PROCESS AND | NTERVEDI ATES FOR PREPARI NG | NTEGRASE
I NHI BI TORS Priority of Invention This application

w@b@pnssipri ority under 35 U S.C. 119(e) from UPCT/E82008/076002

5

10

15

20

25

30

States Provisional Patent Application Number
60/ 971,395, filed 11 Septenber 2007, the contents of
which are incorporated herein in their entirety.
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International Patent Application Publication Number WO 2005/113508

provides certain specific crystalline forms of one of these 4-oxoquinolone
compounds, 6-(3-chloro-2-fluorobenzyl)-1-[(S)-1-hydroxymethyl-2-
methylpropyl]-7-methoxy-4-oxo-1,4-dihydroquinolone-3-carboxylic acid. The
specific crystalline forms are reported to have superior physical and chemical (
stability compared to other physical forms of the compound.

There is currently a need for improved methods for preparing the
4-oxoquinolone compounds reported in International Patent Application
Publication Number WO 2004/046115 and in International Patent Application
Publication Number WO 2005/113508. In particular, there is a need for new
synthetic methods that are simpler or less expensive to carry out, that provide an
increased yield, or that eliminate the use of toxic or costly reagents.

Summary of the Invention

The present invention provides new synthetic processes and synthetic
intermediates that are useful for preparing the 4-oxoquinolone compounds
reported in International Patent Application Publication Number WO
2004/046115 and in International Patent Application Publication Number WO
2005/113508.

Accordingly, in one embodiment, the present invention provides a method

for preparing a compound of formula 10
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synthetic nethods that are sinpler or |ess expensive
to carry out, that providepygn increased yield, or that
elimnate the use of toxic ot\%gg%ly reagents. Sunmary
of the Invention The present ihvention provides new
syntheti c processes aneds) ‘
are useful for preparing
reported in Internationg '
Publ i cati on Number WO 2Q04/046d 1% and in
I nternati onal Patent @ cation Publication Nunmber WO
2005/ 113508. Accordi nghysN n one enbodi nent, the

present invention providescé thod for preparing a
compound of forrmula 10or a pha‘haceutically accept abl e
salpt a? hs@eLutichlly YeptbR SR FRAWINnAhiiPE BthAothd Ut fGrmula 4
salt thereof 1s prepared and converted Into a conpound
of formula 10, characterized in that the conpound of
formula 4 is prepared frd yikpound of fornmula 15 or

a salt thereof, by the steg zg{acing t he brom ne
atomw th a carboxyl groug aci ng the hydroxyl
group wth a hydrogen a En ahot her enbodi nent the

i nvention provides a coff nd of fornula 15:0r a salt

t her eof .

or a salt thereof is prepared and converted into a compound of formula 10,
characterized in that the compound of formula 4 is prepared from a compound of

formula 15

94
ca 15
or a salt thereof, by the steps of replacing the bromine atom with a carboxyl group,

and replacing the hydroxyl group with a hydrogen atom.

In another embodiment the invention provides a compound of formula 15:

MeO OMe
HO O

Br

94
c 15



I n anot her enbodi nent the invention provides a nethod
for preparing a conpound of fornula 15: or a salt
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of forrmula 14: 14 to the conpound of fornula 15 or the
sal f chi anot her enbodi nent the invention

pr8£? %gﬁgg?gnpound of formula 15a: 15a that is useful
as an i m endieseaitRdfridnt BeSRMitidE prdv@dek-0NOMbH Ffeparing a
conmpounds. I n another enbodi nent the invention

pr 6ompesndofdormdadd: of forrmula 16: 16 that is useful
as an intermediate for pregparing theyd- oxoqui none
compounds. The invention alsop pfes ot her synthetic
processes and synthetic |pter es di sclosed herein
that are useful for preparigg gxoqui none
conpounds. Detail ed Descri pt The foll ow ng
definitions are used, unleg% erw se described: halo
is fluoro, chloro, brono, Al kyl denotes both
strai ght and branched gro rejgrence to an

i ndi vi dual radical such as propyl enbraces only the

st @k gdlt thereof comprising converting a corresponding compound of formula 14:
MeO D:OMe
Br Br

14

/]

to the compound of formula 15 or the salt thereof

In another embodiment the invention provides a compound of formula

15a:

MeO OMe
CIMgO O B
r
94
Cl
15a

that is useful as an intermediate for preparing the 4-oxoquinone compounds.

In another embodiment the invention provides a compound of formula 16:

MeO O OMe
Br
94

Cl
16

that is useful as an intermediate for preparing the 4-oxoquinone compounds.
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i sopropyl being specifically referred to. It wll be
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compound having a chiral center may exist in and be
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processes for preparing any racemc, optlcally active,
polcompewidsc, tautoneric, or stereoisonerlc form or

m xtures thereof, of a onP%> d described herein, it
bei ng well known in th LEJ#&&&@E%%epare optical ly
active froemsIdWdias d8MaNBhEare B¥ed 8RB thA Wil debfifbed: halo is
racem ¢ formby Fecrystallization techniques, by
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pentyl, -pen y
meShyde.compounds may exhlblt polymorphlsm It is to be understood that the

present invention encompasses processes for preparing any racemic,
opticélly-active, polymorphic, tautomeric, or stereoisomeric form, or mixtures
thereof, of a compound described herein, it being well known in the art how to
prepare optically active forms (for example, by resolution of the racemic form by
recrystallization techniques, by synthesis from optically-active starting materials,
by chiral synthesis, or by chromatographic separation using a chiral stationary
phase).

Specific and preferred values listed below for radicals, substituents, and
ranges, are for illustration only; they do not exclude other defined values or other
values within defined ranges for the radicals and substituents.

Specifically, C;-Cealkyl can be methyl, ethyl, propyl, isopropyl, butyl,

~ iso-butyl, sec-butyl, pentyl, 3-pentyl, or hexyl.

A specific value for R, is methyl.

A specific value for Ry, is methyl.

A specific value for R, is 1-imidazolyl.

A specific value for R is ethyl.

" In one embodiment, the compound of formula 4 or a salt thereof is
prepared by metalating the compound of formula 15 or a salt thereof and treating

with carbon dioxide to provide the compound of formula 3:



A specific value for Ro is nmethyl. A specific value
for Ris 1-imdazolyl. A specific value for Ris
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a salt thereof is prepared by netal ati ng the conpound
of formula 15 or a salt (hereof apgd treating with
carbon dioxide to provide tt spnpound of fornmula 3:or
a salt thereof, and thamcgr i ngHt he conmpound of
formula 3 into a conpound Jof jula 4. The conpound
of fornula 15 or a salt therebf My be, for exanple, a
salt of fornula 15a 15a not her enbodi nent, the
compound of forrmula 15 i sScongerted into a conpound of
formula 16 which is then nmetalated and treated with

o PPEBACEEL B fhef coRlept BCEPRIO G oI i otmpound

br epfor@uRt4H4m Wi t h a carboxyl group is a carboxyl ation.
This step may conveniently be effected by netal ati on,

f or exHrgompobyd of femuiankS ovia saltitbarpofopsy beadoresiaumple, a salt of
chl.ori gagl%g i sopropyl magnesi um chl oride |ithium

chfcgmu npl ex, followed by treatnent

MeO OMe
CiMgO O

Br
g F
Cl

158a

In another embodiment, the compound of formula 15 is converted into a

MeO E OMe
Br
<4

Cl
16

compound of formula 16

which is then metalated and treated with carbon dioxide to afford a compoundv of
formula 4.

It will be appreciated that the step of replacing the bromine atom with a
carboxyl group is a carboxylation. This step may conveniently be effected by
metalation, for example, by treatment with isopropylmagnesium chloride or
isopropylmagnesium chloride lithium chloride complex, followed by treatment
with carbon dioxide.

It will also be appreciated that the step of replacing the hydroxyl group
with a hydrogen atom is a dehydroxylation. This step may be effected by treatment



with carbon dioxide. It will also be appreciated that
the step of replacing the hydroxyl group with a

whyaposEamn at om i s a dehydroxyl ati on. Thi s st epPCEYS1968/076002
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of formula 15 or the salied h ofoMe. g. by treatnent
) and treating with

the salt thereof. In anot her rrboi ment of the
i nvention the conpound o | a3 or the salt
thereof is converted to & _cagpound of fornmula 4 : or a

salt thereof. I'n another enbo8l nent of the invention

Sthe conmpound of forrmula 4 is converted to a conpound
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| eavi ng group (such as halo or 1-imdazolyl). The

c abb esmyverted m:thd coumotibeliormule Gporafsaltaimpenfint retalatingthe
convert ed t an a%or ted species, for exanple an acid

cheemPawdg! eFal Shererd (¢-Bovpeatet ity

1sopr0py1magne51um chloride) and treating with carbon dioxide to provide the
compound of formula 3 or the salt thereof.
In another embodiment of the invention the compound of formula 3 or the salt

thereof is converted to a compound of formula 4:

or a salt thereof.

In another embodiment of the invention the compound of formula 4 is

converted to a compound of formula 5°:




treatment with a suitable reagent, such as, for
exanpl e, thionyl chloride, oxalyl chloride , cyanuric

w@kioowsdel or 1, 1' - carbonyl dii m dazole in a suiPeEbhU82008/076002

solvent (e.g., toluene or tetrahydrofuran). Any
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reaction can conveniently be carried out using about 1
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the conpound of formula 5 is converted to the
cowpbusmg afouf bequivaledt dfyl, lt’roaﬂiamgkdﬂmmdetzhlet ingetrahydrofuran. In
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nmonoet hyl mal onat e. For exarrpl e,| a conpound of fornula
5' can be conbined withamboyt b to 5 equivalents of a
nonoal kyl mal onate sal { a outﬁ\ to 5 equival ents
of a magnesiumsalt in a-sugral E\é’ol vent .

