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BACKGROUND ‘OF - THE | NVENTI ON .Neopl asti.c di seases, characterized by t he
prollferatlon of cells not subject to thelnornal control of cell growth
are -a maj or cause of ‘death in humans and other 10 nmanmmals. Clinical
experience in cancer chenntherapy has denonstrated that new and nore
effective drugs are desirable to treat these di seases. Such clinical
experi-ence has al so denobnstrated that drugs which disrupt the nicrotubule
syst em of the cytoskel eton can be effective in |nh|b|t|ng the 15 .

proliferation of n%&i I 0 Exﬁng de by be
prepared using a tota synttgfléé%ﬁéﬁ%gé B owever, many of .the useful .

cryptophyci n conpounds contain an acid |abile epOX|de group. 20 -Barrow,
"RA et al., J. Am Chem Soc. 117, -2479 ('1995). Applicants have di scover ed

t hat thq;beta epoxi de can beB@@k@R@ﬁNﬁﬂdF(@ﬁgrfﬁvENT@@@ver in the Barrow .

et al. synthesis of some of the cryptophycin conpounds of formula (I)
" bel ow, the epoxidation is performed in the l'ast step.25 which provides
only a 2:1 selectivity for the desired epOX|de Furthermbre, the
di astereoners are- di ffmmlasmoe@ﬂgaasest, thasas:tta;&zed/\w &Hé would be

deS|rabIe to
- prollferatlon of cells not subject to the normal control of
cell growth are a major cause of death in humans and other
10p mammals _ Cllnlcal experlence in cancer chemotherapy has
| “demonstrated that new and more effectlve drugs are des1rabled
_to treat these dlseases. Such cllnlcal experlence has also
"demonstrated that drugs:whlch'dlsrupt the mlcrotubule system'

of the cytoskeleton can be effective in 1nh1b1t1ng the-

15 prollferatlon of neoplastlc cells

Cryptophyc1n compounds can now be prepared u31ng a
total synthetlc process, however, many of the useful |
-cryptophyc1n compounds contaln an ac1d lablle epox1de group.
lzdh'Barrow, R.A. et al. J. Am.  Chem. Soc. 117, 2479 (1995)
| Appllcants have dlscovered that the beta epox1de can be
.partlcularly des1red However, in the Barrow et al
- synthe51s of some of the cryptophyc1n compounds of formula
"-(I) below, the epox1dat10n is performed in the last step :
25 Wthh prov1des only a 2: 1 select1v1ty for the de51red
epoxide. Furthermore, the-dlastereomers are dlfflcult-to

separate at this stage.."While it would be desirable to
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‘epoxi di ze WOIYABISBer internediate in the process, epoxides BEEUSHEI6ET ve to -
a nunber of reaction conditions. The present invention provides a much- '
desired 5 -novel and efficient method: for_preparing cryptophycin conpounds

havi ng an epoxi de functionality. The epﬁ&Tdation takes place at an early -
step in the overall synthetic process allow ng for easier separation of

di ast er eoneepoxrbdizerani garliewl dotevinediatRudrhdhe @uodeRa. Rpexides o
earlier 10 . step increases overall efficiency of the process by preserving .
materi al s, deQueeRFLEv¥estand aunberi of measkdispuicondlbayonys/ 38158 -

PCT/ US98/ 03655 - 3- BRI EF SUMVARY OF THE | NVENTI ON The present invention
relates to a process for preparing a conpound of the fornula*S [err]

| The present invention'provideS?a much desifed
5 novel énd efficienﬁimeﬁhbdnfor pfebaring crybtbphycin _.
qompdunds having an epdxidé-fuhctioﬁality..-The ep0xidatiqn
takes Qlace,at an_eafly.sﬁepuin.the dﬁetdll"synﬁhetic.
pfo¢ess allowing fOr_easier sepérati6h of:diéétéredmers and
for higher selecti&ity; .Furtﬁer,-epoXidétiﬁg at an earlier
10 step ingreaSés-OVerail_effi¢ieﬁcy'of thelpdeeSS'by  o
préservihg'materialé,'reduéing'costs'and ehhanciﬁg.

"_thrbughput{



wher ein G%ﬂﬁﬁr] C[err] al kyl, .err]-Cerr] al kenyl, C2-féBusdshossss . . or
Ar: Ar is an aronatic or heteroaromatlc group or a substltuted 10 aromatlc.
or heteroaronatlc group; Rerr] is Jerr]-Cerr] alkyl; Rerr] and R5 are -
each hydrogen; or Rerr] and R[err] t aker3t-oget her forma second bond:
bet ween C13 and C 14; R7 and Rlerr] are each |'ndependently ‘hydr ogen or

- Cl-C6 aikyl; or 15 Rerr]g ER[ngMAﬁya eENTEEI @ cycl opropyl or
cycl.obutyl ring; RO is hydrogen err] err] aI kyl, Cerr]-Jerr]

al kenyl, (err]- Clerr] alkynyl, -(CHerr])[err]- (C_[err]-C[e'rr])' cycl oal kyl

or- ben-zyl wherein mis the integer one to three; 20" Rerr] is-hydrogen or -

(Jerr]- C[err] al kyl ; Eiherb]rels%dtvqrzﬁ&qrtl&l *&lat &yl copaepybeeksbgazy!
Rlerr] is hydrogen or- Cerr]-(err] alkyl; Rerr] is hydrogen or (=0); YIS _

H O NR ernsiep&:lﬁ@ aSEofipolundMys ajtie RiGrmslal or C1-C3 alkyl; VD

98/ 38158 PCT/ US98/ 03655 - 4- R er r]
is C1-C& al kyl, substituted (C[err]_-C[-err])aI kyl, (C3- Cerr])cycloal kyl ,
substituted (C3-Clerr]) cycl oal kyl ,g% . R® L

wherein' _ _ _ _ ) o
| G J.S C1-C1a alkyl Cz—C12 alkenyl C2-Ci2 alkynyl :or Ar,"
.Ar is an aromat:.c or heteroaromatic group or a subst:r.tuted
10  aromatic or heteroaromatlc _group, _
R is Qi-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 1ndependently hydrogen or C1-C5 alkyl, or
- 15 - R’ and R® taken together form a cyclopropyl or cyclobutyl
| ‘ring; o _ | _
R is hydrogen, Ci-Cs alkyl, C2=Ce. alkenyl, Cy-Ce alkynyl |
| —(CHz)m (C3-Cs)cycloalkyl or benzyl where:r.n m is the 1nteger_
_ one to three, '
20 T.I-Rm is hydrogen or C,;-Cs alkyl- |
R' is hydrogen, C;-Cs alkyl phenyl or benzyl°
R is hydrogen or C1—Cs alkyl -
Rsf’ is hydrogen or {=0);

.Y is CH, O, NRY, S, SO, S0, wherein R? is H .or'C.l-_C; alkyl;



roaromath or substltuted heteroaromatlc group or a group of forrrula o
. (I ByW988LE 5 [err] Rerr], Rerr], and Rerr] i RfHEPBOI6ISy are

e
A
H, (C[err_] Clerr])alkyl, halo NR[err]R[err] or ORlerr]; Rlerr], Rerr], and
Rlerr] i.nd'ep'ehjde.ntly are hydrogen, halo, éC[err] 10 C[err])al kyI

e

OR[: rr], - O-aryl, NH2, NR[err]R[err] qu r], oPerriHerr],

(derr]-deryl]. aI ko>(<:y)phen S—benz ;- CONH2, CO2H,. P err]H[err]

sq err]R[erRi 1%rCIZ i} §HHSRP-§Mt]3d| H@ep@n’cﬂfﬂﬂ-}na %Vhydrogen or Cl-C6
al kyl ; R[err] i S dro en or lelgg?gll_{ err])ferr]-
(C[err] ] % 1; S‘i}B tﬁtPEe@ ( 'Qﬂro}?’ li@an arorratlc or

compr | LFLS%@%@%@%{%&&%‘)%@ S A SESETL SR Syt e ="

PCT/'U898/03655 err err], Rerr], Rlerr], Rerr],
Rerr}], R[e????prg ? r}"ﬁ\[ﬂlh (FA? (ﬁ)] ’J Qﬁ'[\) are as def i.n_ed above -qis-
an irnteger 1 or 2;- R81 is Cl-C6 al k_yl '5 C[err_]._-C[err-]_ cycl oal kyl, phenyl
‘or benzyl; ‘and Rerr] is a base labile ~ L : o

- /Réa
R6c -~ R o o .
(1A) S @ (o)

-.B'.“,“_ ﬁ‘”, and R independént:ly are H, (C1-Cs)alkyl halo
NR18R19 or ORIB '

R, RY, and RY indepéndéntly_ a:r.‘é'hydrolgeh,- halo, .(C1-.'
10 Ce)alkyl, OR', O-aryl, -Nﬁz,"'NR“R", NO;, OPO.H;, (cl'—'c5

_ alkoxy)phenyl, S-benzyl, CONH, CO;H, PO:H, SO:R”, or 2';

| R"'_:and R® 1ndependent1y are hydrogen or Ci-Cs alkyl,

: li” is hirdr'ogen. 6r (C-1-C.3)"a1ky1'~ | |

% 'is' - (CH;) o— or (Cs- Cs)cycloalkyl-
15 '_n 1s 0 1, or 2; and

| _Z' is an- aromatlc or substltuted aromat:.c group, or a

pharmaceut:.cally acce_ptahle salt thereof ;

comprising’ deprotecting'a- compound of the for_mul_a'

20



protectlng Wth a deprotectln agent to forma corrpougfr ' .
forrrula [e?&{% vﬁnerem G Rerr], gR[err_] Rlerr], Rerr] e@ﬁ&‘gﬁ%srr]_,'
Rlerr], Rerr], Rerr], ‘Rerr], Y, ¢ and R[err] are as defined:above; '
optlonally contacting the conpound of forgula (9c) with a cycI|2|ng agent .
to forma conmpound of formula (1); and optionally formng a
- pharnmaceutically 15 acceptable galt thergof. WO 98/ 38158 - - -
PCT/ US98/ 03655 -6- 'In additi invention relates to a process
for preparing a conpound 0 _m3|ng the steps of: 5  (a)
epoxi‘di zi ng a conpound of Gt he T rein.G Rerr], R[err] and
Rlerr] are as defined above; _ hydnpgen ar tri(Cerr]-derr]
al kyl)silyl; and Rerr] is hydr a 10 Rabl e "acti vat abl e car boxy
protecting group;'mﬁth an epoRkd _ag o forma conpound of -the _
formula [err] wherein G Rerr _BN ]New]aMF{aH are as
defined above, R® :
o S(c:)F!lﬁ

NHR® - (10)

‘wherein G, R, R®, RS, .R.7l, R, ®°, R, Ru, R14 R5u and Y are

" as defined=above; q'is.an'integer 1 or 2° R_'ls C1-Cs alkyl,
5 C3~-Cs 0ycloalkyl phenyl or benzyl and R%? ie a baseflabile_

Wprotectlng group, w1th ‘a deprotectlng agent to form a_ |

" compound of the formula_o

sopn
_ (10a)
10 o
| Whereln G, R}, R*, R®, R" R®, .'R*’, R“’, R“.'- ‘RY, R5°3 Y, q a.-nd.-
r% are as deflned above, optlonally contactlng the compound
' of formula (9c) with a cycllzlng agent to form a compound of
'_formula (I), and optlonally formlng a pharmaceutlcally

15 _ acceptable salt thereof



15 provi ded that R2a and R[err] are not both hydrogen (b) ling the -
~ conpound OWOf98BEAMa (3) with an anmino acid of the formila [8 SQ@! 6Perei n
Rlerr] and Rlerr] are as defined above and R[err] is hydrogen or Cl-CG6 -
al kyl; further in the presence of a silylating WD 98/ 38158 _

PCT/ U898/03655 7- agent when R err] and%[err] are hydrogen; to yield a
~conpound of thefornula [err].5 wherein G R e Rerr], R[err] R[err]
. Rlerr] Rerr] and R & ]23GEC4R0 debRAcBras8vE; 1(‘8?“&&&[“0?@@-@1’%?@%

- conmpound of formula (5 with a suitable al kox epro ectlng agent, and
furt her caf%aaﬁ%?epfrcm RIFPRC 4RI theoreeﬂﬁae}na¥ %0285‘%

C1-C6 is al with a suitable base to ‘forma conpound of the forrrula
lerr] 15 .%F‘tg FQ%H] Rlerr], Rerr], Rerr] and"Rlerr] are as
defined above and Merr] is a catio-n';- (_d) contacting a conmpound of fornula =
(6) with a thioester R _ S

5 (a) epox:.d:.zn.ng a compound of the formula -

. @)

_ ORh. ORe

wherein G, R*), R* and R’ are as deflned above, Rz"‘ 1s .:

. hydrogen or tr1(C1—C5 alkyl)s:.lyl, and R® is hydrogen or a

10 su:Ltable actlvatable carboxy protectlng group, w1th an '

epox:td:t.z:l.ng agent to form a compound of the formula

(3)

OR®  ORe

; whereln G, R, R, R°,R* and R" are as defined above, |

- 15 -prov1ded that R* and R® are not both hydrogen,

(b) coupling the compound of formula (3) with an amino acid
6f the Formula o S
. .. . R" -
S 6
" HN. . _R

OIOR’" (4)
© '20 wherein R® and R are as defined above and R is hydrogen

or C1-Cs alkyl; further in the presence of a silylating -



| form to forma conpound. of the formul a VO 9 |
PCT/USQSI%;?}%gg&H%8 [err] wherein G R[err] Rlerr], Rerr], %/ﬁﬁggslr;?mﬁerr]
and Rlerr] .are as defined above; (e) coupl ing a corrpound of ' forml a (7)

“with a conpound of 5 the formula [err] —-gherein Rerr], Rlerr], Rerr],
Rlerr], Rerr], Rerr] and Rerr] are as defined above, to forma' corrpou-nd_'

of the for 1 M er, r{]

Rerr]; R[egy% Is[errg?l %‘ meée%[ FRL%PIJOﬂe%[ tg ﬁ%n% &gﬁélsmge?l ned -
above,; g§yﬁgg ng a conpound of fornula (9) mnth an . OXIdIZIng agentjl
to forn1a co oun the formula MD 98/38158 o
_PCT/U898/03655 -9- [err]

o B R

e,
. ) ..5 N
OJ./\ORP' e

-5 wherein G, R?, RY, R°, R*®, R R® and R" are as defined

) .omu
5 .

above;

(c) deprbtécti_hg the compound of - fofmﬁla (5) wit'h' a 'suit;able_
alkoxy deproteéﬁing agent and fu_rther"carboxy-'deprotecting'
10 th_é compound of formula (5) when R* is C.:l—'(.:s_i's.jalkyl, w_ith'

a suitable base to form a dompound of the formula .

15 |
wherein G, R’, R!, R®, R® and R" are as_"_de'fined._above" and M* .

-_is a cation;

(d) contacting a compound of formula (6) with' a thioester

.20 forming agent to form a ébmbmind_ of the’ 'fomtila



wherein G Rlerr], Rerr], Rerr], Rerr], Rerr], Rerr], R[err] Rerr],
Rlerr], R[wo}sismaarr] R[err] and: Rlerr], Y-and q are as de€T &?Bll&ﬁi/e 5
(9) deprot ecting a corrpound of fornula (10) with a suitable deprotecting.
agent to forma- corrpound of the formula [err] 10 wherein G R[err], Rerr],
Rlerr], Rerr], Rerr], Rerr], Reérr], Fgerr] Rlerr],Rerr], Yand Rlerr]
are as defined above; and opt i onaIIy contacting a corrpound of fornula (10a) -
"with.a cyclizing agent to formd:\ anpounqm’f formula. (I'); and 15 (h) o
optlonally form ng a pharnace cqlly acte tabbe salt of a corrpound of
formula (1). -WD 98/ 38158&”
PCT/ US98/ 03655 -10- I n addition,. gpresent yﬂv
conpound of the formula [err] 5 vvh Hein G
"Rerr], R[err] Rerr],Rerr] Rerr]Rerr]
and gq are as defi ned above or a phar maceut|5
useful as an |nterrred| ate for.

tlonrelatestoa L
fertl, Rerr], Rlerr], Rerr],
Rlerr] Rerr] and R[er.r], Y:
‘accefflabl e salt thereof;

SRM | :

wherein G, R’, R*, R®, R®, R™ and R™ are as defined above;

(e cQupling a compound. Io_f formula (7)._ with a .oon;pOund':of__

RY/Y < .
O R" -

‘RY -

5 the formula

e e
wherein R’, R®, R’, R}, RY, R®® and R® a:'f_é as defined above,
to form a compound of the formula

10

. wherein G, R®, R, R°, RS,

‘and Y are as defined above;

15 (f£) ox:.dlzn.ng' a compound of fomula (9} w:.th an oxn.dlz:.ng

agent to form a compound of the formula



‘maki ng ant stlc and/ or antl-fungal agents. 10 dess .
‘addi tion, %ﬁgségtsent invention relates to a conpound of the é?%ﬁﬂgﬁférr]
15 wherein G R[err], Rerr], Rerr], Rerr], Rerr], Rerr], Rerr],
Rlerr], Rerr], Yand Rerr] are as defhﬁbd above or a pharnaceutlcally
.acceptable salt t hereof; useful as an internediate for naking anti-.
neoplasti ¢ -and/ or antl-fungal agents. WO 98/ 38158

PCT/ US98/ 03655 -11- In additiong_athe preaent invention relates to a
conpound of the fornula [err reu1@ Rlerr] Rerr], Rerr], Rerr],
Rlerr], Rerr], Rerr], 3& ~ rtJo Rerr] R[err] R[err] and Y
are as defined above; or phar tigall eept abl e sal t- thereof useful
as an internediate for makingo nt() 10 - nF:i%g;%gc and/ or antl-fungal
agents. In addition, the presen in ntlon r s to a conpound of the . .
fomNa[ew]lSmeu1G FRY R Rlerr], Rerr] and Rerr]
are -as defined above, ' S

RB

- l\S(O) Re!
R~ Nl-maa , (10)

whereln G, R, R‘,. Rs, RS, 'R7, R®, R%, R, R, RM, R, R*! and

"R%®, Y and q are as deflned above,_

" (g). deprotecting a'compoﬁnd of formula (10) with a suitable

-deprotecting agentf;o-form'a compound of the formula

" st)ﬁ“' |
C _ (10a)
whéfein G, R’, R®, R, R’, R®, ®, 'Ri:",'-'-R‘l' 'R“, R*, ¥ and R81
‘are as defined abbve, and optlonally contactlng a compounda
: of formula (10a) w1th a cycllzlng agent to form a compound_
;of formula (I),'and
s
| (h) optlonally formlng a pharmaceutlcally acceptable salt

of a compound of formula (I)



~ provided that. Rl err] and Rlerr] are not both hydrogen; useful as_an. . '
i nt er.medi a’m)?&&slﬂakl ng anti - neopl astic and/or anti-fungal W%”’"?@ﬁ = WD
98/38158 C .. PCT/'US98/ 03655 -12- 'Further,

t he present |nvent|on relates to a. conpo of the formula [err] 5 mhereln
G Rlerr] Rerr], Rerr], Rerr], Rerr] Rerr] and Rlerr] are as defined
above; useful as an |nterned|ate for maki ng antj-neop] astic_and/or
anti-fungal agents. F&PtREAItLNR.ptoseMIGSRRNIIBIET IR 5212585160 2 .
conmpound of the fornula.[err ein G R[err] Rerr], Rerr], Rerr] and
Rlerr] are G™BeHPfeQE aﬁg@ef% “ﬁFerr] 15 is a cation; useful as an
internediate for making anti.- neoplastic and/or antr-fungal ‘agents. In
addition, the invention relates tg a procegs for preparing a conmpound of
formula (I) conprising 20 depgo ectln aRconpound of formul a (9) W th a-
deprotecting agent to form

8 ' |
R LS(O) Rt
NHF!m : (10)

5 wherein G, 'R®, RY, ®®, R, R", R®, R’ R, R", R™, R*, R* and
Rsz, Y and g are as deflned above, or a pharmaceut:.cally
'acceptable salt thereof useful as an 1ntermed1ate for

maklng antl—neoplastlc and/or antl fungal. agents

10 T In addltlon, the present invention relates to a

compound of the formula

' (10a)

15 wherein G, R’, R, RS, R7 R, ®’, RY, R, RY, R, v and R‘“
are - as deflned above or a pharmaceutlcally acceptable salt

thereof useful as an 1ntermed1ate for maklng antl—"

neoplastlc and/or antl fungal agents



WO 98/3815Qv L PCT/U898/036§ nﬁ%?mkg r].
G Rerr] ‘ﬁmr?ﬂew] RMH] New] Rlerr]Rlerr] Rl err ewf
Rlerr] . and Y are as 5 defined above optlonally cont acti ng a conpound of -
formula (9¢) with a cyclizing agent to f-Qrim a conpound of fornula (1); and -
“optional Iy fornming a phar nmaceutically acceptabl e salt thereof. 10 o
DETAI LED DESCRI PTI ON OF THE | NVENTI ON As used in the appllcatlon:-(a),the'_ _
designation "[err]" refers to a bond that 15 .protrudes forward out of the

pl ane of the page; (b) the designation""''''" refers to a. bond t hat
protrudes -backward out of the plane of the page; and 20 - () the : ,
designation " [err] "rheherstiond @M&iﬂfﬁsdﬁﬂQﬂn&@ﬁtﬁéﬁrﬁémaeébstbyalS not .
designated. ~ WD 98/38158 : PCT/U898/03655 '
-14- As usedampbend,thehbeE@knmna{naceutlcalIy B _

5

wherein G, R’, R, R°, R®, R', 'R", R®, R“’,",Rll-,._Ri‘,' R* R“,_.R“ R
and Y are as deflned above,.or a pharmaceutlcally acceptable
salt thereof useful as an 1ntermed1ate for maklng antl-

10 neoplastic and/or anti- fungal agents

In addition,_theipresent~invention.rélatesjto a

.compound of the'fdrmula:'

R (3)
.15 _ : _ - ' OR“ '_QRP '

'wherein.G R, RY, R, if‘ and R? are as deflned above,
_ prov1ded that R*® and RP are not both hydrogen, useful as an
1ntermed1ate for making antl—neoplastlc and/or ant;—fungal
agents. | - ” | | - |

20



acceptable salt" refers to elther aC|d ‘addi ti on salts or base addltlon
salts. 5 ~WOBBISE  The expression “pharmaceutical |y acceptBEI/ESHWHZESS
addition salt" is intended to apply to. any non-toxi c organic or- |norgan|c
acid addition salt of-the conpounds of f Ia | or any of its -
“internediates. |llustrative inorganic a ds whi ch form sui.table salts

i ncl ude hydrochloric, _hydrobrom c, 10 sul phuric, and phosphori c aci d and
“acid nmetal salts suchFH§t§S€vu#ﬁﬁoﬁ@ﬁ?@@@g@WWﬁ%@%ﬁﬂuﬁﬂ%ﬂ@?Saﬁ@ ot assi-um--
“hydrogen sul fate. ative organi c -acids which formsuitable salts
“include theSTTORAGED dP hﬁ EPEERASxylic acids. Illustrative of such acids
are for exanple, acetic, 15 glycolic, lactic, pyruvic, malonic, succinic,
glutaric, fumaric, malic, tartaric, citric, ascorblc mal ei c, :

‘hydr oxynal ei c, benzoic, hydroxxpe Zoi c, nylacetlc cinnamc, salicylic,
2- phenoxy-benzoic, and sulfo i ds as_p-tol uenesul fonic acid,

-met hane sul fonic acid and & 2 y ~gul fonic acid. Such sal ts
can exi st in either hydrated or substantlall ~Bniggdrous form The

- ‘expression "pharnaceutlcally accept&ﬁ?b basi c dition salts" is intended |
to apply to any .non-toxic 25 organic or inorganic basic addition salts of
the conmpounds of fornmula | or any of its intg hes(S)IIIustratlve bases
which formsuitable salts include alkali netal or alkallne earth netal

hydr oXi ges whiehedh @OdlﬂlmR‘poﬁ?ﬁsSR"JEm R*' R® and R14 are as’ def:.ned

'-above, useful as an 1ntermed1ate for maklng antl-neoplastlc

and/or anti- fungal agents. |

Further, the present 1nventlon relates to a-

10 compound of the formula .

wherein G, R?, RY, Rs- RS and RM are as deflned above and M
15  is a catlon, useful as an 1ntermed1ate for maklng antl—.

neoplastlc and/or anti- fungal agents

In addltlon, the 1nventlon relates to a process
" for preparlng a compound of formula (I) comprlslng
_20_.deprotect1ng a compound of formula (9) w1th a. deprotectlng

agent to form a compound of the formula



VO 98/ 38158, sars1ss R S PCt/U898£,Q.§§,§ ?31, |
cal cium rmagnesium or barium hydroxi des; “anmoni a and al i phatic, cyclic or

aromatic organi c am nes such.as nethyl.am ne,. di met hyl anmi-ne, - trinmet hyl ani ne,.
di et hyl amine, triethylam ne, isopropyldi-gBhyl-anmi ne, pyridi-ne and picoline. .
5 As used herein; the term"Cl-Cl2 al'kyl" refers to a saturated straight or
branched chain hydrocarbon group of fromone to twelve carbon atons.
I ncl uded within the scope of this Berntare gethyl, ethyl, n-propyl,
i sopropyl, n- 10 butyl, '|sob / ' tert-butyl, pentyl, . . .
neopentyl, 2- nethylbutyl S 1,0 hept yl , octyl nonyl, decyl
and t he Iike I ncl uded vmtq‘n n’ the tzermss t ererm"'C[err] C[e'rr] al kyl " -
which refers - to a saturated, uneat ted, st |ght or branched chain
hydr ocar bon radi cal of from one ‘®'si x carponRat ons. | ncl uded mnthin_
the scope of ‘this termare net byl , @=pkopyl, isopropyl, n-butyl,
NFROpe yl, 2- met hyl butyl, 3-

i sobutyl, sec-butyl, tert-butyl
| ncl udetrRw t n the terns "C[err] C[err]

nethylbutyl hexyl and the |ike.®

al kyl" and "C[err] Cerr] aIkyI"-lslé _ ﬁm' aIkyI" 20  which
refers to a saturated, unsaturated traight® or (9c)

¢, R, RY, R, RS, R’, R%, gs R“, R“ RY, R5° and Y are as
5 deflned above, optlonally contactlng a compound of. formula

(9¢) w1th a cycllzlng agent to form a compound of formula

(I), and optlonally formlng a pharmaceutlcally acceptable

salt thereof
10 ©  DETAILED DESCRIPTION OF THE INVENTION
As used in the application:

(a) the de31gnat10n u o W—g refers to a bond that

15 protrudes forward out of the plane of the page,

(b) the designation ”'mﬁ'f'refers to‘a_bond“that

protrudes baekward out of the plane of the page; and'

20 (c) the de31gnatlon o ”.refers to a bond for whlch

the stereochemlstry 1s not de51gnated



E

branched chain hydrocarbon radlcal of fromone to-three carbon at ons.
I ncl uded WMORSB8138e scope of this termare nethyl, ethyl, i FSFOPH3655ng:

the like. 25 "~ "Substituted ((err].- C[err])alkyl" refers to a .
Cl-C6 al kyl group t hat may i nclude up to1 hree (3) substituents containing
one or nore heteroatons. Exanples of suc ‘WD 98/38158 ' o

PCT/ US98/ 03655. - 16- substituents are OH, NH2, CONH2, CO2H, PC{err]H[err] :
and SO[err]Rlerr] mhe$%|%3%$ehﬁfe%§ h?HPo&@ﬁm CPhs;maqut%ﬁa %ﬂ The term

“(derr]-Cerr c] oal k refers to. a.s mme
~.group. |IM§QEA§F }%Iﬁa¥ﬁlsr§#865 EPee& ﬁﬁ@% %%i ohexy
-cyclooctyl and %@; it"substltuted (C[err] C[err])cycloalkyl group”.
refers to. %?%?Ba?ﬂ Sgroup having up to three C1-C3 al kyi, halo,

or ORerr] substltuents The substituents nmay be attached at 10 any
avai | abl e ‘car bon aton1 Cycl ohexyl |s an espeC|aIIy preferred cycl oal kyl

aroun. sane term - (G Lbtebthon “ErlHhaaiaaldinl, Misisdbis 4Bia

ger “one, two or t rerers a~cyclopropy clobu

' gﬁg;f?fﬂ;%{aéﬁg&gﬁt%fed 5.9 ilnEEhméb' @%n%pp%hwd Wrﬂfn%&?ﬂé gf@@nlc g

' or 1norgan1c ac1d addltlon salt of the compounds of formula
I or any of its 1ntermed1ates, 'Illustrat;ve 1norgan;c ac1ds
Which form suitable“saits_iucludeahydfochlorio, hydrobromic;

10 suiphuric, aud phOSPhofic acid:and aoidumetal salts_such as
sodlum monohydrogen orthophophate, ana potassium.hydrogeu '

' sulfate Illustratlve organlc ac1ds whlch form sultable
salts 1nclude_the mono— d1— and trlcaboxyllc acids.
IllustratiVe'of suohfao;ds are~for-example,_acet1c,

15 glyoolic; lactic,_pyruvic; malonic, suociuic; glutarlc,

| fuma;io) maiic, tartario5 citrio,_ascofbic, malelc,
hydfoxymaleic,:béuzoic,shydroxybenzoic, phényladetic, : 
cinnamic, salicylic; 2-pheuoxy-béuzoic; and sulfonic acids.
such.as p~toiuenesu1fohic_aoid methane sulfohic acid.aud 2-

120 hydroxyéthane sulfonic'acid Such salts can ex1st in either

~hydrated or substantlally anhydrous “form.

Thé expfession 4pharma¢euticall§ acceptable'basic
addition salts” 1s 1ntended to apply to any non- tox1c : |
- 25 organlc or 1norgan1c ba51c addltlon salts of. the compounds
of formula I or any. of 1ts 1ntermed1ates Illustratlve
bases whlch form suitable salts 1nclude alkall metal or.

'alkallne—earth metal hydrox1des such as sodlum, potas31umr



The term™ '  kenyl " refers to. an unsaturated strarght
chain hydrgézﬁ%%%aiadlcal of fromtwo to twelve carbon atoms aﬁ?g aV|ng
fromone to three triple bonds. Included within the scope of this termare .
et henyl, 20 propenyl, isopropenyl,. n-betssyl, isobutenyl, . pentenyl, 2-

nethylbutenyl 3- nethylbutenyl hexenyl octenyl " nonenyl ; decenyl and the

like. 11 icakengk) %Adnésfﬁﬁrbfd E:bﬁbma g?'r)blxﬂd%‘éa %ﬂ/or?f@ goybl e bond.

25 : The term " C2-C yny ers to an unsaturated straight

or br anChechlciﬁha(tiwdr@;ﬁ@lb@”oraﬁ%ﬁ\]atﬁt B tl\e-.o i | Mg ag Hon at ons

and having fromone to three double | 38158 .

PCT/ US98/ 03¢thy Uafmikendsimet Rgh HAGH W wlﬂlettiﬂﬁrl%&ﬁﬁfé Ofaiddnyigninar e
et hynyl, "propynyl, isopropynyl, 2-nethypropyny hexynyl, decynyl, and the

like. It itsipetrhyTamhinéy i)sepebp?ddﬁ.b@hyahlﬁi@w fpaa:lmrye Qﬁ@dt%i@bﬁlﬁé”d
5 The term"Cferr]-Clerr] al koxy" refers to a straight or branched al koxy

group c5nta|n|ng fromone to six carbon atons, such as nethoxy, -ethoxy, :
n- pr opoxy, |sopropoxy, n- but oxy, i sobut oxy, pentoxy, -2-net hyl pent oxy, ‘and
the |ike. .. As used hereln, the term: “C1-Ci2 alkyl” refers to a
' | saturated . stralght or. branched chaln hydrocarbon group of
from one to twelve carbon atoms Included w1th1n the scope
_of this term are methyl ethyl n—propyl 1sopropy1 n;
10 'butyl lsobutyl sec-butyl tert butyl pentyl neopentyl
: p2—methylbutyl 3—methy1butyl hexyl heptyl octyl nonyl
_ decyl and the like. Included-w1th1n the term 1s_the term
”leCs'alkyl” which refers:toﬁa.saturated;'unsaturated(.-'
straighttor.branched chain.hydrocarbon radical of'from~one~
15 to six_carbon atoms.. Included w1th1n the. scope of thlS term
are methyl ethyl n—propyl 1sopropyl n- butyl 1sobutyl,_-'
sec-butyl tert- butyl pentyl neopentyl 2—methylbuty1 3~
'methylbutyl hexyl and the like. Inoluded_wlthln the terms
“Cy-Ci2 alkyl” and “C,-Cs alkyl”:is the terms “C,~C; alkyl”
' 20 which refers to a saturated' nnsaturated straight or
| branched chaln hydrocarbon rad1ca1 of from one to three

carbon atoms. Included w1th1n the scope of thlS term are

;methyl,_ethyl, 1sopropyl and the 11ke

25 - '_'"Substltuted (Cr4h)alkyl" refers to a Cy<k alkyl :
'group that may include up to three (3) substltuents | |

" containing one or more heteroatoms.' Examples of such



10 The term™“(Jerr]-Cerr] alkoxy)phenyl" refers to a phen
-+ substitut e(YVQ\PQ’?%[lﬁ Cl-C6 al koxy group at _any avail abl'e car boﬁ%ﬂgﬁz@%enyl__
ring. The term"hal 0" refers to chloro, brono, fluoro, .15 or iode. The

terns "arondtic group". and "heteroaronaiifsgroup refer to common aromatic
rings having 4n + 2 pi- electrons in a nDnocycllc or bicyclic conjugated.

systen1 20 The term aryl er p n A term-
aral?yl réPgF§l$8e:h éﬁL Fﬁi S?F g§#§ g?@ﬁ% an%x%?ﬁges of - 0o
aromatic groups arephen enz a joar omet i c .groups Wi o
contai n one¥8FrFsfe®o y’g%nhy‘ﬁ %‘ée ’atr?g‘/ %lrﬁ%»il - a Ons in the ri ng. '
Exanpl es of 25 heteroaronatic groups include furyl, pyrrolyl; thlenyl

pyridyl and the Iike. Theeggdﬁ“% ﬁgﬁggga?E%iQOQ%E@EE' rom()éﬁg

PCT/U898/03655 18- groups are s have
Lotependenty g cszéaf%m g ;édfe Hol i iy
(oo Seer ) sl FLoloa s henn,e G ).
B llke A ”substltuted (Cy{h)cycloalkyl group refers to a
(Cg—Ca)cycloalkyl group hav1ng up to three C1—C3 alkyl halo,"
_or OR“'substltuents 'Theosubstltuents may be_attached at
10 any available carbon'atom;,.Cyclohexyl is an,espeCially.
.'._preferred cycloalkylfgroup;i:The term ";(CHﬂm;(Cr<k)ﬁ“'
_cycloalkyl”'where m is- an 1nteger one, twb:or three refers h
to a cyclopropyl cyclobutyl or cyclopentyl rlng attached to
| :_-a methylldene, ethylldene or- propylldene substltuent
15. : _ .
| The term ”C;4Cu-a1kenyl”:refers to an unsaturated =
straight-or branched.chain hYdrocarbon'radical of from'tWO'_
to.twelve_carbon atonshandﬂhaving_from one.to:three_triple'
h'bonds "Included within the scdbe'of this termhare ethenyl
26 'propenyl 1sopropenyl n-butenyl 1sobutenyl pentenyl 2-
| methylbutenyl 3—methylbutenyl hexenyl octenyl nonenyl
decenyl and the 11ke It 1s espec1ally preferred that

alkenyl have only- one double bond.

