:.C, 68.92; H,

10 7.01; N, 3.34%. |

Preparation 14

o

JKE l o-cH,
NHanc CCl,

15

Preparation of Fmoc Seco. To a mixture of a fragment A-B

compound (4°7)

20



2H), 4.27 (dd, 1H, J 3.86 (s, 3 H), 3.43 (d, 2H J = 6.6

). 3. 21 (olgosdbigs)

= 7.4, 7.2 H)
PcT/ US99/ 03667 - 73- 1H,

4.1, 5.7 Hz), 3.07 (dd, WO 98/ 381 G1/1s98/03667
J =14.2, 6.7 Hz), 2.69-2.58 (m 3H), 1.79-1.72 (m
2H), 1.67-1.61 (m 1H), 1.29 (s, 3H), 1.20 (s, 3H), 1.17 (d, 3H, J = 6.8
Hz), 0.91 (d, 3H, J = 6.4 Hz), 0.87 (d, 3H-72—= 6.4 Hz). Anal. Calcd for
[err] C 62.11; H, 5.70; N, 5 2.73. Found: C, 62.21; H, 5.68; N, 2.50.
Exanple 1 [err] 10 Preparation och@rr]-Epoxy Fragnent A-B. The epoxidation
of fragment A-B of fornula (4')(6F3"ng, 1.11 |, Barrow, R A et al., J.
Am Chem Soc. 117, 24 2490 199 St formed in the same manner
as described in Proced .except £hat the
[err] after the tetrab nmoni um roxi de »Glor to addition
of sodi um bi carbonate. The reaction was conpl etle bej all of the
Oxone/ NaHCO err] m xture and ketone were Zodg 2) L2 ,Egléﬁts (same
nmet hod as used for the analysis of the produet ofy Procedu xcept %
CH err]CN. 70%to 85% L\
CCl,

(47)
(600 mg, 1.01 mmol, Barrow, R.A. et al., J. Am. Chem. Soc.
117, 2479-2490 (1995)), a compound of Preparation 13 (618
mg, 1.36 mmol), and DMAP (24.7 mg, 0.202 mmol) in CH.Cl,

5 (3.6 mL) at 0°C was added a solution of DCC (281 mg, 1.36
mmol) in CHﬁﬂg (1.2 mL) and the reaction was allowed to
stir 5 min at 0°C and 30 min at rt. After the mixture was
diluted with EtOAc/hexane (1:1, 15 mL), it was filtered
through Celite and the cake washed with EtOAc/hexane (1:1,

10 15 mL). The filtrate was washed with 1 M HC1l (10 mL),
saturated NaHCO; solution (10 mL), brine (10 mL), dried
(MgSO;), and concentrated to a yellow foam. Chromatography
on silica gel with EtOAc/hexane (1:2.5 to 1:1) gave the
title compound as a colorless foam (864 mg, 83.5%). 'H NMR

15 (500 MHz, CDCl;) & 7.78 (d, 2H, J = 7.5 Hz), 7.69-7.66 (m,
2H), 7.40 (dd, 2H, J = 7.5, 7.4 Hz), 7.34-7.22 (m, 7H),
7.19 (4, 1H, J = 1.8 Hz), 7.05 (dd, 1H, J = 8.5, 1.8 Hz),
6.86-6.80 (m, 1H), 6.82 (d, 1H, J = 8.4 Hz), 6.45 (d, 1H, J
= 8.4 Hz), 6.44 (d, 1H, J = 15.5 Hz), 6.11-6.03 (m, 2H),

20 5.91 (4, 1R, J

15.7 Hz), 5.18 (m, 1H), 5.08-5.01 (m, 2H),
4.77 and 4.67 (AB quartet, 2H, J = 11.9 Hz), 4.43-4.33 (m,
2H), 4.27 (44, 1H, J = 7.4, 7.2 Hz), 3.86 (s, 3 H), 3.43 (4,
2H, J = 6.6 Hz), 3.21 (44, 1H, J = 14.1, 5.7 Hz), 3.07 (44,



over 15 mn) revealed that the Fragnent A-B starting material was consuned
to give avwobspsies]/[err]epoxide mxture WD 9838164 PCT/US98/03667
PCT/ US9&0667 -74- after 80% of the Oxone/ NaHCO err] m xture had been added
(1.6 equivalents of the 2 equivalents of ( whi ch were added sl ow y had
been added). After CH2CI [err] (24 nmL) was ddded, the mixture was filtered
and the wetcake washed with [err] (56 5 nlL). The filtrate was washed w.th
H20 (40 nl) &fh thes dbicdust phale) badk 69xi2 .58 emiIB) [ et s TP-L27R 40mdB) .
The conbi ned organi c_phases were dried [eE&b and concentraged tg gi ve Eﬂf
crude productl & {65himyelBbw Ledth (9838, AP (Shi 3R wad-ddedd: 3H.

di tl i t-h t ti i t hout 10 jfj ti H 00 ,
ocitert]) e 6 batat b hr sy Sk oy (i o i 2. 87 ik MGG €K,
J =84, 2.1 H), 6 93 (ddd, 1H_ J = 15. 4, 7. L .6.88 (& JH O =
8.4 H), 5. 94*%21-, mal-(égi%?é fOF, ngeé%ﬁ‘?zoiﬁ Jé;g.%slié)?"’ggos? ('dd"ér,
H J =77 6.0 5. . 4.8 4. 5 t, 2H J = 11.8 Hz),
3.90 (s, 3H), 3'}.]333 (Fz"‘ﬁi%« 3C= Eéggﬁz) 1163(5%%' ﬂ’qz%féqm, 3.25 (dd, 1H, 31
= 14.2, 5.9 Hz), 3.15 (dd, 1H, J = 14.2, 6.0 HzZ), 3.02 (dd, 1H J = 6.7,
2.1 Hz), 2.58-2.52 (br m 1H), 2.39 (ddd, 1H, J = 14.8, 7.6, 7.6

Example 1

10

Preparation of Pf-Epoxy Fragment A-B. The epoxidation of
fragment A-B of formula (4‘) (653 mg, 1.11 mmol, Barrow, R.A.
et al., J. Am. Chem. Soc. 117, 2479-2490 (1995)) was

15 performed in the same manner as described in Procedure 9
except that the pH was lowered to 4.4 with 1 N H,SO, after
the tetrabutylammonium hydroxide was added, prior to
addition of sodium bicarbonate. The reaction was complete
before all of the Oxone/NaHCO; mixture and ketone were

20 added. HPLC analysis {same method as used for the analysis
of the product of Procedure 9 except % CHCN: 70% to 85%
over 15 min) revealed that the Fragment A-B starting

material was consumed to give a 5:1 B/aepoxide mixture



Hz), 1.79 (m 1H), 1.14 (d, 3H, J =6.9 Hz). M5 (FD) mz 20 603-(Merr])

WO 9338164y0 98/38164 PCT/ US9 8/r¢0sb8/03667
Exanple 2 [err] 5 Preparat|on of [err]-Epoxy Fnoc Seco from Fnoc Seco. To
a stirred solution of a conpound of Preparation 14 (382 ng, 0.373 mol) in
CH3CN (4.7 mL) at [err]C was added a sol uti?&t of Na2EDTA [err] Min
Herr]O 3.7 n., 0.37.[err]nol) and tetrabutyl ammoni um hydroxide (1 Min
MeCH, 37 [erafftex3B(%raf ntthe . OxOne/NaHEH; wasisttovee duad cb@efi atdtdledl (4 .[6err ]
before NaHCO3 (31.3 ng, 0.373 nmol) was added. After a mxture of Oxone
(2.29 g, 3.72awivalents NefHodee (B76angvalenssmedl (Maslpralpawede addedH was
adjusted to 8.2 with 1. N[err] and the ketone (7) (385 ng, 1.49 nmol)
added. The OR3FWiyNAAchPeRxtddedhs é@t?ﬁeﬁﬂﬁabed(24lm28 Wgspéﬂﬂﬁdnsﬁhe 10
mn interval s and the pH maj ntained at 8-8.2 with 2 MNaCH and 1 N [err]
HPLC anal y5| §‘1€°§é‘|¥§ tsh ot Lsexed dangr tbﬁewﬁl’é&a}‘ﬁ g’ﬂﬁhQQﬂé’V%ﬁ%ﬂzcbf (56

reveal od I hally ho T A ST ERE SokaB VAB BB L P Hor (4] BED] SRS r at o of
9.5:1. After Lﬁr E:Jus( %has)e back extracted with CH,Cl; (2 X 40 mL). The
combined organic phases were dried (MgSO.) and concentrated
to give the crude product as a light yellow foam (798 mg,
119%), which was used directly in the next reaction without
10 purification. 'H NMR (500 MHz, CDCli;) & 7.39-7.29 (m, 5H),
7.21 (4, 1H, J = 2.2 Hz), 7.06 (dd, 1H, J = 8.4, 2.1 Hz),
6.93 (ddd, 1H, J = 15.4, 7.4, 7.4 Hz), 6.88 (4, 1H, J = 8.4

Hz), 5.94 (d, 1H, J = 15.4 Hz), 5.90 (d, 1H, J = 7.8 Hz),
5.09 (ddd, 1H, J = 7.7, 6.0, 5.9 Hz), 4.82 and 4.76 (AB

15 quartet, 2H, J = 11.8 Hz), 3.90 (s, 3H), 3.83 (d, 1H, J =
2.1 Hz), 3.78-3.74 (m, 1H), 3.25 (dd, 1H, J = 14.2, 5.9 Hz),
3.15 (a4, 1H, J = 14.2, 6.0 Hz), 3.02 (dd, 1H, J = 6.7, 2.1
Hz), 2.58-2.52 (br m, 1H), 2.39 (ddd, 1H, J = 14.8, 7.6, 7.6
Hz), 1.79 (m, 1H), 1.14 (4, 3H, J = 6.9 Hz). MS (FD) m/z

20 603 (M").



was added, the m xture was filtered and the wetcake washed with [err] (19
m.). The filtrate was washed with H20 (13 nL) and the aqueousc?hase lag,;:k
extracted WPOB38164,] (2 X 27 WD 9838164 PCINUSO8/03
PCT1US98/ 03667 -76- nlL). The conbi ned organi c phases were dried (MJSOX) and
concentrated to give the crude product as agueige foam (375 ng, 97%. 5
Exanple 3 [err] Preparation of [err]-Epoxy Fnoc Seco from[err]-Epoxy
Fragnent A-B. 10 A solution of the epoxjde odyct of Exanple 1 (788 nmy,
1.09 mmol theory) in [err] (3.7 m) waé—’é%ﬂ&i—t—ée the acid of -Preparation 13
(742 mg, 1.64 mol) followed by DVMAP (26.6 ng, 0.218 mmol), and the m xture
was imedi ately cooled to O[err]C.,After a solution of DCC (338 ng, 1.64
mmol) in CH2C12 15 (1.2 nlL) wasgdyled, the m xture was allowed to stir for
5 mnat Oferr]C and for U ey gOvas then diluted with

Et OAc/ hexane (1:1, 20 [i 1 tered through ite, and concentrated to a

yel | ow foam Chromat ogr@phylon ©Lic@ gel wi N
gave the title conmpound as a 20 ght Qel | ow f
[err]/[err]epoxide m xture, 772 68

' o) o)

NHFmoc "CCl,

S Preparation of B-Epoxy Fmoc Seco from Fmoc ééco. To a
stirred solution of a compound of Preparation 14 (382 mg,
0.373 mmol) in CHiCN (4.7 mL) at 0°C was added a solution of
NaEDTA (1X10™* M in H,0, 3.7 mL, 0.37 pmol) and
tetrabutylammonium hydroxide (1 M in MeOH, 37 uL, 37 pmol).

10 The pH was lowered to 3-6 with 1 N H,S0, before NaHCO; (31.3
mg, 0.373 mmol) was added. After a mixture of Oxone (2.29
g, 3.72 mmol) and NaHCO; (975 mg, 11.6 mmol) was prepared,'
the pH was adjusted to 8.2 with 1 N H,SO; and the ketone (7)
(385 mg, 1.49 mmol) added. The Oxone/ NaHCO; mixture was

15 then added in 128 mg portions in 10 min interwvals and the pH
maintained at 7.8-8.2 with 2 M NaOH and 1 N H,;SO,. HPLC
analysis (same method as used for the analysis of the
product of Procedure 9 except % CHsCN: 95%, isocratic) 1 h
after the Oxone addition revealed that the conversion was

20 85% with a P/cepoxide ratio of 9.5:1. After CHxCl: (8 mL)
was added, the mixture was filtered and the wetcake washed
with CH:Cl, (19 mL). The filtrate was washed with H0 (13 mL)

and the aqueous phase back extracted with CH,Cl, (2 X 27



from Fr agrrent A-B corrected to 55% due to contam nation by byproduct) 1H
NVR (500 MHz 8/%err] [err] 7.77 (d, 2H, J = 7.5 Hz), 7.66-7. 60 |—6|)
7.40-7. 24WQ8/38i64 7 19 (s, 1H), WO 98/ 38164 So803667
PCT1US98103667 -77- 7.05 (d, 1H, 8.4 Hz), 6.86-6.79 (m 1H), 6.82 (d, 1H, J
= 8.4 Hz), 6.44 (d, 1H, J = 8.0 Hz), 5.98:5¢94 (br m 1 H), 5.91 (d, 1H J
= 15.6 Hz), 5.23-5.20 (m 1H), 509504(m1|—|) 5.0 (dd, 1H, J = 9.8, 3.2

127423 (reliy IBecS i Sigerls ghapgduett) kel é‘«g%%«é.eg N
(b, n ) gnfEnptatelfice, qivle Wle dplde) Boaille dea hidtng fopfyrs)

(m 1. 68 Bgym 10 1H), 1.25 (s, 3H), 1.19 (s, 3H) 1.15 (d, 3H, J
69Hz) 33? 6H J = 6.4 Hz), M (FD) mz 1038 (Merr]). Exanple

4 [err] Preparatlon of [err]-Epoxy Fnoc Seco from Fragnent A-B: Epoxidation

at pH 10.5 followed by coupling with preactivation of Fnoc C D Acid.

