2 7 JAN 2005 WD 02/ 12223 I?CT/ usa / 24377 1 SYNTHETI C.SALI CYLI HALAM | DES,
APl CULARENS AND DERI VATI VES THEREOF SPECI FI CATI ON FI ELD OF THEgI F\l\@m'l %5
The present invention relates to the organic synthesis of chem Ca

conpounds |- cancer pharnmaceuticals, particularly r |

| act ones h %Zﬂﬁia% ti-cancer activity and vacuol ar ATPase ?‘fﬁ. E?"f‘?ﬁ”
activity and nethods of synthesis and use of these conpounds. BACKGROUND
OF THE | NVENTI ON 10 A nunber of biol ogical netabolites isolated from

nat ural sources such as sponges, tunicates, and bacteria have been found
to have anti-cancer activity. These netabolites are macrocyclic |actones

such as salicylihalam de and | obatam de, which appear to represent a new
mechani stic cl ass bSYNTBERTIESALIGYBIBALANMIDES I@ﬂ%ﬁ&ﬂbar ed to

ot her conpounds in NCl's standar m E@?&% Api cul aren 15 has al so
been shown to be cytostatic agai ﬁ’ﬁp i QFI lines. ( Kunze et al.
(1998)). Macrolides were previously known to have cytotoxic activity and.
some possess anti-fungal or anti-bacterial. praoperties. The anti-cancer
activity of a class of macrolides cgPEETFICATION i hal ami de was di scovered

b'y Boyd et al., (1997) in a screen of the cytotoxic activity of extracts
froma famly of sponges (species Haliclona). 20 Two novel nacrolides,

salicylihal am des A and B were puri.f] , - act and tested in the
NClI 60-cell line human tunor sprﬁl;ﬁr{fﬂ(é%éh&]gmgméythese conpounds
denonst r at ?d a mean- gr agle %&Eﬁtl iBvdidh B8 Wthé bfraaitysyathedinor drauealt umor

r

profiles o known anti-tu agents.  Therefore, these conpounds represent
mew cl ass ofompbindstndenti-agewt pharfacsuicelsprsimdalmpeaoesie dacimey having

fecti inst h .solid. t I f o ' :
sual |yt o oGk ceueT SR 1 e AT bR B R of s,

have been i dephj fieskB&ehamipbandsant i -tumor activity. Included are

| obat ami des (isolated from Aplidium | obaturn),
BACKGROUND OF THE INVENTION
10 A number of biclogical metabolites isolated from natural sources such

as sponges, tunicates, and bacteria have been found to have anti-cancer activity.
These metabolites are macrocyclic lactones such as salicylihalamide and lobatamide,
which appear to represent a new mechanistic class based on their cytotoxicity profiles
when compared to other compounds in NCI’s standard agents database. Apicularen

15  has also been shown to be cytostatic against human céncer cell lines (Kunze et al.
(1998)). Macrolides were previously kmown to have cy_to'toxic activity and some

(\-j possess anti-fungal or anti-bacterial properties. The anti-cancer activity of a class of
macrolides called salicylihalamide was discovered by Boyd ez al., (1997)ina screen
of the cytotoxic activity of extracts from a family of sponges (species Haliclona).

20  Two novel macrolides, salicylihalamides A and B were purified fiom the extract and
tested in the NCI 60-cell line human tumor screen. Upon screening, these compounds
demonstrated a mean-graph profile that was unlike any of the known tumor profiles of
known anti-tumor agents. Therefore, these compounds represent a new class of anti-

. tumor agents. These compounds were especially effective against human solid tumor

25  cell lines. Solid tumors are usually the most resistant to drugs.

Various other macrocyclic lactones have been identified as having
anti-tumor activity. Included are lobatamides (isolated from Aplidium lobatum),

apicularens (isolated from Chondromyces), and oximidines (isolated from
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api cul arens (isolated from Chondrornyces) , and oxi m di ngs 22{03%@3 {f om
SUBSTI TUTE SHEET (RULE 26) 2 '7 JAN 2005 WO 02/ 12223 PCT/ USO g
Pseudononas) . Lobatam des contain a simlar enanid e side chain and core
structure @ &abigylihal am des . However, | obatam des cont apdpgnP§s#e

met hyl ether structure at the end of the enam de side chain. The NC

60-cel |l line human tumor screen profile of the | obatamnides correlated with
the profile of salicylihalamde (McKee et 5 al., (1998)). Apicularen A
causes a potent growth inhibition of human cancer cell [lines, the

I nduction of an apoptotic-like cell death, and the formation of mtotic
spindles with nultiple spindle poles and cI usters of bundled actin fromthe
cyt oskel et on  Prardewoats)alobatangBs couipnarsimtlapanamidatidy chaimandroraeiridwecel |

L e SRR

di fferent cancghéehd of thhesamideistifeichiii The NCGIG0cE!! lﬁmrmmmdﬁmeﬁstrm t est ed
against to determne if the conpound has, anti-cancer activity. Eac

conpound has aprofilgef the tnbatanmifesegareted with B@%@iﬁlﬁr?féﬂ‘é’é‘b?%%s@{‘}@%t 11ing

each of the. 60 fz(zggs;) cell 15 lines. Fiirstner et al. (U S. Patent No.
5 936, 100) %as U] ng closing netathesis as a step in the synthesis of
nmacrocyclic | actones conppiculdten Arvauses apotent gpoithintibition bﬁhaha:ga:masceﬂ

Macrocycl es of ring sizes 12 are chal gi Si ze. cause the
precursors tenHn¥e edP‘?‘{ﬁ}é‘ﬁ%Pfﬁ%aP%“Fh@“ﬁ’ffﬂtﬂeé +§%¥f€@*€ n???ﬁt@f‘ﬁr e of
sal i cyli hal amc%%lés gﬁﬁ&;ﬂﬁh %Bﬁ@getpgﬁasrahé'cfhsfémﬂtﬁﬁ% acﬁ@!&'oﬁ%ﬁlbhal am des

eonpose in un e side chain (Snider and Song
('2000)). The pcﬁeﬂqcletmmﬂ@.nizcenalpﬂ@%,dlessmab,c%ﬁlﬁﬂ)c | actones whi ch exhibit

o oved gl Ly ever hhe galut el Eomau e SN SR 1 50
particularly 2§ffédﬁ%héa§ 8f § ebmpekidBr mmlmgsm@magwaﬁm Hiearn@inuéral kgoapound
has not previ Ogest o¥ 60 different cancer cell lines agamst which chemical compounds can be tested
against to determme if the compound has anti-cancer activity. Each compound has an
individual “fingerprint” based on effectiveness in lulhng each of the 60 cancer cell
15  lines.

Fiirstner ef al. (U.S. Patent No. 5,936,100} has used ring closing
metathesis as a step in the synthesis of macrocyclic lactones containing one or more
polar functional groups. Macrocyclés of ring sizes 12 are challenging to synthesize
because the precursors tend to oligo‘inerize.

O 20 The naturally occurring structure of salicylihalamide is unstable under
certain conditions. Salicylihalamides decompose in CDCl3, due to the unstable side
chain (Snider and Song (2000)). The present invention provides macrocyclic lactones
which exhibit improved stability over the natural compound. The present invention |
also includes a process for the synthesis of these compounds which is particularly

25  flexible for making various compounds. The natural compound has not previously
been synthesized and its structure was misidentified when it was purified from marine
sponges of the genus Haliclona. Boyd et al., in PCT/US98/15011 disclosed the
structure of natural salicylihalamide with a negative rotation and assigned the absolute
configuration as 12R, 13S, 15R. This assignment was incorrect because the isomer

30  with the 12R, 13S, 15R absolute configuration has a positive rotation and does not

have anti-cancer activity, as proven by the inventor in the present application. Only
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been synthesized and its structure was misidentified when it pyti,fied
frommari ne sponges of the genus Haliclona. Boyd et al., in \IQ%'T'T Ugég/jﬂﬁﬁ)ll
di scl osed the structure of natural salicylihalamde with a negative

rotation agghgsphagned the absolute configuration as 12R 1§§r’§é‘$’%4§éhi S
135S, 1

assi gnment was I ncorrect because the ispner 30 with the 12R

absol ute configuration has a positive rotation and does not have
anti-cancer activity, as proven by the inventor in the present application.
Only SUBSTI TUTE SHEET (RULE 26) 2 7 JAN 2005 V WD 02/12223 PCT/USQ724377
3 the isomer with the 12S, 13R, 15S absolute configuration has a negative
rotation and anti-cancer activity. The present invention describes the
first synthesite isdmérayitlatie 123) 13R sldSiabyalitesioafizeretion hasck negstiymstation and
absol ute configuration of the natural product with 5 negative rotation as
12S, 13R, 15S™YFfehpGRIY efficient, trans-selective ring-closing ol efin
met at hesis for the assentpkyr@bntiitenkien dedcabéoime fakialeheds afd)aas (heen
readily adapted to obtain'a variety of anal ogs. SUWARY OF THE | NVENTI ON

The invent i onsalisylibalemide Avend seiges thaabseluts condeuratipn ehthe aptisa psgdueywithc 10
benzol act opes _w th chenot he | £<cAGH ) Wi ' i Pirt i °F:
stability vePegahlgF af gﬁglb n{zﬁggﬁbﬁ%’g‘ CI{ %}rﬁ,gﬁl %%@clﬁﬁn?ﬁgé ?ér%%/cgﬁfq %ﬁ%z(%glgt he
conpounds, . CogR#nithétMEsis Erhaisiemblytolf ehedenpaluctdss skebdttoalrl lok bagtnicadity s,
and net hods of treatnment. An enbaqdi nent of the invention is a conposition
conprising a 2dwigbieabtan avRdEely Of AA1Q8S- 15 wherein Eis R R3 3' Y----,& R
O .
(" SUMMARY OF THE INVENTION
i The invention includes a method of synthesis of a broad class of cyclic
10  benzolactones with chemotherapeutic activity which exhibit increased stability over
~ natural benzolactones. Included in the invention are the compounds, compositions
~ containing the compounds, methods of synthesis, and methods of treatment.

An embodiment of the invention is a composition comprising a

compound of the formula:

15 z
{ wherein E is
R3 R3—< R3 XRZ R3_< XRZ
R Y—wg R" N R? v——& R N—{ R' Y—SO,R? R!' Yy-—¢&
»==( o} u} 0 == 0 ==
_R! i R R R R! R!
2 2
RS ' R? XR?
R} HM—( R!  HN—SO,R® R' HN—RZ R! — Rr! /—-( R' Rr?
AR
)*N o
H

P Yol b % Y

0
. R* R¥ R® R® RS R3 R xr? 3——{ XR2 Rf’ozs\ XR
Y 1

R
\ \
N-—Q R! N—« R N—< R} N-—< R N—< R N—<
4 / /! > / > QI
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R1 R3R1"M,Ir--N/YOI-YO~YsR2R3R3R3R3028R3R2XR2 RL N---
RLN<CRL N~RL N}--c' oQo~Qo)c(oR3XR2f[N—Aog R3JRN MI5R2 R1
r-1/ RLi--~ RLR3O R3- XR2 R302s XRRL N-~ ~Q O RL N ~\ 1Q a SUBSTI TUTE
SHEET ( RULEy@%)n229 JAN 2005 WO 02/12223 PCT/ USOL/ 24377 4 pérrudainsys NR2 |
Y = CH2, O S NR2; Q= 0, NH, F = orgho, neta, para substituents such as
hal ogen, CN, OR2, OC(OR3, N2, OS02R3, NR2R2, NR2C(O) R3, NR2SO02R3,
R3; 5 Rl= H M; R2 = Rl, strai ght chain saturated al kyl, straight chain
unsaturated al kyl, branched chain alkyl, branched chain unsaturated al kyl,
cycl oal kyl, aryl, heteroaryl het erocycl e, CH2aryl, CH2het er oaryl ,

CH2het er ocycl e, (:I—!Blar
X—OSNR CH,, O, 8, NR%;

Q =0, NH;
F = ortho, meta, para substituents such as halogen, CN, ORZ, OC(O)R3, NO,,
0SO.R?, NR’R?, NR’C(O)R?, NR2SO,R?, R?;

5 R!=H Me;
R*=R!, straight chain saturated alkyl, straight chain unsaturated alkyl, branched
chain alkyl, branched chain unsaturated alkyl, cycloalkyl, aryl, heteroaryl,
heterocycle, CHzaryl, CHzheteroaryl, CH;heterocycle, CHR'CHR! aryl,

(L CHR'CHR 'heteroaryl, CHR'CHR 'heterocycle;

10 R?=R?or CR'=CR'aryl, CR'=CR heteroaryl, CR'=CR heterocycle, C=Caryl,
C=Cheteroaryl, C=Cheterocycle; and Z is a contiguous linker whose presence
completes an 11 to 15 mémbered ring. The linker can contain heteroatoms and
substituents.

A further embodiment of the invention are compositions comprising

15 compounds of the formulas:

and
(" wherein E is
0 0
R? RS—/< XR2 R3—< XR2 R3
—( R R! N Y—S0,8* R!
H )——( =< © >—< >—(
R' R! . R? R
- 3
3 XR2
R} 4-{\ R! HN—SOR® R' HN-R? R! an R R
--N )=N . ):N >— >—Y (8 >‘Y
3 0 H O F)
rRZ R? RL( R® R%0;8 R3 RZ xrR? R"—( XR? Rsozs XR2

R' N R ,N—< R N N—( N
.)—0 o’)-o )—Q_(O )—Q 0 )—Q ) )—'Q o

QO Q

e HLX R)—f’“‘ L E K >\~R3 § S
rR' , rR! , R} R! )—

X=0,8§, NR?
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CHR CHR heteroaryl, CHR GCHR heterocycle ; 10 R3 = R2.or CR1= CR aryl,
CR1=CRlheteroaryl, CR = CR heterocycle, C=-Caryl, C CheterodylJAN 2005
C-Cheterocycle; and Z is a contiguous |inker whose presence conpletes an i
1 to 15. newmmeexrd2zsi ng. The |inker can contain heteroatons gRgysers24377
substituents. A further enbodi ment of the invention are conpositions
conprising 15 conpounds of the fornmulas: RL OR wherein Eis 2 and RL 0
XR2 RB3 XR2 Y--~ RL N-~ RL Y-SOR3 R1 Y-Sjai RL R1 Rl1 R3 XR2 R3 Rl HN 1IN
ON[N/"--Y O ~YO~Y' OOR3B aSXRR R2R3R3R3R30 SRR XR2 R3-~
XR2 R0O2 3QRLNR N RL2 --Q~RL T RLNi RLNQ)--Qo0 >QQ)-c~Qo

)--Qo Y =CH,, 0, S, NR
Q=0,NH
F = ortho, meta, para substituents such as halogen, CN, OR?, OC(O)R?, NO,,
~ OSOR?, NR’R’, NR’C(O)R?, NR”SO,R’, R®
5 R'=H,Me
R? =R/, straight chain saturated alkyl, straight chain unsaturated alkyl, branched
chain alkyl, branched chain unsaturated alkyl, cycloalkyl, aryl, heteroaryl,
heterocycle, CHjaryl, Ctheteroaryl, CHsheterocycle, CHR'CHR} aryl,
(: CHR!CHR 'heteroaryl, CHR'CHR 'heterocycle
10.. R’=R’or CR'=CR'aryl, CR'=CR 'heteroaryl, CR'=CR ‘heterocycle, C=Caryl,
C=Cheteroaryl, CéCheteroéyclc; and R* = R}, C(O)R?, SO,R3, R?
Another embodiment of the invention are compésitions comprisiﬁg

' ‘compounds of the formulas:

15  where F = ortho, meta, para substituents such as halogen, CN, OR?, OC(O)R?, NO,,
OSO;R’, NRR?, NR’C(O)R?, NR*SO.R?, R?;
KR! =H, Mg; '
R? =R, straight chain saturated alky), straight chain unsaturated alkyl, branched
chain alkyl, branched chain unsaturated alkyl, cycloalkyl, aryl, heteroaryl,

20 heterocycle, CHparyl, CHzheteroaryl, CHzheterocycle, CHR'CHR 'aryl,
CHR'CHR 'heteroaryl, CHR'CHR 'heterocycle;
R’ =R? or CR'=CR'aryl, CR‘=CR1heteroaryl, CR'=CR'heterocycle, C=Caryl,
CEChetero-aryl, C=Cheterocycle; and
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X =0 SNR ORI RIR3 Y- RILN~ 0\Y- -4 R HNSOQZR3 Rl H\N-R2 M--%R

RL RB XR2 RL r-XRR RL R30 0 Rl ~R3 R1}-R2 1--y Y and / SUBLIT HseT

(RULE 26) 2 7 JAN 2005 r WO 02/12223 PCT/ US01/ 24377 i R = R, straight

chai n sat ur@iesh/phieyl . straight chain unsaturated al kyl, brapefggh; 553 n

al kyl , branched chain unsaturated al kyl ,¢ cycl oal kyl, aryl, heteroaryl,

het erocycl e, CH2aryl, CH2heteroaryl , CH2heterocycle, CHR CHR aryl,

CHR CHR heteroaryl , CHR CHR heterocycle 10- - R3 = R2 or CR =CR aryl,

CR =CR het eroaryl, CR =CRi heterocycle, CCaryl, C=Cheteroaryl,

C=Cheterocycle; and R4 = R, C(OR3, S02R3, R2 Another enbodi nent of the

invention are cqnpositions conpri,sing conmpounds of the formulas: Y = CH2,

0, S,NR22 Q=8 ’RR.FQ@RsERR.Feta, para substituents such as hal ogen,

$4 OR2, O(OR3, N, \J02R%mNR R he NRAHDIER com&%hereﬁ?thé R =H M
compound is selected from the group consisting of:

Q o
Yr OR OR
OR o ~ =
OH ¢ ol O CH O GH O
g OH o H " oM " oH
Y Me = Me Y Me Ma
L~ '

HA-

=N d
e
( . H O
—_— . OH
T Ma e Me

wherein R = strai ght chain saturated alkyl or straight chain unsaturated alkyl that is

5 comprised of a chainof 5 to & carbons.

An embodiment of the invention is a composition wherein the

compound is of the formula:

[0}
S &
. oH
wherein R = straight chain saturated alkyl or straight chain unsaturated alkyl
that is comprised of a chain of 5 to 8 carbons.

(\ 10 An embodiment of the invention is a composition comprising a

compound of the formula:

An embodiment of the invention is a composition comprising a

compound of the formula:

15
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and 15 where F = ortho, neta, para substituents such as halogen, CN, OR2,
OC(O R3, N2, O0S02R3, NR2R2, NR2C(OR3 , NR2SO2R3’', R3; rfaKT 3?\N1%{ ;
= R, straight chain saturated al kyl, straight chain unsaturated al kyl,

br anched i yl, branched chain unsaturated al kyl, ¢ Iy @ryl,
het er oar yl wggﬂh%t&%r ocycle, CH2aryl, GCkH2heteroaryl, CJ-the)téglrrg%b*g%ﬁé??

CHR CHR aryl, CHR CHR heteroaryl , CHR CHR heterocycle; R3 = R2 or
CRi=CR aryl, CRi = CR heteroaryl, CR =CR heterocycle, C=Caryl,
C=Cheteroaryl, C- Cheterocycle; and SUBSTI TUTE SHEET (RULE 26) 2 -f JAN
2N.5 WO 02/ 12223 OH Me wherein R =straight chain saturated al kyl or

strai ght chain unsaturated al kyl that is 5 conprised of a chain of 5 to 8
carbons. An enbodi ment of\nehibodimarof tis HrenHor FraksIRIsEIPneaEisHSEhe
compound is of the fornuyl a. M wherein R = straight chain saturated al kyl
or straight ch‘é‘%r‘?POHH§8?ti}e§PE'§/‘%£r kyl 14 15 6 PCT/ USO 1/24377 R4 _ R,
C(OR SO02R3, R2 An enbodinmegt of the invention is a conposition wherein
the conpound is sel ect e&_f/?o__t he group consisting of that is conprised of
a,chain of 5 to 8 carbongso Ay enfbodi nent of the invention is a conposition
conprising a : - otBs

An embodiment of the invention is a composition comprising a

5  compound of the formula:

An embodiment of the invention is a composition comprising a

compound of the formula:

10
(‘ An embodiment of the invention is a composition comprising a

compound of the formula:

HO
Ohle O
o OoMOM

A further embodiment of the invention is the following compositions
15  comprising compounds of the formulas: (These compounds have been tested for
growth inhibitory activities against several cell lines, including human melanoma cell
line SK-MEL-5 [see Example 7; Table 3], as well a inhibition against reconstituted
purified Vacuolar (H")-ATPase from bovine brain [see Example 7; Table 5]).

SUBSTITUTE SHEET (RULE 26)



conpound of the formula: An enbodi nent of the invention iiS a conposition
conprising a conpound of the fornula: SUBSTI TUTE SHEET (RULE2Z6)JAN Z08BAN
2005 WO 02/ 12223 PCT/ US01/ 24377 7 An enbodi nent of the invention is a
conposi ti onwapapbs Ng a conpound of the fornmula: An enbodi pepls@fnkhe
invention is a conposition conprising asgconpound of the fornula .6 An
enbodi nent of the invention is a conposition conprising a conpound of the
formula: 10 An enbodi nent of the invention is a conposition conprising a
conmpound of the formula: A further enbodiment of the invention is the
followng conposittions 15 conprising conpoundspRof the formulas: (These
conpounds have been tested for growth inhibi tam activities against several

cell lines, including human mel anoma cell -MEL -5 [see Exanple 7;
Table 3], as well a inhibition againgh rec nstl tuted purified Vacuol ar
(H+) - ATPase from bovine brain [see Taghe 5]). SUBSTI TUTE SHEET

(RULE 26) 21 Jan 2005 WD 02/ 12223

Z, E- hexadi enyl; a straight chain \nhg 5 to 8 carbons (e.g.
(CH2) 5\ve)

- ; a.stralg hai n. al c . 4Me and a, straight

chain diol (e. 61?161: (%;Wﬁﬁlw y%%{%ﬁ%ﬁﬁﬂg, ﬁtrsl(,g:ﬁggham ‘)ﬂkyl comprising 5 to%
carbons (e.g. -(CH2)5Me); a straight chain alcohol (e.g. -O(CH2)4Me); and a straight
chain diol (e.g.-S(CH2)4Me); |

where R = Z, Z- hexadi enyl ;

(. R
V4
HN
— o
OH ©
o oH
R
.q

where R =Bu; Ph;

where R = Z,7-hexadienyl; Z,E-hexadienyl; and a straight chain alkyl comprising 5 to
8 carbons (e.g. -(CH2)5Me);
10
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where R = Z, Z-hexadi enyl; .Z, E-hexadienyl; and a straight chain alkyl
conprising 5 to 8 carbons (e.g. -(CH2)5M); 10 SUBSTI TUTE SIHEETJARUIES 26)
2 7 JAN 2 605 WD 112/12223 9 PCT/ U 5111 /24377 apicularen Af 2 OHn ere
R = a straivghb/ehad n al kyl conprising 5 to 8 carbons, a strggg @%E@Fﬁ

al cohol, a straight chain diol, -CCBu,¢o0r -CCgh. SUBSTI TUTE JfRULE
26) 2 7 JAN 2005 WD 02/ 12223 10 PCT/ US01/ 24377 Anot her enbodi nent of the
invention is a conposition wherein the conpound is selected fromthe group
consisting of: wherein R = strai ght chain satur dtedtal k@l L a3 L&t £HWght chain
unsaturated 5 alkyl that is conprised of a chain of 5 to 8 carbons.

Anot her enbodi nent of the |nvent| on is a corrp05| tion wherein the corrpound

is of the formul a: C]—Ivvher :stralght ai \ saturated aIk I
straight chain unsatura:ﬂe@ a t hat i sy ?m.grl sed of q{,,,n@a f 5to 8-
car bons. ﬁ:é&

_HN—«O_\—> o

o
0
O_-OMe

OMe O

b 3

where R = a straight chain alkyl comprising 5 to 8 carbons, a straight chain alcohol, a
straight chain diol, ~CCBu, or -CCph.
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Yet anot her enbodi nent of the invention is a process for,preparing a .
salicylihalanm de conprising the steps of. a) synthesis of a g?nghﬁqg@ge
core; b) synthesis of an enam de side ¢ hahm and c) and addition of the
si de chai Ltion of a dienyllithium (28) to the ben ore.
15 Anothepwgﬁyigﬂ%ent of the invention;js a process for préggﬁﬁ%gﬂgnq
salicylihal am de conprising the steps of. a) synthesis of a benzol actone
core; b) synthesis of a side chain; and c¢c) and addition of the side chain
to the benzol actone core. SUBSTI TUTE SHEET (RULE 26) 7 7 “JAN 2005 WO
02/ 12223 PCT/USQ /24377 |1 aC LUU i 5 Still another enbodi nent of the
invention is a process for preparing an Apicul aren conprising the_ steps
of: a) synthesis of a bAnathbxa@nhndén@lﬁrfé:th@)ﬂ@@tmnﬁéQicng@f’fItl%WgPF&’fﬁ@E si de
chain; and c) and addition of the side chain by addition of a dienyllithium
(28) to the 5@ﬁ2€?§€ﬂ%ﬁ@?%ﬁﬂé@nl ?ﬁ?ﬁg?cgﬁﬁﬁ%ﬁﬁgéht of the invention is a
process for preparing an Apiqularen conprisifng the steps of: synt hesi s
of a benzol act @4 b) s psi s of a ®i hai n; and ® addi tion
of the side chgi et\Qne core. r enbodi nent
invention is glnk preventj cer, co '
eutic effecti o
is XR2 7 R~ N'R Y-S02R3 Rt Y-S

wherein R = straight chain saturated alkyl or straight chain unsaturated
5 alkyl that is comprised of a chain of 5 to 8 carbons.

Another embodiment of the invention is a composition wherein the

compound is of the formula:

wherein R = straight chain saturated alky! or straight chain unsaturated alkyl that is

10 comprised of a chain of 5 to § carbons.

Yet ancther embodiment of the invention is a process for preparing a .
salicylihalamide comprising the steps of: a) synthesis of a benzolactone core; b)
synthesis of an enamide side chain; and c). and addition of the side chain by a@dition
of a dienyllithium (28) to the benzolactone core. | A
15 Another embodiment of the invention is a process for preparing a
salicylihalarﬁide comprising the steps of: a) synthesis of a benzolactone core; b)
synthesis of a side chain; and ¢} and addition of the side chain to the benzolactone

Corc.
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R HNSORS R HVR2 ~---NNO R RRR- RBRLN~R N"<}ij3)- XR2 R3 R
RER ' O' RBXS-' R3 R XR2 R3 XR2 R302S XR2 R -\ Rl N~ N+ JANI200B a
QoraorQ15 X=0 S NR2; Y=CH2, O S,NR2; @, NH, F = ortho, neta, para
substituent@ ﬁg@%ﬁ?é hal ogen, CN, OR2, OC(OR3, N2, OS02R3, NR2R2,
NR2C(O) R3, 'R , R3; R = H Me; SUBSTITUTE SHEET (RULETZEPVESF jaN
2005 WO 02/12223 PCT/USO /24377 12 R2 = Rl, straight chain saturated

al kyl , straight chain unsaturated al kyl, branched chain alkyl, branched
chai n unsaturated al kyl, cycloal kyl, aryl, heter oapgi(hﬁgggh% qr oewclasu
CH2aryl, CH2heteroaryl, CH2heterocycle, CHR CHIQE aryl,

CHR CHRlheteroaryl, CHRLICHR heterocycle; R3 = R2 or CR =CR; aryl,

CR =CR heteroaryl, CR 'StIRifotliceenbydinent 6FGainlenti6iris@ebedss &irpheparing an
C=Chet erocycl e; . aind Z is a contiguous |inker whose presence conpl etes an
11 to 15 nenbeHygrlatepgompispethcsters daf BoHhcsisPlRdeasdariacorg Y synthesis
ggfns) {1 Luents. oAah hihRle sRIRAYTRY o)0fnd it WK hé GBe Bhfin 69 URARLA bES
dienyllithium (28) to the benzolactone core.

5 Another embodiment of the invention is a process for preparing an
Apicularen comprising the steps of: a) .synthesis of a benzolactone core: b) synthesis
of a side chain; and ¢) and addition of the side chain to the benzolactone core.
, Another embodiment of the invention is a method of tréating or
(‘, preventing cancer, comprising the step of administering to a patient a therapeutically

10  effective amount of a compound of the formula:

0 E
K
l\'\ O
L
z
wherein E is
0 o
R R3—< R XR? R3—< XR? Rr®
R! Y—§ R! N—< R! Y—Q R N—< R y—soR® R Y—-s';
==« o = == b ) y=zzf _ == %
: R R! R _ R R R
-] 2 bl 2 2 3
.R:" R3 XRZ

R @N-—-ﬁ R’ ]-;N—-SO;;_R:" R I-}N—Rz R /—( r! /—< R ,R3
T Dl O

A A : 1 o8 _F 1Y 1 1
RN R L L e UL R N—(
' 4 7 I 4 '
)—o 0 d b )—Q o d © )—Q o )—o 0

E

2 3 2 O b
r' R3 R! XR2 r! XR? A R R }—R3 R }—xﬂz
== )=(— == —Y —y
1 1 1 1
R R R » R ) » and

15 X=0,8,NR%Y=CH,, 0, S, NR%;
Q =0, NH; '
F= 6rtho, meta, para substituents such as halogen, CN, OR?, OC(O)R3, NO,,
OSO,R’, NR*R?, NR*C(O)R?, NR*SO,R? R?;
R'= H, Me;

—— __J
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conpounds of the fornulas: 1Q wherein Eis and R3 s 7 ~ 0 OR4 0 R3-
XRR3 RL NRLY-SO R3RIY -S\__\\ OORl 3 R3 RIRLR3 ~--YOY )27 JARY RESR3-' (.
R3RB0O2S R R XR2 RIN( RLNORILNCRLN-~-Qa”"QO-"Q0 ~-QOXR2 2

R3- XR2 RBQN(')O%HRI N~RLN-~ ~QO~Qo0 00 RL\\ .-R3Fos0¥/24377
12

R? =R}, straight chain saturated alkyl, straight chain unsaturated alkyl, branched
chain alkyl, branched chain unsaturated alkyl, cycloalkyl, aryl, heteroaryl,
heterocycle, CHyaryl, CHsheteroaryl, CHzheterocycle, CHR'CHR'aryl,
CHR'CHR 'heteroaryl, CHR'CHR 'heterocycle; R*=R? or CR'=CR'aryl,
| 5 CR‘=CR1-heteroaryl, CR'=CR'heterocycle, C=Caryl, C=Cheteroaryl, C=Cheterocycle;

and Z is a contiguous linker whose presence completes an 11 to 15 membered ring.
The linker can contain heteroatoms and substituents.

A further enibodiment of the invention are compositions coniprising

- compounds of the formulas:

or! 0 E
4
= o OR
and
P
10 F OR*
wherein E is
o Q
® R 3 . ¥Rt R? XRE ]2
R Y—< RN R Y—< RN R'  y—so.R° R v—s’\
y==={ S o] y==={ o) = o S == N
]! R’ R R & &
] ? 2 3
r® R? 2
R HN—{ R} I*LN—SOZRS R! H,N——Rz R /—g R! /—Q R! rR3
>=N ) >=N )=N )—Y ) )—v o )——v
5 - 3 3 3 3 3
( . 0 o
- f R R3—< R3 R’Ozs\ R R\z XR® R’—{ XR? Rsozs\ XR?
R M R ,N—< R! ,N—< R ,N—( R! ,N—< RN
)—u ) )—a D )——a ) )—Q ) )—o ) )—Q o
1 3 H 3 3 ]
D 0 0, Q,
R! RS R)’_?-‘XRZ R XR? R R ! R R »_XRQ
- - = = v Y
rR! » R' R Rl , » and

Y =CH,, O, S, NR%;
15 Q=0,NH;
F = ortho, meta, para substituents such as halogen, CN, OR?, OC(O)R?, NO,,
OSO,R?, NR'R?, NR’C(O)R?, NR’SO,R?, R,
R'=H, Me;
RZ=R! straight chain saturated alkyl, straight chain unsaturated alkyl, branched
20  chain alkyl, branched chain unsaturated alkyl, cycloalkyl, aryl, heteroaryl,
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') - XRR ~YRls/ RL3/;Rla/ "R , , and X=0,S,NR2; Y = CH210, S, NR2;
15 @O NH F = ortho, meta, pars substituents such as hal o%eaﬂ,m, %QZ
OC(O R3, N2, O0OS02R3, NR2R2 , NR2C(O) R3, NR2SO2R3, R3; RE = H, l\?rsD R2
R, strai ghyoebatissaturated al kyl, straight chain unsatur atl’%‘?'/tf&'oi??’{(sv
branched 20 chain al kyl, branched chgin unsaturated al kyl, cycloa yT,
aryl, heteroaryl, SUBSTITUTE SHEET (RULE 26) 0 2 7 JAN 2005 WD 02/12223
PCT/ USQL/ 24 C I Frhm! 2het er ocycl e,
G G ar y oo G E et A e R R 2L o

CR =CRlaryl cm‘em‘h@mmr@nm}cmﬁmtmm erocycle, C=Caryl,

C=Cheteroaryk, .G=Cheteroeyc| e; ;and;R4 = , C;Lg#ﬁ S02R3, .. Anot her
embodi ment éf _tlﬁﬂé’%épr%i %Wi’ipe‘@gr%%rp?rﬁa@ﬁ ST nds of the
formul as: & Fr= . ta, para substituents such as hal ogen,
CN, OR2, %%?%‘C@%@e’%m, NR2C(O) R3, NR SOPR3, R3: R = H,
Me; R2 =5 R R*stR'aCOMR’cSOIRY, RAt urat ed al kyl, straight chain unsaturated

al kyl, branched chain alkyl, branched chain, unsaturated al kyl, cycl oal kyl,
aryl, heteroaryl, 15 fepbpbepbedimentofihginvention3es eQmaResyions cOMPRERET ocycl e,

CHR CHR ar yéompounds of the formulas:

{
10 where F = ortho, meta, para substituents such as halogen, CN, ORz, OC(O)R>, NO,,
0SO,R?, NR?R?, NRC(O)R?, NR’SO,R? R’
R'=H, Me;
RZ =R, straight chain saturated alkyl, straight chain unsaturated alkyl, branched
( chain alkyl, branched chain unsaturated alkyl, cycloalkyl, aryl, heteroaryl,

15  heterocycle, CHzaryl, CHsheteroaryl, CHzheterocycle, CHR'CHR !aryl,
CHR‘CHRIhetemaryl, CHR! CHtheterocyc]e;
R? = R? or CR'=CR'aryl, CR'=CRheteroaryl, CR'=CR'heterocycle, C=Caryl,
C=Cheteroaryl, C=Cheterocycle; and
R*=R!, COR?, SOR?, R%:

SUBSTITUTE SHEET (RULE 26)



CHR CHR heteroaryl , CHR CHRlheterocycle; R3 = R2 or CR = CRl aryl, CRl=
CR heteroaryl, CR =CRlheterocycle, C =Caryl, C=Cheteroaryl,2 7 JAN 2085
C=Cheterocycle; and R4 = R, CLOR3, SO2R3, R2; 20 SUBSTI TUTE SHEET
(RULE 26) 2w ohAdhd95 WO 02/12223 14 PCT/ US01124377 where R & use1/24377

Z, Z-hexadi enyl ; Z, E -hexadienyl; a strajght chain alkyl conprising ™5 to 8
carbons, a straight chain alcohol or a straight chain diol. 5 where R = Bu;
Ph; where R = Z, Z-hexadi enyl; Z, E -hexadi enyl; and a straight chain al kyl
conprising 5 to S carbons; SUBSTI TUTE SHEET (RULE 26) 2 7 JAN 2005 WO

02/ 12223 2 PCT/US01/ 24377 j apicularen A . 5 15 SUBSTI TUTE SHEET (RULE
26) 2 7 JAN 2005 WO 02112223 PCT/US01/24377 16 where R = a straight chain
al kyl conpri si mpes R 5 RZ daxadinnyl{ 8. Eghexadiep) nisgight chainsalkicgprisingiSiaBcohol

E gcgh _ A C2) 4%/5:?)()115, %.s%}a{g?lit o SRaLYy oq‘iaqs;:ra{gﬁt Shain FoPH) 4Me), - . CCBu, or

5  where R=DBu; Ph;

where R = Z,Z-hexadienyl; Z,E-hexadienyl; and a straight chain alkyl comprising 5 fo

8 carbons;
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An enbodi nent of the invention is a nethod of treating or preventing 5
cancer, conprising the step of admnistering to a pati'ent a gg ally
effective anount of a conpound of the formula sel ected fro the gr %f
consi sting Whodiedee OH O OH re~~CH ; and 10 15 Me v - Me whepgirfidt/zi377
straight chain saturated al kyl or straight chain unsaturated alkyl that is
conprised of a chain of 5 to S carbons. An enbodi nent of the invention is a
nmet hod of treating or preventing cancer, conprising the step of

adm nistering to a patient a therapeutically effective anount of a
conpound of the formula: An enbodi nent of the invention is a nethod of
treating or preventing cancer, conprising the step of adninistering to a
patient a therapeutically feotive anount a\conmpound o rmul a:
SUBSTI TUTE SHEET (RULE! 2-7 JAN 2005 2/ 23 17 PCTA 77 An
enbodi ment of the |n entldh is a netho treating or prevent |ng cancer,
conprising the Bt ef

effective a : 5 3
i Avention is 2 i S|ng t he
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anount of a conpound of the formula: 10 An enbodi nent of: the invention is a
nmet hod of treating or preventing cancer, conprising the steﬁgerf AN 2805
adm nistering to a patient a therapeutically effective anou oTJ a
conmpound Qf the fgr mul a: 15 An enbodi nent of the invention deg/&oiBisaed of
treating o‘?"oﬂ?’é@é ting, cancer, conprigng the step of admnistering to a
patient a therapeutically effective anount of a conmpound of the formula:
SUBSTI TUTE SHEET (RULE 26) 27 JAN 2M WD 02/ 12223 18 PCT/ USQ /24377 An
enbodi ment of the invention is a nmethod of treating or preventing cancer,
conprising the step of admnistering to a patient a therapeutically
effective 5 anmount of a conpound of the fornula selected fromthe group
consi sting of wh@eclR & a@taight chain aliy] con@eising/ to 8 gpbonsyeg. (CH2MMekeAn R =

isting of ol 1 S exbonsy R =
Comr sed of Eranmicheprs e IGIHE S SO RS CIENORT 5

met hod of treappng,ofcdgeventing cancer, conprising the step of
admi ni steri ngéFgﬁéogé%élisent a therapeutically effective_ 10, anmount of. a

conmpound of the fornul aAnGhiwdimeitef theinvention s meted pf S5NEATRISRIRYE or
strai ght chain unsaturated al kyl at. 1§ - I i ; 8
carbons. Ah efBSER: ﬁ@’i’i‘?nﬁlflgtt%s@(pn\)}faaﬁmngﬁt%f@g gEP %@?ﬁ%&gﬁ%e?apﬁ ?@%a?ﬂ?/%gfegtg%éger
conpri si ng t hg,sHaRi4fcon@etad bf Mg fémtulisledtad fromi thé proup censifjtisgofwi th a
macrocyclic

-

Q [+
R Yo
OR . O
oH O oH O oH O o
o CH o OH o
A Me = Me p S Me
R ”"‘{_/—\_/
OR ~—N
OH © oH O
OH
o on ,
; and «
R Ma Me

wherein R = straight chain saturated alkyl or straight chain unsaturated alkyl that is

comprised of a chain of 5 to 8 carbons.

10 An embodiment of the invention is a method of treating or preventing
cancer, comprising the step of administering to 2 patient a therapeutically effective
( amount of a compound of the formula:-

o
N“NJ\R
H

OH

OoH O

AN Me

An embodiment of the invention is a method of treating or preventing
15  cancer, comprising the step of administering to a patient a therapeutically effective

amount of 2 compound of the formula:
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15 lactone of the present invention under conditions permtting the uptake
of said macrocyclic lactone by said tumor cell. The tunor celgfra%m@%
derived froma tissue selected fromthe group consisting of braim, | B%
liver, spleg@oziiBpey, |ynmph node, small intestine, blood, E@}gﬁ%ﬁ' 7
colon, stomach, breast, endonetrium prgstate, SUBSTI TUTE SHi f' E26) 2
7 JAN 2005 WD 02/12223 PCT/USO /[/2-1377 19 c .. ti LV Vi testicle,

ovary, skin, head, and neck, esophagus, and bone marrow. In a further
enbodi nent, the subject is human. In another enbodi ment, the macrocyclic

| actone is contained within a |liposone. In yet another enbodi nent, the
macrocyclic lactone_, is admnistered intratunorally, in the tunor

vascul ature, |Qcal-#o the tunor, regional 5 to the tunor, or systemcally.
In a further e di segt, the nethod conprises admnistering a second
chenot her apuet i cf**&gent to said subject.. In a further enbodinent, the
second; chenpt hera @98nt may be cisplatin (CDDP), carboplatin,

procar bazi ne, nmeeh am ne , cycl ophospham de, canpt ot hecin,

i fosfam de, nel phalan, chlotranbucil, busulfan, nitrosurea, dactinonycin,
10 daunor ubi ci n, doxorubicin, bleomnmycin, pliconycin, mtonycin, etoposide
(VP16), tanoxi f en, ral Aniefbodimenssf thg &venteetaancthodof thentiag @ppfeveditaigo! |
getnci tabi en, navel bi ne, . farnesyl-protein transferase inhibitors,

transpl at i num C2NERT; EQTBPIERSEE Step of pdraimisdenng toa nileris theraparigalbeefientivexat e
or any anal og :ﬁﬁoﬂx%ﬂ(%rh#{&m\dft‘ffit@é‘fonﬁﬁla? he foregoing. In another

enbodi nent, the nethod further conprises admnistering 15 radiation to said
sgbj ect. In anptherenbodi ment, the radiation is delivered local to a
cancer site. | et ot her enbodi nent, the radiation is whol e body

radi ati on. Thetsy agi afi on may be y-rays, X-rays, accel erated protons,

m cr owave radi q8fdi ation or the directed. delivery of

r adi oi sotopes t Il's. In another enbodinent, the nethod further
conprises ddm nistering an anticancer gene to said 20 subject. In an

enbodi nent of the invention, the anticancer gene is a tunor suppressor. In
anot her enbodi nent of the invention, the anticancer gene is an

0

An embodiment of the invention is a method of treating or preventing
cancer, comprising the step of administering to a patient a therapeutically effective

amount of a componnd of the formula:

An embodiment of the invention is a method of treating or preventing
cancer, comprising the step of administering to a patient a therapeutically effective

amount of a compound of the formula:

o QOMOM

15 An embodiment of the invention is a method of treating or preventing,
cancer, comprising the step of administering to a patient a therapeutically effective

amount of a compound of the formula;
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i nhi bitor of apoptosis. In another enbodi nent of the invention, the
anticancer gene is an oncogene antisense construct. It is agfurjRgr209
enbodi ment of the present invention to provide a nmethod 25 for i1nhibiting
vacuol ar ATPase (V- ATPase) proton punping activity. The ri ses
cont acti ng¥Q-%fPdde with the conpounds,pf the present i nvgﬁi(ihgﬁsoi!%%gg
anount sufficient to inhibit the ATPase proton-punping activity of the

V- ATPase. Inhibition of the V-ATPase proton punping activity by the
conpounds of the present invention is useful, inter alia, for the
treatnment and prevention of cancer and 30 osteoporosis. SUBSTI TUTE SHEET
(RULE 26) 2 7 JAN 2095 WD 02/12223 PCT/ USO /2-1377 20 An enbodi nent of
the invention i s nethod for altering the phenotype of a tunor cel

conpri sing the{¥t %&ptacting the cell with a macrocyclic |actone of
the present i Gnder conditions permtting the uptake of said

macr ocyclic said tunor cell. The tunor cell may be derived from
a tissue selected from5 the group consisting of brain, lung, |iver,
spl een, kidney, |ynmph node, small intestine, blood, pancreas, colon,

stomach, breast, endonetrium prostate, testicle, ovary, skin, head, and
neck, esophagus, and bone narrow. In an enbodi ment of the invention, the
p_henot ype 1S sel ect e_d f.rOmrﬁ%%hﬂéj&%ﬂ%ﬁ%ﬂ?fohqgaﬁieﬂﬂf@éﬂtﬁﬁﬁﬁé bO#reventing
mgration, contact inhirbition, soft agar growth, cell cycli n?, ]

i nvasi veness, calcuTRbingEisi@sitss stanoff aimtiasteang to 40apott arbérapeuticallgifochue

enbodi nent of the invention, th crqcycli.c, lact.one nmay . ai ned
“thin a | § posoment oscroRRONa B the R B el #ﬂ{}’e‘ﬁ? o°ﬁpi°89§5“#§10°ﬁéd of

treating a subject wth cancer conprising ghe step of administering to
said subject a rocyclic |&ch :
condi tions pergjttng the uptak
cancer cell. |1 odj nen
Anot her enbodi t 10f c’tﬂh’eﬁin

NH
I ok— =
R
o
oH o OH © .
s q *
° Iy ¢

OH CH

wherein R = straight chain saturated alkyl or straight chain unsaturated alkyl that is

compﬁsed of a chain of 5 to 8 carbons.

An embodiment of the invention is a method of treating or preventing
cancer, comprising the step of administering to 2 patient a therapeutically effective

Q 10  amount of a compound of the formula:

wherein R = straight chain saturated alkyl or straight chain unsaturated alkyl that is
comprised of a chain of 5 to 8 carbons.
An embodiment of the invention is 2 method for freating cancer
comprising the step of contacting a tumor cell within a subject with a macrocyclic
15 lactone of the present invention under conditions permitting the uptake of said
macrocyclic lactone by said tumor cell. The tumor cell may be derived from a tissue
selected from the group consisting of brain, lung, liver, spleen, kidney, lymph node,

small intestine, blood, pancreas, colon, stornach, breast, endometrium, prostate,
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growth of a tunor cell conprising contacting said cell, with a macrocyclic
| actone of the present invention,. under conditions perm ttprg JA¢ 7083 ake

of said macrocyclic |actone by said tunmor cell. In another enbodi nent, the
macrocycl i wg @gikefze is 20 contained within a |iposone. Anoti@Eyysirhesitrent
of the invention is a nmethod of regulateng cell growh and proliferation

in normal and malignant cells, conprising the step of admnistering, to an
i ndi vidual in need of said treatnment, a therapeutically.eLfect.ive anount

of a compound of the present invention. 25 Another enbodi nment of the
present invention is a nethod of inhibiting growh of proliferating cells

conprising th tep of admnis ' pr.odi ' a

t her apeuti cal I%?ﬁﬁggf %W’\fgu}aﬁﬁ?ﬂtﬁ? ﬁ%ﬁ&é{’ %:%R%%ﬁﬁ%ﬂoﬁlﬁg% Eljro g"(é;jelﬁt(:%1 %@gﬂt i on.
Qt her obj ect S epfhRainin®Shéfthjad tiinge In ehothbeerbcziimait, the wewtdogaliofatione
beconme apparent fromthe .fofll_owi ng detail ed descrj pti ot%. It should be
under st ood,  39candaipsdeyithinrpdiposerae.q Bt yetapethgeapbodimprinthy mpciacycligplagtons ¢

exanpl es, whil.e_ i ndi ' | di ] i tion, -

gi von by vay o Pl Bhafi s S aRIRRg TR AR, KGO RBNCRRAP, ) a
2005 WO 412/ 133 & thadt, doe)tediddlly. Il fathbodrsbalinemgethe arethodosbnipirsed i ons
wWithin the spirit and scope of_ the invention wll, %gc%mfrs% rent to those
skilled in thadmmnisterag? seroad ghemetherapartc ey ip 534 SEpFer OF THE
DRAWNGS The {.allofith 9, ¢ o9 Bhdnifib@Bdiic Qedtifay RIS, cat | on and
are 5 included to turther denonstrate certain aspects of the present

i nventi on. Theaibopktitj mocarhydine, bechleretiauine styotsghtsphargider eangothecinne or

yre of these _drawi.ngs i conmpi nat.ion wth the detaile i ption of
's"ge-ci fic errbodfj"nsréﬁtlg =;5?%@@&%1’e8 &“éﬁ“ﬁﬂ’b‘f-sr‘gm’i’?mﬁﬁfe&r%ﬁcgn‘%g ‘%{&yl i hal ami des
FIG 2. Sypat %Mncfr%ici}lﬂ‘Héﬂﬂ'UﬁEﬁl?Ble@lfnyéihQﬂidHﬁ@cﬁl, midnfikls, edpoSis(vMe)f side

chain synthesis FIG Two general approaches to the synthesis of the
benzol act one tamoxifen, raloxifene, estrogen receptor binding agents, taxol, gemcitabien,

navelbine, farnesyl-protein transferase inhibitors, transplatinum, 5-fluorouracil,
vincristin, vinblastin and methotrexate or any analog or derivative variant of the
foregoing. In another embodiment, the method further comprises administering
15  radiation to said subject. In another embodiment, the radiation is delivered local to a
cancer site. In yet another embodiment, the radiation is whole body radiation. The
radiation may be y-rays, X-rays, accelerated protbns, microwave radiation, UV
radiation or the directed delivery of radioisotopes to tumor cells. In another
embodiment, the method further comprises administering an anticancer gene to said
( 20  subject. In an embodiment of the invention, the anticancer gene is a tumor _
suppressor. In another embodiment of the invention, the anticancer gene is an
inhibitor of apoptosis. In another embodiment of the invention, the anticancer gene is
an oncogene antisense construct,
" It is a further embodiment of the present invention to provide a method
25  for inhibiting vacuolar AT ase (’VZATPase} proton-pumping activity. The method
comprises contacting V-ATPase with the compounds of the present invention in an
~ amount sufficient to inhibit the ATPase proton-pumping activity of the V-ATPase.
Inhibition of the V-ATPase proton pumping activity by the compounds of the present
invention is useful, infer alia, for the treatment and prevention of cancer and

30  osteoporosis.
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core of salicylihalanide. F|G 5. Two specific approaches to the synthesis
of the benzol actone core of salicylihalarnide. 15 FIG 6. 82 h%§N925$
benzylic brom de.34 and synthesis of benzoic acid derivative 3 I .
Synt hesi s ofwabti22yne 36 FIG 8. Synthesis of benzol actone SBCE,IU%H,Qm,FuIIy
optim zed synthesis of benzolactone 74 2@ FIG 10. Introduction of the side
chain and final deprotection FIG 11. Synthesis of p- bronbbenzoate
derivative of salicylihalamde and x-ray structure of p-bronobenzoate

derivative of salicylihalamde FIG 12. Synthesis blrE E—S;fﬁgé‘f i ggl %%@UTI G

13. Ring closing netathesis synthesis of berizoiacto 29af

330a,b 346. 30 FIG 14. nt hesis of _acyl azj.de 338 FlI '15. Synt hesis of
salicylihal ami des 301a/ &é@ﬂ%@ﬂéf’%@%@&@% @a_ﬂiﬁgogﬁwﬁé%m&thsphemtype
salicyl i hal amie,@haapsPétnpiite fik Siopbf comieHndand SIPkiiRS hAR0AL B Chdiohd

18. Synthesis of a fully saturated salicylihalamde derivative
SUBSTI TUTE SHEBT tliRislegen? gyveatian, Anfler2@aditind B2mitiag theRETAIST bdid4tatrocycR2

AT QAT M EL RSN T
FIG 21. Systhegé srolp caimisiteaii®raify [@hg 18R kM8sn, kidney, lymph node, small intestine,
blood, pancreas, colon, stomach, breast, endometrium, prostéte, testicle, ovary, skin,
head, and neck, esophagus, and bone marrow. In an embodiment of the invention, the
phenotype is selected from the group consisting of proliferation, migration, contact
( inhibition, soft agar growth, cell cycling, invasiveness, tumorigenesis, and metastatic
10  potential. In another embodiment of the invention, the macrocyclic lactone may be
contained within a liposome.

Another embodiment of the invention is 2 method of treating a subject
with cancer comprising the step of administering to said:subject a macrocyclic lactone
of the present invention under conditions permitting the uptake of said macrecyclic

15  lactone by said cancer cell. In an embodiment of the invention, the subject is human.
- Another embodiment of the invention is a method of suppressing
growth of a tumor cell comprising contacting said cell with a macrocyclic lactone of
the present invention, under conditions permitting the uptake of said macrocyclic

lactone by said tumor cell. In another embodiment, the macrocyclic lactone is

5
1
S

contained within a liposome.

- Another embodiment of the invention is a method of regulating cell
growth and proliferation in normal and malignant cells, comprising the step of
administering, to an individual in need of said treatment, a therapeutically effective
amount of a compound of the present invention.

25 Another embodiment of the present invention is a method of inhibiting
growth of proliferating cells comprising the step of administering, to the proliferating
cells, a therapeutically effective amount of a compound of the present invention,

Other objects, features and advantages of the present invention will
become apparent from the following detailed description. It should be understood,

30 however, that the detailed description and the specific examples, while indicating

preferred embodiments of the invention, are given by way of illustration only, since
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5 FIG 22. Methods to build a library of synthetic saljcylihalamdes from
common intermediates FIG 23. Elaborations of side chain-nodi i pd)sngshers
of salicylihalamde FIG 24. Synthesis of apicularen and analogs 10 FIG

25. 1H NVR sqaeei/ia29f 301al30lc FIG 26. 1H NWR spectra of PETIE%OC% 2_173 "H
NMR spectra of C22-E isoner of 87 FIGg 28. 111 NVR spectra x! FI G

29. 1H NMR spectra of 335b 15 FIG 30. 1H NMR spectra of 336 FIG 31.
111 NWVR spectra of 337 FIG 32. 1H NWR spectra of 343 FIG 33. 111 NWR
spectra of 344 FIG 34. 1H NWR spectra of 346 20 FIG 35. 1H NVR spectra
of 345 FIG 36. 1H NVMR spectra of 351 FIG 37. 111 NVR spectra of 355
FIG 38. 111 NWR spectra of 356, _FIG 39. 1H NWR spectra of 361 25 FI G 40.
111 NVR spect Mangss depsoend modifimtigorriinindhe grrirsm sopyEothoOhvati o will

VR spect Mot Amceifietioarvriinhe gt & _
el 1 an- ool | Vet aBaRRFEL bl Med Bl & BofuRE Ehu-d BRRORRE G ar ger

possi bl e new gene products. In this context, the recent isolation of

sal i cylihal anides A and B fr GRIEF SIRMARYOF TRIHDRAWINGEona sp. is
not ewort hy. Patter n-reco%?li tion analysis of their unique differential NC
60-cel | nean-graph scr eentA¢CEnE dEdvingyiges part of e RrerenSURS fcTtioFErSHEE T

(RULE 26) 257 Jfithdeld @0 idfiePdéntarictrdte CetibiSShdctor e present invention. The

invention may be better understood by reference to one or more of these drawings m
combination with the detailed description of specific embodiments presented herein:
(" FIG. 1. Natural Salicylihalamides
FIG. 2. Sirategy for introduction of side chain
10 - FIG. 3. System of side chain synthesis |
FIG. 4. Two general approaches to the synthesis of the benzolactone
core of salicylihalamide. |
FIG. 5. Two specific approaches to the synthesis of the benzolactone
core of salicylihalamide.
15 FIG. 6. Synthesis of bgnzylic bromide 34 and syﬁthcsis of benzoic
acid derivative 32
FIG. 7. Synthesis of alkyne 36
FIG, 8. Synthesis of benzolactone 58
( | FIG. 9. Fully gptilnized synthesis of benzolactone 74
20 | FIG. 10. Introduction of the side chain and final deprotection
FIG. 11. Synthesis of p-bromobenzoate derivative of salicylihalamide
and x-ray structure of p-bromobenzoate derivative of salicylihalamide '
| FIG. 12. Synthesis bis-olefins 328a,b
FIG, 13, Rm.g .cl'osing metathesis synthesis of benzolactones 329a,b
25 and 330a,b
FIG. 14. Synthesis of acylazide 338
FIG. 15. Synthesis of salicylihalamides 301a/301¢ and analogs 343-
346.
FIG. 16. Synthesis of salicylihalamde analogs 349-354
30 FIG. 17. Synthesis of octanoate 355
FIG. 18. Synthesis of a fully saturated salicylihalamide derivative 362
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(PCT/ US98 / 15011) and fBiGHER3: Hiebaationsef sideichap-mestifie
.(87).,was ([a]D M
jat this forﬁﬁgFﬁﬂﬁgwﬁg%ssess anti-cancer activity. The (+) form was
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DETAILED DESCRIPTION OF THE INVENTION

Natural products that elicit a specific and unique biological response in

mammalian cells represent valuable tools to identify, Study, and target possible new

gene products. In this context, the recent isolation of salicylihalamides A and B from

30

the marine sponge Haliclona sp. is noteworthy. Pattern-recognition analysis of their

unique differential NCI 60-cell mean-graph screening profiles suggests that the
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30 The inventor has deternined the absolute configuration of synthetic
salicylihal ami de (87), suggesting that the absolute confi gurgt]i Qo f2005

nat ural SUBSTI TUTE SHEET (RULE 26) 2 7 JAN 2805 WD 02/ 12223 PCT/ USOL/ 24377
24 salicyli{g @neg A was m sassi gned and has to be correct ne
represented by structure 89. The ultingje proof for this a?s#%ﬁ%’é%?”gane
froma crystall ographic analysis of ap-bronobenzoate derivative of
salicylihal am de 90, prepared from73 in a manner simlar to the synthesis
of 74. This structure is shown in FIG 11. 5 Conparison between synthetic
salicylihal am de and natural salicylihalam de show the conpounds to be
identical in all respects (NVR, nass spectroscopy, IR TLC (2 solvent
systens: 50% esahpyldndamides belongicerpaientiatis n8%meahhnistit class ofdintitunmroret hane) ,
and HPLC retention tings(cg-elute on.a mal__phase silica gel,. 5 mcron
cal um .under‘:Qinl?uoluf"fj%‘;TgI e@%ﬁfﬁ%"%ﬁ%ﬂ?l oﬁg?“%@%’{‘%&&%% 08F! Eefivhexanes
and 7% i sopr op@eRbolittdhave trex aofdd thatut@efiallyoeldd @ the EMclihMifides
synthesis of the absolute configuration has also been acconplished by the
i nventor. See VAPl axunpraprdented fghtywnsgtirated enasnide appeatedopa macndeycticor
met hods/ prace n Is Q f.th resept invention
whi ch i ncl &gesﬁﬁc’%&&gf’{w 39%%"?"\}%&1%% EehRAY ke L"r?%ﬁ“g“‘?ﬁéf e potent one
rout e feat ur escyasstaRimidilarens, selactiveiitiibitdre beontdogenetraisfoinmkd cold at hesi s
sequence (RCM to formthe (139 C10 bond and offers the_ advant a&e of

oper ational si @pimidines). esmist 4e qompewnds i indyralovgdenssy tiserrpiged QIA  +B1
gives AB; Pat o ] ?&ﬁ:f% %I%\dl

cdr-bon- car bon I%?) dorf%sgﬁgg rga&&?ﬁl&»@gﬁﬁgﬁf 35)‘5@. np edgél}]e{sggms ccggg:feul ly for
t synt hesi s wistabalndey tértean eorididiemsi The oppartunityrio dstedopomivet chehidtor ast he

desired -1 SO can be exerted...As detailed.in full 0. bel ow ampl es 7
and 8¢9 § ket e it g i it Bt A e Stip ik
sal i cyl i hal ani#etotal shithabis OF A alddiedlsaldyRiha ARy 81 H6ASEd SHRbicR8 Rkn@ed
sterodefined E-al kenyl organonetallic Tfragnent B2 with a bensyl halide A2

and is envi sidadigxitde puithetictraiey.cdiigbear b repdiboadaptst teipinedest onance of
olefin geomet rs\fmc&?ﬁ%ggi?tsfds%eﬂs-oﬂ{eﬁf'?;?e&ﬁb?e?s‘ dhis IRl RIS O £R-GRIYSr 9° O

a comon al kyne precur
compounds.

15 ' The inventor has accomplished the first synthesis of both (=)- and (-)-
salicylihalamide A. The synthesis utilizes a highly efficient, trans-selective ring-
closing olefin metathesis for the assembly of the benzolactone skeleton aﬁd can be
readily adapted to obtain a variety of analogs. The inventdr synthesized the

A compound of the structure disclosed in Boyd et al., (PCT/US98/15011) and found that

(\_,f‘ 20  the optical rotation of synthetic salicylihalamide A (87) was ([a]p = +20, ¢ , MeOH).

The inventor found that this form did not possess anti-cancef activity. The (+) form
was still inactive at 20 pM whereas natural salicylihalamide ((-} form) is active at 10
nM when tested against SK-MEL-28 cells. This cell line is one of the cell lines in the
NCI 60 cell line screen. The inventor then accomplished the first synthesis of (-)-

25  salicylihalamide A. It had a negative optical rotation like that of natural
salicylihalamide A [a]p =-35, ¢ 0.7, MeOH) (Erickson ef al., 1997).
Salicylihalamide A with an (-) optical rotation does possess anti-cancer activity as
does natural salicylihalamide, whereas salicylihalanﬁde with a (+) opfical rotation
does not have chemotherapeutic activity. _

30 _ The inventor has determined the absolute configuration of synthetic

salicylihalamide (87), suggesting that the absolute configuration of natural
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25 B addlng erX|b|I|ty to the synthesis. The symbol P in Fig 4
represents a generic synbol for a hydroxy protecting group
the present invention provides for a process for preparing %n ApICU ren

conprising: a) synthesis of an Apicul aren benzol act one cor 1?1%
addi ti on oVO#24?3& chain to the Apicul aren benzol actone co & éé%?

SHEET (RULE 26) 2 7 JAN 2005 WD 02/ 122 PCT/ USOL/ 24377 25 b 3 i. A M y~i _
/k1.!'l In addition, the present invention provides for a process for
preparing a salicylihalam de conprising: a) synthesis of a
salicylihalaznid benzol actone core; and b) addition of a side chain to the
salicylibal am de benzolactone core. 1In a preferred enbodi nent, the

process for §a‘ﬁe%1+di&nﬁe &alas ﬁﬁslaséi @nind @ias eobEEdrEREd 16 Se mpmejressnEdhy t he
conpounds  of 15 (b) producing fromthe C(ﬁ){?) Hnds af step
(a), via an ringhet89i ﬂ"geulmmiﬁnwfiofﬁﬂﬁés%ﬁﬁﬁ%ﬁémﬁf omy? FRYFRIOgARKIE n p =

ol yi ng 1 oA TGP Eg ALANFE Y Tyt 90, }Topd:SE frokl 5 in
2 nanner similar to the synthesis of 74. This structure is shown in FIG. 11.
5  Comparison between synthetic salicylihalamide and natural salicylihalamide show the
compounds to be identical in all respects (NMR, mass spectroscopy, IR, TLC (2
solvent systems: 50% ethylacetate i hexanes and 5% meéthanol in dichloromethane),
- and HPLC retention times{co-elute on a nonnall phase silica gel, 5 micron cglumn
( | ‘under 2 different solvent conditions: 3% isopropanol in hexanes and 7% isopropanoi
10  in hexanes)) except for their rotations. The synthesis of the absolute configuration has
| also been accomplished by the inventor. See Examples 7 and 8.

The present invention also proﬁdes for methods/processes of synthesis
of the compounds of the present invention which include two equally active routes for
its assembly (Fig. 4). One route features an esterification / intramolecular olefin

15  metathesis sequence (RCM) to form the C9-C10 bond and offers the advantage of
operational simplicity combined with functional group tolerance (Al +B1 gives AB;
Path A; Fig. 4). Despite the robustness of the RCM in carbon-carbon bond formation,
it can only be implemented successfully for the synthesis of salicylihalamides if

cbncomitant sterocontrol for the desired E-isomer can be exerted. As detailed in full

N

20  below (Examples 7 and 8), the inventor has identified a highly E-selective RCM
avenue to salicylihalamide A. An alternative route involves cross couplingof a
sterodefined E-alkenyl organometallic fragment B2 with a bensyl halide A2 and is |
envisioned to join the C8-C9 bond with control and maintenance of olefin geometry
(Path B; Fig. 4). Importantly, both strategics converge to a common alkyne precursor

25 B, adding flexibility to the synthesis. The symbol P in Fig. 4 represents a generic
symbol for a hydroxy protecting group.