Conveni ently, a conpound jof for ula 5' can be conbi ned
wi th about 1.7 equival ght

The compound of formula 4 may be converted to the compound of formula 5a by
treatment with 1,1’-carbonyldiimidazole.
In another embodiment of the invention a compound of formula 5’ or a salt

thereof, can be converted to a compound of formula 6:

_0 o

or a salt thereof, wherein R is C;-Cgalkyl. In one embodiment, the compound of
formula 5’ is converted to the compound of formula 6 by treatment with the
corresponding mono-alkylmalonate salt. An example of a mono-alkylmalonate
salt is potassium monoethylmalonate. For example, a compound of formula 5°
can be combined with about 1 to 5 equivalents of a monoalkyl malonate salt and

about 1 to 5 equivalents of a magnesium salt in a suitable solvent. Conveniently,



pot assi um nonoet hyl nal onate and about 1.5 equival ents
of magnesi um chl oride. A suitable base, for exanple
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reaction. The reaction can conveniently be carried out
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Conpound 6 can_be isol ated using any suitable

t ec ﬁp}éﬁ})ée pase gfor example trisitleging o ymigiazole, can be added to the
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calfe. @.eamm\re(n ted °Cg aﬂd ﬁﬁﬁﬁt@&ﬂ%ﬂtdﬁ@p @tﬁﬁmkm@ s@ftable technique
formula 7. 7 wherein R and Rb are each independently

Cr & BabxPAPLGinHprn cempletigm bk the ree@@mdénmpm&ncabé)e isolated

Cod e iR ek IRE 7 el R B sro G e
S uch as jRastith@temtolimiem T 8e n%e%h&‘:{ khe%%&hn& 8f fbrmula 6 or a
di met hyl f or mam de di net hyl acet al

t r isall theteof tdan be comtested Tha cmmpbmdmg otanpcb,md@é formada Gut
at elevated tenperature (e.qg., t 100 50 0C). This
reaction may be accel ergt ed by q:%\/ ddition of an acid
catal yst, such as, for” i S an al kanoic acid, a
benzoic acid, a sulfonic ] or a_grneral acid. About

wherein R, and Ry, are each independently C;-Csalkyl; and R is C;-Cgalkyl.
Compound 6 can be converted to an activated alkylidene analog, such as
Compound 7, by treatment with a formate group donor such as a
dimethylformamide dialkyl acetal (e.g., dimethylformamide dimethyl acetal) or a
trialkylorthoformate. The reaction can be carried out at elevated temperature
(e.g., about 100 £ 50 °C). This reaction may be accelerated by the addition of an
acid catalyst, such as, for example, an alkanoic acid, a benzoic acid, a sulfonic acid
or a mineral acid. About 500 ppm to 1 % acetic acid can conveniently be used.
The progress of the reaction can be monitored by any suitable technique (e.g., by
HPLC). Compound 7 can be isolated or it can be used directly to prepare a
compound of formula 8 as described below.

In another embodiment of the invention the compound of formula 7 can be

converted to a corresponding compound of formula 8:



HPLC). Conpound 7 can be isolated or it can be used

directly to prepare a conpound of fornula 8 as
waele®ensdied bel ow. | n anot her enbodi nent of thePCT/US2008/076002

i nvention the conpound of formula 7 can be converted

to a correspondi ng conpound of fgrumila 8 wherein Ris

Cl-Qall Cyl. Conpound 7 can be co riﬁ? W th
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nol, about 1.1
oppound .NyThe progress of the
reacti on can be nonitoreod any|suitable t echni que
(e.g., by HPLC). The comny NQ oPRuUl a 8 can be
isolated or used directly to prepare a conmpound of
formula 9 as descri bedzbepdw. Pn &hot her enbodi nent,
the invention provided et hod for preparing a '
conpound of formula 9: Wher®in Ris CC al kyl,
conprising cyclizing a correspondi ng conmpound of

fornula §:. ound 8 can he cyclized tao provide
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hexampoimd &l Thd progiesy of thé ecatB@@CEAnRC Aidnhiered G AU beichblen
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Typically, about 0.5 equivalents of a salt such
compound of formula 9:
HO H
\\‘k
N

10 wherein R is C;-Cgalkyl, comprising cyclizing a corresponding compound of

formula 8:

Compound 8 can be cyclized to provide Compound 9 by treatment with a
silylating reagent (e.g., N, O-bis(trimethylsilyl)acetamide,

15 N O-bis(trimethylsilyl)trifluoroacetamide or hexamethyldisilazane). The reaction



as potassiumchloride is added. The reaction may be
conducted at elevated tenperature (e.g., a tenperature
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conveni ent reaction time. The progress of the reaction
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deprotection steps, thereby increasing the efficiency

of hydrelyze amesikyil ethersithatfoun dee toaehasbinred the Bfylating reagent with

I nyention.the coppound qf fornuja.9 . onverted.to .
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(e.g., potassium hydroxi de, sodi um hydroxi de or

[ hhdmcﬂnlhgid rosli dppn chmpletinnopibe hydtvdysis, Cotpoyud 9 ahrebdt s

of is%?attg I:?}; abrllr}? Slq%{a rlg I)§fllet %d%gg., %}9 cv %Pnla'?ongtralq%y%? b}ll'I gr?/(sjt'allization). In
the above conversion, the silating reagent transiently protects the alcohol and is
subsequently removed. This eliminates the need for separate protection and
deprotection steps, thereby increasing the efficiency of the conversion.

In another embodiment of the invention the compound of formula 9 is

converted to a compound of formula 10:

Compound 9 can be converted to Compound 10 by treatment with a suitable base
(e.g., potassium hydroxide, sodium hydroxide or lithium hydroxide). For
example, about 1.3 equivalents of potassium hydroxide can conveniently be used.
This reaction may be conducted in any suitable solvent, such as, for example,
tetrahydrofuran, methanol, ethanol or isopropanol, or a mixture thereof. The
solvent can also include water. A mixture of isopropanol and water can

conveniently be used. The progress of the reaction can be monitored by any

10



This reaction may be conducted in any suitable

sol vent, such as, for exanple, tetrahydrofuran,
woreiobasaby et hanol or isopropanol, or a m xturBCT/US2008/076002

thereof. The solvent can al so include water. A m xture
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ention.t C ound of fqrnul n be .
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t h SRR Jhgs
I nt% grfnat | oin(gleﬁtPat er??l 8%9#1@%5? |1%%$B%?8%%P% ueﬁbvgp WO
2oa903/1ma)rmidw aetaincspedific nm&taﬁmeffbﬂnmﬁ/st al line

ch or o- 2-f | uor obenz
10} 1- If?;@ Cg‘SQI o Wo‘ze%‘élt) %)'bﬁth]oxyglet)hyl 2 me(thylpmpyl] 7-
lge b I
T enrS %“S%&ﬁ?@fﬁlﬁf*ﬁ?fé‘% AapfHSRafe B oY ehfirc bt of
Ap phtematioeah PRebi Appglidation Rubiivatio Vi ua b0 2665 8135‘5)8 IS
i n¢cor por at d herein by reference (in particular,

padfeorPrrated hergigrby; rﬁﬁerenpﬁ Eingygeiquigrcsee p?gqsaﬁr@n@elfem) mI he
ggsﬁéc?tﬁ%.rﬁf%@q? (f}ﬁ#s%%%d?‘t?tlf%dytﬁ&% nds %@Lté@%@?ﬂ Gy ehlal
15 di formdlli Qnyspatférat I haew Koray powder diffraction pattern having
characteristic diffraction peaks at diffraction angles 20(°) of 6.56, 13.20, 19.86,
20.84,21.22, and 25.22 as measured by an X-ray powder diffractometer. Crystal
form III has an X-ray powder diffraction pattern having characteristic diffraction
peaks at diffraction angles 20(°) of 8.54, 14.02, 15.68, 17.06, 17.24, 24.16, and
20 25.74 as measured by an X-ray powder diffractometer. International Patent
Application Publication Number WO 2005/113508 also describes how to prepare
a crystalline form of 6-(3-chloro-2-fluorobenzyl)-1-[(S)-1-hydroxymethyl-
2methylpropyl]-7-methoxy-4-oxo-1,4-dihydroquinolone- 3-carboxylic acid that
have an extrapolated onset temperature of about 162.1 °C, as well as how to
25  prepare a seed crystal having a purity of crystal of not less than about 70%.
Accordingly, seed crystals of 6-(3-chloro-2-fluorobenzyl)-1-[(S)-1-
hydroxymethyl-2-methylpropyl}-7-methoxy-4-oxo-1,4-dihydroquinolone-3-carb
oxylic acid can optionally be prepared as described in International Patent
Application Publication Number WO 2005/113508. Advantageously, the process
30  illustrated in Scheme I below provides a crude mixture of Compound 10 that can

be directly crystallized to provide Crystal Form III without additional purification

11



characteristic diffraction peaks at diffraction angles
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diffractoneter. International Patent Application
Pu bl i cafi easenwhere COMPEBIY Sdelltlfl% bgeil mosufEsientlpbasidtwcidic

||
6 1SRRI TR afle e erbualsp prgyides soliebipen
5 2 nﬁbﬁ\gbtﬁfd@psh&h s%itﬁ'ﬁfa?%ﬁs&u%(?nﬂenﬂedi’ét@é’ Listelel HﬂnBIEI Rﬁ‘%urlfylng

oxylic acid t have an extrapolated
@mpoen@sf @mnlesxémsﬂﬁlb@ts aiscludel drgmc h@dvaddmon salts

see ystal. havin r of cr st al.
? S iRl R Belignssultaie Etgtr dirdieor

6 ﬁﬁfl&ﬁ'teo Eetafmd |sH&r119&9§ %Mi()até asc[ofb%)te 'a Ketoglutarate, and
hydr oxynet hyl - 2- met hyl'pr opyl ] - 7- met Roxy -Aig-oxo- 4-di hy

dr aeg]ywubnbnqalﬁtec diuitabbeyhorgareic saltsamay a:lm b@fminbdt lim:ludlng

bed I nt t Pat
10 oo S RESH o BB F R er e i SEBRP $5808.
Advant ag}ﬁﬂé"ﬁl@’ be bBRinRA Qﬁﬁé ﬁaﬁ&ér&’?fo%@&tﬁgs Wl l??d?’?xﬂﬁ the art, for

bel ow provi des a crude mXxture of Conmpoun 0 that can
be egample bly yeactips b abfficioaty bmsmcmpoimd@ug&sﬁsedn droinewlithl a

AR AT LRt

I .
s gglé%% &o%ﬁaba]g rerErtl?H% 09 E 5le gﬁlglgtﬁ)p%%éﬂeﬁﬁﬁf) QMMs of

15i dealboﬁylmchchisrmraxanpie,saahfalmlbenhédﬁ. basic or acidic

The invention will now be illustrated by the following non-limiting

Examples.
An integrase inhibitor of formula 10 can be prepared as illustrated in the

following Scheme 1.
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to formstable acid or
provi des salts of such

wais@buobeias i nt er nedi at es,

base salts, the invention al so
conpounds. Such salts nay be
for exanple, for purPd¢yUSIY08/076002

such compounds. Exanpl es of useful salts include
or iEy@aci d addition salts formed with acids, for
exanple, tosylate, nethanesul fonate, acetate, citrate,

mal onate, tartarate, susied
a- kets@gl utarage, and a-
i nor gani I'ts may al 8&\pelaMnpd, |l51Lmbrn OH
hydr oc , sulfate,

carboffat e sallf's. Salts

procedungs well known i
reacting a sufficiently

) benzoate, gsrorhat ey,
glyc

. 'bi car bonat &
& obt ai ned usi andar d
e art, for exa

pdsi ©1 copound sucl

amne with a suitable acid affording an anion. Al kaB
nmetal (for exanple, sodium potassium or Iitmiun) or

alkallne earth et al
»salts oP/c.

