PROCESS AND | NTERVEDI ATES FOR PREPARI NG | NTEGRASE | NHI Bl TORS
S5Priority-of Invention This application clains priority under
35 U.S.C. 119(e) fromUnited States Provisional Patent Application
Nunber 60/844,020 filed 12 Septenber 2006, and from United States
Provi si onal Patent Application Nunber 60/905,365 filed 07 March 2007.
10Background of the Invention I nternational Patent Application
Publ i cati on Nunmber WO 2004/ 046115 provi des certain 4-oxoqui nol one
conpounds that are useful as W/ integrase inhibitors. The conpounds
are reported to be useful as anti-W agents. International Patent
Application Publication Nunber WO 2005/113508 15 provides certain
specific crystaline forns oPRORESSANDHEIERMEDNAJESNOI one conpounds,

6- ( 3- chl or o- 2-f | uor obe p g#@cﬁg@@w met hyl propyl] - 7-
met hoxy -4-oxo-1, 4-di hy roq%%lo one- 3-car oxygflgi‘%ocllzsd. The specific
crystalline fornms are reported to have superior physical and chem cal

stability conpared to other 20 phygh&akmliQisp of the conpound.
There is currently a need for inproved nethods for preparing the

4- oxoqui nol one conﬁ@ﬁ?’lﬂ’é‘cqﬁ@b@?‘i’;ﬂéﬁﬁqﬁﬁw@ﬂféﬁH&Q-élf?éq)ﬁ'ﬁa {gd States

Application, PRublidicml paant AppNBRbn MEnied 0dtéAp0d 4Rd {efibdr 20, fat | onal
Pat ent Application Publication Nunber WO 2005/113508. In particular,

there is a neddPnt Yited Siptes Proxisional Paient ApplicaiiondyabentdPnies 1d Q4| er or

| ess expensi veqiehz@yry out, that provide an increased yield, or that

elimnate We use of toxic or_costly reagents. Summary of the

| nventi on The present iﬁ@gﬂ@iﬂéﬁ—féﬁm new synt hetic
processes and synt hedmationalPAntBsHliadties PhtliadtiofNembes &fa20080461pF epar i ng

t he 4-oxoqui nol one co unds. 30 reported._ in |International Patent

Appl i cation PUB ﬁ‘%&?ﬁf‘aﬂﬁ%ﬁaﬁ%@g‘m@mﬁﬁ%ﬁ%’s lc?s?lkvinﬁﬁ'éfenati onal

Pat ent Appl i céabhidivrsPdbé congonmdn arbleeptvesd t0/R wRE0ISS ANV igents.

Accordingly, in on odisent . the in ti,.0n..provi ound of
fornula 3:" 3 or aﬁléegﬁpor{a %?%%)‘%Pp%%ﬁ“ﬁ“glﬁ%fﬁg?Ngrﬁg%mr@lfﬁ i nvention
provi des al¥ormpavidesicenthinfspaciiig bystalme forms of one of these 4-oxoquinolone

compounds,

6-(3-chloro-2-ﬂuorobenzyl)-1-{(S)-1-hydroxymethyl-?.—methylpropyl]-’?}methoxy

~4~-ox0~1,4-dihydroquinolone-3-carboxylic acid. The specific crystalline forms

are reported to have superior physical and chemical stability compared to other
20  physical forms of the compound.

There is currently a need for improved methods for preparing the
4-oxoquinolone compounds reported in International Patent Applié;:tjon-
Publication Number WO 2004/046115 and in International Patent xﬁbplicatign
Publication Number WO 2005/113508. In particular, there is a need for new- -

25  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 arc useful for preparing the 4-oxoquinolone compounds

30 reported in International Patent Application Publication Number WO
2004/046115 and in International Patent Application Publication Number WO
2005/113508.



5a or a salt thereof. I n anot her enbodi nent the invention
provi des a nmethod for preparing a 10 conpound of forrmula 3: 3 or a
salt thereof conprising converting a correspondi ng conpound of
formul a 2: O 2 or a salt thereof to the conpound of formula 3 or
the salt thereof. I n anot her enbodi nent the invention provides
a nethod for preparing a conpound of formula 9: OR F 00 C 9
wherein Ris G -C6al kyl, conprising cyclizing a correspondi ng
conmpound of 5 formula 8:

Accordingly, in one embodiment the invention provides a compound of

formula 3:
|
~0 -0
HO- _QOH
CI
3
or a salt thereof,
5 In another embodiment the invention provides a compound of formula
Sa:
or a salt thereof,

In another embodiment the invention provides a method for preparing a

10 compound of formula 3:

or a salt thereof comprising converting a corresponding compound of formula 2:

Br OH
o]

2

or a salt thereof to the compound of formula 3 or the salt thereof.