25 .The'term ”Cz—Cn alkynyl” refers to an unsaturated
-stralght or branched chaln hydrocarbon radlcal of from two-”'

to twelve carbon atoms and hav1ng £from one. to three double

ree _



wher ei n errl..is hydrogen or err]-Clerr] alkyl and R er rdehsedi en, .
(C[-err]--C[gvﬂ_”ba@I', yBOCg(Jr- FIVD%‘?, 10& N]q err]¥, -'CR[(ljr] ﬂd@f%?@f (0)
(CHerr])[err]NH err] (wherein m is an integer. 1o 6) or S
-CHerr]-OSi(Rerr])(Rerr])(Rerr]) (wherein Rerr] i's hydrogen or
Clerr]-Cerr] 10 alkyl): Especially preferred substituents-for the

ol ot Srugg | noLUdE ki el d G e (SRS Lrmoatly GRGRCH, The

Rl BTSRRI RO GBI o500
[ . . Cl- , ! i i

o) et elga LT Lsks M dhogen ol AL e A8 B i gheta o

~groups.5 wherein said.groups are optionally substituted with one, two or .
three subst??ggnPgengé _EH%PP%L1the group consisting of CJerr]-Clerr] .
al kyl, halo-substituted C1-C4 al kyl, halogen or CJerr]-Clerr] alkoxy. The
‘terns "Power al koyl group” or "Clerr]-Clerr] al koxy" refers to an al kyl oxy
radi cal made up of an_oxygen radical 10 bearing a saturated straight or

‘branched chain hydr_oca‘hﬁyl%euraui &arcefa%@xi’of?%&réaiisoﬁ ég&?slg_iﬁdﬁr |

| SpeCificaH%ranched alkoxy group contaipihgifrom one tO'SiXHcarbon__
| -étoms, such'as.methoxy,'eﬁhdxy,'n;prdppxy, isopropoxy, n-
_butdxy, isobutoxy, pentéxy; Zfﬁéthylﬁentp#y{ apd the Likel-.
:10l. The te:m "(C;ch élkoXy)phenyi”'réfe:s to a phényl Qroup_
| ' substituted with ; lecs alkB#y'QrOup'at.any_av%iiabieu.

~carbon on the phenyl'ring; 3

,_"The_term “halo” refers to chloro, brémg,;fiuoro,

15 -or iodo.

.The'térms}”aroméﬁic-éfouﬁ” and."heteroarématiC' '
group” refer to common érométic'rings having.én'+ 2 pi
electrons in aﬁmonécyclic.or bicyclic COnquéEed.SYStém.:

20 ‘Thé term ?aryl? refégé to aﬁ afomatié'gféﬁp)?andfthe'term
»aralkyl” refers to an afY1(c;%c6falkyl)'g;oﬁp;"Ekambles:of
J*aromatic.groupé'are pheﬁYi, bénéyi.and.naﬁhthyl;L- -
Heterbaréﬁatic grcups Wiii éénﬁainzone dr'ﬁdrécéxigen, 
.nitrbgeh and/or sulfuf.Atdﬁs.iﬁxtﬁe.riﬁg.'.Ekaﬁples.of
: 25 hetéroaromaticIgrdﬁﬁs:iﬁﬁlﬁdé fury1, p§£roiyi;.thiéﬁ?i;'

. pyridyl and tQé_like._‘Whén-the aromatic-or-heteroaromahic



i ncl udes net hoxy; ethoxy, propyloxy, lsopropyloxy,_n- butylo y,

- i sobut yl oxW0 9888158ut yl oxy, tertiary -butyloxy, pentyl oxy and ROTAUSIBO3655
Specifically included with the scope 15 of the term"aryl". are phenyl,
p-tol uoyl, p-methoxyphenyl , p-chl or 'o-ph'en)il ‘napht hyl and. the i ke. V\D
98/ 38158 ' ' R - PCT/ US98/ 03655 - 20- . As
used :herein, the term"heteroaryl" refers to a substituted or unsubstituted -
het er oar oneaTeuUPSdRER| SWREERtusRdai Bheyn@ayr hevie Euesh-ang Heh WHERS t uent s
~within the ring, said substituents: selected fromoxygen, nitrogen or 5
“sul fur:  Thindependenbder sefecsedof aCormlliand, rarrCsarblaxyt oms hadahe ri ng
range fromfour to twelve atonms. Specifically included with the scope of
the term "hatksbatyentare ﬁ‘hﬁo@;‘@hﬁtl@omrmmsemaayshearﬁﬁmhfkras furyl,
pyrrol yl, thienyl, pyridyl, and the Iike and bi cycl ic 10 conj ugat ed

syst ens suc$ulast1t1dbéé wAthuSe‘dfliaoe‘lométéwdxl @O0R ﬁgtwlneaasnaR? hrise-
menbered ring whose backbone consists of two carbons and an oxygen a_tom'

- As usedSherley@rogani ordCpeCy iaigty Ifsarosa, 1503Hhrsezm‘énbmtaif)r(iRﬁg) whose

: backbone consists of. two carbon atons and a nitrogen atom - As used herein
suI fl de rl (whierein R*® is hydrogen or C1—C5 alkyl and R60 is hydrogen, _

cl-cs alkyl, BOC or FMOC), :_-CN —NOz, -OR57 |
-CHzOC(O) (CHz)mNHz (where:.n m" 1s ‘an - 1nteger 1 to 6) or.
—CHz—O SJ.(R57) (R%) (R59) (where:.n R58 is hydrogen or C1;C5 _
a ) 10 alkyl) Espec:.ally preferred substltuents for the aromatlc
| groups include methyl ‘halo, - N(R”) (R‘°), and’ OR57
The substltuents may be attached at any - avallable carbon

~ atom.

15 o Especially prefe_rred_' heterocyclic or’ substituted_

} heterocyclic groups incil__ﬁ,de B



a sulfur

~nmeans at er ed r|ng mhose backbone con5|sts of two and
g@gﬁnggg used herein eplsulflde ring" means a three- nen@ered o

Ting whose backbone conS|sts of 20 two carbon atons and a sulfur atom As
used herein "sul fate group” means a fivelgenbered ring consisting of a
~carbon=* car bon- oxygen- sul f ur- oxygen backbone with tmo addi ti onal oxygen
"atoms connected to the sulfur atom As. used hereln ".cycl opropyl ring"

means a three menber ring whqg ackbone onsj sts of three -carbon
atoms. As used herein, "nondal kylgkiSs r|n ans ‘a five nmenbered.
ring consisting of a carbon-&]rben- oxydenA hosp or oxygen backbone mnth
~two.additional oxygen atons, ofe of vhich 38 58

- PCT/ US98/ 03655 bears a | ower al kyl group, connected to the phosphorous
atom- As used herein, the terNyu(=0" \n coffs N5 war bon on
t he r|ng to mhlch it is. attac; ef erg : ) e fornmula

10 - The term " O ar "/rejer:_ | ryl'group

bonded to an oxy nmoi ety. As-used“herein, N‘he term " TB refers to tert-
but yl di met hyl silyl represen R o

‘wherein R? is hydrogen or _cl-c's- alkyl.

“The term “aryl" refers.to an aromatlc group of
.from 6 to 12 carbon atoms, such as phenyl or naphthyl groups
__S"whereln said groups are optlonally substltuted w1th one, two
or three substltuents-selected from the group con31st1ng of
__C1—C4 alkyl halo substltuted C1—C4 alkyl halogen or Cl-C.; :
alkoxy. - The terms ”1ower alkoyl group or #C1-Cs alkoxy
refers to an alkyloxy rad1cal made up of an oxygen radlcal
10-'bear1ng a saturated stralght or branched chain hydrocarbyl
| .radlcal of one to flve carbon atoms and spec1f1cally |
includes methoxy,'ethoxy, propyloxy, 1sopropyloxy, n-'
l'butyloxy, 1sobutyloxy, sec-butyloxy, tertlary butyloxy,
tpentyloxy and the like. Spec1f1cally 1ncluded w1th the scope
15  of the term ”aryl” are phenyl P- toluoyl p—methoxyphenyl
” hp chlorophenyl -naphthyl and the 11ke



15 - [err] As used herein, the ternr"NHS refers.
to N hydrowysmmn5m|n1de represented by ‘the formula [err] 20PCT/U§98/0367538158
PCT/ US98/ 03655 - 22- . As- used herein the ternr"Ph" refers to a phenyl. '
noi ety.  As used herern t he ternr"base l.agil e. ami.no 5 protecting group”

refers to common ami no protecting groups thch are known to be base labile.

" The artisan can consult common works such as Greene, T.W "Protectrng
Groups in Organic Synddeused, heredn, (Kbe weR “TggBroasgrl PHIFRALF FPy2
Chapter 7 of Greene. _An especiall referred base | abile 10 anrno
protectrrm)%HQﬁﬁFW%t¢@u@FeH?SHFﬁﬁéiyg eqﬂqﬁﬂﬂatlﬂu¥§4&?ﬁ - Y

activatable carboxy protecting group" refers E ~car box protecthg groups
.contarn|ng‘%%@W@h%%b?@ee§FeW°§§b§PPrGéﬁp§na

ordinary ski]Jl in the ari. and disclosed by ene Surtable
car boxy proE%QQrnﬁabgoﬁﬁ?saﬁEuFﬁ5§esﬁﬁ %ﬁRIQﬁHQ&H@E ?% gen |

substltgenl lESLUdleﬁ N-htglonﬁmber of carbon atoms and non- carbon'

"atoms in the rlng range from four to twelve atoms
Specifically 1ncluded w1th-the scope of the term
.”hetercafyl” are monocycllc conjugated systems such as

;furyl pyrrolyl thlenyl pyrldyl and the llke and blcycllc -

10 'conjugated systems such as 1ndole.

. As'used hefeih 5epoxide tind“ means a:thfee;n
membered rinQIWhose'backbone-consists of two-carbons and.an.
oxygen'atom"-As used‘herein,'“a21r1d1ne rlng 'means a |

15 'three~membered rlng whose backbone con51sts of two carbon
| ~atoms and a nltrogen_atom.- As used‘hereln'“sulflde_rlng"h:
means-a'three-membered"ringiwhose:backbone'consists of two
carbon atoms and a Sulfur.atom. As used herein “episulfide
rlng" means a three—membered r1ng whose backbone con51sts of
20 two carbon atoms and a sulfur atom As used hereln "sulfate
| .._group" means a flve membered rlng con51st1ng of a carbon-
carbon~oxygen-sulfur—oxygen_backbone w1th'two addltlonal
: oxygen atoms connectedﬂtoythe'sulfur'atom.l As used herein
.rcyclopropyl ring" means'a three_member-tlng whose backbone.
-25 consists of three carbon atoms. .As used herein,_
."monoalkylphosphate rlng“'means a flve membered r1ng
_cons1st1ng of a carbon carbon oxygen phosphorous oxygen :

' backbone wrth two addltlonal oxygen atoms, one of which



‘succi ni M dfo '5‘ roxysul fosucm ni m de and salts ther eof, F,ggggg\yl
4- nltrophenyP 4- dlchlorophenyl and the 20 like. . An espeC|a
_preferred activatabl e carboxy protecting group is- N—hydroxy su00|n|n1de _
(NHS). A general synthetic procedure is-Zket forth in Schenme A In Schene
A, all substituents unless otherwi se 25. indicated, are as previously

| defined. ReapgnhsiokReNRiIRYas f@%?l”d&ﬁﬂ&&@éﬁtﬁﬁdthé H8BRofoike well
known and appreC|atgd by oﬁgqo? ordinary skill in the 5§$ _ﬁﬁovmgg8/38158

PCT/ US98/ 036&& . - 23- SCHEME A [err] - WO 98/38158 - - :

PCT/ US98/ 03655 -24- SCHEME A (cont.) [err] In-Schene A step 1 an. alkene

.of formula (2) is epoxidized with an-epoxidizing agent to forn1an epoxi de -

" of _ _ - P _ N | | . o
'As used herein, the term “(=0)” in combination .

© 5 with the carbon on the~rihg to'which it is_attached refers

' to a carbonyl group of the formula

o N ' s The term “0O- aryl" refers to an aryloxy or an aryl

group bonded to an oxy molety

-As used herein,jthe term “TBS” refers to tert—.

butyldlmethy1511yl represented by the formula

15
| ?” _CH,
—Si-C-CH,
oH, ‘o,

As used'herein, the term “NHS” refers-to N-
hydrdxysuccinimide representedlby_the formula

.20




formul a- (3 The conpound of formula (2) may be epOX|d|zed non-

“sel ecti velWO8P#FEa suitabl e epoxidizing agent. =~ An "epoxid E?W&%@éﬁi "is
an. agent capable of converting the al kene- analog of conpound (2) into the
epOX|de of conpound WO 98/ 38158

- PCT/ US98/'03655 -25- (3). "Suitable epOX|cFZ|ng agents |nclude pota55|um
peroxononosulfate (oxone conblnatlon W th ton

met hyl't ri oxor heni un( S ﬁg?ﬂlﬁﬁﬁﬁﬁp € K" §%§ gﬁﬁsnﬁﬁnéspaﬁpyl
nonoperoxyﬁPth | at-e, mnth Oxone in conblnatlon 5 mnth acetone, or n}CPBA
bei ng pref &4Y - Possi.bl e solvénts for the epoxi dation of ‘a conpound of
formul a ((2) include acetone, DVF, glyne, dioxane, CH3CN, alcohols, THF,
Et OAc, halohydrocarbons chl or obénzene, di chl oromet hane ‘and 't ol uene.” The

reaction optionally t éﬁéf‘ é{htéﬁéjéérﬂr PEgLse lfgo%ékgple base such.

as thKIB Reactlonz%enperatu es my Tange fron1abo C to about

50[err " d,
epE)X| d]e of rtrru g (g3) maf{ ]beq?él SO l?%t ed %én‘hﬁ%ur%l n%%@%rgéle%gst rtoé %nl ques =
and proced%&ﬁ%ﬂ“ﬁﬂe'ﬁHB%h'ﬂbtﬂEfﬁﬁée l?ﬁlfé 15Th§°££€ﬂs&ﬂreaﬁt%%h%%ﬁt :

The - [err] and [err]- epoxides of fornula
common works such as Greene, T.W. -“Protectlng Groups in

' _Organlc Synthes1s“ Wlley (New York 1981) See particularly
Chapter 7 of Greene. An espec1ally preferred base lablle

10 amino protecting group 1s.fluorenylmethoxycarbonyl (Fmoc).

The term ”sultable actlvatable carboxy protectlng
.group' refers to carboxy protectlng groups contalnlng
.ac;ivatable ester subscltuents and are known by one of L
-15 ordinary skill in the art-and disciosed.by Greene, T.W:,_,.
| supra. Suitable carboxy protecting groups=are'chose which 3
.. are actlvatable ester substltuents 1nclud1ng N- hydroxy—.
succinimide, N—hydroxysulfosucc1n1m1de and salts thereof 2-
) nltrophenyl; 4-n1trophenyl,_2,4-d1chlorophenyl, and the
20:'1ike5 An especiaily.preferred actiuatable'carboxypr

-protecting group is'N-HydrOxy-succinimide (NHS) .

A general.s?ntnetic;procedure.islset'forth in-a.
Scheme A. In Scheme A all substltuents unless otherw1se s
.25 1nd1cated are as prev1ously deflned Reagents, technlques,o
~and procedures used in Scheme A are well known and

'-'appreclated by one of-ordlnary skill. in the art.



(3) may be separated by HPLC, It is pref erred that
[err]- epoxr‘)&q&eggé#ﬁéornul a (3), conpound (3b), is separated fr%ﬁqﬁtu 98/03655

[err]-epoxide of formula (3), compound (3a), and further used in the -

remai ni ng steps of the process of this 2.023+nvent|on to-forma the.
[err]-epoxy formof a corrpound of formula (1). ~ However, ‘the epoxi di zi ng
reaction of Schenme A, step 1 can al sog%l d W th the a-epoxide of . forrrula
(3a) or with a mxture.of the two epoxi des. WO 98/ 38158 = .

PCT/ US98/ 03655 -26- [err] The compound of - forrrula (2) wherein R[err] is H.
may be 5 epoxidi zrﬁi di recthy usi ng m CPBA. The m CPBA epoxi dation- may be
carried: out on ac oundr® forrmla(2) to glvea12" [Fé‘rr] :

di astereomae¢ '
[err]-diastefeoners:

This direct epoxi datrgﬁ,‘r s |II¢@ rated istesOl Schene B SCHENE B [err 15"
By elimnating the usé of the hydroxysucm n| m de ester; OR" ORF -
- | (2) S N € Y|
B

step 2 . | I y :
S S 07 Nom :_(_).

step 3 o OH j//\o S
e | o ~om ‘¢

\j

‘step 4

(9




one step is_elimnated fromthe synthe5|s Furtherrmré a co
fornula (367°Rﬂ?“5% 20 " prepared by deesterlfylng a conpoundggggggg@%§$dlng

to "W 98/ 38158, ' PCT/ US98/ 03655 - 27-
Furthernmore, a conmpound of fornula (3c) n@y_be prepared by deesterlfylng a
conpound (2b) according to Scheme Bl. In Schene B1, R[err] is Cl-C6 al kyl
whereas all of the remaining subst% “ﬁ% reV| ously defined. 5 R
SCHEME Bl [err} 10° C IkyI ester of fornula
-(2b) is deesterified mnth a suitable deesterlfylng agent- to formthe acid .
“of formmula (3c). The term"suitable deestgrlfyln Aagent"” enconpasses any
suitabl e nmeans or conditions for renovi moi ety of Rlerr] while
inert to the epoxide. 15 For exanpl g&. i tah asgo such as pot assi um
hydroxi de, is added to a solution t Y6l asﬂér_oﬁufornula (2b) ina -
~suitabl e sol vent, suth—as—terrahydrofur@n oThe biphgslc nmixture is then
allowed to stir at a beégarature ranging onwé%oul 2( Rﬂ(:to about
80[err] C preferabl y 40[err] C and 65[ern

NHR&'\S(O) R (10)

A B

step 7 _ _
A 2R Tom)
--I\S(O)qR‘“ (10a}
. step 8
.5 : In Scheﬁé A, . step i .an alkene'of*fdfmula (2)-is'

epox1dlzed with an’ epox1d121ng agent to. form an epox1de of

formula (3)

The compound of formula (2) may be epoxldlzed non-,
10 selectlvely u51ng a sultable epox1d121ng agent. ,An,.
' ‘epox1dlzlng agentfﬁ;s.ap_agent“capable of.converting.the.

alkene'analog of comppuna_(z)-ihto the epoxide df_compound



.20 a peri %?@ zpm about 6 to 24 hours A After cool I ng to {’8?)939810365%
suc

“t enperat ur queous | ayer is mashed mnth an approprlate acl
“1N.hydrochl oric acid, followed by brine. - The mixture is dried, filtered
and concentrated to provide'the_acid_of.cﬁpg. 25 WD 98/ 38158
PCT/-US98/03655 -28- The ester of formula (2b) may be prepared by

epoxi di zi ng 4 artalsﬁﬁegbg%r ég%l\ég_zq_fnld:’ %q{%m f“détéggtal%i‘;%' ch | s also .

known in th 2479 (1995).
5 The conpaygdoRbmbAbeuh2a ?: fo%&bn@)séirf%o%ﬁi :?%it‘!l’%'%céeeﬁbd' aRd to

form ei ther” the conpoun rnmula’(3a) or (3b) -using a iral kétone with
Oxone i n t hepPASSRBERy 2 rd oxidirhali aﬁlensucéwﬂwf@@ruaweleraegaures 10
-analogous to those dlsclosed by Tu, et al, J. Am Chem . Soc. 118, '9806
(1996) ; V\a”ﬂndzm ibsam sonBpdro t@'?alaa-_?@B %199 OxoNéNgn EoMbehatlion J. -
Am Chem Soc. , 11224 (19 ) referred conpounds of formula (2) for ~

this reasct I\Qﬂthnabéden'&aboﬁﬁ W%lwrﬁﬁeﬁr@@BHYPosBiBlé] sbS.vents
.. for the epox1datlon of a compound of formula (2) 1nclude
.acetone, DMF, glyme, dloxane, CH3CN, alcohols,.THF,_EtOAc,
-‘lhalohydrocarbons, chlorobenzene,ddichloromethanehand '
toluene. The reactlon optlonally takes place in the
:_10 'presence.of a sultable base such as NaHCO; Reactlon |
.'-temperatures may range from about —30°C to about 50°C w1th
about —10°C to about-25°C;be1ng-preferred The epox1de of'
formula (3) may be isolated and-purified'accordlng to
ltechnlques and procedures well known 1n the art such as
.15 .column chromatography The o~ and B—-epox1des of formula~'
| (3) may be further separated by HPLC --It lS preferred that
dthe B- epox1de of formula (3),:compound (3b), is separated
from the O-epoxide of formula (3), compound (3a),-and
further used in the remalnlng steps of the process of this
20._1nventlon to form a the B- epoxy form of a compound of _
| formula (I) However, the epox1d1z1ng reactlon of Scheme A,
step 1 can also be used w1th the a—epox1de of formula (3a) '

. or with a mixture of the two epox1des



15 nethyl R and Rlerr] forma second bond and R IS NHS. "As used herern
the term" WP?@SISketone" refers to a ketone containing the ?6'?’!"5%’9?655
general features: 1) the stereogenic centers are close to the reacting
center; and 20 . - 2) the ketone gas a fused ring and a a :
guat ernary center a to a carbonyl group,2 nd 3) one face of the ketone is
sterically blocked. One especially preferred chlral ketone |s of the
structure: [err] - RB/ 38158 R®

PCT/ US98/ 03655 - 29- Nni ¥ preféyred c |raI ketone can be’ prepared from

- D-fructose by ket ion under routine conditions. .For
exanpl e; the ketalizationican be c:nplet ggu5|ng acetone,. HOO J err] "and the
process is conducted at alpm# 5 O r]C For exanpl e, t he .oxi.dati on can
be conpl eted using pyr|d|nrunrchlorochronate at roonrtenperature These
reactions are known in the art; see, for exanple: Tu, Y. et al, supra. and
‘Wang, Z-X et al. supra. The. asynnetrlo epoxrq§t|on caﬂﬁbe carrled out at a
pH wi thi'n the range of 10 fromabout 7:0 durlng the

reactlon _ R G

W)
)

(3b) '_'

OR22.

"ORP -

The compound of formula (2) whereln RP 1s H may be'
fSp.epox1d1zed dlrectly u31ng m—CPBA The m—CPBA epox1datlon may
| be carrled out on a- compound of formula (2) to glve a l 2:1
B/a dlastereomerlc mlxture of epox1des. The 1nd1v1dual o~
and ﬁ—dlastereomers of (3) may be separated by HPLC," as

described above. This dl:ect epox1datlon_1s 1llustrated-in

10 Scheme B{
SCHEME B

1. m-CPBA
R e

2 HPLC
separatlon

| cza)

By eliminating the use of the N-hydroxysuccinimide ester,

"one'step is.eliminated from'the SyntneeisL'

.En:thermoie,'a compoundfof'fOrmula (36) may”be? ;

20 - prepared.by_deesterifying a compound (2b) according'tOZ



Arthough.l es about 3-4. eqU|vaIents of chiral ketone
- @orosﬁﬂg 53; 1‘ ({BE% sbss

conver sion ater t han '95% wi th-many . cryptophycin interng es at

pH of about 8.0, it is 15 p055|ble to use less chiral ketone (about 1-2
equi val ents) at 'a pH of about 9.0 or abome Suitabl'e sol vents useful. for

t he- epoxi dati on step include H20, DM, gl yne, dloxane CH err] CN, alcohols

- THF, Et OAc, . hal ohydr ogay. | oro , n _
CH3CN/ H[err] O sol vent coggl AT EQ éoco @’ﬁlg‘raSPe erre 1 Psa%)'\tm% e

t enper at ure&r err?%tg??fglngo crt%rgottﬁ’uﬁb(%) 235&(‘:3(5 t%ﬁl g el ‘about

-lo[err]C out ern e I ndividu I Soners, (3a)

(3Db), of. HkSiﬁepE:PdUCin@chEﬁB Be, gel aked, and Nuk1f 'uﬂ'fiafﬁ/aé e&mngges -

mell known in the art such as extraction, evaporation, chr omat ogr aphy
~and recrystald i Zahd PRind Qﬁsge&taén%beewelsegfé«aw dféfn@eat.,! lizes the
chiral ketone of structure (2b) to provide a m xture of epoxides. in the.
crude pgoduct (3) in the ratio of about .{err]: [err] 1:5. ‘WD 98/ 38158 .
PCT/ US98/ 03655 -30- The conpound of fornula (2) where R[err] i's hydrogen S
known.or i's readily prepared by nEthO@SHKMEMBIOF analogously knomn in.the
art; PCﬂ'I ntnl. PubI No. WO

4
R

..o R R° “
3 . " Deesterification
———————————

(2b) .

OR®*

ORes

10 .. In SCheme Bl the alkyl'ester'of formula'(Zb) is

pdeesterlfled w1th a sultable deesterlfylng agent to form the.:
. _acmd of formula (3c) ' The term ”sultable deesterlfylng |
.agent” encompasses any sultable means or condltlons for.-_
-remov1ng the ester m01ety of R? whlle 1nert to the epoxlde..
'15' For example, a sultable base,;such as potaSSLum hydrox1de,_.
B is added to a solutlon of the alkyl ester of formula (2b) in
a sultable solvent, such as tetrahydrofuran. The blpha51c _
mlxture is then allowed to stlr at a temperature ranglng
from.about 20°C to about 80°C preferably 40°C and 65°C for
20__a perlod of from about 6 to 24 hours After coollng to room
“'temperature, the aqueous 1ayer is washed w1th an approprlated
' ac1d such as 1IN hydrochlorlc ac1d followed by brlne _ The..
mlxture is drled flltered and concentrated to prov1de the |
fac1d of (3c)
25



5 97/07798, ubllshed March 6, 1997 PCT tntnl. Publ. No. WD 4
publ i 'shed - I%Q,‘ 819, 1996, Barrow, R A et al. J. Am Chen?cgf/én%}?%
2479 (1995). The [err] - epoxi de of fornul a (3) is generally preferred and
i's used. throughout the process of this |Q@eht|on 10 In Scheme A, step 2,

t he epoxide of.formul'a (3) is coupled to the antno acid of fornula (4) to

Jeids of formila (4) hE BOAFEr 8.f2%r”“' <§a)enav & %%teadﬁf? :‘B“aPSd by
: -k

(4) el ude PrsEa a8, the AT Y %1%@e¥02fed?f’§i”t°%af nnf;la[et? W
20 15 hycrgene 35 o e KEokm GF he 2uf . (eElGloy A MR Sor A

WO 97/ 07798¢p bls§gedl rc PCT Intnl. Publ.. No. WO 96/40184,
publ i shed Decgﬁher 19, ?29654ggr#g%;5 ‘A. et al. J. An Chem Soc. 117,
2479 (1$95). : . The epOX|de of fornmula (3), where -Rerr] i's
NHS, is coupled to the amno acid of formula (4) according to coupling

procedures which are Tﬁérboh@ohh@ @&o@dy%ﬁugumgyanytaqsoFEE exanple the
epOX|de of formula (3) is
stereoselectlvely epox1d1zed to form either the compound of
. formula (3a) or (3b) u51ng a chlral ketone w1th Oxone in the
_presence of a suitable base such as NaHC03‘u51ng procedures
10_'analogous to those dlsclosed by Tu, Y et al, J.-Am. - Chem.
Soc. 118, 9806 (1996); Wang, Z-X et al. J. .Org. Chem. 62,
'2'328._ '(1997), Wang, - X et al., J. Am. Chem. Soc. '119, 11224
'(1997’- Preferred compounds of formula (2) for thlS.- |
reaction 1nclude those compounds where G is phenyl R is
15 __methyl R* and R® form a second bond and R is NHS. As_used--
sthereln,lthe term "chlral ketone" refers to_a ketone_¢_
containing_the following_general_features: h
| - 1) the stereogenichcenters are close to'the'
.reacting center; and7 | . | |
20 -t.”f ) 2) the ketone has a fused r1ng and a a quaternary
| .:center a to a carbonyl group, and

‘3) one face of the ketone is sterlcally ‘blocked.

One_especlally preferred chlral ketone is of the structure:

25 (2b). -



WD 98/ 3815 . PCT/Us9sio
cont acted %q%s%srom about 1.5 to 3 5 eqw valents of am no ac?g%@i?é&vﬁ

Rlerr] and Rierr] are both hydrogen, and a suitable S|Iylat|ng agent in- the:
presence of a ‘suitable organic solvent.-ZSHtable organi c_sol vents incl ude
DVF, glyme, 5 dioxane, CH3CN, THF, EtOAc, and hal ohydrocarbons, such as

met hyl ene chioride. . Fheqr gackbon er@gﬁf%&&@ cdn 15UTSLE a&sdrﬁg%ng o

fromabout -30[err]Cto about a tenperat ngi ng

about 20[ erg] ﬁﬁ@t@?@ubyGQEE'a&LQaIE%'o?ﬂ HETSE Btk 1 od NEndERIPBAL 1 AuB

conpound of formula (5)  may. be 10 'isol‘ated and purified according to

techni ques @é&@ldpw@ﬁgureaowelekah@qw ithd heetd1i saltoRScXt haCkbPleted -
evapor at i on, -chr omat ogr aphy and recrystalllzatlon As used herein, the term

"sityl ati nusiyegt &cesohs, Hellegh edntlr theamromsagents capabict od attabbuag a
" silyl group to a target substituent. .Generally known silylating agents are
“enpl oyed. @eecf orFexasrhrplEal the, okidaticH lgzpbResgsl st éd GBgagi ¢
Synt hesi s™, Academ c Press, (London, 1988). Generally typical silyl agents
i ncl ude anypyen@nanh.uﬁOch\lm:bchrbmazﬂekydts|ﬁqd»m rampesaloliras t'lrhesehyl sillyl,
triethyl'silyl, triisopropylsilyl, dinethylisopropylsilyl,
'dlethyl|sopr©@9tsonylarelkBDWplnnemeNaqﬁh samitﬁoinmwam@hethyTuLIYI eany
reagent with an alkylarylsilyl group such as tribenzylsilyl, .
.d|phenylnetm%ls$H?Fa t and Wang, Z-X et al. supra. The asymmetrlc

epox1datlon can be carr1ed out at a- pH w1th1n the range of

10 from about 7.0 to about 11 5 durlng the reactlon S

“h Although 1t requlres about 3-4 equlvalents of
chiral ketone to obtain conversions of greaLer than: 95% Wlth
many cryptophyc1n intermediates at a pH of about 8.0, it is -

lS prSSlble to use less chlral ketone (about 1 -2 equlvalents)
-at a pH of about 9 0 or above._ Sultable solvents useful for
- the epox1datlon step 1nclude 'H20, DMF glyme, dloxane,
_(3hCN, alcohols, THF EtOAc, halohydrocarbons, chloro—“ :
'benzene;'and-toluene, w1th a CHﬁHLGhO solvent comblnatlon
20 being'preferred Reactlon temperatures may range from about
-20°C to about 25°C w1th about —10°C to about 10°C belng
preferred The 1nd1v1dual-1somers, (3a) or (3b),-of crude
_-product (3) can be 1solated and purlfled by technlques well
uknown 1n the art such as: extractlon, evaporatlon,
;25 chromatography and recrystalllzatlon - A preferred
stereoselectlve epox1dat10n utlllzes the chlral ketone of '
' structure'(Zb) to provxde a_nuxture of epoxldes in the crude L

product.(3)'in the ratiodof'about a;ﬂfl:S;t'



25 -butyl net hexyphenyl si |yl and tri-p- xnyIeryI and any r §§
Cotriaryt gr I WOM? such as. triphenyl'silyl. The preferred Si Iﬁﬂ%@a’ ent
is atrimethyl silylating agent. Typlcal trlnethyl S|Iylat|ng agents
i'ncl ude N, & WD 98/ 38158 ~30-

PCT/ US98/ 03655 -32- Bis(trinethyl sil yI ) acet ani'de, all yI tr| met hyI si | ane,
N, O Bis(trimethylsilyl)- carbamate N, N- Brs(trrnethylsrlyl)nethylanrne
Bi s(trinethylsilyl)sulfate, N, C)Bls(trlnethyIS|IyI)trlquoroacetanrde ‘N, N-

5 Bis(trinethylsilyl e et hyl thi | net ane,pethy | et hyl
silyl acetat e, hexarret% ?d?ngé 88 g ‘1;'% di srl zaﬁce R-1S hyh om%

Silane, 1 HEORHZ rﬁarﬁrﬁrrmrrrre e%*%%%?%i%&’ww' oLyt
(I\I-rmrr:a[1 Klylt h:\ﬁ%ﬁ%@%@%iﬁ i;ﬁg‘?gt gtrph't gﬁg %#L;?@Ih%t l?i(sﬂ%ﬁ acet 23@6 e

N- et hyk- N- I Ogob am o
N—nethyFlV%i{gzgﬁi §?h§h}E§?P Fﬁgkgagetgﬁ?ge %ﬁ?ﬂi%}%ﬁno)trlnefhyIS|Iane

15 trimet hyd b @1®5] |§ﬁ§11§heHEbEEEﬁrBEQV asi,| qrses 1 HaTRidY, iFedosid@ngr .
4-trinmet hyl sil oxy-3-penten-2-one, N

J. Am. Chem. Soc. 117, 2479 (1995) - The B- epox1de of .

formula (3) is generally preferred and 1s used throughout .

the process of this 1nvent;on.

10 _
in Scheme A, step 2, the epox1de of formula (3) is
_ coupled to the amlno ac1d of formula (4) to yleld a. Fragment
- ‘A-B compound of formula (5)
15__ o The amino ac1ds of formula (4) are commerc1ally

avallable or are readlly prepared by methods known in the

ert;_ Partlcularly-preferred amino acids of formula (4)

include‘thdse where Rsfis'e'group'of formula (IA) and R*® is
_methoxy,.R@'is_chloro ande“ﬁis_Hr-R“'is hydrogen;;and R®?

20 'is hydrogen;.said_aminoraeids_being'disclosed hy PCT-intni;
Publ. No. WO '9'7/0_7"79'8',---."p'ubl"ish'ed-.Ma"rch; 6, 1997, PCT Intnl.
Publ. No. WO 96/40184, pnblished_'.beceﬁrber 19, 1996; Barrow,

RIA. et al. J. Am. Chem. Soc. 117, 2479 (1995). .