For example, the present invention provides for a process for preparing
an Apicularen comprising:
a) synthesis of an Apicularen benzolactone core; and

30 - b) addition of a side chain to the Apicularen benzolactone core.
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20 Wherein n =0, 1, 2, or;3 and m=1, 2, or 3; R=alkyl; and F =
functionality as defined inclaiml; and [i | HOF v "(CH2)2 (J@NZ%
(ii) Producing fromthe conmpounds in step (a), as defined in step ( [{Hsof
above, the womwpewnasls of fornula: SUBSTI TUTE SHEET ( RULE 26) gﬂuﬁﬂmgp% WO
02/ 12223 PCT/USQ /24377 26 -, _ t"RF 4CH2)2, (CH2)mIn a rurt er
preferred enbodi nent, the process for preparing a salicylihalam de
conprises: (a) synthesizing the conpound of fornula: oP O 5 wherein- X =1,
Br, d, OS2 Aryl; F = functionality as defined in cFatfbvl; xahdiPr=r& i
hydr oxyl protecting group; (b) synthesizing, the conpound of fornula: 10
(c) synthesizing fromthe conpound of step (b), via a hydronetallation,
the conpound of fornul a; npgdiinn,fhe pessent fvention provides for agrecess Koyipreparing a
hydr oxyl pr ot ect:d -1.,.Mis a ligated nmetal center with M= B,
Zn, Zr, Pd, Q%Sﬁiﬁga%%ﬁggﬁﬁ%dﬁln )r oduci ng fromthe conpounds of step (a)
and (c), via netal - cat al)ysathesis ofs salivyfihalagide heazslanpeivace: ahd f or mul a:

b) addition of a side chain to the salicylihalamide benzolactone core.
5 In a preferred embodiment, the process for preparing a
salicylihalamide comprises:

(a) -synthesizing the compounds of formula:

. 4 CO,H P
( | : o
I OP
> _ , and

(b) producing from the compounds of step {2), via an ring-closing
10 metathesis, the compound of formula:
oP

" wherein P = a hydroxyl protecting group

Q 15 The process may further comprise:
(i) modifying the compounds of step (2) as follows:
oP
oP
X ~C0H
[// HO
F (CH),  (CHa)y op

INQ !

Whereinn =0, 1, 2, or 3 and m = 1, 2, or 3; R = alkyl; and F = functionality as

defined in claim 1; and

20 (ii) Producing from the compounds in step (a), as defined in

step (b) of above, the compounds of formula:
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addition to their use as anti-tunmor agents, conpounds of the Difesidht 2005

invention have potential for treatment of osteoporosis, a condition in

whi ch bone wesgiption is increased resulting in weakenl ng OECJPR}%ﬁmE?‘P

conpounds can be 5 adm ni stered al one orysi n conbination with o

treatments for osteoporosis. Qther treatnents for osteopor05|s may

i nclude, but are not limted to calciumsupplenents, estrogen replacenent

for wonen, and treatnent with bi sphosphonates or growh factors. The

pharmaceuti cal conpositions containing the conpounds of the present

invention are adm nistered in the manner as descri bed herein. .10

Salicylihalaniide A exhibits a uni que diff ial cytotoxicity profile in

the NCI 60-cell line human tunor assay an resents a novel nechanistic

class of antitunor conpounds. Howeverss it lability of the

enam de si de-chain has conprom sed tlhe of

sal i cyli hal am de- based probe reagentFé cal analysis. The

i nventor has synthesi zed stabl e functl oné?”&‘)rubstl ‘Ut es of 15 the

si de- chal n. Lobatam des A-F I|c H | A—B are active and gave

simlar "signatures” in tha er@ “’"Fh SiPRORSHY 19F Preparing ad t hat

t he nature of Sﬁﬂ]ﬁhﬁg%ﬁdéd&%@g ons of the side-chain term nus could be

varied (al kylidené vs. . nethyloxine). Also, the stereochem cal nature of

the side-chain is un|npo(@aﬂmﬂwﬂaug@@Bpmgmmﬁnﬁﬁmmdezf|c contact, if any,

with a putative biological receptor. The 20 ppventor has "nutated" the

efiam de without conprom sing function. FIG 22 tlines nethods to build a
I'l ITibrary of synthetic "salicylihal am dgs rem common i ntermnmedi ates

105 (ent-73, FIG 9) and 107. Conpounds re ent&d by 106 (ent-74, FIG 9)

are access@le from 105 V|a M t sunobu est & |f|cat|on wth a varlety of

carboxylic acids fol |l owed 25 deprotection (BBr 3] A dehyde 107 is the
central handl ewhereipKeT II,ant, |Cdn08ﬁ>8mrxlz Fy= finstionslity 2edefined imolimstlaoind Pred

yi el ds) and I\I—ﬁg l”%)i’q‘r’éé‘ﬁ{kiglf’gé mati on. Conmpounds 110-113 are
i xanpl*es 0 )

representative ‘ger group of conpounds that could be

(b) synthesizing the compound of formula:

OP

- o™
4 oF

10 (c) synthesizing from the compound of step (b), via a hydrometallation,
(; the compound of formula:
op
PO
(Cl'{z)m op
R

LM
wherein m = 1, 2, or 3; R = alkyl; P = a hydroxyl protecting group and LM is a
ligated metal center with M =B, Zn, Zr, Pd, Cu, Li, Sn; and
15 (d) producing from the compounds of step (2) and (c), via metal-

catalyzed cross coupling, the compound of formula:
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SUBSTI TUTE SHEET (RULE 26); WO ! 12/ 12223 PCT/ USO /24377, 28 2 7 JAN 2005 21
SEP 2001 nmade by varying the R-group in the reagents.'Varial%gnggmmgmﬁe
theme include geranyl ester 115 and allyl -esters 109. This t hod of
synthesi s {\% %93 used to provide new anti-cancer CcONMPOUNGSyysBAHSO
Exanples 7 and 8. The inventor will useya cell-based 5 cytotoxicity assay
to establish structure-activity relationships. Initial hits will be sent

to the National Cancer Institute for COVWPARE-analysis in the NCI 60-cel
line screen. Internal screening against a broad range of primary human

| ung cancer cell lines will be carried out. The conpounds of the present

I nvention have al so been tested for their ability to inhibit the growth of
tumor cells, including SK- MEL-5, 10 H1299, J2009, H358, 12058, H175 and
H1264. See Table 3 and Table 4 and Exanp{e {7 %el ow. Conmpounds may al so be
tested for activity in the yeast Sacc j Vi si ae. Yeast - based
screening methods are fast and would alll oy for thel jdentification of
salicylihalarnide's target via geneti )PUt only if a yeast 15
honol ogue exi sts. Mreover, the conplete genone of Saccharonayces
cervisiae is sequencedLRRdHiGSTR théibuRSasdnE-tuRvAhdeal, Corifour@ver thelprdsegt! s to
| ook at expression patterns in response to drugs. One_of the traditional
dr awbacks | i esnventiohbavegotentinbior trpatsent elosteopariosiged gonditiay ingdpeiebans

"o stance. puRBERUHD BT e RER T eplbr oRE B YHEblRR e 1 411

strains, disphayifigereeditsiedr lddmbiflitic widsotherinatmanits forastopansiealiiecty to
dg‘l‘]‘gs due to nore flujd nmenbranes, yvihll be used. The comio_unds of the
present i nventieaneatEior anpaporosis apicids, W grr ngs disd fe calapm shpplementse

V- ATPase pr ot ' LRl B tRnYen Gidd 4 fwilGispHoRpRdRd o eovith ©
present i nven??%%é%%%e@ﬁ%g as ecriléscr‘?f%ag%m?r?lexas l e 7 bel ogvglf025 (Tabl e
5). factors. The pharmaceutical compositions containing the compounds of the present

invention are administered in the manner as described herein.

10 Salicylihalamide A exhibits a unique differential cytotoxicity profile in
the NCI 60-cell line human tumor assay and represents a novel mechanistic class of
antitumor compounds. However, the inherent lability of the enamide side-chain has
compromised the development of salicylihalamide-based probe reagents for
biochemical analysis. The inventor has synthesized stable fimctional substitutes of

15  the side-chain. Lobatamides A-F and salicylihalamide A-B are active and gave
similar “signatures” in the NCI cancer panel. The inventor realized that the nature of
L | the constituent atoms of the side-chain terminus could be varied (alkylidene vs.
methyloxime). Also, the stereochemical nature of the side-chain is unimportant,
indicating a non-specific contact, if any, with a putative biological receptor. The

20 inventor has “mutated” the enamide without compromising function. FIG. 22 outlines
methods to build a small Iibrary of synthetic “salicylihalamides” from common
intermediates 105 (ent-73, FIG. 9) and 107.

Compounds represented by 106 (ent-74, FIG. 9) are accessible from
105 via Mitsunobu esterification with a variety of carboxylic acids followed by

deprotection (BBr3). Aldehyde 107 is the central handle for olefination chemistry

L]
(]

(stabilized and non-stabilized yields) and N-acyl hydrazone formation. Compounds

110-113 are representative examples of a larger group of compounds that could be
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Therefore, the present invention provides a nmethod for iynhibiting the

prot on-punpi ng activity of V-ATPase by contacting V-ATPase, either in vitro
or in vivo with the conpounds of the present invention. Inhibition of the
pr ot on- punpwasz/iagdsi vity of V-ATPase is useful, inter alia, pOFutdiRi3z77
treatment and prevention of cancer 30 amgl osteoporosis. E@i CYil4i 1 de A
has been shown to inhibit V-ATPase activity in crude ne Jné rations
of mammal i an V- ATPases. See Boyd, MR et al., J. SUBSTI TUTE SHEET ( RULE
26) 2 JAN 206 WO 02/12223 PCT/ USQ /24377 29 Phar imaeoq 1 Lo 97,
114- 120 (2001); see al so, PCT publication WO OOIS@ZL"M Eggy@ligf?gm

V- ATPase i s conpased of S an_ATPase donmain and a proton translocating

menmbr aneous chadepby vapingihe Kegtoup iy istreagsnige Yonationstaasthe thamsigpludeie  use

of a purified V: node of inhibition is through the

bl ocking 5 of ?%‘@Tbg%gﬁ%rogf%%piﬂhg%%‘8%3!@%y (or proton translocation, also
known as pore bl ocking) Thfs ivethdPassyntiredis iotbeingnsed gdpidvide’Idw MtHealysi s
activity. The present inventign al so dg_m)nstrat es thlgt t he _conpounds of

the present i nvIRRTWHS brsrrisREraEPlcs 438d Smdhe myrrignwilbpes deelkbrsidel domain
of V- ATPases andyi@icy ok (M IHIRHIRBIR aciiyRS réﬂiﬁdﬁi@%ﬁ{(&ﬁﬁ%qﬂﬂ 188Sent”-

Biol. Chem 269:1/379-1/381 (1994) for the 10 experl rocedure
bi ndi ng. Thi s teathe Navomel Sancerdostanierfgr SOMRARE-angdysiniisthedCl el lase nt

invention with the domai ns i ndependent nd shqowi.ng that 70% of the
channel Cact 1 vi 15 dHeR BYTP RS L REHI PO e L B R AR R Gelk
virtually no  jiidsSrilite@Bffd¥ut N'TA EeBpoael b iht YrabtntliRfertRihat O NS BLdat | ON.
Sﬁe« Exanple 7 and Table 5 below. See also Bil Crider, Xie and Stone, J

BIGl . Chem 269tesed fa-theigghilityl® iphibisdhe grpwdbef trwayesissinchiding SEAGEL <l
compr om si Bl TR TAORERSE PRSI SaTELAR! B PARL bl A Talle' Lt prample

chai n- nodi fi ed7 belogeners. The exact nature of this side-chain (designated
as Rin FIG 23).is contingent on the screening results. In addition, 20
Exanpl e 7 bel ow descri beSOBPAEIIsA3y isaRrfcsipd farjagigty in the yeast Saccharomyces

cervisiae. Yeast-based screening methods are fast and would allow for the

identification of salicylihalamide’s target via genetic approaches, but only if a yeast

15  homologue exists. Moreover, the complete genome of Sacc]zaromyces- cervisiae is
sequenced and gene-chips are available as powerful tools to ook at expression
patterns in response to drugs. One of the traditional drawbacks lies in the fact that
yeast is relatively impermeable to sniall—moiecule drugs and becomes resistant by
overproduction of multidrug resistance pumps. To alleviate potential problems,

(l-- 20  Aerg6 mutant strains, displaying reduced multi-drug resistance and more permeability

to drugs due to more fluid membranes, will be used.

_ The compounds of the present invention can inhibit V-ATPase proton-
pumping activity. The V-ATPase proton-pumping inhibitory activity of the - |
compounds of the present invention may be tested as described in Example 7 below

25 (Table5).

Therefore, the present invention provides a method for inhibiting the
proton-pumping activity of V-ATPase by contacting V-ATPase, either in vitro or in
vivo with the compounds of the present invention. Inhibition of the proton-pumping
activity of V-ATPase is useful, inter alia, for the treatment and prevention of cancer

30  and osteoporosis. Salicylihalamide A has been shown to inhibit V-ATPase activity in

crude membrane preparations of mammalian V-ATPases. See Boyd, M.R. et al., J.
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It is possible to attach pTobes to, or substitute for,, the side-chain.
Biotinylation allows cellular |ocalization studies, affinity26h0¢mh2ﬁﬁraphy
and ligand based gel blotting analysis to be carried out using avidin

conj ugat es. woreeatymnt of al cohol 116 with N—(+)-biotinyI-GTdﬂﬁﬁﬁﬁgﬁgoic
acid N hydroxysuccinimde ester wll 2% give biotinylated conpoun 17

The correspondi ng probes for photoaffinity-labeling studies, 118 (Rl ; B
or C) can be obtained via acylation with 4- benzoyl benzoie acid

N- hydr oxysucci ni m de ester or 4-azidobenzoic acid N hydroxysuccini m de
ester, respectively. If these materials are inactivated by the proposed
nmodi fications,  iodophenol e used as the starting material for

119 b
derivati zat i ondiESak £rg Brers ?9%?{ 20280k ree 4kndCT pebdispiemBio QU/51584n be

repared from .\ e - Lt ' al |
8bsgrved. SUbS(gfi]i?otl n)sl'a&cﬁ?%érc g#ar@ep Ofs% Rﬁ%ﬁ%&%ﬁaﬁ é%?’ﬁ%?é SH)IéET
- (RULE 26) 2 7 tizNlazelig MerbintadohaRtel/ UBireRet fitveniion ﬁﬁﬁbr!xsl&&te@s,&ﬂrd‘u h the
| odopheno!l - 11945 A EIHDHA NG FAT5HGH OBt G Pinss of INRRGPS 1 Bxgh g blocking
i ntroduci ng blﬁtth@pfaonlg&i}lggfg aﬁﬁﬁhpéo?gﬁ)'tﬁl &aﬁsbc%@%%sg%mg@ggg g{ulbaﬁ,ééc@clﬂg)

acyl ating agents as descr above. Radi ochem ca
tritiation  (dfiVidiTase gidziot thdugh Ky AGPIHydrodysisactivii®0The arestist ipreation leb

usi ng Sonogashjra crosssc ling chem.stry. The invent.or designed a C
12- car boxani dedegg’ng rgt%fhr?gﬁ’%fcﬁrgf’ﬂ%&@f%fﬁéﬁsﬂ Ve qﬂfﬁ&’?‘ﬁ H’e‘ﬁ‘? G 4). To
synt hesi ze salmhéybidhahdProenahaiRgodat oPVOREBaseUnG Mo Be &%aﬁﬂiﬁ%ﬁﬁ bl e,

t(f;é Cl3-OH in 125 (ent-64) will be nasked as . triisopropylsilylether 126,
fol’l owed by r eaé&iridsh Xoe anf Stengs H HiahLien. 269 173384738 rGi@94Dfor §ul t i ng

ri mary alygoh : ' rt ner .havin | at ent, C12-
Pyar oxy oty 1EpEReRE! GRORKE Bt vhiidk, PN OBABA b Bhtitte Bed coltpfipias
base- sensi ti vef tioc pi€Rerd emaptien vith the donmiits' iod@eadéntlyeindehowmgahs J0% ofitad| e

alternative. tsynobuy inversion (acid 32), treatnment with G ubbs'
rut heni um ¢ al‘glé’ﬁée @Bt%‘fye‘%a%‘fi&"i’h‘ﬂd 8} Mot ke emaynd tiplsihqremey viguplly pe ovi de

cyclized mat erh@lferchBe with LTOAS a@tﬂ@ﬁ%ﬂlets%nclsénée& a '%:%8&37 ggscri bed

for 104, a suitable side-chain (wmth respect to 0ogi ca
Table 5 below. See also Bill . Crider, Xie and Stone, J. Biol. Chem. 269:17379-17381
15 (1994).

Probe reagents for biochemical analysis may be developed by
modifying selected positions without compromising function. FIG. 23 outlines some
elaborations of side chain-modified congeners. The exact nature of this side-chain
(designated as R in FIG. 23) is contingent on the screening results. In addition,

(\ 20 - Example 7 below describes other chain modifications. |

It is possible to attach probes to, or subsﬁtute for, the side-chain.
Biotinylation allows cellular localization studies, affinity chromatography and ligand-
based gel blotting analysis to be cartied out using avidin conjugates. Treatment of '
alcohol 116 with N-(+)-biotinyl-6-aminocaproic acid N-hydroxysuccinimide ester will

25  give biotinylated compound 117. The corresponding probes for photoaffinity-labeling
studies, 118 (R' = B or C) can be obtained via acylatiori with 4-benzoylbenzoic acid
N-hydroxysuccinimide ester or 4-azidobenzoic acid N-hydroxysuccinimide ester,
respectively. If these materials are inactivated by the proposed modifications,
iodophenol 119 may be used as the starting material for derivatizations emanating

30 from the aromatic ring. Iodophenol 119 can be prepared from 116 (I). Selectivity

for the para-position is usually observed. Substituting a chloramine T/Na'*’] reagent
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activity), identified through the studies described:.in FIG 22, will be

i ntroduced (-+ 129) followed by photodeprotection of the nj %romé%]l et her
(350 um MeOH). At this point, the hydroxynmethyl substitu N Sits
purpose as_a handle for obtaining probe reagents 131 (acyl,atd ' N-
hydr oxysuc¥PA?i™dé esters as above, fojl owed 20, by desyl i ngtr{lgéra\”o 3‘;71?1130).
Finally, simlar probes containing an am de |inkage (134) can be
constructed fromazide 132 using simlar chemstry. The inventor has al so
succeeded in the first and only total synthesis of Apicularen A and a
vari ety of analogs. The synthetic sequence is outlined in Figures 20 and
43. For a description, see Exanple 4. The initial |actonization approach of
25 the i nvent@mbigsidnrfeticdhe inamettad tc syrthepizeaniiophemicalpeSonapasiyey oxy|

bearing center 15S in a 1,3-syn. rel ationshi i th,Cl3.
reag:antg - cont r”Q9F1PlgﬂéB o iéﬁﬁﬁ‘@ﬁ@bl | Wi B’E"*Pﬁrltgyp%lﬂél??&&‘)v&iieﬁsafb@f@c%il%]f)g%nt i ation)

was used for .its,for .0n. . 4 ' Jati
ﬂf‘%ﬁ%%u?’?\éﬁi&ég ,?H)O!ia)ﬁ I?i(-) %&B BéLs KBeye 3 siiplle fAkhe acylating

salicylihala r enzoat es behave as poor 3
el ect r ophi | es;gifits a8 Gbfkibbdl abdvieo Ragloah¢micalzars awpssible wemitation (Lindlan, Zlng an

I ntranmol ecul ar M tsunobu 30 inversion as.thg key r.ing-form ep could
sol ve bot B prblkb/@@rﬁbraﬁﬁ%(%bﬁfﬂl?ﬁ@e?%?fuﬁlﬂg OIFQ:%E]P %‘%Oﬁﬁbﬁuaﬁg%%nﬁgﬂgn
i nverted C 15 al cohol i . = | b @ 1io0nshyEmidd 43 23YBhbh ThiTthe SHBET
(RULE 26) 2 7 JAN 2005 %@]8%7%3%%1%%% (J@SOI /24377 31 respect, t 06013. The

i ntr i nsi:l c f acmadhyb%mﬁmngﬂwd@c Toysahibetigeieaiicyliiabaaids aeaiogs arﬂgna‘g%%nshi lpdi n
their addition products. Ba 0 r.Q [ a e wou
b€ expect ed t%h?i“éfecp‘ﬁﬁ‘??‘?sﬁgﬁoglﬁﬁ}ﬁ%gﬁd%#g? ?3'8_%%?@& g%%lgé&?{%r eocontrol by

a“-"chel ati on ﬁ.ﬁ&?}&gﬂléi thdr 1hE 1 llowedlby fedctidn ofthé parbestameti YLiEk:Bif)e The
Alternatively, the"5 cor '

respondi ng addition of allenylzipn c epar in
situ from0 prepdtiggptimeny deglmi gan %190%@?#% wugling B%ET?E Bﬂ%‘l’}é g\i@g@ Efs-
ant i - honopr opar gy| ohol.. Sj : ' hagi-eone
95 w11 1ol odsehran syt (15" Car T BRI to Mrolde busd et
si mul t aneous| y:NG-bauyRaRnaAi sowwratr ietheariy akb anviabld aterndtives Misugotetht

M t sunobu ring-closure (135,-> 101110, The accepted nechanismfqr the 10
M t sunobu i nvievetsism (eeid Fkdecabpant \‘?’ét}‘i (g‘%'fb'&ﬁ‘ rpqlfgm&{rtgc&ﬁe%qneg BmEPﬂ‘??v“}nﬁg gr oup
: oxidative deprotection (DDQ) will provide cyclized material 128. In close analogy to

15 the manipulations described for 104, a suitable side-chain (with respect to biological
* activity), identified through the studies described in FIG. 22, will be introduced (—
| 129) followed by photodeprotection of the nitrobenzylether (350 nm, MeOH). At this
point, the hydroxymethy! substituent serves its purpose as a handle for obtaining |
(" - probe reagents 131 (acylation with N-hydroxysuccinimide esters as above, followed
20. by desylilation of 130). Finally, similar probes containing an amide linkage (134) can
be constructed from azide 132 using similar chemistry.
The inventor has also succeeded in the first and only total synthesis of
Apicularen A and a variety of analo gs. The synthetic sequence is outlined in Figures
20 and 43. For a description, see Example 4. The initial lactonization approach of
25  the inventor required the natural configuration at the C15 hydroxyl-bearing center
(155) in a 1,3-syn relationship with C13. A reagent-controlled mismatched allylation
(double diastereodifferentiation) was used for its formation. The inventor knew from
work on salicylihalamides that ortho-alkoxy benzoates behave as poor electrophiles in
esterification (lactonization) chemistry. Utilizing an intramolecular Mitsunobu
30  inversion as the key ring-forming step could solve both problems. The substrate for

this reaction would require an inverted C15 alcohol in a 1,3-anti relationship with
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(RCH2OPPh3). The epineric diol mxture 135a-b would be expected to give
i ntermedi ates 136a and 136b. Both internediates coul d react At q@e? '5th
i nversion) to give epineric benzolactones 101 and 102, resge?ctl @1 but
t he possi biwotog/tef23a conpetitive cyclization involving a Tudthlvat ed
hydroxy group has to be 15 considered. However, only the undesired epineric
I nternmedi ate 136b woul d be expected to participate 136a can not reach the
TTS required for an intranmol ecular SN2 displacenment- resulting in the
formati on of bridged |actone 137. Saponification of this material
ultimately leads to a net recycling of undesired 135b to 135a. Truncated

api cul aren 101 will be mani pul ated in mnul tieﬁpl e vval{s to generate the natural
20 product as IREeCt sCh3 v Epg innsisr faginkhiascofdi-plkppyildshydesdavors gach a-or

exanpl e, the : S o] t.e rivative .138 - 780
wi-ll be decorrpq%%ggn?}gggﬁ‘%ﬁ%ﬁ%ﬁ“’%@‘ft‘%ﬁ%’?&d Dgll “g‘g‘f‘%? 311%6"‘3“8‘%%@&%?’5’%#8
carboxyl i ¢ aciwold beRRP&Yed toaseldanti-heinyallyl ARiobol % wih Aoddadre¥bdntrolBy a
accessed f rom(ﬁl@fiehﬁde 13 via a sequence simlar to the one successfully
enpl oyed for tHelalphcRBEpledfTiCl) sqdiromnd|alipitdmethylsiipes. Altgmatpslyrihet her nor e,
conpounds %39- £ ' ' . | ondi n
salicyli haI%ar nﬁ%ﬁéslﬁi(’:ngbﬁrﬁ %@%g%@a?g@%%gﬁﬁédl%% "%‘%&5 p@ﬁ?{gﬁﬁﬁelaﬂd be
processed in Z)wduld yiedd steteosedetively antihdmoptophrgyiradolicl dds aBasiv hpd@Rsii m cs
142- 144 (api cul_ar en: ener ructure 142 gre accessible di?decpl'y from
TO1 by i nt or it DR e Ll s tiE caBoRTlinacid mddh (AL SRV | | be
prepared fromgld@ionalifed BRMARINeOLATY. Ar OREh O

t€rm nal al kyne provildes t he idegar}' %afﬁ%(?ge%rssa SUBSTI#%%%%&E%%%%EFZG)

27 JAN 2005 WOt§unpbu 223:i¢are (185 101/182)7 The 2cSphmigasthianamdbode- coupl i ng
n-based an s 147. 1 the derived starnmane

PR R RN
Lesctons 1o Reraptimy sigcpbiu bR i SN SRR RD 10,
Z- al kenes 5 (antgrmedates 136m Wi §38b) Boiluiatcanediaies dould seart at GliSr(siithrineasion)).
to give epimeric benzolactones 101 and 102, respectively, but the possibility of a
competitive cyclization involving a C11 activated hydroxy group has to be

15  considered. However, only the undesired epimeric intermediate 136b would be
expected to participate — 136a can not reach the TTS required for an intramolecular
SN, displacement — resulting in the formation of bridged lactone 137. Saponification
of this material ultimately leads to a net recycling of undesired 135b to 135a.
Truncated apicularen 101 will be manipulated in multiple ways to generate the natural

(L 20  product as well as a variety of side-chain modified analogs. For example, the ozone
adduct of silyl-protected dertvative 138 (O3, -78°C) will be decomposed to aldehyde
139 (Me,S), alcohol 140 (NaBH,) and carboxylic acid 141 (H;Q,), respectively.
Apicularen A (4a) will be accessed from aldehyde 139 via a sequence similar to the |
one successfully employed for the synthesis of salicylihalamide A (FIG. 10).

25  Furthermore, compounds 139-141 are functionally equivalent fo their corresponding
salicylihalamide counterparts 104, 107 and 114 (FIG. 22), and will be processed in
similar ways to deliver side chain-modified apicularen mimics 142-144 (apicularens
of general structure 142 are accessible directly from 101 by intermolecular olefin
metathesis).

30 : : Finally, alkyne 146 will be prepared from 145 in a manner similar to

the one outlined for 101, The terminal alkyne provides the ideal handle for a
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Exanples 7 and S bel ow further describe a preferred enbadi nent of the
present invention. In the present invention, all structural air?diJfAiN:?@ '50ns
that are useful as nodifications to salicylihal am des are o useful” as
modi fi cati o@g 2928431 cul arens and 10 ot her macrocyclic |act Ol‘@?/US(ﬁ?f—lfW
crystall ography is :the study of the nokgecul ar structure of crystalline
conpounds t hrough X-ray DI FFRACTI ON techni ques. ; Wien an X-ray beam
bonbards a crystal, the atom c structure of the crystal causes the beamto
scatter in a specific pattern. This phenonenon, known as X-ray
diffraction, occurs when the 15 wavel ength of the X rays and the distances

between atons in the crystal are of simlar _magnitude, X-ray L

cryst al | ogr aph§onegsshisrerosmeanpiiag ogieraie Epeulstarqaserhanalagsildd; Ja addition, ficons
in the crystal Ji : . m c
bonds, and ot ﬁ%lﬁyeﬁesg‘@%%;fﬁa ﬁﬁg{oﬁ%’g&&{g&gﬁﬁ lrw;l.l g&%ﬁ%ﬁ%ﬁ%@%& aphy is
al so used to dedplifigieactivhetothe syaithisis 0d il 4P (RiEeirgk 1-allenlyhiand eaghedd50and

ot her substances, such as snall nolecules 20. L . .

(htt p: / / waw. enECpelBisdwdsossartimaicormpaeds contsang afriglepondiill proyigs Z-alkenes
spectronetegs L5 f-en | - 045 e ratio (Wle) of ionized
atons or noD ec@%sﬁ?gpgg%g?%fgﬁﬁl}%% r?%’ig%(gﬁa%?ﬁer. Mass spectrometry is
t herefore useful for quaBxiamplesGandf balognfurther descricaid pefared eanhisdirhenrt of
determining chem cal and structural information about nol ecul es. Ml ecul es
have di stincti & PRSP WYFEI0at i on patterns that provide structural

information to identify $fHaGhsseatinvG@BRONEH R turditBodBBRT0AL IR BFalsbANaOf a
SS spectronet er 1s: create _as phase 1 ons, separate the ions in space or

ti're based on wiedificatiasstotselieyiihnlgmides arealsaneelies pdifiqatiens @umieulargnsaidi ons
of each -toscharge rafio, (Http://vww.scimedia. con’ chem

ed/ s/ ns- i ro‘.)tﬁlﬁrlﬁn? F%’Gdﬁ. 30 The tenperature used for synthesis is,
except where stated to b¥-ra§idjstileBtaphy is the smdg ef theamdlahidatistruétics 60 about

125C, preferably 0C to 90C. SUBSTI TUTE SHEET (RULE 26) .2 ( “}V"Aﬁ 2005 WO
02/ 12223 33  crystalline compounds through X-ray DIFFRACTION techniques. When an X-ray

beam bombards a crystal, the atoric structure of the crystal causes the beam to scatter

in a specific pattern. This phenomenbn, Imown as X-ray difﬁfﬁction, occurs when the
15  wavelength of the X rays and the distances between atoms in- the crystal are of similar

magnitude. X-ray crystallography provides information on the positions of individual

atoms in the crystal, the distances between atoms, the angles of the atomic bonds, and

other features of molecular geometry. X-ray crystallography is also used to determine

the structure of proteins, nucleic acids, and other substances, such as small ' molecules
L 20 (http://www.encyclopedia.com/articles/14056.html (6/7/00)).

Mass spectrometers use the difference in mass-to-charge ratio (m/e) of
ionized atoms or molecules to separate them from each other. Mass spectrometry is
therefore useful for quantitation of atoms or molecules and also for determining -
chemical and structural information about molecules. Molecules have distinctive

25  fragmentation patterns that provide structural information to identify structural
components. The general operation of a mass specfrometer is: create gas-phase ions,
separate the ions in space or time based on their mass;to-charge ratio, and measure the
quantity of ions of each mass-to-charge ratio (hitp://www.scimedia.com/chem-
ed/ms/ms-intro. htm(6/7/00)). ,

30 The temperatlﬁe used for synthesis is, except where stated to be
different, in a range from about —78°C to about 125°C, preferably 0°C to 90°C.
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PCT/ US01/ 24377 The term "salicylihal am de derivative", as used herein.
refers to those structures having a benzol actone core of t?e SSHE
conformation as salicylihalam de. Exanples are: 0 OH wher Z‘Q = %qnﬁai ght
chain al kyl conprising 5.to 8 carbons (e.g. -( CH2)5Me), a HN straﬁght
chain al coW819%(182%. - Q(CH2) 4Me) or a straight chain dial (d&/US0&2377
(CH2)4Me); OHOr, - 1-- ~ 0 where R = Bu or Ph; SUBSTI TUTE SHEET ( RULE
26) 2 7 JAN 2005 WD 02/ 12223 PCT/USO | [2-1377 34 SUBSTI TUTE SHEET ( RULE
26) 2 7 JAN 2005 WD (12/12223 3i PCT/ USO1l/24377 where R = Z,Z -hexadi enyl,
Z, E -hexadi enyl or, a straight chain alkyl conprising 5 to 8 carbons (e.g.
-(CH2)5Me). The term "apicul aren derivative" as used herein refers to
those structures havi nghatdp@néaioyiihalamidedegivafive e usaltereinnéferstatioes as
apicularen. Exanples are: where R = a straight chain alkyl conmprising .5
to 8 carbons muqgres hidpps bangplacione sereafghr saarLoraMmelap ps Jadicylihalapidep) 4 M)

or a straight . .chain diol (e.g. -S(CH2)4M):
alg Exampfgss are: (e.g ( ) ); 7
OM 0 -
. _
o O OH O OH © oH O
- g oH a OH
N Me ? = Me = ve o
o]
| %o Ak
( ; K O H O
h OoH o OH
H H
Me Y Me

5 whereR=a straight chain alkyl comprising 5 to 8 carbons (e.g. -(CH2)5Me), a

where R = Bu or Ph;
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R, ROHwhere R = Bu or Ph.; 10 and SUBSTI TUTE SHEET (RWULE 26) H -N, "OH 2
7 JAN 2005 WO (12112223 36 PCT/USO 1/24377 off R- \~- v v -2kiqggéch§§ H
v""'"OH-v' -OH- vv-CH-v' -OHThe present inventiof ‘al 6 i des
for. physi ol\Qgi¢3t,,§0NMposi tions conprising the conpounds of tﬂi‘ﬁlﬁo?ﬁﬁ%

i nvention. Aqueous physiol ogical conpogi tions of the present 1 nvention
conprise an effective anount of a macrocyclic |actone of the present

i nvention or pharmaceutically acceptable salt thereof, dissolved 5 and/or

di spersed in a pharmaceutically acceptable carrier and/or aqueous medi um
The phrases "physiol ogically, pharmaceutically and/or pharmacol ogically
acceptabl e" refer to nol ecular entities and/or conpositions that do not
produce an adverse, all ergbe, anyd/ or other untoward reachQgéyhen
adm nistered to an animm&ﬁ As used herein, "physi gi | y and/ or
pharmaceutical ly acceptabl 8 carrier” includes any/and/8r all solvents,
di spersi on nedi &" i . antibacterial arjff ntifungal agents,

i sotoni ¢ and/ o "del ayi ng’ agent s O™
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The use of such nedia and/or agents for pharmaceutical, active substances is
well known in the art. Except insofar as any convent i onal qpmidAHdﬂmﬁr
agent is 15 inconpatible with the active ingredient, its use in the
t her apeut i cwoanpesstions is contenpl ated. Supplenentary acticfdeflafss4li ents
can al so be incorporated into the conpgsitions. For human aéﬁlnlstratlon
preparations should neet sterility, pyrogenicity, general safety and/or
purity standards as required by FDA O fice of Biologics standards. 20 The
bi ol ogi cal material should be extensively dialyzed to renmove undesired
smal I nol ecul ar wei ght nol ecul es and/ or |yophilized for nore ready
formulation into a desired vehiclg, where appropriate. The active conpounds
may generally be formnul ated for Iparenteral adm nistration, e.g.,
fornmulated for injection via tfe iRtravenous, intranuscul ar,
sub- cut aneous, intral esional, even SUBSTI TUTE SHEET (RULE 26) 2 7
JAN 2005 WO 112/12223 PCT/USCl/f 37 intraperitoneal routes. The
preparation of aqueousoconpo, |o's that contain a therapeutically
4 Y act ones of the invention or

gof as an active conponent and/or
\pwnoto t hos® of “skill in the art in light of the

pically, 5 such conpositions can be prepared as
injectables, eitderoad |Iiquid solutions and/or suspensions; solid forns
sui tabl e for usj L0 prepajos sol utions and/ or suspensions upon the
addition of a f |d prlor to injection can al so be prepared; and/or the

“epar ations ¢ xnbe emyl sified. The pharnaceutlcal forms suitable for -
i nj'ectabl e us n Bgd [ ye s and/or dispers
f or mul ati ons %f?:ff udi n§’ Z:%%a%e%gl #OEglg)éarﬁl? n§% rl‘aS 8?315&@25@#6%# g’nni
gl ycol ; and/ orcagions (¢.¢ -pOMAdEMe) or t he ext enpor aneous preparation of
sterile injectable solutions and/or dispersions. In all cases the form

nmust be sterile and/or st. be fl.uid tq the extent hat easy yringability
exists. It nust be stabl® §RBePIFHarepdadyativenas ted ?ﬁﬁ%ﬁ@% @%d/ or

storage and/ orsyiutestRvide@StmY&idctone core of the same conformation as apicularen.

5  Examples are:

ingredient wll be k
present disclosure. T

OH O

OH WISy
where R = a siraight chain alkyl comprising 5 to 8 carbons (e.g. -(CH2)5Me), a

straight chain alcohol (e.g. -O(CH2)4Me) or a straight chain diol (e.g. -S(CH2)4Me);

OH O OH

'

OH
where R = Bu or Ph.

16
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15 agai nst the contam nating action of m croorgani sns, such as bacteria
and/or fungi. Solutions of the active conpounds as free baig agg@$

phar macol ogi cal | y acceptable salts can be prepared in water Jlta y m xed
with a surfac such as hydroxypropyl cel | ul ose. Di sper | so be
prepared |“K’ ggérol liquid polyethylene glycols, and/orﬁﬁﬁggﬁﬁggwﬁhereof
and/or in 0|Is Under 20 ordinary condi tions of st orage and/or use, these
preparations contain a preservative to prevent the growh of

m cr oor gani sns. Macrocyclic | actones of the present invention can be "
formul ated into a conposition in a neutral and/or salt form
Pharmaceutically acceptable salts, include the acid addition salts and/or
which are fornmed with inorganig aci ds such as, for 25 exanple, hydrochloric
and/ or phosphoric acids, and/qm\ ch organi g facids as aceti, xal i c,
tartaric, mandel i't, and/or thé i Ke. The carrjerican al so be

and/ or di spersi iThif )

(for exanple, g
gl ycol, and/or the o '
oi | s. The proper ffuidity i ! by, .t he use of a
coating, such as®etgithin, ie reqU|red phrticle size

in the case SUBS¥I g 35

PCT/ US01124377 oS,
prevention of thRe aet ' e @ﬁo oHvari ous
anti bacteri al and/ or antm&uiw@alht 1ﬁg@mbﬁ,alsb@rom&arfm myspﬂmgmmgmposmons )
cgtsorobut anol, phenol, sorbic ac t hi er o and/or, the.like. In many

cases, it wil |comn§neﬂercemt@upés‘? ¢ grssent 45y ﬁ?‘?: Agysppsphysiglogical 1o o 5
sugars and/ or &gﬁ %ﬂ&% %ﬁ"% e iR eRRGEShnaEe R kiefiw ankdidit bhj RRbRBYdic
roug

conmposi tions out by the 'use in-the conpositions of agents
del ayi ng absongtémemf tiapresan invphion el pharmapvnhertiyacemtahlesalttharef, digsolyed n.

St I t I
'corer{)euﬁdlsn%ﬁctag ot?@ggﬁrgeéfdons G ‘{)HE? aﬁcegXopr|£?§Pés[gd?dr%ﬁtl%v]\]§tnaéa5/arl ous of

t he ot her The phrases "physiologically, pharmaceutically and/or

pharmacologically acceptable" refer to molecular entities and/or compositions that do
not produce an adverse, allergic and/or other untoward reaction when administe;ed to
an animal.

10 As used herein, "physiologically and/or pharmaceuti_cally acceptable
carrier” includes any and/or all solvents, dispersion media, coatings, antibacterial
and/or antifungal agents, isotonic and/or absorption delaying agents and/or the like. '

(, The use of such media and/or agents for pharmaceutical active substances is well

known in the art. Except insofar as any conventional media and/or agent is

15  incompatible with the active ingredient, its use in the therapeutic compositions is
contemplated. Supplementary active ingredients can also be incorporated info the
compositions. For human administration, preparations should meet sterility, |
pyrogenicity, general safety and/or purity standards as required by FDA Office of
Biologics standards.

20 The biological material should be extensively dialyzed to remove
undesired small molecular weight molecules and/or Iyophilized for more ready
formulation into a desired vehicle, where appropriate. The active compounds may

generally be formulated for parenteral administration, e.g., formulated for injection

via the intravenous, intramuscular, sub-cutaneous, intralesional, and/or even .
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10 ingredients enunerated above, as required, followed, by filtered
sterilization. Generally, dispersions are prepared by inco @rdANd@UEhe
various sterilized active ingredients into a sterile vehicle which
cont ai ns t hwdnesizezz3di sper si on nedi um and/ or the required oqﬂgﬁUQHQLQQ|ents
fromthose enunerated above. In the casgrof sterile powders for the
preparation of sterile injectable solutions, the preferred nethods of 15
preparation are vacuumdryi ng and/ or freeze-drying techni ques which yield a
powder of the active ingredient plus any additional desired ingredient
froma previously sterile-filtered solution thereof. The preparation of

nore, and/ or | for dire ction is al so
cont enpl at ed, I~E\/\/%g&e\ﬁt? egpﬁoégésoﬁh%%% aast%slo?g@'ln 1S PERIN &oglisg]#g(?olﬂamraesul t in
extrenel y rapi tﬂexﬁpﬂﬂicmﬁ effectivéiniontt dfte RiabldcgeRALEbRA I BESInISniRh o he
active agents to a small_tunor area. Upon_ fornulation, solutions will be

adni ni st ered iBpaEmaRsHiAely %?ﬁé’?lfv' palis thereof asie %Wﬁwmqrm@mtor in
such anount a%ﬂﬁ;é]&%%&@‘{ﬁ f ls¥in nﬁﬁeezﬁf in\ifeht %ﬂﬁe gapers la?sci Osﬂgq, aIIr g_@s' ly

adm nistered in a variety o osa e torns, Pabl e
sol uti ons desmclbeminphuivcms danﬂ:eqbrapgrad@lsaqs&atﬂaqosﬂha&s aqtﬁﬂ&biut%ﬁs &xﬂﬂoﬂ i ke

can al so be em e¥1ed FOE arent er adm nistration_in an aqueous sol ution,
for exanple, t SIgR%SPET T e E forpsing i prepaierselubigns andier-aisreRpipnand/ or

the Iiquid dilyeptndiddgton 6%@%@@t@@¢tfon%ha1s%fegm gﬁ% aﬁd’flnl[tﬂgl and/ or

glucose. These particul ar aqueous’ solutions are esp Sul e for
i ntravenous, lmmaaah@ssamaalsotabmuimi@ous and/ or 30 intraperitoneal
mnistration. In this. ection an, be

l oyed will be known t acc?fm%qj&?rfns Swti?“ﬂ%%éﬂ?lem “@%F“’@%et“i‘?@lepr esent

dl scl osur g0 Sldﬁ%uﬂsﬂiﬁﬂ&ﬂfﬁiﬁ/&ﬂ%rﬁ&is rnihdh 2R dINE s@z?a{rﬂe'z@i??peﬁﬁlt 011
PCT/ 14501124377 ., For exanpl e, one dosage could be dissolved in

i sotoni ¢ NaC 13nd/8F aquesys Brapyisme sbicel erd/srmterde powdemdorihe Gﬂehsppwmocl ysi s

fluid andlor o aeiied dthicei R RRSE Rl faqsf] SO o368 IR B3P ©

"Rem ngton's maceuti c | ences
must be sterile and/or rust be fluid to the extent that easy syringability exists. It must

be stable under the conditions of manufacture and/or storage and/or must be preserved

15  against the contaminating action of microorganisms, such as bacteria and/or fungi.

Solutions of the active compounds as free base and/or
' pharmacologically acceptable salts can be prepared in water suitably mixed with a
surfactant, such as hydroxypropylcellulose. Dispersidns can also be prepared in
glycerol, liquid polyethylene glycols, and/or mixtures thereof and/or in oils. Under
( 20  ordinary conditions of storage and/or use, these preparations contain a preservative to

prevent the growth of microorganisms.

Macrocyclic lactones of the present invention can be formulated into a
composition in a neutral and/or salt form. Pharmacentically acceptable saits, mclude
the acid addition salts and/or which are formed with inorganic acids such as, for

25  exampie, hydrochioric and/or phésphoric acids, and/or such organic acids as acetic,
oxalic, tartaric, mandelic, and/or the like. |

The carrier can also be a solvent and/or dispersion medium contﬁining,
for example, water, ethanol, polyél (for example, glycerol, propylene glycol, and/or
liquid polyethylene glycol, and/or the like), suitable mixtures thereof, and/or

30  vegetable oils. The proper flnidity can be maintained, for example, by the use of a

coating, such as lecithin, by the maintenance of the required particle size in the case
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pages 1035-1038 and/or 1570-,1580). Sone variation in dosage will
necessarily occur 5 depending on the condition of the subject ﬁeidmgq 2005
treated. The person responsible for admnistration will, in % y even?,

determ ne he,ApRsPpriate dose for the individual subject. pdhgsimEsecyclic
| actones of the present invention may by fornulated wthin a therapeutic

m xture to conprise about 0.0001 to 1.0 mlligrans, and/or about 10 0.001
to 0.1 mlligrans, and/or about 0.1 to 1.0 and/or even about 10 mlligrans
per dose and/or so. Miltiple doses can also bead nimdi ~s tered. Various
routes of admi nistration are contenplated for various tunor types. For

practically any tunor, system c delivery is cqontenpl ated,. prove

This w ||
especi al | y i npbdispersionand/er by # ueg oﬁﬁ%ﬁ%@éﬂ&%@%ﬁ@@l&&@&ﬁ@é@%@‘ér. Wher e

di screte 15 tunor nas ' L 1 -var.,l ' 'f:ﬁr%% | and
regi onal appr Brﬁ%rﬁ’gggaﬁl%?lg%\érégg Ek&e’lﬁm i&l_%iru ?g;’zg%jp?‘%,ahtﬁ h%“%arimq}lrﬂ/rgrlcaéfgle | I?ect |y
i nj ected W t habdifts, TaCEH @I, iparabbes; tidioeobutinbl) phendiewriviaycidsthtmeragab dingforr or
to, during or after resection., FQJ | owi ntg resec i(gn, one coulg deliver the
macrocyclic | dalde IBynanycasasett 8l bgpreffrbls ta eludedsqtolf agents, loraxgmplsne ray
utilize the tuibhs ¥asgHloahith EnlbAdlNPoRHICE abdipiifh JTHAL UG Ccdniosiidfs | Nt O
the tunor Dy infecting a supporting veln or artery. A nore distal blood
suppl y route ahsbe bryghieahont by thedise imthaddinpositionsmftaigents delpying dbsofpsiom, foat ed
for parenteral adnjinistration, nt rgyenous and/ or intranuscul ar

such asg,|
i nj ection, ot FEFPEaFHREETR W&P*tﬁarﬁt@@é‘a{oéﬁlg 1

‘forms include, e.g., tablets

and/ or, other solids forggiaknadsiskslhitiahs 28 prephR sy RborpGafi fikaijeons;
t{fnme rel ease capsul es; and/or "any other formcurrently used, 1including

crenes. One neymabwwisis tharsquiredsanannt dnthe anproprialgsplygat witlevaias of the@tisr

I nhal ants, _in.the,.present inwenijo QN aqueous
sol uti ons “aesil%‘écag?% e‘b‘émerg{c} 'aﬁ%’g%’g? E%ﬁ?%&’tfﬁgé)ﬁ%%gy ﬁlﬁ%’%@é@é@%ﬂﬁ% dr ops

and/ or spr ays GeMasdly, Gopditibage propapiddpeinedpaatisg tehatiotsgrilied astive | ar i n
many respects to nasal secretions, sq.that nor_tgag ciljary. action idz

mei nt ai ned. Thegsdienis ity astule Heude vaRE NGRS e a§i¢ gispyraiop 2R endieRy/ or
slightly SUBSIILJHE&%E& iﬁxgl"éhﬁn%%orﬁ tHosd BNiA&8RA above. In the case of sterile

powders for the preparation of sterile injectable solutions, the preferred methods of
15  preparation are vacuum-drying and/or freeze-drying techniques which yield a powder
of the active ingredient plus any additional desired ingredient from a previously
sterile-filtered solution thereof. The preparation of more, and/or highly, concentrated
solutions for direct injection is also contemplated, where the use of DMSO as solvent
is envisioned to result in extremely rapid penetration, delivering high concentrations
(“ 20  of the active agents to a small tumor area.

Upon formulation, solutions will be administered in a manner
compatible with the dosage formulation and/or in such amount as is therapeutically
effective. The formulations are easily administered in a variety of dosage forms, such
as the type of injectable solutions described above, but drug release capsules and/or

25  the like can also be employed. _

For parenteral administration in an aqueous solution, for example, the
solution should be suitably buffered if necessary and/or the liquid diluent first
rendered isotonic with sufficient saline and/or glucose. These particular agqueous
solutions are especially suitable for intravenous, intramuscular, subcutaneous and/or

30  intraperitoneal adminisfration. In this connection, sterile aqueous media which can be

employed will be known to those of skill in the art in light of the present disclosure.
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WD 02/ 12223 PCT/ US01/ 24377, 40 buffered to maintain a pH of 5.5 to 6.5. In

addition, antimcrobial preservatives, simlar to those useglJi mwhb@gl m c
preparations, and/or appropriate drug stabilizers, if required, ma§
included in the formul ation. Various commerci al nasal pre | re
known anWOR 28 ude, for exanple, anfibiotics and/ or an%ﬁg%(g}%%ris
and/or are used for asthma 5 prophylaxis: Additional fornulations which
are suitable for other nodes of admnistration include vagi nal
suppositories and/ or pessaries. A rectal pessary and/or suppository nmay
al so be used. Suppositories are solid dosage forns of various weights
and/ or shapes, usually nedicated, for insertion into th}gﬁéechﬂm v&gi na
and/ or the UF6t &iataple, e Absage could be dissplyed iphux pf i5ptosls Nyfrhsefionapf/oh g/ or

di ssolve in the cavi fluids...|n general. ' ' ikl onal
bi ndr o and/ S @At oqlgeloge ?n?%?m%’%a{‘%%@g’?’”ﬂﬁgﬁ%ﬁ‘*y“?éﬁgbéﬁ*?%| s
and/or trigl ﬁfﬁ{fﬁ&&? ;(Séquexgﬁmg;sRé@{ﬂgaﬁl'gmhﬁadenﬁuﬁ(Scim" 1aihdidities

containing the active ingredient in the range of .0.5%to.i Or% preferably
1% 2% 15 -Or phedsdi0B64 1988 endloi HT0uPE0). sSrime HEteR it detige Be‘é?ﬁ%ﬂflg’{ as,

for exanple phatimcelti cabf A58 oficdaml e 356 pson Mepbiible mIgnES um

st ear at e, s 8&w et €, magnesi um car bonat e and/ or the

i ke. These . 60RORoRORY, ity cviae, donsrmind s apmopos dosudp edhdivsiua
tablets,. pi ¥ S, capsules, sustained release fornulations and/or powders.

I n certain defibjegdd enbodi nents, oral 20 pharnmaceutical conpositions wll
conprise an inert diluegf i {ofl he prA&R isvential fiagbe farndlllged t hey
r@y be encl osed in har gr@l’gér&élgfal?égﬁg%?ﬁgepati n capsul e, and/ t hey may
be~ conpr essedyitlih @ thebpetis mianek torcompsye szt BHOPhtook.B opHissams BRYLE fRP% t h

the food of the diet. For oral th L ¢, admi:ni i i
Conpounds O 0tdortH srberaiseUponL i LRI BlaribbaCy blfpREkatE
i ngest i bl e t ahl et sy bucaghiigh doakd @ alsoRakiatiniseagsul es, elixirs,

suspensi ons, Syrups, wafers, and/or the |like. Such corrcgsitions anodr/or

preparations shoul d conVaious zeut¢seaf admonisgtion axg ORI Jom{Arous fin
. percent age of the _conpositj ons - Ok 1a1ed. TRidWEH prde
vari ed and/ d@%ﬁ&gﬁz\‘fglﬁ%l n*’t“W%ﬁg‘[’ g%%%e%?@gﬂ%%?y%%@%%out 75% Qtprt he

wei ght of t heesﬂ&ii §ily important for attacking microscopic or metastatic cancer. Where discrete

15  tumor mass may be identified, a variety of direct, local and regional approaches may
be taken. For example, the tumor may be directly injected with the macrocyclic
lactone. A tumor bed may be treated prior to, during or after resection. Following
resection, one could deliver the macrocyclic lactone by a catheter left in place

_ following surgery. One may utilize the tumor vasculature to infroduce the

- 20  macrocyclic lactone into the tumor by injecting 2 supporting vein or artery. A more

distal blood supply route also may be utilized..

In addition to the compounds formulated for parenteral administration,
such as intravenous and/or intramuscular injection, other pharmaceutically acceptable
forms include, e.g., tablets and/or other solids for oral administration; liposomal

25  formulations; time release capsules; and/or any other form currently used, including
cremes.

One may also use nasal solutions and/or sprays, aerosols and/or inhalants
in the present invention. Nasal solutions are usually aqueous solutions designed to be
administered to the nasal passages in drops and/or sprays. Nasal solutions are prepared

30  so that they are similar in many respects to nasal secretions, so that normal ciliary action

is maintained. Thus, the aqueous nasal solutions usually are isotonic and/or slightly
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and/ or preferably between 25-60% The anount of active conpounds in such 30
t herapeutically useful conmpositions is such that a suitable psggﬁimmSI be
obt ai ned. SUBSTI TUTE SHEET (RULE 26) 2 7 JAN 2005 WO 02/122

PCT/ USOL/ 2434 (2122434 The tablets, troches, pills, capsules apgh@soihgs] i ke
may al so contain the followng: a bindgr, as gumtragacanth , acaci a,
cornstarch, and/or gelatin; excipients, such as dicalcium phosphate; a

di sintegrati ng agent, such as corn starch, potato starch, alginic acid
and/or the like;, a lubricant, such as magnesium stearate; and/or a 5

sweet eni ng agent, such as sucrose, |actose and/or saccharin nay be added
and/or a flavoring agent, such as Eﬁf ermnt, oil of w ntergreen, and/or

cherry fl avor ibwgferedWhamnintdie apbkeffes Iodditios, atipagebipkpreservaliys, sweni n,

in addition to nmterial.s of, the ove tvy |.L gyl arrier  Marj

other material' rﬁ??&?/“i? &) @%%Fu%grggggﬁntﬁg%@%%rwg%d%ﬁrsl{ealr){\?\{zgrg’ %ﬁﬁ#@d’t he

physi cal for mgfy tdifcidasasthe Pithulafiod. Viridug be8meichi) hadas prepstativrslage kndng/ or

capsul es may be coated with shellac, sugar and/or both. A syrup of elixir -
a

may contain t reedégs incindefonpwmnle aaiipipbesand/er antdystasniaes ang/ongeays

and/or pr pylﬂasraga«;&s as preservatives, a dye and/or flavoring, such as
cherry andfor 5I§We “flavor. In certain enbodi nents of the present

i nvention, the use of [ ijddiionkdfdmmuktibad whinls aaditabie foanthenmpsdésad | s

contenpl ated for the jintroduction of the macrocyclic |actopes of the
present i nventadBHnigFation nchiiesgeinabup O%QEWJQ’E’F&%%FGFSA?H@PW&Y?H °Thost

cells. Lipid fsﬁhgﬁégtwlﬂﬁﬁlm u&&.hsf@%gwﬁ aiTRY i@ EosBES RAMS Bf PiioulWel2fids

[ known in posone” a generic term enconpassing a variety
of-"si ngl e and and®r shapes, nawadly nzadidated] fbrimskitioh e¥o thereatembyaginasmglon theardtlun. of

| osed Lipid fil.a | gates. Li b terized
havi ng. vedObul AR ieon, roeoRiots SR bRrT S T8 PR, sfn
i nner aqueous egdiphMitoribd! irbditisA@ibirders. aniipeeAHES nlaghechidd, firk&nplepi d | ayers

separated by aqueous nedium They form spontaneous|y when phospholi pids
are suspended nolyairyleeeivelsgnd/sg trighyrstidess sich spppositorics may be formed from

mixtures containing the active ingredient in the range of 0.5% to 10%, preferably
1%-2%.

15 ' Oral formulations include-such normally employed excipients as, for

example, pharmaceutical grades of mannitol, lactose, starch, magnesium stearate,
sodium saccharine, cellulose, magnesium carbonate and/or the like. These
compositions take the form of solutions, suspensions, tablets, pills, capsules, sustained
release formulations and/or powders. In certain defined embodiments, oral

(" 20 pharmaceutical compositions will comprise an inert diluent and/or assimilable edible
carrier, and/or they may be enclosed in hard and/or soft shell gelatin capsule, and/or
they may be compressed into tablets, and/or they may be incorporated directly with
the food of the diet. For oral therapeutic administration, the active compounds may -
be incorporated with excipients and/or used in the form of ingestible tablets, buccal

25  tables, troches, capsules, elixirs, suspensions, syrups, wafers, and/or the like. Su_ch

compositions and/or preparations should contain at least 0.1% of active compound.
The percentage of the compositions and/or preparations may, of course, be varied
and/or may conveniently be between about 2 to about 75% of the weight of the umnit,
and/or preferably between 25-60%. The amount of active compounds in such

30  therapeutically useful compositions is such that a suitable dosage will be obtained.
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25 The |ipid components undergo self rearrangenent before the formation of
closed structures and entrap water and dissol ved sol utes be'tz\l\ﬁen Mkﬁ éhi pid
bi |l ayers (CGhosh and Bachhawat, 1991). However, the present in e‘t% 03 so
enconpasse sitions that have different structures i ﬁ% ' t han

t he nor mal a’\pe@)]g&%ar structure. For eggrrpl e, the lipids rrar])y asésbg}r%gﬁ%
mcellar structure or nerely exist as nonuni f orm aggregates of lipid

nol ecul es. SUBSTI TUTE SHEET (RULE 26) 2 7 JAN 2005 WO 02/12223

PCT/ USO /2437 7 42 Liposones within the scope of the present invention can
be prepared in accordance with known | aboratory techniques. In one
preferred enbodi nent, |iposones are prepared by mxing |iposomal |ipids,
i'n a solvent in a contafThetabless, troche, pitik,aspsulgscmdios Heple hiwalke coffiain the

cont ai ner shoul d have a volune ten-tines greater . than &tgel vol une. o{ t he
expect ed sus p@]@%?g@fblﬂeﬁtﬁtﬂﬁ‘ﬁkt.mﬁ%i’“ﬁng’ agaGiR; COTIStAICH, SRV 820E SECIPERISy e nt
I's removed at | BGtcURdRIntEE ARl Men) BRRSEEm stAEh,SRtE Btarc
normally is r%‘%g\%gmv%n%rﬁhm%%outeﬁ minn."tog!Z ours, dependi n%sﬂgn t he o

desi red vol unelgind adié end/bpihe dilresa lubticant,comply 83 magneswanstparatgr msdorfaur t her in a
desi ccat or_under vacuum , The dried l.ipids neral | r i r fter
about 1 webk DUESIGNRE pgenk SPeharsHeTPse.Jactqry a&gﬁ’élﬁ?cgbgﬁel%a b g a@?%ea%fl%ﬁgt he
alternative, Ri nC ALhRA pPHRRRLR il Bf WEERERaNGadr therpt fidoringnown

| aboratory procedures: fhe e hlf)_d o?xﬂhangham %l?,at, (1965), the .contents of
whi ch ar e’ i nc¥Whsarthe dobage el fortis peppsul tanay spatainin addilen ty wasrlaaf the s
described in DRUG CARRI E I|.N_BkOLOGY _ , Ladi.s ed.
(€£979) pp. 153887 @ﬁ?htqﬁgscc?gmr'e rl}’tcgsﬁ o6t o%rl I@@%ﬂg | cbg%%%f%&roh%%g in by
reference; t hgnd/Bi o QhdriviseBRsiiB the phlysidil form( df3R3Josagdrenit aFdrentiancef tabllatsc h

are incorPorat ed by reference; and the reverse- has& egaﬁgration t hod as
descri bedi®y Bilskandircapapenias perateiovith shpilay, sugarand/op pethe & S5 hods

differ in thel,GaRGEhEYE: Mtddobfids LitrRBLE ARweddiROMEnlBlol ly/gnd their

respective aqueous space-to-lipid ratios. 20 A physiological conposition
conpri si ng t herdpylpasbersaspreservivas,laydye and/or flavoring, such as cherry and/or orange

flavor.
In certain embodiments of the present invention, the use of lipid
15  formulations and/or nanocapsules is contemplated for the introduction of the
macrocyclic lactones of the present invention or pharmaceutically acceptable salts
thereof into host cells. Lipid formulations and nonocapsules may be prepared by
methods well known in the art,
- "Liposome" is a generic term encompassing a variety of single and
Q 20  multilamellar lipid vehicles formed by the generation of enclosed lipid bilayers or
aggregates. Liposomes may be characterized as having vesicular structures witha
phospholipid bilayer membrane and an inner aqueous medium. Multilamellar
liposomes have multiple lipid layers separated by aqueous medium. They form
spontaneously when phospholipids are suspended in an excess of aqueous solution.
25 Thelipid components undergo self-rearrangement before the formation of closed
structures and entrap water and dissolved solutes between the lipid bilayers (Ghosh
and Bachhawat, 1991). However, the present invention also encompasses
compositions that have different structures in solution than the normal vesicular
structure. For example, the lipids may assume a micellar structure or merely exist as

30 nonuniform aggregates of lipid molecules.
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i nclude a sterile, pharmaceuytically acceptable carrier or diluent, such as
water or saline solution. The present invention also provides kits
conprising the macrocyclic |actones of the present inventionZdr JAN 2005
phar maceut i,.gal ceptable salts thereof. Such 25 kits w | y
contain, i r}g 3#’¥2§gfe contai ner neans, g,pharmaceutically acgggﬁ%ﬁééw’
formul ati on of the macrocyclic | actones of the present invention in a
pharmaceutically acceptable formulation. The container neans w |
generally include at |east one vial, test tube, flask, bottle, syringe
and/ or other container neans, into which the macrocyclic 30 | actones of the
present invention. fornulation are placed, preferably, suitably SUBSTI TUTE
SHEET (RULE 26) 2 7 JAN IZp@omA® Wit #2223 RETheSErdR 48/t ion Garald preparedin The

kits may al so conprise g second container, neans for containing a _ sterile,
phar maceut i calacgergarcs bk %@8@‘%&9@?‘18%33% P{Fg ‘?fefﬂnléo‘%nf’gt’ of the
present i nventﬂpggo,iﬁ%gndéﬁgﬁ.g?egw ARk lipoRGhntOEpias, e a BStvEmiin aGeifaiicRied ot he

vials in close“con r “commerci al sale, such as, e.g., injection 5
and/ or bl ow nudlabegheat-sisipied flasint Eheemtainarshowld bate a vielumgden-tiogs gregfes thane

tai ned. | ti f th nb d/ t . tal |t f
the { nvens! orierEgruime o8 temebRr 68 Suareor iR e iR Bpef e ot ©
for assisting g Wehtistdifotdd £ abproR{rAdely RSt LAddroRgANG/ REssea TRROIveR T he

ultimate the nmacrocyclic. lactones of "the present invention or |
phar maceut i caldoymaltgsptmblel withinsabphef wof. tol tiais, dependiag vodhe dasirad velnmaal .

Such an instrunent _may be syringe, pipette .fonceps, .and/ or such

Sdi cal |y appr‘g\;g%h% W%r?h@%q{p]&%éﬁoq%ﬁﬁpgg}edtﬁg{ eﬁp %gessé&ta ﬁ)é melg‘%}é’gf" Wéness
of-t he macr oCygld &iddapidRneRily bhedisdk@aeler kb€ 1tweek betduseBfa badersit abl e
to conbi ne these conpositions Wth other agents effective in the treatnent

of hyper pridl i fdstexiokatewildlitsmaise, such as. anti-cancer 15 agents. An .
antl-cancer” agent 1s %Qﬁ‘glxl?erﬂiti@eﬂﬁ&sb%% Yarfhd a&g%dr&ﬂincﬁﬁsﬁané% 5&59:{ ect,

for exanple, by killing cancer cells," 1T nducing apoptosis 1 n cancer cells,

reduci ng the known laboratory procedures: the method of Bangham e al. (1965}, the contents of

which are incorporated herein by reference; the method of Gregoriadis, as described
in DRUG CARRIERS IN BIOLOGY AND MEDICINE, G. Gregonadis ed. (1979) pp.

