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SYNTHESI S OF HI MBACI NE ANALOGS Field of t he Inventlon 5Th|s
application discloses a novel process for the preparation of

hi nbaci ne anal ogs useful as thronmbin receptor antagonists. The

i nvention disclosed hereinis related to those disclosed in the

co- pendi ng patent applications corresponding to U. S. provisional
application serial mHE@’%FQ‘q@??@'w oW, 60/644,428, all
four applications dat e. Background
of the Invention Throrabin is known to have a variety of activities
in different cell 15 types and thronmbin receptors are known to be
present in such cell types as human platel ets, vascul ar snooth nuscle
cells, endothelial cells, and fibroblasts. Thronbin receptor

ant agoni sts nay be useful in the treatnent of thronbotic,

i nflammatory, atherosclerotic and fibroproliferative disorders, as
wel | as other disorders in which thronbin 20 and its receptor play a
pat hol ogi cal role. See, forpgﬁaqghgglgv§nhgn063 847, the disclosure
of which is incorporated by reference. -

5 This application discloses a novel process for the preparation of
himbacine analogs 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, 60/643,927; 60/644,464; and, 60/644,428, all four applications

10 having been filed on the same date,

Background of the Invention

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

6,063,847, the disclosure of which is incorporated by reference.



One thronbin receptor antagonist is conpound A, and salts thereof:

A This conpound is an orally bioavailable thronbin receptor 5

ant agoni st derived from hi nbaci ne. Conpound A nmay be synthesized from
Conmpound 2A: HR4 O0OR3 2A wherein R2 is selected fromthe group

consi sting of alkyl, cycloalkyl, apyl, 10 and heteroaryl and Rs, R4
and Rs are each independently selected fromthe group consisting of

H al kyl, cy roaryl 00 R4 and
Rs, toget heré\i/l\ngt M’Ilaem?%% otﬁgg%k% W\Af’n %ﬁg?ﬁﬁéiar ec1 ached forma
5- to 7yfyeihered ring having from 0-3 heteroatons as ring nenbers.

ANHCOOEt

This compound is an orally bioavailable thrombin receptor
5 antagonist derived from himbacine. Compound A may be synthesized

from Compound 2A:

Q H Ry
O Rg
R W | H
o ORs
2A

wherein Rz is selected from the group consisting of alkyl, cycloalkyl, aryl,
10  and heteroaryl and Ra, R4 and Rs are each independently selected from
the group consisting of H, alkyl, cycloalkyl, aryl, arylalkyl, and
heteroaryl; or, Rs and Rs, together with the carbon atom to which they
are attached, form a 5- to 7-membered ring having from 0-3 heteroatoms

as ring members.



{

1 - 3 - Processes for the synthesis of simlar hinbacine

anal og thrombi n receptor antagoni sts are disclosed in U S. pat. no.
6, 063,847, and U.S. application no. 10/412,982, and the synthesis of
the bisulfate salt of a particular hinabacine analog is disclosed in
U S. application no. 5 10/755, 066, ,the discl osures of which are

i ncorporated by reference herein. %fmmary of the Invention 10The

present applsGaLln o By de9nals LITBLOKET, REREES . Lok RLERRELND

hi nbaci ne anal’'0gs Trom conpoun I pr oV s may all ow

for at on easj er .. | fd.cati Y. CT, l,Lzat | easi er

scal abi F?Ct%é?oraar{l ag(fr)rlf)l%%vaer éﬁgégégéesd sﬁf/tlj € 3’ ag‘nn?'r%ééjgé f}?ean%?g%t | oner .

150ne a3pelastia S0°10/MHNES blPuR BLAGSIS of Ble RESRRL it ormound 1
particular himbacine analog is disclosed in U.S. application no.

5 10/755,066, the disclosures of which are incorporated by reference

herein.

Summary of the Invention

10 The present application provides an improved process for preparing
himbacine analogs from compound 24A. The improved process may allow
for at least one of easier purification by crystallization, easier scalability,

and improved process yield on the desired enantiomer.

15 One aspect of the invention is a process for preparing Compound
1:
Q
H K NHCO,R

d
R: HI|H

=

_

Q

Ry

\Rs

wherein R; and Rz are each independently selected from the group
consisting of alkyl, cycloalkyl, aryl, and heteroaryl; and Rs is selected
20 from the group consisting of halogen, -CFs, C1-Cs alkyl, C1-Cs alkoxy, and



1 wherein R and Rz are each independently selected fromthe
group consisting of alkyl, cycloal kyl, aryl, and heteroaryl; and R38
is selected 20 fromthe group consisting of hal ogen, -CFs, G -C6

al kyl, C-C6 al koxy, and - 4 - -COOR9, wherein RO is selected from
the group consisting of H Cl-C6 a kyI phenyl, and benzyl,

conpri si ng (a) reduci ng a Compoun 52A \/\herel n R2 is as defined

above, a I L I e heteroaryl
R4 and gg are’ eacEE a%';'e%"esric %{y Se e(%‘g‘(gigfmr)%% ﬁﬁ%%ﬁo&o consi st ng
of H, alaﬂy’ﬂ,,pf@ywﬂ(miiybmwmpm&ygal kyl, and heteroaryl; or, R4 and
Rs, togg)t}g&%%@égﬁﬁgﬁh ofp.atomto whi ch they 10 are attached form
g

ed ri aving fromO0-3 heteroatons as ring rrenbers
to form28. * Q H Re
0 Rs
g, H | H
OR,
5 24

wherein Rg is as defined above, and Rz is H, alkyl, cycloalkyl, aryl,
arylalkyl or heteroaryl; Re and Rs are each independently selected from
the group consisting of H, alkyl, cycloalkyl, aryl, arylalkyl, and
heteroaryl; or, R4 and Rs, together with the carbon atom to which they

10 are attached, form a 5- to 7-membered ring having from 0-3 heteroatoms

as ring members, to form 2B:

o)
R, H | H
0% TOR;
2B
followed by hydrolysis of 2B to yield a compound of formula 3:
Q H H
0
o}
R: H A
0 OH

15 3
wherein Rz is as defined above;

{b) aminating Compound 3 to yield Compound 4:



]

Q0 HR2 HH OOR3 2B foll owed by hydrolysis of 28 to vyi eld a conpound
of formula 3: OHH OOH 153 wherein R2 is as defined above; (b)
am nati ng Conpound 3 to yield Conpound 4:

-5-

Q H H
NRGR;!
o)
R} H
0 OH
4
wherein R is as defined above, and Rs and Ry are each independently

selected from the group consisting of H, alkyl, cycloalkyl, aryl, and
5 heteroaryl;

(c} converting Compound 4 to Compound 5:

O H H H
N ORy
s T
O
Rz B H
0 OH
5

wherein R1 and Rp are as defined above;

10 (d) converting Compound 5 to Compound 6:

QN H Oy
N. _ORq
g b
o)
R H
2 H o
6

wherein R; and R are as defined above; and

(e) reacting Compound 6 with compound 7:

O
1l

P
“{ORg)z

15 Rg

to prepare Compound 1. In some embodiments, Compound 7 is treated
with a base, and the carbanion product is then reacted with Compound

6. Preferably, the base is an organometallic compound. More preferably,



o e e g o e m A o e

- 5- 4 wherein R2 is as defined above, and R6 and R7 are each
I ndependent|ly selected fromthe group consisting of H alkyl,
cycl oal kyl, aryl, and 5 heteroaryl; (c) converting Conpound 4 to
Compound 5: 5 wherein R and R2 are as defined above; 10 (d)
converting Conpound 5 to Conpound g:

the base is an organolithium compound. Still more preferably, the base

is LDA.

In some embodiments, R; is alkyl. In some embodiments, R; is
5 ethyl. In some embodiments, Rz is 3-fluoro. In some embodiments, Rz is

alkyl. In some embodiments, Compound 7 has the structure 7A;

¢
P~(oED,

[ )

L

F

TA

H

wherein said compound 7A is prepared by esterifying Compound 8:

CHg
[N
s

10 8
with a phosphate ester to yield Compound TA. In some embodiments,
said phosphate ester is a dialkyl halophosphate. In some embodiments,
the dialkyl halophosphate is diethyl chlorophosphate. In some
embodiments, Compound 8 is prepared by reacting 3-bromo-5-methyl

15 pyridine with 3-fluorophenylboronic acid.



1

OH HR2 H CHO 6 wherein Ri
and R2 are as defined above; and (e) reacting Conpound 6 with
conpound 7: 0 '10R1)2 7 15R8 to prepare Conpound 1. In sone

enbodi ments, Conpound 7 is treated with a base, and the carbanion
product is then reacted with Conpound 6. Preferably, the base is an

organonetal | i c conpound. More preferably, - 6 - the base is an
organol i thi uEn conpound. Still pore preferably, the base is WA
n some embodiments, Rz is methyl. In some embodiments, Rs is

selected from the group consisting of hydrogen, alkyl, and arylalkyl. In
some embodiments, Rs is arylalkyl. In some embodiments, R3 is benzyl.
In some embodiments, R4 and Rs, taken together with the carbon to

5 which they are attached, form a five-membered heterocycl‘ic ring. In
some embodiments, the five-membered heterocyclic ring contains three
carbon atoms and two oxygen atoms. In some embodiments, Rg and Ry
are each H.

In some embodiments, Compound 2A is reduced with hydrogen in

10 the presence of a nable metal catalyst.

In some embodiments, Compound 3 is aminated with an
ammonium salt in the presence of a noble metal catalyst. In some
embodiments, the ammonium salt is ammonium formate. In some

15 embodiments, the noble metal catalyst is palladium on carbon.

In some embodiments, Compound 4 is converted to Compound 5
by reacting Compound 4 with an alkyl haloformate. In some
embodiments, the alkyl haloformate is an alkyl chioroformate. In some

20 embodiments, the alkyl chloroformate is ethyl chloroformate.

In some embodiments, Compound 5 is converted to Compound 6
by reacting Compound 5 with oxalyl chloride in the presence of DMF,
followed by reduction.

