An Exo- Sel ective Synthesis of H nbacine Analogs Field of the Invention 5
This application discloses a novel process for the synthesis of hinbacine
anal ogs, as well as the anal ogs produced thereby. The synthesis proceeds by
alternative routes including the cyclic ketal-am de route, the chiral
carbamate- ami de route, and the chiral carbamate-ester route. The conpounds
produced 10 thereby are useful as thronbin receptor antagonists. The

i nvention disclosed herein.is related to those disclosed in the co-pending
patent app el hesi ' 0g$spl i cation seria
nos. 60/643,932; 60/643,927; and, 60/644,464, all four applications having
been filed on the sane date. 15 Background of the Invention Thronbin is
known to have a variety of activities in different cell types and thronbin
receptors are known to be present in such cell types as hunman platelets,
vascul ar snooth nuscle cells, endothelial cells, and fibroblasts. Thronbin
receptor antagoni sts nay be useful in the treatnent of thronbotic, 20

i nfl ammat ory, atherosclerotic and fibroproliferative disorders, as well as
other disorders in which thronmbin and its receptor play a pathol ogi cal

role. See, for exanple, %Si 6:g6 , 847, the disclosure of which is

i ncor porated by referenceXl® receptor antagonist is a conpound
of the formula and salts thereof: HH\NHCOOEt O Me Ha N
5

This application discloses a novel pracess for the synthesis of himbacine
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

10 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.

15 Background of the Invention

Thrombin is known to have a variety of activities in different cell types
and thrombin receptors are known fo 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,

20 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.



~ 1 F 3B This conpound is an orally bioavail able thronbin receptor
antagoni st 5 derived from hinbacine, and its synthesis proceeds through a
Di el s-Alder reaction. Processes for the synthesis of simlar hinbacine
anal og thrombi n receptor antagonists are disclosed in U S. pat. no.
6,063,847, and U..S. publi on. no. 2004/0216437A1, and the synthesis of
Che bl s Phatwoshin refemtop ahtAErisLfs A cRRAGAS of tha faiwgh codRalE] osed | n U .
publication no. 200410176418Al1, the disclosures of which are incorporated
byihéﬁﬁﬂence herein. The present invention provides an inproved process for
preparing thronbin receptor antagonists by providing at |east one of a

hi gher yield of the desire8) edto pmoduct é a the Diels-Ader reaction, a

[ [ : HEGRPEE internediates to their 15
correspondi ng car boxyl at esQ_ a ) ved purification of internediates via
crystallization. Summary of yTavention In one enbodi ment, the present
i nvention provides a procew Lils: l'breparlng Compound 1: 2 O HRz Rs H
Q' 11R1 1 conprising cyol:aing ound O RZ

Z N
P

S

3B
This compound is an orally bioavailable thrombin receptor antagonist
5 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

10 apalog 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 exa product via the Diels-Alder reaction,
a simple and more efficient conversion of amide intermediates to their
15 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:



ORs ~1 ORL 52 wherein R is selected fromthe group consisting of
OR4 and NR5R6, R2 and R3 are independently selected fromthe group
consisting of H NHR7, OR8, NHC(O R4, and NO2, or R2 and R3, taken together
with the carbon to which they are attached, forma 5- to 7-nenbered
heterocyclic ring containing 1 to 3 10 heteroatons, and R4, R5, R6, R7, and
R8 are each independently sgl ected fRzom the group consisting of H, alkyl,
al koxy, cycl oal kyl, aryl, al aryl al kyl, and heteroaryl groups, or
when R1 is NR5R6 then R5 a Bgether with the nitrogen to which
they are attached, forma 5, “F~wenbered heterocyclic ring containing 1
to 3 heteroatons. 15 In so dHi nents, the solvent is selected fromthe
group consisting of xylene, N m&thylpyrrolidinone, Dinethylsulfoxide,

di phenyl ether, Dinethylacetam de, and m xtures thereof. 20 In sone

enbodi nents, the base is selectled fromthe group consisting of organic,

i norgani ¢, and organonetal lic bases. 3 In sone enbodi nents, the base is

sel ected i4iR8 QEPHRG CUmLSEAE: of triethylam ne,
1,5-diaza%?gggﬁbfjgg??fﬁon-5?§%§?§1,4-diazabicyclo[2,2,2]octane, and

1, 8-di azabi cycl o[ 5, 4, J undec-g-ene. 5 In sone enbodi ments, the tenperature

is between about 70C and abo 150C, Repr ef erabl y, between about 80C and
about 170C, nore preferablyg agout 100 and about 160C, still nore
3
N

preferably, between about 1
0~ "Ry
5 2
wherein R; is selected from the group consisting of OR4 and NRsRe, Rz and

Rs are independently selected from the group consisting of H, NHR;, ORg,
NHC(O)Rs4, and NO,, or Rz and Rg, taken together with the carbon to which they
are attached, form a 5- to 7-membered heterocyclic ring containing 1 to 3

10 heteroatoms, and R, Rs, Rs, R7, and R 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 Rg may, together with the
nitrogen to which they are attached, form a 5- to 7-membered heterocyclic ring

containing 1 to 3 heteroatoms.

15 4
In some embodiments, the solvent is selected from the group consisting of
xylene, N-methylpyrrolidinone, Dimethylsulfoxide, diphenyl ether,
Dimethylacetamide, and mixtures thereof.
20 Iin some embodiments, the base is selected from the group consisting of

organic, inorganic, and organometallic bases.



and about 150C. 10 In another enbodi nent, the present invention provides a
process for preparing Conpound 3: OHHNRIoRLI1 H\ N (R12)n 3 wherein
R10 and R11 are each independently selected fromthe group 15 consisting of
H, al kyl, al koxy, C(O R4, cycloal kyl, aryl, alkylaryl, arylalkyl, and
heteroaryl groups, wherein R4 is selected fromthe group consisting of H,

al kyl , kox cl.oal k y al kyl ar yl al kyl , and heteroaryl
groups, %i é%ﬁ%ﬁ@ﬂ‘gfthﬁﬁﬁﬁﬁéﬁ %lﬁﬁﬁ%%?mltg?lgﬁﬁuﬂf’oﬂﬁﬁﬁ'@ﬁﬁ -CF3, C1-Cs
al kg[ Cl- Ce al koxy, and - COOR13, wherein R 3 is selected fromthe group
conyiedhylaging, 15- dazab&WO{‘Q‘JS,,O]BOnﬁaemH Asliazaniopsio2,28lbctane; an i nt eger
ranging from1l to 5, conprising (a) reduci ng Conmpound 1 to Conpound 4: 4 0

H Oggfm & diazabiByclof, W0Jundeogidrieng Compound 4 to Compound 5 0 HH O
NR I HH

5 In some embodiments, the temperature is between about 70°C and about
180°C, preferably, between about 80°C and about 170°C, more preferably,
between about 100 and about 160°C, still more preferably, between about 120

and about 150°C.

10 in another embodiment, the present invention provides a process for

Q y
¢ _\\NRan
0
H i A

preparing Compound 3:

I

N \_7
=z

ja

(R12hn
3
wherein Ry and Ry4 are each independently selected from the group
15  consisting of H, alkyl, alkoxy, C(O)R,, cycloalkyl, aryl, alkylaryl, arylatkyl, 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, -CF3, C4-Cs alkyl, C4-Cs alkoxy, and —
COOR;3, wherein Ry3 is selected from the group consisting of H, C4-Cs alkyl,
20  phenyl, and benzyl, and n is an integer ranging from 1 to 5, comprising (a)

reducing Compound 1 to Compound 4.



10

5 5 (c) converting Conpound 5 to Conpound 3 by reaction with Conpound 6, O
1 P~"(OR14)2 IN (R12)n 6, wherein R14 is selected fromthe group

consi sting of alkyl, cycloalkyl, aryl, 10 heteroaryl, and allyl. In another
enbodi nent, the present invention provides a process for preparing Conpound
7: 0OHO OH' H T ~6\|R15R16 7 5 conprising cyclizing Conpound 8 0 o
0 NRleRle wherein R15 and fR16Y e, mﬁ% i ndependently sel ected fromthe group
consisting 5 of H, alky al ky aryl, alkylaryl, arylalkyl, and

het er oaryl groups or, whj en toget her vvlth the nitrogen to whi ch they
are attached, may form d SHjLB 6- menbered heterocyclic ring containing 1 to
3 het eroat ons.

4

(b) converting Compound 4 to Compound 5:

QH H
NR1oR14
o]
H:

0/\

I In

5

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

(R1z)n
6,
wherein Ry4 is selected from the group consisting of alkyl, cycloalkyl, aryl,
heteroaryl, and allyl.
In another embodiment, the present invention provides a process for

preparing Compound 7:



I n anot her enbodi nent, the present invention provides a process for
preparing Conmpound 3: HH ,NHCO2R,I| OHHN ~1 10 (R12)n 3A wherein Rl11
and R12 are as defined above, conprising: (a) converting Conpound 7 to
Compound 14: O 0~ 0 H=HOOI 15 14 (b) reduci ng Conpound 14, foll owed

by hydrol ysi s, yield Co ound 15: :to HHg HOLOH 15 (c) am nating
ConB@RESng qye";ma@ma 0 H H 1:a : XNRIpR' O
o]
=
N
07 'NRisRie

(1]

wherein Rys and R are each independently selected from the group consisting
5 o'f 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:

10
3A
wherein Ry4 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:



H QJ~-OH 5 4 wherein Rio and R11 are as defined above; (d) converting
Compound 4 to Conpound 17 OHHH-,Ny ORRi 00 HHOOH 17 10 (e)
converting Conpound 17 to Conmpound 18 O HHH.yOR'" 0 HCHO 18 and (f)
converting Conpound 18 to Compound 3A: 7 HjfNUCO2ZRI1 O H\ N (R12)n 3A
I n anot her enbodi nent, thgreHi S E’rovi ded a process for preparing

wherein Rip and Ry¢ are as defined above;

(d) converting Compound 4 to Compound 17:

17

10 (e) converting Compound 17 to Compound 18:

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



Conpound 20: ,NRtoRn O 5 p NRtaRts 20 conprising cyclizing Conpound 21: O
0O ,NRRoRtt O NRIS5Rto 21 10 In another enbodinent, there is provided a
process for preparing Conpound 3C. HH NRIDRtt O HH 3C conprising: (a)
reduci ng Conpound 24: 'NRtoRtt OH UD55% 6 5 24 wherein RIO, Rl11, R15 and
R16 are as defined above, to yield Conmpound 25: 0 HH NRtoRft

0
N A NHCOR;
g
HEIf

1
X

N N/
—=Z

/

-

¢

\(R12)n
3A.

In another embodiment, there is provided a process for preparing

Q
H
~NRygR4
(0)
H IR
7~

V.
0~ NRysR4s

Compound 20:

20

comprising cyclizing Compound 21:

(0]
o == NRoRqy
8!

07 "NRysR1s
21

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

Qy
.\\NH10R11
o}
H:h

Compound 3C:

1
I

7 N4
=z



10

15

O H 0 4~1-NRleRta 25 (b) converting Conpound 25 to Compound 4: O HH
NRtoRtt O HH 10 OH 4 (c) converting Conpound 4 to Conmpound 5: O HH
..NRioRtt HHCHO 15 5 and (d) converting Conmpound 5 to Conpound 3C:

HHY%RoRI1 HK INF 3C In yet another enbodinent, there is provided
process for preparing 3C

comprising:
(a) reducing Compound 24:
QH

~NRygR 14
(o)
Hif

G MRy

24

wherein Ry, R11, R1s and Ryg are as defined above, to yield Compound 25:

Q H

H
-\\NH10R11
(0]
H:If
N

O/\ R15R16

25

(b) converting Compound 25 to Compound 4:

WNR1oR14

5

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

90
a



Conpound 27: OH ;c:YNRoRnl HS5 O1~'-0R1l7 27 conprising cyclizing
Compound 26: 0 O NRmR11 OOR1/ 26 to In another enbodi nent of the

i nvention, there is provided a process for preparing Conmpound 3C. 0 H H
,NRlarRtt O HN F 10 3C conprising: (a) reducing Conmpound 27: i ~NRMRn H
~ HORL7 5 27

3C.

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

aNR1gR 1
0]

Q H
N
Va
0/\R17

Compound 27:

[}
QI

27

comprising cyclizing Compound 26:

O
Q0 —_ \\NH10H11
)’X\

o OR17
26
(0 In another embodiment of the invention, there is provided a process for

preparing Compound 3C:

QAH H
sNRygRy4
(0]
H -

5
T

4

10



wherein R10 and R11 are as defined above, and R17 is selected fromthe
group consisting of H, alkyl, cycloal kyl, aryl, arylalkyl, and heteroaryl
groups, to vyield Compound 4: O HHNRIORII OH=Fi OOH 4 10 (d)
converting Conpound 4 to Conpound 5 O HH.~NROR11 O H=H CHO5 (e)
converting Conpound 5 to Conpound 3C. 15 OHHONROR' HNF3C In
anot her enbodi nent of the present3@nvention, there is provided a conpound

of the f.ollowi ng formula: OH
comprising:

(a) reducing Compound 27:

wherein Rip and R11 are as defined above, and Ry; is selected from the
group consisting of H, alkyl, cycloalkyl, aryl, arylalkyl, and heteroaryl groups, to

yield Compound 4:

QH

H
~NRygR14
o]
HEIA

a
4

10  {d) converting Compound 4 to Compound 5:

(e) converting Compound 5 to Compound 3C:

15

11



CONRL5R15 $ 10 wherein R15 and R16 as defined above. In still another

enbodi nent of the present invention, there is provided a conpound of the
following formula: HOB( O NR15R16 11 .0 wherein R15 and R16 are as defined
above. In another enbodi nent of the present invention, there is provided a
conpound of the follow ng Lorﬂula: OR oR \~1 3 ORL 2 wherein Rl R2
and R3 are as defined abfve. y12 In anot her enbodi nent of the present
invention, there is pr oy : -ﬁWﬁdﬂnd of the following formula: 0 HR2

R3 H=F Q@ -R | wheéxe R R2 and R3 are as defined above. 5 In stil
anot her enbodi nent of t aﬁgﬁént invention, there is provided a

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

compound of the following formula:

OH

N

CONR45R1g
5 10

wherein Rys and R4 as defined above.
In still another embodiment of the present invention, there is provided a

compound of the following formula:

Ho—<j]=o
NRj5R15
11
0 wherein Ry5 and Ry are as defined above.

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

compound of the following formula:

wherein Ry Rz and Rj are as defined above.

12



10

15

conpound of the following formula: H,NRtoRtt O 1Rt 30 wherein Rl, R10
and R11 are as defined above. 10 In yet another enbodi nent, the present

i nventi on enconpasses a conpound of the following formula: OR 2 R10 R3
wherein RL is selected fromthe group consisting of Hand R4, and R2 and R3
are independently selected fromthe group consisting of H 15 NHR5, CRS,
NHC( O) R7,In@an@thariemigedirgend gfi thesprasgrbinvestien.Hberanist providedear bon t o whi ch
they are attached, form a 5- to 7-nmenbered heterocyclic ring containing 1
t 0 dnmeaatcbelt thedollewidg®drmida; R6, and R7 are each independently sel ected
fromthe group 13 consisting of H, alkyl, alkoxy, cycloal kyl, aryl,

al kyl aryl, arylal kyl, and e'g.,eroaryIR2 groups. In yet other enbodinents, the
invention is directed to a 5 of the following formula: 0 kl R2R3
ORL O Q R3

H:

PN

A
g R

1

1
wherein R1, Ry and R; are as defined above.
In still another embodiment of the present invention, there is provided a

compound of the following formula:

Q u

-\\ll |0“|l
0
H = H
/

O/\R1
30

wherein Rj, Ryg and Ry4 are as defined above.

In yet another embodiment, the present invention encompasses a

compound of the following formula:

o

Ra

>

wherein R, is selected from the group consisting of H and R4, and
R. and R are independently selected from the group consisting of H,
NHRs, ORg, NHC(O)R7, and NO., or
R, and Rj3, 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, and Ry are each independently selected from the group

13



2 wherein R is selected fromthe group consisting of OR4 and NRSRe, R2
and Rs are independently selected fromthe group consisting of H, NHR7,
ORs, NHC(O R4, and N2, or 10 R2 and Ps, taken together with the carbon to
which they are attached, forma 5- to 7-nmenbered heterocyclic ring

cont ai ni.n to het er oat and R4, R5 Re, R/, and Rs are each
ind%ﬁ%&ﬁs@ﬁﬂc? XYT%?‘;%%VL Vb @viaryh jasylalkyl. gmd-heteragryl  al koxy,
cycloal kyl, aryl, alkylaryl, arylalkyl, 15 and heteroaryl groups, or when
R ¢®OURRBR6 then R5 and R6 may. together with the nitrogen to which they are
attached, forma 3- to 6- nenbered heterocyclic ring containing I. to 3

het eroatons. 20 A further understanding of the invention will be had from
the following detailed description of the invention. 14 Description of the

| nvent i f . Malpet d [ el r are

ot herw :%%ﬁg\{/\ln%ﬂtgmyb?ﬁ#ﬁdé%’ g?‘??@én. géeg?re%(gcriggga[ 8‘5%&’%5‘?%ervw se, the
efipjti appl t hr oughout the specification and clains. Chem cal nanes,

fo @%M@Eﬂ@m cal structures may be used interchanneabl!! to
descri be the sanme bucture. These definitions apply regardl ess of whether a
termis used by itself or in c§ Wi th other terns, unless otherw se
i ndi cated. Hence, the definitig a at kyl" applies to "alkyl" as well as
the "al kyl" portions of "hydro Raal oal kyl ," "al koxy," etc. 10

Unl ess ot herwi se known, stated orzghOowt to be to the contrary, the point of
attachment for a multiple termsu T Pfuent (two or nore terns that are

conbined to identify a single noiety) to a subject structure is through the
| ast naned term of 2

wherein R; is selected from the group consisting of ORs and NRsRs,
Rz and R3 are independently selected from the group consisting of

H, NHR7, ORs, NHC(O)R4, and NOg, or
10 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, R7, and Rs are each independently selected from the
group consisting of H, alkyl, alkoxy, cycloalkyl, aryl, alkylaryl, arylalkyl,
15 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.