15  287-341, the contents of which are incorporated herein by reference; the method of
Deamer and Uster (1983), the contents of which are incorporated by reference; and
the reverse-phase evaporation method as described by Szoka and Papahadjopoulos
(1978). The aforementioned methods differ in their respective abilities to entrap
aqueous material and their respective aqueous space-to-lipid ratios.

20 A physiological composition comprising the liposomes will usually
include a sterile, pharmaceutically acceptable carrier or diluent, such as water or
saline solution.

| The present invention also provides kits comprising the macrocyclic |
lactones of the present invention or pharmaceutically acceptable salts thereof. Such

25  kits will generally contain, in suitable container means, a pharmaceutically acceptable
formulation of the macrocyclic lactones of the present invention in a pharmaceutically
acceptable formulation. '

The container means will generally include at Ieast one vial, test tube,
flask, bottle, syringe and/or other container means, into which the macrocyclic

30 lactones of the present invention formulation are placed, preferably, suitably
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growh rate of cancer cells, reducing the incidence or, nunber of

nmet ast ases, 'reducing tunor site, inhibiting tunor grow h, gf?u;i@ﬁg@ge

bl ood supply to a tunor or cancer «cells, pronoting an immun e 6

agai nst canwere2qetlss or a tunor, preventing or 20 inhibiti %f/@ﬁnnuw
progression of cancer, or increasing thgylifespan of a subject wth cancer.
More generally, these other conpositions would be provided in a conbi ned
anount effective to kill or inhibit proliferation of the cell. This process
may involve contacting the cells with the macrocylic |actones and, other
agent(s) at the same tine. This may be achi eved by contacting the cel

with a single i t4 op..or 25, pharmacol ogi cal fornul ati on that .i ncl udes
both agents, O@B@Q@.O%‘bgg{tg%ng ta}fg CREPESGHF P onﬁﬁ%ntalpg{ MEMS IHEARMARIEE 8ns or
formul ations, sériléPhasBaeeuttaltli dcbeit@nt vhffeandM SRR QilR&R, conposition

I ncl udes the nmacrocyclic |actone and the other includes the second

agent (s). Cancer ther api B&¢ kisofithepigamnt mveationewill dfo typidatlyandlats atthema fivres

ith 30 both chem: - adi at | t 1 eat ., Conpi nat i .
Cher not her api Sonaiig thetidts i ol (AR ol LGRRORIN S0 ERaE & corBprtian ¢
(CDDP), carshopindior blovsnR$dddldE cSofainetRtdswRR) the JesiédvRA05. Qi1 12223

PCT/ USO1 /24377 44 procarbazi.ne, —nechl oretham ne, cycl ophospham de,
cani pt ot heci n, i f osf am dEESPeFEV A Rumberang/of iynecef containgss, itheddts ofier osur ea

, dactinonyci AN isE AR Gl N Q?ﬂ{y ' i ci.n,.

m tonycin, et 2?)_‘66;1 thg M(y\%élo%d?n%n;?rbm détﬁ)l,e%%%alggé(i eh@'ﬁggﬁ%gégﬁ}/?ﬁé%ﬁ or

bi ndi ng agent svith thg ahjectyeviaininisiretion aral@iplacement aff the altimdie leahRidtyclic
t(é’nsferase [ ngi tgi tor transpl atinu 5-11 uorL our acil, _vincristin,
Wbl astin andWRESREHIEEISEL mVEpIcR R plAmpas LRIl appeplable ol Sereimiin { he

f or egoi ng.10ThehCRIMYI MG SniBN. @u@@a@&s&ﬁﬁ@nﬁﬁﬂﬁﬁ@@@yﬁﬁ%@@%&#?@%{%{ﬁf%(frl .

I mrunot her apeutics, generally, rely on the use of”
and nol ecul edny srahgpedicallyeppiiesddglivessivekiclecel | s. The i nmune ef fector may

2 turor ool I The. ant AR B rbRRaR bedrbahveBOTs B Eratyr Herbragblie i ¢
may recruit omgﬁaentdairdmiohpit may be desirable to combine these compositions with other
aéents effective in the treatment of hyperprolifefative_.disease, such as anti-cancer
15  agents. An *anti-cancer” agent is capable of negatively affecting cancerin a subject,
for example, by killing cancer cells, inducing apoptosis in cancer cells, reducing the
growth rate of cancer cells, reducing the incidence or number of metastases, reducing
tumor size, mhibiting tumor growth, reducing the blood supply to a tumor or cancer
'_ cells, promoting an immune response against cancer cells or a tumor, preventing or
(\ 20  inhibiting the progression of cancer, or increasing the lifespan of a subject with
cancer. More generally, these other compositions would be provided in a combined
amount effective to kill or inhibit proliferation of the cell. This process may involve
contacting the cells with the macrocylic lactones and other agent(s) at the same time.’

This may bf; achieved by contacting the cell with a single composition or

[ %]
n

phammacologicai formuiation that includes both agents, or by contacting the cell with
two distinct compositions or formulations, at the same or different time, wherein one
composition includes the macrocyclic lactone and the other includes the second
agent(s).

Cancer therapies may include a variety of combination therapies with
30  both chemical and radiation based treatments. Combination chemotherapies may

include, for example, macrocylic lactones, cisplatin (CDDP), carboplatin,
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actually effect cell 1.-illisng . The antibody also may be conjugated to a
drug or toxin (chenot herapeut i c, radionuclide, ricin A'chai n.2 ¢hgdfr 2005
toxin, pertussis'toxin, etc.) and serve nmerely as a targeting agent.

Al ter I’latIVQJ,d 418 ef fect or may be a 15 | ynphocyte carryi ngpargudifiase
nol ecul e t hat |nteracts either directly or indirectly, wth a tunor cell

target. Various effector cells include cytotoxic T cells and NK cells. 1In
yet anot her enbodi nent, the conpounds of the present inven tion may be
conbi ned with gene t her apy in which a therapeutic pol ynucleotide is

adm ni stered before, after, or at the sane tinme as the macrocyclic | act one

of the 20 present _i nventi of . a vect,or of the
fol | owi ng gen®5RER E’&Fsmegﬁ?‘ietq}%ﬂ E‘Bﬂlbqsﬁlé%mgﬁﬁan}’i&?} ¥ ’d?qsf 4%i ve

effect on targeliss Hﬁl%rmﬂ]fhchhﬁusflﬂah%ﬁ&ﬁreasﬁé“cttﬁ@ﬂ?cmg&ﬂﬁférdﬁiﬁlﬁh can be
used in gene t eI?apy In conjunction with admnistration of the macrocyclic

| actones wi | | dbrordbmin, bisediychn mlleommphammmﬁcmm’immivﬂﬁ) b%nomﬁm ni st ered
together with X sion _constru CcO r| g L es

gene, such as! 61%1? o‘?‘%qgﬁ‘? f‘-’é’&P‘PB{’ "t%Hbg N%S qp&%ncdéﬁ% "ﬁ@’ y?hat
may be enpkoy \A%iﬂotaﬁqa{s@érﬂ& hRibithR, Raepeinun)Y-EhiotdiRacil, Pilcksten, RﬁlbiaédﬁCan@CC
NF-1, NF-2, MEN- | | zacl, p73, V H., MWAC / PTEN, DBCCR-1,

FCC, rsk-3, pmmommpb@wwmr degyativg yarianiif ginsforegeing - t hr orrbot i c genes

(e.g., COX-1, TFPI , P ew%;?\un{ﬁzrg%mgbeuskeaxg tl{fl?\?/gxaﬂlﬁlﬁﬁuno é) glfsl_ns

trk, ret, gsp, list, a enes i Vo I'n"angl 0g

(e.g., VEGF, Mﬂbfﬁbﬂ_@eﬁkﬁﬁgedem%raﬁbn ﬂl&hs&éﬁhﬁﬁﬁﬂé/‘ﬂfﬂ‘%ﬁﬁﬂi&d
CT/USC]/Z 4377 45 FGF, tliraompospondin , BAT-1, GDAIF,_ or tkh f?é
recept or s) an@lmlesttﬁéafgﬁémzieﬁf‘&f eanger oelsyi The & ey effggipr pr ot ease

genes. ﬁéhergﬂﬁ@u?%ﬁm@wﬁﬁ@fm%@ﬁe aﬁ?e?%ht J‘éi@ﬁfzﬁef‘a ARvor'2ei.UgRd 1N

conbi nation w gery s contenpl ate at other agents may be
used in conbi anatibwly aldtehmay m‘rqaasese«cﬂfectmwéﬁterm arét apreswet other ceHetoapeut i ¢

o1 026y O el TR LARRhy BEERLS N5 TVIRTRA AL o
{chemotherapeutic, radionuclide, ricin A chain, cholera toxin, pertussis toxin, etc.)
and serve merely as a targeting agent. Alternati\}ely, the effector may be a
15  lymphoeyte carrying a surface molecule that interacts, either directly or indirectly,
with a tumor cell target. Various effector cells include cytotoxic T cells and NK celis.
In yet another embodiment, the compounds of the present inven tion
may be combined with gene therapy in which a therapeutic polynucleotide is
administered before, after, or at the same time as the macrocyclic lactone of the
( 20 present invention. Delivery of a vector encoding one of the following gene products
- will have a combined anti-hyperproliferative effect on target tissues. In the following
sections, genes which can be used in gene therapy in conjunction with administration
of the macrocyclic lactones will be described. For example, the compounds may be
administered together with an expression construct comprising a tumor suppressor
25  gene, such as, but not imited to, the p53 and p16 gene.
Other genes that may be employed according to the present invention
include Rb, APC, DCC, NF-1, NF-2, WT-1, MEN-I, MEN-II, zacl, p73, VHL,
MMAC] / PTEN, DBCCR-1, FCC, rsk-3, p27, p27/p16 fusions, p21/p27 fusions,
anti-thrombotic genes (e.g., COX-1, TFPI), PGS, Dp, E2F, ras, myc, new, raf, erb,
30 fins, trk, ret, gsp, hst, abl, E1A, p300, genes involved in angiogenesis (e.g., VEGF,
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upregulation of cell surface receptors and GAP junctions, cytostatic and
differentiation agents, inhibitors of cell adehesion, or ag%?qu%mﬁ%MS

i ncrease the 10 sensitivity of the hyperproliferative cells tTo apoptotic

i nducers. woespoessodul atory agents include tunor necrosis &@ﬁﬁﬁfi 77
interferon al pha, beta, and gamma; . L2 and ot her. cytokines; 42#77 and
ot her cytokine anal ogs; or MLP-1, MP-lbeta, MCP-1, RANTES, and ot her
chenokines. It is further contenplated that the upregul ation of cel
surface receptors or their ligands such as Fas 1 Fas ligand, DR4 or DRS
I TRAIL 15 woul d potentiate the chenotherapeutic abililties of the present

I nvention by % tahli shment of an autocrine or paracrine effect on
hyper prol i f er at Bfetheampespopdiss Badds GDAF eprdbeir ticaptoss) gndMG(G thy Belk2pmitdimg

t he nunber of \R [ Of: ' the anti-hyperproliferative
effects on theﬁr%\lglh}g%%%%’ia%g%ﬁypereg}r%@%e%@% ve cell population. In other
enbodi ments, cytostatic Purtherhifoss, et dodigonns &0RB pEeseRInRALLS Bhybe used in

conbi nation 20 with the %esent i nvention to inprove the
anti - hyer prol i PURHIARRQR Wi SHEERTY. of the treatnents. Inhibitors of cell

Mvent on. Exanpl es of ot CatRRLRRe CARIE phiR e Rbe biin BREBEMon vithas e

i nvention. Exanples of cel eSion 1 nhi rs ar cal
(FAKs) i nhi bi t epresaut ihvsrdinab imprové theitherbpoutio efficonberpltabed Thesd ot her

apopt osi o suchuEoTef abchfy PEBRy mEnbdmalvdon tens, taeets 1 aEsmshnat i on i th
apoptosis, suc _ _ , » ation wi
the present | nygagilaor 6F A8 flibtort bERGIE madrs Cfktadonal her apy
ngy; al so be used 1n conjunction with the present 1nvention or in

combi nat i on wi diffeemiiaiiathegentainhéitorefce pdehresiphporsd gentddlsat incbede thEhe  use of

hor nbnes b, [ tyeatment . of certain cangers such as

br east, 3gﬁ%r osgefl %ﬁg%tyégglfe :hgﬁ%gg?hféré W %eilrg apep, ?u%IBQ‘F%&T"PH{é‘OWQa@P‘:OGY

bl ock t he ef f exgentsdficlady fusior nebrosEGRES: ;ﬁxbﬁiﬁr@ﬁalzl@rﬁf,%@ﬁlﬁ ﬁ{dﬂh%:xﬂz%- IEStfgen.
2

This treatnment js often pﬁgd i n_SUBSTI TUTE SHE RULE 2 JAN 2005 WO
02/ 12223 PCT/ U8a§Y s; Fags apdpihaneytofnewnatoss: on MAR, MR- 1betadviCPahcer

therapy as a tRARUTRNAnPHhEPthelokihs. RV fhel Qfttdrystlited ftha?ﬁ%e%%r@g%ﬁ%bn of
cell surface receptors or their ligands such as Fas / Fas ligand, DR4 or DRS / TRAIL
15 would potentiate the chemotherapeutic abililties of the present invention by
establishment of ani autocrine or paracrine effect on hyperproliferative cells. Increases
intercellular signaling by elevating the number of GAP juncfions would increase the
anti-hyperproliferative effects on the neighboring hyperproliferative cell population.
| In other embodiments, cytostatic or differentiation agents can be used in combination
( 20 with the present invention to improve the anti-hyerproliferative efficacy of the
treatments. Inhibitors of cell adhesion are contemplated to improve the efficacy of the
present invention. Examples of cell adhesion inhibitors are focal adhesion kinase
- (FAKSs) inhibitors and Lovastatin. It is further coﬁtempiated that other agents that |
increase the sensitivity of a hyperproliferative cell to apoj)tosis, such as the antibody
25 ¢225, could be used in combination with the present invention to improve the
treatment efficacy.

Hormonal therapy may also be used in conjunction with the present
invention or in combination with any other cancer therapy previously described. The
use of hormones may be employed in the treatment of certain cancers such as breast,

30  prostate, ovarian, or cervical cancer to lower the level or block the effecis of certain”

hormones such as testosterone or estrogen. This treatment is often used in
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1.1. EXAWPLES The fol |l ow ngiexanpl es are included to deponstrate preferred

5 enbodi nents of the invention. It should be appreciated by S kil l
in the art that the techniques disclosed in the exanpl es m@?ﬁ"?"éﬁ%@

represent t ' s discovered by the inventor to functio | he
practice of‘gﬁﬁgﬁlﬁggention, and thus cap be considered .to cr}g\re@HO%%{}éﬁ
preferred nodes for its practice. However, those of skill in the art
should, in light of the present disclosure, appreciate that nany changes 10
can be made in the specific enbodi nents which are disclosed and still
obtain a like or simlar result wthout departing fromthe concept, spirit
and scope of the invention. Mre specifically, it wll be apparent that
certai n agent sombimtiommdthtad idasicinenitioalchycer Hrchpylay sitwhingint aplion odbatdute may
be substituted fqQr the agents described herein while the sane or simlar
resul ts woul dUFHSCHiTBYRYACN | such sinilar substitutes and 15

nodi ficati ons apparent to those skilled in the art are deened to be within
the spirit, scope and concept of the jnvexAMPLES defined by the appended
claims. 1.2. Exanple 1: Installation of the Enam de Side Chain The

macr ocyclic salicyl at es The folkeving esnuplen aredyclpdedde demanstptepreferredne of two

cl asses of _an unsat urated, side ghainh ,co cted yij )

i meaoe. T o e R Suebiend| oS RRTEE iRk HiBL By fRPER Al Gt

- stage in the syfeBBflses@&cosed in ihd Bearhplevhivh f6ldw réphésent thehndgitst i on of an
al kenyllithium 20a or 20b to a stereodefined E- or Z-alkenyl isocyanate

19 woul d of f ediscaecred By thedovenderdadenseionvellip the nragiiceob hedByaitionoms tny
oot bononti no ShEBEBSM o chRAME BEN{PmbRs, MPfy ¥abiiod TRHSAE those of

correspondi ng "Cc, P-"unsat urate oxy[1¢ aci drmation | 25
Curti us. rearr ghigieineid Jrt should, i liglated elssprobent discosiae, @ppreal atiethyideadPchangesHomer
Wadswor t h- Emmons_ ‘hor.nol ogation. Fl G, 4 shqus an .ex e of.side chain

synt hesi s .mTh_éa‘F Eamﬂﬁ%&l@?ﬁmﬁ? ?W{W‘%}fﬂeﬂsémﬁe]dl%ﬁ‘g%e“m%gﬁ’g agﬁ{el%t h
sal i cyli hal am_sﬂt?ﬁaﬁ 8 ARt S-Sy M tHSEnest, iendd o RS BRBMGGY 17,

3Z 30 hexadienyl halide via transmetal ation wi th t- butyllithium _Beginning
with a SUBSTI MR sgEficeliyRUWEL P pppargnt Ji cexd@s agents which are both chemically

and physiologically related may be substituted for the agents described herein while

the same or similar results would be achieved. All such similar substitutes and
15  modifications apparent to those skilled in the art are deemed to be within the spinit,

scope and concept of the invention as defined by the appended claims.

1.2. Example 1: Installation of the Enamide Side Chain

( g The macrocyclic salicylates of the invention may be decorated with
| one of two classes of an unsaturated side chain connected via a common enamide

20 linkage. This acid and base sensitive construct was introduced at a late stage in the
synthesis (FIG. 1). The inventor felt that the addition of an alkenylithium 20a or 20b
to a stereodefined E- or Z-alkenyl isocyanate 19 would offer the distinct advantage of
mild reaction conditions and control of stereochemistry. Isocyanate 19 was derived
from the corresponding a,B-unsaﬁlrated carboxylic acid (acyl azide formation /

25  Curtius rearrangement), in turn accessible from a C17 aldehyde 22 via Homer-
Wadsworth-Emmons homologation. FIG. 4 shows an example of side chain
synthesis. |

The required alkenyllithium fragment for the synthesis of both
salicylihélamides and apicularens was derived from the corresponding 17, 32-

30  hexadienyl halide via transmetalation with s-butylithinm. Beginning with a
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WO 412112223 PCT/ US01124377% 47 Sonagashira coupling of Z-1- brormbutene
(23) with trimethylsilylacétylene, enyne 24 was obtained in Egﬂ 5@5
Exchange of the silyl group with iodine or bronine (NS &N

acconpli sh e presence of AgNG3. Although brom de 2 I.sQl at ed
as a pure %Jggﬁ%{} t he correspondi ng7iodi de 25 had SUCC%[%@@S(P&§§§HI8J
5 isonerization of the doubl e bond (Z: = 4:1). This ratio was reversed
during the subsequent reduction (i. Cy2BH, ii. HOAc) of the,triple bond
in 25 whereas only partial isonerization had occurred during the
correspondi ng reduction of bromde 26 (28, Z:E = 4:1). The subsequent

transnetal ation / isocyanate addition not only, proceeded w thout further
i-somer i zat i onSendgashirfdogplingiof Frd-hremeburndd@§) Wﬁbﬂ%ﬂléthbfhﬂyléﬁﬁtibﬂ%@ﬂm% n

N-(E-styryl)- he di ena h | ﬂ[ﬁﬂl

Sal i cyli hal arﬁ’ia ame%ﬁ}faﬁ%nﬁé&a%b%é@ng ﬁgﬁ}u? e\gﬁé and ° @omfner{le
Protocol s It weNBEheAs AeeRpEshed hehspmRidhes b2 AgNDe. mtnmgmﬁbm@e I6wes of the
salicylihal am des.” A connectivity analysis pointed to two eq

attractive rolspkéedasa pursZicompauad iy orespondmedodidy 25-had S‘Fqcpg’tbe%é@%ﬂéfét ur ed
an esterification L0 MeLA orth the
Co-d O bongd afd Ot f Aetlroed) ft%g&) A&%@%@g@ }%5‘" 4'nlc}per a:r?gc?]gvﬁs ge?g% ‘?g&?ﬁ ctgnbl ned
wi th functi onalbseqietpredodtnah Gy, BRahHGAC) bbthewkple bondin 28 Wheiesnmty as wel |
as stereoselectivity (Evs Z) for diumto | ar e rJn 9‘%'\5 'ng meé%%?eses
are substrat eP%}‘éﬁblﬁ@B?ﬁzatlmlPéﬁl RERURP Idy"m%thelfafr opding| oR pplarony i ng
20 of a stere Qs @Hﬁ@é‘&dcﬁéoﬂ%&*b nzylic
b(om de 34 ggel;l eﬁcglhggﬁ‘%éeﬂ@éngﬁa na]ﬁ!rllt!tldgr?al%{:e of olefin gteg%try (Path
B)~" | nport ant bz;opeededtmﬂmw furthgr issmenzationg dut effecteddberrminiabk ey ivansfgrmetion s or

36, adding_ flexibili nt. ere.is versatility in the
avai | abl el'dpt Foo%a’flé‘? X%?thgg?p}?q'}ﬁﬁl ‘a‘@i@mm%g egqf a particular C 12-C13
al dol bond construction was singled out fromthe outset for 25 the

fol | owi ng reasons3. Kxamads0okuli@ limdmiddseEipleratioeoffamanniSynthesisnnde
controlled by the use. of canphorsultamauxiliaries, and (2) a
functionalized ClZeupbiagProiaels (carboxyl ate or hydroxymethyl) nmay prove
useful as an additi onal It%%&ﬁéc@@a%%?nth&&zéiﬁ& BEERIRINB eHlAdt thE obes for
node- of -action studies. .

sahcyhhalam1des. A connectivity analysis pointed to two equally attractive routes for

15  its assembly (31, FIG. 4). The first one featured an esterification / inu“amolcpular

olefin metathesis sequence to form the C9-C10 bond and offered the advantage of
operational _simplicitjr combined with functional group tolerance (Path A). However,
the efficiency a§ weli as stereoselectivity (£ vs Z) for medium to large ring-forming
( metatheses are substrate dependent. Alternatively, a Pd(0)-catalyzed cross coupling
20 of a stereodefined E-a]lcényl organometallic fragment 35 with benzylic bromide 34
joined the C8-C9 bond with maintenance of olefin geometry (Path B). Importantly,
both strategies convefged to a common alkyne precursor 36, adding ﬂexibility to the .
synthesis. There is versatility in the available options for synthesizing fragment 36
but a particular C12-C13 aldol bond construction was singled out from the cutset for
25  the following reasons: (1) absolute and relative stereochemisiry can be controlled by
the use of camphorsultam auxiliaries, and (2) a functionalized C12-substituent
(carboxylate or hydroxymethyl) may prove useful as an additional handle from which
to develop molecular probes for mode-of-action studies.
Although related to salicylic acid, fragments 32 and 34 are not be
30  easily obtained from a salicylic acid precursor. To access benzylic bromide, a de

novo synthesis from non-aromatic precursors was performed. Indeed, by stirring a
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Al though related to salicyligc acid, fragnents 32 and 34, .are_not be, %0
easily obtained froma salicylic acid precursor. To access 2 en\i\ﬂl pis)
brom de, a de liovo synthesis fromnon-aromatic precursors was perforned.

| ndeed, by @id g @ SUBSTI TUTE SHEET (RULE 26) 2 7 JAN ZGOIE‘{M%(H??A#%ZZB
PCT/ USO I/24377 48 m xture of 1-methoxyg-1, 3-cycl ohexadi ene w th

ethyl propiolate (40) at 170C, a Diels- Alder reaction takes place (41),
which-is followed by a pericyclic extrusion of ethylene yielding benzoate
42. A radical brom nation conpletes the synthesis of benzylic brom de 34
in 50%vyield for the two step sequence. On the other hand, 5 derivative. 32
was obt ai ned from 2, 6-di hydr oxybenzoi ¢ acid After preparation of the

known aryl tri fixites of4-mef 1$ti}’"lll3e036‘dﬁdmﬁﬁdigﬂev\ﬁ hWIthmhyl piopiletp (4Q) ah hAHE, a
o er T el D A Bl (R Bl AR whifn BSEnAb 6 o PESQUCRE Bharfiiod & ©

material with P

transesterifi cahilene wetdmg:mmmmm faﬁio@ﬁb@nﬁﬁat@ﬁ@b@p&tes(th@sy’rﬁl)esmFdfna| ly,
protection of the phenol and pall adi umcatal yzed deprotection of the 10

ally | ester phayiebropddedt in Hbyiedkd forvhe tvmestqzseqm@ ufhepther handsr j ¢ j cal
to avold Gonl HoRbl: {gfgﬁ%gﬁr %%H%fﬁﬂ?%ncﬁh dHBgy h%xf&@saaga;fs AR ERBarifioRbe" ! S

fromreadil'y a Pre ntw s

1, 3- pr opanedi Ofhe (chown M@lﬂmﬂﬁHﬁﬂ 4 Sh&lb&@ﬁn@mthl allyltri§uE¢IStanAane iDivifdcedifie3,
CH2Cl 2, -78C). Aldol reaction of de. 47 th thepﬁorgl enol ate 15

e
derived from 201r<ﬁ%1& PHpSiREn &%%&mlg 4% Gaoent 9 QB%‘&P*&B {he fragnssium, o
aI dol  product gy oﬁll?pﬁcdﬂo? %meg@ 3 Hahﬁfﬁgﬁgzﬁmn with éRkbQitarktelSade®f acetone

cfystal |l ographi ¢ anafysis o 48 revea Its absol ute configuration.
‘dehyde 37, opbaiSheBindlip paoteciiorsbfthe phamliand palladfunpcatlye¢ddepadtaction of the

derivative 49, was subj ec to.a stereosel n-al doJ. reactjion with
he ©1tanitin cHBI S8 DT eS Berolntas SoRAe Jom YR SSTEOGoI RGP AEIZ0 36
Only a single éjdr%%x 8hR B BE doabledohg detected b y'H NVR-anal ysis of the
crude reaction ture. Protection followed by reduction (LiEt3BH) of the

N-acyl sul fonanm de 51 dEhd wﬂmmmﬁaﬂamy 3aIstaoin dlonbzadilvavailable aldshyda 450 and
gngz 23 ;) _ ' educlgljeoar}e %ﬂ tI\Ex;o s%'}:'}s frotd -—Srto%gne:[dm% (1S Waﬁ:' %ﬁr«‘?z.-ﬁuwfeﬁ‘iﬁﬁ?.t(c%i ,7 8%
DMSO, NEt;, CH;Cl, -78°C). Aldol reaction of aldehyde 47 with the borylenolate

15  derived from 2-N-acetylbornanesultam 46 gave a separable mixture 6f ﬁvo aldol
prodﬁcts, 48 and its epimer, in an 85 : 15 ratio. An X-ray crystallographic analysis of
48 revealed its absolute configuration. Aldehyde 37, obtained via a one step
reduction of protected aldol derivative 49, was subjected to a stereoselective syn-aldol
reaction with the titanium enolate derived from {2)-N-(4-pentynoyl) bornanesultam

20  38. Only a single diastereomer could be detected by 'H NMR-analysis of the crude
reaction mixfure. Protection followed by reduction (LiEt;BH) of the N-acyl
sulfonamide 51 delivered primary alcohol 52. Tosylate formation and another
reduction (LiEt;BH) completed the synthesis of fragment 36 (78%, 2 steps).

The assembly of the alkyne 36 with the aryl sector was then achieved

25  (FIG. 8). In one of two approaches, this involved a hydrometallation of the triple
bond, followed by cross coupling with benzylic bromide 34 (path B, FIG. 4). In this
context, zirconocene 35a (ML, = CICp,Zr) was considered the most appealing
nucleophilic coupling partner. Stercodefined 1-(E)-alkenylzirconocenes are readily
accessible viaa functionél group tolerant hydrozirconation and engage in cross-

30  coupling chemistry with a variety of benzyl halides. The use of in situ prepared
CIHZrCp; (LiEtsBH, C1,ZrCp,) was critical for obtaining reproducible results. As
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(FIG 8). In one of two approaches, this involved a hy’drome;t%:[nl gm\lg@u f
the triple bond, followed by cross coupling with benzylic b i de ?path
B, FIG 4). wanoxims context, zirconocene 35a (M. = C Op2zr3cg@§01/24377
consi dered the nost appealing nucleophithic coupling partner. Stereodefined
1-(E)- al kenyl zirconocenes are readily accessible via a functional group
tol erant hydrozirconati on and engage in cross 30 coupling chemistry with a
variety of benzyl halides. The use of in situ prepared ClHzZrCp2 (LiEt3BH
, Cl2ZrCp2) was critical for obtaining reproducible results. As.SUBSTI TUTE
SHEET (RULE 26 . 112223 PCT/ USQ14 24377 9 denmpnsirated in
Table 1.t hese el i ADoK uRss bR o AN b Rakn s Vet ot e |
benzyl hali de/bemhi Raide eombircbusinRtdidbehe emssccmguﬁg Wit b bﬁ?ﬁ‘iﬁ)! B4

t

brom de 34 (entry 6), properl%msubstitut ed for the synthesis o
sal i cyl i hal anu&&&Y 6).mrersrit ibsutesiiorths synthesivefselievldBlamiiies. Attempts to

hydr ozi rconat i f r essf .5 1n st

alkyne 36 di 3o ezr“géﬁas@r%rg%tgﬁa ﬁ%ﬁ%@%ﬁ&@?.@%@ﬁ%g’% msk?ﬁﬁ%ﬁ%g‘?@ne)

as a prel ude th amtrast] dkyee 36 didSinidetge samofil liydgostinhlation gyhiSeHbAIENde 34.

The correspong)lt(n Vi nyl sf nnane _35c _was extrepely prone to

pr ot odest annyl ‘?‘%ﬁ) as ‘%/li?ré '@P s é’rt‘?ﬁlﬁté‘\fl‘\?,a%{-lnﬁé’ﬁg’lﬂl’g Wit hengylig brpmidna4. Bk r ed
% 4 : : . : .

coupl i ng produgdrreagorai HinhRtanRRS38Fad e&%ﬁy{]ﬂ!ﬁe @gygﬁtggés?aﬁgéﬁa

cross-coupling in 15%yield. Again, the c

i nef ficient hyyiekling taithinnl dkeresSupmt worfum| KyendesB6d emupding pestinbios3 doakd be
rémai ni ng mass _.hal ance. .lt, i s nat .knawn why this. i cul.ar, a] kyne resists
hg‘dr ozirconati %bﬁalg? AFiRgls cass Ba .S}lz‘ﬂﬂ(?@?‘ﬁ?‘ﬁp?mgﬁlg?%}é’%aéu Pers BisisHipgt i on
of protectig sgmedpSoeRtinefRiaAHIafRhetil¥ion & stAing AtihyHe 566 mid ortﬁ{: kyne
s terically inaccessible to the_ bul lérg hydronetal | ati ng agents. early,

sal i cyl i hal ani BeSERgImass halancs. & igmpt Erawn wigethispagiéedaraliping resitng t hi-s
procedure if £ - - fr rove to bhe. hetter .
substrates for kﬁyﬁ%ﬁ%@ﬁ%ﬁ@%@ﬁ%ﬁ"é?g 55% ﬁ(st}l?ﬁﬂlg?lgg?oﬁ’gblg‘%b%Oﬁpﬁ‘gf"‘é?‘ﬁesi s
path to sali cygrotyd adisttesochwamsstryeoficoroatil refdve the aileprieaiarieany itacfkeabR e tHad

group of alke nl?u]l?f' h%gmgélhgt%gl Xgei‘aln s. Clearly, salicylihalamides and variants might still be

15 accessible using this procedure if modified C9-C17 alkyne fragments prove to be
better substrates for hydrdmetallation chemistry. ,
A ring-closing olefin metathesis path to salicylihalamides was
explored. The p-methoxybenzyl protecting group of alkene 54 was oxidatively
, deprotected (DDQ). The inventor experienced difficulties in the attempts to acylate
(. 20 the resulting alcohol 55 with an acylating agent dertved from benzoic acid derivative
32. The C15 epimer of bis-olefin 56 could not be obtained. This was suspected to be
due to increased electron density (0-MeO-substituent) at the electrophilic carbonyl
center. Indeed, a reactivity umpolung provided by a Mitsunobu esterification
(carboxylic acid 32 acting as the‘ nucleophile) was essential and delivered bis-olefin

56 in over 90% yield. Ironically, this material is useless for the synthesis of

b
in

salicylthalamides due to the inverted configuration at C15 (a consequence of the
Mitsunobu inversion). The inventor tested the ability of Grubbs’ ruthenium carbene
catalyst 57 to effect an intramolecular ring-closing olefin metathesis. Benzolactone
58 was closed in essentially quantitative yield using this approach. A separable

30  mixture of isomers resulted with the Z-isomer predominating (3:1). This is in contrast
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reactivity unpolung provided by a Mtsunobu esterification (car boxyl iC
acid 32 acting as the nucl eophile) was essential and delivered bis-olefin
25 56 in over 90%yvyield. Ironically, this material is useless for the
synthesis of salicylihalam des due to the inverted confi guration at Cl5 (a
consequence of the u |nv rsio The | ent t the ability
of Grubbs' rut%gﬁleﬁﬁ?wgegﬁ CHyihy Sﬁ@’te&%?t 6’05(16? c(fo ﬁ%faégﬁ‘f FeHiCar
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gquantitative yield using this approach A separable 30 m xture of isoners
resulted with the Z-isonmer predom natlng (3:1). This is in contrast

SUBSTI TUTE SHEET (RULE 26) 2 7 JAN 2005 WO 02/12223 PCT/USQ /2-1377 50 to
the excellent E-selectivity observed in the correctly configured

di astereoneric series rem niscent of the natural product (vide infra).
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2 7 JAN 2005 WO 02/ 12223 PCE/ USQ [ 24377 52 1.4. Exanple 3:
Salicylihal am des: Total Synthesis of Enantiomer wth Posit3 YeJARoxmgi on
(Structure Proposed by Boyd et al"™ in PCT1US98 /15011 A procedure :

del i vering ntities of benzolactone 75 is presented 4 £- The
I nventor op mlgﬁan enanti osel ective g |lylation of aldehy 9%@0?3"‘%& 5
absol ute stereochem stry at Cl15. The correspondi ng honoal | yl al cohol 60,
obtained in 96%yield, was protected followed by oxidative double

bond- cl eavage (72% yield, 3 steps). Treatnent of the corresponding

al dehyde 62 with the in situ prepared Z(O- titaniumenol ate derived from
(2R) - N- (4- pentenoyl )bon; anesul tam 63 prodl{ced excl usively one

di astereoneric alddE&kxamyg §alioghhdlaml H| Syntimsisob Epampnger :
car boxam de reductign, (--+.68), a fluoride-assistegd-jheLatd.on of the C15
al COhO| (__> 69) ‘|_I“_ Hiw OpQsed O (] e%a 1 J‘ IO eps) )

Treatment of al cohol 69 Wigrboedary def¥tingCerai fhadtistndenddldctorRaisus presetited ons
(Et O2CN NCO2Et, PPh3) yielded bis- olefin 70 (98%, setting the stage
for the key iintRl@ahoFbe uiventor ppigd &romi engntinsslechvaehlationsf aldehydecihiorsskt to

bi s-olefin_b56 (vid upr .eX € ~Qf - | ML L of G
bbs'  rut heni fﬁﬂ%‘&f%%ﬂ%%%ﬁ@ﬁay%r erer é%ﬁ@g@“t%%@% leagooé'xﬁ%a@d;‘eﬁg %ﬁ%

E-i somer 72 wiiheseliert b potedtefollbwid biroddatie daibiebiml-déavape(T2bogieldy
related bis- olefin 71 to the correspondin er&zol acﬁﬁge, 73, under | tical
condi tions was3 stepsH dxeptmer ofdhe caareppanding ‘gd%y PR © Ht B e Ay ed

annextrenely SidlGhehny H&Ji'%ﬂLﬁqﬁ%ﬁ?Lﬁ-g?—kgzﬁt%ﬁgﬁ)zﬂbﬂ{aﬁeﬁfhaﬁ% '(;%Jmaaal am des,

deli vering gramquantities o r O 74 or 75 (‘obtained from
72173 by oxi dadxickgivéBpsri disstereametid sdEIpRdicn 68580 5M%eiald) Projéation (£x 67

al dehyde 59 (13 steps). Derivative 74, designed as_a side:chajn anal og of
sal i cyl i hadl0anidadwxamide geyinctinndy §8hand Juorideasgited Lippratipnyof &e 239 agﬁ‘)ﬁ?lréét i on .

P e oSO G e SR 1%, o) TS il
di ffers signifdaguiyliy aéid@D irder kitsencbh chnditiohs EO,CNelCapRY PPos)nueldel bike
he to al - syntelen 20 (2895 petha FourePofe Koy T Heilityls BRETPIATRG. by
final deproteqhiQfesidl G tralbroViSoIehh 9b {(8fe kipra), exposure of 70'to a catalytic
| 15  amount of Grubbs” ruthenium carbene complex 57 preferentially produced the desired
 E-isomer 72 with selectivity of 9-10:1 (E:Z). Metathesis of the clOsély related bis-
olefin 71 to the corresponding benzolactone 73 under identical conditions was far less
 selective (E/Z = 3:1). The inventor has achieved an extremely efficient synthesis of
(_ the lactone core of salicylihalamides, delivering gram quantities of primary,alcohols
= 20 74or75 (obtained from 72/73 by oxidative deprotection with DDQ) in 35% overall
yield from aldehyde 59 (13 steps). Derivative 74, designed as a side-chain analog of
salicylihalamide (1a), provided crystals suitable for X-ray diffraction studies, '
confirming the assigned structure and stereochemistry (FIG. 11b). Interestingly, the
solid-state conformation of the macrolactone 74 differs significantly from the more
25  bowl-like topography found in the solution structure of salicylihalamide A. |
All that remained to complete the tofal synthesis was the infroduction
of the side-chain followed by final deprotection. Alcohol 75 was oxidized to
aldehyde 76 with Dess-Martin periodinane (DMP) in 93% yield (FIG. 10). Moving
forward, aldehyde 76 had to be homologated to a.B-unsaturated carboxylic acid 77.
30  This was achieved with excellent trans-selectivity by a Horner-Wadsworth-Emmons

homologation with trimethylsilyl dimethylphosphonoacetate followed by a slightly
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al dehyde 76 with Dess-Marti;n periodinane (DWP) in 93%yield (FI G 10).
Movi ng forward, al dehyde 76 had to be honol ogated to a, p M%F@
carboxylic acid 77. 30 This was achi eved with excell ent tra S-S ity

by a Hor negg Yyl t h- Emons  honol ogation with trimethylsi
met hyl phosp onog\giel‘{ ate followed by a slbghtly SUBSTI TUTE SI—E@UFﬂGﬂEFI%) 2

7 JAN 2005 WO 02/12223 PCT/ USO1124377 ~~ 53 aci di c aqueous wor kup. Fol |l ow ng
acyl azide formation (di phenyl phosphoryl azide, NEt3) and Curtius
rearrangenent (benzene, 80C), isocyanate 80 was obtained as a

chromat ogr aphi cal 'y pure conpound. The di enani de side-chain was then
installed. Incorporation proceeded snoothly via the addition of

hexadi enyl | i t:imdlmaqm?qustwcﬂmp - Fhloywdeg auytazide) formationdiphexylpgepheny] agiden of

soovanate S0 Al SHLETRLE ool SIRELIS, 906] SRR MRV LBl Y, ™
i nventor used; tg %&ﬁt}ﬁé&gﬂgﬁﬁest g&hﬁ& CORY feiiiide 3dedRainGds' th& inSthAGE

Car boxyl i c aci 78 were not viable options, yielding
i ntractabl e nimbqroeﬁmmfprwaedm:mmdqtbld vicatheraddition of beadiensilitsnnt 2 3r7-BuLi;

condltlons%reqqqtéé:rg%d f%m}%léfggrfﬁgﬁoﬁ@ tectl n%@emm Br 3, 5)[C‘(;If%l Cl2,
-78C). In-ton t K?H\W
protecting gr Pe%uﬁt gfcgﬂaa 'ﬂ?dt & e?%lm@ﬁ@e%ﬁhmg f&d@cZ&Eéﬁn@xg T&separ abl e

m xture of E/ |sorr§ |chthe correspondi ng _
Z- et hyl est er @rcuidveanthi8Foblemnd, dlebavsrécpxarsad egrotedding gronpt inBBcanyergionsié fm|

I nternmedi ate fof. the synt hes .S of dr al SIS 15
(Ba( o 2. orocesiate oI A mbREy 85 ia ot vl e, Ml o1
sitylation ( TRSGdmbleMxtured S HRTRtiEbd nidRITAIMVRIAK: 1 reastiby baiitens Ryl Y& i S
had occurred and the corresponding acid 84 was converted to 86 via

addition B Zpovedheprptdciing gioups (B8, CH2CBH785C). I confrasy &R ele@8y The

R E e e N g e A e
sal i cyli hal anggg 7 4slah ihse &w tfihlre SREAZ- fmhﬁfs? alfteyvavhichi the odrteeponding B! |
respects (H and 13C NVR, M5) to natural_saljcylihalanide A

However, the ot Zeadthyletters |3§ god FéFPJﬂd be sgpargted. \Nefa)thy834s A uprful ¢
sal i cyl i ha! an}nge%ni%dlate for the synthesis of salicylihalamide B (1b). Hydrolysis
15  (Ba(OH),-8H,0) of the major trans-methylester 82 was followed by complete
silylation (TBSCl, DMF, iﬁlidazole). Upon workup, silylester hydrolysis had
occurred and the corresponding acid 84 was converted fo 86 via addition of Z,Z-
dienyllithium (28, 7-BuLi) to isocyanate 85. The total synthesis was completed by

( deprotection of the silylether protecting groups with a 1:1 complcx of HF-pyridine in

20 THF, affording synthetic salicylihalamide A (1) in x% yield. This material was
identical in all respects (‘H and BCNMR, IR, UV, MS) to natural salicylihalamide A.
However, the optical rotation ([o]p = +20, ¢ , MeOH) of synthetic salicylihalamide A
(87) was of opposite sign to the one recorded for natural salicylihalamide A ([o]p =-
35, ¢ 0.7, MeOH). ‘ .

25 The absolute conﬁguration of natural salicylihalamide A (1 é) was
originally misassigned in Boyd ez al., 1997. The correct configuration is represented
by structure 89. The ultimate proof for this assignment came from a crystallographic
analysis of a p-bromobenzoate derivative of salicylihalamide 90, prepared from 73 in
2 manner similar to the synthesis of 74. The structure is shown in FIG. 11(a). The

30 - inventor synthesized (+)-sa* “lihalamide A and found that it did not have

chemotherapeutic activity. . ,-salicylihalamide A does have chemotherapeutic

SUBSTITUTE SHEET (RULE 26)
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chenot her apeuti ¢ _SUBSTI TUTE SHEET  (RULE 26 7 JAN 2005 .02[,1222

PCT/ US01/ 24377ctiviy. ddei(h) foym wasstillinaghiye Al Ao Ovbes bl Gl (¢
wher eas natur -] ' @ﬂﬂﬁh ' Eorindy sikanvag oy SRt THEs M 1iné1€Bne
tested agai ns?kﬁﬁﬁ&ﬂyégﬁte S. %tle%t):%e‘f o Ine i1s one of the cell |ines
in the NCI 60of@klcellilines maheddI 6Fkell linveartar. has acconpl i shed the first
synt hesis of salicylihal am de A. The.. roach feature .highly.
efficient, trans-select iTP%“%VFHE’Ig%%“ICH’g“pB%ﬁiﬂFF Ish é?ioisf?lb“ryhﬁﬁgﬁ'é%esenbl y
of the bengol gct B2 A8 atibRhi @nOdeldtive Hapagsif; gbfte- chai n.
1.5. Exanple %‘ %ﬁaﬁ’@ﬁ%‘% Synt %gits of the Macroc, _%%I i g% Fragment The
i nventor has sendthesid foetheapsemblppEthehepzidycting skelstorand dustallationef 210 in FI G
20. Di hydropyranone, 94 was.consi dered a useful internediate fromwhich to
build the tet ﬁ@ﬁ?‘&?%‘?&\gﬁwn‘ri ng present in apicul arens. The nost
straightforward approach for its assenbly constitutes an enantiosel ective

etero- Diels A derrfassinonpiaiiarahsl Shutiesioaf the MacRaycEhBfaglnens di ene
(I- et hoxy-3- (trimethylsi [yl ox%gr but adi ene). ., The eaffaagf catal ys

t
synthesi s” and hi gh enanflihg¥ieatorihes syntheszad apigulareRds Y R Rest Shavan
usi ng chrogm um i sidbfell 3 Ak e InidrBR e kO R0 fwhich t
Dani shef sﬁé/n s gﬁgﬁ“ﬁé\?@ﬁm&?@gﬁ%e%g%ﬁl%ﬁgd%u\%liea &i dat iav_e (():I eavggg of
al kene 91 (anbinM eidedilndepyednyt fing peesént yi apictlanensicTsgmpststaightforward

: g , o ) ‘ .
O hydropyrano ggpr%;lcl\ll\%? it:cs) gés%lln ‘laydcolnrs]tit%?eé)a}{ Iegglgioselecﬁve hetero-Diels—~Alder reaction

of aldehyde 92 with Danishefsky’s diene (1-methoxy-3-(trimethylsilyloxy)butadiene).
The ease of catalyst synthesis and h1gh enantioselectivities observed was the reason
15 for using chromium complex 93 for the hetero-Diels-Alder reaction of Danishéfsky’s
) diene with aldehyde 92, obtained via oxidative cleavage of alkene 91 (an intermediate
of the salicylihalamide synthesis). Dihydropyranone 94 was obtained in 60% yield
after treatment of the Diels-Alder adducts with triflucroacetic acid. The enantiomeric
(‘ j excess was determined by chiral HPLC-analysis (CHIRALCEL® OD-H; 84%ee).

_‘ 20  Copper()-catalyzed conjugate addition of vinylmagnesium bromide to this material
gave exclusively the 2,6-trans substituted tetrahydropyranone 95. The next step
involved stereoselective ketone reduction and a variety of agents are known that
selectively deliver hydride from the pseudoaxial (e.g. NaBH, or Smly) or
pseudoequatorial {L-=SELECTR!DE®} position. None of these conditions were

25  successful however, and an inseparable epimeric mixture of alcohols 96 was obtained
in all cases. The corresponding ketone most likely exists as an equilibrium mixture of
two equally populated confonners. Such a situation would provide an epimeric
mixture if both conformers react with comparable rates, even with highly selective
reducing agents. This problem could be solved by delaying the reduction until after

30  the macrocyclization provided that this will reduce the conformational flexibility of

the tetrahydropyranone ring. In the meantime, the epimefic mixture was silylated
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after treatnment of the Die|ls-Alder adducts with trifluoroacetic acid. The
enantioneric excess was determned by chiral HPLC analysisg T QHANRAREEL(r)
OD H, 84%e). 20 Copper(l) -catalyzed conjugate addition of

vi nyhnagngghysyphrem de to this material gave exclusively phengofizdifAans
substituted tetrahydropyranone 95. Thesnext step involved stereoselective
ket one reduction and a variety of agents are known that selectively
deliver hydride fromthe pseudoaxial (e.g. NaBH4 or Sm 2) or

li seudoequatorial (L=SELECTR DE(r)) position. None of these conditions
were 25 successful however, and an inseparable epineric m xture of al cohols
96 was obtained in all cases. The correSBOndi ng ketone mopst likely exists

as an equi | i Fellowedhxhydrebagation (e dbE FyOpsp alksned7 aphediaionol thg e 5

situation woul d_ provide a i i ! i . I react with
conparabl e r ﬁ?sé‘%,n%a%apcﬁﬁﬁfl gﬁf‘;ﬁ, %ﬁ#ﬁogyi%%%@ﬁ&%%%ﬁ@&mi s probl em
coul d be sol veghhvicedfans Aclobgcliashitisn oftheagitilawehs entaiddl ahallylation /

macrocyclization provided that this w|l re(iljgce %ae_conf ormat i ogal
flexibility dictonipationsequenelr HIWSEIHEVIE Wiep coservehdUtngBe IASUCR RE  epi meri ¢

m xture was silyl at ET : GchitWie : 223
05 pery Uagy) e ?%Wﬁg%‘“ﬁﬁlﬁﬂéﬁﬁéﬁ %Dnﬁei@%?;;z 'Iﬁ'HF;' %%%\%i][%%%igkene
97 and oxi datg tedntteic hoatiallyl al i 9Ppang 140 . Thit waFRoPcompletely
(te??ap?é:oy?t:%gnmgnicum, ger r ut ngna?%?)fh . Congpl eti.on,: Lﬁih rocygl.i.c
portion of "t heewgsctedigiyanibe BritBsle EﬂflﬂéhlaaPFB'rﬂ_ﬁi"P‘éSﬁ‘d% y es?f?%“ﬁ?faﬁ.aﬁ tion
sequence. A\/@?é‘{iuchs:; . ééeX{;érys%’aéfe?lEﬁ?{/n?(%% & y&@dﬁe f}lﬁs 2861 kA welidheal dehyde

{8"jvvi th Bro _ i'T Sopl nocanphe rane”, vering a 77: 23 mxture-
of” di ast er eorgpédiedmoriied protuctlenainidmseridGo AAfudDE: 1083 thilsys/ankselensivity

conpl et el unexpected .given the.intrinsig facial bias aof .P-al koxy

al dehydeé%f orbui IngTeREINE t%?ﬂaf“flﬁ‘iﬁ‘@n‘bf’mé’? gﬁo 3%??5???%‘%%8?“%%5?4?{ oneric

al dehyde. 98 &k SY00FRENRULIC T DEhimEPRah BAH sFfdtedahotamdiatt

enantioneric fo furtther lowering the synlanti selectivity 10 but
i ncreasi ng t Hewomingtionria 70% yighdr i Afjersilylsther remoxal, grimerisf(Cl Healertiols 4 andj or -

di astereomer 190 (1885 Sated oy ShbdnBBbARE T hlmlal tnifi Vo Gsh Ldpiig UCT

constants of protons H3 through H15 (400 MHz NMR) of 101 are nearly identical to

15  the values reported for apicularen A

Example 5: Apicularens: Total Synthesis of Apicularen A and Analogs

The transformation of compounds 101 and 102 [which correspoﬁd to
224 and 225 of FIG. 25, respectively] into apicularen A and a variety of analogs is
(u shown in FIG. 25 and follows the general procedures disclosed for theinstallation of
20 the side chains of salicylibalamide A and analogs (see FIG. 13-15 and Examples 7

and §).
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| act oni zation in 70%vyield.i After silylether renmoval, epineric (Cl1)

al cohol s 101 and 102 coul d be separated by chromatography. ¥ Nﬁrg’\gﬁgl
shift values and coupling constants of protons H3 through HI5 (400

NVR) of 1Qd, @@xA3early identical to 15 the val ues report egcfQs12pieul aren
A. Exanple 5: .Apicul arens: Total Synthegsis of Apicularen A and Anal ogs The
transformati on of conpounds 101 and 102 [which correspond to 224 and 225
of FIG 25, respectively] into apicularen A and a variety of analogs is
shown in FIG 25 and follows the general procedures disclosed for
theinstallation of. 20 the side chains of salicylihalam de A and anal ogs
(see FIG 13-15 and Exanples 7 and 8). SUBSTI TUTE SHEET (RULE 26) 2 7 JAN
2005 WO 02/ 12223 56 PCT/USO 1/24377 Table 2: 1H NMR data of apicularen A

o1 Taty b Table 2 oM RAQIONeLR OF ity Dafin A S (ligtaidic 168, 3 94 (41 .
(ddd, 4. 2/4 8/ Ejts]gbetg’k{@ 1.48 (ddd, 8.5/8.8/12.8) 11 3.98 (dddd,

4.1/5.1/7.6/8. 125168 (ddei—5—H+H12-8)—12b—152(ddd;

4.8/7.6/12.8) 13 4. Zﬁp(ol[lademAZM 817.1 /10. 8) 142 10%3 (ddd,
10. 8/ 10. 9114. A—1t4b—t: :)1 (add,—27212- 37137 7)

H & (m, J in Hz) & (m, J in Hz)
8a  3.34(dd, 9.7/14.8) 3.34 (dd, 9.6/15.2)
gb  2.44(dd, 1.8/14.8) 245 (dd, 1.6/15.2)
9 3.87 (dddd, 1.7/4.8/8.2/9.7)  3.88 (dddd, 1.2/4.8/8.0/10.0)

C 10a  1.93 (ddd, 4.2/4.8/12.8) 1:93 (ddd, 4.8/4.8/12.8)
10b  1.48 (ddd, 8.5/8.8/12.8) 1.49 (ddd, 8.4/8.4/12.8)
11 3.98 (dddd, 4.1/5.1/7.6/8.8)  3.99 (ddddd, 4.0/4.1/5.1/7.6/8.8)
i2a  1.68(ddd, 5.1/7.1/12.8) 1.68 (ddd, 5.2/7.2/12.8)
12b  1.52(ddd, 4.8/7.6/12.8) 1.52 (ddd, 4.4/7.2/12.8)

13 4.25(dddd, 2.2/4.8/7.1/110.8)  4.26 (dddd, 2.0/5.0/7.0/10.8)
14a 1.83(ddd, 10.8/10.9114.7)  1.83 (ddd, 10.8/10.8/14.4)
14b 157 (ddd, 2.2/2.3/14.7) 1.58 (ddd, 2.0/2.4/14 4)

45 5.42 (dddd, 2.3/6.3/6.3/10.9) 5.48 (dddd, 2.4/5.6/5.6/10.0)

Example 6: Anti-Cancer Activity of Synthetic S_glicvlihalamides

_ The anti-cancer activity of the synthesized (+)- and (-)-
( salicyhihalamide-A corhpounds of the present invention (compounds 78 in FIG. 10
5 and 301a/301¢ in FIG 14.) was indistinguishable. In contrast, sythetic (+)-

| salicylihalamide A (compound 87 in FIG 9), the compound with the absolute
configuration proposed by Boyd ef al., wsa completetly inactive inthe same NCI 60—
cell line screen. Salicylihalamide derivatives, showing increased stabilify over natural
salicylihalamide, were tested in the NCI 60 cell-line screen. This screen is an art

10  recognized model. Prior to assay, synthesized compounds were stored mn
dimethylsulfoxide at -70°C. Five different test concentrations of each compound
were iarepared by diluting the stock solution into complete medium. Sample
concentrations were 2x the final concentration and range from 10 and 10" motar.
An aliquot of each concentration of each compound was added to separate microtiter

15  wells containing the respective cell lines in culture medium. The plates were
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15 5.42 (dddd, 2.3/6.316.3/,10.9) 101 8 (m J in Hz) 3.34 ( dd, 9.6/15.2)

2.45 (dd, 1.6115.2) 3.88 (dddd, 1.2/4.8/8.0/10.0) 1.93 (ddd 7 JAN 2005
4.814.8112.8) 1.49 (ddd, 8.4/8.4/12.8) 3.99 ( ddddd, 4.014.175.117.6/8.8)
1.68 (ddd, V60Bu223 12.8) 1.52 (ddd, 44/7.2112.8) 4.26 (dddfler/usey/aesr

2.0/50/7.0/10.8) 1.83 (ddd, 10.8110.8%14.4) 1.58 (ddd, 2.0/2.4/14.4)

5.48 (dddd, 2.4/5:6/5.6/10.0) Examle 6: Anti-Cancer Activity of S thetic
Salic |ihalamdes The anti-cancer activity of the synthesized (+)- and (-
)- salicylihal am de-A conmpounds of the present invention (conpounds 78 in
FIG 10 5 and 301al30l1c in FIG 14.) was indistinguishable. In contrast,

t heti | i Lh 1 d 87.1n FIG9), th d wth
Tl absol it ¢ TEUHIIPASTER A S0us BAVRY. Bojp okl Ouge humihly. ofhsrat ealsy
the absol ute _ _ LU s ey
Chowi ng 1 nr oRS ST L AR g o AR AR R R B A clB R G Rl o T

the NCI 60 cehlindtésneSuspereied celliweresinee ethe bofdmaf thelWell By adiiHigEsk gpoglel .
hesi zed_conmpounds were stored in_dinethylsul foxide at

Prior to assaé]}c }So{é%{e

-70C. Five di frichlosagetie agif. dbssuprrnaiant yyes removed drome saghoueibiand deeeashoyedl ed by
diluting tdhe g | by ' concentrations
were 2x th% fﬁgﬁ&é‘%ﬁk‘gﬁ ?ﬁ?%@gﬁgpgg%lgwgggdm O-Sgﬂéﬁlé’%%nfy ?f@t‘%ﬁq Wasn

al i quot of eaahiedtmesshtwell amiallpiveddc meokaipfinrd maates dthodn ompeaaEat €

The' bl ot o nePEFER SRR PSR FRRE}Y Vi il HESodll okl S
were allowed to dry. Bound sulforhodamine B was solubilized using 10 mM Tris :
( base and the optical density at 515 nanometers was determined. The synthesized
10 salicylihalamide derivatives exhibited anti-cancer activity profiles.
A 1:1 mixture of salicylihalamide A (1) and C22-E isomer 211 3798
was indistinguishable, within the limits of experimental error, from natural
salicylihalamide A based on comparative testing in the National Cancer Institute 60-

Cell Screen.

15  Example 7: Overall Svnthesis Scheme of Synthetic Salicylihalamides
Compounds 328a and 328!3 (F1IG.11) were prepared as described for
the corresponding enantiomers 70 and 71 (F 1G. 8) by using eﬁantiomcric starting
materials. Thus the enantiomers of the Ipc2Ballyl reagent and compound 63 (see
( structure 323 in FIG. 11) were used to prepare the 328a and 328b (FIG. 11). The lack

20 of a stereopredictive model for the formation of large rings via RCM is exemplified
by our results with the metathetical rhig closure of substrates 328a,b. See Fig. 11.
Whereas the diastereome_:ric subsfrate 312c gave the Z-olefin 318Z (vide supra,
Scheme 4) as the major isomer, 328b fortuitously produced the £-benzolactone 329a
with an impressive selectivity of 10:1 when subjected to similar reaction conditions,

25 To confuse the issue even more, an initial single experiment with the corresponding
phenolic MOM ether 328b furnished benzolactones 329b and 330b with an eroded
sglectivity of 3:1 upon exposure to catalyst i. Fig. 11. In principle, RCM is a
reversible reaction but due to the shorter lifetime (thermal instability) of “first
generation” Ru-alkylidene catalysts (e.g. i) and less efficient reaction with 1,2-

30 disubstituted olefins (reaction products), kinetic product ratios can be expected.
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2 7 JAN 2005 WO 02/ 12223 PCT/ USOL/ 24377 57 incubated fior 48 hours at 37C
with 5% CO2 and 100% hum dity. Adherent cells were fixed b??unghmeof
cold 50%trichloracetic acid and incubation at 4C for 60 m rfutes
Suspended @b bHisese fixed to the bottomof the well by addptT@sonisB0%
trichloracetic acid. The supernatant s renoved fromeach well and then
each well 5 was washed with deioni zed water and allowed to dry.