25



In sone enbodinents, R is alkyl. In sonme enbodiﬁeﬁ?g; R is 5'efh§l.
In sone enbodi nents, R8 is 3-fluor. In some enbodi ments, R2 is al kyl.

In sone enbodi nents, Conpound 7 has the structure 7A: 7A wherein
said conmpound 7A is prepared by esterifying Conmpound 8: 108 with a
phosphate ester to yield Conpound A |In sone enbodi ments, said
phosphate ester is a dial kyl hal ophosphate. In sone enbodi nents, the

erhod ment s oogoang o apeh; CXnp AR Py BB iy 15

pyridin i -&l uor ophenyl boronic acid. - 7 In sone
enbodingﬁﬁg%%gééé met hyl. In sone enbodi nents, R3 is selected from
the group consisting of hydrogeng alkyl, and azylalkyl. In sone
enbodi ments, R3 is arylal kyl. Injlsome egpodi ments, R3 is benzyl. In
sonme enbodi nents, R4 and Rs, t %FFTﬂffﬁﬁgr with the carbon to

0% “OR o

wherein Rz, Ra, Rs and Rs are as defined above. In some embodiments,

5 Rsand Rs, taken together with the hydrogen to which they are attached,
form a five-membered heterocyclic ring. Rs is arylalkyl. In some
embodiments, Rj is benzyl.

In some embodiments, the invention encompasses a process for

o
Yo oo
o
HIf

preparing Compound A:

T

10

said process comprising:

(a) hydrolyzing Compound 2B:

15
to yield Compound 3:



5 which they are attached, forma five-nenbered heterocyclic ring. In
sone enbodi nents, the five-nmenbered heterocyclic ring contains three
carbon atons and two oxygen atons. In sone enbodi nents, 126 and R7
are each H. In some enbodi ments, Conmpound 2A is reduced

wi th hydrogen in 10 the presence of a noble netal catalyst. In sone
enbodi nents, Conpound 3 is amnated"with an ammonium salt in the
presence of a noble netal cat aloyst. I n sone enbodi nents, the ammoni um
salt is amonium formate In song Y5 eéfbodi pents, the noble netal

catal yst is palladiumon carbor. ¥sonme enbodi nents, Conpound
3 Conpound 4 with an al kyl

4 is converted to Conpound 5 b \ i
hal of ormate. In some enbodi mentf, | the; al kyl hal oformate is an al kyl
chloroformate. In some 20 enbodi n'égi\s, the al kyl chloroformate is
et hyl chl orof or mat e. I n son® erfbdi nents, Conpound 5 is
converted to Conpound 6 by reacting Conpgund; 5 with oxalyl chloride
in the presence of DMF, followed by reduction. 25 - 8 - I n
sonme enbodi ments, Conmpound 2A is prepared by cyclizing Conpound 9:

5 (b) aminating Compound 3 to yield Compound 4:

10

i5

‘\H \“,DE’:

o

6 ; and,
20 {(e) converting Compound 6 to Compound A:



et b s i € 50 bt S s

9 wherein R2, R3, R4 and Rs are as defined above. In sone
enbodi nents, 5 R4 and 123, taken together with the hydrogen to which
they are attached, forma five-nenbered heterocyclic ring. Rais
aryl al kyl In some enbodi nents, Rs is benzyl. In some:

enbodi nents, the invention enconpagses a process for preparing
Conpound A: A; said process conprising: (a) hydrolyzing Conpound 2B:
to yield Conpound 3:

0o H H

Om‘ \“TOEt

0

I
e
/Ill-

[N
-

F
A.

5 In some embodiments, Compound 6 is reacted with Compound 7A:

1]
P“(OE;)2

[N
P

TA
to yield Compound A, In some embodiments, Compound 7A is treated
with a base, and the carbanion product is then reacted with Compound
10 6. In some embodiments, the base is an organometallic compound. In
some embodiments, the organometallic compound is an organolithium
compound. In some embodiments, the organoclithinum compound is LDA.
In some embodiments, Compound 7A is prepared by esterifying

Compound 8:



4

i

; 10 (c) converting Conpound 4 to Conpound 5: 5; 15 (d)

converting Conmpound $ to Conpound 6:
6 ; and, 20 (e) converting Conpound 6 to Conpound A:

10

15

20

-11 -
CHg

B
s

8

with a phosphate ester to yield Compound 7A. In some
embodiments, the phosphate ester is a dialkyl halophosphate. In some
embodiments, the dialkyl halophosphate is diethyl chlorophosphate. In
some embodiments, the esterification is conducted in the presence of a
base. In some embodiments, the base is a dialkyl lithium amide. In
some embodiments, the dialkyl lithium amide is diisopropyl lithitum
amide. In some embodiments, Compound 8 is prepared by reacting 3-
bromo-5-methyl pyridine with 3-fluorophenylboronic acid. In some
embodiments, R is alkyl. In some embodiments, R; is ethyl. In some
embodiments, Compound 2B is hydrolyzed with a mineral acid, In some
embodiments, Compound 3 is aminated with an ammonium salt in the
presence of a noble metal catalyst. In some embodiments, the
ammonium salt is ammonium formate. In some embodiments, the noble
metal catalyst is palladium on carbon. In some embodiments,
Compound 4 is converted to Compound 5 by reacting Compound 4 with
an alkyl haloformate. In some embodiments, the alkyl haloformate is an
alkyl chloroformate. In some embodiments, the alkyl chloroformate is
ethyl chloroformate. In some embodiments, Compound 5 is converted to

Compound 6 by reacting Compound § with oxalyl chloride in the



-10-
TA:

10

15

20

7A to yield Conmpound A
treated with a base,
Conmpound 10 6.
conpound.
organol i t hi um conmpound.
conpound i s LDA

esteri f PFRGREHRD

A. 5 In sone enbodi nents, Conpound 6 is reacted with Conpound
In sonme enbodi nents, Conmpound 7A is

and the carbanion product is then reacted with
In sonme enbodi nents, the base is an organonetal lic

I n sone enbodi nents, the organonetaffic conmpound is an

I n sonme emrodi nents, the organolithium

In_some enbodi nents, Conpound 7A is prepared by
fgllowed by hydrogenation in the presence o terE

amine. In some embodiments, Compound 2B is prepared by cyclizing

Compound 9:

Q
(@]
O ——
0
)EO
0% ORy

9,
wherein R3 is as defined above. In some embodiments, Rz is arylalkyl. In

some embodiments, Rs is benzyl.

In some embodiments, Compound 1 is further reacted with an
organic or inorganic acid to form a pharmaceutically acceptable salt. In
some embodiments, the acid is selected from the group consisting of
hydrochloric, sulfuric, phosphoric, acetic, citric, oxalic, malonic, salicylic,
malic, fumaric, succinic, ascorbic, maleic, and methanesulfonic acids. In
some embodiments, the pharmaceutically acceptable salt is the bisulfate

salt.

Ancther aspect of the invention is a novel compound 3:

0 K H
O
o]
Rz H R
o] OH
3,

wherein Rz is selected from the group consisting of alkyl, cycloalkyl, aryl,
and heteroaryl.



| e e e mema o . .
8 wi th a phosphate ester to yield Conpound 7A. In sone
enbodi nents, the phosphate ester is a dial kyl hal ophosphate. In sone
5 enbodi nents, the dial kyl hal ophosphate is diethyl chlorophosphate.
In some enbodi nents, the esterification is conducted in the presence
of a base. In sonme enbodi nents, yq%_base is a dialkyl lithium am de.
I n sone enbodi nents, the dialkyl |i7thiumamde is diisopropyl Iithium

amde. In so nbodi nen Co und 8 i s .prepare reacting 3- 10
br ono- 5- net Ky Dt%?/rr?s |e§gom$m§g$€%ﬁso%ﬁ8m}lcﬁgﬁ?ﬁﬁn% %%:/I d. In sone
enbodi ments, Rl is alkyl. In spne enbodinents, R is ethyl. In sone
enbodi nents, Conpound 28 is hyyr Wt R a mneral acid. In some
enbodi nents, Conpound 3 is ang an amoniumsalt in the
presence of a noble netal catalyst 4 sonme enbodi nents, the 15
amoni um salt is anmoni um forghte.| Iin sone enbodi nents, the noble
nmetal, catalyst is palladiumon ¢drfsan. In sone enbodi nents, Conpound
4 is converted to Conmpound 5 by reacting Conpound 4 with an al kyl

hal of ormate. In sone enbodi ments, the al kyl hal oformate is an al kyl
chloroformate. In some enbodi ments, the al kyl chloroformate is 20

et hyl chl or aherdiRg.is kélesRdErealt0dighRR SonTEHMOUNALD], icycleamyerted to
Conmpound 6 by reacting Conpound 5 with oxalyl chloride in the -12 -
pr esencary®f addheteh6ddyfwed by hydrogenation in the presence of .
tertam ne. In sonme enbodi ments, Conpound 2B is prepared by cyclizing

Conmpound 9: an®RYR2dS®; are each independently selected from the group

consisting of H, alkyl, cycloalkyl, aryl, and heteroaryl.
Still another aspect of the present invention is a novel compound of the

following formula:

QA H H H
N._ _.OR,
g T
0
Rz H H
10 0¥ TOH
5

wherein R; and Rz are each independently selected from the group
consisting of alkyl, cycloalkyl, aryl, and heteroaryl, and
R is selected from the group consisting of alkyl, cycloalkyl, aryl,
15 and heteroaryl.
In some embodiments, the invention encompasses any of the

following compounds:



wherein R3 is as defined above. In sonme enbodinents, R3 is arylal kyl.
I n sone enbodi nents, R3 is benzyl. In sone enbodi nents, Conpound 1 is
further reacted wth an 10 organic or inorganic acid to forma
pharmaceutically acceptable salt. In sonme enbodi nents, the acid is
sel ected fromthe group consistingof hydrochloric, sulfuric,
phosphoric, acetic, citric, oxalic, malonic, salicylic, malic,

fumari c, sucq;nig{ ascorbic, maleic, and nethanesul fonic acids. In

sonme enbodiyrent« e _phar gaceutwvcal | y acceptable salt is the
bi sul fateg, her é7i nvention is a novel conpound
3: 3, 20 I s seleg om t he group consisting of alkyl,

| ,H and het ef/oar Anot her aspect of the invention is

2 J Ro
a novel conpqu#Ad

Sk 0

OH
H 3
Q H H
QM i H § OR
N._ _OR, a \"' 1
9 T
a 0
H LY,
Rz H
CHO and 0¥ “OH

A further understanding of the invention will be had from the

5 following detailed description of the invention.