Epoxi datison: To a stirred 20 m xture gk t A-B (4') (650 ng, 1.10

mol ), sodi um )

CH,

/Lé O—-CH,

NHFmoc CCI

Preparation of f-Epoxy Fmoc Seco from f-Epoxy Fragment A-B.
10 A solution of the epoxide product of Example 1 (788 mg, 1.09
mmol theory) in CH:Cl; (3.7 mL) was added to the acid of
Preparation 13 (742 mg, 1.64 mmol) followed by DMAP (26.6
mg, 0.218 mmol), and the mixture was immediately cooled to
0°C. After a solution of DCC (338 mg, 1.64 mmol) in CH,C1,
15 (1.2 mL) was added, the mixture was allowéd to stir for 5
min at 0°C and for 1 h at rt. The mixture was then diluted
with EtOAc/hexane (1:1, 20 mL), filtered through Celite, and
concentrated to a yellow foam. Chromatography on silica gel
with EtOAc/hexane (1:3 to 1:2) gave the title compound as a
20 light yellow foam (7.8:1 B/aepoxide mixture, 772 mg, 68%
from Fragment A-B corrected to 55% due to contamination by
byproduct). 'H NMR (500 MHz, CDCl;) 8 7.77 (&, 2H, J = 7.5

Hz), 7.66-7.60 (m, 2H), 7.40-7.24 {(m, 9H), 7.19 (s, 1H),



tetraborate buffer (0.05 Min 4 X 10[err] M aqueous Na2EDTA, 11.2 nl),
tetrabutyl | hydrogen sulfate (14.9-ng, 43.9 [err] ml) pepRidodieNeoNe
(7) (568 @W%Tmml) in CH3CN (16.8 nlL) WD 98138164 F

PCTr US98103667 -78- at O[err]C was added a solution of Oxone (2.61 g, 4.24
nmol ) in aqueous Na[err] EDTA (4 X 10-4 M 2O74) and a solution of [err]
(0.89 M 20 nL) over 2 h. HPLC analysis (sane nethod as used for the

anal ysis of yhespreAualy Ofg Fif o) at 60862 4GePim> PAFTOENS27Q8, ¢ anfSH aver
15 min) at the én e addition réveal ed that the conversion was >95%

with a [err]fglar qz900%6 dearedj o18f & % B.0 H pixiogesnas dokutngdivinh
[err] (30 nm.) and washed with Herr]O (20 nL). The aqueous | ayer was back
extracted w shoer(d, (X $0=nL5.andzHhe sc @0 ofganirg) 105. a9ebs 0der(em,
dried (MgSO4) and concentrated to faint yellow foam (995 ng) which was
taken into the)nes.stedw ilpul £udtiser 3n® iHZz)xatd oh7 &ndphi.68: (TABa
solution of the acid (10a) (723 ng, 1.60 mmol) and DVAP (26.9 ng, 0.220
mol ) in 5 erguagtet M2HatJ 0fell} 8 Was ,add 43-9bi34 i tm, 02H) he4D2T-4n 235 (m,
[err] (1.3 nL). After the mxture was stirred for 5 min, a solution of the
crude al cohoRH)n [(Ber83 (2. 3HL) 3e33added 1dhd I e ¥ ehcizbn daddsBi-BBed™or

5 mn at O[errH]Can 1 h at rt.
20 (ad, 1H, J = 14.2, 5.7 Hz), 3.07 (dd, 1H, J =

14.2, 6.7 Hz), 2.94 (44, 1H, J = 6.9, 1.7 Hz), 2.66-2.57 (m,
2H), 1.97-1.90 (m, 1H), 1.80-1.71 (m, 2H), 1.60-1.55 (m,

10 1H), 1.25 (s, 3H), 1.19 (s, 3H), 1.15 (d, 3H, J = 6.9 Hz),
0.93 (d, 6H, J = 6.4 Hz), MS (FD) m/z 1038 (M').

Example 4

)HS l o-ch,
NHFmoc CCI

15

Preparation of f-Epoxy Fmoc Seco from Fragment A-B:
Epoxidation at pH 10.5 followed by coupling with

preactivation of Fmoc C’D Acid. Epoxidation: To a stirred

20 mixture of fragment A-B (4’) (650 mg, 1.10 mmol), sodium
tetraborate buffer (0.05 M in 4 X 10™* M aqueous Na;EDTA,
11.2 mL), tetrabutylammonium hydrogen sulfate (14.9 mg, 43.9

pmol), and ketone (7) (568 mg, 2.20 mmol) in CH,CN (16.8 mL)



The m xture was then diluted wth Et OAc/ hexane (1:1, 20 nmL), filtered
through Celite, and concentrated to a yellow foam 20 Chronatograph n
silica gel WP PBHEPAC/ hexane (1:3 to 1:2) gave the title conﬁﬁ!ﬁ@9§g¥6§9
light yellow foam (10.3:1 [err]/[err] epoxide m xture, 820 ng, 71%
contam nated with only 4% of byproduct). _7§0 9838164

PCr/ US98 3667 -79- Exanple 5 [err] 5 Preparation of Cryptophycin 52 from

Cryptophycin 51. The epoxi_dation of Cryptophycin 51 (181 ng, 0,277 mmol,)
was per f or med®FnOtheWaanadnemndr sedurdat i9fe PxoNPr EHebhiFond928xPed? iRat

e D v | Ut Bl gl NPt ol el e el sy aaro
analvoL s, (SagTRSNSe 39 YRR ik A% IohYE o RSP RNE s, o e
O o0 BBt g s GO SO HaRLE 5! AT 5 excoot
5 % CH;CN: 70% to 85% over 15 min) at the end of the addition
revealed that the conversion was >95% with a P/oepoxide
ratio of 6.5:1. The mixture was diluted with CH.Cl, (30 mL)
and washed with H,0 (20 mL). The aqueous layer was back
extracted with CHaCl; (2 X 30 mL) and the combined ofganic
10 layers were dried (MgSO,) and concentrated to faint yellow
foam (995 mg) which was taken into the next step without
further purification. Coupling: To a solution of the acid
(10a) (723 mg, 1.60 mmol) and DMAP (26.9 mg, 0.220 mmol) in
CH:Cl: (1.7 mL) at 0°C was add a solution of the DCC in
15 CHCl: (1.3 mL). After the mixture was stirred for 5 min, a
solution of the crude alcohol in CH»Cl: (1.5 mL) was added
and the reaction was stirred for 5 min at 0°C and 1 h at rt.
The mixture was then diluted with EtOAc/hexane (1:1, 20 mL),
filtered through Celite, and concentrated to a yellow foam.
20 Chromatography on silica gel with EtOAc/hexane (1:3 to 1:2)
gave the title compound as a light yellow foam (10.3:1 B/a
epoxide mixture, 820 mg, 71% contaminated with only 4% of

byproduct) .



[err] WO 9838164 PCT/ US9&/ 03667
-80- Preparation of Cryptophycin 52 from|[err]-Epoxy Fnoc Seco. To a

sol uti on o¥O[98B8164Epoxy Fnoc Seco of Exanple 3 (767 ng, 0. 73RCHEE98/03667
corrected to 0.54 mmmol due to contam nation by a- epoxide and byproduct) in
DMF (74 nmL) was added piperidine 5 (364 [QL{ L, 3.69 nmmol), and the
reaction was allow to stir for 20 h before 1T was diluted with Et QAc (200
m.) and washed with H20 (3 X 200 nli). The conbi ned aqueous | ayers were back
extracted with EtOAc (60 nlL) and the coRsampdegbganic |ayers dried [err]
and concentrated to an orange oil.. 10 Crystallization fromtoluene (2.5
m., seeded with Cryptophycin 52) provided the title conpound as a col orl ess
solid (171 ng, 47% . Exanple 7 15‘ﬂwr] To a solution of [err]-epoxide of
Preparation 6 (473ng, 1.0mmol) i ! 7n,p was added amino acid "B"
(459ngy, 20 2.0nmol s), 5

5 ©Preparation of Cryptophycin 52 £from Cryptophycin 51. The
epoxidation of Cryptophycin 51 (181 mg, 0.277 mmol) was
performed in the same manner as described in Preparation 9
except that the pH was lowered to 7.8 with 1 N H,SO; after
the tetrabutylammonium hydroxide was added, prior to

10 addition of sodium bicarbonate. HPLC analysis (same method
as used for the analysis of the product of Preparation 9
except % CHiCN: 60% to 90% over 20 min) near the end of the
Oxone addition revealed that the conversion was less than
10% with a B/aepoxide ratio of 5-7:1.

15

Example 6




WD 98138164 PCT1US98103667 - 81-
[err] PCT Intnl. Publ. No. WD 97/07798, published March 6, 1997; 5 foll owed
by N, O bi swoos/ssshy! silyl)acetam de (618ulL, 2.5mmol s) at roeETEsIRe3sat ur e
under a nitrogen atnosphere. The resulting m xture was heated at 55[err]C
(solution fornmed) for 8h, diluted with Et OAc (250nmL) and washed with 1N
aqueous HCL (3x80nL), Herr]O (100n). Conbi8®ed, dried [err] 10 organics
were concentrated in vacuo to give a yellow foam (590ng), which further
purified by cordpardtioBtef cePptophy@indsadifstn P-HpoXy Hnidd |Secdt 1P80a
MeOH:. [err] to give silyl ether product as white foam (489 ng, 89%. 15
[err] Dl err] +ZbId{ion]ofcBlEPExy Mefabl; SéUoNNR EMbE1@6)3 WEt oy, 0 387. 17
(m ArHerr]), 6.55-6.40 (m 3-H), 6.03 (d, J = 15.3 Hz, 2-H), 3.83-3.76 (m
5-H), 3.71 (smdHcorréftéd, td ©.548mhip]l duld) to? ocbhtantihgtdord - g+
1.50-1.44 (m 6-H), 0.94 (d, J = 6.7 Hz, 6-M), 0.74 (s, 9H SiM3), -0.54
(s, SiMe), 20epoxides drnd kyhepduchdt iB: DMF74 7dd ml) was Jdded pipesiding
m ArH), 7.04 (d,, J =8.5 ArH, 6.90 (d, J =8.5 ArH), 4.27- 4.23 (m
2-H), 3.725(s,(384 Hhe)3.69 ommpdl, and tBelrgagtiom Mas Rllow L gssti, for=
13.5 and 7.8 Hz 3-%*% ppm IR (KBr) u 2955, 2930, 2857, 1668, 1605, 1504,
1463, 1454, 12fph before it was diluted with EtOAc (200 mL) and washed

with H,O0 (3 X 200 mL). The combined aqueous layers were
back extracted with EtOAc (60 mL) and the combined organic
layers dried (MgSO.) and concentrated to an orange oil.

10 Crystallization from toluene (2.5 mL, seeded with
Cryptophycin 52) provided the title compound as a colorless
solid (171 mg, 47%).

15

Cl

OMe

To a solution of B-epoxide of Preparation 6 (473mg, 1.0mmol)
in dry DMF (6.7mL) was added amino acid "B" (459mg,

20 2.0mmols), represented by the formula



WO 9838164 PCTI US98/ 03667 - 82-

1258, 1067, 1026, 837, 776 cnferr]; W (EtOH) Inmax 278 (e = 2219) nm

Exanpl e 8 wo[9srasiesMet hod A To a solution of silyl ether of ERGHYSES/08667
(160ng, 10 0.272mmols) in dry DW (3.5nL) was added sodi um bi car bonat e
(228ng, 2.72mols) followed by solid tetrab ;xlannnniun1f|uoride-hydrate

( TBAF) (358ng, 1.36mmols). The m xture was héated at 60[err]C for 17h and
then further TBAF (358ng, 1.36nmols) and heated for 9h 15 and finally a
solution of 1M TBAF in THF (360uL, 1.36nnn|z£ added turning the reaction a
brown color. The mixture was heated for 20 f@lns and then the reaction
quenched in water (100nmL) and extracted w t X Et (¢ (3x50nL). Conbi ned,

dried [err] organics were 20 concentrated dcuoCHy give a brown oily gum
(248nmg). Crude carboxylate salt was used
purification.