10

o(for exanpl e calcbun1
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or /-PrMgCl then CO2 3 Conpound 14 (10 g) was conbi ned
with 28 nL of THF and 9 nlL of bi sdi nethyl am noet hyl

werdvensdief ore being cooled to 0 C. | sopropyl neRCEER2008/076002

10

15

20

chloride (22.9 nL of a 2.07 Msolution in THF) was
added and the m xture was allowed to warmto room
tenpperature qvernight.. Additiongal isopropyl magnesi um
chllgé(ﬁggw% %Eﬁp% nof H‘pcan?? rove conversion before
3-chl oro-2-fl uorobenzal dehyde (4.4 nL) was added.

After stirring at anbient tenperature for 2 hours 38.6
g ofal 4 wt% THF sol uti on of isopropylnagnes?%’ OMe

chi®i-ge "‘eunlchlorhpgqggppkgx was gddeg,
stirriElB er ni ght—at—anbt+ent—terperat|re : S Br
bubb#red Tnt &rt he reactPrdMpClitkénuCEBAVWIEN conver FWas

conpl ete the reacti on was quenched to gH <3 w
hydrochloric acid. The phases were sepdrated
organi ¢ phase was extracted with ethyl |acetate. The
conbi ned organic |ayers were washed w t(h sat ur atiéa
aqueous sodium chloride. The organi c phase was
concentrated and the product preci pePa
addition of MIBE.. The slurry was fjlte
product air dri-BEMeGlLid| d Canoung :
(DVMBO-d6, 400 WHz) d 12.15 (br s, | & 81p(s, IH,
7.42 (t, J -or7-PMgt] ther)GO,7. 26 (t,
7.15 (t, J =7.8 Hz, IH), 6.77 (s,

Compound 14 (10 g) was combined with 28 mL of THF and 9 mL of
bisdimethylaminoethyl ether before being cooled to 0 °C. Isopropylmagnesium
chloride (22.9 mL of a 2.07 M solution in THF) was added and the mixture was
allowed to warm to room temperature overnight. Additional isopropylmagnesium
chloride (5 ml) was added to improve conversion before
3-chloro-2-fluorobenzaldehyde (4.4 mL) was added. Afier stirring at ambient
temperature for 2 hours 38.6 g of a 14 wt% THF solution of isopropylmagnesium
chloride lithium chloride complex was added. After stirring overnight at ambient
temperature CO, gas was bubbled into the reaction mixture. When conversion
was complete the reaction was quenched to pH <3 with 2 M hydrochloric acid.
The phases were separated and the organic phase was extracted with ethyl acetate.
The combined organic layers were washed with saturated aqueous sodium
chloride. The organic phase was concentrated and the product precipitated by the
addition of MTBE. The slurry was filtered and the product air dried to yield
Compound 3: 'H NMR (DMSO-dg, 400 MHz) & 12.15 (br s, 1H), 7.81 (s, 1H),
7.42 (t,J =7.2Hz, 1H), 7.26 (t,J = 6.8 Hz, 1H), 7.15 (t,J = 7.8 Hz, 1H), 6.77 (s,
1H), 6.09 (d, J = 4.7 Hz, 1H), 5.90 (d, J = 4.9 Hz, 1H), 3.84 (s, 3H), 3.80 (s, 3H).

14




IH, 6.09 (d, J =4.7 H, IH, 590 (d, J = 4.9 Hz,

IH), 3.84 (s, 3H), 3.80 (s, 3H).Exanple 2: Preparation
w@boo@osqgoeund 4. Triethylsilane (6.83 g) was adPerusmo8/076002

trifluoroacetic acid (33.13 g) that had been

pre-cooled in an ice bath. Conpound 3 (10 g) was added

to the m xture keeping the tenperature below 15 C .

Af tBxtanipld 2.1 | Pgefia@dtiod df (¥hiPouk@q. added to precipitate
the product. The slurry was filtered and the product

washed with additional MIBE. After drying, 9.12 g of

i:gngogn((i%}é}eﬂg] ssllla}’lﬁ &! §3[ g)(;W?S a %gg) tg—avsg)a?etggac %3%;;) (ghat had
57. Jen/peoblBd i bh 1ce€baﬁ17 é&n ddﬂ}i 3 30%) was §&de{drfb tlﬁi"ﬁnxture

Al ternatively, Conpound 4 can be prepared as
Tr ikeeping theltemperptirsbeloy 10&€. stk dtitringt for 2 ﬂllMTBEOBISI added to

DaHeE B Rp h%‘s@uré’sjeveve?\%ﬁftqaﬁe@ 6 refr it e

ke%eaﬁanmmmﬁm@f&w@ 20%‘6 rﬁgoﬁdtﬁvaﬁs%f;dggxqu}z

a solution of 17 etate In
rret(BMﬂID dyaoadHeys 17he (lm sxllHD .4%G, NEpt7erd-1.88 (af 11
3 hours then cooled to O C. The slurry was
1Ofl I7t1<é'1’7398 a2t h&-9rEddds 3 ¥Eshtumpi 8- addi ti onal
nmet hanol . After drying 12.3 g of Conpound 4 (89.7 %
yield) was isolated: 1H NVR (DvsQd 6, 400 MHz) 6 12.11

(br s, |A#ernafivély, Compbihd 4 Zarﬂ&ﬁeﬁe&edaﬁfonbbvs 7.14-7.08
(m 2H), 6.67 (s, | 3.87-3.84 (m 8H). Exanple 3:
Preparati on of Corrpound 5a.

Triethylsilane (7.50 g) was added to trifluoroacetic acid (49.02 g) that had
15 been pre-cooled in an ice bath. Compound 3 (14.65 g) was added to the mixture
keeping the temperature below 15 °C. After stirring for 1 h a solution of 17.63 g
sodium acetate in 147 mL methanol was added. The mixture was heated to reflux
for 3 hours then cooled to 0 °C. The slurry was filtered and the product washed
with additional methanol. After drying 12.3 g of Compound 4 (89.7 % yield) was
20  isolated: "H NMR (DMSO-dg, 400 MHz) & 12.11 (br s, 1H), 7.47 (s, 1H),
7.42-7.38 (m, 1H), 7.14-7.08 (m, 2H), 6.67 (s, 1H), 3.87-3.84 (m, 8H).

Example 3:  Preparation of Compound 5a.
Imidazole (0.42 g) and 1,1’-carbonyldiimidazole (5.49 g) were slurried in

25 30 mL of THF at ambient temperature. Compound 4 (10 g) was added in one

portion and the mixture was stirred at ambient temperature until the reaction was

complete by HPLC. The resulting slurry was filtered and the solids washed with

MTBE. The solids were dried to yield Compound 5a: 'H NMR (DMSO-ds, 400

MHz) & 7.99 (s, 1H), 7.52 (s, 1H), 7.41-7.38 (m, 1H), 7.30 (s, 1H), 7.12-7.08 (m,
30 2H), 7.04 (s, 1H), 6.81 (s, 1H), 3.91 (s, 2H), 3.90 (s, 3H), 3.79 (s, 3H).

15



| m dazole (0.42 g) and |,|"'-carbonyl dii m dazole (5.49
g) were slurried in 30 nL of THF at anbi ent
wao esopes@asur e. Conpound 4 (10 g) was added in OPET/US2008/076002
~portion and the m xture was stirred at anbi ent
t epperatuy.e Loboid L s conpl ete by HPLC
The@'r%égicﬁ—lﬁ ngqlé%aharnro)g%\ﬁla@ﬁ}%o gr%% and the solids
washed inidazEBEA2 Ehend Dl i-Babv@diidagsle (249 ppweke slurried in
Conpound 5a: 1H NWR (DMSGd 6, 400 I\/Hz% d 7.99 (s, IH,
7. 39 mlg of THY at gmhipntegperatyre HpmppugbSq 610 g)pyas added in one

(78 ]p%_glry_cbnoagg (tlggom%)g%feé{%s%ﬁggg gt %ngglégﬁﬁn%%{%ﬁ%ﬁ: éo'fl)ﬁ'h:o%fsgt% form a
sbr %ﬁﬁfyﬁiﬁc@ﬁlﬁ)@ﬁnmpﬁwpﬁﬁte flalk I Df 81 p&tadkfurl ncRbethyl

lj'-carbonyldiimdazole (5.49 g) were slurried in 30
L neflonpiFwag slamrisil emd0 td ngfek R .uMegnasomp cblntld e 4019 wys added

ded i.n ti d ' . ti d
e iearmr R s5Ped 3505 B b ErT A TR Uy O
COMRRMRANGBa Wal t:AnSERE! RltRe fﬂ_a@ﬁé%jurﬁ Z%l%ﬁe/%?ta%ﬁ&ﬁ%n@@?hyl

nmonoet hyl mal onate was slurried in
Vagredenaemaettiuerand stifrdd 40 5)C ovasnighid eltheamicktitrtigvas then cooled to
resulting slurry was war to 55 C for 90 mnuyte 0
10Thdop ﬁ“gvfﬁf“e(%ﬂp&wﬁ?@eégﬁé%&??‘gﬁﬁ pedtignof 8 ffeot 28 wi%
MgRES |, Ot} i ! & hed
B T S 4 e e R L A
t henceessivadyl with aqoaras MNadfBEY 2 KHEO ;zemd Npfdsolutidnd yTheharganic
dropw se addition of 80 nL of 28 wt % aquepus_ H3PO
Th@PRteEsCoResiraled ja P OB dnd et eV apPEAsH Yt rtharolydde
m%@s%ﬂir%%ﬁ@%@s\‘l@s vy m@ﬂﬂ%ﬂ%ol HA It WO @dlﬂpd}ﬁ%a
solutions. The organic
15  was crystalized by cooling. The solid was isolated by filtation and the product was

washed with aqueous ethanol. After drying Compound 6a was obtained: 'H
NMR (DMSO-ds, 400 MHz) 6 7.51 (s, 1H), 7.42-7.38 (m, 1H), 7.12-7.10 (m, 2H),
6.70 (s, 1H), 4.06 (q, J = 7.0 Hz, 2H), 3.89 (s, 8H), 3.81 (s, 2H), 1.15(t, J=7.0
Hz, 3H).

20

Alternatively, Compound 6a can be prepared as follows.