Detailed Description of the Invention

The following definitions and terms are used herein or are

10  otherwise known to a skilled artisan. Except where stated otherwise, the
definitions apply throughout the specification and claims. Chemical
names, common names and chemical structures may be used
interchangeably to describe the same structure. These definitions apply
regardless of whether a term is used by itself or in combination with

15 other terms, unless otherwise indicated. Hence, the definition of "alkyl"
applies to "alkyl" as well as the "alkyl" portions of "hydroxyalkyl,”

"haloalkyl," "alkoxy," etc.



|
4, wherein R2 is selected fromthe group consisting of

al kyl, cycloal kyl, 5 aryl, and heteroaryl, and R6 and R7 are
each independently selected fromthe group consisting of H, alkyl,
cycloal kyl, aryl, and heteroaryl. Still another aspect of the present

invention is a novel conpound of the followng formula: 10 5
wherein Rl and R2 are each |ndep€ﬂ§€ntly sel ected fromthe group

consisting qf alkyl, cycloalkyl, aryl, and heteroaryl, and

R is select eF’T’ StheriasegkRRyp C%W@Fisqu sk veY todbecta thecsanitrrab ke, aryl |
15 and heter In sqonme enbodi ments, the invention
enconpaBeey © gﬁ aﬁhmﬁeﬁ& f9tor PaUERlG temsubstigient (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

5 example, a cycloalkylalkyl substituent attaches to a targeted structure
through the latter “alkyl” portion of the substituent (e.g., structure-alkyl-
cycloalkyl).

The identity of each variable appearing more than once in a
10  formula may be independently selected from the definition for that

variable, unless otherwise indicated.

Unless stated, shown or otherwise known to be the contrary, all
atoms illustrated in chemical formulas for covalent compounds possess
15 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
20 presence of parentheses around an atom in a chemical formula. For
example, a carbonyl functionality, -CO-, may also be represented in a
chemical formula by -C(O)}-, or -C(=0)-. One skilled in the art will be able
to determine the presence or absence of double (and triple bonds) in a

covalently-bonded molecule. For instance, it is readily recognized that a
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A further understanding of the invention will be had fromthe 5
foll owi ng detailed description of the invention. Detail ed Description
of the Invention The following definitions and terns are used herein
or are 10 otherwi se known to a skilled artisan. Except where stated
ot herwi se, the definitions apply throughout the specification and
clai ns. Chenical names, common nafBs and chenical structures may be
used intehégggﬁeably to describe the sane structure. These

def i ni t§8 RGUORAILY IRa% Be serrgprittad bY aCOSH 1HOlR -Gy O)@Bel f or
in conbination with 15 other terns, unless otherw se indicated.
Hence, i inition of "alkyl" applies to "alkyl" as well as the
"al kyl" portions of "hydroxyal kyl," "hal oal kyl ," "al koy," etc. 1 -
15 - Unl ess ot herwi se known, stated or shown to be to the

contrary, the point of attachnent for a nultiple termsubstituent
(two or nor dREdeTR “RRERroatonLc arsek Betein, menns pynitrogemaivdfuseret y) to
a subject structure jis through the |ast naned termof the nultiple
t er M suBYEFP @éoin: Melinle betarpriomsaindiie|semic@zionpl mgy beiths shmgent
attaches to a targeted structure through the latter "al kyl™ portion
of the YudEerantent (e.g., structure-al kyl cycl oal kyl). The
identity of each variable appearing nore than once in a 10 formul a
may be independently selected fromthe definition for that vari able,
unl ess ot herw se indi cat ed.
As used herein, the term "alkyl' means an aliphatic hydrocarbon
group that can be straight or branched and comprises 1 to about 24
10 carbon atoms in the chain. Preferred alkyl groups comprise 1 to about
15 carbon atoms in the chain. More preferred alkyl groups comprise 1 to
about 6 carbon atoms in the chain. “Branched” means that one or more
lower alkyl groups such as methyl, ethyl or propyl, are attached to a
linear alkyl chain. The alkyl can be substituted by one or more
15 substituents independently selected from the group consisting of halo,
aryl, cycloalkyi, cyano, hydroxy, alkoxy, alkylthio, amino, -NH{alkyl), -
NH(cycloalkyl), -N(alkyl)z (which alkyls can be the same or different),
carboxy and —C{O)0O-alkyl. Non-limiting examples of suitable alkyl
groups include methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, n-
20 pentyl, hepiyl, nonyl, decyl, fluoromethyl, triftnoromethyl and

cyclopropylmethyl.

"Alkenyl" means an aliphatic hydrocarbon group (straight or

branched carbon chain) comprising one or more double bonds in the
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Unl ess stated, shown or otherwi se known to be the contrary, all atons
illustrated in chem cal fornulas for coval ent conpounds possess 15
normal val enci es. Thus, hydrogen atons, double bonds, triple bonds
and ring structures need not be expressly depicted in a general

chem cal fornula. Double bonds, where appropriate, may be represented
by the 20 presence of parenthesesqaround an atomin a chem cal
formul a. For exanple, a carbonyl functionality, -CO, may al so be

repr esepiad Jnfd FnitheEnCal céxg{éggiea J}Xlﬁc%ﬂ)pg‘atecgr Us%f%%egl pne skilled

in the art wll be able to rm ne the presence or a nce of

doubl e £andsthhRlog RARIS ), hflod f@\é%lb%ﬂtatxmg%cigg cﬂglrﬁgﬂleﬁfaﬂ:l?r
instance, It is readily recognized that a - 16 - carboxy

functi ' e. ﬁﬁﬁgg éﬂ%hqu§}%u‘ 11e 6= -1 or
- CO2H. 8% hwug%ggt%edrfn m&'rp et er%%t om "™ as ugé%%)efglle%br%}f E&%%ﬁgﬁa

Ni tr 0geg cafibdd oﬂmﬁh@%% gglg%w gﬂpigﬁﬁgggaggﬁ%w the same

group may be the sane or d erein, Yhe term

L) SRR o RS P RSBl R, 2L 0

branche nd conprises rn the chain.

Preferr P i t rbon,at ons..in the
chai n. ﬁg}%tgﬁe?%agg’da lgfﬁw ! ré (ﬁléasl o] %H)s%&% a@%’}%bg\lrﬁé'gmé%?%on at ons
in the j " ! P r ower _al kyl _groups
such as raprs? o eREE SRRt Sho AR, Bl Brosdtl Bkt |

chain. It _ S L tyuted by one or nore 15 substituents

i ndepenggﬁ?@éﬁsdéleglﬁgggﬂ g%ﬁeh‘gﬂgroup consi sting of halo, aryl,

cycl oal kyl, cyano, hydroxy, al koxy, alkylthio, am no, -NH(alkyl),
NH(cycl oal kyl'), -N(alkyl)2 (which alkyls can be the sane or

di f t), -CL0) 0= al kyl. .. - j.m ti f
sui 1801 o 41 9RO LB A S oo R I RS P 8r opy!
n- but yl

thetrét%lrjé g:{vhlerr]&, the terms alkylene and alkenylene, respectively, are

used.

"Alkoxy" means an alkyl-O- group in which the alkyl group is as
15  previously described. Useful alkoxy groups can comprise 1 to about 12
carbon atoms, preferably 1 to about 6 carbon atoms, Non-limiting
examples of suitable alkoxy groups include methoxy, ethoxy and
isopropoxy. The alkyl group of the alkoxy is linked to an adjacent moiety
through the ether oxygen.
20
The term “cycloalkyl” as used herein, means an unsubstituted or
substituted, saturated, stable, non-aromatic, chemically-feasible
carbocyclic ring having preferably from three to fifteen carbon atoms,

more preferably, from three to eight carbon atoms. The cycloalkyl carbon



t . e e .
20 pentyl, heptyl, nonyl, decyl, fluoronethyl, trifluoronethyl and

cycl opropyl et hyl . "Al kenyl " neans an aliphatic hydrocarbon
group (straight or branched carbon chain) conprising one or nore
doubl e bonds in the - 17 - chain and which can be conjugated or

unconj ugat ed. Useful al kenyl groqu can conprise 2 to about 15 carbon
atons in the chain, preferably 27t'8"about 12 carbon atons in the

chain, and npre prefera%{y % to bggg 6 _carbon_atons | n the_ chain.
The al Kéh§ Fg‘glFBUﬁ SeRaher engLRaY BE ety [ sFaEms: hrpreivsghsvitbuent s
i ndependent |y sel ect fromth roup consisting of halo, alkyl,
aryl, c¥%§ %ﬁ F:x'c?%@%e ar%ﬂﬂ%ﬁbfgw. fsren heteroangmais mness 1ge
suitabl%ﬁg{ enyl gﬁou S iqilude et henyl, pr.openyl, n-butenyl,
3- et hyf ali]@r']rfP aY R 2HEfant Bheny ergopelis carbon &ipm hatgieRBRF I chai n
joins two her variables and is therefore bivalent, the terns
al kyl en S SFPREMFee facieredrae Pty rings daye dpm fi%g ki nmeans an
al kyl - 0- %roup in which the al kyl group is as 15 previously
desct i beIPORRe EFPIRlsXCYSIogHHE radivatsdppiudscylopsrriboeclamitElar bon
atons, preferably 1 to about 6 carbon atonms. Non-limting exanples of
sui t abl &/4PRESL GrEopaylriocisnerid: ote like: hoxy and i sopropoxy. The
al kyl group of the alkoxy is linked to an adjacent noiety through the
et her oxygen. 20 The term "cycl oal kyl" as used herein, nmeans an
unsubstituted or substituted, saturated, stable, non-aromatic,
cheni cal | y- f 88ampl’ eneansere whirhetie higrasavharyeienefeomprisingeém t hree to
fifteen carbon atons, nore preferably, fromthree to eight carbon
atons. St e radoRytarber Eple bond and which may be straight or
10 branched and comprising about 2 to about 15 carbon atoms in the chain.
Preferred aligymyl 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. Non-
15 limiting examples of suitable alkynyl groups include ethynyl, propynyl, 2-
butynyl, 3-methylbutynyl, n-pentynyl, and decynyl. The alkynyl group
may be substituted by one or more substituents which may be the same
or different, each substituent being independently selected from the
group consisting of alkyl, aryl and cycloalkyl.
20
The term “aryl,” as used herein, means a substituted or
unsubstitated, aromatic, mono- or bicyclic, chemically-feasible