PCT Intnl. Publ. No. WO 97/07798, published March 6, 1997;
S followed by N,O-bis-(trimethylsilyl)acetamide (618ul,
2.5mmols) at room temperature under a nitrogen atmosphere.
The resulting mixture was heated at 55°C (solution formed)
for 8h, diluted with EtOAc (250mL) and washed with 1N
aqueous HC1l (3x80mL), H,O (100mL). Combined, dried (MgSO4)
10 organics were concentrated in vacuo to give a yellow foam
(590mg), which further purified by column chromatography
(si0,, gradient elution; CHyCl; - S5%~10% MeOH: CH,Cl;) to

give silyl ether product as white foam (489 mg, 89%).

15 [a]p589 +28.33° (c 1.06, MeOH); lH NMR (DMSO-d6)d Unit A:
7.33-7.17 (m, ArHs), 6.55-6.40 (m, 3-H), 6.03 (d, J = 15.3
Hz, 2-H), 3.83-3.76 (m, 5-H), 3.71 (s, 8-H), 2.90 (d, J =
6.8 Hz, 7-H), 2.46-2.27 (m, 4-HH’), 1.50-1.44 (m, 6-H), 0.94
(d, 3 = 6.7 Hz, 6-Me), 0.74 (s, 9H, SiMes), -0.54 (s, SiMe),

20 -0.13 (s, SiMe); Unit B: 7.76 (d, J = 7.3, NH), 7.33-7.17 m,
ArH), 7.04 (4, J = 8.5, ArH),.6.90 (d, J = 8.5, ArH), 4.27-
4.23 (m, 2-H), 3.72 (s, 3H, OMe), 3.02 (dd, J = 13.3 and 4.3
Hz, 3-H), 2.78 (dd, J = 13.5 and 7.8 Hz, 3-H’) ppm; IR (KBr)
u 2955, 2930, 2857, 1668, 1605, 1504, 1463, 1454, 1279,



WD 98138164 PCT/ US98103667 - 83-
Exanple 9 [err] 5 Method B To a solution of silyl ether of Exanple 7

- (145ny, O%ﬁ%ﬂ&) in dry tetrahydrofuran (3.0n) was addedp@ri$dsmabert i on
of tetrabutylanmonium fluoride (800uL, 0.8mmvls) under a dry nitrogen

at nosphere. The resulting solution was 10 heated at 60[err]C for 7h and
t hen wor ked-up as described above to give -#2rown residue (166ng, 949%.
Crude carboxylate salt was used in the next step w thout further
purification.1Z88npiee1) 152ker 83770 77 &3l UM qELOH)CIyde BEBbQEybat e
salt (0.272muols) in DMSO (3.5nL) was sodi um bi carbonate 20 (274nyg,
3.26mmol s) foR2poMedniny sl ow addition of a WO 98/ 8164

PCTI US98103667

Exanple 8

LC.

nBugN* "0

Method A
To a solution of silyl ether of Example 7 (160mg,

10 0.272mmols) in dry DMF (3.5mL) was added sodium
bicarbonate (228mg, 2.72mmols) followed by solid
tetrabutylammonium fluoride-hydrate (TBAF) (358mg,
1.36mmols). The mixture was heated at 60°C for 17h and
then further TBAF (358mg, 1l.36mmols) and heated for %h

15 and finally a solution of 1M TBAF in THF (360uL,
1.36mmols) added turning the reaction a brown color.
The mixture was heated for 20 mins and then the
reaction quenched in water (100mL) and extracted with
_EtOAc (3x50mL). Combined, dried (NayS0O4) organics were

20 concentrated in vacuo to give a brown oily gum
(248mg) . Crude carboxylate salt was used in the next

step without further purification.



-84- solution of t-butyl bromde (373ng, 2.72mmols) in DVSO (1.5nL) over
-2h at roomtenperature and under nitrogen. The m xture was stirred for a
further 2ijoandsigden quenched in brine (50nL) and extract ed RETKSIBIOIE 5
(3x 30nL). Combi ned organics were washed with water (50mL), dried [err] and
concentrated in vacuo to give crude ester as a gumy solid (117ng, 81%.
The crude al cohol A-B was used in the nexf&ﬁ?ﬂ)thhout further
purification. 10 Exanple 11 [err] 0O 15 To a stirred solution of carboxylic
acid D-C of Preparation 13 (129ny, Exepie|2) in dry dichl oromet hane
(1. Om) was added DVAP (5.4ng, 0.044mmols) and DCC (59ng, 0.285mmols) at
roomtenperature under a dry nitrogen atnosphere. The solution was stirred
for 0.5h and then solid sodi um Zerabi car bonate (37ng, 0.44mvols) added

B of oExanpl e 10 (117ny,
” ¢ precipitate formed within 10
br 50 m ns. The

::L:w\\]::jj[:0|
nBuyN* O o OMe

To a solution of silyl ether of Example 7 (145mg,

0.22mmols) in dry dig
m ns and the m xture

5 Method B

0.247mmols) in dry tetrahydrofuran (3.0mL) was added a 1M
solution of tetrabutylammonium fluoride (800uL, 0.8mmols)
under a dry nitrogen atmosphere. The resulting solution was

10 heated at 60°C for 7h and then Qorked—up as described above
to give a brown residue (l66mg, 94%). Crude carboxylate

salt was used in the next step without further purification.

Example 10

15

To a dry solution of crude carboxylate salt
{(0.272mmols) in DMSO (3.5mL) was sodium bicarbonate

20 (274mg, 3.26mmols) followed by slow addition of a



WO 9&38164 PCT/ US98103667 - 85-
crude reaction mxture was directly applied onto a SiQ2 colum and purified
(gardi ent Y%P Siks 10% 40% Et OAc: Hexanes) to give nethyl sulpefiskyspsesduct
as pale ye om1soI|d (122nmg, 46% over 3 steps). 5 1H NWR (CDCl[err]) [err]
Unit A 7.43-7.20 (m ArHerr]), 6.90-6.81 (m 2H 3-H ArH), 5.93 (d, J =
15.6 Hz, 2-H), 5.14-4.93 (m 5- H), 3.05 (@d-J = 14.5 and 8.3 Hz, 7-H),
2.65- 2.63 (m 4- HH), 2.00-1.95 (m 6-H, 1.17 (d, J = 7.0, 6-Me); Unit
B: 10 7.43-7g@Pué fonAbE) £-$ulf1( Brohides. (B 73mg ArA)72Mindls 5. 84 DMBOAr H) ,
6.44 (d, J = 7.7 Hz, NH), 5.19 (q, JAB =11.8 Hz, 1'- HH), 5.14-4.93 (m
2-H), 3.87 (s{1(®f)) Sveéw- 32h0atmrodm iemperatdird sndMmdethit C: 7.79
(d, J =7.4 Hz, ArH2), 7.67 (d, J =6.9 Hz, ArHerr]), 7.43-7.20 (m ArH4),
6.04 (d, J 1Em'.t;r6'génHzThHI—lynix&m Ha3 stiyrr¥d Hidy a 4 80cher521m and- H,
3.42 (d J 6.2 Hz, 3-HH ), 1.27 (s, 2-Me), 1.20 (s, 2-Me); Unit D
5.22-5.18 (mtnem) guenghed. 38 pmnw(smm amd—bextcrag@:eg% wsthislﬁt06094 (s,
4- Me) ppnl - Exanple 12 [err]

5 (3x 30mL)}. Combined organics were washed with water

(50mL), dried (Na;SO4) and concentrated in vacuo to give
crude ester as a gummy solid (117mg, 81%). The crude

alcohol A-B was used in the next step without further

purification.
10
Example 11
CHs

(o)

/

:J:fh\1::::]::
%
NHFmoc Me

15 To a stirred solution of carboxylic acid D-C' of Preparation
13 (129mg, 0.285mmols) in dry dichloromethane (1.0mL) was
added DMAP (5.4mg, 0.044mmols) and DCC (59mg, 0.285mmols) at
room témperature under a dry nitrogen atmosphere. The
solution was stirred for 0.5h and then solid sodium

20 Dbicarbonate (37mg, 0.44mmols) added followed by a solution
of crude alcohol A-B of Example 10 (117mg, 0.22mmols) in dry
dichloromethane (1.2mL). A precipitate formed within 10

mins and the mixture was stirred for a further 50 mins. The



WO 9838164 PCTI US98/ 03667 -86- To a
stirred solution of nethyl sul phide of Exanple 11 (56nyg, 0. 058l s} I n
acetone ( {Aobgsyes added sodi um bi carbonate (64ng, O. 764nnDIP§3'r"F§?P°6§)9@d by
an aqueous sol ution of oxone (234ng, 0.382mmols) in water (3.0nL). The 5
reaction mxture was stirred at roomtenperature for 20 mins (SMis rapidly
converted to a very polar conponent sul phoXrde and then with tinme to the

| ess pol ar - sul phone product). The reaction was quenched in water (40nm) and
extracted w truBeOfeachizoninixiganwas Adreckdshe@pdiiiad QRter3 3 Bonl) ,

dried S d trated i to gi | d. d r od
wns put | 11 60 oy Aeh BTGP0 GBRSL PO CEAMRAOnT A G ORI BRTAN: HOESE 6,

Et OAc: Hexanes) tq give sul phone as_a white foany salid , 9 .
NVR ( CDCL[ er tP) Iid& ]metﬁhxloﬁru#l?’%d?. E¥°(3hﬁ°tAP|r% 8331% Y%ﬁg‘y 65.%1/% m‘ ig?‘ﬁl—‘?,'
5.87 (d, J = 16Hz, 2-31, 4.98-4.86 (m 5-H), 3.70 (d, J = 1.1 Hz, 7-H),
2.92-2.89 (m*P¥{OVer @ SEeRSY m4-HH ), 1.94-1.89 (m 6-H), 1.13 (d, J =
7.1 Hz, 6-Me); Unit B: 20 7.58-7.17 (m ArH), 7.04 (d, J = 7.7 Hz, ArH),
6.81 (d, 9 =8.1 Hz, ArH), 6.54 (d, J = 7.5 Hz, NH), 4.98-4.86 (m 2-H),

3.84 (s, 7-OMB) vk Y6re1dS @ onaltPB = A4, $06 (K2, a2rEY,) 6.90-6.81 (m,
oH, 3-H, ArH), 5.93 (d, J = 15.6 Hz, 2-H), 5.14-4.93 (m, 5-

H), 3.05 (dd, J = 14.5 and 8.3 Hz, 7-H), 2.65- 2.63 (m, 4-
HH’), 2.00-1.95 (m, 6-H), 1.17 (d, J = 7.0, 6-Me); Unit B:
10 7.43-7.20 (m, ArH), 7.06 (d, J = 8.1 Hz, ArH), 6.90-6.81 (m,
ArH), 6.44 (4, J = 7.7 Hz, NH), 5.19 (q, Jap = 11.8 Hz, 1'-
HH), 5.14-4.93 (m, 2-H), 3.87 (s, OMe), 3.20-3.10 (m, 3-
HH'), 2.21 (s, SMe); Unit ¢’: 7.79 (d, J = 7.4 Hz, ArHz),

7.67 (d, J = 6.9 Hz, ArH2), 7.43-7.20 (m, ArH4), 6.04 (4, J

15 = 7.7 Hz, NH), 4.42-4.34 (m, 3‘-HH’), 4.30-4.25 (m, 4'-H,
3.42 (4, J = 6.2 Hz, 3-HH'), 1.27 (s, 2-Me), 1.20 (s, 2-Me);
Unit D: 5.22-5.18 (m, 2-H), 1.82-1.58 (m, 3H, 3-HH’,b4-H),
0.96 (s, 5-H3), 0.94 (s, 4-Me) ppm.

20 Example 12

CHs

(0]
i - &
0 (o) HN ““\\\ Cl
0
o 0 0O OMe
NHFmoc SOMe



Unit C: 7.75 (d, J

= 7.4 Hz, A’H2), 7.62 (d, J = 6.8 Hz, ArH2), 7.58-7.17
(m ArH4), 5.97 (t, J = 5.5 FE NH), 5.00 25 (s, [err] 4.98-4.86 (m 2H,
1'-HH ), §, 6:;3 (m 3'- HH'), 4.25-4.20 (m 4'-H), 3.40-gcposisinieér HH ),
1.22 (s, 2- 1.15 (s, 2-Me); Unit D 5.19 (q, JAB = 5 Hz, 2-H), VO
08/ 38164 ; PCTI SQUI 3667 -87- 1.80-1.61
(m 2H, 3-H 4-H), 1.57-1.49 (m 3-H), 08B~ (s, 5-Herr]), 0.89 (s, 4-M)
ppm Exanple 13 5 Cryptophycin 52 [err] To a

stirred sol upboa @figreahene udfiobxamhetid ) ISiphide 13£ 9Bxempde i1 dry DWF
(2.0m) was added neat piperidine (8.9[err]L, 90unols) at room tenperature
and under ni (56gen0 . I58mmed )t iimg axmttirieon{ Vsl stwas eadfed Sbdamh t hen
concentrated in vacuo to give crude amne as a foam The am ne was

di ssol ved i nbichvbosate Wﬁﬂmgnd0h€£ﬂaMaﬁskKﬁQ&lqu@hUEramSathK%G%n for
40m ns. The reaction solution was direct urified by colu

chr omat ogr apsglusion; ofr egcas (234mopn;0 ﬁ/ﬁ’ﬁﬂl&%ﬂ e W@t’e&ﬁeé? -08Lgj -y &he

cryptophyC|n 52 as a white glass (6.1ng,_ 51% over 2 step s%
reaction mixture was stirred at room temperature for 20 mins

(SM is rapidly converted to a very polar component
sulphoxide and then with time to the less polar sulphone
product). The reaction was quenched in water (40mL) and
extracted with EtOAc (3x20mL). Organics were washed with

10 brine (30mL), dried (MgSO4) and concentrated in vacuo to
give a solid. Crude product was purified by column
chromatography (SiO;: gradient elution; 25%-60%
EtOAc:Hexanes) to give sulphone as a white foamy solid
(43mg, 74%).