I n anot her enbodi nent the invention provides a conpound of formula
15: or a salt thereof. In another enbodi nent the invention provides a
conpound of fornula 15a: 15 5l n another enbodi nent the invention
provi des a nethod for preparing a conpound of fornula 15: MeOWe HO
101 a 15 or a salt thereof conprising converting a corresponding
compound of fornula 14: MeO a. Owe 14 10 to the compound of
formula 15 or the salt thereof. The i nvention al so provides

ot her synthetic processes and synthetic internedi ates discl osed

herein that are usqf el Al oBi&RAH. WekdS i aKAIAIRG HpREHNTS

compound of formuia 9:

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

5  formula 8:

10

or a salt thereof.
In another embodiment the invention provides a compound of formula
15a:
15



Det ai | ed Description The follow ng definitions are used, unless
ot herw se described: halo is fluoro, chloro, brono, or iodo. AlKkyl
denot es both strai ght and branched groups, but reference to an

i ndi vi dual | adi dal such'as propyranbraces only the straight 5 chain
radi cal, a branched chain isonmer such as isopropyl being specifically
referred to. It wll be appreciated by those skilled in the art
that a conpound having a chiral center may exist in and be isol ated
in optically active and racem c forns. Sonme conpounds may exhi bit

pol ynorphism It is to be understooduidiats tJog10 present invention
enconpasses processes for preparing@&nyﬂiﬁ em c, optically-active,
pol ynor phic, tautoneric, or stereb YEIr™8 fgerm or m xtures thereof,
of a conpound described herein, it bejggrwell known in the art how to
prepare optically active fornms (for gaﬁ pl e, by-resolution of the
racemc formby recrystallization tectirgues, by synthesis from
optically-active starting materials, 1ﬁpy chiral synthesis, or by
chromat ogr aphi ¢ separation using a chi P stationary phase).

Specific and pr &f fbthadnibadimes teiibbREn PeliewalchpduadbiTarhiia 16:
substituents, and ranges, are for illustration only; they do not

excl ude ot her defined values or other values wthin defined ranges
for the radicals and substituent 40208peews i cally, Cl-C6al kyl can be
met hyl, ethyl, propyl, isopropyl, b , 1so0-butyl, sec-butyl,
pentyl, 3-pentyl, or hexyl. A speciti¥ velue for R is nmethyl. A
specific value for Ro is nethyl. A~spBcific value for R, is

1-im dazolyl. 25A specific value Ris ethyl. In one

enbodi nent, the invention provides™a @et hod for preparing a conpound
of formula 3: 3 or a salt thereof tonprising converting a
correspondi ng conpound of fornmula 2: or a salt thereof to the

conpound ofsformula 3 orgtAg: Aeitainchd G iﬁ&r‘ntior(AﬁOJiJcL YRERS £

preparing a compound of formula 15:

MeO OMe
o 1)

Br

94
c 18
or a salt thereof comprising converting a corresponding compound of formula 14
MeO JCEOMC
Br Br
14

10 to the compound of formula 15 or the salt thereof,

The invention also provides other synthetic processes and synthetic
intermediates disclosed herein that are useful for preparing the 4-oxoquinone

cotnpounds.



5 below, the reaction can conveniently be carried out by conbining
Compound 2 with a polar aprotic solvent (e.g., tetrahydrofuran) and
cooling the m xture bel ow roomtenperature (e.g., to about -20 C).
131 M=Li B2 M= MgX, X = halo 3 ci 10 This m xture can be treated
with a first organonetallic reagent (e.g., a dial kyl magnesi um

di al kyl zi nc, an al kyl magnesi um halide, a trial kylalumnum or a netal
hydri de reagent) to forma carboxylate salt. For exanple, the m xture
can be treated with about 0.5 equival ents of dibutyl magnesi umor 15

butyl et hyl magnesi um or about onRgiSetbMaleE of
but yl et hyl magnesi umt but anol adduct, to afford Co&ound A. The