25 . . The epoxide of formﬁlé (3), where RP. is NHS, is
'coupled to the amino ac1d of formula (4) accordlng to
'coupllng procedures whlch ‘are. lnert to. the epox1de

functionality. _For~example,.the epox;de'pf formula (3) is



. (trlnethyl 5%&% etanide trlnethyI5|IyI ‘acet at e, trlnethy@%f@@mmgﬁge
' trlnethyIS| y énzenesul fonate, trinethylsilyl cyanide,

" N-trinethylsilyldiethylamne, N- 20 trimethylsilyldimethylamne,
trimethylsilyl N, N-. dinethylcarbamate, 213ftrinmethylsilyl)imdazole,
trimethyl silyl methanesul fonate, 4- (trinmethylsilyl)norpholine,

3-trimet hy'::l%ld[ %lf &?‘?Wﬂlf LRODBoy k! 1 TB Eﬁy?' I5yl v%%éﬁ&a‘i?f %n@

trimethyl si uor oacetate and-tri et SI| uor onet hane

sul fonat e @%H@P' A é’résﬁff‘uhpﬁlﬂ};&* Al dBbSIR ?drdgéﬂdea nfil b- 5AWREble

al kyl - S|Iyl agents, e termo ch contenpl a r||sopropyI5|IyI,

trlnﬁthy|5'i%¥fﬁﬁﬁn QEE§§/§§1éﬁe resence of a suitable or anic -
PCT/ US98/ 0365 ?rlethyIS|IyI FrlnethyIS|IyI hal i des, yIated_ureas

~ such as bi Ygrvemet hyl sid vhbueearsBak 86d venky dined vy chmv,s ughyms, -
IV(}bls(trlnethyIS|IyI)acetan1de (BSA). Bis NO trinethyl silyl acet ani de

(BSA) is amiespace Al C¥.qu efmr eEtoAs) | yhat ialohgdrbcasbbasnatsiatl s t he
desired [err]-epoxide (3c) rmay be coupled with (4), when Rlerr] is

hydr ogen, tmaﬂnyremelthbbﬁldeuplThg agant;omrakemmmnueﬂrﬂuﬁw&phmsphln|c
ChlorLde Eﬂngerature ranglng frdm about -—30°C to about 75°C, w1th a
' temperature ranglng from about 20°C to about 60°C being
- preferred.. The fragment A-B oompound of formula-(S) may be
10 'isolated and purified according-to technigues.and°procedures-
.._meil_known in the art'auch*aé'e#tractiOn, evaporation; |

chromatography and recrYstallization;-

As used hereln, the term ”51lylat1ng agent” is'
15 selected frdm any reagent capable of attachlng a 311yl group :
'to a target substltuent -Generally known s;;ylatlng-agents
| are employed;f See for. example, Calvin, E.W.,;fsilicon :
- Reagents in Organic Synthesis”, Academic ?rees,t(London, |
.1988)  Generally typlcal 51lyl agents 1nclude any reagent u
20' w1th a trlalky151lyl group such’ as trlmethylsllyl
| trlethy151lyl trllsopropyls1lyl dlmethyllsopropyls1lyl,
dlethyllsopropy131lyl dlmethylthexy151lyl and t-
'!-butyldlmethy151lyl any reagent w1th an alkylary151lyl group
'd such as tribenzylsilyl, dlphenylmethy1311yl, £- . |
25 butylmethoxyphenylsilyl and tri-p-xylylsilyl, and any .
| reagent with a triar?lSilyl group sucn-as triphenylsiIYi;f-”
- The preferred silylating;agent*is a-trimethylusilylating

. agent. ;TYpical trimethyltsilylating agents inoludegN,O—



10 a. eryI agent to glve fragnent A—B (5) Surtable coupllng agents are
wel | known W@ 98#38158rt, as described by Geene, T.W "Protect mg/t@&mﬁm n:
“Organi ¢ Synthesi s", VVIey (NEW/Ybrk 1981) and include N,O - .

di phenyl phosphi ni'c chl oride, . di phenyl Eg?rophosphate DCC, - EDCI.,

chl orof ormates, and 2- 15 chloro 4, 6-di hoxy 1, 3,5-tri.azine.

Di pehnylphosphrnrc chloride is a preferred coupl i ng agent. _The surtable

organlc sol Bagtsrd@etvde B idithle agatamidel ya nQFe%éthhlﬁiiGEe'nﬂyobe

used. - This_procedure allows for the elimnation of the carboxy protectlon__n

step and al Pt tameidy kel ide sFarRpmatantiulits of anino -acid (4). In
e
ﬁ%toi? "Qrgﬁe@t" ( ﬁ@@;ﬁ%@g’t%ﬁ%ﬁ e%%??f%ﬁﬁé?%u&ﬁ?o \\/lxﬁrslteh?nert to
PCT/ UBoSH 09558 ‘%ﬁm%ittéﬁ e g B (e i) eyl iheape, L
deprOteCt'”Qr%%@@ﬁ&ﬂ'yitytaééﬁﬂéé 'ﬁ@&éﬂ&tﬁ?ﬂ&§§§léﬂgh as.. ..
hexamethyldlsllazane, hexamethyldlslloxane, _
'hexamethyldlsllthlane, (1sopropenyloxy)trlmethyl 51lane, ié'
';methoxy 2-methyl -1- tr1methy1 51loxy ‘propene, _ |
: _'10: (methylthlo)tr1meth1y51lane, methyl 3- trlmethy151loxy 2—.
.butenoate, N—methyl N-trlmethy151lylacetamlde, methyl '
-trlmethylsllylacetate, N—methyl-N trlmethy151ly1-hepta—"
rfluorobutyramlde, N—methylfN—trlmethy151lyl—3
triflubroacetamide, (phenylthio)trimethylsilane,w~-

15 trimethylbromosilane; trlmethylchlor051lane,' ﬂ
triméthyliodosilane, 4- tr1methy151loxy 3—penten—2-one,_N—_
(trimethylsilyl)acetamide, trlmethy1511yl acetate,_
'trimeﬁhylsilyl azide, tiimethyls1lyl benzenesulfonate;'

_trimethylsilfl éyanide(.N;Erimethylsilyldiethylamine( N-

20 - triﬁethylsilyldimetthamine,'trimétﬁylsilYl N, N?:__

dlmethylcarbamate, 1= (tr1methyls1lyl)1m1dazole,"'
rtrlmethy151ly1‘methanesulfonate, 4-
'(trlmethy131lyl)morphollne; 3-—trim.et:hy.;l;.sily'l-:2-i
Voxazelidinone, trlmethy151lyl trlchloroacetate, 

- 25. trlmethy151lyl trlfluoroacetate and tr1methyls1lyl

| trlfluoromethane sulfonate Part;cularly useful” s1ly1a£in§

 agents 1nclude "trl—lower alkyiasiIYLf agents;fthe'tefﬁ oft_?

WhiCh contemplatesftriisopropyisilyl[ trimethylsilyl and



tetrabutyl,

) fl uori de, pyr|d|n|un1fluor|de tr|ethylangEfn¢5§mmﬁs

fluoride, ¢esium7tluoride, and the I'ike, 5 wth tetrabutyl amonium
fl uori de being preferred ‘The deprotection reaction takes place in the
presence: ‘of a suitable organic solvent s@r as tetrahydrofuran, optionally

i.n the presence

: (NaHCC{err]Q

Oferr]Cto a out

of a suitable base, such as sodlun1b|carbonate

SRR REERTI0 NS a M acha pmaRtkn,

preferred.. J:L.‘ebi§@€£iﬂ@th?l%'iﬁyf19‘hr‘éape(rESiﬁ And | LY PAGE A arthi @85 28GkH 3 O

24 hours. Crude product
Al ternativehy, Nt@ebggqaggﬁgt

according to pro

be used without further purification.

El%@.‘l@i‘l')%d&)azﬁ&i/e besszp! at®is angdopuri fied -15
cedures wel nown wel known in the art. such as

~extraction, t £¥Reek ?nl lethh@&faﬁﬁfd@f‘m@nd i@ﬁr}(%s’ﬁ)éd:iﬂl?@r%éﬁr@hﬂrl
o |

for the conpound

formula (6) is 20 hydrogen, the Rl err] noiety is

actual |  theitgelaofhhg agkehtaf deprotecting. agent, for exanple, cesium

t et r abut yl anmoni
formula (6) 25

-ester of fornula(?)

um and the like. I'n Scheme A, step 4, the conpound of _
I's contacted mnth a thloester form ng agent. to prOV|de t he

Alternatlvely, the de51red B- epox1de (3c) may be

-1_coup1ed w1th (4),,when Rpl is hydrogen, using a sultable

coupllng agent preferably dlphenylphosphlnlc_chlorlde, and |

"10“]a silyl agent to give fragment A—B (5) Sﬁitable'COupling -

,agents are well known in the art, as,desCribed:by-Greene,'

: T-.-W.

York,

_"Protectlng_Groups-ln Organic Synthesis",:Wiley'(New

- 1981) and inelude.N;OQ_diphenylphosphinic ohloridegx

~diphenyl chlorophosphate, DCC, EDCI, chloroformates, and 2-

- 15 phloro—4 6-dimethoxy¥1'3 S—triazine- Dlpehnylphosphlnlc

'chlorlde is . a preferred coupllng agent. The sultable

organlc solvents desqubed above,'preferably methylene

chloride, may be used. 'Thie_procedure allows for'the o

"elimination of the carboxy protection step and allows for

.20 the use of lower amounts.oframino-acid_(4).

In Scheme A step 3, the fragment A—B -compound of

_formula (5) is deprotected w1th a sultable alkoxy

25

deproteetlng agent to form_a compound of formula'(G);

A'suitableﬁalk02yJdeprotecting agent is one that -

removes.the'hydroxy'protecting_group.signified by-thethn

" subst

ituent while inert to theeepoxide moiety of the



WD 98/38158 ' S | o PCT/U598/0 - ---Thé “
term"thi o‘¥9t9éf|381|56r m ng agent " encorrpasses any suitable rreaﬁgga‘%9y§%a?t i‘ons

for formng the thioester noiety of formula (7). ~“Included within this
definition are the conditions set forth_- ﬁ/or analogously described in 5 -,
Ono, N et al., Bull. Chem Soc. Jpn. 51 2401 (1978) Ho, Tse-Lok, - _
~-Synth. Co 9(4), 267-270 (1979); Am’ Chen1 Soc. . |
106 -(10), n?é’%é’fbéo%féaﬁ"’“&"‘& ? %t ‘gl Pr’é??ﬁﬁﬁﬁfion Lett. 731-732. - -
(1978); Mora,. N. et .al Tetrahedr 4 4 3); and - :
(1970); Mot e sl o oGl ERATE e 34p fokia8 g dad LRG0t
-exanpl e, q 9; Y, d sterlcally o

~ hi ndered aﬁ%ﬁ%%ggﬁg} gﬁ%&ﬁ§#§ﬁ§5¥%§a'%€f #%ﬁgﬁﬁdgmhgg & sol vent of the

f | b t o
Lp e | ek e%suéh”@f@o bl Ee ! lcbgin ERLRRRder DOHA, £k LIk RS0
sol vent fohfﬂﬁﬂﬂé l%?éﬁ?&ﬁﬂéﬁ'%f%é?fdéDB@Q%g EE&EeEB%dSteﬁ&ﬁﬁ||y

hlndered al kyl . hal e suita 20" base are added in a nolar excess"

of about 7d%drbé€%éldﬂ1féHHEEé&CEbEéstﬁEaE@”PﬁUEHeOprEBEHEeao&6br The
reaction'takes place in the range of fromabout O[err]C.to about 60[err]]C

with from ghdtabil esfddni® ss'iﬁ)mén@[@éﬂlcégetélréhﬁﬂebfﬁﬂan Tb@ule;afaullqzn i's
run for a perlod of time ranging fromabout 1.to ~ .
- in the presence of ‘a suitable base, such as sodlum
_bicarbonate'(NaHCOQ) _'The-reaction takes place 1n the range:'
,iO of from about 0°c to about 80°C w1th from about 20°C to about'e'
70°C.be1ng preferred The reactlon 1s run for a perlod of .
time ranging'from about 3 to 24 hours : Crude product {(6)
© may be used w1thout further purlflcatlon Alternatlvely,,,; :
the compound of formula (6) may be 1solated and purlfled
15 accordlng to procedures well known well known 1n the art.
d_such as extractlon, evaporatlon,.chromatography and-

recrystalllzatlon.

When R*' for the compound of formula (6) is-
20 hydrogen, the R* moiety is actually the ‘catienic salt of

deprotectlng agent for example,_ce51um, tetrabutylammonlum,v

and the. 11ke

In Scheme'A,vstepc4,'the_compound of formula (6)
- " 25 is contacted with-aithioester'forming agent to-provide thet'

ester of formula (7).



.25 24 hour e product (7) -may. be used ‘wi.t hout. further on.
Al ternative ? 8I%r]egiester of fornmula (7) may be i sol ated and pur&#$ 59%5

according to procedures well known . -WO 98/38158
PCT/ US98/ 03655 -36- well known in the art3%uch as extractron evaporatron
chr omat ogr aphy and recrystallrzatron ‘I'n those instances mhen the

substituent Rlerr] isqagd e Skﬁﬁr q§ﬂﬂmﬁg% kh {0
fornula (6) must first betggﬁhofﬁn'eprotected %§§ d§%§§ g??%ﬁsgﬂﬁder
basi c. condleuﬂeabméembee\moliyd&m&:l@nsorﬁbflafanﬁﬂé'che £hgodLter For

exanpl e, the .conpound of forrmula (6) may be treated with a suitabl e base,

such as |ithbuethyeEofiodawl ()i OHrdarudedari gigiof thigedseihicignt sk
renove the carboxy protecting group, for exanple fromabout 1 to 24 hours.”

I'n Schene Athet epnBittilbesesicty furdorand fox AndTogoupleddesthibedanhoxyl ic -
acid of fornmula (8) to provide the 15 conpound of fornmula (9). For -

exanpl e,5 t henoar Noxpti @laci dulfl f ahen.a 9. i@pnli s3DI V@Y, i 41lsyivaghe
~organi c solvent, such as DMF, glyme, dioxane, THF, CH3CN, EtOAc, and . -
halohydrocaﬁbongﬁewbbk Z@Wnﬁhjﬂanmmungmmk bkﬁﬁ@&bmetb979ﬁ, Nafhsakaolutron -
is then ' '
et al., J. Am. Chem,_Soc,.106_(lO); 2954-2960 - (1984); L.G..

h-Wede; Jr. et al},ZIEtrahedron Lett. '7314732h(1978)} Mbra,rﬁ.

' etralf, Tetrahedron Lett 34 (15), 2461~ 2464 (1993), and

10 ' Dossena, A;.et al. J Chem Soc. Perkln Trans. I, 2737

(1981).

For example, the compound of formula f6)-nay be
treated with a.stericellyahindered_alkyl halide, such as
.15 uert—butylbromide;'andlaFSOIVent'of the formula (R@)KMe)SO,
: wherein R® is as.defined-ab0ve, in'the-presence of a.
gh'suitable base, such as sodlum blcarbonate (NaHCO;) . 'A
V_preferred solvent for reactlon is dlmethylsulfox1de (DMSO) .
- Both the sterically hlndered:alkyl'hallde and the suitable
_r20; base_ere added in'a molarpexcess of-about'7.0-to.12,0~in'-
_comparison to ;he_compoundeof formula (6). aThe reaction
]rtakes'place in the range of.from about 0°C. to about 60°C-
~ with from about 10°C to about 30°C-being-preferred' ihé_ |
'reactlon is run for a perlod of tlme ranglng from ‘about 1-to
25 24 hours. Crude product (7) may be used w1thout further
purificatlon. Alternatlvely, the ester of formula (7) may

. be’ lsolated and purlfled accordlng to procedures well known



-treated mnth a coupling reagent. P055|ble coupllng reagents |nclude DCC |
EDCI ;. and ' WOA%38158 eagent s, such as DVAP whi ch -activate car RERVIBO3SSds-

tomards esterification with al cohol's. - This solution may then be optionally =~

treated with 25 a suitable base such as,ygolid sodi um'bi carbonate and then
contacted with an ester of fornula (7). ~The concentration of (8) after

 these addltlons shoul d, range from about 0.1 Mto.about 2.0 M. . The reactlon'"_

takes pl ac&elt Hﬂ?W%N@% the aryseghipgsgxtraction, evaporation,

PCT/ US98/ 03655 m aboyt - 30 errif ta about 60[err] C with from about
10[err]C t& XC?% i FgCpYeFet 1282t iPHe reactionis run for a =

period of tine ranglng fromabout 0.5 to 12 hours. The final concentratlon_

of C}Ude_product_(g) may. be used’mAthout 5 furt her purlflcatlon .

it o bt B e At e

.eXt;?ghggn“Fﬁéﬁgpkggﬂﬁﬁ G§Q§Oﬁﬁéfgﬁgﬁhytﬁgg%u ghallh a sul aiﬁ%)|QME&hene":”

Ox'd'z'ng‘ﬁ%?gttbbFﬁéybgﬁylééprotected . Carboxy deprotections under Coe
ba51c condltlons are known by those of ordlnary Sklll 1n the.
art. 'For example, the: compound of formula (6) may be e |
treated with a sultable base, such as llthlum.hydrox1de

10' (LiOH) for a perlod of tlme sufflclent to remove the carboxy

_protectlng group, for example_fram about;1=to~24 hours.

In Scheme'A 'steprS fthe-eSter of~formula'(7)ﬂis”
" coupled with a carboxyllc ac1d of formula (8) to prov1de the

;15]'compound of formula (9)

' For example,-the carboxylic'aoid“of formuié {8) is
dlssolved in a sultable organlc solvent, such as DMF, glyme,
dloxane, THF, CEhCN} EtOAc,_and halohydrocarbons, w1th

20 _.dlchloromethane ‘being preferred Thls solutlon is- then o

" treated w1th a coupllng reagent ; P0531ble coupllng reagents
1nclude DCC EDCI ~and 51m11ar reagents, 'such as. DMAP Wthh

' activate carboxyllc acids towards esterlflcatlon w1th
‘alcohols. This solutlon may then be optlonally=treated with."

: 25_-a sultable base such as SOlld sodlum blcarbonate and then

_contacted w1th an ester of formula (7) * The concentratlon
of (8) after these addltlons should range ‘from - about 0. l M

~ to about 2.0 M. The reactlon takes_placeiln the range of d



sul-f one oréh,g% de of forrrula(lO) ' : Aswtalg.kq :
“agent is an agent capable of converti ng the sulflde of formula (9) |nto the -
sul fone of fornula (10), while inert to the epoxide noiety of the noleculeé.
Sui t abl e oxi di zi ng agents incl ude pot assBUm per oxormonosul fate (Oxone),

m CPBA, nethyltrioxorheniun{Vl1), 20 and magnesi.um rmnoperoxypht hal at e,

wi t h” Oxone er r 9
treated w t%ec%ell‘[l1 %ﬁ‘f’% ﬁ@%s é:&s%cmégagdﬁ'&en%lﬁ%%érxgona%%é% ovved %bé‘i% a
suitable .o Sty as reac n I in a-
suitabl e sx'il v'enltﬂéqgt?g‘l?itfsf acet one, %{}Peafﬂ'ﬁn g?oigﬁefbgéché%%cdg%ﬁ
" THF, Et OAc q\?é g f 138 12 h The final -

"PCT/ US98/ 036155 - 38-" car boﬁéﬁ@ gﬁ{)ggogerslzgr?e u[rosl uene, © V\n]ﬁl acet one be| ng

preferred. cdenen@tdyiohhSfr €2GEEOBrbaue?! r('ﬁdn&% i dsuweratnees of from
about. -30[err]C to -about 50[err]C with from about -10[err].C to about

10[err] & beivie el @ifeficaCesar al AY telie tivdlgaCithrn dasidues £ om about -

15 minutes to about” 5 hours. Crude sulfone or sulfoxide (10) may be used.

wi t hout - f urfdmaiular (9§} casy obe stbeanatil uexldy,pdriiefmd fal:ltﬁnfdlrsgﬂif@XI de of
procedures well known well known - in the art such as

extractlon, evapo_rat_lon, _chromatography and

' recrystallization.
in Sohene A, :step 6, the compound of formula (9)
_:ts OdelZed w:.th a sultable ox:.dlz:\.ng agent to prov:\.de the
sulfone or sulfox1de of iormulal(IO);
15 A su:.table ox:.d:.zlng agent is an agent’ capable of- :

'convertlng the sulfide of formula (9) 1nto the sulfone of

fo_rmula (10), while inert to the__epox1de moiety _of_ the

inolecule. Suitabie oxidiéing' .-agent's include pOtassium

peroxomonosulf_ate (Oxone)-_, _irieCPBA, _methyltrioxorhenium(VII)_,
- 20 and magnesium monoperoxyphthalate,'With Oxone_being |

L 'preferredf

| 'For examplef 'the sulfide of formula (.9)' is tfe‘ated
with a .suit_able base, such as sodlum blcarbonate followed by
25 a suitabl_e oxi.dizin'g agent, such as Oxone. - The. reactlon is
_. carrled out in a sultable solvent, such as acetone, DME, _ |

glyme, dloxane, CH:CN, __ alcohols, THF, EtOAc,I halohjrdroé'-



formul a. (10) may be isol ated and purlfled accordlng_to procedures wel | -
known. wel.|- WAPBRABISR the art. such as 10 extraction, evaporat PER/USISN36SS -
chronatography and recrystallization. In Scheme A step 7 the sul fone or
sul foxi de of formula (10) is deprotected ith a suitable deprotecting 15
agent ‘to provide the anmine of formla (10aJ. A suitable deprotecting agent
i s.an agent capabl e of remving the base |abile substituent R err] on the
conpound’ onQ§ Sa (Chgonghenzenry tand tpLuenexi Hethopreeyose brdngy |
nol ecul e.  Sui tabl e eprotecthggéaqents i ncl ude bases such as secondary and
es

tertiary anPF ?o¥e%§%ﬁﬁpelspFﬁEFFS@nQutnﬁthol|ne -
?’IEZC-'SM“?%&”“” qé%q' P R e i S
o siihe Sl e BE e So SRt pignia TR
e 58r%%féel%% gty 0381 A (STLBRCLEORLSHALTE SRR
_ [erf}C, 1G¢@?uﬁéBQuﬂéghéEEE“é&EEéﬁE&%f?foifﬁ£§aﬁeuhsédt91€%out further
”purificationl Alternatlvely, the sulfone7or sulfoxide of
formula {10) may be 1solated and purified’ accordlng to
procedures well known " well known in the. art such as

lO .extraction, evaporatlon, chromatography and

'recrystallization,

- In Scheme A, step 7, the sulfone or sulfoxide of
formula (10) is deprotected w1th a suitable: deprotectlng o

15 agent to prov1de the amlne of formula, (10a)

A suitable deprotectlng agent .is an agent capable
of remov1ng the base lablle substltuent R82 on the compound
of formula_(lO) whlle.lnert_tolthe epoxide m01ety of the

20 - molecule. Suitable deprotecting agents'include_bases'such"";

as secondaryland tertiary amlnes”and inorganic'basee; for

_example, plperldlne, morphollne, dlcyclohexylamlne, p—-
dlmethylamlnopyrldlne, dllsopropylethylamlne, and the like,
with plperldlne being preferred The reaction lS carrled

25 out in a suitable solvent such as DMF, glyme,.dloxane,

.(HhCN, alcohols, THF,. EtOAc,-halohydrocarbons, e
'chlorobenzene, or toluene l Generally, the reaccion is

carried out at a temperature ranging from about 0°C to about



hours. -Thqv(yg'gmﬁgg\d of formula (I) ‘may be |sol at ed- and puri bpe HJSP%%SS
techniques well known in the art,; such as extractian, evaporation,

chr onmat ogr aphy and 5 recrystalllzatlon Alternatively, the conmpound of
formula (10a) i's.isolated and may -be furt3ges cyclized with a cyclizing
agent to provide a conpound of fornula (I). Typi cal ly, once t he ‘compound of

formula (1032ps°¢0 @epEEAAtLditHd Orﬂﬁfsr%cﬁfﬁ’#é@e?k‘émcﬁﬁhhta&' W 72

~ However, some particul ar. conmpounds of - may require a

-addi tional myakszat iree ToRpound TYE FHmEXRNPE e mdpepsuibbiseel bagml a -
(9), although much less active than its oxidized counterpart, upon renoval

of the basephishihiedpbet &eidhid difes GFeIUD KRWwREL L YEhe Z2dt Wi Eich aui table
cycI|2|ng agent, such as 2-hydroxypyridine to faorma conpound of fornula

(1). For esatpherivhe ewvapotetdford ordhtdndtYgrashpl argnatively a sel ected
conpound of fornmula (10a), i.s heated in-a suitable solvent; such as DVF at
about 6® [erepﬁyﬁbali&wemaondayQlueﬂﬂuti&bhpreﬁmeceomponndeofdﬁoen@ﬂd

2- hydroxypyridine. The conmpound of forrmula (lI) is isolated and purlfled by
t echni ques WbPa)kaswad siod atled and may basfextherttwolizedpwisahi an, '
chromat ography_and recrystal lization. .25 ~ Optionally, on those
conpounds ofYEiFEing @Hﬁn@omgmnﬂqw}dﬁnﬁ(ﬂQmemm@IQEfﬁncmubaaKIgnoups
‘pharmaceutical ly acceptable salts of t he conpounds of fornula (I) nmay be
forned u3|ng standard techni ques. For '

TYplcally, once the compound.of formula (10).1s B
10” deprotected 1t undergoes spontaneous cyclizatlon However,
| 'some partlcular compounds of formula (10) may requlre an
'addltlonal cycllzatlon step-. Also, for example, the sulflde_;.
.of formula (9), although much less actlve than its ox1dlzed
| ”counterpart upon removal of the base-lablle protecting'-
.15 'group may. be cycllzed w1th a sultable cycllzlng agent suCh
- as 2- hydroxypyrldlne to form a compound of formula (I). For;
example, the sulfide of formula (9), or alternatlvely a
_ selected compound of formula (10a), is heated in a sultable
-solvent, such as DMF at about 60 °C for several days in the
20_ presence of plperldlne and'z—hydroxypyrldlne " The compound
of formula (I) is 1solated and purlfled by . technlques well
known in the art, such as extractlon, evaporatlon,

chromatography and recrystalllzatlon

25 Optlonally, on those compounds of formula (I)
.contalnlng basic or ac1d1c functlonal groups, |
pharmaceutlcally acceptable_salts of the compounds of - .

formula (I) may be formed'using standard~techniques.'-For



WD-98/ 38158 - Lo ' T PCT/U898/03655 40-

- exanpl e, tMOﬂBE&ISBase may be di ssol ved I n- aqueous or aqueouPCITUSIBOI6SS
sol utjon or other suitable sol vent contai nifg 't he appropriate acid and the
~salt isolated by evaporating the solution Alternatively, the free base
“may 5 be reacted in an organic sorvent'éﬁﬂfaining t he appropriate acid and.
the salt isolated by evaporating the solution. Further, the free base may.
be reacted iexagwpls.gdhe Exeedrmse mawhilka dagsolmedsant’ agupanst o directly:
or can-be obtained by concentration of the solution-or in a solvent such as
10 -water V\Aﬁ‘i%%?qu§TEHeCFPlFCéhtﬁ/@HJWPWa@UoO%heEySW@é?éEdS?llh'@ntor by
exchanglng the cations of an existing salt _for _another _cation on a suitable
i on exchangé’%’ﬁ‘uﬂ SHR RBPEORERER ?6%dnﬁﬂfin§h?h§aé&r BéRatedhds 15

of formula et forth in Scheme C . The reagents d star |ng _

mat eri al % ﬁi}"’%ﬂ/a‘?l?‘%b? ol e o?‘lB?HT‘ﬁEP-Ygik’vl = e may

- Schene ag substlt ents,  unl ess, othe£MAse |nd£cated %e as preV|oust
eucted 9h “an organ:.c SO vent con a1n1ng e appropriate

defi ned.~
' acid and the salt 1solated by evaporatlng the solutlon
'Further, the free base may be reacted in an’ organlc solvent B
in whlch case the salt separates dlrectly or can be obtalned
: by concentratlon.of the solutlon or in a solvent such-as:
' _1bﬂ water whlch is then removed 1n vacuo or by freeze drylng, or-
:  by exchanglng the catlons of an ex1st1ng salt for another

cation on a sultable 1on exchange re51n

A synthetic scheme for makingtthe carboxylic acids
15  of formula (8) is set forth :Ln S'oheme C. The reagents_ and .'
| . Starting material are re'a.di']_.y'lavai_labl_e_ to one ofzi ordinary

- skill in the art. In.Scheme c, all-Substituents;'unless

-otherwise indicated, are as previously defined.



WO 98/381 ' R PCT/USQS/O?Qﬁ%, CHENE
‘Cierr] aﬁggﬁgﬁgmc step 1, the Boc protected amne of 5 ornﬂﬁ ?f? s
.deprotected to provide the deprotected am ne. of fornula (12). For ‘exanple,
‘the deprotection reaction involves the rgmsval of an am no protecting group
" by techniques and 10 procedures well. known and appreC|ated by one of . _
- .ordinary skill- in the art. The selec$'g@mmp§e, and renoval of protecting
groups are set forth by G eene, Protectlng G oups in Oganic

Synt hesis", Wley (New York, 1981) For-.exanpl e, t he. 'Boc- prot ect.ed antne

of formula (11) is415 C) ssolved in a suitable actﬁ qggh as .
trifluoroacetic a 98/381§§p otec ion S

PCT/ US98/ 03655 - 4R?2 hy drocplorlc acl ner &< tion is
carried out at a't Raﬂglng t?ontabout ut 60 [err]C

Generally, the rR¥ction re tges. fromtabout 1 t5‘é4 hours. ~-deprotected .

amine of fornula (12) |solated and 5 purlfled Y1 FEORigues wel |
known in the art, suchrxl'g)(. NHBoc B | ﬁ Nﬂs% R
(11) . . (12)
Base-labile - o
E:_'::ectinge' step 2
Group '
o : 'tﬂ"

8

In_Scheme'C,'sfep:l,'the Boc—protected'amineioﬁ
5 formula (11) is deprotected to provide the deprO;ected'amine-

of formuia (12).

. For eXample,'tﬁeﬂdeproteCtion7reacﬁion'ihvolVes:
the removal of an amlno protectlng group by techniques and h
_io_"procedures well known and apprec1ated by one of ordlnary
" skill in the art. The selectlon, use, and removal of
protecting groups are set forth by Greene, T. W.'"Protecting
Groups in Organlc Synthe31s“, Wlley (New York 1981) For
example, the Boc—protected amlne of formula (11) is | |

' 715 . dissolved in a suitable acid, such as ﬁfiflﬁordaCétiﬁ.éCidt



extraction, evaporation, chronatography and recrystalllzatlon The -
Boe- pr ot ecWsEsISe of fornula (11)..i's 10 -described i n - Bar rRGE/USBA36S5 al .
J. Am Chem Soc. 117, 2479 (1995):;~ PCT Intnl. Publ. No. WO 96/ 40184,
publ i shed December 19, 1996; and PCT. Int?h Publ. No.” WD .97/ 07798, '
publ i shed March 6, 1997. 15 Schene C, step 2, the
deprotected ami ne_of formula- (12) i's amino-protected with a base-labile
am no prot & iTFYFERlebl pracide GeneapbaXy| theadracsionodiulgaymyed 20
For exanple, the protection of: an anno %rou with a_base-labile _am no .
prot ect i ng Yo AF i HVOTIREI R HAr @ HRRI BRI ETeTH 200UE 0°F ctanRREYUSr 60 CCi-ng

group by teghni rocedures well .kno and regiate one of
ordi nary slﬁcﬁrf gﬁ% 'g]?g regqleR) Eegparesmggomaﬁgoglgnﬁv %f‘lb

| abi | e ami tectin oups -are_set fo G een " Pr tec lng
Groups in ‘19 tﬁ?%‘é%‘ia ‘JRJ'WI%§? lﬁ%i %eA Cg CI{
base-1apil e O, " tec roup. i F For xa to a solutlon of
t he dep?ot &:‘%{9‘ arﬁ&) n e#,@%%ygglggil Eromwn t% g]%t' SuCh as S
PCT/USQ8/O%§§§raé%&on, evaporatlon, chromatography and

recrystalllzatlon

t The Boc—protected amine of formula (11) is
'ld.f described in Barrow,.R A et al J. Am. Chem Soc. 117 2479
(1995), PCT Intnl Publ No WO 96/40184 publlshed December o
19, 1996; _and PCT Intnl. Publ No. WO 97/07798 publlshed o
'~ March 6, 1997.

15 . -In Scheme C, step 2 the deprotected amine of
formula (12) is amlno—protected with a base lablle -amino

protectlng group to prov1de the carboxyllc ac1d of formula

(8) .

20 -' For example;-thelprotection'of an amino group with
| a base-labile amino proteeting=groupfinvolves'the addition |
of a base—labile amino-protectlng group by_technigues and
g‘procedures well'known.aﬁd.appreciated by one of ordinary.

skill in the art. The3seleetion;;use, and removal of base-

_;25 : lablle amlno protectlng groups are set forth by Greene, T W.
__“Protectlng Groups in. Organlc Synthes1s", Wiley (New York,
1981). ‘A preferred base 1ab11e amlno protectlng group is

- Fmoc. For example, to a solutlon of the deprotected amlne



of formula.: ‘(vé%ggsa sui tabl e sol vent such as di oxane, is acixj-_qqh@mwsgabl e
base, such ‘as sodi um bi car bonat e, follomed by a conpound of the formul a :

R[err] C -or Rlerr]-ONHS, such as Fnoc-d or Fnoc- ONHS succi ni mi de. The
m xture may ‘be 5 optlonally di | ut ed wi't R43-smal | amount of water -and
stirred for a period of tinme ranging from12 to 48 hours at a tenperature

rangi ng frorafabfwm@i&rH@)tgnaaoshlégioqrer ke1veHie, Hudn!rds MayoRenayenghed
with.a suitable acid, such as hydrochloric acid. The .car boxylic acl d of

formula (8) a@edta @mtaahat Bdsandshehl bise@dak ure WitaRsnaes ) KoDVOwES
the art, such as extraction, evaporation, chromatography and-

recryst alli pic;Y4 lwmoﬂﬁ@uﬁaabﬁacnut Foemulaa®édthbbe RE-ONHSS, auth asorrpound |
of formula (1) may optionally be formed . according to the procedures
descri bed i rFitnhelt dr Bmoe-pNEBesuediabarides.er iTHe asizxfurdimsay vention are
set forth in the follow ng tabular formwherein the 20 features may be
i ndependént |gptsdmallyl dolptedi wethr ef emadd emmuitrek svatfer asdi svenredn.
The invention is in no way linmted to the features described bel ow A)
Rlerr] ‘i's etfgr,appepidd popioeyiranging frcmwbid yio 248 hours at a or
- isopentyl; B) R7 is ethyl, propyl, isopropyl, butyl,: |sobutyl entyl or
i sopent yt ; d;ermer@twreRsanslﬁst ﬁ;rpm R%cm r93t3h§7-lo about 60°C The _.
| _mlxture may be quenched w1th a sultable ac1d ‘such as.
-hydrochlorlc ac1d The carboxyllc ac1d of . formula (8) may
10~ be 1solated and purlfled by technlques well known in the
~art, such as extract;on, evaporatlon, chromatography and

recrystalliiation.

The'pharmaceuticaily'acceptable salts of a
15  compound of formula.(I)-may optionally behformed acoording

to the procedures described in Scheme A{'

_.Some preferred:oharacteristics Ofmthis'invention
are set forth in:the-folloWing_tabularnform wherein the
_ u20..features may be independently'selected to prdvide'preferred
'-embodiments of this invention' The 1nventlon is in no way.-

llmlted to the features descrlbed below

Ay Rs_is'ethyi,.propYI, isopropyi;.bntyl, isobutyl -
25 h . | or isopentyl; ._ o - o |
| B) R is ethylr'propyl' isoprobylz_bntylj.

