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CYCLOHEXENONE COMPOSITIONS AND PROCESS FOR MAKING THEREQOF

BACKGROUND OF THE INVENTION
{00681} The present disclosure relates to composition and processes of preparing

cyclohexenone compounds.

SUMMARY OF THE INVENTION
{0821 In one aspect, there are provided a process for preparing a compound of formula I

Ry Ry
Ox -~ j\. o ’\\;';‘J\\ ‘
i R

Ryw X X ‘/:\

OR
Y~ R
Ra {H
Rs
P"wo\ AN f’\f,IO
R Y ’L L H
X7 Tor
comprising a step of reacting 8 compound of formulda 11, Rz {IIywitha

compound of formuda {HI), PhyPCHRLRL (I} in the presence of a base, wherein Lisa

leaving group, P11s a hydroxy! protecting group;

each of X and Y independently is a bond, oxygen, NR; or sulfur;
R is H, CEOYORS, CHEORS, CH=OINRR,, CEO)SRs, C{=S1Rs, or CE=S)NRsRg
gach of Ry, R; and R;independently is H, or an optionally sabstituted C-Cyralkyl
each of Ry and R, independently is an optionally substituted Ci-Chraalkyl or
{CHOH=C{CH; X CH Ry, wherein
Ry is H NRsRg, ORs, OCEOR:, CEOOR;, CEOIRS, CEOINRR,, halogen, S or
G-membered lactone, C-Calkyl, C-Calkenyl, C-Calkovnyl, arvl, glucosyl, wherein
the § or 6-membered lactone, C,-C.alkyl, C,-Calkenyl, C-Caalkynyl, aryl, and
elucosyl are optionally substituted with one or more substituents selected from NRsRs,
ORs, OCHEOMR:, C=010Rs, CHEOIR;, CHEOINRR,, C -C alkyl, C-C, alkenyl, €,
C, alkynyl, C-C cveloalkyl, and C-C, haloalkyl;
each of Ry and R is mdependently H or C-Calkyk

Ry s a C~Cealkyl, ORs0r NRsRy:

nr=0-11.
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{80831 In another aspect, there are provided processes for preparing a compoand of formula

fa
P
0\\'{\(/ \.\r,«‘\f «EG
R N S ’L\, )
o7 Y Tom
(=N .
Rz {lIa)
P1 Ry
O A o
XTY
R ~ .’i W ./‘i . a]
To” YT ToR
. N o I3 ™~ O\ - N
comprising a step of Teacting a compound of formula Ua, Ry (Ila) with a

compound of formula (111, PhPCHRGRL (HE) in the presence of a base,
wherem L is a leaving group, Pl 15 a hydroxyl proteciing group;
Rois H, CEOYRs, TR, CH=0INRR,, CEOSRS, TSR, or CESNRRG
each of Ry, Ryand Riindependently s H, or an optionally substituied C;-Catkvl
each of Ry and R, mdependently is an optionally substituted C-Cpaalkyl or
{CHCH=C{CH; XCH1,,-Ry4, wherein
Ry s H, NRsRy, ORs, OCE=OR -, CE=M0Rs, C(=0)Rs, CEOINRR,, halogen, § or
G-membered lactone, C~Calkyl, C,-Calkenyl, C.-Calkynyl, arvl, glucosyl, wherein
the § or 6-membered lactone, C,-C.alkyl, C,-Coalkenyl, C-Cialkynyl, aryl and
glucosyl are optiopally substituted with one or more substiteents selected from NRsRg,
ORs, OCEMR:, CEEOI0R;, CEOIRs, CEOINRR,, C-C alkyl, C-C alkenyl, €~
C, atkynyl, C-C eveloalkyl, and C-C, haloalkyl;
each of Ry and R is independently H or C-Calkyh
Rriza CE -(.T_.\_.aiky!; ORs or NRsRg:
m=0-11
{0004} in another aspect of the present invention, there are provided processes for preparing
a conmpound of formula IV:
/R}i CHa
Ry 5/{\ fJ\;}; Ry

H
H

Ryw A A
™y I/*\O

Y
Ry {(1v)

[
5]
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Ry
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Ry A A
Ny 0
1
comprising reacting an enod or enclate compound of formula V, R: (WVywitha
CHy
/é S '\,t}" Rg
AN in

compound of formula {V1), {V1) under suitable conditions, wherein

gach of X and Y independently is a bond, oxvgen, NRs or sulfur;
RPis an oxo protecting group;
L is a leaving group;
each of Ry, Ry and Ryindependently is H, or an aptionally substitwied C-Calkyl
Rq 13 H, NRsRs, ORs, OCEORS, CHEOYORS, CEORS, CH=0INRR,, halogen, § or
temembered factone, C-Calkyl, C-Cialkenyl, C,-C alkynyl, aryl, glucosyl, wherein
the 5 or 6-membered lactone, C-Coalkyl, C,-Calkenyl, C,-Calkynyl, aryl, and
glucosyi are optionally substituted with one or more substituents selected from NRsR,,
ORs, OCEOIRy, CEOYORs, TR, CEOINRsR C-C, alkyl, C-C alkenyl, C,-
C alkynyl, C-C cycloalkyl, and C-C baloatkyl:
each of Rs and Re is independently H or € -C alkyl:

Ry is a C~Coalkyl, ORsor NRsRg;

and nl-12.

{0065} 1n another aspect of the present invention, there are provided processes for preparing a
compound of formula IVa:

Ry CHy
o

R )\\ %\;/L\

A
/I\ N 3
Ring S

Ry {1Va)

I
s
]
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S

O/&m_/‘

, , O .
comprising reacting an enod or enclate compound of formula V, R:  (Va)witha

CHP«

A
/3

RYis an oxo proleciing group;

compound of formula {(Via), {V1a} under suitable conditions, wherein

L is a leaving group; and

each of Ry, R; and Rs independently 13 H, or an optionally substitvted {-Ciaalkyl
{0086} In one aspect, there are provided a compound of fornuda X:

CHa

C‘\vz' T/{:\\ \,9")\ ,}/R«i
R‘“X’A\ ~o

R

Y _ -
Ry {X), or a pharmaceutically acceptable salt, metabolite, solvate or

prodrug thereof, wherein

each of X and Y independently is a bond, oxygen, NRs or salfir
R is H, C=O0R;:, CE=0IRs, CEOINR:R,, C=O8R;, CE=RIRs, or CE=SINRRy:
each of Ry, Ry and Ryindependently is H, or an optionally substituted Cy-Choatkyl;
Rq is H, NRsRs, ORs, OCEOR, CEOYORS, CEOR,, CE=0INR R, halogen, 3 or
&-membered lactone, C-Calkyl, C-Calkenyl, C-Calkynyl, aryl, glucosyl, wherem
the 5 or 6-membered lactone, C-C alkyl, C,-Catkenyl, C,-Calkynyl, aryl, and
clucosyl are optionally substituied with one or more substituents selecied from NRsRg,
ORs, OCEOIRy, CEOORs, CHEO)IRs, CHEOINRR,, U -C, alkyl, C-C alkenyl, C-
C, allynyl, C-Cy L\*Limihl and I . haloalkyl:

each of Ry and Ry 1s independently H or € -Calkyl:

Rsisa {33~C833k};‘i, ORsor NRsRg the dotted Hine denotes an optionally present bond;

and p=1-12, provided when Xand Y are oxygen, each of Ry and Ry independently is a

sabstitated Cy-Chzalkyl

INCORPORATION BY REFERENCE
[0067] All publications, patents, and patent applications mentioned in this specification are

herein incorpotated by reference io the smme extent as il each mdividual publication, patent,
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or patent application was specifically and individually mdicated to be ncorporated by
reference.
DETAILLED DESCRIPTION OF THE INVENTION

0088} Cyclohexenone compounds may be isolated from the extracts of dnrrodio

cw;:e;{}}‘mm:m‘ For example, Compounds 1, and 3-7 are ixolated from organic solvent extracts.
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O OH )\'\

{0089} In some embodiments, certain cyclohexenone compounds can be prepared

syithetically. The following are some non-limited examples.
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{0016] Many cyclohexenone compounds isolated from the extracts of dutrodia camphorata
provide certain biological effects. In particular, Compounds 25 to 31 were prepared and

tested against {?umpouﬂd 1 to determine their biological properties.

jw/l L ok A
. o R
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{0011} In some embodiments, therg are provided a compound of formula X0
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R3 iz
DQ\',/L\ ff;\vfﬂi\.,’}; Ra
R 1~ X /’E%[i
Yo
R

OR
2 (X}, or a pharmaceatically acceptable salt, metabolite, solvate or

prodrug thereof, wherein the dotted line of the ring is either g single or double bond;
gach of X and Y independently is a bond, oxyvgen, NR: or sultur;

R is H, C{=0)0R;, CEORs, C=0INRR, C{=0)8R:, C=8)Rs, or C{=8)NR:Ry;

each of Ry, Ry and Ry independently is H, or an optionally substituted C4-Calkyl;

Ry s H, NR:Ry, OR;, OCE=0OR,, CE=0Y0Rs, C(=0)Rs, CE=OINR:R,, halogen, 5 or

G-membered lactone, C-Coalkyl, C,-Calkenyl, C.-Calkynyl, aryl, glucosyl, wherein

the 5 or 6-membered lactone, € -Coalkyl, C,-Calkenyl, C,-Calkynyl, aryl, and

elucosyl are optiopally substituted with one or more substituents selected from NRsR.,

OR;, OCEMR, CEMIORs, CEOR,, C=0INRR,,. C G atkyl, C-C alkenyl, G,

C, alkynyl, C,-C cyeloalkyl, and € -C haloalkyll

each of Ry and Ry is independently H or C-Calkyl

Ry is a C~Calkyl, ORs0r NRsRy: the dotted tine denotes an optionally present bond;

and n=1~12, provided when X and Y are oxveen, each of R; and R, independently is a

substituted C-Cpalkyl
{8012} In certain embodiments, the compound of formuala (X} is isofated from the organic
solvent extracts of dwrrodia camphorata. In some embodiments, the organic solvent is
selected from alcohals (e.p., methanol, ethanel, propanol, or the like), esters {e.g., methyl
acetate, ethyl acetate, or the like), alkanes {e.g.. pentane, hexane, heptane, or the hike),
halogenated alkanes {e.g.. chloromethane, chloroethane, chloroform, methylene chlovide, and
the like}, and the like. In certain embodiments, the organic solvent is alcohol. Tn centain
embodiments, the alcohol 15 ethanol. In some embodiments, the compound of formuda (X} 1
molated from the aguecus extracts of Anirodic camphorate. o some embodiments, the
compoad of formala (X} is prepared synthetically by the disclosed method herem. In other
embodiments, the compound of formula (X} is prepared by other methods readily available i
the art such as via svnthetic or semi-svathetic methods.
{0013} In some embodiments, each of X and Y independently is a bond. 1n some
embodiments, R is H, C=OYOR;, CEOIR, CEOINR:R,. In certain embodiments, R is H,
or C(=0WRs. Tn certain embodiments, R is H, CEOCH,, CEOICH;, or C=OCH:. In
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some embodiments, each of Ry, Raand R independently is hydrogen, or a substituted Cy-
Cizalkyvl In some embodiments, each of Ry, Ry and R; independently s hydrogen, or an aryl
ot heteroaryl substituted C-Ciaalkyl. In certam embodiments, R, 1s methyl, ethyl, propyl,
buiyl, penty! or hexyl substitted with phenyl or pyridinyl. In certain embodiments, Ry isa
CHa-Ph. In certain emboduments, Ry is H, methyl, ethyl, propyl, butyl, pentvl or hexvl
provided one of X and Y 15 a bond. In certain embodiments, Ry i3 methyl, ethyl, propyl,
butyl, pentyl or hexyl substituted with phenyl or pyridinvl. In certain embodiments, Ry 1s
CHy-Ph. In certain embodiments, Ry is H, methyl, ethyl, propyi, botvi, penty] or hexyl
provided one of X and Y 18 a bond. In some embodiments, Ry s H, methyl, ethyvl, propyl,
butyl, penty! or hexvl, In some embodiments, Ry is H, halogen, NH;, NHCH;, N(CH;),,
OCH:, OC:H, CEOWHs, C=0)C:Hs, CEOIOCH:, CHEOYOCHS, C=0INHCHS:,
Cl=NHOHS, CE0INH,, OCEMCH;, OCEOC:HS, QUEMOCH;, OCEDXC:H;,
QCEOWHCH;, OCE=OINHCH:, or OCEOINH,. In some embodiments, Ry is
ColsC(CH3:0H, C:HCICH 00 H;, CHCOOH, C:HCOOR, CHOH, C:HOH, CH Ph,
CaHsPh, CHCH=CICH)CHOS, CHYXCH=CLCH X CH=CH; L § or 6-membered lactone,
CyCatkenyl, C-Calkvayl, arvi, and glucosyl, wherein the 5 or S-membered lactone, C.-
Calkenyl, C,-C alkynyl, aryl, and glucosyl are optionally substituted with one or more
substituents selected from NR:Rg, ORs, OCFEOR,, CEOI0Rs, CHEOIRs, C=OINRR O -
C, alkyl, C,-C alkenyl, C-C alkyoyi, C-C, cyeloatkyl, and C,-C haloalkyl. In certain

embodiments, Ry i CHCH=C{CH):. In certain embodiments, the compound of forauda
Q-‘\\ - K '\‘\»\,{"IJ\\\/’\\.’:"} 1\/,_,\\5;'}\

o \*]/\\’0
O

{X} 15 selected from group consisting of

l C “\\-’f l\f’“\v’ﬁj\/‘\f"’ ,f\.,/L\
FZEN /\/’L

O‘\I’J\\,/" "'" RN SN ,/\\\/r\\
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014} Due to the high cost of obtaining cyclohexnone compounds from dwrodia
camphorate by punification, andfor to prepare desired analogs for further clinical testing,
synthetic processes of preparing cyclohexnone compounds are described herein.