resul ting mxture dBhfolevisgdabinitiens ayg used unleseetrviseesraihedndalaly i ¢

reagent (e.g..,maf, ah&x,lﬂr&ﬁd)bmao@w@ h&mbmgﬁﬁggm Bhd WrcktR)ardugs, fOrm an
organonetal | i ¢ conpound (Conpound Bl or B2) pi cal | this'is

perforned at ab“F‘@gfif‘éﬁfof”éWﬂiéﬂ‘fa%l’ﬁﬁd@aEW"&FP’@M”%%?%%% gfreigichange.
For exanpl es tdhgin kRARMI 4 bridethél ckhiH §sBm&ARchRSisGRENI RReE sikirbaRout
1.2-2.2. equival ents of an al kyl Iithium (e.g., about |.8 equival ents
n-butyl 1ithi uffBPd®rt-butyllithium at 5 about -50th 50C to afford
an organo-|ithi um gempRIHpGreéise BIARIE KR in thdbriGRLa BsHRMIMARg ©f t he

i nventi on net al#h | ogen exchange reaction can be carried oput at a

t enper at ur e of MEHSECT Map est MyRd beriselated iy gptically aghveptracREIGIoNIS, | ogen
exchange reactSoaia compoubds nva BXHilGE RUmldyhRMY ItSdth bakldesibvenhaitgue (e. g.,
by RPLC). on cgrg*gr{xetj on of the reactl_.on#3 . -

3-chl oro-2-Y 1 J&¢ Y BT RASTeS BIGERSSeY OBPePP &R A7 &nt s) can be
added. The pr aptielig-agive, phigmeaghic,ttivtsmetic € sttranisomartt fiven, bomixtuassed by any
sui tabl e techni qu e.qg.. by HRLC). Conpound can i.s0l ated by any
sui tabl o 1 echiiaptE of odhimoueLHbiher bR InGRln B ROL, O Y Y
met hod avoi ds pespere optivaldpractivet forons (fossample, om chsdlitien obthe raessofomabed wit h

t he use of ot : idion.. | I adi um
eagents). 151 ecosRaR Rl el vy bhARL fdrdlbilRl &b SR ARRE

formul a 2 by &yghital 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.

20 Specifically, C;-Cgalkyl 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.

25 A specific value for R isethyl.
In'one embodiment; the invention provides a method for préparing a

compound of formula 3:



thereof is prepared by brom nating 2, 4-di net hoxybenzoi e acid. The
reaction can be carried out using standard brom nation conditions.

I n one enbodi nent of the invention a conpound of fornmula 3 or a salt
thereof is converted to a conpound of fornmula 4. b 01-1 F 0 Cl 4 20
or a salt thereof. About Ito 5 hydride equivalents of a silane
reduci ng agent (e.g., phenyldinethylsil ane, polynethyl hydrosil oxane,
or chlorodinethylsilane, or a trialkylsilane such as triethylsilane)
are conbined with a suitable acid (e.g., trifluoroacetic acid,
triflie acid or acetic acid). The reaction can conveniently be
carried out by using about 1.2 to 200y de equi val ents of
triethylsilane and about 25 5 to A0 ed alents of trifluoroacetic
acid. To this mxture is added Conpg or a salt thereof. Conpound
3 or a salt thereof can conveni ent p& added to the mxture at a
reduced tenperature, for exanple, it Oth 10 C. The progress of the
reaction can be nonitored by any sui e technique (e.qg., by HPLO).
Upon conpl etion of the reaction, Conpouhd 4 or a salt thereof can be
i solated usin L : i . foTpe2ry hy or
crystallizati gﬁ?%&%ﬁpwgun 12& ?&g&gﬁhgaa ﬁcs? ng?n g?rﬁ%gn al cgg'ﬁ%g' pr epar ed
by adding trifluoroacetic acid to Conpoynd 3 in a suitable sol vent
and then adding a silane reduci ng agest” to provide Conpound 4.