Carbonyldiimidazole (10.99 g) was slurried in 60 mL of THF at ambient
temperature. Compound 4 (20 g) was added in one portion and the mixture was
25  stirred at ambient temperature for 30 min to form a slufry of compound 5. Ina
separate flask 15.72 g of potassium monoethyl malonate was slurried in 100 mL
of THF. Magnesium chloride (6.45 g) was added and the resulting slurry was
warmed to 55 °C for 5 hours. The slurry of Compound 5 was transferred to the
magnesium chloride/potassium monoethyl malonate mixture and stirred at 55 °C
30  overnight. The mixture was then cooled to room temperature and quenched onto

120 mL of 28 wt% aqueous H;PO,. The phases were separated and the organic

16



phase was concentrated to an oil and then coevapor at ed
with ethanol. The resulting solid was dissolved in 30

workooemsannl and 6 ni water. Conpound 6a was crBGI/EE102€076002

5

10

15

20

25

30

by cooling. The solid was isolated by filtation and

th h i . h ~1 Af L

i P RO MR e M o AR EOR PR AR Bt i Bons, e
Mo} gattic/phade Was contBntratod4d ar 0B 8nd fhen kbbvapdraled-WitH&th4rdBl. The
2H), 6,70 (s, IH), 4.06 (q, J = 7.0 Hz, 2H), 3.89 (s,

8 H)rc?suy,i_rg_’gotlé wag dissolyedi® 100 mlJ ethafol@ngid 2 ndHwater. Compound 6a

Ca VB ADe A P e heguf Panarordr Y FlthhngGhe o
THE 8 bR With a§IRBBEEBAAY] € ARCPARHUES 1 & %Qnﬂ%uﬂ@é% (89 %

added in one portion and the mxture was stirred
antyiebhtwasebéredt GHNNBr(DBISOddg, 400 NTHr)S 255 (31 Hy, 7042-7.38 (m,
co ...In a separate flask 15.72 of _pot assi um
OB hyt-T 1B QFR Goat s P4 B4 =100 i 21, SRk, SHD. 3.81
Magn e u | L 6 g) was added and the

regdl ﬁ)’nglgph‘?ryﬁ%}l%’%/\lg'ned to 55 0C for 5 hours. The
slurry of Conpound 5 was transferred to the magnesi um

chl ori de/ pot assi um nonoet hyl nal onate m xture and
st »5’-‘&‘@&—%1{ sErepagjion of Glemporpdda xt ure was then cool ed

to roo nd encghe to.1 of .28 .t 9
oucous GEBRFhE IS AN RIS U6 OF b YindhyimimCathethy
Or gedihle ph  SeludRSanIASIHISHECRSEE ¥QHY THE hiix @ESUSarmed to

KHCSB8 and Nad sol utions. The organi c phase was
cof@éhtipht Beurs.o Themixtureawiah thereeocdesbipapurient sempgrathre and 5.8

et E?g)qb-'am-moe-}methyl-l -butanol was added. The mixture was stirred at ambient
temperature for 1 hour before being concentrated to a thick oil.
Dimethylformamide (36 g), potassium chloride (1.8 g) and
bis(trimethylsilyl)acetamide (29.6g) were added and the mixture was warmed to
90 °C for 1 h. The mixture was cooled to room temperature and diluted with 200
g dichloromethane. Dilute hydrochloride acid (44 g , about 1N) was added and the
mixture stirred at ambient temperature for 20 min. The phases were separated and
the organic phase was washed successively with water, aqueous sodium
bicarbonate and water. The solvent was exchanged to acetonitrile and the volume
was adjusted to 160 mL. The mixture was heated to clarity, cooled slightly,
seeded and cooled to crystallize Compound 9a. The product was isolated by
filtration and washed with additional cold acetonitrile. Vacuum drying afforded
Compound 9a: "H NMR (DMSO-ds, 400 MHz) & 8.61 (s, 1H), 7.86 (s, 1H), 7.45
(t,J =7.4Hz, 1H), 7.26 (s, 1H), 7.23-7.14 (m, 2H), 5.10 (br s, 1H), 4.62 (br s, 1H),
4.18 (q, J = 7.0 Hz, 2H), 4.03 (s, 2H), 3.96 (s, 3H), 3.92-3.84 (m, 1H), 3.78-3.75
(m, 1H), 2.28 (br s, 1H), 1.24 (t,J = 7.0 Hz, 3H), 1.12 (d, J = 6.4 Hz, 3H), 0.72 (d,
J = 6.4 Hz, 3H).
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resulting solid was dissolved in 100 nL ethanol and 12

rnL wat er. Conpound 6a was crystallized by cooling.
wab@ossdisd was i solated by filtation and the pr@HUS1008/076002

was washed wth aqueous et hanol . After dryi ng 2 1.74 g

Co I d bt NR_( DVBO- d6,
200" W%I%?#%?l ¥ dﬂz\"{aﬁ‘ I%I@g]e?ﬂa OW%(12 7.10
(m 2H), 6.70(s,IH) 4.06 (q, J = 7.0 Hz, 2H), 3.89

(s, 8H. 3.81 (s. 2H). 1.15 (t. J = 7.0 Hz. 3H).
Exarrpl e Gomppusg &n 450 @)W@fsﬂ@udmﬂmw 9a dn&jhyiﬁmnmﬁée m@:thyl

# di met hyl for mam de di net h o
FERL. %gﬂdﬁ?m@%@ gacdlgogic @C% P G VAR to 65 °C
sTh Efom KEWS, em@ﬁuﬁﬁfe'%& théh Q144 hUmted BthSerathfi€and J45g
m xture was then cooled to anbi ent tenperature an
g (S)22mami-Aonghylel-bythndl abd2agabluess watdelded. Thige mlxture was

L%ﬁ%é%té%e%%ﬁ%ﬁéq%%g% ki B eprcentrated by dftlaton.
Di )

LB MBI PPk DENALI R0y s
ancnd te mixramas Wﬁlﬂn&dﬁtdﬁ(ﬁ%f ﬁ)rQ(h (Heanixture wa'Eh‘Boled to room
m xture was coQled to roomtanperature and dilute

Ovi dempRseruey ddiiuindonigh Rthe dichloremethaged 1adwe évqiraéhlaesi@amd
( A9 g o£DOYY wés'\Qdd\éﬁg fﬂggﬁ%ﬁﬁg ﬁlxjﬁe% At o te?ﬁﬁe"ra{tﬁx% £8f 30

anbi ent tenperature hases were
semainaflie phavds teee sepgrart ang ksegnis pm&S fved washed successively
succ; ssively with water, aqueous sodi um
water, aqueous sodium bicarbonate and water. The solvent was exchanged to
acetonitrile by distillation. The mixture was heated to clarity, cooled slightly,
15 seeded and cooled to crystallize Compound 9a. The product was isolated by
filtration and washed with additional cold acetonitrile. Vacuum drying afforded
48.7 g (81 % yield) of Compound 9a: "H NMR (DMSO-dg, 400 MHz) & 8.61 (s,
1H), 7.86 (s, 1H), 7.45 (t, J = 7.4 Hz, 1H), 7.26 (s, 1H), 7.23-7.14 (m, 2H), 5.10
(brs, 1H), 4.62 (br s, 1H), 4.18 (g, J = 7.0 Hz, 2H), 4.03 (s, 2H), 3.96 (s, 3H),
20 3.92-3.84 (m, 1H), 3.78-3.75 (m, 1H), 2.28 (br s, 1H), 1.24 (t, J = 7.0 Hz, 3H),

1.12 (d, J = 6.4 Hz, 3H), 0.72 (d, J = 6.4 Hz, 3H).

Example 6:  Preparation of Compound 10.
Compound 9a (6.02 g) was slurried in 36 mL isopropanol and 24 mL of
25 water. Aqueous potassium hydroxide (2.04 g of 45 wt % solution) was added and
the mixture warmed to 40 °C. After 3 hours 1.13 g glacial acetic acid was added
the mixture seeded with 10 mg of Compound 10. The mixture was cooled in an
ice bath for 2 hours and the solid was isolated by filtration. The cake was washed
with aqueous isopropanol and dried to give Compound 10: "H NMR (DMSO-ds,
30 400 MHz) § 15.42 (s, 1H), 8.87 (s, 1H), 8.02 (s, 1H), 7.48-7.45 (m, 2H), 7.23 (4,
J=6.8Hz, 1H), 7.17 (t, J = 7.8 Hz, 1H), 5.18 (br s, 1H), 4.86 (br s, 1H), 4.10 (s,

18



bi
ac

carbonate and water. The sol vent was exchanged to
etonitrile and the volune was adjusted to 160 ni.

wab@onsebur e was heated to clarity, cool ed sl iPg/Ug2008/076002

se

eded and cooled to crystallize Cbnpound 9a. The

DaarD %‘?? 20 1 AL B R B Polied 14 @

COWDEOGB(HQ@H) (]%@I‘Iizesl—ﬂoo MHz) d 8.61 (s, IH),
7.86 (s, [H), (t, 3 =7.4 H, IH, 7.26 (s. IH.
7.23-7.14 (m 2H) 5.10 (br s, IH), 4.62 (br s, IH),
4.18 (q,Alﬂ:rI;atR/eE Elzmpalhi)d, I(ﬂcaﬁl&)e(}ﬁepa%db frod. Qmcind Ik,
3. 92- ~3.75 (m 5 2,28 (br s, TH),

51 éigscﬁbed glthe -fol@pv'q?g 1l§1q5rat1‘16 E)gan@aes = 6.4 Hz, 3H),

10

15

20

0.

72 (d, J 6.4 Hz, 3H). Alternatlvely, Conmpound 9a

can be prepared as folloms. Conmpound 6a (50 g) was

st

iBxamgledd.t h Pishabati@ndif aeldhypouad GBFbaeuldieaet hyl acetal ,

90 g DV and 0.2 g glacial acetic acid. The m xture
was warmed to 65 C for 3 hours. The m xture was then

cooled to apbient tenperature and 14.5 g |
(S)~Q<amnoe 3- et hyl - 10 but anol and 2h_g alene were
added. ¢ m xture wasistirred at anbi t enfpek at ur e
over pt 50t e @ g ¢brcentraged i Nt on.
Pot agsi | ori de'\F2. 5 and

was cool%d to room tenperature and

di

S -re added and

bathHse
o|Iu@bd W Th 250 ¢
chl eeopenfdne. Dil ute hydrochloride acid (, 110 g of

'nethyIS|IyI)ac lamde (80.2
Xture was warned-to 90 C for

~1N) was added and the mi xture sti red at ambi ent

tenperature for 30

O O OEt

H + wect -
KO OEt

KEM

Compound 6a

Carbonyldiimidazole and imidazole are combined with anhydrous
tetrahydrofuran. Compound 4 is added to this mixture to form Compound 5 and
the reaction is monitored by HPLC. In a separate reactor potassium
monoethylmalonate is combined with tetrahydrofuran before anhydrous
magnesium chloride is added while maintaining the temperature NMT 30 °C. The
resulting slurry is warmed to 50 °C and held for at least two hours before the
Compound 5 mixture is added. The reaction is monitored by HPLC. Once the
formation of Compound 5 is complete, the mixture is cooled to 18 to 25 °C and
added to aqueous phosphoric acid to quench. The organic phase is washed with
aqueous sodium bisulfate, brine, potassium bicarbonate and brine solutions before
being polish filtered. The solvent is exchanged for anhydrous ethanol. Water is
added and the mixture is warmed to dissolve solids, cooled to about 40 °C, seeded

with Compound 6a and cooled to 0 to 5 °C. The product is filtered, washed with
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m n. The phases were separated and the organic phase
was washed successively with water, aqueous sodi um

wherwanbasat e and water. The sol vent was exchanperusmos/076002

10

15

20

acetonitrile by distillation. The m xture was heat ed

to arlt 0 i gh e cool ed, to
cr)‘/:éi que%ig %b gﬁr?sa‘lr&gat‘mTaﬁogﬁ&‘ﬂﬁaﬁg O §a~ by
filtration and washed with additional cold
acetonitrile. Vacuumdrying afforded 48.7 g (81 %
yield) of Conpound 9a: 1 NVR (DMSQd 6, 400 ) d 8 61
(s, IH, 7.8@tqrial 1 H), 7.45 (M.WJ =|7.Wt.Ratiol H) ,MgleRatio
(8, I'H, t&ﬁpo?mafl (m 2H)|, 32303(br| s, 1.06D., 4.62 (bo
4. T8 T ff =70 HZ, 7y _Udl(7§1,l Z2H)