{8015} In accordance with the present invention, there are provided processes tor preparing a

compound of formula &

R3 Rh
On g
R‘;xx/ %/”\\OR
Y
Re ()
P1~—QI ~y \{«,(3
comprising a step of reacting a compound of formula (11), Rz (I with a

compound of formula {(H1), PluPCHRR L (1) in the presence of a base, wherein L isa
leaving group, P is a hydroxyl protecting group;
each of X and Y independently is a bond, oxygen, NRs or salfur;
R is H, C=O)0Rs, C{=0)Rs, C{=0INR:R,, CH=0)8Rs, C{=S)Rs, or C{=8)NR:Rq;
gach of Ry, Ry and Ry independently is H, or an opuonallv substitted C-Calkyl;
sach of Ry, and R, independently is hydrogen, C~Cralkyl, optionally substituied with
{CHyCH=C{CH Y CH )Ry, whersin
Ry is hydrozen, NRsRg, ORs, QCEOR,, CHE=0Rs, CEOR, C=OINRR,,
halogen, 3 or 6-membered lactone, C -Coalkyl, C.-Catkenyl, C,-C alkynyl, aryl,
gluacosyl, wherem the § or 6-membered lactone, C ~Calkyl, C-Coalkenyl, C -
Cialkynyl, aryl, and glocosyl ave optionally substitded with one or more substitaents
selected from NRsRs, ORs, OC=01Rs, CE=OYORs, CEORs, CH=0INRRy, C-C
alkyl, C,-C alkenyl, C-C; alkynyl, C-C cveloalkyl, and C-C, haloalkyll
each of Ry and Ry 1s mdependently H or C!*(_‘.gaik}-‘i;
R-isaC : ~Cfsezik3y'¥_,, ORsor NBsBg:
m=0-11. In certain embodiments, R s a hydroxyl protecting group such as a silyl

protecting group, and other suitable protecting groups same of different from P1L

=10
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[0016] The reaction between a compound of formuda (1) and a compound of formula (1) i3
known as Wittig reaction. Since aldehydes, in general, are not chemically stable, the
compounds ol formula (I} in some embodiments, are prepared tn sitw. Scheme 1 provides a
non-limited exemplary route to prepare a compound of formala (I). Protection of the free
hydroxyl] group of Compound 38 follows by reduction of the lacione ring to attord the
aldehyde compound of formula (1), which then undergo Witlig reaction with PluPCHRRI
to prepare intermediate A, Afler deprotection and oxidation, Compound B {(which s a
compound of formulda (1)) 1s prepared. Compound 36 where R is H can be easily prepared by

deprotection reaction.

Ri™X YRz 1. protecton R; Ry
2. reduction NN §
4O - 3. Witigg reaction Y TR
______ ;0 4. protection?2 A A
SN - X oH
Ry Q 5. deprofectiont R, Ya
35 8. axidation ! Ry 38
7. deprotextion?

¢, l 1. protection |
2. reduction 7. deprotextion?

Ry
P10 /J\ f"‘\r/;(} Rs Ry
j\ ]/\ O, f“\\xﬁl\
Ryn R o H ; R,
e e j\
¥ i
"R, i T/ O‘R
B Y\R
F1is a hydroxy protecting group 2 8
3. Witlig reachion | PhsPCHR R §. oxidation
4. protecion?
Ry By §. deprotectiont Ra Ry,

P1—~0. /j\/[«\‘%jj\ﬂ H OI/L\Y./\\;}’J\ R
'l § ]
’& - - A ./A\

R, Y. R Ry Y. B
R

Scheme I Exemplary synthetic scheme to prepare a compound of formela (1)
j0017} An aldehyde can be prepared from reduction of acvisilanes, carboxylic acids, acid
halides, anhydride, esters, lactones, anmdes, mitriles, or the bike. In some mnstances, an
aldebyde can be prepared from oxidation of a free hydroxyl groap. A skilled person m the art

can readily consider other suitable reaction based on this mvention 1o prepare a compound of

e
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R
PO A f,o
R ,I\ H
X OR
3 ~; " - g ™ P Y\ gy
foramda {I1). In some smboduments, a compound of formula (1), Ry {1
R 1""X ¥R

18 prepared from redoction of a compound having the structare of Rs Q.
Rz
P o\‘[:./k ~ mwOI/K g
e \ Rp“ g ,/E N
X OR
¥~ ¥~ . . o
Rz ,Of Rz wheretn Z 1s halogen, ORs QU{=OR~ wr
NRsRs.
@ NP N f 53
R ™~ %‘J\
{00181 In some embodiments, a compound of formula (IT), 2 SHEN

Rs
PA0. A OH

R-}'\ > i, N
X OR

; Y.
prepared from oxidation of a compound having the structare of R

{0019} In some embodiments, R is any suitable hydroxyl protecting group that can survive
Wiitig reaction condiitons. For example, R is O(=Q)0R;, C{(=0)R;, C{=ONR:Rq,
CEOISRS, CES)Rs, CE=SINRR, or the ke

{00261 In some embodiments, sald base s a base that can form an ylide from a compound of
formuda (H1), for example, n-butyithium {(n-Buli), or the like.

{0021} In sone embodiments, each of Ry, Ryand Ry independentlv is H, methyl, ethyl,
propyi, botyvl, pentyl or hexyl optionally substituted with an arvl or heteroarvl. 1n certain
embodiments, each of Ry, R and Ry independently is H, or methyl,

{0022} The Witlig reaction provided herein is applicable to many isoprens unit precursors,
For example, the reaction is applicable where Ry, 18 CHz and R, 18 CH; substituied with
{CHCH=C{CH Y CH ) W-Re, wherein is Ry is hvdrogen NRsRg, ORs, OCHEOIR,, C=0I0R,,
CEORs, CH=OINRRg, halogen, 5 or G-membered lactone, Ci—Cga}ky L Cz-(‘isaikeﬁyh €,

Si2-
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Coalkynyl, aryl, ghacosyl, wherein the 5 or G-membered lactone, C,~Cialkyl, C-C alkenyl,
C-Catkynyl, aryl, and glacosyl are optionally subsustated with one or more substituents
selacted from NR:Ry, ORs, OC(=O)R:, CEOORs, CEORs, CEOINRR,, C-C alkyl, C-
C, alkenyl, € -C alkynyl, € -C cycloalkyl, and C-C haloalkyl; each of Rs and Re is
independently H or C-Cyalkyl and R» 18 0 O ~C allkyl, OR:0r NRRs.

{0231 For example, without Hmitation, a skilled artisan may use the following isoprens

precursors where P1 is a hydroxy protecting group.

l CH« ,l 33\H3
~p 2N /“f' ’“H ~. “ah N H
Ph /{\ A A \,}g
Ph F“h
CH?- CHE
PhT L CHg - \{
Ph 1
CHy CHy CH;
Ph ‘F"\ [\\//\ //’J\\Vf’\\ /L_Op‘f pﬂ"‘{_‘_ﬂ‘J\\/{\ J/;‘J"\)/H
PR’ CH-&

Ph
{0024} In some embodiments, there are provided processes of preparing compounds of
formala (1) wheven X is oxygen, NRs or salfir. For example, X may be O, S, NH, NCH;,
NC;Hs, or the hike.
{0025} In other embodiments, there are provided processes of preparing compounds of
formutda {1) wherein Y is oxygen, NRs or sulfur. For example, Y may be O, §, NH, NCH;,
NC:Hs, or the ke,
[0026] 1o other embodiments, there are provided processes of preparing compounds of
formula (D wherete X 8O0 and Y 3 Qor NisOand Yis S,or XisSand Y5 0, or X is O
and Y s NH, or X s NHand Y is Q.
{00277 In some embodiments, there are provided processes for preparing a compound of

formula {Ia}:

Ra Ry
Oii\(f\\ﬁ R
§ £
R0 oR
0.
Ry {1a)

13-
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Ry
P?““‘O\ /j\ *\\f/'c}
Rj\ /]\\ S~ H
o OR
» ) . . . O. .
conyprising a siep of reacting & compound of formula Ha, Ra {Ha} witha

compound of formula (1), PhaPCHRGRL (1) in the presence of a base, wherein
wherein L 1s & leaving group, P is a hvdroxyl protecting group,

R is H, C=0)0Rs, CEORs, C=0INRR,, CEOISRS, TSR, or CESINRR

each of Ry, Ry and Ry independently 13 H, or an optionally substitnted Cy-Cralkyl

each of Ry and R independently is bydrogen, Ci-Craalkyl, optionally substituted with

{CHLCH=CICHMCH Ry, wherein

Ry i NRsRg, ORs, OC{=OIR:, C=O0Rs, C=0Rs, C(SOINRR,, halogen, § or 6~

membered lactone, C,-Coalkyl, C-Calkenyl, C-Calkynyl, aryl, glucosyl, wherein 3

or f-membered lactone, C -Coalkyl, C-C alkenyl, C-C alkynyl, aryl, and glacosyl,

wherein the 5 or 6-membered lactone, C -Coallyl, C-Calkenyl, C,-Calkynyi, arvi,

PR
and zlucosyl are optionaily substituted with one or more substituents selected from
NR:Ry, ORs, OC(HEOR:, CEOYORs, CH=OIRs, CH=OINRR,, C-C alkyl, C-C,
alkenyl, C,-C alkynyl, C-C; cycloalkyl, and C -C, haloalkyt;
cach of Rs and Ry is independently H or C-Caalkyl;

Ryisa C-Cealkyl ORsor NR:Rg;
= Q-1

JO028] In some embodiments, there are provided processes of preparing compounds of

formula (1) or (Ia) wherein R 18 H or -(( *—"())(‘,E-Csamyi and each of By, Raand R

independently is H, or Cy-Cyaalkyl.

{029 In certain embodintents, R is H, methvl, ethyl, propyl, butvl, pentyl, or the like. In

certain embodiments, Ry is H, methyl, ethyl, propyl, butyl, pentyl, or the like. In certain

embodiments, R; i1s H, methyl, ethyl, propyl. butvl, pentyl, or the like. In centain
embodiments, Ry 15 H, methyvi, ethyl, propvl. butvl, pentyl, or the bike.

{8038} In some embodiments, there are provided processes for preparing a compound of

formusda TV

re
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R
¢ CHy
R A A e

i in
R ‘\,\\ \\»
1 X /‘\(/‘\ 0
Y

Ra {IVY)
Rs
R /3
X7 °
o » " N - Y\ K v -
comprising reacting an enol or enclaie compound of formula V, Ry (Viwitha
CH;

-

AN
\ no (VT under suitable conditions, wherein

compound of formula (V1) v
each of X and Y independently is a bond, oxygen, NRs or suifus;
RFis an oxo protecting group;
L 18 g leaving group;
each of Ry, Ryand R; independently 13 H, or an optionally substitnted Cy-Cyalloyl;
Ry is H, NReRg, ORs, QUEOR, CE=0Rs, C(=0Rs, CEOINRR,, halogen, S or
6-membered lactone, C~Calkyl, C-Coatkenyl, C,-Calkynyl, arvl, glucosyl, wheremn
the § or G-membered lactone, C-Caalkyl, C-Calkenyl, € -Calkynyl, aryl, and
glucosyl are optionally substiuted with one or more substituents selected from NRsRg,
ORs, OCE=ORS, CH=00R;s, CEOIRS, CEOINRsR,, C-C alkyl, C-C alkenyl, C.-
C, atkynyl, C-C cycloalkyl, and C -C haloatkyl;
each of R+ and Ry is independently H or C-Caalkyl;
R is 2 C,-Calkyl, ORs of NRiRy;

and n=1-12.

{031} In some embodiments, the enol compound of formuda V, Rz {(V)is

prepared wader suitable conditions {e.g., acid promotion or silyl trapping).



WO 2014/130618 PCT/US2014/017284

Ry Rs
R,

N )
Ry, 2 LQ T R“‘){’”\\*I/'A\‘oz,E
Y

Y\RZ Ry
10032} Zy= H or silyl prolecting group
R
RN
Rf ~ f’k\\/z}\i~
X ‘] 0
. . . - Y‘\ N oy

{0033 In some embodiments, the enolaie compound of formula 'V, R (Vis

prepared by reacting a compounnd of formala V with a strong base. A& shilled artisan will
readily find other suitable conditions follows the known procedure to prepare the enol or
enolate compound of formuly ¥V,

{00341 In certain embodinents, P is an oxo profecting group that can withsiand the acidic or
basic conditions for generating enol or enolate compound of Fornudat V. For example, P is
an acyelic or cyelic ketal or an acylic or cyclic thioketal that is stable to agueous and
nonagueous bases, o nucleophiles including organometallic reagents and to hydride
reduction. In some embodiments, P is an acvelic or ovelic thioketal that is stable 1o aqueous
and nonaquieous acids, o nucleophites including organometallic reagents and to hydvide
reduction. In certain embodiments, P is 1 3-dithiclane, or the like.

{80351 In some embodiments, L is a leaving group that undergoes either SN, SN2 or SN
reaction under suitable conditions. For example, L is a halogen sach as CL, Bror . In some
mstances, L is hydroxy! derved leaving group such as a tosviate or methiate, Other suitabie
leaving groups may be used by a skilled artisan follows the readily available known
procedure.

[0036] In some embodiments, there are provided processes of preparing compounds of
formaula (IV), wherein X is oxygen, NRs or sultiw. For example, X may be O, 5, NH, NCH;,
NC,Hs, or the like.

{0037} In other emnbodiments, there are provided processes of preparing compounds of
formuta {IV) wherem Y is oxygen, NRs or sulfur. For example, Y may be O, 5, NH, NCHx,
NC:Hs, or the ke

{0038} in other embodiments, there are provided processes of preparing compounds of
formuda IV wherein X 5 Qand Y s Qoo X s Oand Vs S, v X s Sand Y s O, or X is O

ad Y s NH, oo X s NHanpd ¥ 5O,

0=
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{0039 In some embodiments, there are provided processes for preparing a compound of

formaula IVa:

Rjy CHy
B, { o 3 - H
R \\j/[\/JI%\V/ - 3
R S S ~
1 0 Tx )
O -
Ra {IVa)
Ry
A
R g l
R i \OJ‘ :\\\ - Q
comprising reacting an enol or enolate compound of formula V, Ry (Va)witha

) Oy
i Lot
compound of fornula (Via), L/J( o {3 {V1a} under suitable conditions, wherain
R%is an oxo protecting group;
L 1s a leaving group; and
each of Ry, R;and R;independently 1s H, or an optionally substituted C-Cyealkyl.
{00461 In some embodiments, there are provided processes of preparing compounds of
formata (IV} or (IVa) wherein R 1s H or ~C{=0)C -C alkyl and each of Ry, Ryand R;
independently 1s H, or C-Cyaalkyl
j0041} In certain embodiments, R is H, methyl, ethyl, propyl. butvl, pentyl, or the hke. In
certain embodiments, Ry is H, methyl, ethyl, propyl, butyl, pentyl, or the hike. In certain
embodiments, Ry is H, methyl, ethyl, propvl, butyl, pentyl, or the like. In certain
embodiments, Rs is H, methyi, ethyl, propvl, butvl, peniyl, or the bike.

Formation of Covalent Linkages by Reaction of an Electrophile with a Nucleophile

[0042] In certain embodiments, ihe compounds described herein are modified using various
electrophiles or nucleophiles to form new functional groups or substituents. Table 1 entitled
“Examples of Covalent Linkages and Precursors Thereof™ lists selected, non-linuting
examples of covalent linkages and precursor fanctional groups that are used to prepare the
modified compounds. Precursor functional growps are shown as electrophilic groups and
micleophilic groups.