Al ternatively, Conpound 4 or a s oL eofi can be prepared by
formng a correspondi ng orgaﬁonetag i ¢ conpound from Conpound 2
and reacting the 10 organonetallic cogpound with Conpound 11: Ry C
11 wherein ; is a suitable leaving grdup (e.g., atriflate, nesylate,

tosyl ate, or burosat thiref toghecompound of formuld Moralectshictheresfb Ad ilmgtrated of

t he-i nvention the-go und of fornula 4.aor sal t. .t her eof |
converted t g a!:negagwh%«a geﬁc 101"(1) FanfGB?VﬁﬂlFIgHrge g:arne% outa}ay combining 80mpounc| f
with a polar aprotic solvent (e.g., tetrahydrofuran) and cooling the mixture below

room temperature (e.g., to about -20 °C).

|
-] ! —_ ~0 o ° ) O <|)
Mg*2 )~ & +2
E;@:;on E,JC(“,O 4 MIZ(O Mg
5 0 o /a, o /,
A Bl M=Li
B2 M=MgX, X =halo

10
This mixture can be treated with a first organometallic reagent (e.g., a
dialkylmagnesium, dialkylzine, an aikylmagnesium halide, a trialkylaluminum, or
a metal hydride reagent) to form a carboxylate salt, For example, the mixture can
be treated with about 0.5 equivalents of dibutylmagnesium or

15 butylethylmagnesium, or about one equivalent of butylethylmagnesium-butanol
adduct, to afford Compound A, The resulting rﬁixture can be combined with a

second organometallic reagent (e.g., an alkyllithium or alkylmagnesium halide) to



155" or a salt thereof, wherein ; is a |eaving group. The carboxylic
acid functional group of Conpound 4 can be converted to an activated
species, for exanple an acid chloride or an acyl i m dazolide
(Conpound 5') by treatnment with a suitable reagent, such as, for
exanpl e, thionyl chloride, oxalyl chloride, cyanuric chloride 20 or
1,1 -carbonyldiimdazole in a suitable solvent (e.g., toluene or
tetrahydrofuran). Any suitable | eaving group Re can be i ncor por at ed
into the nol ecule, provided the conpound of fornulas' can be

subsequent |y oQRY B &rpfhohaifi CATBG KbrioulASIB B3 Gpicalhns Rt i on can

conveniently be carried out using about I ui val ént
1, 1' - car bony| dPeriemesd 2o reduced teraer @raﬁfoama alogen exchangenF%rnot her

enbodi ment  of éﬂaﬁplbHN&%ItH@mﬁd&&JEHQU&%b&EdMﬂ{éﬂdﬁtﬁ?&z.ﬂéquﬁalﬁrﬁé dr thereof
can be converted to a conpound formul a 6; 6 or a salt

t hereof , wher eftilkd lithiumgye. @é‘hﬁ’é% WW“@%&’H‘PH"@“““&W&@WR%WH“@? atf or mul a
5' can be cenbiveedso sorcabamtd ahlofbamo- Rk eth b S(CBhpAnd B0 diey |

mal onat e sal t arLd about Ito 5 equivalents of a magnesiumsalt in a

suitabl e sol veToodissPhpEhe apentipn mg}ﬂ%ﬁg@&ﬁ@ﬂ@ﬂe rqaefwﬁﬁ%b;e-cmeeﬂ%e

conbi ned wit h ab@iperduré oLt VLO0ES, THe pp’bgreﬁ@msﬁbthlmam@m@%mgk
mal onat e and about 1. g P\%ghgnt S .0 nesiumchloride. A suitable
base, for exanpiEotsn ‘f’ﬂ% angsuifa iqu (e-2 % FBECH HPSR t o t he

reaction. The mﬁphﬁoﬂﬁtlﬁwcmm@Wr@MhMﬂhﬁzaﬁﬁﬁyﬂb edowpus. at an el evat ed

tenperatur Tg g@% nitored for conpl etion by
by surt abfe ol Emns i oribphbe gRRoR B SR bGP
reaction, = Conpyungsuabdetachhigud (8 gJ, BgtIeIeLChSOQnmncmmn Sulsdilﬁtbi & shgchni que
(e.0., by chro or cr atlon n t her
enbodi nent of ‘th tg%ﬁ‘ﬁc\%}%ﬂ'i/ @& '?Yh 351“5‘??‘?3 Thésnbe sal t
t hereof, can bwoidoany esrtapuination :asumnd &mpm;ndssn@atmommlnmﬂe dfoteor nul a 7:
Ra, ,Rb ON | %g&n@ﬁeg transition metals such as palladium reagents).
15 In one embodiment of the invention the compound of formula 2 or a salt
thereof is prepared by brominating 2,4-dimethoxybenzoic acid. The reaction can
be carried out using standard bromination conditions.
In one embodiment of the invention a compound of formula 3 or a salt

thereof is converted to a compound of formula 4:

20  orasaltthereof. About I'to 5 hydride equivalents of a silane reducing agent (e.g.,
phenyldimethylsilane, polymethylhydrosiloxane, or chlorodimethylsilane, or a
trialkylsilane such as triethylsilane) are combined with a suitable acid (e.g.,
trifluoroacetic acid, triflic acid or acetic acid). The reaction can conveniently be
carried out by using about 1.2 to 2.0 hydride equivalents of triethylsilane and about

25  5to 10 equivalents of frifluoroacetic acid, To this mixture is added.Compound 3

or a salt thereof.~Compound 3 or a salt thereof ¢an conveniently be added to the



7 wherein Ra and Rb are each independently G -Csal kyl; and Ris

Cl- Coal kyl . 20 Conmpound 6 can be converted to an activated

all cylidene anal og, such as Conpound 7, by treatnent with a formate
group donor such as a dinethyl formam de di al kyLacetal (e.g.,

di met hyl f or mam de di methyl acetal) or a trial kylorthofornmate. The
reaction can be carried out at elevated tenperature (e.g., about 100
50 C. This reaction may be accelerated by the addition of an acid
catal yst, such as, for exanple, an al kanoic acid, a benzoic acid, a

sul fonic aci d Qfxnfe FhRAERY teRfplrbture! P#LmﬁQde?lpﬂﬁ@"é‘ ﬁﬁta%g,gs% gaci d can

conveni ently be used. The progress o € reaction can noni t oredty
any suitable tfédfeﬁﬁt’a&éan(bé"'intorfié)b%ﬂm@@)tﬂmwmm Hﬂ@hrﬂnge i soI ated

or it can be U&%Qleﬁbﬂcﬁ%'réécﬁoﬁ GRS oﬁadﬁettmmgn&flsota%m

descri bed bel ow. | n anot ment the 1 nventi on the

conpound of f ofihlefechniget{eBebxbromatographyopergstatlizatiany; pepmpiovnd 40o#pound of
formula 8: 5 1%alﬁ’ﬂ1@fe§fdﬁn Rsd b%p%ar%lah(ﬁég mﬂ@&‘&@&i&'ﬁ&ld fplfndg%rb' ned

with (S)-2-am no-3-nethyl but anol Val i nol abou

equi val ent s) toupelsPl é"té’éﬁ*?b@@ﬁ@n@SIIWéEd[SPIWQf@EP“@#@WP@H@t| on can
be nonitored by any suitable technique (e.g., by HPLC). The conpound
of fornula 8 can be isolated or used directly to prepare a conpound

of formula 9 as de8¥smatiuely..ompound A onasali Aetepican bemserdictnformingre

i nvention pr 0Vdoﬂ&§oxﬁm?%¥g@ﬁ&%efaﬁfc cBhifolrt ﬁdﬁgcﬁn;ﬁ)%&%ﬁﬂ?ea&fn farmul a 9:
Conpound 8 can be cyc rovi de Conpound 9 by treat ment with a
silyl ating Qeéﬁ@ﬁ?mqﬂghgompwnéwﬁh Sempqupktlhy| si | ypacet ani de,

N, O-bis(trinethylsilyl)trifluoroacet de or hexanet hyl di sil azane).
The reaction 5can be conducted in al|polar aprotic solvent (e.g.,

di et hyl f or mam de, di net hyl acet am K et hyl pyrrol i di none or
acetonitrile). A salt (e.g., pota chloride, lithiumchloride,
sodi um chl ori de or magnesi um chl ori de) Gan be added to accelerate the
reaction. Typi | en of a uch as

pot assi um chl d@l%l JéM} ésaagg'gatbcf ea?‘hggmlépa 7 oEﬁ%firtﬁymeb\‘é ?:’ct)?ts A&t %ed at