',1sobutyl pentyl .or 1sopentyl |

-C) R7 is H, R8 is. methyl R3 is methyl



WO 98/38158 : o - o ' PCT/ US98/ 03655 -44- D) -
R3 is ethyWOBBHSS i sopropyl', butyl, -isobutyl, ‘pentyl or |§€5’é’ﬁ?3/?36555) RO -
is methyl, ethyl, propyl, butyl, isobutyl, pentyl or .isopentyl; 5 S
F) Rerr] is nethyl et hyl, propyl, butyl |sobutyl pentyl,  or |sopentyl,

G A -is phenyl optlonally substltuted\M%$1a.substltuent selected fromthe
group consi sting of hydrogen, hal ogen, CH[ern]CC (O (CHerr])[err]NH err]

and sinple 10 ) R-aﬂﬁyﬁt PG@EW@um}SMR#QQYlA’bﬁﬁx lected from
the group consisting of O NH, S SO and S02; 1) a_ conpound wherein Y is
~CH, and. R7, R8, R9, aﬂ@‘ﬂ”@ﬁ’r]] BNV PRIV - J) R7, R
are each hydrogen K) R7 _and R8 are each _sel ected frormn ogen or CH L)
R7 and R8 are each neFHylg Vi RFWE&& REUS et fRﬁOHXﬁ 659F group

20; o : N) Y. ISent;yl or 1sopentyl°“

s F) R10 is methyl 'ethyl propyl butyl isobutyl;
| | "pentyl or. 1sopentyl |
' G) Ar is phenyl optlonally substltuted w1th a.
'substltuent selected from_the_group con51st;ng ofi
o | .hydrogen, halogen, , -CH-.».O.C'(O)'(CHz-).._..-NHz and simple - -
10 alkyl; ' | |
- H) a compound whereln Y is selected from the group
con51st1ng of o, 'NH, S, SO and SOz,_'
'I) a compound whereln“Y'is CH, and R7,-RS;IR9,'and
- R10 are each hYdrogen;: | o
15 h o J) R7,.Ra.are-each'hydrogen;
. K) R7'and.Ralare:each Selected_from-hYdrogenIOr*.'
_ lOH; _ : _ _
L) R7 and R3 are each methyl
M) R? and R8 together form a cyclopropyl group;
20 0 'N) Y is NH; B |
'_O)“R4.and'R5fform_a double bond;
P) RS is substituted benijl.wherein one
:.substltuent is a halogen and one is an OR12 group |
whereln R12 jg lower alkyl
- 25 _. o Q)_the epox1d1z;ng agent 1s.dxone;
. "'R) the.epoxidationlia_selective:"

~S) the chiral.ketone is of the formula:



0) R4 and: %;ggﬁg@ doubl e bond, P) R6 (S substr tut ed benzylpmggsmﬁgg\e
substituent .i's a hal ogen and one is an ORl2 group wherein R12 is |ower

alkyl; 25 Q the epOX|d|2|ng agent is Oxone; R) the epOX|daf|oni
is selective; S) the chiral ketone is of-43ve fornula:” . WD 98/381 58
PCT/ US98/ 03655 - 45- [err] ;and T) RP is NHS or hydrogen. 5 -~ The"

ester starting materi al can be prepared, for exanple, according.to Schene

"D. _The reagents and starting material are.regdily.available to one of o
ordinary skill in the art. |In Schepg P;a?bstrtuenrs unless ot herwi se
i ndi cated, are as previously defin - _ :

_ . ) 98/ 38158
PCT/ US98/ 03655 o o™\l o -

T) RP is_NHS or hydrogen,

5 The ester stértiﬁ§ maﬁerial gan'bg prepared, for
_ekample, acdording to Schemé D. The reagents and étaiting1
_materlal are readlly avallable to one: of ordlnary sk111 1n“--
.the art. In Scheme D, all substltuents, unless_otherw;se

'1nd1cated are as prev1ously deflned



-46 SCHEME, D Lgrrl WO 98/ 38158 PCT/ U898/ 03655 - 47- [err] ‘WO 98/ 38158 -
PCT/ US98/ 03893

by  t he Prepar ati on Section herein which provi des one specific applicatiaon.
of the scheme for the convenience of the %g | led artisan. 5 Schene D for.
preparing the ester is applicable to t he Ar substituents claimed heérein.

- The schene illustration i's not intended to linited the synthesis .schene

- only-to the phenyl ring illustrated. REHFRE B he artisan can broadly 10
apply thls process to prow de desired startlng rraterlals for

Step 1
HEW
TMG

tep 2
DIBAL

' SAE

¢ ot

' Step 5
u,Sn=0 |
51 TEA

The scheme for preparing the ester is fuPC'WéTS”é@éﬁﬁal ned



~use in_the s clained herern The necessary reaction IS reIated
to the stapﬁ?ggﬁﬁgferrals and operatrng tenperature - The . okaﬁEﬁ? 655 -
reaction tine for a given process is, as always, a conpronise which is
determi ned by considering the conpeting goats. of t hroughput, which is
favored by short ‘reaction tinmes, and nmaxinum yield, -which is favored by
| ong reaction tines. 20 To further illusiydate the inventi'on the foll ow ng
exanpl es are provided. The scope of t he inventionis in no way to be
construed as linmted to or by - I Exanpl es.. 25 WO 98/ 38158
.~ PCT/ US98/ 03655 -49- Preparati Step 1. &Methyl. 5- Phenylpent 2(E) - enoat e.
[err] 5 A solution of. trimethyRephosphopoal®tate (376 g, 417 i, 2.07 nDI)
in THF (750 rr1_) was stirred at- O[err]C N Htep 63- neck o

TBS-OTf
EtsN

. OTs

| Steb 7

OTs: -

Step8
- DBU/ACN

OTs :




round bottom fJ ask equipped with a mechanical stirrer and Nerr} 10 inlet.
"To. the chi IW@888#8&t i on, neat ‘tetranmethyl guani di ne (239 g, PEDUFS3§SH7 -
mol ) was added dropw se via an addition funnel." The chilled clear. pale

yel l.ow solution-was stirred for 25 mnutgggat 0 [err]C. “ A sol ution of _

- hydroci nnanal dehyde (90% 253 g, 248 niL, 179 nol) 'in THF (125 nlL) was added:
-15 dropwi se to the reaction solution slowy. Upon conpletiaon of addition,
‘the reaction mas.stiHiiff%ﬁhQR?rﬁ?#&ﬁ?ﬁP@Egé%oﬁﬁ?eﬁﬁE?Etﬁ?éﬁurégthdicated ;
a 95:5 ratio_of product tq starting materjal_ . 500m of ter was added to -
The r oacti 0P phelnediRy (the rEaRa TR LOR 1S S0t 19R, AFGRLNBRAFT PROvAles 20
‘two.-l-ayers. _The_organi-c |ayer | soLat.ed a t he_aquepus | ayer .was - -
extract od WP ERSSONEC HHRIAFHATE Poyhe NEPE™EoRBT nbaaRa dFRafisTer
MySH4, then ¢ nthated §n vacuo to yield an orange oil. The crude -
product was °di s %ls;"gug'tedl%’g‘yﬁa’e#]?‘?uo.snm Hg'vyi el di ng 360.5g, 91.7%vyield,
of aclear 25 slightly yellowoil. . WD 98/38158 =

PCT/ US987 03655 -50- EIMS. mz 190(13; M+), 159(410, 158(39), 131(90),

1900095 (G er 1] Herr [OERT D 2§ ATy 0 Thax PE5e2T8 pRRboy Lo v
o the Ar substituents claimed'herein.' Thgls;heme.illustration
_is_not-intended_to limiﬁed the:synthesis sCheme'oﬁlyito the
phenyl ring illustrated. ”Rathér,'the artiSé#_can bréad1y _
10.-app1y this process'to provideldesi:ed stafting ﬁatériais for

use in the processes claimed herein.

| The necessary'reéctionftime is_rélaﬁed to the
‘starting matériéls and operating temﬁerature. 'The.obtimum'
15 ) reaCtion.time_for a given'prbCéSs is, as.always, a
| 7compromise'which”is deterﬁined_b§ c6nsideriﬁg the ¢6mpéting_.
goals of thrpughput;.whidh:is favored by short réaction”
.timés, aﬁd maximum yield,_Which_is favored by lbnggreaction
times. | '
20
Tolfurther illustrate-the invention.thé folléwing 
? ékémples are provided.  TheWsc6pé of_thé inVentiOn-ié'in no
way to be construed asflimited to or by the following
ekamples, | | | -
..25:. _ _



260 (230) ké? x 3027, 2949, 1723, 1658 1454, 1319, 5 9Qﬁ§%5 700,
cnferr]; - 1H N CDCI[err]) 71573(PhH5brr) '7.00 (3-

15. 6/°6. 6) '5.84 (2-Hdt, 15.6/1.2), 3:70 (OWe;s), 2.76 (5-Hz; t 7 2) 2.51
(4-H2; bdt, 6.6/7.2); 13C NVR d (CDCl [ ermp)- 166.9 (1), 148. 3(3) o
_140ﬁ6(Ph—1') 128. 4/ 128.2 (Ph2'/3'/5 6'), 126.1 (Ph 4'), 121.4 _(2) 51.3
(Ove), 10 - 34.2/33.8 (4/5). Step.2 P {oRept-2-en-1:ol. [err] 15 To a
"12L 4-neck round bottom fl ask eqU|ppé%gﬁgéﬁia—rhernocouple ~mechanical =
stirrer and N2 inlet, a solution of enoate ester of. Preparation 1, step-1
(310.5 g, 1.5 mol) in THF (1.5 L) was charged and chilled to -71.Cvia a i-
20 PrOH COsmeg Dat methff]? $bph Ebeﬁ&-\zQ%eleno\H%% added. dropwi se DI BAL
(2.5 L, 1.5 Mintoluene, 3.75 nol) at a-rate to maintain the reaction
tenperature < -50 C. Upon conpl ete addition, the reaction was stirred

overnight with the reactiaon tenperature <-50 @ TLC(3:1 Hexanes: Et OAc,
25 Si(err]) indicated absence of starting matlferi.al after. 16 h. The.

reaction tenperature was allomeo S -CHne WO 98/:38158
PCT/ US98/ 03655 - . -~ -~ _- L R

5

' A'solution-of trimethyl'bhosphonoaCetate-(376 g, 417-mh;t_ _
2.07 mol)_in_THF (75b-mL) was stirred“at 0°c in-a_3L.3—neck5-'
.h_round'bottom'flask.equipbed with_a mechanical stirrerﬂand-Nj
prlb inlet. To the chilied-solution; neat.tetramethyL-guanidine
| (239 g, 260-mL 2.07 mol)-was added dropwise via'an3addition'
funnel The chilled clear pale yellow solutlon was stlrred
- for 25 mlnutes at 0 °c.. A solutlon of hydroc1nnamaldehyde
_(90% 253 g, 248 mL, 1. 9 mol) in THF (125 mL) was added
-_15;,dropw1se to the reactlon solutlon slowly Upon completlon
of addltlon, the’ reactlon was stlrred for 10 h rlslng to"
room temperature GC 1nd1cated a 95:5 ratlo of product to
startlng materlal. " 500ml of water Qas added to thelreaction
vessel and the reaction stirred.overnight-separating into.
_ 20 two layers. The organlc layer was isolated and the- aqueous
layer was extracted w1th t -BuOMe. The organic layers ‘were
'-comblned and drled over MgSO4, then concentrated in vacuo to
f-yleld an orange oil. The crude product was dlstllled at 129
°C/0.3mm Hg yleldlng 360 5g, 91.7% yleld of & clear
' 25 sllghtly yellow 011 | | ,



-51- reactlon.mas quenched sIomAy mntth HO (150 nL) At thls )oi nt_the

reaction s@YQB’W‘Hﬁ% a gel atinous solid. A spatula was enpl oYeRUBBMBFFakup

the the sem-solid and 1IN HC1 (200 nt) was added neking the mxture nor-e

fluid. Concentrated 5 HO (625 m.) was gharged to forma two phase

system - The | ayers were separated and t He product - extracted with t- BuOwe.

The organlc | ayer was .dried over. Hgicn and concentrated in vacuo to yield a
T

cl ear pal e FEMPoR/Gi 120442 :38+) THS L4l AR mak3 HI2Q1 11 2304P2045

120 (7). 113TpdRelos tBaindez’ eBiETI: 60 76 TLALS 653%“ RS 2
LR hrax 3358 %5 BBEBHR’?B&%,%}?@%%%?M o, A e SRR 87 2o filopged);
(1v2! s, op 805 @40 onfy. T Wy 3Gy Sle, 3795 Shesinrand: WPy zf =

o

(2S,39)-2, 37Eeexx35Hpraecnyllsl ewtanols 3£ {d-#rac Tor8. éh%p%k 5gund

botton1f|ask equi pped wi't h7d nechan i cal stirrer, thernocoupl & and ni trogen
et was aqepe ; S, el h%Uﬁz ;t, 7.2), 2.51 (4- -H2; bdt, 6.6/7. 2); 13-

‘NMR - d (CDC13) 166 9 (1), 148 3(3), 140. 6(Ph 1), 128 4/128 2

| (PR21/3'/5'6"), 126.1 (Ph 4 ), 121.4 (2). 51.3 (OMe),
10 34. 2/33.8 (45,

- 'Step 2. 5-phenyl-pent-2-en-l1-ol.

CH

'To a 12L 4-neck reundhbettem_flask equipped with:al
thermocbuple, meehanical Stirrer.and N2 inlet;_a solution of.
ehoate ester of Preparation'l;.step 1 (310 5'g;51 5 mol) in

_'- THF (1. 5 L) was charged and chllled to -71 °C via a i-
20 f PrOH/COz bath | To the reactlon vessel, was added dropw1se

_DIBAL (2. 5 L, 1.5 M in toluene,.3 75 mol) at a rate to |

_ maintain the reactlon temperature < f50 SC. Upon complete.
addltlon,_the reactlon was stlrred overnlght w1th the
'reactlon temperature < —50 °C -TLC (3 1 Hexanes EtOAc,

' .25_'3102) 1nd1cated absence~of startlng material after 16 h.

- The reaction temperature_was-allowed to raise to —159Cr.:The



B V\098/381 o ' o PCT/USQ %’i
(350" m), rlggsllfsA ol ecul ar. si eves (30 9) and L- (+) di etﬁl artra?
(7.62-g, 0.037 nol). The resulting mxture was cool-ed to -20 [err]C and:
treated with Ti(Oi=Pr)4 (9.2 niL, 0.031-Btk), followed by the addition of
t-butyl hydroperoxide 5 (4.0 Min CHerr]C[err], 182 nL, 0.78 rml) at- a

rate to mlfaa?dﬁcsxh%w[@%@eyé& %%8%7’&[ faEheN H\éaoglﬁ‘s‘bf%%te Alieneg.

reactlon m Xture was st 30.mn then trea

sol ution o 861% %ﬂé/lféa@éf&fﬂ%eeﬁppiﬁear al beatindhdd DI, 0.a Gptedmd)
in CH[err] [err] (30 mL) at 10 a rate to maintain the tenperature 2 -20

. Lerr]C. 'ﬂwa§%§mﬁléyeaw@oSbrééﬁﬂpathbhen&a€Emhe@@mﬁalaﬁafxn ﬁtil(zm@n
filtered into a solution of ferrous sulfate heptahydrate (132 g) and '

tartaric agild (wHk gddedveieing4€Renixeure otk €luithe maﬁw&md
stirred for 20 min. then transferred to a separatory 15 funnel. and . -

extract®d wWalh (6FRGE) (@x206hatyed Ebe foanbanewoopi@ye gyEtsemwasTisei rred
with 30% NaCOH sol ution containing NaCl, for 1 h at 0 C.. The layers were
- again separ]astymi;s anelre heepapaved phdséhexpmdmmt mdracdﬁﬂ]mthme '
conbi ned organi ¢ phase was washed with brine, dried over MgSO and 20
concent rat &haMe yi @hemrﬁaglaslweanwgs drmed over MgSO4 and
' . concentrated in vacuo to yleld a clear pale yellow o:.l
1247.8g. The crude product was distilled at 145 °C/0 25mm Hg
10 -yiélding 209.7g, 86.2%. o | | |
. EIMS m/z 162 (1=Mf)_144’(16), 129;(7),'117-(9)=108.f6),.92'
(17), 91 (100), 75 (5), 65 (12), HREIMS m/z 162, 1049
(118140, D -0.4 T ) ; UV'lﬁaX'(e) 206 (9900), 260 (360); IR
- nmax 3356, 2924, 1603 1496 1454 970, 746 700 em~1; 1H .
15  MMR d 7.15-7.3 (Ph-H5;m), 5.70 (3-H; dt '15.6/6.0)y 5.61 (2=
jH{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:,d£ 6. 0/7 2); 13¢ ¥MR d141.6 (eh |
1'), 131.8(3), 129.5 (2), 128.3/128.2 (Ph 2'/3'/5'/6'),
125.7 (eh 4'), 63;3'(1),_35 4/33.8 (4/5)
20

. Step 3. (28,38)-2,3-Epoxy-5-phenyl-1-pentanol.

. 25 . To a 1L 3 neck rourid_bolt':'_t_om-'fllaé_;k 'e'q:ﬁipbed with a iixe‘chanic;_al |

. stirrer, thermocouplé and 'nitr'ogen inlet” was added CH,Cls;



Step 4. (2R 3R)-2- hydr oxy- 3- nethyl 5 phenylpentan 1 ol [err] '

98/ 38158 WO9838158 : PCT/ US98/ 0368§TLU§38’°3F§5 a 5L
3#meck round’ bot t om f1 ask equi pped mnth a nechanical stirrer, t hernocoupl e
and nitrogen inlet was added- hexanes. (1L fnd cooled to- O[err]C A 2.0M -
solution of Me3Al in hexanes (‘800 ni, 1. GSnDI) was added follomed by a
solution 5 of t he epoxrde of reparatron 1, step (120 677 nmol) in

hexanes (2503 #@)F@rzd ieh 4y mekenwlax r@lweSté%Begat arlé Bel(m)v'zo

err]C. . Upaqn te additiop, the c]oud ction nmixture was stirred at'gdt
L1 S o oA Ve L s U7, b U S LR saenis Yha e ©'

droopwi se, f%' O‘é% &% tﬂe @Cdg%{gqcn of g‘ﬁgﬁﬁqr%& 'g’g@éné;hﬁ yers

wer e separate e organrc dried’over
s, A1LE o O s %ﬁa'&dé%@ﬂﬁ e
mechani Al SEITr 5‘3 IHTFP%CEL?OS%%%F L O P I 2 A O et lE
the temperature 2 -20 °C. Upon complete addition, the.
- reaction mixture was stirred for another 30:mih, and then
htreated with a solutlon of ‘the allyllc alcohol of | _
Preparatlon 1, step 2-(50-g, 0. 31 mol) in CH2C12 (30 mL) at
idnla rate to malntaln the temperature 2 -20 °C The reactlon
”d was stlrred at the same temperature for S-h, then filtered
'.“ihto a solution of ferrousﬂsulfate.heptahydrate (132.9) and:i
| ﬂtartaric acid (40 g) in'water r400'mL)'at 0 °c. anhe mixture
-was stirred for 20 mln, then transferred to a separatory
'-15.'funne1 and extracted with t-BuOMe (2x200 mL). _The,comblned '
Qrganlc’phase was stirred w1th 30% NaOH solutlon containing
'NaCl for 1 h at - d °C;a The layers were agaln separated and
the aqueous phase extracted with t-BuOMe. The comblned

organlc phase was washed w1th brlne, drled over MgSO4 and

20 -'concentrated to yield 52.8 g as an amber 011._'

Step 4. (2R, 3R)-2-hydr6xy-3¥methy1-5—phenyibentan-leol .

25



. 1 Step 4 30 nmol ), dibutyltin oxide (1.5 g,.O 006.
'toI uenesulfonyﬁ3 g?orl de (5.7.5 g, 0.30 nol), CH2C 2 (580 m”?br@%ﬁﬁ
triethylanmine (42.0 m., 0.30 nol). The 25 'resultlng mxture was stirred
at roomtenperature for 2 h (although thes3eact|on was conplete mnthln 1
h), filtered, WO 98/38158

PCT/ US98/ 03855 e Erigc[égq{grf n
of - the vola??Ies%#h vacuo a fordggﬁﬂ%iﬁlgéggh1g?egﬁge?gﬁ??? a 0|f%%¥)
Step 6. (2Bti3Rer 2't}{éfn%éd®lté"éjﬁdr%fﬂrébéﬁ| 18xst- %ageh@a'ed hexanes
-5-phenyl pent - 1-yl fosylate [err] A solution of the tosylate of
Preparation (1L)staayd Tddldd th - @. 4@ noA)2a08 solathyhasifn®selA10im., 0.58
mol) in CHerr]C[err] (1200 nlL) -was treated with neat TBS-OTf (99 nmi, O0.43

nol ) dropwi hexéidds c@U0 mued 116 oDy kas adabhler £3016ed byhe rweait tvh Was
washed twice with brine, dri ed over MgSO4 and 15 concentrated to dryness.

The oil 5wasodi $3@ \epbstide of rPreparabioch df berpnds (A00 &i,| DerEy axel) a
silica pad, eluting with hexanes: EtOAc (9:1) to yield a slightly anber oi
134 g. in hexanes (250 mL)/CH2C12 (50 mL) maintaining the
- temperature_below 20 °Cﬁ Upon complete addltlon, the-cloudy
. reaotion mixture was'Stirred at_5 °C-for.35_mln,'whereupon_a
-splution'of 10% HC1 (300_mL)_was added dropwise, followed by;
10 the addition'of concd HC1'(350 mL) - The layers were
separated and the organlc phase was washed w1th brine" and _

”drled over ‘MgSO4. After removal of the volatlles in vacuo,_.‘

122 l gram of an 011 was obtalned

‘15 Step 5. (2R, 3R)-2-hydroxy-3-methyl-5-phenylpent-1-yl

_-Tosylate.

~ots

20 To a 2L 3 neck round bottom flask equlpped w1th a mechanlcal'
| stirrer and nltrogen inlet. was added the dlol of Preparatlon_”
a_l( step 4 (58 g, Q.30 mol), dlbutyltln ox1de (1 5. g, 0. 006

mol, 2 mol%)l_tOIuenesnlfOnyl chlorlde (57.5 g, 0 30 m.ol)l
| CHyC1z (580 mi) and tri'ethylamin'e (42.0 mL, 0.30 mol). The
_ 25 -resultlng mlxture was stlrred at room temperature for 2'h

(although the reactlon was complete w1th1n 1 h), ‘filtered,



20- Step 7. (2R, 3R 5RS) -2 [(tert ButyldlnethyIS|IyI)oxy]

met hyl - 5- BWOM8581S8heny| pent - 1-yI" Tosyl ate. [err] VO 98] 3895‘6’398/"3655

PCT/ US98/ 03655 -55- To a.5L 3 neck round bottom flask equipped with a
mechani cal stirrer, reflux condenser and {ltrogen inlet was added CCl [err]
(1680 ), TBS Ts product of Preparatlon step 6-(140 g, 0.30 nol), NBS
(659, 0.365 npl)_ and AIBN (16.5 0.10 nol ), 5 'The_mixture was de%assed B

by evacuat waﬁhﬁﬁ?déflwwa%rcmmqrre@wwrn{é}gseﬁd bEeRFEREFREIRAL R
nitrogen (3x). The reaction m xture was then heated to refl ux, mhereupon

" the col or bEeamolRtiles oih vage ALAorded AP4vilgarelsofep| Sriobid ¥ eacti on

m xture becange |ight yellow, and 10 chromatographic analysis indicated the
reaction e. After cooling to roomtenperature, the reaction was
filtered and the flltrate concentrated to dryness. The residue was

redi ssolved in hexanes and filtered agai n, and. concentrated to dryness to

T e e R R ety fagﬁsﬁn&%f%g@w e

Tosylate 5 phenylpent 1-y1 Tosylate. :

10_ A solutlon of the tosylate of Preparatlon 1 step S (100 g{.
0. 29 mol) and trlethylamlne (81 0. L, 0.58 mol) in CH2C12
. (1200 mL)_Was treated with neat TBS-OTf (99 mL, 0.43 mol)
dropwise with COntinued_Stirring fef another 20:minL_ The
reaction_wae'waehed twice with brine,'driediover MgS0O4 ‘and -
.15 'concentrated to dryness.” The oil was dissolVed in a minimal
amount of hexanes and flltered over a 5111ca pad elutlng .
. with hexanes :EtOAc (9 1) to yleld a slightly amber 011 134

. -g'..'_- _

20 Step 7. (2R, BR,SRS)-Z [(tezt—Butyldzmethyiszlyl)oxy]-3-

methyl- 5-bromo-5-pheny1pent 1-y1 Tosylate '

Br CH,

OTs




ferr] 20 T 93}581’*5 neck round bottom flask equi pped wrth a 938655

- stirrer, reflux condenser and nitrogen inlet was added a sol ution of the
bronmi.de of Preparation 1, step 7 (100 g, 25 .0.186 .nol) in acetonitrile
(700.m). DBU(83.6 nt, 0.557 nol) was adﬁbd and the resultrng dafk bromnr
solution was WD 98/ 38158 '

PCT/ US98/ 036f§ a 561, §thér:ﬁdrehnaet>b3£otrprfﬂa5srtﬂéhulﬁ§] &rwfeq' anﬂe&ﬁaﬁtg

t enperature, the solvent was renoved. in vacuo, and e residue digeste

CH2Cl 2 (200 stjreed, f refeusd cohdengera asid i gen iibety Olras i a@delieCely
agai n evaporated, and the 5 residue dissolved in Et OAc and washed with’

“water, brine(B6godmnied TBS ThYSSbAUCE JT At Béedl | OsEeyNes$140 g,
Preparative nplc:(Prep 500) chronmatography afforded the desired unsaturated

conpound (500 33¢, m6DY, yNBISd (6861, 4 .3665p 3ol )l GndtETBY. (185 g, 0.10 mol) .
4R) - 3-[ (tert-Butyl di net hyl silyl)oxy]-4-methyl-
6--pheny| Bex-B&)menthrei wasl deghesed Hy eﬂ'm:umomtxm@ér Pfebhraacunml
step 8 (50 g, 0.11 nol) was dissolved in DVSO (1 L) and treated wi.th KCN
(14. 2 g, O. 2@1th stlrrlng, and backfllllng w1th nltrogen (3x) . _ The
_reactlon mixture was then heated to reflux, whereupon the
color became dark brown After 15 min at v1gorous reflux,-
'the reactlon mlxture became llght vellow, and
3 1Q -chromatographlc analy51s 1nd1cated the reactlon was -
”icomplete After coollng to room temperature, the reactlon
'fwas flltered and the flltrate concentrated to dryness __The -
re51due was redlssolved in hexanes and flltered agaln, and
concentrated to dryness to afford 170.3 gram as an amber

15 oil.

 Step 8. (2R, 33)-2 [(tert Butyldimetnyls1ly1)oxy]-3-metny1-

'S—phenylpent -4 (E)-en-1 -yl Tosylate

.20

To'a_ZL 3 neck round bOtton_flask-eqnipped with'a mechanical

stirrer, reflux condenserfand nitrogen'inlet'was'added ah,..

'solution.of the_bronide.of Prenaration 1, JStep-7 t100~g,
25 .0.186 mol) in acetonitrile (700 mL). DBU (83.6 mb, 0. 557

'_mol) was added and the resultlng dark brown solutlon was



mol ) and water (25 nL), and t he resultlng n1xture was stlrred at 60 [err]C
under ni t regees/38es8 18- h. After cooling to roon1tenperaturePGmmﬁﬂmﬁﬁﬁlon
m xture was partitioned 20 between EtOAc (1. L) and water (1 L). = The .
aqueous phase was extracted with Et QAC. (g%p and the conbined organic -
phase was washed with brine and dried ov Na2804 Fl ash chromat ography
over silica with CH2A 2 afforded the desired nitrile in 92%yield. 25 WO
98/.38158 stirred at reflux for 15 min. After|mqumg3ﬁ53@33xn57 Step o

10. * Methyl (5S, 6R)-5-[(tert-Butyl dinethyisilyl)oxy]- .
6-met hyl - 8- pEERGTaEREE2( Pe7§EﬁY@P§n@§ﬁerqmﬂﬁqd'HﬂaWﬁ4¢?4E?Qﬁ ¢?%parat|on

1 step 9 (14.6 din tol led
o .573'0[erﬁfehﬁﬂ@réwﬁﬁmﬁnﬁﬁzgé Zé?‘ﬁtﬁyﬂ sﬁdB?éiE%rﬁ%[ %&%@q #2
m., 55.8 mmol|).was. K added gorous, stirr po &

lete adettica, oafle ¢ B et o AP AR Ry whle .
g???rgdea? room.te erat re for #5% T rea xture was, ¢ gful
poured iPnt oF ﬁﬁ%ﬂtﬁ”ﬁﬁESP ged; el Sal ralx’?d ci'f%grwltrpghﬁ'ﬁta?ﬂ‘re 15 6nﬁ1 n.
f.The layers dried over MgSOq and concentrated to dryness. Preparatlve -

-.mplc (Prep 500) chromatography afforded the de51red

;unsaturatedecompound (50,3 g,.60% yleld over 4 steps)

10 Step 9. (35b 4R) 3 [(tert-Butyldzmethyls;lyl)oxy]—4-methy1-

6-pheny1hex-5(z)-en— -nltrile

15 . The tosylate of Preparation'i) step 8“(50'g,'0;11 mol) was

| - dissolved in DMSO (1 L);and.treated~with KCNl(14.2_g; 0.22
mol) and water (25_mL),.and the resulting mixture was
'Stirred at 60 °Cdunder.nitro§en5for-18 h. -AfterICQolingftoe'

'l'room temperature, the reaction'ﬁixture'nas'partitioned |

20 Dbetween EtOAc.(l L)land'waterd(l'L) . The aqueous phase was
extracted with EtOAc (500 mL), and the comblned organlc '
phase was washed w1th brlne and drled over NaZSO4 Flash
chromatography over 51llca w1th CH2C12 afforded the des1red
n1tr11e 1n 92% yleld | |

25



were. separa%dgmgfg}g t he orgam C phase was washed W|th a 15 mggeog
5 Wes

aqueous sol.Ution sodluntpotaSS|unttartrate (2x), brine .an

Na2SO4. . The vol atiles were renoved in vacuo, and the: crude pale yellow oil
was used directly in the subsequent: condepsatlon The crude al dehyde from
above was ‘di ssolved in THF (90 m) 20 - and treated w th trinmethyl '

DROSPnONCES 8102 Ofti Yo TN} £0F ke BRI BB ACH 0
L e%é"ég&@sﬁé‘%ﬁagﬁ%‘*&‘i@  (ELATER RREAREE 00 P00 M) Snd the

conmbi ned or.gani ¢ phase was washed with wat er, brlne and drled over -
~Na[err]SOerr]. -The WO 98/ 38158 " CH.
PCT/ US98/ 03655 -58-' vol atil es were ren\ d¢ in vacuo,
oil. (17.0 g) was chronat ograpbe A
- cycl ohexane (1 - 1to.2 1)
78.5% 5 Preparation 2 (55,6

and the crude yel | ow
W AP CH err] O [err]:

ford.13. 57 granms of t he desired ester,

(tert Btﬂ'l;/BSil nmet. t@isHyI)oxy] 6- et hyI

':The nitrile of Preparatlon l. step 9 (14. 67 g,_46 5.mmol)
was dlssolved in toluene (200 mL) and cooled to -78 °C under
.“.nltrogen A 1 5M solutlon of DIBAL in toluene (37 2 mi,,
55 8 mmol) was added dropw1se with v1gorous stlrrlng. Upon
10d'complete addltlon, the coollng bath was removed ‘and the
-”;reactlon was stlrred at room temperature for 1 h The :
reactlon mlxture was carefully poured into 1IN HC1 and the
- mlxture stlrred at room temperature for 30 min. The layers
were separated and the organlc phase was washed with a
.15'ysaturated aqueous solutlon of sodlum potas51um tartrate
. (2x), brlne and drled over Nast4 ' The volatlles ‘were -
.removed in vacuo, and the crude pale yellow oil was used
.dlrectly in the subsequent condensatlon
jThe crude aldehyde from above was dlssolved in THF (90 mL)
de and treated w1th trlmethyl phosphonoacetate (9 03 mL '55.8
':mmol) and tetramethylguanldlne (7 0 mL 55 8 mmol) at room -
: temperature under nltrogen. The reactlon m1xture was 7. |
.stlrred for 16 h then partltloned between EtOAC (200 mL) -
" and water (100 mL) The aqueous phase was back extracted

25- with EtOAc (100 mL), and the comblned organlc phase was

washed w1th water, brlne and drled over NazSQg.  The



phenylocta-2(B ,7(E)-dienoic acid 10 [err] Methyl (5S, - - g o

" 6R)-5-[ (ter‘f’&l_‘s’%{-”ﬂ(sﬂi met hyl si |yl )oxy]-6-methyl -8 - - PCI/US98/03655
‘phenyl octa-2(E), 7(E)-di enoate from Preparation 1, step 10 15 (1.00g, 2.673
nmol.) was dissolved in acetone (44nlL) angdhen 1N aqueous LiOH (26nl) added
at roomtenperature. The cloudy m xture was further diluted with acetone
((20m.) and t ul ti ng_ yel l ow mi xture stirred at roomtenperature for

h .
23.5h. The Veierﬁ RSWHSTE FeMeyen 1 HaquR ankrtheoomde 20elhed fhe .
i dawith IN Hel (120ni). .brjne (200m) and H20. (16 The
organi cs werdTad! B IRGSPEFIEr SRR AR ARG bR D R
el 'l il which, w ified | um ch ' di ent’ tion: -

Loracon  2EREIOERRER (eiate S o fgive th RS of e b GERES | BF FhliRoS
‘0i | . (960ny, N 2 .. WD 98/38158 - | o -
'gkwibsgsygsgéggfgg-eﬁ&FfT[??r?%¥87.6f(C:10.5, CHC [err]); 1H NWR -
(ChC[erg]) d 7.38-7.19 (m PhHerr]), 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 (d, J
- =15.8 Hz, 2-H), 3.81-3.75 (m 5 Hprep4Padidh &m 6- - oL

(58, 6R) -5~ [ (tert-Butyldimethylsilyl)oxy]-6-methyl-8-
phenylocta-2(E),7 (E) -dienoic acid |
10 | |

.Methyl (55, 6R)-5—[(tert—sﬁtyldimethylsiiyl)6xy1¥6-methy1;8-
phenylocta—2(E),7(E);diénoate_ffcm'Preparatibn 1; étep 10
15 (1.00g, 2.673 mmol) was aissolvea in acetone (44mL) and then
1IN équeous;LiOH'(ZGmL)_added at room temperaﬁure. The'c10§dy |
 mixture was_further'diluted.with acétone (20mL).éﬁd-the
tesulting'yellow mixtufefstirred at_room-tém?ératuré fori]
23.5h. The reaction was diluted with diethylether (400mL)
20 and the organicé washed WiEhfiN.Hcl_(iZOmL),-brine (ZOOmLX,_
| _ and HQO (160mL).zThé.bfganiés were dried'(MgSO4) éhd |
1concentratgd in.vacub"td-leéVé;é ye116W'oil which'was
purified by.colﬁﬁn chfométégraphy (gradient elutioh: 5%.AdOH'
'f 20%-40% EtOAc/Hexanes):to give'cérbéxylic acid as é yellbw_‘
25 oil (960mg, 100%). . D |



5 H 4-Hd (d, J = 6.7 Hz, 6-Me), 0.91 (s, 9H, SiCMe

‘Si M), 0.06 091”3%”%) ppm IR (CHO [err]) I[err] 2957, 29303‘)%@%"%?%587
1258, 1098, 838 cn{err] (%S (FE» 360.2 (M-err],100); Anal. calcd. for:
C21H3203 requires: C 69.95; H, 8 95% Founglg-C, 69.19; H, 8.39% 10

Preparati on 3 [err]. 15 To a stirred solution of the carboxylic acid of -

N L IR DA e L A P e g
Sirred or W s (27U (g tea—vﬁhiﬁﬁaé %’%ow Eaﬁagﬁ”f“r o
fo leave an %ﬁx-%"- 5o T oot ek bhr (#edby Rt oBaphy g
o Poun (i = duPRE PRIk e %Ch' (e 9
[Png/r ]tJSgB%g3g4554 ')Helrr:lj[?arlaﬂls%eﬁ&l 6oul9, To. %CJ@ 9%4* %ﬁe%[?Cl?’)
O . 065 (s, SiMe), 0. 068 (s, SlMe) ppm;. IR (CHC13) lmm¢2957
2930 2858 1697 1258 1098 838 cm1; MS (FD) 360.2 |
(M+ 100), Anal calcd for C21H3203 requlres- C, 69 95'

H,8. 95% Found C,69. 19, H 8 39%.
lO_ S :

 Preparation 3

15 To'a'stirred.solution'of;the'carboxylic acid.bf.Preparation
2 (720mg, 2 mmol) in dry dimethylformamide (5.50mL) was
added '1'—Ethy1¥3—(3;dimethyaminopropyl)carbodiimide' (459mg,
2 4 mmol) and N—hydroxysuc01n1m1de (299mg, 2. Gmmol) at room -
temperature The mlxture was. stlrred for 28h and then -

20 diluted with EtOAc (100mL) ‘and washed with 1N aqueous HC1
(2x50mL), Hzo (75mL), drled (MgSO4) and concentrated in
vacuo to leave an oil. Crude product was purlfled by column
chrqmatograpny-(gradient:eiution : 5-30% EtOAc)Hexanes) to;n

- give aCtiﬁe ester.as,adpale.yeiiow oil (724mg,80%)._

25



(m PhHerr], .3-H), 6.38 (d,J = 16 Hz, 8-H) =16. 1 and 8.0 e,

, 6.14 (dd, J '
7-H) . 6. 03WQP83318 16 Hz, 2-H), 379(q J = 4.3 Hz; _5-H),_'?C§"AU e
CH2CH2), 2.58-2.42 (m 6-H, 4-HH), 5 110(dJ = 6.8 Hz,. 6-Me), 0.90 (s,
) [err] 2957, 2931, -

9H, SiCMe[err]), 0.05 (s, 6H, SiM2) EgolR(CHClB
2858, 1772, 1741, 1648, 1364, 1254, 109 1069, 838 cnierr];. M5 (FD) 457 . -
(Merr], 100); Anal cal cd. for C25H35NObG requires: C, 65.61; H 7.71; N, 3. 06@6;
Found: C, 650&51;513? %BB; 39, (8. D2Y% , 1CHCL g par &Hi NMR4(FBCH.]3)1§ 7T66a7st2|0rred '
solution of active ester of Preparation 3 (2.50g,5.47nmml) i-n CH3CN (130nL)
was - added 48% hplisous - ,( B6AY - &d. DG Wheizol tEbn Getdsiddsed at 16Clfor
0.75h and then at roomtenperature for 4h. The reaction was diluted with

di et hyl et hand( BO@nﬁy,aﬂd-m}asrﬁe.(Diw td, Hf exr1© Hant i 2-Hhe 3038 2Q,° das 4pB7. .