Sul for hodam ne B solution was added to each well and allowed to incubate
for 10 m nutes at roomtenperature. Unbound sul forhodam ne B was renoved
by washing with 1% acetic acid. The wells were allowed to dry Bound

| f or hodam B | ubi lized usi 0, e apti cal
Zzns?[y"a?ms??, anoret ePSLBESt debpH, AP Sty ek OB STaEp0a. B itk R
l'icylihal
1 Y ua A aqé&%f & g&gg@@ é%h %& %g%(gi&éd' SEapiE! 1:ﬁCN1HétérMcﬁ'h@fchﬂb%ﬁe A

1:1 mxtureo C22-E i'soner
i ndi sti ngui shhgited mthdriium alHyhdbnernat&ysm‘hmybecm nﬁlnpeiideﬁll)rmpprttﬁdrb}rﬂlrﬂ@at ur aI

Thstitute 60- sea chera ten s b B Bl P B eRel ful-<E A SR
Synt heti ¢ Sal oy hb%@ dz@?' ) 67@0@‘?99156113 M26auand. B23MofdahG. P Orubsy R H.

prepared as descri br the corfespondi ng enantionmers 70 and 71 (FI G 8)
by using enanfémenieliran barat®dhgo, Mﬂt’TeﬁtﬂS@l ) Ank@snarmeLe ﬁ&fﬁmeérﬁsﬁ Weskampie

| pc2Bal lyl re ound 11) were
used to prepa e?{q&;ﬁf?)%ﬁeﬁ@:@ﬂéﬁ%&?&akﬁ .?'f{ﬁ':fgﬁa '%?58 S%

stereopredi ctive nodel g5 clehefrd:QtigRE kanitothat amgeairalysg&rwe@aﬂﬁbfﬁ&ent in
xenplified by our results with the _ netathet]cal rlng clos(Lé.Ez%I

substrates 3pdfgyrmingthe desiged trapsforppidors ibeqtiveityfliticret BT 312¢
gave the Z;olefin 28b
fortui tougq %ﬁ@dh%té%\éh%ﬂ@ ac?‘g‘fﬁgg%gS%a’wﬁa%@gﬁﬁ?dr?g?%gg\%ﬁ%%éect Y
it fr of 10 Hentidre Readtibh eciditiorts: Wheieas ttﬂrprceatalysblrproudddwdr(ﬁ Z)ZBtuT o)
confuse the issue even nore,_ an i |t1al singl e expe% %gr‘ﬁth t

cor r espondi ngWithek6R hor slightersionypd se S‘?%tyf‘m"ﬁ efferé i prosiced Tand
330b wi th an T@g?%&ﬂ%ﬁffchl\éiﬂs%oﬁtarﬁ oVl RAB8, F¥ROEKeFedults 0Ré dnéhideithat Fi 0.
11. In principle IS a

RCM with catalyst i kinetically induces the formation of the desired E-isomers 329a,b

15  with relatively high selectivity. The ratio observed with catalyst ii is deemed to be a
thermodynamic one based on the followmg observations: (1) the ratio doesn’t change
over time, (2) an identical product ratio is observed for the formation of benzolactones
329-330 from both our precursors (328a,b), and (3) upon resubmission. of either
geometrically pure 329a or 330a to the same reaction conditions, an identical 67:33

. 20  mixture of 329a:330a was formed.
| Ha\ring secured a viable sequence to the benzolactone core of
salicylihalamide A, we turned our attention to the 1nsta11at10n of the acylated enamine
side chain. Towards this end, the p-methoxybenzyl ether in 3°9a (or 329b) was
oxidatively removed (DDQ) and the resulting alcohol 331a was oxidized with Dess-

25  Martin periodinane (Fig. 13). Engagement of the resulting aldehyde 332 in 2 Horner-
Wadsworth-Emmons (HWE) homologation with trimethyl phosphonoacetate
provided methy! ester 334a as an inseparable mixture of E/Z-isomers in a ratio of 4:1.
After removal of the ether protecting groups with BBr, the corresponding E-methyl
ester was separated by flash chromatography, hydrolyzed (Ba(OH),-8H,0} and

30  extensively silylated with excess TBSCI to deliver carboxylic acid 337. The overall
yield for the transformation of 332 to 337 was a disappointing 20-30%. Therefore, a
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reversible reaction but dug to the shorter lifetine (thermal instability)

of "first Generation" Ru-alkylidene catalysts (e.g. i) ang 1 ebsN 2hfs ci ent
reaction with 1,2 30 disubstituted olefins (reaction products), kinetic
product rali@eey be expected. SUBSTI TUTE SHEET (RULE 26) pplyshipi#905 WO
02/ 12223 PCT/ USQ / 24377 58 In light e the above, a detailed study of the
RCM of 328a,b with Ru-- al kylidene pre-catalysts i and ii was conduct ed.
See Fig. 13. N-Heterocyclic carbene' |igated ruthenium alkylidene

catal ysts have been independently reported by three Fgfoups,zdf cLifaUUE
~Huang, J.; Stevens, E. D.; Nolan, S. P.; Petersen, J. L. J. Am Cheat. 5
Soc. 1999, 121, 2674-2678, (b) Scholl, M; Trnka , T. M. Mygan, J. P.;

G ubbs, R H.seriveef entiseizasion cxperimenys yeroperiopmad ihes gaickly lsd tﬂéﬁ%}%ﬁ?{aﬂﬂ :
Firstner, A ;i . . P n Lett.
1999, 40, 478"?‘?%%8 Pn?agef@fegg'%ﬂvfef’g%aﬁﬁleesseﬁ? Fah i lléé\last%leﬁﬁte'l{%’; g‘gt a §st s are
equal |y ef fi ckentr. Sabsepesl deprotegtidit) disdsibyjlatiod and Pdsfatal yeet ronovadbbhetallyd t h
different degrees of E/Z-selectivity,. 10 As di f entjally
protected substar anproved s gyerallyjeld Pé &Rt 211’?&}&“@)1@ &3%@%‘“&‘%@?@ tical
reacti on gondjt. _ | 'hgjfﬁgi 1ol a((Etide ratio
with onl y%a ﬁ%ﬁtﬂﬁ%artlxégﬁ%ﬁa‘g}’l%gf g:?:ﬁ: i tt?)ipg(\g/?al\ru’ Hg r?gp pr eP%g?%ﬁHyas?ﬁiﬁiQ '
produced a | aesfrangemenBindaded by hatii (PhH; 80%C, iich)c Altboupht thosarespoming Fnglic t hese

results, we conclude_that RCMw th cat al}iﬁt i . kinetically induces &he
formation of iseRyapwisP3Lwagstallsieriyomatagzanhicigmificalion.dt Wes yruply siiggged in

sel ectivity. dBectiatidicdWdbyetyMarofasalnglis ! s deened fo be a

tther nodynanm ¢ one based on t ow ng obServations: (1) the ratio
ésn't change over tiFig, 15 ovarthdtdeat cabin-garbehibend farmajiongprodesded/ed f or

and (3) dBon PReVESHEAIGRoR o REPGES NI By p it SEAEEE bR e gl ¥ (e
same react i onycQNEiihs Schaipe i(GRALI, BUO)OH 23378°8Qolhkish F RoSfandié339. 330a was
formed. Having securéd a viablle sequence to the benzol actone core of
sal i cyl i hal anCalspeynddeltwasobthimagdras antieseprwblemeixmeof 25€ and 32£0somerst he
YL oe (o " Tl ph 8 EnsSnAlbraph ARG EitdYef) mi8HE mdoile elcdlEl AHRERSY! 1 e
" mixtare of E/Z-dimeric compounds 342, Careful fluoride-assisted desilylation was
15  best performed with a buffered solution of commerciélly available HF -pyridine in
THF/pyridine. At this point, geometrical isomers 3012/301c and 343/344 could be
~ separated by semi-preparative HPLC.
In contrast to the current study, we had initially synthesized enr-301a
based on the absolute configuration reported for the natural product. Although this
20  synthetic material was found to be identicﬁl to natural salicylihalamide A according to
NMR ([Ds]benzene and [D4jmethanol), IR, UV, and co-elution on HPLC (2 different
solvent systems), and TLC (3 different solvent systems), the signs of the optical
rotations of synthetic ent-301a ([0&]23;) =+20.8; ¢ = 0.12; MeOH) and the natural
product (reported: [o]*p = -35; ¢ = 0.7; MeOH), were opposite. Moreover, synthetic
25  ent-301a was devoid of growih inhibitory activity when screened against the NCI 60-
cell line panel. At this point we had the fortune that p-bromobenzoate derivative 348
provided crystals suitable for X-ray diffraction studies, conﬁrrhing the absolute
configuration of our synthetic lactones (Fig. 11(a) & (b)). Based on all the available
evidence, the absolute configuration of natural ()-salicylihalamide A was assigned to

30  beas drawn in 301a. Unequivocal proof for the absolute stereochemistry of natural

salicylihalamide ultimately came from biological characterization of synthetic 301a,
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oxi datively renmoved (DDQ and the resulting alcohol 331 a was oxidized with
Dess 25 Martin periodinane (Fig. 13). Engagenent of the resulting al dehyde
332 in a Homer- \Wadsworth- Emmons (HWE) honol ogation with tri @et hyAN 2605
phosphonoacet ate_ provi ded nmethyl ester 334a as an insepar gdfgsti/ X e of
El Z- i somYQ% WP ratio of 4:1.  Aftergrenoval of the ether protecting
groups with BBr3, the corresponding Ig nmet hyl ester was separated by flash
chromat ogr aphy, hydrol yzed (Ba(OH)2SH20) and 30 extensively silylated with
excess TBSC1 to deliver carboxylic acid 337. The overall vyield for the
transformation of 332 to 337 was a di sappointing 20-30% Therefore, a

SUBSTI TUTE SHEET (RULE 26) 2 7 JAN 2005 WO 02/12223 5 us 77
series of optshihiltﬂzlgntoividnd@ i Iﬁliiﬁ,ﬂf’aPEOWF@Y@@P#Q@H?@E%PWH%ZEEéW@ﬁ %%ﬁrt%g t he
e of allyl, djeth on T3 i i I Rotiek oBBEbHW t h

us y -‘W‘%i?"% H&Lgﬂ@%& QATRE LA, It i GbicY St Rereall eXhmBSHes o wi

18:1 sel ecti _ ubsequent deprotection,

bi s-si |yl at i qpvRNeker sRiRlryZatcylibntvdde Afindloates theyresenessefey mingpr oved t he
overal |l yield of 337 dramatically $75% from al dehyde 33 tic%—rifcﬂﬁ l_.qrcmati on
into acyl azi dentaggnint Pt)Pleyee) SPCRERSSOPIC Bigllaye %’roé%% a ‘Curtius
rearrangepgent | ( ufi be AhdthelBriehef cor r espondi ng
vinylic 1 so&fgmEgggg\ll?vgtg'aig}a’g?ée%néar%%%tn% ographic purification, it was
usual | y engaggRcylihalabdi€e Aeut the esult o somerineinn Guingitheisplipn/pualcatioy. 15,
Fig. 15 shows that final carbon-carbon bond formation proceeded 10 snoothly
via the addi tresedde. hexadi enyl | ithium, prepared in situ from broni de 340
via netal -hal ogen exchg b vaBuhts wifhl 26itabletropdter B theh utchesiratdd

i{;qeyanate 339. Conpound 341 was obtained as an inse’gar ble m urg1 of -
7 and 22 Rowaolside-chabymodifeations. ereanahpg FRta sUPHP ’é}ﬂ%{ﬂ?%?qﬂﬁgﬁ{f ) nore
mobil e fracti,on contgLning a _m r ot TREAS gjmﬂglsz@/ Car ef ul
fluori de-lgssi’§?°é’&nﬁf€3#§ Og'f ?cc‘j‘ﬁss}/%ésﬂll@ %é)ss"t%%l r# g?r_red e&ﬁ th ’a buf fered

sol ut i on of tc&ym{ el Tuu@u@%g?h%dggfanﬂy%d chgefptirfmgﬂil&zep?ﬁ wereeprepgred hj s
pornt, geone 1;; ;Sd%ifiénsgf%%gcilﬁthimna(inste -o?ﬂexagicny Atlhlux%? to 1so<%%nate 339 followed

by final deprotection (Fig. 15). An inverse addition of isocyanate 339 to a cold

solution (-78°C) of organolithiuvm nucieophiles was next explored in order to suppress

15  dimer formation. Indeed, preparation of alkynoyl enamine derivatives 349/350
followed thié procedure, and no trace of dimer formation was detected (Fig. 15).
Mteﬁatively, carbamates or thiocarbamates 351-354 are obtained in an operationally
simplified procedure by heating the acylazide 338 in the presence of the appropriate
alcohol or thiol (Fig. 15).

20 ‘ A cell-based assay looking for growth inhibition of the SK-MEL 5
human melanoma cell line was performed. Side chain modified analogs 343-346 and
349-352 all retain cytostatic and cytotoxic properties at similar concentrations than

the parent compound. See Table 3 below.
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separated by sem -preparative BPLC. 1In contrast to the current study, we
had initially synthesized ent-301 a based on the absol ute corz‘ 'rfggg\ﬁtipﬂcag
reported for the natural product. Although this 20 synthetic naterial Was
found to bg j.cal to natural salicylihalam de A accordi

([ D] benzeﬁ(gﬂggi 3[ D4] nethanol ), IR LV, and co-elution onlzrt@l‘ll-llI‘tjD:gl?é:a%!g{R
different solvent systens), and TLC (3 different solvent systens), the
signs of the optical rotations of synthetic ent-301 a ([a]231) = +20.8; c

= 0.12; MeOH) and the natural product (reported: [a]230 = -35; ¢ = 0.7;
MeOH), were opposite. Mreover, synthetic 25 eat-301 a was devoid of growth
inhibitory activity when screened agai nst the NCI 60- cell |ine panel. At

this point we had the fortune thatp-bronobenzoate derivative 348 provided
crystals suitable for X-ray diffraction gipgses, confirmng the absolute
configuration of our synthetic |actones (Fig. 11(a) & bg). Based on all
the avai | abl e Grewtigimhibétorit prepertisodi sebectssirfoponads against the tmer melanoma cell

(-)-salicylihalam de A was assigned t0 adrawmn in 301 a. Unequivocal
proof for the absolute stereochem st r‘y’%&"ﬁ’zﬁﬁ% sal i cyli hal am de

ultimately caWﬁﬂ&}g@W&E@men Zaijgan Of Sydgolat | C gf)lgaa,
SUBSTI TUTE SHEET (RULE 263 02/12223 60 2 7 JAN 2005 PCT/USQ./[ 24377
whi ch provi ded3%idi ffer i al cyt 8¥Bxicity pPofile urdt stingui table from
the natural pg@duct in ¢;he NC -6Qsscel | |ingspanel. I3k is notedsd hat
careful exam nation of the 1H NVR spectra of natural salicylibhal am de A
i ndi cates the #esence d¥ a ni nor 3¥ont ani nafit with ar} dentical”
ectroscopi ¢ ghgnature ¢4 our syaishetic Z, Eo-i soner k& 5 (seesFIG 25 and
-G, 27). This contaminant could he a nat urgl i somer ng sal i C¥Jt°i hal am de
A, or the resub¥ of isomBPization*@uring thd isolatid® purification
procedure. Strggtural vambants w 6 a suitabbe reportier were th®n
orchestrated towards side-chain di ficati ons: emanating from,g common,
natural Iy conf Pt 410 $%cyanat 339, now' dccessibl® in 20 steps (I ongest
| i near sequenceyy and 21-@26% 238 7.5 239 0.5

5 3 Growth inhibition was determined 2 days after the addition of the
compounds by the MTT assay (Mosmann, T. J. Immunol. Methods 1983, 65, 55-63).
The Glsp values {drug concentrations required to inhibit growth by 50%) were
calculated based on triplicate assays at 4 different concentrations of the drug.
In addition, the ability of compounds 323a/c and 343 to inhibit growth
10  of a number of tumor cell lines was tested and compared to TAXOL's ability to inhibit
growth of these tumor cell lines. The data are indicatéd below in Table 4.

Table 4
Cell line Glso (nM) 323a/c | Glsp (aM) 343 | Glso @M) TAXOL
H1299 32 5.0 5.0
H2009 20 1.6 5.0
1358 1.6 10.0 5.0
H2058 32 63 5.0
H175 0.2 02 5.0
H1264 316 31.6 5.0
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overall yield. Thus, conpound 346 and the correspondi ng di ner 345 were
prepared by addition of hexyllithium (instead of hexadlenﬁ!ylgqunMSto
i socyanate 339 followed by final deprotection (Fig. 15). I nverse
addi ti on ofyd spGyanate 339 to a cold solution (78C) of orgpapiishitiem
nucleophlles was next explored in ordefto suppress 15 dinner fornation.
| ndeed, preparation of alkynoyl enamine derivatives 349/350 followed
this procedure, and no trace of dieter formation was detected (Fig. 15).
Al ternatively, carbamates or thiocarbarnates 351.354 are obtained in an
operationally sinplified procedure by heating the acylazide 338 in the .
presence of the appropriate _alcohol or thiol (Fig. 15). 20 A cell-based
assay |ooking for growth inbrbition of the. SK- MEL 5 human nel anoma cel
i ne was perforned. Si de A n. \fied anal ogs 343-346 and 349-352 all
retain cytostatic and £ytotoxic prOperties at simlar concentrations than
t he parent comp&tindl See Tabl e 3 bel ow. SUBSTI TUTE} SHEET (RULE 26) 2 7 JAN
4 : nhi bitory properties
i ne SK- MEIr5a

of selected co nds against t he human nel ano
ConmpoundGL5D (M Potag ow)

0. 03335b>203430. 04 3440. 13450 63460. 38 3§90
3520. 45353>203541. 5 3552398618362>20
AO. 0062350. 062360-9 2370. 452387.52390.5
determ ned 2 days after the addition of /th HO

This indicates that the dienamide is not acting as a Michael acceptor
for biological relevant nucleophiles (346, 351-352) and that substantial sterically
5  demanding modifications can be accommodated without abrogating' biological
activity (343-345). The Vacuolar ATPase was identified as a putative target of
salicylihalamide ATt has subsequently been confirmed that the potent V-ATPase
e inhibitory activity of our synthetic salicylihalamides (see Table 5 below) and
(\ identified the membrane spanning Vo proton channel as the binding site for
10 salicylihalamide A. The data of Table 5 was acquired using a purified system.
Others in the art typically use crude membrane preparations fo assay V-ATPase

activity. Such a crude assay does not necessarily reflect V-ATPase specific activity.
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conpounds .by the MIT assay, (Mosmann , T. J. |l nmmunol .;Met hods 1983, 65,
55-63). The A 50 values (drug concentrations required tq Z g Réuugrowth by
5099 were calculated based on triplicate assays at 4 di fz ﬁ‘
concent r atyy@y 1519423t he drug. In addition, the ability of comauwidsrs3g3alcC

and 343 to inhibit gromth 10 of a nunger of tunor cell lines was tested
and. conpared to TAXOL's ability to inhibit growh of these tunor cell
lines. The data are indicated belowin Table 4. Table 4 Cell Iined50 (nM

323a/cA@ 50 (nM 343Gl50 (nM TAXOL H12993. 25. 05. 0 H20092.01.65.0

H3581. 610. 05. 0 H20583. 26. 35. 0 H1750. 20. 25. 0. H126431. 631. 65. 0 SUBSTI TUTE
SHEET (RULE 26) 2 7 JAN 2005 WD 02/ 12223 62 PCT/USO /24377 343 This
indicates that the dienam de is not acting as a M chael acceptor for

bi ol ogi cal rel evant nucl eophiles (346, 35,8R2%) and that substanti al
sterically 5 demandi ng nodifications can be accorrrmdat ed wi thout abrogating
biological activity e )gp&@ | Lfjeed as a
putative target of S[Sl?iﬁ@yﬁ%ﬁ?ﬁgﬁ@&alg\{p\ has subseq &ié&ﬁaﬂ)ﬂ\)/ﬂgggfnﬁcom r med
t.hat the pot encon%deuéarPaseICso(nNﬂ}u b| t@mypomdt i vi tyIC'@f(nR@ur @mmﬂet ic ICo@mM)

sal i cyl i hal am-de 5 s w—ant—i-deptfed-—the—rrend 16 ni ng
Vo proton chantl 10 $al | cyli haI am de A

ds the -|nd|ng Slfe for
of Table 5 wassdacquired Wrsing a pasdfied systdn O l#dés in the GRt
typically use %%ude rre 7gg)lne prepgrations to agsay V-gTPase actjyity. Such
a crude assay es not necessarily reflect V-ATPase speC|f|c actrvity.

352 1.8 353 >1,800 354 >2,500
(J o355 >1,000 361 9.3 362 757

365 ND 366 300 367 180

Apicularen A <10 - 270 Baﬁinniycin A 31

(a) IC50 s Were measured accordmg fo: Xle X—S Tsai SJ, Stone DK (1988) Proton
5 pump in clathrin-coated vesicles. Methods in Enzymology 157, 634-646. See also
Crider, Xic and Stone, J. Biol. Chem. 269:17379-17381 (1994).
In light of this, we prepared analogs 353/354 incorporating a Hpophiiic
cholesteryl or famesyl anchor hbping to target these derivatives to the membrane (Fig.
15). | | -
10 Side chain miodified analo gs that lack saliCylihaIainide’s characteristic
N-acyl enamine functionality are attractive c_andidates for the following reasons: (1)
(“ they are expected to confer increased acid stabﬂity; (2) they can potent.iallyrbe
prepared via shorter sequences; and (3) they would answer an iminortant queétion
related to the functional role of the N—acyl enamine moiety. Octanoate 355, a
15  compound with identical chain length and similar hydrophobicity than
salicylihalamide, is representative of this class of compounds and was prepared from
alcohol 331 via a Mitsuncbu esterification followed by depretect'.on (Fig. 17).
However, both octanoate 355 and allyl ester 335b (Fig. 13) were compietely inactive
in the cell—based'assay and 2-3 orders of Iriagnitudc less potent than salicylihalamide
20 inthe in vitro V-ATPase assay.
At this point, we became entertained with the possﬂ:nhty that
salicylihalamides could form a covalent complex with a putative binding protein

through capture of an activated N-acyliminium ion by a nucleophilic amino acid
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Table 5 Inhibition of purified reconstituted. V-ATPase from Bolviden B8 ns
Compoundl CSO (nM Conpoundl CSD (nM Conpound1C50 (nM 301al1301c

0. 34335b23@%§g8 %Z{ 3441. 23453. 03460. 8 349. 0. 753501. 03510. 2 per/use1/24377
3521. 8353>T1, 3 >2,500 355>1, 0003619,836275. 7 365ND366300367180

Api cul aren AX1.0(t }-270Bafilonmycin A3.1 (a) 1C50's were neasured
according to: Xie X-S, Tsai SJ, Stone DK (1988) Proton punp in
clathrin-coated vesicles. Methods in Enzynol ogy 157, 634-646. See al so
Crider, Xie and Stone, J. Biol. Cheat. 269:1.7379-17381 (1994). In I|ight

of this, we. prepared anal ogs 353/ 354 .incarporating. a li. I 1ic. ..

chol est eryl oresiduer{Big/ 117 hvdnek cCHOYE a‘f‘gletolagfg‘@ﬁmt’]ﬂg?gl @éx?ﬁggqridyggat §%t he
menbr ane (Fi 94 ggggb 10 Side chain nodified anal ogs that |ack

sal i cyl i hal am 3 characteristic N-acyl enamne functionality are
attractive candi dates f ok ntihiendllylperiwibad probedotest thisiyypothesiy was endsigaed ©d t o

confer increased acid stability., (2) they.ca tent i akil. ed via

shorter sequenstssirommysipple %aﬂé%n%?ﬂ)the S"l‘%ﬁ‘lb@? H%"ED?? ﬁ%%# %"rﬁ“"%@%@? ?cgﬁre rel at ed

to the functi Qilyiotfyial dbdiare asY IHANAEY litect HydiHeMatidauraB0alse sifatedn 15
' ntircal c

conpound tho aln length and simlar r}%/ﬁ%rophobi city than
sal i cyl i hal anifgeendosydlindombieritomdite prodfice 32(Fig. 483 BrcaussiHhern Mas 1 RHVIRES

e O i e 0 S-S g, o
S e PSSP LRIy e oic ol st or
@t‘ Tegnt Hee on biclggical activity (Fig. 18). Our point of departure entailed a hydrogenation of
10 329a or 330a with concomitant removal of the p-methoxybenzyl (PMB) ether. )
'Subéequént converéion of 356 to 361 took full advantage of the chemistry outlined for
" the preparation of 351 without complidati‘dii. Hydrogenation of this material also
yielded the fully saturated salicylihalamide derivative 362. In vivo, N- carbamoyl
enamine derivative 361 retained a significant, although attenuated, level of growth
15  inhibitory activity whereas the enamine to aming permutation (3613 62). completely
abolished antiproliferative potential. In the ir vitro V-ATPase assay, inhibition of
proton pumping also decreases in the order 351 (ICsp 0.2 nM) > 361 (ICs 9.3 nM) >
362 (ICso 75.7 nM). See Table 3 above. Because it was demonstrated that
salicylihalamide is a reversible i'.nhibitdr of V-ATPase, it is likely that other factors,
20 perhaps increased conformational flexibility, are responsible for the decrcased
bidlo gical activity of 362 (and to a lesser extend for 361).

It became apparent from these studies that a photo-activatable
salicylihalamide reagent had to be deﬁreloped in order to map the salicylihalamide
binding site on V-ATPase in molecular detail. Although the potent in vivo and in vitro

25  bhiological activity of saﬁcylihalamide—bascd dimers 343-345 points to a potential site
for attachment, the phenolic and secondary hydroxyls were also imvestigated as a
handle for derivatization (Scheme 10). Staring with bis-TBS derivative 336, selective

.deprotection of the phenolic (TBAF, THF, 0°C, 91%) or secondary TBS ether (aq.
HCI, 91%) was followed by benzoylation to firnish benzoates 363 (%) and 364 (50%)
30 respectively. Together with compound 334d, these materials were independently

claborated to bis- and mono-protected forms of salicylihalamide derivative 351,
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20 in the in vitro V-ATPase; assay. At this point, we becane entertained
with the possibility that “salicylihal am des coul d forma cgzl S%‘ ﬁﬁgpl ex
with a putative binding protein through capture of an activ d

N-acyl i m niwne@nby a nucleophilic amino acid SUBSTI TUTE RHER(RYE 26)
2 1 JAN 2005 WD 02/ 12223 PCT/USQ / 2437%s 64 residue (Fig. 17), which could
explain the |l oss of biological activity for derivatives 355/335b. A
mninmally perturbed probe to test this hypothesis was envisioned to arise
froma sinple saturation of the enam ne doubl e bond of biologically active
5 salicylihal am de derivative 351. However, direct hydrogenation of 351

al so saturated the endocycli c doubl e _bond _to prqoduce 362 (Fig. 18%.
Because there%@ TreorepRids 365-305 rdeedde. (O ﬁrfh?YTﬁ?%%Wﬁﬁlogé@W T yee
problem a cont % ent 361 was prepared as a probe to investigate

i ndependent |y t e eftect of endocyclic double bond saturation .on

bi ol ogi cal actEmmpj@ 3: FEgperieréntalCBmcedumenfomhe SephedivofSyatitetic| ed a

hydr ogenati on 0of, 0a W|th £0 com tant renoval of the p-

met hoxybenzy| Sepggiiaimiges anglfaagiggation il sj on of 356 to 361 took full
advant age of the chem stry outli ned for the preparation of 351 w thout
conplicatign. jHyekpaerRhhigiedt this material also yielded the fully
saturated salicylihal am de derivative 362. In vivo, N carbanoyl enam ne
derivative 361 retained Wnlsssgotdd %@ﬁmseeﬁmagmﬂatawﬁﬂbéﬂmetenﬂewre wsedgr owt h

corpl etely - sBgHosBirheh PRAFARor i FAPR Sick et pEAPRE: FEABY SRt S0P o
8€ say, i nhibi msaﬂfoeinolﬁﬁfbtseﬁm eﬁﬁloﬁb ﬁz@rdiﬁ@ﬂilﬁﬁlsﬁﬁn ufylﬁgﬂﬁgeﬁfsdﬁaer?a‘il (1C50

: nM > 361(1C50 9.3 N%E [C50 ..75.7 nM. See Table 3 above
Because it wadiliREseALnesRhEre: F:thldsTéﬂlg Hom; SHQ%%P%"P’?“&“‘F ksjy; bengpre and

 nor ensed Jont SRR an spi S CELER KEL R N e o R ot eased
bi ol ogi cal' activity of MmmeﬁmsmWeemonemem:ﬁedmuﬁﬁﬂQer a hitrdgen ane
apparent fr OmaExQosp ersétvléll | I%Sagltle 1C stlmrBrh %ash c! firoma tt)gargilahey (F C) was performed using
" E Merck silicagel 60 (240- 400 mesh) according to the protocol of Still, Kahn, and
‘Mitra (J. Org. Chem. 1978, 43,2923). Thin Layer chromatography was performed
15  using precoated plates purchased from E. Merck (silicagel 60 PF254, 0.25 mm) that

were visualized using a KMnO; or Ce(IV) stain.

Nuclear magnetic resonance (NMR) specira were recorded in CDCls,
unless otherwise specified, on either a Varian Inova-400 or Mercury-300
( spectrometer at operating frequencies of 400 / 300 MHz ("H NMR) or 100 / 60 MHz
20  (*C NMR). Chemical shifts (5) are given in ppm relative to residual solvent (usually
chloroform; & 7.27 for "H NMR or 8 77.25 fbr proton decoupled °C NMR), and
coupling constants (J) in Hz. Multiplicity is tabulated as s for singlet, d for doublet, t-
for triplet, g for quadruplet, and m for multiplet whereby the preﬁx app is applied in
cases where the true multiplicity is unresolved, and b when the signal in question is
25  broadened.
Infrared spectra were recorded on a Perkin-Elmer 1000 series FTIR

with wavenumbers expressed in cm™

using samples prepared as thin films between
salt plates. High-resolution mass spectra (HRMS) were recorded at the NIH regional
mass spectrometry facility at the University of Washington, St. Louis, MO.

30 Combustion analyses were performed by. Optical rotations were measured at 20°C on

a Perkin-Elmer 241 MC polarimeter.
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salicylihalamide reagent thad to be devel oped in order to nmap the
salicylihalamde binding site on V-ATPase in nol ecul ar detaigl7 MKhpg®h
the potent in vivo and in vitro 25 biological activity. of

salicyliha LGeaaased dinmers 343-345 points to a potential pst/usydion
attachnment, the phenolic and secondaryeshydroxyls were also investigated as
a handle for derivatization (Schene 10). Staring with bis-TBS derivative
336, selective .deprotection of the phenolic (TBAF, THF, O0C, 91% or
secondary TBS ether (ag. HC , 91% was foll owed by benzoylation to
fihrni sh benzoates 363 (% and 364 (50% 30 respectively. Together with
conpound 334d, these materials were independently elaborated to bis- and
nono- pr ot ect ed!. FxpagmentakBioced¥$ hal anmi de derivative 351, SUBSTI TUTE SHEET
(RULE 26) 2 7 JAN 2005 WO 02/12223 PCT/[ 1501/ 24377 65 namely conpounds
365-367. See Fig. 19. Reg the V-ATPase acti vimyn of 365-367 see Table 5
above Exanple 8: Expergnehtal Procedures f 0ot Synt hesis of Synthetic

Sal i cyli hal al m des d aracteri zati orMeDa 5 1. General Techni ques
Unl ess not ed arhRrwisse, %Pm*fé?frélly”"aiéi I;

bl e yaterials were used w thout
further purific to. AT sol vents used)<kee® of HPLC- or ACS- gr ade.

Sol vents used foOr noisture sensitive operations were distilled fromdrying
agents under a nitrogerTmi stirsgilsehugionf 2icohel 74 (BIZ 1 1z 8177 Swapl) i ELO (60

benzophenone ketyl; benzene and. 10 | uene fr.o ogi ,
NEt 3 Ioand pyr gk hwas gddef Pog 9"3’&6?2%05@5?3@6@3%853?% @vjéglrlg?%? %@%@'
carried ouf uny ég?oﬁH&%%%Mfoﬂfc%ﬁp@gﬁL}/@ﬂ% ARTPANACthS HiikfutdWas dtin@d for

g;'r_omat ography - (1 was perfornmed using E Merck silicagel 60 (240-400
5sh) accor di roh htattThe mixdirosas qudnched with agatows saintiaHiQsrand e3tractydywith Chem

Dl ates. pur ohadueO (3 ShilEe HobEes CURPHCagaT ste Wash (i iteh (B lo) BRECDS! o
l'pZE? Ir ;Z\igr e ;cgg%@éé%afﬁm%% b YT SibREA3 MR8 of Prgatbk foohefl et ses (NVR)
as a colorless oil. 305: [a.];) =-32.8 (CHCl3, ¢ 1.18); IR 2956, 2857,_ 1697, 1613,
10 1514, 1331, 1250, 1136, 1096, 836, 777 cm™; "H NMR (400 MHz, CDCls) § 7.26
. (2H,d,J=8.4Hz), 6.85 (2H, d, J= 8.4 Hz), 4.55 (14, d, /= 10.8 Hz), 443 (1H, d,J
— 10.8 Hz), 4.17-4.11 (1H, m), 3.88 (15, app.t, /= 6.4 Hz), 3.79 (3H, 5), 3.70 (2H,
app.t, J=6.4 Hz), 3.50 (1H, d, J= 13.6 Hz), 3.43 (1H, d, /= 13.6 Hz), 3.02 (1H, dd,
J=64, 16.0 Iz), 2.98 (1H, dd, J = 6.4, 16.0 Hz), 2.05-2.12 (2H, m), 1.75-1.96 (5H,
15 m), 1.32-1.43 (2H, m), 1.14 (3H, 5), 0.96 (3H, 5), 0.89 (9H, 5), 0.04 (61, 5); "C NMR
¢ (75 MHz, CDCly) 6 169.9, 159.2, 130.9, 129.5, 113.8, 72.9, 71.4, 65.3, 59.6, 5.4,
53.1,48.5, 47.9, 4.8, 412, 38.7, 38.0, 33.0, 26.6, 21.0, 20.0, 18.4, -5.1,-5.2; MS (CD)
550 ([M-OMe]", 2), 121 (100). HRMS Caled for CsHsgNOgSSi (MH'): 566.2972.

Found: 566.2956.

TBSQ

PMBQ
Me A/ PMBO
N
1
502 3¢5

Mez
OHC:
20
To a -78°C solution of p-methoxybenzyl ether 305 (2.4 g, 4.34 mmol)
in CH,Cl, (40 mL) was added dropwise DIBAL-H (1.0 M in CHCly, 5.2 mL). After
stirring for 1 h at -78°C, MeOH (2 mL) was added and stirring was continued for 5

min after which the cooling bath was removed and solid NaSO,-10H,0 was added

25  portionwise. After stirring for 1 h at rt, the solid was removed by filtration and

washed several times with EtOAc. The filtrate was concentrated and the residue
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unl ess ot herwi se specified, on either a |'arian Inova -400 or Mer cu

I y-300 spectroneter at operating frequencies of 400 / 300 Mzrz] W@%
100 / 60 MHz 20 (13C NWMR). Chemical shifts (8) are given in ppm relative

to residuayoeohyent (usually chloroform b 7.27 for 111 NURc@fusti/Z4d7R5S for
proton decoupled 13C NWR), and coupligig constants (J) in Hz. Miultiplicity
is tabulated as s for singlet, d for doublet, t for triplet, q for
quadruplet, and mfor multiplet, whereby the prefix app is applied in _
cases twhere the true nmultiplicity is unresolved and br when the signal in
guestion is 25 broadened. Infrared spectra mere recorded on a

Per ki n- Ebner 1000 series FTIR wth Wavenunber ssedll}@ ‘{‘?t %qlis éﬁ‘a
sanpl es pr epd?@tlalbsplﬂﬁqﬁl tp W%Vetfé?ﬁﬂ/@éﬂ‘eé)é’ﬁa“ﬁ? 3ldshy

spectra (HR spectronetry
facility at NB%OG é}{agﬁi?é Qh%xft] M&ir}liomemg %ﬁ@%%n 30 Conbustion

anal yses were per f or rredT@ysuﬂﬁn scdlztiormﬂ(aR)-qu‘r wen@maﬁ}igmm&ﬁstdm@@@mg, a
02112223 PCT/ UEDmmo BraP e (0 mLiab oAt MLBrCbARF o s PR TS HOY
) e, N S D b REE 4 SR 3 2o Mo Oa R Vel r 1 b bR, 304 (3. 71
addedp- met hoxyheiuybiialdebipl ©3a6Eatd) in CRLEL (24013 was dided A fimrstijingdbt Dhati-
78°C, aqueous sat. NH4Cl was added and an extraction was performed with EtOAc
e (3%). The combined organic layers were washed (brine), dried (Na;SOy) and
l concenirated. The residue was purified by FC (15% EtOAc / hexanes) yielding 1.33 g
A0 - (74%) of aldol product 307 as a white foam. 307: [0.’.][) =-54.7 (CHCl3;, ¢ 1.39); IR
3480, 2956, 2857, 1694, 1613, 1514, 1334, 1250, 1095, 836, 777 cm 1 'H NMR (400
MHz, CDCL) § 7.25 (2H, d, J= 8.4 Hz), 6.84 (2H, d, /=84 Hz), 449 (1H,d,J=
10.8 Hz), 4.45 (1H, d, J=10.8 Hz), 4.26-4.32 (1H, m), 3.70-393 (2H, m), 3.78 (3H,
5), 3.62-3.73 (2H, m), 3.52 (1H, d, J=2.4 Hz), 3.50 (1H, d, ] = 13.6 Hz), 3.42 (1H, 4,
15 J=13.6Hz), 3.24 (1H, ddd, J=4.8,7.2, 7.2 Hz), 2.84 (1H, ddd, J= '2.8, 72,172
' Hz),2.70 (1H, ddd, J =24, 4.8, 17.2 Hz), 2.10-2.17 (1H, m), é.04 (14, dd, J="1.6,
14.0 Hz), 1.96 (1H, app.t, J= 2.4 Hz), 1.84-1.94 (SH, m), 1.69-1.78 (111, m), 1.63
(14, ddd, J= 2..0, 6.4, 14.4 Hz), 1.30-1.42 (2H, m), 1.19 (3H, s), 0.95 (34, s), 0.88
( " (§H, s), 0.03 (6H, s); 13C.NME__{ (75 MHz, CDCl3) 8 172.7, 159.3, 130.6, 129.6, 113.9,
| 20. 80.5,74.3,71.2,71.0,67.2, 65.2,59.6,55.3,53.3,49.5, 48.4,.47,9_, 44.7,38.5,37.5,
36.8, 32.9,26.6, 26.1, 20.9, 20.0, 18.4, 18.3, -5.2; M (CI) 648 [MHJ’, 632, 590, 121
(100). HRMS Caled for C34HssNO;SSi (MH"): 648.3390. Found: 648.3368.

Soms
_ pvBa™
———

Y otes

P 307 o N 308
To a solution of 307 (1.27 g, 1.96 mmol) in CH,Cl, (10 mL) was
25  added at -10°C 2,6-lutidine (0.342 mL, 2.94 mmol), followed by TBSOTf (0.496 mL,
2.16 mmol). The solution was stirred for 2 h at -10°C and 2 h at 1t followed by

quenching with aqueous sat NH;Cl. The aqueous layer was extracted with EtOAc

(3x) and the combined organics were washed (brine), dried (N22504) and

concenirated. The residue was purified by FC (10% EtOAc / hexanes) to give 1.33 g
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5 by trifluoronethanesul fonic acid (2.3 L, 0.026 mmol):and the ni xture was
stirred for 2 h at rt. The mixture was quenched with aqueous? FatJANNA}BC3
and extracted with Et20 (3 x). The conbi ned organic | ayers were washed
(brine), gfd&% ,3Na2S04) and concentrated. Purification byCROsMeEBIed 3. 4
g (729% of p-nethoxybenzyl ether 305 &g a colorless oil. 305: [a]n - -32.8
(CHC13, ¢ 1.18); IR 2956, 2857,1697, 1613, 10 1514, 1331, 1250, 1136,
1096, 836, 777 cm; "H NWR (400 MHz, CDCl3) S 7.26 (2H, d, J= 8.4 Hz),
6.85 (2H, d, J=8.4 Hz), 4.55 (1H, d,. J =10.8 Hz), 4.43 (1H, d, J = 10.8
Hz), 4.17-4.11 (1H, m), 3.88 (1H, app.t, J= 6. 4 Hz), 3.79 (3H, s), 3.70

2H, t, J= 6.4 Hz), 3.50 (111, J=13. 15,136
|(42) 300 (1I-d;fsd§l],etheﬁ3d))83aﬂla cqb§1®8+%5(90%)9@3 E‘H 0'1‘635 @{é%og‘@ag‘{ﬁé%’

5}, 0.0 (3r 2557, 1he T Ey 35, 1A Tl 357, Wb G SR QUOMERE, 1 ¢

169. 9, 159. 2, 9)32,9335(211133 78, 372}1&) BIRSA 265 AT 58.6HBG 4417 (2H3s)14.34418,  47. 9,
44.8, 41.2, 3 93 3.0, 26.6,

550 ([ M OVe] +dd, 2)= 5. m,zm @Mﬁ BTG ddétiSd’l f7f§rHZ)€%%ﬂi§ﬂC§S%|65 35%#@?5/5) (D
of p- ot hosty beh3yILchdr 08 Hep oty (1Fg &= 1RGP, S3TR IR PR EOTL ) Ol
bt ol A gt et ot o s e
whi ch the coo?i Dﬁ@lﬂﬁ,aldgfm%of%%m L8 ik f@% 17?%%2@%5’3 ]ag%gl
portionw se. ﬁéé %?%énéélwggﬁ 1361123;4@1{1] E% h@cﬁ(gﬂ g) y)@g(gﬁrr@vggmyﬁ s),

iftration an ever T mes” wi't The filtrate was

concentr at ed g@%{gﬂ;ear@gv B8, 5) SbJBS(QHuTE:‘(SE{EEE (7R, THYCH) 7 1738 BOd5 WO
02/ 12223 PCT/ US 12

377 67 parti al e r e S the
bor nanesul@ ani3béa20%i4iy3 7T$|b5=c?2u%é70a€/é§ﬁ 6@3 6543945850553 50.8/as's)
479,446,422, 38.5,37.7, 32.8, 26.6, 26.20, 26.17,20.8,20.1, 18.5, 18.3, 18.0, -4.0,

-4.1,-5.1; MS (CI) 762 [MH]", 713, 704, 514, 121 (100). HRMS Calcd for
' CioHgNO;SSis (MH"): 762.4255. Found: 762.4246.

A OTES ' 0T8S
puag™ pvEO™
ll" ) ""
g Y OTES, Z OTES

OANX' aes HO 309
15 | To a solution of silylether 308 (1.32 g, 1.73 mmol) in THF (60 mL)
ﬁa‘s added LiEt;BH (1.0 M solution in THF, 10.4 mL) at -78°C. After stirring for 2h
o o1 75°C and 5 h at -40°C, aqueous NaOH (2.0N, 30 mL) was added and the mixture
was allowed to reach rt. Extraction (EtOAc, 3x), washing (brine), drying (Na;SOy)
and concentration gave a residue that was purified by FC (10% EtOQAc / hexanes).

\

20  Alcohol 309 was obtained as a colorless oil (0.8 g, 84%). 309: [a]p =-10.4 (CHCL, ¢
1.01); IR 3500, 2955, 2930, 2858, 1614, 1515, 1251, 1094, 837, 776 em’™; 'THNMR
(400 MHz, CDCh) 8 7.29 (2H, 4, /=88 Hz), 687 @ H, 4, /=88 Hz}, 454 (1, 4, J
—11.2 Hz), 441 (1H, d, /= 11.2 Hz), 4.16-4.21 (1H, m), 3.81 (3H, ), 3.65-3.80 (3H,
m), 2.52 (1H, app.t, J=5.6 Hz), 2.13-2.19 (2H, m), 2.02-2.09 (1H, m), 1.99 (1H,

25 app.t,J=2.4Hz), 1.69-1.90 (3H, m), 1.61 (1H, ddd, /=3.2, 7.6, 14.0 Hz), 0.91 (94,
5), 0.90 (9H, s), 0.07 (6H, s), 0.066 (6H, s); Bo NMR (75 MHz, CDCl3) § 159.3,
131.1, 129.3, 113.9, 83.1, 73.4, 71.3, 70.3, 69.8, 63.6, 59.7, 55.5, 45.3, 33.8, 371,
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306 (1 g) was used in the pnext step without further purification. To a
stirred solution of (2R)-N(4'- pentynoyl)bornanesul tam (950%@ JA@@%
mmol) in CH2A 2 (20 nL) at -78C was added TiCd 4 (343 :L, .
i 5 Pr2NEt wd@zllEﬁzsm— 3.22 mmol ). After stirring for 1 h atpdhgsiAi®

t enper at ur e, solution of al dehyde 396 (-1 g) in CHzAO 2 (2 mﬁ)
added. After stl rring for 2 h at - 78C, aqueous sat. NHACL was added and
an extraction was performed with. EtOAc (3x). The conbi ned organic |ayers
were washed (brine), dried (Na2SO4) and concentrated. The residue was
purified by FC (15% Et OAc / hexanes). vyieldi ng 1 33 g 10 (74% of al dol
product 307 as a white foam 307: [CD -54.7 39); IR 3480
2956 2857, 16948,261318.1584, 17334}.1.1:950M3 55186Mﬂ77@ 493,721 (14QNVR (400

ey _OOCLS) SRRk o gt 51 el Mindlsshfrd, 1), 499 (I
xn) , 378(3H ~o®s62-3.73 (2H, n), 3.52%w, d, J= 2.4 Hz), 3.50 (1H,

d, J = 13.6 Hz), 342 (1H, d, 15 J = 13 6 &), 3.24 (1H, ddd, J= 4.8, 7.2,
7.2 W), 2.84 (TR, MHdd, J 2.8—72, 17.2 , 2.70 (1H, ddd, J= 2.4, 4.8,

and

17.2 Hz), 2. 1/._~ PTLBH n, 204(1H =0 g, 140Hz) 1.96 (1H,
app.t, J= 2.4 Hap;y 1.a84-1.94 (5H, | 17:69- 1.9%8 ( 1H, , 1.63° (1H, ddd,
J= 2.0, 6.4,

(on 9. o oa cony o) ]@é’q@{pﬁo@tﬁaﬁ%@s@@%@(%gigﬁp?bl)m%@qlig%o 88

129.6, 11359, v?é!a%ﬁeéEtFqﬂ(o%mi)lml(sﬁmggan@:rséﬁ(Mm 283 rdhoB. TR3- 3,
49.5, 48. 4 47.9. 44.7, 3 26.6, 26.1, 20. 20 o 18. 4,

-3, -5.2: MBuikeire wag4tugd ayt for 46k, divged mtbﬁtzq yoshed (apRRHCE: ) 60
4H5ANOT SS

307 0 N a0 Qi Stsidpe. 55 i ot o RESY %A?%;ﬂa%%ﬁ@ei

nL) was 25 adqeddmw@(@l%)@ftdsmaebme(sQ,oa{hzlemn 3194{oﬂmel-¢3(cmg Q,Wed by
TBSOTf (0. 496 was stir or 2 h at -1

and 2 h at" rt O. EBI I%\Z%%ﬁ 8930 @ﬁé?‘»clﬁllaagliﬂﬁi W@qh@uy%&aﬂom&? 777‘I°Hé sa eous
Y )2 4B S iy TP, 78 BN AN N85\ WL MY 9. ppohed
(?H, d, J= 8.8 Hz), 6.89 (2H, d, J= 8.8 Hz), 4.52 (1H, d, J=11.2 Hz), 439 (1H, d,J
= 11.2 Hz), 4.06-4.19 (3H, m), 3.83 (3H, s), 3.63-3.77 (3H, m), 2.47 (3H, 5), 2.30
(1H, ddd, J=2.8, 7.2, 17.2 Hz), 2.21 (1H, ddd, J=2.8, 7.2, 17.2 Hz), 2.09-2.16 (1H,
m), 1.93 (1H, t,J= 2.8 Hz), 1.78-1.87 (1H, m), 1.66-1.75 (24, m), 1.44 (1H, ddd, /=
15 3.2,7.6, 14.0 Hz), 0.93 (9H, s), 0.82 (9H, s), 0.09 (3H, s), 0.085 (3H, s), 0.04 (3H, s),
© 0.001 (3H, 5); °C NMR (75 MHz, CDCl3) § 159.2, 144.9, 133.0, 131.0, 130.0, 12933,
(: | 128.2,113.9, 81.9, 73.3, 70.4, 70.2, 69.6, 68.6, 59.6, 55.5, 43.5, 39.1, 37.6, 26.2, 26.0,
218, 18.5, 18.1, 16.3, -4.1, -4.4, -5.11, -5.13; MS (CT) 705 [MH]", 647, 568, 355, 121
(100). HRMS Caled for Cy7HsNO;SSi; (ME'): 705.3677. Found: 705.3663.

OTBS . : oTeS
- PrvBO™
# Y “oTES Z Y “o7ES
20 TSO/ 3 ' - an

To a solution of tosylate 310 (0.9 g, 1.28 mmol) in THF (13 mL) was
added LiEt;BH (1.0 M solution in THF, 6.4 mL) at -0°C. After stirring for 16h at rt,
aqueous NaOH (5%, 5 mL) was added. Extraction (Et,O, 3x), washing (brine), drying
(Na,S04) and concentration gave a residue that was purified by FC (2% EtOAc/

25  hexanes). Compound 311 was obtained as a colorless oil (0.39 g, 86%). 311: [a]p =-
9.1 (CHC13, c 1.06); IR 2955, 2930, 2858, 1614, 1515, 1472, 1250, 1095, 836, 775
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concentrated. The residue wias purified by FC (10% Et OA¢ / hexanes) to give
1.33 g SUBSTI TUTE SHEET (RULE 26) 2 7 JAN 2005 WD 02/12223 MBIAN 2005

PCT/ USO / 24377 of silylether 308 as a colorless oil (909%. : ]2 =
-36.5 (CHCw 0®122294) ; 1R 2956, 2857, 1700, 1613, 1515, 13881/14R6M0243100,
837, 777 cm';'H NWR (400 MHz, ,CDCh8) 8 7.33 (2H, d, J= 8.8 Hz), 6.85
(2H, d, J= 8.8 Hz), 4.47 (2H, s), 4.37 (1H, dd, J= 5.6, 11.6 Hz), 3.88
(1H, dd, J=5.2, 7.6 Hz), 3.79 (34, s), 3.65-3.75 (3H, m, 5 3.49 (1H, d,
J= 13.6 Hz), 3.41 (1H, d, J=13.6 Hz), 3.37-3.42 (1H, m,,-).80 (1H ddd, J
2.4, 8.4, 16.8 Hz), 2.61 (1H, ddd, J= 2.4, 3.6, 16.8 Hz), 2.15-2.9-2 (1H,

R GO ACA R T IN ITPY '33221%141# s 346 8 A 731 %
3H, s), 0.96 & 91 911 0 911,
g) 1§)C NMLR }{73%5 &7% (3&55}@7 I?Oqggg} 1525 3%{@'1’4”@&@373% ( 1.6,
128108 S OmpE Ca LB T (R 35931}15@@%58 T
122 3 N larank s e w Lo A ng s e B hed T o

f CA0HBENOTSS 24 08 HO
385 15 To Sgpﬂ’ltdltd%%@ ?yf‘zeﬁﬁ?q;ég@ HQQ%%Z&,J %wa(a%ﬂrﬁéﬂgo M)

was addedf Li EHEBH @10, 8.8V1 4 01HK)i b0 (HH,Tddd, J = IICI) 4.0y{14.0)Hz 0-99@}1 hiteb.8
2 -78C -4
vas added and e HR A b 9@k ECH, o BYETER, SRUs G, phnc v

3x), washing ( . 9 14N\a2509%8) 1190R1ONBH LAl TOS, GRYE5%ES,56F, due
hat was puri fl\quggr@cll—ggrazi%/éht GAc 7 “hexanes)’. 20 Al | cohol 309 was obt ai ned

as  a col or | esss50i, BSF03R5038.64%2, 2206018 5al 88, 4.9,1403, -¢OACIR09,c5. 1aMSKLD | R

o a8 Sttty ﬁ%@éﬁ%ﬂé‘*ﬁ%ﬂ)ﬁﬁ@% CReg 8 bRy 5

(MH"): 535.3639. Found: 535.3548.

i,
‘0TBS
31i2d

312d: [o]p =-10.7 (CHCl, ¢ 0.3); IR 2960, 2926, 2860, 1517, 1250,
1090, 833, 777 con’'; "H NMR (400 MHz, CDCl3) § 7.25 (2H, d, J = 8.8 Hz), 6.87
15 (2H, d,J=8.8 Hz), 5.69-5.82 (1H, m), 4.95-5.02 (2H, m), 4.50 (14, d,J=10.8 Hz),
4.40 (14, d, J=10.8 Hz), 3.87 (1H, ddd, J= 3.2, 3.2, 8.8 Hz), 3.80 (3H, 5), 3.60-3.79
(: (3H, m), 2.05 (1H, ddd, J = 6.4, 6.4, 14.0 Hz), 1.64-1.89 (4H, m), 1.62 (1H, ddd, J=
2.8, 8.8, 14.0 Hz), 1.46 (1H, ddd, J= 3.6, 8.8, 14.0 Hz), 0.90 (SH, 5), 0.88 (91, 5),
0.86 (3H, d, J=7.2 Hz), 0.06 (3H, 5), 0.05 (3H, 5), 0.03 (3H, 5), 0.026 (3H, 5); °C
20 NMR (75 MHz, CDCLy) & 159.2, 138.0, 131.5, 129.2, 115.8, 113.9, 73.8, 72.5, 70.6,
59.9,55.5,39.1, 38.1, 38.0, 37.4, 26.2, 18.5, 18.3, 14.2, 3.9, -4.1, -5.08, -5.10.
HRMS Caled for C3oHsO4SizLi (MLi"): 543.3877. Found: 543.3875.

“n0TBS
312d

315: [a]p = -23.7 (CHCL, ¢ 0.6); IR 3528, 2956, 2930, 2858, 1472,

25 1256, 1084, 836, 775 cm™; "H NMR (400 MHz, CDCls) 8 5.77 (1H, dddd, /=6.8,
6.8, 10.4, 16.8 Hz), 4.96-5.03 (2H, m), 3.96-4.04 (1H, m), 3.75-3.91 (31, m), 3.33

(1H, d, J = 2.0 Hz), 2.12-2.20 (1, m), 1.57-1.84 (4H, m), 1.42-1.52 (2H, m), 0.90
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=11.2 Hz), 4.41 (111, d, J=11.2 Hz), 4.16-4.21 (111, i), 3.81 (311, s),

3.65-3.80 (5H, ni), 2.52 (111, app. t J= 5.6 Hz), 2.13-2. 19%?%}\!\&”’%{1@5

2.02-2.09 (111, m,1.99 (1H 25 app.t, J= 2.4 Hz), 1.69-1.90 1.61
(9H, s), 0.90 (9Hpc%)usoﬂz£3¥7(6H

(111, ddd, émg.”g 7.6, 14.0 Hz), 0.91

s), 0.066 T 3C NWR (75 Mz,  GRCI3) 5 159.3.  131.1, 129.3. 113.09,
83.1, 73.4, 71.3, 70.3, 69.8, 63.6, 59.7, 55.5 45.3, 35.8, 37.7, 68 Pw
"~ OTS9 SUBSTI TUTE SHEET (RULE 26) 2 1 JAN 2005 WD 02/ 12223 69

PCT/ US01124377 26.18, 26.1, 18.5, 18.2, 17.1, -4.1, -5.1; MS (Cl) 551
([MH +, 4), 493, 121 (100). HRVS Calcd for C30H55C6Si2 (Md): 551.3588.
Found: 5513576, OTBS ( OTB s Pmm, ''( TBS ""OIBS HOri, 309 Tsa, 310 To a

sol ution of a(l6Bhe), 03643H0AZ8=§4 Hz)40. 1) s)i 07 BBl € MBVRLYS BBas added
wes st 171 ed ACDO T Ee S ST e i &hﬁ%?z%" 93903 B8 25 0T ot e

(Na2SO4) and gppeant ras ed. 26”5934 q—ﬁtﬁs@a@ﬁfop@%wb@&pwﬁ@ 4373 E00h6urd:

hexanes) to yi'e€ld’ 0.909 g (91% of tosylate as a colorless oil. 310:
MD = -6.3 (CHOZ3238. 0. 27) I R 2955 2930, 2857, 1613, 1514, 1363, 1250,
11782 1098, 837, 777 cm; 1H VR (400 MHz, 3)n§so 7. 81 (2H, d, J=
8.4 Hz), 735(213 d, J—84?—|ES) 7.29 (2Hd_ |
8.8Hz), 6.89(2H,d, J 88H2P)AB<21 -2(1HdJ—JrL_H2Hz) FIRg d)J - =11.2 Hz),

406419(3H m, 3.83 "%ges 3. 63-3.77 (3 B “(o34d, s), 2.30
(lH ddd 4= .8, 7 2,17.2 Hz), 31-2 21 (lH ddd, J= 2318 7.2,17.2 Hz)

735. 4635

—_—

317b: [cp = -8.5 (CHCls, ¢ 0.33); IR 2957, 2930, 2857, 1728, 1586,

10 1471, 1258, 1068, 836, 774 cm™'; "H NMR (400 MHz, CDCl3) § 7.27 (1H, dd, J= 7.6,

8.0 Hz), 6.82 (1H, d, J = 7.6 Hz), 6.77 (1H, d, J= 8.0 Hz), 5:92 (1H, dddd, /= 6.8, '

6.8,9.6, 17.6 Hz), 5.78 (1H, dddd, J= 7.2, 7.2, 10.4, 17.7 Hz), 5.31-5.38 (1H, m),

4.96-5.09 (4H, m), 3.81 (3H, s), 3.69-3.80 (3H, m), 3.33-3.37 (2H, m), 2.12-2.20 (1H,

m), 1.74-2.00 (6H, m), 0.91 (3H, d, J = 7.2 Hz), 0.902 (9H, s), 0.897 (9H, 5), 0.06
(o 15 (3, s), 0.06 (6H, s), 0.05 (3H, 5), 0.04 (3H, s); *C NMR (75 MHz, CDCL) § 167.7,
156.5, 138.4, 138.0, 136.5, 130.4, 124.4, 121.7, 116.7, 115.8, 109.0, 72.6, 71.0; 59.9,
56.0, 38.1, 37.9, 37.6, 37.5, 36.4, 26.15, 26.12, 18.5, 163, 15.5, -4.1, -4.2, -5.09, -
5.13. HRMS Calcd for Cs3HssOsSioLi (MLi%): 597.3983. Found: 597.3985.

OMe O oTBS -OTBS

OMe © 0TBS ’E; ) OMe O
- S
MGJ:\ - ) 'éru\o N\O WOTBS
II\/'\;\Q“"OTBS V\O/ “oTas M"’“
= = s

% 318-E
317Th 318-Z

20 | To a solution of ester 317b {13.5 g, 0.0203 mmol) in CH,Cl (1 mL)
was added at rt a solution of Cl,[{Cy);P]sRu=CHPh (3.3 mg, 0.00406 mmol) in
CH,Cl, (5 mL}) over a 3 h period ‘}ia syringe pump. After evaporation of the solvent,
the residue was purified by FC (2% EtOAc/ héxanesj to give 2.2 mg of E-
benzolactone 318-E (19%) and 9.4 mg of Z-benzolactone 318-Z (81%). 318-Z: [alp =
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15 3.2, 7.6, 14.0 Hz), 0.93 (9H, s), 0.82 (9H, s), 0.09 (3H, s), 0.085 (3H,
s), 0.04 (3H, s), 0.001 (3H, s); 13C NWR (75 MHz, CDC13) S 2?2'& Lﬁ@ 9,
133.0, 131.0,130.0, 129.3, 128.2, 113.9, 81.9, 73.3, 70.4, . 2, l\é} o
68.6, 59. 6wRpn222343.5, 39.1, 37.6, 26.2, 26.0, 21.8, 18.RCTIES6124376. 3,
-4.1, -4.4, -5.11, -5.13; IVB(CI) 705 [nl\/H]+ 647, 568, 355, 121 (100).
HRVS Caicd for C37HBLNO7SSI 2 (MH): 705.3677. Found: 705.3663. OIBS

"Oles PtMe 20 ' OIBS T,0 310 311 To a solution of tosylate 310 (0.9 g,
1.28 mmol ) in THE (13 nm.) was added LiEt3BH (1.0 Msolution in THF, 6.4
m.) at -0C. After stirring for 16h at rt, aqueous NaOH (5% 5 m_) was

S o SRSl 2B g S SRR
. Co 311 3 D
), omeund Stinay NS o 7 o5RoL (90585590 o 3230 il
636, 775 SUBSTITHTH, §FEE.(FY,5 3. e ?f;ﬁ%ﬁ”ﬁ“ ?%;*z
6.88 (2H, d, BS0GH. s],.|§)‘§9-3|,7% SHLp), 343G 4 Faehd et S\ Tl
3.98 (1H, gppzzq%mé—gﬁ §g4818§§ 3'#?&)01735%1%@1 ﬁ)),oemﬁﬂscl ?8=’(3Hz,) 090 2.19

(1H, ddd, iH " ddd,” J= 2
1.96 (1H, t, {951{25)80E|ZX9H,15)86.0&(BH somseaH slosh‘l@ﬁﬂs)@%aﬁdé& CJN%QO

20 88 Ti) (7 b, i) S sy bss 5139 3513059 29%, BoklA) 126 U1 b7 Ihe 5,000, 9=
6 150" o (T Typlbo 43598, 3936, 318, Mo 13, 780, 16 4078 455,510, 8.105 (3H
159.2,1..31.3 msazﬂwformﬁﬂ%mszw?zaz 3368 Fowod 23 ERYF2. 3B-E; [alo=-
10 118 (CHCl, ¢ 0.11); IR 'H NMR (400 MHz, CDCl5) 7.25 (1H, dd, J = 8.4, 8.0 Hz),
6.0 (1EL d, J = 8.4 Hz), 6.78 (15, d, J = 5.0 Hz), 5.42-5.54 (1H, m), 5.40 (11L, ddd, J
_28,8.0,15.2 Hz), 5.23-5.28 (1H, m), 3.88 (1H, dd, ¥ = 6.0, 6.0 Hz), 3.80 (3H, s),
5.79.3.84 (1H, m), 3.68-3.75 (2H, §), 3.14 (1€, br d, J = 15.2 Hz), 2.39-2.46 (1H, ),
2.202.30 (1H, m), 1.95-2.04 (1H, m), 1.76-1.90 (3EL m), 1.52-1.60 (1H, m), 0.93
IS (H,d,J=72Hz),091 OH, ), 0.8 (H, 5), 0.073 (3H, 5), 0.068 3H, 5), 0.04 GH,
9,002 (35, 5); °C NMR (75 MHz, CDCl;) 8 1687, 156.8, 1402, 130.5, 128.5,
1245, 122.7, 109.4, 77.4, 718, 60.3, 55.5, 38.5, 37.2, 36.3,29.9, 26.2,26.1, 185,

18.3,-3.8,-4.0, -5.0.

. OPME
( ; : [\-OPMB o
- N I HO'

O awe s20 by,

20 B-methoxy diisopinocampheylborane (13.7 g; 43.25 mmol) was
dissolved in Eiz0 (80 mL), cooled to -78"’C', followed by the dropwise addition of
allylmagnesium bromide (1.0M in Etx0, 41.7 mL). After stirring for 20 min at -78°C
and warming tortoveral.5h pcnod, a precipitate formed {magnesium salts) and an
additional 150 mL of Et;O was added. The precipitate was filtered under inert

25  atmosphere and washed with Et;O (50 mL). The filirate was cooled to -78°C and a
solution of aldehyde 319 (6.0 g, 30.89 mmol) in E,O (40 mL) was added dropwise.
After stirring for 4 h at the sanﬁ temperature, the mixture was treated with aqueous
NaOH (2.0 N, 25 mL) and allowed to come to rt. Aqueous H>O; (30%, 28 mL) was
slowly added and stirring was continued overnight. The aqueous layer was extracted

30 with E;O (3x) and the combined organics dried over MgSO4 and concentrated in
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55.4, 38.7, 38.5, 38.0, 26,2, 21.6, 18.5 18.3, 14.9, -4.03, -4.
_5.1: MB (O) 10 535 ([1VIH) + 6). 534 (7), 533 (6).519 (2% 'ﬁszNJaﬂﬂﬁ
HRVS Cal cd for  C30H55CASI 2 (MHO) © 535.3639. Found: 535.3548. OYES ( OTBS

PVBO a BS 311 312d 312d: [a] D=-10.7 (CHCI3, 60,
2026, 28. 6@3%%12?91-1250 1090, 833, 7%7 cm1: 1H NVR (4009|\/|Jz"s°iéoc’:1§) 8

7.25 (2H, d, J= 8.8 Hz), 6.87 15 (2H, d, J= 8.8 Hz), 5.69-5.82 (1H, m),

4.95-5.02 (2H, n), 4.50 (1H, d, J= 10.8 Hz), 4.40 (1H, d, J=10.8 Hz), 3.87
(1H, ddd, J= 3.2, 3.2, 8.8 Hz), 3.80 (3H, s), 3.60-3.79 (3H, n), 2.05 (1H,
ddd, J= 6.4, 6.4, 14.0 Hz), 1.64-1.89 (4H, m, 1 62 (lH ddd, J= 2.8, 8.8,
14.0 Hz), 1.46 (1H, ddd, J= 3.6, 8.8, 14.0 Hz) é; s), 0.88 (9H s).
0.86 (3H d, wmud. IKS%R%,%O@B—( 20% B@Acdheﬁan(es}ﬂffcsded 0 @12$.4mmel) 32%) 0b6

115 0 730, sl slconol 0. 35k (5] 593 (c BESCACEIIR 359,283, Gy Tsily
il 3677 hafarodaosne opple ol MR L AR TERIE s s VL)

315 315: [ac] prf ¢ 33 878@@4(51@, (de@;@f 7373513}33, 129656z), BQBQIHZBEd}J =472,
25 1256, 1084 838, 775 cm 1: dd, J=

6.8, 6.8, 5.0. k7.006.09 (4K, prd., b518. ”dwg)(‘izﬂﬁ (3 5)B &%Mbélﬁ IIﬂH ((%Hsfs)?g 68 91
- D 52" ity 5 & A6 HRE RS 2 ) 96(1%4’ Bri2.40
(2H, br app.t, J= 7.0 Hz), 1.72-1.77 (2H, m); ‘3CNMR(75 MHz, CDCls) & 159.3,
135.0, 130.1, 129.4, 117.6, 114.0, 73.2, 70.7, 68.9, 55.5, 42.2, 36.1; HRMS Calcd for
(. Cu4Han Os (MET): 237.1491. Found: 237.1495.

OPME ( oPMBe
. HO™ o ' TBS0"
" 3zbing 321 gy
10.

To a solution of allyl alcohol 320 (12 g, 50.78 mmol), nmdazole (1048
g, 152.34 mmol) and DMAP (200 mg) in DMF (200 mL) was added
ter t butyldnnethylsﬂyl chloride (23.4 g, 152.34 mmol). After stirring for 16 h at rt, the

mixture was poured into watcr extracted with Et;0 (3x), and the combined organics

15 Washed with brine, dried over MgSO; and concentrated in vacuo. FC (2% EtOAc/
hexancs) yields 16.7 g of silylether 321 (94%) as an oil. 321: [ot]p = 14.8 (¢ 1.51,
CHCly); IR 2929, 2856, 1612, 1514, 1248, 1093, 1040, 835, 774 cm’; 'H NMR (400

& MHz, CDCl) § 7.25 (2H, d, /= 8.8 Hz), 6.87 (2H, d, J=8.8 Hz), 5.75-5.86 (11, m),

5.00-5.05 (2H, m), 4.44 (1H, d,J=11.6 Hz), 4.38 (1H, d, /= 11.6 Hz), 3.86-3.91

20 (1H, m), 3.80 3H, s), 3.50 (2H, app.t, J = 6.4 Hz), 2.16-2.28 (2H, m), 1.64-1.81 (2H,
m), 0.88 (9H, 5), 0.05 (3H, 5), 0.04 (3H, 5); *C NMR (75 MHz, CDCl) 4 159.2, ‘
135.1, 130.8, 129.4, 117.1, 113.9, 72.8, 69.2, 67.0, 55.5, 42.6, 37.0, 26.2, 18.4, -4.0, -
4.3; MS (CI) 309 ((M-C3Hs]™, 8), 121 (100). Anal. Caled for CyoH3055i: C, 68.52;
H, 9.78. Found: C, 68.77; H, 9.78. -

. 'OPMB oPMB
: TBso™ —_— TBSO" ‘
25 321 aza CHO
F=

To a stirred solution of silylether 321 (22.2 g, 57.0 mmol) in acetone
(220 mL) at 0°C was added N-methyl-morpholine-N-oxide (50% wt in water, 16.0 g,
68 mmol) followed by 0sO4 (0.1 M in #-BuOH, 5.7 mL). The yellow solution was
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2 7 JAN 2005 WD 02/ 12223 PCT/US0112.1377 71 (18H, s),:0.85 (3H_ d,

Hz), 0.10 (3H, s), 0.07 (9H, s): 13C NMR (75 MHz, CDC13) 83:37#\ iﬁfﬁs
72.8, 68.0, 62.4, 39.8, 39.2, 39.0, 37.9, 26.2, 26.1, 18.4, 18.3, 14.1,
-4.2, -43 -gz%gn 5.34. HRVB Calcd for C22HL9OBSI 2 ( VHLIFOT/USAIR432120.
Found: 419 %% 5 '"OTBS 311 _ 314 314: HRVS Calcd for C41H6SO7Si 2Li
(M. 1): 735.4664. Found: 735.4635. OTBS oMe O 315 317b 317b: [a]D=-8.5
(CHC13, ¢ 0.33); 1R 2957, 2930, 2857,1728, 1586, 10

1471, 1258, 1068, 83-6, 774 cm ;' H NVR (400 MHz, CDC13) S 7.27 (1H, dd, J= 7.6,
uM , 682(1H d J—76Hz) 6.77 (1H, d, J= 8.0 Hz), 5:92 (1H, dddd, J=

6.8 6.8, 9.