el evated 10 t émsdatatetede (e.g., a tenperature of about 100 + 20 Q) if
necessary to obtain G ss of the
reaction can be nonlllltaaggtg%\éﬁ%ﬁﬁé"tmﬁe B‘Lﬁ%ntﬂleec n %ﬁgo@éﬁﬂfﬁ HPLC) .
During the moﬁl&%lﬁherenflmn\dﬂcﬂanab@nmmffmﬂya’r oI yze any sil yI et hers
that formdue to reaction of the silylafing reagent with the al cohol
noi ety of conpound 8. Typical acid bude mi neral acids, sulfonic
15aci ds, or al kanoic acids. One sp i c acid that can be used is
aqueous hydrochloric acid. Upon cgq of the hydrolysis,
Compound 9 can be isolated by an I |l e nmethod (e.qg., by

chromat ography or by crystalli @ I'n the above conver si on, the
silating reagent transiently protettsl the al cohol and is subsequently
removed. Tis elimnates the need for sseparate protection and

or a salt thereof, wherein R, is a leaving group. The carboxylic acid fiunctional
group of Compound 4 can be converted to an activated species, for example an
acid chloride or an acy] imidazolide (Compound 5°) by treatment with a suitable
reagent, such as, for example, thiony! chloride, oxalyl chloride , cyanuric chloride
20 or1,1"-carbonyldiimidazole in a suitable solvent (e.g., toluene or tetrahydrofuran).
Any suitable leaving group R can be incorporated info the molecule, provided the

compound of formula 5’ can be subsequently converted to a compound of formula



20 deprotection steps, thereby increasing the efficiency of the
conver si on. I n anot her enbodi nent of the invention the
conpound of fornmula 9 is converted to a conmpound of fornula 10: 10
Compound 9 can be converted to Conpound 10 by treatnent with a

sui t abl e base (e.g., potassium hydroxi de, sodi um hydroxide or Iithium
hydr oxi de). For exanple, about 1.3 equival ents of potassium hydroxide
can conveniently be used. 5This reaction may be conducted in any

sui tabl e solvent, such as, for exanple, tetrahydrofuran, nethanol,

et hanol or isopr Pft%‘ﬂ gcan al so

i ncl ude water. pAﬂ?ng%%%ngg}L?ﬁYc?g eg?\r%{a%"ﬁ%n g_dgrfl c iv\éﬁl(li:{té)nvem ently
be used. The p}abgqﬂé’g@lwltiaﬁ@eméﬁ@hjdmﬁlmn be nonitored by any

sui tabl e techni que (§, ther%%ohiﬁe@ofthlﬁ@en‘h&l&%oﬁ! bihdloPE a%fpoxyl ate
salt can be 10 neutralized by treatnent zgn acl

hydrochl ori c a®ltéhersef cae b dogveged iy comomundofrphle 6: about 1 5 eqw val ent s
of acetic acid can conveniently be usegd. Follow ng neutralization,
Compound 10 can be isol ated usipg Guitabl e technique (e.g., by
chromat ography or crystallization) n anoéger enbodi ment of the

i nvention the conpound of fornuld N IS5 be crystalized by addi ng
a seed crystal to a solution th cONe i ses the conpound of fornula

10. International Patent Applig on Publicati on Nunmber WO

2005/ 113508 provi des certain speciftdic crystaline fornms of

6- (3-chl oros 2-fl uorobenzyl)-1-[(8)-1-6

hydr oxynet hy1- 8 t =gl {,nol one- 3-
carb 20oxylic %a?ﬁ‘[&%’z vg%%éﬂl{elzcdgﬁa %(g%%?xg]ﬁﬁt ercﬁlggdunyglr g!taent

Appl i cati on PuBrindastnehinelwith shoutity 2opbaltatsefogonesliyhodeptssataad her ei n
by 1 ef erence (hfuRa$ kdaHhidhis oft %%{g%ﬂﬁ%alﬂuﬁa@uﬁtaﬁl@%l?énf‘)(!oﬂeﬂﬁmﬁ?ec' fic
crystaline forns are identif rein as Form |

Crystal Form |a|cpmp@n9gifamhﬁ’mhe cm@ncdnvltkamyl ‘peanirelentspf f r act i on
pattern hayj ng,oﬁaafnms&emtrﬁafongke Mdra@&ﬁl 9&,2@@@}4@0% dsfuld @ktilon angl es
25 20(1 of 6 13 86 2 as measured by
an X-ray povvde‘ﬁs‘éﬂaPLFlb%?E’thrrFé?‘éﬁle"”@h&@Wa‘f orfigjdpRoles ean fhg addgghiosher oy nowder
diffraction paéarc@crnn Thmyduaﬂ ca@xfé&{v&ﬁ&ﬂfz bdatred Ghtlaf ndfdvitelvepdase at
diffraction a 14.02, 15.68, 17.06, 17.24, 24.16,

ond 2o 74’ as ke P'édﬂ%*y"s%ﬁw@awﬁs&e\/ﬁwwﬁn‘w Bang AtiteRlp technique

I nt er nat i onal - (£} BHPLAYPUpERbinplBridRebihE adtioR) m:ohiymes MBe2RMRA 113508

al so descrjbes how tao epar, cr sallneformo

G- (3- chi or b 2 WM B ERs ER ey 6y SRgH SRR A il aion).