15
1§ NMR (CDCl3) 8 Unit A: 7.58-7.17 (m, ArHs), 6.82-6.75 (m,
3-H), 5.87 (d, J = 16Hz, 2-H), 4.98-4.86 (m, 5-H), 3.70 (4,
Jd = 1.1 Hz, 7-H), 2.92-2.89 (m,7-H), 2.61-2.58 (m,4-HH'),
1.94-1.89 (m, 6-H), 1.13 (d, J = 7.1 Hz, 6-Me); Unit B:

20 7.58-7.17 (m, ArH), 7.04 (d, J = 7.7 Hz, ArH), 6.81 (d, J =
8.1 Hz, ArH), 6.54 (d, J = 7.5 Hz, NH), 4.98-4.86 (m, 2-H),
3.84 (s, 7-OMe), 3.17-2.98 (dg, JaB = 14 and 6.6 Hz, 2-HH');
Unit €¢’: 7.75 (4, J = 7.4 Hz, ArH2)}, 7.62 (4, J = 6.8 Hz,
ArH2), 7.58-7.17 (m, ArH4), 5.97 (t, J = 5.5 Hz, NH), 5.00

25 (s, SO2Me), 4.98-4.86 (m, 2H, 1’-HH'), 4.38-4.33 (m, 3’-
HH’), 4.25-4.20 (m, 4’-H), 3.40-3.36 {(m, 3-HH’), 1.22 (s, 2-

Me), 1.15 (s, 2-Me); Onit D: 5.19 (g, JaB = 5 Hz, 2-H),



20 1H NWR (CDCl[err]) [err] Unit A 7.45-7.38 (m ArH3), 7.31-7.23 (m
ArH err]),. 6.85-6.76 (m 3-H), 5.76 (d, J = 15.6 Hz, 2-H), 5.27- 5.23 (m
5-H), 2. a,{{ﬁg” % = 7.5 and 1.7 Hz, 7-H), 2.66-2.44 (m 4- HPCT/WUSIB/BG6T.. 67
(m 6-H, 1.1 z , J = 6.9 Hz, 6-M); WD 98/ 38164

PCTI JS98/ 03667 -88- Unit B: 7.31-7.23 (m ArH), 7.09 (dd, J = 8.3 and 2.0
Hz, ArH), 6.88 (d, J = 8.4 Hz, ArH), 5.50-8d-J = 7.8 Hz, NH), 4.79 (q, J =
6.4 Hz, 2-H), 3.92 (s, Ow), 3.73 (d, J = 1.5 Hz, 8-H, 3.17-3.11 (m

3-HH ); Unit1Cspn-3.41 ((4d, 2H,~ I-HA &-Bpd B.37H2.43- H, 3-H-)3. 0.9 (s,
3'-H), 1.27 (s, 2-Me), 1.20 (s, 2-Me); Unit Do 4.87 (dd, J = 10 and 3.3 Hz,
2-H), 1.86- 5-@3)(nD.8H, (3 ,H4-Md)) ppm40-1.30 (m 3-H), 0.88 (appt, J =
6.3 Hz, 6H 5-Herr], 4-Me) ppm- 10 Conversion rates and
[err]/[err] ratios are presented in Table 1 bel ow. Epoxidations were
completed in [err] Herr]Oat O[err]C and pH 7.8-8.2 using 4 equival ents of
(7) (2 of the 4 equival ents added overEZampdes®3and a nixture of Oxone (10

equi val ents) and NaHCO3 (31 equival ents) which s _added 15 over 4 hours.
For entryd2, all of the ketone (7) MQ&* begi nni ng.

To a stirred solution of sulphone of Example 12 (18mg,

10 17.98umols) in dry DMF (2.0mL) was added neat piperidine
(8.9uLl,, 90umols) at room temperature and under nitrogen. The
resulting solution was stirred for 5h and then concentrated
in vacuo to give crude amine as a foam. The amine was
dissolved in toluene (3 mL) and heated at 60°C under

15 nitrogen for 40mins. The reaction solution was directly
purified by column chromatography (S10;; gradient elution;
20%-75% EtOAc:Hexanes) to give cryptophycin 52 as a white

glass (6.1mg, 51% over 2 steps).

20 1H NMR (CDCl3) & Onit A: 7.45-7.38 (m, ArH3), 7.31-7.23 (m,
ArH2), 6.85-6.76 (m, 3-H), 5.76 (d, J = 15.6 Hz, 2-H), 5.27-
5.23 (m, 5-H), 2.97 (dd, J = 7.5 and 1.7 Hz, 7-H), 2.66-2.44
(m, 4-HH’), 1.86-1.67 (m, 6-H), 1.19 (d, J = 6.9 Hz, 6-Me);



WD 98/ 38164
PCT/ US98103667 -89- Table 1 Asymretric Epoxidation of Cryptophycin

| nt er medi Substrate Preeeiiig$98/03667
[err]/a q%@%&??‘?atio -sion [err] 1 Rl err]=3-0 -4- et hyoxyphenyl
Exanmple 1 5:1 >95% [err] 2 R err] =3-0 - 4- et hyoxyphenyl
Exanpl e 2 9.5:1 85% [err] 3 -88Herr]=3-d -4-nethyoxyphenyl
Exampl e 5 5-7:1 <10% 5 WD 9838164

PCT/ US98103660 1908 : WE, $1 40 M3 1(mh REBGESY.I09F (AEPY 908 a3 cannoand He,t he
formula [err] 5 wherein
ArH), 6.88 (4, J = 8.4 Hz, ArH), 5.50 (d J = 7.8 Hz, NH),
4.79 (q, J = 6.4 Hz, 2-H), 3.92 (s, OMe), 3.73 (d, J = 1.5
Hz, 8-H), 3.17-3.11 (m, 3-HH’); Unit C¢’: 3.47 (44, J = 13.4
5 and 8.7 Hz, 3-H), 3.17-3.11 (m, 3’-H), 1.27 (s, 2-Me), 1.20
(s, 2-Me); Unit D: 4.87 (dd4, J = 10 and 3.3 Hz, 2-H), 1.86-
1.67 (m, 2H, 3-H, 4-H), 1.40-1.30 (m, 3-H’), 0.88 (app t, J

= 6.3 Hz, 6H, 5-H3, 4-Me) ppm.

10 Conversion rates and P/a ratios are presented in
Table 1 below. Epoxidations were completed in CHiaCN/ag. H20
at 0°C and pH 7.8-8.2 using 4 equivalents of (7) (2 of the 4
equivalents added over 4 hours) and a mixture of Oxone (10
equivalents) and NaHCO; (31 equivalents) which was added

15 over 4 hours. For entry 2, all of the ketone (7) was added

at the beginning.



Gis [err] alkyl, [err] alkenyl, [err] alkynyl, or Ar; Ar is an aromatic or
het eroaronmati c group or a substituted aromatic or heteroaromatic group; 10
R3 is [errwabdnsiss R4 and R5 are each hydrogen; or R4 and R QIyUSS8I03667
toget her forma second bond between C-13 and C-14; Rerr] and Rerr] are
each i ndependently hydrogen or [err] alkyl; or R err] and R err] taken
together forma cycl opropyl or cycl obutyl 1897 ng; Rlerr] is hydrogen,
[err] alkyl, [err] alkenyl, [err] alkynyl, -(CHerr])[err]-[err]cycloal kyl
or benzyl, wherein mis the integer one tRab¥awek; Rlerr] is hydrogen or
[err] alkyl; 20 Rlerr] is hydrogen [err] al kyI phenyl or benzyI [err]
Rlerr] is hydrogagymmet: id £fi Exypo grmediat
NH, SO, S(err] or [err] V\095138164

PCT11S98103667 -91- R6 is lerrl alkyl substifuted lerr] (Clerrl.

Cerr])cycl oal¥egl , substit fekatrpeer] cycl oal kyl, Broduct p/a  Conver

ratio -sion

T
o]

Cl,CH,0
1l Ri1=3-Cl-4-methyoxyphenyl Example 1 5:1 >95%
(-]

2 Example 2 9.5:1 85%

3 Ri=3 -C1-4—methyox¥phenyl Example 5 5-7:1 <10%



het eroaromati c or substituted heteroaromatic group or a group of fornula
(1A, (IB) or (IC: 5 16 [err] -CH2 (IA) (1B
(10 [err] r][err] independently are H halo or OR[ er ptraj3b§bich7
Rlerr], an erﬁ'lndependently are hydrogen, halo, ((err]- (err])alkyl,
OR[err], Oaryl, NHerr], [err] 'NdJerr], [err] [err] 10 al koxy)phenyl,
S-benzyl ,[err] or Z'; R[err] and R err] ing®pendently are hydrogen or [err]
al kyl; Rerr] is hydrogen or [err] alkyl; Zis -(CHerr])n- or [err]
cycl oal kyl; nygkscOar®: or 2; and 15 Z' is an aromatic or substituted
aromatic group; or a pharmaceutically acceptable salt thereof; conprising
epoxi di zing a conpound of the fornula [err] 20 11121111 1211111 211111 11111
111111 WD 9838164 PCr/ US98/ 03667
1. A process for preparing a compound of the formula

W°
5 "N R"R'
L LLX

G 1is C;-Ciz alkyl, Cp-Cis alkenyl, C;-Cy2 alkynyl, or Ar;

wherein

Ar is an aromatic or heterocaromatic group or a substituted
aromatic or heteroaromatic group;

10 R® is C1-Cs alkyl;
R? and R® are each hydrogen; or R!' and R® taken togéther form
a second bond between C-13 and C-14;
R’ and R® are each independently hydrogen or C;-Cs alkyl; or
R’ and R® taken together form a cyclopropyl or cyclobutyl

15 ring;
R’ is hydrogen, C;-Cs alkyl, C,-Cs alkenyl, C.-Ce¢ alkynyl,
- (CHz)}n- (C3-Cs) cycloalkyl or benzyl, wherein m is the integer
one to three;
R' is hydrogen or C;-Cs alkyl;

20 R is hydrogen, C;-Cs alkyl, phenyl or benzyl;
RY" is hydrogen or C;-Cs alkyl; |
R*® is hydrogen or (=0);

Y is CH, O, NH, SO, SO: or (C;-Ci)alkylamino;

I

| A A



-92- wherein G[err] and Rerr] are as defined above and Yis Y or S
with an oxidant and a chiral ketone to forma conpound of forrmula (1); and
5 optionalyy ok8$188 N0 a pharmaceutical ly acceptabl e salt therpofusssosde?
process according to claim1 wherein Gis phenyl, para-fluorophenyl, or
phenyl substituted with 10 [err] (0) [err] is methyl; Rerr] and R err]

t aken together forma second bond between C-23-and C 14; R[err] is [err]

al kyl; R10 is hydrogen; [err] is hydrogen; Rl14 is hydrogen; [err] is (=0;
Yis O R6 is Régisup-ads talenflor milsstidhitedS (C1-Ce)alkyl 3. (CA- process
according to claim1 wherein said oxidant is Oxone and said chiral ketone
is a conpound Cf)theléalkyla pabstidted (Ci-Cs)cFcloalkywkess according to
claim2 wherein Gis phenyl. 5. A process according to claim1 wherein said
conpound of fohgiexogrpmadic g oyt htsked?heterperagesisa group or a

PCTI US981 03667
group of formula (IA), (IB) or (IC):

16
Réa _R N
—_ —_— —3z
% R6b \R15 ~gs
\ \
R6C - RY R
(IA)

(IB) (IC)
R**, R®®, and R* independently are H, halo or OR!?;
R*®*, R'®, and RY independently are hydrogen, halo, (Ci-
Cs¢)alkyl, OR'®, O-aryl, NH;, NRR'’, NO;, OPOH;, (Ci-Cs
10 alkoxy)phenyl, S-benzyl, CONH,;, CO0.H, PO;H,, SO.R**, or Z‘;
R*® and R' independently are hydrogen or C;-Cs alkyl;
R*® is hydrogen or (Ci-Ci)alkyl;
Z is -(CH2)s- or (Ci-Cs)cycloalkyl;
nis 0, 1, or 2; and
15 2' is an aromatic or substituted aromatic group; or a

pharmaceutically acceptable salt thereof;

comprising epoxidizing a compound of the formula

' R
R’ 2 /58\
oY N o
20 R R.’ RB H

%* c L M S *




-93- 6. A process for preparing a conpound of the formula [err] 5 wherein G
Is Cl1-C12 al kyl, C2-Cl12 al kenyl, C2-Cl12 al kynyl, or Ar; Ar is an aromatic

or het er oakyBddgied oup or a substituted aromatic or heter oapeRAides/otHe?UP;
R3 is [err] alkyl; 10 R4 and Rerr] are each hydrogen; or R4 and R err]

taken together forma second bond between C 13 and C 14; R83 is hydrogen
[err] alkyl, trichloroethyl, or -[err] R ert92+s hydrogen, an al cohol
protecting group, or a group of the forrmula 15 [err] R7 and R8 are each
i ndependent |y hydrogen or [err] alkyl; or Rerr] and Rierr] taken together
forma cycl opropyl or cyclobuty ring; 20 RO is hydrogen, [err] alkyl,
C2- C6 al kenyl wl@r@laﬁkyhﬂl,l R™ (tBlélLeRf])lﬂ (K?[,erR’], Bl%r rﬂ‘)‘pyR?‘oalriclesf)rare
benzyl, wherein mis the integer one to three;

as defined above and Y is Y’ or S; with an oxidant and a

chiral ketone to form a compound of formula (I); and

5 optionally forming a pharmaceutically acceptable salt

thereof.