5.31-5. 38 (1|#mﬁ§ for ut 9%30° %’quﬁmﬁ’ﬂgge%éy fé’ﬁ%m%“ indfdoi. g%z(r%’ﬁd@ ,
L it oy i o gl
(3H, s), 0.041.03%, 55nL) 268N amé)@ vls)(kxg)z ercpddes) Eétfi‘é’fm%"fth%%“’é Hi&é“é%
138.0, 136.5, 130.4, 124.4, 12 7 7 059
s6.0." 35,1, "3t ik 535 dvie offtiooridet il o/ N0/l bondehlionth 5

-4.2, -5, " F)OASDR38E). Found:
597. 3985 Grég"’”" gwﬁé“@ﬁ“ﬁhwpgﬁﬁﬁﬁ%@/@'(ﬁwgg% ) . Foun

afforded 21 g of a mixture of diol diastereomers which was used in the nex{ step
without further purification.
- To a solution of the diol mixture (21 g, 54.6 mmol) in CH;Clz (300
| mL) was added at 0°C silicagel-supported NalQ,4 (11.3 g, 0.582 mmol/g silicagel).
10 After stirring for 2 h at rt, the mixture was filtered, concentrated and purified by FC
(10% EtOAc / hexanes) to give 18.0 g of aldehyde 322 (53.04 mmol, 97%). 322: {q]D
= 5.6 (¢ 2.38, CHCL); IR 2955, 2930, 2857, 1726, 1613, 1514, 1250, 1096, 1037, 837,
?77 em’'; 'H NMR (400 MHz, CDC13) 59.79 (1H, app.t, J=2.4Hz), 725 2H, d,J=
9.2 Hz), 6.88 (2H, d,J=9.2 Hz), 443 (1H, d, /= 11.2 Hz), 4.38 (1H, 4, /= 11.2 Hz),
(5 437 (UH app.dt, J= 6.0, 6.0 Fz), 381 (3H, s), 3.51 (2H, app.t, J = 6.0 Hz), 2.58 (1H,
ddd, J= 2.0,5.6, 160Hz) 2.51 (1H, ddd, J=2.8, 5.6, 160Hz) 1.77-1.90 (2H, m),
0.86 (94, s), 0.07 (34, s), 0.06 (3H, s) BCNMR (75 MHz, CDC13) 5202.1,159.2,
130.4, 129.4, 113.9,72.9, 66.2, 65.9, 55.5, 51.3, 37.9, 26.0, 18.3, -4.27,-4.32; HRMS
C Caled for CioH3:04Si (MH*): 353.2148. Found: 353.2165.

OPMB
~OPMB ‘
,b TBESO™
323

To a solution of N- (#pentenyl)—bomanesultam 323(18.3 g, 61.27
y CH,Cl, (240 mL) was added at -78°C TiCla (6.44 mL, 58.71 mmol),

i—

24 o

3

mmel) i

followed by the dropwise addition of Pr,NEt (11.2 mL, 63.82 mmol). The deep red

solution was stirred for 1 h at -78°C and a solution of aldehyde 322 (18.0 g, 51.06
25  mmol) in CH,Cl, (60 mL) was added dropwise. Stirring was continued for 2 h at the

E

same temperature and the mixture was quenched by the addition of phosphate buffer
(pH 7.0, 150 mL), saturated aqueous NaHCO; (150 mL) and H,O. The agueous layer
was extracted with CH,Cl; (3x) and the combined organics were dried over MgS0,

and concentrated in vacuo. The residue was purified by FC (15% EtOAc / hexanes) to

SUBSTITUTE SHEET (RULE 26)



318-7 it

0. 0203 nmol )

purified by FC (2% Et OAc / hexanes) tm give 2.2 ng of E- benzol act one
-E (1999 and 9.4

~

-0 10185 318 E 20 To a solution of ester 317b (13.5 g,

in CH2Cl12 (1 m) was added at rt a solution Oi'f ﬁﬂ§
Cl12[ (Cy)3P] 3Ru =CHPh (3.3 nmg, 0.00406 mmol) in CHC 2 (5 nl) O\;&N% h
peri od Vi aygy¥ige punp. After evaporation of the sol vent, pcitfisewAasizdue was

31S

nmg of Z-benzol actone 318-2Z(81% . 318-Z: [a]D SUBSTI TUTE

SHEET (RULE 26) 2 7 JAN 2005 WD 02/ 12223 PCT/ USOL/ 24377 72 -81.1 (CHCL3,
c 0 47): IR 2928, 2856, 1718, 1588, 1471, 1283,1255, 1082, 834, 772
1H NMVR (400 Mz, CDC13) 8729(1H t, J—80Hz 6.88 (1H, d, J =
Hz), 7.76 (I1H5d , J = 37-5. 4

3.92-3.97. (1rg;vq§04g®fgldo7(mpﬂu6§)324 @%@HQ@@" 32411[“]:3*%% 9((f% 6( ﬁ:ﬁc@

14.4 Hz),.

1.52-1.59 (1

0. 06 (3H,

CDC13) 8 168.6, 15

iﬁa@?%ﬁs@“&sﬁgﬂi&sﬁ 1EN §§?‘§q§€§ ]1"2‘89,3%134 5@9‘3 %93‘%? 8@@?735%1

S) JHNOIR gs’ébiMHi C}ﬂcg)ﬂs ¢35.(2H) d, 0= 03 H@Hs 8’SIZH 1B F=NVRHZ),75

2, 139. 130.5, 129.9, 128.4, 124.6,121.9, 108. 5

77.4,72.0; 6054795599(1H m), 5.08 (1H brd, J=17.2Hz), 497 (1H, br d, J=10.0 Hz), 4.42

38, 1504, S £ 9480t 2 At £ nde gt Sk oL R £ o
|(42 0;40136 88 (() fﬁﬂm) S?OKBHWBB 50408, aﬂﬂcﬂzﬁma) 31192(5H(d,|:?;d661-§|z)—3 804, (8 0
m), 5.40 (11K1HddJ313.6H), %”%(1@51 é-rb?HZb 3. @:Hzapl(%Hﬁ rﬁg %gé%)%i

J =6.0, 6.0

(IH, br d,

780 Guogyy 993 ps33m, mi (P Aol B By gy £ 85 i 3

cm

J_

111

314

(TH, m, 1.761d), D043, (2H) m)u EREH, 8)) (9-(Hp), 0@7qu1@ Q.0PI(3H, 5),0. a7 7.2 H),

(3H3%8)8N el (@%@5{ 8 132* fegsﬁpﬁéééH?OS%d@%?Oﬁég%?’ 9328 5,
77210%0%, 64 4; éﬁ.'i,%%.s? 5580535, b6,88.3387.9, 4489.4.8,38.8373%96, 26. 2,

0.91 (9H,
0.02 (3H!
124.5, 122.

03):
S)

26.1, 18.5,

15

25

33.2,26.7,26.2,21.2, 20.3, 18.3, -4.2. Anal. Calcd for C3,HssNO;SSi: C, 62.83; H,
8.53; N, 2.16. Found: C, 63.07; H, 8.67; N, 2.89.

OPMB

750"

> OMOM

; 324 N ™ _

Toa susﬁcnsion of Nal (7.46 g, 49.23 mmol) in DME (45 mL)) was
added chloromethyl methyl ether (4.67 mL, 61.54 mmol). After stirring for 15 min at
rt a solution of aldol 324 (8.0 g, 12.31 mmol) in DME (65 mL) was added followed
by "Pr,NEt (11.87 mL, 67.7 mL) and stirring was continued for 12 h at reflux. The
mixture was quenched by the addition of saturated aqueous NaHCOs (60 mL) and
water (250 mL). The aqueous layer was extracted with Et;0 (4x), the combined
organics washed with HCI (1.0 M), and brine and dried over MgSOj4. After

© concentration iz vacuo, the residue was purified by FC (10% EtOAc / hexanes) to

give 7.8 g of MOM-ether 325 (11.2, 91%). 325: [«]p = 75.3 (¢ 3.91, CHCL); IR 2956,
2856, 1691, 1613, 1514, 1334, 1249, 1134, 1098, 1030, 837, 775 em’™'; '"H NMR (400
MHz, CDCl,) 8-7.25 (24, d,J=8.0Hz), 6.85 (2 H, d, /= 8.0 Hz), 5.77-5.88 (1H, m),
5.06 (1H, d, J=16.4 Hz), 4.96 (11, 4, J=10.0 Hz), 4.66 (1H, d, J= 7.2 Hz), 4.61
(1H, d, J=7.2Hz), 4.42 (14, d, J=7.2 Hz), 438 (1H, d, J= 7.2 Hz), 3.98 (1H, m),
3.85(1H, dd, J=12.8, 6.0 Hz), 3.78-3.83 (1H, m), 3.80 (3H, s), 3.54 (H, app.t, J =
6.4 Hz), 3.47 (1H, 4, J = 14.0 Hz), 3.40 (1H, 4, J = 14.0 Hz), 3.28-3.34 (1H, m), 3.32
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18.3,-3.8,-4.0,-5.0. 'OPMB: fie OPMB 319 320 20 B-net hoxy

di i sopi nocaxnpheyl borane (13.7 g; 43.25 mmol) was dissol v¢d iJANEP@® (80
m.), cooled to -78C, followed by the dropwi se addition of allylmgnesiurn
brom de (\Q*()%iz% Et20, 41.7 nlL). After stirring for 20 mprcTaise/Z8¢ and
warmng rt over a 1.5 h period, a precigpitate fornmed (magnesiumsalts) and
an additional 150 nL of Et20 was added. The precipitate was filtered under
inert 25 atnosphere and washed with Et20 (50 nL). The filtrate was cool ed
to -78C and a solution of al dehyde 319 (6.0 g, 30.89 mml) in Et20 (40
m.) was added dropwi se. After stirring for 4 h at the sane terrperature

th t t t ed th NaOH (2
Come tort Ao MRS (Ba9) 150-108 %gnf ﬁ&f&p Gl 4013 1R vos
conti nued overn T O d
t he Lo?rbi ne\d/ bﬂ%gﬂér[’cﬂ @?? @5‘3 8#\%5) gtr(\)?g?étﬁes |3?1N§%28 ?I@E an' -
SHEET (RULE /éEc&% ﬂ?‘l@ 2665, V43.0331222%. Pcmnuswuz 9UB776.9,72.6,6208. FC (5%

0 c

-3 10%-3 20 ded 6.0 g (25. 4 2 11yl
al cohol 320. 8R98, qm.sesxggggsg(@,5@:;(3;;8%@,4@35:?9(4#9 §§475%2§9§%% %%76%5 71213y

5.8 o), 6 broogol 20y g s MRS P QRSOSSN 5

Hz), 5.10 (1H70633891 Fémd %608%79.5. 09 (1H, br d, J= 10 2 Hz), 4.45 (2H, s),
3.82-3.89 (1H ), 0 (3H, s), 3.68 (1H, app.dt, J= 5.6, 9.6 Hz), 3.61
(1H, ddd, J= 5.6, 7 2, 9.6 KE)P. 90 (1H, br s), 2[46™§2H, br app.t, J=
7.0 Hz), 1.72-1.77 (2H, #e"43C NMR (75 Mz, ®RCT3) S 159.3, 135.0,

go. 1, 129.4, 117.6, 11 o, 36.1;, HRMVS
lcd for Cl14H2103 (M—I‘):

37.1491. Found: 237.34

To a solution of MOM-ether 325 (5.2 g, 7.49 mimol) in THF (80 mL)

at -78°C was added dropwise LIEBH (1.0 M in THF, 37.5 mL). The mixfure was

10 allowed to come to rt and stirring was continued for 3 h. The reaction was gquenched
by the addition of aqueous NaOH (2.0 N, 50 mL) and water (400 mL). The aqueous
layer was extracted with EtO (3 ), washed with HC1 (1.0 N) and brine, and dried
over MgSO,. The resulting residue was purified by FC (20% EtOAc / hexanes) to
give 3.3 g of alcohol i (6.84 mmol, 91%). it [a]p = 8.7 (¢ 1.0, CHCl;); IR 3468, 2953,

15 2030, 2857, 1613, 1514, 1250, 1094, 1037, 836, 776 cm™; 'TH NMR (400 MHz,
CDCl), 8 7.24 (2H, d, J=8.4 Hz), 6.86 (24, d, J= 8.4 Hz), 5.71-5.81 (14, m), 5.03
(1H, br d, J=16.8 Hz), 5.00 (1H, br d,/=9.5 Hz), 4.64 (1H, d, J= 6.8 Hz), 4.60
(1H, 4, J= 6.8 Hz), 442 (1H, d, J=11.6 Hz), 438 (1H, d, J= 11.6 Hz), 3.94-4.00
(1H, m), 3.80-3.85 (1H, m), 3.79 (3H, s), 3.57-3.69 (24, m), 3.52 (2H, app.t, J=6.4

20 Tgz),3.35 3H, 8), 2.75 (14, br 5), 1.91-2.06 (GH, m), 1.60-1.90 (4H, m), 0.88 (5H, s),
0.07 (3H, 5), 0.05 (3H, 5); °C NMR (75 MHz, CDCL;) 8 159.1, 136.8, 130.7, 1294,
116.5, 113.8, 6.4, 76.9, 72.9, 67.0, 66.7, 63.6, 56.3, 55.5,42.9,38.9, 37.0,31.9,26.2,
18.3, -4.0, -4.3. Anal. Calcd for CagHysO6Si: C, 64.69; H, 9.60. Found: C, 64.66; H,
10.04. i

AN
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HO "-" 320 OPMB OPMB TBSO,~~~~ 329 \ To a solution of all M Jg%%ll%SZO
(12 g, 50.78 nmol), i mi dazol e (10.48 g, 152.34 m3ol) and I n
DMF (200 nlL) was added tert.butyldinmethylsilyl chloride (23.4 g, 152. 34

mol ). Aft ing for 16 h at rt, the mxture was pour 0l at er,
extracted @mbt{ﬁhgéo (3x), and the coan,»,ned organics 15 washggldv%l %fﬁ )Z)\?

dried over MgSO4 and concentrated in vacua. FC (2% Et OAc | hexanes) Vvyi eI ds
16.7 g of silylethe 321 (94% as an oil. 321: [aJo =14.8 (c 1.51, CHC13);
1R 2929, 2856, 1612,1514, 1248, 1093, 1040, 835, 774 cm'; 111 NWR (400
MHz, CDCl13) S 7.25 (2H, d, J= 8.8 Hz), 6.87 (2H, d, J= 8.8 Hz), 5.75-5.86
(1H m, 5.00-5.05 (2H, m, 4.44 (1H, d, J=11.6 Hz), 4.38 (1H, d, J=11.6
Hz). 3.86-3.91 20 (1H, ®)sohBioB®f@Rhok)(2.0%, 3d4mmaoDabsCh(3.99-8, 80.7 mupgl),

A5 2 8 (A oG i, i s e o >
L3 8 KAy s ity i, it ()

9.78. Found: Gt,(6@x}y#nd tHe c@mBBled ORI ashed with Wotes and brine A LRSIV S|
N ot by <y oS oesepiatmpnat i waiay v Bnity B B 360 onee
b a6 %2 7 Mihle s BTk B 5ihe U5d g of Ry MR 3%9&%5'@[&51@5 1$§Q§T'2TUTE SHEET
CHC); IR 2953, 2930, 2856, 1613, 1514, 1464, 1365, 1249, 1190, 1178, 1097, 1037,
C 836, 776 cm™; "H NMR (400 MHz, CDCl3) 8 7.79 (2H, d, J= 8.4 Hz), 7.34 (2H, d,J
= 8.4 Hz), 724 (2H, d, J= 8.8 Hz), 6.87 (2H, d,/=8.8 Hz), 5.60-5.70 (1H, m), 4.95-
10 5.01 (2H, m), 4.50 (2H, s), 4.42 (1H, d, /= 11.2 Hz), 4.38 (1H, d, /= 11.2 Hz), 4.10
© (1H,'dd, J= 6.0, 9.6 ¥iz), 4.01 (1H, dd, J= 5.6, 9.6 Hz), 3.88-3.94 (1H, m), 3.81 (3H,
s), 3.67-3.71 (1H, m), 3.50 (2H, app.t, J= 6.0 Hz), 3.25 (3H, 5), 2.45 (3H, 5), 2.04-
2,10 (2H, m), 1.98-2.04 (1H, m), 1.76-1.84 (1H, m), 1.59-1.68 (3H, m), 0.87 (9H, ),
0.03 (3H, s), 0.01 (3H, s); *C NMR (75 MHz, CDCl) 8 159.1, 144.7, 135.7, 133.6,
15 1306, 129.8,129.3, 128.0, 117.1, 113.7, 96.3, 74.8, 72.7, 69.9, 66.9, 66.6, 5.9, 55.4,
© 41.4,39.1, 36.8,31.2,26.1,21.8, 18.2, -4.1, -4.4. Anal. Calcd for C33H50488i: C,
62.23; H, 8.23. Found: C, 60.34; H, 7.75.

'OPMB

—_— TBS0"

OMOM
i 326

To a stirred solution of tosylate ii (2.3 g, 3.61 mmol) in THF (70 mL)

20 was added at 0°C LiEt;BH (1.0 M in THF, 14.4 mL). After stirring for 18 h at rt,
aqueous NaOH (2.0N, 12 mL) aﬁd water (400 mL) were added and an extraction was
performed with Et,O (3x). The cbm'bined organics were dried over Mg304, B
concentrated in vacuo and the residue purified by FC (5% EtOAc / hexanes) to give
1.55 g of 326 (3.32 mmol, 92%) as an oil. 326: [o}p = 34.8 (c 2.45, CHCl3); IR 2955,

25 2930, 2856, 1613, 1514, 1249, 1096, 1038, 836, 775 cm™; ‘HNM;R (400 MHz,
CDCL) § 7.25 (2H, d, J = 8.4 Hz), 6.86 (2H, d, J= 8.4 Hz), 5.69-5.79 (1H, m), 4.9
(1H, br d, J = 17.6 Hz), 4.98(1H, br &, J = 9.6 i), 4.62 (1H, d, J= 6.8 Hz), 457 (1H,
d, J=6.8 Hz), 4.43 (1H, d, J=11.2 Hz), 4.38 (1H, d, J= 11.2 Hz), 3.96-4.02 (1H,
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PCT/ U SO 1124377 stirred for 4 h at 0C and 12 h at rt followed by
concentration in vacuo. The residue was partitioned betvveerZNE 40890 nl)
and brine (350 nL) to which aqueous HOI (1.0 N, 55 nL) and 2523 (10.0
g) were ad pnExdsraction of the aqueous layer wth Et OAc g@wbsoidtyiing of
t he conbi ned organi cs over MSO4 and ggncentration in 5 vacuo, afforded an
oil which was purified by FC (30% --> 50% Et OAc / hexanes) afforded 21 g
of a m xture of diol diastereonmers which was used in the next step

wi t hout further purification. To a solution of the diol mxture (21 g, 54.6
mmol) in CH2C12 (300 nlL) was added at OC silicagel -supported Nal04 (11.3

s T11 e ed, JopRG0RaERSdcs . mcs bRy 1abd b @ HITAgn
i) 1R “20m8h 1853 0 a6 T iRy R4 84 BEGRe B O, 9, 087N,
cm 1H NWVR (4c65a_é W?{zzf%éﬁ ., @gz@m |594 ‘3CMQRT(75 V2, GDGI;)B 139.251302, d,

J= 9.2 Hz 1, d, J=9.2 d,_J= 1 1H,
d, J= 11. 2) Hz)13085129.371 1620, 113 £p95.9, )bﬁz 1338, égé, 6@90‘5@9,)55”93% %@ﬁﬁé (3 51

(2H, app.t, J= 6.0 Hz -6 , (1H
ddd, J= 2.8, S0%l LIS %)5"%45 ir%?"h“d%“?z@i‘k‘fr{"%% é§1 306&@% HDH (3H,

s), 0.06 (3H, }%)md]@(ggj’dl\/ﬁ (mt'gsM-lz CDCi 3) 8 202. 1 159 2, 130.4, 129.4,
113.9, 72.9, 66.2, 65.9, 51.3, 37.9, 26.0, 18. -4.27, -4.32; HRMS
Calcd for C19I-|33048| (NH) B®2148. Found: 353. 16820 TBS& CHO 32311
322 324 p-~'-NX To a sohisbf of N-(4—pentenyl) HOMmanesul tam 323 (18.3 g,
§1:27 m(31) in CH2CI12 sL-) was added owli C14 (6.44 nlL,
58771 nmol), followed by tlhe dropw se additionsof! ProNEt (11.2 ni, 63. 82

1) . The d d solut f ti
of éehyde%,zie?lé% o asejihon of ity s (£, 10 gAY TAERLT A "
dropwi se. Sti r% guﬁ@{:y D986 A%, B0 ndl). Aker stﬁﬁﬁgfdﬂmeamwmam&et he

m xture was que addi tion of phosphate buffer
10 was quenched with water (150 mL). The aqueous layer was extracted with Etzo (3x)

and the combined organics were dried over MgSO, and concentrated in vacuo. The
residue was purified by FC (25% EtOAc/ hexanes) to give 1.1 g of alcohol 327 (3.12
mmol, 98%). 32;1: [ot]p = 33.12 (c 2.6, CHClL3); IR 3494, 2934, 1613, 1514, 1248,
1095, 1036 cm™; "H NMR (400 MHz, CDCl3) & 7.26 (2H, 4, /= 8.4 Hz), 6.87 2H, d,

15 J=8.4Hz), 5.69-5.80 (1, m), 5.00 (1H, br d, J = 15.6 Hz), 4.99 (1H, brd,J= 10.8

' Hz), 471 (18, 4, J= 6.8 Hz), 4.63 (1H, d, /= 6.8 Hz), 4.45 (24, s), 3.91-3.98 (1H,

(d m), 3.80 (3H, s), 3.56-3.70 (3H, m), 3.53 (1H, d, /= 1.6 Hz), 3.39 3, s), 2.00-2.06

(1H, m), 1.81-1.96 (2H, m), 1.59-1.80 (3H, m), 1.53 (1H, app.dt, /= 3.6, 14.4 Ha),
0.89 (3H, d, J= 6.8 Hz); BC NMR (75 MHz, CDCh) 8 159.2, 137.1, 130.4, 1294,

20 116.1,113.9, 95.7, 80.7, 73.0, 69.6, 68.0, 56.2, 55.5,37.7,37.2,36.7,35.7, 14.1.
Anal. Caled for CooH3,Os: C, 68.15; H, 9.15. Found: C, 68.30; H, 9.47.

s | s

o, — oG

OTf il
_To a stirred suspension of 2,2—dimefhyl-5-(triﬂuor0methanesulfonyl)-
benzo{1,3]dioxin-4-one (iii) (2.0 g, 6.13 mmol), anhydrous LiCl (0.8 g, 18.4 mmol),
25  Pdy(dba); (112 mg, 0.12 mmol), and tri-(2-furyl)phosphine (115 mg, 0.49 mmol) in 4-
methyl-2-pyrrolidinone (10 mL) was added allyltributyltin (2.35 mL, 7.36 mmol).
After stirring for 48 h at tt, saturated aqueous KF (20 mL) was added and an
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(pH 7.0, 150 n), saturat»;ed aqueous NaHCO3 (150 ml) :and H2O. The aqueous

| ayer was extracted with CH2Cl2 (3x) and the conbi ned organics were dried
over MgSO™4 and concentrated in vacuo. The residue was puriQi?edezgg (15%
Et OAc / hexanes) to SUBSTI TUTE SHEET (RULE 26) 2 7 JAN 2006TN&DRB172223
PCT/ UsO MW998¥#2375 give 30.4 g of algol product 324 (46.8 mol, 92%.

324: [a]D = 45.9 (c 2.56, CHC13); IR 3515, 2956, 2856, 1689, 1613, 1514,
1335, 1249, 1134, 1095, 1038, 836, 776 cm1l; 1H NWR (400 MHz, CDC13) 5
7.25 (2H, d, J= 8.8 Hz), 6.87 (2H, d, J= 8.8 Hz), 5.79-5.90 (1H, m, 5.08
(1H,~br d, J=17.2. Hz), 4.97 (1H, br d, J=10.0 Hz), 4.42 5 (1H, d, J=12

Hz). 4.38 (1H, d, J=12 0 Hz), 4.02-4.11(2H m) _3.853&#%‘? t. J= '6. 4
Hz). 3.80 (354(%})10? gvrag%algf?ﬂmeélagigh Etfoﬁz)sfrhe rpbingd HEEAIGH W i) %”.eédrz)h
3.40 (IH d, J= 13. 3. )= . dt, =
6.0, 8.( 0 Hz) Mgsapcorzenimatediy vagyo gﬁ‘%@fﬁl‘%‘? ‘%*‘i%“ﬂ%d biF%(-A'éf‘i%{é) ‘?EE, rig),
1.59 (1H, ddd,_ J=.2.0: 6 A I2)dimbth9 Dbanzafl § Pkbxim-ont (WpwhBH was) |
0.96 ESH, s)'gé’ﬁﬁ“ﬁs?%?%ﬁeqs:??’%go@y%gﬁ?dug)ét}@g. 07 gloﬂ(agﬁ 5 13C NVR ()75

MHz, CDC13) _315%1111@4@&59. 1, 135.2, 130.8, 129.3,117.5, 113.9, 72.8, 69.5,
‘69.4, 66.7, 65.5, 55.5, R3. 5, 50.6, 48.3, 47.9, 44.9, 41.8, 38.7,37. 2,

33.6, 33.2,26-7,26.2,21 % '-)0.3,18.3, -4.2.cuApal. Calcd for

C34H5SNOrSSi: C, 62.83; H, 1. 8.53; N, 2.16. Foupd €-+63.07;, H 8.67; N,
2.89. OPMB r' of-ms 0 324 3757015 Td_glsuspension of Nal  (7.46 g,
49.23 nzngl) in DVE (4 Wwas added chl 6f onr et hyl methyl ether (4.67

n, 61.54 mml). After .stjLkl l@hol (2.252mEnB8 indy) o THE @61 324
QLB-;.O g, 12.31 rnnol) iﬁoawggﬁfoﬁ%)?a%s adg'egxfol | oned R'PrZNEt 11. 87

5, 67.7 i) 1@9@‘/&& Aol gopheiSe EOMEBI @M iTHEZ2HS ameld ¢l (6. ARRRSURPS Q7 o
s ssowanrlpel LSS P 2 2
conbi ned % 5.96 mmol) in THF (5 mL) was added and stirring ‘was continued for 5 b at rt and 2.5

16 hat 60°C. Diethyl ether (50 mL}) was added and the mixture.was poured into saturated
aqueous NH4Cl1 (20 mL) and water (50 mL). An extraction was performed with Et;O
(3x) and the combiried organics were dried over MgSOq4 and concentrated in vacuo.
The residue was purified by FC (2% EO/ pentane) to give 1.2 g of allyl 6-allyl-2-
hydroxybenzoate (v) (90%) as 2 colorless oil. v: IR 2918, 2850, 1663, 1607, 1450,
15 1248, 1219, 909, 733 con™'; "H NMR (400 MIiz, CDCl;) 8 7.33 (H, app.t, J=173
Hz), 6.88 (1H, br d,/=7.3 Hz), 6.75 (1H, d, J="7.3 Hz), 5.92-6.09 (2H, m), 5.43
( (14, brd, J=14.0 Hz), 5.33_(1H, brd,J=8.3 Hz), 5_.02 (1H, br d,J=10.0 Hz), 4.96
(1H, br d, J=16.5 Hz), 4.86 (2H, brd,J=6.7 Hz), 3.70 (2H, d, J= 5.9 Hz); Bc
NMR (75 MHz, CDCl3) 8 171.0, 162.8, 143.0, 137.7, 134.6, 131.5, 122.6, 119.3,
20 116.3,115.6, 112._2,,66;7, 40.6; MS (E[) 218 M7, 10), 177 (24), 159 (100).

oH O OMe O MOMG O E
@J\OM — I N o OR | ~
~ v . A via X vib
To a solution of allyl 6-allyl-2-hydroxybenzoate (v) (1.2 g, 5.5 mmol)
in acetone (12 mL) was added X,COs3 (0.84 g, 6.05 mmol) and Mel (1.04 mL, 16.5
mmol) and the mixtuire was stirred for 40 h at t. After filtration of the mixture
25 through a short plug of silicagel, the filtrate was concentrated in vacuo and the residue
purified by FC (3% Et20/ pentane) to give 1.25 of allyl 6-allyl-2-methoxybenzoate
(via) (98%) as a colorless oil. via: IR 2918, 2850, 1733, 1715, 1585, 1363, 1244,
1223, 914, 733 cm™; "H NMR (400 MHz, CDCls) 8 7.29 (1H, app.t, J=8.0 Hz), 6.83
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organi cs washed with HJ (1.0 M, and brine and dried pover MgSO4. After

concentration i- vacuo, the residue was purified by FC (109% a%é 5
hexanes) to give 7.8 g of MOWether 325 (11.2, 91% . 325: 2 @)0.3 (c
3.91, CHCl3)o21%2956, 2856, 1691, 1613, 1514, 1334, 1249pC1A841/24008,
1030, 837, 775 cm1;"'H NVWR (400 25 WHzy CDC13) 8 7.25 (2H, d, J= 8.0 Hz),
6.85 (2 H d, J=8.0 Hz), 5.77-5.88 (1H, ,

5.06(1H, d, J=16. 4Hz), 4. 96( 1H, d, J=10. OHz) , 4. 66(1H,d,J =7.2Hz), 4.61 (1H, d,
J=7.2 Hz), 4.42 (1H, d, J= 7.2 Hz), 4.38 (1H, d J=7.2 Hz), 3.98 (1H, m,
3.85 (1H, dd, J=12.8, 6.0 Hz), 3.78-3.83 (1H, , 380(3H s), 3.54 (2H,

t, J= 6.4 Hz), 3.47 (1H, J= 140 4.0 o),
3 5g. 3. 34 (I ﬂHm,,J%’/'@szQ(LB@?KTerEJﬁ%ﬁﬁlgaR{ﬁ'éﬁé’g)(l )Jﬁﬁﬁ'%(%& %“gg)llzzzs
PCTI USQl / 24377 4 H
1.55-1. 70 (294%()1;16 fg énj 1§§§]%?H§2§ (0, AI%Z{ ﬁm‘lel? @Oﬁfé@ﬁ%a,J %'8 0. 87
(9H, s), 0.08 2?35164(111,,5,(& 04 1(&&[32;)4 32!(38, MVR [ 75. G\Hz),,38@[051313a) 3361221‘2, 9,

159. 0, 135.1, , 117.5, 113.8, 97, 98,
65.6, 56.5, - 55J5;6. saza @M(ﬁ@h@h&ﬁ@a) M@S 1&%&%@ 1?36‘gé3§% é’s‘?g
33.2, 26.7, 5 f
C36HSINOESSI LH”g(%/irkg “?8’8/‘(2}8@839@932 hgﬁq’r%ﬁ?,lgt?g NB@ A@R/Bls@{zs)
OMOM NX' 325 4 5(3@?4 W@om (qo());uwcssg»mmac&ﬁn cammos e, B39 6. %nmol )
in THE (80 ni) 78C was added dr f#¢55§$§3 ]]r73 3\%3 g—ig:
M), The i siound: Gei. 10 Thit Hath OOM) 314 ?’r’\ﬁ;d B8, 160
for 3 h. The ah m@( m,?ﬁd 26 e S T NHIg(£L. 0 N,
0 nL) and V\}é)sg fl(ﬁ@bﬁ\?lﬁgﬂélggmgﬁaque us a ettrlj(%/\ilasa}iext ?lggt ed with Et20
3x), washed pyt nogiH, 4,107 WHAHNESD (I, JaﬂEM(Hz)eﬁjOI (1H, ddt, J=5.6, 10.0,
10 17.2 Hz), 5.90 (1H; ddt, J=6.8, 10.4, 16.8 Hz), 5.42 (1H, br d, J= 17.2 Hz), 5.28
(1H, br d, J= 10.0Hz), 5.17 (2H, 5), 5.06 (1H, br d, J=16.8 Hz), 5.05 (1H, br d, J=
10.4 Hz), 481 (2H, d, J= 5.6 Hz), 3.46 (3H, 5), 3.37 (2H, &, /= 6.8 Hz); "CNMR
(75 MHz, CDCls) b 167.8, 154.2, 138.8, 136.5, 132.2, 130.7, 124.7, 123.0, 118.9, -
116.6,112.9, 94.9, 66.0, 56.4, 37.8. HRMS Caled for C1sHigOaLi (MLI"): 269.1365.
15 Found:269.1371.

OohMe O OMe O

————
= vi = a6a

via

To a stirred solution of allyl 6-allyl-2-methoxybenzoate (via) (1.01 g,
s 435 mmol) and Pd(Phs)s in THF (10 mL) was added morpholine (3.5 mL, 43.5
mmol). After stirring for 1 h at rt, the mixture was concenirated ir vacuo and the
20 residue purified by FC (2% MeOH / CH;Cl, containing 0.3% AcOH) to give 0.8 g of
benzoic acid derivative 316a (96%). 316a: IR 2919, 2850, 1713, 1586, 1470, 1264,
910, 733 cm’; TH NMR (400 MHz, CDCls) & 7.34 (1H, app.t, J= 8.0 Hz), 6.89 (1H,
4, J="7.61z), 6.85 (1K, d, J=8.4 Hz), 5.92-6.02 (1H, m), 5.06-5.12 (2H, m), 3.90
(3H, 5), 3.55 (2H, d, J= 6.8 Hz); *C NMR (100 MHz, CDCl3) § 172.1, 156.9, 140.1,
25 1366, 131.3, 122.5, 122.0, 116.5, 109.4, 56.4, 38.3; MS (EI) 192 (M*, 52), 177 (100).
. HRMS Caled for CyH303 (MIT): 193.0865. Found: 193.0864. 316b: HRMS Caled
for C12H1504 (MHY): 223.0970. Found: 223.0972.
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over MgSO4 . The resulting residue was purlfled by FC;(20% EtOAc /
hexanes) to give 3.3 g of alcohol I (6.84 mmol, 91%. is [a T 9. C
1.0, CHC13): JR 3468, 2953, 15 21 TaR 208

"2)930, 28 514, 1250, 1094, 1037, 836,776 cma; |H NWR

CDCL3) | Wgﬁéu d, J='8.4 Hz), 6.86 (211, d, J= 8.4 HzICHQSWg—IBI
(1H ™, 5.03 (i1H br d, J 16.8 Hz). 5.00 (1H br d, J= 9.5 Hz). 4. 64
(1H d, J= 6.8 M), 4.60 (1H d, J= 6.8 Hz), 4.42 (1H d, J= 11.6 Hz),
4.38 (1H, d, J= 11.6 Hz), 3.94-4.00 (1H m). 3.80-3.85 (1H n). 3.79 (3H,
s), 3.57-3.69 (2H, ni), 3.52 (2H, app.t, J=6.4 20 Hz), 3.35 (3H, s), 2.75

(1H br s), 1.91-2.06 (3H_m), 1.60-1.90 (4H m), 0.88 (9H s), 0.07 (314,
"s), 0.05 (3H, s); E3C NI\/R(75 |sz B8, 130.7, 129. 4,

116.5, 113.8, 96.4, 7609, 9, 67. 55.5 42.9 3895
37.0, 31 t9 26.2 18*3:3 Zi*.
64.69: H 9. 60. Found: 66

( gﬁ6CXSS| : C,
- OH SUBSTI TUTE SHEET ( RULB'®6) 2 7 JAN“'ZOOS WO (12/ 122 39BCT/ USAl / 24377

----t TB Se 25
77 A sol ut f al coh 2 l
DVAP ?203 'ré?)” and Nt 30&() 3 ‘ﬁ%‘e@sglutléng’gﬂmmw Gﬁ(@%na%i&“m :

stirred at r{(650ang1%3$imand) atd H&ﬁ:(mmrépmallder@erbth memgsgm ééll nto

vt o1 and br | ABOIATE EROG5TY o ahadl el oS RO O BRALE B AR Vhello,

the residus wagnayrAfbadniie £F11 h0tatd 4504 B e mhexanas patidogbde 2. 4 9
of tosylate i1 (3777, 919%. [a]D = 17. (c12 CHC13); IR 2953,

30, 2856, 1beyech Ster (:mle a@s,Etz@z(zl@O midgbhe %lwsus layrgpras f@tsqcted wis, 776
"8 4 by 7. Siely ) ma he RomBhogh qfgaticg| @i oy eyt entfyelln Bfdy, 7
o [y TS Ry ROl et )
5.6, 9.6 Hz), (B9881160198|8%1 1323:1 o 3 -B44 (@k80, CHCls); IR 2932, 1725, 1585, 1514,

10 1470, 1266, 1247, 1099, 1071, 1037, 915 cm™; 'H NMR (400 MHz, CDCl;) 5 7.28
 (1H, appt, J=17.6 Hz),7.27 (2H, d, J= 8.4 Hz), 6.86 (2H, d, J= 8.4 Hz), 6.82 (1H, d,
J=17.6 Hz), 6.77 (1H, d, J = 8.8 Hz), 5.87-5.97 (1H, m), 5.69-5.79 (1H, m), 5.40-5.47
(1H, m), 5.05 (1H, br d,J=9.0 Hz), 5.03 (1H, br 4, J= 17.0Hz), 4.96 (1H, br d, J=
18.0 Hz), 4.91 (1H, br d, J=10.4 Hz), 4.73 (1H, d, J= 6.8 Hz), 4.71 (1H, d, J=6.8
15  Hz),4.47 (1H, d,J=11.6 Hz), 4.42 (1H, d, /= 11.6 Hz), 3.80 (3H, s), 3.79 (31, ),
3.70 (1H, app.quint, J= 4.0 Hz), 3.55-3.65 (2H, m), 3.40 (3H, 5), 3.35 QH, d, J=6.8.
{: Hz), 1.97-2.11 3H, m), 1.87-1.97 (1H, m), 1.77-1.87 (1H, m), 1.66-1.78 (2H, m),
0.90 (3H, d, J= 6.8 Hz); >C NMR (75 MHz, CDCL) § 167.9, 159.2, 156.3, 138.2,
137.2, 136.5, 130.6, 130.3, 129.3, 124.2, 121.7, 116.5, 116.0, 113.9, 108.8, 97.2, 78.5,
20 72.9,7009, 667, 56.0, 5.8, 55.5, 379, 37.5, 36.8, 35.6, 35.5, 14.0. Anal. Caled for -
Ca1H.07: C, 70.70; H, 8.04. Found: C, 70.62; H, 8.32. ent-328b (MOM): [a]p =-3.2
{c 1.50, CHCly); IR 2932, 1726, 1585, 1513, 1465, 1249, 1095, 1035 cm™; 'HNMR
(400 MHz, CDCL;) & 7.23-7.29 (3H, m), 7.03 (1H, 4, J= 8.0 Hz), 6.85-6.89 (3H, m),
5.93 (1H, dddd, J= 6.0, 6.0, 10.4, 16.8 Hz), 5.72 (1H, dddd, J="7.2, 7.2, 10.0, 16.8
25 Hz), 5.40-5.47 (14, m), 5.18 (1H, d, J= 6.8 Hz), 5.13 (1H, d, J = 6.8 Hz), 5.02-5.09
(2H, m), 4.95 (1H, br d, J = 16.8 Hz), 4.92 (1H, br d, J = 10.4 Hz), 473 (14, 4, J=
6.8 Hz), 470 (1H, d, = 6.8 Hz), 447 (1H, d, J = 11.6 Hz), 442 (1H, d,J = 11.6 Hz),
3.80 (3H, s), 3.55-3.70 (3H, m), 3.44 (3H, s), 3.40 (3H, s), 3.36 (2H, d, J= 6.0 Hz),
1.70-2.12 (7H, m), 0.8 (3H, 4, J = 6.8 Hz); *C NMR (75 MHz, CDCL;) § 167.9, -
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s), 3.67-3.71 (111, m), 3.50 (211, app.t, J= 60 Hz), 3125 (311, s), 2.45
(3H, s), 2.04- 2. 10 (211, n, 1.98-2.04 (1H ), 1.76-1.84 (13l J@%’B
1.59-1.68 (311, n), 0.87 (911, s), 0.03 (311, s), 0.01 (311, 3; SRR
(75 MHz, %]&)1 52% 159.1, 144.7, 135.7, 133.0, 15 130.6, 128%:Busti’9373,

128 0, 117 f 7, 96. 3 74.8, 72.7,8$€9.9; 66.9, 66.6, 55.9, 55.4, 41.4,
39.1, 36.8, 31.2, 26 1, 21.8, 18.2, -4.1, -4.4. Anal. Calcd for
C33H5206SSi: C, 62.23; H, 8.23. Found: C, 60.34; H 7.75. OPMB f OPMs TBs®
OMOMv Y _OMOMii 326 Ofs To a stirred solution of tosylate ii (2.3 g, 3.61
mmol) in THE (70 nL) 20 was added at OC LiEt3BH (1.0 Min THF, 14.4
m.). After stirring for 18 h_af ( wat er
(400 L) wer d59dd SriaSan xhe 65, 338%@%%{ fagt w%zhjﬁzéﬁglﬁgp The
combi ned orga 6! Osegnssatm |3r,r VaTY 3167aasdsthe
resi due purlf:ﬂ%§ ?zéﬁ’(dsagéo&f:‘ /i\?’%gs% i ve Sq of9326 (3.32
numl, 92% 35.3§lm391HRmealcd[fa]QzH4@kL8 1*)2543 319@14291'951 433828855, 25
--)930, 2856, 1613, 1 514, 1249, 1096,,,1038, 836, 77%puenvl; 1H NWVR (400 MHz,
CDC13) 5 7.25 (2H, d, J=ov8o4 . 6.86 (211, d{ J= 8.4 -

(111, nm), 4.99 (111, bi
(1H, d, J= 6.8 Hz), 4.5
(111, d, J=11. 2Hz) , 4. 38( 1H, d, 2K 2Hz), 3. 984
26) 2 7 JAN 2005 WD 02112223 PCT1US§1124377 78 ), s),
3.49-3.55 £31-1, - m, 3. 3% 4 Akdk char e&vﬁﬂrc&g&@edﬁﬁzcm(lwml«)@ﬂﬁﬁd@ﬁ (3H m,

1.61-1.70 (2H, rr), 1.51 (1H, ddd J_28 8.4 3. 88 H 0. 87
3H, d, J= 5simbldneowslps selgtipn ef CLECykE]Ru=CEP. F‘gbﬂ%@zl? Rﬁ&“c 3) 8
59.1, 137.4, ;4308 34 ymd P CETRL Y50 &) dvefd4
56.0, 55.4. 383 qﬁi‘hg g%‘%gn%%g%% fjs@%%zg 918 3 JipGrieL s Ry syl
Cal cd for CZ6|§%§65$1& addfionBGn:ls. 1A fte® (B3addition was complcte 'the soivent was

evaporated and the residue purified by FC (15% EtOAc / hexanes) to give 465 mg of

10  benzolactone 329a (0.93 mmol, 81%) and 46 mg of the corresponding.z-isomer 330a
(0.092 mmol, 8%). 329a: [o]p = -49.5 (c 1.30, CHCls); IR 2955, 2931, 2840, 1724,
1613, 1585, 1514, 1468, 1275, 1249, 1098, 1071, 1040 cm™; "H NMR (400 MHz,
CDCl) 6 7.27 (2H, d, J = 8.4 Hz), 7.22 (1H, app.t, J= 8.0 Hz), 6.86 (2H, d, J=8.4
Hz), 6.78 (1H, d, J= 8.0 Hz), 6.76 (1H, d, J= 8.0 Hz), 5.44-5.53 (2H, m), 5.34 (1K,

15  brdd,J=92,152 Hz), 4.88 (1H, d, /= 6.8 Hz), 479 (1H, d,J= 6.8 Hz), 4.47 (2H,
s), 4.15 (1H, dd, J=3.6, 9.2 Hz), 3.79 (3H, 5), 3.72 (1H, dd, J = 9.6, 16.4 Hz), 3.71

C (3H, 5), 3.65 (2H, app.t, J= 6.8 Hz), 3.43 (3H, 5), 3.32 (1H, br d, J= 16.4 Hz), 2.30
(14, br d, J = 14.0 Hz), 2.07-2.18 (1H, m), 2.02 (1H, app.ddt, /= 6.8,9.2, 14.4 Hz),
1.91 (1H, dddd, /= 4.0, 7.2, 7.2, 14.4 sz, 1.76 (1H, dd, /= 8.8, 15.2 Hz), 1.71 (1H,

20  app.td, J=11.6,14.0 Hz), 1.45 (1H, dd, J=9.2, 15.2 Hz), 0.86 (3H, d, /= 6.8 Hz); .
3¢ NMR (75 MHz, CDCls) § 168.3, 159.1, 156.5, 139.2, 131.5, 130.8, 130.1, 129.2,
128.6, 124,7,123.0, 113.9, 109.3, 97.0, 79.4, 72.8, 72.5, 66.9, 55.8, 55.6, 55.5, 35.04,
38.0, 36.7, 36.0, 34.3, 13.7; HRMS Calcd for C;sHa9O7 (MH): 499.2696. Found:
499,2697. 330a: [a]p = -25.0 (¢ 0.6, CHCls); IR 2932, 1729, 1613, 1598, 1514, 1469,

25 1250, 1115, 1065, 1038 cm’'; "H NMR (400 MHz, CDCls) & 7.29 (1H, app.t, J=7.6
Hz), 7.27 (2H, d, J = 8.8 Hz), 6.85 (2H, d, /= 8.8 Hz), 6.82 (1H, d, /= 6.4 Hz), 6.82
(1H, d, J= 8.4 Hz), 5.53 (1H, app.dt, J=3.6, 9.6 Hz), 5.30-5.37 (2H, m), 4.78 (1H, d,
J=6.8 Hz), 4.72 (1H, 4, J= 6.8 Hz), 446 (1H, d,J=11.2 Hz), 438 (1H, d, /= 11.2
Hz), 3.97 (1H, dd, J=8.0, 15.2 Hz), 3.74-3.84 (1H, m), 3.80 (3H, 5), 3.76 (3H, s),
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Found: C, 66.52; H, 10.35, 'OPMs (OPMB ---- HO, . OMOM - OVDM 326 327 To
a solution of S|Iylether 526(1 49 g, 3.19 nmmol) in THE(l? N P
added Bu4NF (1.0 Min THF , 19.1 nlL). After stirring for hat rt t he

m xture 1QuygsiAyenched with water (150 nL). The aqueous Pay/ﬂsumasw
extracted W|t Et20 (3x) and the combi ned organics were dried over MgSH
and concentrated in vacuo. The residue was purified by FC (25% Et QAc /
hexanes) to give 1.1 g of alcohol. 327 (3.12 mmol , 98%). 327: [a]D =
33.12 (c2.6, CHC13) ; IR 3494, 2934, 1613, 1514, 1248, 1095, 1036 cm';'H
NVR (400 MHz, CDCl13) S 7.26 (2H, d, J—84Hz) 6.87 (2H, d, 15 J— 8.4 =

;Hzil ‘z: EZ- (5%2325632’8121&; 389 Eﬂ'g};% Qa‘f@;f B doL é%}},’[@) 1852 @‘b@% zi.zelso- 8
), 3.39 E 34 o ter 533 Gl ok s o 08@1‘/‘}@{33 ik, Db bids. 911%93%'(

m, 1.53 (1 ﬁppl%l $50.8. 1@07142914@93 108.891133H,124.8, BI;SS,E)QHzWél;LwNNR
(75 MHz, CDC]l S 1592, 137. 1, 130.4, 129 4, 20 11 80. 7,

1 :
73.0, 69.6, 6’830),72513658 56.1555.8557, 367, §66a%’58132%3$211ﬁ§ OBk oo f or
C20H3205: f ora
stirred séspem cﬁﬁg}\ﬂ @W@Wﬁ%%‘%‘% ﬁ](%%ogggr?er&%%zlgéﬁyﬁfqgngﬁa /=84
benzo[ 1, 3] di Oggj‘ 40Q08, §d 1= 8(427@HJa), 'ﬁojﬁ}mmlf%Sfaﬂm’ﬂﬁrm@H HLD%(BMHZ)J
18.4 rmol), gdZ dba) 3 1% # n 2- &,ﬁ E sphi ne
(115 ng, O. 4968&‘(rﬁﬁ)d Jrf’hé xim §6(§I;Irma>|ﬁ HEhdr 3@# m?§2 1 ﬁ'@dﬁﬁ
allyltributyl t ter " 19r's .
aturat ed aqugﬁk %Fg%s((l%dh’b %&;aIéIerngo(l ﬁ%ﬁf%&i ﬁ;_?%{_{@ Izléﬁlj]?%IULE 26)
02/ 12223 79=2 7 9P 805 (PAT4d)SC+ 834850 Hz), 3.66 (2H, appt, J= 6.8 Hz), 343
10 (3H,9), 3.39 (3H, 5), 3.32 (1H, br d,J=16.0 Hz), 2.30 (1H, br 4, /= 14.0 Hz), 2.07-
«  2.19(1H, m), 1.86-2.06 (2H, m), 1.76 (1H, dd, J=8.8, 15.2 Hz), 1.70 (11, ddd, /=
11.6, 11.6, 14.0 Hz), 1.47 (14, dd, /=9.6, 15.2 Hz), 0.87 (3H, d, J= 7.2 Hz [minor

Z-isomer at 0.93]). HRMS Calcd for C3oHaOsLi (MLi"): 535.2883. Found: 535.2876.
OH

OMe O
OMOM

x a4

, 3293
15 To a solution of benzolactone 329a (0.85 g, 1.70 mmol} in CH2C12 (35
niL) and watcr (1.7 mL) was added DDQ (472 mg, 2.04 mmol). After stirring for 1.5
Q/ | h at 1t, the yellow shurry was poured into saturated aqueous NaHCO;3 (10 mL) and
water (100 mL) and an extraction was performed with EtOAc (4x). The combined
organic layers were dried over MgSOs and concentrated in vacuo. The residue was
20  purified by FC (50% EtOAc / hexanes) to give 617 mg of alcohol 331 (1.63 mmol,
96%). 331: [a]p = -50.4 (c 1.21, CHCl); IR 3440, 2955, 1723, 1584, 1469, 1275,
1039 em™; "H NMR {400 MHz, CDCL) 8 7.24 (1H, app.t, J=8.0 Hz), 681 (11, d, J
= 8.4 Hz), 6.78 (1H, d, /= 7.6 Hz), 5.45-5.54 (2H, m), 5.35 (1H, dddd, J=2.0, 2.0,
9.6, 15.6 Hz), 4.89 (1H, d, J= 6.8 Hz), 4.82 (1H, d, /= 6.8 H2), 4.17 (1H, dd, J=3.6,
25 8.8 Hz), 3.82 (3H, s), 3.69-3.87 (3H, m), 3.46 (3H, s), 3.33 (1H, dddd, J=2.0, 2.0,
4.4, 16.4 Hz), 2.43 (1H, brs), 2.31 (1H, br d, J=14.0 Hz), 2.09-2.19 (1H, m), 1.80-
1.98 (2H, m), 1.79 (1H, dd, J= 8.0, 15.6 Hz), 1.72 (1H, app.td, J=11.6,14.0 Hz},
1.45 (1H, dd, J= 9.2, 15.6 Hz), 0.87 (3H, d,J = 6.8 Hz); ""C NMR (75 MHz, CDCl3)
81683, 156.2, 139.3, 131.6, 130.2, 128.4, 124.4,123.3,109.4, 97.2,79.7, 73.2, 59.6,
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extraction was performed wiith Et20 (3x). The combi nediorganics were dried
over MSO4, concentrated in vacuo and the residue was puri f2’ gd jay %5(4%
Et OAc / hexanes) to give 1.3 g of 5-ally |-2,2-d nethyl-
benzo[l,B]%g??ﬂ-ff-one (iv) which was slightly inpure. 5 ipgr/iSoezstirred
solution of a yﬁ al cohol (2.25 rnL, 3:8 nL) in THE (10 nlL) was added
dropwise EtMgBr (1. OMin THF, 29.8 mpl) at 0C. After stirring for 15
nuin at rt, a solution of 5-a Ilyl-2,2-dinmethyl-benzoll, 3j di oxi.n-4-one
(iv) (2.3 9, 5.96 mol) in THE (5 nL) was added and stirring was continued
for 5hat it and 2.5 1.0 h at 60C. D ethyl ether (50 rnL) was added and

the m xture-was poured into saturated aqu d 0] ] r (50
m.). An extraﬁi.ﬂ,(ﬁ-SA/ég-Zpé&f)o%r%deﬁstlﬁﬂEg@%&g?&%&@ﬁgzéﬁéogbmgﬁi ni cs
were dried ovegr d aﬂ{ﬁgl ; rasichiginasopurified
by FC (2% Et 2 04“’!%2%%@% E'E%W' . Sg@ang@gdlf?:ﬁH%%ﬁ%%?qﬂ\ydroxybenzo
ate (v) (90%¥o@s: aixmxyless oil. v: IR 2918, 2850, 1663, 1607, 1450, 15
1248, 1219, 909, 733 cmt; 1H NWR (400 MHz, -CDC 13), S 7.33 (1H, app. t, J=
7.3 Hz), 6.88 (1H, br d, J,=¢(7.3 Hz), 6.75 (1H, d,¢J= 7.3 Hz), 5.92-6.09
(211, m, 5.43 (1H, brd, dmld. OHz), 5. 33(1H, brd, . ),5.02(1H b

rd, J=10.0Hz), 4.96 (1H o PEONS Hz) -4, OMPM¥ J=6.7.Hz), 3.70
(2H, d, J= 5.9 Hz); 13C {75 N 62,8, 143.0, 137.7,
134.6, 131.5, 122.6, 119.8, 20~116.%' 115.6, 112.2,.66.7, 40.6; M5 (El) 218
(M}, 10),5177 (24), 15%,G%k3MkionQflaRokdIES3D (A NRg, LRI imrmol) ihCHEEL (30TmLa

solution of allyl 6-allyl-2 hydrOxybenzoate 1.2.q, 5.5 mmpl I4N
gﬁgtone (12 mza@@dméaﬂa&i@%@ﬂe@g@w @54 6%???%!"9- Al %EP"% ?Lt.‘éif"'r?ﬁ," 16.5

T 2 A O 8] D el
in vacuo and iag pegsitidenith Et;0. The combined organic layers were dried (MgSO4) and
' concentrated after which the residue was puﬁﬁed by FC (30% EtOAc¢ / hexanes) to
10 give 318 mg of aldehyde 332 (0.845 mmbl, 95%) as an oil. 332: [ajp=-45.4 (¢ 1.55,
CHCy); IR 2962, 2935, 1728, 1585, 1470, 1274, 1117, 1086, 1037 cm'l;_IHNMR
(400 MHz, CDCL3) § 9.79 (1H, dd, /=1.6, 3.6 Hz), 7.23 (1H, app 1, J=8.0Hz), 6.77
(1H, 4, J=8.0 Hz), 6.75 (1H, d, J=8.0Hz), 5.09 (1H, ddd, J= 3.6, 8.8, 10.0 Hz),
 5.49 (1H, br dd, J= 11.6, 15.2 HZ), 5.34 (1H, br dd, J=10.0, 15.2 Hz), 4.92 (1H, d,J
15 =721z),4.85(1H, d, J="7.2 Hz), 4.20 (1H, dd, J= 3.6, 9.2 Hz), 3.74 (3H, 5), 3.71
(1, dd, J= 10.0, 16.4 Hz), 3.47 (3H, 5), 3.31 (1, br 4, J=16.4 Hz), 2.77 (1H, ddd,
( J=36,100, 164 Hz), 2.53 (1H, ddd, /= 1.6, 3.6, 16.4 Hz), 2.31 (11, br d, /= 14.0
Hz),2.10-2.21 (1H, m), 1.83 (1H, dd, J= 8.8, 15.2 Hz), 1.71 (1H, app.td, J=11.6,
14.0 Hz), 1.45 (1H, dd, J=9.2, 15.2 Hz), 0.87 (38, d, /= 6.8 Hz); BCNMR (75
20 MHz, CDClsy) § 200.5, 168.0, 156.6, 139.0, 131.5, 130.3, 128.7, 123.9, 122.7, 109.2,

97.2,79.4,69.8,55.9, 55.5, 49.4, 37.5, 37.87, 35.9, 34.5, 13.6.
S oMe 0 OPME
oMe O OMe O
19 MOM OR ey, OMOM Q
= 3204 a0 356

A mixture of 329a (120 mg, 0.317 mmol) and 10% Pd/C (30 mg) in
MeOH (5 mL) was stirred under an atmosphere of H; for 3 h at rt. Filiration,

25  concentration and purification by FC (50% EtOAc in hexanes) delivered 99 mg of
alcohol 356 (82%). Alternatively, a mixture of alkene 330a (111mg, 0.223 mmol},-
ammonium formate (100 mg) and 10% Pd/C (100 mg) in MeOH (6 mL) was refluxed
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purified by FC (3%)Et20 I ~-pentane) to give 1.25 of allyl

6-al | yl - 2- met hoxybenzoate ' (via) (98% as a colorless oi | . 2853,
2850, 1733, 1715, 1585 1363, 1244, 1223, 914, 733 cm'; 1H (400 MHz,.
CDC13) 8 7.29 Igle app-t, J= 8.0 Hz), 6.83 SUBSTI TUTE SHEBL1&dii#6) 2 7
JAN 2005 we 2 1’23223 PCT/ USOl / 24377 ¢811 (1H, d, J= 7.6 Hz), 6.79 (1H d,
J= 8.4 Hz), 5.97-6.06 (IH, m, 5.86- 5 96 (1H, :

5.42(1H, brd, J=17. 2Hz) , 5. 28( 1H, brd, J=10. 4Hz) , 5. 05(1H, brd,J =16.8 Hz), 5.04
(1H, br d, J=10.0 Hz), 4.82 (2H, br d, J= 6.0 Hz), 3.82 (3H s), 3.36
(21L d, J= 6.8 Hz); 13C NWR (75 MHz, CDC13 ) b 167.8, 156 6, 138.7, 136.4,
132.1, 130.6, 5 123.6, 121.8, 118.8, 116.5, 109.2, 66. é % §¥ 3./

(El) 232 (W 548)h, FilrbicaKoncetmbiosayd pmﬁmesei therondietofC (46 HQRS Anal

(VM) | R 298evarmonivad 3 my sbiioaipldss (L7 38 el s B 000
tm1; ' HNMR éﬁ@l%%@?fﬁ%g) 1723, ngélgmw%?ﬁc(mﬁmmwwm CDLIYS (1H

d, J= 7.6 Hz) J= 5.6

17.2 Hz), 5. 90daAH, t@chtg(}m)@ﬁ&g)(ﬂl@ &= 1%6812}&679&Hﬂ,(ﬁ34ﬁz)§52ﬂﬁl7 >
). 525 (A Brd

Hz). 5. 05 5((]I 1dpp.abd ~c8 0 352), 4y @H)vlf) 8%7@12%)2%%&4%%6%’8? e ésjz?eSb_%gl
T30 o 10, 5 (Hay 2455 G phifspbs i, B OB, ""33? ‘3243*2“&’6 0,
56.4, 37.8. HRMBI. 56@Hcﬂ)f1018 1 GOSEERORI0.91HAE], 559 81@6}3 M@é&ﬂ}h

269. 1371 via v v~ 6a To a stirr |

=al |yl - 2- met(EﬂaQ'kabﬁriﬁ&at E5G-94 KHl-% 1§(g§ @3% &Qgg iﬂ?ﬁ‘#’ 9%7ag%f6Pd%%g (3% in THE
16 ni) 0 (898 1Nt 5.4y HARIS CallEb:) Cp HAEMIED 381128371 or 1
h at rt, the %d%eg?goégg %%g?elngﬁrzgtleglgﬁn vacuo and the 20 residue purified
by FC (2%gVeQrbund Q4. containing 0. 3% AcOH) to give 0.8 g of benzoic
acid derivative 316a (9699 . 316a: 1R 2919, 2850, 17130 1586 1470, 1264
910, 733 cmil ; '"H NWR (400 ‘
6.89 (1H, d, J = 7.6 Hzpye ®
5.06-5.12 (zZzH, m, 3.9

According to the procedure described for the synthesis of 332, alcohol
356 (52 mg, 0.137 mmol) was oxidized with Dess-Martin periodinanc (231 mg, 0.547
mmol), delivering 42 mg of aldehyde 357 (81%).

To a suspension of NaH (60% in mineral oil, 74 mg, 1.84 mmol) in

THF (15 mL) was added allyl diethylphosphonoacetate (0.436 mL, 2.0 mmol) at 0°C.

After stirring for 20 min at the same temperature, 2 solutlon of aldehyde 332 (302 mg,

0.802 mmol) in THF (5 mL) was added and stlmng was contmugd for 1 hat 0°C.