carbocyclic ring system having from one to two aromatic rings. The aryl

moiety will gerierally have from 6 to 14 carbon atoms with all available
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- 18 - ring radical is saturated and may be fused, for exanple,
benzof used, with one to two cycl oal kyl, aromatic, heterocyclic or
het eroaromati c rings. The cycloal kyl may be attached at any
endocyclic carbon atomthat results in a stable structure. Preferred
carbocyclic rings have fromfive to six 5 carbons. Exanpl es of
cycl oal kyl radicals include cycl egPopyl, cyclobutyl, cyclopentyl,
cycl ohexyl, cycl oheptyl, or the |ike. "Al kynyl " means an
al i phat Pebstitutddaceorryioms efdip eyl mgiesy beiegshtanied cargesibiar bon
triple bond and which may be straight or 10 branched and conprising
about 2pPeistapbattadsnenl. bBepmsartative exdmeplekdncndProdkayl, ¢dyhl kynyl
groups have about 2 to about 10 carbon atons in the chain; and nore
pr ef er atiylyl, sboany? naphdbpl tetéalgairboaplthyhsndantlhmdehsd, or tBs anched
means that one or nore |ower al kyl groups such as nethyl, ethyl or
propy! , like.efatestrefethe earhogsictie amolalykoamybe shbstitutddwithfborhiofiet | ng
exanpl es of suitable al kynyl groups include ethynyl, propynyl, 2-
but yhy| to Buepwiredgtdhlyyond to thrpenhyintits, st abeapnyd thréhghal kynyl group
may be substituted by one or nore substituents which may be the sane

or di f f periabhalos atityl strifbtarometiyl bhhanyl i ydrpenddkty phehegt,ed from the
group consisting of alkyl, aryl and cycl oal kyl. 20 The term

"aryl , " am$nesedndwEkglamin opdinkydamines bt thid BRle.or unsubsti t ut ed,
aromatic, nmono- or bicyclic, chem cally-feasible carbocyclic ring
system having fromone to two aromatic rings. The aryl noiety wll
generally have from®6 to 14 carbon atons with all available - 19 -
“Heteroaryl” means a monocyclic or multicyclic aromatic ring
10 system of ‘about o to about 14 ring atoms, preferably about 5 to about 10
ring atoms, in which one or more of the atoms in the ring system is/are
atoms other than carbon, for example nitrogen, oxygen or sulfur. Mono-
and polycyclic (e.g., bicyclic) heteroaryl groups can be unsubstituted or
substituted with a plurality of substituents, preferably, one to five
15 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
20 least one of which is carbon, and having at least one oxygen, sulfur or
nitrogen atom interrupting a carbocyclic ring having a sufficient number
of pi {n) electrons to provide aromatic character. Representative
heteroaryl (heteroaromatic) groups are pyridinyl, pyrimidinyl, pyrazinyl,

pyridazinyl, furanyl, benzofuranyl, thienyl, benzothienyl, thiazolyl,



l
substitutabl e carbon atons of the aryl noiety being intended as
possi bl e points of attachnent. Representative exanples include
phenyl, tolyl, xylyl, cunmenyl, naphthyl, tetrahydronaphthyl, indanyl,
i ndenyl, or the like. If desired, the carbocyclic noiety can be
substituted with fromone 5 to five, preferably, one to three,
noi eti es, such as nono- through p&Rtahal o, alkyl, trifluoronethyl,
phenyl, hydroxy, al koxy, phenoxy, am no, nonoal kyl am no,
di al ky| &¥adiazolys 1@4@@%&61?%?1@@5@0%{1;18@'&%191, renztiizizblyl, or
mul ticyclic aromatic ring 10 system of about 5 to about 14 ring
atons, prrEpEazelyly ozarelitl, Bytrolyhhisarazdigl, rli, i§-atazing! aind imdblyh one or
nore of the atons in the ring systemis/are atons ot her than carbon,
for exaffer®snitrogen, oxygen or sulfur. Mono-and polycyclic (e.qg.,
bi cyclic) heteroaryl groups can be unsubstituted or substituted with
a plurality of substituents, preferably, one to five 15 substituents,
nore preferably, one, two or three substituents (e.g., nono-through
pentahal o, Zhkyerm{heferoechioetiy) oy “dierneyclelfyar osed halekgxy, phenoxy,
am no, nonoal kyl am no, dial k3rlaraino, or the like). Typically, a
het er oamgénganumstpiibstedts substinkd addtyrdtedsnhsaueytetios gr oup of
five or six atonms, or a chemcally-feasible bicyclic group of nine or
t en at omemadic, 2Beheadly-feasiblef ringyi @mprisedarf harhormatbuhashagnatbor | east
one oxygen, sulfur or nitrogen atominterrupting a carbocyclic ring
havi ng mosahéfecostnmsnnnberrind. Hetetdgrlietiags hoasbé endiorydltheorar omat i ¢
character. Representative heteroaryl (heteroaromatic) groups are
pyri di nydlycyplici Matiduytlic pviea pirefgtablpysntdaviro thréet@sight atoms

benzofuranyl, tbienyl, benzothienyl, thiazolyl, thiadiazolyl,
i m 0@z oinythe rivyg strabyre, inok@pedydablst, S0t o az@nydtonhe sty &icizol yl ,
benzoxazol yl, oxazolyl, pyrrolyl, isoxazolyl, 1.,3,5-triazinyl and

i ndol yl rigg eygiemsThheidtieigaf theteigcyefdreblidagtailfroriebetPgkeks, " as
used herein, neans an unsubstituted or substituted, saturated,

unsat ur gbgfh, efosdpHpeRtally, Ghewitealvk)atéaasiBlryblidgngcgiRmsed of
carbon atons and one or nore heteroatons in the ring. Heterocyclic

rings ngshsheingiratysd Hege coR@liy ey&tiably MoROGNREES t6 kegntdmef erably
contain fromthree to el ght atons
atoms, more preferably, fourteen or fifteen atoms. Each heterocyclic ring
15 has at least one hetercatom. 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,
20 mean a chloro, bromo, fluoro or iodo ateom radical. Chlerides, bromides

and fluorides are preferred halides.

The following abbreviations are defined as follows: LDA is lithinm

diisopropylamide; EtOH is ethanol; Me is methyl; Et is ethyl; Bu is butyl;



10 in the ring structure, nore preferably, five to seven atons.

Pol ycyclic ring systens consisting of two rings preferably contain
fromsix to sixteen atons, nost preferably, ten to twelve atons.

Pol ycyclic ring systens consisting of three rings contain preferably
fromthirteen to seventeen atons, _.nore preferably, fourteen or
fifteen atons. Each heterocyclic'?ﬂﬁg 15 has at | east one heteroatom

Unl ess otherw se ated, the heteroatons nmay each be independently
sel ect e W’érﬁom’@?'b?l pi"?%’s“i@ftfmﬁyﬁpﬂﬁ BAgEEe: KYFE Sand oxygen

atoms. The ter "Hal , v " . "hal ogen” and "haljde," as used

her ei n,Pf%S%aln"’-‘B -RRtesidss @%ﬁr‘o{‘f-‘?mg Ceipimiggn MR R 1-mtEur

Chl ori des, br.qm des_and, fl uagrj de re preferred halides. - 21 - n-Bu
is nor n%Pyﬁ?ﬁlaP",onPi Eﬁ’”’r & h@-@%ﬁﬁp’fﬁce&ﬁldﬁgnaggﬁﬁﬁé WKOQ-Bu is
potassium tert-butngde; NBS is N bromosuccinimde; NVP is

1- met hyEEabyammAHERebrasuae; & Rl i teA N tElearas |- Bu4NBr s

t et rabut yl anmmoni um brom de; n-Bu4NCH i s tetrabutylarrn-noniumb5

hy droxi FELroRids. R RNEEY+ issteta iy amproEien YRRy a Sylfate: earf at e, and

equiv. is equivalents. General Syntheses 10The foll ow ng-schene
i |'] ust ref%e% 1§ eARBeiddst or prepari ng Conpound 1 from Conpound 28:

General Syntheses

10 The following scheme illustrates a process for preparing Compound

1 from Compound 2B:



| e e s e e e e et o e

t 1 Step 1: Conmpound 2B may be prepared from conmpound 2A 5 according
to the process described in U S. 6,063,847. It may be converted to
Conmpound 3 by reaction with an acid in a solvent. Suitable acids

i ncl ude strong adds such as, for exanple, hydrochloric acid and

sul furic acid. Hydrochloric acid is preferred. The solvent nmay be any
organi ¢ sol vent that does not intéftere with the reaction. Acetone is
a 10 particularly eferred solvent. According to one aspect of the

present § -H23 - ifiveyti on, Cynpound 2B is converted to Conpound 3 by
reacti op wth hy ochl ori g~derdlim atet one aslsél ve g%ep 2:
Compountd ubsequeBtep { &g ndeptBdi t a5 on

condi tionsy tg yield Conpound 4.7 yThe~arai nation g gnducted with
an ani ndt i pg~ggent Accor di ndt §_dne aspect of thé I nyention, the

ami nating agﬁnt i s an anmoni umPsal ® for exanpl e anforsum for mat e.