Organics were drled J err]) .and concentrated in vacuo .to give a yellow

t esi due whH&h @a‘g)ne a(lhlisz:ed'v'H?f(éﬁﬁE 259342 émcoﬁoﬂ'aé e |
t al 1. 469, 789 1H NVR (CDCI3) d 7.41-7.2 PhH e 6. 48 :
?crjyj i y ( 1|Q§J (%?15 & ¢ Ham 751111%)?44)0 %0 74s8g. g’é(”%nl {’-ﬁ DSQQ) (syp

98/38158 6H SJ.Mez) ppm, IR (CHC13) ‘Umax 2957 EgiU88§é836§§72
1741, 1648, 1364, 1254, 1092, 1069, 838 cm™; MS (FD) 457 -
' (M“‘ 100), Anal. ‘caled. for C25H35N05 requlres. |
Y 65 61 H,7.71;N, 3. 06% Found c, 65 51 H,7. 56 N 3. 02%
10

" Preparatidn'A. -

15. To a stirréd solution.of a¢ti§éiester of Preparation 3
 (2.50g,5.47mmol) in CH3CN (130mL) was added 48% aqueous HF
(lSm_L)_ at 0C. The solutioﬁ was lst:'..rre_d- ai: OC for 0.75h- grid'
' then Iat. room temperature __f_of'_ 4h .The reaction was -diluted
with diethylether (300mL) and washed with Hz0 wntil the wash
- 20 was ~pH7. Organics were dried: (_Mg_SO4-) and COnceﬁtraf:eii in
- vacuo to'.give a yellow residue. whi'éh wés recrlystallized' from
Et20 to g:l.ve alcohol as white crystals (1. 46g,78%)
1y MR (cnc13) a 7. 41- 7. 20 (m, PhHs,3-H), 6.48 (d, J-lGHz 8-

H), 6. 15 6.07 (m, 7-H, 2- -H), 3.71-3.65 (m,5 —H),_2_.'83 |



_61- brs 2.60-2.33 m6H4CHerr 1.95 (brs, 5. ) 4
(ngSHz %%@sp IR(KBr§ [err]: [_ Dy { ¥etrusobnddhs

3457, 1804, 1773, 1735, 1724, 1209; 1099, 1067, 1049, 975, 744, 694 cnierr]; 5 UV
'(EtO—I) [err] 250 ([err] =20835) nm-. M5 (-ED) 343.2 (M err],.100); o
[[err]][err] -57.8[err] (c 10.56, CHCl[err]); Anal. calcd. for

Jerr]Herr eqy 6. 6 0 ndg 6. 94

~ H.6.16; N, (%’}l%gﬁéfg I;‘r’epar@tslzogag er%iﬁ,ﬁf%:é(fq{oﬁ Ahlclbg%tﬂ’:%s %d eg tﬁ 14

- sol ution of L er Preparatlon 3 (2.90 g, 6.35 mol) " S
di chl ororret(ﬁita% sa%%_ a)nop%é solution cooled to O[err]C. An aqueous C
solution OfROXGH 1\9,?3]( 84549 1800, )17'73 2107394[1?724 CM@@ 1899 g3, oW y added
to stirred solutlon aqueous NaHCC3 3g, 63.5 rrm)) I n H[err]O(SO L)

(gas evol ut Iy cgaﬁgar-,\/@g h&nx-psul ti ng soI ution was added to the reaction-
m xture and stirred at Ocslgor 7h" (tlcec- 50% conversion). Further oxone (6 g)

and acetongr25Etdrb ) Bsie (@ddgdsgsq g mxture stirred for 1.5h° (t | c-
all SM consunmed). The reaction mxture was diluted Wlth H[err] o) (5 vol urres)

and pr oductMyx@chtﬁgj,vmtm’r 100);
[a]n -57.8° (c 10.56, CHC13),
| _ Anal. calcd for C19H21N058 requlres .l . |
C,66.46;H,6.16;N,4.08%. Found: C,66.49; H,6.16; N, 4.07%:
10.. . _ _ . . ;

Preg' saration 5

15 .
| Acetone. (lomL) was added to a solutlon of the actlve
.ester of Preparatlon 3 (2 90 g, 6.35 mmol) in =
- dlchloromethane - (20 mL) and_the.solution cooled"toe
0°cC. An.aqueous solutiOn:of_oxone (11.7 g, 19 mmol) in
20 - Hzo' (30 mL') was. slowly added to stirred solution of
| aqueous NaHCO3 (5 3 g, 63f5"m@¢1) in ﬁgo (30 mL)V(gas'
evolution observed') .The- resultlng solutlon was added
n_to the reactlon mlxture and stlrred at 0°C for-7h |
'_(tlc— 50% conversron) Further oxone (6 g) and acetone
25 (15 mL) were added and the mlxture stlrred for 1 5h
(tlc— all SM consumed) The reactlon mlxture was

dlluted with H20 (5 volumes) and product extracted w1th



WO 98/ 38158 . S R PCT/U598/03655 -62-
CH2d .2 (5 womomp Conbi ned, dri ed (Ngsq err]) organics wePETABABOIE? 4t ed

in vacuo to give product as a yeltow gummy solid (2.88 g). Tlc and 1H'NVR -

i ndi cat ed 90% desi r ed epoxi de product ([_gﬁ_ =1:1.62): 10% SM - Crude. 5 _
product was purified by colum chromatography. (SiQerr]: gradi ent el ution:

15% 25% Et OAc: Hexanes) to give. recovered styrene 389 \ /s() and epoxi de
as a yel | oHsOl2( 453% 600%3’(} nesy @rigd [gfg O,{)e,qrjgaqlq 50) were
separated by HPLC to give err] -epoxr de as a white 10 crystalline salid

(1.17 g, 597epe q@rsceﬂmavéqt%dl% veee&. Be GiVRhPERR FsPR |ar ¥&136M d (0. 864
g, 43.2 % 99%e%401Pre tron 5@ %@ native '
Prepar at i orffPERY |SGY {; g% odkt yTLEj FRéd EAVR oﬁngrcgif?ﬁe (229ny, 20

e T
- mxturesof onged wgupu%l%?em) csﬂlﬂna%%&%g&gmt qeid39 ™. 3.88

- gradlent elution: 15%—25% EtQAc;_Hexanes) to_glve

recovered styrene (389 mg, '13%) and eooxide-as a yellow -
011_(2.38 d, 80%) Epox1des (2 g, o: B —1 1. 50) were
'separated.by HPLC to- give ﬁ—epox:.de as_ a whlte
| .io crystailine solid (117 g, '5'9_._ %. 99.8 % _de)- and'a_—.
' epoxide. as white crys'tal_l.ine'_so]:.':.i.d (0864 g,'-_.43.2' %, a
99% ee) . ) o S

PreE' aration SA

15 o Alternative 'Prejpa'.'rat'ion

'i"o a vigorously stlrred solutlon of styrene (229mg, -
- 20 0.50mmol) in aceton:.tr:.le (7 5 mL) was added 0 1M aqueous
NazEDTA {5mL) and catalyt:r.c aqueous 0.1M tetra- n-butyl
. ammonium hydrox:.de (0 1 mL) - at: 0°C. A m:.xture of oxone
(770mg, 1 25 mmol) and sodlum blcarbonate (326 mg, 3..88 -_
mmol) were pulverlzed-_and_a-:portlor_l {~1/5) _was_-_added to the
25 s-feaction _mi.xtur.e.to .bring.t;_he PH to -Q7._ Af_te:_: 5 min, .keton_e |

(194 mg, 0.752 mmol) was edded portion _'w'i_'s'-e'_over a i h



mol ) wer e ed and a portlon (- 1/5) was added to the 646 o
m xture tovgylng tﬁe pH to ~7. After.5 nin, ketone (194 g, 8@;@%@ F? mas'f"
added portion wise over a 1 h WO 98/38158

'PCT/ US98/ 03655 - 63- peri od. Slnultaneouswﬁ-the %enalnlng Oxone ~ sodlum
bi car bonate m xture was added over -1h. After the additions were conpl et ed,

the reacti qemasgal é%@thﬁe@ﬁsi&' r'tﬁqa Blarfdi1H dng}anél > oddiihC showed

styrene: epoxide 50:50 and [err] epoxi Furt her Oxone .-

(380 ny) angh eQebuAnbLCALREARECWAST AdMRd W added mids Qﬂ% S£aQ¥eionsh
and then the reaction allowed to stir for-a further 3.5 h. the reaction was

diluted witweeehgbmpletatle €he rehctidniamiedMdwed@iEbd St fredBgani cs
were dried (MgSX) and 10 concentrated in vacuo to give crude product ‘as

~an oil (1400%W)forA G WReyrPse phonedCiByeenenm epoide G:50 Ja HeH f1ow
rate 1.0n nl/mn, 1=220 nm 15 [err]-epoxide Rt=6.80 mn (38.3%, a- epoxi.de
Rt =8. 435ni nené@xid&'()- ityBSelé . RFutthed dxone. (RI90) mdbrarid[mdiumpom de = -
1 4 4 and styrene: epoxide = 6:94 Preparation 6
blcarbonate {170 mg) were added portlonw1se over 1 h and
then the reactlon allowed to stir for a further 3.5 h the-_'
'.-reactlon was dlluted w1th ethyl acetate (SO mL) and washed )
. with water (50 mL) Organlcs were dried (MgSO4) and
-10' 'concentrated 1n vacuo to. g1ve crude product as. an 011 (140

~ mg).

HPLC: Reverse phase C18 column, 70:30 CﬁBCN:HzO,:flowfrateh'
_10mL/m1n,-1220nm_.-:--' -
.-l15';B—epox1de Rt= 6 80 min (38 3%),:a-epox1de Rt= 8 43 m1n
 (8.71%), styrene Rt= 13. 90 min (2. 81%) . . |

o:B epoxide = 1:4.4 and styrene; epoxxde = 6:94

Preparation 6

.20

.HPLC C18 reverse phase,.flow rate lmL/mln,_GO:AO—CH3CN1H20;
ﬁmax = 254 nm, B- epox1de Rt 17.2 mins (AUC 1. S); [a19539
25  +77. 36 (c 1 06, CH2C12), 1H NMR (CDCl3) 3 7 35 7. 24 -{m, 6H, ;

ArEs, 3 -H),- 6.08 (d, J= 15. 8 Hz, 2-H), 3.91-3 ..88_ (m, 5-H),



20 [err] HPLC C18 reverse phase flow rate 1nl/mn, 3

60: 40- CH eWQEBB$F&rr] O [err] = 254 nm [err]-epoxi de Rt=17. ECWﬁgsmi’éiﬁJC
1.5); [err}][err] 25 +77.36 (c 1.06, CH[err]CI[err] 1H NI\/R(CDCI[err])
[err] 7.35-7.24 (m 6H, ArHerr],. 3- H) 66408 (d -J= 15. 8 Hz, 2-H),"

3.91-3.88 (m 5-H), mo 98/38158 . o
PCT/ US98/ 03655 - 64- SH 297 (dd, J=6 and 0.9 7-H). 2.85 (s,
4H, CH2CH2)3-2056s2. §IH()m 24 9% )ddllJFtﬁ@nic% Qfﬁ 16244)7-11) 06?(%5 §86. 8Hpz, -

6-Ne), 0.86 6H, Si OVe3) | Me
(CI-lCI)[err])C%Iéq:IfIi)/29%755‘2§8§1 11?42 -HI;I?? iz@@ =157 id@al ppﬂé‘r‘ﬁ‘dw

-%Fwa)ve%fr[%f% (Go; ST B LB s WU Tl Bogf 15,00,
.;}.gg;'r'aNiign [(grr l)lgEE‘ &%(?:2{\%1? Z’b‘ﬁ‘é o%vé%a }?%12_/ 1773' 1200

F([)ef(r)] C'[%grr]ib%?o ééfe ﬂ U%Sgg%glﬁfeﬁ‘%"fm f) {ﬁﬁlﬁﬁr%%b&df [er.r]'.

(7m3§ Zl)26 (B z%Ha 74" '?h‘f“‘”]lor?’ Dhs &bt chia))+ T 1807 Enat: Hc\:alédgd'"f%

' CasH35NO¢ r_equ:.res: c, 63..40,_ H, __7.45,- N, 2.96_ %. F_ound. C,

63.45; H, 7.31; N, 3.21 %. '

0o - ' préparation 7

HPLC:_ C18 reverse phaéé, .flow. réte 1mL/min, 60;40;Cﬁ3CN:H20,
15 * Agax =254nm, o-epoxide R't:,:21_.__0 mins (AUC 1.0); [«lp®®
410.68° (c 1.03, CH2Cl2); H NMR (CDCl3) 8 7.38-7,26 (m, 6H,
(ArEs, 3-H), 6.13 (4, J = 15.7 Hz, 2-H), 3.94-3.89 (m, 5-H),
3.60 (s, 8-H), 2.99 (ad, = 7.3 and 1.3 Hz, 7-H), 2.85 (s,
4H, .CH2CH2)., 2.76-2. 71 (m, 4—:_{)-, 2.61-2.54 (m, 4_—H’_),.1.§'4.
20 (dt, 3= 7.2 and 2.8 Hz, 6-H), 1.03 (4,3 = 7 Hz, 6-Me),
0.90 (s, 9H, SiMes), 0.08 (s, SiMe), 0.05 (s, SiMe) ppm; IR
(CHC13) Umax 2957, 2931, 1741, 1773, 1649, 1254, 1200, 1125,
1095, 1069, 891, 839 cm-l; UV (EtOH). xm 218 (e = 21727) nm;
! 'Ms (FD) m/z 474 (M, 10),‘ 416 ([M-CMe3]*, 100); Anal.
25 calcd for C25H35N05 requlres C, 63..4-0;.- H,',7.4S;.'N, 2.96%.._--_.

 Found: C, 63.20; H, 7.63; N, 3.07%..



_3 60 (s : (dd, J= 7.8 and 1.3 Hz, 7-H), 2.85 (s
2.76-2.71 ( 9igﬂ§? . 61-2.54 (m 4-H), 1.64 20- (dt, ?t3ﬁ§%§H§%§ W,
6-H)," 1 03 (d, J =7 Ft 6-Me), 0.90 (. 9H, SiMe3), O. 08 (s S|Nb) .0.05
(s, SiMe) ppm IR (CHC [err]) [err] 2957.,.68931, 1741, 1773, 1649, 1254,
1200, 1125, 1095, 1069, 891, 839 cnferr]; W (EtOH) [err] 218 ([err] = .
21727) nm .MS (FD) Mz 474 (Merr],10), 416 ([MCwe[err]], 100); Anal. 25
calcd. for C25H35NG6 requires: C, 63.40;° H, 7.45; N, 2.96% Found: C, - -
- 63.20;. H; 7.63; N, 3.07% WO 98/ ion 8

PCT/ US98/ 03655 - - 65- Preparation 8 | tron of [err] Epoxy
- Fragment A Acid (3c ). ‘A solution of 2a' (1 91 g, 5.30 mml) of the :
fornula [err] 10 in CH2A 2 (18 nl) 'was ttﬁ@ted wi th m chl-oroperbenzoic acid
(0.96 g, 5.6 nmmol) and the mixture stjorqd3or 4 h before the volatlles

wer.e evaporated to give a col QgtRgs
used to separate the epoxides O

Preparation of ﬂ;gpoxyr?ragﬁent'A Acid (3¢’). A solution:of”g

2a’ (1.91 g, 5.30 mmol) of the formula

.'10
-in;CHﬁHQI[18 mL)_was treated-with'ﬁedﬁioroperbeazoiceapid_
'(0'96 g;-S 6 mmol) and the'miXture stirred for74 h3beforé'
the volatlles were evaporated to glve a colorless oil (2.88
'g[.r_ Preparatlve HPLC was used to separate the epoxrdes
: 15..(1 2:1 B: o) to glve the des1red B- epox1de as a colorless
 solid (42%). 1H MR (soo MHz,_CDCls) 87.37-7.27 (m, SH), -
7. 11 (ddd 1H, J = 15 5, 7.6, 7 6 Hz), 5.92 (4, 1H, J =15.5
Hz), 3.90 (ddd; 1H, J = 5.6, 5.6, 5.4 Hz) , 3.70 (@, 18, 3=
2.0°Hzi, 3.00 (44, 1H, J 4.6 6, 2.1 Hz), 2.51 (ad, 2H, J =
20 6.5, 6.5 Hz), 1.77-1.73 4m, 1H), 1.10 (4, 3H, J = 6.8 Hz),
10.89 (s, '9H),__0.07'_-_ (s, 3H), 0.03 (s, 3H). MS (FD) m/z 377
M1, 43), 319 (M-57, 100). e



15 (1l.2:1 errJJ a) to give the desired [err]- epOX|de as a coI orless SO|Id- a
(429 .- VN&/P@’% 6%) MHz, CDCl[err]) 87 37-7.27 (m 5Hy, 7. 11P¢HH§98/0PF155J =
155,-767 592(d 1H, J = 15.5 Hz), 90(ddd 1H,-J = 5.6, 5.6,
5.4 Hz), 3.70 (d 1H, J = 2.0 Hz), 3 00—(6qsd-1 1H J =6.6, 2.1 Hz) 2.51 '
(dd,. 2H, J =20 6.5, 6.5 Hz) 1.77-1, 73 (m 1H), 1. 110 (d, 3H, J = 6.8 Hz),
0.89 (s, 9H), 0.07 (s,: 3H), '0.03 (s, 3H. M (FD) n12 377 (I\/_H 43), 319
(M 57, 100). WD 98/ 38158 - PBreparation 9

PCT/ US98/ 03655 -66- -Preparation 9 [err] 5 Alter nate Preparatlon of
[err]-Epoxy Fragment A Acid. To a stirred sol ution of -acid 2a" (100 ny,
0.277 mmol ) in CH3CN (3.7 n) at O[err l?las added a solution of Na2EDTA
(1X10[err] Min H20, 2.8 M, 0.28 [ aput yl anmoni um-
hydrOX|de(1 Min MeOH, 28 [e er NaHCO err] (233 S
ng, 0.277 10 nmol) was added 1hy pH was éeﬁE 8.0 with 2 M NaOH and

a mxture of Oxone (1.70 g, 2. ¥ mmol) and Naﬁq 'l (722 ng, 8.59 mmol)
prepared. A 100 ng portion of the Oxone/ NaHCJ err] was added foll owed by
ket one (2b) . (143 ng, 0.554 mml) The pH was |mTed| ately adj usted to

7.8-8. 0 wth 2 M
5 Alternate Preparat:.on of . ﬂ-Epoxy Fragment A Ac:.d. T.o_ a

stlrred solutlon of ac:Ld 2a' (100 mg, 0. 277 mmol) in' CH3CN
(3 7 mL) at 0°C was added a solution of NazEDTA (1X10' M in |
| CH0, 2.8 mL, 0. 28 umol) and tetrabutylammonlum hydrox1de (1
M in MeOH, 28 UL, 28 ;.lmol)- After NaHCO; (23.3 ng, 0.277
'__10.. ' mmol) was added the PH was adjusted to 8.0 with 2 M NaOH
| and a mixture of _Oxone (1_.70 _g, 2.717 mmo_l) _and NaHC03' (7_2_2
mg, | 8.5.9.- 'mmol) Iprepare'd. A 100 mg "'port_iion of the Oxone/
NaHCO; was added followed by ketone (2b) (143 mg, .(.).55-_4
o mmol) . The pH was imﬁed_iatel'y'adjusted to. 7.8—8;6 with 2_IM |
' ‘15 NaOH. The rest of the lox'.one./'. NaHCO:,. mixture was added in 95
| mg port:.ons in 10 m1n 1ntervals and a solutlon of (2b) (143. |
mg, 0.554 mmol) in CH;CN (500 pL) was added to the mlxture
dur:l.ng this- perlod via a syrlnge pump 'I’hroughou-t t:he -
| experlment ‘the pH was malntaJ.ned at 7 8 8. 0 w1th 2 M NaOH
20 and 1N sto,, . HPLC analys:.s (C18 reverse phase, detectlon
at 220 nm, flow rate at 1 mL/m:Ln, CH;CN (0 05% TFA) / H,O
| (0.05% TFA) - % CHyCN: '80% to 90% over 10 min) 3 h after.
the Oxone addltlon revealed that the convers:Lon was greater. :
than 95% with a B/a epoxn.de ratlo of 5.0: 1. . The mJ.xture was -
25 flltered and the wetcake washed w1th CH;Clz (15 mL) '_The |

"flltrate was washed w1th "H,O (15 mL) and the aqueous phase



15 NaOH. MBﬁ st of t he O<one/ NaHCCIerr] mxture was. adciqﬁmggsﬂgsgg’g
- portions in 10 mn interval s and a sol ution of (2b) (143 mg, 0.554 mml)
"CH3CN (500 [err]L). was ‘added to.the mi xture during this- period via a - '
syringe punp. Throughout the experinent6¥he pH was nmintained at 7.8-8.0
With-2 MNaOH 20 and 1 N Herr]Sderr]. . HPLC analysis (Cl8 reverse phase,

detection #ack@itBaddl wite &,cl,MAR mL)CFB@Mé (t&c@én-&f\)oi&ﬂfér] o
(0..05% TFA) - % CH3CN:  80%to 90% over 10 mn) 3 h after the one :

addi tion rerealed Wit WwdEh6@NWEERi ON1VEISHELeater rrhaan¥b¥,0i tthoamn) , -
[err]/[err] epoxide ratio of 5.0:1.. The mxture was 25 filtered and the.-
wet cake washr€gkdvi (MgSBIC &d&&dﬁdentx%tﬁedl&cbr@ieemahemshdd pnrbhuIdEO‘ ( 15
m.) and t he aqueous phase -~ WD 98/ 38158 .

~ PCT/ US98/ 0265% y6l-1dvaoki Ex{1@ttmg, vl 00sCH err]C [err] (15 rrL) ‘The - .
combi ned organi c phases were washed with 0.1 M HJ (10 ni) and H20 (10 m),-
dried {MSderr]), and concentrated to give the crude product[err] as a
yel L ow oi | (104"rrg, 100% . 5 Preparation 10 [err] 10 - Preparat|0n of
[err]-Epoxy Fragnment A Methyl Este}:?-w . _ .

.10' i Preparat1on of B- Epoxy Fragment a Methyl Ester _-'The |
epoxa.datlon of the methyl ester of Preparatlon 1, stella. 10
. {104 mg,' 0.278 mmol) was’ performed in the same manner as
: descrlbed in Preparat:.on 9 except that the pH was lowered to
3.3 w1th 1N HzSO4 after the tetrabutylammonlum hydrox:.de
15 was added pr:.or to the add:.t:.on of sodJ.um blcarbonate HPLC
.. analys:.s Isame method as used for the analys:.s of the -
i product of Preparatlon 9 except % CH3CN ' 95% 1socratlc)_ 2
h after the Oxone add:l.t:.on revealed that convers:.on was
- greater than 95% w1th a ﬂ/a epox:.de rat:.o of 4.9: l. After
; .2_0_ CHzClz (6 mL) was added the mlxture was flltered and the
-wetcake washed with CHzClz (14 n_n_L) . The flltrat-e_ was was_hed
~ with HzO (10 mL) and the aqcecﬁs phase back _extr_'acted with
: CHzClz' (2 X 20 mbL). The' 'combined o.r'gahicz Ip.haSes were drled -
(MgSO4) and concentrated to glve the crude product as a |
.25 yellow oil (123 mg, 113%) 1H NMR (500 MHz, CDClg) 87 38- )
7.26 (m, SH_), 6.99. (ddd 1H J =; 15.8, 7.6, 7.6 Hz), 5.91



epoxi datlon of. the met hyI ester- of Preparatlon 1, step 10 (104 ngy, 0.278 -
- nmol ) -was -pe@P8Batss in t he sane manner as descr.i bed in. Prepa?‘é'!'/pwo?“i?xcept
that the pHwas |owered to 3.3 with IN- Herr] S err] after the . o
tetrabutyl amoni um hydr oxi de 15 . was . added, prior to the addition of sodi um
bi carbonate. HPLC anal ysis (sanme nethod as used for .the anal y5| s of the
product of Preparation 9 except % CH3CN: . 95% isocratic) 2 after the -
Oxone addi t {@n #H8vedl ed1bhét H@énvér-@%r(dﬂa% dibatler= tthdh 95'>D)§W$h4aHZ)r |
Terr]/[err] egomde rati o_of 4. After 20 CHerr]C[err] (6 nL) wa
added, the ¥t ?ur(ﬁ wﬁg)frl ?’tEped‘i‘amé-l*ft'hér e tlodk EZdas Hed Qi (CifiCl-éI@f r'fCF[err]

E);gkméitracg éll t' \é\gr ?\A%é[‘grqﬁ\]ém E@\ )l_(gjﬁ (7]50—#_'?9(:3 d-1. e) aﬂ)‘s ghase _
_ghgzesy\glelrg d %/g§%err] %?%d conmﬁt mga\%‘ h(;;g@i?) e pﬁgg““ as... ..
PCT/USQ%?Oé@% (Fég m%5 %al j . 15 E§§?93u§;§%dd%) ngngsigée, 5.6, 5.4

Hz), 3.75 (s 3H), 3.70 (d 1H, J = 2.1 Hz), 3.00 (dd, 1H, ) =68 21
M), 2.49-2.45 (m 2H) . 1.75-1.69 (m 14, 1.10 (d, 3H J. = 6. 8 H), 0.88

(s, 9H), _0 06 (s, 3H), .- 0. 02 (S 3H)p parat:.on 11

OotBs oM

10

'A1ternate Preparat:.on of B-Bpoxy Fragment A. To a solutlan
of the methyl ester of Preparatlon 10 (7 35 g, '18.8 mmol) 1n_
35 mL of tetrahydrofuran_ was’ added_ '35 _mL of 2N potasaiuin '

15  hydroxide. The biphasic.mi:.‘cture .w.as allowed to stir at 56°C .
for 14 h. Upon coolindto room temperatuf_e the lay_e_ré Were
separated and the aque_oﬁs‘ _'1ayei' _W’as ﬁashéd with .t—'bu.t.yl _
methyl ether (1 x 50 mb). .Th.e_ ton\bine'd'ofganic_s ‘were washed

" with IN hydrochloric acid (1 x 35 mL) followed by brine (1 x

20 35 mbL). Dryiné : (Nazso4) with'Simultaneous Darco- .(20—40

mesh) treatment followed by f:.ltrat:l.on and - concentrat:.on in.

vacuo prov1ded 7. 85 g of the crude ac1d as a. brown oil.



5 MB (FD) (M+1, 8), 333 (h457 100) Preparatron 1

Al'ternate. para on of [err]- Epoxy Fragnent A To a solutr(ng'r?]lj?(1!&;9?);):;'Jss

met hyl ‘esteer of Preparation 10 (7. 35 g, 18.8 mmol) in 35 #k-of = -
tetrahydrofuran was added 35 nL of 2N potggsi um 15 hydroxrde The blphaSIC
m xture was allowed to stir at 56[err]C for 14 h.. Upon coollng to room
tenperature t he | ayers were separatedggégﬁéggé?queous | ayer was washed w th
t-butyl methyl ether (1 x 50 niL). The organi cs were washed with IN
hydrochloric acid (1 x 35.nL) followed by brine (1 x 20 35 nL). Drying . .

~(Na[err]SOerr]) with srnultaneqﬂg Darco (20-40 nmesh) treatnent fol | owed by
filtration and concentration in acuo provrded 7.85 g of the crude acid as

a brown oil. WO 98/-.15. o

PCT/ US98/ 03655 - 69-. . .. TO a ,olutlon of [err] epoxi de of
Preparation 6 (473ngl ' in B gsDNF'(wNYnL&& i no acrd "B"
(459ny, 2.0nnp|s),'reuv‘§ented by the fornula:]\\

"0 ~OMe
5 To a solutlon of B—epox1de of Preparatlon 6 (473mg, 1. Ommol)
in dry DMF (6.7mL) was added amlno acid "B"'(459mg,_

-_2.0mmols), represented by the formula -

10 | S
| BCT Intnl. Publ. No. *W5-97/07793' pubiish;a'March-s 1997;
‘followed by N,O-bis- (trlmethy151lyl)acetamlde (618uL,
12 Smmols) at room temperature under a nltrogen atmosphere.
. The resultlng mlxture was . heated at . 55°C (solutlon-formed)_
.15 _for 8h dlluted with EtOAc (250mL) and washed w1th 1N _
. aqueous HC1 (3x80mL), Hzo (100mL). Comblned drled (MgSO4)
‘organics were concentrated in vacuo to glve a yellow foam
(590mg), which further purlfled by column chromatography
'(8102; gradient elutlon, CH2C12 - 5%- 10% MeOH CH2C12) to

20 cglve s11yl ether product as whlte foam (489 mg, 89%)



: [err] 10 PCT Iintnl . Publ . No V\097/07798 publlshed March 6, 1997; ©
fol | oned bWﬂI%ﬂﬂsg (trimethylsilyl)acetan de (618uL, 2. 5mmP€'}'/U§?3’Q36€§n
tenperature ‘under a nitrogen atnosphere. The resulting .nm xture was heated.
-at "55C (solution formed) 15 . for 8h, dil thoed wi'th Et OAc (250nlL) and. vvashed
with 1N aqueous HC (3x80m_) "H20 (100rrL) Conmbi ned, dried (MJSQ err])
organics were concentrated in vacuo to give a yellom/foan1(590ng) mhlch
further purified by colum chromatography (Si O2, gradient elution;

Clert) ALl oot el e thLET L i Sl VSed e T
;'Eﬁﬂ“ﬁgs’?oi??%?% T L pEH) ) +%8-5§§62~‘i9$ a 3%3@ &t & & 011%6%[9”]
 2-46 23233(ﬁf?2 Hgb) P‘H)*’%*oc3 %§4Q%H1%%§b) %bggh(ﬁ% §-H) 6'2 QEF%% N@)-'o 741_.
35, °H 2 B Shcks, Sl 2P 05 (Eol) W B (o Jpad
4 27-._ 4.23 ‘(38‘, ?r';')s. ..E,(%-M%H-, oy éo%éddsipieﬁ 233 04, Ssime) ,
| -0.13 (s, SiMe); Unit B: 7.76 (d, J = 7.3, NE), 7.33-7.17 m,
ATH), 7;041(d4_J_= 8.5, ArH), 6.90 (d,_J - 8.5, AfH),:4.27-
423 (m, 2-H), 3.72 (s,_3H, OMe), 3.02 (dd, _J"=“i3.3' and 4.3._
1q._Hz,'3—H); 2.78 (ad, J = 13.5’ and 7 8 Hz, 3-H’) ppm; IR (KBr)
w2955, 2930, 2857, 1668, 1605, 1504, 1463, 1454, 1279, .
'=1zsé;u;os7; 1026, 837, 776 cm-l; UV.(EtOH):lmax 278 (e'=';¥
2219) nm: o -

15 . o . Example 2

CH;

.\\\\\\( o .
l OMe

nBU4N* "

Method A _ _
20 - To a solution*cf'silyl'ether of Example 1'(166mgg
0. 272mmols).in dry ﬁMF-(3.5mi).was aadea sodium
_ blcarbonate (228mg, 2 72mmols) followed by solld '. .
| tetrabutylammonlum fluorlde hydrate ('I’BAF) (358mg, .