2. A process according to claim 1 wherein G is
phenyl, para-fluorophenyl, or phenyl substituted with
10 -CH;0C(O) (CHz)nNHz; R® is methyl; R' and R® taken together
- form a second bond between C-13 and C-14; R® is C1-Cs alkyl;
R' is hydrogen; R' is hydrogen; R is hydrogen; R is

(=0); Y is 0; R® is a group of the formula (IA).

15 3. A process according to claim 1 wherein said

oxidant is Oxone and said chiral ketone is a compound of the

formula

20 4. A process according to claim 2 wherein G is

phenyl.

5. A process according to claim 1 wherein said
compound of formula (I) is Cryptophycin 52.
25

R 0 O



WD 98138164 PCT/ US98/ 03667 - 94-
Rlerr] is hydrogen or [err] alkyl; R err] is hydrogen, C [err[ alkyl,
phenyl or vomsp8164R14 is hydrogen or [err] alkyl; Rlerr] is RGEUSHA36E6T
(=O; 5 Yis CH 0, NRerr], S SO S(err], wherein Rerr] is Hor [err]
alkyl; Rerr] is [err] alkyl, substituted [grr] (C3- (err])cycloal kyl,
substituted [err] cycloal kyl, a heteroaro Cc or substituted

het er oaromati ¢ group or a group of formula (1A),, (IB) or (10): 11'1%16
[err] Rlerr], Rerr], &nd I@ePFPC?ﬁéeMQﬁQRP%‘%QI-? ‘F‘é‘i“PPuéfikﬂf t

[err] or OR[eri%Bligfrr] Rlerr], and Rl err] independently are hydrogen,

hal o, (C[err]° err])alkyl, ORerr] , Oaryl, [err] al koxy) phenyl,
S-benzyl, CONHerr], [err] [ERR] [ERR] or Z'; Rs and R19 independently are
hydrogen or [ ERR] aI kyl; RIERR] is hydrogen o; [ERRl Z is -(CHERR])[ERR] -
or [ERR] cycloalkyl; 20 nis O, 2; RZ is an aromatic or
substituted aromatic group;

OR® (1)

5 wherein _
G is C;-Ci12 alkyl, C2-C;; alkenyl, C;-C;; alkynyl, or Ar;
Ar is an aromatic or heterocaromatic group or a substituted
aromatic or heterocaromatic group;
R’ is C1-C¢ alkyl;

10 R! and R® are each hydrogen; or R* and R® taken together form
a second bond between C-13 and C-14;
R® is hydrogen, Ci1-C¢ alkyl, trichloroethyl, or -CH.SR®;

R’ is hydrogen, an alcohol protecting group, or a group of

T

Rt NHRg®?

the formula

15

R’ and ﬁs are each independently hydrogen or C;-Ce¢ alkyl; or
R’ and R® taken together form a cyclopropyl or cyclobutyl
ring;

20 R’ is hydrogen, Ci-Cs alkyl, C;-Cs¢ alkenyl, C,-Cs alkynyl,
= (CHz)}m— (C3-Cs) cycloalkyl or benzyl, wherein m is the integer

one to three;

LI




Rlerr] is [err] alkyl, [err] cycloal kyl, 'phenyl or benzyl; and Rlerr] is a
base |l abile protecting group; or a pharmaceutically acceptable salt

t her eof ; %gh}gﬂ&provi so that when Rerr] is WO 98/ 38164cTMS98/03667
PCTI 1 S9I / -95- -CH err]SRerr], [err] is not hydrogen or an al cohol

protecting group; conprising epoxidizing a conpound of the fornula 5 [err]
wherein Glerr] and R err] are as defined-%ove; with an oxi dant and a
chiral ketone to forma 10 conpound of formula (11); and optionally form ng

a phar maceut p¥alilsy meaRiad| ¢r seliC Bakeaf;, 7. A process according to claim
6 wherein Gis phenyl, para-fluorophenyl, or phenyl substituted with 15

[err] (CH err}) disNHyeirdgery eCy4Csi alkeflhy pherydr rdr dvendferr] taken

toget her forma second bond between C-13 and C14; Rerr] is [err] alkyl;
RIERR] is hyRModen hyRjxdeRfén i or gchagadkyR%4 is hydrogen; RIERR] is (=0; Y
is o, RRERR] is a group of the formula (1A), RRERR] is hydrogen. 20 8. A
process accoRtl ig thwddagen emhér@ n sai d

5 Y is CH, O, NR', s, SO, 80;, wherein R'? is H or Ci-C; alkyl;
‘R® is Ci1-Cs alkyl, substituted (C;-Cs)alkyl, (Ci-
Cs) cycloalkyl, substituted (C;-Cs)cycloalkyl, a
hetercaromatic or substituted heteroaromatic group or a

group of formula (IA), (IB) or (IC):

' 16
Réa BN
i
S S— —
H2 R6b 15 \R15
\ \
R6C R R
(Ia) '

(IB) (IC)

10

R*, R®®, and R®*® independently are H, (Ci-Cs)alkyl, halé
NR13R19 or ORIG;
R?®, R'®, and RY independently are hydrogen, halo, (Ci-

15 Ce)alkyl, OR!®, O-aryl, NH,, NR'R'?, NO,, OPOH;, (Ci-Cs
alkoxy)phenyl, S-benzyl, CONH,, CO.H, PO:;H,, SO.R®, or 2';
R and R independently are hydrogen or Ci;-Cs alkyl;
R® is hydrogen or (C;-Ci)alkyl;
Z is -(CHz)n- or (C;-Cs)cycloalkyl;

20 n is 0, 1, or 2; and
Z' is an aromatic or substituted aromatic group;
R® is C;-C¢ alkyl, Ci-Cs cycloalkyl, phenyl or benzyl; and
R¥ is a base labile protecting group; or a pharmaceutically

acceptable salt thereof; with the proviso that when R*® is

* c L M S *




oxi dant

phenyl

10 11. A process accordlng to claim6 furt

Is Oxone and said chiral ketone is a conpound of the formula
1111112 12111221 12121121 121121112111 WD 98/ 38164

PCTI US98| i 68738186- [ ERR] 9. A process according to clai m 7 REEUSHSN3657 s
and R83 is trichloroethyl. 5 10. A process according to claim®6
“wherein said compound of formula (I1) is [ﬁigesented by the fornmula [ERR]

conprising formng a conpound

of formula (I). 12, ocess for preparing a conpound of forrmula 15 (1)
accordi ng to—Gﬁa8316 urxﬁenoﬁohyﬂIQQQ}tqnaQneﬁkah01(9¥0§§ﬁta§9'Sgopﬁﬁ
conmpound of formula (11), wherein RIERR]' is hydrogen and RIERR] is a

with a thioester formng agent to forma conpound of the fornula 20

cation,

10

15

20

comprising epoxidizing a compound of the formula

wherein G, R?’, R!, R®, R%, R, R and R®® are as defined
above; with an oxidant and a chiral ketone to form a
compound of formula (II); and optionally forming a

pharmaceutically acceptable salt thereof.

7. A process according to claim 6 wherein G is
phenyl, para-fluorophenyl, or phenyl substituted with
-CH,0C (0) (CH2)m'NHz; R® is methyl; R® and R® taken together
form a second bond between C-13 and C-14; R’ is C;-Cs alkyl;
R!® is hydrogen; R!! is hydrogen; R' is hydrogen; R*° is
(=0); Y is 0; R® is a group of the formula (IA), R** is

hydrogen.

8. A process according to claim 6 wherein said
oxidant is Oxone and said chiral ketone is a compound of the

formula -

* 4 L M s *



1111111 121111 111 11111 111111 WD 98/ 38164

PCT[ US9&0667 -97- [ERR wherein G [ERR] Aand R[err] are as defined above
and Rlerriudsgdsiéd] alkyl, [err] cycloal kyl, phenyl or benzypcy/ussn3667
(b) coupling a conpound of formula (11c) mnth a conpound of the fornula
[err] wherein [err] and Rl err] are as defined above and 10 Rferr] is a
base | abile protecting group, to forma coffound of the formula [err]
wherein G Rerr], Rerr], Rerr], Rerr], Rerr], Rerr], Rerr], R
[err], HRerr], HRerr], HRerr], Rerr} 1?, qu are as defined above;
WO 938164 | US98/ 03667 -98- (c)
oxi di zi ng a conpound of formnul a (8) I ng agent to forma
conmpound of the formula

9. A process according to claim 7 wherein G is

phenyl and R® is trichloroethyl.

10. A process according to claim 6 wherein said

compound of formula (II) is represented by the formula

10
11. A process according to claim 6 further

comprising forming a compound of formula (I).

12. A process for preparing a compound of formula

15 (I) according to claim 6, further comprising the steps of:

(a) contacting the compound of formula (II),
wherein R*®" is hydrogen and R®® is a cation, with a
thioester forming agent to form a compound of the formula

20
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[err] 5 wherein G[err] and R82 and Y are as defined above and q is an
integer 1 or 2; 10 (d) deprotecting a conpound of formula (9)
with a sumlﬂeprot ecting agent to forma conpound of thBCTAISAYPIN6T er 1]
15 wherein G[err] Y, q and R err] are as defined above; and optionally
contacting a conpound of formula (10) wi tzb.ﬁ cyclizing agent to forma
conpound of forrmula (1); and WO 983816

PCT/ US98/ 03667 -99- (e) optlonallxaforn1ng g pharnaceutical ly acceptable
salt of a conpound of fornula (&) s 13. A process according to
claim 12 wherein Gis phenyl enylJo or phenyl substituted with
[err] (0) [err] Rerr] is @thyY; ¥ qfr] taken together forma
second bond between C- 13 and C—14 Bierr] is rge al kyl; [err] is
hydrogen; R err] is hydrogen; R err] Is hydro Rlerr] is

o 1 {(IXc)
SRe1

wherein G, R?, R*, R®, R® and R are as defined above and R®!

is C1-Cs alkyl, C3-Cs cycloalkyl, phenyl or benzyl;

5 (b) coupling a compound of formula (IIc) with a

compound of the formula

¥

wherein R’, R®, R’, R!, R and R®® are as defined above and

(10a)

10 R® is a base labile protecting group, to form a compound of

the formula

R® R®
R*
.0
G 17.5“ v 3 R"
-
R~ 0
0 Y R’ 0
R R®
5 SRE!
R NHR®2 (8)

. 3 o4 5
wherein G, R’, R', R°, R%, R’, R®, R’, R, R!, R, R®® R®!, R®?

15 and Y are as defined above;

A



10 (=O0; Yis O and Rerr] is a group of the formula (1A); said
deprotecting agent is piperidine; said oxidizing agent is Oxone; said

oxi dant iweo G¥s¥ies and said chiral ketone is a conpound of fPRCuAISS/AIES7 and
the pH of the epoxidation step is maintained in the range of fromabout 7.0
to about 11.5. 15 14. A process according to claim 12 wherein said conpound
of fornmula (1) is Cryptophycin 52. 15. Ar%@bcess for preparing a conpound
of formula 20 (1) according to claim6, further conprising the steps of:
(a) deprotecting a confmiundéioiizing (d | gompenednof3formuia 4Biowath an
protecting group, with a suitable al koxy deprotecting agent and further

car boxy- depostidiring @gemts tadfpourn otmpound| af (the fRsMukperr] is [err]
is alkyl, with a suitable base to forma conmpound of the formula WO
9838164 PCT1US98/ 03667 -100- [err]
wherein G [err] and R err] are as defined above and Merr] is a cation; 5
(b) contacting the conpound of fcg;nﬂ a (l1h),

G 7 3 °

218 14 R“

”
NG N pe

"g; =
oY R 0

R R® l\

S(0),R®!
5 RY NHRe2 (9)

wherein G, R, R*, R®, R, R’, R%®, R’, R', R', RY, R®, R® and

R®? and Y are as defined above and g is an integer 1 or 2;

10 (d) deprotecting a compound of formula (%) with a
suitable deprotecting agent to form a compound of the

formula

R® i R®
G 7 13 0
zw. 14 Ru
0 0 = NT
R R’
RL, 07=2_
o Y R 0
R R® I\
$(0),R®!
R1 NH A

(13)

15
wherein G, R?’, R’, R%, R’, R®, R’, R, RY, RM, R, ¥, q and
R®! are as defined above; and optionally contacting a
compound of formula (10) with a cyclizing agent to form a

compound of formula (I); and

* c L M S *



with a thioester formng agent to forma conmpound of the formula [err] 10
wherein G [err] and R[err] are as defined above and Ris [err alk

[err] cyclweloBgsisaphenyl or benzyl; (c) coupling a conmpound REGT/USASHS

(I'lc) with a 15 compound of the formil a [err] WD 98/ 38164

PCT/ US98103667 -101- wherein [err] and Rlerr] are as defined above and
Rlerr] is a base | abile protecting group, 98 forma conpound of the fornula
[err] and Y are as defined above; (d) oxidizing a compound of formula (8) -
with an 10 oxidi zing agent to forma conpound of the fornula [err] wherein

err and err and Y are as_defi_ned above and S ingeger 1 or
g% 1% ! R ] (e) optfbnal vy forming a ﬂ%arﬁgceuégha yg

acceptable salt of a compound of formula (I).