H
(33 3w ‘da%qf%”"” T Sagts S 15 (TR T2 2
2

U
(e
O]

LILY A LWL J \Jlll, 17— th

Mz 3k 0. 7% 1 = 6.4 [z 10315 Bam®idd 6 1.10
Prlepar at i on KEM:omJound 10Q. Cb?ﬁai)unc 9a0(88. 02 |g) wado0
sliurri ed i n MgChl |sopropcnol9.‘a?.lbl 24 L 0of4 watler. 1.50
Adueous pRPOgeswnydroxi de (98.08 g |of 4bs3wt %
sqlution) wagygdded and tre qlzzgpog_re warged 10 [40 C

Affter—3 noum{f@l‘j g gl aci lﬁb"—?tZ' C[acT | JES dded—tthe

m 1 t-h—10—+¥g Seutd The-rm-dture
:L :fnzl ZEC.UVEQL Lce hafa fnrgg;él' ours apcﬂ'&: he lsolid

sSPARB;? EIOHO055% hepiancdrl, THe0%ake wadOkdshdd with |

aqueous |sopropanol and dried to give Conpound 10: 1H
vau?r()@nd@@d, 400 MHz) d1542 (s, IH), 8.87 (s, IH,

8 02 f S ’Char e'0. 55 f(lg CB’I and 6 a2 qumldazozle t(g reactor 1.

2. Charge 2.67 kg THF to reactor 1 and agitate to form a slurry.

3. Charge 1.00 kg Compound 4 to reactor 1 in portions to moderate the CO,
offgas. This addition is endothermic

4. Charge 0.89 kg KEM to reactor 2.
5. Charge 4.45 kg THF to reactor 2 and agitate to form a slurry.

6. Charge 0.44 kg MgCl, to reactor 2 (can be added in portions to moderate
exotherm).

7. Warm the contents of reactor 2 to 50 °C and agitate at that temperature for
at least two hours.

8. Transfer the contents of reactor 1 to reactor 2. Mixture will become thick
temporarily if transferred very rapidly.

9. Agitate the contents of reactor 2 for at least 12 hours at 50 °C. -
10. Cool the slurry to ambient temperature.

1. Quench the reaction by transferring the reaction mixture onto 7.0 kg of 28
wt% aqueous H;POy (2.3 kg 85 wt% H;PO, dissolved in 4.7 kg H,0).
This addition is exothermic. Final pH of aqueous layer should be 1-2.
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J=6.8H, IH, 7.17 (t, J =7.8 Hz, IH), 5.18 (br s,
IH), 4.86 (br s, IH), 4.10 (s,2H), 4.02 (s, 3H),

wWR2®%0%166 (m |IH), 3.79-3.76 (m I|H), 2.36 (brCEHUS10§/076002

1.14 (d, J=6.3HZ,3H),O71(dJ 6.3 Hz, 3H).
Alter@thfﬁl 0?96‘(&9 q}%% s NaHSO

RSt b
Conpoun n ative
Exanpl ego ﬁ'g lfSOIﬁ?Cgelﬁ'i‘ ﬁvg&)r q:d HCCEH‘S layer
For mul a B3yl éS und 6a Car bonyl di i ni dazol e and

i m dafé]obﬁ rg conbj ned with anh%/drous tetorahydrofuran
;Compo ash; the greaniq (1op) Phass wHbkt-4 ke of 30 riraadeessNatd (824
Sand t he keodNaChdisselverbini .9 kelHbQ) HPLC. I n a separate
react or potassi um nonoet hyl mal onate is conbined with

t et rald d§ ashiihaerghat Gop) phabs dith 09 kepfi@svttimgqieber KHE; §0.50
added wkiglog KIHC Q1 dissuilvegl it Ae5 keeHP®). dtintl @ HINMTaqdfous. layeh ehould
resultimggsigurry is warmed to 50 C and held for at

| east two hours before the Conpound 5 m xture is

addedi 5, Togsh'tBa6igafid (to%ﬁmbtvmheﬁz RY oY Gt AABEousECT (0.24

oo 4 R GO P RS o

15

20

acid to querich. The organi c phase is vvashed WI th
ool SRS hR S -BOREER R FRRAEL
Sofers ey Lo enbyghe et 1
cool efj8 tC%arg%oOué V418mce:s 0 \%gtcésd

19. Warm 70 — 80 °C to form a clear solution.

20. Cool to 40 °C and seed with 0.1 wt% Compound 6.

21. Cool slowly to 5 °C.

22. Hold for at least 2 hours.

23. Filter and wash the cake with two 1.35 kg volume portions of 50:50
EtOH:H,O (1.2 kg EtOH combined with 1.5 kg H,0).

24. Dry the cake at less than 50 °C.
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wi th Conmpound 6a and cooled to O to 5 C. The product
is filtered, washed w thcol d aqueous et hanol and dried

wW@eooblwBe1d0 C to yield Conmpound 6a. Procedure: BCT/TRz0E/@76002

0.55 kg CDI and 0.042 kg i m dazole to reactor 1. 2.

Charge 2.67 kg THF to reactor 1 and agitate to forma
s| dxample’. CPaemgeatibn@d akKipnGempd ofiiodntla9aeactor 1 in
portions to noderate the CO2 offgas. This additionois
endothermic 4. CHarge 0.89 kg KEM|to r eact or 2.N 5.

Charge 4.4 NHIE t o reacp@epdaands 6zm a
slurry. 6. q 2{ca8te
added i n port¥ony er dplerscot| hey M)~ 7 VAN T He

contents 2 to 50'% 4nd |ag at
t enper at | east two hour g Transfer th
contents actor 1 to reactor 2. pre wi |

becone thic rily if transferre verx api dty
9. Agitate t ?ﬁ[ﬁnts of reactor 2 f(g B %"ast 12
hours at SOM 94@gol the slurry tomﬁﬂ‘qﬁ

t enper at ure. 11 QJench the reaction by transferrl ng
the reaction mxture onto 7.0 kg of 28 wt % aqueous

H3PO4 ( 2. 3 kg 85 wt % [H3PO4 di ssobwedl\i'ﬁ 4.7 kg H20.

\Y\k N

NH, -0 O ~NH BSA, KCI
S-Valinol OEt DMF, 100 °C
Toluene, RT

Compound 8a
CosH31 CIFNOg
Mol. Wt.: 507.98

Compound 9a
Ca5Ho7CIFNO5
Mol. Wt.: 475.94

Compound 6a is combined with toluene, N, N-dimethylformamide
dimethyl acetal and glacial acetic acid before being warmed to 100 °C. The
reaction is monitored by HPLC. Once the formation of Compound 7a is complete
the mixture is cooled to 18 to 25 °C before (S)-(+)-valinol is added. The reaction

is monitored by HPLC. Once the formation of Compound 8a is complete the
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This addition is exotherm c. Final pH of aqueous | ayer
shoul d be 1-2.12. Wash the organic (top) phase with

waz@kspief 20 wt % aqueous NaHSO4 (0. 24 kg O NaP{SIDIS2008/076002
di ssolved in 0.96 kg H20O . Final pH of aqueous | ayer

hoyk - . he . ' t. OD): ase W t.
AR dpbepriia, MRNAE P IRsGe RS
di gedsviash dhlorile¥d ROOHIE} imbhyl %5 Reetdhgide hakPWandd B8R0 °C.
phase with 5.0 kg of 10 wt % aqueous KHCO3 (0.50 kg

Of Krersaciips domoriipred by HP LKy Qure)complletatheprixpfre isxpoetadsand

w (et el adfious HEEPP ISR fita o el
5di Mﬁdptgﬂd |79ﬁg Qh%QeMioleonﬁérgalbz AdcofoRIULRIpTetd ﬁié‘%féganic
e /-9.

shoul d 16. Concentrate the organic phase an
ex dhasege wableedswitly water, tagu&uSispdinih bidapousitte arvewater. The solvent

concentrati to ~3..5 L/kginput. 18. e.0.6 .

VoL hed i aspronife o fit Ftreaitinedy g e GhRfude fpgsied and
SOlceble@fo cryStalliz®CloniBud®os #RIp2RGH ¥ itbrel; Vlfas?&a/ Swith cold
Conpound 6. 21. Cool slowy to 5 C. 22. Hold for at

| easttogitineand dried at NMT 40 °C to yield Compound 9a.

10
Material M.W. Wt. Ratio | Mole Ratio
Compound 6a 394.82 1.00 1.00
Toluene 92.14 43
Glacial acetic acid 60.05 0.001 0.007
N, N-dimethylformamide dimethyl 119.16 0.33 1.1
acetal
(S)-(+)-Valinol 103.16 0.29 1.1
DMF 73.10 1.8
KCl 74.55 0.09 0.5
N, O-bis(trimethylsilyl)acetamide 203.43 1.13 2.2
1 N HCI .36.5 2.0
DCM 84.93 10
Water 18.02 8
5% Aq. NaHCO; 84.01 4
CAN 41.05 QS
Compound 9a seeds 475.94 0.005
1. Charge Reactor 1 with 1.00 kg Compound 6a.
2. Charge 0.33 kg N, N-dimethylformamide dimethyl acetal (1.1 eq), 0.001 kg
glacial acetic acid and 3.3 kg toluene to Reactor 1.
15 3. Warm the mixture to ~100 °C (note that some MeOH may distill during

this operation).