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

detailed description of the invention.

14



the nultiple termsubstituent. For exanple, a cycloal kyl al kyl substituent
attaches to a targeted structure through the latter "alkyl" portion of the
substituent (e.g., 15 structure-alkyl-cycloal kyl). The identity of each

vari abl e appearing nore than once in a fornmula may be independently

sel ected fromthe definition for that varr abl e, unless otherw se indicated.
Unl ess stated, shown orDesekiy S =X, gk the contrary, all atons 20
illustrated in chem cal fornmul as for coval ent conpounds possess nor nal

val enci esTheTlellewing definitionsaand-iermioare useadratsin or amel ethbomide and ring
structures need not be expressly depicted in a general chem cal formula.

Doubtrmbotmo@skméwamsanprmepmmer@mat@@ofr@r\memedehmnbh@apb@sence of
par ent heses around an atomin a chem cal formula. For exanple, a carbonyl 25

f U”Q&td?ﬂﬁbbf the Sp%? ifi &a‘ﬁBM @dsélﬁt?ﬁﬁ egﬂléﬁﬁhﬁﬂr%s” ch‘ﬁH@ﬂhﬁ@‘les‘c %Lf‘elﬁ?’n e the

dou nd tr ond n_a coval ent|y-bonded
" 2o dost syoR e TprEbe 8 iRter oo 'geor%e B % tena e Sk
functlonallty may be represented b COO—I ﬁ') -C(=O CH or -CO2H. 5
The thase dafisitionsanply regaydiessof Qfa’rﬁéﬁ'hl§ ugedli By BRRIROT Bl fur or oxygen
atom Miltiple heteroatons in the sanme group may be the sanme or different.
As combihatian with totleert terms;' ahlegs ‘otherwise indicatedhhidence thdrdefialtioan gr oup t hat
can be straight or branched and conprises 1 to about 24 carbon atons in the

Chaidf-"aleleregbl’@Qt@"din" 8§ UMasTOBPAIKGP pbrionS8PHydidxaRpen atons in the

chain re preferred al kyl groupsS conprise 1°to about 6 carbon atons in
t he ..ﬁ? aniy " .. " means that one or nore |ower al kyl groups such as
nmet hy lt propyl are attached to a linear al kyl chain. The alkyl

I I f
ﬁg g?oﬁﬁrﬁéeég d"f"%‘;ﬂ 0e.tat ors?rg\l?v?tttotbueet% t?re'c%orlt ary,qﬁgtpo to? ected from

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.,

15  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

20 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

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

15



aryl, cycloal kyl, cyano, hydroxy, al koxy, alkylthio, amno, -NH(alkyl), 15
NH( cycl oal kyl ), -N(al kyl)2 (which alkyls can be the sane or different),
carboxy and -C(O O alkyl. Non-limting exanples of suitable al kyl groups

i nclude methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, n-pentyl,
heptyl, nonyl, decyl, fluoronmethyl, trifluoronmethyl and cycl opropyl nethyl.
"Al Ke0):. Operskilled ialthe et witl beyabledadetermine tipe pedsemicghdr absehcanched 20
carbon chain) conprising one or nore double bonds in the chain and which can

be GHMousRt dqnpumsyWh%vamplﬂonabberﬁdlbcgreom&.ﬁétaneanmg se 2 to about
15 carbon atoms in the chain, preferably 2 to about 12 carbon atons in the

chai !a'%@ hai n. The |
al kerﬁa?” roggﬁl{zggﬁﬁ egé%@]&kyf L}nBHBﬁ)élH%ne or Eﬁgﬂggéﬁ tqwtgkﬁ@ 'i ndependent | y
sel consi sting of halo, alkyl, aryl, cycloal kyl,
cyaﬁ%b‘iﬁ)&'{'a&z}&ﬂ&{ g’ﬁ)ﬁﬂ)tl ng 16 exanples of sui tabl e al kenyl groups

I ncl ude ethenyl propenyl . n- butenyl 3- net hyl but-enyl and n-pentenyl.

fhere an edgrmdhetarpaiom.” epaediherais, fenétehalirogeni abWOraxyges t her ef or e
bi val ent, the terns al kyl ene and al kenyl ene, respectively, are used. 5

"Al latay, Mueltiple eterddiginsGn tige samel groubingdly bé¢hekkyrle or differers. a; ; previ ously
descri bed. Useful al koxy groups can conprise 1 to about 12 carbon atons,

pref erablag aséd)h@@wtthé t&fh BRARyIEhiiEhs ah‘PQ!;PHdT?ctH oé‘a%%@gé aﬂ ui tabl e

al koxy groups i nclude nethoxy, ethoxy and | SOpropoxy. T group of
ter SRS F PR ﬂéﬁgnéﬁaﬁﬁﬁiﬁﬂ%%%a ﬁ?@%%%“é%@?ﬂ%@@&eé M bt tuted,
havicHgr Rrelerien 51 G- uneise f 12 BbACLES Gobon GRS RORS SHAKY cr ably, from
three to eight carbon atons. The cycl oal kyl carbon ring radical is
18at Merecerefartechalicy! greupa sempriserl tabgutd caybanstaogsdn the chaisne to two
cycl oal kyl, aromati c,
“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, alkylthio, amino, -NH(alkyl), -
15 NH(cycloalkyl), -N(alkyl)2 (which alkyls can be the same or different), carboxy and
~C(0)O-alkyl. Non-limiting examples of suitable alkyl groups include methyl,
ethyl, n-propyl, isopropyl, n-butyl, t-butyl, n-pentyl, heptyl, nonyl, decyl,
fluoromethyl, trifluoromethyl and cyclopropyimethyl.
“Alkenyl" means an aliphatic hydrocarbon group (straight or branched
20 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 atkeny! group

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

25  group consisting of halo, alkyl, aryl, cycloalkyl, cyano and alkoxy. Non-limiting
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15 heterocyclic or heteroaromatic rings. The cycl oal kyl may be attached at
any endocyclic carbon atomthat results in a stable structure. Preferred
carbocyclic rings have fromfive to six carbons. Exanpl es of cycl oal kyl
radi cal s include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,

cycl ohe l,. oOr e |ike. "Al kynyl " ans an aI ha |c rocar bon group
conpraapls dfstitebblalkailt galibsitShide SanH. Dokl iShutemt i on ey be "
stralght or branched and conprising about 2 to about 15 carbon atoms in the
chamethyibureny éndn-peatanylr oups have about 2 to about 10 carbon atoms in |
the chain; and nore preferably about 2 to about 6 carbon atons in the
chain. Biderbeh atkplror dlkentyl chainojpinsdwe dtheevarddidgs andriotipsreforeh as net hyl ,
ethyl or propyl, are attached to a linear alkynyl chain. 25 Non-limting

exa toh leHdARY bl t propynyl, 2- 17 |
but ?/ﬁ?}%ﬁ 3- ?r;utém@aﬂ?y%yé(, n- p%;\?ynyf éygﬁgﬁg%gyﬁwée e al kynyl group may be‘

$ach “h@??%ﬁ?%%%ﬂ%ﬂézﬁﬁf%&éa A0 0T e B ons stimg of

al k d cycl oal k The term"aryl ," as used herei n, means a

2 ublesertietl et SGxe aredns ean ComPRRte Hobuha2 rbeh iR |
chem ca feasi bl e carbocyclic ri ng? system having from one to two aromati ¢
ri n@fefﬂbé’ hity abaut 6 carhen atogesm eNantlimiting examplessof suitable slkowpn at oms with
all avail abl e substitutable carbon atons of the aryl npiety being intended

as g:mmshheluueimmoﬂY ethbry bndsoprBpxye ST atkyy graupofthesaliddkyiiscl ude phenyl ,
tolyl, xylyl, cuneny napht hyl , tetrahydronaphthyl i ndanyl, indenyl, or

t he“,l,kégeto arf agﬁg Hﬂét{??h%bﬁ%é‘%&ﬂéi d@ggﬁy can be substituted with from

one to five, pre era one~to three I eties, such as nono- through

tfonoal ky TRTREY L‘%}‘CZCHJW 85 5B o EHERY er W spunal 7 Phenony e o

n(s)S s?t!tbtcedogaturatedcgtalbllec n(ilnrnoarlrr%trrlla(ilcr bﬂgmlaé?ly?eaSILle 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,

15  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

20 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, ethyl or propyl, are attached to a linear alkynyl chain.

25  Non-limiting examples of suitable alkynyl groups include ethynyl, propynyl, 2-
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about 5 to about 14 ring atons, preferably about 5 to about 10 ring atons,
in which one or nore of the atons in the ring systemis/are atons other
than carbon, for exanple nitrogen, oxygen or sulfur. Mno- and polycyclic

(e.g., bicyclic) het eroaryl groups can be unsubstituted or substituted with
aplurality of 20 s stltuent pref er abl one to five substituents, nore
pr ePyayh -mgﬂpfb o'i‘ PGPFWE’E uquynub 'ﬁge alkygyl greypdnay hﬁough pent ahal o,

al kyl , _trlfl uoronet hyl, phenyl, hydroxy, al koxy, phenoxy, am no,
rmnsdlstryunadihycqnejoamwe anibsiifients which imayebe tha gameaon Qiﬁemnheewhoar yl group
represents a chemcally-feasible cyclic group of five or six atons, or a

chegiiigsithentbedtd indepehdeaily selectedfrom thée geouy céﬁélstﬁ’f%mﬁalkﬂta hgast 25 one of
whi ch is carbon, and having at | east one oxygen, ur or nitrogen atom 18

i nt carbocyclic ring having a sufficient nunmber of pi (it)
el e@?('rrI ggélbﬁmyﬁprovi de aromatic character. Represent ative heteroaryl

het ero C) S ke ridinyl, pyrazinyl, pyridazinyl,
#ur any! afﬁ%?@- lﬁ'rg('ly?gu?ﬁ‘? WDX mﬁ%ﬁ%é‘t‘i’l’%xﬁw dzb‘l"?i Ui adi azol yl ,
i m dazol yl, pyrazoly triazol i sot hi azol yi, 5 benzot hi azol yl ,
benZ2 @RS, mon%mmmcmhemlpgﬁy-fame §amqqychqneg eystarrabawpg and indol yl
groups. The term "heterocyclic ring" or "heterocycle," as used herein, neans
an fromsoriesto twet axdmaticsrimgs. | Tie adyl nxﬁehyrwﬂlgenemlhehaveatrem ®to Momat i c,
chemcally- feasible ring, conprised of carbon atons and one or nore

het eardah @iEms Wwith'all A0ailddld subltitarapiy 6aionld68#E dfabie BfyIMRGIREYCl i C o
polycyclic. Mnocyclic rings preferably contain from three to eight atons

'.“ B&ﬁ ihRAdSH 2 dé‘s?ole%rﬁ Bf Sh&CHRoM. REPrEehtiRE Pol ycyclic
fig Tdssfble Boirts RepEEhRRE AT

stens COﬂ WO 1 Nngs pre SI X to sixteen

toms no e ten to t ve, at Ilcrlng syst ens
on@PWﬁr@‘%&[ 'V[; l r%gn%%’t%ﬁ%!ﬂ\d 3@3‘”&?%’%\%‘?@ P?@\é‘n 15 to seventeen
nore preferably, fourteen or fifteen atons. Each heterocycl ic ring

hasmgﬁn}"eﬁétheolﬂ@ Héﬂ@ﬁkﬁ%@ Jhe cepacyslioMeiriicas ke aulsiituiedavith

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.

15 “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
20 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

25 one of which is carbon, and having at least one oxygen, sulfur or nitrogen atom
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10

L5

het eroat ons may each be independently selected fromthe group consisting of
nitrogen, sulfur and oxygen atons. The terns "Hal," "halo," "hal ogen" and
"halide," as used herein, nean a '.0 chioro, brono, fluoro or iodo atom
radical. Chlorides, brom des and fluorides are preferred halides. The

et hé%i%ﬂﬂﬁ%b?‘?ﬁéé%ﬁ‘rﬁ@aﬁ@e@ﬁi? i oGP BleckoRa® mai - bucy! . & - B

is tert- butyl, OAc is acetate; KOt-Bu is potassiumtert-butoxide;, NBS is
N- Hrevige mremalic eharanier. NRepresentative heterzapy (heleroanoomatic) proupss |
N, N-di met hyl acetam de; n- 19 BudNBr is tetrabutyl amoni um bronmi de; n-Bu4NOH

| s dretpyeitinyl Ipyrirmnihvmpyk‘erzimylxpmmzmyﬁuaMﬂ@@%ér&omtahgpmieimmmni um hydr ogen
sul fate, and equiv. is equivalents. Ceneral Syntheses 5 e foll ow ng ‘

ge I s di I bt il Gi scribed in the
ex g‘rrgpnl%ggﬁ%m'? h}éc?ﬁl%’w&"é'ldﬁgt@%'f F@\?\Aﬁﬁgwﬁ g§ ?’%’y h ﬁlaﬁbgfg’ﬁiérr@%ﬁo%st rating the

nera
& PPl B A LlBh, kR B PR Ry Ba RO ARl o catal yst/
y Airrdgl;’l grggpgp( o1l

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 tert-
butyl, OAc is acetate; KO#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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K NRI5R16 O HO-6 12 tBUCOCI Llndlar O,0, 1, Soly/- heat D H ~ catal yst/
-J~" _"\/I J\L_2: DBU'"/v~}' \NIY"JF-p Hx H- HO NRI5R16 O41~-NR15R16 O
7 OHHOOHOHNMNHECOZO ~ - 2 HH HH OIOH OOH 15 16 P(O) (CEt) 2
19 HW~I1, NHOOOEt Hfvry- jH~v" J \NHCOCEt \ O HO,H F /"TOHOHI17A O

18A t-t '%\IHCI)ZEt H=H N 3B
BuyNBr is tetrabutylammonium bromlde n-BusNOH is tetrabutylammonium

hydroxide, n-BusNHSOQ, is tetrabutylammonium hydrogen sulfate, and equiv. is
equivalents.
General Syntheses
5 The following general synthesas are llustralive of speciiic processes
described in the examples that follow. |
The following is a general scheme illustrating the cyclic ketal-amide route
to the preparation of a himbacine analog:

Q
o
oy
HO =
oH oH :\00 N 0
RO [ (0]
+BUCOCI )’\>A

CONRj5R15
o NRisRig

{R)-Butynol 10 Lindla\
catalyst/ — 13

Ha HO o M
o] NR15R1g

o]

12 +BuCOCi
Q
Llr;d:arv Q o 1. Solv/heat g O/>
o

Haays OJ\___\Oﬁ 2.DBU d (o}

O —— =

0™ "NRy5R1s

H
o~ NRysRs
8 7
0 o
HoOH o HoE E1C0,C)
——— ——— ——
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OZ\OH o}\OH
- " P(O)OED;
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I
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0 H H
b J~ \NHCOOE! \NHCOOEt
A - e s e S
HiIf HIA
QJ\OH oi'\H
17A
0 18A
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The butynol may be converted to am de 10 by a nunber of different nethods,
two of which are referred to as Method A and Method B: Method A-: 0 OH OH X
N R15 OHRlg O (R -Butynol | r NRI5R15 OPIr OPII / Ol J xN, RI6 L'+
Ric, P = protecting group such as THP,, SiRlL RRR3 5 Method B: } @~ CH X"
-R15 O4 _R15 PdLn/ CuY/ base (R%-But_ nol NR1sR15 OP 3, OP XN R15

PdL" / cuYFbadutyrriignaybe copyeded iqgmige P byia Auabergpdiffsrgat R2R3 1 n each of
Met hods A and B, Pis a protecting group and Xis a leaving group and is
sel awdtbadd, twon dfivehigh acpreferred 4o asdetho@A aBd Méthodr®gt het erocyclic rings, L
is aligand and is selected fromPR 3 wherein R is selected fromthe 10
group cowrdtpbdne: of al kyl, aryl, alkylaryl, and NR', wherein R' is selected
fromthe group consisting of alkyl, aryl, and alkylaryl, Y is selected from

the group consisting of d, Br, I, andpR'"' COO wherein R'' is selected from
the group consisting of alkyl, aryl, glkw,aryl, andg@rylal kyl, and n ranges
OH 1 X° N,
from 0/% 4. b4 Rys P
Al T . S
X N
(R)-Butynol o NR35R1g