Table 1: Examples of Covalent Linkages and Precursors Thergof

Carboxamides Activated esters amines/anilines
Carboxamdes acy! azides anunesianilines
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Carboxamides

acyl hahdes

aminesSamiines

Esters acyl halides alcohols/phenols
Esters acy! mitriles alcohols/phenols
Carboxamides acyl nunles amines‘anilines
Imines Aldehvdes amines‘anilines
Hydrazones aldehydes or ketones Hydrazines
Oximes aldehvdes or ketones Hvdroxviamines
Alkvl amines alkyl hahdes aminesfanilines
Esters alkyl halides carboxylic acids
Thicethers alkyl halides Thiols
Ethers alkyl halides alcohols/phenols
Thioethers alkvl sulfonates Thiols
Esters alkvl subfonates carboxylic acids
Eihers atkvl sulfonates alcohols/phenols
Esters Anhydrides alcohols/phenals
Carboxamdes Anbydrides amines/mlines
Thuophenols arvi halides Thiols
Arvl amines arvi halides Amines
Thioethers Azindines Thiols
Boronate esters Boronates Glveols
Carboxamides carboxviic acids amines/amlines
Esters carboxvlic acids Alcohols
hyvdrazines Hyvdrazides carboxviic acids
N-goylureas or Anhydrides carbodiimides garboxvlic acids
Esiers diazoalkanes carboxviic acids
Thioethers Epoxides Thiols
Thioethers halogcetanudes Thiols
Ammotniazinegs halotriazines amines/anlines

Triazinyl ethers

halotriazines

alcohols/phenols

Amicdines

Ureas

mido esters
Isocyanates

amines/anilines

,,,,,,,,,,,,,,,,,,,,,,,,, Urethames t  Isocyapates
Thioureas isethincyanaies amines/amlines
Thicethers Maleimides Thiols
Phosphite esters phosphoramidites Alcohols
Silvl ethers silyl halides Alcobols
Alkvl amines sulfonate esters anunes/anlines
Thioethers sulfonate esters Thiols
Esters sulfonate esters carboxvlic acids
Ethers sulfonate esters Alcohols

Sulfonanudes

sulfonyl halides

amines/mndines

Sulfonaie esters

salfonyl halides

phenolsialcohols

Use of Protecting Groups

{00431 In the reactions described, # is necessary in certain embodiments to protect reactive

functional groups. for example hvdroxy, anuno, tuol o carboxy groups, where these are

desired in the final product, to avoid thewr unwanted participation in the reactions. Protecting

< R=
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groups are used to block some or all reactive moveties and prevent sach groups from
participating in chemical reactions antit the protective group is removed. In one embodiment,
each protective group is removable by a different means. Protective groups that are cleaved
under totally disparate reaction conditions ffill the requirement of differential removal. In
some embodiments, protective groups are removed by acid, base, and/or hydrogenolysis.
Groups such as trityl, dimethoxyiriiyl, acetal and t-butyldimethylsilyl are acid labile and are
used in certain embodiments 1o protect carboxy and hydroxy reactive moieties in the presence
of amino groups protected with Chz groups, which are removable by hydrogenolyais, andfor
Fmoc groups, which are base labile. In other embodiments, carboxyvlic acid and hydroxy
reactive moieties are blocked with base labile proups such as, but not limited to, methyl,
ethivl, and acety! in the presence of amines blocked with acid labile groups such as t-butyl
carbamate or with carbamsates that sre both acid and base stable bat hydrolytically removable.
{00441 In another embodiment, carboxylic acid and hydroxy reactive moieties are blocked
with hvdrolytically removable protective groups such as the benzyl group, while amine
groups capable of hydrogen bonding with acids are blocked with base {abile groups such as
Fmoe, In another embodiment, carboxylic acld reactive moteties are protected by conversion
to simple ester compounds as exemphified hervein, or they are, in vet another embodiment,
blocked with oxidatively-removable protective groups such as 2.4-dimethoxvbenzavi, while
co-gxisting aming groups are blocked with fuoride labile sibvl carbamates.

[0045] Allyl blocking groups are useful in the presence of acid- and base-~ proteciing groups
since the former are siable and are optionally subsequenily removed by metal or pi-acid
catalysts. For example, an allvi-blocked carboxylic acid is optionaily deprotected with a
Pd{0)-catalvred reaction in the presence of acid labile t-boty! carbamate or base-labile acetate
amine protecting groups. Yet another form of protecting group is a resin 1o which a
compound or intermediate 15 attached. As long as the residue is attached to the resin, that
fanctional group 1s blocked and cannot react. Once released from the resin, the functional
group is avaitable to react.

{0046} Typically blockimg/protecting groups are, by way of examiple only:

~19-
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00471 Other protecting groups, plus a detailed description of techniques applicable to the
creation of protecting groups and their removal ave deseribed 1o Greene and Wuts, Protective
Groups in Organic Synthesis, 3rd Bd., John Wiley & Sons, New York, NY, 1999, and
Kocienski, Protective Groups, Thieme Verdag, New York, NY, 1994, which arve wncorporated
herein by reference for such disclosure.

{[0648] The tenm “pharmacentically acceptable salt™ refers o a formulation of & compound
that does not cause significant irntation (o an organism to which it is administered and does
not abrogate the bivlogical activity and properties of the compound. In some embodiments,
pharmaceutically acceptable salts are obtained by reacting a compound provided herein with
acids. Pharmaceutically acceptable salts are also obtained by reacting a compound provided
herain with a base to form a salt.

{00491 Compounnds described herein may be formed as, andfor ased as, pharmaceutically
acceptable salts. The type of pharmaceutical acceptable salts, include, bt are not limited to:
{1} atud addition salis, formed by reacting the free base form of the compound with a
pharmaceutically acceptable: inorganic acid, such as, for example, hydrochioric acid,
hyvdrobromic acid, sulforic acid, phosphoric acid, metaphosphoric acid, and the hike; or with
an organic acid, such as, for example, acetic acid, propionic acid, hexanoie acid,
cyclopentanepropionic acid, glveolic acid, pyruvie acid, lactic acid, malonic acid, succiic
acid, malic acid, maletc acd, fumaric acid, wifluoroacetic acid, tartaric acid, ciirie acid,
henyoic acid, 3-(4-hydroxyhenzovhbenzoic acid, cinnmmic acid, mandelic acid,

methanesulfonic acid, ethanesulfonic acid, 1. 2-ethanedisulfonic acid, 2-

=20~
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hvdroxyethanesalfonic acid, benzenesulfowe actd, toluenesulionic acid, 2-
naphthalenesulfonic acid, 4~methylbicvelo-{ 2.2 2joet-2-ene- 1 -carboxylic acid, glocobeptonic
acid, 4 4" -methylenebis-(3-hydroxy-2-ene- I -carboxylic acid), 3-phenylpropionic acid,
trimethylacetic acid, tertiary butylacetic acid, lauryl sulfaric acid, gluconic acid, glutamic
acid, hvdroxvaaphthoic acid, salicvhic acid, stearic acid, mucome acid, butyric acid,
pheavlacetic acid, phenyibutyric acid, valproic acid, and the hike; (2) salts formed when an
acidic proton present i the parent compound is replaced by g metal ion, e.g., an alkali metal
on (e.g. lithiom, sodium, potassiem), an alkalme earth jon {e.2. magnesium, or calciamy), or
an alominum jon. In some cases, compounds described berein may coordingte with an
organic base, such as, but not himited to, ethanolamine, diethanolamine, triethanolamine,
tromethamine, N-methylglocamine, dicyclobexyvlanune, tris(hydroxymethyDmethyvlanune. In
other cases, compounds described heremn may form salts with amino acids such as, but not
timited to, arginine, ysine, and the like. Acceptable inorganic bases used to form salts with
compounds that include an acidic proton, include, but are not limited to, aluninum hydroxide,
calcium hydroxide, potassium hydroxide, sodium carbonate, sodiom hydroxide, and the like.
{O03B] The term “leaving group” as used herein may be any group which is useally known as
a leaving group in organic synthesis, without hnvtation, for example: halogens such as
fluorine, chiorine, bronune and odine, alkylsulfonyloxy groups such as methanesulfonyloxy,
iriflucromethanesulfonyvioxy and ethanesulionvioxy, arvisulonyloxy groups such as
benzenesulfonyloxy and p-tolaenesulfonyloxy. Preferred "leaving groups® are halogens such
as Mhuorine, chlorine, bromine and wdine.

00581} H should be understood that a reference to a phanmaceutically acceplable salt includes
the solvent addition forms or crystal forms thereof] particularty solvates or polymorphs.
Solvates contain either stoicliometric or non-stoichiometric amounts of a solvent, and may
be formed during the process of crystallization with pharmacestically accepiable solvents
such as water, ethanod, and the hike. Hydrates are formed when the solvent is water, or
alcoholates ave formed when the solvent is alcohol. Solvates of compounds deseribed heren
can be convemiently prepared or formed during the processes described herein. In addition,
the compounds provided herein can exist in wnsolvated as well as solvated forms. In peneral,
the solvated forms are considered equivalent 1o the unsolvated forms for the purposes of the
compownds and methods provided herein.

{0052} Unless defined otherwise, alf techunical and scientific {erms used herein have the
standard meaning pertaining to the claimed subject matier belongs. In the event that there ars

a plurality of definitions for terms berein, those in this section prevail, Where reference 1s

21«
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made to a URL or other such identifier or address, it anderstood that such identifiers can
change and particelar information on the internet can come and go, but equivalent
information can be found by searching the internet. Reference thereto evidences the
availability and public dissemination of such mformation,

{8033} It is to be understood that the foregoing general description and the followmng detailed
description are exemplary and explanatory only and are not restrictive of any subject matter
claimed. In this application, the use of the singular inclades the plural unless specifically
stated otherwise. It must be noted that, as ased in the specification and the appended claims,
the singolar forms “a,” “an” and “the” mclude ploral referents unless the context clearly
dictates otherwise. In this application, the use of “or” means “and/or™ unless stated otherwise.
Furthermore, use of the term “including™ as well as other forms, such as “include™,
“inchudes,” and “included,™ is not limiting.

{0054} Unless otherwise indicated, conventional methods of mass spectroscopy, NMR,
HPLC, protein chenustry, biochemistry, recombinant DNA techniques and pharmacology are
employed. Unless specific definitions are provided, the standard nomenclatire employed in
conpection with, and the standard laboratory procedores and technigues of| analytical
chemistry, synthetic organic chemisiry, and medicinal and pharmacentical chemisiry are
emyployed. To certain instances, sftandard techniques ave used for chensical syntheses, chemical
analyses, pharmaceutical preparation, formdation, and delivery, and treatment of patienis. In
certan embodiments, standard techniques are used for recombinant DNA, ohgonucleotide
synthesis, and tissue culture and transformation {e.g., electroporation, lipofection). In some
embodiments, reactions and purification techniques are performed e.g., using kits of
manufacthurer's specifications or as comunonly accomplished or as desceribed herein.

{0055} As used throughout this application and the appended claims, the following terms
have the following meanings:

{0056} The terms “alkvi” ay used herein, means a straight, branched chain, or cyclic {in this
case, it would also be known as “cycloalkyl™ hydrocarbon contatning from 1-10 carbon
atoms, Hlustrative examples of alkyl include, but are not limited to, methyl, ethyl, n-propyl,

iso-propyl, n-butyl] see-batvl, tert-butvl, n-pemyl, isopentyl, neopentyl, n-hexyl, 3-

s

methylhexyi, 2 2-dimethyipentyl, 2, 3-dimethyvihexyl, n-heptyl, nroctvl, n-nonvl, and n-decyl.
[0087] The term "C-Ce-alkyl” as used herein, means a straight, branched chain, or evelic (in
this case, it would also be known as “cycloalkyl™) hydrocarbon containing from 1-6 carbon

ateans. Representative examples of alky! inchade, but are not limited to, methyl, sthyl, n-
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propyl, so-propvi, ovclopyl, n-batvl, sec-butyl, tevi-butyl, cyclobutyl, n-pentyl, wsopentyi,
neopentyl, cyelopentyl, and n-hexyi.

[0058] The term “thicalkyl” as used heremn, means an alkyl group, as defined herein,
appended o the parent molecular moiety through a sulfur atom. Hlustrative examples of
thioalkyt include, but are not limited to, methylthio, ethylthio, butylihio, tert-butylthio, and
hexylihio,

{00591 The term “halo” or “halogen™ as used heremn, means a -Cl, -Br, -Tor -F.

{068} As used herein, the term “sulfinyl” refers o 2 «S(=0)-R, whereg R is selected from the
group consisting of atkyl, cycloalkyl, arvl, heteroaryl (bonded through a ning carbon) and
heterocycloalkyl (bonded through a ring carbon).

[0061] As used herein, the term “solfony!l” refers 1o 8 -S(=01-R, where R is selecied from
the group consisting of alkyl, eycloalkyl, arvl, heteroaryl (bonded through a ring carbon) and
heterocycloatkvl (bonded through a ring carbon).

j0062] The term “optionally substituted™ or “substituted” means that the referenced group
may be substituted with one or more additional group(s} individually and independently
selected from alkyl, cyeloalkyd, arvi, heteroaryl, heteroalicyelie, hivdroxy, alkoxy, avvloxy,
alkylthio, arvlthio, alkvisulfoxide, arvisulfoxide, alkyisulione, arvlsulfone, cyane, hale, nitro,
haleatky!, fuorcaltkyl, Tuoroatkoxy, and amino, inchuding mono- and di-substituted aming
groups, and the protected dertvatives thereofl By way of example an opltional substituents
may be halide, -ON, -NQO;, or LR,, wherein each L, is independently selected from a bond, -
Q- -C(=0)-, -C=0)0-, -8-, -8(=0}-, -S(=0);-, -NH-, -NHC(=0})-, -C{=0NH-, S(=0},NH-,
NHSG=QY, -OCEOINH- NHCEOO-, or -(C-Cy alkylene)-; and each R, 13 selected from
H, alkyl, flaoroatkyl, beteroalkyl, cveloalkyl, arvl, heteroaryl, or heterocycloatkyl. The
protecting groups that may form the protective derivatives of the above substituents may be
found in sources such as Greene and Wats, above, In soime embodiments, optional
subsstituents are selected from hialogen, <N, ~NHa, -OH, -N(CHi}, alkyl, fluorcalkyl,
heteroatkyl, cycloatkyl, heterocycloalkyl, arvl, heteroarvl, alkoxy, arvioxy, atkylthio,
arvithio, alloylsulfoxide, arvlsulfonide, alkyisulfone, and arylsulfone. In some embodiments,
an optional substiiuents 1s halogen, -CN| WNH;, ~-OH, -NH{CHy), -N{CH ), alkyd, fluoroaltkyl,
heteroalkyl, alkoxy, fuoroatkoxy, ~S-alkyl, or ~S{=0)alkyl In some embodiments, an
optional substiuent is selected from halogen, -CON, -NH;, ~-OH, ~-NH{CH;}, -N{CH};, ~-CH;, -
CHRCH;, -CF3, -OCH;, and -OCF;. In some embodiments, substituted groups are substituted
with one or two of the preceding groups. In some snbodiments, substituted groups are

substituted with one of the preceding groups. Tn some embodiments, an optional substituent

“23-
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o an aliphatic carbon atom {acvelic or evelie, saturated or unsaturated carbon atoms,
excluding aromatic carbon atoms) inclades oxo (=0).