5 13. A process according to claim 12 wherein G is
phenyl, para-fluorophenyl, or phenyl substituted with
-CH;0C {O) (CHz) m'NHz; R® is methyl; R® and R’ taken together
form a second bond between C-13 and C-14; R’ is C1-C¢ alkyl;
R! is hydrogen; R!! is hydrogen; R! is hydrogen; R*® is

10 (=0); Y is 0; and R® is a group of the formula (IA); said
deprotecting agent is piperidine; said oxidizing agent is
Oxone; said oxidant is Oxone and said chiral ketone is a

compound of formula (7) and the pH of the epoxidation step

is maintained in the range of from about 7.0 to about 11.5.

15
14. A process according to claim 12 wherein said
compound of formula (I) is Cryptophycin 52.
15. A process for preparing a compound of formula
20 (I) according to claim 6, further comprising the steps of:

(a) deprotecting a compound formula (II) wherein R*® is
an alcohol protecting group, with a suitable alkoxy
deprotecting agent and further carboxy-deprotecting the

.25 compound of formula (II) when R*® is C;-Cs is alkyl, with a

suitable base to form a compound of the formula

* c L M S *




(e) deprotecting a conmpound of formula (9) with a suitable deprotecting
agent to forma conpound of the formula WO 98/ 8164

PCT1US98/ 03806d838182- [err] wherein G[err] and R err] are as pdafosedseshove;
and optionally contacting a 5 conpound of forrmula (10) with a cyclizing
agent to forma conpound of fornula (I); and (f) optionally formng a

phar maceutically acceptable salt of a co of formula (1). 10 16. A
process according to claim15 wherein Gis phenyl, para-fluorophenyl, or
phenyl substituted with -CH err] ) (CHLQPr])n1NH[err] Rlerr] is

met hyl; R4 and R5 taken togethe ma s nd and betmeen C 13 and C 14;
RO is [err] alkyl; 15 R err]gfs LS hydrogen; Rlerr] is
hydrogen; Rerr] is (=0; Yis Q and-R[erH i ,m.agoup of the fornula
(I'A); said deprotecting agent is plpé?ﬂdlne xi di zi ng agent is Oxone;
said oxidant is Oxone and said chiral ketone is compound of formula (7).

o” Nopm I

wherein G, R?, R!, R%, R® and R are as defined above and M'

is a cation;

(b) contacting the compound of formula (IIb),

with a thiocester forming agent to form a compound of the

formula

OIK (IXc)
10 SR

wherein G, R?, R%, R®, R® and R! are as defined above and R®

is C1-Ce¢ alkyl, C3-Cs cycloalkyl, phenyl or benzyl;

(c) coupling a compound of formula (IIc) with a

15 compouﬁd of the formula

o WO AR 0 1
I * [ L M S *
1o

Rt NHRB82

{(10a)




20 17. A process according to claim15 wherein said conmpound of formula (1)

Is Cryptophycin 52. WO 9S13814
r PCTVUS991WO98/3816403- 18. A process for preparing a conpoundP@FUSHOIEA7a (1)
according to claim6 further conprising the steps of: 5 (a)

oxi di zing a conpound of formula (11) whergipiRlerr] is a conpound of the
formula [err] 10 and Rlerr] is [err] with an oxidizing agent to forma

Gof T ned aboveEAEIR R 10 LR ok & and i ate e sry med GheA et

efi ned abov I's fart i'ntege ; C

formia (9) weth;g 3upLaR' TaP9RLRE i AU Grd S OL8 2oER"ROUB R s
the formula

R® » R®
0
G " 216 14 1 HM
-~
0 (8] Rﬂ, N R®
RLs 0
s R” O
R R® L
SR&
5 A" NHRe2 (8)

wherein G, R’, RY, R®’, R®, R’, R%®, R’, R', R!'!, RY, R°® R®, R%?

and Y are as defined above;

(d) oxidizing a compound of formula (8) with an

10 oxidizing agent to form a compound of the formula

3
R at R®
(o}
G v -18 14 1 H“
”
o o A® N Rt
R, o
ho Y R” O
R R® I\
1 8 S(0)R™
R NHRe2 (9)

wherein G, R’, R', R’, R®, R’, R®, R’, R, R', R!, R®, R® and
R* and Y are as defined above and q is an integer 1 or 2;
15
(e) deprotecting a compound of formula (9) with a

suitable deprotecting agent to form a compound of the

formula

——

gy
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WO 98WB8164 PCr/ US98103667 - 104-

[err] wherein G[err] and R err] are as defined above; and optionally

cont act i ngwo 8s/3saepound of formula (10) with a cyclizing ageRCTAISISRI66 a
conmpound of forrmula (I); and (c) optionally form ng a pharnaceutically
acceptabl e salt of a conpound of fornul a (h 10 19. A process according to
claim 18 wherein G is phenyl, para- quorop Qﬁy or phenyl substituted with
-CH err] OC(O (C}{err])niNH[err] Rlerr] is nethyl Rlerr] and Rlerr] taken
together forma second bond bet weelR*C- 13 apa’C-14 RO is [err] alkyl; 15

Rlerr] is hydrogen; Rerr] is en; elﬂ ig hydrogen; R50 is (=0); Y
Is O and Rerr] is a group @ 11 OF ,_said deprotecting agent is
pi peridi ne; said oxidizing agent qiﬁne, sal Rxi dant is Oxone and said
chiral ketone is a conpound of f f;tiv ﬁ*) RA process according to
claim 18 wherein said conpound ogeflgr S C}yptophy0|n 52.

tS(O) Re81

11 NH
R 2 (10)
wherein G, R®, R’°, R®, R’, R®, R’, R, R', RY, R*, ¥, q and
R® are as defined above; and optionally contacting a
5 compound of formula (10) with a cyclizing agent to form a

compound of formula (I); and

(f) optionally forming a pharmaceutically
acceptable salt of a compound of formula (I).
10
16. A process according to claim 15 wherein G is
phenyl, para-fluorophenyl, or phenyl substituted with
~CH20C (O) (CHz2) w'NHz; R® is methyl; R* and R® taken together
form a second bond between C-13 and C-14; R’ is C;-C¢ alkyl;
15 R' is hydrogen; R'! is hydrogen; R is hydrogen; R* is
(=0); Y is O; and R® is a group of the formula (IA); said
deprotecting agent is piperidine; said oxidizing agent is
Oxone; said oxidant is Oxone and said chiral ketone is a
compound of formula (7).
20
17. A process according to claim 15 wherein said

compound of formula (I) is Cryptophycin 52.

———
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WO 9838164 PCT/ US98/ 03667 - 105- 21.
A process for preparing a conmpound of fornula (I) according ' ,
further cdﬁﬁPF}sﬂﬁﬁ the steps of 5 (a) coupling Ja‘%@#%@%"g of
formula (11), wherein Rlerr]' is hydrogen and R err] is trichloroethyl,
with a conpound of the fornula [Ferr] 10 wheggin [err] and Rlerr] are as
defined above and Rlerr] is a base |labile protecting group, to forma
conmpound of the formula [err] 15 wherein G [err] and Y are as defined
above; (b) treating a conpound of forrmula (18) with a suitable

b -d tecti t | :
DS, e o1 10 SGenis 40 AOKkdieRceOI el A Nhisacar Ui

wherein G [efy) abodEngstdebhasth 80 ther comprising the steps of:

5 (a) oxidizing a compound of formula (II) wherein

R is a compound of the formula

o) R®
R?
Re® Y 8
R R
RY NHRé&2

10 and R® is -CH,SR®*!, with an oxidizing agent to form a

compound of the formula

0
G 4 218 14 1 R"
0: 0 & NZ
R R°®

T e

/e Y He ?\

11 82 S(0)qR*
R NHR (9)

wherein G, R®, R%, R%, R% R’, R%) R’ R', R', RM™, R%, R® and

15 R% and Y are as defined above and g is an integer 1 or 2;

(b) deprotecting a compound of formula (9) with a
suitable deprotecting agent to form a compound of the
formula

2 —_—

e
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(c) cyclizing a conpound of formula (19) with a suitable
I ng-cl osi ng agent to provide a conpound of forrmula (1); and gdz optionally
orm ng awgesaseileutically 10 acceptable salt of a conpou ‘%ﬁfﬂa
). 22. A process according to claim?21 wherein Gis phenyl,
par a- f | uorophenyl, or phenyl substituted %ah [err] (CH[err])m NH err];
Rlerr] is methyl; Rlerr] and R err] taken oget her forma second bond
between C-13 and CG14; RO is [err] aI kyI Rg(err] S hydrogen, Rlerr] is
hydrogen; R14 is hydrogen; Rer ]R +BRY is O and R6 is a group of the
formula (1A); said oxidizing nk, sg d oxidant is Oxone and said

—~ = = 01

chiral ketone is a conpoundiof 2 1 23. A process according to
claim2l wherein said compound gf fgm}l a |N/I% Crypt ophycin 52. WO
98138164 R¥ RYS98103667 -107- 24. A
process for preparing a conpou f f rrrula according to claim§6,
further conprising the steps of 5>y (@ deprotecting a conpound of
formula (11) wherein R30 is a cBnpound R‘thelf\orrmla
. S(0),Ret

Rt Nl-i2 (10)

wherein G, R®, R®, R®, R’, R®, R®, R', RY, RY, R*", ¥, q and
R®! are as defined above; and optionally contacting a
5 compound of formula (10) with a cyclizing agent to form a

compound of formula (I}; and

(c) optionally forming a pharmaceutically
acceptable salt of a compound of formula (I).
10
19. A process according to claim 18 wherein G is
phenyl, para-fluorophenyl, or phenyl substituted with
-CH,0C(O) {CHz) mNHz; R® is methyl; R' and R’ taken together
form a second.bond between C-13 and C-14; R’ is C1-C¢ alkyl;

! js hydrogen; R is hydrogen; R*® is

15 R! is hydrogen; R
(=0); Y is O; and R® is a group of the formula (IA); said
deprotecting agent is piperidine; said oxidizing agent is
Oxone; said oxidant is Oxone and said chiral ketone is a
compound of formula (7).

20

20. A process according to claim 18 wherein said

compound of formula (I) is Cryptophycin 52.
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[err] 10 and R83 is trichloroethyl, with a suitable base-deprotecting agent
to forma of the fornmula [err] 15 wherein G [err] r are
as defi neﬁﬁ%@w(b) cyclizing a conpound of fornula (19) vﬁéﬁgﬁﬁgﬁﬁ abl e
ring-closing agent to provide a conpound of fornula (1); and 20 WO
9S38164 ’ -105- PCTi US98103667 -108- (c)
optionally form ng a pharmaceutically acceptable salt of a conpound

of .formula (I). 25. A process according to claim?24 wherein Gis 5
phenyl , para-fluorophenyl, or phenyl substituted with [err] (O

CH m NH ; i : . t
(CHerrymnelerr NgT) 18 PRObULs B ok ogBh ey lodisind 8! PELnl.0a™
hydrogen; Rl qm)] sicedbaimpab Ridinsehyeneesnr %%_ngﬂ_rsis(ﬁ@;tﬂelét s2B¢
Rlerr] is a group of the tornmula (1A); said 10 oxidi zing agent IS one;

sai d oxidant is Oxone and said chiral ketone is a conpound of formula (7).
26. A process according to claim24 wherein said

5 (a) coupling a compound of formula (II), wherein

R is hydrogen and R® is trichloroethyl, with a compound

Oj:OH -
R7
R Y

Hiﬂ R'
R" NHR®2 (10a)

of the formula

10 wherein R’, R®, R’, RY, R! and R®® are as defined above and

R” is a base labile protecting group, to form a compound of

the formula

3
R At R°®
o
G 17 Yo v 13 R“
Ox 0 & NT
Rs
RiJ> o
7
Ro Y :a L
ccl
RM" NHR®2 : (18)

15 wherein G, R’, R, R’, R% R’, R%), R’, R'Y, R', RM, R*®, R* and

Y are as defined above;

(b) treating a compound of formula (18) with a

suitable base-deprotecting agent to provide a compound of

20 the formula

e



compound of formula (1) is Cryptophycin 52. 15 27. A conpound of the

formula [err] 20 wherein Gis [err] alkyl, [err] alkenyl, [err] all&%
Ar; Ar i svwMm9sl8Ghti c or heteroaromatic group or a subst i t UPEATUSOB) c or
het eroaromatic group; R err] is [err] alkyl; WD 99838164

PCTr US98/ 03667 -109- R err] and R err] ar g ch hydrogen; or R err] and

Rlerr] taken together forma second bond between C-13 and C-14; Rerr] is
hydrogen or [err] alkyl; Rerr] err] substituted [err] al kyl,

(derr]- 5 C[err])cycloalkyl, rr] cycl oal kyl, a

het eroaromati c or substituted grogp or a group of fornula
(1A, (1B or (1G: 16 [err]G(IA 1.B) (10

wherein G, R}, RY, R%, R®, R’, R%, R®, R', RY, RY, R® and Y

are as defined above;

5 (c) cyclizing a compound of formula (19) with a
suitable ring-closing agent to provide a compound of formula

(I}; and

(d) optionally forming a pharmaceutically

10 acceptable salt of a compound of formula (I).