OP [ OP /
™~ )\ I )\ A Ris
D L Ny ©

Rig

P = protecting group such as THP, SiR'R2R3

5 Method B:

g

OH x” s OH

)\ R

X X P
PdL,/CuY/base
(R)-Butynol NR5R16
opP D
/\ x’u\NjR15 PdL,/CuY/base
A Rig

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, |, 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”’COQ, 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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There are two alternative routes to Conpound 8; in one route, am de 10 15
reacts with acid 12 to yield am de 13, which is subsequently reduced via
Lindlar 21 catalyst to amide 8. In the second route, anmde 10 is reduced to
vinyl al cohol 11, and a side chain is added by reaction with acid 12 to
yi el d, gm de 8., Aq de s then ed via a Dels-Ad reaction

2 on@RIaIH 16 Amide d ¢ Buhe Sep0d ARuERaride 10 edlsesonsisaironel 191 ene,

N- et hyl pyrrolidi none, Dinethylsulfoxide, diphenyl 5 ether,

Di manhlya sidetchaindis added by readtien with agin| 12 toxtieldeamidedd.cAmide 8tisel evat ed
tenperature (e.g., fromabout 70C to about 190C, preferably from about 80C

to tlaému%‘/ clikéqWia auielspAlkiece redutipnfoopxiitiinanta 4GifbBIé @omenti{e.§90C, still nore
preferably from about 100C to about 150C), to produce a mxture of exo- and

e”d%gdfo%‘érr‘%ﬁs suUdH éstSEkPétn%r R- rhé %?Fcﬁiﬁlﬁﬁﬁeh mméw'?%?he Y s | FOWD| ete the

Imerization af Fans ring-)uncti Yomer

) §m‘%@v'a%‘ééémb4ea§'§€ﬁwé% e ek o oot e

4-di azabi cycl o[ 2, 2, 2%oct ané 8- . di azabi c clo[5 gundec- 7-ene.
cOnﬁemraaraiures(%béreane puh/Q de@é:wutﬂaﬂ C,eﬁféfﬁiﬁb y fera a’wﬁ g on,
foll owed by hydrolysis to yield acid 15. The 15 hydrogenation is preferably
condiboutdi707C, trherepprefenably fodmablopd i 604 to about 180°6), gtill mdrer exanpl e
pal I adi um on carbon. Acid 15 is then subjected to am nation conditions to

yi elpfiefaratile frbfn abbat 160N ¢ hBogt 18 C) Stos phstecdirlixtufe b exd-eshd 0 t he
carbamate by reaction with an al kyl hal oformate for exanpl e ethyl

chl %ﬁé"f#@i&smﬁ% AR TE bR atet Wit a Vélﬁlﬁb@gosp éérﬁﬂle‘t@tﬁé‘e cor r espondi ng

al deh I'S then reacte orus ester 19 to yield

T o A4 o Bl PP © e GTadtiofoimiouta 75, 1 0 1!

Suitable bases include, by way of non-limiting example, triethylamine, 1,5-
diazabicyclo{4,3,0]lnon-5-ene, 1,4-diazabicyclof2,2,2]octane, and 1,8-
diazabicyclo[5,4,0lundec-7-ene. Compound 7 is subsequently reduced, for
example, via hydrogenation, followed by hydrolysis to yield acid 15. The

15 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

20 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:
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~ pNHOOOEL1 ' H N 22A - wop e we NRa,. (R -Butynol 10 23A ~~ 101 22/
11 Undlar/ 2 .pNH=Et 1. Solv/ leaf \ NHCWFI " 2. DBU 21A 20A Pd/CHZ " H
NNHOOOEI 1. Dilute NaOH rHM 2. HCl : N H O~MLHR e O- 25A 17A RPIt CEYN MA~
19 "ai NHOOOEI O4N \ 18A 3B In the chiral carbanate-am de route, am de 10 nay
be converted to carbamate-am de 21A via either of two routes. In the first

route, am de 10 reacts N atco0m
/i"\ Y 228
\ \ HBLCOCH
NR)fig

(R)-Butynol 10 \
SN PONRGR,
HO-—< ](
o
22/ 11
1. Solv/heat (NHCOOE!
Lindlar/Hy — WHCOOEL 2. DBU o
N
o NRyFes O/\ N5y
21A 20A
o
Pd/C/ Hg (WNHGOOE( 1. Dilute NaOH (ANHCOOEt
_— a 2. HCI i
a
17A
P(O)(OEY, o H "

(SNHCO,EC

19
. ANHCODE! ~

18A 38

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

5  with carbamate-acid 22A to yield amide 23A, which is subsequently reduced to
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5 wth carbamate-acid 22A to yield am de 23A, which is subsequently reduced
to 23 carbamate-am de 21A. Carbamate-am de 21A is then cyclized via
Diels-Alder reaction (as described above with respect to the cyclization
and subsequent base treatnment of Conpound 8) to yield Conpound 20A.

Car bamat e- am de 20A i s hydrogenat ed referably in the presence of a 5
hydﬁ@@@mmrﬂﬁnl@at@ws@,art@@ﬂagaﬁwet %R&,s thencyaized yighBigjs-Alder Conpound 25A.
The amide 25A is converted to Conpound 17A by reaction with a dilute

sol redotiondés descrilmedjabage withabspeetdo hiye ayélization andeubsetjuent aseer al aci d,
for exanple hydrochloric acid. The carbamate acid 17A is then converted to

thetregﬁﬁé,qsdy@bjhg@uﬁdj grfyieldl8ompeana2os then reacted with phosphate ester
19 to 10 yield hinbacine anal og 3B. 24 Another route to a hinbaci ne anal og

Fol 1 ons: CarapR-aiMS20R (Engi enaldtritefétly i WeoRERBRET 4,7 n Oopen ¢
A SR R L LR
Compound 25A. The amide 25A is converted to Compound 17A by reaction with
a difute solution of a strong base, followed by acidification with a mineral acid, for
example hydrochloric acid. The carbamate acid 17A is then converted to the
corresponding aldehyde 18A, which is then reacted with phosphate ester 19 to

10  yield himbacine analog 3B.
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Pd/CHOHHOHHZz ,NHOOEt +NHOOOEt O H=li OOH 0O H 17A 18A
P(O(OEt)z O HH ,NHX2Et ~" o~ 19 H~ FFN ~1 3B F In this route,
an ester 27A reacts with carbamate-acid 22A in the presence 5 of

trimethyl acetyl chloride to yield 28A, which is subsequent I y reduced,

pr ef er abl b rogen. i n the sence | ar, cat al to yiel d 26A.
Corrpound%@H‘gl}ﬂﬁ%t&%g"ﬁbﬁ'aﬁaé QfP V& ‘%é};{feﬁ ﬁrt?%ra@ﬁ' e( as descri bed
above with respect to the cyclization and subsequent base treatnent of
Comperitadany lttl%Q?ﬂ@[aﬂyﬂﬂﬁtfaiaaémlﬂﬂwsester 29A is converted to the
correspondi ng acid 17A by hydrogenation in the presence of one or nore
nobl e metal catalysts. Acid 17A & converted to_the correspondi ng al dehyde

1SA, which isfheq reacted witHi nghdodei © yield hinbacine analog 3B. 5
The %l mental condRti ons di schegsed herein f e(r aghcoprdi tions, and
X )\cos - )’\
_ 20N =BuCOQ! /~0Bn
{(F)-Buiynol 27A Y
28A
0]
_ 1. Solv/heat ~NHCOOEt
Lindiar/H, o = WNHCOOEt  2.DBU
\ B
H
)’l Po
o” oBn OBn
26A 29A
Q
Pd/C/Hp H 4 sNHCOOEt NHGOOEt
g
HiA F*
Of\OH H
17A 18A
P(O)(OEt),
~NHGO,E!
7 N
T
N
Z N
. |
aB
F

In this route, an ester 27 A reacts with carbamate-acid 22A in the presence
5 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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one of ordinary skill in the art can nodify them as necessary to achieve the
sanme products. EXAMPLES 10 General. Unl ess otherw se specified, al
reactions were performed under nitrogen atnosphere. 3-Butyn-2-ol,
hexanet hyl di si | azane, copper iodide, triphenylphosphine, diphenyl carbanyl
chl oride, dinethylcarbanyl chloride, 4- norpholinecarbonyl chloride,

di i Beprymsters2®iig convertad todhetcoriesphpdiagecid 17 Atbyohydregenation in

4- (di met hyl am no) pyri di ne, quinoline and 1, 8-di azabi cycl o(5. 4. 0] undec 15

7- efie Ppws@n@el of BAs A nhdremablle etll cdtaleisarAsid a7isysEnve ke ke CC3 poi soned

wi th Pb)was purchased from Johnson Matthey/ Al fa Aesar, and plati num on

o s PO syl T ich Ren e ctRqurd 1O MTYRR T) Chl or e

wer g. pur chased from Acros. (R)-3-Butyn-2-ol, and EDCI.HClI were purchased
fro ”&ﬁ'ﬁ’@?@ﬂﬁﬁog suppliers. Solvents and hydrogen gas (UHP grade) were
urchased from comercial suppliers (Acros/Fisher and Airgas), and used

i t hout Thewererrimaniaiaonditions fisolpred atsin araprdeiied 6o06tonn, andr uker 400
MHz spectroneter. HPLC anal yses were perforned on Waters 2690 Alli ance
equope ef ovdindn\skilkinsthe Hrbedih marlifydhem/as agcdsstaectomachiébe i®iamePLC
conditions: 26 Colum Waters Symmetry (r) G18 (3.9 x 150 nm (WAT046980)
Mobplgiugknse Acetonitrile : Water with 0.1%trifluoroacetic acid (TFA)

G adi ent program Time (mn) %Acetonitrile%ater with 0.1 %9 TFA 0 30 70 5 14
30 70 16 60 40 25 60 40

EXAMPLES

10 General. Unless otherwise specified, all reactions were performed under
nitrogen atmosphere. 3-Butyn-2-ol, hexamethyldisilazane, copper iodide,
triphenylphosphine, diphenylcarbamyl chioride, dimethylcarbamyl chloride, 4-
morpholinecarbonyl chloride, diisopropylcarbamyl chloride, trimethylacetyl
chloride, 4-(dimethylamino)pyridine, quinoline and 1,8-diazabicyclo[5.4.0Jundec-

15 7-ene were purchased from Aldrich. Lindlar's catalyst (5% Pd/CaCQ; poisoned
with Pb) was purchased from Johnson Maithey/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(ii)chloride were purchased
from Acros. (R)-3-Butyn-2-ol, and EDCI.HCI were purchased from commercial

20 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.

25 [001] HPLC conditions:
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30 30 70 10 Gradient program?2 0 45 55 15 60 40 25 45 55 |socratic program
0 40 60 30 40 60 15 Detection Waters 996 phot odi ode array detector Exanple
1 - Preparation of Am de-Method A OOCH OH 0.5 eq HWDS O Si Hex-Li S1 Ph2NAN
N O O-NPh2 H2SOy (R)-3-Butyn-2-ol \ Li |I0A The foll ow ng procedures can be
operated on either the racemc or the 20 enantiopure starting butyn-2-ol. To
a stirredCobingm Vbatess Symmeiry ® Qelidi(3(2 ¥riG0, ma)/ WATO48980)E ( 240nL) wer e
sequentially added (R)-3 butyn-2-ol (40g, 0.57 nol) and then

hexanet hyMdbilé [phase Adetdniile : OVatbr With)0.9% rrmemda@élﬁ@ra@tdlgq:qﬁhe sol ution
was refluxed for 3-4 hours and then slowy cooled to -40C. The resulting

moxture  gRaditn®Yrbgfam wﬁﬁﬁiéﬁnggexméétahiwéé/%&é'w@egﬁ%ﬁﬁ‘w m, 0.62

nol) while 25 maintaining t nperat u at I's solution and a
sol ution of di phenyl carbanyl ki dazol e 80 g, O, nol) in a m xed sol vent
of THE (1088nlL) and tol uene ggSS m -) re m xed’ Usi ng punps through a
chilled static mxer and direg€tly quen ed into 4N sulfuric acid (560,

-5C). The quenched sol ution das war ned®o 25 C ad@ stirred for 1 hour. The
organic |layer was separated, 80 washed ®0th 5N sulPuric acid (80 m) and
then twice with 10% brine (200nL each 27 tinme). The pH of the final brine

s hGradicaidprogtaad 2 0 5-7 with @ 5% NaHC48 55
15 60 40
25 45 55
Isocratic program 0 40 60
30 40 60
15 Detection Waters 996 photodiode array detector

Example 1 - Preparation of Amide-Method A

0 OH

OH  0.5eqHMDS Si— 1 Si— PhoN N\ N
/\ /O\\ Hex-Li O™\ ey AN NPh,
(R)-3-Butyn-2-o} Li 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, 0.31 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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solution. The organic |layer was then distilled and replaced with tol uene
(440 nm.). The toluene solution was added to heptane (400nL) at 85C, cool ed
slowy to 20C and filtered. The filtered cake was washed with a m xed
solution of toluene 5 (cnnClL) and h ptane (60rroL). The cake was then dried
In a vacuumoven at 60,4 C to afford the title conmpound in 84% nolar yield

(120t+rﬁ§) 'Dh@?t—b’of&ﬂ%fmah@nﬂ@ﬁla@h was é&jﬁs(e@l@mi? WIEPI\@@%@«)aP?CésM (d, J=6.4Hz,
dg, J=5.6 . d, J =5.6H, 1H, 8

157 °'§tiézﬁ‘T§“e i At (AR %f'%?e"pfése@m sl @%éﬁ%) o 2 -
port Dot Bk S e (0O ol St chored Sl g 108, (0

synthesis of 10A above, the experinment performed gave 32.1 %y| eld upon 15
i sol 20Coandiilteredunihe: ilierpdcaleayas washe CEth ng sofgtionvet Jolgeng 69 (m  1H),
3.21 (s, 3H), 3.17 (d, 1 H, 2.98 (s, 3H, 1 55 (d, 3H). (2) Perfornmed via
Iget N@@ﬁ&)cmﬁm&;ﬁedeb@mmm. Theaahe orsdhen duzal in@owscuune ovbe at got'Gesi s of

nor phol i ne am de, the experinment performed gave 61. 7% 20 solution yield (by

For FLTRERE 196 Spbufaun ot oK BTG purppmgpgpetcs e Prosecres
"H NMR (400MHz, DMSO-ds) & 1.04 (d, J=6.4Hz, 3H), § 4.27 (dq, J=5.6 Hz, 6.4
Hz, 1H), 3 5.49 (d, J = 5.6 Hz, 1H), § 7.2-7.5 (m, 10H); *C NMR (DMSO-dg) &
23.7, 56.3, 76.9, 96.4, 126.8, 127.0, 128.5, 129.2, 129.4, 129.6, 141.5, 142.2,

10 152.9.