[0063] The term “protected amine™ refers to an anune with g removable protecting group
which modifies the reactivity of an amine, agminst undesirable reaction during synthetic
procedures and to be fater removed. Examples of amine protecting groups include, but are not
timited 10, teri-butoxycarbony! (Boc), 9-fluorenylmethyl carbonyl (Fmog), triphenyimethyl
{11} and carbobenzyloxy (Chx). For example, to protect and activate the pyrimidine ring
system with the 6-amino molety i accordance with the present mvention, bis-BOC, or bis-
FMOC, CBZ, alloc, Teoc, methyl/ethyl-oxyearbonyl, bis-acetyl | or Nesuceiyt or N~
phthaloyl may be used in addition 1o theitr mono-N protected analogs.

Example

Example | Prepavation of the exenplary ovelohexanone compounds fom Angrodic

camphoratd

0064} One hundred grams of mycelia, fruiting bodies or mixture of both from dmrodia
camphorata were placed into a flask. A proper amount of water and alcobol (7¢0-1080%;
alcobol solation) was added into the flask and weere stivved 8t 20-25% C for at least 1 howr, The
solution was filtered through a filier and .45 jm membrane and the filirate was collected us
the extract,

[0065] The Hilrate of dnfrodia camphorata was subiected to High Performance Ligmd
chromatography (HPLC) analysis. The separation was performed on a RPI8 colanm, the
mobile phase consisted of methanol {A) and 0.3% acetic acid (B), with the gradient
conditions of 0-10 min in 93% ~ 200 B, 10-20 min in 209%-10% B, 20-35 nun m 10%-~10%
B, 3540 min in 1096-93% B, at the flow rate of | mifmin. The cohunn effhuent was
monitored with a UV-visible detecton.

{0066} The fractions collected at 25 {0 30 nun were collected and concentrated 1o yield 4-
hydroxy-2 3-dimethoxy-0-methyl-5-(3,7 1 L-trimethyvldodeca-2, 6, 10-tnenvicyciohex-2-enone
{compoand 1), a prodact of pale yvellow brown liqaad. The analysis of compound 1 showed
the molecular formula of C 2 H 1Oy molecular weight of 390 with melting point of 48 10 52
%CONMR spectra showed that | H-NMR (CDCL S (ppmi=1.51, 167, 171 175, 194, 2,03,
207,222,225, 368, 4.05, 5.07, and 5. 14: PC-NMR {CDCL) 8 (ppmy=12.31, 16.1, 1612,
17,67, 25.67, 26,44, 26,74, 27.00, 39,71, 39.81, 4027, 43.34, 50.22_ 60.59, 120,97, 123 84,
124,30, 13132, 13535, 13592, 13808, 160045, and 197,12,
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Compomnd 1: d-hydroxy-2 3-dimethoxy-6-methyl-5-3.7 1 -trimethy ldodeca-2,6, 10-
trienyljcyclohex-2-gnone

{0067} Compound 27, a metabolite of compound 1, was obtained from unne samples of rals
fed with Compound 1 in the animal stady. Compound 27 was determined to be d-hydroxy-
2, 3-dimethoxy-6-methyl-5-(3-methyl-2-hexenoie acidjeyelohex-2~-enone with molecular
weight of 312 {Ciy Hag Og). Compound 28 which was determined as 2,3-dimethoxy-3-
methvi-6-<((2E,6E)-3,7 1 I-trimethyldodeca-2.6, 1 O-tnienvilovelohexa-2, 5-diene- 1 4-dione

{molecular weight of 386.52, Cay Hyy Q) was obtained frow the purification process.

OQ\\?/L\\«”A\." = \\f’{\\‘/”/”J\-"“ \yj\\

Ol
25
O
{00681 Compound 26, 4-hydroxy-2-methoxy-6-methyS-{(2E 6E}-3, 7,1 L-trimethyidodeca-
2.6, 10-trienyhicyclohex-2-enone, was also prepared by purification process with molecular

weight of 35053 (CaiHi05). Compound 28 was also prepared.

Oxy " a’ﬂ\\'yL\,-/{\\\i//‘ \\J/\\\?/*
: -

e
o " on

26
[0065] 'H (300 MHz CD:ODI S 116 (3H, &,/ = 6.9 Hz), LIR (O, 8}, 160 (3H, 33, 1.62
(3, 53 163 (3H. 8), L77-1.83 (1H. m), 1.93-2.20 (2H, m), 2.00~2 20 {7TH. m), 2.23-2.31
(THL my, 263271 (1H, m), 3,59 (3H, 5). 4.64 (1. dd, 7= 5.5 and 3.7 He, 5.07-5.12 (2H,
), S2TOH, = 73 Ha), 501 (1H, & = 5.7 Hey BC {125 MHx CDLODY S 131, 16.2,
178, 178,259,274, 278, 28.2. 409, 43.4, 47,5 48,5 498553, 650, 116.6, 1233, 1253,

1254 1321, 136,40, 1381, 152,40, 1987,

Ox, /1\\(/\\5;3"1\\ E,,/‘\\T:;O
. ,Lx AL oH
Q T OH
Q .

27

-
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(0070] (6% 66.9 (¢ 0.69, MeOH): TH (600 MHz; CD:OTN 3 1.14 (3H, d, J= 6.9 Hx),
LOS-L70 (TH, m), 167 G3HL 80, 224 Q2. £ J= 7.4 Hi, 232 02H, © J= 7.4 Hr), 243 (2H, &
J= 74 Hzy, 2.44-2.50 (m, THY, 3.57 O, ), 4.04 O, 81, 436 (1M, &,/ = 3.5 He), 5.29 (1H,
L= T ) PO Q50 M CD0D) 3 12.8, 16.2, 281, 33,8, 358 41.4, 45,6, 386, 60.7,
668, 1234, 1371, 137.2, 164.9, 177.3, 1904,

i i
i !
R

28
[0071] EI-MS, nvz 486 [M+Nal™: TH (600 MHz: CD:0D) 3 119 (3H, d. /= 7.0 Hay, 1.24
(3L d, = 74 Ha), 160 GH, 81, 1.69 G3H, 81, 1.93-2.00 (2H, m), 2.00-2.04 (1H, m),
2.05~2.08 (2H, m), 2,11 (3H, s}, 2.13-2.20 (2H, m), 2.20-2.25 (m, 1H}, 2.26-2.31 (2H. m),
2.40 (1, dd, /= 13.8 Hr and 7.0 He), 2.50-2.56 (1M, m), 2.73-2.80 (1H, m), 3.63 3H, 5),
4.00 (3H, 8), 4.69-4.74 (1H, o), ST (HHL £ 7= 6.7 Ha), 531 (U, .= 7.0 Hz), 5.75 (11,
4. = 3.1 Hzk PO (150 M CINODY 8 13,1, 164, 162, 16,5, 209, 27.1, 28.0, 35.0, 35.6,
405,425 442,459, 603, 611, 704, TRE, 122.5, 1292, 1317, 1383, 1387, 160.5, 171 4,

182.7, 1990,

Exanmple 2: Preparation of exemplary cyvelohexenone core,

1. TeCY, pyridine

By ™ RA_Aw.~ 2 KCN N0
To]\ Nt B 3 KO, then HClig, \L L):Q
oo AP on I N

4. p-TsOH

R%= M, CH,4, OMe, OBn
{0072} Compound 33 (R® = H) was prepared by a known method (e.g, J. Org. Chem. 2004,
69, 87TRMUT95) from compound 32, The exemplary intermediate 34a (R® = H) was prepared
by the following steps. Other exemplary core intermediates (34b~d, R" = CH;, OMe, OBn,
respectively, or the like) can be prepared accordingly.
Step 1. Preparation of [(IRZRIRA4SMI-methyvl-7-oxabicyelo{2.2.1}hept-5-en-2-
o

i !,.i‘-\\\,; P

yijmethyl d-methyi-benzene-1-sutfonate ~F

“ 2~
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{00731 To a solution of Compound 21 (8.3 2, 39 mumol} in CH-Ch €210 mL} at e bath werg
added Et:N (21.0 mi., 148 mmol}, 4-DMAP (1.0 2, 8.9 mmol), and TsCH {169 g 83.8 mmol}.
The mixture was allowed to warm o room temperature and stirved for 16 h, washed with H,Q
{106 mb x 3} and brine (100 mL). The arganic layer was dried over NapSO. and concentrated
mn vacuo. The residue was purified by column chromatography on silica gel {(EsQAc hexane,
1:3, R 0.46) to provide 14.8 g (30.2 mmol, 83%%) as a colorless oil. EI-MS, miz 317
IMNal [ ~14.8 (e 2,34, CHCLy) 'H (600 MHz; CDCLY 8 104 (3H, &, J= 7.3 Ha),
PRI-PVG(TH, o), 19197 (TH, ;) 23V 3HL 3, 402 {1H, £ J= 98 Ha), 422 {1H. dd, J
=0 S and 34 Hzd 440 (M, 53, 473 (0H, s, 632 (1K, dd, /=58 Haand 1.6 Ha), 641 (1H,
dd, /=S5 %and 1.6 Hz), 743 (M, d. /= 8.2 Hzy, 7.87 (2, d. /= 8.2 Hzy, 7O (150 Mz,

CDCEYS 11, 214, 335, 392 710, R0.0, 84,5, 127.6, 1297, 1326, 1344, 1359, 1447,
Step 2. Preparation of 2-[{1R28 3R 48)-3-methyl-T-oxabicyelo{2.2. 1 hept-S-en-2-

(50 ™
(2

vilacetoniirile
{0074} To a solation of Compound 21 (8.3 ¢, 59 nunol) in CHCL (210 mL) at ice bath were
added EGN (21.0 mL, 148 nunol), 4-DMAP (1.0 g, 8.9 munol), and TsCH {169 ¢, BE.8 mmol).
The mixture was allowed to warm 1o room temperature and stired for 16 b, washed with HyO
{100 mL x 3) and brine (100 mL). The organic layver was dried over NaoSQy and concentrated
i vacuo, The residue was purified by colunu chromatography on silica gel (EtOAchexane,
3, R0.46) to provide 14.8 g (530.2 muol, 85%) as a colorless oil. BI-MS, w2 317
IMENal ' {e] ~14.8 (¢ 2.34, CHCL): 'H (600 MHe CDCID 8 104 (3H, d, 7= 7.3 Ha)
LR3PS0 (H, m), L9107 OH my 231 QH. L 402 (H,  J= 08 He), 422 (IH dd 7
=95 and 5.4 Hay, 449 (1H, 53, 475 (1H, ), 632 (1H, dd, /= S8 Hr and 1.6 Hej, 641 (1H,
dd, J= S8 and 1.6 Hx), 743 (3HL L J= 8.2 Hed, TRT {2H, . /= 82 Huy VC (150 MHz
CPRCHYE 141,214, 336,392, 710,800, 84 5 1276, 1207, 1325, 134 4, 1359, 1447,
Step 3. Preparation of 2-{1R,25.3R.458)-3-methyl-T-oxabicyelof 2.2, Hhept-S-en-2-

tes
yijacetic acid

[0738] The mitsile (6.7 g, 45 mmoi)prepared in Step 2 was heated to reflox for 4 h m IN

potasstum hydroxide solation (480 mi., 480 mmod). Afler 4 h, the mixtre was concentrated.
The residue was allowed to cool to ice bath, acidified to pH | with cone. HCl, and
extracted with BtOAc (300 mL x 3}, The combined organic fractions were dried over NayS{hy

and concentrated i vacuo to yvield acid (7.4 g, 44 mmol, 98%). TLC Ry 0.63 (EiOAchexane,
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2:1); BEMS, o2 191 [MaNal: {al% ~7.03 (¢ 1.95, CHCL): 'H (600 MHz CDCID 6 L
(L = 7.3 Ha), 1.77-1.84 (1H. m), 1.98-2.04 (1H, m). 2.39 (1M, dd.J= 16.9 and 10.0
Hr) 251 (TH. dd J= 16.9 and 5.4 Hr). 4,45 (UH, s) 4,65 (1R, s 631 (R, s 0 (180
ME CDCEYS 153, 335,340, 359 R2Z8 848, 1351, 13586, 1702,

Step 4. Preparation of (3a8,4R,7aR)-4-methyl-2,33a,4,5,7a-hexahydro-1-benzofuran-

4 -
O::::}_tf:}
i
‘_\\
V0, 34a

[0076] A solution of acid (500 mg, 2.97 mmol) resulied from Step 3 and p-TSA (37 mg, 0.380

2 5-dione

mmol) in toluene (20 mL) was heated at 100 °C for 3 k. After 3 h, the mixture was
concentrated in vacue to yield hydroxyl lactone compound 35a (430 mp); TLL R, 0,406
HO“(A}’“O

N,
N0 (38a)

{E10Achexane, 2:1) EI-MS, mdy 19 ‘{M"I*-Na}*'.
{06771 To a stirred solution of crude hydroxy! lactone 38a (450 myg) in CHCL (15 mb) was
added PDC (2.0 g, 5.4 mmeol). The mixture was stirved at room temperature overnight, diluted
with BtOAc (30 mL), and filtered. The residue was concentrated in vacuum and purified by
colunm clromatography on sifica gel (EtOActhexane, 11, TLC Ry 0.38) to provide
compound 34a, 294 mg (177 nunol, 60%, 2 steps) as white solids; EI-MS, mfz 189
IM+Nal’; [e] o ~269.3 (¢ 2,03, CHCL) "H (600 MEz CDCLY & LIS R & 7= 6.9 Ha),
ZATOH. . /=174 and 127 He), 2533 (1H, dd, J= 17 dand 8.3 Ha), 278 {1H, dd, J= 5.7
and 83 M), 3263353 (IH m), 332 0, QU /=73 and LY Hz, 0 1S OIH 88, S = 103 and
1.3 Hry, 6.68 (UH, de /= 10.3 and 1.9 Ha) PO (150 MHz CDOLY § 129, 29.6, 41,1, 75.2,
1310, 1411, 1744, 1977,

Example 3: Preparation of an exemplary Compound 362 from lactone 35a,
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H: ;::;{i . Qs ,—’]\y/\\{’/"L
HO —}-‘( *ci s :Lx A

JUN, Yo
35a 36a
1. TBDPS-CI
2. DIBAL-H NaOAS
TEOPS—O /\ A ,», L l
j O‘\V/ ,»""‘\\;_a;f ~
N 1T
RN S
H ‘I OAc
H
B1
FDC
TBDF‘S*‘“D\/’J‘\}A N 1. AgQ, pY L \/\\u:xl\
HI%/&OH &8 H \f”\om
H #

At
{8078} Compound 36a was prepared from Compound 35a under the following steps. The
hydroxyl group was first protecied with ~butyldiphenvisilvl cldoride (FBDPS-CY) (other non-
himited exemplary suitable hydroxyl protecting groups that are inert 1o strong basic conditions
can be used as well, e g, MOM, MEM, THP protecting groups, or the like). The resulted
compound was then first reduced by DIBAL-H and then reacted with PluPCH{CH(CH)E
{Wittig reaction) under the basic condition {n-BulLi} to afford the intermediate AL The
hydroxyl group of the mtermediate AY was first protected with Acetate {(condition: AcQ,
pyridine) and then the silyl protecting group TBDPS was removed by n-BuNF. The naked
hydroxy! group was then oxidized with PDC to attord Compound B, Deprotection of the

acetate group afforded Compound 36a. A series of Compound 36 can be prepared similarly.