The am nati is preferably condgcted in a solvent, preferably an
al cohol, for exanple a | ower alLkanol. Ethanol is pre eSrred.
tep 3
0y H
G H H N HTOR1
ORy o
o T Step 4 o)
O - Rz J H
Re H 448 o” "oH
Compound TA
Step 5 & 5
c
PN NHCO,R,
Q
R 1M
Z N
<
Q
.\\RB
1

Step 1: Compound 2B may be prepared from compound 24
5 according to the process described in U.S. 6,063,847. It may be
converted to Compound 3 by reaction with an acid in a solvent. Suitable
acids include strong acids such as, for example, hydrochloric acid and
sulfuric acid. Hydrochloric acid is preferred. The solvent may be any
organic solvent that does not interfere with the reaction. Acetoneisa

10 particularly preferred solvent. According to one aspect of the present
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10 Followi ng the addition of the am nating agent, the reaction
m xture is conbined with a noble netal catal yst. Various noble netal
catal ysts are suitable, such as palladiumor platinumon various
types of carriers. Mre than one noble netal nay be used as the
catalyst. A preferred catalyst is gal | adi um on an activated carbon
support. 15 Step 3: The am €3 i ety of Compound 4 is then
converted tqQ the corresdpondi ng carbamate 5. The conversion may be
conduct BYeREYR SemRRd R8Iy eorvrates. tog apponnd 8kt isertiee with
preferred. It may be advantageous to conduct the reaction in the
pr esenci §prdsotarc agidcR agstans a8 WYy aqueous base. Suitabl e
non-limting exanpl es of appropriate bases include the al kali netal
hydr oxi des. Sodi um hydroxide is preferred. Follow ng conpletion of
the reaction, Conpound 5 may be isolated by crystallization. - 24 -
Step 4: The SéeR Barfe@meregnd 35s jsybsepsadiyeamminateds vinser suiteblet he
carbamat e _al dehyde 6. This may be done with, for exanple, oxalyl
chl ot i cEpRtioRecyaEens do gicld Compaamd 4.CIbglaminationwuas se of DVF may
be enpl oyed. Suitable solvents include organic solvents, for exanple
THF. 5 ©uskistedwihan emiortinpagent: Hesordingiedne aspeatieé theact i on
m xture is subjected to reducing conditions. Hydrogenation conditions
are pretwerisen, ibgiaraladingateotisran Rommedndi salbfer exohplke provi di ng
hydrogen gas at a pressure ranging from50 to 200 psi, for exanple
100 psiamFeaiwpdiosgetat The aindnatdevaist prgfoablyycondndtect st soiveiy
presence of a 10 hydrogenation catalyst and a tert-am ne such as, for
exanpl eprefarebli are alcghoh fonexanysle 2 lawer kliwuol. t Bthaned é&s pfefored.nar y
skill in the art and include, for exanple, noble nmetals on a support.
A pief eFelisavihg dhe gdditicroot thateahipseting s.zpad, thelreavtion rabtrixeaitsed car bon.
15Step 5: The al dehyde functionality on Conpound 6 is subsequently
r eact edcamnbimetivetlp aospiiia e talstadaly®t. t Yaniowd dolglonpetahdataysas afeol | ows:

suitable, such as palladium or platinum on various types of carriers.
Mt.)re than one noble metal may be used as the catalyst. A preferred
catalyst is palladium on an activated carbon support.
15
Step 3: The amine moiety of Compound 4 is then converted to the
corresponding carbamate 5. The conversion may be conducted with an
alkyl haloformate, Ethyl chloroformate is preferred. It may be
advantageous to conduct the reaction in the presence of a base, such as
20  a strong agueous base. Suitable non-limiting examples of appropriate
bases include the ajkah metal hydroxides. Sodium hydroxide is
preferred. Following completion of the reaction, Compound S may be

isolated by crystallization.



]
- 25 - 1 The reaction above is preferably conducted in a
solvent and by treating Conpound '7 with a base prior to reacting it
with Conmpound 6. 5 Suitable solvents include organic solvents, such
as tetrahydrofuran. Preferred bases include organonetallic conpounds,

exanpl es of which include alkyl |ithiumconmpounds, lithium
hexadi met hyl si | azi de, sodi um hexad fret hyl sil azide, lithium
diisopropyl amde, n-butyl lithiumand the |ike. A preferred base is

LDA. 10 Stepitic dhdicagbamatemacid Spie stibedqudmélyi congattedne theie preferred
phosphate ester is the foll owi ng compound 7A: P(0)(0E02 7A Conpound
7A may dagbgmetsaaldehydeom Chipowydesddne witkafor egample, oxalyl
chloride in the presence of a solvent. Catalytic amounts of DMF may be
employed. Suitable solvents include organic solvents, for example THF.
5  Excess oxalyl chloride is then removed, and the reaction mixture is
subjected to reducing conditions. Hydrogenation conditions are
preferred. Suitable ‘;tlydrogenation conditions include providing hydrogen
gas at a pressure ranging from 50 to 200 psi, for example 100 psi. The
hydrogenation is advantageously conducted in the presence of a
10  hydrogenation catalyst and a tert-amine such as, for example, lutidine,
Such catalysts are known to those of ordinary skill in the art and

include, for example, noble metals on a support. A preferred

hydrogenation catalyst is palladium on activated carbon.

15 Step 5: The aldehyde functionality on Compound 6 is
subsequently reacted with the phosphate ester 7 to yield Compound 1,

as follows:



{
- 26 - Conpound 8 with diethylchl orophosphate: Cl-138 Conpound 8 nmay =
be obtained by the process described by Kyoku, Kagehira et alit
"Preparation of (haloaryl)pyridines,” (APl Corporation, 5 Japan).
Jpn. Kokai Tokkyo Koho (2004). 13pp. CODEN: JKKXAF JP 2004182713 A2
20040702. Compound 8 is subsequently reacted with a phosphate ester,
such as a dial kyl hal ophosphate, 425 -i el d Conmpound IA.
Di et hyl chl orophosphate is preferred. The reaction is preferably
conducted in the presence of albase, such as a dialkylithium am de,
for 10 exanple diisopropyl |itfigsny, an de. Conpound 1 nay be
further reacted wth an orgapic acid tag forma pharmaceutically
acceptabl e salt. Suitable adids include Hbu neichRl limted to, for

exanpl e, hydrochloric, sulfu /b, @ghosp! | dcetic, citric, oxalic,
mal onic, salicylic, malic, f ric, sugCynig;” ascorbic, maleic, and
15 met hanedlul f'pni c Haci ds. | neral, any &cid capable of formng a
phar naceudrtt ] scCﬁﬁ¥%ble salRewith Cbnp-.nd 1 may be suitable.

: . |

Specifi@

The reaction above is preferably conducted in a solvent and by

treating Compound 7 with a base prior to reacting it with. Compound 6.
5 Suitable solvents include organic solvents, such as tetrahydrofaran.
Preferred bases include organometallic compounds, examples of which
include alkyl lithiuvm compounds, lithinm hexadimethylsilazide, sodium
hexadimethylsilazide, lithium diisopropyl amide, n-butyl lithium and the
like. A preferred base is LDA.
10
According to one aspect of the invention, the preferred phosphate

ester is the following compound 7A:

P(O){OEY,

e
| N

E
7A

Compound TA may be prepared from Compound 8 by treating



|
-27 - Exanple 1 - Preparation of Conpound 3 0 HO3 TN HO &CETOTIE" 0 G==esns

H: HH- a ?". 00H0CH 2B3 To a reactor equipped with an
agitator, thernoneter and nitrogen, were added about 10.5 kg of 2B,
68 L of acetone and 68 L of 1N aqueous 5 hydrochloric acid solution.
The m xture was heated to a tenperature between 50 and 60C and
agitated for about 1 hour before €2®ling to roomtenperature. After
the reaction was judged conplete, the solution was concentrated under

r educed (hmessutic Stvitla dsihyéRldrophesdhiagsy cool ed to a tenperature
between 0 and 5C. The cooled m xture was agitated for
CHa

[N
)

8
Compound 8 may be obtained by the process described by Kyoku,
Kagehira et al in “Preparation of (haloaryl)pyridines,” (API Corporation,

5 Japan). Jpn. Kokai Tokkyo Koho (2004). 13pp. CODEN: JKXXAF JP
2004182713 A2 20040702. Compound 8 is subsequently reacted with a
phosphate ester, such as a dialkyl halophosphate, to yield Compound
7TA. Diethylchlorophosphate is preferred. The reaction is preferably
conducted in the presence of a base, such as a dialkylithium amide, for

10 example diisopropyl lithium amide.

Compound 1 may be further reacted with an organic acid to form a
pharmaceutically acceptable salt. Suitable acids inchude, but are not
limited to, for example, hydrochloric, sulfuric, phosphoric, acetic, citric,
oxalic, malonic, salicylic, malic, fumaric, succinic, ascorbic, maleic, and

15 methanesulfonic acids. In general, any acid capable of forming a

pharmaceutically acceptable salt with Compound 1 may be suitable.