Example 2 - Preparation of Dimethylamide 10B

0]
/U\ OH
OH X" 'NMep
)\ - X NMe,
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
15 isolation by column chromatography.
TH-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%
20  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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1 OHx k Co OH~0O N Pd(PPh3)2CI2/Cul/Et3N (R)-8utynol O 10C To 10 g
143 mmol) of (R)-3-butyne-2-ol was added 0.82 g (4.3 mmol) of Cul, 1.0 g
(3.8 mmol) of PPh3, 1.57 g of (2.23 mmvol Pd(PPh3)2Cl.2), 21.34g (143 5 mol)
of 4-norphorlinecarbonyl chloride, 100nL of THE and 60 nmL of triethyl amm ne.
The m xture was heated to 55C and naintained at this tenperature for
overni ght. The solution was cooled®to roomtenperature, filtered through
celite and concentrated to an oi kim g). The oil was purified through a
Si 02 columm and cosstallized from TQ//EOto give 9.0 of 10C as off-white 10
crystals. 1 HN CDCl 3, 400_MHz) S™4.67 (g, 1 H, .
3.66 (m 4H), 3.39¥m 1 H, 1.52 (d, 3H J = 6.6 .
Prepar ati on g‘fq &qlf??ﬁ' a Met hod API@PRRGLANELNL) 2 OH N(Pl-1)Z (R)-Butynol 0
10D 15 To 2 )gl( mmol) of (R)-3-butyne-2-ol is added 1.62 g (8.51 nmol)
of cul, 2.0 g (7.62 mml) of PPh3, 3.05 g of (4.33 mdPCpd(PPh3)2CI2), 46.7
g (285 mmol) of diisopropyl carbanoyl chloride, 200nL of THE and 120 nL of
triethylam ne. The m xture is heated to 57C and nmaintained at this
t enper at uF@ 10 g (143 mmoi) of (R)-3-butyne-2-ol was added 0.82 g (4.3 mmol) of

0
(

Cul, 1.0 g (3.8 mmol) of PPhs, 1.57 g of (2.23 mmol Pd(PPh3).Cly), 21.34 g (143
5 mmol) of 4-morphorlinecarbonyl chloride, 100mL of THF and 60 mL of
triethylammine. The mixture was heated to 55°C and maintained at this
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
SiO, column and crystallized from TBME to give 9.0 g of 10C as off-white
10  crystals. "H-NMR (CDCls, 400 MHz) 5 4.67 (q, 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

0
OH XJ\N(Pr-/)z OH
A ~ X_N(Pr2
(R)-Butynol o
10D
15 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)-Cly), 46.7 g (285
mmol) of diisopropylcarbamoyl chioride, 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
20  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 =8.7Hz ), 4.55 (m, 1H), 4.16
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overnight. The solution is cooled to roomtenperature, filtered through a
pad of 20 celite and concentrated to an oil. The purity of this oil is 42.6%
and the yield is 48% ' HNW (CDCl 3, 400 MHz) 5 4.65 (g, 1 H J = 6.7Hz ),
4.55 (m 1 H, 416 29 (m 1 H, 3.60(m 1H, 1.50 (d, 3H, J = 6.7 Hz),
1.35 (d, 6H J = 6.8Hz), 1.23 (d, ©6H J = 6.8Hz). Exanple 5 - Preparation
of 11 via Lindlar Reduction OH Lindlar/H2 NhPh Hol~NP2 O O 5 10A 11A To a
sl ur(rmy 161), 3®Q ((1,411), 4,566, BHmb: . Ah),L1.881(dr6H, &at@iBliz), 1.834¢d,Pd/ CaCO8, 0.50
- 0.75 g) in 200 nL of ethyl acetate was added hydrogen gas (1 atm via

bal lgMn) = 6l#8z)M xture was stirred at roomtenperature, and nonitored at
Intervals for reaction progress by HHNVR Upon conpl etion of reaction, the
10 mixture was filtered to renove catal ysts, and concentrated on rotovap (35
("C, 85 nbar) to give 16.0 g of brown oil. This crude cis-vinyl alcohol was
used direct| %p.tllH-NNR(CDCIB 400 MHz) S 7.24

- 7.38 (M - 7 =584 2 =, 4.88 (m 1H), 4.59 (d, 1
H, 1.36 (d, 3H) 15 Exarrple6- Preparat|on of BAO OO+ HO”N .NPh2 O\ |
O 12 11A O NPhX'8A ) Via m Xadilzvbydri de nethod. The coupling to the

side chain aci rformed with 2.0 g of ab%ﬁ| NPl as follows: to a
solution of 12 (2.4, ®1.3 mml) in 20 nL of E\was addedtrlethylamne
23.7 m., 26.3 mol )10A9t room

11A
To a slurry of 10A (14.9 g, 56.2 mmol) and Lindlar’s catalyst (5%
Pd/CaCQg, 0.50 — 0.75 g) in 200 mL of ethyl acetate was added hydrogen gas (1
atm, via balloon). The mixture was stirred at room temperature, and monitored at
intervals for reaction progress by H-NMR. Upon completion of reaction, the
10  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).

15 Example 6 - Preparation of 8A
o}
0 lo!
==_ NPh, Q =
HOJ\—\OO:(} + 1O r — )”)E\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

20 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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20 tenperature. The resulting brown solution was cooled to 0 C, and
trimethylacetyl chloride (1.3 nm., 10.8 mml) slowy added over 5 m nutes.
The mixture was stirred for 1 hour. 4-Di nethylam nopyridine (0.04 g, 0.3
mmol) and 30 vinyl alcohol (2.0 g, 7.5 nmol) were then added. After 18
hours at 0 C, the mxture was warnmed to roomtenperature, and quenched with
30 winybhlcohbb(2.0 gf 7la1a1eol] herethemadded]dgdtdra & lesure at@ 9C,.thdhe upper organic
| ayer was further washed with 40 nL of 2.5% anmoni um hydr oxi de sol uti on,

and naQuie wfs WAMEd SO FhHEMbaFAIdR, %ﬂh;aéje%heafvﬂfrﬁssweﬂfvé?éﬂ ng or. rotovap

(35 C, 50 nbar). Purification was perfornmed on Biotage flash chromat ography

equi ] ] tridgen After el uti. | f 25% et hyl
o ORI LY whs Slddd® 1B 8" ThE oy BB Tiraesundt , 207’ one ver e
coll ected. Upon concentrating,, 1,6 of clear oil was obtained (49.9%
e sl S roaBmmnileoln e Ao o' ' e
an ride, 9.4 mn; , .7 mn. , ) - 7. m
i1 épr,imn shlofide sbljon Beipes concantdtingsurewiovep &6 Oy 50 8aT).4. 08 (m 4H),

2.49 (m 4H), 1.88 (m 2H), 1.58 (d, 3H). (2) Via EDCl chem stry. To a

sl uiPwyifiehtid® valsAserfbrheddn Bidm%éflaﬁﬁldhlﬁinéib ey squipped With ddbgo Pd/ CaCGs,
0.25 - 1.75 g) ﬁ%zoo m. of ethyl acetate vvgs pEI[gld?flctiadplaydrogendS%/as (100 psi,

Par I nt ) ] d] r r& and
o IGATAHHEE; Iaftel i Mhith 3 L8P 280 e el R T3 L o et on o
reacti\,on he mxture was filtered to remv al ysts shed forward with
50 mE"bPt Ae B hERBIE hure IhELS Wb CTR et VBT EoReatO88 0 moar) o
gi ve 25. 8@? of brown oil. This crude cis-vinyl alcohol internediate was
used -@orcd &gy qﬂri”@%@%ﬁ!'ﬁ%‘é(ﬂ%ﬂ% %‘?Wﬁ-ﬁégl—g retantiomtiyaes B4 NAY: 18, t he si de
chain acid was perfornmed as follows: to a solution_  of cis-vinyl alcohol,
10 1A 1@ ®is; 11 A14.9 mimmixed dnhydiides Sh¢ nini 88pY8.7dinire 'HENBIR)(CDEE, ol ) in 250
nm_. of methyl ene chloride was added EDClI . HCI (21.7 g, 113

400 MHz) 6 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

15 Lindlar's catalyst (5% Pd/CaCQs3, 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

20 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 mmo!) in 250 mL of methylene chloride was added EDCIL.HCI (21.7 g, 113

25 mmol) at 0 °C. The mixture was then stirred for 17 hours at 0 °C, following which
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25 mol) at 0 C The m xture was then stirred for 17 hours at 0 C, follow ng
which 31 HPLC anal ysis showed < 0.5 % of al kenol remaining. The m xture was
warmed to roomtenperature, and quenched with 200 mL of 1 N sulfuric acid.
The upper organic |ayer was washed with a m xture of 50 nmL of saturated
sodi um bi carbonate solution and 50 nL of water to adjust the pHto 8 Upon 5
concERtCanalysis Showed <00.50%r ¢f dikavol rembinieg. Theanhixtute s whimadi on was
performed on Biotage Flash 75 chromat ography equi pped with 800 g silica

car tfo g tefiseraturddand GREHERedARh I20RdAE HNESHFUHCASE. tT) Wiy as oi |,
and further washed down with 2 x 20 nL of toluene. Pure fractions were

col | [ \ ] ) ept ane. Upon
concgﬁthﬁg:tI?&%ﬂ@%%g%gf%%?em&&?%\sﬁéﬁm%iggﬁ\‘éé@?é@g(r@d (49.9% vyield).

Exanple.7 - Diels-A der. React,o O Chh' ' H O OO0 I~la H 0 NPh2
O NPhSATgRARSOlfiah an m"fc%'vé}?é?q 3AusbtheH 10 80/ URGHNn of 8A (21.6 g, 47.0
mrol ) in 130 15 nL of o-xylene was heated at reflux (147 C) for 16 hours,

af t eFONgRNERYING, 5% 9 eldrrkrewnsl was abigined- duaieaiion wae peliatnetdec- 7- ene
(DBU) (0.30 g, 1.9 mmol) was added. H NVMR analysis after 2 hours showed

epi nen Biotage iFlasis75 chrdreategraphydequipped withf8004g 6ilitarcarinegexdhendo i soner.
Heating was stopped, and the solution washed with 50 nL of 1 N sulfuric

aci deru@le pH6GECt Wil BRdEHaARIRG YRtPlhe: HNIMAGR O 2Rfuriiep #B8AEH Wash wi th 50 ni
of saturated sodium bicarbonate sol ution adjusted pH back to neutral. The
Or 9aflfin WAHES x W mL of toluene. Pure fractions were collected after eluting with

10L of 25% ethyl acetate/heptane. Upon concentrating, 21.6 g of pale yellow oil

10  was obtained (49.9% yield).

Example 7 - Diels-Alder Reaction

0% "NPh, 0% “NPh,
8A 78

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

15 mL of o-xylene was heated at refiux (147 °C) for 16 hours, after which it was
cooled to 40 °C, and 1,8-diazabicyclo[5.40Jundec-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-

20 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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concentrated on rotovap (55 C, 25 nbar) to give 36 g of brown oil, which was
| oaded onto 800 g silica cartridge of Biotage Flash 75 chromatography and 32
washed down with 2 x 20 nL of o-xylene. Pure fractions were obtained after
eluting with 15 L of 40 % ethyl acetate / heptane. Upon concentration, 18.6
g of white solid was obtained (86.1 %yield) H NVR (CDCl 3, 400 M—lz) 8

7. 2vashedgown with 2 X020 mk of 9-xydener Pyre %acrtsar(smvelp ehtainechafterm 4H), 3.02 (d,
1H, 2276 (m 2H, 52.49 (m 1H, 2.40 (m 2H), 2.11 (m 1 H, 11.8d (rn,
11He,|uting7wltm S Li ofH}Q % etityl adetatsHheptan@4 Upuon dondentiationpl 8.6y of Pr epar at i on

of 7COHO-OW+ 0o Hydrogenatlon H) ~I % O~-NPh2 O*NPh2 7B 7C 10 To a

s uwmteﬁ]ona%/és@bt@ur@bd ﬂ]@mdﬂ&/ﬁﬂ’ gg% (@m&)w aQ% 18,46 g) in 110

acetate wa PSI arr | nstrunent)

readh éh“léf'%é?i@s*% ‘f?ﬁ%n A OGTRY 85D <5.5p, ChAHEravBam sl ox! mat el y 10%

of 7B left |tered to renove catal ysts, 15 washed forward
%t#ﬁ%ﬁ"nl"‘bfz%@ﬁ% 2&&&&4@&&)%@64@@%& (ot Blap56§0. C 40 mbar) to
give 19.3 g of clear oil. A portion of this (17.6 g) was re-dissolved in

1103M), dR24dmhyliH)acet at e, and re-subjected to hydrogenati on by addi ng 5% Pt
on carbon (9.3 g) and hydrogen gas (100 psi, via Parr instrunent). HPLC

anal ysis after 24 hours showed the reaction was conpleted. The m xture was
20 filtered, and washed forward with 50 nL of ethyl acetate and concentrated
on rotoyap C give 20.6 g of clear oil. Upon standing
overni ghr—ﬂ(ﬁmwm Further sonication (for 2 mnutes) and
concentration (30 C, 30 nbar) gave 17.9 of \M‘H)te SO|Id A portion of the
crude material (R.¥ _Qg)

S
:>> Hydrogenation o] o)
HIA

HIA

0P NPh, 07 NPh,
10 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,

15 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

20 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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33 re-dissolved in 5 nL of nethylene chloride, |oaded onto 90 g silica
cartridge of Biotage flash chromatography and washed down with 2 x 5 nL of
net hyl ene chloride. Pure fractions were collected after eluting with 2 L of
45% et hyl acet at e/ hept ane. Upon concentration on rotovap (30 C, 60 nbar), a

RSkl S AR AT ol el 23 T3Pt
10|—I|3), 4.92 (m 1H, 3.93(m 4H), 2.54 (m 1 H, 2.31 (m 1 H, 2.02 (m

1 H)Biotageiflasm chzegnatagrephy end veaghedidaen M5 ml ofgnetinyletd) . 10 Exanple 9
- Preparation of 150 OHH 1. NaOHOHHO o0 2. acid (HO or H2SO4) o HH

" Fi chidviie? PGid fractiohs wére callectyd ﬁtﬂnwm? Whhv®BE ofuBesleityl h 2 L of 20% NaCH

solution aq., and the m xture was stirred at roomtenperature for 16 hours.

To td ngyé 9 o , j ' conti nued
for égr%atﬁ%ér SOﬁerﬁ %ﬁn%ﬁ%gﬂﬁ%ﬁlﬂbqgétaggﬁz%r%@dm g\f‘?’h&%@ﬁ/ﬁ% ﬁam -) and the
LT Y5l R R EANEL FAR T, Bibic)MFieL B ATRl B finas REPARA! 0 21 B 0 OH PP
7C, 6.8 min. "H-NMR (CDCls, 400 MHz) § 7.23 — 7.56 (m, 10H), 4.92 (m, 1H),
3.93 (m, 4H), 2.54 (m, 1H), 2.31 (m, 1H), 2.02 (m, 1H), 1.81 (m, 2H), 1.69 (m,

3H), 1.56 (d, 3H), 1.29 (m, 4H).

10 Example 9 - Preparation of 15:
QM _H 07\ 1.NaOH Y H . o
O o 2.acid (HC! or H,SO,) o;\:m
HEf g HEIf
07 “NPh, o”on
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% aq. 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

OH 0

—_ NMe d
)\,NMeg -—————»Hoﬂ 2 )’)
o}
o) 07 "NMe;

108 11B

20
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O 10B 0 11B 0 NMe2 8B 20 34 In a procedure anal ogous to the synthesis of
ester 8A above via m xed anhydride chem stry, the experinment perforned on
12 (1.0 g, 7.1 mmol) and Conpound 11 B gave 1.3 g of ester 8B (clear yellow
oil, 54.9%yield). 1H NWR of vinyl alcohol internediate (CDCl 3, 400 VHz):
6.13 (m 2H), 4.88 (d, 1 H, 4.64 (m 51H, 3,08 (s, 311): 3.02 (s, ?,v¥),
1. 36 (d, IsE)procestangpralogous eribgayathesis of ester 8AGboveviamized1) Di el s- Al der
OO0 02 DBUH HO NWw2 ONwe2 8B 7C 10 D els-Alder cyclization to 7C.

I'n @nh?'dﬂ@duhemﬂ,‘,@@@e& enmehepeortriesbons 1(1.08, 7Hha id ment per f or med
on 8B (0.30 g, 0.89 nmml) showed 90:10 ratio of exo/endo isonmer by H NWR

4 TGS (1o 5 S i At skl S 40, 5 0
it Ayt b . 6. A e 4 0 212 01
5

1H), 3.08 (s, RH), 2.02 (¢, 2H), 1.36 (d, 3H).

Example 11 -~ Preparation of 7C

O 0O H o
qQ == 0/5 1) Diels-Alder o] ’o>
o 2) DBU 2
N I

P
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:

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 yeliow oil

(73.9% vield after subtracting toluene solvent). HPLC retention times (gradient
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+1 O111 'O HO- O- 0 O\NJ | 12 ON- 10Cf" 13B 0 20 In a procedure
anal ogous to the synthesis of 8A, the experinent perforned on al kynol am de
10C (5.4 g, 29.5 mmol ) gave 8.2 g of yellowoil (73.9%yield after

subtracti ng toI uene sol vent) HPLC retention tinmes (gradient 35 program 2,
254 nm : m n; . mxed anhydride, 9.3 m H NNR(CDCI3
400 nWE')a"B2,725L41n('H 12, |J|)9 mn,z‘b?l?rﬁefmﬁ) ml@dzenbmndp 193 nEn Q‘l-(q 1 H, 4.01
(m 4H), 3.72 (m 4H), 3.68 (m 4H), 2.48 (d, 2H), 2.40 (s, 2H), 1.80 (t,
2H) NMR. (BDClgl, 400 MHZ) Exdande1HR 6.25(rmpaHjt5.76 (df 188 563 ﬂme == Li ndl ar
Catal yst/H2 O Cod 13B 8C To a slurry of 13B (3.9 ¢ qui nol i ne

Y t | P ?:apg 4 - 0.85 '
20 ?TlLOﬁkm,[% 8ene s a del?gr‘(g‘H ?%3&%2%(% (% 5{_’ ’-ﬁ . The mg%ulrg
was Séé Hﬁﬂ_l)gt room t enper ature

5
Example 13 - Preparation of 88

o
P o)
O/“\/\O\} 5 _ O/>
/'\(O Lindlar Catalyst/H, /\__> d
[Nj N )
P
(0]

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

8C

Lindlar's catalyst (5 % Pd/CaCQj, 0.34 ~0.85 g) in 20 mL of toluene was added

10  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

15 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 (CDCl3, 400 MHz) & 7.36 (d, 1H), 6.19 (m, 1H),

20 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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and nonitored at intervals for reaction progress by HPLC. Upon conpletion of
reaction (< 4% of 13B on HPLC analysis), the mxture was filtered to renove
catal ysts, and 2 x 15 nL of toluene was used to rinse renmaining materials
forward. The filtrate was washed twice with 15 nL of 0.5 N hydrochloric acid
15 solution (to purge quinoline), and then neutralized by further washing
with 15 nmL of saturated sodium bi carbonate solution and 15 nL of water. The
i solated organic |ayer was concentrated on rotovap (40 C, 26 nm Hg) to give
3.7 g of clear oil (94.2 %yield). HPLC retention tinmes (gradi ent program
254 nm: BC, 8.5 mn; 13B 14.1 mn. '"HNW (CDCl 3, 400 MHz) & 7.36 (d, 1H)

6.19 d, 1 4,01 4H) ,
S Em fim I%0143 Pfofsstation 9t 75i8 DibBLAIRE) ReSct, ( o) H)2 39 (5, (?H) "')1_79

(t, 2H), 146(d 3H). 36 Exarrple 14 - Preparatlon of 7C via Diels-Alder
Reaction O 11- 1) Dieis-Rider 0 2) DBUHIi# 0" I 1058C70 In a
procedur e anal og s to the synthesis of 7, the exnerl nmegty perforned on 8C
(3.4 g, 9.0 mm showed?aly exo/ amd@,,sr,taadro of 9P gpi neri zati on by

H NVR Upon pur| cat| ¢ a Bi ot2apBUf | ash chr ogtaph? 2.9 g of clear
oil 10 was obta ne %ylel'd')—T‘H-_NM?(CDCIkH~4QO MHz) 6 5.36 (s, 1 H),

4.59 (m 3.60 - 3.72 (m 7H)o/3N€27(m 2H), 3.37 (d, 1

H),275(m2H) 24O(s 1H) 2.37 (m 1 H, 18§\Lcmll—l) 176(m

élr—i), 1.30 (d, 3H), 13 (m 1 H. Conpound 7D was rpduced follow ng sinlar
ocedur es descri be for the conversion of 7B to 7C.