TBOPS—O. /L N

H%’LOH

H (AD)
[0078] 'H (600 MHz: C’,D;{?i}é\f(}.?? GHLdLJ= 73 Hz), 107 (UL ), 165 (3H, ), 173 {SH,
g PRS- 90 (IH, o), 202-2 10 (0H, o), 221228 (2H, m), 3 (IH (=4 0HN 41

2200
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(HH by, S20-3.25 (TH, ), S0 (1H, dd, J = 99 Hr and 4.5 Hed, S UH, &d /=99 He
and 4.0 He), 737741 (dH, m), 742746 (2H, m), 7.66-7.70 {43, m).

Example 4; Prepamation of exenplary Conpound 37a and 37b from Compound 36,

{0086} The desired Compounds 37a and 37b were prepared by reaction with R:X (X isa

feaving group such as halogen or tosylate} with concentrated HCH in aqueous solation.

H Ry
PN
Ry Qe N R,
i . 1. cone HCHag) -
{3\ - ~ N
o ]\’\ R, 2 RyX RO “OH
—.—.——————————h‘
RO \( o OR;?a
OR, s
36

s Ry,
O’%’”J\ \V/J\?Rc

R:07 Y oH
OR,
376

{8081} The following compounds were prepared accordinglv.

Compound 31: 3-(benzyloxy-d-hydroxy-2-methoxy-6-methy-3-[(2ELE)-3,7.11-

rimethyldodecs-2,6,10-trien-1 \,EE clohex-2-en-1-one

O\/l\/"\\/L\/ N \/\ /L
MeO™ Y\ O

{0082} To (45,535 65)-4-hydroxy-2 3~-dimethoxy~6~-methyl- S {2BE6E)3.7 1 Lrimethyido-
deca-2,6, 10+trien~1-vljcyclobes-2-en~-one {10.0 g, 25.6 nuvol) in MeOH 50 ml was cooled
to 0°C, conc. HClg, (22.5 mL, 270 nunol) was added. The reaction was stirred at room
temperature for 30 min, After 30 min, the nuxturs was concentrated in vacuo, The residue
was diluted with EtOAc (100 mL), washed with sat. NaBCO, (30 ml 33 and brine (38 mi),
dried over NaRQq, filtered, concentrated and purified by colummn clwomatography on silica
gel (EtOAchexane, 113, TLC R, 0.26) 1o zet product 3.0 g (6.4 nunol, 25%); EI-MS, miz 489
IVNa] T el F1R.6 (e 219, CHOLY, TH (500 MHz CDCE)Y 8 LI6 (GOH, d J= 7.0 Ha),
159 (6H, s), 1.64 (3HL $), 16T (3R <), 173175 (1FL m), 1.94-2.00 (2H. m), 2.00-2.00
{(TH, m), 221224 (2H, oy, 2.32-2.56 (1H, ;m), 3.66 (3H, s},ffs,fiff\. {(IH {, =346 H;ﬁ}
S-S0 QH, my, SR 0H LS =T 0 Hey, S280H, &, /= 1L9 He), S44 (1M, d,.7= 119
Hi), 7.34-7.39 (SH. m), PO U8 MHz UDCHI 8 124, 160, 16,1, 17.7, 257, 26,5, 26.7,

=34~
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269,397, 308, 40,4, 434, 004, 681, T34, 1210, 1230, 1343, 1278, 1284 1286, 1312,
13582, 1363, 1368, 1379, 1598, 1973,

Compound 30: 2-(benzyloxy -4-hydroxy-3-methoxy-6-methyl-3-{{2E 6E)-3,7 1 1~

trimethyldodeca-2.6,10-trien-1-vljcvelohex-2-en-1-one

on ,a\(\v,,,J\,,\ﬁ,;L\,\,,,«L\
Bno” Y oH

OMe
{00831 6.1 ¢ (13 numol, S0 %4); TLC R0.26 (E10Achexang, 1:3); EI-MS, nv'z 489 [M+Nal
E,u}” o 804 (¢ 2,04, CHOLY: H (600 ME2 CDOLY S 128 (3H. d, /= 7.3 Hz), 149 (3H. 5),
LAS G, o), 137 (BH, 53, 165 (3, 3HD, 167177 {m, THD, 1.90-1.99 (3H, m), 1.94-1.89
(2H, m), 1992053 (4H, m), 205210 (N, m), 2212 23 (1H, m}, 261265 (1H, my, 3.37
(1F, ), 3.67 (3HL §), 4.97-5.00 {(1H, m}, SO3-5.06 (TH, n), 519 OH, &, 7= 11D Ha, 546
(TH, d, /= L9 Hi, 732736 (SHL my, DC (180 MHz CDCRY 8 159, 16.0, 176, 177,
240,256, 264,267, 354, 39,6, 397, 44.9, 60.5, TO.8, 734, 1218, 1239, 124.3, 1277,
1384, 1286, 1312, 1337, 1381, 1365, 1379 1637 1931,

Compound 29: 2 3-dimethoxy-S-methyl-4-0x0-6-[{2E,6E)-3,7, H -trimethy dodeca-2.6, 16-

Ox\vfj‘\‘/"\fka"\{?l\/\;’fk

N
Me0” 17 "OAe
trien-{~-yljoyclohex-2-en-1-yl acelate OMs

{0084} To (45,55,68)-4-hydroxy-2,3-dimethoxy-0-methyl-3-](2E.0E)-3,7.1 | -trimethyido-
deca-2.6, 1i-trien-1-vljeyvclohex-2-en-1-one {300 me, 1.38 numol) in pyridine 3 mi was
cooled to 8 °C, acetic anhydride {300 gl 3.19 mmol) was added. The reaction was stirred at
room temperature for 4 h After 4 h, the mixiure was diluted with EtQA¢ (20 mL), washed
with IN HCHag) (10 mbL x 2), sat. NaHCO; (10 mb = 2), brine (20 mL), dried over Na:SQy,
filtered, concenirated and purified by cohumn chromatography on silica gel (EiQAchexane,

. TLC R,0.56) to get product 404 mg (0934 mmol, 685} EI-MS, nviz 433 [M+H]"; 'H
{300 MHz, COCEHY A I GH, d I=T70H2, 1.56 (3H, ), 1.59 (6 H, 5). 1.66 (3H, 5},
LR3-1.90 (TH, m), 1.92-2.10 (10H, m), 208 GH, 8, 2.20-2 38 {1H, m), 248236 {1H, m},
3.66 (3H, ), 398 (GH, 5), 3.06~-S 13 (3. m), 373 (M, &, /=32 Ha.

Example §; Preparvation of exenmplary Conmpound 1 vig enolate reaction

=31~
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CHS . CHsy Chig
—g 1) LDA, THE s ; v
< ."'l\\ N L {\ N H
g S'jI ‘[ 3
H3C‘E)’/ ‘\\,r*'?iyo CH- HgC\Q, X g
;g 3 f€\\ﬁ§L\ ;”H Q.
“CHa 28 : “7a “CH;,
38 28 "
Ss T i“‘s ) OHy  GHy
Nt ;LW Ty CuGh, CuO, NP NN 7
HyCu A St N
To ﬁ 0 Acetone o OH
O O
CHy CHy
40

0085 Compound 38 is prepared from 2, 3-dimethoxy-S-methvicyclohex-2-ene-1 4-dione. In
aveaction flask, compound 38 is slowly added 10 a solation of LDA in THF at low
temperature.  After the formation of enolate, conpound 39 is added stowly to the reaction
mixture under inner gas conditfion. The reaction 18 quenched with water at low temperature
and porified 1o afford componnd 40, Deprotection of compound 48 with soitable reagents

such as CuCly, CoO i acetone to afford compound 1.

Example & Deternunine the oviotoxic effects of exemplary ovalohexenone Compounds 25-

31 apainat Compound 1.

[0086] Cell viability was measured using Cell Counting Kit-8 (CCK-8, Enzo Life Sciences,
Farmingdale, NY). In this assay, WST- is reduced by dehvdrogenases in calls to produce a
yvellow~colored product (formazan), which i3 soluble in colture medium. The amoant of
formazan generated is directly proportional to the number of hiving cells. Alter treatment,
CCK-8 solution was added to sach well and incubated for 4 k. The concentration of formaran
was measured with a spectrophotometsr al an absorbance wavelength of 430 nm. Cell
viability was expressed as a percentage of the corvesponding control,

{0087} To deternune whether the cvtotoxic effects of Compound 1 corvelate with the
presence of Nas mutations, cell Hoes derived from human hung cancer (A349 and HE3K), liver
cancer (HepG2 and Hep3B), and leakemia (K362 and THP-1) with wild-type Ras (H838,
Hep3B, and K562) or mutant Ray (A549, HepG2, and THP-1) were used. Cell viability was
measured after 48 h of Compound 1 treatment. The cell lines and their 1Csxs n increasing
order were THP-1 (2.22 5M) < AS49 (324 uM < HE3R (332 uM) << Hep3B (3.74 pM) «
KS6Z 3,12 M) < HepG2 (6.42 pM) (See Table 1).

=32~
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{0088} Next, the ICsq values for Compowd 1 analogs (Componnds 29, 38 and 31), 2
metabohie (Compound 27), and analogues isolated from fitamentous 4. camphorati
(Compounds 28, 26, 28) were determingd tn H838K cells, The results mdicated that the 2°-
hydroxy group and the farnesy! group of Conpound 1 were tmportant for its cyiotoxic
effects. Further, Compound 31 was even more cytotoxic than Compound 1. (Table 1}
{0089} Table 1. ICs values of exemplary compounds of formula X determined by CCK-8

cell viability assav.

Compound AS49 HE838 HepiB HepG2 K&62 THP-1
1 3243035 1 2862005 | 3742035 | 6425008 | S123083 | 2224003

28 - 22563645 - - ~ ~

26 - 11348487 - - - ~

27 - >4 - - - -

28 - KD . - . -

2% - >100 - - ~ -
""""""" 36 | 2261%224 | 25563654 | 0062303 | 27.03%6.06 | - | -

31 GORE0TI | 3418143 | 7462706 | B9RE0D7 - -

Values were presented as means + S.E.M.

{00961 While preferred embodiments of the present invention have been shown and
deseribed herenny, ol ba obvioas to those skilled in the art that such embodiments are
provided by way of example only. Numerous variations, changes, and substitutions will now
occur 1o those skilled in the avt withoot departing from the invention. It should be anderstood
that various alternatives to the embodiments of the invention described herein may be
employved in practicing the mvention. i is miended that the following claims define the
scope of the invention and that methods and stractures within the scope of these claimis and

their equivalents be covered thereby,

=33~
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WHAT IS CLAIMED IS:
1A process for preparing a compound of formula It

Ra Ru

0"\{\4"«‘\(}\\«//’?1\“ EG
L \\/’L\ )
Rivx Y OoRr
Y ,
Ry {h
i
Pi—0 \T;O
o L LT
X OR
.. . ) . Y. . .
comprising a step of reacting g compound of formula I, Ra {iI} witha

compound of fornuda (1), PhaPCHRGRL (1) n the presence of a base, wherein

L i3 a leaving group, P1 is a hydroxyl protecting group;

each of X and Y independently is a bond, oxygen, NR or sulfur;
R is H, C=00Rs, CEOW;s, CHEOINRRg, C=0ISRs, TSR, or CESINR:R,
each of Ry, R;and Ramdependently 13 H, or an optionally substituted C-Ualkyl;
each of Ry, and R, mdependently 15 an optionally substituied Ci-Ciaalkyl or
{CHOH=CCH{CHa DRy, wherein

R s H, NRsRy, OR;, OCE=OR -, CEO0R;, C(=0)R;, CEOINRR,, halogen, 5 or
G-membered lactone, C-Calkyl, C,-Coalkenyl, C,-Calkynyl, arvl, glucosyl, wherein
the 5 or 6-membered lactone, C-C alkyl, C-Calkenyl, C-Calkyayl, aryl, and
alucosyl are optionally substituted with ore or more substiteents selected from NRsRg,
ORs, OC(=OR:, CHEOYORs, C=OIRs, CHEOINRSR,, C-C alkyl, C-C alkenyl, C.-
C, atkynyl, C-C  eveloatkyl, and C -C haloatkyl;

each of Ry and Ry is independently H or C-Calkyl;

R is a C~Calkyl, OR: 0r NRsRy:

m={-11

2. A process for preparing a compound of formula Ta

R Ry
O\'.\ '/k'\{f !'\’\.';:J\ "R

o

Rivg” '\\\I”A\OR

O\ R .
Rz {la}

-34-



WO 2014/130618 PCT/US2014/017284

TN N N
To” YT or
» ) . . " O o
comprising a step of reacting a compound of formula Ha, Rz {IIa) with a

compound of formula (1), PaPCHRGR L (1) in the presence of a base,

wherein L 1s & leaving group, P is a hvdroxyl protecting group,
R is H, C=0)0OR:, C{=0Rs, C{=0INRR, C(=0)SRs, C{=S1Rs, or CE=SINRsRy
each of Ry, Ry and Ry independently 13 H, or an optionally substitnted Cy-Cralkyl
gach of Ry and R. independently is an optionally sabstitaied Ci-Cyaaltkyl or
{CHCH=CICHMCH DRy, wherein
Ryis H, NRsRg, ORs, OCEOR:, CEOYORs, CEOIR, CEOINRR,, halogen, § or
t-membered lactone, C-Calkyl, C.-Calkenyl, C-Calkyayl, aryl, glucosyl, wherein
the 5 or H-membered lactone, C~C alkyl, C-Catkenyl, C-C alkynyl, aryl, and
glacosyl are optionally substituted with one or more substituents selected from NRsRe,
ORs, OC(=OIR:, CEOIORs, CHEOIRs, CEOINRER, C-C alkyl, C-C atkenyl, C-
C, alkynyl, C,-Cy oveloalkyl, and C-C haloalkyl
each of Rs and R is independently H or C-Calkyl:
Rrisa C‘: —Csazikyi_,, ORs 01 NRsRg:
m={-11.