22. A process according to claim 21 wherein G is
phenyl, para-fluorophenyl, or phenyl substituted with
-CH,OC (0) (CHz)wNH2; R’ is methyl; R® and R® taken together

15 form a second bond between C-13 and C-14; R’ is Ci-C¢ alkyl;
R is hydrogen; R!! is hydrogen; R is hydrogen; R*® is
(=0); Y is 0; and R® is a group of the formula (IA); said
oxidizing agent is Oxone; said oxidant is Oxone and said
chiral ketone is a compound of formula (7).

20

23. A process according to claim 21 wherein said

compound of formula (I) is Cryptophycin 52.
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Rlerr], Rerr], and R err] independently are hydrogen, halo, ((err]-
Cerr])al rr], Oaryl, NHerr], [err] NO2, OPCerr]H
al koxy) phek%)ﬂgs@%enzyl , CONH err], CJerr]H, [err]. SOerr] %g}r"rsfwﬂg)% AR
Rlerr] and R err] independently are hydrogen or [err] alkyl; 15 R23 is
hydrogen or [err] alkyl; Zis -(CHerr]r ££87€5) cycloalkyl; nis 0, 1, or
2; and Z' is an aromatic or substituted aromatic group; or a
pharmaceutically acceptable salt thereof. 20 28. A conpound according to
claim 27 wherein Gis phenyl, para-fluorophenyl, or phenyl substituted with
WD 9&38164 24. A process for reparié?jlL§8§b8§ﬁ§7of1¥%rmula
[err](CH err]M NH err];R [err] is nmethyl; R err] and R err] taken together
form a second ortdediasn o 181aiM 6, 1éurher st Dgbng ene Bbeps] ofs a
group of the fornmula (1A). 5 29. A conpound according to claim
27 wherein said conpound is represented by the fornmula [err] 10
30. A conpound of the fornmula [err] .

5 (a) deprotecting a compound of formula (II)

wherein R*® is a compound of the formula

) qe :
7
nsq\:v R,
R10 R
R

11 NHR82
10 and R® is trichloroethyl, with a 'suitable base-deprotecting
agent to form a compound of the formula

R :
o -
G/‘<2/1\?/”\l/l\T¢
=1s /R“
RG

1 2

13
14
o
o
Y R’ OCH,CCI,
R
R NH

15 wherein G, R’, R*, R®, R® and R are as defined above;

(19)

(b) cyclizing a compound of formula (19) with a

suitable ring-closing agent to provide a compound of formula

(I); and

20

A



wherein 15 Gis [err] alkyl, [err] alkenyl, [err] alkynyl, or Ar; Ar is an
aromatic or hetero romatic group or a substltuted aromatic or

het er oar on¥¥ Sﬁp Rlerr] is [err] alkyl; WO 938164 PCT/US98/03667
PcT/ u598103667 -111 - Rerr] and R err] are each hydrogen; or R err] and
Rl err] taken together forma second bond hetggen C 13 and C 14; R err] and
Rl err] are each independently hydrogen or [err] alkyl; or R[err] and R err]

t aken together forma cygl,o i_n rogen
[err] alkyl, C2-C6 al ken((%) %%ﬁ% %%Fhérf‘ 8?13'52‘??5%% n mis
the integer ogeckthigs; ﬂter(gﬂ A;%g r %‘H’h l; 10 Rlerr] is
hydr ogen, [err] caPky phsenyl 68%?409 fh rogen or [err] alkyl;
R50 i s hydrogen or ( O) Yis CH 0 NH, S, SO Sqerr] or [err]

al kylam no; R[err] is [err] alkyl, substituted [err]Jalkyl, (Cerr]- 15
Clerr])cycloal kyl, subst2s.ut el gdsdésSsYs&E68FBYhg 80 claim 24 wherein G is

5 phenyl, para-fluorophenyl, or phenyl substituted with
~-CH,0C (O) (CHz2)wNH2; R’ is methyl; R® and R® taken together
form a second bond between C-13 and C-14; R® is C;-Cs alkyl;

R is hydrogen; R

is hydrogen; R'* is hydrogen; R®*® is
(=0); Y is 0; and R® is a group of the formula (IA); said
10 oxidizing agent is Oxone; said oxidant is Oxone and said

chiral ketone is a cdmpound of formula (7).

26. A process according to claim 24 wherein said
| compound of formula (I) is Cryptophycin 52.
15

27. A compound of the formula

a

0% ocH,cl,

(1I4)

20 wherein

G is C;1~C1z alkyl, C3;-Ci; alkenyl, C;-Ciz alkynyl, or Ar;
Ar is an aromatic or heteroaromatic group or a substituted
aromatic or heteroaromatic group;

R’ is C;-C¢ alkyl;

N O D



het-éroaromatic or substituted heteroaromatic group or a group of formula
(1A, (I B)”Yabﬂfd‘a: 16 [err] 20 [err] and R[err] independentpgr/asssdisehal o
or OR [err]; err], Rlerr], and R err] independently are hydrogen, hal o,

(derr]- Jerr])alkyl, ORerr], Oaryl, NHerr], [err], NJerr], [err]

[err] al koxy)phenyl, S-benzyl, CONH err] -1@#-err]H, [ERR] [ERR] or Z;

R ERR] and R{ERR] i ndependently are hydrogen or [ERR] alkyl; WO 98/ 38164
PCTI JUS98/ 0386 and ¥ ald-Rich shydesgens or REREhdaRRytakeéni sogeCHerREomm

or [ERR] cycloalkyl; nis O, 1, or 2; Z' is an aromatic or substituted
aromati c gr capseasddSboRde betweern MekE andi Celprotecting group; or a
phar maceutically acceptable salt thereof. 31. A conpound according to claim
30 wherei n R's ighéyy@rogenr o |Geiapbdkyll; or phenyl substituted with 10
[err] (0) ((;;I%err])rﬂNH[err , Rlerr] is nethyl; Rerr] and Rlerr] taken
t oget her forRi dssdbofd Bk lhesvdatituedniCCAdalieyls (@] al kyl ;
Rl err] is hydrogen; qerr] i s_hydr ogen; err; I s_hydrogen; Rerr] is
5 “Cs)cycloalkyl, substituted (C;-Cs)cycloalkyl, a
hetercaromatic or substituted heterocaromatic group or a
group of formula (IA), (IB) or (IC):

16 )
Ré6a B BN
ey
—C  —A —Z
17
R6C R
(1a)

Lo

(IB) (IC)
10 R, R®®, and R* independently are H, halo or OR'®;
R'®, R'®, and R' independently are hydrogen, halo, (Ci-
Cs)alkyl, OR!, O-aryl, NH,, NRR'?, NO., OPO.H:, {ci—CS
alkoxy)phenyl, S-benzyl, CONH,, CO.H, POiH,, SO:R®’, or Z';
R and RY independently are hydrogen or C;-Cs alkyl;
15 R*» is hydrogen or (C;-Cs)alkyl;
Z is - (CH;)a—- or (C3-Cs)cycloalkyl;
nis 0, 1, or 2; and
Z' is an aromatic or substituted aromatic group; or a
pharmaceutically acceptable salt thereof.
20
28. A compound according to claim 27 wherein G is

phenyl, para-fluorophenyl, or phenyl substituted with

—————
et

O g g

*



(=O; Yis O and Rerr] is a group of the formula (1A). 15 2.

3
A conpound_according to claim 30 wherein said conpound is re y
t he fornulglqmﬂzo 33. A compound of the forn@ﬁm&%ﬁ
g8/ 8164 PCT1US98103667 -113- [err]
wherein Gis [err] alkyl, [err] alkenyl, [eapol alkynyl, or Ar; Ar is an
aromati c or heteroaromatic group or a substituted 5 aromatic or

het ti - s . -
ycrogen: or TR (), Ry shvAs, Bk, Helbhyd 7 B B e
C 13 and G 1?ﬁﬁgri‘”§e8§n@ BoBC btRE el | dnQYELPASNRYY [ Liddrdan; or

10 Rlerr] an r] taken together forma cyclopropyl or cyclobutyl ring;
R9 is hydrogednd[®rY ris & kytoupebt] tREKEBHMIIG2-@@)al kynyl, _
-(CHerr])m(Cerr]-Cerr])cycl oal kyl or benzyl, wherein mis the integer
one to three; 15 Rlerr] is hydrogen or [err] alkyl;

5 29. A compound according to claim 27 wherein said

compound is represented by the formula

10 30. A compound of the formula
3
R - R®
(0]
G 17 o A 13 R“
e
0. 0 R N R
Rl s o
s R’ OCH,CCI,
R RB
R NHRe2 (18)
wherein

15 G is C1-Cj;2 alkyl, C;-Ci; alkenyl, C;-Ci» alkynyl, or Ar;
Ar is an aromatic or heteroaromatic group or a substituted
aromatic or heteroaromatic group;

R® is C1-Cs alkyl;

W



R

R[err] I s hydrogen, [err] alkyl, phenyl or benzyl; R14 is hydrogen or [err]
al kyl; Rerr s _hydrogen or (=O; Yis CH 0, NH S SO S 3667
(CI-CS)aIW;aﬁﬁsﬁ 20 Rerr] is [err] alkyl, substituted [err o err]-
Cerr])cycloal kyl, substituted [err] cycloal kyl, a WO 9838164

PCT/ US98/ 03667 -114- het er oaromati c or subﬁit.ut ed heteroaromatic group or
a. group of formula (1A), (I1B) or (I1C: [err] 5 [err] and R[err]

i ndependent | y4a ] s
hydrogen, hal'o, é‘{?g'fg-"g{é % f:‘Rh}"i&‘g%éerr] ary : RN Fer [err] %[fgf?]]:m
S oy Lod | c-$3baigylo_GNH err], CO[err]H, POSHD,
SR err] ]s rﬁerr‘}@g%meg%{rc ?gdggﬁdcerﬁqu; are hydrogen or [err]

al kyl; 10 R2§7| Sny g’ 0&?@ éécheﬁ.hhe%érﬁ'lent{f%ﬂi&@fébenobr[ en rEs yTkwh} kot
nis 0 1, or 2; and Z' is an aromatic or substituted aromatic group; or a
phar maceut i caf| ana_CREp&@héﬁ gsabkthler €¥rm & cyclopropyl or cyclobutyl
S ring;
R’ is hydrogen, Ci-C¢ alkyl, C2-Cs alkenyl, C2-Cs alkynyl,'
- (CHz)m- (C3-Cs) cycloalkyl or benzyl, wherein m is the integer
one to t:hree; |
R!® is hydrogen or C;-Cs¢ alkyl;
10 R is hydrogen, Ci1-C¢ alkyl, phenyl or benzyl;
R is hydrogen or C;-Cs alkyl;
R*® is hydrogen or (=0);
Y is CH, O, NH, S, SO, S0: or (Ci-Ci)alkylamino;
R® is C1-Cs alkyl, substituted (C;-Cs)alkyl, (Ca-
15 Cs)cycloalkyl, substituted (C3-Cs)cycloalkyl, a
hetercaromatic or substituted heteroaromatic group or a

group of formula (IA), (IB) or (IC):

R
e _Z_. e,
\ 15 \R15
. \R17

(IB) (xC)
20 R*, R®™, and R°® independently are H, halo or OR';
R*®*, R, and RY independently are hydrogen, halo, (Ci-
Cé)alkyl, OR'®, O-aryl, NH,, NR'®R'?, NO,, OPOsH., (Ci1-Cs
alkoxy)phenyl, S-benzyl, CONH:, CO;H, PO;H,, SO.R®, or Z';

R*® and R independently are hydrogen or C;-Cs alkyl;

IR R 0 L




34. A conpound according to claim33 wherein Gis phenyl,

para-fluorophenyl, or phenyl substituted with -CH err] 0C(O
(Oﬂ[err])nﬂ&?—f@qf‘ Rlerr] is methyl; Rerr] and Rerr] takeﬁc ’5’5% 3é‘rmform

a second bond between G 13 and C 14; Rerr] is [err] alkyl; 20 Rerr] is
hydrogen; Rerr] is hydrogen; R err] is hydnggen; R[err][err] Is (=O); Yis
O and Rerr] is a group of the forrrula (IA) 35. A conpound according to

cl ai m 33 whergisn.sa ed by the fornmula WO 98/ 38164
PCT/ US98/ 036£ 1%5}19?%%%&’32% p‘roé‘ tlr’ pr eparing a conpound of the 5

formul a [err]z(;_)% \M_@@ﬁe’nn_ ¥y —?:SBE-%E]J.oéll [err] al kenyl, [err]

al kynyl, or Ar IS an aromatic of Neteroa omatlc group or a substituted

aromatic or hgtggogrogat pbe gr.oup; Rlerr] is [err] alkyl; R4 and RS are each
hydrogen; or R4 and R5 taken together form 15 a second bond between C 13

and G 14, Z' is an aromatic or substituted aromatic group; and
5 R% is a base labile protecting group;

or a pharmaceutically acceptable salt thereof.