_ 1.36mm<_>ls) . The mixture _was heated at 60°_C for_ 17h and



10 Hz, 3-, (dd, J = 13.5 and 7.8 Hz, 3H')'ppm IR( 55 _
12930, 2857 19§é§175§1605 1504,: 1463, 1454, 1279 1258, 1067 ’°§§3 776
cnierr]; W (EtOH) 1max 278 (e = 2219)-nm 15

Exanple 2 [err] Method A 20 To a SO|utL¢ﬂ_Of S|Iyl ether of Exanple 1
(160ng, 0.272mmols) .in dry DWF (3 5mk) was added sodlun1b|carbonate (228ng,

2.72 I tyl :

Cram (aebsh HERE l%%e SRy ot AERELETL %*ar SR By ana

WD 98/ 3815 i /03655 -71- th

further TS%P%Eﬁﬁyall Ol t%on 05 %%a?géFf ' ggﬁgﬁally a SO|UtIOﬁn

~of 1M TBAF4i i ghidio (30 égiﬁ?ﬁé)gﬁedfgaw%%”a B%whe%‘d IQfF 2 brown -
eate or-2

col our .- The m Xt ure was mns and then the 5 reaction

“quenched i Atk b0 Ash €44 B6EedoWnt AsERRAC thdx5MHe . Conbi ned,

~dried (Na[err]SOerr]) organics were concentrated in vacuo to glve_a bromn.
oily gugl(%@%ﬂﬁlodjqﬁghéﬁédoﬁﬂ|ﬁé@eﬁaklomﬁﬁ)U&ﬁd e&dﬁ&%déaﬂw1th

EtOAc (3x50mL) . Comblned dried (Na2504) organlcs were

concentrated in vacuo to glve a _brown 01ly gum
(248mg) Crude carboxylate salt was used in the next
step w1thout further purlflcatlon

10

. Example 3

M -_ .‘\\\UCI | |

15 Method B
| _'To a solutlon of 51lyl ether of Example 1. (145mg,
0. 247mmols) in dry tetrahydrofuran (3. OmL) was added a 1M
'solutlon of tetrabutylammonlum fluorlde (800uL, O.Smmols)
| under a dry nitrogen atmosphere The resultlng solution was
_ZOH-heated at 60°C for 7h and then worked-up as descrlbed above
“ to glve a brown re31due (166mg, 94%)- Crude carboxylate

) salt was used in the next step_w;thout_further_purrﬁaoat;on,



step Wi t hout further purification. 10 Exanple 3 [err] 15 Met ho

'sol uti-on of WOMPPIRt her of Exanple 1 (145ny, 0.247mmls) in HP?/'%S”’&“?
‘tetrahydrofuran (3.0nL) was added-a 1M sol ution of tetrabutylamonium
fluoride (800uL, 0.8mvls) under a dry ng@rogen at nosphere. The resulting
sol ution was 20  heated at 60C for 7h and”then worked-up as described -above
to give a brown . resi due (166nmg, 949 ude carboxyl ate salt was used in
the next step without further puri 4 WD 98/ 38158

PCT/.US98/ 03655 -72- Exanple 4.CH3 [err]-' 5 To a dry solution of crude

car boxyl ate salt. (0.272mmol s) 'é% DMBO (3.5nL) was sodi um bi carbonate
(274ng, 3.26muol s) follomed o) om/addrtron of a solution of t-butyl

broni de (373ng, - ~2h at roonrtenperature and
under _

5. To'a dry_sclution of crude-Carbchlate'salt |
(0. 272hmole) in'DMSO'(3 Smﬁ)'Was scdium.bicarbcnate
(274mg, 3. 26mmols) followed by slow addltlon of a
.solutlon of t—butyl bromlde (373mg, 2. 72mmols) in DMSO
_(1.5mL) over ~2h at room temperature_and under
16 nitrogen The.mixture Was stirred for a further 21h and.
then quenched in brlne (50mL) and extracted w1th EtOAc
- (3x 30mL) Combined organlcs were washed w1th water
(SOmL), dried (N32504) and concentrated in vacuo to glve
crude ester as a gummy SOlld (117mg, 81%) | The crude |
15'-_a1cohol A-B was used in the next step w1thout further '

purlflcatlon



10 nltrogen The nixture was stlrred for a further. 21h and then quenched

in brine (SOMIP38ISE -extracted Wt h"Et OAc (3x 30rrL) Coribi ned RETTfESMOY36Saer €
washed with water (50r), dried: (hb[err]SIIerr]) and concentrated in vacuo
‘to give crude ester as a gumy solid (117 81% . The crude 15 al cohol
A-B was used in the next step without fur er purification. WD 98/ 38158
_PCT/U898/03655 -73- Exanple S [err] 5 Boc amne (1.69g,5. 09mmuols) of the -
fornula [err] PCT Intnl. Publ. No. E¥a®ple7398, published March 6, 10 o

1997; - was dissolved in trifluoroacetic. acid (17nm) ‘and the sol ution stirred

at roon1tenperature under a dry nitrogen atnosphere. for ‘4. 75h and then
concentrated in vacuo and dri hi gh vacuum for 24h to give the am ne
satt as a yellow vi scous oil ( S X90% . 15 [[err]][err] -11.54 (c 1.04,
MeOH); 1H NVR (CDCl [err]) [errl]. . 71,43 (br s, 3H NHerr]),3.34-3.28
~(m 3-H, 3.18-3.12 (m 3- NHa* TFA” o .

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

- pcT Intnl.”Publ;'No;.WO 97/67798)dpubiished March 6,

10 - 1997; was dissolved in trifluOroaceticlacid'(l?ml)'and -
 the solutlon stlrred at room temperature under a dry
.nltrogen atmosphere for 4 75h and then concentrated 1n.
jvacuo and drled under hlgh vacuum for 24h to give the'

am;ne salt as a yellow v1scous oil (1.769,.100%). |
: 15.. _ | _ _._ _ _
| [a]D589 -11.54° (c 1. 04 Meon),,ln NMR (cnc13) 8 Un1t c’:
u7.43 (br s, 3H NH3) 3 34 3 28 (m, 3-H), 3 18 3 12 (m, 3—
CH'), 1.42 (s, 2-Me), . 1 36 (s, —ME), Unit D: 10 94 (br s,
- CO2H) , 5.23;5}20 (m,  2-H), 1 92- 1 77 (m, 3H, 3-HH', 4-H), |
_;ZO:fi 10 (4, J = 5'8 Hz;~5-H3); 0'98 (d J = 5 8 Hz,. '4Me) épmf |
IR (CHC13) 0 2963 1746 1710 1678 1192 1172 cntl;.MS:r
”(FAB) 232.2 ([M+1]+. 100)- | o



H), 1. 42 (s, 2-Me), 1.36- (s 2- Nb) Unit D 10 94 (br s, CIQ 23-5. 20
(m 2-H), 1V929&3$ws(n1 3H, 3-HH, 4-H), 20 1:10 (d, J = 5.8P 2&W¥§

0.98 (d, J 5.8 Hz,. 4-Me) ppm IR (CHO [err]) [err] 2963 _1746 1710, -
1678, 1192, 1172 cn[err] M5 (FAB) 232. 2.%4hm1][err] 100). - WD 98/38158
PCT/U898/03655 74- Exanple 6 [err] 5 To stirred solutlon -of ami ne salt
of Exanple 5 (5.09mmvl.s) in di oxane (20nL). mas added sodi um bi carbonat e ,
(2.14g, 25. 5ol s) fol I'owed by Fnoc@%ampi@g66. 11mols) at room tenperature.
The mixture was diluted with H20 (4nL) and stirred for 19h. The reaction
m xture -was quenched in 1IN 10 _aqueous HO (150nL) and extracted with Et QAc
(2x100nL).. Conbi ned organics ! HBhed with H20 (100n), -dried (MySO4)
and concentrated in vacuo to giv a yeOl ow gumy 'solid. The crude product _
was purified by colum chromato ' e-Si ;. gradlent el ution; 1096 .
75% 15 Et OAC. Hexanes) to pro :
(850my, -37% . Product was contaninate wWZh ani no aci d V\/m ch vvas rem)ved
by dissol ving the product in - S

5 To a stirred solution of anine.aalt of Example-S‘(S.OQmmols)'
in dloxane (20mL) was added sodlum blcarbonate
(2.14g,25.5mmols) followed by FmocCl (1. 58g,6 llmmols) at .
rooﬁ temperature; The mlxtureawas drluted_w1th HgO (4mL) and

| .stirred for 19h' The . reaction'mixture was.quenched in lN'..

10 aqueous HCl (150mL) and extracted w1th EtOAc (2x100mL)
Comblned organlcs were washed with Hzo (100mL), drled

'l (MgSO4) and concentrated 1n vacuo to glve a. yellow gummy
.solld The crude product was purlfled by - column.
chromatography (Blotage 5102 gradlent elutlon, 10%— 75%

"15 - EtOAC: Hexanes) to prov1de Emoc ‘amine as a pale yellow solid
(850mg, 37%). Product was.contam;nated-wath amlno acid, -
which was removed by dissolving the product in EtbAc and
stirring with 1IN HCl.aq.for'several hours. Organics were.
dried and concentrated to.pive.product;(SS:lS product: amino

20 acid).

-i[a195§9'515.959 (é_o.so, CH2C12) ; M NMR (CDC13) 8 Unit t'g
'7;59_(d, J = 7.4 Hz, ArH2), 7;57;7.61 (ny'ArHQy;'7;43 £, J
- =7.3 H;,_ArHi);'7.36-l7.3o (m, ArHz), 5.88 (t, J ='5.8 Hz,
25 NH),'4.41—4.38_(m;.3’fHH{),n4_35-4,28 (m,4'—Hi, 3.42 (4, T =



stlrrln with AN HC a for several hours. Organi cs wvere. drled and
“‘concent ?at Rkt 3’3& e p(r:]oduct (85:15 product am no 20 acid). c{réqqsp/pgqs?]
-15.95[err] (¢ 0.50, CHerr]C[err]); 1H NVR (CDC [err]) [err] Unit C:
7.59 (d, J =7.4 H, ArH2), 7.67-7.61 (nL7§LH2) 7.43 (t, 3 = 7.3 Hz,
‘ArH-err]), 7.36- 7. 30 (m ArH2), 5.88 (t, 5.8 Hz, 25 NH)

it e S s b, B,
gggg (393; 1730, ?SHEBM @82533‘ go GH% TZLG & %E 145 (1r’r‘}1 5 9!51{ errl.
crferr]: 41?*@ #5‘?&% o (808 Eh205-13), P00 0% YR B2 ey
221 (¢ . St i ViGREPS), ‘3541 M4be, 19%o Madlag calé, %qféfczﬁ?%’“%%-
-éga%?remse hies,rllﬁzﬁs Tm@sstvsgedn@l eﬁrmn ot mf:bﬁwmm aggl G of -
| 5851), 288 (e = 4773); 265 (e = 18369), 227 (e = 4813) nm;
S (FAB) 454 ([b 11, 263 Anal. caled. for C25H31N05
"requi'resu c, 68. 86; H . 89 N, 3. 09% Found: C, 68.92; H,
____'701N,334% | | | |
.' ": 1°._ -

15 eTo'a.stirred'solution of carbo#&lic'acid D-C*. oijxampie 6 _
.(129mg, 0. 285mmols) 1n dry dlchloromethane (1 OmL) was added
'.:DMAP {5.4mg, 0 044mmols) and DCC (59mg, 0. 285mmols) at room
.temperature under a dry nltrogen atmosphere The solutlon
- was stlrred for 0. 5h and then solid sodlum b1carbonate
20 (37mg, 0. 44mmols) added followed by a solutlon of crude
: alcohol A-B of Example 4 (117mg, 0. 22mmols) in dry .
rdlchloromethane (1.2mn) . A prec1p1tate formed w1th1n 10.

':mlns and the mixture was stlrred for a further 50 mins. '-The



(129ng, 0.

285/l s) n dry di chl or onet hane (1. On) was added DIVAPQ/“%sgng,

- 0. 044 ol sYVOa%@ B3c (59ny, . 0.285mmol s) at roomtéenperature’ l}’rﬂé{l}
ni trogen atnosphere. The sol ution was stirred for 0.5h and then solid _
'sodi um bi car bonate 20 (37ng; 0. 44mmwl s gadded foll owed by a solution of

crude al cohol A-B of Exanple 4 (117nyg,

(1.2n).
for a furt

2mol s) in dry. di chl or onet hane

ARIES LA Fod SLIRELML B0 ﬁgcﬁyaggpﬂ%dmoﬁ SRS e

CT/ US98/ 03655 d di lied ontoa,

STy oo e e e R LoaPatbaL 6P el B,
hyl Lide( 423 |

Tiepsy. "9 WY PPt S 3848, Srdahch a3 b el Vel ABER Hidmg

(m 2H, 3-

(dd, J =1

Hz, Ar

ZL%Arcw %5{;9%&&51%)\1 = 15.6 Hz, 2-H), 5. 144 93 (m 5- H), 3.05

, 2.65- 2.63 (m 4- HH), 2.00-1.95 (m 6 H,

1.17 (F§ J =7.0, 6-M): Unlt B: 10 7.43-7.20 (m ArH); 7.06 (d, J = 8.1

6.90-6.81 (m ArH),

6.44 (d, J = 7.7 Hz, NH), 5.19 (q, JAB = 11.8

ez, 1 HH)%HM @B )md” ol 23 817 457 Q¢) (m 3 26553, 1% (90- 8:81 (m,

2H, 3-H, ArH), 5.93 (d, J = 15.6 Hz, 2-H), 5.14-4.93 (m, 5-_11.

~H), 3.05 (44, J = 14.5 and 8.3 Hz, 7-H), 2.65- 2.63 (m, 4-

10

HH’), 2.00-1.95 (m, 6-H), 1.17 (4, J = 7.0, 6-Me); Unit B:

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, Jas = 11.8 Hz, 1'-
HH),_5.14 4.93,(m,-_fH)l 3.87 (s, OMe), 3.20-3.10 (m, 3- -

HH'), 2.21 (s, SMe); Unit €’: 7.79 (d, J = 7.4 Hz, ArHz),

15

'7.67 (4, J = 6.9 Hz, ArHz), 7.43-7.20 (m, Arfa), 6.04 (d, J

7.7 Hz, NH), 4.42-4.34 (m, 3’-HH'), 4.30-4.25 (m, 4’-H,

3.42 (d, J = 6.2 Hz, 3-HH’ ). 1.27 (s, 2-Me), 1.20 (s, 2-Me); .

‘Uait D: 5.22-5.18 (m, 2-H), 1. 82-1.58 (m, 3H, 3-HH', 4-H),

0.96 (s, 5-H3), 0.94 (s, 4-Me) ppm.

. Example 8




). 2,21 Unit C: 7.79 (d, J = 74HzA 7.
He, ArHR), ﬁ&gﬁ&ﬁ%om ArH err]), 6.04 (d, J 15 = gﬁﬁ&‘%bﬂ”%é% 34
(m 3 -HH), 4.30:4.25 (m 4 -H, 3.42 (d, J = 6.2 Hz, 3HH')',127(s :
_2|\/E_)120(s 2|\/E).Un|tD522518-§-m.2H)12158(m3H
3HH' 4-H), 0.96 (s, 5-H3), 0.94 (s, 4-Me) ppm 20

Ie 8 1

oo Usos osass e 0Pt Siiukion of methvl SH%PHW%&I%FF‘&E‘P&F é’xanpl e7 ©

- (56ng, 0. 058 64 -
g).' Yg?mrml s) Wm?%n aqﬁ%rgt%():es Ut g %‘%8%21 ?g%gngg tu%B(menFs) in
vater (3. OMoh calbomted SREAIED 01 ¥oMifio 8P f&;i&%@aai:g Qﬂma%%fsature for

20 mns (SMis rapidly converted to a very nent oxi de and

then with tigguded ddhef I hgn ) ti
quenched in water (4OnL$§§ﬁ§9e§%%ac ngW??%hﬂgtﬁz %3x§§t%?aq ganlcs mere

-washed v§ t h rd@ ctilgn enil-395te waléI§@hf£@§%erfbbmaeémga%%ﬁ&—reatf%% 12D RGO

to give a solid. Crude product was purified by colum chronatography (S|C2
:gradlent eluEMDﬁs Xty 6006 converted to a very polar. component '

”sulphox1de and then with tlme to the 1ess polar sulphone
'f product). The reactlon ‘was quenched 1n water (40mL) and |
' extracted w1th EtOAc (3x20mL) Organlcs were washed w1th
- ;0 “brine (30mL), dried (MgSO4) and concentrated 1n vacuo to
glve a. SOlld Crude product was purlfled by column .'.
Vchromatography (3102 gradlent elutlon, 25% 60% -
. 'EtOAc :Hexanes) to give sulphone as a whlte foamy SOlld w
 (43mg, 74%). |
lH NMR.(CDC13) 8 Umit A: 7.58-7.17 (m, ArH's),__"_s.sz"—'s 75 (m,
3-H), 5.87 (4, J -.—."1"6H}.,"'-2'LH")-,' 4.98-4. 86 (m, S-H), 3. 70 ¥
J= 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 (4, a =7, 7 Hz, ArH), 6.81 (d J =
8.1 Hz, ArH), 6.54 (@, g ﬁ_='_7-'."5 Hz, NH), 4.98-4.86 (m, 2-H),
3.84 (s, 7-OMe), 3.17-2.98 (dq, dm = 14 and 6.6 Hz, 2-HH');
| . Unit c’: 7.'75 (d, J = 754'-'-Hz,. ArHz), 7.62 (d, J = 6. 8 Hz,
 Arm2), 7.58-7.17 (m, ArHe), 5.97 (¢, d-SSHz,.NH), soo
25 (s, SOMe), 4.98-4.86 (m, 2H, 1’-HH’ ). 4.38-4.33 (m, 3_'—
| HH’), 4.25-4.20 (m, 4'-H), 3. 20-3. 36 (m, 3-HH" y, 1.22 (s, 2-

- Me), 1. 15 ('s,_. 2-Me) ; Unit D: 5._19. (g, JaB ':=_ 5 Hz, 2 _-H),



g

EtOAc Hexanes) to give sulphone as. a white foany SO|Id (43ng 749 . 15 1H
‘NVR.(CDCl' [ eMO 98/38858r] Unit A 7.58-7.17 (m ArHerr]), - 82- @cm! 36§5H),_
.87 (d, J = 16Hz, 2-H), 4.98-4.86 (m 5-H), 3.70 (d, J 1.1 Hz,"7=H), .
.92-2.89(m7|—|),261258(m4HH) 14_189(m 6H) 113(d,J=
1 Hz, 6-Me); Unit B 20 758717(m ). 7.04 (d, J =7.7 Hz, ArH),
.81 (d, J =8

| 1 Hz, . ArH), d, J = 7. I\R 4._98-4.-86nén§ 2-H)
.84 (s, 7-CheB0-3. 62 2%82€dq3 AB4~Hﬂ4 e?-m§76'36 (. 1348 unf t2F (Sv 75
d, J = 7.4 Hz, ArHR), 7.62 (d, J'= 6.8 Hz, ArH2), 7.58-7.17 (m ArH4),

5.97 (t, J —55HS5AHz$ R#) (s 8oMel ppm. SCJZNE) 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,

~wo NN
h =
E

2- M), 1.15 (s, 2-Me): Unit D '5.19 (g, JAB = 5 Hz, 2-H), - WD 98/38158 -

PCT/ US98/ 03655 -78- 1.80-1.61 (m . .2H,

(s, 5-H3), 0.89 (s, 4-Me) ppm Exarrplegﬁgp—i—H—b-

'Cryp109h¥9in 52 G _Exptog_ycin 52

Ci

OMe

To a stirred solutlon of sulphone of Example 8 (18mg,
"16 17 ,98umols) in dry DMF (2 OmL) ‘was added neat plperldlne

(8 Sul, 90umols) at room temperature and under nltrogen The
resultlng solution was stlrred for S5h and then concentrated
in vacuo to give crude-amlne as ‘a foam. ‘The amine was .
dissolved in tqlueﬁe (3 mL) and heated:at 60§C under

15 'nitrpgen fer'40minsr The reaetibn solutionIWas'directly

| .-purified'by column'chrdmatdgraphy (Sicb;_gredieht elution;'
20%- 75% EtOAcC: Hexanes) to glve cryptophyc1n 52 as a whlte
glass (6 1mg, 51% over 2 steps)

20 '1H NMR (CDC13) 8 Un:.t A 7. 45-7. 38 (m, ArHs), 7.31- 7.23 (m,

ArH2), 6.85-6.76 (m, : -H), 5.76 (d J '= 15 3 Hz, 2-H), 5.27-

5.23 {(m, 5- -H), 2.97 (dd 'J'= 7.5 and 1 7 Hz, -H)_,."z_,...ss—z-.-44.

(m; 4-HH’), 1.86- 1 67 (m, 6-H), 1.19 (d, J = 6.9 Hz, 6-Me); .

157149(m 3-H), 0.91 .



_ '[err] To a, g sol ution of sul phone of Exarrple 8 (18ng, 10 AL 8un I_é)'_; :
“i'n dry DMF élg%fsn@ was added neat. piperi-di.ne (8.9ulL, 90unol S%Qg{[ﬂg}g@;ﬁgg‘) L
t enper ature and under. nltrogen The resul ting solution was:stirred for. 5h-

and then concentrated in vacuo to give cepgle am ne as a foam The ani ne -was
di ssolved.in toluene (3 n) and heat ed at- 60[err] C under- ni'trogen for

40 Th t b | '
ch;noﬂgt ogr :p q._z:tg a ers"q] gzl or ad ent '?I %%o?ug{;ﬁ &) E%lab\g lég]s‘}aﬁes") thU gi'\_/e

t oph | % 2 MR .
' ((:8[/)% ?gr)r/]m) ELf:glrria Unlgtj\,n(l,&i 67:94%15@ ég{%ngAﬁéiB §V$b %é@&ggs m8_ ﬁ-lzw

6.85-6. 76 7 2 7- 25733 5- 2.97"
(dd, J = 7(%@533 (1@7“15 ,66(4]' e, leﬁ) 4122%%1159 Hﬂﬁ)J 138g§1 g‘IW}I ?

1.19 (d, J Hz§. 344, & M9H3.11 %98:431@11553, Unit c’: 3 E@T/(H§98/J03551% 79'
Unit B: 7.31-7.23 (m ArH), 7.09 (dd, J = 8.3 and 2.0 i,

=.8.4 H5 Aadd &8.750%A,d3+m ,7.8. 1.3 N . 1(’: 79 (1), J1=26. 4st2 132%2
(s, OW), 3.73 (d, J = 1.5 Hz, 8-H), 317311(m 37HH ) Unit

(-dczib J = 13.(4,5 2-ed i8 Uhitz D 3- -40873(dd; 3714 10 afla- B3 i;227z(-$m 21N®6--.
1.20
1.67 (m, 2H, 3-H, 4-H); 1. 40 1.30 (m, 3-H )’ 0.88__-(app t, J°

= 6.3_Hz, GH, 5-H3,-_#Me)-ppm.

.10

| freparation df B-Epoijrragmenf A-B;- Toea'éelufibnjefitﬁe-
'e 15 prdducﬁ of Pfeparatidn.s (50'4 ﬁg,'o iGO'mmoi) aﬁa.N N;
_dllsopropylethylamlne (56 pL, 0.32 mmol) in DMF. (330 UL) was_”
added the dlphenylphosphlnlc chlorlde (32 uL 0.17 mmpl).
_After the mixture was - stlrred for 1 h,_lt was.added to a_'
'mi$ture of amino acid FE“,trepreseﬁted'by'the forﬁﬁia |




(s,. 2-
3-H, 4-
ppm 1
[err]-
8 (60.
nmol )
[err]L,
a m xt
98/ 381
ng, O:
nmol )
reacti
(14 nm
‘phase:
silica

S 10

Me); Unit D 4.87 (dd, J = 10 and 3.3 Hz,  2-H), 1.86- 1.67

H) , WQ4&311580 (m 3- H'),- 0.88 (app t, J=6.3 ‘Hz,  6H, PSTF@%“
o _ : : Exanple 10- [err] Pr-eparation of- :
Epoxy Fragnent A—B To a- solutlon . the 15 “product of Preparatlon

4 ng, 0.160 nmol) and N, N- diisopropyl ethylanine (56 [err]L, 0.32
in DMF (330 [err]L) was added the .di phenylphosphinic chloride (32
0.17 nmol). After the mxture was.stirred for 1 h, it was added.to

gge 9&48nhn%gécodl%%lnm&ﬁ%riﬁﬁgted-Rglsbe forn%@é@%f%g%EBacgﬁam%gs 4 |
R
?”a?dﬁﬁvﬁéﬁaﬁe%' | ok e TS MR 1o e £ 2 THe Tor gani
Wgs; G EE el PAOURRE SoRe VBB B4 SRS R O
HC1l (3 X 4.5 mL) and HO (4.5 mL) The organlc phase was o
drled (MgSO4) and concentrated to a vellow 011 . |
| Chromatography on 51llca gel w1th 5 to 10% MeOH/CHﬂ:lz gave

- the de51red product as a colorless SOlld (83.2 mg, 88%) .

© Example 11

Alternative Preparation of Cryptophycin 52

After a nixture of a combonnd-of Example 7 (325 g, d 335'
mmol) and piperidine (166 uL, 1.68 mmol) in DMF (34 mL) was
_stlrred for 1 h at rt and 2 h at 60 °C, HPLC (C18 reverse.
" - phase, detectlon at 220 nm, flow'rate at 1_mL/m1n, CHﬁﬂI
20 r(O 05% TFA) / H0 (0. 05% TFA) - % CHyCN':. 60%'to 95% over 25
min) revealed that the Fmoc protectlon had been removed and-'
'a mlxture of the 1ntermed1ate free amine and Cryptophyc1n 52_]

was now present S 2- Hydroxypyrldlne (63. 7 mg, 0.670. mmol)



the dési re'dwy as a col orless solid (83.2 ny, 8% Eﬁa{m 1.
"Alternative r%%girrstgtl on of Crypt ophycin 52.[err] 15 After a n X ur’gn%%ss .
conmpound of Exanple 7 (325 ng, 0.335 mmol ) “and piperidine (166 [err]L, 1.68

mol) in DVF (34 nl) was stirred for 1. h_@_t-rt and' 2 h at 60 [err]C, HPLC
(C18 reverse phase, ‘detection at 220 nm flow rate at 1 nt/nin, CH3CN 20.

(0. 05% TFA) wbsM2BcEl Ao T:'f-@ bear é%%ldl&g%&te 'gégugvﬂ’{z?ﬁe |n%1°t ro\%g: g?e .'

t hat the Fnoc protection h n.renove a mxture o

f d . . d
n{:;-,eeoa?ﬂr)]e n?% wisY %%@gga;a%%m m@rmf&& shéwk EAX¥PY Rk d R i8R

PCT/ US98/ 03§E§1\1/a$:eﬂﬁ<i%@nd At {641 O L O8EAo | 0681t | O 6Ol o7 ¢

it was checked again by HPLC which s infermediafe still reérmained.

- Addi t'i onal waaeaa@emeahﬁﬁﬂl@rﬂéac&&i mn}e&aﬁoadéﬁétﬁaé Ghen %@:erﬂrbh .

stirred for another .64 h at which 5 "tinme HPLC showed that it was done. R
The mi xtur ecime HPLE ediondd dHLAG € Seagldomad \A@ﬁéeﬂli@thﬂeH%Qs( &ﬁu%%dﬁ-) )

The corrbl ned aqueous phases.were back extracted with Et OAc (30 .
~ with EtOAc (90 mL) and washed with H0 (3 X 90 mL) . The '
' come.ned aqueous phases were back extracted Wlth EtOAc (30 -
.mL) and the comb:.ned organlc phases were drled (MgSO4) and
_concentrated to an orange 011 Chromatography on s111ca gel
10 . w:.th EtOAc/hexane (1 1 to 4 1) gave Cryptophyc:n.n 52 as a-
colorless SOlld (143 mg,. 64% corrected to- 58% due to

conta.m:l.natlon by N—formyl plperldlne)

15



e
el

m) and the conbi ned " or gani c phases wer e dri ed (MySq err]) and concentrated -
- to an orany® %3158 Chromat ogr aphy on silica gel 10 with Et OREAASBARGST 1:1
to 4:1) gave Crypt ophycin 52 as a col orI ess solid (143 ny, 64%corrected to
'58% due to contam nation by N-formyl pi idine). 15 WD 98/ 38158 '
PCT/ US98/ 03655 -82- WE CLAIM 1. A process for .preparing a compound of the
formula 5 err] wherein Gis (Cferr]-Cerr] alkyl, C2-C12 al kenyl, C2- Cl2
al kynyl, o AFLARM:i s an aromati ¢ or heteroaromatlc group or a substltuted

10 ‘aromatic or heteroaromatic group; Rerr] is (JQerr]-Cerr] alkyl; Rerr]

and R[err] -are:each hydrogen; or R4 and R[err] -taken t oget her forma second -

bond between C 13 and C. 14; qgﬂrr] -and %éarr:l]r are each i ge§§ ﬂﬁntly :
hydrogen or derr]-Cier A B ?gaﬁdc?if‘%?‘ﬁ‘ ?oget her
forma cycl 8‘?:::191&%' or cyclobutyl ri ng_, .

':_5

(1)
wherein | | _ - | L
G is Ci-Cip alkyl, Co-Ciy alkenyl, C2-Cr2 alkynyl, ér ar;
Ar is an aromatlc or heteroaromatlc group or a substltuted
10 aromatlc or heteroaromatlc group, o
R3 is C1-Cs alkyl;
R‘ and R5 are each hydrogen, or R* and R taken together form
a second bond between Cc- 13 and c-14;
R’ and R® are each :Lndependently hydrogen or C1—Cs alkyl or _'
15 R and R® taken together form a cyclopropyl or cyclobutyl
| r:Lng, " _ _
R’ is hydrogen, C;-Cs alkyl Cz Cs alkenyl Cz“Cs alkynyl _
-(CHz)m-_'(Ca Cs) cycloalkyl or benzyl wherein m is the integer
_ one to- three, | |
20 RY is hydrogen or CI—Cs alkyl
| _R“ is hydrogen, C1—C5 alkyl, phenyl or benzyl;
RY is hydrogen or C1—Cs alkyl
R is hydrogen or (=0);

Y is CH, O, NR“_, S, SO, SO;, wherein R¥ is H or C;-C; alkyl;

* [ L M S *



._R[err] S C[err] C[err] aIkyI c2- C6a|keny|
-(CHerr])[er r?B?%g C5) cycl oal kyl or- _benzyl ; wherein mis tﬁgﬁﬁﬁggﬁgne
to three: 20 R10 is hydrogen or Cl-C6 al kyl; Rlerr] is hydr ogen, - .

Clerr]-Clerr] alkyl; phenyl or benzyl R{Z@g.r] i s hydrogen or. C1-C6 al kyI
Rl err] is hydrogen or (=0); Y is CH, O NR[err], S, SO Sqerr] V\,herern

E[C%r [1189;3/805%2[3 §E13%1% aér ?Qljy.ll's sc??g(%%% (G sub ag'k%’ed ((81 CG) al kyI _
(Clérr]- 5r&&y&épﬁi{rrutsgggéiftutkéheek‘sq:?r %%Egiﬁ}i cycloal kyl, a

‘het erocaromatic or sub het er oaromat 1 C group of forrrul a

(A, (I1B) BetekBhromatic or substituted het err].
R err] Rlerr], and Rerr] indepesndler}%l?/ aree %roaromacté}cagﬁﬁlp ﬁgl%

" NR[. err]R[ergL—on O Eordmiu 1 e(rd)., Hm)r]orapfbﬂ err] independently are -
hydrogen, ‘halo, (Cl- 10. Cferr])alkyl, ORlerr], Oaryl, NH2, ‘NR[err]RlerrT,
NJ err] .5 _CPCIe_rr]H[err] (C1-C6 al koxy) phenyl’, S—benzyl CO\IHZ Cderr]H,
POBH2, - SO2R23, -or Z" R[err] and Rlerr] |ndependently are hyd Qgen or -

~(err]-Cerr] alkyl; R[err Rsa hydrogen or (C[err] C[err])alk

R R -
~,15
. R - R
R
m (10)

R“, R_‘b} and R 1ndependently .are H, (Cl-Cs)alkyl halo
' NR“R”_ ox ORw . S ' o
. RS, RIS, and RY :r.ndependently are - hydrogen, halo, _(Cf
10 Cs)alkyl OR'®, O-aryl, NH, NR“R', NO;, OPOH, (cl-cs
o 'alkoxy)phenyl S- benzyl CONHz; COzH, POaHz, sozR”,“_ or z';
R“ and R*? 1ndependently ‘are hydrogen or C1-Cs alkyl
' _ §?’ is hydrogen or (C1—C3)alkyl | ' ' |
Z is --(CHz)n or (Cg-Cs)cycloalkyl
15 mnis 0 1, or 2, and
'Z'. is an aromatic or substltuted aromat.l”c er)up, or a

| 'pharmaceut:r.cally acceptable salt thereof

-_ comprising deprotecting'a”'c_:'o_mpcrund of the f-ormul_a' .

20

-



Zis -(CH[errL)[err] or (C3- C5)cyc|oa|ky|_ 15 nis 0, 1, or 2; and z' is .
an -aronat i WQ98/384¥st i t ut ed aromati c group; or a phar maceut | d%ﬂ'll’?s%@é%t able
salt thereof; conprising deprotectlng a conpound of the fornmula 20 WO -
08/ 38158 - PCT/ US98/ 03655 -84- [err]
wherein G Rerr], Rerr], New] HeHF New] Rerr], Rerr], Rerr],
Rlerr], Rerr] and Y are as deftned above; ‘g is an integer 1 or .2; Rerr]
is Cl-C6 al kyl, -5 C3-C8 cyclgal®yl, phgﬁ?l -or benzyl; and R82 is a base

[ abil e protecting group, w deprot cfi ng qigent to forma conpound of .
the fornula [err] 10 wher@fn ' Slerr], Rlerr], R[err] R[err]
Rlerr], Rerr], Rerr], Rerr x&dﬂew]amzwdﬂlmd o
above; optionally contacting: fogeul a (10a) with a cyclizing
agent. to forma conpound of f X _ optionally formng a

phar maceutically 15 acceptab e/Sa) 4" '02. A process according to -
cIa|n11 mhereln G is - PN ' : = :

) - S(0),R"
SNHRE T (190)

‘wherein G, B, B, B, R', R, R’, R, R, R™, R and Y are
as définéd_abbve;-q iS'anfintegéf i or'Z;.R“'is C14C5 alkyl

Sl C3-Cs cycloalkyl phehy1 oerénzyl° and Rs_lS a base lablle
- protectlng group, ‘with a deprotectlng agent to form a |

compound of the formula

o _-R S(O) R*!
RN (20a)
:10'.. . _ : . . : |
‘wherein G, B, B, B°, R, %, 'R’, RY, R, 'RY, R, Y,_q_and
R“_afe as_defined'above;'obtiqnally contacting"the.coﬁboqnd
Qf formula (1Qa)'with a'cyclizing agent to;fo:m.a:compound
" of formula (I); and dptipnally forming a pharmaceﬁtically

15 acdeptable salt thereof.