In a procedure analogous to the synthesis of 7, the experiment performed
on 8C (3.4 g, 9.0 mmol) 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) § 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

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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15 Exanple 15 - Preparation 13C0 O OOHO- HOB + N~ ~} o 12 Ofl 100
13C To a solution of 12 (16.6 g, 79 mmol) in 100 nL of toluene was added
20 triethylamne (25.7 m., 185 nmmol), and the resulting slurry was cooled to
0 C Mxed anhydride formation was initiated via addition of trinmethylacetyl
chloride 37 (9.4 nL, 76 mol) made slowy over 10 m nutes, and conpl eted

t hr q@ghmis, 76mnl) made siovlpiovad 10imintites, afidtcal Iétéd&ﬁmugrﬁstﬂfing

4- (di met hyl am no) pyridine (0.26 g, 2 mmol) and alcohol 1 OD (10.4 g, 53
Mol gt 9RE Eortdtemirmetdsd Oatiftié Bmating yrﬂdirﬁéilawamﬁowna% (Oloerg, 2

Letrahydrofuran to wash renaini ng reagent:s own. After 5 stir ''nc for 18 4
ﬁ“;@@%%%@@?* i W@%ﬁ w@%ﬁ*gnﬁ?d%ef%\}hé iﬂ%hmiﬁ%?f | ;2??3? s

. . . 800 L
car tplaied BYaBoREdR theRrrGiUrGRE HAsh TomeD 100 Soaaanys O MG of - hept ane.

| oaded onto the colum, and washed down with nethylene chloride (10 10 ni).
Bur estiriing farckishorreeat @01G, cooling afassemausd, afgchiite iisadlidn mixi®s% et hyl acetate
in heptane and 5 L of 20% ethyl acetate in heptane. Upon concentrati ng,
Comspheentrafedars rotoyap gth@ﬁz@mIHg)vmﬁéld 73Ry 6F brivanbil.on times (gradient
program 254 nm: 12, 3.1 mn; 13C, 20.9 mn. 1HNWR (CDC 3, 400 MHz) 8 7.40
Eﬁ] i H)H) ’%@!@E‘.‘.%ﬁbﬁ’WéS brforePoh BiothgblHlash-PomBtogtaph eqtippBdWith 1 H . 4. 02

800 g silica cartridge. The crude material was made into a slurry with 25 mL of

heptane, loaded onto the column, and washed down with methylene chloride (10
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 (g, 1H), 4.46 (m, 1H), 4.02 (m, 4H), 3.66
15 (m, 1H), 2.47 (d, 2H), 2.40 (s, 2H), 1.80 (t, 2H), 1.57 (d, 3H), 1.37 (d, 6H), 1.26

(dd, 6H).

Example 16 - Preparation of 8D

o) o Q o
O 2 ;> o)j\/\o\}
/'\fo Lindlar Catalyst/H, Q
N
T head
13C

20
To a slurry of 13C (6.6 g, 17 mmol), quinoline (0.61 mL, 5 mmol) and

Lindlar's catalyst (5 % Pd/CaCOs, 0.66 g) in 66 mL of toluene was added
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15 (m 1 H 2.47 (d, 2H), 2.40 (s, 2H), 1.80 (t, 2H), 1.57 (d, 3H), 1.37 (
6H), 1.26 (dd, 6H). Exanple 16 - Preparation of 8D0 0O o Ooo j ol O
Lindlar Catalyst/HZ o --r N ~TN fJY 13C 8D 20 To a slurry of 13C (6.6 g,
17 mmol ), quinoline (0.61 nL, 5 mvl) and Lindlar's catalyst (5 % Pd/ CaCC3,
0.66 g) in 66 nL of toluene was added 38 hydrogen gas (1 atm via balloon).
The idkegereganél aimy viadalloonhohhe apiira wasdstirreshat room tesnperaiurei nt erval s for
reaction progress by HPLC. Upon conpletion of reaction (approxinmately 3
hourand moh#oredkatintervals fomrsiaetionprdgrass iy HPLC. Npdycorapletioniof aci d sol ution
to renmove quinoline. 5 Further purification on R ntage flash chromatograph

was r@ﬁbﬁ&i(ﬁiﬁbréﬁdmd@?@ ﬁetlu%nqpéﬂ'wﬁ&u{jré vy Washd@withsd § %fﬁaNt ridge, and

washi ng remai ning materials orward with 2 x 15 nmL of toluene. Pure

fragt,j ¢ UL g with 500 nL of 30% ethyl acetate in
hept r@&ﬁ@éﬁ%ﬁg@ﬁ%&éﬁ@rﬁﬁ %gﬁ&[? @J'gbi(!#gyel low oil (8D) was obtained (95%
Bor adh ont® thRscabar anyHioRgR B -hiametakonatss potammdby 13C, 20,9
mn.' HNWR (CDCI3, 400 MHz) 6 7.34 (d, 1 H, 6.17 (m_ 1 H, 6.09 (d, 1 H,
5. 7doading the mixwirg onie a 40 gpilica cadrigge, and washingoemainingmategiab4 (m 1 H),
2.45 (d,

forward with 2 x 15 mL of toluene. Pure fractions were collected after eluting with

d,

500 mL of 30% ethyl acetate in heptane. Upon concentrating, 7.3 g of yellow oil
(8D) was obtained {95% yield after subtracting for residual toluene). HPLC

10 retention times (gradient program, 254 nm): toluene, 18.9 min; 8D, 20.3 min;
13C, 20.9 min. 'H-NMR (CDCls, 400 MHz) § 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).

15 Example 17 - Preparation 7E
Q 0
o ~NF > 1) Diels-Alder QH o
o) 2) bBU o)»:t\j(j\o
o) HY A
O ™N
N
Y A
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[5.4.0Jundec-7-ene (0.04 g, 0.3 mmol) was added, and the

20  solution further stirred at 70 °C for 4 hours to complete epimerization. H-NMR

(CDCl3, 400 MHZz) showed a 98:2 ratio of the exo/endo isomer (from lactone

proton signal at & 4.93 versus 4.65 ppm).
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2H), 2.39 (s, 2H), 1.79 (t, 2H), 1.48 - 1.41 (m 9H), 1.24 (d, 3H), 1.18 (d,
3H). 15 Exanple 17 - Preparation 7E OO~ 1) Dels-Alder OHo O 02 DBU
0O 01 HH 1080 7E Asolution of 8D (2.8 g, 7.2 mmol) in 28 nL of
o-xylene in a 100 nL sealed tube was heated at reflux (147 C) .for 16 hours.
Upon cooling to below 50 C, 1, 8-diazabicyclo[5.4.0]undec-7-one (0.04 g, 0.3
mol ) wadhedqreductinas pudfied vieoa Biotage flashichromaiograph aguipped with 4 hours to
conpl ete epinerization. HNVR (CDCl 3, 400 MHz) showed a 98:2 ratio of the °
exo/genglsilica eamridgér Thel suhitiiteof dLGs produdnals difedilydofdded Bhid'thed- 65 ppm . 39
The product was purified via a Biotage flash chrofmat ograph equi pped with 90
g Sidd bl At 4 0 | |y | oaded onto

t he do!:o dﬁégﬁgﬂﬁgg%@%@%%% 8%% h(ag'fglﬁ?ﬁé.m%% f'ﬁ%ﬁﬁ@%&& 4 ure fractions
were .cql llected after..elytin pth,1. 5 L of 25% et hanol i .0l uene. After
con&@”?&ﬁfjiaﬁtﬁ?gh‘ﬁwgr‘%wb\jﬁp"()ﬁg\#é e‘!’@“ﬂmnﬁai‘{e -ﬁﬁ?f&ﬁ'@ﬁr’?’é@ﬂ% g) was Obtain
ned (86 /o yield after subtracti ng for residual toluene). HPLC retention

Bi me roivad @Rt Gprbginantichasyelioy ok (3.2 o)reasckiained (Gawmigidaties, 400 MHz) 8
5.38 (s, 1 H, 466 (m 1 H, 3.98 (m 4H), 3.44 (s, 1 H, 3.36 (d, 1 H,
2. 73uptractinig) for2ediduaktolie). APRC retentionHjmed (Gadieninprdgrelm, 21578 (m 2H),
1.42 (t, 6H), 1.37 (d, 3H), 1.30 (d, 3H), 1.20 (d, 3H), 1.25 - 10 1.17 (m

2H) nrivPsrPRUTg 3 hireR-NRY (S8 CloLbo'MIRgG) § BSS @ HYT 26841, H)28. giescr i bed
(m, 4H), 3.44 (s, 1H), 3.36 (d, 1H), 2.72 (m, 2H), 2.41 (s, 2H), 2.37 (m, 1H), 1.87
(m, 1H), 1.78 (m, 2H), 1.42 (t, BH), 1.37 (d, 3H), 1.30 (d, 3H), 1.20 (d, 3H), 1.25 —
10  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

15

o) 0

O
NHCO,Et

12 22A
To a 3 L three neck flask equipped with an agitator, thermometer, and a
20  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

25  reaction mixture was added 60 g of NaCNBHjs in portions in 4 hours. The
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for the conversion of 7B to 7C. Exanple 18 - Preparation of 22A 15 O O O HO
O HO ' % NHCOZEt 12 22A To a 3 L three neck flask equi pped with an
agitator, thernoneter, and a 20 nitrogen inlet, was added 100 g of 12, 1 L
of acetonitrile, 600 nL 0.7N p- toluenesul fonic acid aqueous sol ution. The
reaction m xture was agltated at 20 C for 20 hours before cooling to OC
Abounesuulnmmwfurgm/a&@@wunuamedxocn@omatquwc@tus@andmgatatmtfoamled to adjust pH
to between 7 and 7.5 while maintaining the tenperature at 0OC foll owed by

addi days] Sthetepfiperaturei was eseibdtie belaw 6P, 5 pHawas adjusted to sbawts added 60 g
of NaCNBH3 in portions in 4 hours. The 40 resulting mxture was slowy

war ngslwitf ggpggbaﬁfmﬁyaﬁdﬂdbag | taitgsh.f Abolives outo q%él:MetPRp t enper at ure was

cool ed to bel ow 5C, and Justed to a 50% sodi um

2?3&@@35&%@%%@%&%&%@89%5? e ling k&l b ke B [ ae T hen

adj ust to, 7 with 35! gquous hydrochloric acid solution. The reaction
xt*utCe T)\B@ pEbwas thempeiystathtey 7 Wit AR eaueeHs Pedroghlarsnagidi | e and the pH was

adj usted to_about 2 with 35% aqueous hydrochloric acid solution at bel ow
5C. solatinrct Theseactionanixddrenvas cantentfated iypdenvacuure to vemeve Conbi ned or gani ¢
| ayers were washed with water to renove urethane. The 10 organic. |l ayer was

t henasaonigiie aatade pHiaas\wijusist t6 abou withe3gv% edjuebut hydrschioiy t at e out as
crystal. The crystgwwas filtered and dried to provi deg 30 g solid of

P B iy PRBuERET Rl AU ARRRIEL, 1) ¢
Combined organic layers were washed with water to remove urethane. The

10 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-ds) &
12.1 (brs, 1H), 7.19 (d, J = 15.8 Hz, 1H), 7.14 (s, 1H), 6.21 (s, 1H), 5.66 (d, J =

15 15.8Hz, 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 cm i.d, x 25cm L; Eluent: CO2/MeOH=75/25; Temperature: 30°C;
Recovery Yield for Compound 22A: 89%; Purity: 98.5% ee.

20

Example 19 - Preparation of 21B:

o
OH Lindlar Catalyst/Hp 2A o = .\NHCOOEt
S = ,NPhy
X__NPhy ——————Ho—m N
0O
1o © 11A 0% NPhy

21B
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12.1 (brs, 1 H, 7.19 (d, J = 15.8 Hz, 1 H), 7.14 (s, 1 H), 621(5 H),

1
5.66 (d, J 15 15.8 Hz, 1 H), 4.00 (q, J = 6.80 Hz, 2H), 3.57 (s, 1 H),
2.20 - 2.40 (m 3H), 1.90 - 2200 (m 1 H, 1.78 (m 1 H), 1.43 (m 1 H,
1.19 (t, J = 7.05 Hz, 3H). The preparative chiral HPLC conditions are as

foll ows . I ; :

oo/ I\/bO—lz% Eém’e?eg?r‘ioéﬁéaf@%gs ?QH% §yr&g§gi§eqf %s@eqz @5@0@%@%@ 2A 89%
Purit % e le 19 - SBratlon of 2113: QH Li ndl ar

Cat aPYRaT e BEROgmER Wi BRTbaRAlS Aoty 258 (1 KhOn R TTGFgRYe 058 O 7k | a
procedur e anal ogous to the synthesis of ester 8 via EDCI nethod, the
expe21 Béeleapeil,f48%wield). t' H- l‘dMR)é@BCés 400MHE2ys 7 253,39 (13, tiiE),) gave 0.83 g
of 21 B (clear oil, 48%yield).” HNW (CDC13, 400 MHz) S 7.25 - 7.39 (m

}111%27(612?0?1)(&171(3WH)Q'5 ?7%591%@3@54767%5 5"914(1%"?@%3@801 (ml T)l 0

]F?rep%u’ gh)on of ngivélg&ﬂ?‘g?'@i?égrm&q@fﬁbg4 (%%)(HrvﬁMa%Q%a 0
Di el(sd %e§2§|??%t 2) DBU 0 1 HFI

Example 20 - Preparation of 20B via Diels-Alder Reaction

o}
F NHCOOEt ) Q
% 1) Diels-Alder .\NHCOOEt
l 2) DBU o _
o) HE A
. 0% “NPhy

21B 20B
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), 3.4 (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
Q
S NHCOOEt 0 .\NHCOOEt
g ' Hydrogenation o
YA - HIA
0% “NPha 0% NPh,

208 25B
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NPh2 O'-NPh2 21B 20B 10 In a procedure anal ogous to the synthesis of 7B,
experinent perfornmed on 21 B (1.80 g, 3.7 mmol) showed a 93:7 ratio of
exo/ endo i soner by H NVR Upon purification via Biotage flash

chromat ography, 1.2 g of white solid was obtained (66.7%yield).
retention tinmes (254 nn): endo isoner of 15 20B, 7.8 mn; 20B, 8.0 mn; 20
bef ore epgn@eprogadusnanaogous to thel syntiyésie of €€, thsegperiment 1H NVR (CDCl 3, 400
Miz) S7.23 - 7.51 (m 1 OCH), 530 (s, 1 H, 471 (m 1H), 4.56 (d, 1 H,

t he

4. 1 pefiormed)an 20B40(52. g, 1. AT gt SE190%.
Peformet)on 20B40(52 g,11. Himmal) aved.47 f%??gak'ﬁ]mam, Oo'.gg?&(i)ﬁnm

2.13 (m 2H), 1.91 (m 1 H), 1.55 (d, 39,

Exampbiec %étern_tiBth@(iééﬁ‘raﬁ% Efo@ﬁgi, %5%292%{31 £9 é"@é EPQ, Bo,JNHOOOEt  NHCDDE

O Hydrogenation O HH HFI

anal
1.1

00

(HPLC

1H,
1 H. 20

n’'a procedure

tion times

AR DBl 2B G E ESHTRRGh £ (0,2

Tz #0370, 7210, 8037 . 1

3.37 (m 1H), 2,01 - 2.52 (m oli), 1.62 (d, 1 H, i.68 (m i H),

1 H1.53

17A

10

15

20

H

Example 22 - Conversion of 25B to 17A

(NHCOZE WNHCORE

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 agueous 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