20  Saturated aqueous NaHCOj3 (5 mL) and water (100 mL) was added and an extraction
was performed with E;O (3x). After concentration of the organic layers, drying
(MgSO4) and concentration in vacuo, the residue was purified by FC (20% EtOAc/
hexanes) to yield 343 mg of allyl ester 334D (O 75 mmol, 93%). Esters 334a-c were
prepared using the same procedure with trimethylsily! dimethylphosphonoacetate, ¢-

25  butyl dimethylphosphonoacetate and trimethy] phosphonoacetate respectively. 334b:

[a]p=-95.0 (c 2.49, CHClg); R 'H NMR (400 MHz, CDCL) 8 7.23 (1H, app.t, J=
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(3H, s), 3.55 (2H, d, J= 6.8 Hz); "C NVR (100 Mz, CDC13 S

172.1, 1569, 140. 1, 25 136.6, 131.3, 122.5, 122.0, 116.5, 10&_?7%}&3\' g@@g \VS3
(El') 192 (M, 52), 177 (100). HAMS Calcd for Cl11H1303

Found: 193w@3Q42856b: HRMS Calcd for Cl12H, 504 WI ): 223. OS7QUSIFQITA:
223.0972. SUBSTI TUTE SHEET ( RULE 26) 28& JAN 2005 WD 02/ 12223 PCT1US0112437
7 81 To a stirred solution of alcohol 327 (795 ng, 2.255 mmol), acid 316a
(650 ng, 3.3 8 Mol ) and PPh3 (azeotropically dried with benzene, 956 ny,
3.61 mml) in Et20 (35 rnL) was added di et hyl azodi car boxyl ate (DEAD, 0.57
rnL, 3.61 5 mmol). After stirring for 12 h at rt and 4 h at reflux, the -

t tlt d E T,
R A PR A e et LR O e e ek it A
SHA 10%
Blone T hexancs Ch Brpe IS, ST IS D S o5 o

328a: [a]D = +&./441Qc1L05), 3:240(13; td J#R%@@éﬂmﬁw (ﬁés‘st&H’zw 81470,

o apeet 300 & e g s ook s i U7 255D A PG -39 A, 188
2‘829( éH79d 1H{3:%73)63 'ﬁélﬂedtf?:@-@ 16 Ty, 3% 83Hz §), 35.2&1’}15&»9& JA16.4 Bz),

(1H, br d, J= Jmscxlﬁz)i;idm%ogmliaérl%) '??&'%ﬁaddﬂw 4&18 9%&551%733%

0.4Hz),4.73

oy a7 i, o) A STt B A 2D g5 70 G el sl

3.70 (1H, app. 1491818, 1. A, 84,12 9.631 %66 H2) S584 O3, doy = @415@) (IQCMS@AR; 35
J= 6.8 Hz) 97-2.11,.(3H 7 (1H,

ﬁfH 1. 66- 1. 78 Qaled fonp,sts@Ogﬁ\/lft@—i%ﬁflg%i Fé’ugg |4i§)9 23?1% by “ig DTDC13)
1217, 11618, 1 258 (ey3p Sy T 3635 17130033, 359, BT 4907 15-*@ s L2
55.8, 955.5, 34039 c; 5H r&@R&Ao@Mﬁz (315(315) ) mmmmu T4) .4 Hzyr6. 9StBHH4207
Co 1060 o, Imosh R, 1560, 08660 &t 4Tt s i L T S
N . 8&“?@&% dt, T2318)1 85 F122 3:36-292 (3 mi 3971 B8 a (Ao 8h1z)) a.sﬁ(f)ﬂ,lﬂz}f
= 6.8 Hz), 4.66 (1H, dd, J = 3.6, 8.8 Hz), 3.86 (3H, 5), 3.71 (1H, dd, /= 9.6, 16.4 Hz),
15 3.45(3H, 5), 3.32 (18, br d, J=16.4 Hz), 2.61 (1H, dddd, /= 1.6, 6.0, 8.8, 15.2 Hz),
2.43 (1H, dddd, J=1.6, 4.4, 8.0, 15.2 Hz), 2.26-2.34 (1H, m), 2.08-2.20 (1H, m), 1.75
(1H, dd, J= 8.4, 15.2), 1.70 (1H, ddd, J = 11.6, 11.6, 14.4 Hz), 1.49 (91, 5), 1.43 (1K,
dad, J=92, 15.2 Hz), 0.86 (3H, d, J= 6.8 Hz); °C NMR (75 MHz, CDCL) 3 168.5,
166.0, 157.0, 143.5, 139.2, 131.5, 130.3, 128.8, 125.5, 124.5,122.8, 109.5, 97.3, 80.4,
20 79.6,73.4,55.9, 55.8,39.2, 37.93, 37.88, 35.9, 34.4, 28.4, 13.5. HRMS Calcd for
Ca7H3g04Li (MLi*): 481.2778. Found: 481.2774. 334a (Mixture of E/Z isomers, ~3.5~
4:1): IR 2954, 1725, 1585, 1584, 1469, 1440, 1275, 1249, 1117, 1041 em™; '"HNMR
(400 MHz, CDCl;, peaks corresponding to major isomer) 8 7.24 (1H, epp.t, J=7.6
Hz), 7.12 (1H, ddd, J = 5.6, 8.4, 15.6 Hz), 6.82 (1H, d, /= 8.4 Hz), 6.75 (15, d,J =
95 7.6 Hz), 5.92 (1M, br d, J= 15.6 Hz), 5.48 (1H, br dd, J=10.8, 15.2 Hz), 5.38 (1H,
ddd, J=4.0, 8.8, 8.8 Hz), 5.36 (1H, br dd, J=9.2, 15.2 Hz), 4.89 (1H, d, /= 6.8 Hz),
4.81 (1H, 4, J = 6.8 Hz), 4.16 (1H, dd, J = 3.6, 8.8 Hz), 3.86 (3H, ), 3.74 (3H, 5),
3.71(1H, dd, /= 10.8, 16.4 Hz), 3.45 (3H, s), 3.32 (1H, dddd, J=2.4,2.4, 4.8, 16.4
Hz), 2.64 (1H, dddd, /= 1.6, 5.6, 8.8, 15.2 Hz), 2.46 (1H, dddd, J=1.2,4.0,8.4,15.2
30 Hz),2.31 (1H, br d, J=14.0 Hz), 2.10-2.19 (1H, m), 1.76 (1H, dd, J=8.8, 15.6 Hz),
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5.93 (1H, dddd, J= 6.0, 6:0, 10.4, 16.8 Hz), 5.72 (1H; dddd, J—72 :
7.2,10.0, 16.8 25 Hz), 5. 40-5. 47 (1H, m, 5.18 (1H, d, J= 6. "ﬁz);;\g\S‘“LEB
(1H, d, J= 6.8 Hz), 5.02-5.09 (2H,m,4.95 (1H brd, J=16. 8Hz)", 4. 92( 114
,brd, J= 10 ;3(1H d,J= 6.8Hz), 4 70(IH,d, J=6.8Hz), 4. ApcTbsoydady

1, 6Hz) 4. 4 H , J=11. 6Hz) 3.80 (3H,g78), 3.55-3. 70 (3H, m, 3.44 (3H, s),
3.40 (3H, s), 3. 36 (2H, d, J= 6.0 Hz), 1.70-2.12 (7H, m, 0.89 (3H d, J=
6.8 Hz), 13C NMR (75 MHz, CDCl13) 8 167.9, SUBSTI TUTE SHEET (RULE 26) 2 7
JAN 2005 WO 02/ 12223 PCTIUSO | /24377 82 159.3, 154.0, 138.3, 137.3, 136.5, .
130.7, 130.3, 129.4, 1251 1228 116. 7, 1161 113.9, 112. 4, 970 946
78.4, 72.9, 71.0, 66.6, 55.4, 37 37.4, 36.7, 3b.

13.9. HRMB chﬂ&ﬂlfﬁmppméﬁddcfaumfim1 45 (%31534%95%52) Qéé(éfio% ‘CPI\/B
JOPMB OVOM 5 ;’ gﬁflask charged with degassed CH2ClI2 (180 nL) was added
si mul t aneousl| y™ gol ution of Cl12[(Cy)3P]3Ru=CHPh (141 ng, 0.17 mmol) in
CH2C12 (30 nlL) and a sol ut|Q)n of ester 328 0°6 g, 1.14 mmol) cioﬂl CH2C z
(50 mL) over a 4 h perlg ia addition funnel s\_After the addftion was
conpl ete, the solvent waswe evaor ated and t he: reesi due pumuf ioed by FC (15%-

alD = -49.5 (c 1.30, CHC

) N R 23655 4
1468, 1275, 1249, 1098 1071, 1040 .c 7.27
(211, d, J= 8.4 Hz), cording;tp m%&fﬁcﬁjam%&ésgnwc’w éwgéé i“?{ e"'ﬁ’)“ 8.4
Hz 6.78 £1 e i 0.505 ﬂ;ﬂm@xﬁ& 211
g,gm (111, 4 Halgq su]:r3§419 tﬁgﬂnxtﬁrez)@n{eﬁ%ﬁzstgrg 3%???2 le‘E%_ Z( 797 ¢ 19

J= 6.8 Hz) dep¢0\‘¢<7‘te(i mh BBi;)(Z Spquiy.)(te Eive adr sqparatiop byF (é (?4-‘124) E@\crlg (3 H
Db B2 el DRl o g3t 8 b 2R Sy 3
14.0 Hz), 2. Oyreind poldd.L-HbmePERB54 mns m&mdﬂt%) E‘335a8 [a]% =248, 1@: H2Hz),
ﬁz)g ' (11% i ( 12%%%13)‘][&131393352 —2-7 07(c21 1, CHCI;} If{ 3404, 316& 2949, 29d14 1729, 1?91 15.2
10 1589, 1468, 1426, 1297, 1268, 1249, 1127, 1031, 966 cm™; "H NMR (400 MHz,

- CDCL) 8 7.31-(1H, app.t, J= 8.4 Hz), 6.98 (1H, app.dt, J= 7.6, 15.6 Hz), 6.90 (1H,

dd, J=0.8, 8.0 Hz), 6.71 (1H, d, J= 7.6 Hz), 5.94 (1H, br 4, J=15.6 Hz), 5.64 (1H,
app.dt, J=5.6, 10.8 Hz), 5.49 (1H, br d, J= 16 Hz), 5.02-5.13 (1H, m), 3.74 3H, s),
3.70-3.78 (1H, m), 3.61(1H, br d, J=18.0 Hz), 3.38 (1H, br d, J=16.4 Hz), 2.56-2.68

15  (2H, m), 2.32-2.40 (1H, m), 2.03 (1H, dd, J= 112, 15.2 Hz}, 1.79-1.96 (2H, m), 1.50
(1H, s), 1.37 (1H, ddd, J=1.2, 8.4, 14.8 Hz), 0.92 (3H, d, J= 6.8 Hz); C NMR (75
MHz, CDCls) § 171 .4, 166.7, 163.3, 144.4, 142.7, 134.5, 133.4, 126.3, 123.9, 122.2,
117.0, 112.9, 74.1, 70.6, 51.4, 39.3, 38.6, 37.5, 35.8, 34.7, 13.9. HRMS Calcd for
CoHz606Li1 (MLi*): 381.1889. Found: 381.1889. Ent-Z-335a: [a]lp=-40.8 (c 1.2, 7

20  CHCL); IR 3200-3600, 2955, 2926, 1722, 1652, 1606, 1588, 1464, 1441, 1293, 1248,
1214, 1176, 1119, 1064, 1028, 760 cm™; "H NMR (400 MHz, CDCl) § 7.31 (1H,
app-t, J= 8.0 Hz), 6.90 (1H, d, J= 8.0 Hz), 6.70 (1H, d, J= 7.2 Hz), 6.30 (1H, app.dt,
J=172,112 Hz), 5.92 (1H, 4, J= 11.2 Hz), 5.66 (1H, app.dt, J=6.0, 11.2 Hz), 5.51
(1H, br d, J= 16 Hz), 5.02-5.12 (1H, m), 3.78 (1H, dd, J = 6.4, 16.8), 3.69 (3H, 5),

25  3.59(1H, dd, J=3.2, 8.8 Hz), 3.36 (1H, d, J= 16.8 Hz), 3.15-3.24 (1H, m), 3.00-3.08
(1H, m), 2.32-2.40 (1H, m), 2.08 (1H, dd, J= 10.8, 14.8 Hz), 1.79-1.96 (2H, m), 1.40
(1H, dd, J=7.6, 14.8 Hz), 0.93 (3H, d, J = 6.8 Hz). HRMS Calcd for CHas0sLi
(MLi"): 381.1889. Found: 381.1891.
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20 app.td, J=11.6, 14.0 Hz)}, 1.45 (IH, dd,J= 9.2, 615.2 Hz), 0.86 (311 d,
J= 6.8 Hz): . 13C NMR (75 MHz, CDC13) S 16.8.3, 1509. 1 156 521‘,89 12%55
130.8,130.1, 129.2, 128.6, 124.7, 123.0, 113.9, 109. 79. 4,

72.5, 66. 9‘@92213 %5 6, 55.5, 38.04, 38.0, 36.7, 36.0 34 BPcﬁ;ag(ﬁ,ruH?NS
Cal cd for é 7 (MH4): 499.2696. Fggind: 499. 2697. 330a: [a]D = -25.0
(c 0.6, CHO3); IR 2932, 1729, 1613, 1598, 1514, 1469, 25 1250, 1115, 1065,
1038 cmi'1; 1H NVR (400 MHz, CDC13) S 7.29 (111, app.t, J= 7.6 Hz), 7.27
(211, d, J= 8.8 Hz), 6.85 (211, d, J= 8.8 Hz), 6.82 (1H, d, J= 6.4 Hz),
6.82 (111, d, J= 8.4 Hz), 5.53 (111, app.dt, J= 3.6, 9.6 Hz), 5.30-5.37
(211, m), 4.78 (1H, d, J=6.8Hz), 4. 72(111,d, J=6. 8Hz), 4. 46(1H, d, J=

11. 2Hz) , 4. 38( 1H, d, J=11. 2 Hz°397(IH dd, J=¢8/0, 15.2 Hz), 3.74-3.84
(111, m, 3.80 (3H s), 11, s), SUBSTI EET (RULE 26) 2 7 JAN
2005 WD 42112223 PCT/ US01% 83 3.50- 3. 58 % 2H, , 3.39 (3H, s), 3.03
(1H, br d, J=14.0 Hz), 060 i‘H rr) 0.93 (3H, d:
J= 6.4 Hz); "C NVR (75 ) 6 166.9, 140.1, 130.8,
130.7, 129.4, 129.3, 128.8, 12377 12%¥%3, 113.8, 109.5, 97333" 77.9, 73.0,
72.0, 66.8, 56.1, 55.8, ’[%@t@lutﬁﬁo}‘all\lzgesﬁarﬁﬁb%%&ﬂg,a)745’2:nﬁlol)3n$lﬁzﬂii(“40
329blent 5 330b (MOM: 1H NMR §400 3) |sorrer onIy 5 7.26
(2H, d, J= 8. l)ngasaddedat 781G BBe, (0.29anb, 437 pupol)Afler stigmedor 20 i, o= g 4

) & P il BhuronBriRulcld By i hgompted Bfed 24, 11,
4.79 (1H ,sd, &ﬁ»@d&) 1act40rﬂ’ﬁitﬁ BOAS)3x )} diyang MNigSOHdnd cdmeﬁtrémeQIBe Hz) ,

372 (111 dd T2 8. 8 16 . 3.66 (2H, 3H
g 3( 39 (3H, rejdueayadpurified bm)FCa@SytE%)zbc L%)}-an%) %Yl@%?“ﬂ?g af 3‘9’}1 (

Cii ddd. as %ﬁg%mr%of% oy 135 TG R IR IR 30 8-”%22’22’95%2”%) a7
R s el T et
7.6,8.4 Hz) 701 (1H, app.dt, J= 7.2, 15.6 Hz), 6.89 (1H, dd, J= 0.8, 4'Hz), 6.71
10 (1H,dd, J=0.8, 7.6 Hz), 5.97 (1H, d, J= 15.6 Hz), 5.95 (1H, ddt, /= 5.6, 10.4, 15.6
Hz), 5.64 (1H, app.dt, J= 5.2, 11.2 Hz), 5.44-5.52 (1H, m), 5.33 (1H, app.qd, J=12,
15.6 Hz), 5.24 (1H, app.qd, J= 1.2, 10.4 Hz), 5.02-5.13 (1H, m), 4.65 (1H, app.td, J
=12, 5.6 Hz), 3.74 (1, dd, J=5.6, 16.4 Hz), 3.62 (1H, dd, J= 3.2, 8.8 Hz), 3.38
(1H, br d, J= 16.4 Hz), 2.56-2.69 (2H, m), 2.31-2.40 (1H, m), 2.03 (1, dd, J=11.2,
15 15.2), 1.79-1.97 (2H, m), 1.52-1.72 (1H, m), 1.4 (1H, ddd, J= 1.2, 8.4, 14.8 Hz),
0.93 (3H, d, 7= 6.8 Hz); *C NMR (75 MHz, CDCl;) 5 171.1, 165.9, 163.1, 143.7,
- 142.5, 134.5, 133.2, 132.3, 126.5, 124.5, 123.9, 118.5, 116.9, 113.1, 73.2, 70.5, 65.3,
39.3, 38.6, 38.0, 37.5, 35.6, 13.9; MS (CI) m/z (%): 401 (28), 383 (30), 343 (37), 325
(100); HRMS (FAB) Calcd for CasHasOs (MH"): 401.1964. Found: 401.1973.

0 0

\_/O‘Q\ \ S

oo ) T85O O

X OO

20 \ a35h S 336
: To a solution of 335b (208 mg, 0.52 mmol), imidazole (250 mg, 3.63
mmol) and DMAP (25 mg) in DMF (10 mL) was added tert.butyldimethylsilyl
chloride (479 mg, 3.12 mmol). After stirring for 10 h at rf, the mixture was poured

into water (100 mL), extracted with Et;O (3x), and the combined organics washed
25  with brine, dried over MgSQy and concentirated in vacuo. FC (2% EtOAc / hexanes)
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329a v -' ' - 331 15 To 'a'»isol ution of benzol actone 329a (0.85 g, 1.70 nmol)
in CH2C12 (35 nl) and water (1.7 nL) was added DDQ (472 m@‘{z‘mﬂ Jomgl ).
After stirring for 1.5 h at it, the yellow slurry was poured into

sat ur at ed w@ueaeeiNaHCO3 (10 nL) and water (100 nli) and awredoiactyon was
performed with EtCAc (4x). The conbingd organic |ayers were dried over
MpSO4 and concentrated in vacua. The residue was 20 purified by FC (50%
Et OAc | hexanes) to give 617 ng of alcohol 331 (1.63 mol, 96% . 331:
[a]o = -50.4 (c 1.21, CHC13 ); | R 3440, 2955, 1723, 1584, 1469, 1275, 1H,
d, J 1039 cm1; 1H N.~VIR 1400 ivlllz, CDC13 , 5 7 24 (1H, app.t, J= 8. 0

R e (it b rdor Sl M oo S g e u—-g34ch% clfigpll
O e G e S L o7

(1H, br s), 21§$Hz?|‘5 75)ng(11 JJ=-“716}Q)|'&72(12-I @952 gl@H&ﬂ,H%r(lH ddt&®=630 98 (2H,
n, 1.79 (1H, ) g 4&’% J=11. 6, 14.0 Hz),
1. 45 (1H, dd, 104, U%HZLé%Hﬂ,d,é siﬁ EF),, @9-5346 G ) § 331’%%@(1& MHz,

707 73,7 ShU 1L AL PR Rﬁl%@%ﬁf%@% L

fPCT/ USOL12437(1H,84, 35.30, S56H3), 335, (ZH 38,.0= 3361@4 B3, 3832 (U3, By dHRNEG. M)Fdd
C21H3106 379. 21271 79. Ca
for czszzm@ng%gl&H 411)5"2’@6’830 E'%dl%ﬁils%ég%ns ia% (6"%‘15< li \

33" k-J 33 It f 73 | QD
0 ni) S IR O L2 £ BB, SUIRUA08EY SGR( fd 1 0. OFL STBI9D O, o

<frring at r 0.88 ¢3H3d W = 6 Az &ﬂ%@ﬁmlﬁﬁ)%(%HWS((BHnt)) 0. lér(aHy\ﬁt HRM&OO
) was agged and éﬁcg’t‘érr&%h'ﬂ 5812(MH") 629.3694. Found: 629.3687.

To a solution of morpholine (0.41 mL, 4.78 mmol) and allyl ester 336
(301 mg, 0.478 mmol) in THF (10 mL) was added Pd(PPhs), (28 mg, 0.024 mmol).
The mixture was stirred at rt in the dark for 4 h and brine (80 mL) was added. The
15  aqueous phase was extracted with EtOAc (4x) and the combined organic layers were
N dried (MgSQ,) and concentrated in vacuo. The residue was purified by FC (20% |
(\ EtOAc / hexanes) to give 270 mg of acid 337 (0.458 mmol, 96%). 337: [a]p =+2.0 (¢
| 1.84, CHClL3); IR 2956, 2930, 2858 1728, 1700, 1652, 1582, 1457 cm™; '"H NMR
(400 MHz, CDCl3) 3 7.13 (1H appt, J=8.0 Hz), 7.02 (1H, app- dt,J=72,15.6 Hz)
20  6.75(1H,d,J=7.6 Hz), 6.72 (1H, d,J= 8.0 Hz), 5.93 (1H, d, /= 15.6 Hz), 5.30- 5.46
(3H, m), 4.26 (14, dd, J=13.2, 8.8 Hz), 3.66 (1H, dd, J= 8.8, 16.0 Hz), 3.32 (1H, br
d, J=16.0 Hz), 2.60 (2H, app.t, J = 6.8 Hz), 2;21-2.30 (1H, m), 1.75-1.86 (1H, m),
1.35-1.45 (1H, m), 0.96 (91, s), 0.91 (94, s), 0.83 (3H, d, /= 6.4 Hz), 0.22 (3H, s),
0.20 (34, s), 0.15 (3H, s), 0.12 (3H, s); BC NMR (75 MHz, CDCl;) 5 171.5, 168.4,
25 152.9,146.5,138.9, 131.6,129.8, 128.5, 127.5, 123.8, 123.4, 118.0, 72.5, 72.2,38.7,
38.3,38.2,37.3,36.5,26.1,25.9, 18.5, 18.2, 13.2, -3.9, -4.19, -4.24, -4.3; MS (ES)
m/z (%): 589 (10), 531 (21), 457 (18), 367 (40), 115 (78), 73 (100); HRMS (FAB)
Calcd for Cs2Hs306S12 (MH"): 589.3381. Found: 589.3391.
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was perfornmed with Et20. The conbined organic |ayers were dried (MySO4)
and concentrated after which the residue was purified by 5@9 a@\(@gﬁﬁc /
hexanes) to 10 give 318 ng of al dehyde 332 (0.845 mol,

332: [a]n womdh2223(c 1.55, CHC13); 1R 2962, 2935, 1728 15851!1&%%@3771274
1117, 10,96, 1037 cm1;1H NMR (400 MH20 CDC13) 8 9.79 (1H, dd, J=1.6, 3.6
Hz), 7.23 (1H, app.t, J=8.0 Hz), 6.77 (1H, d, J= 8.0 Hz), 6.75 (1H, d, J=
.0 Hz), 5.09 (1H, ddd, J= 3.6, 8.8, 10.0 Hz), 5.49 (1H, br dd, J=1 1.6,
15.2 Hz), 5.34 (1H, br dd, J=16.0, 15.2 Hz), 4.92 (1H, d, J 15 = 7.2 Hz),
4.85 (1H, d, J= 7.2 Hz), 4.20 (IH dd, J= 3.6, 9.2 Hz), 3.74 (3H s), 3.71
(1H, dd, J= 10.0, 16.4 Hz), 3.47 (3H, s), 3.31 (IH, br d, J=16.4 Hz), 2.77
(1H ddd, J= 3.6, 10.0, 16.4 Hz), 2.53 (1H\d J=1.6,3.6, 16.4 Hz),
2.31 (IH brr d, J= 140 ‘ 2.10-2.21 (I .83 (IH dd, J=
8.8,15.2 Hz), 1.71 (1H, —OMg,g,. 6, 14. 454 1H, dd, J= 9.2,
15.2 Hz), 0.87 (3H, d, ' 0°%MWHz) CDC13) S 200.5,
168.0, 156.6, 139.0, 1315, £¥8.7, 12 ~ 1b9.2, 97.2, 79. 4

69.8, 55.9, 55.5, 49.4, 37,7735 34. MB n

m xture of 329a (120 mg ACOmg ?mﬁ?fa“ﬁéef'cﬂg‘?dé%(gﬁ%%e?lﬁdﬂw{g m_)
was stirred uggdgy Ao {ﬁﬁfgb@f%@% %reh)ﬁhg'ﬁfaﬁjrl'efsfe@’irhg@osiﬁunol
concentration and purifi cat y FC 50 Et OAc I'n hexanes elivered 99 ny

of al cohol 398%)8Nl.estk tviir frelbi=v-Sly2, (cd }mOHG;lIB)e IRR2933,K5R4, B@Oa:n( Hny,

1) was el RBAR SRR G v%&ﬁ% éé?sd@ﬁ%i’%%’éaéé%g@éﬁ&g%?&
(T (o0, 243 Bales 3 0 05909694 3 £D-20 s syl the
(0.15 mol , 6%%6.(1858;7=[6I0M2), 5. 35~5645((c1HL1ri), 5. 3@%@&,&& UR 13745&) 3IRUY1H] 724,
1582, 1470, 1123?3 fm1%4Hz) 430(1151 d,J= Ng%Hz) 475 f’fﬂ d, J=6.8 Hz), 4.64 (2H, br.d, J

=52 Hz), 3.83 (3H, s), 3.75-3.81 (1H, m), 3.43 (3H, s), 2.86 (1H, ddd, J=5.2, 12.8,

10 12.8 Hz), 2.75 (1H, dddd, J=16, 64, 8.4, 14.8 Hz), 2.56 (1H, dddd, 7= 1.2, 4.4, 7.6,

14.8 Hz), 2.47 (2H, ddd, J= 5.2, 12.4, 12.8 Hz), 1.90-2.06 (2H, m), 1.60-1.74 (3H,

m), 1.39-1.56 (2H, m), 1.14-1.32 (2H, m), 0.89 (3H, d, J = 6.4 Hz); "C NMR (75

MHz, CDCL3) & 167.9, 166.0, 156.7, 144.5, 141.4, 132.4, 130.7, 123.8, 123.6, 122.1,

118.3, 108.9, 97.1, 72.4, 65.1, 55.9, 38.6, 35.4, 33.6, 31.9, 26 4, 15.2; HRMS (FAB)

15  Caled for CagHisOLi (MLi"): 467.2621. Found: 467.2621.

OMOM

allyl ester vii

According to the procedure described for the synthesis of 335b,
deprotection of allyl ester vii (25 mg, 0.054 mmol) with BBr3 (2.5 equiv.) gave 21 mg
of 358 (0.052 mmol, $7%). 358: --{a}p =-21.2 (¢ 0.61, CHCl3); IR 3448, 2935, 1722,
20 1652, 1606, 1449 cm™; 'H NMR (400 MHz, CDCly) & 10.95 (1H, s), 7.29 (1H, t, J =
8.0 Hz), 6.93 (1H, ddd, J= 7.6, 8.0, 15.2 Hz), 6.84 (1H, d, J=8.0Hz), 6.72(1H, d,J
= 8.0 Hz), 5.94 (1H, ddt, /= 5.6, 10.4, 17.2 Hz), 5.91 (1H, br.d (Iir}, J=15.2 Hz), 532
(1H, ddt, J= 1.2, 1.6, 17.2 Hz), 5.24 (1H, br.d, J=10.4 Hz), 5.22-5.30 (1H, m), 4.64
(2H, br.d, J = 5.6 Hz), 3.89-3.95 (1H, m), 3.68-3.76 (1H, m), 2.64 (2H, ddd, J=1.2,
25  8.0,8.0 Hz), 2.16-2.27 (2H, m), 1.66-1.80 (3H, m), 1.50-1.64 (4H, m), 1.32-1.44 (1H,
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7.26(1H, t,J=8.0Hz), 6. 79(1H, d, J=7. 6Hz) , 6. 79( 1H, d, J=8. 4Hz) , 5 . 52(1H, 5 app.q,
J= 8.0 Hz), 4.76 (2H, s), '5.83 (3H, s), 3.70-84 (3H m, 3.24 (AH, 2085
2.80-2.91 (IH n), 2.42-2.51 (2H, n), 1.98-2.06- (1H m, I.87=1.95 (3H,

M, 1.60- M. 1.42-1.56 (2H n), 1.18-1.30 (2H, (B3H, d,
J= 6.8 sz"?gﬁ@&?’ (75 Mz, CDC13) .5 168.7, 156.5, 141. g?,:wl %’.9%4,3 123. 6.

122.4, 109.0, 96.7, 71.6, 58.9, 56.07, 55.97, 39.0, 35.8, 34.1, 31.8,

26.1, 15.4; HRMS Calcd for 021113306 (M) : 381.2277. 10 Found: 381.2274.
OVOM 356 357 According to the procedure described for the synthesis of

332, alcohol 356 (52 ng, 0.137 mmol) was oxidized with Dess-Martin

periodi nane (231 ng, 0.547 mmol ), delivering 42 ng of al dehyde 357 (81%.
15 To a suspeqyilars-Dbe K HR®.96 (38, dj Sete Hoy, 1°C MMRr(75 MHg4CDSI 171i8n ~ THE
(15 rnL) was added allyl diethyl phosphon t at.e A at
0C. After sti657, r1§3-po¥462?)’ ]rﬁzn&: é84-f7 h&%ﬁé‘gg e}a;{;’e$=a1§18r5e??%[r1’s—yllt?7t’ .96%%

4l dehyde 332 0 2 0 ol 63 (GRS andSOLTEr | Ng was -
conti nued fOr55}2%%9888,3%98%@3%3@%Elggsus NaH(CédM@ ?%Q&n%r andﬁf/\)/gjtg'ler (100
m) was addedMiid): 4092202 Heindrd00@292perf ormed with Et20 (3x). After
concentration of the organiclayers, drying (MySQ4) and concentration in

pf4 ed by FC (20% Et hexanes) to yield 343

vacua, the residue was Rurg
ng of allyl ester 334b 775 |, 93% . Este 3 -C were prepared
hosphonoacet ate, t

using the same procedure rir&gthylsily
25 butyl di nethyl phosph plosplfonoacet at e
respectively. 334b: MD Q5. 599, ; VES* (400 MHz,
2/ 12223 PCT USLLL 2457 Aecoraineds Srrprpoedmoniesqrbng toickle Syl Bs- g1 15 6
He), 6.81 (11, B di18fich §H358 (%0 A, 0.55b mfholyprovided 21 mg of bis-silyl ether
359 (0.033 mmol, 67%). 359: 'H NMR (400 MHz, CDCl;) & 7.14 (1H, dd, J=7.6,
8.0 Hz), 6.94-(=1H, ddd, J=6.8,7.6,15.6 Hz), 6.75 (1H, d, J=7.6 Hz), 6.69 (1H, d,J
10 =80 Hz), 5.95 (1H, br.d (i), J=15.6 Hz), 5.94 (1H, ddt, J= 5.6, 10.4, 17.2 Hz), 5.33
(1H, ddt (i), T=1.2, 1.6, 17.2 Hz), 5.30-5.38 (1H, m), 5,24 (1H, ddt (Ir), /= 0.8, 1.2,
| 10.4 Hz), 4.64 (2H, ddd (Ir), J= 0.8, 1.6, 5.6 Hz), 3.79-3.86 (1H, m), 2.98-3.10 (1H,
'm), 2.51-2.64 (2H, m), 2.20-2.30 (1H, m), 1.96-2.06 (1H, m), 1.50-1.67 (5H, m),
1.23-1.48 (3H, m), 0.97 (9H, 5), 0.89 (9H, 5), 0.88 3H, d, J= 6.8 Hz), 0.25 3H, 5),
15 0.22 (3H, s), 0.09 (3H, s), 0.05 (3H, s); "C NMR (75 MHz, CDCl;) 3 171. HRMS
Caled for CssHssOsSizLi (MLIY): 637.3932. Found: 637.3925.

C ;

OTBS

carboxylic acid
viii

According to the procedure described for the synthesis of carboxylic
acid 337, allyl ester 359 (21 mg, 0.033 mmol) was deprotected to provide 18 mg of
20  carboxylic acid viii (0.030 mmol, 92%). viii: [a]p = -24.7 (c 0.85, CHCl); IR 2930,
2858, 1728, 1701, 1657, 1464, 1253 cm™; 'H NMR (400 MHz, CDCL;) 3 7.15 (1H,
dd, J= 7.6, 8.0 Hz), 7.03 (1H, ddd, J=6.8,7.6,16.0Hz), 6.75 (1H, d, J=7.6 Hz),
6.70 (1H, d, J = 8.0 Hz), 5.94 (1H, br.d (Ir), J= 16.0 Hz), 5.32-5.41 (11, m), 3.80-
3.88 (1H, m), 2.98-3.12 (1H, m), 2.55-2.68 (2H, m), 2.20-2.30 (1H, m), 1.96-2.08
(14, m), 1.50-1.70 (5H, m), 1.20-1.48 (3H, m), 0.97 (9], s), 0.89 (94, 5), 0.88 (3H, d,

]
Lh
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), 5.95 (1H, d, J= 15:6 Hz), 5.90-6.00 (1H, m), 5;32-5.52 (3H rn),
(1H td, J=1.2, 17.0 Hz), 5.24 (1H, td, J=1.2, 10.4 Hz)3 4.1 Cud8 d,
Hz), 4.81 (1H d, J= 6.8 Hz), 4.64 (2H dd, J=1.2, 5.6 Hz), 4.16
dd, /gz 9.6 Hz), 3.85 .5 (3H, s), 3.71 (1H, dd. RET/S50624316. 4 Hz),
(3HW§’)"21 22 (1H br d, J=16.4 k), 2.65 (1H ddd, J= 6.0,7.6, 15.6
2.47 (1H, ddd, J= 4.0, 8.0, 15.6 Hz), 2.27-2.36 (1H, n), 2.08-2.19
H m, 1.76 (1H, dd, J= 8.8, 15.6),1.70 (1H, app.dt, J= 11.6, 14.0 Hz),
1.44 (1H dd, J 9.6, 15.6. Hz), 0.86 (3H, d, J= 6.4 Hz); HRVS (FAB) Cal cd
for C26113507 (M}): 459.2383. Found: 459.2386. ent-334c (t butyl): [a]D =

1217, 040 dm} Feby NRREoD O EHeaepg) @y HI G CRR @3ty )
6.99 (1H %%@J)g%ffﬂ?i ,r}%f;g;f 1%%5 114%? 11454813(1%250%1#1817@ HA)7.06778, (1H

d, J= 7.6 Hz 52 3Hn%489
(1H, d, J= 67§8 791 47.81394,80.6,d6.1)25951 84,18 34166 19444, 433, 44 M§ 8 Hz),

386 G, e L b Ty, 9.4t b, 365360, S B 19 ge 782 (10
dddd, J=1, §6 & @ "ngi’% 571@3% (ﬁ% @%2@1‘*& c%‘i{&égslzmwj@&mm Fobkd:m), 1.75

(1H, dd, dd, J= 11 11.6, 14.4 Hz), 1.49 (9H,
s), 1.43 (1Hso7dd37J= 9.2, 15.2 Hz), 0,86 (3H d, J= 6.8 Hz); 13C NUR (75
MHz, CDC13) 8 168.5, 166.0,_157.0, 143.5, 139.2, ¢431.5, 130.3, 128.8,
125.5, 124.5, 122.8,109. 5,4,-%7.3, 80.4, 20 79.6,~7%. 4, 55.9, 55.8, 39.2,
37.93, 37.88, 35:9, 34.4, 28} 13.5. HRMVB Cal cd fOT C27H380r7Li (M. {):
481. 2778. Found: 481. 277a% | (Mé(sture of i g S,oma D- 4: 1) I R

964, 1725, 1585, 1584, 127‘5"_IZ4 041 crrf’; 1H NWR
(400 MHz, CDC13, peaks c 7384 (1H app.t, J=

7.6 Hz), 7.12 (1H, ddd, J= 5.8, e oY 6 o 8.4 Hz),.

6.75 (|L d, J—(25 7.6 Pz;lstnse@@i‘ctmf’fl 1@3%}1%?%%@?%}“?‘%%#{H br dé
10.8, 15.2 , dd, J=

é_ 2, 15, 25Hz) Hﬁb)%'goﬁ‘rfﬁg’t ”Ijﬂp 5538"?’1‘%@‘91’2@%% ?I%)Héakﬂg%dg@w% pb}alG ’

(1H dd, 133 3@ ABeSstid f& 186 4t3ﬁ: tise) sol@nfwag mo@l and theTegifyq Wakd, J=
10.8, 16.4 Hz I—F

2.64 (1H, ddqmnfidif’ C@l@caggl gscyig c%y% ighes) 'lihfﬁotra%:gédm% ?ylza%e‘kgs
ey go ). g {50 Jbtg%)gg %@%ﬂ&ﬁn%ﬁ% %ﬂ@t@o@%ﬂﬁmnmg 5 7.13q14] &4, dd
J=17.6,8.0 Hz), 7:00 (1H, appdt J=12, 15.6 Hz), 6.75 (1H, d, J= 7.6 Hz), 6.72
(1, d, J= 8.0 Ha), 5.92 (1H, &, J = 15.6 Hz), 5.29-5.46 (3H, m), 426 (I, dd, J=
15 36, 8.4Hz),3.65(1H, dd, /=92, 16.4 Hz), 3.33 (1H, brd, /= 164 Ha), 2.542.65
(H, m), 2.27 (1H, br-d, J = 14.0 Hz), 1.75-1.86 (1H, m), 1.65-1.74 (1H, m), 1.67
C (1H, dd, J =838, 15.2 Hz), 1.37 (1H, dd, J= 8.8, 15.2 Hz), 0.96 (91, 5), 0.92 (9K, 5),
0.83 (3H, 4, J=6.4 Hz), 0.22 (3H, 5), 0.20 (3H, 5), 0.14 (3H, 5), 0.12 (3H, 5).

)
|_\

20 Acyl azide ix was prepaied in an identical manner as described for the
preparation of acyl azide 338. ix: 'H NMR (400 MHz, CDCl3) 8 7.15 (1H, dd,J=17.6,
8.0 Hz), 7.01 (1H, ddd, /= 7.6, 7.2, 15.6 Hz), 6.76 (111, d,J=17.6Hz),6.701H, d,J
=$.0 Hz), 5.92 (1H, br.d (l), J = 15.6 Hz), 5.32-5.40 (1H, m), 3.80-3.88 (1H, m),
2.98-3.10 (1H, m), 2.53-2.68 (2B, m), 2.21-2.30 (1H, m), 1.96-2.06 (1H, m), 1.50-
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2 7 JAN 20Mb WO 02/ 1222387 PCT/ USQL/ 2437 7 1.71 (1H, Gapp.td, J=11.6, 14.0
Hz), 1.45 (1H, dd, J= 9.6, 15.2 Hz), 0.86 (3H, d, J= 7.2 Hz) 23$43AE2&BQSa
- Z-335a According to the procedure descri bed bel ow for the deprotection
of 5 all Wyo%skiss23334b, the mixture of methyl esters 334a (E&fisiB24397 505 m
nol) were eprotected with BBr3 (2.5 gquiv.) to give after separation by
FC (35% EtOAc | hexanes) 30 ng of the |less polar Z-isonmer Z 335a (0.08
mol , 169 and 121 ng of the nore polar E-isoner E-335a (0.323 mol,

6499). E-335a: [a]D +8.7 (¢ 1.2, CHC13) [ent- E-335a = -7.0 (c 1.1,
CHC13]; IR 34.04, 3162, 2949, 2914,1729,1691., 10 1589, 1468 1426, 1297,

1268, 1249, 1127, 1031, 966 cm 1. 1H NVR_ (400 8 7.31 (1M,
app.t, J= 8.4168Y5Hemd. 231&14%?% ., 0. %7:(9171( )019@ (QHFE)E:D%%%%% % 88%@), J=
0.8 8.0 H br d, J= 15 6 Hz), 5.64
(1H  app. d% 095 dn§ S])H’iégé-%ﬁrzﬁ) Oilﬁiﬂ&&ﬁg 3= 125 Hz), 5.02-5, 1%), (11

M, 3.74 (3H s), 3.70-3.78 (1H in), 3. 61(111
(1H, br d, J= 16.4 Hzf*™™2. 56-2.68
dd, J=11.2, 15x@
1.2, 8.4,14.8
171.4, 166.7,

Caled for C21H2606Li (M.i}) : 381.1889. Found: 381. 18899 ¢ L
[a] D -40.8 (c 1.2, 20 CHC13); IR 3200-3600, 2955, 292 a@ 1606,
1598, 1464, 1441, 1293, 1248, 1214, 1176 1119, 1064, ¥0928%.760 cam 1; 111

400 Mz, ~ CDCL3) S 7.31 (111 t 6. 9 0
Y, (670 (IH, d, 12 7oA 0941:321 B3R nhes Oa(b‘éSGiEm°l)3‘l‘)-’é}‘ZE“@f%ﬁﬁEﬁ“‘%ea§’g
1H d, J=11 ROR 1t wasn tHbsials (boydobtd 339y d, )=
16 tv). 5.9z ggaf;@(rﬂf =t iich (PPt i iehog nditgasia b (Rooyss 10 5

3.59(1H, dd, aiss@vad iBdisthilythery136LY iy sqparateflask, 804115)1\4 sglu&sn of blittia r’r)
3.00-3. 08 1,3-hexadiene (1:1 mixture of 1Z,3Z and 1Z,3E isomers) was prepared by the addition

of:-Buli (2.05 equiv with respect to the bromide) to a solution of the corresponding
bromiide in THF at -78°C. After stirring for 45 min at -78°C and warming to RT, the
10 organolithium (0.15 M in THF; 143 uL; 0.0215 mmol) was added dropwise to the

ethereal solution of isocyanate 339 at -78°C. The mixture was allowed to reach 0°C
over a 1 hperiod followed by the addition of pH 7.0 phosphate buffer. Extraction with
diethyl ether (3%), drying (Na;SO4), concentration and rapid purification by FC

. (silicagel, 6% EiOAc in hexanes containing 0.2% Et3N) gave 3.7 mg of a less polar

(j 15 - product 342 and 5.9 mg of a more polar product 341.

01a1301c

The less polar product 342 was freated with 250 pL of a solution
_ prepared from 0.5 g commerc:lal HF-pyridine in 1.25 mL pyndme and 6.75 mI THF.
The more polar product 341 was snmlarly treated with 410 pL of the same solution.
20  After stirring for 48 h at RT, the reactions were quenched with a phosphate buffer (pH
7.0; 10 mL), extracted with EtOAc (4x), dried (N22SOy) and concentrated. The

product derived from deprotection of 341 was purified by normal-phased semi-
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(1H, m, 2.32-2.40 (1H, m,32.08 (1H, dd, J=10.8, 14.8 Hz) 1.79-1.96 (2H,
m, 1.40 (1H, dd, J= 7 6, 14.8 Hz), 0.93 (311, d, J= 6.8 Hz). 9HRVBAKaingS
for C21H2606LI (I\/L| ") : 381.1889. Found: 381.1891. SUBSTIT SHEET
(RULE 26) WG oAdkx2005 WO 02/ 12223 PCT/ 11501/ 24377 88 OH PcfheMiizrd \Y
"O~0'i 334b 335b To a solution of allylgsester 334b (343 ng, 0.748 mmol) in
CH2C12 (40 L) was added at -78C BBr3 (0.29 m_, 1.87 mmol). After
stirring for 20 mn, a saturated aqueous solution of Na HCO3 (10 nlL)
andH20 (100 nl) was added 5 foll owed by extraction with Et OAc (3x),
drying (MgSO™) and concentrati on. The resi due was purified by FC (25%

EtQAc / h t |.d 243 .

[al DC— 4. gx?rc]?ggmg Wé:f&’ls‘? %5“ Lie 53*11 Péiaf%z‘&é’i" rl%g) i“ég @f%l‘g’gas“%isgo
ﬁ;“) ; 7T31N?/T HQﬁ%@ Wwe@%&?h mcr§f 9:1 IC}n{x%l'ﬁ’c oFlahc%hﬁalarﬁlh'é',A gﬂlla)]and the6, 8.4
6.71 10 (1H, dedrredponding pedn@trita) ;somegsol(cj(ebvmomaqas 2gideiBPS). a“hg@rc(dmtl ddt ,

35610, 4 15 M) oS e g ORheasds Seons g e plgity 52, (17
Hz), 5.02- 1?(?&%'_&06{&18 nflhéénés%l'l 5 ni’g;@fm (= 25F nﬁn P0% yield froth icﬂ'l fZide dd,

J= 5.6, 16. . 3.38 (1H, br J= 16. 4
Hz), 2.56-2. egseymdtﬁ}nlggfwaazrm(hm W%meldﬁoeq&%ﬂa@!dﬂa&) I&ez 15

54148 o). 97%@%%@“6@%%3%@&%“ g R A s

165-9, 163. 1, Toomz%D;@B ) §17. 1143(3}1’2@ 62&01&&5 ”513 qm}a@ptmeseﬂz) .
8.5, 116.9, 113.1, 73.2, 70.5, 3, 38. ., 35.6, 13.9;

VB’ () mz (92.06 G, 4p8) =382 I@Q @)75 (maﬁ§ 0@56 7% (leﬁ)d Jm@ Hrag)7!

Cal cd for (23HER08 We ¢ 19 11nr8Urd7.618%, 8374118 7.6 Hz), 6.61 (1H, app:t,
J=12.0 Hz), 644 (1H, d, J= 14.0 Hz), 6.09 (1, d, J = 11.6 Hz), 5.81-5.90 (25, m),
5.51 (1H, ddd, = 6.4, 8.4, 14.8 Hz), 5.23-5.48 (6H, m), 4.18 (1H, dd, J=3.6,9.6
H7), 417 (1H, dd, J=3.6, 9.6 Hz), 3.62 (1H, dd, J=8.8, 15.6 Hz), 3.58 (1H, dd, J =
8.8, 15.6 Hz), 3.37 (2H, br d, J= 15.6 Hz), 2.42-2.61 (3H, m), 2.25-2.40 (3H, m),

15 2.15-2.24-(H, m), 1.84-1.95 (2H, m), 1.68-1.87 (4H, m), 1.30-1.43 (2H, m), 0.97
(31, t, J=7.2 Hz), 0.87 (6H, 4, J = 6.8 Hz); MS (ES) m/ (%): 819.33 (M+NaT", 35),
797.34 ((M+H]", 100); HRMS (FAB) Calcd for C4gHssN;Or (MEL): 797.4013.
Found: 797.4015. 344: "H NMR (400 MHz, CDsOD) § 7.21 (1H, dd, J=11.2,15.2

| Hz), 7.14 (1H, app.t, J= 8.0 Hz), 7.13 (1H, app.t, J= 7.6 Hz), 6.75 (1H, d, J=17.6

( 20 Hz),6.74(1H, d,J=13.6 Hz), 6.71 (1H, 4, J= 8.0 Hz), 6.68 (1H, d, /= 7.2 Hz), 6.67

(18, d, J=17.6 Hz), 6.45 (1H, d, J = 13.6 Hz), 6.29 (IH, app.t, J= 11.2 Hz), 6.07 (1H,
dt, J= 6.8, 152 Hz), 5.99 (1H, d, J= 11.6 Hz), 5.84 (1H, app.dt, J= 6.8, 14.0 Hz),
5.51 (1H, ddd, J= 6.4, 8.0, 14.4 Hz), 5.23-5.47 (6H, m), 4.18 (1, dd, J=4.4,88
Hz), 417 (1H, dd, J= 4.4, 8.8 Hz), 3.61 (1H, dd, J=8.8, 16.8 Hz), 3.58 (1H, dd, J =

95 8.4, 16.4 Hz), 337 (2H, br d, J= 164 Hz), 2.42-2.55 (3H, m), 2.25-2.40 (3H, m),
2.15-2.24 (2H, m), 1.84-1.95 (2H, m), 1.69-1.87 (4H, m), 1.32-1.43 (2K, m), 1.04
(3, t, J=17.2 Hz), 0.87 (6H, d, J = 6.8 Hz); MS (BS) m/z (%): 819.30 ((M+NaJ", 60),
797.34 ((M+HT, 100); HRMS (FAB) Caled for CasHsN;0ro (ME'): 797.4013,
Found: 797.4021. ‘
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20 335b 336 To a sol ution% of 335b (208 ng, 0.52 nmol);, imdazole (250 nmy,
3.63 ninol) and DVMAP (25 ng) in DMF (10 nL) was added ,
tert.butyldinmethylsilyl chloride (479 ngy, 3.12 nmol). After Zt?rMMﬁE%r

10 h at r Lxture was poured into water (100 nl), eptrRchfsdizw th
Et 20 (SX)EWgtrtl'Eﬁ%zg}e conbi ned organi cs wgshed 25 with brine, dried over MgSHA

and concentrated in vactco. PC (2% Et OAc / hexanes) SUBSTI TUTE SHEET ( RULE
26) 27 JAN 2005 WO 02/ 12223 PCT/ USQ /24377 89 yields 301 ng of silylether
336 (0.48 nunol , 92%. 336: [aJo = -1.0 (c 0.5, CHC13); IR 1H NWR (400
MHz, CDC13) S 7.12 (1H, app.t, J= 8.0 Hz), 6.93 (1H app.dt, J= 7.2, 15.6
Hz), 6.75 (1H, d, J= 7.6 Hz), 6.72 (1H, d, J = 8,0 Hz), 5.95 (1H, ddt, J=

6.0, 10.4, 17.2 Hz), 5.94 (1H, d, J=15.6 Hz) ;nF 29-5. 46 (3Hr 5.33 (1H,
app.gd, J=5 1.6, 17.2 Hz), 5.24 (1H agg.q J%lo 4 Hz),[ 4. 54 (2H,
dd, J=1.6, 5.6 Hz), 4.26 (1H dd, J= 372 %

‘16.4 Hz), 3.32 (1H br ¢y J=_1644 Hz).
m, 1.76-1.85 (1H, m), 1.65-1.75 (1H, g , ,
1.41 (1H, dd, J-= 8.8, 15.6 Hz), 0.96 (9 Rs_rgs 0.90 (9H\ sy, 0783 (3H d
J = 6.4 Hz), 0.22 (3H s), 0.20 (3H, s), *$715 (3H sp,0 @ 12 (3H s); HRVB
10 (FAB) Calcd for C35HS706Si 2 (MH): 629.3694. Eéydssy B28Rr3687. 336 337
To a solution of morpholine (0.41 ni, 4.78 nmol) ladd al | W afafs336
(301 ng, 0.478 mmol ). in THE (10 nL) was added Pd(PPh3)4 (28 ngy, 0.024
mmol ). The m xture wasFkslidwing theagrocdduieddstisbedablvé, acyldzile338 (.0img (80

m.) was added. The 15 aqueous phase was ex{r.acted w.th, Et OA 4 and the .
onbi ned or gaflE40 myeel} wareanverizd *é’ds‘(%%#i%@?%ﬁégﬁp? 3&@04 ﬂ%%‘/'acuo. The
esi due was pyrj ki . pQP&i RABB _of acid
337 (0. 458 rn#r% B{m@gﬂ}?m@ﬁ%@ﬂ. Of‘r?lg 1. B?déd%é%%%f?elaégoz 56, 2930,
2858, 1728 1WaRkibaR] rabRyurifiésivorchy FC (siEbagiR15 %400 A¢R hexgmes gntaiging 13

(1R app.t. J 5.‘2§A 8&% )ghve74.8 %néo]il_&;.’ 1684 ;_%_la(%-t p’fod]u%t JZ uhd 45%‘1,‘? of_gt)nbre polar product
xi. Deprotection and puxiﬁcati{m by semi-preparative HPLC as described above
yielded 1.4 mg of 346 (22%) and 1.6 mg of the corresponding dimer 345 (14%),
respectively. 346: 'H NMR (400 MEz, CD;0D) 5 7.15 (1H, appt, J = 8.0 Hz), 6.76
10 (IH,d,J=14.0 Hz), 6.74 (1H, d, J= 8.0 Hz), 6.67 (1H, d, J=7.2 Hz), 5.25-5.44 (48,
m). 4.13 (1H, dd, J= 3.2, 8.8 Hz), 3.57 (1H, dd, J=8.0, 16:4 Hz), 3.37 (1H, br-d,J=
16.4 Hz), 2.25-2.46 (3H, m), 2.22 (2H, t, J=7.2 Hz), 1.84-1.95 (1H, m), 1.71-1.83
(2H, m), 1.57-1.66 (28, m), 1.28-1.42 (7H, m), 091 (3H, t, /= 7.2 Hz), 0.87 (3H, 4, J
- = 6.8 Hz); MS (ES) m/z (%): 466.24 ((M+Nal", 17), 444.26 (IM+HJ", 100); HRMS
= 15 (FAB) Calcd for CagHzsNOs (ME): 444.2750. Found: 444.2759. 345: "H NMR (400
Mz, CD;OD) 6 7.14 (1H, app.t, J= 7.6 Hz), 7.12 (1H, app.t, J=7.2 Hz), 6.75 (1H,
4, J=8.4Hz),6.73 (14, 4, J= 14.4 ¥iz), 6.72 (1H, d, /= 8.8 Hz), 6.67 (2H, d, J="7.2
Hz), 6.35 (1H, d, J= 14.0 Hz), 6.00 (1H, app.dt, J=7.6, 14.4 Hz), 5.50 (1H, ddd, J=
6.4, 8.4, 14.4 Hz), 5.25-5.46 (6H, m), 4.19 (1H, dd, J=3.2, 9.2 Hz), 4.16 (1H, dd, J =
20 3.2,8.8 Hz), 3.60 (1H, dd, J= 8.0, 16.0 Hz), 3.59 (1H, dd, J = 7.6, 16.0 Hz), 3.37
'(2H, br d, J = 16.0 Hz), 2.63 (1H, app.dt, J="7.6, 16.8 Hz), 2.40-2.56 (4H, m), 2.24-
2.39 (3H, m), 1.70-1.95 (6H, m), 1.47-1.57 (2H, m), 1.21-1.43 (SH, m), 0.87 (3H, 4, J
= 6.8 Hz), 0.86 (3H, d, J = 6.8 Hz), 0.86 (3H, 1, J= 7.2 H2); MS (ES) m/z (%): 823.33
([M+Na]*, 50), 801.37 ((M+H]", 100); HRMS (FAB) Calcd for C4sHgiN2O10 _(MH*):
25  801.4326. Found: $01.4334.
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20 6.75 (1H, d, J= 7.6 Hz),:6.72 (1H, d, J= 8.0 Hz), 5.93 (1H, d, J= 15.6
Hz), 5.30-5.46 (3H, n), 4.26 (1H dd, J= 3.2, 8.8 Hz), 3.66 (Z’LT %%@1?
8.8, 16.0 Hz), 3.32 (1H, br d, J= 16.0 Hz), 2.60 (2H, app.t, 8 :
2.21-2.30 @Widpme2s 1.75-1.86 (1H, n), 1.35-1.45 (1H, n), Op@HusRIh3s) ,
0.91 (9H, s), 0.83 (3H, d, J=6.4 Hz), 9.22 (3H, s), 020 (3H s), 0.15
(3H, s), 0.12 (3H, s); 13C NWR (75 MHz, CDCI3) S 171.5, 168.4, 25 152.9,
146.5, 138.9, 131.6, 129.8, 128.5,127.5, 123.8,123.4, 118.0, 72.5, 72.2,
38.7, 38.3, 38.2,37.3,36.5,26.1,25.9,18.5,18.2,13.2,-3.9,-4.19,-4,24,-4. 3;
M5 (ES) ;x/z (9%9: 589 (10), 531 (21), 457 (18), 367 (40), 115 (78), 73
(100); HRVMS (FAB) Calcd for C32i5306Si2 (M T ): 589.3381. Found:

589. 3391. SUBSTI TUTE SHEET ( RULE . WO 02/ 12223 96842 AN 2005

PCT/ USO / 24377 According to t ped>f'or /t he synt hesi s of
allyl ester 334b, al deh{d gave 25 ng of allyl
ester vii (0.054 n3rnol, D=-54.2 (c 1.1, _
CHClS) 1R 2933, 1724, 14 ; 4G ; CDC13) 6 7.25 (1H, t,
J=8.0 Hz), 7.08 (1H, ddd, J=388, 7.6, 16.0 Hz) 677(2H(1H+1

32150 Efz;) " 3665724(51%'5_@111%5]11ogacgég%éﬁ%a%d@ i § éféza‘ﬁg‘@%‘d% C?’f#ﬁ )
br.d, J=10.4 Kz) L40801£§ﬂrhhol}1mbbﬁzﬁje&1hﬁ]),)w$ﬁﬁreﬁfMSHatQO‘ECBA&’teHZémovfhl&H

(2H, br.d, J52Hz) 3.83 (3H, s), 3.75-3.81 (1H, g? 3430& s), 2.86
(1H, ddd, J= Shesoluentghe resplugavag tigated vgﬂv@(ml‘Hof gsdntionyerepged figm @52 14. 8

154,15 8o jconpiaebIBgy gt i 25 i pidng sil sy T Bpcl i Toraay.

+14-1.32 (2Hp #RT, %&Qa&tﬁiﬂw&e qﬁenoﬁe&uhﬂl)ap}ibﬁﬁhaté\lbﬂfdr@{ N;2.0 ADC13)
8167.9, 166.0, 156.7, 144 .5, 141.4, 132.4,130. 7, 123.8, 123.6, 1221,
118. 3, 108. 9, 9Rxtractgd withd8OAc (4%), dnsré(Iﬁa:§@4hm3%coecglira@d2%mﬁcailgnbym/5( FAB )

15 Cal cd for %ﬁcaocp QS'% ch‘on{e)m hef‘a% sf;ﬁ@lﬁed E gfliﬂg of é&?}}aﬁ;ﬁg §51 813(9763 n‘mmlg_'

47%). 351: [o]p = -18.8 (¢ 0.17, MeOH); 'H NMR (400 MEz, CD;0D) 3 7.14 (1H,
10 appi,J=8.0 Hz), 6.73 (1H, d, /= 8.0 Hz), 6.67 (1H, d,J= 7.2 Hz), 6.49 (1H, d, J=
14.4 Hz), 5.26-5.44 (3H, m), 5.18 (1H, app.dt, J=72, 14.4 Hz), 4.13 (1H, dd, J=
3.6,9.2 Hz), 4.07 (OH, 1, 6.4 Hz), 3.57 (1H, dd, J=8.4, 16.4 Hz), 3.36 (1H, br d, J =
16.4 Hz), 2.25-2.44 (3H, m), 1.84-1.95 (1H, m), 1.71-1.82 (2H, m), 1.60-1.69 (2H,
m), 1.33-1.41 (5H, m), 0.93 3H, t, J= 7.6 Hz), 0.87 3H, d, /= 6.4 Hz); "C NMR
15 (75 MHz, CD;0D) 3 1712, 157.2, 156.6, 140.8, 131.83, 131.76, 127.8, 123.2, 122.6,
O 1154, 106.9, 76.4, 72.1, 66.4, 39.1, 38.9, 38.7, 37.5, 36.6, 29.9, 29.3, 23.5, 145, 13.7;
) MS (EBS) m/z (%): 468.20 ((M+Na]", 26), 446.23 ((M+H]", 100); HRMS (FAB) Caled
for CpsHasNOs (MH": 446.2543. Found: 446.2528. |

C{ON3

TBS

ix

20 According to the procedure described for the synthesis of carbamate

| 351, acyl azide ix (15 mg, 0.02435 mmol) gave 4.7 mg of carbamate 361. 361: [a]p =
-13.2 (¢ 0.24, MeOH); IR 3387, 2933, 1727, 1710, 1680, 1603, 1293, 1243, 1113 cm’
! "H NMR (400 MHz, CD;0D) & 7.25 (1H, app.t,J= 7.6 Hz), 6.75 (1H, d, J= 8.4
Hz), 6.73 (14, d, J=7.6 Hz), 6.44 (1H, 4, J=14.0 Hz), 5.14-5.22 (1H, m), 5.05 (1H,

25  app.dt,J=17.6,14.0 Hz), 4.04 (2H, t, J= 6.4 Hz), 3.82-3.88 (1H, m), 3.66 (1H, ddd,
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OMOM _ | allyl ester vii,358 According to the procedure described for the

synthesis of 335b, deprotection of allyl ester vii (25 ny, gSﬁA d&g
with BBr3 (2.5 equiv.) gave 21 ng of 358 (0.052 r=ol, 97%. m

221.2 (¢ 0 3): IR 3448, 2935, 1722, 20 1652, 1606

NMR (400 N@"zé 3) 5 10:95 (1H, s), %29 (1H t, J= %éf’%s'éy%#(m
ddd, J= 7.6, 8.0, 15.2 Hz), 6.84 (IH d, J= 8.0 Hz), 6. o (1H d, J =
Hz). 5.94 (1H, ddt, J= 5.6 10.4, 17.2 Hz), 5.91 (1H br.d (1r), J= 155
Hz). 5.32 (1H, ddt, J= 1.2, 1.6, 17.2 Hz). 5.24 (1H br.d, J= 10.4 Hz),
5 22-5.30 (1H, ), 4.64 (2H br.d, J= 5.6 Hz), 3.89-3.95 (1H, .
3.68-3.76 (1H ), 2.64 (2H, ddd. J= 1.2, 25 8.0, 8.0 Hz), 2.16-2.27 (2H,
m, 1.66-1.80 16)124;)1" 41H@ozﬁ9qzﬂ(mtdj=6&mzml4(4m ddd, JSUBST | TR SHEET

Rt 20 2 L LATH I B TR ey ] "
%3?6? 333?4,738%2!;%29@ ? 36{;&%5;%%@{6416 2 %%;135?,}23)65 %g%%i-gjfﬁ(Z? '74 8,

C23H3006LI  (M4A7.0 40@82221125 128140 d16.30P1522085. 557635,85612537 4353848202999 to

t he procedure descrl b t t he 0 .S3S) ] r ,
silylation of %5 -(32% 50@@%8 %‘?%%ﬁ &@g}}g} ¥&7O§f9§fﬁ§i’fl%§ﬁ Ebher

359 (0 033 g;q; Maz7s CRGhad: 5402746 (1H, dd, J=
7.6, He) i{g‘r'gs-&%lde dcféﬁ%ypﬂesg ?96 T R 757]7?1H, d, J= 7.6
Hz) , 669(1H d, J 10 =18.0 Hz), 2 92 (1H br.d (1r Hz), 5.94
(1H, ddt, J= 5.6, 10.4, 17.2 / (1H, ddt (1r /6,07.2 Hz),
5(30 5. 38 (iH m, 5.24 ¢1 (1r), J=10.8, 1.9

o

362

To a solution of carbamate 361 (1 mg, 0.00268 mmol) in MeOH (1
rmL) was added 10% Pd/C (1 mg) and the resulting suspension was stirred under an
10  atmosphere of hydrogen gas (balloon) at 1t for 16 h. The catalyst was filtered and the
| ﬁIUate concentrated and purified by HPLC (20% acetone / hexanes) to yield 0.3 mg
of carbamate 362 (0;000667 mmol, 25%). 7362': "H NMR (400 MHz, CD;0D) & 7.24
(1H, appt, J=8.0 Hz), 6.75 (1H, d,J=8.4 Hz), 6.73 (1H, d, /= 7.2 Hz), 5.24-5.32
‘(-IH, m); 3.99 (2H, t,J = 6.8 Hz), 3.86-3.92 (1H, m), 3.55 (1H, ddd; 3.6, 12.4, 124
i3 Hi), 3.11 (ZH, appi, J=6.8 Hz), 2.11-2.30 (2H, m), 1.45-1.77 (13H, m), 1.28-1.38
(5H, m), 0.94 (3H, d, /= 6.8 Hz), 0.91 (3H, t, J= 7.6 Hz); MS (ES) m/z 450.24
( ([M+HT*, 100), 472.24 ((M+Na]*, 67). HRMS Calcd for CpsHasNOgLi (MLi’):
456.2937. Found: 456.2935. '

xiii xiv

20 To 2 solution of 331 (6.4 mg, 0.0169 mmol), octanoic acid (5.3 L,
0.034 mmol) and PPhs (8.8 mg, 0.034 mmol) in E;O (1 mL) was added
diethylazodicarboxylate (DEAD, 5.5 L, 0.034 mmol). After stirring for 1.5 h at rt,
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10.4 Hz), 4.64 (2H, ddd (1rj, J= 0.8, 1.6, 5.6 Hz), 3.79-3.86 (1H, m),
2.98-3.10 (1H, tn), 2.51-2.64 (2H, nn), 2.20-2.30 (1H, m), 2L799AR @5(
m, 1.50-1.67 (5H, m, 1.23-1.48 (3H, m, 0.97 (9H s), 0.89 (9H 0.88

(3H, d, J= 6.8 Hz), 0.25 (3H, s), 15 0.22 (3H, s), 0.09 patluseyr438. 05 (3H,
s); "C NuMRe#/vR20MHz, CDC1l3) 5171. H Cal cd for C35H5806Si 2Li (M.i ):

637.3932. Found: 637.3925. T$So OTBS ~~n/~~OTBS 359 carboxylic acid V M
According to the procedure described for the synthesis of carboxylic

aci d
337, allyl ester 359 (21 ng, 0.033 mmvl) was deprotected to provide 18 ny
of 20 carboxylic acid viii (0.030 nunol, 9210). viii: (a3D = -24.7 (c
0.85, CHC13); IR 2930, 2858, 1728, 1701 1657, 1464, 1253 m; 1H NWVR

(400 M, é3 L% a%@d d ahétlan eﬂ?ﬁcﬁoﬂﬁa?p&fo@ed vHﬂyEto@ ©B%)- dogy ’ ddd, J=
6.8, 7.6, 1 % F d, J= 6 Hz), %@ik I B 5. 94
(1H, br.d (fbﬁb é&uﬁla w@g Q;ggd;(Mg_SQ@_ppd Fﬁnce%tr nyaey "l]‘hH ‘
%?8135(1)21( x»ﬁhs(pg)hﬁeq&ryy FC @3%@\? };r}gkasrgﬁs)z%@g@@g(rﬁf'og d)iﬂta%ohgﬂg@fegﬁ% ﬁ225 (1H,
(3t 4 B T%JT et R%%%@R&WONM 2:@(53)\&7 2> (Vb 2ppt ).
PCT/ US01124 399133 mm0lg 25 (3 (3, o 0, 4hs(@lh 9. 0.05
(31 9): 513G MRH AorMue B ATECIBIE, d, J = Y6 R 5,425 53 O, o
36010 35707 Jég?@fb%gzﬁfﬁé%%@?fﬂ%%ﬁz 8, 997372%4%27 1.0
4.4 We 644%* d%ﬂ{% 753310 Ma) 572 (8, dd4,59=631)8835172(}§g)0§ 18585 4l 500
(12), 115 ( 2),°73 (5 57 (83) Eﬂgl\ﬂﬁ )c§| ct%}il @r3§3?ﬁ54065' o3
i) 597—3%192}&-);13[13 (3H9$7) 351118 . !
dddd, J=2.0,2.0, 4.4, 16.4 Hz), 2'77-236(11-1 m), 2.29 (2H, t, J = 7.2 Hz), 2.07-
10 2.18 (1H, m), 1.87-2.06 (2H, m), 1.78 (1H, dd, J= 8.8, 15.6 Hz), 1. 71 (14, app.dt, J =
11.6, 14.4 Hz), 1.53-1.67 (2H, m), 1.43 (1H, dd, J=92,15.2 Hz), 1.22-1.34 (8H, m),
057 (H, d, J= 6.8 Hz), 0.87 BH, t,J= 6.8 Hz); °C NMR (75 MHz, CDCls) 5 174.2,
168.5, 156.7, 139.2, 131.6, 130.3, 128.7, 124.5, 1229, 109.3, 97.1, 79.4,71.5, 61.1,
55.8, 55.6, 38.0, 37.9, 36.1,35.4,34.6,34.2, 31.9, 29.3,29.1,25.2,22.8,14.3,13.5.
15 'HRMS Calcd for CagHsO7L1 (MLi'): 511.3247. Found 511.3251. The bis-MOM
derivative xiv was prepared similarly from alcohol xiii. xiv: [a]D =+47.6 (c 0.63,
CHCIy); TR 2927, 1733, 1587, 1463, 1273, 1157, 1040 cm’'; "H NMR (400 Mz,
CDCly) 8 7.21 (1H, dd, J= 8.4, 7.6 H2), 7.09 (1B, d,J=8.4Hz),6.80 (1H,d,/=76
. Hz), 5.42-5.54 (2H, m), 5.34 (1H, br.dd, J= 9.6, 14.8 Hz), 5.22 (1H, d, /= 6.8 Hz),
20 517 (1H, d, J=6.8), 4.89 (1H, d,J= 6.8 Hz), 4.82 (1H, 4, J=6.8), 4.21-4.33 (2H,
m), 4.16 (1H, dd, J=3.6, 9.6 Hz), 3.72 (11, ad, J=9.6, 16.4 Hz), 3.47 (3H, 5), 343
(3H, 5), 3.33 (1H, br.d, J= 16.4 Hz), 2.28-2. 36 (1H, m), 2.28 (2H, t, J=7.6 Hz), 2.09-
220 (1H, m), 1.88-2.08 (2H, m), 1.81 (1H, dd, J= 8.4, 16.0 Hz), 1.71 (1H, ddd, J =
11.2, 11.2, 14.0 Hz), 1.52-1.64 QH, m), 1.44 (11, dd, J=9.6, 16.0 Hz), 1.20-1.34
- L13
25 (SH,m), 0.87 (3H, d, J= 6.8 Hz), 0.87 (3H, 1, J=6.4 Hz); PC NMR (75 MHz,
CDCl;) § 174.2, 168.3, 154.5,139.3, 131.6, 130.3, 1287, 125.3, 124.0,113.0,97.1,
94.6,79.6, 71.6, 61.1, 56.2, 5.8, 37.95, 37.92,35.9,35.4,34.5,34.2,319,293,29.1,
252,228, 14.3, 13.5. HRMS Caled for CagHeOsLi (MLI"): 541.3353. Found:

541.3361.
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. 337 338 To a stirred solution of aC|d 337 (52 ng, O 0$83 nnDI) and

(PhO)2P(O)N3 (77.3 L; 0.353 mol) in benzene (4 rnL) a(defpg Et 3N (58
pL) at 10 RT After stirring for 14 h at RT, the sol vent { a805and
t he resi d Purlfied by FC (silicagel, 2.5%EtQAc inp gzﬁ@gﬁf 77 The
correspondl ng acy azi de 338 was obtgi ned in 92%vyield (5 338: 1H

NM R (400 Mz, CDCL3) S 7.13 (1H, dd, J= 7.6, 8.0 Hz), 700(1H app. dt
J=7.2, 15.6 Hz), 6.75 (1H, d, J= 7.6 HZ), 6.72 (1H d, J= 8.0 Hz), 592
(1H, d, J=15.6 Hz), 5.29-5.46 (3H, m, 4.2)6. (1H, dd, J= 15 3.6, 8.4 Hz),
3.65 (1H dd, J~ 9.2, 16.4 Hz), 3.33 (1H, br d, J=16.4 Hz), 2.54-2.65 (2H,
m, 2.27 (111, br.d, J=14.0 Hz), 1.75-1.86 (1H, m, 1.65-1.74 (1H m, 1.67

(1H, dd, J = 8.8 152 Hz), 1.3R(1H_dd, J= 8.8, 15.2 HZf_0.96 (9H s),
0.92 (91L s), 0.83 (3H, d, J= . 0.22 (311, s), 0~20 s), 0.14
(3H, s), 0.12 (3H, s). x qedBSQ 0 ! TBEQ /vIO~fIT BS 20 Alyl azide
.i'x was prepared in an i ges{t hR¥r as desgrib OHpr epar at i on of
acyl azide 338. ix: 1H NVR(4 ‘ LCDC13) S 7.1 N =46, 8.0
Hz), 7,01 (1H, add, J= 7.6, 7.27 158 Hz), 6.76 (1H d, 7.6 Hz), 6.70
(1H, d, J 5.0 Hz), 5.92 Actbkdiny tocdhd bﬂo):edxﬂ@d.&cﬁbd&ﬁorﬂ& di:ﬁfcﬁeolﬁn()ﬁﬁc! m,

1)1, 96-2. 05 @emplgyon of assansatal ke YRR FPROREIBRILS AN siddet S\
090 (014, ) Mepigypgi 555 GOEngigh s, shsdritsre o TbHCRAR S5, )
(3H, s), 05063(8H29%3,2850, 1738, 1686, 1591, 1467 cm™; ‘H NMR (4001 MHz CDCI;,) §11.0
( (1H, br ), 7.30 (1H, dd, J= 7.6, 8.4 Hz), 6.90 (1H, dd, J=0.8, 8.4 Hz), 6.71 (1H, dd,
J=0.8, 7.6 Hz), 5.62 (1H, app.ddt, J= 0.8, 6.0, 12.0 Hz), 5.49 (1H, br d, J=15.6
Hz), 5.03-5.13 (1H, m), 4.24 (1H, app.dt, J=6.0, 6.4, 11.6 Hz), 4.18 (1H, app.dt, J=
6.0, 11.6 Hz), 3.76 (14, dd, J= 6.0, 17.2 Hz), 3.64 (1H, dd, J= 3.6, 8.8 Hz), 3.39
10 (1H,brd, J=17.2 H},), 2.30-2.40 (1H, m), 2.27 (2H, t, J= 7.2 Hz), 1.99-2.09 (3H,
m), 1.78-1.97 (2H, m), 1.54-1.64 (2H, m), 1.39 (1H, ddd, J=0.8, 8.8, 15.2 Hz), 1.20-
134 (8H, m), 0.93 (3H, d, J= 6.8 Hz), 0.88 (31, 1, /= 7.2 Hz); *C NMR (75 MHz,
CDCly) 8 174.2, 171.2, 162.8, 142.4, 134.3, 133.1, 126.6, 123.8, 117.0, 113.4, 72.3,
70.6, 60.8, 39.3, 38.6, 37.5,34.7,34.5,31.9,29.9,29.3,29.1,25.1,22.8, 14.3, 13.9;
15 MS (CI) m/z (%): 447 (30), 429 (70), 303 (36), 285 (75), 145 (100); HRMS (FAB)
Caled for CagHagOs (MH): 446.2668. Found: 446.2658.