met hyl propyl ] - 7- meklagotyer mbodaneht skiadiikialion idiconpmneoiFormaniBaxy! i ¢ aci d

that salt thereof, can be converted to a corresponding compound of formula 7:

| Ra, Ry
o N

e

Gl

wherein R, and Ry, are each independently C)-Cealkyl; and R is C,-Cgalkyl.

20 Compound 6 can be converted to an activated alkylidene analog, such as
Compound 7, by treatment with a formate group donor such asa
dimethylformamide dialkyl-acetal-(e.g.,- dimethylformamide dimethyl acetal) or a

trialkylorthoformate. The reaction can be carried out at elevated temperature
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have an extrapol at ed onset tenperature of about 162.1 C, as well as
how to prepare a seed crystal having a purity of crystal of not |ess
t han about 70% Accordingly, seed crystals of 10

6- ( 3-chl oro- 2-fl uorobenzyl) - 14(S) - 1- hydr oxynet hyl -

met hyl propyl } - 7- net hoxy- 4- oxo- 1, 4- dlhydrqu|noIone 3 car boxylic aC|d
can optionally be prepared as described in International Patent
Application Publication Nunber WO 20051113508. Advant ageously, the
process illustrated in Schene | bel ow provides a crude m xture of
Conpound 10 th @t epan yst al
FormIIll wt ho%tg addi {Uléoi;yg @)Ct;ﬂrhl)é %@ggll o%eé:l&ae?ﬂedtb?t&agmhﬁg)fﬁ%l or
formation of amcﬁﬁwﬂwfwxfﬁmmmwa&@nm@@mbewwd;4sulfwcaﬁidt hout
some ot her forfnaQfinddibQl. Rt §dogﬁr1}l't6)fb)a’ace§9§mc@8ﬁ‘@@1|v§n&ﬂ?% U, In
cases where conpounds identif herein are sufficiently basic or

aci dic to fornTiswesres ofdhedeastionsan e mogftered byappsuitakjeiattinishe @igs bY pr ovi des
salts of sush 2fL@OCRPIREST caPbColFH o  cHE b dHERY W prépre 2

internediates, for exanple, for purifying such conpounds. Exanples of
useful salts |W€W@H€°Eﬁ°§%ﬂﬂ#%ase@6$°§beé@dp‘t’1 on salts fornmed with acids,
for exanpl e, tosyl aliganciBfdAap@fehtoMainfontifiRd @hPouriof forhila 7 &I Onat e,
tartarate, succinate, benzoate, ascorbate, a-kefoglutarate, and

a- gl ycerophosptf?é‘f"@'emjd?t‘%'{e@}’oﬂ‘h@ﬂr“gﬁlﬂ?%d§%f'P’f“§‘lan?ay al so be formed,

i ncluding 25 hydrochl oride, sulfate, nibpnate, bicarbonate, and
carbonate salts. Salts nmay be obtained i,(ttq standard procedures wel |
known in the art, for exanple by reactingl a sufficiently basic
conmpound such as an am ne with-a"g Hcid affordi ng an ani on.

Al kali netal (for exanple, sodiump Loy or lithium or al kaline

earth netal (for exanple calciu Bgnesi un) salts of 30 carboxylic
acids, for exanple, can al so bg=1y The invention will now
be illustrated by the foll ow ng 5 -I|mt|ng Exanpl es. An integrase

i nhibitor of fornula 10 can be prepcér d as illustrated in the

follow ng Schenme 1. 5 SCHEME 1 Exanple 1: Preparation of Conpound 3
10Conpoundl® (w@re)R isdls-Ceattybi Craxgpovvidt7ivard B2 ombinafwithl - | F and cool ed to

