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An Exo- Sel ective Synthesis of H nbacine Anal ogs Field
of the Invention This application discloses a novel
w@r@em3&st or the synthesis of hinbaci ne anal ogBCT/@S2006/001015
wel | as the anal ogs produced thereby. The synthesis
proceeds by alternative routes including the cyclic
ket Alp g IS efttive SYnthesH ofiinbrcie dnaloys.
and = : € conpounds
produced thereby are useful as thronbin receptor
ant agoni sts. The invention disclosed herein is related
to those disclosed in the co-pendi ng patent
applications corresponding to U S. provisiona
application serial nos. 60/643,932; 60/643,927; and,
60/ 644, 464, all four applications having been filed on
the sanme date. Background of the Invention Thronbin is
known to have a variety of activities in different
cell types and thr @iglidofrthedpventiomr e known to be
present in such cell types as human pl atel ets,
vascul ar snmooth nuscle cells, endothelial cells, and
fib;oFIasts. Thronbi n recept or antagoni sts may be
usgf u . . [ [ i
SIS 8@@?:@&@&%&2@%?&%0%! 6:%E§£Q’fgr.tﬁe sgﬁfHe%@@F Kinbacine

i bropriol'iferative disorders, as
wel | as ot h%r :
analogs, as well as the analogs produced thereby. The synthesis proceeds by

alternative routes including the cyclic ketal-amide route, the chiral carbamate-
amide route, and the chiral carbamate-ester route. The compounds produced
thereby are useful as thrombin receptor antagonists. The invention disclosed
herein is related to those disclosed in the co-pending patent applications
corresponding to U.S. provisional application serial nos. 60/643,932; 60/643,927;

and, 60/644.,464, all four applications having been filed on the same date.

Background of the Invention

Thrombin is known to have a variety of activities in different cell types
and thrombin receptors are known to be present in such cell types as human
platelets, vascular smooth muscle cells, endothelial cells, and fibroblasts.
Thrombin receptor antagonists may be useful in the treatment of thrombotic,
inflammatory, atherosclerotic and fibroproliferative disorders, as well as other
disorders in which thrombin and its receptor play a pathological role. See, for

example, U.S. 6,063,847, the disclosure of which is incorporated by reference.
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di sorders in which thronbin and its receptor play a
pat hol ogi cal role. See, for exanple, U S. 6,063, 847,
W b@otit@st osure of which is incorporated by  PCT/US2006/001015
reference. One thronbin receptor antagonist is a
C@H@Wﬁﬂwtﬁﬁ rédhtbPaRtaganRNE £ 8binpoliRaidt Phe fdiia and salts
conpound Is an orally bioavail able thronbin receptor
themm%ntagoniSt derived from hi nbacine, and its synthesis
T oceeds through a Diels-Al der reaction. Processes for
the synthesis of sipilar h
recept or antagoni st S\ dy e~ ¥
6, 063, 847, and U. S.
and the synthesis d? e b fate salt of a
particul ar hi nbaci amat gy is disclosed in U S
publication no. 2004701 ®41 8Al , the disclosures of
whi ch are incorporated by feference herein. The
present invention providg€™an i nproved process for
preparing thronbin receplor lant agoni sts by providi ng
at |l east one of a higher yreld of the desired exo
product via the Diels-Al reaction, a sinple and
nore efficient conversio am de internediates to
their correspondi ng car bxybates, and i nproved
purification of internedi%hes via crystallization.

nmbaci ne anal og t hronbin

|‘QﬁﬁdobEt U S pat. no.
dn no. 2004/ 021 6437A1 ,

This compound is an orally bioavailable thrombin receptor antagonist
derived from himbacine, and its synthesis proceeds through a Diels-Alder
reaction.

Processes for the synthesis of similar himbacine analog thrombin receptor
antagonists are disclosed in U.S. pat. no. 6,063,847, and U.S. publication no.
2004/0216437A1, and the synthesis of the bisulfate salt of a particular himbacine
analog is disclosed in U.S. publication no. 2004/0176418A1, the disclosures of
which are incorporated by reference herein. The present invention provides an
improved process for preparing thrombin receptor antagonists by providing at
least one of a higher yield of the desired exo product via the Diels-Alder reaction,
a simple and more efficient conversion of amide intermediates to their
corresponding carboxylates, and improved purification of intermediates via
crystallization.

Summary of the Invention

In one embodiment, the present invention provides a process for preparing

Compound 1:
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Summary of the Invention In one enbodi nent, the
present invention provides a process for preparing
w@ipouEd2 1: conpri sing cyciiiny Compound 2 whePE&I/nSH06/001015
is selected fromthe group consisting of OR4 and
NR5R6, R2 and R3 are independently selected fromthe
group consisting of K OR8, NHC(O) R4, and N2,
or R2 and R3, taken w-kf) t he carbon to which
they are attached, forfar o 7-menber ed
heterocyclic ring cofta ailhg 1 to 3 heteroatons, and
R4, R5, Re, R7, and R8 ;each i ndependently sel ected
fromthe group consisting of H alkyl, alkoxy,
cycl oal kyl, aryl, alkylaryl, arylalkyl, and heteroaryl
groups, or when R is NRS5R6 then R5 and R6 may,
t ogat hal Amﬁth_the,nltro en.to which they are attached,
fofih & B ote 7= e mEPed¥ Hefer ocycl i c ring containing 1
to 3 heteroatons. In sone enbodi nents, the solvent is
sel ected fromthe gro ﬁ consi siid ng of xyl ene,
N- met hyl pyrrol i di nongy B { sul foxi de, di phenyl

et her, D nethyl acet apudi Re ur es t hereof.
o]

wherein R, is selected from the group consisting of OR, and NRsRg, R» and

Rs are independently selected from the group consisting of H, NHRs, OReg,
NHC(O)R4, and NO, or Ry and Rg, taken together with the carbon to which they
are attached, form a 5- to 7-membered heterocyclic ring containing 1 t0 3
heteroatoms, and R,, Rs, Rs, Rz, and Rg are each independently selected from
the group consisting of H, alkyl, alkoxy, cycloalkyl, aryl, alkylaryl, arylalkyl, and
heteroaryl groups, or when Ry is NRsRg then Rs and Rg may, together with the
nitrogen to which they are attached, form a 5- to 7-membered heterocyclic ring

containing 1 to 3 heteroatoms.

In some embodiments, the solvent is selected from the group consisting of
xylene, N-methyipyrrolidinone, Dimethylsulfoxide, diphenyl ether,

Dimethylacetamide, and mixtures thereof.

In some embodiments, the base is selected from the group consisting of

organic, inorganic, and organometallic bases.
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In sone enbodi nents, the base is selected fromthe
group consisting of organic, inorganic, and

woe@ano@et al | i c bases. | n sonme enbodi ments, thePOEES2006001015
sel ected fromthe group consisting of triethylamne, 1

1%@@%}9&%%@@}9 ' § tgfe)g)'ﬁggiiiggr’ec%from the group consisting of
o i RS ik SRSt LSRR e

about i SCTC, preferably, between about 80C and about
and 11§0@zakinyelahs 4t Qluades-7-¢nd.ween about 100 and about 160

C, still nore preferably, between about 120 and about

150 C. In anot her enbodi ment, the present invention

plrogbtieembadinrehs, thetemperantdlig KerweeH ibodit 70MG kAl mbout
R10 and Rn are each i ndependently selected fromthe

190 R RIFRY ) Do Mgt b ok bretermtly
' | Shesel f
el 83, P B |y LA R 4, BB goou 20
AR , , R2i
and oL B8 om t he ar oup. consi ot i g of “hal bgen, - CF3.
CrC 6 alkyl, CC 6 al koxy, and - COOR13, wherein R13

is selected fromthe group consisting of H CrCe
alrkgnother embodiment, the present invention provides a process for

preparing Compound 3:

Q y

H
~NR1pR 14
)
H IR

13
I

NN\ 7/
—Z

ja

(R12)n
3

wherein R1o and Ry are each independently selected from the group
consisting of H, alkyl, alkoxy, C(O)R4, cycloalkyl, aryl, alkylaryl, arylalkyl, and
heteroaryl groups, wherein R, is selected from the group consisting of H, alkyl,
alkoxy, cycloalkyl, aryl, alkylaryl, arylalkyl, and heteroaryl groups, R is selected
from the group consisting of halogen, -CFs, C4-Cs alkyl, C1-Cs alkoxy, and —
COOR;s, wherein Rys is selected from the group consisting of H, C4-Cg alkyl,
phenyl, and benzyl, and n is an integer ranging from 1 to 5, comprising (a)

reducing Compound 1 to Compound 4:



phenyl, and benzyl, and n is an integer ranging from1l
to 5, conprising (a) reduci ng Conpound 1 to Conpound
wd2(obp7@snverti ng Conmpound 4 to Compound 5 - (BYT/US2006/001015

converting Conmpound 5 to Conpound 3 by reaction with
Conpound 6, 6 , whepeip Ris selected fromthe group
consi sting of al ky s\letqQalfkyfyy aryl, heteroaryl, and
allyl. In anothef enbodi ngnt, the present invention
provi des a procesg f0f gpreparing Conpound 7:conprising
cyclizing Conpound 84WWherein Ri5 and R 6 are each
i ndependent |y sel ecfed fromthe group consisting of H,
al kyl, cycloal kyl, aryl, alkylaryl, arylalkyl, and
het eroaryl groups or,*when taken together with the
nitrogen to which they are attached, may forma 3- to

(b) cosvertingifeompohnd driodGampound g containing 1 to 3
het eroatons. | n another enbodi ment, the present
i nvention provideg g ppocess for preparing Conpound 3:
3A wherein Rn and asrgefi ned above,
conpri si ng:

(c) converting Compound 5 to Compound 3 by reaction with Compound 6,

0O
]

P
“(OR1s)2

wherein Ry, is selected from the group consisting of alkyl, cycloalkyl, aryl,

10 heteroaryl, and allyl.

In another embodiment, the present invention provides a process for

preparing Compound 7:



(a) converting Conpound 7 to Conpound 14: 14 (b)

reduci ng Conpound 14, followed by hydrolysis, to yield
w@ipouad2 15: 15 (c) am nating Conpound 15 to yPEIr/US2006/001015

Compound 4: wherein RO and Rn are as defined above;

' "@@m d 4 to Conpound 17: 17 (e)
Com%ﬂ%%%ﬁdogﬁp url1‘d81 to Conpound 18: 18 and (f)
converting Conpound 1§ to Conmpound 3A:3A. |n anot her
embodi nent, there is providedya\process for preparing
Conpound 20: 20 conpyi 3nrg_eygl izi ng Conpound 21: 21
I n anot her enbodi nenp- \he Cprovi ded a process for
prepari ng
0™ 'NRysR4e

wherein Rys and R1s are each independently selected from the group consisting

5 df H, alkyl, cycloalkyl, aryl, alkylaryl, arylalkyl, and heteroaryl groups or, when
taken together with the nitrogen to which they are attached, may form a 3- to 6-
membered heterocyclic ring containing 1 to 3 heteroatoms.

In another embodiment, the present invention provides a process for

preparing Compound 3:
0
LT~ NHCOR,,
0
10 (R12)n
3A
wherein R4, and Ry, are as defined above, comprising:
(a) converting Compound 7 to Compound 14:
15 14

(b) reducing Compound 14, followed by hydrolysis, to yield Compound 15:



Compound 3C: 3C conprising: (a) reduci ng Conpound 24:
24 wherein R 0, Rn, R15 and R16 are as defined above,

W eoogioad4d2 Corpound 25: 25 (b) converting ConmpoReUgH06/a01015
Compound 4: (c) converting Conpound 4 to Conpound 5:
and (d) convertlngttbupoung 5 to Cbnpound 3C.3C. In
yet anot her enbodi ng
for preparing Conpgund
Compound 26: 26 In
i nvention, there
Conpound 3C:. 3C

wherein Ry and Ry, are as defined above;

(d) converting Compound 4 to Compound 17:

17

10 (e) converting Compound 17 to Compound 18:

H
aN

\n/ORﬁ

and (f) converting Compound 18 to Compound 3A:



conprising: (a) reducing Conpound 27: 27 wherein R0
and Rn are as defined above, and R17 is selected from
wo b@sgrasp consisting of H al kyl, cycl oal kyl , P&r/ys2006/001015
aryl al kyl , and heteroaryl groups, to yield Conpound 4:
(d) converting Cenpoupd 4 to Conpound 5: (e)
converting Compoynd o-MWhRBHund 3C. 3C. | n anot her
enbodi ment of tH& pres i nvention, there is provided
a conmpound of thg ‘o_homnng formula: 0 wherein R 5 and
Ri 6 as defined aboveXIn still another enbodi nent of
the present inventio there is provided a conpound of
the follow ng fornul a:
def i ned above.

In another embodiment, there is provided a process for preparing

Compound 20:

20

comprising cyclizing Compound 21:

k\@ wNR1oR11

NH15R16
21

10 In another embodiment, there is provided a process for preparing

Compound 3C:

Q

~NR1oRy
0
HIR

X I

7 N/
==



I n anot her enbodi nent of the present invention, there
is provided a conpound of the followng fornula: 2
wob@esrdasRi R2 and R3 are as defined above. | n PEDUR®06/001015

enbodi nent of the present invention, there is provided

a conpound of the follow mg fornula: 1 wherein R, R2

and R3 are as defined above. In still another
COMPERHNGIi nent of the present invention, there is provided

: g followng formula: 1 30 wherein R-i,

@nreﬁyﬁggg%%ﬂgpgégb 5 defined above. In yet another

enbodi ment, the pregenf invention enconpasses a

conpound of the fol | )sving fepMihn wherein R is

sel ected fromthe dhou I sting of Hand R4, and R2

and R3 are independgnt]y $¢&l ected fromthe group

consi sting of H, I

MRceMan
s Mg

5 24

wherein R1o, R11, R1s and Rig are as defined above, to yield Compound 25:

QH H
wNR1oRy
0]
HIA

Oi\NRme
25

(b) converting Compound 25 to Compound 4:

o}
H H
~NRyoRq4
(0]
H =

10 o7 on

O In

4
(c) converting Compound 4 to Compound 5:

WNRyoR 14

15

5

and (d) converting Compound 5 to Compound 3C:



NHR 5, OR6, NHC(O R 7, and NO2, or R2 and R3, taken
together with the carbon to which they are attached,

WO 00061026452 t 0 7- menbered heterocyclic ring cone@i/ns2wge/101015
to 3 heteroatons, and R4, R5, Re, and R7 are each
i ndependently sel gctied Hf rom t he groupconsi sting of Hl

al kyl, al koxy, cydg * “RRYRy, al kylaryl, arylalkyl,
and heteroaryl groug @ }

yet other enbodi nents, the
invention is direqrgttz0~a conpound of the follow ng
formul a: wherein RiHiwgdsel ected fromthe group
consisting of ORI and Re, Ra and R3 are

i ndependent |y sel ecte gom the group consisting of H,
NHR7, OR8, NHC( O R4, GINO2, or R2 and R3, taken
together with the carbop to which they are attached,
forma 5- to 7-nmenberedpeterocyclic ring containing 1
to 3 heteroatons, andhg¢$FR5, Re, R7, and Rs are each
i ndependently selected fromthe group consisting of H,
al kyl , al koxy, cycloalk%t, aryl, al kylaryl, arylal kyl,
and heteroaryl groups, "when R1L is NRsR then R5 and

e , together . .
Fin yrg%yanotthgr embodiment, there is provided a process for preparing

Compound 27:

27

comprising cyclizing Compound 26:

@]
O%.\\NHTOR11
)’X

0

ORy7

26
In another embodiment of the invention, there is provided a process for

preparing Compound 3C:

QAH H
aNRygRy4
Q.
H 2

(R
T

7 N/



with the nitrogen to which they are attached, forma
3- to 6- nenbered heterocyclic ring containing 1 to 3
whedoenoasons. A further understandi ng of the | POUENS1006/001015
will be had fromthe follow ng detail ed description of
t he i nvention. Description the I nvention The
follow ng definitions and rnms are used herein or are
compfitingt W se known to a skilled artisan. Except where
stated otherwi se, the definitions apply throughout the
(a) redueipg GIBPPWH A4 cl ai ns. Chenmical names, common nanes
and chem cal struct @r?\? may be used interchangeably to
describe in(c) sane eNRiGhgse definitions apply
regardl ess of whet It )is used by itself or in
conbi nation with ot ket 5, unl ess ot herw se
| ndi cated. Hence, t eHd,efW nition of "alkyl" applies to
"alkyl" as well as thed™ &%yl " portions of
5 “hydroxyal kyl ," "halgal kyl ," "al koxy," etc. Unless
ot herw se known, stafted or shown to be to the

nt.r y, t poi nt f.a chnent for .a [ i et
%@aﬁtweas red e, thd L sebradam
|dent|fy sin ety) to a subject structurels
grouprgansisiingtaid. al l %&lﬁ;&!kyleaml dirvialiyl and hefeeoangt groups, to
substituent. For exanple, a cycl oal kyl al kyl
yield €ampoundeht att aches

10  (d) converting Compound 4 to Compound 5:

WNRyoR14

5

(e) converting Compound 5 to Compound 3C:

15

11



to a targeted structure through the latter "al kyl"
portion of the substituent {e.g.,

W@ R0060Ta46E- al kyl - cycl oal kyl). The identity of BPEDNS2006/001015
vari abl e appearing nore than once in a fornmula may be
I ndependent |y sebeqted4fron1the definition for that
vari abl e, unl ess \Wtperju Ngﬁﬂ cated. Unl ess st at ed,
shown or ot herwa @@ be 't he contrary, all atons
illustrated in chefre ormul as for coval ent
conpounds possess morRghl val enci es. Thus, hydrogen
at ons, doubl e bonds, tYiple bonds and ring structures
need not be expressly
formul a. Doubl e bondsl

icted in a general cheni cal
ere appropriate, may be
represented by the preg$ence of parentheses around an
atomin a chemcal fo | a. For exanple, a carbonyl
functionality, -CO, wgyA Iso be represented in a
chem cal formula by -C(O) - -C(=0)-. One skilled in
the art will be able to d:?‘gerrri ne the presence or
absence of double (and trYple bonds) in a
ovaI tIy bopded | ecul e. For instance,, i
'éé&P NeBEo nFW@t preseqt IRYRYHOR, dhers '§rPJPY'f’9d Pay
be represented by -COOH1L - C(O OH, -C(=0O OH or -CO2H.
compcrnm@quéhmfoll@we@wmﬂa as used herein, s a nitrogen,
suliur or oxygen
OH
/\
CONR;15R15
10

wherein Ry5 and Ry as defined above.
In still another embodiment of the present invention, there is provided a

compound of the following formula:

HO—<_\FO
NR15R16
11
wherein Ry5 and Rys are as defined above.

In another embodiment of the present invention, there is provided a

compound of the following formula:

wherein R¢ Rz and Rj3 are as defined above.

12



atom Miltiple heteroatons in the sane group may be
the sane or different. As used herein, the term

wO 200kgpre4seans an al i phatic hydrocarbon group PCEHUSHE61001015
be strai ght or branched and conprises 1 to about 24

c S PPuTEr BRnddiERF of 17, BrasEhPFERECh bl stirdifag,
compdiiil 1A tolRmERAPRAUBE, anched: means thai one or more

| ower al kyl groups such as nethyl, ethyl or propyl,
are attached to a | al ke chain. The al kyl can be
substituted by ones0r SRstituents independently
selected fromthe g =ws.:sn’is%ing of hal o, aryl,
cycl oal kyl, cyano, fydrpxy, al koxy, al kylthio, am no,
-NH(al kyl), - NH(cycIQﬁ%Fyl), -N(al kyl )2 (which al kyl s
can be the same or diffeyent), carboxy and
-C(OOCalkyl. Non-limting exanpl es of suitable alkyl

HLNCh U thyl . AH R opyl , i sopropyl,
%@%@?ﬂ B”t %%'tchllﬁg érg%ér?esn(%f'}?édh%%‘%r’, nonyl , decyl,

SRR TR S BB bR B Bt o
(straight or branched carbon chain) conprising one or

compasickoithariplowpadarmai he chai n and which can be
conj ugat ed or unconj u%at ed. Useful al kenyl groups can
H

conprise 2 to about NRyoR11
O
/5 H:H

Oj\ Ry

30

wherein Ry, Ryg and Ry4 are as defined above.