Specific Synthesis
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10 an additional hour. The product 3 was filtered, Washéd W th tooled—
water and dried to provide an off-white solid (6.9 kg, yield 76%.
mp. 251C. 1H NMR (DMSO 8 12.8 (s, 1H), 4.72 (m J = 5.90 Hz, 1H),
2.58 (m 2H, 2.40 (m J = 6.03 Hz, 2H), 2.21 (dd, J = 19.0, 12.8 Hz,
31-1), 2.05 (in, 1H), 1.87 (g, J =8.92 Hz, 1H, 1.75 (m 1H), 1.55
(m 1H), 1.35 (q, J = 12.6 Hz, 152H), 1.27 (d, J = 5.88 Hz, 3H. M5
(ESI) Mtl mlz calcd. 267, found 267. Exanple 2- Preparation of
Conpound@E=émple2B- Preparation of Cotmkhref ganmoni um f or mat e was di ssol ved
in 9L of water at 15- 250C, and then cooled to 0-10C. 8.9 kg of
Conpoundoe3 was chapged at 5 0-15C f@l Imwed-; by an addition of 89L of
2B et hyl ¥a| geé was cool) *JC .
Pal | adi - @ L were charged. The
’ dto 18- 28C and &g d-for 5 hours, while
mai nt ai ni ng—lthei t enper at ure between 18,«:23"DC After the reaction was
judged conp}®@ten 71L of water was char(g@d\w

2B 3

To a reactor equipped with an agitator, thermometer and nitrogen,
were added about 10.5 kg of 2B, 68 L of acetone and 68 L of 1N aqueous
5 hydrochloric acid solution. The mixture was heated to a temperature
between 50 and 60°C and agitated for about 1 hour before cooling to
room temperature. After the reaction was judged complete, the solution
was concentrated under reduced pressure to about 42 L and then cooled
to a temperature between 0 and 5°C. The cooled mixture was agitated for
10 an additional hour, The product 3 was filtered, washed with cooled water
and dried to provide an off-white solid (6.9 kg, yield 76%). m.p. 251°C.
H NMR (DMSQ) § 12.8 (s, 1H), 4.72 (m, J = 5.90 Hz, 1H), 2.58 {m, 2H),
2.40 (m, J = 6.03 Hz, 2H), 2.21 (dd, J = 19.0, 12.8 Hz, 3H), 2.05 (m, 1H]},
1.87 (g, J = 8.92 Hz, 1H), 1.75 (m, 1H), 1.55 (m, 1H), 1.35 (q, J = 12.6 Hz,

15 1H), 1.27 (d, J = 5.88 Hz, 3H). MS (ESI) M+1 m/z calcd. 267, found 267.

Example 2 — Preparation of Compound 4:




!

10 The batch was filtered and the wet catal yst cake was fhen washed ™

with SQL of water. The pH of the filtrate was adjusted to 1-2 with 4N
aqueous hydrochloric acid solution. The solution was used in the next
process step without further isolation. The yield is typically
guantiative. 216.4C 11-1 NMR (D20+1 drop HCl) 63.15 (m 1H), 2.76
(m 1H), 2.62 (m 151H), 2.48 (ddZ8-5.75Hz, 1H), 1.94 (m 2H), 1.78
(in, 211), 1.38 (m 2H), 1.20 (m 611), 1.18 (m 1H), 0.98
(q,J=2.99Hz, 1H). To a three-necked round bottomed fl ask
equi pped with an @giktator, thernoneter ang @ njtrogen inlet tube was
added a sol ution ¢ d Undg pde, icBonaf Ueous Jetpaneds. (100 g active in
2870 ml). The sol® t'_ COTHBAbT: d t% _abol 00 m wunder reduced
pressure at 350C {fo}4D€ Yo renpve ethyl alicdhof.” The resul tant
honogeneous mi xt ur eq#ag,cool ed to 200C to 36€~and its pH was adj usted
to range from12 tqg 13 with 250 M of 25% spdi um hydroxi de sol ution
whi | e naintaining the 10 tenperature at 20-30C. Then 82 m of efhyl
chl or of or mat'e* K& ST apyRPyivaR famate wasdisnoivad g/l cbwptariabd5of 1 hour
whi l e mai ntaining the batch tenperature from 200C to 300C and aged
for an @i epgilrFnIooladigi-d0°Qyf 8 Srkg pleCompennd® was chatigdditconpl et e,
the batch was acidified to pH 7 to 8 with 10 nml of concentrated
hydrbchP-derfte fellgwed By egr aseifisof $9L of 2B eyl aleohpteThedatdthwapH of t he
reaction mxture was further adjusted to pH 2 to 3 with 35% aqueous
hydr oc HtagkadctogRi98C s &1- B dkigow. 1 0Ph Balladjam en rashom (R8%- wepamnst 28 ofind t he
aqueous | ayer was extracted again wwth 750 ml of ethyl acetate. The
combi nevatsr Feene chpegedr sT%b@thﬂfﬁﬁie*@enVW&I@lﬁd toh1 §vBe® ad00 nil).
Compound 5 was isolated fromthe organic |ayer by crystallization 20
from etagiated &rdi bounsl whilst maintainigithe Ehmderaixelretwedb08-28 | ) at
about 70C to 80 C. The solid was filtered at 50Cto 60 C, washed with
hept ane’Ganéiftethdre wacEdn tvrsgndgedi eoranletd, f7-Mhiftweateo wag dhargddd 509 .
m p.

plO The batch was filtered and the wet catalyst cake was then washed with .

e

O 'L

80L of water. The pH of the filtrate was adjusted to 1-2 with 4N aqueous

hydrochloric acid solution. The solution was used in the next process

step without further isolation. The yield is typically quantiative. m.p.

216.4°C. 1H NMR (D20+1 drop HCJ) § 3.15 (m, 1H), 2.76 (m, 1H), 2.62 (m,
15  1H), 2.48 (dd,J-5.75Hz, 1H), 1.94 (m, 2H}, 1.78 (m, 2H), 1.38 (m, 2H),

1.20 {m, 6H), 1.18 (m, 1H), 0.98 (q,J=2.99Hz, 1H).



|
-30 - 197.7C. 111INMR (CD3CN) 5 5.31 (brs, 1H), 47677 (dt,"J ="1671, -
5.9 Hz, 1H), 4.03 (g, J = 7.1 Hz, 211), 3.41 (m 1H), 2.55- 2.70211),
1.87- 1.92 (m 111), 1.32 - 1.42 (in, 1H), 1.30 (d, J = 5.92 Hz, 3H),
1.30- 1.25 (in, 6H), 0.98 (qt, J = 15.7, 3.18 Hz, 211). M5 (ESI) Ml
m z cal cul ated 340, 5 found 340. 87A To a 10 L three-necked round
bottoned flask equi pped with an 1(®%gitator, thernoneter and a
nitrogen inlet tube, was added 200g of Conpound 8 (1.07 nol, from
Syner geExampl®ld + Bowlaphiion oPEongphmdrg:a) . THF (1000 nl) was added to
di ssol ve Conmpgund 8, After the solution yes cooled to -80 ce to -50
C, 2.0 MLDA i qne/ TiE (1175 m, 2.2 gq) ap .dqfd gﬁlle
mai nt ai ni ng t4 A about 15
m nut es of agit# at NhGH s ' Al or, phosphate (185
m, 1.2 eq) 'sraddﬂd mhlle nalntalnlng f he 3a§ch t enper at ure bel ow
-50 C. The mixtw®™ovas agitated at a t enpepstyge from-8000 to - 50
CC for about 15 mnutes and diluted with n-heptane (1000 nL). This
mi xture was war fred up to about -35 C and q{Jenched 20 wi th aqueous

ammoni um ChIRY i dercb40R1dd rBuld B M RE)ecliprfbd GIBELRLYEGLRS! OW - 10

C. This mxture was agitated at -15C t
thermometer and a nitrogen mlet tube was added a solution of

5 Compound 4 in aqueous ethanol (100 g active in 2870 ml). The solution
was concent;ated to about 700 m! under reduced pressure at 35 °C to
40°C to remove ethyl alcohol. The resultant homogeneous mixture was
cooled to 20°C to 30°C and its pH was adjusted to range from 12 to 13
with 250 ml of 25% sodium hydroxide solution while maintaining the

10 temperature at 20-30°C. Then 82 ml of ethyl chloroformate was slowly
added to the batch over a period of 1 hour while maintaining the batch
temperature from 20 °C to 30 °C and aged for an additional 30 minutes.
After the reaction was judged complete, the batch was acidified to pH 7 to
8 with 10 ml of concentrated hydrochloric acid (37%) and 750 ml of ethyl

15 acetate. The pH of the reaction mixture was further adjusted to pH 2 to 3
with 35% aqueous hydrochloric acid solution. The organic layer was
separated and the aqueous layer was extracted again with 750 ml of ethyl
acetate. The combined organic layers were washed twice with water (200
ml). Compound 5 was isolated from the organic layer by crystallization

20 from ethyl acetate and heptane mixture (1:1 mixture, 1500 ml} at about
70°C to 80 °C. The solid was filtered at 50 °C to 60 °C, washed with

heptane and then dried to provide an off-white solid (yield 50%). m.p.



i
- 31 - for about 15 mnutes foll owed by agitationat-15Ct0-25-G+f-0f-smuss

about 15 m nutes. The aqueous |ayer was split and extracted with

tol uene (400 nL). The conbi ned organic |ayers were extracted with 2N
hydrochl oric .acid (700 nL) tw ce. The product-containing hydrochloric
acid layers 5 were conbi ned and added slowy to a m xture of tol uene

(1200 nL) and aqueous potassi um caobonate (300 g in 800 nL water) at

a tenperature below 30 C. The aqueous | ayer was extracted with

t ol uene1¢1.700. THIMRIODONEE.8 1 /(81151 WEES (§0T0L nEdl, and 1£0RgeNt r at ed
under vacuumto about 600 m and filtered to renove inorganic salts.

To the &igstgpate nasHd, ®radded @ﬂjhﬂét, a5 ( DOADA] drpt gpout 995 C. The

m xture was cooled slowy to 40 O seeded, and cooled further slowy

to -10 @, THE esulitingnShHy, 1y 3048, Aeefoati-aBaYt: 38Q £osfigr 1 h,
filter egi,l vva):hed W th gﬁept gne,wg%d dried uhde?’ vacuum to( Jive a

li ght bsgyyro.ggl(@]th(Q%.w 3.1@%{%&@){3 {%@MW&/&%&Q&%@%@; nt). 111

NVR (CDC13) 68.73 (d, J =1.5 7.85°(dd, Ji =8.0 Hz, J2 =
1.5 7, ol 340,49 (dd, Ji = 8.0 Hz, J2 = 1.3 Hz, 1H), 7.42 (in, 1H),
7.32 (d, J =7.8 Hz, 1H), 7.24 (m 1H), 7.08 (dt, Ji = 8.3 Hz, J2 =
2.3 Hz, 1H), 4.09 (m 4H), 3.48 (d, J = 22.0 Hz, 2H), 1.27 (t, J =
7.0 Hz, 6H. M5 (ESI) for MtH cal cd. 324, found 324. 20 Exanpl e 5-
Preparaﬁkgﬁlﬂgg;@ﬁ%&%%%ﬁl) oxal yl chloride, DV 31 QEt
02) Pd/C, : pSt, TouO0d:: O(0E
CH3 P ( t)Z
) i
& 4 LPLNU + (EIORPOCI —— 7+ iPrNH + LiCI
F F
8 7A

To a 10 L three-necked round bottomed flask equipped with an

10 agitator, thermometer and a nitrogen inlet tube, was added 200g of
Compound 8 (1.07 mol, from Synergetica, Philadelphia, Pennsylvania).
THF (1000 mL} was added to dissolve Compound 8. After the solution
was cooled to -80 °C to -50 °C, 2.0 M LDA in hexane/THF(1175 mL, 2.2
eq) was added while maintaining the batch temperature below -50 °C.