2. a prdceSs §ccbrding[to claim 1 wherein G is

ﬂphenyl,-para—fluOropheﬁyl,1of=phenyl subgtituted-With'-'

I



o

'_p".henyl par henyl or. phenyl substltut ed W|th : 413

'.--PCT/u598/o:ag’&;;*b{‘@!s&ro CH err]O0(O) (CH err])[err]NH err]: R[erlr? ’ﬁé’rﬁ%@ﬁ‘?w
Rlerr] and Rlerr] taken together forma second bond between C-13 and C 14,
Rlerr]  is Cl-C6 al kyl; R[err] S hydrogeu,aSR[err] i s hydrogen; Rlerr] is

hydrogen; Rerr] is (=0 ; Y is Q and R6-is a group of the formula (1A). 3. -

- En(gj £ d _
- Ql Bre‘(r)::glszeac%q&@ roce?gggcéérgﬁl %S e gﬁgﬁ!l’n g‘pv\%ﬁ ﬂ&g r%ﬁ%?r\bog%%ﬁﬂ : '5,
A process el qbdeombobind WESHS £8P i acl gy
: f | 201G § q sal 1 | |,
t02he01c2)rg}1k§r%/1fri]5 ﬁ‘%ﬁ&%k@n sRan ;éro%%%é%g ﬁfé{]er%ar rrat | cngr éﬁg %gné _
substi t ut ed @x@ﬁatvclgroheaﬁaow Oi@tacg%eﬁpofREﬁér ]coﬁm@a Q&Aa}' Kyl

5._. -
_3;_'A_pr00ess-according to Claim 1 wherein said
deprotecting agent is.piperidine;
4. 2 process'acddfding'td_claim'é wherein Gis -
10 phenyl.
- 5. A process according to claim 1 wherein said
" compound of formula (I) . is Cryptophycin 52.
15 N 6. A procéSé'forfpreparihé a compound of the
formila _ o . : .
i 11N s
)><.\
wherein

20 " G is C1-C12 alkyl, Cz—C12 alkenyl Cz—C1z alkynyl or Ar,
- Ar is an aromatlc or heteroaromatlc group or a substltuted
'aromatlc or heteroaromat:.c group, o

- R® is C;-Cs alkyl,

AT



WD 98/ 38158 . ' ' _ PCT/ U898/ 03655 - 86-
Rlerr] and W?é'?’??ls&re each hydrogen R[err] and Rlerr]- tamgﬁ‘?@fﬁar
forma second bond between C- 13 and- C— 14 -Rlerr] and R.err] are each :

i ndependent |y hydrogen or Cl-C6 al kyl ;. 8% err] and R err] taken t_oget her
forma cycl opropyl or cycl obutyl 5 ri ng, R err] is hydrogen, Cl-C6 al kyl,

C2-C6 al k - | k I CH | oal kyl
oyl Wk sk T2 e Pt gl Tobaee b bR B i ok oo ©
err err] .alk 10 er s _hydrogen ~al kyl henyl .or benzyl;
%_'e_rgj I(N:[SR[ h§d ]] @&é%dgg‘ﬁ;%% "LJ[ I j)alﬁ l@’? (I\?\’[gir] i s h_zd'roge]n')c/jr (:]o) ; | i{y: s

., O e ere er or err]-d.ersy] al ;
R s Cl- okl #9R. RS %%?%dire&%ﬁéaﬁ@}f blasdols”og 61 r¢] ARG 15F

bstituted | | k het t titut
?\thrloalrJorGraFi Bg%}s Yeak g\y%%%&a Ief {’ﬁﬁlrgmfyl ;O%ECPSB?’ iP'r(u %q'oﬂoe tPﬁl 20
Rerr] , 51% - and, R[err] |nd_ependently are H, (Cl-C6)alkyl, halo -
NR[err]Fierr]l OR[err]; Rerr], Rerr], and Rerr] independently are

~hydrogen, hgbo;g ﬁﬂi‘fﬁbkn, C1-Cs alkyl Cz-Cs alkenyl, C3;-Cs alkynyl
-(CH2)m~ (Ca—Cs)cycloalkyl or benzyl whereln m is’ the 1nteger
one to three, | '
"R is hydrogen or C1-Cs alkyl o
10 -R'" is hydrogen, C1-Cs alkyl, phenyl or benzyl
R is hydrogen or C1—C5 alkyl-
'R5° is hydrogen or (—O) : |
Y is CH, O, NR“, S, 80, SOz, wherein R“ is H or C1-C3 alkyl
R® is C1-Ce alkyl, substituted (Ci-Ce)alkyl, (Ca-
15_ _Ca)CYC-loalkyl_, substituted _(C3_—Cs)cycloa1kyl, a
_I_iete'roar_omatic or substituted- heteroarqmatic_ grbﬁp or a

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

gy

(my -~ (@ (xc)
20 R®™, R®, and R 1ndependent1y are H, (C1—C5)alky1:,' halo
 NR™R" or ORY; | | - |
R*®, R, and RY independently aire‘ hydrogen,':hale, (Cam
' Ce)alkyl, OR', O-axyl, NH, NR¥RY, No., OPO4H2, (C1-Cs -

alkoxy)phenyl S- benzyl CONHz,' CO0:H, PO:;Hz, SOzR ,l or Z';

* ¢ L M s %



_ I O I NH N -
-%%Qhaﬁnéer”amarmmr”gmﬁr”%m%q &ﬁwmmﬁr
Pderr]Herr], Sqerr]Refr], Z'; - WD'98/38158

PCT/ US98/ 03655 -87- Rerr] and R[err] |ndg~pendently are hydrogen or Cil- CG
al kyl ; R[err] i s hydrogen or (Cerr]- C[err])al kyI z |s -(CH[err])[err]

(C[err] Cl epid ). wal omatic or
‘substi tut ediar St C%/CA #géspeﬂdegltg a r’]r:'raece'1 y accépt ébggkggl't t hereof;
conpri si ng ‘ghe £p co_rrpound_ of the fornula 10 [err]
wherein G fﬁe‘ﬂgﬁ gF%ﬁland g&ﬁerr’]% ds  defined above; Rerr] is =
hydrogen orztrls(C[ O ggr Rierr] is hydrogen-or a . . :
sui tabl e actl\}at abl e ?:ar boxyl%rot ec ng grkaﬁp with an 15 epoxidizing agent

'to forma cgnpeund af, tde Sorqpd a [err] wherein G Rlerr], Rerr],Rerr],
Rlerr] and R err] are as defi ned above, provi ded t hat R[err] and R[err] are

not bot g SY¢F'0Q.€§1,ar2(axfdﬁat9ﬁlF&r r@w@leaﬁaauaﬂom&t&er G&b&p(,?’)orwé h an
anm no aci

pharmaceutlcally acceptable salt thereof ; comprn.s:r.ng the

steps of’

‘(a) epoxidizing a compound of the formula

10

: 3 5 -
R .

_ ; o :(é)ﬂ

| '_,OR" _ ORr -

wherein G; R, R and R5 are as deflned above, _Ré“'is_ .
hydrogen or tr1(C1-C5 alkyl)s1lyl and Rla lS hydrogen or a

sultable activatable carboxy prot:ect:.ng group w1th an

15 _epox:.dlz:.ng agent to form a compound of the formula

o o @
.': wherein G, R®, RY, .-nR_S;-Rzla-ﬁ.and RP.are' as -'d.efined'abo.v'e',.' 'l
provided that -R-za_.'.an'd R‘-’-':ar'e n,o.t' both hy._drogen'_';.“_ _ |
o (b) coupl:.ng the compound of formula (3) w1th an am:.no ac1d |

of the formula

A



of the formula. WD 98/ 38158 . o

PCT/ US98/ 03WO98B858 [err] wherein R[err] ‘and R[err] are as. dECil‘MSﬂ&'&?tfﬁe
tand R[err] is hydrogen or Cl1-C6 al kyl; further in the presence of a
silylating agent when Rlerr] and R[err] aég_hydrogen toyield a corrpound
of 5 the fornmula [err] wherein G Rerr] Rlerr], Rerr], Rerr], Rerr]
Rlerr] and Rlerr] are as defined above 10 (c) deprot ecting the corrpound of
formul-a (5) with a suitabl e al koxy deﬂ)rotectl ng -agent and further-

car boxy- deprotecting the conpound of rj‘orr@.‘ﬂa (5) when Rlerr] is C1-C6 is
alkyl, with a suitable base to forma ound of the fornmula 15 [err]

WO 98/ 38158 L I : ' PCT/ US98/ 03655

9 ORF" (4)

whereln R® and R™ are as deflned above and R®! is hydrogen

or C1-C5 alkyl- further in the presence of a s:.lylatlng

agent when R and R"1 are hydrogen, to y1eld a compound of

5 the formula _ |

5 .
OR»? ”

wherein G, R?’, RY, R°, R*, R* R® and R" are as defined

-above;

10 |
(c) deprotect:.ng the compound of formula (5) w:Lth a sultable :
alkoxy deprotectlng agent and further carboxy deprotecting
the compound of formula (5) when Rpl is C;-Cs is alkyl, Wlth |
a sun.table base to form a compound of the formula

15

I



<897'mhere| Rlgrrl: R[err]' R[err] R[err] and R[err] ar j7
~above and ﬂ?e?@? I'S a cation; 5 (d) contacting-a conpound ?n?@ﬁﬁﬁ% (6)'
with a thioester fornming agent to forma conpound of t he fornula [err]”. ,

wherein G Rerr], Rerr], Rerr], Rerrlgagad Rerr] are as defined above
and-Rerr] 10 is Cl1-C6 aIkyI C[err] Clerr] cycloal kyl, phenyl-or benzyl;

(2], oot  Hhepedareeap okt okl Ghly sl TufecRIPRURLch, LB Lo B

defined aboyg gn@dgfaﬂj is a base labile protecting. group,_to forma
conmpound of the formula WO 98/ 38158 -

- PCT/ US98/ 03655 -90- [err] wherein G R[err],_RLerr],_R[err], R[err],
Rlerr], Rerr], Rerr], Rerr], Rerr], Rerr], Rerr], Rerr], Rerr] and

Y are. as defined above; 5 (f) OX|d|2|ng a.. conpound of fornula (9) mnth an
: OXIdIZIng agent to form a conpound of the fornula [err]-

_5 (d) contactlng a compound of formula (6) w1th a thloester :

: formlng agent to form a compound of the formula |

~. (D
. tsnm ':

3.wherein G, R’, 'R‘IE{, RF and R“-are as deflned above and R®Y

10 . is C1-Cs alkyl Ca-Cg’ cycloalkyl phenyl or benzyl' -
(e) coupllng a compound of formula (7) w1th a compound of a
Ox OH o
I R
"R e
~RY

R®
_.NHR” (8)

the formula_

15 A
wherein R’, RB-If R, R11 and R50 are as deflned above and

_ R® is-a base labile protectlng group, to form a compound of

,the formula

(LT



e mﬁff&é}p@r?}”%eﬂ.“%d 10" Rerr] ang YR[;ULS CERMCTUN

and g is.-an integer 1 or (g) .deprotecting a conpound of formnula (10) -
wth a swtable deprotectlng agent to fogﬁna compound of the formula - _ V_\D
198/ 38158 PCT/ US98/ 03655 - 91-. err] '

wherein G Rerr], Hew].HeHL Hmr]@ew] Rerr], HeHL_HeHL
Rerr], Rerr], R[err] q angh RRerr] ar&® as defi ned above and optionally
contacting a 5 corrpound of f i thga cyclizing agent to forma
conpound of fornula (1); " ormng a pharmaceutical ly
acceptable salt of a conpound q$ fof hula ()

claim6 wherein Gis phenyl, pa
-~CH err] 0C(O (CH[err])[err]NHkpr
.taken together forma second bon ean 13pand C 14 RO is Cl-C6 al kyl;
15 Rlerr] is hydrogen; Rlerr] 1 hydro e R ¢rr] .i's hydrogen Rlerr] is
( O) Yis O and Rerr] is a group of e formmspe(1A). 8. A process
according to claim6 wherein said dagrote Nl-lFlg1 agent (@) pi peridine. :

ugt"bphenv J phenyl substituted with
errg rrethyl Rlerr] and Rerr]

<D -

whe];‘eln ¢, ®, R, R,_R_,-R,_R,I ®, RN, ®Y, BN, R R, R%

and Y are as defined above;

5 (£) oxidizing a comp_oim’d of formula (9) with an _oxi’di_zing;

agent to form a compound of the formula .

- LS(O)qR“"
_NHRm (10)

- wherein G, R3 RA RS, Rs": R? Ra R9 Rw’ RY, Ru’ Rso’. R®' and

10_ R®*? and Y are as defined above and g is an 1nteger 1. or 2-

{g) deprotecting a compound"of- formula (10) with a suitable -

deprotecting agent to fom__a-compound of the formula

QLT

~B0 7. A process accordi ng to. -



_ -_20 9 DW r@ccor di ng to cI al m 6-wherei.n sar d oxXi d| zi ng:@,ggggmg@ss
 Oxone. 'n WO 98/ 38158 o
PCT/ US98/ 03655 -92- 10. A process accordl ng to claimé vvherel n R[err] is
nethyl. 5 - . 11. A process accoidding to claimé6 ‘wher ein said
epoxi di zi'ng agent is Oxone in the presence of acetone or m CPBA 12, A
process according to claim6 whg{ei n sai ¢gs10 ‘epoxi di zing agent is Oxone in.
the presence of a chiral ketgHe.}13. R&*process according to claim12

‘wher.ei n said chiral ketonﬁ' AT 28e fornula 15 [err] 14. A-'
process according to claith?7 mheregm sai d d Btecting agent is plperldine;

~said oxidizing agent is 20 .1 : met hyl ; and wherein said
epoxi di zing agent is Oxone in the f _senc-eﬁ‘&tone or mCPBA. 15. A
process according to claim? I [ ' _ D

-
_ - TTS(O)R o
. .NH? . (10a)

_ whereln G, R, R, RS, R’, R ' R . R“,' RY, R“,' R5°,'-_-Y,. q and
R81 are as deflned above, and opta.onally contact:r.ng a o '
5 compound of formula (lOa) w:r.th a cyc1121ng agent to form a

compound of formula (I) ;. and

' (l'h)"' opoionally forming a"pnamace'u_tically‘ acceptable-'salt e
of-a compound of fonnula_.('_].:)-_._". o | |
' -. 7. A process accord:r.ng to cla:.m 6 where:Ln G lS
.phenyl para fluorophenyl or phenyl substltuted Wlth
'-CHzOC(O) (CHz)mNHz, R’ is methyl R* and R® taken together
| form a second bond between C ~-13 and C 14 R is C1—C5 alkyl-
15 .R”_’ is hydrogen, R11 is hydrogen, R '1s hydrogen, R5°

'(.-0) ;- Y is 0; and RS is’ a group of the formula (IA)

8 a -prOces.s._-_ ac',c':'._ordi_ng. to claim -6.where'in_'_ sai‘d_f'*
deprotecting agent is piperidine. -
20 |
9. A process accordmg .to cla:.m 6 where:.n sald

oxz.dlzlng agent is Oxone

BT



- cyclizing agent is piperidine; said oxidizing agent is WD 98/ 38158 _
" PCT/ US98/ 096593888 - Oxone; Rlerr]” is methyl; and wherein saiRFRPRARONFi ng
agent is Oxone in the presence of a chiral ketone of *the fornula [err] 5 -
16. = A process according to claim6 wher :? sai d conpound of formula (1) is

Cryptophycin 52.. 17. . A proocess accordlngj o claim6 wherein Rerr] is 10

hydr ogen and sai d epOX|d|Z|ng agent .is mchl orobenzoic acid. 18. A process

according to claim14 wherein Rlerr] is hydrogen and said epoxidizing agent
1s mchl orobenzoic acid. 15 - 19, Asgr oces acc ‘ghng L,al 'm 18
wherei n said conpoundl@f fé RAOEESS QC:FQ?% 2 ﬂ\l’ﬁr ce§'§ for
preparing a coggiund of the formula 20 MD 98/38158

PCT/ US98/ 03B857Y - S .

5 ' 11. A process accordlng to clalm 6 whereln sald
epOdelZlng agent is Oxone in the presence of acetone or m-

CPBA. .

12. A.process.according to claim.6_wherein'said
 10 epoxidiiing agent is Oxone in the_pfesence_of_a chiral .

ketone.

13. A process according to claim 12 wherein said
' chiral ketone is a compound of ﬁhe formula -

15

14. A proCess'ecccrdingvtc ciaim 7 wherein said
- deprotecting agent is piperidine}_said:oxidizing agent_is
20 Oxone; R* is methyl; and wherein said epoxidizing agent is

OXone-in-the presence of_ecetone or m-CPBA.

15. A process:according_to'claim 7 wherein said -

cyclizing agent is piperidine; said oxidizing agent is

* ¢ L M s x



"”alkynyl

- -94-. [err] Gis Jerr].- C[err] al kyI - C2-C12 al kenyI - o

\Mﬁlﬁk@ is an aromati’c ‘or heteroaromatic group orrcgglslubs??stsut ed
-5 aronatlc or- heteroaromatic group; R3.is CJerr]-Cerr] alkyl; Rerr] and .
Rlerr] are each hydrogen; or R4 and R erp}-taken together forma second
bond between G- 13" and G 14 R[err] and Rlerr] are each independently

hydr ogen or, C6 h k rr,
~cycl opr opyI x%]n cyc ob% ﬁg g'ﬂ%r% g‘ges]r?ltdg%% %?%Jlt}% Céé%g& a}ienyl
- CQ2-C6 al ky GGH ] ] al ey ég?%§¥I wher ei n
mis the i %eogneer J?:e&%éo élhér%eéeACé%f ﬂlféﬁ' kgggg%e#folrth 1- a ayl

Rlerr] is- hydrogen Cl-C6 al kyl, phenyI benzyl; Rerr] is. hydrogen or.
Cl-C6 al'kyl; Rerr] is hydrogen or-(=0; Y i, -0, NR[err], SO, -
Sgerr], wher ei n Rlerr] is Hor C[err_.a <oyl ; 20 R[err] i's Cl-Cs
al kyl, substituted (C[err]-C[err})aI /1 ycycl oal kyl, substituted
(Clerr]-Cerr]) -cycloal kyl, - a heigs8 Cbubstltuted heteroaronatlc

lgroup or ‘a group of formul a- (lA)*lSB

5

.16. A process accordlng to claim 6 whereln said

'compound of formula’ (I) is Cryptophyc1n 52._-‘3~

317.- A process accordlng to claim 6 whereln RP is :

10 ,hydrogen and sald epox1dlzlng agent is m-chlorobenzoic ac1d.

18. A-process“aGCOrding to Claim,l4 whe;eingR? is

- hydrogen'and'saidrepoxidizing agent is m—chlorobenzoic acid.

15 L a 19." A process accordlng to cla:.m 18 where:.n sa1d :

compound of formula (I) is Cryptophyc:.n 52.

20. A process_”for.prepé.r'ing'a compound of the
formula o | .

20
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V\D98/38158 - ' ' PCT/U898C,€§9§? 5-
R6a [err] I’Q’%P?’TSH’H err] and Rerr]" |ndependently are H, (d $ q?fﬁ%
halo NRlerr] Rl err] ‘or CR[err] 5 Rerr], Rerr], and Rerr]- |ndependently
are hydrogen, halo, (Cl- C6) al kyl OQ[er? Oaryl NH2, . NRlerr]Rferr},
NOJerr], OPdJerr]Herr], (derr]- C[err] oxy)phenyl S—benzyl CONH2,
CCIerr']H PCIerr]H[err] SCIerr]R[err] r-Z, R[err]'and R[err]

i ndependent|ly are’ hydrogen or ' | kyl; R{err] is hydrogen or
(derr]- C[err]) al kyl; 10 Z i ) rrlo or (Cferr]- -Cerr])
cycloalkyl; nis 0, 1, or 2;Gin 7 g any ‘1.g Or substituted aromatlc
group; or a phar maceutrcally acced)t abge salt t eﬁﬁ; conpri si ng
deprotecting a conpound .of the for /% [ >yfferein G Rlerr], Rerr],
Rlerr}, Rerr], Rerr], Rerr], ] Reyr], R[err],i Rlerr], Rerr],
and Y are as deflned above R[er'r] S _ mp al kyl, (err]-Cerr] -
_cycIoIkyI . - R R‘. 3 xy o

whereln
G is C1—C12 alkyl Cz-Cn alkenyl Cz-C12 alkynyl or Ar;.
Ar is an aromatic or heteroaromatlc group or a substltuted
5 aromatlc or heteroaromat:r.c 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; o | |
R’ and R® are each 1ndependently hydrogen or C1-C5 alkyl or
- 10 _R and R® ta‘ken. together form a _cyClopropyl or cyclobu_ty_l'
' '1r1ng, ' 'l : : O
R’ is- hydrogen, C1-Cs alkyl C2-Cé alkenyl Cz-Cs alkynyl
: -(CHz)m-(Ca—Cs)cycloalkyl or benzyl wherein m. is the :Lnteger :
‘one to three, _ _ | |
15 RY is hydrogen or C1-C5 alkyl
R is hydrogen, C1-Cs alkyl phenyl or benzyi*
R is hydrogen or CI—Cs alkyl
R* is hydrogen or (—O), o .
| 'Y is CH, O, NR12 S, SO, SO,, whereln R®? is H or C1~Ca alkyl'
| 20 R® is C1-Cs alkyl subst:.tuted (C1—Cs)alkyl, {Ca= _
| Ca)cycloalkyl | substituted (C:-Ca)cycloalkyl. al
heteroaromat:.c or subst:r.tuted heteroaromat:r.c group or a

group of formula (IA),_ (_IB)- or (IC):

) A



V\098/3815 ' L S ' PCT/ U898/0

phenyl ﬁv%”l?msand R[err] is a base Iabl |'e protecting groﬁgﬁg\ﬁ@'ﬁssgﬁ
"deprotectl ng agent to forma conpound. of .the formula [err] wherein G -
Rlerr], Rerr], Rerr], Rerr], Rerr], Rggrr], Rerr], Rerr], Rerr], :
R[-er-_r].-, Rlerr]- and 'Y are as d_ef I ned 'above; optlonal | y contact.ing a corrpound
of formula (9¢c) with a cyclizing agent to forma conpound of formula (1);
and optionally form ng -a pharnmaceutically 10 acceptable-salt tgereof to
. form a conpound of forrrulal&la) and optlonally formng a pharrRa Ty

accept abl-e salt thereo . 21. A prggess according Qi m 20
wherein Gis phenyl, I uorophenyl n’ﬁ ‘substituted

2\ NH[e1"I"]—"Z @ s met hy=—&" ]
gnd b%ﬂd between \ E~qpd C-14; R9 i3 sptal kyl ;

-CHerr] OC (Gr—CH=
taken together form a\sk

-Rerr] is hydrogen; Rery] is hydrogen; R14\|§ hydrogen R[err]\ 75 20
(=0; Yis O and R6.is Ry oup of the f.or mRA (ra). 22. . proBess L
according to cI ai m 20 in sai d deprot ecting agent is p| peridine = WO
98/38158 . W?ﬂ? * (IB)PCT/ US98/ 03655 (3 - -

R“,' R"",' and RS 1ndependent1y are H, (C1—C5)alkyl halo
NR“R19 or OR18 - ' |
5 _R‘s, R, and R" 1ndependent1y are hydrogen, halo, '(Cl—_
 cealkyl, ‘OR™, O- -aryl, N, NR“R“' NO,, OPOH;, (C1—C5' |
- alkoxy)phenyl, S- -benzyl, CONHi, COH, POSHs, SO:R¥, or z';
R and RY® 1ndependent1y are hydrogen or C1-Cs alkyl
o R_."’ is hydrogen or - (Ci- C-_;)alkyl- |
10 Z is ~(CHa)a- or (Cs—Cs)cycloalkyl
nis 0, 1, or 2, and :
%' is an aromat_:lc or_.s_ubst:".t'uted.aro_matic group; ora |
.pl'_xarmaCeu'_tic'ally acc_eptabié salt .th.e_;_:'eof ; c'omprisi.r.i.g _
deprote_ct_ing a compound of-'the fo'.rmula.'_- . o

15

) .l\'sﬂai _
wherein G, R’, R', R, RS, Rr’, R, 'R J R“’, R“' R“ R5°; and Y

| are as de_'f'ine_d: above, R ig -_C.'I—Cs_ a-lk-yl , C3‘-Cé'cy_clolky'l',.

* € L m s x i



23. " A process accord| ng to claim 20 V\,herel n Gis phenyl. 5

" A process Q8% to clai m 20 wherein said compound of formlgsﬁsfoﬁﬁsfss
~cryptophycin 52. 25. A conpound of the formula [err] wherein Gis - :
“derr]-Cerr] alkyl, Clerr]-Cerr] alken 6-_'C[err]-C[err] “al kynyl, or Ar.;
~Ar is an aromatic or heteroaromatic group or a substituted 15 aromatic or
het eroaromatic group; R3 is C1-C6 gl kyl; R4 and. Rl err] are -each hydrogen;
or Rierr] aRBerBltakchergydrhand & m s stdeme bbRbL bet REekect 189, Haours4;
'R7 and R8 are each |nde§endently hydr ogen_or Cl-C6 a # 20 1%erri and
R err] takeWiEBget ABPTPELREANg @FSHtoRA TR ﬁ|%mh"¥ %ﬁ

hydrogen, Cerr]-Cferr] alkyl, C[err] Clerr] al kenyl, C[err] C[err]

al kynyl .. WO 98/ 38158 .

PCT/ US98/ 03655 -98- -(CHerr])
wherein mis the |nteger one
al kyI _ G

(C[e nFC[err])cycIoaI kyl or benzyl,
] Jo hydrogen or C[err] C[err]

.where'in G, R'_“,"Rf‘, R®, R‘,R’, R?, R°, RY, Rﬁ,_R“,'R“ and Y

' 'ere. as _defined ‘above; l_o.pt':'_iox.'_ially conta_ct;ing a 'oompound of
formula (9c) with 'a.".cylc_]..iz_in.g' agenf to form a oompound of .
formula (I); and optionally fomi'ng_' a phameoeuoically.

10 acceptable salt t.hereof.'. |

3to form a compound of formula (I) and opt:.onally formng a

pharmaceutlcally acceptable salt thereof

15__. ' . 21, A process accord:Lng to cla:.m 20 where:.n G 1s
phenyl para- fluorophenyl or phenyl subst:.tuted with
' —CHZOC_(O) (CHz) o NH; 5 R-_ls meth_yl_; r* and _R_s taken together
form a second bond be_twee_n.'.. _C:—13 arid'.C-—-l._4 7 R’ is Cx—Cs_lal_l_{yl-;-
. ﬁ‘_"- is hy_drogeh; Rll.ie hy;iz;ogen;' R™ is hirdro_g'en; _.R5°_is |

120 (=0); Y is 0; and R® is'_'_a'.g__roup of the formula (IA).

22. A process: aocordi_ng to claim 2'0__ wherein said

__dej:rotecting agent is piperidine.

R



" Rerr] C[err] C[err] al kyI : phenyl or benzyl
hydrogen or’ %J’i @g%gl kyl; R50 i's hydrogen or (=O); Y is CH, Pcﬁﬁf‘%”?dé

" S0O,. Sqerr_]_ ‘wherein R[err] irs Hor. C[err] derr] aIkyI R[err]
Clerr]-Cerr] alkyl, substituted (Jerr]-gerr]) al kyl, (derr]- C[err])

cycloal kyl-, substltuted (derr]- C[err]) cycloal kyl, a 10 het er oar omat.i c or--'

substltuted het eroaromatic group or -a group of forrrula (1A, (IB) or (10
[err] Rerr], Rerr], and Rl err] independently are H, (C[err] Jerr])al kyl, - -
hal 0 15 NR[err]R[err]23or Q?&ﬁr r r tIy -
are hydrogen, halo, (C[err] q(ieéﬁs]?[aﬁcglard%eﬁé]&@ﬁg?g@,Mle?% eﬁp@ﬂq_%n '_
NR[ err] Rl erpheni¥@.err], OPqerr]Herr], ((err]-Clerr] al koxy)phenyl B
- S-benzyl, CONHerr], CCIerr]H PCIerr]H[err] ‘Sqerr]Rerr]., ‘ R[err]
~and R[err] |ndependently are hydrogen or Cl- CG al kyl; 20 R[err] : _
hydrogen or (Cl-C3)alkyl; Rlerr] is Cerr]- Jerr] al kyI Cerr]- C[err]
cycl oal KByl , phenyl or 2t4enzy&1 pdidjeEsd accordise tabcl.&uar R0egheteigr @Aﬁ,d Z
|s-(CH[err])[err] or- (Cerr]- C[err])cycloalkyl nis 0, 1, or 2; . W
- 98/ 38158 compound of formula (I) is- Cryptophf’ﬁ'nUSEBI 03655 - 99- :

25, A compound. of the foﬁhnla"

L | LS(O) Re'
10 (10)
- wherei.n |
G is Ci-Cpy alkyl Ca-Cas alkenyl Ca-Caz alkynyl or Ar, |
'Ar is an aromat:.c or heteroaromatlc group or a. substltuted
15 aromatlc or heteroaromatlc group, .
; .R 1s C1~C5 alkyl A 3
: R and R are each hydrogen, or R‘l and R5 taken together form.
Ta second bond between C 13 and C-14; - '_ _
: R7 and R8 are each J.ndependently hydrogen or C1--Cs alkyl, or )
.20' _R and R taken together form a cyclopropyl or cyclobutyl ;

' rlng,

R’ is hydrogen, C;-Cs alkyl, Cp-Cs alkenyl, C;-Ci alkynyl,

% e L O MoS %



‘gq'is an inte 1 or 2, and Z' is an aromatic. or substltuted aromatl '
group; or ‘gmeutlcal |y acceptable salt thereof. 5 . 3’036455
conpound of claim25 wherein Gis phenyl par.a-fl uorophenyl or phenyl .-
substituted with - -CH err] 0C(O), (CH[err]Lb@rr] NH err]. 27. - A conpound of-
‘cl.aim 25 V\,hereln Rlerr] is nethyl. 10 287" A conpound of" clalm25 wher ei n G
I s phenyl, ra-flyaro henyl phenyl substituted with é
j(CI—I[err])[er §H NHrgFP]' S)W&HaL@m%ﬂenﬁLrruhﬁﬁﬁlﬁ[’@rif LHFS Efher
forma second bond between G 13 and C14; RO is (err]-Clerr] aI kyl; 15
Rlerr] is HRFHRNRPEir] is hydrogen Rlerr] i's hydr ogen; R50 is (=07 Y
is 0; and- ﬁl’ roup of , t Ia(IA) Rlerr] is nethyl; Rerr]
o1 a3gd st B

i's Fnbc an & %%0 1a| m 25 vvherel n said corrpound 20
S T &Efﬂm Vﬁ«@&?wbﬁem -
. _5 R is hydrogen or C1—C5 alkyl
R5° is hydrogen or (=0) ; i | _
Y is CH, O, NR"?, S, SO, 80, wherein R12 is H or C1—C3 alkyl
R® is C1-Ce alkyl, substltuted (C1-C5)alkyl (G-
'Cg)cycloalkyl- substltuted (Cg-Cs)cycloalkyl, a
10 heteroaromatlc or substltuted heteroaromatlc group or a

"group of formula (IA), (IB) or (IC). o

@ @y o ae

| R*, R®®, and R“ 1ndependently are H, (Cl'—Cs.)..éikyl,_ halo
15 NR¥R!® or ORw '. ' ..
R*®*, R, and RY 1ndependently are hydrogen, halo, | (Ci- )
.cs)alkyl OR“ 0-aryl, NH;, NR“R”,‘_Noz, OPO.;Hz, (C1~Cs
alkoxy)phenyl, S- benzyl CONHz, CO;H, PdgHz, SO,R?, or Z'-
| -R“_ and R 1ndependently are hydrogen or C1—Cs alkyl -
20 'R® is hydrogen or (C1-C3)alkyl | |
| R* is C1—Cs alkyl, Cs=Cs cycloalkyl phenyl or benzyl .
'R“f is a base lablle protectlng group,
z 1s —(CHz)n- or (Cg—Cs)cycloalkyl° o

nlsO 1, or2

* c L M S *



5 V\:hEI’EI n ?g)os%ggﬁ?r] C[err] aI kyl, 62 C12 al kenyl C[err] C[ r-. aI kgﬁglc ..

~or Ary natic or heteroaromatlc .group or a substit

or heteroaronatlc group;Rerr] i's Cl1-C6 al kyl; 10 R[err]_ and" R[err] are
each hydrogen; or R[err] and Rl err] takeugtgoget her forma- second bond
between C 13 and C 14; R7 and R err] are each independently. hydrogen or

C1- C6- al kyl ;_or R7 and R8 taken tﬁgeth forma cycl opropyl or cycl obutyl

ring; 15 RéIIJS hYar bRERISEL L BT afRy PR 5 al kenyl C2-C6 al kynyl, .- -
Z wh th R
; ﬁ%ﬁﬁe;% %%%‘ngﬁf%ﬁflé hé&%%el?ﬁcﬁel %ﬁ&engﬁ%rﬁﬁﬂﬁrﬁa?& s
| alykyl ) R[eraﬁ%gﬁr%lgﬁig ?86f8%$ﬁ éq%%[q\ﬁrﬁrég SOy SC]?err] or - -
(Cl-C3)al kyl ani no; WD 98/ 38158 . - " PCT/ US98/ 03655

- Rerr] is Cerr]- Clerr] alkyl, substltuted (Cl C6)a| kyI (Cerr]- C[err]') .
cycloal kgl, substitutedg(Clgr Ebmﬁb%h'al b ¥alaH 98 ’w}?ef@{r?r@aigr%éﬁyfr

substi tut ed het eroaromatic group-or
para fluorophenyl or phenyl substltuted w1th

o -CH20C(O) (CH2) 'NH; ..

- 27, A compound of claim 25 wherein _ré is methyl.
28. A compound of cla:.m 25 where:.n G is phenyl
”o'para fluorophenyl, or’ phenyl substltuted w1th '_ .
*CH;OC(O) (CHz),..:NHz';- R is me'thyl~ R and Rs-taken pog'eth’er
| '.form a second bond - between C- 13 and C 14; R is C1-Cs alkyl;
15 R is hydrogen, Rulls hydrogen, R is. hydrogen, R is
| '(_O), Y is O, and R is a group of the formula (IA)., R81 ie

methyl R¥ is Fmoc and q is 1.

| 29, A compo_und of claim 25 wherein_'.s_'a._id' oompound

20 is represented by the formula .

* C L M s *



group of formua (1A, (I1B) or: (IC) 5 [err] Rlerr], Rerr], - and Rl err]
“independentWq 983858, ( Cl- C6)al kyl, hal o NR[err]R[err] or O?[WT/}I&W&?&]
Rlerr], and R err] independently are hydrogen, halo, (Cl-. 10 C[err]_)alkyl,
OQ[err] Oaryl, NHerr], NRerr]Rerr], Werr] GDQerr]'H[err],-:(.Cl-CG'r
aI koxy)phenyl S-benzyl, CONH err], eq' H PJerr]Herr], SO[err]Rerr],
Rlerr] and R err |ndependently are hydrogen or C[err] C[err] aI kyI
R[err] i-s hydrogen or3%'Cl &3ramppundzofs the @%ﬁ-’rl]a)[err] :
(Clerr]-Cerr]) cycloalkyl; 15 nis 0, 1, or 2; and z' is an arorratlc or
substituted aromatic group; R[err] is CI-06 al kyI C[err] Clerr] cyclolkyl,
phenyl or benzyl; and R err] i:c aRBase IapR e protecting group; or a

phar maceuti cal |y acceptabl e s her eof B b A conpound of claim 30
wherein Gis phenyl, para-fglo - substituted W|th '
-CH err]oC (O (CH[err])[err] 38158

1o Y.

PCT/ US98/ 03655 - 102- S N
. | .