43

%i socratic Pro ram 254 nn% 25B, 15.9 mn; 20B, 20.0 mn. 1H NWMR (CD3CN,
(m,72 biH)3-81 392.68,(mi@}), 2.883d iti)51.68)(m,4H)L fm 2H),

1.53 (m

(Ph6 1H0), 1.36)(d, BHYD.99 —2R221tm, 7TH). Exanple 22 - Conversion of 25B to
H



VH %4 NHCOZEt O NHOOZEt 5% FNa HIF H CONPh2 CO2H 10 25B 17A To a 250-niL
3-neck flask equipped with an agitator, thernoneter, and a reflux
condenser, were added 10 g of 25B (20.4 mmol) and THE (50 nL). To this
solution was added an aqueous solution of 5% (w w) sodi um hydroxide (50 nL).
15 The reaction m xture was then heated to 40C and agitated at 40C for about
4 Hydrechlgtieacidraguepdssostion (cirea S8onLivaes jaddgddoanjpstehe pH off uene (50 m -)
was added and the m xture was agitated at a rather fast rate for about 10

M NUhE Fnixtufé érodi GBBLE1DEGRS SOMIRETC.NThERRURBLE) %@twa@ﬁhe'ﬁepar ated fromthe
aqueous phase contai ning product. The organi c phase was back extracted with

5% ' | hed .agueous | uti ons were
oxct SRR fRor ¥ bR} hBHee A Pekpekewii S B FOlE LI ehe < er o

di scgarded. T agqpeoys sol ution were added a solvent m xture of toluene
(25 B yhand P BoTRLE Y he prasiic phers Aporargari avasts ies FomOIGtet vieen 0 t o
5C. A 2 N 43 hydrochloric acid aqueous solution (circa 59 nL) was added to
adj wand dilded witbf THEHBO mit The midure avasuthspTarosairBicat 0 to 5C. The aqueous

phase was then separated fromthe organic phase and extracted with a

sol \atosphatictlly tofa finalunoieture Yontant ohkD.05%% Ky FopBated GRilALER)I ¢ phase and
organi ¢ wash were conbined 5 and diluted with THE (50 niL). The nbdura w. da

 henrife Gt ibaheinvadLisBa Mg it 'sted Rithol fiRheMRoMiltirarkprit ent of < 0. 05%

by repeat at 1 ons. rude product was used in the next step

Wt L) EnthiRMg 885, B&% yield). "H-NMR (CDSCN) §9.72 (bs, 1H), 7.17

—7.41 (Ph in toluene), 5.45 (bs, 1H), 4.68 (dt, J = 5.90, 16.0, 1H), 4.03 (q, J =
10 7.10, 2H), 8.45 - 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), 1.82

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

Example 23 - Preparation of 23C

o)
OH 22A O)‘\z_\@_ \NHCOOEt
/\(N(F’T‘DZ X
I N(Pr-)
o
s 10D -

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,
20 1.2 mmol) over 5 minutes, and completed tﬁrough 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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purification (containing 6.80 g, 99%yield). 1H NWR (CD3CN) 8 9.72 (bs, 1
H, 7.17 - 7.41 (Ph in toluene), 5.45 (bs, 1 H), 4.68 (dt, J = 5.90, 16.0,
1 H, 403 (g, J =10 7.10, 2H), 3.45 - 3.50 (m 1 H), 2.50 - 2.65 (m 2H),
2.45 (dd, J = 5.64, 11.5, 1 H, 2.36 (nethyl in toluene), 1.83 (m 4H),
134-150(th=291 11.0, 1 H, 1.32 (d, J =5.91, 3H), 1.15 - 1.25

(m 6H), ( - Preparatio f 23C 0 OH 22A

. NHOOOEt A 'mngs%ﬂ?sha@%aa%r%e%gavagaﬁ ! 828%’%%“@"9 13 mol) in
20 m. of toluyene was added _triethylamne (4.9 niL, 35 mml), and the

r es @uenshed Wil 20 misofcwatesd The lower aqueoys layaewassieparatedewhite ni xture, 20
m. of tetrahydrofuran was added. M xed anhydride formation was initiated

vi a the drganio wals washas with caixturectl 20 inllesaturatedrsoditin bicarivorwty over 5

m nutes, and conpleted through stirring at 0 C for 2 hours. Catalytic

?”D@Ntﬁldhfaﬁ’d ﬁd'rﬁl?bf‘wa’éf‘ AAY Y BoMceritiatetdof rofbvéP"(BB|°b 28dnal cohol 10D

mmol) were then added into the brown slurry / mxture, followed

By }5 t@éha&)f%‘%tg“an to wash remai ni ng reagents down. 44 After
Stirr

“hours at 0 C, cool i ng was renoved, and the reaction
quenched 0 nL of ter a us Ia er was, separated, while
t he orgar{gvI f\ﬁé ONAGETRENGR m?dao %‘9%«9 *asgdﬁmi Qﬁ?&h&ﬂ@ﬁﬁ%ﬁm bi car bonat e
solution and 10 nL of water, and then concentrated on rotovap (35 C, 26 mm
5 Hyyith 80 @ silica Garyidgest The studeomaterial wasqaade intassiysywithidd ndn a Bi ot age
flash chromat ograph equipped wth 90 g silica cartridge. The crude materi al
was oftdptand, doadexd omtoythaicotlumi, and washéd doanayith toldenke @& d 5 mk).col utm, and
washed down with toluene (2 x 15 nl).

Pure fractions were collected after eluting with 1500 mL of 30% ethyl acetate in
10 heptane. Upon concentration, 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 (g, 2H), 3.88 (s, 1H), 3.62 (m, 1H), 2.53 (dd,
1H), 2.33 (d, 2H), 2.02 (m, 1H), 1.88 (m, 1H), 1.55 (d, 3H), 1.34 (d, 6H), 1.22 (m,

15  9H).

Example 24 - Preparation of 21C

O
0
O/U\:\[j \NHCooEt Lindlar Catalyst/H, OJ\/\Q"NHCOOB
X |
N~ -
© 2c NPrd2 21

To a slurry of 23C (3.4 g, 8.1 mmol), quinoline (0.31 mL, 2.6 mmol) and
20 Lindlar's catalyst (5 % Pd/CaCOs, 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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Pure fractions were collected after eluting with 1500 nL of 30% et hyl
acetate in 10 heptane. Upon concentration, 3.8 g of pale yellow oil (23D)
was obtained (91 % vyield). HPLC retention tinmes (gradient program 254 nn):
22, 4.2 min; 23C, 20.7 mn. 1HNWR (CDCI3r 400 MHz) 57.32 (d, 1H), 6.16 (s,

1 5 75 (d . 1 4.85. (d,,. 1 4,42 . , 4.10 :
2@0‘?“%%%' %Q‘F' %@#&fﬁ%%?‘%ﬁ*ewau'é)')léseé’.teg"%a&!’e r!ﬁ_prﬁj'?'"g.'@%‘gbaé ;DH), 2] 02(?m 1
H, 1.88 (m 1 H, 1.55%?, 3H), 1.34 (d, 6%1.22 m_ 15 9H). Exanple 24
- Hpaparndat Thmfiatewag washed fwieg withds ealyafi0.5N bydng acig\HO00Et p \ I
N(Pr-02 O 23C N(Pr-))2 21C To a slurry of 23C (3.4 g, 8.1 mmol ), quinoline
( 0. sdutidn (i@ pargenquinotine), axd then dicatratizechby fyrther(bashig M@hCEBmIO. 34 - 0. 85 @)
in 34 nmL of toluene was added hydrogen gas (1 atm via balloon). The

M X$fRuied S6HILFEBIcaIrRRe sbRIIBA AN SmL GiWatePNThalisdlafdd | nterval s for
reaction progress by HPLC. Upon conpletion of reaction (< 4% of 23C on HPLC

n l.8) ] ' 45688 alysd.sap.and 2 x 15 nL of
Sfo%ré%g&mggé Egg 'iif)éféf&r?ﬁ@%{i‘}eé pﬁ@?aei%ﬁ}g%gﬁ‘ﬁginéﬁoa@sw "f"(')rg\&/l\‘/é‘r’(?i".l"'- he filtrate was
washed twi ce wi,th 15 nmi . of _0.5 hydr ochl or | id_solution,(to purge
au Sbfae viet et sbRrAgty tor Bsiuay el H- S angiiare Bhassw: | of “satur at ed
sodi um bi car bonate solution and 15 nL of water. The isolated 5 organic was
convaiariehiebe pure.ansl bgngercowdd besusad disgetlydn giexksyihesig séép.yel low oil (88 %
yield after subtracting for residual toluene). H NWVR anal ysis showed
mattdPLEl retantion time® (gradibnh prograny@5d rim): utohubre, 18c® inj 21020.3synt hesi s
st ep.

min; 23C, 20.7 min. "H-NMR (CDCls, 400 MHz) 5 7.26 (d, 1H), 6.14 (m, 1H), 6.09
10 (d, 1H), 5.80 — 5.70 (m, 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

0
o
N NHCOOE! 1) pigls-Alder ) \NHCOOEt
2) DBU - d
| HIf
o :
07 N(Pr-p
N(Pr-i
s Prd2 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

20 (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
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HPLC retention times (gradient program 254 nm: toluene, 18.9 mn; 21C,
20.3 mn; 23C, 20.7 min.'HNWVR (CDClI 3, 400 MHz) 6 7.26 (d, 1 H, 6.14 (m 1
H, 6.09 10 (d, 1 H, 580-570(m 3H), 4.72 (d, 1 H), 4.13 (m 2H, 4.01
(m 1 H, 3.94 (s, 1 H ,353(m1H), 2.58 (dd, 1 H, 2.35 (m 2H), 1.99

(8 pi). HELG Seebiar tilas decray (Mot 218t Q040 BBmerof BOGh s A Her L

, , NHOOOEt z; Dsu o OH Hf O-NPr-r)z NPr-r)2 21C 15 ZOC A sol ution of
21 dQ-3ring206, 12.8in; teldeas, .Odninooxylenes 224 min00 i seal ed tube was
heated at ref lux (147 C) for 21 hours. Upon cooling to room tenperature,
the m xture was washed twice with 15 nL of saturated sodi um bicarbonate

sol ution orﬁu|r e ippuritjes, apd the organic |ayer was concentrated ?0 (50
C, 26 mﬁ@—ﬂé&#&‘f—j&@—ﬁg\/\n& f oil. This crude product was used
directly in subsequent reduction step. H NVR (CDCI 3, 400 MHz) showed a 96:4
rati o of the eXo/igendo isoner gfrom al kene prf@tmn SI gnqj t_5 5.41 versus

5.22 46 ppm. texe et oM SORE rat !nr'r) endo i somer

of 20C, 10.5 Y4 12. 8 mf_tﬂﬁt% ér’aﬁ&? o xyl ene, 22.4 mn.

Exanple 26 - P epaﬁautlon of 25C O wW" N tHg\éH CO0' ct Hydrogenation p
07 N(Pr-ip 07 N(Pr-I),

5 20C 25C

To a slurry of 20C (3.7 g of oil from above procedures) and Pt/C catalyst
(5% PY/C, 50% wet—1.0 g) in 30 mL of ethyl acetate 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 (< 3% of
10 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
15 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 25C 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
20 (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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H HH OfN(Pra)p O N(Pr-O2 5 20C 25C To a slurry of 20C (3.7 g of oil from
above procedures) and PVC catalyst (5% Pt/C, 50%wet - 1.0 g) in 30 nL of
et hyl acetate was added hydrogen gas (1 atm via balloon). The m xture was
stirred at roomtenperature, and nonitored at intervals for reaction
progress by HPLC. Uon corrpl etlon of reaction (< 3% of 10 20C on HPLC

anal ysi sExample 27 anati QI 0 288 concentrated to dryness on
rotovap (30 C, 26 man) re- d| ssol ved |nto a slurry with 10 nL of tol uene,
and | oaded onto a 90 g silica cartridge fd purification by Biotage flash
chr omat ogr aphy. me toluene (22& 5 nl) waAS-used.t qvAsRE: I emai ni ng
materials onto «colum. Pure fractions)were lected after eluting with
1000 15 nl of 40% etkyPBhcetate in hept a@% 00 mL of 50% et hyl acetate
in heptane. Upon comdining and concentrating iR desired fractions on
rotovap (30 C, 28mHg), 2.5 g of white sol (Y RHC was obtai ned (83% vyield
for 2 steps) HPLC retention tines (isocratic program 215 nm: 25C, 10.1
mn; 20CT omﬂ.’romhthreqmemﬁa(s@wwedwm)ansu& sfmerEi) and. 71 (d, 1 H),
4.09(m 2H), 4.00 20 (m 1 H), 3.46 (m 2H), 2.61(m 1 H, 2.48 (q, 1 H),
2. 2@ nftrogéen idlet, @a8addbd/ZRA 2.0 g)ldnd tétréBydrofuraniib0 MLY Thednix@ihe, 1. 38 (d,
3H, 1.34 (d, 3H), 1.29 -1.16 (m 1 OH), 0.93 (m 1 H). 47 Exanple 27 -

Fr epasaigitatedfor JOTRRKASS 8R4 tihen HBtRAAAMiINdNARL FwasEduddEflowly at

below 25°C. The mixture was cooled to 0°C followed by slowly adding
trimethylacetyl 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

10  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

15  further purified by column chromatography to provide about 2.0 g of Compound
28A as white solid (56% molar yield). 'TH-NMR (DMSO-dg) 5 7.40 (s, 5H), 7.32 (d,
J=158Hz, 1H), 7.15 (d, d = 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 (q, 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

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

Example 28 - Preparation of 17A
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27A O 0 28A To a 100 nL three neck flask equi pped with an agitator,

thG noinster, an-' a nitrogen inlet, was added 22A (2.0 g) and
tetrahydrofuran (50 nL). The mxture 5 was agitated for 10 m nutes and then
triethylamne (4 m-) was added slowy at below 25C. The m xture was cool ed
to OCfoIIowed by slowy adding trinethylacetyl chloride (1 nL) while

mai nt ai ni ngj t he tenperature bel ow 5C t hennesstd on. m xture was

agitat ed BM=3Q_mnINHEDOEE Mg‘i 4°%#@}| am no%} g&ls!tft‘%é (40 ng) and
27A (1.7 cti wer e aof' . rasul ti m xt ur itated at

bel ow 5C. " Af e reaction was jud conplete, water (5 nL) was added
slowy to quen 'he reaction and the genperature was allowed to warmup to
20C. 5% sodi um biasar bonat e aqueous so?tﬂioﬂGAZO m.) and ethyl acetate (50
m-) were added. Organic |layer was separated and concentrated under vacuum
to provi dg e&rude OB\IHCOE%? oil was 15 fur@her purified by colum

chronmat o Wyt oy pr ovi eq@g%@ggok NHS@RE3s white solid (56%
nmol ar yi eld)-_~HEANVR ( DVSO- V’-% .'219 ( A F 32 (d, J =15.8 Hz, 1 H,
7.15 (d, 4 #7029 Hz, 1 H), 6.33 (s, 1 W) ,H5.A6 (d, J = 15.8 Hz, 1 H), 5.60
(q, 6.76 HzO TIOBY, 5.20 (s, 2H), 3.98 (q, FOH.08 Hz, 2H), 3.57 (s, 1 H),
2.42 (d, J =gb@ 9 Hz, 1 H), 2.30 (s, 2H), 1,83-2.00 (m 1 H, 1.76-1.80 (m
1H, 1.51 20 (d, J =6.82 Hz, 3H), 1.43 (m 1 H, 1.16 (t, J = 7.09 Hz,
3H) . ExaiiplaelBmL tArepasek flask efuipped 48thoad agitatdrilibeinometgr, Bndl s- Al der

, NHOOOR Undl ar Cat al ysUHz~ 2) DBU OBn

a nitrogen inlet, were added Compound 28A (0.5 g), Lindlar catalyst (50 mg),

tetrahydrofuran (20 mL), and quinoline (0.1 mL). The mixture was agitated under
5 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
10 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
15  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[5.4.0]undec-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
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0 28A OBn 26A OO0 ., NHOOOEt H NHCOOEt O\ Hydrogenation n H= HH = O 0OBn
OOH 29A 17A To a 100 nmL three neck flask equi pped with an agitator,
thernoneter, and a nitrogen inlet, were added Conpound 28A (0.5 g), Lindlar
catal yst (50 ng), tetrahydrofuran (20 nL), and quinoline (0.1 ). The

m xture was agitated under 5 hydrogen (15 psig) at roomtenperature for
about(5 baL)y6Rs sediunilbiearearte aquebus soletiva$s dill)uaad bane5ahh), Thecet ate (50
m.O before filtering through Celite to renove catal yst. The organic

SOl Ul GaeAgy AR Sorideirato M NEHIIOROA ACaR lagueous sol ution (10 ) to

qui nol nd then washed with 5% sodi um carbonate aqueous sol ution (10
m.), and i s o } gi ve crude
26A as an ORISR B A8 BbA v BlosiBu R SRR SR i |

- xyl k | ut.i . h h k flask
a5 Gt SBHOR A ST i ARG ate A IBLL8RD TaRTENSeTGgen | nl et .
was added o-xylene (3 nL). The solvent was heated to reflux at 140C

f Bl | dvleda bydregenaipr degathegr with S0engalf 5% BYCA(S50% welh Bhe tesgingunp i n about 1

hour. The mixture was agitated at reflux for an additional 6 hours and then
cool enixture Wemadititgd uatier Rydrbgén (PDapeiy) ey edorhIerhpelatagefor 20ene (1 drop) was

added, and the resulting mxture was agitated at roomtenperature for about

T [ e EE Tt R G
aque%ﬂ:ﬁa?ecg t%&ec}rhyﬁ?oﬂéﬂ (ufd‘ 83:8)’ .iattn r%o‘r?te%ﬁérairur}s for another 2 hours.