10 In yet another embodiment, the present invention encompasses a

compound of the following formula:

o]

B2
R1OJW/R3

b

wherein R; is selected from the group consisting of H and R4, and
R2 and R3 are independently selected from the group consisting of H,
15 NHRs, ORg, NHC(O)R7, and NO, or
Rz and R, taken together with the carbon to which they are attached, form
a 5- to 7-membered heterocyclic ring containing 1 to 3 heteroatoms, and

R, Rs, Rs, and Ry are each independently selected from the group

13
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15 carbon atons in the chain, preferably 2 to about 12
carbon atons in the chain, and nore preferably 2 to
w@bwen7@srar bon atons in the chain. The al kenyPCTUS29p6/001015
can be substituted by one or nore substituents
p q e
o B By B Ie P B B R B HofEroaryi
gnnmkpn-linitingexanples of suitable al kenyl groups
I'ncl ude et henyl, propenyl, n-butenyl, 3-
met hyl but - enyl and n-pentenyl. Were an al kyl or
al kenyl chain joins two other variables and is
therefore bivalent, the ternms al kyl ene and al kenyl ene,
r & yet vither ymbodimedd, thelikveytiondankirertied! toya cG®mpound
group in which the alky! group Is as previously
of thel ésltswhigdfordsefasl al koxy groups can conprise 1 to
about 12 carbon atons, preferably 1 to about 6 carbon
atoms. Non-limting exanples of guitable al koxy groups
i ncl ude net hoxy, ethoxy &nd i sopgdpoxy. The al kyl
group of the al koxy is Qi nke adj acent noi ety
t hrough the ether oxygen. e n1@cycloalkyl" as
used herein, neans an unsubgHdrit ed or substituted,
saturated, stable, non-arom@&tic, chem cally-feasible
carbocyclic ring having prefgrably fromthree to
fifteen carbon atonms, nore preferably, fromthree to

ei,ght . carbon atons,. . The cycl oal kyl carbon ring radi cal
W'ggeg'gpa ?{:itlédsei?fbtgﬁafffom thé/ group onsisa{ing of CI)R4g and II\IR5R6

Re and Rs are independently selected from the group consisting of

H, NHR7, ORs, NHC(O)R4, and NO», or
Ro and Rs, taken together with the carbon to which they are

attached, form a 5- to 7-membered heterocyclic ring containing 1 to 3
heteroatoms, and

R4, Rs, Rs, R7, and Rs are each independently selected from the
group consisting of H, alkyl, alkoxy, cycloalkyl, aryl, alkylaryl, arylalkyl,
and heteroaryl groups, or when R; is NRsRs then Rs and Rs may, together
with the nitrogen to which they are attached, form a 3- to 6- membered

heterocyclic ring containing 1 to 3 heteroatoms.

A further understanding of the invention will be had from the following

detailed description of the invention.

14



10

15

20

25

be fused, for exanple, benzofused, with one to two
cycl oal kyl, aromatic, heterocyclic or heteroaromatic

wo 2wgs764Fhe cycl oal kyl may be attached at any PCT/US2006/001015
endocyclic carbon atomthat results in a stable

structure. Prefe ggn oki’|° eil i hav_efromfive
to si x carbons. {H radi cal s

[ . I .
cy e Rlcsg 99@?‘@%@%@%3‘9@?&%ﬁéev%%@%%?&%&é@ PSR
al i i_c,.hydracar ho ro conprising, a east one

ko 63 sRIBNABHRAT | PREPRl e s RS oo siafiaiie ZpPly

branched and_conprising about 2 to about 15 carbon
througha B}%W%“Qﬂ%&%ﬂ@%ﬂé&r edemiegimames, egmembavames and

about 2 to about 10 carbon atons in the chain; a_nd
chemigakstpraifiresanay babsed iptarcharmstbh6iccdsdmibcathemsma stirbstuie.

chai n. Branched neans that one or nore |ower alkyl

Thesgr defiyiticnscappip regiraidss sfihdther a RSP usell By AbéireP ]&\d

to a linear al kynyl chain. Non-limting exanples o

com BRSNS RS ARLAE AN 1 HEEN R gpmiin
of “al§ EPBEE LS St B Vel AT RO B0y P ShvaRiacr
halcRTL ARG B 19, ndependent |y sel ccted [ rom the

term"aryl," as used herein, neans a substituted or

urldngss piheswise known, stated or shown to be to the contrary, the point of
attachment for a multiple term substituent (two or more terms that are combined
to identify a single moiety) to a subject structure is through the last named term of
the multiple term substituent. For example, a cycloalkylalkyl substituent attaches
to a targeted structure through the latter “alkyl” portion of the substituent (e.g.,
structure-alkyl-cycloalkyl).

The identity of each variable appearing more than once in a formula may
be independently selected from the definition for that variable, unless otherwise
indicated.

Unless stated, shown or otherwise known to be the contrary, all atoms
illustrated in chemical formulas for covalent compounds possess normal
valencies. Thus, hydrogen atoms, double bonds, triple bonds and ring structures
need not be expressly depicted in a general chemical formula.

Double bonds, where appropriate, may be represented by the presence of

parentheses around an atom in a chemical formula. For example, a carbonyl

functionality, -CO-, may also be represented in a chemical formula by -C(O)-, or -

15
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aromatic, nmono- or bicyclic, chem cally-feasible
carbocyclic ring systemhaving fromone to two

wW@e@a@rd4s2 ri ngs. The aryl noiety will general | RpCTTES®06/001015
from6 to 14 carbon atons with all avail able

cior Bl SE R B g RSN oo
of doudkenan iPBARASH 0 A covaleibr B MGG Ry Insnde, it s

i ndenyl, or the like. |f desired, the carbocyclic
readiljPécdgnizeatthat asaboxyl durctionatity may begepresented by -COOH, -
preferably, one to three, noieties, such as nono-

C(O)%é%)mbﬁmgﬂ' al kyl, trifluoromethyl, phenyl,

al koxy, phenoxy, am no, nonoal kyl am no,

AL bR Ao aRbmine: Lk ke nardiet AEQAL Yl iBBAN S ur oF oxy
rmn%cy’c‘r f%:"b’r“ﬁﬁl"f i“E‘:‘yETTE"é'r”c‘)'r'r’é?‘i'E”ri ng g%??’em of O XYeen

apput 5 to about 14, 1] t :
atom oS 5-arRB e e AR R kB ke
in the ring systemis/are atons other .
cAgH5PE NATE o e oTEI UGN PA8S PRATPNBER B9 dngraoon bro that
polycyclic {e.g., bicyclic) heteroaryl groups can_b
can berstraightior dranched and sompiised Tiptaboat éﬂmwﬂ piggns in the
substituents, preferably, one to five substituents,
chainPrefairef alkplgrpupscemgdrise bto abowe Scarbontaiemsdn (e ghain.

nono- through pentahal o, alkyl, trifluoromnethyl,
More E)'P@I@Yr‘ed alkyl groups comprise 1 to about 6 carbon atoms in the chain.
“Branched” means that one or more lower alkyl groups such as methyl, ethyl or
propyl, are attached to a linear alkyl chain. The alkyl can be substituted by one
or more substituents independently selected from the group consisting of halo,
aryl, cycloalkyl, cyano, hydroxy, alkoxy, alkyithio, amino, -NH(alkyl), -
NH(cycloalkyl), -N(alkyl)> (which alkyls can be the same or different), carboxy and
~C(0)0-alkyl. Non-limiting examples of suitable alkyl groups include methyl,
ethyl, n-propyl, isopropyl, n-butyl, t-butyl, n-pentyl, heptyl, nonyl, decvl,
fluoromethyi, trifluoromethyl and cyclopropylmethyl.

“Alkenyl" means an aliphatic hydrocarbon group (straight or branched
carbon chain) comprising one or more double bonds in the chain and which can
be conjugated or unconjugated. Useful alkenyl groups can comprise 2 to about
15 carbon atoms in the chain, preferably 2 to about 12 carbon atoms in the chain,
and more preferably 2 to about 6 carbon atoms in the chain. The alkenyl group

can be substituted by one or more substituents independently selected from the

group consisting of halo, alkyl, aryl, cycloalkyl, cyano and alkoxy. Non-limiting

16



10

15

20

25

hydr oxy, al koxy, phenoxy, am no, nonoal kyl am no,

di al kylam no, or the like). Typically, a heteroaryl
w@e@ap7aepr esents a chem cal | y-feasi bl e cycl i cPQr/osg0e601015

five or six atons, or a chemcally-feasible bicyclic

exangﬂéw@r Qj.tawsnkehwt@auaé MRudSbtHeRFP r8ﬂ@n)ﬂ nwéﬁyu@

rbon, and having at | east one oxygen,

methglbp ggﬁ%ﬁﬁrgn&eq{ﬁ upting a carbocyclic ri ng _haV| ng a

f pi (p) electrons to provide

(MU i Skl s R SRR, ey Varabies Ang i gherefore

yra2|nyl pyridazinyl, furanyl, benzofuranyl,
blvaletn#; beyierma @fideng ang alkarylensorgspectivelydaee used.,
i m dazolyl, pyrazolyl, triazolyl, isothiazolyl,
b éAtkoxyii meahs lan ddbsn@xgmmﬂpyh wmmm ylhiosd gy.*_spdﬁ/las previcusly
i soxszolyl, 1 S d-Lriaziny! and indoly! groups. The

descritRidD uésmam@xy lgréupd &ah cOmpribetaoePt 82 catbon atshns,
herei n, nmeans an unsubstituted or substituted,

prefefaft‘)tlry‘gti % %goui‘é%gyt%;r?éar %LNQ Qfﬁ‘ﬁhhg gxﬁﬂ@?é§3+ éLY fa%‘?es bikofy

conpri se

grouriShEf88Ifdhoid), il @nﬁésowa%%%ﬂ% ! gﬁow”?t@ﬁaaawv s

ntain fromthree to t atons in the ring
"nke‘gpr aﬁgenhm%%ﬁwpéﬂgga% ethenQxyg8Nseven at ons.

Pol ycyclic ring systems consisting of two rings
preéermrgyczl@alnd as useehhsiraint mesingtareunsuhsiitytedost
preferably, ten to twelve atons.

substituted, saturated, stable, non-aromatic, chemically-feasible carbocyclic ring

having preferably from three to fifteen carbon atoms, more preferably, from three
to eight carbon atoms. The cycloalkyl carbon ring radical is saturated and may
be fused, for example, benzofused, with one to two cycloalkyl, aromatic,
heterocyclic or heteroaromatic rings. The cycloalkyl may be attached at any
endocyclic carbon atom that results in a stable structure. Preferred carbocyclic
rings have from five to six carbons. Examples of cycloalkyl radicals include
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, or the like.

"Alkynyl" means an aliphatic hydrocarbon group comprising at least one
carbon-carbon triple bond and which may be straight or branched and comprising
about 2 to about 15 carbon atoms in the chain. Preferred alkynyl groups have
about 2 to about 10 carbon atoms in the chain; and more preferably about 2 to
about 6 carbon atoms in the chain. Branched means that one or more lower alkyl
groups such as methyl, ethy! or propyl, are attached to a linear alkynyl chain.

Non-limiting examples of suitable alkynyl groups include ethynyl, propynyl, 2-
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Pol ycyclic ring systens consisting of three rings

contain preferably fromthirteen to seventeen atons,
worene/opief er abl y, fourteen or fifteen atons. BACTUS2006/001015

het erocyclic ring has at | east one het eroat om Unl ess

butyn?t ggrhé\{r@ uﬁ?'?ﬁsel ect eah%t’@% gr oup 2@’62 @%UR ma¥ be
substifyfE13:Chi, it ol s BB S FEN %ﬁ‘%gb%i“i%%ﬁé%rﬁ%@gﬁ gpch
chloro, brono, fluoro or iaqodo atomradical. Chlorides,

substigientinging m@pﬁn%mlsu%%leat@g frarae geRpmeensising ghalkyl, aryl

foll owi ng abbreviations are defined: ee is

and cyclaalkyloneri c excess; EtOH is ethanol; Me is nethyl; Et
is ethyl; Buis butyl; n-Bu is /7orma/-butyl, f-Buis
t Thé Rariry faryOPgs Lse@betaih enokE oBuibistih pod @8 sipisiiuiad,
terf-butoxide; NBS is L/-bronmp succinimde; NW is

arom#ﬁ{c/z'@d}ﬁi UR%}H@' SHErRRAR)-fdd¥ble Tarbocyclic fing system havm%

l'acet am de;” nBu4NBr 1s tetrabttylanmoni u

o R el A TS AR Y f%‘fg?ﬁ o
carbof oy wil Al U TE sibs ERPIS ?@rf%afa §%§§qfftF Asude
being intended as possible points of attachment. Representative examples
include phenyl, tolyl, xylyl, cumenyl, naphthyl, tetrahydronaphthyl, indanyl,
indenyl, or the like. If desired, the carbocyclic moiety can be substituted with
from one to five, preferably, one to three, moieties, such as mono- through
pentahalo, alkyl, trifluoromethyl, phenyl, hydroxy, alkoxy, phenoxy, amino,
monoalkylamino, dialkylamino, or the like.

“Heteroaryl” means a monocyclic or multicyclic aromatic ring system of
about 5 to about 14 ring atoms, preferably about 5 to about 10 ring atoms, in
which one or more of the atoms in the ring system is/are atoms other than
carbon, for example nitrogen, oxygen or sulfur. Mono- and polycyclic (e.g.,
bicyclic) heteroaryl groups can be unsubstituted or substituted with a plurality of
substituents, preferably, one to five substituents, more preferably, one, two or
three substituents (e.g., mono- through pentahalo, alkyl, trifluoromethyl, phenyl,
hydroxy, alkoxy, phenoxy, amino, monoalkylamino, dialkylamino, or the like).
Typically, a heteroaryl group represents a chemically-feasible cyclic group of five
or six atoms, or a chemically-feasible bicyclic group of nine or ten atoms, at least

one of which is carbon, and having at least one oxygen, sulfur or nitrogen atom
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described in the exanples that follow The follow ng
is a general schene illustrating the cyclic

whedwal7@nt de route to the preparati on of a hi nPEUS®06/001015
anal og: The butynol may be converted to am de 10 by a

ngd
mterrutvgm’g? ﬁ?ﬁgélﬁ%hﬂtﬁ% *ggﬂgflcn%bﬁgﬂghb% bﬁé i @) %Iéc‘i’rfo?l‘s t6

r , R
provicly o} e’@}agégg& Bipraiiietive W@sﬁe&w&@& Rbs
P.is a rote rou and X is
are pw@g\y?@rga@w aamgvlsewp Ryl Hestacfusmnyl, thieny,
consisting of O, Br, I, and heterocycllc rings, Lis
benzo&llen\gamamm thiadiarelyt dmldlaZ@M pRrazaljletrisizolyk ispthiazolyl,
sel ected fromthe group consisting of alkyl, aryl,
benzothiazolgl benzaxakzdNR' oxadobd epyurrdRi, iaxagdgsgi;t‘éey,aﬁiﬁamn h&-zc.
group consisting of alkyl, aryl, and alkylaryl, i's

indoly apged fromthe group consisting of d, Br, I, and
"COO, wherein R" is selected fromthe group

The term “heterocyclic ring” or “heterocycle,” as used herein, means an
unsubstituted or substituted, saturated, unsaturated or aromatic, chemically-
feasible ring, comprised of carbon atoms and one or more heteroatoms in the
ring. Heterocyclic rings may be monocyclic or polycyclic. Monocyclic rings
preferably contain from three to eight atoms in the ring structure, more preferably,
five to seven atoms. Polycyclic ring systems consisting of two rings preferably
contain from six to sixteen atoms, most preferably, ten to twelve atoms.
Polycyclic ring systems consisting of three rings contain preferably from thirteen
to seventeen atoms, more preferably, fourteen or fifteen atoms. Each
heterocyclic ring has at least one heteroatom. Unless otherwise stated, the
heteroatoms may each be independently selected from the group consisting of
nitrogen, sulfur and oxygen atoms.

The terms "Hal," “halo,” “halogen” and “halide,” as used herein, mean a
chloro, bromo, fluoro or iodo atom radical. Chlorides, bromides and fluorides are
preferred halides.

The following abbreviations are defined: ee is enantiomeric excess; EtOH
is ethanol; Me is methyl; Et is ethyl; Bu is butyl; n-Bu is normal-butyl, t-Bu is feri-
butyl, OAc is acetate; KOt-Bu is potassium tert-butoxide; NBS is N-bromo

succinimide; NMP is 1-methyl-2-pyrrolidinone; DMA is N, N-dimethylacetamide; n-
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consi sting of alkyl, aryl, alkylaryl, and arylal kyl,
and n ranges fromO to 4. There are two alternative

WO oube%450 Conpound 8; in one route, anm de 10 PEHUSH06/001015
with acid 12 to yield am de 13, which is subsequently

cung i aigltsin S AT G dpieREAgRe
oSS B BT B BB b et

_reaction condition in a suitable solvent {e.qg.,
equivigleit®car bons such as xyl ene, N-nethyl pyrrolidi none,
Di net hyl sul f oxi de, di phenyl ether, D nethyiacbtam de
and the like, as we!! mxtures thereof), at elevated
tenperature (e.g., General®ynth@se&sto about 190C,

PeESbAGNING! dBraPQA R S80--C Lanalioll . 1L Qe iR G oo 5
prefera Iygf“f omrabdut 100C to about 16%%,"”&'?&9%30%%

rahl OC to about 150C), to produce
desc@&% ﬁ@?%@%ﬁp%ﬁé"é’g‘do- isonmers. This mxture is
treated wth a suitaple basg to conplete the )
oI PEPlominads Agenaral sahemes flbSBAtg Be purlchese-argidaoute
ci s-isomer (Conpound 7). Suitable bases include, by
to the\pfeperatiesrofl & hirobagineaaaieige, triet hyl anine, 1, 5-
di azabi cycl o[ 4, 3, 0] non- 5- ene,
1, 4-di azabi cycl o[ 2, 2¢ tane,fand 1, %
¢ di azabi cyc(?%if,& 0] undec- 7- eng’.~=Sappguid 7 i s
/'\Nsubsequen I educedpuwcbor exasp®
fol | owed by hy@'8tsis to yield @

(R)-Butynol Lindla\
catalyst/ . 13

He HO o M
o] NR15R16

M te
12 +BuCoCI
Lindlar Q Q y o/>
1. Solv/heat
catalyst/ O
o e oJ\;\O:> 2. DBU O;:I:j:j\o
He 0 - . A
N HZ2H
N

a hydr ogenati on,

0% "NRisR1s o NRysRye
8 7
Ry _H o QE_H NHp EtCO,Cl
- 0 — —_—
HEZ A HZH
o~ "oH o}/—\OH
15 16 P{O)(OEY),
)
R
19

Q 9 n H

by ANHCOOE ANRCOOEt
[} 0, F

= —_— = —————— e
HZH HiH
o oH Oi\H
17A

Q 18A
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Q

HEZn

x
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20



hydrogenation is preferably conducted in the presence
of a hydrogenation catal yst, for exanple palladium on

W@ 200bom45Aci d 15 is then subjected to am nati oPCT/US2006/001015
conditions to yield am ne 16. The amne is group is

S I r '
o' ey B 6BRUSHHed T bitias 30HATR Wby oF BfferdH
chlqrofgrmate. Th ar,.hamat 7A 1s _then. c erted to
meth?ﬂ%cﬁzygr qé&%‘&ﬁ@ﬁ{ﬁﬁﬁ%ﬁ?@é “ﬁ%‘k}’%iﬁeﬂqﬁ@hﬁ’ﬁ react ed
with phosphorus ester 19 to yield hinbaci ne anal og 3B.
thedl Aoute to hinbacine analog 3B is the chiral
car bamat e- am de route, sunmarized as
foll ows: (R)-Butynol 10 Lindlar/ Pd/CH, In the
ehi ral carbamat - @i de route, 130 may befH
_fEonverted—to cafbdnat e- dm de 21A vifas ei t her W0
"rottes. In the firstroyte, am de 10 reacts with
(R)-Bugaslbamat e-aci d 22A to L3'/i eld am de 23A, which is NRyjsRs
subsequent|ly reduced tocar bamat e-an de 21A
Car ba e-an de 21A i s tfhewp cycl i zedya)léhb/el s- Al der
reaction deseri-bed~ ib Wi t }} re pec%)f\g,mg}e
t 0]

cyclization Wd subsequégnt Dase ‘R{oNpound
8) to yield Conpound 20A.

reat nen

P = protecting group such as THP, SiR'R2R®

5 Method B:

X

OH x” s OH

/'\ Rie

X 0
PdL,/CuY/base
(R)-Butynol NR15R16
opP ?
/\ x/U\NjR15 PdL/CuY/base
A Rie

P = protecting group such as THP, SiR'R2R3

In each of Methods A and B, P is a protecting group and X is a leaving
group and is selected from the group consisting of Cl, Br, I, and heterocyclic
rings, L is a ligand and is selected from PR’ wherein R’ is selected from the

10  group consisting of alkyl, aryl, alkylaryl, and NR”, wherein R” is selected from the

group consisting of alkyl, aryl, and alkylaryl, Y is selected from the group
consisting of Cl, Br, I, and R”’COO, wherein R’ is selected from the group
consisting of alkyl, aryl, alkylaryl, and arylalkyl, and n ranges from 0 to 4.