5 _whereln .
G is - cn alkyl C2-Caz alkenyl C2-Caa alkynyl, or ar;
Ar 1s an aromatic or heteroaromatlc group or a substltuted
aromatic or heteroaromatlc group; |
R’ is Ci- -Cs alkyl- _
10 R! and R5 are each hydrogen, or R' and Rs taken together form
| a second bond between c- 13 and cC- 14
R’ and R® are each 1ndependently hydrogen or C1—Cs alkyl, or
R’ and R® taken together for_m a\cycloprop_y'l o'r _cyclobuty_l' _ |
ring; | - - _
15 R is bydrogen, Ci~Ce alkyl, Ca-Ce alkenyl, Ca-Ce alkynyl |
o | —(CHz)m-(Cg-Cs)cycloalkyl or benzyl whereln m is the 1nteger
one to three, _ |
. 'R1° is hydrogen or Cl-Cs alkyl; |
o R! is hydrogen, C1-C5 alkyl phenyl or benzyi~
20 RM is hydrogen or C;-Cs . alkyl
RO ie hydrogen or { O) i

Y is CH, O, NH, §, SO, SOz or (cr<h)a1ky1am1no,_:'_

R O R



| Aco cl ai m 30 wherein. R[err] |s'rrethyl ,
cI al m 30 Uﬁg’%ggﬁgé i s phenyl, para-fl uorophenyl or phenyl W&?&g with -
" -CH err] OC(O (CH[err])[err] NH err]; Rlerr] is nmethyl; Rferr] and

R[err] t aken together forma second bonq_dzletween C 13 and G 14; RO is Cl' Co6
al kyl; R10 is hydrogen; Rlerr] is hydrogen; Rlerr] is hydrogen; Rierr] is

I T T
wherern G o8 é'%?ﬁfﬁwr%tlﬁgﬁt%@ Sk EQ%B?B%%&% kynyl, or A

WO 98/ 38158, Ih ocaromatic or subst:.tuted het:eroar% ?ﬁr@.@s‘s%r ]a03 Aris
an aronatlc or et eroaromalic group or . substltute aro t _;

het er oar Omgtr*&zﬂr&ﬁ’pfo%lé @iAPG @tﬁyl or (IC)

e

-(IA):- | _ = .. - .. _ (:l:c)
R™, R®, and R i'nde.pe.ndent':ly_".'ar:e'H (C1—Cs)alkyl halo "
- NRURY or OR'S; SR - :
R“,_ R“, ‘and RV 1ndependent1y are hydrogen, halo, (C1-
10 Cealkyl, OR', O-axyl, NH, NRIRY?, NOz, OPOHz, (Ci=Cs
'alkoxy)phenyl S-benzyl, CONH;,. CO.H, PO3H2, SOszs, or 2';
R and R" 1ndependent1y are hydrogen or. C1—Cs alkyl -
‘R ig’ hydrogen or (C1—C3)alkyl,
4 ;.s_ —(CHz.).n or (C;-—Cs)cyf;loalkyl_; "
15 nis 0, 1, or 2; and
Z° .is an aromatic or subsi:ituted' aromaric grodI;'; !
R*! is C1—Cs alkyl Ca-Cs cyclolkyl phenyl or benzyl ‘and’
R*¥? is a base labile protectlng group, or a pharmaceutn.cally '
- acceptable salt thereof.-
20
31. a cbﬁgoun& of elaim 30 where'ih G is phenyl,
para- fluorophenyl or phenyl substltuted w:.th o
-CHzOC (0) (CHz)m N'Hz

AR DB L



-R[err] and R[err] are each hydrogen R[err] and R[err] taken to ether
formb5 a Wee8AsISBond bet ween C 13 and c 14; Rlerr] is tri(RETHS/3655 -

al kyl)silyl; and Rlerr] is hydrogen or a 'suitabl e actlvat abl e ‘car boxy _.

~ protecting group, provided that Rerr] _ g? Rlerr] are not both hydrogen or
a pharmaceutically acceptable salt theré 10 36. . A conpound of clai m.35

wherein G is phenyl, para-fluorophenyl, or phenyl substitufed with

- -cH err]aC (0) (CH e[ & oRgad ofj Flaim 30 wherpein K demMaiarb

claim-35 wherein -Rerr] is nethyl. 38." A conpound of claim 35 wherein G is_'

phenyl , para-fl uorophenyl “or phenyl substi tut ed with -CHerr]OC(O .

for Fn‘”a_“i)e[cﬁﬁél bond baFeott CHPIRE Of A14m, 7y vherglp & E8 pRARRST 20
conpound bS8 a.fthsg%%%ee?x&%r o PHAMbA Séfgttét‘edfzfién{‘éﬁrﬁ?et“he?’g' a
for mul 858 / ogggg‘%/i@ﬂé%l@ NHz; R is methyl; R and R taken together : -

PCT/ US |
form a second bond between c-13 and c- 14 R’ is C1-C5 alkyl;

" R™ is hydrogen; ‘RY is hydrogen, R“ is hydrogen, R5° is

'. (-0) ; ¥ is O0; and R® is a group of the formula (IA) .3 R81
_. methyl, and R82 is Fmoc.
| 3_4.. A compound of clalm 30 where:\.n sald compound

is represented by the formula :

15

35. A compound'.'of" the _-formula c

©20 wherein

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

* [ L ] S *



[err]

t he fornul

40.

Vog nd of ~claim35 \r\herer n said corrpound is r@mgbﬁgs by
a Fer?f _A conpound “of - cI ai m 35 wherein.said conmpound is

represented by the forrrula 10 [err] 42. A conpound of claim-35 wherein o
sai'd conpound is represented. by the foral03-15. [err] 43. - A"corrpound of the. -

f or mul

a

WO 98/ 38158

Plcl / US|98/ 03655; 5 198- arsmatlﬂhéreh@:t@rb%r@rﬁrtrﬂc gﬁﬁ.{;d P karlsuﬁtgéated .
- al keny . :

het er oar orreér&n@tpupoerhatégbatbmn-_a@ @r:@w | c. or het er oar omatic gr oup;
IS Cl G al kyl ;. - _

R[err]

10

- .'15-

20

25

Clerr]-Cerr] alkynyl, or Ar; .5 Ar is an aromatic or.

R’ is C1-GCs alkyl | |
R and R are each . hydrogen, or R* and R5 taken together form
" a second bond between c-13 and c-14; |
: Rz"_ is trl(C1—C5 alkyl)s:r.lyl and ' |
RP is hydrogen or a sultable actlvatable carboxy protectlng
group, prov:.ded that R’a and, R'p are not both hydrogen, or a

.pharmaceutlcally acceptable salt thereof.

36, A cOmpound of clalm 35 whereln G is pheny1' .
para fluorophenyl or’ phenyl substltuted w1th ' -
-CHzOC(O) (CHz)mNHz. '

37. 2 compound of claim 35 wherein R’ is methyl.

.3:8.. | A compound of cla:r.m 35 where:r.n G 1s phenyl |
.para fluorophenyl or phenyl subst:r.tuted w1th
-CHzOC(O) (CHz)mNﬂz,_ R® is methyl R* and R’ taken together
- form a second bond between C 13 and c- 14 R is tert- _:

butyldlmethyls:.lyl and R” :r.s N—hydroxysucc:.nlm:r.de or

: hydrogen

39 A compound of clalm 35 where:r.n saJ.d compound

-_:r.s represented by the formula

* [ L L] S *



Rlerr] and Rletr] are each. hydrogen or ‘R4 and Rl err] taken together forma
second bondWP98@BksE C- 13 and C 14;" 10 R[err] i s hydrogen or PCTAUSBS/B36RY ;-
Rlerr] is (errl-Clerr] alkyl; substituted (Cl Co)al kyl, (C3- derr])
cycl oal kyl,” substituted (C3- 08) cycl oal. ﬁ a heteroaromatic or substitut ed
heteroaromatrc group or a group of for Pﬁ (1A, (IB) or (1Q: 15 [err]
Rlerr], Rerr], and R err] ‘i ndependent|y are H, (C[err] C[err])alkyl han
NR[errRerr] or OR[err]; WD 98/ 3816Hs '
PCT/ US98/ 03655 -106-. Rlerr], -
hal o, (Clerr]- C[err])alkyl
OPJerr]Herr], (C1-Co6 aIkoxy)ph@nyI Sébenzyl "CO2H, PC8H2
SC{err]R[err};.or Z; Rerr] and R[err]cﬂﬁﬁkpenden y .are hydrogen or- Cl C6
alkyl; 5 R[err] is hydrogen or_(C[err]_C[err]])aIkyI Zis y
-(CHerr])[err]- or (C3-Cs)cycloalkyl; nis 0, 1, or 2 and z' is an
aromatic or substrtuted aromatic group; Rerr] is hydrogen or Cl-C6 aIkyI
and - 40. A compound of claim 35 whereln said compound

|ndependently are hydrogen
/NR[err]R[err] qurr]

is represented by the formula-

"5
'_41.'nA_compound-of”Claim 35'wherein”said compound
Cis repfesented by-;he:formnla |
10
42. A compound of claim 35 wherein said compound
is fepresentedlby the formula
15

43, A.qompound of the formule

. % ¢ L A s %



10 Rerr] ogen or trl(C[err] C[err] aIkyI)S|IyI
'phar naceutwnglapggrﬁccept abl e salt thereof.. 44. A corrpound of&ro'gsr’?ﬁ’t0365i3
‘wherein Gis phenyl, para-fluorophenyl, or. phenyl. substituted with 15
-CHerr]OC (O (CH[err])[err] NH[err]"..éj_Egs A conpound of ¢l ai m43 wherein.
Rierr] is nethyl. 46. A conpound of._ claim43 wherein G is:phenyl, 20 E
par a-f 1 uor ophenyl, or phenyl subsf, t ut ed st h CH[err] oC (0) .
(CHerr])[err]. NH[err] Rl err]Oi ] ' \ﬁ?[err] and Rlerr}]. taken together
forma second bond between ' S0r] is tert-. .
butyl di met hyl si‘lyl;. and R €rr]1s N hydroxys c§«n| m de. or hydrogen. 25 47. _
A conpound of - cl ai m 43 wherein sai d—ﬁprrpounch’rs represented by the formul a
WO 98/ 38158 PCT/ US98/ 03655 - -107-
- CH3 [err] 48.. A corrpound of the forrrula 5 [ r] sy o

o ' Ol-'tl’1 .

whe're.i.n R |
G is C1=Cp alkyl, C2-Cro alkenyl' C2-C1z alkyny—l " or Ar;
5'._ ‘Ar is an aromatlc or heteroaromatlc group or a subst:.tuted
- aromatlc or heteroaromatlc group, _
- R is C1—Cs alkyl | | e .
: R and R are each hydrogen, or R4 and Rs taken together form
a-: second bond between C- 13 and C 14 |
10 '__R“ is hydrogen or C1-Cs alkyl-
o 'R is C1-Cs alkyl,__ subst:.tuted (C1—Cs)alkyl .—-'.
Co)éycloalkyl, substituted (C;-Cs)cycloalkyl, a
'--.heteroaroma'tie or __sub'st.'itu_ted het'_eroaromatic group or a
-'group of formula (iA)-.,- ('IB-)_.I' or- (IC):
15 - o -

Lk

(zo)
R“, R, and R 1ndependently are H, (Ci-Cs)alkyl, halo
NRwR” or ORIB . R

N .



V\,herern Gis CLerr]-Cerr] alkyl, C[err] C[err aI kenyl', C2-Cl12 al kynyl, or
At Aris aWOSSGRHSI ¢ or het.er oar omati c group or a substrtut RETIES8/8365Pmt i ¢
or het eroaromatic group; Rlerr] is (err]- Clerr] alkyl; Rlerr] and Rlerr]
are each hydrogen; or Rerr] and R err] ﬁ_ac}gren t oget her forma second bond
between G 13 and C 14; Rerr] is hydroge Cl-C6 alkyl; 15 R6 is . :

Jerr]-(err], sub tuted err -Clerr])alkyl, (derr]- derr]) '
cycl oal kyl, éubs?ﬂ ¢ upBg |arg }‘llé@eﬁgaﬂonh@l@:or(csubst i tuted
het er oar orrat I c gr oup ar 1@ gr oup of_ for mul qsé (IB or (10 WO =
98/ 38158 1, OR™, O-aryl, NH, NPT/ z@36§5-C6108 lerr]

NRert] R[Réf”]mﬁ%rﬁ f] L %‘x’%rr‘de”“r]rﬂaé?goﬁé?l acfr)f' SE oY b
NRer ] R or B AR Lnasae%d%rn&%% 3ttt s foRenst W hency
|Cfljdlgrzjendem(:aIr;i arep%(%géghe”] é(fsgﬁ errR][er(r)]r is h%(ra(rjg]enag(r:l R[err]
(Clerr]- C[erill)s al @ﬁz’)n— or (C;-Cs)cycloalkyl - -
nis 0, 1, or 2; and
.z'_ is an aromatic or subst:r.tuted aromatlc group;
~ R™ is hydrogen or C1—C5 alkyl; and :
10- | R’f is hydrogen or tr1(C1-C5 alkyl)s:.lyl or a

pharmaceutlcally acceptable salt thereof

44. A compound of formula 43 wherein G is phenyl
para fluorophenyl or phen_yl substituted w:.th_ |
15 -CH;0C(0) (CHp)wNH;. | |

45. A compound of claim 43 wherein R® is methyl.

46. A compound of claim 43 where:.n G is. phenyl
20 'para fluorophenyl, or phenyl substltuted w1th |
| -CH,0C (0) (CHy) pNHa; R’ is methyl R* and R taken ‘together |
form_e second bond__between c-13 and._,C—14; R_”a is tert-
. butyldi_methylsilyl;' and RP is N-hydroxysuccinimide or o
hydrogen. | | | |
25
47. A compound of cla:.m. 43 whereln sald compound

is represented by the formula

* C L M S *



"-inhszf(?:[%r%%%u_ or (C[err] C[err])cycloal kyl; 10 n isp /U§98/0955_5

c or substituted aromatic group; and I\/[er
cation; or a.phar naceutlcal |y acceptabl e .salt thereof. 15 49." A. conpound :
of claim48 wherei.n Gis phenyl, para- t.tmqn.ophenyl or phenyl substituted
w th - CH[err]OC(O) (CH[err])[err] NH[err] ; 50. A conpound
of :cl ai. m48 wherein Rerr] is. nmethyl. A corrpound of claim48 wherein G
i s phenyl, para-fluorophenyl," AL, phenyl substltut ed with . WD 98/ 38158
"PC'I“/-U898/03655 109- CH[e_rr]_EO) (CH[err]) err]:NHerr]; Rerr] .
-methyl; Rlerr] and 'rr] ak e to--h i a second bond between C—13
~and C-14 Rlerr] is P i
- Rerr] hydrogen or: :
- said conmpound i S repreA ent ed by t%eﬁor mula
corrpound of claim 48 \/\herel n said corrpound

Sl

48. A compound of the formula

' whereln _ | o
G is C1—C12 alkyl Cz—Cn alkenyl Cz"C12 alkynyl or. -Ar;
Ar 1s an aromatlc or heteroaromatlc group ‘or a subst:.tuted
]_.O aromat:lc or heteroaromatlc group, |
o R® is C1—C5 alkyl | S
R‘ and R® are each hydrogen; or R' and R® taken ._t'oge.the.r form -
a second bond between C 13 and C- 14, ' | | |
3 __R“ is hydrogen or C1 Cs alkyl-- - _ o
| 15 R® .lS C1-Cs’ alkyl, subst:.tuted (C1-CeYalkyl, (Cz— .
~ Cs)eycloalkyl, subst:ltuted (C3~C3)CYC'loalkyl a,
'heteroaromatlc or su.bstltuted heteroaromatlc group or a |

group of formu_la. (IA) p (-I_,B)- or (IC) o

= ¢ L M s x



is represented.b the formul a [err] 15 ' 54. A corrpound of the _
formula = W@9%83158158 PCT/US98/03655 .-
PCT/ US98/ 03655 - 110- [err] V\/nerern Grs C[err]] C[err] aI kyl:, - C[err]- C[err]
al kenyl ,  C2-Cl12 al kynyl, or Ar; 5 Ar _aromati c or het eroarorratrc
" group.or a substituted aromatic_ or: heteroaromatrc group; R3 is Cl-C6 al kyl;
Rl err] and R err] -are each hydrogen; ~Rlerr] and Rerr] t aken t oget her
form a second bond between - 13 and’ C— 14 10" Rerr]- and R8 aRr h '
i ndependent |y hydrogen or A %5 al. kyl; or Rlerr] %nd Rl err] t ak
forma cycl opropyl butyl ri-ng; R ep=\i.sRhydrogen, Cl
C2- C6 al kenyl [err] '. Cerr]-Gresz+
orrl is )

benzyl-, wherein mfs B is Rierr] - bgens or
Clerr]-derr} alkyl; I's hydr ogen, C[ e( _’]QE[ err] alkyl, pI\r%nyl - or
ReQr Cl-C6 al kyI R

_benzyl; Rerr].is hydrog

t

(m (e o)
R**, R®®, and R® independ_entljr are H, (C1—C:s:)allky-l., :helo :
NR18R19 or Oﬁw - - | ' . | R
'Rl.s | RS ‘and RY 1ndependently are hydrogen, halo, (-C1-
5 Cs)alkyl OR'®, O-aryl, an, NR“R“,__' Noz,'- OPOH,, (C1-Ce
'alkoxy)phenyl s—benzyl CONHz, c02H P03H2, sozR”g or _.z-"';
and R19 1ndependently are hydrogen or Cr{k alkyl |
R” is ‘hydrogen or (Cr{h)alkyl
% is -(CH)a- or (Ca- Cs)cycloalkyl
10 nis 0, 1, or 2; and
Z' is an aromatic or '_snbsr:itnted aromatic gz.ronpl; and
'M”. is a cetion; or a nharrmaceutically acceptable sa"lt.

" thereof.

- 15
49. A compound of- clalm 48 where:r.n G is phenyl
para- fluorophenyl or phenyl substltuted w:r.th | |
-CHzocror (CHa) o 2NHa R o
200 50. A compound of claim 48 wherein R’ is methyl.

51. A c_:ompou_nd' of clalm 48 whereln G is phenyl

p'ara—fli_lorophenyl,- of-phe'nyl substlt:uted w:.th

M



-R[err] is Iwggggﬁgsor ( O) 20 Yls CH O NR[err] .S, SO ﬁmsgmgﬁsn.'
R12 is ‘H or Cl-C3 al kyl ; R[err] is Cl-C6 al kyl, substltuted ‘

(Cerr]- C[err])al kyl ,. (C3 C[err])cycloal kyI substltuted (derr]- C[err])
cycl oal kyl MO 98/ 38158 :

PCT/US98/ 03655 -111- het eroaronmati-c or substltut ed het eroaromatl c group or
a group of femjot o) |d,).(m8); & ik etﬁx?’l] 0 aBlerf] cakbfr tbgetherR err] -
- independently are H, Cz[err -C[err])alky halo NRerr]Rlerr] or CR[err] :
- Rerr], R eféim andeB[oﬁar bdnmdmmé@m lg- %8 Carity dr-aue, RMalie, hﬁ/dr@fg'drr,

C6) al kyI CR[err] Oaryl, NHerr], NRerr]Rerr],- NJerr], -

‘POl err] H etgla g€bapr b£Ckbier ]fo&td(ﬂw)wreml alm“.-‘v-lib‘é nhyBrogebHiar methyl.
CJderr]H PHerrjHerr], SJerr]Rerr], or Z 10 R[err] and Rlerr]
i ndependently are hydrogen or Cl-C6 al kyI R[err] is hydrogen or
(Cl-C3)alkyl; Rerr] is (err]-Cerr] aIkyI Cerr]- C[err] cycIoaIkyI :
phenyl & benzy,l Z i $2-.( CH eorpdund Jof (ﬂla(npew]wl";?eem]l) sagdl Ganmumin
is, 1, or 2; 15 qg'is an integer 1 or 2, and z' is an aromatic or- . :
substl t ut edlar ﬁﬁﬁrﬁée@r‘c@sﬁo 1/’014:1’14a rﬁmutl cal ly acceptabl e salt thereof.

o

- | HNj:\\‘: Icl
10 ) . . s3, A compound of claim 48_wﬁerein said compo._uﬁd'

s repr'_ese'nted. byt_he -_'formulai _

OMe

15 .~ 54. A compound 'of: the formula

oy



i

55. A conpound of cl aim 54 mherern G is phenyl, 20 para quor hen

phenyl - subWVOO8BYEB wi t h - -CHerr]CC (O (CH[err])[err] ‘NH[ er rPCT: 8’°A55

. conpound of claim54 wherein Rlerr] i.s methyl. -~ WD 98/38158 .

PCT/ US98/ 03655 -112-- 57. A conpound of ibarn154 wherein Gis. phenyl

par a- f | uor ophenyl, or phenyl” substituted mnth -CHerr]O(O
(CHerr])[err].NHerr]; Rerr]. |s nmethyl; R4 and Rlerr] taken together form
a.- second bond between C-13 an . 3] is NHS or ‘5 hydrogen; and :
Rlerr] is tri(derr]-Cerr] R8. oA compound of claimb54
represented by the fornul & elY] poupd of the formula [err] 15
wherein Gis Cl-Cl2 al kyl, C[edr] ﬁy’l Clerr]-Cerr] alkynyl, or

14 - .

Ar; Ar-is an arorratrc or heter gr 8a substi tuted arorratrc or
het eroaromatic group; Rlerr] i aIkyI T
o LS(_O)qR“

 (10a)

Whe.rein'_ '. o ) .
G is cl-cgz alkyl, 'cz—cm- .'alkenyl cz-c;z 'alkyny.l' or A:'_F,—
5 Ar :r.s an aromat:r.c or heteroaromatlc group or a. substltuted
.aromat:r.c or heteroaromatlc group,
R is Ci-Ce alkyl; |
R and-R are each hydrogen; or R* and R® tal_ken lt:oget_._h.er f'o_rm.
‘a second bond between C 13 and C-14; . |
10 R’ and R8 are each 1ndependently hydrogen or C1—Cs alkyl or :
R’ and R® taken together fo_rm a _cyclopropyl or cyclobutyl-
rlng' o o | | | _..
R’ is hydrogen, Cl—Cs alkyl, Cz-Cs alkenyl C2-Cs alkynyl
| —(CHz)m—(Ca—Cs)cycloalkyl or benzyl wherein m is the’ integer
15 one to three, o '
| R is hydrogen or C1-C5 alkyl |
R is hydrogen, C1-C5 alkyl phenyl or benzyl-
R is hydrogen or C1—C5 alkyl
R*® is hydrogen or (=0); L
: 20 Y is CH, O, NR'?, g, SO SOz, ‘wherein R12 is H or C1-C3 alkyl
' R® is C;-Cs alkyl, substltuted (CI_CS)aIkYJ. (Ca-
| Ca)cycioalkyl, snbetltu_ted (_C3—Ca)cy01oa1ky-l,_ ‘a

A R



WO 98/3815 - oo PCTl U898 -
R[err] ‘and gsr/? 15 %re each hydrogen or R[err] and Rlerr] ta gﬁﬁt%gget
forma second bond between C-13 and C14; R7- and R[err] are each - .- .
independently hydrogen or C[err]-Cerr]-atkyl Rlerr] and R err] ‘taken-
toget her .form a cycl opropyl or cyclobutyl 5 ri ng; RO i-s hydr.ogen, Cl-C6

- alkyl, C2-64 ]g% -
. (CH[err])[er% errﬁ%{ err a%é gg']ltl@q ﬂ(ﬁteggﬁzrygma%cer%r%u% 7% ?he o
i nteéger onegf%Ig hégefogngﬁ_g] (tg) hydgggerg,ror (Teherr]- Clerr] alkyl; 10 Rerr]
i s hydrogen err]-Cferr] alkyl,. phenyl or benzyl; Rerr] is hydrogen or -
Cl-C6 al kyl; R50 __|s hydrogen or (=Q ;- Y-is CH [e} NR[err] S, SO SCIerr]
wherein Rlerr] .is Hor Cl1-C3 al kyl; R[err] is (Jerr]- C[err] 1kyl
substituted (Cl-C6)al kyl, (K& 15 . C8)'cycloalkyl, substitute o
- (C3-C8) cyel oal kyl, a hgte oaronatic. or substitutResI heteroaro L Np or .

a group of fornula (I/ Rerr], R Rl err]
i ndependent | y—ar€ R[err] or d 'Rlerr],
R[err] and R[err] “hato, (C[err] ! :
' _ \17
() - . . (IB) T & (o) I

' 5'-.:R“-, ﬁ“, and R® -ind'epe‘ndentiy--' a.r'e H, ..(lcl”'—Cs)'a']..kyl.,' he.lo _ .
 NRM™R' or OR'®; | | R | o -
'-'R,“_, _R“,_ and R7 1ndependently are hydrogen, halo, (Ci-—
_C;)al.kyl OR18, O-aryl, NH, NR”R“, NO:, OPO4H2, {C1-Cs

| ‘alkoxy)phenyl, S- benzyl CONHz, COzH, P03H2, sozR23 or z

10 R" and R* 1ndependent1y are. hydrogen or C1-C5 alkyl-

'R” d.s hydrogen or (C1—C3)alkyl
. R™. is C1-Cs alkyl C3-Ce cycloalkyl phenyl or benzyl-- '
Z is -(CHz)n- or. (C:"Cs)CYC].Oalle
-:n is 0 1 or 27 |
15 'q is an 1nteger 1 or 2, and B
oz _J.S an aromatic or substituted ar'oznatic_ group; o"r--a

pharmaceutically acceptable salt.thereof.

_ 55. A compound of clalm 54 whereln G is phenyl N
20 _para- fluorophenyl 'or phenyl substltuted w:Lth ' |
' -CHzOC(O) (CHz)m NHz

" 56. A compound 'of' ¢laim 5'4"whe'r'ein R® is methyl.

* ¢ L M 0§ %



Cerr])alk CR%Ierr] Oaryl NH[err] NR[err]R[err]

oP err] H \é/Y‘PP 83§18 err] - g err] al koxy) phenyl S benzyl I-{é*’Pf”’o“ss
CJerr]H PJerr]Herr], SOerr]Rerr], or Z V\098/38158 S

PCT/ US98/ 03655 - 114- R[err] and Rlerr] . ﬂifpendent l'y are hydrogen or Cl CG

Y oyt onl kyt. “%ﬂre"ge”o?rbEE[zi{”zC.[ e O ay ey or o AL
Gl Bl A o o8 Y S
60. - A carrp%%’ﬁ?r”g#“‘BFgPﬁFgBlm@Fe b’%’gﬁiﬁt‘yﬁ"ﬁ%&h fl uor ophenyl, or
Compound of "GR! e ekﬁ‘é??f(%t&,%‘?“r“%éﬁrﬁi RS oglineg® -
Soberi tut ect oy R hE BRatoe RSN a A (G Ll PROCHE N BTV

R err] d ak t ggetl Of AN_g S between C 13 and C 14
Rl err] {%2 N&aﬂ)& {}drgggnﬂ Béelg[xfelrdr iéé ?%I %ﬁgr@rm lC[err] aI kyI)S|IyI 20

63. - A corrpound of claim59 represent ed by the

58. A compound of clalm 54 represented by the

: fermula

10

- 59. A compound of the formula.

15 - wherein.'
_ G is C1-Cia alkyl, Cz—C12 alkenyl Cz-C],z alkynyl or Ar,
Ar is an aromatic or heteroaromatlc group or a substltuted
aromatlc or heteroaromat:.c group, | |

" R? is C1-Cs alkyl;

R



Cformula [er 98/38158 I
PCT/ US98/ Oﬂégmﬁ A corrpound of the forrrul a [err] 5 \AﬁTrg"’?{o 55
Clerr]-Cerr] al kyI C2 C12 al kenyl, C2-C12 al kynyl, or*#Ar; -Ar is an-

aromatic or heteroaromatic group or a. subggi-t ut ed aromati c or '
het eroaromatic group; 10 Rerr] is Ci1-C6. al kyI R[err] and R[err] are each -

gyggogﬁg C %4%%?;%1?&% %‘fﬂg}i &%&%fgﬁ'gﬁfhal ky si| M%W%I S

Jerr]-Jerg] SQFE’?"E gg’h\ﬂ?erel e%??fﬂlﬁ (?/@Qf@ tabl e salt 15 thereof. 5 .

A corrpound of ¢ para-fl uorophenyl or. phenyl

substi t ut edgwi 4 - ﬁ;"[é‘fé]%ﬂ qné%ﬁ&ﬁaéh&wrﬁirdwlﬂb%hf br 29-86: all&fof‘@f“”d

of claim64 wherein Rerr
- R’ and R8 taken together form a cyclopropyl or cyclobutyl

> r1ng, _ S _ _ .
| -'R is hydrogen, C1—-Cs alkyl Cz—Cs alkenyl Cz—Cs alkynyl _
! ﬁ—(CHz)m—(Cg-Cs)cycloalkyl or benzyl where:Ln m 1s the 1nteger
' '__one ‘to three, _ |
- RY is hydrogen or C1—Cs alkyl |
10" _Ru" is hydrogen, C1—C5 alkyl phenyl or benzyl-
| RrM" is hydrogen or C1—C5 alkyl~
R5° is hydrogen or (=0);. - |
Y _1s_CH, 0, NR?, S, so SOz, whereln R12 1s H or c,-c; alkyl- i
R‘. is C;-Cs alkyl, substltu-ted (C1-C5)alkyl,: (_C3._" _
15 és)cycloalkyl, substituhed (C;—Cs)CYCl.oa:lkyi e |
heteroaromatlc or substltuted heteroaromatlc group .or a

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

(Ic)

20 - R®, R‘i’, .and R‘° 1ndependently are H, (Cl—Cs)alkyl halo

| NR‘“R” or OR"; ' I '
Rl-s’_R“' and sz lndependently are hydrogen, ‘hald; (Ci-
‘Colalkyl, OR™, O-aryl, Né;, NR'R', NO», OPOMa, (Ci-Cs

. alk_oxy)phenyl, s—benzyl','“fCONHz, CO.H, POsH,, SOR*, or Z';

A



67. A corrpound of claim 64 \/\herel nGis phenyl par a-fl 'uo-'r op_hel%l or_
_phenyl SubNYOP8BMEB with WD 98/ 38158 = - 98/03655
PCT/U898/03655 116- CH[err]OC(O) (CHerr])[err]. NH[err] R[err] S .
methyl; = Rlerr] and Rerr] taken togethe {lorma second bond bet ween. G 13
and C—14 Rlerr] is tert- butyldinmethylSiTyl; and Rlerr] is nethyl. 5

68. A caonpo nd of qLal m 64 wherein said conpound is _represented by the
fornula [erR indepengentlyn aBAPBYAYOFENt RE ForGull ek i ] wherein

Rl err] and R{er are each i nde enden hydrogen or Cl1-C6 alkyl; or 15 R7 N
and Rlerr] ¥ Y éﬁlll"éféjé‘t%nf‘lﬁ iﬁ%épyl or cyclobutyl ring; RO is-

hyd ' - .k | k
| (>C/:H{ g??]n)[ rZL]S(gleFlf]a@lﬁlé{!r]‘is &rcFé{g# ot ¥<é{rl baﬁ’ﬁﬂ Yal \f#e%?ﬁ%ﬂ s the

I nt.eger one, to thr* & 20 R }:i .or C[err]C[err] alkyl; Rerr]
s hydrogen err? Ct'errﬁr alky benzyl _R[ err] is- hydrog_e_n.or.'

(‘) 5 nis 0, 1, or 2; and -
 Z' is an aromatic or'-subs_tituted aromatic .gr"oup; or a

pharmaceutically acceptable sdlt thereof. -

60. A compound of c1a1m 59 wherein G is phenyl
10 para fluorophenyl or phenyl substltuted w:Lth
~CH,0C (O) (CH; ) i NHa .. '

' 61. A compound of claim 59 wherein R*® is methyl.

15 | ' 62. A compound of clalm 59 where:l.n G is phenyl
para- fluorophenyl, or phenyl- subst:l.tuted w1th _ _ .'
~CH,0C (O) (CHj) mNH; ;- R3 is methyl R! and R5 taken together
' form a second bond between C-13 and C 14; RP is NHS or
hydrogen; and R® is tri(C;-Cs alkyl)silyl.

200 IR o |

| 83. A compou_nd _o'f" claim .59' represente'd' by .the

formula |

LT



YISCH 0] 'S, SO, SCJZ V\/nereln err] is Hor Cl- V\D

98/ 38159 wy%ﬁ&‘%& R[ ]PCT/ US98/ 0365g%"?i‘?§k’ﬁ65?r]

is a base Iablle protecting group,_or a pharnaceutlcally acceptable salt -

" thereof. 70. A conmpound of cl aim&69 mheuasn Rerr] is CJerr]-Cerr] 5

al kyl ; R[err] is hydrogen; Rl err] -i's hydrogen; Rlerr] is (=0 ; Y i's: O ‘and

Rlerr] is Fnoc.- 71. A conpound of cIa|n169 mhereln sai d conpound |s '
represented by the formula 10 [err] - '

;:64. A compound of the formula.;

| iWherein-dd. | . o _ :
. @ is C14Ci§ 'al'ky.l.. C2=Ciz a.lk'eny'l' .C.zl."C12' alkynyl or Ar;
" "Ar is an aromatlc or heteroaromatlc group or a substltuted
'aromatlc or heteroaromatlc group,
10 R is c1—c6 alkyl S | | o
| R* and R® are each hydrogen, or R* and R5 Eaken together form
a second .bond between C 13 and.C 14; |
SR*® is tri{Ci1-Cs alkyl)sz.lyl°'-'and- |
.Rd 1s C1-C¢ alkyl; or a pharmaceutlcally acceptable salt
.-15 'thereof | | | | |

65. A compound of claim 64 wherein G is --phenyi,'
para fluorophenyl or phenyl s'ubst"ituted._wi't.:h '
—~CH,0C (0) (CHy)wNHz . |
20

66. A 'compou.n_'d'. of claim 64 wherein R® is methyl.

.67. A compound of cla:Lm 64 where:v.n G is phenyl

- .para-fluorophenyl or ph_enyl substltuted w:.t:h

BT



10

15

20

wosesslss < S .. . - PCI/USI/36SS

| -—116—-

_-CH;OC(O) (CHz)mNH.z, R 1s methyl R and R taken together

'-form a second bond between C 13 and C- 14 -R2a is tert— .

b'utyldlmet_hyls:.lyl; and- Rf‘-l‘_s methyl._

68. A compound of claim 64 wherein said ‘compound

' is represented by the formula

69. A_compound of the formula

O._ _OH S
“R®™ _

R '

SR

1

wherein
R’ and R® are each :Lndependently hydrogen or C1~Cs alkyl or.
Y and R® taken together form a cyclopropyl or cyclobutyl |
rlng' ’ | : . _ . .

R® is h‘ydrc’ngen,'. Cl—-Cs'a'lkyl. -'Cz—Cs alkeniri" Cg—C; alkynyl |
—(CHz)m-(Cz-Cs)cycloalkyl or- benzyl whereln m is the 1nteger
~one to three, |

R is hydrogen or C1—C6 alkyl~ |

R lS hydrogen, Ci1-Cs alkyl phenyl or benzyl

.R.5_° is hydrogen or (_O) P _'

Y is CH, 0, NRZ, §, s0, S0:, wherein R12 is H or ci—c3 alkyl

A



10

WO 9838158 | o - PCT/US98/03655 = -
=117-

Ro? is a base 'labi'l_é bfotect_ing_ _ gr°up;-

or a phama_ceuti'c_:ally ac¢eptable ‘salt therecf. _  .

70. - A compound of claim 69 wherein R® is C;-Ce¢

alkyl; R' is hydrogen; R 1s ‘hydrogen; R is (=0);-Y is O;

~and R*?> is Fmoc.

71. A compound of ‘claim 69 ‘wherein said -compound

is represented by ’_che: formula .

mwwmy