4. After 1 h the reaction should be complete by HPLC (~2 % Compound 6a
apparently remaining)’.

5. Cool the mixture in Reactor 1 to 18 — 25 °C.



23. Filter and wash the cake with two 1.35 kg vol une
portions of 50:50 EtOH H2O ( 1.2 kg EtOH conbined with

wa2®oksp16R0O) . 24. Dry the cake at | ess than 50PCT/US2008/076002

10
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20

25

C. Exanpl e 8. Preparation of a Conpound of Fornula 9a.

W T‘?"@gg:;ﬁsﬁ#ﬁ’&@ YRR ] alpr kD kytudie o

507. 98 L handgontingepgitation@t smRigpt tepyperatrys g4

Co n I i o
CPOPIASE O SR 1 oo

et 2 ?%?gﬁ%‘%a%ﬁ% *2@?%%#8?”%% og.? o}r “&Lﬁign'd“
s/a 1sg 1esf< 651? hotaskiim € ’s o0 ad 13 ke
zs;e:sﬁ%:; N W el

i's co em xture_ i s cqoncentrated. The residue is
conbl Ysileé‘i“ﬁ%’lrﬁwg?ﬂc%ﬂﬂ Belo?ﬁoéassi um chl ori de

and L O-bistrinmethylsilyl acetam de and warned to 100
0C. Thle Reagttan shquiddeponipiase Bur by (+Pe Eonmevad 8a senainiag).

the m xture is cool ed and
12. Cool the contents of Reactor 1 to 18 — 25 °C.

13. Charge 10 kg DCM to Reactor 1.

14. Charge 2.0 kg 1 N aqueous HCI to Reactor 1 over ~15 min, maintaining
the temperature of the mixture < 35 °C.

15. Agitate the mixture for at least 10 min to desilylate Compound 8a.
Monitor the progress of desilylation by TLC.?

16. Separate the phases.

17. Wash the organic phase with 4.0 kg water.

18. Wash the organic phase with 4.0 kg 5% aqueous sodium bicarbonate.

19. Wash the organic phase with 4.0 kg water.

20. Concentrate the organic phase by distillation to ~1.5 L/kg Compound 6a.

21. Solvent exchange to ACN by distillation until a slurry is formed. Adjust
the final volume to ~8 L/kg Compound 6a.

22. Heat the mixture to reflux to redissolve the solid.
23. Cool the solution to 75 °C and charge Compound 9a seeds.

24. Cool the mixture to 0 °C over at least 2 h and hold at that temperature for
at least 1 h.

25. Isolate Compound 9a by filtration and wash the wet cake with 1.6 kg cold
ACN.

26. Dry the wet cake at <40 °C under vacuum.
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di chl oronet hane i s added. Aqueous hydrochloric acid is
added to desilylate Conpound 9a. This reaction is

worwppsdied by TLC. Once conpl ete the organi c pPEEES1088/076002

5

10

15

20

25

washed with water, aqueous sodi um bi carbonate and
wa .The solvent is exchanged for acetonitrile and
the mxture warned. The m xture is seeded and cool ed
to cry.stlhkHPI€C Adhpauindinde: CIRpoudidasdius txdgpefatdd 181 £bhseline
¥\’gs he gl Wt fhctC ghg I—H%‘U ﬁ@té%ﬂé}%&%ﬁ%gg}é o @ogfpo% 63’_’%&5%% é(:l

Yl 0 g erime S t a i% re reage d
Cbnpoun%: . 2, a?ﬁeﬁﬁﬂ) - %§L ?o m.ge
di bt hy XERdipg reartot Hine ot pgt fthes repica By plserye fevel
and 3.3°&§°FEP to Reactor 1. 3. Warmthe mixture
to ~ 100 C (note that sonme MeCH may distill during
this %pégéﬁﬁﬁ pd: 4 After 1 h the reaction shoul d be

conpl et g1y, h@n&ﬁp%e%meé{?@, Oa appafe”“yl ‘o 18
remai ni : re in r 0 -
25 C 6 g 8?‘8?5@89995( )%ﬁ)e?}gf’?‘%{%’lp%(%@foeq)
dissolved in 1.0 kg toluene to Reactor 1 and conti nue
agitation at anbient tenperature. 7. After 1 h the
reaction should be conplete by HPLC (<1 % Conpound
6aExamplechnc Erenegationtoh 8 Gommosnd of Bernmdad@or 1 to - 2

L/ kg. 9. Charge 1.8 kg DVMF, 0.09 kg potassium chl ori de
(0.5 eqg,) and 1.13 kg
0

H H HO 4
\\Y\\\ \\\k
1. 45% KOH,
N

IPA, H,O _0
—

OEt 2. Glacial AcOH
3. Compound 10

(y) seeds
Cl
Compound 9a Compound 10, y-form
Cy5Hy7CIFNO;
Mol. Wt.: 475.94 C23H23CIFNO;
Mol. Wt.: 447.88

Compound 9a is combined with aqueous isopropyl alcohol and warmed to
30to 40 °C. Aqueous potassium hydroxide is added and the reaction is monitored
by HPLC. Once complete, glacial acetic acid is added and the mixture warmed to
60 to 70 °C. The solution is hot filtered and cooled to 55 to 65 °C. The solution
is seeded (see International Patent Application Publication Number WO
2005/113508) and cooled to 0 °C. The product is isolated by filtration, washed
with cold aqueous isopropyl alcohol and dried at NMT 50 °C to yield Compound
10.
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N, O-bi strinmethylsilyl acetam de (2.2 eq.) to Reactor
1. 10. Warmthe m xture in Reactor 1 to -100 C. 11.
woe@ensam shoul d be conplete in ~ 1 h (-5% Conporns208&076002

remai ning). 12. Cool the contents of Reactor 1 to 18 -
%5 U,L’N 41‘,\5, A%e@ﬁl 10 K?ﬂ"}LD",YM+ M.Wuu ’Wt Batlo 'MSE Ratio
rria nt m ni nﬁommaun ql‘ﬁber ature 0f475h%4m »(t urLOQ 35 c_hed
Agi t at et epropyltalealiof or at | ea®0.100 nin té.Hesilyl ate
Conpound 8a. Watert or the progrdagg2of desilkyd ati on by
TLC. 2 16. Sagparabg t he phases. sk/n1 Vash thgqorganicy 3
phase” W Gl L Jehc WRET - 18] Weplhst ITe| T 0gih T pitase 5,
Wi m

t he—or ganompawndiseedy /0 [ AT S RO S b

the organic phase by di stlllatlon to ~1.5 L/ kg

Conpound Hagge 1240 k@bmammmtom ACN by
dist|II ion un a slurry is formed. Adjust the

fi nal 2v&tharss 4 Bigssoevqul deohow ardi4-§ kg vater tﬂé%?@ctphé
m xt Uﬁedlﬁr Y34 19T BHRZROA t§ REai@ 1 . 23. Cool
the sol uti o‘('i’rne to lé% Coaﬁg (ﬁﬁar ge Corr%ound 9a seeds.
4. Warm the mixture in Reactor 1 to 30 — 40 °C.
When hydrolysis is complete add 0.19 kg of glacial acetic acid.
Warm the mixture to 60 — 70 °C and polish filter the solution to Reactor 2.

Cool the mixture in Reactor 2 to 55 — 65 °C.

P N W

Seed with Compound 10 (see International Patent Application Publication
Number WO 2005/113508) as a slurry in 0.28 volumes of 6:4 isopropyl
alcohol:water.

10

Cool the mixture to 18 —25 °C over at least 2 h and agitate to form a slurry.

10.
11.

Cool the mixture to 0 °C and agitate for at least 2 h.

15 Isolate Compound 10 by filtration and wash the cake with 3 x 1S cold

isopropyl alcohol:water (6:4) solution.

12. Dry the isolated solids at < 50 °C under vacuum.
Example 10: Preparation of Compound 15

Meojiji
Br

14

20

OMe

1. -PrMgCI-LiCl

Br or i-PrMgCl then CFBA

2. HCl1

Bisdimethylaminoethyl ether (2.84 g) was dissolved in 42 mL THF and
cooled in an ice bath. Isopropylmagnesium chloride (8.9 mL of a 2 M solution in

25  THF) followed by Compound 14 (5 g dissolved in 5 mL THF) were added slowly
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24. Cool the mxture to O C over at least 2 h and hold

at that tenperature for at least 1 h. 25. Isolate
w@ovposaiel 9a by filtration and wash the wet caR€&T/ub1008/076002

1.6 kg cold ACN. 26. Dry the wet cake at < 40 OC under

nd
! 2SN = s by Wl fenfill PR it SRRt o5
St etré il We&%zolf mEUTBoHISko SR 16BN RIchRicCRARdBd

8a. Experinents demonstrated that adding more reagent
andflexstenag ey + Badhd mixteieveastqppichad toypki~ 7 wnttbt2N‘ HCi h€he

redu e t he obser ound 6a
e PHRe B A ed i s CocrBimateiins predeies v fHadaen
5 Cosgui Gulae RThe Gol8ent wel @Eéﬁéﬂge 70 a-ne Qo El%mpﬁét%rmé gro%uct
Preparation of a Conpound or .~ Conpound
thm OfgelftanﬂmM‘IBHZZF ) FVN(EddVﬂ to fdﬂh a slimb . Affer filtration
nghe sol1 ';lglurned in \t/gluene, élterec? and vacuum dried to yield compound 15:
'H NMR (CD;CN, 400 MHz) 6 7.47 (s, 1H), 7.41-7.35 (m, 2H), 7.15 (t, /= 7.4

Hz, 1H), 6.66 (s, 1H), 6.21 (br s, 1H), 3.90 (s, 3H), 3.87 (br s, 1H), 3.81 (s, 3H).

10
Example 11: Preparation of Compound 15a
MeO OMe
M‘*OI:[OMe i-PrMgCI-LiCl CIMgO C .
Br Br or i-PrMgCl then CFBA F
y g
Cl
15a
15

Compound 14 (5 g), isopropylmagnesium chloride (8.9 mL of 2M solution
in THF) and THF (56 mL) were combined at ambient temperature and then
warmed to 50 °C for ~5 hours. After cooling to ambient temperature and stirring
overnight, 2.1 mL of 3-chloro-2-fluorobenzaldehyde was added dropwise to form

20  aslurry. After stirring overnight the solid was isolated by filtration and washing
with MTBE to yield compound 15a.
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Conpound 9a is conbi ned with aqueous isopropyl al cohol
and warned to 30 to 40 OC. Agueous potassi um hydroxi de

WO g00atislacl and t he reaction is nonitored by HPLECT/O82968/076002

5

10

15

20

25

conplete, glacial acetic acid is added and the m xture

war 0,60 30 70.0C.. The sol.ytion is hot filtered

anuﬂgagu[]eml)ﬁt o};r%%ar?tbonééf .mﬁ%‘é‘dgkl ution i s seeded (see

I nternational Patent Application Publication Nunmber WO

2005/ 1 13508) and cooled to O C. The product is

i sol Mid B AMe rati on, washed wi t hMe@kd~agu@¥es

| SOREOPY cohol and dried at NMI 50 G
¥0. Br Charge 1 00 kg Conpoun 3

arge 4.7 kg isopropyl al cohol fa

or 1. 3. Charge 0.34 kg 45%

React™s cg 4 Warmthe mxture in Resgtsr, 1 to 30 - 40

C. 5. Wien hydrolysis is conplete add O. f§ kg of

glacial %cetic acid. 6. Warmthe nmixturdto 60 - 70 C

and pol i idi t | : s 2eid 03 I

the m xt oo eflE (F M5 ahER beyRgeARc 8d (o HPjhat had

Corhsoupig-cboledde en icetbatin af orop@ind A&t (@ 466 Apphs addedao the mixture

Pu?gi cati.on Nunber V\(P 2005/1 13508) as a sjurry in

0. Z§°RIBE thrdemBFragrabslaw oy Spyiiten Sigheg fofath icegvas@agdded to

: 2 uBhott HE ?eaEt?orrg: SThe 0dfet WAE ExtBlctd £3fh DEM 2R %ea(g!;guf% Phase

€l

orma slu
was washed with aq. NaHCO;. The organic phase was dried over Na,SOy4 and

concentrated to dryness. The product was purified by silica gel column
chromatography to provide 1.341 g of Compound 16: 'H NMR (CDCls, 400
MHz) & 7.20 (t,J= 7.0 Hz, 1H), 6.99-6.91 (m, 3H), 6.46 (s, 1H), 3.91 (s, 3H), 3.81
(s, SH).