There are two alternative routes to Compound 8; in one route, amide 10

5  reacts with acid 12 to yield amide 13, which is subsequently reduced via Lindlar
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Car bamat e-am de 20A i s hydrogenated, preferably in the
presence of a hydrogenation catalyst, to reduce the

we a0bone4sar bon doubl e bond to yield Conpound 2BET/UI1066/001015
am de 25A is converted to Conmpound 17A by reaction

catal;)ag(k: tdla ?Utlﬁ the Eﬁédﬁ?ﬁrd&fte %rﬁHeOfw ish@Reiced ¥ Wwﬁﬂlcbhol 11,

ion wWth a mneral acid, for exanpl e

and ac%ﬁev Qigﬁr cBR s e B 12 b{%é%ié e gis

then reacted with hos hat e ter 19 to
then ayclized viica BielPUYdeBSRRBPM EONHRGT &n P iBle BalteRide.g.,
analog is via the chiral carbamate-ester route, and it

hydrocartpmsesughi 3s kylene; Naneibylpyrotdinens: Dimethwissdiexidgy dipheny!
(R --iiyri i 27A 28A Lipdlar/Hp 26A 29A 17A 18A In
ether! Dlrﬁethylabetarﬂﬂe@*kﬁﬂhezmé peacimipitizsdhetzafnEs shoitkd

22A in the presence
temperature (e.g., from about 70°C to about 190°C, preferably from about 80°C to
about 170°C, more preferably from about 100°C to about 160°C, still more
preferably from about 100°C to about 150°C), to produce a mixture of exo- and
endo- isomers. This mixture is treated with a suitable base to complete the
epimerization at the trans [5,6]-ring-junction to the cis-isomer (Compound 7).
Suitable bases include, by way of non-limiting example, triethylamine, 1,5-
diazabicyclo[4,3,0lnon-5-ene, 1,4-diazabicyclo[2,2,2]octane, and 1,8-
diazabicyclo[5,4,0Jundec-7-ene. Compound 7 is subsequently reduced, for
example, via hydrogenation, followed by hydrolysis to yield acid 15. The
hydrogenation is preferably conducted in the presence of a hydrogenation
catalyst, for example palladium on carbon.

Acid 15 is then subjected to amination conditions to yield amine 16. The
amine is group is subsequently converted to the carbamate by reaction with an
alkyl haloformate, for example ethyl chloroformate. The carbamate 17A is then
converted to the corresponding aldehyde 18A, which is then reacted with
phosphorus ester 19 to yield himbacine analog 3B.

Another route to himbacine analog 3B is the chiral carbamate-amide route,

summarized as follows:

22



5

of trinmethylacety! chloride to yield 28A, which is
subsequently reduced, preferably by hydrogen in the

wee@sonas2 of Lindlar catal yst, to yield 26A. (oposvd6/001015
26A undergoes a Diels-Alder cyclization reaction (as
descri bed above with respect ¢to the cyclization and

subsequent base treat nent oﬁol&;@mwwsﬁ) to gyield

9A. Benzyl ester ®9A is convg t to the copkesponding
§cid 1ZA—by hydr dgenation in éhe presepce Ne S
nobl e neta | ysts. Ackal7A i s cO
t he correspondi ng al déff§fle 18A, which is then r
(R)-B¥tydol Conpound 19100 yi el d hi nbaci ne anal og 3B. ¢The
experinmenta! conditions B\iglosed herein are prebsxred
conditions, and one of ordigary skill in the art can
nodi fy them as necessary to aehi ewe..t he sane products.
EXAMPLES General . Unl ess @tﬁgrmﬁée specified, al
reacti ons were perforned undér #itrogen atnosphere.
3-Butyn-2-o0l, hexangs hyl disi| #aZane, copper i odide,
triphenylphosphine,Lg%phéﬁilcarbanyl chl ori de,
di met hyl car banmyl ch i de, 4- norpholi necarbonyl
chl oride, diisopropyl carbanyl chloride,
trimethyl §cetyl chloride, 4-$dinethy|am
Lindwipol i ne”and 1,8-q5959bicyckﬁiﬁfﬁ?@]und

2

21A 20A

)pyridi ne,

W\NHCOOE
o

O/\Nﬂuﬂm

Pd/C/ Hg (WNHCOOE! 1. Dilute NaOH (WNHCOOE
- 2. HCI o
17A
P(O)OEY,
(WNHCO,EL
J
19

W NHCOOE!

3B

18A

In the chiral carbamate-amide route, amide 10 may be converted to
carbamate-amide 21A via either of two routes. In the first route, amide 10 reacts

with carbamate-acid 22A to yield amide 23A, which is subsequently reduced to
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7-ene were purchased from Al drich. Lindlar's catalyst
(5% Pd/ CaCCe poi soned with Pb) was purchased from
wdowasonshat t hey/ Al fa Aesar, and plati num on cBebUR200650861015
Pt wt., 50% wet) from Engel hard. p-Butyllithium (2.5 M
r . . . . . ~
camafifu BGER1A CEIMARAREISA | fen gyclzed via Disls-Alder
.purchased..from Acro f2)-3- .
roactif (& fereaeb I dnmractTa e kEafon AL FEkhuetfpse
hydr o%gn galzlé)UHP grade) were pur.chased from
treatmenhet Carapowihg) toyielid Gemporpg and Airgas), and
used wi thout further purifications. NVR spectra were
r SarrateatesamideB2Qik dés hydogeratesh peefeahly & themesgence of a
anal yses were performed on Waters 2690 Alli ance
hydrogetatisteeatatyish, teabance Bbchhohagirpoe dAubleybdat Ecfioki
001] HPLC conditions: Col uitm Waters Symmetry (r) C- 18
Com;{@pgrzspﬁ}h EAEX B MveMaRitb CoMBsEnd I PADY fdaictien with

wth 0.1%trifluoroacetic acid (TFA) G adient
a dilu%r %8{1% %H‘%{fo% rgfg%?gﬁlhg)@dt By h&aRatiEh wihtd nfindral adia Yor
example hydrochloric acid. The carbamate acid 17A is then converted to the

corresponding aldehyde 18A, which is then reacted with phosphate ester 19 to

yield himbacine analog 3B.
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25 60 4G 30 30 70 Gradient proaram 2 0 45 55 15 60 40

25 45 55 | socratic program O 40 60 30 40 60 Detection
WO\R106/0%64996 phot odi ode array Exanple 1 - PrepaPEl/Uswoe601015

Ami de- Method A (R) The follow ng procedures can be

Opgiothidttoats © 4 hﬁ’ﬁbé&i@e BRARIY i§ v tHehitd! %B%e?ﬂg{gﬁ?ster

starting butyn-2-ol. To a stirred solution o uric

agh g I ' OnL) were sequentially
routeaghgg '%&?ﬁgraglgtl@dr?}r?&%ﬂ Qf_'i?)lg .57 nol) and then

hexanet hyl di si | azane (49.¢g, 0.31 nol) at room

tenperature. The sol uti s refluxed fgr 3-4 hours

onand t Bemwthgdsowl i, cool ed t0 - AQOE/NHGwOR esl] ting m xture
was slowl y, chafged in hex$34ithium (2. 5Mi y@HCOOEt

9 nL, 0.62 7ol while \\
CO2Bn +BuCOC!
_ -~ /~0Bn
{F)-Buiynol 27A °
28A
0 1. Solv/h H
) . Solv/heat WNHCOOEt
Lindlar/H, O%_‘\NHCOOEt 2.DBU (gx/\m \
0% “oBn o ~oen
26A 29A
o) QuHy H
H H
Pd/C/H, WNHCOOEt NHCOOEt
H:IA H:H
s ¢’ H
17Aa 18A
P(O)(OEY), O H H
wNHCO,Et
7 !\| o
N >
H:H
19 ~
F
Z N
S |

3B

F
In this route, an ester 27 A reacts with carbamate-acid 22A in the presence
of trimethylacetyl chloride to yield 28A, which is subsequently reduced, preferably
by hydrogen in the presence of Lindlar catalyst, to yield 26A. Compound 26A
undergoes a Diels-Alder cyclization reaction (as described above with respect to

the cyclization and subsequent base treatment of Compound 8) to yield 29A.
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mai ntai ning the tenperature at -40 OC. This sol ution

and a sol ution of diphenyl carbanylim dazole (180 g,
wO2®8/0mak) in a mxed solvent of THF (1088nli) BEMUS2006/001015

tol uene (435 nL) were m xed using punps through a

Benz{i hetefPRRIE Py didtFo PEGtdsBRhtingaRanaly Bistoskngton in

i PEpBES ke s Ao Pbs ALk iR S e
m.) and then twice with 10% brine (2001l eachtine).

corregpending aldeahydef 18M 1 whieh irthensieagies wih Gonapounsd $9 To yield

with a 5% NaHCO3 sol ution. The organic | ayer was then

himbating iankkd) 3BJ repl aced with toluene (440 m_). The
tol uene solution was added to heptane (400m.) at 850C,

Capbaspaligital dndilhasanshlbidd AERI sl erdibhbeeAdaRI8, and
was washed with a m xed solution of tofuene (8OrL) and

. . |
one cfSRIAER s she St Eal MR FEnEEL & b ACHERH AR same
lar yield (120.6qg, purity 99%9. M 105 0C. 1H NWMR
p’Od‘{‘Eg‘bow, DVBO-d 6) d 1.04 (d, J=6.4Hz, 3H), d 4.27
(dg, J=5.6 Hz, 6.4 Hz, 1H), d 5.49 (d, J = 5.6 Hz,
1H, d 7.2-7.5 (m 10H); C NVR (DVMBO-d 6) d 23.7,
56.3, 76.9, 96.4, 126. XA 128.5, 129.2, 129.4,
129.6, 141 .5, 142.2, 152.9. Exanple 2 - Preparation

of Diethylam de 10B, . .
General. Unless otherwise specified, all reactions were performed under

nitrogen atmosphere. 3-Butyn-2-ol, hexamethyldisilazane, copper iodide,
triphenyiphosphine, diphenylcarbamyl chloride, dimethylcarbamyl chioride, 4-
morpholinecarbonyl chloride, diisopropylcarbamyl chloride, trimethylacetyl
chloride, 4-(dimethylamino)pyridine, quinoline and 1,8-diazabicyclo[5.4.0Jundec-
7-ene were purchased from Aldrich. Lindlar’s catalyst (5% Pd/CaCQO; poisoned
with Pb) was purchased from Johnson Matthey/Alfa Aesar, and platinum on
carbon (5% Pt wt., 50% wet) from Engelhard. n-Butyllithium (2.5 M in hexane),
triethylamine and bis(triphenylphosphine)palladium(ll)chloride were purchased
from Acros. (R)-3-Butyn-2-ol, and EDCIL.HCI were purchased from commercial
suppliers. Solvents and hydrogen gas (UHP grade) were purchased from
commercial suppliers (Acros/Fisher and Airgas), and used without further
purifications. NMR spectra were recorded on a Bruker 400 MHz spectrometer.
HPLC analyses were performed on Waters 2690 Alliance equipped with Waters
996 Photodiode Array Detector.

[001] HPLC conditions:
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(R -Butynol (1) Perforned via Method A descri bed

above. In a procedure anal ogous to the synthesis of
wakcabase, the experinent perforned gave 32. 1B6TU810d6/001015

upon isolation by colum chromat ography. 1H NWVR

.
‘S@g‘ﬁ&“@&éﬁ%@%‘%ﬁf s (i xsﬁ@*@fﬂ%émﬁ%é via
W@ﬂﬁ?ﬁ%ﬁ&%m Vitet Wi Ga% Fifliotaasetio i (1A
L e ool i 572
Procedures for Method BO- Prepar &0i on of 470Mor pholine
5 Ami de(R)-B 10C To 10 g14143 mmol B0of (R)-37Butyne- 2- ol
was added 0.82 g (4.3 n6ol) of Cgb, 1.0 g ¢48.8 mmmol)
of PPh3, 1.57 g of (2.28 rmol Pd&BPIIs)2CI2p , 2 1.34

g (143 mmol) of 4-norpRgrlinecarbgnyl chlokgde, 1001
of THF and 60 ml _ of triethylamm ne. The m xture was

10 Grad;gﬁt&gqmn@soc and nai nbai ned at 4Bhi S 55

15 60 40
25 45 55
Isacratic program 0 40 60
30 40 60
15 Detection Waters 996 photodiode array detector

Example 1 - Preparation of Amide-Method A

o OH
s s / PhNTNA
0.5eqHMDS  ~.Si— . Si— 2 N
KD g g TS )\WN%
N HS0, A /1\§L‘ )
(R)-3-Butyn-2-0l ! 10A

The following procedures can be operated on either the racemic or the

20 enantiopure starting butyn-2-ol. To a stirred solution of sulfuric acid (conc., 40uL)
in THF (240mL) were sequentially added (R)-3 butyn-2-ol (40g, 0.57 mol) and
then hexamethyldisilazane (49.6g, 0.3j mol) at room temperature. The solution
was refluxed for 3-4 hours and then slowly cooled to -40°C. The resulting mixture
was slowly charged in hexyllithium (2.5M in hexane, 249 mL, 0.62 mol) while

25 maintaining the temperature at -40 °C. This solution and a solution of
diphenylcarbamylimidazole (180 g, 0,68 mol) in a mixed solvent of THF (1088mL)
and toluene (435 mL) were mixed using pumps through a chilled static mixer and
directly quenched into 5N sulfuric acid (560mL, ~5°C). The quenched solution
was warmed to 25 °C and stirred for 1 hour. The organic layer was separated,

30 washed with 5N sulfuric acid (80 mL) and then twice with 10% brine (200mL each
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tenperature for overnight. The solution was cooled to

roomtenperature, filtered through celite and o
weomween4sat ed to an oil (32.0 g). The oil was pur/iUfioee001015

through a Si2 colum and crystallized from TBI\/E to

of .10 s off-white crystals. 1H
"'m%%cé%ea""?&’g Qi3] By wash Was LS5 16 Setavith a 5% MaHGR
366(m 4H), 3.39 (m 1H), 1.52 (d, 3H, J = 6.6
soltm,@p T grganic layer Wasptﬁlleatdlﬁﬂledfarmbneplac:edmiﬂmttmiuéné R4mmL).
To 22 g (314 mmol) of (R)-3-butyne-2-ol is added 1.62
Thegolu@nb kolatizin) wa$ aBded t@ heptane’(460nn)ei B5eC, Ehad s%vﬂ to
g of (4.33 mmol Pd(PPh 3)2C 2) 46. 7 g (285 nmol

20°0igngiFMerdy. TRE BRERY cad RAL %shé@% 8'm g@ﬁ%oﬁzc% tBluene

of triethylamne. The mxture is heatedto

20 1t d .at.~tkhi,S t-.e el a1 ure..overnight, The sol uti -
f?l goi gg"to‘ oolfn’terrplg(;r SUP S T P H?Hﬁbﬁb’ﬁ' %Vdp‘a‘é“’" v

. Th
o RS S G20t DBl el M vt
400 WMHz) d 4. 65 &)1HJ:67I-|Z),455(m1H)

"H NMR (40 HaPMSC50s) @] 08K, J46.8biz( 8H) 3427 (dopJ25)6zbiz, 6.4
1.35 (d, 6H J = 6.8Hz), 1.23 (d, 6H, J = 6.8Hz).

Hz, Bype05.495d; J Br@.aaﬂ.@,ti 19} 894 2716 {ina 1bHRIPE NIARNNENd;) &
23.7,56.3, 76.9, 96.4, 126.8, 127.0, 128.5, 129.2, 129.4, 129.6, 141.5, 142.2,
152.9.

Example 2 - Preparation of Dimethylamide 10B

O
OH
OH XJ\NMez
)\ % NM92
O
(R)-Butynol 10B

(1) Performed via Method A described above. In a procedure analogous
to the synthesis of 10A above, the experiment performed gave 32.1% yield upon
isolation by column chromatography.

'H-NMR (CDCls, 400 MHz) § 4.69 (m, 1H), 3.21 (s, 3H), 3.17 (d, 1H), 2.98
(s, 3H), 1.55 (d, 3H).

(2) Performed via Method B described below. In a procedure analogous
to the synthesis of morpholine amide, the experiment performed gave 61.7%
solution yield (by H-NMR assays) after 4 days at 55 °C.

Example 3 - Representative Procedures for Method B - Preparation of 4-

Morpholine Amide
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To a slurry of 10A (14.9 g, 56.2 mmol ) and Lindlar's

catal yst (5% Pd/ CaCO3, 0.50 - 0.75 g) in 200 m _ of
wetdwglo7aset at e was added hydrogen gas ( 1 atm P@I/ES2006/001015

bal | oon). The m xture was stirred at room tenperature,

and nonitored at intervals for reaction progress by

H NVR. Upon conpl etion of reacgtion, the m xture was

filtered to renove cat al yXt SN“and concentrated on

rotovap (3 H_OC, 85 nbar) to M 16.0 g of wn oH'/l\o
i n
N

This cru -vinyl a dire

subsequent synthesis stepypp /e 3. 400

7.24 {RyBubgo(m 10H), 6. Al (EGI?Z%, 584 (dd, 1Hp,
4.88 (m 1H), 4.59 (d, 1H), 1.36 (d, 3H). Exanphec6 -
Preparation of 8A 8A (1) Via m xed anhydri de nethod .
The coupling to the side chain acid was perfornmed with

i'zﬂi g0 gggbﬁﬁmﬁ)ﬁdl-ge?néﬂé-b%é albifled 0582 ggg%‘m‘i’rﬁol) of

I O nL of THF was ad
. . 6
Cul, %F%&@%Jfﬁoﬁéofﬁ%% Tt §ﬁf3%-“«‘?*é®%c°i‘3d&'39ﬁ@%§@8%lfﬁ%% guas
' ide.(1 , w
RO dsarRoaE Cuds, abs of LS Bakt gf "t
. hour. 4-Di met hyl am nopyridine (0.04 g, 0.3 mmol ﬁ@
triethyleaoming. Ene srisiure wag hpated 4o ﬁé&)anﬂén%lnim@ﬂdaé 9.
After 18 hours at 0 0OC, the
temperature for overnight. The solution was cooled to room temperature, filtered

through celite and concentrated to an oil (32.0 g). The oil was purified through a
SiO5 column and crystallized from TBME to give 9.0 g of 10C as off-white
crystals. "H-NMR (CDCls, 400 MHz) § 4.67 (g, 1H, J = 6.6Hz ), 3.72 (m, 4H), 3.66

(m, 4H), 3.39 (m, 1H), 1.52 (d, 3H, J = 6.6 Hz).