3. A process for prepating a compound of formala IV:

Rs
J CHS
B { A VR
R% \\g’ /\\\//K.’%/n 4
R ~ ,/E' Q’\ ‘-‘\L\Q
X o
¥\
Ry {1V}
Ra
ri
R j\:\ ,.3‘\
XN o
. \,'\\ s B
comprising reacting an enod or enclate compound of formula V, R {(Viwitha

CHy
z_’{\”’}l R
compound of formula {V1), B VT under suitable conditions, wherein

gach of X and Y independently is oxvgen, NRs or sulfur;
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R”is an oxo protecting group;

L is a leaving group:

each of Ry, Ry and Ryindependently is H, or an optionally substiuted C-Cralkyl;
Ry 15 NRsRy, ORs, OC=OIR,, C(=MO0R;s, CE=0Rs, C=0INRR, halogen, § or 6-
membered Jactone, C-Catkyl, C-Caalkenyl, C-Calkynyl, aryl, glucosyl, wherein 5
or H-membered lactone, C-Coalkyl, C-Calkenyl, C~-Coalkynyl, aryl, and glacosyl
are optionally sebstitated with one or more substituents selected from NR:R¢, ORs,
OCEQOQIR,, CEOIORs, CHEOIRs, CEOINRSR,, C-C alkyl, C,-C atkenyl, C-C
alkynyl, C-U eycloalkyl, and C-C, haloalkyl;

each of Rs and R is mdependently H or C-C alkyl:

RrisaC-C *z& A4, ORsor NRsRg: and

m=1-12

4. A process for preparing a compound of formala IVa:

LH 3
(Iva)
. . N . O- . :
conprising reacting an enol or enolate compound of formula V. Ry (Va)ywitha
CHy
A H

s
compound of formula {(Via), A /3 {VIa) under suitable conditions, wherein
R”is an oxo protecting group;
L is a leaving group: and
each of Ry, R and Ry independently 15 H, or an aptionally substituted C-Calkyl
5. The process gecording 1o any one of claims -4, wherein each of By, Ryand Ry
independently is H, methyl, ethyl, propyl, butyl, pentyl or hexyl.
6. The process according to claim 1 or claim 2, wherein said base is a lithium salt.

7. The process according to claim 6, wherein said lithiwm salt is n-butyHithinm.

=36~
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8. The process according 1o claim 3 or 4, wherein said snolate compound Is propared uader
basic conditions.

9. The process according to claim 3 or 4, wherein said enol compound is prepaved under
acidic conditions.

10. The process according to claim 3 or 4, wherein RP 13 an aeyvehic or evelic acetal, acvelic or
cylic ketal, dithio acetal, dithio ketal, cyche dithio acetal, eyclic dithio ketal, substituted
hydrazone, oxime, oxime derivative, or oxarolidine,

11, & compouand of formula X:

Ry CHg
0»1\‘_/\&‘ '(\f'k\/\ ~Ra
R"‘x’j\\ﬁj‘@ﬂ "‘
Y.
] {X), or a pharmaceutically acceptable salt, metabolite, solvate or
prodrug thereof, wherein
each of X and Y independently is a bond, oxvgen, NR: or sulfi;
Rus H, C=010R;, CEOR:, CEOINRaRs, CE=008R;, CE=S)Rs, or TS iNRRy;
each of Ry, Ry and Ry independently is H, or an optionally substituted C-Catkyl;
Ry 15 H, NRaRy, ORs, OCEQR:, CEOXORS, C=0Rs, C{=0INRR,;, halogen, 5 or
&-membered lactone, C,-Coalkyl, C-Coatkenyl, C-Calkynyl aryl, glucosyl, wherein
the 5 or 6-membered lactone, C-Coalkyl, C,-Calkenyl, C-Calkynyl, aryl, and
glucosyl are optionally substituted with one or more subsiituents selected from NRsR.,
ORs, OCEORy, CEMOR;s, CEEOIRs, CEOWNRR, C-C alkyl, C-C, atkenyl, C.-
C, alkynyl, C~C cycloalkyl, and C ~C haloalkyl:
each of Rs and Ry is mdepandently H or Cl*Cgaik}»‘i;
R-isa (.':;C.‘.Saikyl, OR=or NRsRy: the dotied Hine denotes an optionally present bond;
and n=1-12, provided when X and Y ave oxygen, gach of R; and Rz independently is a
substitated C-Cyralkyl
12. The compound of claim 1}, wherein R is a hydrogen, C{EOXHg, Ci=(HCaHs, or
CEOWH;
13, The compound of claim 11, wherein each of Ry, Ry and R mdependently is hyvdrogen,
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptvl, or ocivl optionally substitgted with a arvl
ot heteroaryl.

14, The compound of claim 13, wherein R is methy! substitited with phenyl
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13, The compound of clam 13, wherain R: s moethy] substituted with pheoyl.

16. The compound of claim 11, wherein Ry is halogen, NH;, NHCH;, N(CHzh, OCH;,
OCHs, CEOYCH, CEOYC:Hs, C=OYOCH:, CEOOCHs, CHEOINHCH;, C=OINHGH;,
CE=0INH, OCEOICH, OCEOWH;, OCEOIOCH;, OCEOIOCHHS, OCEOINHCH,:,
OCE=INHC:Hy, or QC(=OINH,.

17. The compound of clazm U, wherein Ry 18 CaHsC(CH L OH, CHC{CH ) 0CH,
CH,COOH, (oHCOOH, CHOH, C:HOH, CHoPh, GHPh, CR.CH=C{CH; XCHO),
CHYCH=CECH N CEOICH,), 3 or 6-membered lactone, arvl, or glucosyl, wherein 3 or 6-
menbered lactone, arvi, and glucosyl are optionally substitited with one or more substituents
selected from NRR,, ORs, QC(=0)R;, CEOY0Rs, C{=0)Rs, C(=0INR:R,, C-C, atkyl, C,-
C, alkenyl, C,-C alkynyl, C-C, cycloallyl, and C-C haloalkyl.

18, The compound of clazm 17, wherein Ry is C-Calkyi optionally sabstsiuted with one
or more substiteents selected from NRsRg, ORs, QCEOR,, CEOOR:, CHEORS,
CEOINRR, C-Cy alkyl, C-C atkenyl, C-C atkynyl, C-C, eycloalkyl, and C-C
haloatkyl.

19, The compound of claim 18, wheremn Ry is CHUH=C{CH; ).

20 The compound of claim 11, whevein said compound 15 selected from group consising

of
oA dd L
; O X \/ V'\\'fJ\,’ /\\F{/ \\.-" A\')f’ ~

S ';"\\ [y
o) \I/ o s
S

O 0" X oy

‘f\\f-// J\\.f/\’}(:J\/A\’\;{)’J\ Ny

On
2 f\.oj‘i\ I\

N O Land
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AN I S A 3 73 A6 AR A7 AT RV S 122 1, ) GBS BR T B L 230 2Bt it
A7 b o » 12 R AN R PR ik PAT G i PP PR AT P X MR ANl Y59 A 7 {H ] /K i R 25 R
B PR R kAT i
[0044] (£ 55— NS 7 G0, FRERANIEEE S LA 56 70 Y W] AR 3k 25 1 DR P 5 [A1 e ik
PHEAT o, 1T RE WS 55 R LB 45 5 1AM AT PR AN A 7 (V0 8 AT 4 Pmoc BEAT B9 o ££ 55—
ST ST WASSTIT B, BRI S W #8703 ek A A RS el R (A e AL S T A3 B OR 7, B
B3NSl TT S FRIER R N B 2 Y Al AL R 25 I DR L [T 2, 4- = F AR AL Rk i
A1 B g, A (R B [ S A AR 7 IR e e B 2 i PP R e AT e i
[0045] 4 A 3k dat g A AT PR DR 8 ATRN DR i A1 R A7AE T 2 AT I, RO 2 AR e
K], I AR i T S B p i - PRAEAL TR SR 25 o 0110, s AT 2k i )P R AU M PR A R
SE MK YRR T PR B A RS E 1Y) IR I OR-37 2 [ IR A7 5 F Pd (0) AL [ S B AT M
Yo MR IR S B2 A S Y B P AR G T2 AR IE . A ERIEIE T iR
bz E R RO i AN BE SN . — EMR IR BRI, D) R TAT B RTREAT S
[0046]  — MR UL, (LA , B / R EERD -
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Hividt
N N E ch\s ,CH; |

i 3(/’/\5_33 (Hzc%c/ (LCHE™ 1\ 53" Me381v\0 5]
Et BT TBDMS

O : .
(CHC™ 71/%7’ 1 J\sﬁ -.
O Hoo ) /

Boc BPMB ZHEPH 2Bk Fmoc

[0047] At O ik A1 LA S 1R 26k T A7 AR B HE B B BOR B PR IR 438 T+ Greene
F Wuts, Protective Groups in Organic Synthesis, % 3 ik ., John Wiley&Sons, New
York, NY, 1999 DA 2 Kocienski, Protective Groups, Thieme Verlag, New York, NY, 1994 41,
ST DA A TF WA 8 5 IF AR

[0048]  Rifs “ 2477 BRI SZ K #h” S fa A xd H T it FH I AR A 4 5 kS 2 3 RO T BLAN
BRAL S W (0 A Wi A B R A S PRI ) o A — e St g S8, o (AR SO At R AL
GRS R IRAFEG 5 452 () o I AT A SR AL B W) S U B R R 3R
32y BTSN ER

[0049] AT KL G AT T BCNAT / B2 5 T Bz i) #h o 25757 B RTRESZ IR 3R )
RAAFHHARR T < (1) B pesh, Hoad i b &Y @ oo X5 255 Erfie sz bt
PR T .+ WL 00, 6 IR RO TR D5 <27 MLRR, B, 2.7,
VAR U R S5 7 M 2 R PRI LI 7 — . R S0 R B DR =
ORI TR AT R R TR\ 3— (4- BRI ) 2R VIR L P EETR MR PR L R ARTR L &
TR 1, 2- 4 PR\ 2- YRl IR DR BA R . HH ORI IR L 2— 2R IR L 4— HHJEXOF - [2. 2. 2]
S -2- M -1- R VHIBERIR 4, 47 - WHERL (3- 20k -2- I -1- WK ) 3- RIEER . =
L TR BT 3 4R AR RE IR TR R « A 2R L PR L 25 TR L /K IR L 1o T R Rl R IR
TR REE ORI TR N RIRSE « (2) M & Wb A7 42 IR BRI 5T 19 42 )& 28 1 91
WA JE B (I, LAV ) VB R (A, BB ) B B AR TR
tho FE—HfEILR , ASCITIR KA ST LS WHH AR T CBEG . = OB = LB 2
TR N- R I I G = (R ) W AU A . A8 HAR R B0, AL
FraR AL S AT LS i iH AR TRS 2R i IR 5 2 SRR il Eh . R 580 S IR A ot 1
AL G VT BRGER B PT 132 1R TEWURC R 5 AE AN IR T 2 U iR S A0S S A B B R A
AN

[0050]  GNARSC T F IR ARAE “ B8 25 FE 17 ] DA AR A L& R 188 0 A PRy 8 25 6 A R A
e [T, A AIAE AN T« i 2R A0 A SR BRI, e R i1 4k 5 [ oy PP R S5 L — 3 PP A
£ WA= N e 2 e B B Y R R e B DI R L e B N vt Tl

(C(SHS)?C___?S HL.C
- 3
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A7 2 3, A S SRR
[0051] BB AR, Xof 24 2 b W] H2 52 () 26 (R4 S A4 L 70 e =B i i 2 28, A ol 2
WAtk ei 2 Y. A A S Ak st R AR A R B R AR, IR EL AT A 4
R 5252 E RS2 (VR R K . CEEETE R 2SI E KIS TR oK &9, B 21 7 &
LIS T BEAC A o AR SCPTR AL A 0 I SR P T DAAE AR ST It 1) a1 o 7 i b ) 46 B3O
o BEAN, ASCEAE AL AT BLLAAEIE I DA AR AP« 5, 0T ASCHAIL
WEIATTE & WAAE XA 5 F T HEE e .

[0052]  [E 55 A S, ARSI A BARFNBE 2 ARE Y BAA 5 Bl RO 1) 380 0%
IBRAE S S o AEASC R IARVEAAAE 2 MoE I OU T, DL 73 1) e SO #E . 442 21 URL
B HCAth IR (R VAT B BRI, 7 PR XA IR AR AT AT BEAR AL, HLDRIRR B 1Ry 7 {5 B AT
e A I T, AH 0] DU 8 2R R R B2 [RGB X LR AR B 1 aX#E )45 B mT 3R
PR AT AL

[0053] Y EEAR, bR — RO AT T ) TE AR (A2 7 A PN U BH A 1 10T T 1
SRR BIATART 32 AN BA PR o 7EA S b, BRAE 55 4 B, 75 D) SR 5 1) 4 A B i
B BAEW, BRAE BRSO AT B 5 078 B0RH A5 A0 B B R BOR] SR A
(1), A A7 B A% DR R BTE R N R . EARHIET, BRAES AU, &
B PR R R/ B, BRAh, RE “RURE” LR A R L B Sl AL
(1077 A FH =l 2 R ) 1 T

[00541  [&AE S 0B, 75 005 FH SR 3925 . NMR . HPLC 2% 1 B AL 2 2B W4k 2% . F4H DNA HR
MZJEL 2 T VE - BRARTRAE 1 BAR I E S 5 WER A 5 0 ek 2 & A BlAe 7 DA A =
SR Z A 2 4 A T R bR 1 A 447 AR AL 27 B oA LA 27 DL IS 2 N 2 WAL 27 1)
PrRUEseas B R P AR o ARSI T , FRAEBOR T4 226 B AR5 3 A 25 i) 46 L e i)
AL VA S BB WRTT o ARSI 7 S, AeEROR T H 40 DNAL SRR H IR & A DA S A
SULFANFAL (B, gL RSy ) o (E—ReSi 75 Z2 461 4, {5 A i) o 7 il ) e 1
it B B8 BT 50 R BN AR ST (R SRR AT SRR AL AR o

[0055] L7 REAS B AT B ASORI B R A5 o i B, AR ARERA AR & 3

[0056] A SCHT AR “Lidk” B &F 1-10 M50 BB SCRERRIRIR (fEIX P
UL, EWE RO IR RE ) feo B U PR S LS AR AR - B £ B IR TN 2 57
PRI TE T 28 A TG T AR I R I B IR R 3- R R 2, 2-
JHE 2, 3- I OB IR Pk IR IR R ANE S 0

[0057]  WIASCATHIARTE “C1-C6 Hikk” BHs & 1-6 Nkl I B AE sk (78
EAE LT, BN “IRBER ) K. GRS B R AR T H 2 228 IE
FERNFE IR FEIE T AP T 38 BT 6 IR T3 OB RS R B A BRI IE
ot

[0058] AT FHIARAE “Sifi it (thioalkyl) i 48 i & 5 7 B in 2 B4k 4156 4 b
(IANAR ST e SR e e BE A o e 22 1) 150 B P S0 B0 RE AR AR T FR i B L 2B T i Ak
T BB DR

[0059]  ANASCHT FHEIARLE “ A7 B i3 ” & diE —C1. -Br. -1 8L -F.