The compound of formula 16 can be carboxylated toA provide a compound

of Formula 4 following a method analogous to that described in Example 1.

Example 13: Alternative Preparation of a Compound of Formula 3

Compound 14 is combined with anhydrous tetrahydrofuran:dioxane
(5:0.9), and the mixture is agitated under a nitrogen atmosphere until a
homogeneous solution is achieved. The solution is cooled to -3 °C and 1.3 eq. of
i-PrMgCI-LiCl in tetrahydrofuran is added. The reaction mixture is agitated at 0
°C until the formation of the mono-Grignard is complete as determined by HPLC
analysis. Next, a solution of 1.1 eq. of 3-chloro-2-fluorobenzaldehyde in
tetrahydrofuran is added. This mixture is allowed to stir at 0 °C until the
formation of Compound 15a is complete by HPLC. Next, additional
i-PrtMgCl-LiCl solution in tetrahydrofuran (2.5 eq.) is added and the reaction
mixture is warmed to about 20 °C. After conversion to the second Grignard

intermediate is complete, the reaction mixture is cooled to 3 °C. Anhydrous CO,
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10. Cool the mxture to O C and agitate for at |east 2
h. 11. Isolate Conpound 10 by filtration and wash the

w@ a00e/0%d16hh 3 x 1S col d i sopropyl al cohol : wat erP€BU&)008/076002

5

solution. 12. Dry the isolated solids at < 50 OC under

S AR o BB B B

42 adjustttifto abshit 00 Gbeﬁftbf‘th@ %aﬂb@ﬁylbﬂéﬂ‘reactlon is complete by HPLC,
Iso ropyl magnesiumchloride (8.9 nL of a 2 Msolution

Peti m@merg ipgootzship abeet 11)4°C( dgvatprsis sharged forgusne the
;-:_'r%ﬁ,‘\%f n? (}? % Ytth %ﬁ Siof ntl al qdul}ygi é@c{"a{cl,drtg&%]ust the

OV §/HYoG{d mofalin 3.2The fEhct’an mlxture is then warmed to about 20 °C. The
3-chl oro-2-fl uorobenzal dehyde was added. After

st iphasen gref ssparatedhThe érgamic phaseds selven exchahget 11001 mphbiture pf

e vty ohel oy B Ae gEuiled ST b sl Sl gne. The

sulgr@hRt 1s-mﬁat§&) by ﬁmatl‘t‘ﬁsw%%@ R3S k@R &dBrdp9l alcohol and
precipitate the product and a mxture of heptanes: MIBE
(4:vidteraad daidd etiationt 4@PCnt@yisldCompouttitler filtration the

solid was slurried in toluene, filtered and vacuum

Wgried to yi el d conpound 15: 1U NWMR (CD3CN, 400 MHz) d

15

20

25

30

7 % g(éﬁle HAltJrﬁéﬂv 7Pr§€a %tgar c?ﬂ@cir%?o&g gg I(Trlula 47-4 g'z .

( brTrﬁluotdd):etchacﬁd(l(Osaq )3kphargedbtop reackdr androepkdad 06@ of

Co%wﬂw?sﬂjéne (1.5 eq.) is added maintaining the temperature < 15 °C and the
mixture agitated thoroughly. Compound 3 is added to the well-stirred mixture in
portions maintaining the temperature < 15 °C. When the reaction is determined to
be complete by HPL.C, Compound 4 is precipitated by adding a solution of 5 eq.
sodium acetate in methanol (13 volumes) maintaining the temperature not more
than 45 °C. Warm the slurry to reflux and agitate for 2 to 3 h. The slurry is cooled
to about 0 °C and then agitated at that temperature for 2 to 3 h. The product is
isolated by filtration, washed with methanol and dried at about 40 °C to yield
Compound 4.

Example 15: Alternative Preparation of a Compound of Formula 9a

Compound 6a is combined with dimethylformamide (1.9 vol.),

N, N-dimethylformamide dimethyl acetal (1.1 eq.) and glacial acetic acid (0.026
eq.) before being warmed to about 65 °C. The reaction is monitored by HPLC.
Once the reaction is complete the mixture is cooled to about 22 °C before
(S)-2-amino-3-methyl-1-butanol (1.1 eq.) and toluene (1.2 volumes) are added.
The reaction is monitored by HPLC. Once the reaction is complete the mixture is

concentrated. The residue is combined with potassium chloride (0.5 eq) and
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/-PrMgd -Lidd or /-PrMgC then CFBA 15a Conpound 14 (5
g), isopropyl magnesi um chloride (8.9 nL of 2M sol ution

wo poodblbgieand THF (56 nl) were conbi ned at anbi BE/US2008/076002

tenperature and then warned to 50 C for ~5 hours.

Af t ' { ti i

ovr TR A R RS (o SRR i ER r b & T
adeedtiel gnm)rﬁ@)récpoj HPDTA Gilcb ieYreadtfoh 8§ cthplbtel thi®mixture is
overmﬂght the solid was isolated by filtration and

wasooladand dichlpmBeEthaney(p ebli) is adgesi ndiqueEdns Bdamhl@qwd is
P f 6 Tri hyl I
o SR8 4o s P oM B Eessomibmonifey Oy FLE- e he

5 beeticRbLiscORIpRAe tHR i ChhaBalshvashedRaN %téﬁac{ue&us‘ls@ﬁuﬂﬁ

was added to the m xture keep| ng the tenperature bel ow
5 Gicarkionate apd iwatarnghé scvlventis ¢xchemgedder a:dtdmdntemnquhmmlmcture

th t Th d t t
thé %g‘g‘geﬁ: ¢ e 0l m@fcﬁ\w??ﬂhsreg% Redeelsd & e otalize
or %Hiy%uﬂ@?éeﬁﬁ@%r a&yﬁﬂé@a &%ﬁ;fgv Jﬁ%gldca&?&ﬁmlfeaaﬁla%ed at

to dryness uct was

coMﬁ4OHCan&tab@Campyuﬁd)9¢)row de 1.341 g of Corrpound
16: 1H NWR (CDO 3, 400 MHz) d 7.20 (t, J 7.0 Hz, IH,

(s,

106. 99- EI) A fublicidns, S, Gid phtEht doduBéntt Sre 13&'8rp01%teafby

15

reference herein, as though individually incorporated by reference. The invention
has been described with reference to various specific and preferred embodiments
and techniques. However, it should be understood that many variations and

modifications may be made while remaining within the spirit and scope of the

invention.
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The conpound of fornula 16 can be carboxylated to
provi de a conpound of Fornula 4 follow ng a nethod
wap@bosaes to that described in Exanple 1. Exap@i/@sids/076002
Al ternative Preparation of a Conpound of Formula 3
Compound 14 is conbi ned w th anhydrous
t et rahydr of uran: di oxane (5:0.9), and the mxture is
agi tated under a nitrogen atnosphere until a
honobgeneous sol ution is aclgeards The solution is
cooled to -3 Cand 1.3 eq. of /-PrMd -Lid in
tetvipbhyMphegan i s added. The reaction mxture is
agitated at 0 Cuntil the formation of the
nmono- Grignard is conplete as determ ned by HPLC

anal ysi s. t, a solution of 1.1 eq.

3- i‘hl or"g-nf-tlfqﬁtﬁ}?Brﬁgﬂﬁlac?é’ﬂy’agnql?f@g?q?lﬁﬁbdr ofuran is
added. This m xture is alqun@dHt stir at 0 OC until
the formati on of Conpound 15a_§s\conplete by HPLC.
Next, additional /-PrMgd -Li C Isolution in
tetrahydrofuran (2.5 eq'.o) rssablded and the reaction

m xture is warmed to about! 20 CUAf her conversion to
the second Grignard intdrnedi afle i[f conpl ete, the
reaction mxture is cooped-fo @ CO Anhydrous CO2(g) is
charged to the reacti o xture at about 5 0C. The
reaction mxture is adjosteg to about 20 C. After the
carboxyl ation reaction is conphete by HPLC, the

react | m xture .i s cooled tq_.about, 10 C and water is
chgliag%agtq??feé}gj@n‘@ o fopRopadiob oA bwed by t he

addi tion of concentrated hydroch|oric acid to adjust
the pHto no nore than 3.0 gaction mxture is then
warmed to about 20 C. The

or a salt thereof is prepared and converted into a compound of formula 10,

characterized in that the compound of formula 4 is prepared from a compound of

MeO OMe
HO O

Br

94
Cl 15

or a salt thereof, by the steps of replacing the bromine atom with a carboxyl group, and

formula 15

replacing the hydroxyl group with a hydrogen atom.
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phases are separated. The organi c phase is sol vent

exchanged to a m xture of isopropyl alcohol and water
w@eaonkaer esulting slurry is cooled to about OPOIZUSZDNE076002

product is isolated by filtration, washed with a

m xture of isopropyl alcohol and water and dried at

about 40 Cto yield Conpound 3. Exanple 14 :

Al ternative Preparation of Conmpound of Formula 4

Tr2f | uoA e@tiRdd of cifitnd, (vhEreRthg corfipsilaiof stmiuf Por’ £AGHRIreof is
and cooled to 0 C_ Triethylsilane (1.5 eq.) is added

m?ﬁ??%?%bh‘@e?}@éng ﬁ}?ﬁémﬁ@wffomg{lqjﬁg@r@ sali ghengof pg tseating with
agﬁtf?inte dllio;igg {ogé‘f'g{/‘lig the%r'ﬁggl;ﬁ%nl %ﬁg S ag.ded to the

rred ure’in ?ntaining t he
tenperature < 15 C. \WhenMed cacMeon is determned to
be conplete by HPLC, Conpou @ IS precipitated by
adding a solution of 5 NSO U Q%etate i n met hanol
(13 volunmes) maintaining the genggerature not nore than
45 C. Warmthe slurry to ux and agitate for 2 to 3
h. The slurry is cool ed tsg ahqut 0 C and then agitated
at that tenperature for 2 to §1h.3The product is
isolated by filtration, washed with nmethanol and dried
at ors8li theaepf @nd soyvesting te ppropavad of foEmalnd te ptdvide the compound