Example 4 - Preparation of 10D via Method A

o}
OH X/U\N(Pw)z OH
/'\ /'\rN(Pr-l)g
(R)-Butynol o

10D
To 22 g (314 mmol) of (R)-3-butyne-2-ol is added 1.62 g (8.51 mmol) of

Cul, 2.0 g (7.62 mmol) of PPhs, 3.05 g of (4.33 mmol Pd(PPhs)2Cls), 46.7 g (285
mmol) of diisopropylcarbamoyl chloride, 200mL of THF and 120 mL of
triethylamine. The mixture is heated to 57°C and maintained at this temperature
overnight. The solution is cooled to room temperature, filtered through a pad of
celite and concentrated to an oil. The purity of this oil is 42.6% and the yield is

48%. "H-NMR (CDCls, 400 MHz) § 4.65 (q, 1H, J = 6.7Hz ), 4.55 (m, 1H), 4.16
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m xture was warnmed to roomtenperature, and quenched

with 30 nL of water. Toluene (10 nL) was added to form
wW@2@plo7d452 The upper organic |ayer was further MeEOS06/001015

with 40 nL of 2.5% amoni um hydroxi de sol ution, and 30

m, 115, 8% &,‘g‘;ﬁ.ﬁbg' ?;B&ESE%E @%%ng(ﬁbéﬁﬁ 6.8Hz), 1.23 (d,

Purification was performed on Biotage flash
6H, LhGoBde)ogr aphy equi pped with 90 g silica cartridge.
After eluting with 1 L of 25% et hyl acetate/heptane
and 0.5 L of 30% ethyl acetate/heptane, pure fractions
were col |l ected. Upon concentrating, 1.6 g of clear oil
WaE?xé?ﬁ 8l NEPrdRafioh Bi ¢4 dla Linbldr Reduibhon times (254
: .0 mn; mxed anhydride, 9.4
mn 8A d,t67mn 1H—NI\/R CDCJS 400 MHz) d737-

7.45 (m 1 , BB 37 (m 1978206 (M 1H) np: 96
(m 3H), H) ,—2—49—(m—4H—~ 1. 880 ,
1.58 (d, 3H) \/a EDCI chem stry To a sluroy of

1OA (25 0 gw 2 mol) and Lindlar's catal ysg145%
n 200 m_ of ethyl acetate
oo By ﬂfybqlbé%%lae‘%ammﬁﬁla“dﬂdﬁwaf hebiaNs B The
m xture was stirred at roomtenperature, and nonitored
Pd/CaC Q5 0H¥al0s75 g) inr 20Q mloeof @ti'lyb@ﬁ@teuyawﬂﬁad hygeegen gas (1
conpl etion of reaction, the mxture was filtered to
atm, vnbalomt a'ihyéshﬁtuma@dmegﬁrred at room temperature, and monitored at

intervals for reaction progress by H-NMR. Upon completion of reaction, the
mixture was filtered to remove catalysts, and concentrated on rotovap (35 °C, 85
mbar) to give 16.0 g of brown oil. This crude cis-vinyl alcohol was used directly in
subsequent synthesis step. "H-NMR (CDCls, 400 MHz) § 7.24 — 7.38 (m, 10H),

6.10 (g, 1H), 5.84 (dd, 1H), 4.88 (m, 1H), 4.59 (d, 1H), 1.36 (d, 3H).

Example 6 - Preparation of 8A

(0]
0o (0]
O pr—
_ Ow o —_ _NPh, )RO\O
12 11A O~ "NPh,

8A
(1) Via mixed anhydride method. The coupling to the side chain acid was

performed with 2.0 g of above material as follows: to a solution of 12 (2.4 g, 11.3
mmol) in 20 mL of THF was added triethylamine (3.7 mL, 26.3 mmol) at room
temperature. The resulting brown solution was cooled to 0 °C, and
trimethylacetyl chloride (1.3 mL., 10.8 mmol) slowly added over 5 minutes. The

mixture was stirred for 1 hour. 4-Dimethylaminopyridine (0.04 g, 0.3 mmol) and
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forward with 30 nmL of ethyl acetate and concentrated
on rotovap (25 0C, 35 nbar) to give 25.8 g of brown
W@R006/0Td355 crude ci s-vinyl al cohol internedi atBCTES2006/001015

used directly in the subsequent synthesis step. The

; ' i chaln aci s perfornmed as
vinyf SEBRLR 08, £l wRre et Sddachy Arlr darimurs 218 Gidne
. 113 mol ) and 4-di net hyl am nopyridine (5.8 g, 47
m'XtﬁFﬁ)W)aSiW@f IA_reom (RmRGIadue, an sluctched withds@ diL of water.
EDClI . HCl (21 .7 g, 113 mmol) at 0 OC. The mi xture was
Toluerer(18tmk) weis fadided o fionm & sptiit. OTREUphet beysri@layer WasRLGher
anal ysis showed < 0.5 % of al kenol remaining. The

washed withed0verl. w2, BeslatrPnaifiam kyRIrBRIHB S Riorf A dBERE NS 0o
with 200 nL of 1IN sulfuric dcid. The uppér organic

sodil:ayailonas WREBEG M- Al xtyr e of (B0 nl-of-saturat ed

"~ “sodi um bi car bonat e sol ution-an SOﬁ!’?L b’fw\g/at;er:"’t? :;'r )
@didist ncnetratln,g.go ;

Purifiiéht wa Betbirh o tn Rl %HOBW_*Q&@S g@nﬁmﬁ@@lgoo wih 90 g

. Blotage Fl.ash 75 chr.onat ography equi pped wt g

siiceLb Ak, - REr lng WD LLRISHt std eonkeseieptime and 0.5 L of
directly onto the colum as oil, and further washed

30% 3 %%ﬂemept@@e,rﬁ_ureffracﬁbnemre eollectedadipamsonstrating,
collected after eluting with 10L of 25% et hyl

1.6 grefetlaaroihwps aitaintld ¢49.006 giaid)l APLretdntloPtitedl(2Balfn): 12,
yel l ow oil was obtained (49.9%yield).

1.9 min; 11A, 4.0 min; mixed anhydride, 9.4 min; 8A, 16.7 min. 'H-NMR (CDCls,

400 MHz) §7.37 - 7.45 (m, 11H), 6.37 (m, 1H), 6.26 (m, 1H), 5.84 — 5.96 (m,

3H), 4.08 (m, 4H), 2.49 (m, 4H), 1.88 (m, 2H), 1.58 (d, 3H).

(2) Via EDCI chemistry. To a slurry of 10A (25.0 g, 94.2 mmol) and

Lindlar’s catalyst (5% Pd/CaCOs, 0.25 — 1.75 g) in 200 mL of ethyl acetate was
added hydrogen gas (100 psi, Parr instrument). The mixture was stirred at room
temperature, and monitored at intervals for reaction progress by H-NMR. Upon
completion of reaction, the mixture was filtered to remove catalysts, washed
forward with 30 mL of ethyl acetate and concentrated on rotovap (25 °C, 35
mbar) to give 25.8 g of brown oil. This crude cis-vinyl alcohol intermediate was
used directly in the subsequent synthesis step.

The coupling to the side chain acid was performed as follows: to a solution
of cis-vinyl alcohol, 11A (23.8 g, 113 mmol) and 4-dimethylaminopyridine (5.8 g,
47 mmol) in 250 mL of methylene chloride was added EDCI.HCI (21.7 g, 113

mmol) at 0 °C. The mixture was then stirred for 17 hours at 0 °C, following which
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Exanple 7 - Diels-Alder Reaction Diels-Al der

cvclization to 7B. A solution of 8A (21 .6 g, 47.0
wonwep7d482 130 nL of o-xyl ene was heated at refPCRUSDAF001015

0C) for 16 hours, after which it was cooled to 40 0C,

pLE Syl SHRRN SX L8 1 ARl GO ke s Blarmeo

showed imerization was conplete, and a rati o of_94:

to ropBY RS B PCATS USBRBRS WBACHELye!d N sayiiacidn Theroper
solution washed with 50 nL of 1IN sulfuric acid to

orgapifr lgyenwas vwhsiheadovitly al rojxture @if ®odek -of saturatett sedivnd
wash with 50 nL of saturated sodi um bicar bonate

bicafb@nate solutidh usidesD pitl blawkter @ adjust tHe 5pH he 8origponm
| ayer was concentrated on rotovap (55 0C, 25 nbar) to

conc@r“f/r%ﬂﬁﬁ g2 Qfg Bf g 10bln MOLED B L0agedsomt O, 889 nerio
silica“cartri dge ‘of Biotage Fl asvh“75 chromat ograpﬁ%

on EFAESE T (R ERrhvinoterin/tudbead b 4, 5 3ficnSdfigpe, e

acet ate /. .heptan concen r at
Cfudsfprw'%%%fqa&emr mnfféwe?%ﬂum@ﬁ@ d@nhﬁwashgd
400 MHz) d 7.23 - 7.47 5.29 (s
dowqw,r@ Q ph201nqj_ ofgolggn@mPLuﬂ)‘raCQOOQV\/@de c%cteg aﬁ@r @}Htlng with
2H), 2.49 (m 1H), 2.40 (m2H), 2 11 (m 1H), 1 4
10L of 215%1@1)1)/! ace?{ate(m;ptanei) Upbn&&r(oentratﬂ)lg, 1. lzg ¢fnpalé ellow oil

was obtained (49.9% yield).

Example 7 - Diels-Alder Reaction

QH 0
‘“@P ook
O NPh. H;\
> O Phy

8A 7B
Diels-Alder cyclization to 7B. A solution of 8A (21.6 g, 47.0 mmol) in 130

mL of o-xylene was heated at reflux (147 °C) for 16 hours, after which it was
cooled to 40 °C, and 1,8-diazabicyclo[5.40]undec-7-ene (DBU) (0.30 g, 1.9 mmol)
was added. H-NMR analysis after 2 hours showed epimerization was complete,
and a ratio of 94:6 for the exo/endo isomer. Heating was stopped, and the
solution washed with 50 mL of 1N sulfuric acid to purge 1,8-
diazabicyclo[5.40]undec-7-ene. A second wash with 50 mL of saturated sodium
bicarbonate solution adjusted pH back to neutral. The organic layer was
concentrated on rotovap (55 °C, 25 mbar) to give 36 g of brown oil, which was

loaded onto 800 g silica cartridge of Biotage Flash 75 chromatography and
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Exanple 8 - Preparation of 7C Hydrogenation 7 B 7C To

a slurry of 7B ( 18.6 g, 40.5 mmol) and 5% Pt on
w@2a00b0om460. 3 - 18.6 g) in 110 nL of ethyl aceteCEUSHSE6/001015

added hydrogen gas (100 psi, via Parr instrunment). The

v AR <O LISy
L T e

forward with 100 nm. of et acetate and concentrat ed

whiteggplidoyas, aptajreyl (36, 1°4=0ylﬁ|ldé},r'¥1 -NMRB(GPCLY 49Mbiz) 8| BB — 7.47
oil. Aportion of this (17.6 g) was re-dissolved in

(m, 109, BR29¢$, HiHW.73¢et aH, 3.88qm, ai-QUiQJOQC(UedH)OZ 76 (m, 2H)
hydr ogenati on by adding 5% Pt on carbon (9.3 g) a

2.49 N AYSUEEH, LU0 ASifm, Vitd Palar(+h naty umBd k). HPLCsg
gir:‘a ygl s after 24 hours sHowed YHe' reactlgi

t4@d. The m xture was filtered, and washed
3H), ?%cﬁﬂnth 50 nL of ethyl acetate and concentrated
on rotovap (30 OC, 60 nbar) to give 20.6 g of clear
oi . Upon standing overnight, crystals were forned.

Further sonication (for 2 mnutes) and concentration
( Ixample 8 - Preparation of 7C

Q
o;> HHO’>

Hydrogenation o] o
g H: |E|
H:H ZN
07 NPh, O™ "NPh,

To a slurry of 7B (18.6 g, 40.5 mmol) and 5% Pt on carbon (9.3 - 18.6 g)
in 110 mL of ethyl acetate was added hydrogen gas (100 psi, via Parr
instrument). The mixture was stirred at room temperature, and monitored at
intervals for reaction progress by HPLC. After 37 hours, H-NMR showed
approximately 10% of 7B left. The mixture was filtered to remove catalysts,
washed forward with 100 mL of ethyl acetate and concentrated on rotovap (30
°C, 40 mbar) to give 19.3 g of clear oil. A portion of this (17.6 g) was re-dissolved
in 110 mL of ethyl acetate, and re-subjected to hydrogenation by adding 5% Pt
on carbon (9.3 g) and hydrogen gas (100 psi, via Parr instrument). HPLC
analysis after 24 hours showed the reaction was completed. The mixture was
filtered, and washed forward with 50 mL of ethyl acetate and concentrated on
rotovap (30 °C, 60 mbar) to give 20.6 g of clear oil. Upon standing overnight,
crystals were formed. Further sonication (for 2 minutes) and concentration (30

°C, 30 mbar) gave 17.9 of white solid. A portion of the crude material (2.0 g) was
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0C, 30 nbar) gave 17.9 of white solid. A portion of

the crude material (2.0 g) wasre-dissolved in 5 nl _ of
woredtapr@ase chl oride, | oaded onto 90 g silica ceeT/URIIGE001015

of Bi otage flash chromatography and washed down with 2

re-diésﬁvaa iP5 AELMHARAcRE 'cﬂfdr?%; &o%ffe?f&ﬁéc‘gdég g@f;&%ﬁradge of

collected after eluting w .
Biotd LRGP S RSTEN LB Wt ot il Blimpyions

eldvV HPLC retention tinss, (254 pm: , 7.4 mri; 7C,
chiofldy Bire Irasfiquevpie R lectomarta piying withi2 L of 45t ety
10H), 4.92 (m 1H), 3.93 (m 4H), 2.54 (m 1H), 2.31
acetate/hepipne.2 Uppn(agncenjration em rptqvapHpp °C, 9 robar) 3&white solid
1.56 (d, 3H), 1.29 (m 4H). Exanple 9 - Preparation of
5 (1.5 gpwaS@btgined (7ETMpvichtl. HRIE stohierd ok 224 MmO 72006 iy,
NaOH sol ution aqg., and the mixture was stirred at room
r To- 14 S~ r d
e, g R O ) L T o Folt 2 2 B 1k,

% a agitation toh

3.93 0%2%2?’%(;@?‘#??[?'2&&2@)3 gn\’ﬁ? ‘ﬁéi%{aﬁ/&m%ﬁ%% (g'g
1.8¢ i 8A 8Bl
o0, 3 PR SO0 5oL o Procedhr e analogous To the

10 Example 9 - Preparation of 15:
QW H 07\ 1.NaOH QLH H o
J o 2.acid (HCI or H,SO,) o;im
S HiA
0”7 NPh, O~ "OH
7A 15

50 mg. of Compound 7A was mixed with 2 mL of 20% NaOH solution aq.,
and the mixture was stirred at room temperature for 16 hours. To this mixture
was added 2.5 mL. of 50% ag. HCI, and agitation continued for another 30 min.

15 Compound 15 was extracted with TBME (4 mL) and the structure was confirmed

by NMR.

Example 10 - Preparation of 8A

0]
OH o O
/\n/ — NMe2 O
X NMe, ————»HOﬂ )’>\
0] © 0O~ 'NMe
10B 11B 2

20
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anhydride chem stry, the experinment performed on 12 (

1.0 g, 7.1 mmol) and Conpound 11B gave 1.3 g of ester
wa@moporasr yellow oil, 54.9%vyield). 1H— NVR of PET/0§1006/001015

al cohol internediate (CDCI3, 400 MHz): 6.13 (m 2H),

1188 pliedlle a@§%¢§afb@svaﬁz%i§ TR AT

el s- Al der cvclization to 7C. {ocedu e
anhygide SHEINSING T @XEaNMRBLP ST Eon A o Ger | 1VROD and
performed on 8B (0.30 g, 0.89 mml) showed 90:10 ratio
Compourd 31 Brgave .8n@of esterBR\Rlear pelmm oiichEISss viedd). MHEYMR of
5.36 (s, 1H), 4.58 (m 1H), 3.94 (m 4H), 3.31 (m
vinyl BldohoBiriérmiediats-HiCDCI; 24800 MH@H)G 13 (8] 2HY) 438) d, 2H574.64 (m,
(m 1H), 2.45 (m 1H), 2.39 (s, 2H) 1.83 (m 1H)

5 1H), B.0fB(<( AH) 240 (3. 26) (das Bdatpl. 12 (m 1H). Exanple 12 -
Prepar at I on of 13B” I a procedure anal ogous to the
synthesis of 8A, the experinent perforned on al kynol
am de 10C (5.4 g, 29.5 nmol) gave 8.2 g of yellow oil
(73.9% vyield after subtracting tol uene solvent). HPLC

retention times (gr_adi ent program 2, 254 nm: 12, 1.9
mwﬁ&bﬁa Nz gr fi anhydride, 9.3 mn. 1HNMR

QH o\

/> 1) Diels-Alder o O
2) DBU 7
H:=H

N
NMez 07 “NMe,
8B

7C
10

Diels-Alder cyclization to 7C. In a procedure analogous to the synthesis of
7B, the experiment performed on 8B (0.30 g, 0.89 mmol) showed 90:10 ratio of
exo/endo isomer by H-NMR. 'H-NMR (CDCls, 400 MHz) & 5.36 (s, 1H), 4.58 (m,
1H), 3.94 (m, 4H), 3.31 (m, 1H), 3.08 (s, 3H), 2.98 (s, 3H), 2.81 (m, 1H), 2.67 (m,

15 1H), 2.45 (m, 1H), 2.39 (s, 2H), 1.83 (m, 1H), 1.75 (m, 2H), 1.26 (d, 3H), 1.12 (m,

1H).
Example 12 - Preparation of 13B:
o OH (\ )I\/\OO\
o S o

12 o N
toc () 12

0

20 In a procedure analogous to the synthesis of 8A, the experiment

performed on alkynol amide 10C (5.4 g, 29.5 mmol) gave 8.2 g of yellow oil

(73.9% yield after subtracting toluene solvent). HPLC retention times (gradient
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(CDCl 3, 400 MHz) 5 7.41 (d, 1H), 6.25 (m 1H), 5.76
(d, 1H), 5.63 (q, 1H, 4.01 (m 4H), 3.72 (m 4H

wQa 200607448 4H), 2.48 (d, 2H), 2.40 (s, 2H), 1.BOr/{82006/001015
2H) 1.59 (d, 3H). Exanple 13 - Preparation of 8B To a

prog"%’n? @ﬁﬁOf ésﬁ'(fﬁcﬂ‘%r 138,43 ysW B At ﬁg%&gﬁ s
NMR -C@Cits 14‘80\P\|r'|g2)§gl7l 4bid.. % ﬁoﬁ'@‘é%”(%aﬁﬁ-i) %adgseg‘ih%;ggﬁg(ff I

tenperature, and nonitored at intervals for reaction
4.01 (i, aH)e 85 2ofm HRH).3.69 (m, SHIR.48 (dr2Hd), 2.4Q4s,i2h, ( Bk ),
13B on HPLC analysis), the m xture was filtered to
1.59 (geBRye catalysts, and 2 x 15 nL of toluene was used to
[nsé remaining materials forward. The filtrate was
washed twice with 15 nL of 0.5 N hydrochloric acid
solution (to purge quinoline), and then neutralized by
f Exadple 1@s Hropawsitioh gEBBTL. of saturated sodi um
bi carbonate solution and 15 nL of water. The isol ated
organi c layer wag_goncentrated on rot ovap, (40 0C, 26
mm Hg) 14 ’%g of clear oil (94.2 0y| eI d) PLC

retentign ti di ent 254 i)
i n; 1f§\g#o;rsn.d? 1 N sl Mj%)—j
1H), 6.19 (nf 1H),

O C

13B 8C
To a slurry of 13B (3.9 g, 10.4 mmol), quinoline (0.37 mL, 3.0 mmol) and

Lindlar's catalyst (5 % Pd/CaCOs, 0.34 ~0.85 g) in 20 mL of toluene was added
hydrogen gas (1 atm, via balloon). The mixture was stirred at room temperature,
and monitored at intervals for reaction progress by HPLC. Upon completion of
reaction (< 4% of 13B on HPLC analysis), the mixture was filtered to remove
catalysts, and 2 x 15 mL of toluene was used to rinse remaining materials
forward. The filtrate was washed twice with 15 mL of 0.5 N hydrochloric acid
solution (to purge quinoline), and then neutralized by further washing with 15 mL
of saturated sodium bicarbonate solution and 15 mL of water. The isolated
organic layer was concentrated on rotovap (40 °C, 26 mm Hg) to give 3.7 g of
clear oil (94.2 % yield). HPLC retention times (gradient program, 254 nm): 8C,
8.5 min; 13B 14.1 min. "H-NMR (CDCls, 400 MHz) & 7.36 (d, 1H), 6.19 (m, 1H),
6.07 (d, 1H), 5.87 (m, 2H), 5.74 (d, 1H), 4.01 (m, 4H), 3.82 (m, 1H), 3.72 (m, 4H),