31. A compound according to claim 30 wherein G is
phenyl, para-fluorophenyl, or phenyl substituted with
10 ~-CH,OC{O) (CH2)m'NHz; R’ is methyl; R* and R® taken together
‘form a second bond between C-13 and C-14; R’ is C;-C¢ alkyl;

11

R'® is hydrogen; R 14

is hydrogen; R is hydrogen; R®° is

(=0); Y is 0; and R® is a group of the formula (IA).

15 - 32. A compound according to claim 30 wherein said

compound is represented by the formula

Cl

o—CH3
NHFmoc ccu

20 33. A compound of the for’mﬁla

* c L M S *



Rlerr] and Rl err] are each independently hydrogen or [err] alkyl; or Rerr]
and R[ err]lwba$spiesoget her form a cycl opropyl or cyclobutyl rPCg/US98/03667
988164 : PCT11S9&0667 -116- R err]
i s hydrogen, [err] alkyl, C2-C6 al kenyl, C2-C6 al kynyl,
-(CHerr])m(Cerr]-c[err]cycloal kyl or bek¥3t, wherein mis the integer
one to three; Rerr] is hydrogen or [err] alkyl; 5 Rerr] is hydrogen,

[err] al kyl, phenyl -or benzyl; R is g§¢fogen or [err]-alkyl; Rerr] is
hydrogen or (=O); Y is CH O ,S, ) SR, wherein Rerr] is Hor

[err] alkyl; Rerr] is [err]g [ SIS grr] (err]- 10
Clerr])cycloal kyl, substituted [err] £%cl 8al kyl .&*het er oaromatic or .
substituted heteroaronmatic group OR®UP ofN a (I1A, (1B or (10
16 [err] -C 15 [err] and R[err]ﬂi ere deng& re H [err] halo [err] or
Rerr]; oY R’ OCH,CCI,
R R®
R11 NH, (19)
wherein

G is C1~-Cy2 alkyl, C2-Ci2 alkenyl, C;-C;; alkynyl, or Ar;
Ar is an aromatic or heteroaromatic group or a substituted
5 aromatic or heteroaromatic group;
R® is C1-Cs alkyl;
R' and R® are each hydrogen; or R® and R® taken together form
a second bond between C-13 and C-14;
R’ and R® are each independently hydrogen or C;-Cs alkyl; or
10 R’ and R® taken together form a cyclopropyl or cyclobutyl
ring;
R’ is hydrogen, C;-Cs alkyl, C;-Cs alkenyl, C.-Cs alkynyl,
- (CH2)m—~ (C3-Cs) cycloalkyl or benzyl, wherein m is the integer
one to three;
1S R'Y is hydrogen or C;-Cs alkyl;
R' is hydrogen, Ci1-Cs alkyl, phenyl or benzyl;
R is hydrogen or C;-Cs alkyl;
R*® is hydrogen or (=0);
Y is CH, O, NH, S, SO, SO, or (Ci-Ci)alkylamino;
20 R°® is C;-C¢ alkyl, substituted (Ci-Cs)alkyl, (Ci-
Cs)cycloalkyl, substituted (C;-Cs)cycloalkyl, a



[err] and R err] independently are hydrogen, halo, (C[err]- 18 arINH

18 19 C[err%,)alk OR err] Oaryl, NHerr], NRerr] R[erré]é_mvé\;g“
CPqerr]H[ ﬂ%érr] al koxy)phenyl S-benzyl ,[err] or Z; rr and
Rlerr] i ndependently are hydrogen or [err] alkyl; Rerr] is hydrogen or
[err] Rlerr] is [err] alkyl, [err] cycloaljqgd- phenyl or benzyl; Rlerr] is
a base labile protecting group; Zis -(CHerr])[err]- or (C3-C5)cycloal kyl;

Vo 9&f 3164 heteroaromatic olr su tltvat?d heteroa§%9§ {?%Q%b o:nlja7 nis

0, 1, or 2; g1s an 1"taeger I'S an aronatic stituted

aromati ¢ gro @&l’nl u o salt thereof; 5 conprising
oxidizing a (%%%un of th oGrjr:rzg %??] 8?1?$b\?\lnere| n G [err] 10 R err]

and Y are as defined above, with an oxidizing agent to forma corrpound of
formula (9) and optionally forrri ng a

\ 15 \ 15
}{17

(1IB) (IC)

5 R®, R®™, and R* independently are H, halo or OR'®;
R*®, R', and RY independently are hydrogen, halo, (C;-
Ce)alkyl, OR', O-aryl, NH:;, NR'™R'’, NO,, OPOsH;, (Ci~Cs
alkoxy)phenyl, S-benzyl, CONH:, CO.H, POsH,, SO:R*, or Z';
R'® and R independently are hydrogen or C;-Cs alkyl;

10 R*® is hydrogen or (C;-Ci)alkyl;
Z is -(CHz)n~ or (C3-Cs)cycloalkyl;
n is 0, 1, or 2; and
Z' is an aromatic or substituted aromatic group;
or a pharmaceutically acceptable salt thereof.

15

34. A compound according to claim 33 wherein G is

phenyl, para-fluorophenyl, or phenyl substituted with
~CH,0C (0) (CH,)n'NHz; R’ is methyl; R and R® taken together
form a second bond between C-13 and C-14; R’ is C;-Cs alkyl;

11

20 RY is hydrogen; R' is hydrogen; R is hydrogen; R*® is

(=0); Y is O; and R® is a group of the formula (IA).

35. A compound according to claim 33 wherein said

) R

compound is represented by the formula



pharmaceutically acceptable salt of a conpound of fornmula (9). 15

37. A progeysssfeaording to claim36 wherein Gis phenyl, PCT/US98/03667

par a- f | uor ophenyl, or phenyl substituted wiith [err] (CH err])m NH err];
Rlerr] is methyl; R4 and R5 taken together forma second bond between C- 13
and C-14; Rerr] is [err] alkyl; Rerr] i31h§drogen; Rlerr] is hydrogen;
Rlerr] is hydrogen; Rerr] is 20 (=O; Yis O and Rerr]is a group of the
formula (1A) and the oxidizing agent is Oxone. W09838164

PCTaUS9S03667 -118- 38. A processCHy preparing a conpound of formula (1)
according to claim 36, g he eps of: (a) deprotecting a
conpound of formula (9 s ecting agent to forma
conmpound of the fornul g and 10 R err}, are as defi ned

above; and optionally C Rl VWi 'mﬁth a
ormula (}); 4 p) optionally

cyclizing agent to forma conpoun
formng a pharnaceutically

36. A process for preparing a compound of the

5 formula
R

G/A<z/%\?;’\%f4>jﬁéi4
0 <

o
Lo L
R R® L
R NHRS2 S(0)R"
(9)

10 G is C1-C;2 alkyl, C2-Ci2 alkenyl, C,-C;; alkynyl, or Ar;

wherein

Ar is an aromatic or heteroaromatic group or a substituted

aromatic or heteroaromatic group;

R’ is C.-Cs alkyl;

R' and R® are each hydrogen; or R and R® taken together form
15 a second bond between C-13 and C-14;

R’ and R® are each independently hydrogen or C;-Cs alkyl; or

R’ and R® taken together form a cyclopropyl or cyclobutyl

ring;

T



15 acceptable salt of a conpound of formula (1). 39. A process according to

claim380@’t? | %ﬁ i's phenyl, para-fluorophenyl, or phenyl pgogisbdnseed W th
-CH err] %fis? [err])mM NH err]; Rerr] is methyl; Rerr] and R err]
taken together 20 forma second bond between C- 13 and C-14; Rerr] is [err]

alkyl; Rerr] is hydrogen; Rlerr] is hydrddg&ir Rl err] is hydrogen; R err]
Is (=O); Yis O and Rerr] is a group of the formula (1A); said

deprot ecti ngrage8t hir8xrByRar,i ¢,hes £BkPl PXCHHE RAKIIRL, IC3-Cs AkPhPB164
PCT(US98/ 03667 -119- Oxone; said oxidant is Oxone and said chiral ketone is

a conpound of (Cep MH 6CA-0s) cfelodlkydr &ss eyl nghéveih anniS8theeintegeai d
5 conpound of fornmula (I) is Cryptophycin 52.
one to three;
R' is hydrogen or C;-C¢ alkyl;
5 R! is hydrogen, C;-Cs¢ alkyl, phenyl or benzyl;
R is hydrogen or C;-Cs alkyl;
R*® is hydrogen or (=0);
Y is CH, O, NR', S, SO, S0;, wherein R' is H or C;-C; alkyl;
‘R® is C;-Cs alkyl, substituted (C;-Cg)alkyl, (Cs-
10 Cg)cycloalkyl, substituted (C,-Cg)cycloalkyl, a

heterocaromatic or substituted heteroaromatic group or a

group of formula (IA), (IB) or (IC):

R6a Rls\
—CHZAQ\RGb —_Z\ 15 — \ 15
o -
R6C rRY R
(IA)

(IB) (IC)
15 R**, R®, and R* independently are H, (C;-Cs¢)alkyl, halo
NR18R19 or ORIS;
R**, R'®, and R independently are hydrogen, halo, (Ci-
Cs)alkyl, OR'®, O-aryl, NH, NRmRI.g, NO;, OPOgHz, (C1-Cs
alkoxy)phenyl, S-benzyl, CONH;, CO.H, PO;H;, SO:R*, or Z';
20 RY and R independently are hydrogen or C,-Cs alkyl;
R*® is hydrogen or (C;-C3;)alkyl;
R" is C;-Ce alkyl, C3-Cs cycloalkyl, phenyl or benzyl;

R*? is a base labile protecting group;

Z is -(CHa2),- or (C3;-Cs)cycloalkyl;

* [ L M s *



WO 98/38164 o PCT/US98/03667

-117-

nis 0, 1, or 2;
g is an integer 1 or 2; and
Z' is an aromatic or substituted aromatic group; or a

pharmaceutically acceptable salt thereof;

comprising oxidizing a compound of the formula

|-

(11)

wherein G, R’, R*, R®, R®, R’, R®, R’, R'’, R, RY, R®®, R®,
10 R%* and Y are as defined above, with an oxidizing agent to
form a compound of formula (9) and optionally forming a

pharmaceutically acceptable salt of a compound of formula

(9).

15 37. A process according to claim 36 wherein G is
phenyl, para-fluorophenyl, or phenyl substituted with
~-CH20C(0) (CHz)nNHz; R® is methyl; R! and R® taken together

form a second bond between C-13 and C-14; R’ is C;-C¢ alkyl;

! is hydrogen; R is hydrogen; R*® is

R!’ is hydrogen; R
20 (=0); Y is 0; and R® is a group of the formula (IA) and the

oxidizing agent is Oxone.

A I



WO 98/38164 PCT/US98/03667

-118-

38. A process for preparing a compound of formula

(I) according to claim 36, further comprising the steps of:

(a) deprotecting a compound of formula (9) with a

5 suitable deprotecting agent to form a compound of the

formula
8
R® e B
G 17 13 O
516 % n“
0. .0 o N
R R®
"i °,=Z_
o Y R 0
R R® L\
S(0),R®"
R" NH,

(10)

wherein G, R?, R’>, R®, R’, R%, R’ R', RY, RY, R®®, ¥, g and
10 R are as defined above; and optionally contacting a
compound of formula (10) with a cyclizing agent to form a

compound of formula (I); and

(b) optionally forming a pharmaceutically

15 acceptable salt of a compound of formula (I).

39. A process according to claim 38 wherein G is
phenyl,.para—fluorophenyl, or phenyl substituted with
~CH,0C (O) (CHz)wNHz2; R® is methyl; R' and R® taken together

20 form a second bond between C-13 and C-14; R’ is C;-Cs alkyl;

' is hydrogen; R is hydrogen; R*® is

R' is hydrogen; R
(=0); ¥ is O0; and R® is a group of the formula (IA); said

deprotecting agent is piperidine; said oxidizing agent is

A
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Oxone; said oxidant is Oxone and said chiral ketone is a

compound of formula (7).

40. A process according to claim 38 wherein said

compound of formula (I) is Cryptophycin 52.

e