MH7R= MOM :
348R=

To a solution of xm (25 mg, 0.061 mmol), p-bromo benzow acid (49
mg, 0.245 mmol) and PPh; (65 mg, 0.245 mmol) in E;0 (6 mL} was added
20  diethylazodicarboxylate (DEAD, 40 pL, 0.245 mmol). After stirring for 2.5h atnt,
H>0 (10 mL) was added and an exiraction was performed with Et;0 (3x). The
combined organic layers were dried (MgS0;) and concentrated iz vacuo. The residue
was purified by FC (10% EtOAc / hexanes) to give 32 mg of p-bromo benzoate 347
(0.054 mmol, 88%). 347: [a]p = +29.0 (¢ 0.78, CHCly); IR 2953, 2933, 1720, 1590,
25 1460, 1273, 1037 em™; 'H NMR (400MHz, CDCL]) 8 7.90 (2H, d, J= 8.8 Hz), 7.56
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OTBS 342 Acyl

stirred at

azi de 338 (12;ng; 0.0 195 nmol) .in benzepe (12nl)JMéa§005

5 75C for 6 h, after which the solvent was renoved and the
resi due' (i socyanate 339) dissolved in diethyl ether (1 nmL). In a separate.

fl ask. solution of 1- lithio- 1,3-hexadiene . (1lpérmissiuse of
nyva gy

17, 3Z an

| somers) was preparg@d by the-addition oft-BuLi (2.05 :

equiv with respect to the bromde) to a solution of the correspondi ng

brom de in TH Fat

RT, the 10 organolithium (015 Min THF ; 143 L; 0.0215 mol) was added

dropwi se to the ethereal solution of isocyanate 339 at -78C. The m xture

was al l owed to reach 0C over a | feglzgggzl%b*l,?ﬁﬁg%ﬁy gh_)ggg.g}éh@ (1?—f pH

7.0 phosphat g2Hyff.J e8.8 Hx}), 7adt (LHndéhit v
Na2SO4 )
Et Ghc 1 0’ hexchels oty R o G5 SaPyrg S 3Legny BAIT sos, 5681, bricle

product 342 apdgd 9s5pHf 522 edge&@.BHn)oiiM(lI—B,%J%ﬁlﬂHﬁBﬁr&'k 1342, fite | ess

| duct” 343 treat th 250 0.5
Do o1 a1 B Byt W 19750 RED e it & o, o1 (AT 3R RBT Do or

pr oduct 3
‘stirring fo

uenc osphat e
buffer (pH 7mg)y 250-783 (1K&)xh), 20056211 03H) i} m& (aﬂxgid -BT Sédli ﬁu%z’sd@«? dit

nor el - Lﬁéigaa@{;%—. réﬁﬁ‘é%n T A g R e VP

PCT/ USCL/ 2437

Eol__urm, 25%

10

7o) JANRERPRS Rty @1 16653, 1603, $54.5CE0eA, 1325013 8,030,

exaneé
131.3, 1303 129.4, 128.8,128.3, 125.2, 124.0,113.0, 97.0, 94.6, 796 71.4, 61.9,

562, 55.8,38.0 (2 peaks), 35.8, 35.3, 34.1, 13.5. HRMS Caled for CpoH3sBrOgLi

(MLi"): 597.1675. Found: 597.1682. 348: [oJp =+16.2 (c 0.45, CHCly); IR 3380,

2920, 2847, 1717, 1700, 1557, 1460, 1293, 1070 cm™; "H NMR (400Mlz,

15

acetone]De]) 5 9.23 (1H, 5), 7.93 (2H, d (), J = 8.8 (2.0) Hz), 7.68 (2H, d (1), /= 8.8
(2.0) Hz), 7.16 (1H, dd, J=7.6, 8.0 Hz), 6.83 (1H, d, /= 8.0 Hz), 6.71 (1H, d, /=76
Hz), 5.63 (1H, ddd, J= 4.8, 8.8, 8.8 Hz), 5.29-5.42 (2H, m), 4.50-4.58 (2H, m), 4.13
(1H, ddd, J= 4.0, 4.4, 8.8 Hz), 3.62 (1H, dd, J = 0.4, 4.8 Hz), 3.56 (1H, dd, /=7.2,

' 16.0Hz), 3.40 (1H, br.d, J=16.0 Hz), 2.25-2.32 (1H, m), 2.09-2.18 (2H, m), 1.86-

1.94 (2H, m), 1.74-1.94 (1H, m), 1.39 (1H, dd, /= 8.8, 15.2 Hz), 0.87 (3H, d, /= 6.8
Hz); *C NMR (75 MHz, CDCl;) 8 1714, 166.1, 163.0, 142.4, 1344, 133.2, 131.3,
1313, 129.0, 128.4, 126.5, 123.8, 117.0, 113.2, 72.3, 70.5, 61.8, 39.4, 38.6, 37.5,
36.2, 34.6, 13.9; MS (EI) m/z (%): 506 (16), 505 (55), 504 (45), 503 (50), 502 (32),
488 (18), 487 (40), 486 (58), 485 (100), 484 (16). HRMS Calcd for CysHyBrOeLi
(MLi%): 509.1151. Found: 509.1153.

\_/O—(O
OH O
O

S xv

0188

To a solution of 336 (35 mg, 0.0556 mmol) in THF at 0°C was added
BuNF (1 M in THF, 56 pL, 0.056 mmol). After stirring for 10 min, aq. NH,Cl was
added and the mixture was extracted with Et,O. The organic layer was washed with

brine, dried (MgSO,), filtered and concentrated. The residue was purified by FC
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-78C. After stirring for: 45 mn at -78C and warming to

& pol ar
"‘ﬁ@z ﬁi@,‘t&cg{u% ﬁ,{aﬁ,ﬁ%égg 304%33 ks@f@Hh@) aamﬂcxht&,Jems £0 After




tR= 25 mn) yielding 1.7 gy of a 1:1 mxture of sallcyllhalamde A (301a)
and the corresponding geonetrical isomer 301c (20% from acyl o@s@%
The product derived from deprotection of 342 provided two fr er
HPLC pur %ﬁ%‘?%] 5 (35% acetone in hexanes): 1.5 ng of 36&/@5&/213%5 7
mn; 10%yi romacyl azide 338) gnd 1.5 ng of 344 (tR = 26.7 mn; 10%
yi eI d fromacyl azide 338). The conbined overall yield for 3.01a,c and
343-344 fromacyl azide 338 is 40% 343: 1H NWR (400 MHz, CD3OD) 5 7.14
(1H, app.t, J=8.0 Hz), 7.13 (1H, app.t, J=8.0 Hz), 7.06 (1H, app.t, J=
11.2 Hz), 6.75 (1H, d, J= 8.0 Hz), 6.72(1H d, J—140Hz) 67110(1H
dJ—80Hz)668(1HdJ:76Hz) 67(1HdJ— 61 (1H,
app.t, J=12.Qilidayel, B5%E0A in Hexages)40 giviey mg ofphengHev 64"0%? CBIOF}fj‘S

SE 00 (L ot oy Mt T 8, o
(258 27 St B REnthe e ooty oSty by o

1.84-1.95 (21@1H B)-s, &yﬁ@m,ﬁﬁ”(lﬂm H)F,7.9, 3D HE), zv:of)((:tH,,ddq JO1871.5(B t, J=

AP NN P IR N1 R PR r C I N N

Found7 127“425-52 5364(2@%)%4%@% i 131%@)78}@@95@&@% 15152, 15 2

1
d, J= 7.6 20 Hr} HA, 7026011 HIm), Y60 @6 deJ) 18, g 7 Hz . 7@1(1}15,11&,3.1 ) 6I-%)lﬁ(% 68

(3 017" i T 0 e i S b o)

3 4J é1061§z)9 gﬁfg@hlﬁ%) ajpn (@H,ddl5r=61c87 1540sz41)77-1§0621i (n:'t)llsscum ddii-

, J=
4.17 (1H 1@ld, J3.2. %], 15.9, ®4§§ 9135@1}”%71@1{ ddd 639%)@041@% )Hzg‘% é}%gf(lll

dd, J= 25 8.4, 3 1 5

0,75 25 &tk Bt 3opcs Hhghedsind. 10 s, Rt de s g
: (é8§’>2m124?0 @élizzm 12?, 80418ﬁ31|1|6 g 113%, 738’,%25),650 8933813, 382, 325, ﬁFﬁBHz)
lcd for me%br@@],clselmlmo -47%742(0@3‘45 ﬁa’&ﬁéﬂr é@%ﬂyﬂl @%&T% SHEET

(RULE 26) 2 7 JAN 20050,

m
VS
Ca

15 '
To a solution of phenol xv (23.5 mg, 0.0457 mmol) in CH,Cl; (0.5

(* mL) was added pyridine (42 pl), benzoyl chloride (31 pl., 0.262 mmol) at 0°C. The
mixture was stirred at 0°C for 80 min, followed by the add_iﬁon of water (5 mL) and
AcOH (150 pL.). The resulting mixture was exfracted with ether (3 x 10 mL), dried |

20 over MgSO,, filtered and concenrated. Puzification by FC (silicagel, 25% EtOAc in
hexanes) provided 22 mg of benzoate 363 (78%) as a colorless oil. 363 [alp =+4.0 (c
1.0, CHCly); IR 2928, 1745, 1726 1452, 1268, 1228, 1176, 1067, 836, 775, 707 cm™;

H-NMR (300 MHZ CDCI3) 5 8.16-8.20 (2H, m), 7.62-7.69 (14, m), 7.49-7.55 (2H,

m), 7.37 (14, dd,J= 7.8, 8.1 Hz), 7.14 (1H, d,J=7.8 Hz), 7.11 (1H, d,J=8.1 Hz),

25 6.65(1H,ddd,J= 6.9,l 7‘.6, 15.6 Hz), 5.95 (1H, dddd, J=5.7,5.7,10.5, 17.1 Hz),
5.50 (1H, br.d, J=15.9 Hz}, 5.30-5.50 (2H, m); 533 (14, ddt,J=1.5,1.5, 17.1 Hz),
5.24 (1H, ddt, J= 1.5, 1.5, 10.5 Hz), 5.14-5.22 (1H, m), 4.61 (2H, ddd, /=15, 1.5,
5.4 Hz), 4.23 (1, dd, J=3.6, 8.7 Hz), 3.80 (1H, dd, J=9.3, 162 Hz), 3.41 (1H, br.d,
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WD 02/ 12223 PCT/ US01/ 24377 %915 38 - 39 . Foll owi ng the proc fg rﬁ&descri bed
above, acyl azide 338 (9. 0 ng; 0. O 146 mml) was conver JAY 2085

i socyanate 339, followed by the addition of n- hexyllithium (0. 15 Min
TBF; prepangd¢bspasthe brom de as described above). 5 Wor kupcangsot/aphd
purification by FC (silicagel, ,15% Eu@Ac ih hexanes containing 0.2%

Et 3N) gave 4.0 ng of a less polar product x and 4.2 ing of a nore pol ar
product xi Deprotection and purification by sem -preparative B1?LC as
descri bed above vyielde. d 1.4 ing of 346 (221/0) and 1.6 nggr of the
correspondi ng di mer 345 (1454), respectively. 346: "'HJIMR (400 Mt,

AT Y NN el T

ﬁz)z g gSHg) L Fg&)( 1H3- 1d¢3 giha @32%@}1%8@—8)3,%19512} orks @Hilq? 043’6 (311{6d

1.71-1.83 (2H/= 6{61Hz),1) ]537(3]13.,6)50(12fEBHn:)) ﬂNNRGSMJ(z]GDG}j)SIﬁGQ‘SlI@S&H t,

5 T s U B Dol b

444.2750. Rouh 3 y/ ,
ek ibd % f‘AI%S 5??[1_r f"fM 1'1"8 %"\*b&(ﬁ)@ 65%8 C?.%.?P_il@)ﬁ,%g:ti, %g.l(g(?;gﬁm

6.73 (1H, d, J1=8 1,41342 H)1, -m}mmsmalcnfqrﬁaamov&xmﬁm@l%ml.ﬂqund: 7.2
Hz), 6.35 (1H 1% = 14.0 Hz), 6.00 (1H, appAt, J= 7.6,14.4 Hz), 5.50 (1H,
ddd, J= 6. 33061, 4 Hz), 5.25-5.46 (6H, nm), 4.19 (1H, dd, J = 3.2, 9.2
Hz). 4.16 (1H, dd, J= 20 3.2, 98.8 Hz), 3.60 (1H, J=8.0,16.0 Hz), 3.59
tH, dd, J= 7.6,16.0 Hz) \ 3° (2H, by- d, J= '$Q _Hz), 2-63 (1H, app.dt,
='7.6,16.8 Hz), 2440-2. 560424;4 M), 2.24- 2.39 3, hn), 1.70-1.95 (6H, m),
1.47-1.57 (2H, m, 1.21-1, a4 <G8 Hz), 0.86 (3H,
d, J= 6.8 Hz), 0.86 (3H, 7. He); M5 (E 0): 823.33
([ MtNal +, 50), 801. 37 ([ MERF=, ) GH6HE1N20j 0 (MH)
25 801. 4326. Found. 801.
o 300 g e Faund. 802 ‘fé%‘Loluﬁb’l%%ﬂﬁﬂ%&ta%ﬁ@(&kﬁ)ﬁ@h&é})ixi\fﬁfﬁd\as\m.)

10  was added Pd(PPhs)s (8 mg, 0.00646 mmo!) and morpholine (28 pl., 0.323 mmol).

After 3 h at RT, the solvent was removed and the residue was purified by FC (25%
EtOAc in hexanes containing 5% AcOH). Carboxylic acid xvi (16 mg, 85%) was
obtained as a colorless oil. xvi: [a]p = +6.2 (¢ 0.8, CHCL;); IR 2928, 1746, 1699,
1452, 1269, 1228, 1068, 972, 775, 707 cm™; "H-NMR (300 MHz, CDCl;) & 8.18 (2H,

15 dd,/=1.8, 7.5 Hz), 7.67 (1H, app.t, J= 7.5 Hz), 7.52 (2H, app.t, J= 7.8 Hz), 7.38
(1H, app.t, J=8.1 Hz), 7.14 (1H, d, J= 7.5 Hz), 7.13 (1H, d, J= 7.5 Hz), 6.74 (1H,

( ddd, J= 7.8, 8.7, 15.3 Hz), 5.28-5.50 (3H, m), 5.20 (1H, ddd, J= 3.3, 8.1, 11.1 Hz),

423 (1H, dd, /= 3.6, 8.4 Hz), 3.81 (1H, dd, /=9.0, 16.2 Hz), 3.41 (1H, br.d, J=16.5
Hz), 2.29 (1H, br.d, J= 14.4 Hz), 2.02-2.12 (1H, m), 1.60-1.94 (4H, m), 1.31 (1H, dd,

20 J=9.0, 15.3 Hz), 0.88 (9, s), 0.80 (3H, d, J= 6.6 Hz), 0.19 (34, 5), 0.11 (3H, s); |
BCNMR (75 MHz, CDCl3) § 170.7, 166.6, 164.6, 148.2, 145.8, 140.4, 134.3, 132.1,
130.4 (20), 130.3, 1293, 129.0 (20), 128.2, 128.0, 123.5, 121;5, 73.2,72.7, 383,
37.9, 37.3, 36.5, 26.0 (3C), 18.1, 13.6, -4.1, -4.2, HRMS Caled for C33H430,81
(MH"): 579.2778. Found: 579.2776.

Ny

OBz O
OTBS

25 *x xvii
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96 TBSO O CH O OOTBS11 Y 'O 338 351 A solution of agyl azi dé ESM 0 ny
0.0163 mol ) and 1- penttanol (11 L; 0.1019 mml) in benzen )‘“\Rhs
stirred fowg2ha32380C. After renoval of the solvent, the resiGhsg V&S
treated with 780 L of a solution prepagped fromO0.5 g 5 conmmerci al
HFpyridine in 1.25 nL pyridine and 6.75 rnL THF . After stirring for 24 h
at RT, the reaction were quenched with a phosphate buffer (pH 7.0; 10 nlL),
extracted with Et OAc (4x), dried (Na2SO4) and concentrated. Purification by
FC (sillcagel; 25% acetone in hexanes) yi el ded 3 4 ng of ¢ arbamate 351
(0.00763 mmol ; 479% . 351: [alo & O—Q 1H NVR (400 MHz,
CD30D) S 7.14 (111, 10 EppaSﬂ:uTeéﬁola’ﬂenP@m 6"17@5(51118 QU268ammol apd) 6. 67

R 0 T ol Bl g e i iy £ 25,21

Fz), 3.57 (1Hp 144, mnlc?%ﬁt KT, Afedstirdn fé’r 186 z(tR"lL i sovend Was Addaceliand the
2.25-2. 44 (3H, 71-1.82 (2H, nm), 1.60-1.69 (2H,

n), 1.33-1. 41re(s5me w@spuoﬁgdabygfﬁ (7% E@Pwlahﬁlzanesib The agdiazidg xviwas 4 Hz) ;
13C NVR 15 (75 cggeg)))i 0 Cl 8 (OFL dd. J.
5171. 2, 157° ﬁ!%fémédi‘h 14 (15 mg). Xl |BNYR, (400 1z L) § $48 (2H, dd, Jg
76.4, 72.1, 6@ o) 732911%) @Ig 381)77%(@13&; ;ﬁgsﬁ)ﬁ‘%} 3;3%%11& sJL3F; M5
(ES) nz/z (%: Tid %0 446" % (FAB) Cal ed
f or C25H36N06 HzMd4 (mﬁd 254735szad& (1H46;J25 sﬁHZ)cé@)Zr@H; &d@d—ﬁﬁz&,&ﬂu ng to

(15 hoC o 0oa A 756 il IS FEL A BB T £, P §L AH 9

1"‘2ﬁNRNeLC1H) 5833(337@&@93&,2 o,m,g z,nsmmﬁsag (1B&d, Jr%sagéz%e,%mp,ma?gmg i

Hz), 6. (731Q 1H(1H, ddaé‘fg ® 9r?z§12) 8: MH(IJ‘E?? Jd=9%:11644gll 341(EH 1 fzzl(giﬁz)m)

(5'1&,5 fﬁlH 3_2262?%%1 @Jdd;ﬂ 636402 04)2.00¢188 nb)2 76t 1: 94J(zn6nib .1 A @3- 88
m), 1.25-1.31 (1H, m), 0.89 (9H, s), 0.80 (3H, d, J= 64Hz),019(3H,s) 012 (34,

5).

366

15 A solution of acylazide xvii (4 mg, 0.00663 mmol) and 1-pentanol

(4.3ul., 0.0398 mumol) in-benzene (1 mL) was ‘s_i-:irred for 6 h at 80°C. After removal of
& ' the solvent, the residue was treated with 370 pl of a solution of HF-pyridinc in THE.

After stimring for 4 days at RT, the reaction was quenched with a phosphate buffer (pH
7.0, 10-mL), exiracted with EtOAc (3 x 15 mL), dried over MgSO, and concentrated.

20  Purification by FC (silicagel, 33% EtOAc in hexanes) gave 1.5 mg of compound 366
(41%). 366: [a]p = -48 (¢ 0.075, MeOH); IR 3439, 2960, 2929, 1713, 1678, 1452,
1350, 1272, 1230, 974 cm™'; "H-NMR {400 MHz, CDCl) 6 8.14-8.18 (2H, m), 7.72
(1H, apt.tt, J=1.6, 7.6 Hz), 7.58 (2H, app.t, J="17.6 Hz), 7.43 (1H, app.t, J= 8.0 Hz),
7.19 (14, d, J=8.0 Hz), 7.18 (1H, d,/= 8.0 Hz), 6.14 (1H, d, J= 14.4 Hz), 5.44-

25 551 (1H, m), 5.27-5.34 (1H, m), 5.12-5.18 (1H, m), 4.78 (1H, dd, J= 7.6, 14.8), 4.18
(1H, dd, /=3.6, 9.2 Hz), 4.05 (2H, app-t, J= 6.4 Hz), 3.72 (1H, dd, J=9.2, 16.0 Hz),
3.46 (1H, br.d, J=16.0 Hz), 2.26 (1H, br}, 1.71-1.90 (4H, m}), 1.57-1.66 (3H, m),
1.26-1.38 (5H, m), 0.82 (3H, d, J = 6.8 Hz); C-NMR (75 MHz, CDCls) § 168.5,

SUBSTITUTE SHEET (RULE 26)
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3.6, 12.4, 12.4 Hz), 2.39 (2H, app.t, J= 6.6 Hz), 2.21 (1H 'ddb, JH% 288y
12. 4, 12.4%05%)2%;2.10-2.20 (IH m,1.40-1.80 (9H, m), 1.30pkqARoiBE77M .
0.95 (3H, 'd, JZ6.8 Hz), 0.92 (3H, tye)= 6.4 Hz); "C NMR (75 MHz, CD3OD)
5.172.5, 162.3, 156.6, 147.0,13.4.8, 128.5, 123.4, 116.3, 115.2, 105.5,
76.3, 66.4, 37.4, 34.4, 32.7, 29.9, 5 29.3, 23.5, 16.6, 14.5; M5 (ES) rn/z
448.20 ([M+H}, 100), 470.19 ([M+Na]+, 32). HRVB Calcd for C25H37NOBL i
(M) : 454.2781. Found: 454.2779. 361 362 To a solution of carbamate 361
(1 ng, 0.00268 mol) in MOH (1 nL) was added 10% Pd/ C (1 ) and the
resul ting suspess,166.50a49.51 141r%d 36r633.8n1 318 @t Pherld08 (26).d28FeA2Y4s
(balloon) at it for 16_h, Th t al fi e it
concentrat ed 4RB.pdSils |1%@6b§/262|-f§*ﬁ@%%gg%m‘giét@njéej/ge(ﬂégﬁgg)g’ %%5’)?{6&1’25%33 Ny
of carbanate 4 50.36 ML NYBO AR idRlcd f6D30D) 5
7.24 (IH, ap%§-§:~38%q3958§§&??”58@3£2’%,5°§?@5 jglzi Hz)§, 6.73 (1H, d, J= 7.2
Hz), 5.24-5. 32,HM0,i}MIZH0954.2887. Foudd: 56688%k) , 3.86-3.92 (1H, m), 3.55
(1H, ddd.3.6; 12.4, 12.4 15 Hz), 3.11 (2H, app.t, oJ= 6.8 Hz), 2.11-2.30
(2H, rn), 1.45-1.77 (13H onf), 1.28-1.38 (J/H, 0.94 (3H, d, J=6.8
Hz), 0.91 (3H t, J= 7.6%Hz); (ES) m z 450: MeH] -', 100), 472.24
([MtNa]}, 67). HRVB Calc Q_5§%9N06Li ( 458,,2937. Found:

456. 2935. xiv 20 To a so (6.4 ny ), octanoic acid
(5.3 L, 0%034 mol ) and 9, 0.034 EtdO (1 nl) was
et h

(o L5 hat 1t SUBSTI TomsismemuinpEdefizms 046 U08 e ghflis30 Has "
added dropwise concentrated HHC1 (55pl.) at RT. After stiring for 2 h atRT, the
reaction was quenched by the addition of _saturated aq. NaHCO; (2 mL) and extracted
with EtOAc (20 mL). The organic layer was washed with brine, dried over MgSO;,

10 filtered and concentrated. Purification by FC {silicagel, 25% EtOAc in hexanes)
provided 18 mg of the alcohol xviii (91%) as a colorless oil. xviii: {a]p =+27 (¢ 0.9,
CHCL); IR: 2930, 1724, 1581, 1457, 1280, 1167, 1115, 1066, 1028, 839 cm™'; 'H-
NMR (300 MHz, CDCL) 8 7.14 (1H, app.t, J= 8.1 Hz), 6.98 (1H, ddt, /=7.5, 7.5,

'15.6 Hz), 6.76 (14, d, J= 7.5 Hz), 6.74 (1H, d, J= 8.1 Hz), 5.89-6.30 (2H, m), 5.33-

15 5.52(3H,m),5.34 (IH, app.qd, .J =1.5,17.4 Hz), 5.26 (1H, app.qd, J=1.5, 10.5 Hz),

4.66 (2H, app.dt, J= 1.5, 6.0 Hz), 4.24 (1H, br.d, J= 9.6 Hz), 3.66 (1H, dd, /= 9.3,

( 16.2 Hz), 3.32 (1H, br.d, J=16.5 Hz), 2.55-2.72 (2H, m), 2.22-2.34 (1H, m), 1.80-
" 1.95(1H, m), 1.66-1.80 (2H, m), 1.44 (1H, dd, J= 6.0, 15.6 Hz), 0.96 (54, s), 0.87

(3H, d, /= 6.6 Hz), 0.21 (3H, s), 0.18 (3H, s); BC-NMR (75 MHz, CDCL;) 3 168.4,

20 166.0, 153.0,‘143.9, 139.0, 132.4, 131.5, 129.9, 128.8, 127.4, 124.4, 123.4, 118.5,
118.0, 72.4, 71.4, 65.3, 38.5, 38.1, 38.0, 37.5,35.8, 26.0 (30), 18.6, 13.9, -3.8, -3.9.

HRMS Calcd for CrolHs0sSiLi (MLi): 521.2911. Found: 521.2904.

364
To a solution of xviii (14 mg, 0.027 mmol) in pyridine (0.5 mL) was
25  added benzoyl chloride (10pL, 0.085 mmol) at 0°C. The reaction mixture was allowed
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98 PCT/ USQL1/ 24377 H20 (5 nm) was added and an extraction m% erformed
with Et20 (3x). The conbined organic |ayers were dried (My o«lﬁ N 2868
concent r at esloinyiazaguo.  The residue was purified by FC (10%EuShg24577
hexanes) to give 6.7 ng of octanoate egter A (0.0133 mmol, 79%. xii:'H
NVR (400 MHz, CDC13) 8 7.23 (1H, app.t, J= 8.4 Hz), 5 6.80 (1H, d, J= 8.4
Hz), 6.75 (1H, d, J= 7.6 Hz), 5. 42-5. 53 (2H, m, 5.35 (1H, ddt, J= 2.4,
9.6, 15.2 Hz), 4.90 (1H, d, J= 6.8 Hz), 4.82 (1H, d, J=6.8), 4.27 app. (1
H ddd, J=4.8, 7.6, 11.2 Hz), 4.22 (1H, ddd, J = 6.4, 8.8, 11.2 Hz), 4.18

1H, dd, J -- 3,18 (3H, .s), 3. .72 J= 9.6, 16.4 Hz
g. 47 (3H, s), ® ‘X%m(‘ﬂﬁfaa%ja‘dmﬂﬁﬂ% CGH’m?}eé OVﬁmagh(tlgqﬁ%@N 30 gl wag gdde, i

%o oy ooy s el ol e kot o)
1 53-1.67. (2H, wreiawashéamthmatdﬂandbmﬁ &;ecﬂmg’somﬁlte&ecﬂazdlcoﬁéedtﬁtdd m, 0.87
(3H, d, J= 6.8_Hz 13C NV\R (75 . M{z, CDCi3) S

174.2, 168.5,% C’PUO&@g F%:(Si1§a$elﬁ5%193@@ in hogany Sypraviged 10 mewt fisthenzoay 1,

194 7155 Shads c0m aittins 38 o MpteoSidp SR SrSoad o S
511.3247. Foundz70h111833946, SBve7ii; éHMWR@:@OIMﬁ&I@BcgwsmHEa@B@fé 7.2

S|mlarlyfromalcohol Xiii. xiv: [a = +47

2927, 1733, 1587), 714d3H, ddd3/= 08572, 1. &&)cMi(zH,uaﬁp tNFR 8 (042), m(lmmpﬁ t6

?i’flf)d 52 & drayd bty dug o, {5880 B %l Bl By, o

rqi 5.22 (1H ddi= 8@152);3901612 (@H, nd); 566485.7441189m§ J::Hs'/ 652{1%{@11}3556)5454 82
(tH, d, J—Gséﬂﬁ 21- 4 3.72(1H,dd, J=

9.6,16. 4 HHY m) 3435 (&ny gedxzifr ni( QIHZ)sé 263, 3§i1)‘(1m) 5326 HPB J’&%f 7 1142)Hz),
I 852,08 E%ﬂ 487 ) ey o g, o LS heo el 13ufpE g Belo )
11.2, 14.v 1. 4Ez1,1!.‘60|-£ T RH, i) 298262.42 Q) iy ), 7841. 91)(21{314) 1.30 (1H, m), 0.94

(9H, s), 0.91 (3H, d, J= 6.4 H2), 0.18 (3H, s), 0.15 (3H, s); “C-NMR (75 Mz,

CDCL) § 167.7, 166.1, 165.9, 153.0, 143.8, 139.5, 132.9, 132.4, 130.9, 130.8, 130.0,

15 129.9(2C), 129.4, 128.6 (2C), 127.2, 124.4, 123.4, 118.5, 118.0, 76.4, 71.4, 65.3,
38.2,37.9, 33.3, 33.1, 31.8, 26.0 (3C), 18.6, 14.3, -3.8, -3.9. HRMS Calcd for
- CasHy607SiLi (MLi"): 625.3173. Found: 625.3172.

Same procedure as described for the allyl ester deprotection of
20 compound 363. Carboxylic acid xix: [a]p™>-14.2 (¢ 0.45, CHCL,); IR 2928, 1716,

1457, 1271, 1112, 838; "H-NMR (400 MHz, CDCl5) 5 8.08 (2H, d, J = 7.6 Hz), 7.54

(1H, app.t, J=7.2 Hz), 744 (2H, app.t, J= R0 Hz), 7.16 (1H, app.t, J= 8.0 Hz), 7.00

(1H, ddd, J=7.2, 7.2, 15.6 Hz), 6.78 (1H, d, J= 7.6 Hz), 6.77 (1H, d, J= 8.0 Hz),

6.01 (1H, d, J = 15.6 Hz), 5.66-5.75 (1H, m), 5.60 (1H, br.d, /= 10.0 Hz), 5.42 (1H,
25  brdd,J=9.2,15.2 Hz), 5.29-5.35 (1H, m), 3.79 (1H, dd, J = 8.8, 16.0 Hz), 3.35 (1H,

br.d, J=16.0 Hz), 2.62-2.74 (2H, m), 2.33-2.44 (2H, m), 1.76-1.97 (3H, m), 0.94

(9H, 5), 0.90 (3H, d, J=7.2 Hz), 0.19 (3H, 5), 0.16 (3H, s); “C-NMR (75 MHz,

CDCL) 8 170.7, 167.7, 166.1, 153.0, 146.2, 139.5, 133.0, 130.82, 130.78, 130.0,
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14.0 TT >, , 6r ~2H,. na":25 (8H, ni) , 0.87 (3H, d, J= 6. Q
(3L t, J=6.4 Hz); "C NWR (75 MHz, CDC 13) 6 174.2, 168.3, isff%‘“iﬁ%
131. 6, 130w&o22®37, 125.3, 124.0,113.0, 97.1, 94.6, 79.6, FAr®soslsls
56.2, 55.8, 37.95, 37.92, 35.9, 35.4, 84.5, 34.2, 31.9, 29.3, 29.1, 25.2,
22.8, 14.3, 13.5. HRM5 Calcd for C30H4608Li (v1Li{): 541.3353. Found:
541.3361. SUBSTI TUTE SHEET (RULE 26) 2 7 JAN 2006 WO 02/ 12223

PCT/ USQ / 24377 99 According to the procedure described for the
deprotection of 334, deprot ection of octanoate xii (9 ng, 0.0178 mmol)

with BBr3 (2 y t,gnoa 5 639 .
355: [a]D = é%ﬁ?@ 622'4 %@%&?) 15’%18@2‘5 @Qéigggs %%%%m%%e 1686,
1591, 1467 cmiy’ ) (1H
st 19 83321 %{ﬁ b gloé?i%a){ﬁg'% 18@@@133 3§l-'1>, SOI-IEfNEE’(??a?LB&(fi)?Htg;Cl%;é%x

7.6 Hz), 5.62H): SR W8t Found: 67%276310 12 o Hz), 5.49 (1H br d, J= 15 6
Hz), 5.03-5.13 (1H, ), 4.24,(1H app. dt, J= 6.0, 6.4, 11.6 Hz), 4.18 (IH,
app.dt, J= 6.0, 11.6 Hz) wo 76 (1H, dd, J= 6.@—417.2 Hz), 3.64 (11L dd, J=
3.6, 8.8 Hz), 3.39 10 (1H_bi=d, J= 17.2 Hz), 2.38=9.40 (1H m), 2.27 (2H,
t, J= 7.2 Hz), 1.99-2.09 978 rn) . 1.78-1.97 {4 1.54-1.64 (2H.m
1.39 (1H, ddd, J= 0.8, , . 0.93 (3H, d, J=
6.8 Hz), 0.88 (311, t, Jss& < 13C NI\/R( 5. ~SDCL3) 8 174.2,
171.2,  162.8, 142.4, 134 .3, 133.1, 126.6, 123. 8, 117.0, 113.4, 72.3.  70.6,
60.8, 39.35 38.6, 37.5, /uylpzidgxxmas pieparedageaydinggo she procefuredesqribedfog,

14.3, 13.9; 1 I\/IS cl
s (100); vt Sl oTeln e abid o il GRIEIR opea S RL
-, JOMOM Al'l  ~~¢H, Br.d, 347, 23{5 W@M(BH%%HJJG 9H§pf7utﬂ (QBI ﬁ}ﬁp U= 8.( BR), mglﬁ 0 061
rrrml) p- brono benzoic aci 9 rra nunolf PPh3 % 5 ng,
mol ) in Et 20(18, pt das? &é‘ﬁ!éd"'m H, ﬂPPdt J= 59HZ) 6.78 (1H, d,J= 78HZ)
6.75 (14, d, J= 8.4 Hz), 5.96 (1H, br.d, J= 15.6 Hz), 5.62-5.74 (1H, m), 5.58 (1H,
10 . brd,J=7.2Hz), 540 (1H, br.dd, J=9.0, 15.0 Hz), 5.26-5.34 (1H, m), 3.78 (1H, dd,
J=9.6,16.2 Hz), 3.34 (1H, br.d, J=16.2 Hz), 2.58-2.74 (2H, m), 2.28-2.43 (2H, m),
1.75-1.96 (3H, m), 0.93 (91, s), 0.90 (3H, d, J= 6.3 Hz), 0.18 (3H, s), 0.14 (3H, s).

OFent

367

o Compound 367 was prepared according to the procedure described for
( 15 the preparation of compbund 366 in 27% yield. 367: [o]lp =-17 (c 0.12, MeOH); 'H-
NMR (400 MHz, CDCls) 8 8.03 (2H, br.d, J= 8.4 Hz), 7.60 (1H, br.t, J=7.2 Hz), '
7.48 (2H, app.t, J=8.0 Hz), 7.16 (1H, dd, J= 7.6, 8.4 Hz), 6.73 (1H, d, /=8.4 Hz),
6.70 (14, d, J=7.6 Hz), 6.52 (1H, d, /= 14.0 Hz); 5.53-5.63 (2H, m), 541 (1H,
br.dd, J=1.6, 15.2 Hz), 5.08-5.20 (2H, m), 4.07 (2H, app.t, /= 6.8 Hz), 3.68 (1H, dd,
20 J=8.4,16.0 Hz), 3.40 (1H, br.d, J=16.0 Hz), 2.22-2.44 (4H, m), 1.84-1.98 (3H, m),
1.58-1.70 (24, m), 1.30-1.40 (4H, m), 0.94 (3H, d, J= 6.8 Hz), 0.93 (3H,t,J=7.0
Hz); MS (BS) m/z 572.27 ((M+Na]", 18), 550.27 ((M+H] ¥, 100). HRMS Calcd for
C3H3sNO;Li (MLi"): 556.2887. Found: 556.2881.
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20 di et hyl azodi car boxyl atie (DEAD, 40 L, 0.245 mmzol) ;. After stirring for
2.5 hat rt, H20O (10 nL) was added and an extraction was pevﬁ'gr'd@(ﬁi #306h

Et 20 (3x) . wihez/126837bi ned organic | ayers were dried (MJSH) pendso1/24377
concentrated in vacuo. The residue wamm7purified by FC (10% Et OAc /

hexanes) to give 32 ng of p-brono benzoate 347 (0.054 mol, S8% . 347: [a]D
= +29.0 (c 0.78, CHC13); IR 2953, 2933, 1720, 1590, 25 1460, 1273, 1037
cm; '"H NVR (400NHi z, CDC13]) 8 7.90 (2H, d, J= 8.8 Hz), 7.56 SUBSTI TUTE
SHEET (RULE 26) 2 7 JAN 2005 WD 02/12223 PCT/US01124377 100 (2H, d,J=8.8
Hz), 7.21 (_1H,dd,J _7 2,8.8Hz),7.07(IH d,J =8.8Hz),6.81 (1H, d, J= 7.2
Hz), 5.58-6.64 (1H, Q 1H, br.dd, J= 11u2¢15.2 Hz), 5.36 (1H,

-br . dd, J—92 152Hz)\—5. 1H, d, J= 6.8 Hz), .14(1H d, J= 6.8 Hz),
487(1HdJ-68Hz) e 81 1HdJ—68 55(2H m, 4.18
(1H, dd, J= 3.2, 9.6 Hz), , M 7343 (3H, s),
337(3H s)., 334(1H 3 Hz) ; 1H M), 2.05-2.19
(3H, m, 1.84 (1H, dd, J= 8.4, 15.6 Hz), 172(1H ddd, J= 11.6,11.6, 14.0
Hz), 1.48 (1H, dd, J= glcﬁnpcmdaxmys pip@ed paoording to the proceduredpscribed fonvR |

(15 e OO et i 8t s ia%?gf%ﬁﬁ%ff%ﬁs)g#?%%?%ﬁ% -

61.9, 10 56. 2, ng; Bz, Ca

for C29H35Br &ﬁ? %bﬁ‘ﬁ&?é&'gg %) F%Z?@ %19{7&?6%%0 G%Ig Jl[Ela] D 2. +16.C

(1 c a 4ﬁII\/R szﬂg(%z&gmdssws}fgécz (zmg ;135,%7?505%}%};@0%3?3;}@30 gms
t one . I); = .

2:0) Hz), 7.68-051%) @%f &, = B9 ZL% §1&11a|?}“ T3 93 34 L 9371 g

4.23: g 8,3 (1H(@ ad 5139@ H@)SHzg, 35 §3¥Hs),@;321(11%b(§g%ﬁ—%6)5 HE); %2{2?,3'(%%3 31:

4.0, 4.4,.8.8 m-k)z 442, 6@(1(Iil'm)=@d!6 -228 (0H m)q 193433 (23138, | fﬂ(lﬂgﬂd, J=%0,

rlr;e, . i o sz 20 30 U gnt iy G =36 Pl GRdr Bt 4B A |

0.87 (3H 1d. 918, 868.hi2)57. 63167@“/&9(5513?1/!62130@12339 1@43711234) 11@@ 109.5,
163. 0, 142. 4, 134.4.133. 2-1131. 9 131.3. 129.0, 128.4

12
123.8, 117. 0, 103.2795273], 5@9539 46§7§,, 338, 3.3.3%9.$ 13357 BRMS Calod Tor Cz3H3105
(MH"): 419.2070. Found: 419.2055.

- Acyl azide xxii was prepared according to the procedure described for
C 15 acyl azide 338 in 68% yield. xxii: [oJo = -112.4 (c 0.45, CHCL); IR 2926, 2141,

1726, 1696, 1584, 1468, 1273, 1174, 1084, 1040 cm™'; "H-NMR (300 MHz, CDCl;) &
7.35 (1H, app.t, J= 7.8 Hz), 7.21 (1H, ddd, J= 6.0, 8.7, 15.3 Hz), 6.83 (1H, d, J=8.1
Hz), 6.76 (1H, 4, J= 7.8 Hz), 5.92 (1H, d, J = 15.3 Hz), 5.28-5.58 (3H, m), 4.89 (1H,
d,J=6.6 Hz), 4.81 (1H, d, J=6.6 Hz), 4.15 (1H, dd, J= 3.6, 9.3 Hz), 3.87 (3H, 5),

20 3.71 (1H, dd, J= 9.0, 16.5 Hz), 3.45 (3H, s), 3.32 (1H, br.d, J= 16.5 Hz), 2.61-2.72
(1H, m), 2.42-2.54 (1H, m), 2.26-2.38 (1H, m), 2.08-2.22 (1H, m), 1.58-1.80 (1H, m),
1.42 (1H, dd, J= 9.3, 14.7 Hz), 0.86 (3H, 4, J = 6.9 Hz); ’C-NMR (75 MHz, CDCls) |
5171.8, 168.3, 156.9, 147.8, 139.3, 131.5, 130.4, 128.8, 124.9, 124.3, 123.0, 109.6,
97.2,79.6, 72.9, 55.97, 55.87, 39.5, 37.93, 37.87, 35.9, 34.3, 13.5. HRMS Calcd for

25  CxHoNOgLi [MLi-N,]": 422.2155. Found: 422.2151,
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36.2, 34.6, 13.9; Ms ( E) 1111z (%: 506 (16), 505 (55), 504 (45) 503
(50), 502 (32), 488 (18), 487 (40), 486 (58), 485 (100), 484 ) Ea\ﬂs
Cal cd for @—%Zﬁr O6Li (Mii}): 509.1151. Found: 509.1153.p &g&?

/ xv 25 To a solution of 336 (35 ng, 0443556 nmmol) in THE at OC was added
Bu4NF (1 Min THF, 56 L, 0.056 nmmol). After stirring for 10 mn, aqg.
NH4C1 was added and the m xture was extracted with Et20. The organic

| ayer was washed with brine, dried (MgSO4) , filtered and concentrat ed.
The residue was purified by FC SUBSTI TUTE SHEET (RULE 26) 2 7 JAN 2005 WO
(12112223 PCTIUS411/ 2437 7 101 (silicagel, 25% EtOAc in hexanes) to give 24
my of phenol xv (84% as ol orless oil. xv: [cc]De=~80 (c 1.37,

CHC13); JR 2955, 2929, 28 725, 1652, 1463, 136}= 1293, 1249, 1166,
1063, 972, 836 crdi; 'H 0 MHz, CDC13) 9@ 97 (1H, br.s, aryl-0OH),
7.32 (1H, dd, J= 7.5, 8 . Mt 15.6 5 Hz),
6.90 (1H, dd, J=1.2, 8. HZH;z 5.89-6.02 (2H,
n, 542552(2H n), ( : 3‘ 5.25 (1H, ddt,
J=1.5 1.5 10.5 Hz), A&oﬁﬁmﬁoime(abbi azide,xﬁ: &n@,ﬁl‘mammm)hn&l -genianbl ) ,
3.70 (111, dd, J= 6.3, 16.2 Hz) m](2 8.4 Hz), 3.40 1H
br.d, J= 16. 1L, 021(&@91411 lmze ) WS su’s@l@mh #P0°Q Afierpamoval @l

0,55 (o s b sreifie ias W@W%%f%g }:%&%g?ph&g&gga%eg,ﬁ% B}

130-NVR (100 xatesyfo3yield 510 oBcdibouhd 6B (85%4 368: [clifi2: -50.334 0251 8BICH,)1 32A,
126. 9, 123'1;’04 Mf%s 8, 1186% 116. 8, 113, 7(2.%6?L 71.[50?3665.3,:{39.3, 38.g

3&591%14 230,2 s|5L| IR 2926, 2323 14%,, 1278, 1042 bA“C—NMR (75 MHz, IR )Ea] Y6, 584,
{48 5 233 20802, 159956 £Ab3%° 0.3, To6l7, 3950807, 76.2, 67.1,
66.4, 56.6, 56.0, 33.8, 38.6, 37.8, 35.7, 35.6, 30.0,29.3, 23.5, 14.5, 13.8. HRMS
Caled for CpgllyNO,Li (MLi"): 510.3043. Found: 510.3049.

10 338 as2

A solution of the acyl azide 338 (5 mg, 0.0081 mmol) and 1-
pentanethiol (6 L, 0.0486 ﬁlmol) in benzene (1 ml) was stirred for 5 h at 80°C.
After removal of the solvent, the residue was treated with 370uL of a solution

Q IIF-pjrridine 111 THF (prepared by mixing 2 g commercial HF Pyr, 10 mL pyridine and
15 27 mL THF). Afier stirring for 4 days at RT, the reaction was quenched with a
phosphate buffer (pH 7.0; 10 mL), extracted with EtOAc (3 x 15 mL), dried over
- MgS0O;4 and coﬁcentrated. Purification by FC (33% EtOAc in hexaneé) gave 3 mg of
compound 352 (80%). 352: [a]p = -20.0 (c 0.25, MeOH); IR 3208, 2928, 2855, 1663,
1604, 1451, 1294, 1248, 1184, 948, 825 cm™; "H-NMR (300 MHz, acetone-ds) 59.69
20 (1H, br.s, aryl-OH), 9.08 (1H, br.d, J= 12.0 Hz, N-H), 7.21 (1H, dd, J=7.5, 7.8 Hz),
6.83 (1H, dd, J = 0.9, 7.8 Hz), 6.70-6.78 (1H, m), 6.72 (1H, d, J= 7.5 Hz), 5.22-5.40
- (4H,m), 3.94 (14, dd, J=3.9, 9.0 Hz), 3.57 (1H, d,J=5.1 Hz), 3.46-3.52 (2H, m),
2.89 (2H, t, J= 7.2 Hz), 2.20-2.32 (1H, m), 1.74-1.94 (3H, m), 1.53-1.64 (2H, m),
1.28-1.38 (SH, m), 0.88 (3H, t, J= 6.9 Hz), 0.87 (3H, d, J= 6.6 Hz); “C-NMR (75
25 MHz, CD,0D)§171.2, 157.2, 140.8, 131.8, 130.9, 126.7, 123.2, 122.6, 115 4, 108.6,
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i--~ o0orss o~ ' ores i;° o . x" 363 15 To a solution ofgo? 3%
(23.5 ng, 0.0457 mol) Tin cHeQl 2 (0.5 mL) was added pyridin 4 N

benzoyl chigybhgg2431 iL, 0.262 nmol) at OC. The mi xture wapgcppt lqﬁgﬂat 0C
for 80 mn, followed by the addition ofgowater (5 nL) and ACO—l% 0 pL)

The resulting m xture was extracted with ether (3 x 10 nL), dried 20 over
MpSH, filtered and concentrated. Purification by FC (silicagel, 25% Et QAc
in hexanes) provided 22 ng of benzoate 363 (78% as a colorless oil, 363
[a]D = +4.0 (¢ 1.0, CHC13); 1R 2928, 1745, 1726, 1452, 1268, 1228 1176
1067, 836, 775, 707 cm; 1R NNR;SOO NH3z, CDCl 3) 8 8.16-8.20

7.62-7.69 (1H76.8) 72,3901, B8%538.9187.4.:16.6,82417 31 #i30.423.4145.43.7g] SGEzS)m/z 14

¢1H, d, J— 7. +(AH 1H, -dd

(56 b)) 5 oSt S thets dirdu b miBSedls hoH s R0 Gty: 7,2
15.9 Hz), 5 30652595, G3khd: M68.28083 (1H, ddt, J= 1.5, 1.5, 17.1 Hz), 5. 24
(1H, ddt, J= 1.5, 1.5, 10.5 Hz), 5.14-5.22 (1H, n), 4.61 (2H ddd, J=1.5,
1.5, 5.4 Hz), 4.23 (1H, dd, J= %6, 8.7 Hz), 3.@9@1 _J= 9/3,16.2
Hz), 3.41(1H, br.d, SUBSTI TUTE S 05 Wo/02y 12223
PCT/ US0112 4377 102 J=Ti% m, 2.08 (1H, dddd, J=1.8,
6.9, 8.4, 15.0 Hz), 1.74 | 79T2H, m, 1.32 (1H, dd,
J= 8.7, 15.0 Hz), 0.88 (4& ‘ 6 Hz), 0.18 (3H, s),
0.12 (3H, s): 13C-N MR (75 MHms CDC13) S 166. Gss 165.7, 164.6, 148.2,

143.3, 140,3,.134.2, 132 5, 1324, 430 4 (2C), 130, 3. 129,38, 129 0 (20),

( 0.019, MeOH); IR 2928, 2853, 1724, 1453, 1376, 1293 cm™; "H-NMR (300MHz,
CD,COCDs) 5 9.67 (1H, 5, aryl-OH), 8.20 (1H, br.d, J=10.8 Hz, N-H), 7.22 (1H,
app.t, J=38.1 Hz), 6.83 (1H, dd, J=0.9, 8.1 Hz), 6.72 (1H, br.d, J= 7.6 Hz), 6.54
(1H, dd, J=10.8, 14.4 Hz), 5.06-5.41 (7TH, m), 4.57 (2H, d,J=6.9 Hz), 3.93 (1H,

10 ddd, J=3.6,4.5, 8.1 Hz), 3.47-3.52 (2H, m), 2.22-2.42 (4H, m), 1.70-1.2.18 (10H,

m), 1.71 (3H, ), 1.65 (3H, 5), 1.60 (3H, s), 1.59 (3H, 5), 1.28-1.42 (1H, m), 0.87 (3H,
d, J=6.6 Hz). MS (ES) m/z 580.37 ((M+H]", 54). HRMS Calcd for C35H49N05L1
(MLi"): 586.3720. Found: 856.3690.

TBSO Q
( TBS
_ 333

15 Acyl azide 338 (7 mg, 0.0114 mmol) in benzene (1 mL) was stirred at

'Ph

80° C for 6 h, after which the solvent was removed and the residue dissolved in THF.
In a separate flask, a 0.19 M solution of 1-lithio-phenylacetylene was prepared by
deprotonation of phenylacetylene (in THF) with "-BuLi (0.88 equiv.) at—78°C. To
this solution (0.2 mL, 0.19 M) in THF was added the isocyanate in THF (0.5 mL) at ~
20 7S°C; Afier stirring at—78° C for 50 min, saturated NH,Cl (3 mL) and water (0.6 mL)
were added and the resulting mixture was diluted with Et,O (45 mL), the layers
separated, and the organic layer washed with brine, dried over MgSQO,, filtered and
concentrated. Filtration over silicagel (14% EtOAc in hexanes) provided a crude

product (6 mg) which was treated with 370 pL of a solution HF pyridine in THF at
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5-128.2, 128.1, 124.1, 121.4,,118.3, 73.4, 72.6, 65.2, 38.2, 37.9, 37. 4

36.4, 26.1 (3C), 18.1, 13.2, -4.1, -4.2. HVS Calcd for @W?Jﬁﬁ ;
619. 3091. Reongi1222619. 3061. 363 xvi ~\ ~OIBS OIBS a J~ O Tgp An of
allyl ester 363 (20 ng, 0.0323 mmol) inygHE (3 nL) 10 was a PPh3)4

(8 rng, 0.00646 nunol) and norpholine (28 p.L, 0.323 mmol). After 3 h at
RT, the solvent was renoved and the residue was purified by FC (25% Et QAc
i n hexanes containing 5% AcOH ). Carboxylic acid xvi (16 ng, 85% was
obtained as a colorless oil. xvi: [a] D= +6.2 (c 0.8, CHClB) | R 2928,
1746, 1699, 1452, 1269, 1228, 1068, 972, 775, -707 cn 1; 'H NVR (300 MHz,
CDO 3) S 8. 18 RPrAftersgrng for48 h ag RT; the: nepgtionwasauenched ayifh 2 phasphate bufpr)

7Sy, 7 s GBI L Paradd Vg miiactR domly Bk Vil Mgloitad 5 gy 7T
528-5. 50 (31L dgheerratdd. P&lﬁﬁcﬁﬁﬁby‘)ﬁ(} g’sﬂ?oagﬁ §3%]ﬂt0kcklﬁhexarfés)gév€%|ﬁa del; J‘
3.6, 8.4 Hz), 3.81 (1H dd, J= 3 ,

2.29 (1H, br. obompoundtsw €55%%). 24912a2ﬁ-42 (010-11 MaPH )1116092:7 ,%52,41695;7)5001 31

1H, dd, 2 8 6 Hz 19
(3 O 5311 181 129 1 0 M g SR Ao Wibiey SpYaDY 36158 R ap R oS 50 G
148.2,. 145. 8, 4. 0 2 .
129.23 128.0, 1 )7‘@ 22(3}%%24 1%@ apg) (g_)gg%ég%%ﬁﬁ %3% 34%5%3 150,
18.1, 13.6, -41M,d;2=3. 4Hﬂmv5|66c{lﬁddf‘m= 70BR.-S9BQESIddd( M6, 570 124 1), Found:
S70-2776. CB2 8, KBy 1 U 0125 8 b L e SR

( (1H, br), 2.36-2.50 (2H, m), 2.29 (1H, br. d, J = 14.4Hz), 1.84-1.94(1H, m), 1.72-1.84

10 (3H, m), 0.88 (3H, d, J= 6.8Hz); MS (ES) m/z (% ): 460.22 ( [M-+H] *, 100) HRMS
(FAB) Caled for C28H20NO5L (MLi+): 466.2206. Found: 466:2204.
Bu

350
Compound 350 is prepared as described for the synthesis of 349 (42%
yield). 350: [o]p™ -24.0 (¢ 0.1, MeOH ); IR 2929, 1653, 1498, 1451, 1248, 1111;
(: 15 'H-NMR (400 MHz, CD;0D) & 7.13 (1H, dd, /~7.6, 8.0 Hz), 6.75 (11, d, J=
10.4Hz), 6.73 (1H, d, J=8.0Hz), 6.66 (1H, d, J=7.6Hz), 5.43 (1H, ddd, J=7.2, 7.6,
14.0 Hz), 5.26-5.38 (3H, m), 4.12 (1H, dd, J=3.6, 8.8 Hz), 3.57 (11, dd, /=828,
16.8 Hz), 3.37 (1H, m), 2.24-2.44 (4H, m), 1.70-1.92 (3H, m), 1.32-1.62 (6H, m),
0.94 (3H, t, J= 7.6Hz), 0.87 (3H, d, J = 6.8Hz); MS (ES) m/z (%) :440.28 ( [M+H]
20 ¥, 100), 462.21( [M+Na] *, 10). HRMS (FAB) Calcd for C2¢H33NOsLi (MLiY):
446.2519. Found: 446.2513.
# * * .
All of the compositions and/or methods disclosed and claimed herein
can be made and executed without undue experimentation in light of the present
25  disclosure. While the compositions and methods of the invention have been described

in terms of preferred embodiments, it will be apparent to those of skill in the art that
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21 JAN nb WO 02/12223 PCT/US111124377 103 To a stirred soln%
xvi (15.5 ng, 0.0268 mmol) and (PhO2P(O N3 (23 L, 0.1071

(3 ) was ad@exiEe3N (19. L, 0.134 ninol) at RT. After sti E’E'TH%&I/ 5
at RT, the solvent was renoved and the 1tgesidue was purified by ?1
Et OAc i n hexanes). The acyl azide xvii was 5 obtained in 78%yield (12.5
mg). xvii:'H NWR (400 MHz, CDCI3) S 8.18 (2H, dd, J = 1.2, 7.2 Hz),
7.67.(1H, m, 7.52 (2H, app.t, J= 8.0 Hz), 7.38 (1H, app.t, J= 8.0 Hz),
7.14 (1H, d, J= 7.6 Hz), 712(1H d J—76Hz) 6.72 (1H, ddd, J= 6.8,
8.0, 14.8 Hz)v546 &H br é0544 (1H, dddd, J= 2.4, 2.4,
10. 8, 15. 2 Hz), vawatoys may begpglied tJDihQ cempgﬂ nsgind/or pgtiodsiand ii5the Stepd bt inddd,

J=3.2, 7.6, 7 ’1@?" 81(.1H,. dd, J=
9.2 16A M. 3 Z}% £ ﬁengré og%eég)(iigﬂé'l d d]efcr%a(a P%ﬁ%n ngtilgut dj: ir%m ﬁiqg)t’he
2.01-2.09 (1H, CmcepﬁSﬁiﬁt m@moﬁ)ﬁoﬂthelmhntlﬂm5ﬂffole gpeclfdAlly, it ﬁr)][ bd ardarcht Aht (1H,
rr),089(9Hs E& EZ] @}019(3%85@;2; 0.12 (31-L s).
xvii 366 15 A § a&‘i‘F‘%"ﬁ"‘%‘F’ by ?‘Bé?h?ém Iy alldﬁlysw ﬁlﬁtﬂd)mw

1- pent anol 35 ( 4su¥stitdde red for

80C. After renoval of@ﬁfﬁéﬁggﬁ%)gﬁ%&b?ﬁgér%em%ue was ?’Ieg ‘Nﬁstﬂﬁs‘&‘ dI'_J of a
sol ution of Bragyevedi ddl sushTiznifar subdtitetes sid modifigations afptantso SosEilltd R

reaction was h te buffer 7.0, 10 nL), extracted
with Et CAc (3%%%%1[_1¥m%1r€ @ﬁ? B SHOBC AIKhEORGERtAf dhe nyentivmEst i cat i on
by FC (silicagédfineddiotint GMsentied Higwanes) gave 1.5 ng of conpound 366 (419 .
366; [a]D = -48 (c 0.075, I\/bO—|); | R 3439, 2960, 2929, 1713, 1.678, 1452,
1{5u 12 72, 1230, 974 cm1; 'HNTIv (400 MHz, CDC13) & 8.14-8.18 (2H, n),
7.72 (1H, apt.tt, J=1.6, 7.6 Hz), 7.58 (2H. app.t, J= 7.6 Hz), 7.43 (1H
app.t, J=8.0 Hz), 7.19 (1H, d, J=8.0 Hz), 7.18 (1H, d, J= 8.0 Hz), 6.14
(1H, d', J= 14.4 Hz), 5.44 25 5.51 (1H, m, 5.27-5.34 (1H, mnm), 5.12-5.18
(1H, m, 4.78 (1H, dd, J= 7.6, 14.8), 4.18 {(1H, dd, J= 3.6, 9.2 Hz), 4.05
(2H, app.t, J= 6.4 Hz), 3.72 (1H, dd, J= 9.2, 16:0 Hz), 3.46 (1H br.d,
J-16.0 Hz), 2.26 (1H, br), 1.71-1.90 (4H, m, 1.57-1.66 (3H, m),

zene
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1.26-1.38 (5H, m, 0.82 (3H, d, J= 6.8 Hz);13C NWR (75 Mz, CDCl3) 5168.5,
SUBSTI TUTE SHEET (RULE 26) 21 Jan 2005 WD 02/ 12223 PCT/U801124377 10.1
166.1, 156.5, 149.5, 141.3, 135.6, 133.5, 131.3 (2C), 130.5, 2130JAN(2005,
129.8, 129.4, 129.3, 128.1, 126.6, 122.6, 105.2, 76.5, 72.2, 66.4, 39.0,
38.7, 38.5, 37.2, 36.1, 29.9, 29.3, 23.5, 14.5, 13.6. M5 (ES) niz 550. 27
([MrH ~, 100). HRVSB Calcd for C32H39NO 7Li (M.i+ ): 556.2887. Found:
556.2871. OIB& O OIBS - -J1-"-"N OH 5 336 xviii To a stirred solution of.
336 (24 ng, 0.038 mol) in THE (1.8 Wi2) was added dropw se concentrated
HC1 (55L) at RT. After stirring for 2 h at RT, the reaction was quenched
by the addhdtiioclamieddstt urated aq. NaHCO3 (2 nlL) and extracted wth Et OAc
(20 nmL). The organic Iayer was washed with bri ne, dried over MSH™, 10
filtered and concentrated. Rurificatio rhtp{c %silicagel 25% Et QAc in
hexanes) " pr ovt & érep%gloﬁﬁogxpnpﬁgagpxggﬂ RvPTY 91 % as a colorless oil.
xviii: [a]D =427.(c 0.9, CHC13);1R 2930, 1724 1581, 1457, 1280, 1167,
1115, 106,6 1 28 839 cml, "H NWR (300 MHz, CDC13) 6 7.14 (1H, app.t,
J=8.1 Xp" H ddt, J= 7.5 7.5 15.6 Hz), 6.76 (1H d, J= 7.5
Hz), 6.7 , g J= 8.1 Hz), 5.89-6.30 (2H, m, 5.33 15 5.52 (3H, m, 5.34
(1H, app .Y4d, Z 1 5, 17 4 Hz), 5.26 (1H, app gd, J=.1.5, 10.5 Hz), 4.66
(2H, app.dt, J=1. 0 Hz), 4.24 (1H. br J= 9.6 Hz), 3.66 (1H, dd, J=
9.3, 16@6¥¢29E1%S%e£t@1f1%1ﬁmraupgﬂnswﬁn@ﬂz) 2.55-2.72 (2H, n), 2.22-2.34
(1H, m, 1.80- 1.95 (1H m, 166180(2H m) 1.44 (1H, dd, J= 6.0, 15.6
Hz)O%(QH%Q 3Hde% 321(3Hs)018(3H§‘)
0/ 166.