3.53 (m, 3H), 2.46 (d, 2H), 2.39 (s, 2H), 1.79 (t, 2H), 1.46 (d, 3H).
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6.07 (d, 1H), 5.87 (m 2H), 5.74 (d, 1H), 4.01 (m

4H), 3.82 (m 1H), 3.72 (m 4H), 3.53 (m 3H), 2.46
W@ cdgoeArs2 2. 39 (s, 2H), 1.79 (t, 2H) 1 1.46 (dpPCT/US2006/001015

3H). Exanpl e 14 - Preparation of 7C via Diels-Alder

Reaction In a procedure anal ogous to the synthesis of

7, the experinment perfornmed on 8C (3.4 g, 9.0 mmol)

showed an exo/endo ratio of 9 1:9 after epinerization

by HNMR Upon purification via Biotage flash

chromat ograph 2.9 g of cl ear 0|I vvas obt ai ned (85.2%

le114 Nidrepan f ZC0vigDiglsiAle tionH), 4.59

(mlH) 396(m5H) 360-372(m7H) 3.52 (m
2H), 3.37 (d, 1H), 2.75 (m 2H), 240(s 1H), 2.37
(m 1H), 189 (m 1H), 176(m 2H) ﬁl d, 3H)

1.13 (m ]ul—l) Congeund 7 S, r_educed fo Wln
sinmilar pfoce CSzlescrl k£ gbd?'acfrhe conye SI
to 7C. Ey\a’r?ge Pre 13C ut| on

of 12 (16.6 9 mmol) in 100 m oftoluas*e

added tri e®hy¥angne (25.7 ml _, 185 mmmol), and

resulting slur was cooled to 0 OC. M xed T‘Wflrlde
5 formation wa8Cinitiated via addition of

trimethylacetyl chloride(9.4 nL, 76 mmol) made slowy
over 10 m nutes, and conpleted through stirring at 0O
Odnfaoprcgednrananalegodatathe synthesismt 7, tHe experiment performed
4- (di et hyl am no) pyridine (0.26 g, 2
on 8C (3.4 g, 9.0 mmolL) showed an exo/endo ratio of 91:9 after epimerization by
H-NMR. Upon purification via Biotage flash chromatography, 2.9 g of clear oil
10 was obtained (85.2% yield). 'H-NMR (CDCls, 400 MHz) 6 5.36 (s, 1H), 4.59 (m,
1H), 3.96 (m, 5H), 3.60 — 3.72 (m, 7H), 3.52 (m, 2H), 3.37 (d, 1H), 2.75 (m, 2H),
2.40 (s, 1H), 2.37 (m, 1H), 1.89 (m, 1H), 1.76 (m, 2H), 1.30 (d, 3H), 1.13 (m, 1H).
Compound 7D was reduced following similar procedures described for the
conversion of 7B to 7C.

15

Example 15 - Preparation 13C

13C

To a solution of 12 (16.6 g, 79 mmol) in 100 mL of toluene was added
20 triethylamine (25.7 mL, 185 mmol), and the resulting slurry was cooled to 0 °C.

Mixed anhydride formation was initiated via addition of trimethylacetyl chloride
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nmol ) and al cohol 10D (10.4 g, 53 mmol) were then
added into the mxture, followed by 100 niL of

W0 edocaladr of uran to wash remai ni ng reagents domeT/USE0€001015
stirring for 18 hours at 0 OC cooling vvas renoved, and

I hs_reacti.on ure con rat ed 0
(0.4 1% ARTRgR I Dage Sl 598r 56 MypBles s oy F%Ddaéf i Stirgng
erforrred on Biotage flash chro raph equi pped w th
at 0 BB torgah mim g c Gataly U ATIOHS o AndAHRINKBTNOIRXI0ingcB-26 9, 2
into a slurry with 25 nL of heptane, |oaded onto the
mmaticandhalcohoki1 0B h2d giGinmwalhweee thaneadderchinbo thiempdore,
m.). Pure fractions were collected after eluting with

follov%t@d byafoo2ebodtibtyahyrirefuads to washpeatniag dedgénts doddno After
ethyl acetate in heptane. Upon concentrating, Conpound

Stireis Qr"’@h&% %,a%ﬁﬂ"é‘%lm‘w“% l--‘ HRLGHE @q%m,@gges
Yradi ent program 254 nm 2, 31 mn;

°°"°fpﬁafe§*9%”$89§ﬁ?ﬁé@°%"%§"P‘E%ﬁ&‘ﬂei%dq ot

1 r%lglf(qatlog jyas ég%qm{(gp on ﬁyota&e élﬁsgbd:hrgrp??og%a% egb[ﬂ)ped with

6H). Exanple 16 - Preparation of 8D Lindl ar
800 gatlishypariridge. The crude material was made into a slurry with 25 mL of

heptane, loaded onto the column, and washed down with methylene chloride (10
mL). Pure fractions were collected after eluting with 10 L of 25% ethyl acetate in
heptane and 5 L of 20% ethyl acetate in heptane. Upon concentrating,
Compound 13C was obtained as a yellow oil. HPLC retention times (gradient
program, 254 nm): 12, 3.1 min; 13C, 20.9 min. '"H-NMR (CDCls, 400 MHz) § 7.40
(d, 1H), 6.22 (s, 1H), 5.76 (d, 1H), 5.64 (q, 1H), 4.46 (m, 1H), 4.02 (m, 4H), 3.66
(m, 1H), 2.47 (d, 2H), 2.40 (s, 2H), 1.80 (i, 2H), 1.57 (d, 3H), 1.37 (d, 6H), 1.26

(dd, 6H).

Example 16 - Preparation of 8D

0] 0
o) 0
O/U\/\O\} OJ\/\O\}
/'\fo Lindlar Catalyst/Hgk Q
N
T Niad
13C 8D

To a slurry of 13C (6.6 g, 17 mmol), quinoline (0.61 mL, 5 mmol) and

Lindlar’s catalyst (5 % Pd/CaCQOs, 0.66 g) in 66 mL of toluene was added
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13C 8D To a slurry of 13C (6.6 g, 17 mmol ), qui noline
(0.61 nL, 5 mmol) and Lindlar's catalyst (5 % Pd/ CaCO

W@200006@57) in 66 nL of toluene was addedhydr ORENU§HE6/001015
(1 atm via balloon). The m xture was stirred at room

hydr%ﬁ%ig gggts(‘i‘ @%g%dgﬂﬁggzo The rﬁfxtd rBtv?é%’ &irted a BJno‘?’Fi“?érinBBrature,

conpletion of reac

and GRfCPE HE R 198 atbion o1Galfs ol P, V85T Enmbistion of
ui nol i ne, Further rification on R otage flash
feacgﬂ'i‘ PRICSURRIBlY %guggﬂ‘&’ﬁ%&"e wanwashed nathd& mir ef 1 N

onto a 40 g silica cartridge, and washi ng renai ni ng

hydraehleric alcid salutien ib wWraovequinoinel. of tol uene. Pure
fractions were collected after eluting with 500 niL of
305tthdvyburificatiah eni Riotreset fiaxd clipakicgretntsabefigmdd By
g of yellow oil (8D) was obtained (95%vyield after

loadPigthe afiktute Jritd artﬁﬁg difigh crzagﬂdrriﬂgﬁg%ng v ésﬁirfagefél?@éi'g&:% materials

tirmes (gradi ent program uen

foml%aj\ﬂﬁi? g%( Tj)S_D%L é@@u%% 9@%&@%@?@9&%@&@(@8&%%& with

500 ) of 7 Sahilinceifte jinGPisngs Wath spjorratiia, 713 a.qf yallow oil
1.48 - 1.41 9H) , 1.24(d,_3|—f|), 1.18 (d, 3H).

(8D) waseiptained (9 y@&?l afteopubtpacting for residual toluene). HPLC

retention times (gradient program, 254 nm): toluene, 18.9 min; 8D, 20.3 min;

13C, 20.9 min. 'H-NMR (CDCls, 400 MHzZ) § 7.34 (d, 1H), 6.17 (m, 1H), 6.09 (d,

1H), 5.79 (m, 1H), 5.75 (s, 1H), 5.72 (dd, 1H), 4.02 (m, 5H), 3.54 (m, 1H), 2.45 (d,

2H), 2.39 (s, 2H), 1.79 (t, 2H), 1.48 — 1.41 (m, 9H), 1.24 (d, 3H), 1.18 (d, 3H).

Example 17 - Preparation 7E

O
i’fﬁ} 3 Bl m ®
|
A
8D

7E

A solution of 8D (2.8 g, 7.2 mmol) in 28 mL of o-xylene in a 100 mL sealed
tube was heated at reflux (147 °C) for 16 hours. Upon cooling to below 50 °C,
1,8-diazabicyclo[5.4.0]Jundec-7-ene (0.04 g, 0.3 mmol) was added, and the
solution further stirred at 70 °C for 4 hours to complete epimerization. H-NMR
(CDCls, 400 MHz) showed a 98:2 ratio of the exo/endo isomer (from lactone

proton signal at 8 4.93 versus 4.65 ppm).
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A solution of 8D (2.8 g, 7.2 nmmol) in 28 nL of
o-xylene in a 100 nL seal ed tube was heated at reflux

W@ 2eb6/006352 f or 16 hours. Upon cooling to bel ow BOI/08006/001015
1, 8-di azabi cycl o[ 5. 4. O]undec 7-ene (0.04 g, 0.3 mmol)

[ rd L3 LIt 70.0C
F o PRSEeL RES s ie b B ok o o*ﬁbhht%pbasef@ed with
98: 2 of .t exo/ en
90g (Bﬁ'gsmf%léssnﬁﬁ}ﬁ 2Rigken Péwaﬂearoauéﬁ was gssetloaded onto the
The product was purified via a Biotage flash

COleﬂr MW@QRGQ Hoeard witu2 wi khmboofgolienee Pwerfradtioge werre

sol ution of crude product was directly | oaded onto the
collectedatier euiihgwithdb Laf @506 ethiariol B toldéhe. NAftef cordemtiaging

Pure fractions were collected after eluting wth 1.5 L

on rotdvagbU0oei aimr Md) 0b UsNEy off(R ST g cRBs S em;r*aL,L %%Qw id after
r ot ovap (40 0C 6 mm Hg) a yeI | ow oi | (3

subtr‘a@fﬁgeftﬁ%éagét WJLZ%’%&?. (;F’E]_Ctsrl‘é*i’rr%rit% uﬂgs q;radéeﬁ‘gt é)?gﬁﬂanh%w

1 N

nm) §7F, %%mw %65@ Qfﬁp%a% $5.4305 JrD) 6 g, 5.98
gl é 2.41 (s, 2H), 2.37 (m 1H),

(m, 4 )834<1rﬁs 1H),,3 61d, Ura 221 (m12ki), 2.41 (813H), 2337/’(md1H) 1.87

3H), 1.30 (d, 3H), 1.20 (d, 3H), 1.25 - 1.17 (m 2H).

(m, 1803 8r(eh, ZHWAs2 @dbidgd . 8D (d, Bk d .30, SR 11200k BH) £$.25 ~
as descri bed

1.17 (m, 2H).

Compound 7E was reduced following the same procedures as described

for the conversion of 7B to 7C.

Example 18 - Preparation of 22A

o) 0O

0
H O)'\/@\} HO /‘\/\@ N\ NHCOzEt

12 22A
To a 3 L three neck flask equipped with an agitator, thermometer, and a
nitrogen inlet, was added 100 g of 12, 1 L of acetonitrile, 600 mL 0.7N p-
toluenesulfonic acid aqueous solution. The reaction mixture was agitated at 20 °C
for 20 hours before cooling to 0°C. About 40 mL of 50% sodium hydroxide
aqueous solution was added to adjust pH to between 7 and 7.5 while maintaining
the temperature at 0°C followed by adding 135 g of ammonium acetate. To the

reaction mixture was added 60 g of NaCNBH;s in portions in 4 hours. The
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for the conversion of 7B to 7C. Exanple 18 -

Preparation of 22A 12 22A To a 3 L three neck fl ask
weouweppad2 wi th an agitator, thernonmeter, and arP€l/USIGEON1015

inlet, was added 100 g of 12, 1 L of acetonitrile, 600

resulﬂﬁg%titﬂré’h@é&%%éﬁﬂé& & ecg'n ggl‘ég%r%o égﬁ?] eEWSrtwo

tron mxture "was agltat

davshﬁfa%és%rfp%?é‘ah% 8 en 6 ﬁefsaa@g"acgtaéﬁf 9*39%%3%@ eqpoabout

etween 7 and 7.5 while maintainin thetenperaturea

12 w@é%ﬁq)@u@hhwoam FRyerys @I@iforhrﬁ%wt@ﬁoamé{ qftathylto
the reaction m xture was added 60 g of NaCNBH3 i n

chlorptarmater waisithen istawly addedvésild mainjaiming thedemperaiusabglow
warmed to roomtenperature and agitated for two days.

5°C. Titee pves thicw sdjuaiedaodl wih 33°h ebosnsdl drantiopid AR
adj usted to about 12 with 50% sodi um hydr oxi de aqueous

solutﬁﬂ' UfHé’FéacﬁBﬁ Ll'ﬁixt?tﬁg wHs %ntﬂrﬁlﬁke&bh@éﬂfﬁdﬂ% fo Y@ﬁ?&é‘en

w 'y added e maintal ning the tenperature be

o 0 6 SR B 2L oo
et G At S 1851 S i,

hydr ochl ori c )
Combined organic layers were washed with water to remove urethane. The

organic layer was then concentrated under vacuum, causing the product to
precipitate out as crystal. The crystal was filtered and dried to provided 30 g solid
of racemic 22A (26% vyield). The racemic product was then resolved by
preparative chiral HPLC to provide pure Compound 22A. "H-NMR (DMSO-dg) &
12.1 (brs, 1H), 7.19 (d, d = 15.8 Hz, 1H), 7.14 (s, 1H), 6.21 (s, 1H), 5.66 (d, J =
15.8 Hz, 1H), 4.00 (q, J = 6.80 Hz, 2H), 3.57 (s, 1H), 2.20 — 2.40 (m, 3H), 1.90 —
2.00 (m, 1H), 1.78 (m, 1H), 1.43 (m, 1H), 1.19 (t, J = 7.05 Hz, 3H).

The preparative chiral HPLC conditions are as follows. Column: ChiralPak
AD-H 3.0 cmi.d. x 25cm L; Eluent: CO2/MeOH=75/25; Temperature: 30°C;

Recovery Yield for Compound 22A: 89%; Purity: 98.5% ee.

Example 19 - Preparation of 21B:

o
oH Lindlar Catalyst/Hy 298 O = .\NHCOOEt
—_NPh
)\rwphg —————-Hoﬂ : )’)\
0]

21B
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acid solution at bel ow 50C. Product was extracted wth

1 L of ethyl acetate tw ce. Conbined organic |ayers
wowese/onwashed with water to renove urethane. TheECDU§ZN6/G01015

| ayer was then concentrated under vacuum causing the

princuprocedure a&talpgoad o thet syarhesiy of abter 8hda GDCH mkthiak; the

filtered and dried to provided 30 g solid of racemc

expeﬁﬁfer(t peHovinel Nith Jé&aarreﬁe Bl PSR g MBS rhi® 8) r%egl%%ss% of

by preparative chiral HPLC to provi dé pure B
2o 4y o SE i G’ 39 o T

627%mz@H) @1ZdS(w ). 3T 5,80 (m, L0008 (50 HH), 4 T3y 4D, 554
H, 1.43 1H), 1.19 (t, J = 7.05 Hz, 3H). The
5 (s, Hd) &Oar i )2h33€m HAL2.Qbhat, 1IN Qdr(en, A d1910ims,. 2H), 1.42
Colum: Chiral Pak AD-H 3.0 cmi.d. x 25cmL; Eluent:
(d, 3952 .28 Q18H)/ 25, Tenperature: 300C, Recovery Yield for
Conpound 22A: 89% Purity: 98.5% ee. Exanple 19 -
Prepar ation of 21B: 21BIn a procedure anal ogous to
t he synt heS|s of ester 8 Vi a EDCI rret hod the

N e 1 SYIRAVY. ," PA 3 ‘< Ad (10 g,
4.2 mol ) gave O. 83 g of 2 1B (cl ear oil, 48%yield).

1H NWVR ( 3 400 M—|Z£td 7.25 - 7.39 (m 11H),
%) 1) Diels-Alder NHCOOEt
2) DBU o] |

o H : A
0% “NPh,

21B 20B

NPh,
10
In a procedure analogous to the synthesis of 7B, the experiment
performed on 21B (1.80 g, 3.7 mmol) showed a 93:7 ratio of exo/endo isomer by
H-NMR. Upon purification via Biotage flash chromatography, 1.2 g of white solid
was obtained (66.7% yield). (HPLC retention times (254 nm): endo isomer of
15 20B, 7.8 min; 20B, 8.0 min; 20 before epimerization, 8.9 min; alkenyl ester, 15.9
min. 'H-NMR (CDCls, 400 MHz) & 7.23 — 7.51 (m, 10H), 5.30 (s, 1H), 4.71 (m,
1H), 4.56 (d, 1H), 4.11 (m, 2H), 3.44 (s, 1H), 2.98 (d, 1H), 2.63 (m, 3H), 2.48 (m

1H), 2.13 (m, 2H), 1.91 (m, 1H), 1.55 (d, 3H), 1.29 (m, 4H), 0.98 (m, 1H).