[0060]  4HASSCRT FH I, ARTE“TEREEEIE "H -S (= 0)-R, Hd Rk {3 btk Fhbe sk, 05 5

23
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FHE Il AREE A ) At R IR RS ) o
[0061]  WIASCHT Y, ARIE “MEitL” $5 -S (= 0) R, Hob R ik B be bk IR e ik | 05 5k
5% CIES RS ) ARkt (B RS )
[0062]  ATE AR B HUR I e P K 12 [ v DA S bt R0 S7 bk 1 52
TN B Ny N e N N[5 N 258 N 8 N B 78 318 N e i S 4TI
75 AR e TR 75 FEAR R L o & 3 L e AObE I L b 3 B R R I, (L
HUARHN R E LR A ) AR AT I — A B2 A AN A T EAR . 254001 5
R BURIE T LR & (halide) —-CN.-NO,E L R_, Horbr & L o7 ik B . -0-.—C (=
0)-C(=0)0--S-S(=0)~-S(=0),~ NI=, -NHC( = 0) -, C( = O)NH~-. S( =
0) NH=.-NHS ( = 0) ,»—0C ( = 0)NH-.-NHC ( = 0) 0~ 8¢ - (C,~C ek ) - : HA% R & H Ho b
B VIR AL Al i PR O Ik | R 0T SRR IR e L . T DUE R R R AR B AT AR
(AP 5 1 AT LAE G 0 B3R B Greene A0 Wuts FISRIET R B, 78— s 7 22, (RE K
BRI [ 3R - ~CN\ —NHy\ —OH. —N(CHy) o b BUe i | 8 be ik IR e i L J M e ik L 5 0
Ho 75 He BRIk TS SR L e AR AL | 5 FEAR AL L e AL 5 I AL e SEANRD 55 . AE—
W St 7 g, AF G PR B i 2 B2 . —CN —NH,. —OH. -NH (CH,) « —N (CH,) , %e i . S e it L 4%
Bidk R BB EIE . -S- Btk -S (= 0) etk 7E—Se Sty b, AT U I %k
F 2 —CN. -NH,. —OH. -NH (CH,) + -N (CH,) ,~ —CH,+ =CH,CH, —CF,+ ~OCH, Il =OCF ,, 7F—4bsL
it 77 S, LA 1) 358 A A ik e (A1 o 1) — AN BRI A T EAR o 7E— SRS 7 22 v, BRI 2R 4]
e TR 2 A PP B — AN T EUAR o AE eSS, R IEAR B (JCFRERERAR , AN BRAN N
AR IR 7, ANELEEJ5 e R 7 ) BT BRI B EAR (= 0),
[0063]  ARE“ORY N 18 HA T LRI R I A M, & R 3k BB X & Ot B P AN Ay
S (1 5 I A PR S R 5 T B i e o 2 o P A 3 L ) S0 LA B PR T 5 T 4R S ik
3 (BOC) \9- 2 WA HE (Fmoc) « = HIIE (Tr) AL (Cbz) o B, 9 7 AR RS AL,
MRHEA R B ) A 6- G EH 4 (P wsng 2R R 5, v DU X -BOC 30X ~FMOC CBZ 4 A & %
# (alloc) s ZE I (Teoe) I / 2.3 — S IEPIE X — 2 WEFE B N- BEFANE 3L B N- 46
IR AR DLACEATTI B N ORI SR AU

SE Tt 451

SR 1. b A A 2 s o IR UG AL S
[0064]  Kf 100 Tk H A4-HE 21 B 2240 7 Sepk el 3 MR A W E TR+ . FEErK
HIEE (70% —100 % B ) ik, 75T 20-25°C T Hdt /0 1 /. @ik g
0. 45 wm JE M PEAZ I I F S DR E N P2 ) o
[0065] 4452 (B8 AT M AGRAH €43 (HPLC) Z0#T. 7E RPI8 A: b dh4T 73 15, i sl Al
HHEE (A) #10. 3% 418 (B) ARG BB JE 254 £ 95% —20% B 1 0-10min, ££ 20% -10%
B H1 10-20min, £ 10% —-10% B 1 20-35min, ££ 10% -95% B ' 35-40min, & A 1ml/min.
PR AN — ] W 4 e AT P 3 R A0
[0066]  SXf{E 25 & 30min I USCER (K14 73 HEAT AR FR 0k 4, IS 21 4- 32 5L -2, 3- —HI%
e -6- I -5-(3,7, 11- =HIIET % -2, 6, 10- =4&3E) B -2- % (tba¥ 1), —Fh
BREEREOAET W LAY 1 M R 70 20N Coyllyg0,, 71508 390, M 5N 48 22
52°C. NMR % %7~ '"H-NMR (CDC1,) 8 (ppm) = 1.51,1.67,1.71,1.75, 1. 94, 2. 03, 2. 07, 2. 22

Vi
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,2.25,3.68,4.05,5.07 F15. 14 ;" *C-NMR(CDC1,) & (ppm) = 12. 31, 16. 1, 16. 12, 17. 67, 25. 6
7, 26. 44, 26. 74, 27. 00, 39. 71, 39. 81, 40. 27, 43. 34, 59. 22, 60. 59, 120. 97, 123. 84, 124. 30,
131. 32, 135. 35, 135. 92, 138. 05, 160. 45 F1 197. 12,

H;3’C'\O

AW 1 4= 3HE -2, 3- ZHIEKR -6- H3E -5-(3,7, 11- =HIA 0 -2, 6, 10- =4
) 2 -2- T
[0067]  MTEZNWIWTFE H FIALE Y | IR IR BRI PR BRE i R R AL &) 27— B W)
LAY . AL EY) 27 Bt e oy 109 312(Cogl0p) HY 4- F23E -2, 3- —HI Ak -6- /Y
K -5-(3- L -2- OUflR ) P -2- M. Aalitb it FESRASAL A 25, Hoplimfie v 2, 3- —
H 438 -5- H3E -6-((2B,68)-3,7, 11- = H L+ T HKk -2,6, 10- =& ) ¥ -2,5-
)‘% 1 4- QEH ( \%Ejj 386. 52, C24 404)

[o068] i id 4l wL%aaazIﬁ%IJ % T A& W 26——4- $ FE -2- B A R -6- H
i -5-((2E,6E)-3,7, 11- =H I+ =g -2,6, 10- =H¥E) 2 -2- R, £ 178N
350. 53 (Cysllys05) o BHI 24 TALE WY 28,

=3

[0069]  'H(500MHz :CD,0D) 6 1.16(3H, d, J = 6. 9Hz), 1. 58 (3H, s), 1. 60 (3H, s), 1. 62 (3H, s
), 1.65(3H, s), 1. 77-1. 83 (1H, m), 1. 93-2. 20 (2H, m), 2. 00-2. 20 (7H, m) , 2. 23-2. 31 (1H, m),
2.63-2. 71 (11, m), 3. 59 (31, s), 4. 64 (1H, dd, ] = 5. 5 1 3. 7THz), 5. 07-5. 12 (20, m), 5. 21 (1H
,t,J = 7.3Hz),5.91(1H,d, J = 5. 7THz) ;"°C(125MHz ;CD,0D) & 13. 1, 16. 2, 17.8,17. 8, 25.9
,27.4,27.8,28.2,40.9,43. 4,47.5,48. 5,49. 8,55. 3,65.0, 116. 6, 123. 3, 125. 3, 125. 4, 13
2.1,136.0,138.1,152.0, 198. 7,

[00701 [« 1*, 66.9(c 0.69,MeOH) ;'H(600MHz ;CD,0D) & 1. 14(3H,d, J = 6. 9Hz), 1. 65-1
L70(1H, m), 1.67(3H, ), 2.24 (20, t, ] = 7.4Hz),2.32(2H, t, ] = 7.4Hz),2.43(2H, t, ] =
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7.4Hz), 2. 44-2. 50 (m, 1H), 3. 57 (3H, s), 4. 04 (3H, s), 4. 36 (1H, d, J = 3.5Hz),5.29(1H, t, J
= 7.1Hz) :"C(150MHz ;CD,0D) & 12. 8, 16. 2, 28. 1, 33. 8, 35. 8, 41. 4, 45. 6, 58. 6, 60. 7, 66. 8
, 123.4,137. 1, 137. 2,164. 9, 177. 3, 199. 4,

[0071] EI-MS,m/z 486 [M+Nal"; 'H(600MHz ;CD,0D) 6§ 1.19(3H,d, ] =
7.0Hz),1.24(3H,d, ] = 7.4Hz), 1. 60(3H, s), 1. 69 (3H, s), 1. 93-2. 00 (2H, m), 2. 00-2.
04 (1H, m), 2. 05-2. 08 (2H, m), 2. 11 (3H, s), 2. 13-2. 20(2H, m), 2. 20-2. 25 (m, 1H), 2. 26—
2.31(2H,m), 2.40(1H, dd, ] = 13.8Hz #1 7.0Hz), 2. 50-2. 56 (1H, m), 2. 73-2. 80 (1H, m)
,3.63(3H, s),4.00(3H, s), 4. 69-4. 74(1H, m), 5. 17 (1, t, ] = 6.7Hz),5.31(1H,t, ] =
7.0Hz),5.75(1H, d, J = 3. 1Hz) ;*C (150MHz :CD,0D) & 13. 1, 16. 0, 16. 2, 16.5,20. 9, 27. 1, 2
8.0,35.0,35.6,40.5,42.5,44. 2,45.9,60. 3,61. 1, 70. 4, 78. 8, 122. 5, 129. 2, 131. 7, 138. 3
,138.7,160.5,171. 4, 182.7,199. 0,

1| 2 o PR IE A A O

1. TSCI, e
2. KCN

4. p-TsOH
32 33 5. PDC

R*= H, CH 4, OMe, OBn
[00721 @it A vE (A, J. Org. Chem. 2004, 69, 8789-8795) HIAL&H 32 il &AL &)
33(R*=H) o L LR AP BRH] &7mfo 14: p [A)4 34a (R *= H) o ] DAAH R i) 28 Ao 451 14
¥ alA (43504 34b—d, R*= CH ,. OMe. OBn 2§ ) ,

AR 1. LR, 2R, 3R, 4S) -3- HIEE —7- S A2 00E [2. 2. 1] BE -5- M —2- & ] HJk 4- H

K -1 IR Ay o S

[0073] [ 7E UK ¥ K 0946 & 9 21 (8. 3g,59mmol) 7F CH,CL,(210mL) = (17 ¥ Wi 0 ¥
Et,N(21. OmL, 148mmol) \4-DMAP (1. Og, 8. 9mmol) A1 TsC1 (16. 9g, 88. 8mmol) o {EIREHITHE
BRI 16h, I H,0 (100mL X 3) A1#h7K (100mL) Pk . K-HHLEZ Na,S0, T I F a2
Wl RSB R A REVE (BEtOAc: O, 1:3, Ry 0.46) 4lifh, AR5 T i
14. 8g (50. 2mmo1,85% )  EI-MS, m/z 317[M+Na] ;[ a ] **,-14. 8 (c 2. 34, CHC1,) ;'H(600MHz ;
CDC1,) 8 1.04(3H,d, J = 7.3Hz), 1. 83-1. 90 (11, m), 1. 91-1. 97 (1H, m), 2. 51 (3H, s), 4. 02 (1
H,t,J] = 9.8Hz),4.22(1H, dd, J = 9.5 F 5. 4Hz), 4. 49 (1H, s), 4. 75 (1H, s), 6. 32 (1H, dd, J
= 5.8Hz 1 1. 6Hz), 6. 41 (1H, dd, ] = 5. 8 #1 1. 6Hz), 7. 43 (2H, d, ] = 8. 2Hz), 7. 87 (2H, d, J
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= 8.2Hz) :"°C(150MHz ;CDC1,) 8 14. 1,21. 4, 33.6, 39. 2,71.0,80.0,84. 5, 127.6,129. 7,13
2.6,134.4,135.9, 144. 7,
LB 2. 2-[(R, 28, 3R, 48) -3~ HI & -7- S A 0 [2.2. 1] [ -6- 0 —2- 2 ] 2 fi§

(ol Swiins

[0074]  [n] 7E UK ¥ T WAL & P 21 (8. 3g,59mmol) £ CH,C1,(210mL) ) ¥ V& 1 % I
Et,N(21. OmL, 148mmol) \4-DMAP (1. Og, 8. 9mmo1) H1 TsC1 (16. 9g, 88. 8mmol) . iR ASWI TG
2B 16h, A H,0(100mL X 3) FiEh7K (100mL) Bk . KA HLZEE Na,S0, T H A3
W, KRV E I RE R AE B RE: (BtOAc: TV, 1:3, Ry 0. 46) 4lifh, DL A2 Tt i
14. 8g (50. 2mmo1,85% )  EI-MS, m/z 317[M+Na] ;[ a ] **,-14.8(c 2. 34, CHC1,) ;'H(600MHz ;
CDC1,) 8 1.04(3H,d, ] = 7.3Hz), 1. 83-1. 90 (11, m), 1. 91-1. 97 (1H, m), 2. 51 (3H, s), 4. 02 (1
H,t,] = 9.8Hz),4.22(1H,dd, ] = 9.5 F1 5. 4Hz), 4. 49 (1H, s), 4. 75(1H, s), 6. 32 (1H, dd, J
= 5.8Hz #11.6Hz), 6. 41 (1H,dd, ] = 5.8 F1 1. 6Hz), 7. 43(2H, d, ] = 8. 2Hz), 7. 87 (2H, d, J
= 8.2Hz) :"*C (150MHz ;CDC1,) & 14. 1, 21. 4, 33.6, 39. 2, 71. 0, 80. 0, 84. 5, 127. 6, 129. 7, 13
2.6,134.4,135.9, 144. 7,

IR 3. 2-[(IR, 2S, 3R, 4S) -3 HH 2 —7- S 28 WP [2.2. 1] B -5- M 2- B ] 2%

"

[0075] 4708 2 il &S (6. Tg, 45mmol) £E IN S AL VAR (480mL, 480mmol)
AW 4he 4h 5, WHZIREY) . TRARMIEIKI A A, R HCL () FRILZE DH 1,
F£H Et0Ac (300mL X 3) ZHU o 156 FF HIAA ML 73 48 Na,SO, T8 523 ik 46 LA™ A2 1 (7. 4g,
44mmo1,98% ). TLC R, 0.63(EtOAc: T%¢,2:1) sEI-MS, m/z 191 [M+Na] ;[ a ] *,-7.03(c
1. 95, CHC1,) ;'"H(600MHz ;CDC1,) 8 1.00(3H,d, J = 7. 3Hz), 1. 77-1. 84 (1H, m), 1. 98-2. 04 (1
H,m), 2. 39(1H, dd, J = 16. 9 1 10. OHz), 2. 51 (11, dd, ] = 16. 9 F1 5. 4Hz) , 4. 45 (11, s) , 4. 6
5(1H, s), 6. 31 (2H, s) ;"*C (150MHz ;CDCL,) 6 15. 3, 33. 5, 34. 0, 35. 9, 82. 8, 84. 8, 135. 1, 135.
6,179. 2.