After filtering through Celite, the mixture was concentrated under vacuum to
10  provide about 35 mg of crude 17A. 'H-NMR (CDsCN-ds) 8 9.30 (brs, 1H), 5.40 (s,

1H), 4.69 (m, 1H), 4.03 (q, J = 7.00 Hz, 2H), 3.40 (m, 1H), 2.55-2.66 (m, 2H),

2.42 (dd, J = 11.5, 5.67 Hz, 1H), 1.78-1.95 (m, 4H), 1.35 (m, '1 H), 1.30(d,J =

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

15 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.

20

50



organi c | ayer was concentrated to give crude 29A as an oil. Wthout
purification, the crude 29A was dissolved in ethyl acetate (25 nL). 5 niL of
the solution was diluted with ethyl acetate (15 nlL) and then transferred 5
into a hydrogenator together with 50 ng of 5% PVC (50% wet). The resulting
m xture was agitated under hydr 100 psig) at roomtenperature for 20
hours. Another 10 ng of 10% Pd/ wet) was added and the m xture was

agitated der drogen (100 psig) at roomtenperature for another 2 hours.
WBEF s SRR SE5

After fil

h Celite, the m xture was concentrated under vacuumto

10 provi de about 35 of crude 17A. 1H NWMR (CD3CN-d6) 6 9.30 (brs, 1H),
5.40 (s, 1-1 HA proess(ipy prepayingCompeynd 1 viagydligation, 2H), 3.40 (m 1 H),
2.55-2.66 (m 2H), 2.42 (dd, J = 11.5, 5.67 Hz, 1 H), 1.78-1.95 (m 4H),
1.35 (m 1 H, 1.30 (d, J = 5.9% Hz, 3HR 1.18-1.27 (m 6H), 0.95-1.05 (m

1 H. 15 Wile the present invenfi@nyl been described in conjunction with
the specific enbodinents set faxth ahovg, ny alternatives, nodifications
and variations thereof wll bedﬂfﬁaf"m’ to those of ordinary skill in the
art. Al such alternatives, nodif g"a?i ons, and variations are intended to
fall within the spirit and scope & fhe present invention. 20 50 CLAI M5
What is clainmed is: 1. A process for preparing Conmpound 1 via cyclization,
OHR2 ~~-1'Rs --kpR 51
said cyclization comprising the steps of:
a) heating Compound 2 in a solvent to an elevated temperature; and
b) treating with a base,
wherein Compound 2 is given by the formula
o) Ra
o == Ry
)’>
10 o7 R
2

15

20

wherein:

R, is selected from the group consisting of OR4 and NR5Rs,

R: and Rj are independently selected from the group consisting of
H, NHR7, ORs, NHC(O)R4, 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

R4, Rs, Rs, Ry, 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 Ry is NRsRs then Rs and Re may, together with
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said cyclization conprising the steps of: a) heating Conpound 2 in a sol vent
to an elevated tenperature; and b) treating with a base, wherein Conpound 2
is given by the formrula O0Or O R3 10 OR 2 wherein: R is selected from
t he group consi sti ng of OR4 and NRS5R6, R2 and R3 are independently sel ected

frofﬁé ﬂigrr?%tbﬂ% eﬂ‘éé?tfachég fb‘rnJ\Q"B] {1 63 t@@%ﬂl%roq&ﬂ%y@’ or R2 and

oget er vmththe car are att forma 5- to
r cont ai n| ng 1to3 heteroatom;, and R4, R5, R6,
mfagﬁg: ﬁg‘aﬂﬁb %?'Phﬂ%{@ﬂ%ént |y selected fromthe group consisting of H,
aIkyI al kenyl , al kynyl, alkoxy, cycloal kyl, aryl, alkylaryl, arylalkyl, 20
and heteroaryl groups, or when R is NR5R6 then R5 and R6 may, together with
51 the ni rogé'ﬁetﬂfomscﬁf claigy 1Tawberain saitkepivent imsalezted tom henber ed
heterocyclic ring containing 1 to 3 heteroatons. 2. The process of claim1,

Shegeoup sensistiy ofentens, N-ehathylpyrrolidinondeDintethyiguifoxidesdiphenyg of xyl ene,
N- et hyl pyrrolidi none, D nethyl sul foxide, diphenyl ether,

Di r et pRf @g}éi%{a i, BhithikeFesd isr8sf.- 3. The process of claim1, wherein

t he base Is ected fromthe group consisti ng of organic, inorganic, and
organonetal lic bases. 10 4. The process of claim3, wherein the base is

sel ect ed 3f ro he rgcese‘.IO of claim 1, wherein the base is selected from the group

consisting of organic, inorganic, and organometallic bases.

10
4. The process of claim 3, wherein the base is selected from the group

consisting of triethylamine, 1,5-diazabicyclo[4,3,0]lnon-5-ene, 1,4~

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

15 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.

20
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

25 120°C and about 150°C.
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consisting of triethylam ne, 1,5-diazabicyclo[4,3,0]non-5-ene, 1,4-

di azabi cycl o[ 2, 2, 2] octane, and 1, 8-di azabi cycl o[ 5, 4, J undec-7-ene. 15 5. The
process of claim1, wherein said tenperature is between about 70C and about
190C. 6. The process of claim1, wherein said tenperature i s between about
80C and about 170C. 20 7. The process of claim1l, wherein said tenperature
i's betwden abduprockagForprepabipgtCarfipdund3: The process of claim 1, wherein
said tenperature is between about 25 120C and about 150C. 52 9. A process
for preparing Conmpound 3: Iig l_l-il . NBlORll 0O HN (R12)n 3 wherein RlOand R’

are each i ndependently sel ecig olWNR@Rgroup 5 consisting of H, alkyl,
al koxy, C(O R4, cycl oal kyl ,oar kyl aryl, arylalkyl, and heteroaryl
groups, wherein R4 is sel ectgd¥fOnTthe group consisting of H, alkyl,

al koxy, cycloal kyl, aryl, a k)}'\ aLyl, arylalkyl, and heteroaryl groups, R12
is selected fromthe group consisiting of hal ogen, -CF3, Cl-C6 al kyl, Ci1-C8
al koxy, and -COOR13, wherein Rl 8 selected fromthe group consisting of H,
Cl- 10 CB al kyl, phenyl, and be

(Ry2)n

3

wherein Ry .and Ry4 are each independently selected from the group
5 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,

Ri2 is selected from the group consisting of halogen, -CF3, C1-Cg alkyl, C1-Cs
alkoxy, and —COOR;3, wherein Ry3 is selected from the group consisting of H, C4-

10  Ggalkyl, phenyl, and benzyl, and
nis an integer ranging from 1 to 5, said process comprising the steps of:

(a) reducing Compound 1,

15 to Compound 4:
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nis an integer ranging from1l to 5, said process conprising the steps of:
(a) reducing Conmpound 1, OHR2Z R3 Hp RL 1 15 to Conpound 4. O HH
,NRRORL] OH  H o~OH 4 53 (b) converting Conmpound 4 to Conpound 5: O
=. MR O] OHL OH 5; and, (c) converting Conmpound 5 to Conpound 3. 5
10. The process of claim9, wherein the step of converting Conpound 5 to
Conpidsangertiogitarspeune 4dbiCompoundddnd 5 with Conpound 6: 0 P~(OR14)2 | AN

Q y

H
.|\NH10H11
0
I:\ HiA
H

(c) converting Compound 5 to Compound 3.

10. The process of claim 9, wherein the step of converting Compound 5

to Compound 3 comprises reacting Compound 5 with Compound 6:

0
T

P
“(OR14)2

10 to yield Compound 3, wherein Ry4 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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(R12)n 6 10 to yield Conmpound 3, wherein R14 is selected fromthe group
consisting of alkyl, cycloalkyl, aryl, heteroaryl, and allyl. 11. A process
for preparing Conmpound 7 via cyclization. 0O HO~0 0 HH 0//~ NR15R15

15 7 said cyclization conprising the steps of: 1) heating Conpound 8 in a
sol vent . .2) treating with a base, 54

wherei n @&@U?ﬁﬁ%@%?@%@%@%@r nHlaa: O O NRIsRis 8 wherein R 5 and
R16 are each independently sglected fromthe group consisting 5 of H,

al kyl, cycloal kyl, aryl, alkylaryl, arylalkyl, and heteroaryl groups or,
when taken together with thg ™ o which they are attached, nmay forma
3- to 6- nenbered heterocych+g ri ¢htaining 1 to 3 heteroatons. 12. The
process of claim 11, wherei’n npotid 8 is prepared by a process 10

conprising: converting Conpogrthg; rCHH

2
wherein Rys and R4g are each independently selected from the group consisting
5 of 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.

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

converting Compound 9:

OH
/,\
9

to Compound 10:

OH
N
15 CONR45R16
10

and converting Compound 10 to Compound 8.

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

(a) reducing Compound 10 to Compound 11:
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9 to Conmpound 10: OH 15 CONRi5Ris 10 and converting Conmpound 10 to
Compound 8. 13. The process of claim 12, wherein Conpound 10 is converted to
20 Conpound 8 by: (a) reducing Conpound 10 to Compound 11: 55 HO ~0

NRi5Ris 11 ; and, (b) reacting Conmpound 11 with Conpound 12: 0 |I! On HC(
5 12 to yield Conpound 8. 14.. The_process of Caim 12, wherein Conpound 10
is converted to Conpound 8 byppedct Nag Conpound 10 with Conpound 12 to
yield 10 Conmpound 13: ol o o N Wi RRRS,

11 ; and,

(b) reacting Compound 11 with Compound 12:

O

1N o\
(o]
5 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

10 Compound 13:

(0]
)j\/\oo\
Q o
/\fo
N\
R{s Ryg
13

and reducing Compound 13 to yield Compound 8.

15 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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13 and reduci ng Conpound 13 to yield Conpound 8. 15 15. The process of
Claim 12, wherein Conmpound 9 is converted to Conpound 10 by a process
selected fromthe group consisting of: 56 (a) 0 OH OH XAN R15 CH /~ \
["NNLI] R76 \ O g 10 NR 5R16 O°P OP XxN,Rts U R16 and (b) 0 OH XxN;-Rts
OH R76 9 PdLn/CuY/ base 10 NRisRts OP O XxK R15 PdLn/CuY/ base 5 \ R16
wheggy n: P is a protecting group and X is a leaving group and is selected
fromthe group consisting of C, Br, I, and heterocyclic rings;

0

OH . X/U\N.' Ris {H

~_. ©OP [ oP } !
b /\ - -Ris
_ /\ XN,
S . Li Ris
and
(b)
X
OH i oH :
)\ Ris
X X0
9 PdL,/CuY/base 10
NR15R16
oP 9
/\ xS PaLy/CuY/base
5 A Ris ,
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 ClI, Br, |, and R"’COO, wherein R"
is selected from the group consisting of alkyl, aryl, alkylaryl, and arylalkyl; and,

n ranges from 0 1o 4.

15
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Lis aligand and is selected fromPR 3 wherein R is selected fromthe
group 10 consisting of alkyl, aryl, alkylaryl, and NR', wherein R' is
selected fromthe group consisting of alkyl, aryl, and alkylaryl; Y is
selected fromthe group consisting of C, Br, I, and R'"COO wherein R" is
sel ected fromthe group consisting of alkyl, aryl, alkylaryl, and arylal kyl;
and, n Y&angesAMreeess fos preparimg @Q"\P@undii&ocess for preparing Conpound 3A:

H NHOO2RII 0 HH & R12)n 3A wherein R11 is selected fromthe group
consi-sting of alkyl, alkoxy, C()ﬂR4,H 5 ;—YCl oal kyl, aryl, alkylaryl,

aryl al kyl, and heteroaryl groups: o~ RGO isel ect ed from the group

consi sting of hal ogen, -CF3, C s sl , Cl-C6 al koxy, and - O0O0ORL3,
wherein R13 is selected fromthte gnoup consisting of H 01-C6 al kyl,

phenyl, and benzyl, and n is an inté&ger ranging froml to 5, conprising: 10
(a) reducing Conpound 7 0 HO 0 O N0 NR15R16

(Ry2)n
3A
wherein Ri1 is selected from the group consisting of alkyl, alkoxy, C(O)Ry,

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

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

COOR;3, wherein Ry 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:

10 (a) reducing Compound 7

to Compound 7A":

15
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7 to Conmpound 7A': 0O HHo O H 15 ONRIBR a 7A' 58 wherein R15 and Rls
are each independently selected fromthe group consisting of H, alkyl,
cycl oal kyl, aryl, alkylaryl, arylalkyl, and heteroaryl groups or, when
taken together with the nitrogen to which they are attached, may forma 3-

L;’d?oﬁfﬁbg@ﬁﬁéﬁﬁ%ﬁ «'siaie?ﬁgﬁaw e “'ﬁ% e 5O iR SofPo. o 15 10

(c) amnatln% WE 15 to vyi 4: O HH ,\NRoRLi OH O~ CH
4 wWheRNSIHINger Rl ﬁa@y%l %‘kélaéﬂ/h aibﬂgaﬂmka"syl,smcbbe@nowbmuw@ group 15

consisting of H alkyl, alkoxy, C(OR4, cycloalkyl, aryl, alkylaryl,
ar yl aif, yrien taken tmtbebwi’tb lthe nideqgen tohelich mematiesattanlmd, may fooma he group
consi sting of H, alkyl,

3- to 6-membered heterocyclic ring containing 1 to 3 heteroatoms;

5 (b) hydrolyzing Compound 7A' to vield Compound 15:

10

ANR1gR14

4 ,
wherein Ry and Ry are each independently selected from the group
15 consisting of H, alkyl, alkoxy, C(O)Ry4, 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;

(d) converting Compound 4 to Compound 17:

20
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al koxy, cycloal kyl, aryl, alkylaryl, arylal kyl, and heteroaryl groups; (d)
converting Conmpound 4 to Conpound 17: 20 59 O HHH\N /OR, o ~llj 0 H
= HO"OH 17 (e) converting Conpound 17 to Conpound 18 O HHH\NOR, O
HCHO 5 18 ; and, (f) converting Conpound 18 to Conmpound 3A: 0 H H NHCOAl

OHN (RL2)n 3A 10

P
z
H

0? “oH
17 ;

(e) converting Compound 17 to Compound 18:

H
WN

18 ; and,

(f) converting Compound 18 to Compound 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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17. The process of claim 16, wherein the step of converting Conpound 18 to
Conmpound 3A conprises reacting Conpound 18 with Conmpound 6: 0 u P~(ORla)2
~N/ (R12)n 60 6 wherein R14 is selected fromthe group consisting of

al kyl, cycl oal kyl, aryl, heteroaryl, and allyl, to yield Conpound 3A. 18. A
process for preparing Conmpound 20: 1YY" ..NRRoRn OH 5 0 NRL5R16 20
conprising cyclizing Conpound 21 O ,NRnR11 NRIsRls 21 10 wherein R10 and
R11 are each independently selected fromthe group consisting of H, alkyl,

| k : ; 3 h I
ar oups, Ry By So88Litom 3 arofh BhSHIRG oPaE oAl By 2 FLy T
al koxy, hg%?égr?/l,I%ld’alﬁ/'i,%yie?cli @grﬁé&md g&yl al kyl , and heteroaryl groups; and,

18. A process for preparing Compound 20:

20

comprising cyclizing Compound 21:

0
0] — ,\\NH10H11
k)

0™ "NRysRys
21
10 wherein Ry and Ry are each independently selected from the group

consisting of H, alkyl, alkoxy, C(O)R4, cycloalkyl, aryl, alkylaryl, arylalkyl, and
heteroary! groups, wherein Ry is selected from the group consisting of H, alkyl,
alkoxy, cycloalkyl, aryl, alkylaryi, arylalkyl, and heteroaryl groups; and,
R1s 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:

(2) converting Compound 9:
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R15 and R16 are each independently selected fromthe group consisting of H,
15 al kyl, cycloal kyl, aryl, alkylaryl, arylalkyl, and heteroaryl groups or,
when together wth the nitrogen to which they are attached, may forma 3-
to 6-nmenbered heterocyclic ring containing 1 to 3 heteroatons. 19. The
process of Claim 18, wherein Conpo qg 21 is prepared by a 20 process
conprising: (a) converting Conpoun 61 OOHH 9 to Conmpound 10: OH Z
CONRI SR16 5 10 ; and, (b) convert4 Compound 10 to Conpound 21. 20. The
process of Claim 19, wherein the step of converting Conpound 10 to Conpound
21 conprises: 10 (a) reducing Conpound 10 to Conpound 11: HO~( O RI1ISR16 11
; and, (b) reacting Conpound 11 widh Compound 22: 0 HONR ORI 15 22 to
yi el d Conpound 21.

to Compound 10:

o]

H
T
CONR15R1s
5 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:

10 (a) reducing Compound 10 to Compound 11:

HO><——\FO
NRis5R1g

1 ;and,

(b) reacting Compound 11 with Compound 22:

0o

Hog\G.\\NHmRﬂ
15 | 22
to yield Compound 21.
21, The process of Claim 19, wherein the step of converting Compound

10 to Compound 21 comprises:

20 (a) reacting Compound 10 with Compound 22

0

HO%,\\NH1OR11

22
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21. The process of Claim 19, wherein the step of converting Conpound 10 to
Compound 21 conprises: 20 (a) reacting Conpound 10 with Conpound 22 0 HO
., INHWAni 22 62 to yield Conpound 23: 0 ,NRtoRtt o NRLI5Rte 23 ; and, S (b)
reduci ng Conpound 23 to yield Conpound 21. 22. A process for preparing
Compound 3C. O HH NRtoRtt O HF 10 3C conprising: (a) reducing Conpound

200 O HH, . NRtoRn O HH Z~-NRtsRts
to yield Compound 23:

o

o aNR1oR1

D\
o NRisRig
23 ; and,

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

22. A process for preparing Compound 3C:

Q y

H
~NRygRyy
0
HEA

I

AN
Z N
U
F
10 ' 3C
comprising:
(a) reducing Compound 20:
0
y ~NR1oR1
o]
HEIA
o/\NR15R1s
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 R4 is selected from the group consisting of H, alkyl,
alkoxy, cycloalkyl, aryl, alkylaryl, arylalkyl, and heteroaryi groups;

Ry5 and Ry are each independently selected from the group consisting of H,
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15

20 15 wherein RIO and R11 are each independently selected fromthe group
consisting of H, alkyl, alkoxy, C(OR4, cycloal kyl, aryl, alkylaryl,

aryl al kyl, and heteroaryl groups, wherein R4 is selected fromthe group
consisting of H alkyl, alkoxy, cycloalkyl, aryl, alkylaryl, arylalkyl, and
het er oaryl groups; R15 and R16 are each mdependently sel ect ed fromthe

gr oalbylc@y@@ékylng%falkvlarmawlaxw angybétesvaryl groapgl or whepltegsther ar yl al kyl |

and heteroaryl groups, or when together wth the nitrogen to which they are
at twiti &g nitrageh to mhict8thayoar@- attavhedpgmayfotrrao8yiol G-membgredont aining 1 to 3
het eroatons to yield Conmpound 25: 5 0 HH ,NRIDR11 HHQ/-NRISRIg 25 (b)

hy dfigtolaoyOic fRgReHAG 11© SAERMARNS O HH NI O H 10 0 04 4 (c)
converting Conmpound 4 to Conpound 5: O H H .%\Ri oRjj

to yield Compound 25:
0
)):th_\\NHmHﬂ
o}
H:If

Oj\NHmHm

25 ;

(b) hydrolyzing Compound 25 to Compound 4:

QH H
~NR1gR1
0
H :

A
10 g7 OH

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

wNR1oR11

5 ; and,
- (d) converting Compound 5 to Compound 3C:
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15 0 rHa- HOH 5 ; and, (d) converting Conmpound 5 to Conpound 3C. 64 0O HH O
ANR1IoRn H N 3C. 5 23. The process of claim22, wherein the step of
converting Conmpound 5 to Conpound 3C conprises reacting Conpound 5 with
Compound 19: 0 (Oet)2 NF 19 to yield Conmpound 3C. 10 24. The process of
Claim 19, wherein Conpound 9 is converted to Conmpound 10 by a process

sel ected fromthe group [ (a) HOHI X' "NRs OH Re kl~ 10 10

9 NR5R6

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,
()
2
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 o : xR OH
— Rs X 0
PN Y
9 Li J 10 NRsRq
~ ¢F | )OP\ } //?j\
— .Rs
X X" N
15 /'\ X N Li Rg

and
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OP OP XAN R5 15 Li Re and 65 (b) 0 OH XxN;, RS OH Rs PdL"/CuY/ base 9 10
NR-'R6 OP O /AN, -RS PdLn/ CuY/ base Re wherein Pis a protecting group and X
is a leaving group and is selected 5 fromthe group consisting of C, Br,
I, and heterocyclic rings, Lis aligand and is selected fromPR 3 wherein
R is selected fromthe group consisting of alkyl, aryl, alkylaryl, and
NR', wherein R' is selected fromthe group consisting of alkyl, aryl, and
al kylaryl, Y is selected fromthe group consisting of d, Br, I, and R'' COQ,
wher(B)n R'* 10 is selected fromthe group consisting of alkyl, aryl,

al kylaryl, and arylal kyl, and n ranges fromO to 4. 25. A process for
prepari ng Conpound 29: j’\H , NRioRnh H 15 0 OR'

OH X N:R5 OH
PN i
X 0
PdL,/CuY/base
a \ / 10 NRSRE

\ /
OF

wherein P is a protecting group and X is a leaving group and is selected
5 from the group consisting of CI, Br, 1, 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, I, and R"”’COO, wherein R””

10 is selected from the group consisting of alkyl, aryl, alkylaryl, and arylalkyl, and

n ranges from 0 to 4.

25. A process for preparing Compound 29:

QH

~NR1oRq4
QO
HIA

15 o Ry
29

comprising cyclizing Compound 26:

0

O)k—_-\@_\\NR*]oFH b
)’\»

d ORyy



29 conprising cyclizing Conpound 26: 0 ONR ORI O OR' 66 26 wherein RO
and R' are each independently selected fromthe group consisting of H,

al kyl, al koxy, C(O R4, cycloalkyl, aryl, alkylaryl, arylalkyl, and

het eroaryl groups, wherein R4 is selected fromthe group consisting of H,

al kyl, 5 al koxy, cycloalkyl, arjl, alkylaryl, arvlaliysl, and heterearyl
groups, and R17 is selected fromt® group consisting of H alkyl,
cycloal kyl, aryl, arylalkyl, heteroaryl, and allyl groups. 26. The process

of cl aiwhezgin Riyearel R, Cargpeacidindépesdgntlypseiecteldyfram th® gpupress conpri si ng:
(a) reacting Conmpound 27: OH Co2Ri 7 27 with Conpound 22: 0 Ho .., NRIORti
15 cohsidtidgyofe, hikRRIRERY CRO)H), yABRIRYE Aryl, alkylaryl, arylalkyl, and
heteroaryl groups, wherein R, is selected from the group consisting of H, alkyl,
5 alkowy, cvcloalivl, arvl, alleyvlaryl, anvialkyl, and heterecaryl groups, and

R4z is selected from the group consisting of H, alkyl, cycloalkyl, aryl,

arylalkyl, heteroaryl, and allyl groups.

26. The process of claim 25, wherein Compound 26 is prepared by a
10 process comprising:
(a) reacting Compound 27:

OH

COzRy7
27

with Compound 22:

HO%.\\NH10R11
15

to yield Compound 28:

o = ~NRygRy

o ORw

20 28 ; and,

(b) reducing Compound 28 to yield Compound 26.
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10

15

o OR'" 20 28 ; and, (b) reducing Conpound 28 to yield Conpound 26. 67 27.
The process of claim 26 wherein conpound 27 is prepared by converting
Compound 9: OH 9 5 to Compound 27: OH 002R17 27. 28. A process for
prepari ng Conpound 3C. HHNRaRji H=Fl 10 F 3C conprising: (a)
reduci ng Conpound 29: O 1 .NRIoRii OHH O-ORL7 15 29

27. The process of claim 26 wherein compound 27 is prepared by

converting Compound 9:

AN

g
to Compound 27:

OH
)\

COzR17

27.

28. A process for preparing Compound 3C:

QW H
~NR1pR44
(o}
HEH

X

x>
“
)
F
3C
compyrising:
(a) reducing Compound 29:
0
)»:Hbija\"mwﬁﬂ
o
H A
oi\ORw

29
wherein Rip and R14 are each independently selected from the group
consisting of H, alkyl, alkoxy, C(O)Rs, cycloalkyl, aryl, alkylaryl, arylalkyl, and

heteroaryl groups, wherein R is selected from the group consisting of H, alkyl,
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wherein Rlo and R11 are each independently selected fromthe group
consisting of H, alkyl, alkoxy, C(OR4, cycloal kyl, aryl, alkylaryl,

aryl al kyl, and heteroaryl groups, wherein R4 is selected fromthe group
consisting of H alkyl, 68 alkoxy, cycloalkyl, aryl, alkylaryl, arylalkyl,
and heteroaryl rou s, and R17 is selected from the group consisting of H,
al klkoxgy@ycinal ,|ary ajylant argelsyl, andraterasaylgroupsaand Ry) isgr oups, to yiel d
Compound 4: OHHARIORI, OH ' 0/ OH 5 4 (b) converting Conpound 4 to
Oorrpelentécﬁfrom(ihéigi‘b%nﬁstm@ofﬂ alkyl, Glyﬂoall@I aryl andalkylc) converting
Compound 5 to Conpound 3C. O HHOHHN 3C

heteroaryl, and allyl groups, to yield Compound 4:

wNR1oR14

10 5 ; and,

o H H
mnl\lﬁmnn
o)
RN
SN
I 7
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 29. The process of claim 28, wherein the step of converting Conmpound 5
to Conpound 3C conprises reacting Conpound 5 with Conpound 19: 69 0 n P-1
(CEt)2 ~NF fv to yield Conmpound 3C. 5 30. A conpound of the follow ng
formula: OH CONR15R16 10 wherein R15 and R16 are each independently
selected fromthe group consisting of H, alkyl, cycloal kyl, aryl,

al kyl aryl, arylal kyl, and heteroaryg groups or, when together wth the
nitrogen to which they are attacheﬁ{ may 10 forma 5- to 7-nenbered
heterocyclic ring containing 1 tof 3 ®b=roatonms. 31. A conpound of the
followwng formula: HOO \\ NRISRE[ 11 wherein R15 and R16 are each

i ndependently sel ected fron1theloruup 15 consisting of H, alkyl,

cycloal kyl, aryl, alkylaryl, arylll kyl, and heteroaryl groups or, when
together with the nitrogen to o) they are attached, may forma 5- to
7- menbered heterocyclic ring co @1 r,l-i ng 1 to 3 heteroatons.

to yield Compound 3C.
5 30. A compound of the following formula:
OH
/\

CONR45Rs
10

wherein Rys and Ry 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

10 form a 5- to 7-membered heterocyclic ring containing 1 to 3 heteroatoms.
31. A compound of the following formula:
Ho-—<:\,:o
NR1sR1g

1

wherein Rys and R4 are each independently selected from the group
15 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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70 32. A conmpound of the following fornula: OR2 CAR3 0 Rl 2 wherein Ri
Is selected fromthe group consisting of OR4 and NR5SR8, R2 and R3 are

i ndependently selected fromthe group consisting of H NHR7, 5 OR8,

NHC( O R4, and N02 or R2 and R3, taken together with the carbon to which

t hey ar ttac form nbered heterocyclic ring containing 1
to 3 het¥roat O“IB%'"Q ta%fd&’!‘"n " R3 are each independently sel ected
fromthe group consisti ng of H, aI kyI aI koxy, cycloal kyl, aryl, alkylaryl,
aryl al kyl, and 10 heteroaryl grofps, - en R is NRSRS then R5 and R5 may,
together with the nitrogen to ¢ y are attached, forma 3- to

6- menbered heterocyclic ring c ain R0 3 heteroatoms. 33. A conpound
of the following formula: OH'R 27 ORSH O/-Rt 15 1 wherein Rl is

sel ected fromthe group.consisti OR4 and NR5R8, R2 and R3 are

I ndependently selected fromthe group consisting of H NHR7, OR8, NHC(O) R4,
and NO2, or R2 and R3, taken togethe? with the carbon to Wmch they are
attached, forma 3- to 5-nenbered heterocyclic ring containing 1 to 3

wherein Ry is selected from the group consisting of OR4 and NRsRs, Rz

and R; are independently selected from the group consisting of H, NHRz,

5 ORg, NHC(O)R4, and NO., or Rz and Rg, 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 Rg are each independently selected from the group
consisting of H, alkyl, alkoxy, cycloalkyl, aryl, alkylaryl, arylalkyl, and
10 heteroaryl groups, or when R; is NRsRg then Rs and Rg 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 R is selected from the group consisting of OR4 and NRsRg,
Rz and Rs are independently selected from the group consisting of H, NHR7, ORg,
NHC(O)R4, and NO,, or R, and Rs, taken together with the carbon to which they
are attached, form a 3- to 5-membered heterocyclic ring containing 1 to 3

20  heteroatoms, and
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20 heteroatons, and 71 R4, R5, Re, R7, and R5 are each independently

selected fromthe group consisting of H, alkyl, alkoxy, cycloal kyl, aryl,
al kylaryl, arylal kyl, and heteroaryl groups, or when R, is NR5R5 then R5
and R6 may, together with the nitrogen to which they are attached, forma

- to 7- het er clic.,rj cont 1 5 to 3 heteroatons. 34. A
comounﬁegb’teé@%blarﬂ/ﬁhérq%@‘Fﬁﬂngl%p Mse g thereypr 30 wherein
R, is selected fromthe grou onsi sting of OR4 and NR5R5, 10 R4, R5, and R6
ar e asmsisting o bk radigs aliioxwlaye yl rasph eleylasylo anylalkyhandttieteroarylH, al ky!
al koxy, cycloal kyl, aryl, alkylaryl, arylal kyl, and heteroaryl groups, or

whergrBiips,sorMiRER Rh@NR@FﬁnﬂerRﬂsrmw,Ré n@ﬂfogethértvhtﬁﬂfém‘i'trbgégw to which
they are attached, forma 5- to 7-nenbered heterocyclic ring containing 1

to 3yiehen r‘ér@tta&% %&nﬁbo\iél @r‘ﬁbﬁb@r@d ﬁé@g?@@ﬁ?%ﬁﬁg%@@eh ected from

t he group consisting o al koxy, aryl,
| Kyl | kyl, and heteroaryl groups. 35. A conpound of the
Pol 183 %%‘ef%%? OR R R3 20

34. A compound of the following formula:

Ry

~NRygR4
(o]
H:H

O/\Fﬁ
30

wherein R; is selected from the group consisting of OR,; and NRsRs,
10 Rs, Rs, 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; and
15 R1p and R11 are each independently selected from the group consisting of
H, alkyl, alkoxy, C(O)Ra, cycloalkyl, aryl, alkylaryl, arylalkyl, and heteroaryl

groups.

35. A compound of the following formula:

Ra
20

wherein Ry is selected from the group consisting of H and R, and

]
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wherein R is selected fromthe group consisting of Hand R4, and 72 R2 and
R3 are independently selected fromthe group consisting of H NHR5, ORS,
NHC(O R7, and NO2, or R2 and R3, taken together with the carbon to which
they are attached, forma 5- to 7- nenbered heterocyclic ring containing 1
to 3 5 hetero

ons nd R4, RS i and,R7.are each independently sel ected
fromthe grou(s)li12 équés%rPr{ﬁd%ﬂeqqeﬁgyﬁ?&Ct%JQB%Ehe&f@PBQ Isting Q)| | al kyl aryl,
arylal kyl, a het er oar vl roups. 10 36. A conpound of the follow ng
f or rruHaN%&E%ﬂQ@“‘éﬁ@)%- Qng\MQz-ei n R is selected fromthe group consisting
of OR4 and NRS5R6, R2 and R3 are independently selected fromthe group

consi sting of orif:; and RJRRkeORBgetNECNWINMIE carstbriN@Pwhich tReyanel R3, t aken
together with the carbon to which they are attached, forma 5- to

7- menhegshéd) faren 8@+ ab 7C niérmber@Itigtbricyoliclrihg cdntdiihg oRt®ns, and R4, R5, Rs,
R7, and Rs are each independently selected Tromthe 20 group consi sting of

, al X cycl oal kyl, aryl, alkylaryl, arylalkyl, and heteroaryl
g_r oupﬁ%{tle(r)orﬁé\}lhﬁghéﬂ? is NRSRS then R5 and Rs may. together 73 with the
nitrogen Fth? ﬁ'g? Hf;,hart1(§1 ﬁé aarcreeea%l;}wtir{i1 gpee?idefnﬂ{l rQef’lec’ﬂf"éd ¥r8m6fhen§rrc]>1exgr ed

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 NRsRe,
Rz and Rs are independently selected from the group consisting of
15 H, NHR7, ORs, NHC(O)R4, and NO2, 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, 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 Res may, together
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heterocyclic ring containing 1 to 3 heteroatons. 5 74

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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