20 Example 21 — Preparation of 25B via Hydrogenation
0 0
() \NHCOOEt ') .\NHCOOE
g ' Hydrogenation e
HYF H i H
0% NPh, 0% “NPh,
20B 258
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6.27 (m 1H), 6.17 (s, 1H), 5.77 - 5.91 (m 3H), 4.68

(s, 1H, 4.15 (m 2H), 3.94 (s, 1H, 2.57 (d, 1H,
wQ2®8/0tar2 1H). 2.01 (m 1H); 1 94 (m | H) 1. 6BCT/IH$2006/001015

2H), 1.49 (d, 3H), 1.28 (t, 3H). Exanple 20 -

A b ity P B o
o3 5 3o ol T o

urjficatjon yia Biotage flash chronatography,
HPLfgffemlpa timasg (\is%{@mbamra@u 2b6a1m)y, 281 ﬂ‘; 9 mm@@B 2% 0
retention tinmes (254 nn): endo isonmer of 20B, 7.8 mn;
min. 3GBIMB. (CDECN, 400 bibz) 57, 8pi-nB.502at,i 10M), 8.39 (u, 1H), 4.83 (m,
al kenyl ester, 15.9 mn. 1H NWMR (CDCIS 400 I\/Ifz) d 56
3{ A4p R ““110 5‘.‘; 3.0‘3 -5, o) y ,
1H). m m'__i).. ph ﬁm h%) 4% ((S;“d),; \9§; ﬁlfa\ 2%

6 3 (m 2H) 1 91 (m
153?1%%“ ‘5@(@ sé)ﬁ)%él é%%m © 0.98 (m 1H). Exanple
2 1 - Preparation of 25B via Hydrogenati on , NHCOCEt
20B 25BIn a procedure anal ogous to the synthesis of

7 Exalnfisle PENECOHNPETSIORASTZBBRIIIPA 208 (0.52 g, 1. 1
nmo gave O. go mpoun 5B (90% yi el d).

.‘\\\\N HCOZEt .‘\\\\N HC OgEt
S5%aq NaQH
: THF
CONPh,
25B

To a 250-mL 3-neck flask equipped with an agitator, thermometer, and a
reflux condenser, were added 10 g of 25B (20.4 mmol) and THF (50 mL). To this
solution was added an aqueous solution of 5% (w/w) sodium hydroxide (50 mL).
The reaction mixture was then heated to 40°C and agitated at 40°C for about 4
hours. When the hydrolysis reaction was judged complete, toluene (50 mL) was
added and the mixture was agitated at a rather fast rate for about 10 minutes.
The organic phase containing the by-product was separated from the aqueous
phase containing product. The organic phase was back extracted with 5%
aqueous NaOH solution (50 mL). The combined aqueous solutions were
extracted twice with toluene (2 x 50 mL) and the organic extracts were discarded.
To the aqueous solution were added a solvent mixture of toluene (25 mL) and

THF (50 mL). The resulting mixture was cooled to between 0 to 5°C. A2 N
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HPLC retention tinmes (isocratic program 254 nn): 25B,
15.9 mn; 20B, 20.0 min. 1H NWR (CD3CN, 400 M#z) d

W(72®'6’/0764§2 50 (m 10H), 5.39 (d, 1H), 4.83 (m REY/US2D0Q101015
(m 2H), 3.37 (m 1H), 2,01 - 2.52 (m 8H), 1.S2 (ci,

hydrc%éf'gond aéi%ﬂﬂedgf@ohﬂtﬂorgglrég]&nve g%gﬁa@gﬁe@ztg%ust%%%%of
the rremémm Bboi it B et Ol B3raThe st Raue Sragaaua e

of 25B (20.4 mmol) and THF (50 ml ). To this solution
sepavated e dheyarganie pbase andwxractsid 8ith avgolyerd aixture of toluene
hydroxi de (50 m ). The reaction m xture was then
(25 migearei THE B0GnaydThgidrgdrid phtisé Gadf arganieoméashtwees Eémbined
When the hydrolysis reaction was judged conpl ete,

and diRke®Rah(POFTE) MRS TRAGs ARG ABim ot ,w;atr\é/‘aesm ag| t at ed
at a rather fast rate for about 10 m nutes.

atm°?Pﬂ@*"¢ﬂy“§3a3§%éJ8”%' ke RonidHf of X OB %‘Fesar%i @ﬁslsﬂéﬁﬂz
s ,back extragted w h5fy eo SO ion
The (38 hroddaniias ued it bt GRS soAtioR At e
twice with toluene x 50 nl) and t he organic
purifiggliomaontaiving @B@cga elylem {HNMBUEREC NS Bt7hond HY, 7.17
added a sol vent m xture of toluene (25 nL) and
—7.41 (Ph in toluene), 5.45 (bs, 1H), 4.68 (dt, J = 5.90, 16.0, 1H), 4.03 (q, J =

7.10, 2H), 3.45 — 3.50 (m, 1H), 2.50 — 2.65 (m, 2H), 2.45 (dd, J = 5.64, 11.5, 1H),
2.36 (methyl in toluene), 1.83 (m, 4H), 1.34 — 1.50 (qt, J = 2.91, 11.0, 1H), 1.32

(d, J =5.91, 3H), 1.15 — 1.25 (m, 6H), 0.95 — 1.05 (m, 2H).

Example 23 - Preparation of 23C

0]

OH 22A Oka@_\NHCOOEt
/‘\(N(Pfﬂ)z X
X N(Pr-)p
10D O ,ac

To a solution of 22A (3.0 g, 13 mmol) in 20 mL of toluene was added
triethylamine (4.9 mL, 35 mmol), and the resulting slurry was cooled to 0 °C. To
further solubilize the mixture, 20 mL of tetrahydrofuran was added. Mixed
anhydride formation was initiated via addition of trimethylacetyl chloride (1.5 mL,
1.2 mmol) over 5 minutes, and completed through stirring at 0 °C for 2 hours.
Catalytic amounts of 4-(dimethylamino)pyridine (0.05 g, 0.4 mmol) and alcohol
10D (2.0 g, 10 mmol) were then added into the brown slurry / mixture, followed by

5 mL of tetrahydrofuran to wash remaining reagents down.
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THF (50 nlL). The resulting m xture was cooled to

between 0 to 50C. A 2 Nhydrochloric acid aqueous
waodoghr@n2 (circa 59 m ) was added to adj ust tPeT/pk200$/001015

the mxture fromabout 13 to 2.5 at 0 to 5C. The

AR Eir @#@ﬁﬁ" 7"23‘!506 ecﬁos?f’%r ?lﬁgv@‘ars%}ﬁ&fedobga reaction

phase an Xt ract e W th nt mxture o uene

NS RIACE e ﬁaﬁ%%?%b&spmﬁe%%%t@eowh"e

m.). Ths m xture was then concm
the o5gaHie Was Wasied with aamixturg ofgf) 34“@6%@ &Rgiugn bicagbenaje
by repeated distillations. The crude product was used
solutiom amtk 10 exdt ob wafernand doen tancandrated onaotayapa8 °C, 26 mm
purification (containing 6.80 g, 99%yield). 1H NWR
Ho) toGade.5 & &F.bfdwahs, 1H), 7.17 - 7.41 (Ph in toluene),
5.45 (bs, 1H)14.68 (dt, J = 5.90, 16.0, 1H), 4.03 (q,

J P'urﬁg:llﬂon A pejﬁdir%sedﬁn EclBllbege]f@sh &ré&ato&raﬁﬁ écmlpped

with ﬁq 'ggﬁl%a ogg?z(fl\de égt')de %\a&‘ha] %ﬁﬂaﬁ!@i@o a ,f‘llu%g%th 10 mL
- ar at |
of heﬁg%ergo%f?%?rﬂquﬁﬂ%?zluraw@fzcgvxvanﬁeg 9§Wmﬂ3 ﬁ i)
t ol uene was added triethylamn Ei i
Purefractipas were ﬁ@"@@@ﬂ r%ftﬂﬁ/%ﬂlf@owlé'@ﬂ go onleef 3@% ‘P'&W{ ﬁ@qetate n
solubilize the m xture, 20 nL of tetrahydrofuran was
heptanizepoNcoadentration, 3.8 g of pale yellow oil (23D) was obtained (91%
yield). HPLC retention times (gradient program, 254 nm): 22, 4.2 min; 23C, 20.7
min. 'H-NMR (CDCls, 400 MHz) § 7.32 (d, 1H), 6.16 (s, 1H), 5.75 (d, 1H), 5.61 (q,
1H), 4.85 (d, 1H), 4.42 (m, 1H), 4.10 (q, 2H), 3.88 (s, 1H), 3.62 (m, 1H), 2.53 (dd,
1H), 2.38 (d, 2H), 2.02 (m, 1H), 1.88 (m, 1H), 1.55 (d, 3H), 1.34 (d, 6H), 1.22 (m,

9H).

Example 24 - Preparation of 21C

O

0]
O/u\_—_\© .NHCOOEt Lindiar Catalyst/H2 O/U\/\O‘NHCOOEt
x l
S
Ny O
© 23c NPz 210

To a slurry of 23C (3.4 g, 8.1 mmol), quinoline (0.31 mL, 2.6 mmol) and
Lindlar's catalyst (5 % Pd/CaCQs, 0.34 — 0.85 g) in 34 mL of toluene was added
hydrogen gas (1 atm, via balloon). The mixture was stirred at room temperature,
and monitored at intervals for reaction progress by HPLC. Upon completion of

reaction (< 4% of 23C on HPLC analysis), the mixture was filtered to remove
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anhydride formation was initiated via addition of

trinmethylacetyl chloride ( 1.5 nL, 1.2 mmol) over 5
worwahasas2 and conpl eted through stirring at 0 BQ/i82002001015

hours. Catal ytic anounts of 4-(dinethylam no)pyridine

catalysth, @nd®R x A54n0dR kdluend walsoeder] tolr@rﬁ%e( t%e%%alﬁiﬂ?rfﬂme}ials

were then added into the brown slurry / m xtu

ol St oo AV IS0 4855
sl o gt AR S, BB A 5 by IS o S5

whil e the organic was washed with a m xture of 20 nL
of saturated sodigmsbigathansie sehiiearandsth mli ohwaied. Thenisoleted

wat er, and then concentrated on rotovap (35 0C, 26 mm
organldglas coycmmatéd Bngrobdvam @O i28 fur Hb) tativer?.@asc! yeliow

performed on a Biotage flash chronat ograph equi pped ’

oil (88/%4 YleRaftersubtraatisg for reditial {ongerie) U ¢ NNNRIHaN si¥'8Rowed
made into a slurry with 10 nL of heptane, |oaded onto

mater%re ? act i%rﬁ:{s]ﬁ(\ﬁé\?ezegg Iect %aa??ét&lléﬁ%t%lt %gmﬁe%ﬁ' %%)o

A SOASIR ayrasgrc, os
%Bal ned (91% vi eI d)@ HPLC retention timnes ?

min; 23Co #0afMins k- oD Cly 400Mhiz) D326 £@. HhitT4 i% mm 6.09
(CDCl 3, 400 I\/Hz) 6 7.32 (d, 1H), 6.16 (s, 1H, 5.75

(d, 1Ho,d5 80H) 5.78.(61, 3H), 4.72 (d, 1H), 4.13 (m, 2H), 4.01 (m, 1H), 3.94 (s,

1H), 3.53 (m, 1H), 2.58 (dd, 1H), 2.35 (m, 2H), 1.99 (m, 1H), 1.90 (m, 1H), 1.59

(m, 1H), 1.43 (m, 9H), 1.24 (m, 6H), 1.17 (d, 3H).

Example 25 - Preparation of 20C

0O
0
o ~F ANHCOOEt 1) pigjs-Alder s NHCOOEt
2) DBU 0
o | H FI
O N(Pr-i,
NPr-d2 910 20C

A solution of 21C (3.0 g, 7.1 mmol) in 30 mL of o-xylene in a 100 mL
sealed tube was heated at reflux (147 °C) for 21 hours. Upon cooling to room
temperature, the mixture was washed twice with 15 mL of saturated sodium
bicarbonate solution to purge impurities, and the organic layer was concentrated
(50 °C, 26 mm Hg) to give 3.7 g of brown oil. This crude product was used
directly in subsequent reduction step. H-NMR (CDCls, 400 MHz) showed a 96:4

ratio of the exo/endo isomer (from alkene proton signal at § 5.41 versus 5.22

46



10

15

20

1H), 4.85 (d, 1H), 4.42 (m 1H), 4.10 (g, 2H), 3.88

(s, 1H, 3.62 (m 1H), 2.53 (dd, 1H), 2.33 (d, 2H),
wQ2@g/0ter2 1H), 1.88 (m 1H), 1.55 (d, 3H), 1. 3BCT/US2006/001015

6H), 1.22 (m 9H). Exanple 24 - Preparation of 21C To

|
ppm)a l-ﬁiLlG ?é‘teﬁg%r? ﬁﬁeﬁgliibﬁﬂastlcgg o9 ?@@ : éz %%)@%d&}%@%ﬁ%ﬁ 'ﬁbc

s Rl ok 4 Py YR, 0

tenperature, and nonitored at intervals for reaction
progress by HPLC. Upon conpletion of reaction (< 4% of

2 FHxhplEZe= p@ayﬁié})ofgge mxture was filtered to
renovecat alysts, an 5 nmL of toluene was used to
rinse t% remaining materials forwarg, The filtrate
was washed twi.ce auchzd5 nL of 0.5 N ~Qchl_ordiicosmi d
sol uti o ([tolf pu ge qui n@iyﬁnqegnaﬂqnd t ben[ neut rjal i zed by
further } wi th 15—mtof—satur at - um

bi car bonat gx g; Létl on and 15 nL of watery d sol at ed
organi c was C %entrated on rotovap (40 0C, 26 mm Hg)
to givs 3. 20§ of yellow oil (88 %yield 396 er

ﬁbt [ ag t Ny é(g('E 3.2 grbgy Banrtanl gen%gwgggg@ﬁ?@myf@g@talyst

ect I y in next synthesis step. HPLC retention tine
(5% Etﬁ@aép%webrdg‘? ghin 3@ mlqay efhwba%%ﬁte wag agidﬁfirhydzog@ gas (1
20. 3

atm, via balloon). The mixture was stirred at room temperature, and monitored at
intervals for reaction progress by HPLC. Upon completion of reaction (< 3% of
20C on HPLC analysis after 12 hours), the mixture was concentrated to dryness
on rotovap (30 °C, 26 mm Hg), re-dissolved into a slurry with 10 mL of toluene,
and loaded onto a 90 g silica cartridge for purification by Biotage flash
chromatography. Some toluene (3 x 5 mL) was used to wash remaining
materials onto the column. Pure fractions were collected after eluting with 1000
mL of 40% ethyl acetate in heptane and 2000 mL of 50% ethyl acetate in
heptane. Upon combining and concentrating the desired fractions on rotovap (30
C, 26 mm Hg), 2.5 g of white solid 256C was obtained (83% yield for 2 steps).
HPLC retention times (isocratic program, 215 nm): 25C, 10.1 min; 20C, 12.7
min. "H-NMR (CDCls, 400 MHz) § 4.81 (m, 1H), 4.71 (d, 1H), 4.09 (m, 2H), 4.00
(m, 1H), 3.46 (m, 2H), 2.61 (m, 1H), 2.48 (g, 1H), 2.20 (m, 1H), 2.04 — 1.79 (m,
4H), 1.60 (m, 1H), 1.42 (d, 3H), 1.38 (d, 3H), 1.34 (d, 3H), 1.29 — 1.16 (m, 10H),

0.93 (m, 1H).
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mn; 23C, 20.7 min. 1HNWR (CDCI3, 400 MHz) d 7.26 (d,
1H, 6.14 (m 1H), 6.09 (d, 1H, 5.80 - 5.70 (m 3H)
wazeos@rdssy 1H), 4.13 (m 2H), 4.01 (m 1H), 3.Bd1/{1S2006/001015
1H), 3.53 (m 1H), 2.58 (dd, 1H), 2.35 (m 2H), 1.99
(iarkblo 271 Pofafaridht Chridbum 2849, 143 (m 91,

Exanple 25 - Preparation
of 20C A solution of 21C (3.0 g, 70l nmol) in 30 nL of
o-xylene pp a 100 nL segbgd tube r\ heat ed I\%EOBEH ux

(147 00 or 2 1 hours. Upon cool Mpgto
t enper at Ur Xt hesnmi xt OTE WS vvashM th 15 n

of saturated glodi um bi carbonate sol utignOBo purge
i mpurities2zrand the organic | ayer was @o%?ntrat ed (50
0C, 26 mMmHg) to give 3.7 g of brown oil IS crude

PTOAUT0 Msthuse dedk flesit byuibped uitesuegitaivedhctinomsisr, and
step. HNWR (CDCI 3, 400 MHz) showed a 96:4 ratio of

a mtrx@éﬁ] 11ﬁ?é‘i‘/ was ‘édb WA (é 0} g[‘aﬁﬂ kepanyiretu?an 50 mal). TheGhixture

VEer sus Cretention tines (|socrat|c

was a@gggoﬁ]gh 18tjr§||nﬂg@s aﬁqg‘ﬂa&i ﬁl%ﬂﬁfl%lﬂx ﬁ@ﬁgd grfé Aéﬂd?ed A%y at
on R Sty e b BT ST A
trimethylaceK/I chioride (1 mL) while maintaining the temperature below 5°C.
After the reaction mixture was agitated for 30 minutes at below 5°C, 4-
(dimethylamino)pyridine (40 mg) and 27A (1.7 g active) were added. The
resulting mixture was agitated at below 5°C. After the reaction was judged
complete, water (5 mL) was added slowly to quench the reaction and the
temperature was allowed to warm up to 20°C. 5% sodium bicarbonate aqueous
solution (20 mL) and ethyl acetate (50 mL) were added. Organic layer was
separated and concentrated under vacuum to provide crude oil. The oil was
further purified by column chromatography to provide about 2.0 g of Compound
28A as white solid (56% molar yield). "H-NMR (DMSO-dg) 6 7.40 (s, 5H), 7.32 (d,
J=15.8 Hz, 1H), 7.15 (d, J = 7.29 Hz, 1H), 6.33 (s, 1H), 5.76 (d, J = 15.8 Hz,
1H), 5.60 (q, 6.76 Hz, 1H), 5.20 (s, 2H), 3.98 (g, J = 7.08 Hz, 2H), 3.57 (s, 1H),
2.42 (d, J = 16.9 Hz, 1H), 2.30 (s, 2H), 1.85-2.00 (m, 1H), 1.76-1.80 (m, 1H), 1.51

(d, J = 6.82 Hz, 3H), 1.43 (m, 1H), 1.16 (1, J = 7.09 Hz, 3H).

Example 28 - Preparation of 17A
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(5% Pt/C, 50%wet - 1.0 g) in 30 mMl _ of ethyl acetate

was added hydrogen gas (1 atm via balloon). The
worRoob0r@smwas stirred at roomtenperature, and PORUSZOEW1015

at intervals for reaction progress by HPLC. Upon

comphetion of reaction (< 3% of ZOC on HPLC anal ysi s

aftek_12 hours), he m Xt ure wag é‘ﬂ‘@@Oﬁq)D,e,s,Alder
dr yess o tyiB@ar@3taly@6H Hg) @ di ssol iU
| NLO~NgS! y with IO nC of "tolugne, and | oaded onto a
90 g sihjoancartridge for purl‘? ation by Biotage
fl ash clo onat ography. Sone tol uese ( 5 nmL) was used
to wash reff ni ng materials onto the colum. Pure
fragtjons were collected after elyting with 1000 nL of
409 OHGOOEL | N hept ane and 30 )
acet at e ji n {hept ane. Hiploreecaiobhi ni tcohcentrating
thqcip‘sh_,r‘édfractlons—-oﬂ—r-o’t-ovap £:>26 Mmm Hg), 2.5
g of ghigeg solid 25C was obtai ne pyield for 2
steps) HPLC retention tinmes (isocraticC program 215
10.1 min; 20C, 12.7 min. 1HA7AMR (CDClI 3, 400

waalﬁgwqqée%chg,,az&faghop%ww.mﬂ%;@ozmerw&er and
a nltr?%gn @ﬁ%q] w{%gd%«ag %)qg;ﬁ\poqn%ég)(\dé %% L%ﬁabéghw%%q mg)

10H), 0.93 I—(? |l e 27 - Preparation of
tetramwgm@@g)&n& an qumolme (0.1 mL). The mixture was agitated under

hydrogen (15 psig) at room temperature for about 15 minutes. The reaction
mixture was diluted with ethyl acetate (50 mLO before filtering through Celite to
remove catalyst. The organic solution was washed with 1 N hydrochloric acid
aqueous solution (10 mL) to quinoline, and then washed with 5% sodium
carbonate aqueous solution (10 mL), and brine (10 mL). The organic layer was
concentrated to give crude 26A as an oil.