15 After about 15 minutes of agitation at -80 °C to -50 oC, diethyl
chlorophosphate {185 mL, 1.2 eq) was added while maintaining the batch
temperature below -50 °C. The mixture was agitated at a temperature
from -80°C to - 50 °C for about 15 minutes and diluted with n-heptane
(1000 mL}. This mixture was warmed up to about -35 °C and quenched

20  with agueous ammonium chloride {400 g in 1400 mL water) at a

temperature below -10 °C. This mixture was agitated at -15°C to -10 °C



i
0OOH6 - 32 - To a three-neck flask equipped W t R aR" =

agitator, thernoneter and nitrogen inert were added the crude product
sol ution of Conpound 5 (containing about 31 g. of Conpound 5 in 300
mL solution) and 5 anhydrous DMF (0.05 nlL). After the m xture was
agitated for 5 mnutes, oxalyl chloride (12.2 nL) was added slowy
whi | e mai ntaining the batch tenpeB&ture between 15 and 25C. The
reaction mxture was agitated for about an hour after the addition
and chelok etioby 1 hividuiuves folinpté hyagitationedachs «onto 79 @ fortdtmutdact i on was
judged conplete, the m xture was 10 concentrated under vacuumto 135
mL whi | mimeest dheiaggedhe ldyenpasaiplit endfexttretedeaithitomenie X400 e bel ow
30C. The excess oxalyl chloride was renoved conpletely by tw cycles
of vacumiy.cBhe entatéatedborganidieyeny BEE antttadvtadewith il hpdrvichlnfrict ol uene
(315 nL) each tine, resulting in a final volunme of 68 nL. The

react i oacidi(x@Q mel) wavicet e drodaobkedtaiminghydoo@B&Eic atidduyasi ch THF
(160 nm.) and 2,6-lutidine (22 nL) were added. The m xture was

agi tat egefeatordinedunsl atded®:ldwly2oG mitdere H0hlaie (100G Nand t he
presence of dry 5% Pd/C (9.0 g). After the reaction was judged

conpl et sgudohe porasdiudncarbuhateqd300y ihi d0emidvitar)atghteeabdratirko renove
catalyst. More THF was added to rinse the hydrogenator 20 and

cat al ysbeloarsh theTheagheons Ryt wae ewbschdakiih fivlukge exbddunapgh celite.
Conbined filtrates were concentrated under vacuum at bel ow 25C to 315
m.. MIBEhd dadnid layetsthedd0d6nilbited s dsenekh tratef wpdaspkatihctaci d (158
m.) were added for a thorough extraction at 10C to renove 2, 6-

I ug i3di NgbowkBU0 Al esiaNatdred 86 kenyRsinoegmMe Galty. estthacitrig wae or gani c
10 added n-heptane {1000 ml) at about 55 °C. The mixture was cooled
slowly to 40 oC, seeded, and cooled further slowly to -10 °C. The
resulting slurry was aged at about -10 ¢C for 1 h, filtered, washed with n-
heptane, and dried under vacuum to give a light brown solid (294 g, 85%
yield). m.p. 52 ¢C (DSC onset point). 'H NMR (CDCl3) §8.73 (d,J = 1.5
15 Hz, 1H), 7.85 (dd, J1 = 8.0 Hsg, J2 = 1.5 Hz, 1H), 7.49 (dd, J1 = 8.0 Hz, J2 =
1.3 Hz, 1H), 7.42 (m, 1H), 7.32 (d, J = 7.8 Hg, 1H), 7.24 (m, 1H}, 7.08 (dt,
Ji = 8.3 Hz, Jz = 2.3 Hz, 1H), 4.09 (m, 4H), 3.48 (d, J = 22.0 Hz, 2H), 1.27

(t, J = 7.0 Hz, 6H). MS (ESI) for M+H caled. 324, found 324.

20 Example 5- Preparation of Compound 6

ST R om Qe B H
d Y 1) oxalyl chloride, DMF__ \NTOEt
et o 2) PA/C, H,, 100 psi, lutidine o 0
H:ZH H £
0% “OH c



1
| ayer with very dilute aqueous sodi um bi carbonate sol tfi'6i (labout -
2%, which was followed by a washing with dilute brine. The organic
sol ution was concentrated atnospherically to a volune of 90 nmiL for
sol vent replacenent. | PA (315 nL) was added to the concentrated crude
product 5 solution. The remai ning residual solvent was purged to
10. 5% of THF (by GC) by repeated3@encentrati on under vacuumto 68 ni,
with replenishnment of I PA (315 nlL) before each concentration. The
concentrated (68 m.) | PA solution was heated to 50C, to initiate
cryst al | i z&oi athrefenddhi faski equimmeednwite pnaagtt 68 thkimavasteadead very
slowy 10 while maintaining the batch tenperature at 50C. The
cr yst ahitiaggengnaitwrereeaddad theotwdt prdycs koinkynafelopdudipsrs to 25C.
Addi ti onal nheptane (34 nmlL) was added very slowy into the suspension
m xt ur gontai@B@ atkhe 31 gtafrGmpsnidisihaooaanledioh) 2906 and aged at
that tenperature for about 20 hours. The solid was filtered and
wasfiedaniigdrots BMEGDMSINLIN Afterf theohidbbe WRA acfiafd@PBaRRutand then
dried to provide 19.5 g of a beige colored solid of Conpound 6.
(Vi el doxa8@%ghlomide (15280 widhdlidd {ICPBCMLil8 nthidthihthg the hade®3 Hz, 1H),
5.42 (br, 1H), 4.69 (m 1H), 4.03 (g, J = 7.02 Hz, 2H), 343(qt J =
3.80, tnfderkirelidtweda 8 o8 2:2) , The Bcligh ml;{man@@a i&:t52 f&z 1,
1.93 (d, J = 12.0 Hz, 2H), 182(dtJ-203 7%1 , 1.54

d, Jabo & O (m 6
1905 o ?g]hozﬂ)agefl\%? éEasail?O%aa% 4 %ﬁﬂd? ﬁ Oﬁgﬁm‘}&f gunt(j 324H)

Exanpl fea@tion PagRanat -t @érﬁﬂ(#@gcém T&eatﬂm eGksf | ask equi pped
er an

wi th an agitator, thernonet 5 nltrogen |nert|on was added 7A

(1390 &)nceﬁﬁ%té@g.nme} Vaé[ﬂﬁn%)ibﬂrrﬁﬁe@ﬁl Clﬂ P—?é ow - 20C after
whi ch lithiumdiisopropylamcie 26 s % Wy added. The

ot hep HAErRHERMAS Bdledhl xapﬁr S’éﬁ‘ﬁ?ﬁﬁ“%&rﬁ??y% Mxture was
st rregmg%ae el &H&ﬁ&e@"@ B ALON actfh LARSLELiRY Tt o the

sol ution e mal ntarnrn et at Ur & bel ow - *The nixture
was stjrg e or an diti ore quenchlng t he
reacti otnb y a0d) n“gn%ﬁ/(feﬁf b%h% rf%l ﬁlﬁ%e?%@ 7t'miq‘gﬁ"’“ﬂ:‘%m

resulting in a final volume of 68 mL. The reaction mixture was then

15 cooled to 15 to 25°C, after which THF (160 mL) and 2,6-lutidine (22 mlL)
were added. The mixture was agitated for 16 hours at 20 to 25°C under
100 psi hydrogen in the presence of dry 5% Pd/C (9.0 g). After the
reaction was judged complete, the reaction mixture was filtered through
celite to remove catalyst. More THF was added to rinse the hydrogenator

20 and catalyst, and the reaction mixture was again filtered through celite.
Combined filtrates were concentrated under vacuum at below 25°C to
315 mL. MTBE {158 ml} and 10% agueous solution of phosphoric acid
(158 mL) were added for a thorough extraction at 10°C to remove 2,6-

lutidine. Then phosphoric acid was removed by extracting the organic



¥

m xture was warned to OC and the pH was adjusted to about 7 by B
addi tion of 25% H2804 (11 nmL). The m xture was further warned to 15
20C and then diluted with 100 nL of ethyl acetate and 70 nL of water.
The two phases that had formed were separated and the aqueous | ayer
was extracted with 50 nL of ethyl acetate. The solvents THF and et hyl
acetate were then replaced with eBfanol, and the Conmpound A was
precipitated out as,a crystalline solid fromethanol wth seeding at
35 to 2EVH0FthAer:filuorduspuscodimitiearbonptersalationdabosti2fbled for an
additional . - 35 - hoqur and then the product was filtered and washed
with cogicdrrampliowed by yaghinawih gilngr benesFhe waaigrgbrtiopacuum t o
provide an off-white solid. Yield: 12.7 g, (90%. inp. 104.9C (DSC
onset pBRRFyRCeRalRiRateperzriclly (g (odumg of 99 mLfpr sdlynt 8. 10 (dd, J

8.2, 2.4 Hz, 1 7.64 5 (1H), 7.61 (d, J =8.8 Hz, 1H), 7.55 (m J
.2, @Péaqqﬂenir&?ﬁ BB g wap addgdgoihe ppjpcertratgd (cgugle pradigto, 2.3