£ B8 4. (3aS, 4R, TaR) —4- 1 3£ -2, 3, 3a, 4, 5, Ta— N & —1- K If Wk W -2, 5- — FR

0 34a [ %

[0076] ¥4 MPEE 3B RIAIEE (500mg, 2. 97mmol) F p-TSA (57mg, 0. 30mmo1) £E 2% (20mL.)
HH VA TRAE 100°Cn# 3he 3h J&, KR &Y B2 W46 LS RN L W BR1L &9 35a (450mg)

HO

TLC R; 0. 46 (EtOAc: TCbi,2:1) :EI-MS, m/z 191 [M+Na] .

[0077] [ #H % JE 4 [ 35a (450mg) fE CH,CL, (15mL) o () 3+ ¥ W ¥ in PDC (2. 0g,

5. 4mmol) o FEIR G W AE Z IR T B A &, FH EtOAc (30mL) # B, JF it yE. KR RWH

IR G 0 R R AT i vk (BtOAc: b, 1:1, TLC Ry 0.38) &lifk LA At 2 13 € [l 44

K Ak & ¥ 34a,294mg (1. 77mmol, 60 %,2 25 ) ;EI-MS, m/z 189 [M+Nal';[ a ] *,-269. 3 (c
27
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2.03, CHC1,) ;'H(600MHz ;CDC1,) 6 1. 15(3H,d, J = 6.9Hz),2.17(1H,dd, ] = 17.4
12. 7Hz), 2. 53 (11, dd, J = 17. 4 F18. 5Hz), 2. 78 (1H, dd, J = 6. 7 A1 5. 5Hz), 3. 26-3. 35 (11, m
),5.32(1H, dt, J = 7. 2 F1 1. 9Hz), 6. 18 (11, dd, J = 10. 3 Fil 1. 3Hz), 6. 68 (1H, dt, ] = 10. 3
A1 1. 9Hz) ;"C (150MHz ;CDC1,) 6 12.9,29.6,41.1,75.2,131. 1, 141. 1, 174. 4, 197. 7,
Set s 3 H NI 35a il Eon il &) 36a
H H

2.DIBAL-H

l 1. TBDPS-CI

1.nBu Liiph_gPCH CH3CHsl

1.AcO, py

SUUUUIUUMUUUIUUTS:

TBDPS—0.

2.nBusNF

A1l

[0078]  HH 1k & ) 35a & DL R 20 BRI 45 AL & W) 36a. T O BT R R O SRR A
(TBDPS—C1) ( AR AT LA FH Xof et i P 2% A 22445 ke %) SH At A R ) e o A1) 42 ) 45335 R SR S A 4 3
M1, #5101, MOM. MEM, THP £33 [A155 ) frép 2RI SR )5 ¥ T4k &9 8 Jeidit DIBAL-H
W5, 35 BE S AR B 44 (n-Buli) R 5 PhyPCH (CH,) (CHo) T B (Wittig M) LATSFrh ]
W ALe HHeH CBRIEA (Z 1 :Ac,0, Mbig ) LRI Rk AL B AR, FERE 5 A n-BuNF
B2 R be S5 O 4 B2 ] TBDPS . B J5 F PDC U B ik (I F2 2R L A DIAS 246 &4 BL. X 408
RSB A 36a. T LALLM & — RV AL &4 36.

TBDPS—0O

(A1)

[0079]  'H(B00MHz :CD,C1) 80.77(3H,d, ] = 7.3Hz), 1. 07 (9H, s), 1. 65 (3H, s), 1. 73 (3H,
s), 1.84-1.90 (1H, m), 2. 02-2. 10 (1H, m), 2. 21-2. 28 (2H, m), 3. 93 (1H, t, ] = 4.0Hz), 4. 18
(1H, br), 5. 20-5. 25 (1H, m), 5. 66 (1H, dd, ] = 9. 9Hz FI 4. 5Hz), 5. 85 (1H, dd, J = 9. 9Hz
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4.0Hz), 7. 37-7. 41 (4H, m), 7. 42-7. 46 (2H, m) , 7. 66-7. 70 (4H, m) .

S 4 - A A& 36 S s on Bl &Y 37a £ 37
[0080] it RX (X JAES 2 2k A dun i 2 B R R I ) N HC L 7KV s 2] 4% i 4k
& 37a A1 37b.

1. IRHCIZR i)
2. RoX

OR;
37b
[0081]1  AHRZHRHI L FALED.
W& 31 :3- (R L ) -4- 20 -2 H 4R —6- WOk -5-[(2E, 6E)-3, 7, 11- = HI gk
+ Wk 2,6, 10- =4 -1- 3 ] 3R -2- 5 -1-

OBn

[0082] [\ ¥& 14 0°C [ 7E MeOH 50mL H (1) (4S, 5S, 6S) -4- F& & -2, 3- HIH K -6- H
H-5-[(2E,6E)-3, 7, 11- =HIF+ 5% -2, 6, 10- =45 -1- 3£ ] FF 2 -2- 4 -1- B (10. 0g,
25. 6mmol) HFEIMAHCT mp (22. 5ml, 270mmol) o 44 S M AE 2 I T HEFE 30mine 30min J&, ¥
REMEZ WA . KR EtOAc (100mL) #i%s, AN NaHCO, (50mL X 3) FZh/K (50mL)
ek, 28 Na,SO, T4, 1h 3, W4 B it iR AE vk (EtOAc: b, 1:5, TLC R (0. 26) 4lifk
PLAS 3P 3. 0g (6. 4mmol,25% ) sEI-MS, m/z 489[M+Nal';[ a ] *+18.6(c 2. 19, CHCl,) ;
'H (500MHz ;CDC1,) 6 1. 16 (3H, d, ] = 7.0Hz), 1. 59 (6H, ), 1. 64 (3H, s), 1. 67 (3H, s), 1. 73-1
.75 (1H, m), 1. 94-2. 00 (2H, m), 2. 00-2. 09 (7H, m), 2. 21-2. 24 (2H, m), 2. 52-2. 56 (1H, m), 3. 6
6(3H, s), 4. 35(1H, t, J] = 3.6Hz),5.05-5. 10(2H, m), 5. 12(1H, t, ] = 7.0Hz), 5. 28 (11, d, J
= 11.9Hz),5. 44 (11, d, J = 11. 9Hz), 7. 34-7. 39 (5H, m) ;**C(125MHz ;CDC1,) 8 12. 4, 16.0, 1
6.1,17.7,25.7,26.5,26.7,26.9,39.7,39.8,40. 4, 43. 4, 60. 4, 68. 1, 73. 4, 121. 0, 123. 9, 1
24.3,127.8,128. 4, 128. 6, 131. 2, 135. 2, 136. 3, 136. 8, 137. 9, 159. 8, 197. 3.

&M 30 2- (REAE ) -4- 20 -3- WAk —6- Ak —5-[(2E,6E)-3,7, 11- = HI %
+ K -2,6, 10- =45 -1- 3L 1 T2 -2- 4% -1- [H
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[0083] 6. 1g(13mmol,50 % ) :TLC R.0.26(EtOAc: © #%¢,1:5) ;EI-MS, m/z489[M+Na]';
[a]*,-8.04(c 2.04,CHCl,) ;'H(600MHz ;CDC1,) & 1.28(3H,d,J = 7.3Hz), 1.49(3H, s), 1.
55(3H, s), 1. 57 (3H, s), 1. 65(s, 3H), 1. 67-1. 77 (m, 1H), 1. 90—1. 99 (2H, m), 1. 94-1. 99 (2H, m
), 1.99-2. 05 (4H, m), 2. 05-2. 10 (1H, m), 2. 21-2. 23 (1H, m), 2. 61-2. 65 (1H, m), 3. 57 (1H, br)
,3.67(3H, s), 4. 97-5. 00 (1H, m), 5. 03-5. 06 (2H, m), 5. 19(1H, d, ] = 11.9Hz), 5. 46 (1H,d, J
= 11.9Hz), 7. 32-7. 36 (5H, m) ;"°C (150MHz ;CDC1,) 8 15.9, 16.0, 17.6, 17. 7, 24. 0, 25. 6, 26
.4,26.7,35.4,39.6,39.7,44.9,60.5,70.8,73.4,121. 8,123.9, 124. 3, 127. 7, 128. 4, 128.
6,131.2,133.7,135. 1, 136.5, 137.9, 165. 7, 195. 1.

1 & ¥ 29 :2, 3— — W4 L -5- F1 L —4- A R -6-[ (2E, 6E)-3, 7, 11- = FI % —
ik —2,6, 10- =J& —1- 3% ] 3 -2- M -1- BL 4RI

OMe

[0084] [ ¥4 #1 % 0°C [ 75 Mk e BmL 1 [ (4S, 5S, 6S) —4- ¥ % -2, 3- - H & Bt -6- H
e -5-[(2E, 6E)-3,7, 11- =HIFE+ 8% -2,6, 10- =4 -1- 3£ ] B2 -2- 4% —1- B (500mg,
1. 38mmol) ¥ INZBREF (300 nL,3. 19mmol) o Y NAE I FHHE 4h. 4h J5, KRS
F EtOAc (20mL) s, 1IN HCL ( ZK¥AEW ) (10mL X 2) \H2F1 NaHCO, (10mL X 2) . 57K (20mL)
Vi, 28 Na,SO, 1, i 3, K 4 I ad ik R A (03855 (EtOAc: 4%, 1:3, TLC R 0.56)
ali 1k L 45 3 77 %) 404mg (0. 934mmol,68 % ) :EI-MS,m/z 433 [M+H]"; 'H(500MHz ;CDC1,)
§1.19(3H,d,J = 7.0Hz), 1.56 (30, s), 1. 59(6H, s), 1. 66 (31, s), 1. 83-1. 90 (1H, m), 1. 9
2-2. 10 (10H, m), 2. 08 (3H, s), 2. 20-2. 38 (1H, m), 2. 48-2. 56 (1H, m), 3. 66 (3H, s), 3. 98 (3H
,s),5.06-5. 13 (3H,m), 5. 74 (1H, d, J = 3. 2Hz) »
SEJfAE] 5+ e I b W ] 2 Ao AL B
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1) LDA, THF

40 1
[0085] 2, 3- “HISHL: -5 HEIR O -2- M -1, 4- ZERRI A &4 38, FERBIFEHI
FEAKIR T &4 38 218 Vs N2 LDA [¥) THE ¥ . 72T BB )G Btk &4 39
TEFEPE SRR T AR R I 2 S SR S o 1 S RAEARTR T F K3 K I dlifk A4S 24k
AW 40, FAE R A A AE TR B B CuCl,CuO SHALA 4 40 BEAT AR LLAEELE W) 1.
S e 6 ¢ P05 s PR ER CURS AL &4 25-31 AT S 1 K4 i EE A A
[ooge] fF A &4 ffg i+ % ik 75 & -8(Cell Counting Kit-8) (CCK-8,Enzo Life
Sciences, Farmingdale, NY) WS 40M35 /7. 7R 1258, 40 o b 1 B 0B E i WST-8 BA™
PR (R ) % e R R T . A BRI PR (K S TR A UK IE L. bR
Ji o ¥4 CCK-8 WA I BN &AL IR 4he {2 BETHAE 450nm [RMR I TH I H
B (IR P o 20 MO s ket T A sk B 1 23 L
[0087] N [ H#EALEY) | 20 M B AR 2 5 5 Ras RS AEAEAH I, 6 FH B B2
7 Ras (H838. Hep3B 11 K562) H 58745 Ras (A549. HepG2 11 THP-1) I-k¥E T Al (A549 F1
H838) . I (HepG2 M1 Hep3B) A IfLp (K562 A THP-1) M4 R . 7E4L&) 1 AL FE 48h
S DN VE 7. 40 R 2R DL e AT s B R HE B 1R 1C50 0 THP-1 (2. 22 1 M) <A549 (3. 24
1 M) <H838 (3. 32 u M) <Hep3B (3. 74 u M) <K562 (5. 12 u M) <HepG2 (6. 42 uM) (ZWF% 1) .
[0088] &%, {E H838 4H i MlE &M 1 K (Ab51) 29.30 #1 31) AR (&
W 27) VAR ZIRA R Z o B IRSRAUA) (fLEH 25.26.28) 1) 1C,fH. 45HKH, (L&
1y 27— FRIRIEPA AL Je B Ik B T H A o s AR 2 o0 E 2. ok, (&4 31 Ak &9
LAt 2 g (R Do
[0089] 5% 1. JEiL CCK-8 41 i /Al it =X X s itk S 1Cs M
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L& A549 H838 Hep3B HepG2 K562 THP-1
¥
1 3.2440.35 | 2.962£0.05 | 3.7440.35 | 6.4240.08 | 5.1240.83 | 2.2240.03
25 - 22.56+6 45 - - - :
26 - 11,34+4.17 - - - .
27 - >100 = - - -
28 - >100 . . - .
29 - >100 - - - -
30 | 22614224 25561654 | 9.06+3.03 | 27.0346.06 - -
31 | 6684075 | 341£1.43 | 7.46+£7.06 | 8.98+097 - -

BUHFRR T EIME £S. B M
JUE AL B IR IR 1A W A S ity 5, {EUR T AR GUSB AR N i
AGURBARN LA B A K W A5 L
IR AR B 2 R AR R A W 2B, AP TR (A S B S g SR AR AR
Sl T ftiA A M FIAE T BN SO 23R R A e B Y L I H I 5 3 B U
SR A 75 VAN S5 4 B A R I

[0090]

1115 55 WL B, IX i it 5 52 A Bl ) 7 s
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