Without further purification, the oil was dissolved in o-xylene (4 mL) to
make solution A. To the second 100 mL three neck flask equipped with an
agitator, thermometer, condenser, and a nitrogen inlet, was added o-xylene (3
mL). The solvent was heated to reflux at 140°C followed by slowly adding the
solution A through syringe pump in about 1 hour. The mixture was agitated at
reflux for an additional 6 hours and then cooled to room temperature. 1,8-
Diazabicyclo[5.4.0lundec-7-ene (1 drop) was added, and the resulting mixture
was agitated at room temperature for about 12 hours. The mixture was diluted

with ethyl acetate (25 mL), washed with 1 N hydrochloric acid aqueous solution

49



10

15

20

To a 100 nL three neck flask equipped with an
agitator, thernoneter, and a nitrogen inlet, was added
WQ20m6(026482 g) and tetrahydrofuran (50 nL). The PERUS2086/001015
was agitated for 10 m nutes and then trieth ne (
(5 Lo aediuubisarbpRAR AREoHS FORIZBIS T ARbaIaBAL)- The
cooled to QOC fol |l owed by slow y addi ng

organlicrlayetags eorcertratbtdoigike ¢rudei29AwAs BB aiki nt ai ni ng t he
tenperature bel ow 50C. After the reaction m xture was

Wlﬂﬁ@ﬁ?ﬂlﬁfﬁf&tlaﬁ fHeetuge 28A Wak olissoh@d #rethyl acetate (25 mL).
di met hyl am no)pyrl dine (40 ng) and 27A ( 1.7 ¢

[

5l 8‘("‘"*& Pl Ead G Wt T Aol (18 M Men MR
. S t
into aiﬁgrqw&#%hbaéﬁv e g ¥ e G B0 R ThE B
mixtugzouES PaTRI80 RPN EOSRITIRR0 Ky sk BoML pparalive 16F 20

separated and concentrated under vacuumto provide
hourscAndthesilD.mgief 1674 P4S (5Oferweh wasaddediandg ﬂa%mﬁfﬁre was

chromat ography to provi de about 2.0 g of Conpound 28A
agltatéd u\ntlet Rydrolged ({66 Ysig) |zt rogrinetenhperattireiaR FrovBes- 21 Bpues.

0 (s, 5H, 7.32 (d, J = 15.8 Hz, 1H), 7.15 (d, J =

After fglteggmg'('%ro Ceﬁte3 @1& ﬁuxt&i@ wab céficétratddTrider Fabzumitt) |

1H), 5.20 (s, 2H), 3.98 (q, J = 7.08
provid&abdiPzs r?ﬁg o? c9c°rde 17R. "H-NMR (CDsCN-ds) & 9.30 (brs, 1H), 5.40 (s,
1H), 4.69 (m, 1H), 4.03 (g, J = 7.00 Hz, 2H), 3.40 (m, 1H), 2.55-2.66 (m, 2H),
2.42 (dd, J = 1.5, 5.67 Hz, 1H), 1.78-1.95 (m, 4H), 1.35 (m, 1H), 1.30 (d, J =

5.91 Hz, 3H), 1.18-1.27 (m, 6H), 0.95-1.05 (m, 1H).

While the present invention has been described in conjunction with the
specific embodiments set forth above, many alternatives, modifications and
variations thereof will be apparent to those of ordinary skill in the art. All such
alternatives, modifications, and variations are intended to fall within the spirit and

scope of the present invention.
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2.42 (d, J =16.9 Hz, 1H), 2.30 (s, 2H), 1.85-2.00 (m

1H, 1.76-1 .80 (m 1H), 1.51 (d, J = 6.82 Hz, 3H),
waz2ewd/oar2 1H), 1.16 (t, J = 7.09 Hz, 3H). ExanptEBU2R06/001015

Preparation of 17A29A 17A To a 100 ml _ three neck

flask equi pped with an ?EAms)r, t hernmoneter, and a
nitrogen inlet, were adde npound 28A (0.5 g),

LipdAias ¢ hyst (50 ng), tetrahydrofuran (20 ni), and
quWnollgne 0.1 m _). The m xture was agitated under

hydr oggn ' . .about 15
it & Pirkasy e B SESRELT o BraBufin et )
acetate (50 nmLO before filtering through Celite to
renove catal yst. The orgd&hie sol utf on was washed with
1 N hydrochloric acid aq ilgn (10 nL) to

qui noline, and then washedj t.R_ 5% sodi um car bonat e
aqueous solution (10 nL),/ amd Brine (10 nL). The
organi c |l ayer was concentrag€tRto give crude 26A as an
oil. Wthout further purification, the oil was

di ssolved in oxylene (4 nL) o nake solution A To the
second 100 nL three neck flask equi pped with an

a%it tor, thernmoneter, . condenser, and a nitrogen

i BRI cyqligationyernPraRedhe S(%O%’B"; The sol vent was
heated to reflux at 1400C foll owed by sl owy addi ng

t @ heating Compound 2 in a solvent to an elevated tempéerature; and

b) treating with a base,

wherein Compound 2 is given by the formula

Rs
)’>
o)

wherein:

R, is selected from the group consisting of OR4 and NRsRs,

R. and Rj are independently selected from the group consisting of
H, NHR7, ORg, NHC(O)R4, and NO,, or Rz and Rs, taken together with the carbon
to which they are attached, form a 5- to 7-membered heterocyclic ring containing
1 to 3 heteroatoms, and

R4, Rs, Rs, Rz, and Rg are each independently selected from the group

consisting of H, alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, aryl, alkylaryl, arylalkyl,

and heteroaryl groups, or when R is NRsRs then Rs and Rs may, together with
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solution A through syringe punp in about 1 hour. The
m xture was agitated at reflux for an additional 6
whowe®7@nzl t hen cool ed to roomtenperature. 1, BET/US2006/001015
Di azabi cycl o[ 5. 4. 0] undec- 7- ene 1 drop) was added,
the nitnoden e whichutheyrayeratiached, fean &gt tabeaemberasbiheterocyclic
tenperature for about 12 hours. The m xture was

ring c@htaiﬁiﬁﬁ Mol P hetdigatopset ate (25 nl), washed with 1 N
hydrochl ori ¢ acid aqueous solution(5 nmL), 5% sodi um
bi car bonat e aqueous solution (5 m _), and brine (5

). ' : S '
267 as TG HIPRESH i F A WS SRR @ Rs sBIIS IR 08
di ssol.ved jn eth acetat e 5 M ). 5 of. 1. .
arourL IR Sy e -ty P el e Rk BYistioxds, dipheny!
. then transferred into a hydrogenator together with 50
stherngirpeingECPigudes 806 ikKiureS Hiereakul t i ng mi xture was
agi tated under hydrogen (100 psig) at roomtenperature’
for 20 hours. Another 10 ng of 10% Pd/ C (50% wet) was

added The prbeess at clain dpwhergin dhebase deselbgiddoem tid gooup
psig) at roomtenperature for another 2 hours. After

consibiihdg 8f bifanid) ifigBniechhd @rgdivméiaicsssasas concentrat ed
under vacuum to provide about 35 ng of crude 17A

1H NVR (CDBCN-d6) d 9.30 (brs, 1H), 5.40 (s, 1H, 4.69
%555 e triedspt laim,3: Plgie 1ishasg i€'seigllegtid tho group

consi%ﬁr?é3 b} trie?r?ylér%ne%Iﬁ'),5-d}dz%%icg/mo[&,§),O]n%h?éqergg,’ 1 ,21- -

diazabicyclo[2,2,2]octane, and 1,8-diazabicyclo[5,4,0]undec-7-ene.

5. The process of claim 1, wherein said temperature is between about

70°C and about 190°C.

6. The process of claim 1, wherein said temperature is between about

80°C and about 170°C.

7. The process of claim 1, wherein said temperature is between about

100°C and about 160°C.

8. The process of claim 1, wherein said temperature is between about

120°C and about 150°C.
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5.91 Hz13H), 1.18-1 .27 (m 6H), 0.95-1 .05 (m 1H).
Wil e the present invention has been described in
w@ompeanast on with the specific enbodi nents setP€DUBIN06/001015
above, nmany alternatives, nodifications and variations
tq:ereofAvvll be a arent ¢o t hose of ordinary skill in
e art pAWesng@ﬁ Raéma PBEUNGSi fi cati ons, and
variations are intended to fall within the spirit and
scope of the present § i l\& Al V5 What is clained
is: 1. A process for °n‘b‘ound 1 via
cyclization, said cy : conprising the steps of:
a) heating Conpound 4 im: g solvent to an el evated
tenperature; and b) treatiyyg with a base, wherein
Conpound 2 is given by thexfornula wherein: Rl is
sel ected fromthe group on§'| sting of OR and NR5Re, R2
and R3 are independently ected fromthe group
consi sting of H NHR7, OR8L_NHC(O R4, and N2, or R2
and R3, taken toget her Wi Kthe carbon ‘

(R12)n

3
wherein Rqo and Ry1 are each independently selected from the group
consisting of H, alkyl, alkoxy, C(O)Ra, cycloalkyl, aryl, alkylaryl, arylalkyl, and
heteroaryl groups, wherein Ry is selected from the group consisting of H, alkyl,
alkoxy, cycloalkyl, aryl, alkylaryl, arylalkyl, and heteroaryl groups,

Ry is selected from the group consisting of halogen, -CFs, C1-Cg alkyl, C4-Cs
alkoxy, and —COORys, wherein Ry3 is selected from the group consisting of H, Cs-
Cs alkyl, phenyl, and benzyl, and

nis an integer ranging from 1 to 5, said process comprising the steps of:

(a) reducing Compound 1,

to Compound 4:
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to which they are attached, forma 5- to 7-nenbered
heterocyclic ring containing 1 to 3 heteroatons, and R

WO 2R6/076262 R7, and R8 are each independentl|y spCEBUSHA6/001015

fromthe group consisting of H alkyl, alkenyl,

(b)éal Rm?%ﬁggy,ﬁe MONE F%b @ryl, alkylaryl,

eroar oups or when R1 is NR5R6
then R5 and R6 nay,, toget her withthe nitrogen to which
they are attached, \f §r.aHa 3- %o 6- menber ed
het erocyclic ringg gN1of8 3 heteroatoms. 2.
The process of cl an W
selected fromthe orUgQHconS|st|ng of xyl ene,
N- et hyl pyrrol i di none” Bi nmet hyl sul f oxi de, di phenyl
et har, D nmetnyl acei arni de, and m xtures thereof. 3.
The process of claimls; adaerein the base is sel ected
fromthe group consisting of organic, i norganic, and

rein said solvent is

(c) c%gé‘ﬁlﬁg‘@czrhbgﬁn@%%%orﬁ o aPr ocess of claim 3,

wher el ase is se ct ed fromthe group consisting
of tr| et hyl am ne, 1, 5 d| azabi cycl 0[4 3, 0] non- 5-ene,

ablc cl o[,2 ane
16" o 266 PLGRASL S Britaren Hifstep ofagaveripgdSamppund 5
cl aim 1 vvher ei n sai d tenperature i s between about 70C
daEApBOUNd §romprises reacting Compound 5 with Compound 6:

O
1]

P
“(ORyq)z

to yield Compound 3, wherein Ry, is selected from the group consisting of

alkyl, cycloalkyl, aryl, heteroaryl, and allyl.

11. A process for preparing Compound 7 via cyclization:

said cyclization comprising the steps of:

1) heating Compound 8 in a solvent to an elevated temperature; and,

2) treating with a base,
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6. The process of claim1, wherein said tenperature is
bet ween about 80 C and about 170 C. 7. The process of
W@ b@ores2 wherei n sai d tenperature i s bet ween BOIDUS2000W1015
C and about 160 C. 8. The process of claim1l, wherein
savhereipnempound 8 is divavby theafosotula:20 C and about
150C. 9. A process for preparing Conpound 3: 3 wherein
Ri 0 and Rn are each iadependently selected fromthe
group consi sting of al kyl , oaNkoxy, C(OR ,
cycl oal kyl, aryl, alkylar al kyl , and heteroaryl
groups, wherein R4 | l e fromthe group
consi sting of H, alkyl _Jal koxy, cycl oal kyl, aryl,
al kyl aryl, aryl al kyl, Cand'fefver oaryl groups, R12 is
selected fromthe group consisting of hal ogen, -CF3 Cr
C6 alkyl, CC 6 al koxy, ahd -COOR 13 , wherein R13 is
selected fromthe group consisting of H Cr C al kyl,

wher@iheRlandBR( Aersadh ind8perddritiyadbiedba $dim fr%"ﬁidg@) ddrdBtihg

to 5, said process conprising the steps of

of H, afdH CyBRatiIRAY Aiiddaryl, arylalkyl, and heteroaryl groups or, when
taken together with the nitrogen to which they are attached, may form a 3- to 6-

membered heterocyclic ring containing 1 to 3 heteroatoms.

12. The process of claim 11, wherein Compound 8 is prepared by a process
comprising:
converting Compound 9:

OH

s
/

to Compound 10:

OH
/'\

CONRy5R15

10

and converting Compound 10 to Compound 8.

13. The process of claim 12, wherein Compound 10 is converted to
Compound 8 by:

(a) reducing Compound 10 to Compound 11:
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to Conmpound 4: (b) converting Conpound 4 to Conpound 5:
r (C converting Conmpound 5 to Conpound 3. 10. The

wee@eesasnf claim9, wherein the step of convePCT/m§2006/001015

Compound 5 to Conpound 3 conprises reacting Conpound 5
wi th Conmpound 6: to yield ound 3, wherein R 4 is
sel ected fromthe group i sftthg of al kyl,
cycl oal kyl, aryl, heteroaryl, Mhefallyl. 11. A process
for preparing Conmpound 7 via cyclization: 7 said
cyclization conprising the s{eps of: :ljndieating
Conpound 8 in a solvent to an el evated tenperature;
CRHh i ﬁﬁ]? rMa. n Conpound 8 is
ﬁ?ﬁgggéthe b%\'?jn%\?i EM@@ e gpﬁeﬁ?s and R 6 are each
i ndependent|ly sel ected fromthe group consisting of H,
al kyl, cycloal kyl, aryl, lal kyI arg,gh aryl al kyl , and
het er oaryl groups or, when t gget her with the

nitrogen to which they are at e%l may forma 3- to
6-
12
to yield Compound 8.
14.. The process of Claim 12, wherein Compound 10 is converted to

Compound 8 by reacting Compound 10 with Compound 12 to yield
Compound 13:

O
o NF 7
O
/\fo
N\
R{s R
13

and reducing Compound 13 to yield Compound 8.

15. The process of Claim 12, wherein Compound 9 is converted to

Compound 10 by a process selected from the group consisting of:
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menbered heterocyclic ring containing 1 to 3
heteroatons. 12. The process of claim1l, wherein
w@eovwpowad2 8 i s prepared by a process conpri Si NBCT/US2006/001015

converting Conmpound 9: OH to Conmpound 10: 10 and
converting Conpound 10 to Compound 8. 13. The process

(@ of claim 12, wherein Conpound 10 is converted to
Compound 8 by: (a) reducing Conmpound 10 to Conpound
11: HO- V=0 NR15R16 11 ; and, (b)Q reacting Conpound 11

3 th Conpound 12:o42 to,yield Stind 8.
/‘\ : Pie U0
X A
i 10
9 U NR15R16
[ oP 1 ,/Q
~. ©OF C , 3
/\\\ /\ J X N:R15
L Li Riyg
and
(b)
R
OH x~ ;s OH -
/'\ Rie
A 0
9 PdL,/CuY/base 10
NR45R16
oP it
/V\ - xP S\ PdLy/CuYibase
5 S Rig

y

wherein:

P is a protecting group and X is a leaving group and is selected from the
group consisting of Cl, Br, 1, and heterocyclic rings;

L is a ligand and is selected from PR’ wherein R’ is selected from the group

10 consisting of alkyl, aryl, alkylaryl, and NR”, wherein R” is selected from the group

consisting of alkyl, aryl, and alkylaryl;

Y is selected from the group consisting of Cl, Br, I, and R”’COO, wherein R
is selected from the group consisting of aikyl, aryl, alkylaryl, and arylalkyl; and,

n ranges from O to 4.

15
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14.. The process of Claim 12, wherein Conpound 10 is

converted to Conpound 8 by reacting Conpound 10 with
w@impouad2 12 to yield Conpound 13: 13 and r eduRCTyS2006/001015

Compound 13 to yield Conpound 8. 15. The process of

aim ' ' verted to Conpound
ﬁ% by é%ﬁpgggéghggﬁggﬁﬁg6%ﬁ%#4ﬁé§€Toup consi sti ng
of : (a) and (b) wherein: g is a protecting group and X
is a leaving group and i3 gel gct efnéd,pm the group
consisting of A, Br, | ¢ 3 ferocyclic rings; L is
a ligand and is sel ected 3 wherein R is
sel ected fromthe group cofisi ting of alkyl, aryl,
al kylaryl, and NR', wherein R is selected fromthe
group consisting of alkyl, , and al kylaryl; Yis
sel ected fromthe group consksting of C, Br, |, and
R "COO, wherein R "

(Ry2)n
3A
wherein R41 is selected from the group consisting of alkyl, alkoxy, C(O)R,

5 cycloalkyl, aryl, alkylaryl, arylalkyl, and heteroaryl groups; and Ry, is selected

from the group consisting of halogen, -CF3, C4-Cs alkyl, C-Cg alkoxy, and —

COOR;3, wherein Rys is selected from the group consisting of H, C4-Cs alkyl,

phenyl, and benzyl, and n is an integer ranging from 1 to 5,

comprising:

10  (a) reducing Compound 7

to Compound 7A":

15 o“%\NR,SR18

7A' :
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Is selected fromthe group consisting of alkyl, aryl,

al kyl aryl, and aryl al kyl; and, n ranges from Qo 4. 16.
we2eotass for prepari ng Conpound 3A: 3A wher ePOT/RA2006001015

sel ected fromthe group consisting of alkyl, alkoxy,

C(Whetdin Ry g hndlFy lare aagh inddpendently seleciddfrisivl theagrdup

heteroaryl groups; and R12 is selected fromthe group

STt SHLH NIk RAD | Yand AbIERSmy!
consFUPE G Mgl b any ey ARy, e fang Beleasiy gtos
.61 ] Ol CB. I d
or, Wt aREh Mot hririne ol o JAEH they BREpRERYL mfform 2
reduci n ound 7 to Conpound 7Al; 7A wherein R15
3- o e bsted Helerooy e GERER) N 4 0.k belerodlamhe. or oup
consisting of H ‘alkyl, cycloalkyl, aryl, alkylaryl,

5  (b) hydialyging Comprunef At Bavigd Gemepyndrs: when t aken
together with the nitrogen to which they are attached,
may forma 3- to 6-nmenbered heterocyclic ring
containing 1 to 3 heteroatons; (b) hydrolyzing
Conpound 7Alto yield Cgnpoynd 15:

(o]

10

wherein Ry and Ry are each independently selected from the group
15  consisting of H, alkyl, alkoxy, C(O)Rs, cycloalkyl, aryl, alkylaryl, arylalkyl, and
heteroary! groups, wherein R; is selected from the group consisting of H, alkyl,

alkoxy, cycloalkyl, aryl, alkylaryl, arylalkyl, and heteroaryl groups;

(d) converting Compound 4 to Compound 17:

20
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15 (c) amnating Conmpound 15 to yield Conpound 4: 4
wherein RO and Rn are each i ndependently sel ected
wo e@a0tdas2 gr oup consi sting of H, al kyl, al koxyPCTZUS)opsI001015
cycl oal kyl, aryl, alkylaryl, arylalkyl, and heteroaryl
groups, wherein R4,is, selected fromthe group
consi sting of H, alNkyw, oxgn cxﬁ{oalkyl, aryl ,
al kylaryl, aryl al r yI'" groups; (d)
converting Conpournyg 4 JConpou 17:17 (q) converting
Compound 17 to Comgfounc 18 18 ; and, (f) converting
Conpound 18 to Cbnpoﬁbﬁ;‘ . 3A. 17. The process of
claim 16, wherein th&® stéh! of converting Conpound 18
to Conmpound 3A conprises reacting Conmpound 18 with
Conpound 6:6 wherein Ris 3@l ected féomthe group
consi sting of alkyl, cycloal kyl, aryl, heteroaryl, and
(e) coavesting Compoahd 1Zdor2ampoGid 18:

H
aN \H/ORH
0
5
18 ; and,
(f) converting Compound 18 to Compound 3A:
o)
A~ NHCOARy,
0,
H:A
N
Z N
G °
Q
\\(R12)n
3A.
10
17. The process of claim 16, wherein the step of converting Compound

18 to Compound 3A comprises reacting Compound 18 with Compound 6:
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18. A process for preparing Conmpound 20: 20 conpri sing
cyclizing Conpound 21: 21 wherein R10 and Rn are each
w0 pabefparadent |y sel ected fromthe group consi stPEUSI06401015

al kyl', al koxy, C(O R4, cycloalkyl, aryl, alkylaryl,
aryl al kyl, and heteroaryl ﬁroups, wherein R4 is
selected fromthe group co fLs}inglof H,la:ty:, ;

0X cycl oal kyl, aryl, a aryl, arylal kyl, an
AR R s sedrtia et thea@uiomieRting.af stk neycloalkyl, ary
i ndependent |y sel ected fromthe group consisting of H,
d1atgroaryyand alivly fo yigld Compouwnd3A. , aryl al kyl, and
het eroaryl groups or, when together with the nitrogen
t18. whi cA proegssafioe pedpaainige@ompeynti@on a 3- to
6- menbered heterocyclic ring containing 1 to 3
heteroatons. 19. The progegs of Caim 18, wherein
Conpound 2 1 is preparediy<a_procshiconpri sing: (a)
converting Compound 9:16 10: 10 ; and,

20

comprising cyclizing Compound 21:

0]

o = ~NRyoRyq
)ﬁ

0”7 “NRysR1g
21

10 wherein Rqo and Ry are each independently selected from the group

consisting of H, alkyl, alkoxy, C(O)Ra, cycloalkyl, aryl, alkylaryl, arylalkyl, and

heteroaryl groups, wherein R is selected from the group consisting of H, alkyl,

alkoxy, cycloalkyl, aryl, alkylaryl, arylalkyl, and heteroaryl groups; and,

R15 and Ry are each independently selected from the group consisting of H,

15  alkyl, cycloalkyl, aryl, alkylaryl, arylalkyl, and heteroaryl groups or, when together

with the nitrogen to which they are attached, may form a 3- to 6-membered

heterocyclic ring containing 1 to 3 heteroatoms.