1H), 7.08 (d, J = 8.0 Hz, 1H), 6.68 (dd, J = 15.4, 9.4 Hz, 1H),
g° ( gsolytieng The mpmaiing rgsigal srivert wasiguged tox H5% p§THB. 95 (dd, J
4.2, 7.1 Hz, 2H), 3.29 (in, 1H), 2.66 (m J = 12.0, 6.4 Hz, 1H),
3 ( nfeyZACIHYy repeasd ¢oncenpiption \golet yacyum 1 68 ml, w8, 1.19 (m 10
H, 1.14 (t, J = 7.2 Hz, 3H), 0.98 (in, 1H, 0.84 (m 1H). M (H)
m z: catepdeniggpent ofyifd (835 mEKafpreccezh denepatratioon Tok an Acid Sal t
(bi sul fate) of Conpound A: .

concentrated (68 mL) IPA solution was heated to 50°C, to initiate

=8
H;

6.5
=1
2.3
4

crystallization. To this mixture n-heptane (68 mL) was added very slowly
10 while maintaining the batch temperature at 50°C. The crystallizing
mixture was cooled very slowly over 2.5 hours to 25°C. Additional n-
heptane (34 mL) was added very slowly into the suspension mixture at
25°C. The mixture was further cooled to 20°C, and aged at that
temperature for about 20 hours. The solid was filtered and washed with
15 a solvent mixture of 25% IPA in n-heptane, and then dried to provide
19.5 g of a beige colored solid of Compound 6. (Yield: 66%) m.p. 169.3°C.
1H NMR (CD3CN} 8 9.74 (d, J = 3.03 Hz, 1H), 5.42 (br, 1H}, 4.69 (m, 1H),
4.03 {q, J = 7.02 Hz, 2H), 3.43 (qt, J = 3.80, 7.84 Hz, 1H), 2.67 (m, 2H),
2.50 (dt, J = 3.00, 8.52 Hz, 1H), 1.93 (d, J = 12.0 Hz, 2H), 1.82 (dt, J =
20 3.28, 9.75 Hz, 2H), 1.54 (qd, J = 3.00, 10.5 Hz, 1H), 1.27 {d, J = 5.97 Hz,
3Hj, 1.20 (m, 6H), 1.03 - 0.92 (m, 2H). MS (ESI) m /2 (M*+1): calcd. 324,

found 324.

Example 6 - Preparation of Compound A




15Conmpound | A (5 g) was dissol ved in about 25 1 .. of “AGet ORTTFTTE ™ ==

The solution was agitated for about 10 m nutes and then heated to
about 50 C. About 6 m, of 2Msulfuric acid in acetonitrile was added
into the heated reaction m xture. The solid salt of Conmpound A
precipitated out during the addition of sulfuric acid in
acetonitrile. After addition of 28 sulfuric acid solution, the
reaction mxture was agitated for 1 hour before - 36 - cooling to
roomtenperature. The precipitated solid vvas filtered and washed with
about 30 nlLgofy a¢|etor,1_g trile. The wet solid{we ;&i ger vacuum at
room tenper g ur  angl @k RBRC forda ours to provi de

about 5 g eId*S%%—mﬁ:r 2177Pp~C IIONI\/R5(IDIVISO)
9.04 (s, 1HY 8% (d 8.1 noEtH) 80H J =8.2 Hz, 1H),
7.76 (d, J = foéay 1H), 7 71 (d, Jorss? 8 Hz, 77.60 (dd, J = 8.4,
1.8 Hz, 1H), 7.84 (dd, 8.4, 1. 708 aNJ 8.0 Hz, 1H),
7.02 (m 1H), 6.69 (d, J = 15. 4.82 3.94 (dd, J =
14.0, 7.0 Hz, 2H), 3.35 (brs, 2. 68 (m 1 2. 38 (m 2H),
1.80-1.70 (m 4H), 1.27 (d, J

To a three-neck flask equipped with an agitator, thermometer and
3 nitrogen inertion was added 7A (13.0 g), THF (30 mL). The mixture was
cooled to below -20°C after which lithium diisopropylamide {2M, 20 mlL)
was slowly added. The reaction mixture was agitated for an additional
hour (Solution A). To another flask was added 6 (10.0 g) and THF (75
mL}. The mixture was stirred for about 30 minutes and then slowly
10 transferred into the solution A while maintaining the temperature below -
20°C. The mixture was stirred at below -20°C for an additional hour
before quenching the reaction by adding 20 mL of water. The reaction
mixture was warmed to 0°C and the pH was adjusted to about 7 by
addition of 25% H2804 (11 ml). The mixture was further warmed to
15  20°C and then diluted with 100 mL of ethyl acetate and 70 mL of water.
The two phases that had formed were separated and the agqueous layer
was extracted with 50 mL of ethyl acetate. The solvents THF and ethyl
acetate were then replaced with ethanol, and the Compound A was
precipitated out as a crystalline solid from ethanol with seeding at 35 to

20 40°C. After cooling to 0°C, the suspension was stirred for an additional



|

10 5.8 Hz, 3H), 1.21 (in, 2H), 1.13 (t, J =7.0 Hz, 3H), 0.95 (m 1H,
0.85 (m 1H). M5 (DI) iniz calcd. 590, found 492. VWil e the
present invention has been described in conjunction with the specific
enbodi ments set forth above, many alternatives, nodifications and
variations thereof will be apparent to those of ordinary 15 skill in
the art. Al such alternatives, nodifications, and variations are
intended to fall wthin the spi rit®%Emd scope of the pr esent
i nventi What _i s cI aimed is: 1. A conpound of any
of the fQ’BP}' Wﬁé@?&hﬁﬂ%@ﬁt WardiErrsd ﬁnd,wgasg;gdem@]drwg group
consi st Bg of substituted or Céhsubstltut ed cycl oal kyl, aryl,. and
hetroarlyrl‘ Produsiwasfued &l >Prdl than ro‘@[S“BBhEH a3 oEuwhits t ut ed
or unsubstituted al kyl, 9{0 oal | cyl and heteroaryl, R6 is H
and R7 1ol ol eped St 108 grastpotsharois of H
al kyl , cl oali cg aryI and heteroargl

DC13)58 8(d, J = 2.4 Hz, 1H), 8.10 (dd, J = 8.2, 2.4 Hz, 1H), 7.64

5 (1H), 7.61 (d, J = 8.8 Hz, 1H), 7.55 (m, J = 8.2, 6.2 Hz, 1H), 7.51 {d, J =
8.0 Hz, 1H), 7.25 (dt, J = 9.0, 2.3 Hz, 1H), 7.08 (d, J = 8.0 Hz, 1H), 6.68
(dd, J = 15.4, 9.4 Hz, 1H), 6.58 (d, J = 9.6 Hz, 1H), 4.85 (dd, J = 14.2, 7.2
Hz, 1H), 3.95 (dd, J = 14.2, 7.1 Hz, 2H), 3.29 (m, 1H), 2.66 (m, J = 12.0,
6.4 Hz, 1H), 2.33 (m, 2H), 1.76 {m, 4H), 1.30 (d, J = 5.6 Hz, 3H), 1.19 (m
10 4H), 1.14 {t, J = 7.2 Hz, 3H), 0.98 (m, 1H), 0.84 (m, 1H). MS (EY) m/z

caled. 492, found 492.

Example 7 - Preparation of an Acid Salt (bisulfate] of Compound A:

o H H o H H
ﬁ Okt \H OEt
3] .
S SN
3 (8] Y o
H,80/acetopitrile 4 oH

H:\H

I N | ~N HL80,
= =

1

15 Compound 1A (5 g) was dissolved in about 25 ml of acetonitrile.
The solution was agitated for about 10 minutes and then heated to about
50 °C. About 6 mL of 2M sulfuric acid in acetonitrile was added into the
heated reaction mixture. The solid salt of Compound A precipitated out
during the addition of sulfuric acid in acetonitrile. After addition of

20 sulfuric acid solution, the reaction mixture was agitated for 1 hour before



2. A conpound sel ected fromthe group consisting of;

10

15

- 36 -

cooling to room temperature. The precipitated solid was filtered and
washed with about 30 mL of acetonitrile. The wet solid was dried under
vacuum at room temperature for 1 hour and at 80 °C for about 12 hours
to provide about 5 g white solid (yield 85%). m.p. 217.0 °C, 1H NMR
(DMSO) 9.04 (s, 1H), 8.60 (d, J = 8.1 Hz, 1H), 8.10 (4, J = 8.2 Hz, 1H),
7.76(d,J =104, 1H),7.71 (d,J = 7.8 Hz, 1H), 7.60 (dd, J = 8.4, 1.8 Hz,
1Hj}, 7.34 (dd, 8.4, 1.8 Hz, 1H), 7.08 (d, J = 8.0 Hz, 1H), 7.02 (m, 1H),
6.69 (d, J = 15.8 Hz, 1H]}, 4.82 (m, 1H), 3.94 (dd, J = 14.0, 7.0 Hz, 2H),
3.35 (brs, 1H], 2.68 {m, 1H]j, 2.38 (m, 2H], 1.80-1.70 (m, 4H}, 1.27 (d, J =
5.8 Hz, 3H), 1.21 (m, 2H)}, 1.13 {t, J = 7.0 Hz, 3H), 0.95 (m, 1H, 0.85 (m,
1H). MS (EI) m/z calcd. 590, found 492.

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

intended to fall within the spirit and scope of the present invention.
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CLAIMS

What is claimed is: _
1. A compound of any of the following formmlae;

QX H H
0,
Ov
£ B i
0 oE
% g
* NRiRg,

wherein R, is selected from the group consisting of
substituted or unsnbstituted cycloalkyl, aryl, and
hetroaryl, R, is selected from the group consisting of
substituted or unsubstituted alkyl, cycloalkyl, aryl,
and heteroaryl, Rs is H and Ry is independently
selected from the group-consisting of H, alkyl,
cycloalkyl, aryl, and heteroaryl.

2. A compound selected from the group consisting oft