113G NWR :ig’ 143.9,, 1 ]S%%_\,ao 324 Y*—’S

; 315 1 _9 8 ) : 3. R 1As
18072 ) 10, 3753R8, 26.0(3 , 186; (
13.9,-3. 8, M 1Y) 9H. ,4206Si L | {M i+): 521 2911. Fou d:
521. 2904.
BN R H-N--SOzRa R HN— —R? R! /——< /—< R /R3
== ==N Y
P PN
2 o 3 0 > 3
Rz R3 R3 R3 R3028 R® Rr2 XR2 133—< XR? R:’OZS\ XR?

_Q )— }*Q/N_<O R}—Q’N_ﬁo , l-\’)—(:e"\|-<<’) '>fQ’N_<o,

Q
R' R R! }—R" R’ XR?
Q /Lf O L

) X=0,8,NR% Y=CH,, O, $,NR%
Q=0,NH;
F = ortho, meta, para substituents including halogen, CN, OR%, OC(O)R?, NO,, OSO.R’,
NRZR2, NR2C(O)R?, NR?*SO.R®, R?;
= H, Me;
R2 =R/, straight chain saturated alkyl, straight chain unsaturated alkyl, branched chain

alkyl, branched chain unsaturated alkyl, cycloalkyl, aryl, heteroaryl, heterocycle,




OH - -"U'40 ~08Z xviii 364 To a solution of xviii (14 nmg, 0.027 nmol) in
pyridine (0.5 nmL) was 25 added benzoyl chloride (10L, 0.08521'?05% at 0C.
The reaction m xture was al |l owed SUBSTI TUTE SHEET ( RULE 26) %N’UQEJOS WO
02/ 12223 105 PCT/USQ /24377 to warn to RT and stirring was conti nued
overnight. Ag. HC1 (2N, 10 nlL) was added and an extraction was perfonned
with Et20 (3 x 10 nL). The conbined organic |ayers were washed with water
and brine, dried (MgS™), filtered and concentrated. Purification by FC
(silicagel, 5% EtQAc in hexanes) provilfed 10 ng of the benzoate 5 364
(50% as a colorless oil. 364: {UD=-20.8 (c 0.5, CHC13 ); 1R 2930, -
1722, 1457Cng%ﬁ7@H21ﬂeie&6axyIl-@@féhet&39ycle7  CHR'OHRML(CHOR! OV he@RiGHA) S 8. 07 (2H,
dd, J= 2.0 2 Hz), 7.57 (111, ddd, J= 0.8, 7.2, 7.2 Hz), 7.45 (2H,

app.t, J 7 A6(1H, app.t, J= 8.0 Hz), 7.00 (1H ddd, J= 7.2,
7.2, 15613%)%%%%“”}’3(1 J= 7.6 Hz), 6.75 (IH, d, J= 8.0 Hz), 5.90-6.2

(2H n). 56 1, . 5 (IH m, 5.35
(1H, br. 0% 5R7¢f éﬁé‘jﬂ% a?‘%R %o‘glz‘(tifﬂaryh(éﬁsc%h‘t@?f’y%‘% ic4E‘1558’11 2 W), 4. 67
(214, br.d, J= 6.0 Hz), 3.79 (1H, dd. J= 9.6, 16.0 Hz), 3.34 (1H, br.d, J=
16.0  Hz)C=Cheteyly aachetemmlezmaz i3 a4pniigiqus Hijker Wisd pesence epmpletes 1. 30
(111, m, 0.94 (9H, s), 0.91 (314, d, J= 6.4 Hz), 0.18 (3H, s), 0.15 (311,
S) ; 13C- NR 1145 1¥dembeddGl), S 167. 7, 166.1, 165.9. 153.0, 143.8, 139.5,
132.9, 132.4, 130.9,130.8, 130.0, 15 129.9 (2C). 129.4, 128.6 (2C), 127.2,
124. 4, 123.4.118.5, 118.0. 76.4, 71.4. 65.3, 38.2, 37.9, 33.3, 33.1, 31.8,

,?32503(1‘3’?2 o ot VRO b, G HeOTS L (M)

orR* 0 E
Xy 0 OR*
A
F

wherein E is selected from the group consisting of:
o o
R? XR? Ra—/< XR? /R:"

1 1 1 1 _ 3 1 -
_< R v—< R N—< R Y—SOR® R v—s
>——< >—— ) == o == Yoz 0
>

R R! R?

? > 3
R® XR?
R' HN—SO,R? R! |~5N-—'R2 R! R! R' R
)— f ):N )-Y ) )—Y 0 )—Y
B ] 3 2 r
) 0

N 2 R3 R3 R R%0,8 R3 R\z XR? R3—< XR? Raozs\ XR?

» >
)_2- )__?fmz R! XR2 Rl R? R! R? R y—xra2
== = —Y —Y
R's R! , and

X=0,8,NR?
Y =CH,, O, S, NR?

Q=0,NH




364 xix Sanme procedure as described for the allyl ester deprotection of 20
conpound 363. Carboxylic acid xix: [.]D23-14.2 (c 0.45, CHC13); IR 2928
1716, 1457, 1271, 1112, 838; ' H NMR (400 MHz, CDC13) 6 8.08 (2H JANZE0F. 6
Hz), 7.54 r1-T, appt J=7.21 z) 7a4(2u app t T=8.0Hz 7.16r1u app. t r_8nHz)
7rno CY' J)Iapsz) L=n..,.. .J, r.vim(1H, ddd, J= 7.2, 7.2,
15.6 Hz), 6.78 (1H, d, J= 7.6 Hz), 6.77 (111 d, J=8.0 Hz) 6.01 (1H, d,
J=15.6 Hz), 5.66-5.75 (1H, m, 5.60 (111, br.d, J=10.0 Hz), 5.42 (1H, 25
br.dd, J= 9.2, 15.2 Hz), 5.29-5.35 (1H4 m, 379(111 dd, J88 16.0 Hz),
335(IH brd J=16.0 Hz), 2.62-2.74 (2H, m, 33244(211

1.76-1. 9?4&'[110 feta, fard4ubsi@ientsincluding BaloGén, CN, 0R9 DCPOM) NQR, @SO@B’L—L ,
0.16 (3H, s); 13C N (75 Mz, CDC13) 5 170.7, 167.7, 166.1, 153.0,

146. 2, 13 BR378, 130.0, SUBSTI TUTE SHEET (RULE 26) 27
JAN 2005%{% choéﬂpcm USOL I%fg4377 106 129.9 (20, 129.4, 128.6 (20,
127.1, 1 ?,.__9lg 23.4, 118.0, 76.2, 71.2, 38.3, 37.9, 33.21, 32.18, 31.8,
26.0 (30" & %6° 14.3, -3.8, -3.9. HRVB Calcd for C33H4307Si (MA:

579. 2778 Fo d: 579.2764. QOTBSO. OBz azi de xx
was prepd¥ aé%glﬂlchﬂntsﬁt“ﬁ*ﬁél %ﬂmg Wﬁaﬂgﬁeéﬁlrkyl Ff’é‘cgeéﬁ‘%i%| s of
acyl azide 336 in. 96%vyield. xx:'H NWMR (300 MHz, CDC13) S 808 (2H, br.d,
J="7.2 Hakyl, br@@he(dmalmmsatwat&alkylscmﬂcﬁ ang. l(lemoalafb;kle rocyeleg 1 ), 7.16
(1H, app.t, J= 7.8 Hz), 7.04 (1H, appdt J—69 15.9 Hz), 6.78 (1H, d, J=
7.8 Hz), Clbardh qmtecbarﬂzc&h@tew@mes)cm CHR 'arpl, camﬁm%haemyy,l, 5.62-5. 74
(1H, m, 5.58 (1H, 10 br.d, J= 7.2 Hz), 5.40 (IH, br.dd, J= 9.0, 15.0 Hz),
5.26-5. 3@}ﬁild}m1hete1%c37c§e(1|‘| dd J= 9.6, 16.2 Hz), 3.34 (1H, br.d, J=16.2
;"‘1)42) 2.58-2.74 (2H, rn), 2.28-2.43 (2H, m,

R® = R? or CR!'=CRaryl, CR'=CR'heteroaryl, CR'=CR 'heterocycle, C=Caryl,

C=Cheteroaryl, C=Cheterocycle; and R*=R!, C(OR?, SO,R®, R%.

3. A composition comprising a compound of formula:

>

wherein E is selected from the group consisting of:
0 0

R3 —{ R® XR? R3—< XR? /R‘*'
R’ N—< R Y—SOR’ R'" ¥y—s§

2% RIS E &

XRz
R' HN R' HN—SOR® R HN—RZ R! /—< /—< R R
=N o} ); ): )— )— )—Y
> ] b
0 0 |
2 R3 R3 R‘*ozs R? R\2 XR? R3-—< XR? Raozs\ XR?
R! \ R N—< R! N—\< R! /N—< R! /N—< RN
)——C{ 0 >7 )7(2 e} )-Q 0 >-—Q 0
bl b 2 b

)__ /
R2 R1 XRZ R1 R3 R1 R3 R1 >_sz
f( LS 8
R R' , and

s s

i



1.75-1.96 (3H, m, 0.93 (9H, s), 0.90 (3H, d, J= 6.3 Hz), 0.18 (3H, s),
0.14 (3H, s). OH 0 OBz k Bz 367 Conpound 367 was prepared according to the
procedure described for 15 the preparation of conpound 366-in 27%yi el d.
367: MD = -17 (c 0.12, MOH); '"H NWR (400 MHz, CDClB) 8}?70§AN5§@5br d; J=
8.4 Hz), 7.60 (1H, b.r.t, J=7.2 Hz), 7.48 (2H app.t 7.16
(1H, dd,.J=7.6,.8.4 Hz), 6.73 (1H, d, J= 8.4 Hz), 6. 70 (1H, d, J=17.6
Hz), 6.52 (1H, d, J= 14.0 Hz), 5.53-5.63 (2H, rn), 5.41 (1H, br.dd, J=
7.6, 15.2 Hz), 5.08-5.20 (2H, m), 4.0A5(2H, app.t, J= 6.8 Hz), 3.68 (1H,

dd, 20 J = 8.4, 16.0 Hz), 3.40 (1H, br.d, J= 16.0 Hz), 2.22-2.44 (4H m,
1.84-1. OKX €8IS, MR> 1.58-1.70 (2H, nm), 1.30-1.40 (4H, n), 0.94 (3H, d, J=
6.8 Hz), 0.93 (3H t, J=7.0 Hz); M5 (ES) ni/lz 572.27 ([ M+Na]+, 18),

550. 27 ([Meidg,+o. $0GR? HRVS Calcd for C32H39NO7Li (MW : 556.2887. Found:
556. 2881. SUB§T| TUTE SHEET (RULE 26) WD 02/12223 Ove 0 OMOM - ar\~oMOM , 2 7
JAN 2005 [2-1377 334d / xxi Conpound xxi was prepared according to

t he proce uré escribed for conmpound 337 in 95%vyield. xxi: [a]p = -94 (c
0.25, CHCL3); IR 2956, 1725 149 -1 A

7. 18- 7. a6 1 Mo M a@@“?%ﬁsﬂle m%udlggieaégsn QLR RRARENG B0, 5 o
(IN, d, J=.135. 8 ﬁaé3 4.90 (1H, d, J = 6.9 Hz) 4 82
(1H, d, NR® 9\11?:%20)& NR{S@ER .6, 9.3 Hz), 3.84 (3H, s), 3.71 (1H,
dd, J= 9.3, 16.5 Hz), 3.45 (3H, s), 3 32 (1H, br.d, J=16.5 Hz), 2.62-2.74
(lH m R!Z2HAMB. 56 (1H, in), 2.26-2.38 (1H, n), 1.63-1.83 (2H ), 1.44
(11L dd, J= 9.0, 16.2 Hz), 1.20-1.30 (1H, m, 0.87 (3H, d, J= 6.6 Hz);
13C- NMVR (RP5 M 1gtrai&ldCehaih sBturated alkyl, straight chain unsaturated alkyl, branched chain

alkyl, branched chain unsaturated alkyl, cycloalkyl, aryl, heteroaryl, heterocycle,

CHyaryl, CHzheteroaryl, CHoheterocycle, CHR'CHR'aryl, CHR'CHR 'heteroaryl,

CHR'CHR 'heterocycle

R® =R? or CR'=CR! aryl, CR! =CR1heteroaryl, CR1=CR1heterocycle, C=Caryl,

C=Cheteroaryl, C=Cheterocycle; and R* =R!, C(O)R?, SO,R’, R”.

4. A composition comprising a compound of formula:

where F = ortho, meta, para substituents including halogen, CN, OR?, OC(O)R’>, NO,

0SO,R?, NR?R?, NRZC(0)R®, NR?SO,R?, R%;




10 171.6, 168.4, 157.0, 147.9, 139.2, 131.6, 130.4, 128.8,

124. 3,123.0,122.9, 109.5, 97.2, 79.6, 73.1, 55.9, 39.4,- 37

29.9, 13.5. HRMS Calcd for &R3H3107 (MHO): 419. 2070. Found 419 2 55 XXI
xxrl Acyl azide xxii was prepared according to the procedure described for
15 acyl azide 338 in 68%yield. xxii: [a] D= -112.4 (c 0.45, CHC13); IR
2926, 2141, 1726, 1696, 1584, 1468, 1273, 1174, 1084, 1040 cm1; 'H NMR
(300 MHz, CDCI3) 8 7.25 (1H, app.t, J= 7.8 Hz), 7.21 (1H, ddd, J= 6.0,
8.7,-15.3 Hz), 6.83 (11-L d, J= S.1 Hs), 6.76 (1H, d, J= 7.8 Hz), 5.92
(1H, d, J=15.3 Hz), 5.28-5.58 (3H, m, 4.89 (1H, d, J= 6.6 Hz), 4.81 (1H,
d, J= 6. ®'EHz, mé; 15 (1H, dd, J= 3.6, 9.3 Hz), 3.87 (3H, s), 20 3.71( IH,
dd, J= 9.0, 165Hz)345(3H s), 3.32 (1H, br.d, J=16.5 Hz), 2.61-2.72

(1H, n) R 14]§ Zﬁéﬂ%g{n sﬁ%:aégd ALyg12s ﬁ%%ﬁ&m Gﬁsattﬁtat@@al%y? Bre(n%lréd dhhin 1. 58-1.80

( 1H, 3, 14, 0.86 (3H, d, J= 6.9 Hz); 13C NMR

12,5 m%F R l%ﬁ%f% ﬁ@%"%ﬂ BB o
422, 2155 Chpihdhhbterdai Calshrag lsr CHOTENE! B CHROLETOBS Raoh TaN 2005 D
02/ 12223 PCT/ US01124377 108 OVE 0 OMOM -A-- \ .OMOM xxii v v\J 365 A

sol uti on(IHRIG}H{hetytocadb,de xxii (8 ng, 0.01804 rrm)l) and |-pentanol (12 L,
0.1082 mmol ) in benzene (1 nL) was stirred for 7 h at 80C. After renoval of

t he sol veits RT faCkeTROnS 1, @R =pR hctérestyh C R +@Retdocynlet 6gCaphy (silicagel ,
25% Et QAc 5 in hexanes) to yield 5 ng of conpound 365 (55% 365: [a]D =

_’- 70. 8 (Cf%_&_l§t qlél(fgger'}cﬁc?%%d”% 1467, 1275, 1042 cm 1l; 13C-N1VIR (75

R*=R!, C(O)R?, SO,R?, R~

5. A composition comprising a compound of formula:

where F = ortho, meta, para substituents including halogen, CN, ORZ, OC(O)R3, NQO,,
OSO:R?, NRZR?, NR’C(O)R?, NR*SO,R’, R%;

R!= H, Me;

R?=R!, straight chain saturated alkyl, straight chain unsaturated alkyl, branched chain

alkyl, branched chain unsaturated alkyl, cycloalkyl, aryl, heteroaryl, heterocycle,




140.1, 132.5, 131.4, 130.2, 127.9, 126.1, 123.7,110.8, 106.7, 97.8, 80.7,
76.2, 67. 1, 66.4, 56.6, 56.0, 38.8, 38.6, 37.8, 35.7, 35.6, 30.0, 29.3,.
23.5, 14.5, 13.8. HRV5 Calcd for CzsHAINO7Li (M.i4): 510.3043. Found:
510.3049. 10 338 352 A solution of the acyl azide 338 (5 ng32 0. 088120850l )
and 1-- _pentanethiol (6 p.L, 0.0486 mol) in benzene (I n9L) was stirred
for 5 h at 80C. After rempval of the solvent, the residue was treated with
370L of a solution HF-pyridine in THE (prepared by m xing 2 g conmerci al
HF. Pyr, 10 nL pyridine and 15 27 nL THF). After stirring for 4 days at RT,

t he reaction was quenched with a phosphate buffer (pH 7.0; 10 nm),

extract e¢ cﬁg,c @ﬁcﬂ%@éﬁ@r&a vl Tk’ YR ary MISE CHRIhetervasif 1 at ed.
Purifi catl on “by cin hexanes) gave 3 ng of conpound 352 (80%.

352: [a] , 25, MeOH): |R 3208, 2928, 2855, 1663, 1604, 1451,
1294, 12333{"‘{%@31 °‘%&’§Y°§’25 cm 4; “H NVR (300 Mz, acetone-d6) 8 9.69 20

75 7.8 Wi onRE QR A —§R ey (R PER teigtorels) S5Cpty 'y 6. 72 (1H

d, J=7.5 Hz) 5.22-5.40 (4H, n), 3.94 (1H, dd, J= 3.9, 9.0 Hz), 3.57 (1H,
d, J= 5. JcEkdn»)eter@ar%e%cﬁam(oewemhd 2.89 (2H, t, J= 7.2 Hz), 2.20-2.32 (1H,
rr), 1.74-1.94 (3H , 1.53-1.64 (2H, nm), 1.28-1.38 (514, m), 0.88 (3H t,

J=6.9 = B! 6.6 Hz);'3CGNM. (75 25 MHz, CD30D) 8 171.2,
157. 2, Hj%; R %9%“‘8% , 126.7, 123.2, 122.6, 115.4, 108.6, SUBSTI TUTE
SHEET (RULE 26) JAS Mb WO 02/12223 PCT/ US01/ 24377 109 76.2, 72.1, 39.1,
38.9, 38.7, 37.4, 36.6, 32.1, 31.4, 30.4, 23.4, 14.5, 13.7; M5 (ES) 111/z

5 L aheiorsbb ok i il L

OR CR

OH O OH O H O
OH o Ot
= = Me = Me

OH ©
Q
N Me ,and

wherein R = straight chain saturated alkyl or stralght chain unsaturated alkyl that is
comprised of a chain of 5 to 8 carbons.

) 7. A composition comprising a compound of formula:

RS Me
wherein R = straight chain saturated alkyl or straight chain unsaturated alkyl that is
comprised of a chain of 5 to 8 carbons.

8. A composition comprising a compound of formula:



338 353 5 Conpound 353 obtained from338 in 53%yield. 353: [cc]t) = -15.8
(c 0.019, MOH); IR 2928, 2853, 1724, 1453, 1376,1293 cm 1. 'H NUR
(300Nl Hz, CD3COCD3) 8 9.67 (1H, s, aryl-0OD, 8.20 (1H, br.d, i:%é .@gslz
NMI, 7.22 (1H, app.t, J= 8.1 Hz), 6.83 (1H, dd, J= 0.9, g

(1H, br.d, J=7.6 Hz), 6.54 (1H, dd, J=10.8, 14.4 Hz), 5.06-5.41 (7H, m,
4.57 (2H, d, J= 6.9 Hz), 3.93 (111, 10 ddd, J= 3.6, 4.5, 8.1 Hz), 3.47-3.52
(2H, m, 2.22-2.42 (44, m, 1.70-1.2.18 (1011, m, 1.71 (3H s), 1.65 (3H,
s), 1.60 (3H, s), 1.59 (3H, s), 1.28-1¥42 (1H m, 0.87 (31L d, J= 6.6
Hz). M5 (ES) nz/z 580.37 ([M+H +, 54). HRMB Cal cd for C35H49NO6LI (M.i}):
586. 3720. Fourd: 856.3690. Ph 338 349 15 Acyl azide 338 (7 ng, 0.011.4
nmrol ) in Yelzaépe (1 niL) was stirred at 80 Cfor 6 h, after which the

sol vent wasyk gnoyed and the residue dissolved in THF. In a separate flask,
a 0.19 M sg T™Qbwmdw | i thi o phenylacetyl ene was prepared by
deprotona of phenyl acetylene (in THF) with'-BuLi (0.88 equiv.) at 78C.
To this sofution’(0.2.n., 0.19 M in THE was added the isocyanate in THE
(0.5 nL) at -- 20 78C. After stirring at -78 C for SO mn, saturated
NHACL(3 nl) and water (0.6 nL) were added and the resulting m xture was

diluted w th K 2éhpdthioileompribiaglaaysipsundsefifarmilad, and the organic |ayer
washed with brda ne,” dried over MgSO4, filtered and concentrated. Filtration

over sili 14% Et OAc i n hexanes) provided a crude product (6 ny)
whi ch wast with 370 L of a solution BF pyridine in THE at SUBSTI TUTE
SHEET (RUL ARl 2095 WO 02/ 12223 PCT/ US01/ 24377 110 RT. After
stirring at RT, the reaction was quenched with a phosphate buffer
pH 7.0; 10 gxtracted with EtOQAc (3 x 15 nlL), dried over MpSO4 and
oncentr at ed. Pur| fication by FC (silicagel, 33% Et QAc i n hexanes) gave 2
g of 10. A composition comprising a compound of formula:
11. A composition comprising a compound of formula:
~ X
OMe O
o OMOM
W

12. A composition comprising a compound of formula:
HO
OMe O

o CMOM

13. A 60mposition comprising a compound of formula:



conmpound 349 (56% . 349: [a]D = -42 (c 0.1, MOH ); IR 2927, 1652, 1605,
1500, 5 1451, 1294, 1218, 1123; 'H NWVR (400 MHz, CD3OD ) S 7.58 (2H, app.
dty J=1.6, 6.8Hz), 7.40-7.52 (3H, m, 7.14 (1H, app.t, J= 8.0 Hz), 6.82
(1H, d, J= 14.0Hz), 6.74 (1H d, J= 8.4Hz), 6.66 (1H d, 2 7J@HZNE5 5.51
(1H,- ddd, J= 7.6, 7.6, 14.4 Hz), 5.26-5.44 (3H, m, 4.14 (1H, dd, J= 3.6,
9.2Hz) , 3.58 (1H, dd, J=8.4, 1 6.4Hz), 3.38 (1H, br), 2.36-2.50 (2H, m,
2.29 (1H, br. d, J=14 .4Hz), 1.84-1.94(1H m, 1.72-1.84 10 (3H, m, 0.88
(3H, d, J=6.8Hz); M5 (ES) mz (%- 460.22 ( [MH }, 100) HRMS (FAB)
Cal ed for C28H29NO5L i (M. +): 466.2206. Found: 466:2204. Bu 350 Conpound
350 is prepared as desgribed for the synthesis of 349 (42% vyield). 350:
[a] D23 -24.0 (c O. OH ); 1R 2929, 1653, 1498, 1451, 1248, 1111; 15 'H

NMR (400 MHz, ) % 7.13 (1H, dd, J=7.6, 8.0 Hz), 6.75 (1H, d, J=
10. 4Hz) , §,73 (dH, d, J= 8.0Hz), 6.66 (1H, d, J= 7.6Hz), 5.43 (1H ddd,
J=7.2, 7. 1430 Hz),, 5.26-5.38 (3H, m, 4.12 (1H dd, J= 3.6, 8.8 Hz),

3.57 (1H, = 8%, 16.8 Hz), 3.37 (1H, m, 2.24-2.44 (4H, m,

1.70-1.9 , 1832-1.62 (6H, n), 0.94 (3H t, J= 7.6Hz), 0.87 (3H, d,
J= 6.8Hz); Z (9% :440.28 ([M+H 20 100), 462.21( [M:Na] }, 10).
HRVS (FAB) Caled for C26H33NOBLI (M.i'): 446.2 519. Found: 446.2513. *
Al'l of the conpositions and/or nethods diSC|OSﬁ%Pa d, cl ai ned g rein can be
made and Véwmnﬁﬁ%h%@@nﬂhaﬁeh@%ﬁ'@ﬂh%ﬁf%@tﬁ ! GpRPIATng g’%r esent 25
di scl osure. Wile the conpositions and nethods of the invention_ have been
descri bedarbbns (egr AEHY)5Mek fastrright dnirodeohohfess. -O{CHRMMacangdisdiaight t o t hose

of skill in the art that SUBSTI TUTE SHEET (RULE 26) 2 t JAN 2 005 WO
- 2/12223c&ﬁgaﬁﬁj&gﬁ@ﬁﬂ@ﬁﬂﬁgﬂ variations may be applied to the conpositions

nd/ or nmethods and in the steps or in

14. A composition comprising a compound of formula:

where R = Bu; Ph.

15. A composition comprising a compound of formula:



t he sequence of steps of the nethod described herein w thout departing from
the concept, spirit and scope of the invention. Mire specifically, it wll
be apparent that certain agents which are both chem cally and
physiologically related nmay be 5 substituted for the agentz ?iﬁm;ﬁ]@g
herein while the sane or simlar results would be achieved

simlar substitutes and nodifications apparent to those skilled in the art
are deened to be within the spirit, scope and concept of the invention as
defined by the appended cl ai ns. SUBSTIZOUTE SHEET (RULE 26) 2 7 JAN 2005
What is clainmed is: 1. 112 A conposition conprising a conpound of formnula:
wherein E is selected fromthe group consisting of: R3 -SOA3 R Y- Sa C
R RRE RBRt HNV-.( Rt HN-SOR3 R HNR2 R2 R3 R34 R3 R3025 R3 R N~ Rt
N~R N)-Qo RB51 P Rt R3

I

o
i
R‘(O HN—// oﬁ@
=
$ Y HO
OH O
o OH
) e

where R = Z,Z-hexadienyl; Z,E-hexadienyl; and a straight chain alkyl comprising 5-8
carbons.

16. A composition comprising a compound of formula:
0

e

o

CH

17. A composition comprising a compound of formula:

_\<\_>

)
OH O
OH



)Y 0o 0O R2Z XR2 R3-4 XR2 RBA2S XR2Z RIL N RLN~-CR N~ QOQO~-Q031 7K
XR2 ~-Y X =0, S NR2 Y=CH, O S, NR2;, &0 NH F:ort&g,‘r{ﬁ%g,-wrs
substituent s including halogen, CN, OR2, OC(O R3, N2, OS02R3, éﬁ :
NR2C(O) R3, NR2ZSO2R3, R3; Rl= H M; R2 = R, straight chain saturated

al kyl, straight chain unsaturated al kyl, branched chain al kyt; branched
chai n unsaturated al kyl, cycloal kyl, aryl, heteroaryl, heterocycle, 2 7 JAN
2005 113 CH2 aryl, CH2heteroary |, CH2heter ocycle, CHRLCHR |l aryl,

CHR1LCHR heteroaryl, CH RL CHR heteroticle; R3 = R2 orr CR =CR1 aryl, CR=
CR heteroaryl, CRS=CR h eterocycle, C=-Caryl, C=Chete roaryl, C=Cheter
ocycle; agd Z A gonpdsRidhico@tsing aitb@powiibsfdomndsence conpl etes an 11 to 15
menbered ring. 2. A conposi tj on conprising a conmpound of formula: OR4 0 E L

wherein E is sel ected_{ t ke group consisting of. R3rN~Y O2 3
HN
o}

- ) 19. A composition comprising a compound of formula:

20. A composition comprising a compound of formula:

_HN_{\_)

21. A composition comprising a compound of formula:




3333 RRRRRRO2S RL N-
R3223XR3RXRRR

Rl XR2 RI~XR2 R1 R3 Rl R3 R1 -XR2 -
R3-< XRR R3 RL N( RL Y--~RL N

SR
X

[
02S X

HN- SO2R3 R1 HN--R2 R R1

22. A composition comprising a compound of formula:
0
-
— 0

OH

OH O

23. A composition comprising a compound of formula:

24. A composition comprising a compound of formula:
0

p

OH O

25. A composition comprising a compound of formula:

o) RO) ) ) ry5

QO/ -Q0OQOO0O
S, NRZ G QARANIR3
X~0-00) R3



RL>ROR) 5) Y=CH, 0, S NR2 QONH 2 7 JAN 2005 114 F = ortho,
meta, pars substituents including hal ogen, CN, OR2, 0C(0)R32 NGPAN @80RR3,
NR2R2, NR2C(0)R3, NR2SO2R3, R3 R=H, Me R2 = R, straight chain saturated
al kyl, straight chain unsaturated al kyl, branched chain al kyl, branched
chai n unsaturated al kyl, cycloal kyl, aryl, eteroaryl, heterocycle,

CH2aryl, CH2heteroaryl , CH2heterocycle, CHR CHR aryl

CHR CHR heteroaryl, CHR CHR heterocycle R3 = R2 or CR =CR aryl,

CR =CR heteroaryl , CR = CR heterocyclZd C=Caryl, GC Cheteroaryl,
C-Cheterocycle; and R4 = R, C(O)R3, SO02R3 , W 3. A conposition
conprising a conpaund] of formula: E OR4 wherein E is selected fromthe
group consistin O3 R Y---S02R3 RL Y--S° 09 9 9 R HNSX®2R3 R
HN-R2 N

26. A composition comprising a compound of formula:

K
2 N

4]

A 't
“"OH

27. A composition comprising a compound of formula:

N
N

O
OH O =

w

» OH

: ) 28. A composition comprising a compound of formula:

N
b

0

R

OH O

o

OH

where R = a straight chain alkyl comprising 5-8 carbons, a straight chain alcohol, a

straight chain diol, -CCBu, or -CCph.




RBR 0)-Y0O R302S RB R2 XR2 R3--4( XRR RL\N 1 -- 1 NRf ~ Rorao
)-0' \ W0 9 9 R RIrIf YR302S R Ni XR2 2 7 J AN2005 115 X =0, S, NR2
Y=CHR, O S NR Q0 NH F = ortho, nmeta, para substituents inc i ng
gglogen, CN, OR2, OC(OR3, N2, OS02R3, NRZR2, NR2C(O)R3 Z N@Mg

124

29. A composition comprising a compound is selected from the group consisting of:

X I
RO R O RO = R =
OH oH oH OH
(o} o] 0 (o}
OH R OH OH C
[o} NH
) O  Ne= RO RO.
R
0
CH OH OH OH
0 0 [8) o 0
OH (o]3] OH

wherein R = straight chain saturated alkyl or straight chain unsaturated alkyl that is
comprised of a chain of 5 to 8 carbons.

30. A composition comprising a compound of formula:

wherein R = straight chain saturated alkyl or straight chain unsaturated alkyl that is
comprised of a chain of 5 to 8 carbons.



Rl =H Me R2 = R, straight chain saturated al kyl, straight chain
unsaturated al kyl, branched chain alkyl, branched chain unsaturated al kyl,
cycloal kyl, aryl, h eteroaryl, heterocycle, CHaryl, CH2heteroaryl,

CH2het erocycl e, CHR CHRlaryl, CHR CHRlheteroaryl, CHRLCHR hﬁtf@@m

R3 = R2 or CR1=CR aryl, CRl= CRlheteroaryl, CRl= CR heterocy yl,
C=Cheteroaryl, C=- Cheterocycle and R4 = R, C(OR3, SO2R3, R2. 4. A
conposition conprising a conpound d#5formula: OR 4 OR4 where F = ortho,
neta, para substituents including halogen, CN, OR2, OC(OR3, N2, O0S02R3,
NR2R2, NR2C(O R3, R2SO2R3, R3; 2 7 JAN 2045 116 Rl1= H, M; R2 = R,

strai ght chain saturated al kyl, straight chain unsaturated al kyl, branched

chain alk I I faryl,

het er oar yl )ﬁ‘net e%l}'cyg%fﬁg%fgﬁé%ﬂh&ﬁﬂoﬁie&%aﬁoym g:HZhe eor ocycl e,

CHR CHR! ar ymmmﬁugmmmmp@hmmmwa@ﬁmﬁ@mowﬂmf anyR» or CR1
=CR aryl, %&Rim &%a&%hl CR =CR heterocycle, C=Caryl, GC- Cheteroaryl,
C- Chet eroc?ET 5 MEE3y  C(O)R3, SO02R3 , R2. 5. A conposition

conprising a conmpound of formula: F where F = ortho, neta, para
substituents including halogen, CN, OR2, OC(OR3, N2, O0S02R3, NR2R2,

NR2C( O) R3 : - LRL = H M. .R2. = i L% saturated
al kyl , §tr§?ghti@£%fﬁﬁ|¥%'ﬁn§ﬁcﬁn@’f&% géﬁf%%@hggh“ﬁ%gﬁb@ br anched
chai n unsatyihat LSabrbdwith the yerhgbahd yf anyadhy bf cléiek divangh 30 ddeer ocycl e, 2T JAN
2005 conditions permitting the uptake of the compound by the tumor cell.

33.  Amethod of suppressing growth of a tumor cell comprising contaciing said
10 cell with a compound of any one of claims 1 through 30, under conditions permitting
the uptake the compound by the tumor cell. |

34. A method of inhibiting growth of proliferating cells comprising the step of
administering, to the proliferating cells the compound of any one of claims 1 through
15 30 wherein the growth of the proliferating cells is inbibited.

35. A process for preparing a salicylihalamide comprising the steps of

(@)  synthesizing the compounds of formula:

L A

producing from the compounds of step (a), via an ring-closing
metathesis, the compound of formuia:
OP

or 0
op




117 CHaryl, CH2heteroaryl, CH2heterocycle, CHR CHR aryl,

CHR CHR heteroaryl , CHR CHR heterocycle; R3 = R2 or CR =CR aryl,

CRL=CRr heteroaryl, CR =CR heterocycle, C=Caryl, C=Cheteroaryl,
C=Cheterocycle; and R4 = R, C(OR3, SO2R3, W 6. A corrposmlNﬁgr CNPMI‘I sj ng
a conmpound sel ected fromthe group consisting of: 31 'P O H 200%nd
, Wherein R = straight chain saturated al kyl or straight chain unsaturated
al kyl that is conprised of a chaimmgof 5 to 8 carbons. 7. A conposition
conprising a conmpound of forrmula: wherein R = straight chain saturated

al kyl or straight chain unsaturated alkyl that is conprised of a chain of
5 to 8 carbons. 8. A conposition conprising a conpound of fornmula: 2 7 JAN
2005 118 9. A corrp03|t| on conprising a conmpound of forrmula: a 10. A
conposi t i oWhereErT 3 hyfgowy! potRs R "lﬂg fornula: .o 11. A conposition
conprising a conpound of formula: o 12. A conposition conprising a
conpound of formnmula: HO

36. The method of claim 35 further comprising modifying the compounds of step
5  (a)to produce the following compounds.'

P
. HO

F (CHg) {CHa)y, op
[

Whereinn=0,1,2, or3andm=1,2,0r3; R= alkyl; and F = functionality; and
(b)  Producing from the compounds in step (a), as defined in step (by of
claim 48, the compounds of formula
10 (CH )n (CHz)m
37. A process for preparing a salicylihatamide comprising:
) (@)  synthesizing the compound of formmia:
oP O
l =y oP
I~
15 1 F

wherein X = I, Br, Ci, OSO2Aryl; F = functionality as defined in clalm l;and P=a
hydroxyl protecting group; ‘

(b)  synthesizing the compound of formula:




Ove 0 13. A conposition conprising a conpound of forrmula: 2 7 JAN 2005 119
HN wherein R = Z, Z- hexadi enyl ; Z, E -hexadi enyl; a straight chain al kyl
conprising 5 to 8 carbons (e.g. -(CH2)5M); a straight chain al coho
(e.g. - QCH2)4Me); and a straight chain diol (e.g_-S(CH2)4&)JANZB05A
conposition conprising a conpound of formula: where R = Bu; Ph. 15. A
conposition conprising a conpound of .fornmula: 2 7 JAN 2005 120 where R =
Z, Z-hexadi enyl ; Z, E -hexadi enyl; gnd a straight chain al kyl conprising 5-8
carbons. 16. A conposition conprising a conmpound of formula: o-\ H¥M / o
17. A conposition conprising a conpound of forrmula: 0 O 121 18. A
conposition conprising a conpound of formula: 0 19. A conposition
conprising a conpound of formula: O\> oV O

PO

4, oP

]

(¢)  synthesizing from the compound of step (b), via a hydrometaltation,
the compound of formula:

OP
PO

A. ) (CHa)m op

R
kM

wherein m = 1, 2, or 3; R =alkyl; P = a hydroxyl protecting group and L,Misa
ligated metal center with M =B, Zn, Zr, Pd, Cu, Li, Sn; and
(d)  producing from the compounds of step (a) and (c), via metal-catalyzed

cross coupling, the compound of formula;

OP
P O
l o o op
= R
¢ NSt

) 10

38. A process for prepating a salicylihalamide comprising the steps of:
a) synthesizing a Saﬁcyﬁhalamide benzolactone core; and
b) adding a side chain to the salicylihalamide benzolactone core.
15
39, A process for preparing an apicularen comprising:
a) synthesizing a apicularen benzolactone core; and

b) adding a chain to the apicularen benzolactone core.




Ove 20. A conmposition conprising a conpound of fornmula: HN 21. A
conposition conprising a conpound of formula: 2 7 JAN 2005 122 22. A
conposition conprising a conpound of formula: 0 CH 0 23. A conposition
conprising a compound of formula: 24. A conposition conprisihg gAgomgund
of formula: 0 25. A conposition conprising a conpound of fornula: 2 JAN
2005 123 26. A conposition conprising a conpound of fornmula: H 27. A
conposition conprising a conpound of formula: OH OH 28. A conposition
conprising a conpound of fornula: whetZ8 R = a straight chain al kyl
conprising 5-8 carbons, a straight chain al cohol, a straight chain diol,

- CCBu, o0r40. CCArcopdsitionAfonipiisihg4 codfpour efdfiopasiat i on conpri sing a conpound
is selected fromthe group consisting of 0 wherein R = straight chain
saturated al k OF straight chain unsaturated alkyl that is conprised of a

chai n of 5\\0 bons. 30. A conposition conprising a conmpound of
formula: f] ©

Z >y

wherein E is selected from the group consisting of:

O 8]

XR2 R3—< XR? 3

rR? R®
! N R'  Y—SO,R® R
R1

3
R
/
R} Y‘& R! Y——< ! N Y—S\\
»==( o) y=—=={ (s} »=( o y==( (») == Y= 0
R! [ R} R! R R1
5y > 2

R3 ’ R? XR? ’
R! I-EN—Q R I-jN-—SOzRa R I-}N—Rz R /—< R! R R
)=N ) >=N )—"-"N )—Y o )—Y 0 >7v |
> O » ] s Q > 3
Rz R R3—< R® RO R R?  XR? R3—< XR? R13ozs\ XR?

)—o o | )—Q 0 ’ }—c{N—ﬁo |>--—t:f'N_‘£o

a b )]
0 o) 0 o
R! R R! XR2 R} XRZ R R3 R >—R3 R! >—sz
— —— ):(7 ——— Y Y
1 1 1 / 1 / /
R > R b R 3 R 3 > aIld

X=0,S,NR%: Y =CHy, O, S, NR%;

\
R :N—< R ,N—< Rt /N—« R! /N—< R!
)ﬂz o )—Q o
3

: ) Q=0,NH;

h F = ortho, meta, para substituents including halogen, CN, OR?, OC(O)R?, NO,, OSO,R?,
NR’R?, NR*C(O)R?, NR?SO,R?, R?;

R'=H, Me;

R? =R/, straight chain saturated alkyl, straight chain unsaturated alkyl, branched chain
alkyl, branched chain unsaturated alkyl, cycloalkyl, aryl, heteroaryl, heterocycle,
CH,aryl, CH,heteroaryl, CHheterocycle, CHR'CHR'aryl, CHR'CHR 'heteroaryl,

CHR'CHR'heterocycle;




OH wherein R = straight chain saturated al kyl or straight chain unsaturated
al kyl that is conprised of a chain of 5 to 8 carbons. 2 7 JAN 2005 125 31
A nmethod of treating or preventing osteoporosis, conprising the jkﬁp og

adm nistering to a subject a therapeutically effective amound bf A
conpounds of any one of clainms 1 through 30. 5 32. A nethod for treating
cancer conprising the step of contacting a tunor cell wthin a subject

wi th the conpound of any one of clainms 1 through 30 under conditions
permitting the uptake of the conpount2%y the tunor cell. 33. A method of
suppressing growmh of a tunor cell conprising contacting said 10 cell wth
a conpoung -ok? &R TR 'afy], GRI-OR 'detébagl QIR 'SOR hwngtecycio OChiydns perni tting

t he upt ake the conpound by the tunor cell. 34. A nmethod of inhibiting

growt h of |fera ceII i f to the
prolifer ?ﬂ% eé%qr}d t%’ﬁf)%ﬁ’ ls%ny o% 0 ﬁ@g@ggeﬁrgﬁ?%ﬁ&ﬁﬂ%@%o
wherein the growth of the proliferating cells is inhibited. 35 A process
for preparilddo &5 membetaditing and HeHFpri sing the steps of (a) synthesizing

t he conpounds of fornmula: OP 20 ,and (b) produci.ng fromthe conpounds of
step (a), via an ring-closing netathesis, the conpound of formula: 2 7 JAN
24 126 whgr ei i\ Edmpasittondomypyikingacompbimbofifoomyda: 36. The nethod of claim 35
further conprising nodifying the conpounds of step 5 (a) to produce the
foll owi ng conpounds: P r-"-Qp

orR* 0 E
| N o OR*
) N

F

wherein E is selected from the group consisting of’
o o

R R? XR? R3—< XR? R°

3 R3—<—< R' ¥
L B R R ‘

R' HN R' HN—SOR® R' HN—R? R R! /—< R R
)=N’ 0 = ==N )——Y ) )—Y o )—v
> - >
o o)
R R R R R°0.§ R® RZE  XR? R3—< XRr? Raozs XRZ

N\ N\
]t N—< r! /N—& R /N——< R! /N—& R} ,N—< R ;«—&
>7o’ ) )—Q 0 )—Q ) )—Q o )—Q 0 )—Q )
> 3 ] 2

o) (o) 0,
R1 R3 R1 XRZ R1 XRZ R1 R3 R1 }_ R3 R1 >_XR2
Y

X =0, S, NR?

Y =CH,, O, S, NR?

Q=0,NH

F = ortho, meta, para substituents including halogen, CN, OR%, OC(O)R’, NO,, OSO,R’,

NRZRZ, NR2C(O)R®, NR2SO,R®, R?



HO (CH2)n {CH2 )mR OP Werein n =0, 1, 2, or 3 and m=1, 2,
and F = functionality; and (b) producing fromthe conpounds in step
(a), as defined in step ( bY of <claim48, the conpounds of forrmula 10 37.
A process for preparing a salicylihalamde conprising: (a) synthesizing

al kyl ;

t he conpound of fornula: OP 0 O°P x 15 F wherein X =1, Br,
F = functionality as defined in claim1l;, and P = a hydr.ox&w%& i=Ng
(b) synthesizing the conpound of fornula: 21 JAN 29 ) Qdc))

gr oup;

synt hesi zing fromthe conpound of steB(b), via a hydronetall ation,

compound of formula: 5 10 wherein m= 1, 2, or 3; R = al kyl;

protecti Rf -gHoMe and LnMis a |igated nmetal center with M= B, Zn,
Pd, Cu., Li, Sn; and (d) producing fromthe conpounds of step (a) and (c),
vi a met alpcaRBlsiigRt chamQatiraed flky D rai g ehgif MRS ndteallydbiatched 8fkin A process
for preparing a salicylihalamde conprising the steps of a) synthesizing

ad, CSQRAryl;

P

a sal i cyl gl RHED RSN ERAERONAKGOESI0dB, aryl, heteroaryl, heterocycle,

CHaaryl, CHzheteroaryl, CHheterocycle, CHR'CHR 'aryl, CHR'CHR 'heteroaryl,

CHR'CHR 'heterocycle

R? =R? or CR'=CR'aryl, CR!=CR'heteroaryl, CR'=CR'heterocycle, C=Caryl,

C=Cheteroaryl, C=Cheterocycle; and R*=R], C(O)R3, SO,R? R? and a carrier.

42. A composition comprising a compound of formula:

[}
XR2

- -

R1

R? XR?
R! HN—‘« R' HN—SOR® R' HN—R* R ,—< R! ,——-<
==y )- \==N Y O Y 0
H 3

O O

R\2 R® R® R? R3028\ R R\2 XR2 R3—< XR?
rR! N—« R} N—< R! N—< R! N—< R N :
/ / / / /
>‘Q 0 )—o ) )—Q 0 )—Q o )70 o
k) 3 3 3 H)
o) Q 0
R* rR? R XR? R? XR? R' R? R! ypﬁ

X =0,S, NR?

Y = CH,, O, S, NR?

1 _ 3
N—\( R'  Y—SOR

R®
/
R Y—8,
o}
R1
L
Rr! R°
I
Y
L
R%*0.;S XR?
1 \
R
/
)70 S

or 3; R=

t he
a hydr oxyl
Zr,

>
o)
R! >—XR2
== — —Y —Y
R' > R' R's R! ,and /




b) adding a side chain to the salicylihalam de benzolactone core. 15 39. A
process for preparing an apicul aren conprising: a) synthesizj
api cul aren benzol actone core; and b) adding a chain to the. ggﬁgc@f&;@%
benzol actone core. 2 7 JAN 2005 40. 0 128 A conposition conprising a
compound of fornula: wherein Eis selected fromthe group consisting of O
RB3RBRZIRLRL HV( RL HN--SO2R3 ~NO~N, O R RBR3- R3 RL N~ R? N~
~QO0~C O RRL R ~Y R3 Y-SO02R3R1Y-5 R1/R1 XR2R1R3

131

Q=0,NH

F = ortho, meta, para substituents including halogen, CN, OR% OC(O)R®, NO,, OSO:R’,
NR’R?, NR’C(O)R?, NR*SO,R?, R’

R'=H,Me

R% =R/, straight chain saturated alkyl, straight chain unsaturated alkyl, branched chain
alkyl, branched chain unsaturated alkyl, cycloalkyl, aryl, heteroaryl, heterocycle,
CHyaryl, CHyheteroaryl, CHsheterocycle, CHR' CHR 'aryl, CHR'CHR 'heteroaryl,
CHR!CHR 'heterocycle

R*=R%or CRI=CR1aryl, CR'=CR'heteroaryl, CR1=CRIheter§cycle, C=Caryl,

C=Cheteroaryl, C=Cheterocycle; and R* =R', C(O)R?, SO;R’, R?, and a carrier.

43. A composition comprising a compound of formula:

where F = ortho, meta, para substituents including halogen, CN, OR?, OC(O)R3, NO,,
0SO;R?, NR?R?, NR’C(O)R?, NR?SO,R?, RY;

R!'= H, Me;




O-YO, R3-( XRR R302S XR2 RL Ni RINOQ OORL)-RRRL) XR25 and r
X=0 S NR; Y=CH2, O S NR, & O NH F =ortho, neta, para
substituents including hal ogen, CN, OR2, OC(O R3, N2, = NRZRI JANR2005
2C(OR?, NleSON W R =H M; R2 = R, straight chain saturated al kyl,
strai ght chain unsaturated al kyl, branched chain alkyl, branched chain
unsaturated al kyl, cycloal kyl, aryl, heteroaryl, heterocycle, CH2aryl,
CH2het er oar yl , CH2het erocycle, CHR CHR aryl, CHR CHR heteroaryl,

CHR CHR heterocycle; R3 R302S R3 R2I3¥%2 RL N~ RL N~ 0 )-QO0O R XR2 R
R3 ;=c 2 f JAN 2BD5 129 R3 = R2 or CRr=CRlary |, CR = CR heteroaryl,
CRS=CR1 I®@t-eRbeitaibht ch@rGatuydted allpChedightahainlunsBntied ntkybdyarched cleid Z is a
contiguous |inker whose presence conpletes an 11 to 15 menbered ring, and

a carri erykyl branched chain unsaturated alkyl, cycloalkyl, aryl, heteroaryl, heterocycle,
CH,aryl, CHheteroaryl, CHzheterocycle, CHR'CHR 'aryl, CHR'CHR 'heteroaryl,
CHR‘CHR’he‘;erocycle;

R® = R? or CR'=CRaryl, CR'=CR'heteroaryl, CR'=CR'heterocycle, C=Caryl,
C=Cheteroaryl, C=Cheterocycle; and

R*=R!, C(O)R?, SO,R?, R?, and a carrier.

44. A composition comprising a compound of formula:

where F = ortho, meta, para substituents including halogen, CN, OR?, OC(O)R3 , NOy,
OSO,R?, NR?R?, NR’C(O)R?, NR’SO:R?, R?;

R'= H, Me;

R? =R/, straight chain saturated alkyl, straight chain unsaturated alkyl, branched chain
alkyl, branched chain unsaturated alkyl, cycloalkyl, aryl, heteroaryl, heterocycle,
CHbaryl, CHaheteroaryl, CHiheterocycle, CHR'CHR 'aryl, CHR'CHR "heteroaryl,

CHRICHtheterocycle;




41. A conposition conprising a conpound of formula: wherein E is selected

fromthe group consisting of, R3//0 0 R3--iCR3 XR2 R3-( XRR R3 RIL N -~
RLY-~RLN RLY-S0O2RBRL Y-SR R R~ R3 XRR R Rl H\S02R3 RlL HNV R2 R1
R /--~t N~-YO0 ~Y O OR2 R3 R3- R3 R302S R3 R2 XR2 R3-( &m2JABO2HEXR
11 i NINN RN --(R~R R NR N R?_0)-QO0O~-QO0OQ0QO?c( O
RBORLXRR RLRBRRLRBRLXRR YY, and :

133
R*=R’or CR1=CR1aryl, CR!=CR'heteroaryl, CR'=CR'heterocycle, C=Caryl,
C=Cheteroaryl, C=Cheterocycle; and

R*=R!, C(O)R?, SO;R?, R?, and a carrier.

45. A composition comprising a compound selected from the group consisting of:

. COR . OR I
OH O oH ©
o OH o
N Me = Me
Ct;}m - fif}
wherein R = straight chain saturated alkyl or straight chain unsaturated alkyl that is
comprised of a chain of 5 to 8 carbons, and a carrier.
46. A composition comprising a compound of formula:
o]
. ) oH o N-‘eﬂ/l'LR
’ OH

8]
. N Me
wherein R = straight chain saturated alky! or straight chain unsaturated alkyl that is
comprised of a chain of 5 to 8§ carbons, and a carrier.

47. A composition comprising a compound of formula:

OMOM

2

and a carrier.



R, 1,/ X=OL SNRR Y=CH2, 0, SS NR2 ONH F = ortho, neta, para
substituents including hal ogen, CN, OR2, OC(O R3, N2, OSOZRS NR2R2,
NR2C(O R3, NR2S 2R3, R3 7 2 2 7 JAN 2005 130 R=H, Me R2 = : stralght
chain saturated al kyl, straight chain unsaturated al kyl, bran@hEdJé'iﬂ'&[}ﬁﬁ
al kyl, branched chain unsaturated al kyl, cycl oal kyl, aryI het er oaryl ,

het erocycl e, CH2aryl, CH2heteroaryl, CH 2heterocycle, CHR CHR aryl, CHR
"CHR heteroaryl, CHR CHR heterocycle R3 = R2 or CR =CR aryl,

CR =CR heteroar yl, CR =CR heterocycl B4 C=-Caryl, C=Cheteroaryl,
C-Cheterocycle; and R4 = Rl, C(OR 3, SO2R3, R2, and a carrier. 42. A
conposition conprising a conpound of formula: E OR4 wherein E is selected
fromthe @roum&ﬁﬂﬁdsﬁwnﬁ@n@hsﬁgacoﬁ@oﬁﬁ%mmﬂﬂm R N RB R HNR

HN- SO2R3 R H Rl ,\r N-(O /\"~=N" /\-Y RL RL Y-S02R3

OTBS

and a carrier.

49. A composition comprising a compound of formula:

and a carrier

50. A composition comprising a compound of formula:

:

OMe O
OMOM

and a carrier.

A composition comprising a compound of formula:

i ) OMe o
OMOM

and a carrier.

52. A composition comprising a compound of formula:
R



| R RBrY O R302S R3 R2 XR2 R3-( XR2 R302S XR2 >dNo )-tb RN~ R\~ Q O Fd
O,7 XRZR ~- XR2R R3R7-R3 R7 ,i-R ,IR ,fR ,1. , anuc 0 XRZ 91 X = 0, s,
NR2 Y =CH2, O S, NR2 2 7 JAN 20-5 131 O NH F = ortho, fefalJAlaid5
substituents including halogen, CN, OR2, OC(OR3, N2, 0S02R3, NR2R2,
NR2C(O R3, NR2SO2R3, R3 Rl=H, M R2 = R, straight chain saturated al kyl,
strai ght chain unsaturated al kyl, branched chain alkyl, branched chain
unsaturated al kyl, cycloal kyl, aryl, heteroaryl, heterocycle, CH2aryl,
CH2het eroaryl, CH2heterocycle, CHR G&R aryl, CHR CHR hcteroaryl, -
CHR CHRl heterocycle R3 = R2 or CR =CR aryl, CR1=C R heteroaryl,

CR =CR hetlesf¢in Re+ €,7-hexadient]; 7 Kohéhdieaybarsirhight dBaithedltyd comypribiag 5anll R4 = R,
C(OR3, SOZR3, R2, and a carrier. 43. A conposition conprising a conpound
of for mul @rbons (e.g. -(CH2)5Me); a straight chain alcohol (e.g. -O(CH2)4Me); and a straight

chain diol (e.g.-S(CH2)4Me), and a carrier.

53. A composition comprising a compound of formula:

where R = Bu; Ph, and a carrier.

54. A composition comprising compound of formula:

where R = Z,Z-hexadienyl; Z,E-hexadienyl; and a straight chain alkyl comprising 5-8
carbons, and a carrier.



OR4 OR4 where F = ortho, neta, para substituents including hal ogen, CN,
OR2, OC(OR3, N2, OS2R3, NRZR2 , NRRC(OR3, NR2SO2R3 , R3; R1=H, Me;
2 7 JAN 2005 132 R2 = R, straight chain saturated al kyl ight chain
unsaturated al kyl, branched chain alkyl, branched chain un@a% JgNeEﬂﬁﬁl kyl ,
cycl oal kyl, aryl, heteroaryl, heterocycle, CH2aryl, CH2heteroaryl |,
CH2het erocycle, CHRICHR aryl, CHR CHR heteroaryl, CHR CHRI het er ocycl e ;
R3 = R2 or CRL =CR aryl, CR1=CRlheteroaryl, CR =CR heterocycle, C=Caryl,
C=Cheteroaryl, C-Cheterocycle; and RIB&c R, C(OR3, S02R3, R2, and a
carrier. 44. A conposition conprising a conmpound of fornula: where F =
ortho, neta, para substituents including halogen, CN, OR2, OC(OR3, N,
OS02R3, NR2R2, NR2C(O) R3, NRZSOZRS R3; Rl1=H M; R2 = R, straight
chai n saty4r at Q&ic@dlﬁd@tmn&fo ﬁ?gﬂuﬁm&qbﬁﬁ@h_ed al kyl, branched chain

al kyl, branched chain unsatu ated al kyl, cycloal kyl, aryl, heteroaryl,

het er ocycl e, CHZaryI G—&Ze’?%er oaryl, CH2heterocycle, CHR CHRlaryl ,

CHRI CHR heteroaryl R het erocycle; 2 7 JAN 2005 133 R3 = R~ or
CR1=CR aryl , CRI/~=CR heteroaryl, CRS=CR heterocycle, C=-Caryl,

C=Chet er oapul , o —Cheterocycle; and RA = R, C(OR3, SO2R3, R2, and a
carrier. . A TPaSLén on conprising a conpound sel ected fromthe group
consi st and

and a carrier.

56. A composition comprising a compound of formula:
_<°\_>
HN
[0] .

CcH ©O

and a carrier.

57. A composition comprising a compound of formula:

__HN_{_\)

and a carrier.

58. A composition comprising a compound of formula:

_HN_\<°T_>




O HN wherein R = straight chain saturated al kyl or straight chain
unsaturated al kyl that is conprised of a chain of 5 to 8 carbons, and a
carrier. 46. A conposition conprising a conmpound of .fornuli: Wﬁﬁl n R=
straight chain saturated al kyl or straight chain unsaturat d 2 at_is
conprised of a chain of 5 to 8 carbons, and a carrier. 47. A conposition
conprising a conpound of formula: O and a carrier. 134 48. A conposition
conprising a conmpound of forrmula: O\ PD and a carrier. 49. A conposition
conprising a conpound of fornula: 0 ah¥¥ a carrier 50. A conposition
conprising a conpound of formula: O 9 51. A conposition conprising a
conpound amfl afcanrieml a: and a carrier. 52. A conposition conprising a conpound
of formula: R HN-( O

59. A composition comprising a compound of formula:
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60. A composition comprising a compound of formula:

OH O
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e
and a carrier.
61. A composition comprising a compound of formula:
- HN—<0 — — —
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¥
and a carrier.

62. A composition comprising a compound of formula:
O>_/_\_\_

o
OH O
o OH



OH 0 2 7 JAN 2005 135 wherein R = Z, Z-hexadi enyl ; Z, E- hexadi enyl; a
straight chain alkyl conprising 5 to 8 carbons (e.g. -(CH2)5M); a

strai ght chain al coho
carrier.
Ph, and a carrier.
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conposition conprising a conpound of fornul a:

63. A composition comprising a compound of formula:
0,
N <\
OH O
o OH
and a carrier.

64. A composition comprising a compound of formula:

65. A composition comprising a compound of formula:
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and a carrier.

66. A composition comprising a compound of formula:

53. A conposition conprising a conpound of fo
54. A conposition conprising conmpound of formula:
R = Z, Z- hexadi enyl ; Z, E- hexadi enyl; and a strai ght chain al kyl
sing 5-8 <carbons, and a carrier. 2 7 JAN 2005 136 55. A conposition
sing a conpound of fornula: OH B&nd a carrier.
sing a compound of fornula: and a carrier.
si rapda canivpound of forrmula: OH 0 and a carrier.
sing a conmpound of formula: 2 7 JAN 2005 137 and a carrier.
conposition conprising a conpound of formula: HNC( O and a carrier. 60.

(e.g. - CH)4Me); and a straight chain diol
Zniul AN 268 e R

57. A conposition

56. A conposition

58. A conposition
59. A

(e

g.

A



HN and a carrier. 61. A conposition conprising a conpound of fornula: 0 and
a carrier. 62. A conposition conprising a conpound of formula: 0 0 OH 0 21
JAN 2005 138 and a carrier. 63. A conposition conprising a conﬁoﬁndiANfZQQS
formula: \\ J - -\ and a carrier. v 1. 64. A conposition conprising a
compound of fornmula: OR and a carrier. 0""OH 65. A conposition conprising a
conpound of fornula: Hand a carrier. 66. A conposition conprising a

conmpound of forrmula: 2 .1 JAN 2005 139 O OH and a carri er.
139

and a carrier.

67. A composition comprising a compound of formula:

H
e
8]
OH O
OO
OH

where R = a straight chain alkyl comprising 5-8 carbons, a straight chain alcohol, a

straight chain diol, -CCBu, or —CCph, and a carrier.

A composition comprlsmg a compound is selected from the group consisting of:

wherein R = straight chain saturated alkyl or strai ght chain unsaturated alkyl that is
comprised of a chain of 5 to 8 carbons, and a carrier.

R =

QOH

OH

OH OH




J 67. A conposition conprising a conpound of formula: OHH Ny R O CH
where R = a straight chain alkyl conprising 5-8 carbons, a straight chain
al cohol, a straight chain diol, -CCBu, or -CCph, and a caréi rl”g% 5&
conposition conprising a conpound is selected fromthe gro rf ' .EQ ng of -
O0OOHOOHOHY -OHOH- vv ' OHvyvy "OHv ~ "OH OH wherein R = strai ght
chain saturated al kyl or straight chain unsaturated alkyl that is
conprised of a chain of 5 to 8 carbons, and a carrier. 2 7 JAN 2005 140 69.
A conposition conprising a conpound ofi4® ornmul a: OH wherein R = straight

chain saturated al kyl or straight chain unsaturated al kyl that is
conpri sedo®df aAchmpositidn Sonmywisthgrarongosend afidrmulaar ri er .

o]
RJ'LN"N
H

2

wherein R = straight chain saturated alkyl or straight chain unsaturated alkyl that is
comprised of a chain of 5 to 8 carbons, and a carrier.