19. The process of Claim 18, wherein Compound 21 is prepared by a
20 process comprising:

(a) converting Compound 9:
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10

15

20

(b) converting Conmpound 10 to Conpound 21. 20. The
process of Claim19, wherein the step of converting

w@eovpouis2 10 to Conpound 21 conprises: (a) redeCi/mg006/001015

Compound 10 to Conpound 11: HO < j= O NR15R16 11 ;
and, (b) reacting Conpound 1dqw th Conmpound 22: 22 to
yi el d Conpound 21. 2 1. The/lr\g&e)ss of O aim 19,
wherein the step of converti ngXXonpound 10 to Conpound
21 conprises: (a) reacting Conmpound 10 wi th Conpound
22 22to yield Conpound 23: 2¢ ; and, (b) reducing
Conpound 23 to yield Conpound 21.

to Compound 10:

9 H
/’i\

CONR15R16
10 ; and,

(b) converting Compound 10 to Compound 21.

20. The process of Claim 19, wherein the step of converting Compound
10 to Compound 21 comprises:

(a) reducing Compound 10 to Compound 11:

HO><_\]:O
NRy5R1g
11 ;and,

(b) reacting Compound 11 with Compound 22:

o}
HO%.\\NR1QR11
22
to yield Compound 21.
21. The process of Claim 19, wherein the step of converting Compound

10 to Compound 21 comprises:

(a) reacting Compound 10 with Compound 22

(@]
HO)\—_-\@.\\NHWRU

22
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22. A process for preparing Conpound 3C. 3C
conprising: (a) reducing Conpound 20: 20 wherein R10
war@oeBm482 e each i ndependently sel ected from t PET/YRHOE001015
consi sting of H, alkyl, alkoxy, C(COR, cycloalkyl,
aryl, alkylaryl, arylalkyl, and heteroaryl groups,
~ Wherein R4 is selected fromthe group consisting of H,
to yieldhCpypoundiddiy, cycl oal kyl, aryl, alkylaryl, arylalkyl,
and heteroaryl groups; R15 and R 6 are each
i ndependently sel Ected fromthe group consisting of
H, al kyl, cycl oal ky aryl, byl aryl, arylalkyl, and
het er oaryl group r together with the nitrogen
to which they arzﬁﬁm, may forma 3- to
6- menber ed heterocy miMg containing 1 to 3
heteroatons to yield Conpound 25: | 25 (b) hydrol yzi ng
Compound 25 to Conpoun$34: - and

5 (b) reducing Compound 23 to yield Compound 21.

22. A process for preparing Compound 3C:

Q4 H
~NR1oR14
o]
H:A

:H
N
Z N
)
F
10 ' 3C
comprising:
(a) reducing Compound 20:
0
N ~NR1oR1
O 0)
H:H
Oi\NH15R16
20
15 wherein Ry and Ry are each independently selected from the group

consisting of H, alkyl, alkoxy, C(O)Rs, cycloalkyl, aryl, alkylaryl, arylalkyl, and
heteroaryl groups, wherein Ry is selected from the group consisting of H, alkyl,
alkoxy, cycloalkyl, aryl, alkylaryl, arylalkyl, and heteroaryl groups;

Ry5 and Rys are each independently selected from the group consisting of H,
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4 (c) converting Conpound 4 to Conmpound 5: 5 ; and,

(d) converting Conmpound 5 to Conpound 3C.3C. 23. The
w@e@edsasnf claim 22, wherein the step of convReT/URY06/001015

Compound 5 to Conpound 3C conprises reacting Conpound

alkyl, %}/(‘é@éfg F%?%C#Iﬂgla};%g ﬂ;&%lkﬁeé{h&hg rgggﬁmﬁg&fﬁécos%& Ttggether
with t@%ﬁgo ERRHE eiic e afR RliscHadt Fashiforn & 52 R butedboiky

group and X i s a |eaving group and is selected from
heter@(w@hgflagﬁ:og\@gqngﬂ y3delecatois || and heterocyclic

rings, Lis aligand and is selected from PFT3 wherein
to yield Compsahd@5ed from t he group consisting of alkyl,

aryl, alkylaryl, and NR', wherein R'" is selected from

t he group
o]
H H
~NR1oR14
o]
H:A

of\NHmHm

25 ;

(b) hydrolyzing Compound 25 to Compound 4:
Q H

H
wNR1oR 1
0]
H i

A
10 g7 oH

4 ;
(c) converting Compound 4 to Compound 5:

WNR1oR 4

15

5 ; and,
- (d) converting Compound 5 to Compound 3C:
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consi sting of alkyl, aryl, and alkylaryl, Yis
sel ected fromthe group consisting of C, Br, |, and
wWR20000045herein R'' is selected fromthe groupCT/US2006/001015
consi sting of alkyl, aryl, alkylaryl, and arylal kyl,
and n ranges fromOytod. 25. A process for preparing
Conpound 29: 29 cmu}r'~|~o‘ﬁxc%izing Conpound 26: 26
wherein R10 and R h I fd¥pendently sel ect ed
fromthe group consi Mg of H, alkyl, alkoxy, C(OR
4, cycloal kyl, ary Kyl aryl, arylal kyl, and
het eroaryl groups, wheryin R4 is selected fromthe
group consisting of H_alkyl, slkoxv. cvclo |kvl.
irvl. slkvisrvl. srvl . pd h tsrosrv! QGOUDS. spd
Ri 7 is selected fromtfie group consisting of H,
al kyl, cycloal kyl, arylz~arylal kyl, heteroaryl, and
allyl groups. 26. The icess of claim 25, wherein
Compound 26 is prepared bf a process conprising: (a)
reacti ng Conpound 27: 3C.

5 23. The process of claim 22, wherein the step of converting Compound

5 to Compound 3C comprises reacting Compound 5 with Compound 19:

9
P~(oen,
)
>
F
19
to yield Compound 3C.
10
24. The process of Claim 19, wherein Compound 9 is converted to
Compound 10 by a process selected from the group consisting of:
(a)
X
on oH NP OH
- . 6 A
Py A } N
9 Li NRsRs
~ §F [ /?P\ } //lol\
—_—_— —RS
N X° N
15 N T Re

and
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27 with Conpound 22: 22 to yield Conmpound 28: 28 ;
and, (b) reducing Conpound 28 to yield Conpound 26. 27.
wab@eprasess of claim 26 wherein conmpound 27 iBCT/US2006/001015
prepared by converting Conpound 9: OH 9 to Conpound
27: 27. 28. A process for preparing Conpound 3C. 3C
conprising: (a) reducing Conpound 29: wherein Ri o and
(b) R1 1 are each independently selected fromthe group

o}
OH x/U\N:R5 OH
)\ RS
X 0
PdL,/CuY/base
) 7 10 NR.R,

N 7 5

oP
/\ XJ\N;RS PdL/CuY/base
S Re

y

wherein P is a protecting group and X is a leaving group and is selected
5 from the group consisting of Cl, Br, |, and heterocyclic rings,

L is a ligand and is selected from PR’; wherein R’ is selected from the group
consisting of alkyl, aryl, alkylaryl, and NR”, wherein R” is selected from the group
consisting of alkyl, aryl, and alkylaryl,

Y is selected from the group consisting of Cl, Br, |, and R”’COQO, wherein R
10 is selected from the group consisting of alkyl, aryl, alkylaryl, and arylalkyl, and

n ranges from O to 4.

25. A process for preparing Compound 29:

15 o]



10

15

20

consi sting of H alkyl, alkoxy, C(COR, cycloalkyl,

aryl, alkylaryl, arylalkyl, and heteroaryl groups,
wob@serdasR4 i s sel ected fromthe group consi stPemUSi0064)01015

al kyl , al koxy, cycloal kyl, aryl, alkylaryl, arylal kyl,

and heteroaryl groups, and ?Gis sel ected fromthe

group consisting of H, alky cycl oal kyl, aryl,

| al kyl , _heteroar I roups,. to .yield
st B and Fh7 B e mﬂ%pﬁadeﬁﬂ%g%'ﬁapeﬁ flr%méﬁﬁ&sm 5
5 and, (c) convertin npound 5 to Conpound 3C
consisting qiHd, @f}(mle aﬂ@cheahﬁlmcz@oallwle eéylnawrr@rgh @wlaikyl and
converting Compound 5 to Conpound 3C conpri ses
heteroarytgriougs CohprmimdR45s wetdetetbirpmuhe gréup copsistidg 66 iy alkyll
3C. 30. A compound of the follow ng fornula: wherein

allcoxwRicvgicaitiod Rirvd afiigaronehibide peddenticdargielragbedadd om t he
group consisting of H "~ alkyl, cycloalkyl, aryl,

t gg%'tsﬁge\ré't%l tﬁgmttﬁEQI t %ggﬁlgﬁltlﬁwﬁﬁr ﬁikt)ﬂecydgr%é%t 1 éhed
aMd@%%@ﬁ%L %nggaqlﬂ%@g?ggfgnget erocyclic ring

26. The process of claim 25, wherein Compound 26 is prepared by a
process comprising:

(a) reacting Compound 27:

OH
X
CO2Ryy
27
with Compound 22:
0
HO%‘\\NR1OR11
22
to yield Compound 28:
0
o = ~NR1oRq4
N
o’ OR1w7
28 ; and,

(b) reducing Compound 28 to yield Compound 26.
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3 1. A conmpound of the following fornula: HO K ]=0
NR15R16 wherein R 5 and Ri 6 are each independently
waedleptr@ad2 from the group consisting of H, al kyPCT/US2006/001015
cycl oal kyl, aryl, alkylaryl, arylalkyl, and heteroaryl
roups_or, when togeth ith the nitr n to whi
ey all® RIQGRSR ¢ aiﬁyfé FENLOMROUR piggared By
het erocyclic ring containing 1 to 3 heteroatons.32. A
comvedingdfComponsdf®l | owi ng formul a: wherein R is
selected fromthe group consisting of OFU and NR5Re,
R2 and R3 are independentlyQHel ected fromthe group
consi sting of H, NHR7, OR&/LNﬁé O R4, and NO2, or R2
and R3, taken together with t carbon to which they
are attached, forma 5- to 7-nenbered heterocyclic
ring containing 1 to 3 heteBoatons, and R4, R5, R >
R7, and R8 are each independently selected fromthe
5 t8'Copeaeng ¥t i ng of H, al ky!, al koxy, cycloal kyl,
aryl, al kylaryl, arylal kyl, and heteroaryl groups, or
when R is NRBR6 then g and R6 nmay, together with the
nitrogen to which thexlgéi\attached, forma 3- to

6- nenber ed
CO,R47

27.

28. A process for preparing Compound 3C:

0
(P ~NRygR14
o e
H:R
A
Z N
Y
10 F
3C
comprising:
() reducing Compound 29:
o,
~NR1oR14
o
H: A
O/\OR-]']
15 29

wherein Ro and R41 are each independently selected from the group
consisting of H, alkyl, alkoxy, C(O)Ra, cycloalkyl, aryl, alkylaryl, arylalkyl, and

heteroaryl groups, wherein R4 is selected from the group consisting of H, alkyl,
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heterocyclic ring containing 1 to 3 heteroatons. 33. A
conpound of the followng formula: 1 wherein R is

w@edoeot@d2 from t he group consi sting of OR4 andP@iRERBN6/001015
R2 and R3 are independently selected fromthe group

e BHEAIGRA, disy b EiRy, KGR Fbupanar 2
setecE BB e g o L bl SREA B TR &

and R8 are each independently selected fromthe group
hetereapdiand aly! groups, 10 ¥igld Comeeund 4y cl oal kyl, aryl,
al kylaryl, arylal kyl, and heteroaryl groups, or when

Ri is NRSR then R5 G Rimay, t%%ether with the
nitrogen to which e tuted, forma 5- to
CLliC AL D

7-menbered heterocy¢clic king containing 1 to 3

het eroat onms. 34. Ad/coipofnd of the follow ng formula:

30 wherein R is sel egfeghifromthe group consisting of
OR4 and NR5R6, R4, R5, and R6 are each independently

sel ected fromthe group,

5 ;
(b) converting Compound 4 to Compound 5:
wNR1oR14
10 5 ; and,
(c) converting Compound 5 to Compound 3C:
o H H
;\:pb-”‘mmﬂn
0
G
SN
I T4
F
3C.
15
29. The process of claim 28, wherein the step of converting Compound

5 to Compound 3C comprises reacting Compound 5 with Compound 19:
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15

consi sting of H, alkyl, alkoxy, cycloalkyl, aryl,
al kyl aryl, arylal kyl, and heteroaryl groups, or when

WRR00657MRER6 t hen RS and R6 may, together w thPCHES2006/001015

nitrogen to which they are attached, forma 5- to
7-menbered heterocyclic ring containing 1 to 3

het eroatons; and R10 and R '(e each independently
selected fromthe group co si§¥@hg of H, alkyl,

al koxy, C(O R, cycloal kyy™naryl, alkylaryl,
aryl al kyl , and heteroaryl oups. 35. A conpound of
the following fornmula: whefein R is selected fromthe
group consisting of H an , andR2 and R3 are

i ndependently sel ected fr e group consisting of H,
NHR5, OR6, NHC(O R7, and NO2, or R2 and R3, taken
together with the carbon tg. which they are attached,
forma 5- to 7- menbered h&ferocyclic ring containing
1 to 3 heteroatons, and R4, R5. Re, and R7 are each
i%ﬂ@ﬂgﬁgﬁﬂppynéégicted fromthe group consisting of H,
al kyl, al koxy, cycloal kyl, aryl, alkylaryl, arylal kyl,
and heteroaryl groups.

30. A compound of the following formula:

OH

.

CONR;5Rs
10

3

wherein Rqs and Rqs are each independently selected from the group
consisting of H, alkyl, cycloalkyl, aryl, alkylaryl, arylalkyl, and heteroaryl
groups or, when together with the nitrogen to which they are attached, may

form a 5- to 7-membered heterocyclic ring containing 1 to 3 heteroatoms.

31. A compound of the following formula:

HO"<_\]:O
NR5R4g
11

’

wherein Rys and R4 are each independently selected from the group
consisting of H, alkyl, cycloalkyl, aryl, alkylaryl, arylalkyl, and heteroaryl
groups or, when together with the nitrogen to which they are attached, may

form a 5- to 7-membered heterocyclic ring containing 1 to 3 heteroatoms.
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36. A conmpound of the following formula: 2 wherein Ri
is selected fromthe group consisting of OR4 and
WORWRO764R2 and R3 are i ndependently sel ected fPONUS1086/001015
group consisting of H NHR7, OR8 , NHC(O R4, and NOZ,
032.R2 apdoifpoditkeNtheFORSVARG f¥irhiliat he carbon to which
they are attached, forma 5 to 7-nenbered
het erocyclic ring containpng 1 to het er oat ons, and
Rt, R5, Re, R7, and Rs ar i ndependent|y sel ect ed
fromthe group consisti 0 k, al koxy,
cycl oal kyl, aryl, alkyl a2 I ky:1 , and heteroaryl
groups, or when Ri is NRsRe/then"Rs and Re may,
togetherwith the nitrogen@o mhich they are attached,
forma 3- to 6- menmbered hetegocyclic ring containing
1 to 3 heteroatons. ’

wherein Ry is selected from the group consisting of OR, and NRsRg, Ro
and Rs are independently selected from the group consisting of H, NHR;,
ORs, NHC(O)R4, and NO,, or R» and Rs, taken together with the carbon to
which they are attached, form a 5- to 7-membered heterocyclic ring
containing 1 to 3 heteroatoms, and

R4, Rs, Rs, Rz, and Rg are each independently selected from the group
consisting of H, alkyl, alkoxy, cycloalkyl, aryl, alkylaryl, arylalkyl, and
heteroaryl groups, or when R, is NRsRgs then Rs and R may, together with
the nitrogen to which they are attached, form a 3- to 6-membered

heterocyclic ring containing 1 to 3 heteroatoms.

33. A compound of the following formula:

Q H

wherein Ry is selected from the group consisting of OR, and NRsRs,
Rz and Rs are independently selected from the group consisting of H, NHR7, ORs,
NHC(O)Rs, and NO, or Rz and R, taken together with the carbon to which they
are attached, form a 3- to 5-membered heterocyclic ring containing 1 to 3

heteroatoms, and
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Rs, Rs, Rs, Rz, and Rg are each independently selected from the group
consisting of H, alkyl, alkoxy, cycloalkyl, aryl, alkylaryi, arylalkyl, and heteroaryl
groups, or when R; is NRsRs then Rs and Rs may, together with the nitrogen to
which they are attached, form a 5- to 7-membered heterocyclic ring containing 1

5 to 3 heteroatoms.

34. A compound of the following formula:

Ry

~NR1gR14
o]
H:Ad

0%91

30 ,
wherein R; is selected from the group consisting of OR, and NRsRs,
10 R4, Rs, and Rs are each independently selected from the group
consisting of H, alkyl, alkoxy, cycloalkyl, aryl, alkylaryl, arylalkyl, and heteroaryl
groups, or when Ry is NRsRs then Rs and Rg may, together with the nitrogen to
which they are attached, form a 5- to 7-membered heterocyclic ring containing 1
to 3 heteroatoms; and
15 R0 and R4 are each independently selected from the group consisting of

H, alkyl, alkoxy, C(O)R4, cycloalkyl, aryl, alkylaryl, arylalkyl, and heteroary!

groups.

35. A compound of the following formula:

B
R4 Ok_w, Ra
20

wherein Ry is selected from the group consisting of H and R4, and
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Rz and R; are independently selected from the group consisting of
H, NHRs, ORs, NHC(O)R7, and NOy,
or Rz and Rgs, taken together with the carbon to which they are
attached, form a 5- to 7- membered heterocyclic ring containing 1 to 3
5 heteroatoms, and
R4, Rs, Re, and Ry are each independently selected from the group
consisting of H, alkyl, alkoxy, cycloalkyl, aryl, alkylaryl, arylalkyl, and heteroaryl

groups.

10

36. A compound of the following formula:

wherein R; is selected from the group consisting of ORs and NRsRs,
R2 and Rs are independently selected from the group consisting of
15 H, NHR7, ORs, NHC(O)R4, and NOg, or
Ro and Rs, taken together with the carbon to which they are
attached, form a 5- to 7-membered heterocyclic ring containing 1 to 3
heteroatoms, and
R4, Rs, Re, R7, and Rs are each independently selected from the
20 group consisting of H, alkyl, alkoxy, cycloalkyl, aryl, alkylaryl, arylalkyl,

and heteroaryl groups, or when R; is NRsRs then Rs and Rg may, together
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with the nitrogen to which they are attached, form a 3- to 6- membered

heterocyclic ring containing 1 to 3 heteroatoms.
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