Al L 5 bée Preparation of a Conpound of Formula 9a
Cbnpound a is conbined with dinethylformamde (1.9
vol.), L iV-dinethylformam de di nmethyl acetal (1.1

eq.) and glacial acetic acid (0.026
3. A method of claim 2, wherein the compound of formula 15 or a salt thereof is

MeO OMe
CiMgO O B
r
94

Cl

a salt of formula 15a

15a

4. A method of claim 1, wherein the compound of formula 15 is converted into

MeO ‘ OMe
Br
94

Cl
16

a compound of formula 16

which is then metalated and treated with carbon dioxide to afford a compound of

formula 4.
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eq.) before being warned to about 65 C. The reaction
is nonitored by HPLC. Once the reaction is conplete

W b@onsetbure is cooled to about 22 C before  PCT/US2008/076002
(5)-2-am no-3-nethyl- 1-butanol (1.1 eq.) and tol uene
(1.2 volunes) are added. The reaction is nonitored by
HPLC. Once the reaction is conplete the mxture is
concentrated. The residue is conbined with potassium
chbori dg coPpourRibelc@Rrd iidnt: Bordpdunt W tdhpugd 13y| ) acet ami de
(2.5 eq.) and warnmed to about 100 C. The reaction is
nmonitored by HPLC. Once the reaction is conplete the
m xture is cooled and di ronet h (6 vol.) is
added. Aqueous hydrochlo??%p. 'gagﬁded to
desilylate the product. jIhis ion is nonitored by
TLC. Once the reaction is gonph&t e ghe organi ¢ phase
is washed with water, aquedqus di um bi car bonat e and
wat er. The sol vent is exckanged for acetonitrile and
the mxture is warnmed to a solution. The m xture
is seeded and cooled to cry &1 ze1®onpound 9a. The
product is filtered, washed with cold acetonitrile and
dried at NMI 40 C to yield Conmpound 9a. Al
pug | s%ﬁtthé%&g’agﬁ %tc&g{géund%'}q%r%%ﬁlae pg documents are
i ncorporated by reference herein, as though
i ndi vidual Iy i ncor por ateed oMer ence. The invention
has been described with r¢
and preferred enbodi nentg
shoul d be understood thdt many variations and

6. A compound of claim 5, which is a salt of formula 15a .

MeO OMe
CiMgO O B
r
94

Cl

16a

7. A method for preparing a compound of formula 15:
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i nvention. CLAIM5S What is clained is: 1. A nethod for
preparing a conpound of fornmula 10 or a salt thereof,

WO pooodaabn a conpound of fornula 4 or a salt thRCBUS2008076002
prepared and converted into a conmpound of fornula 10,
characterized in that the conmpound of forrmula 4 is
prepared froma conpound of fornmula 15 or a salt
thereof, by the steps of replacing the brom ne atom
wi th a carboxyl group, anebreciogxethe hydr oxyl
group with a hydrogen atom et hod of claiml,
wherei n the conpound ofygd or -@ or a salt thereof is
prepared by netal ati ng theéfconpounér of fornula 15 or a
salt thereof and treating Aithgcarbon dioxide to
provi de the conpound of fla 3 : or a salt thereof,
and converting the conpo pf fornmula 3 to provide
t he conmpound of formula 433.~@& nefthod of claim 2,
wherein the conpound of formula 15 or a salt thereof
iIs a salt of fornula 15a 4. A nethod of claim1,
wherein the corrpound of formula 15 is converted into a

Co&p@éémhé%fsoffc% gl NG Jlghat do?re #g?glgg&g%ﬁﬁprﬁolﬁ 1 ula 14:

treated wth
MCOI:[OMe
Br Br

14

to the compound of formula 15 or the salt thereof.

8. The method of claim 7 wherein the compound of formula 14 is converted to
the compound of formula 15 or a salt thereof by metalating the compound of formula
14 and treating with 3-chloro-2-fluorobenzaldehyde to provide the compound of

formula 15 or the salt thereof.

9. The method of claim 8 further comprising converting the compound of

formula 15 or the salt thereof to a compound of formula 3:

or a salt thereof.
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formula 4.5. A conpound sel ected froma conpound of
formula 15: or a salt thereof and a conpound of
w0 o00aB@E6l6 16 6. A conmpound of claimb5, whi chP@BUS2008/076002

salt of formula 15a 15a 7. A nethod for preparing a
conpound of fornmula 15:0r a salt thereof conprising
converting a correspondi ng conpound of formula 14: 14

to the conmpound of fornmula 15 or the salt thereof. 8.

The met hod of claim7 wherein the conpound of fornula

14 is converted to the conpound of fornmula 15 or a

sal® t hBreanethed ofrplaiml Qwhergintthecanerayod abifosnuladSrsifenveded to
angl t i ith,3s¢chloro-2-fl uoroben ehyde.to .
or s PR e BB e P BARRE FLOEE TS bt weaing

t heftk eirboddioXide ta1prohiad tief cordpauna 8f fokhialAgr conpri sing
converting the conpound of fornmula 15 or the salt

thereof to a conpound of fornula 3: or a salt

t her eof . | 2] - wherel n.:

of " or mult e PR SEEHAE 1§ el dfytistiFechl b e SARAMArbe
3 foymula3airalid saf thdréofe® apopélindfof fafmmd 4 15 and

treating with carbon dioxide to provide the conpound

of forrmula 3. 11. The netgod of klaim 10 further
conprising converting the gy Spithd of

or a salt thereof,

12. The method of claim 11 further comprising converting the compound of

formula 4 or the salt thereof to a compound of formula 5’:

_0 o)

5!

or a salt thereof, wherein R, is a leaving group.

13. The method of claim 12 wherein R, is halo or 1-imidazolyl.

14.  The method of claim 13 wherein the compound of formula 5’ is a compound

of formula 5a:
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formula 3 or the salt thereof to a conpound of fornula
4: or a salt thereof. 12. The nethod of claim1l

w0 eoovharieconpri sing converting the conpound of PEDUS2DE076002
4 or the salt thereof to a conmpound of formula 5 : or
a salt thereof, wherein Rc is a |eaving group. 13. The
met hod of claim 12 wherein Rc is halo or 1-im dazolyl.
14. The method of claim 13 wherein the conmpound of
formula 5 is a conmpound of forjmula 5a:15. The net hod
of claim 14 wherein the @M formula 4 is
converted to the conpound ’lﬁ 5a by treat nent
with I, 1" -carbonyl diimda B~~The method of claim
15 further conprising covegtipg the conpound of
formula 5 or a salt t to a conmpound of fornmula
6: or a salt thereof, wis %p Ris G -C6al kyl. 17. The
met hod of claim 16 wherein Uhe conmpound of fornula 5
is converted to the conpoundf fornmula 6 by treatnent
wi th the correspondi ng nono-al kyl mal onate salt. 18.
The nmethod of claim 16 wherein Ris ethyl. 19. The

netod offhehaihdd bBciwie | £ivRertMehEQIMRUAE o orth@a AU¢ Sonerted to
is converted to the conpound of formula 6 by treatnent

wi thh cpraperndiof fermaitrola byytreatinem axid, RU -cathpayldiimidagolst

claim 16 further conprising converting the conpound of

16. The method of claim 15 further comprising converting the compound of

formula 5’ or a salt thereof, to a compound of formula 6:

_0 o)

Cl
6
or a salt thereof, wherein R is C;-Cgalkyl.
17. The method of claim 16 wherein the compound of formula 5’ is converted

to the compound of formula 6 by treatment with the corresponding

mono-alkylmalonate salt.

18. The method of claim 16 wherein R is ethyl.

19. The method of claim 18 wherein the compound of formula 5’ is converted

to the compound of formula 6 by treatment with potassium monoethylmalonate.

36



formula 6 or a salt thereof, to a conmpound of fornula
7: wherein Ra and Rb are each i ndependently
w@ee0@0adikyl . 21. The net hod of claim 20 wher ei PCT/082008/076002
conmpound of formula 6 is converted to the conpound of
formula 7 by treatnment with N, N-di net hyf or mam de
di net hyl acetal. 22. The nethod of claim2 1 wherein
the treatment with N, N-di met hyf or mam de di net hyl
acmi.al i Theaiettiog df Oldim il ® flrtiRr w@&m%&oa@elﬁﬁr%me%o béhd of
at a tenperature of about 100 0 0C. 23. e met hod
of formula§ 2@ splitherrof. te 8 spmpeundpfdeomvds Ti ng t he compound
of formula 7 to a conpound of ﬁq{nﬁla 8: 24. The
met hod of cl aim 23 whergin the cdqpbund of formula 7
is converted to the cofipo ormula 8 by treatnent
wWth (S)-2-am no-3-net hylA |t 280 OR5. The net hod of
claim 23 further conprigi ng converking the conpound of
fornula 8 to a compoung i Torful & 9: 26. The net hod
of claim25 wherein t dQnmpound of forrmula 8 is
converted to the conpouid &fl formula 9 by treatnent
with potassiumchloride and 7
N, O: bi.styi hyl si .yl acet am d 7. The met hod of
cl%$%$ﬁééfﬁ$%ﬁé?€:gﬁﬁaﬂ§PﬁH“@gﬁ¢§?%Whg t he conpound of

formula 9 to a conpound of fornula 10:

21. The method of claim 20 wherein the compound of formula 6 is converted to
the compound of formula 7 by treatment with N,N-dimethyformamide dimethyl

acetal.

22. The method of claim 21 wherein the treatment with
N,N-dimethyformamide dimethyl acetal is carried out in the presence of acetic acid at

a temperature of about 100 + 50 °C.

23. The method of claim 20 further comprising converting the compound of

formula 7 to a compound of formula 8:

24. The method of claim 23 wherein the compound of formula 7 is converted to

the compound of formula 8 by treatment with (S)-2-amino-3-methyl-1-butanol.
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28. The nethod of claim 27 wherein the conpound of
formula 9 is converted to the conpound of fornula 10
whyobosasnent with a base. PCT/US2008/076002

25. The method of claim 23 further comprising converting the compound of

formula 8 to a compound of formula 9:

HOHK

W
0 N

26. The method of claim 25 wherein the compound of formula 8 is converted to
the compound of formula 9 by treatment with potassium chloride and

N,O-bistrimethylsilylacetamide.

27. The method of claim 25 further comprising converting the compound of

formula 9 to a compound of formula 10:

28. The method of claim 27 wherein the compound of formula 9 is converted to

the compound of formula 10 by treatment with a base.
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