-20 C. The m | 1 M
ai but y1 magnes iy Efas Pt Sl SHERARR, HEaL1 hdfag bRyl
n- but yl I'i t hi urrrspduod 8. oTiwlpmgtﬁ@s«zfrﬂe reghiidngamtgi memtiorsi] hyattylyeitablenper at ur e
at -20 C. 3- 0 22 I[thq %Q ghd the
m xture all ov?[?/etjfjdihIil e%e% 3’%@%@5« &%ﬁ%ggatn\g?%aﬁgggﬂ%er ature the
reacti on was qiugqﬂaf FrerieHase atcmgpound of formula 9 as described below,
15 another embodiment, the invention provides a method for preparing a compound

of formnla 9:

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

formula 8:

10



5 addition of 55 nmL of 2 M hydrochloric acid. The phases were
separated and the organi c phase was extracted with 92 nlL of ethyl
acetate. The conbi ned organic | ayers were washed with 92 nth of

sat urat ed aqueous sodi um chloride. The organi c phase was concentrated
and the product precipitated by the addition of 200 nL heptane. The
slurry was filtered and the product air dried to yield Conpound 10 3:
| HNVR (| DMSO-d6, 400 MHz) 8 12.15 (br s, 111), 7.81 (s, 111), 7.42
(t, J= 7.2 Hz, 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, B, 590 (d, J= 4.9 Hz, IN),
3.84 (s, 3H), 3.80 (s, 311). Alternativ y\l\Corrpound 3 can be
prepared as follows. 15 Corrpound|2 20" g) was conbined with 300
m. of THF and cooled to -20 C. APe Rix® lészvas treated successively

i hlt aRol adduct (BEM B)
{t-butyllithiumsolution in
aher at@re?at 20 -20 C

solution in heptane and 35.08 g
hept ane while maintaining the t
3-Chl oro- 2-fl uor obenzal dehyde ({ 8o g) was added and the m xture
allowed to warmto 0 C. After 2 hou¥ls at that tenperature the

reacti on was quenched by the addition8of 2M hydrochloric acid. The
phases were se wi th ethyl
acetate. The o(rlgatglli nrc p ag%%mgzgggfaﬁwd&oveg&%dg@ﬁ%gﬁj%ﬁgﬁlggand t he
product was preghktingtreagent (ssy, A Gdistddethylolp)aétaliiBE. 25 The sl urry was
filtered and t{e.p@ls ?}g uods 3p g; 691
% vyi el d) : IHNI&Rb? %‘%‘%E %Bﬂnﬁq—gaﬁ‘@ %“ﬁ%@“ AR i) r%J’ s,

7.42 (t, J=57.¢n b&conf_m&eyl in ﬁp%aqretw sglveng (e, ldunethxlfgmamd% (t, J = 7 8
Hz, 1H), 6.77 E(ll%@ﬂf_@ﬁkgﬂmld I\Q%e&g%n%ﬁdxﬂonz o#?cetoﬁﬁ'ﬁe) ﬁsa%t) egd, J= 4.9 Hz,
11-3), 3.84 (s ound was comnbi ned
with 28 ni of PPsihehlagideqli hutwchéorﬁp,é@nl%%@ﬁ;%?ﬁﬂﬁ@@éwwhleﬂ%?anbef ore

bei ng cool ed t&a@de@mah&wt@my}emgﬂe%iémy%bmls@@:&a%%m%fmaus@ah a.2.07
M solut ion in THF), was added and the mxture was allowed to warmto

room t enper at (iF BOREMEnIgHee is 2dqed.  Ths rrastiop ggpbersidursg et chl ori de (5

m) was added téfperdiE (é\geaféﬂg)‘é@ﬁﬁel dZabREf00 %20 °C) if necessary to obtain a
3-chl oro-2-fl uorobenzal de was added, After stirring at

hl\?/nfeﬁéA 4 L)

anbi ent 10 t erfSBFRERrEC g mS. iﬁf%@%?féheg‘eﬁm“émiﬁewm}&*ﬁ Ll ution of
i sopr opy| magnesitdsratehhiqre (eg, 1by'mﬂﬂa;nncrhigafelmug,mhexan\msSaadded Aft er
stirring overnight at a nt _t erature ube dinto
the reaction %&Pé'feeat"yﬁﬁ'g?ﬁ%%ﬁ?ﬁ% %F\t%twggﬁﬁ’?élfy “P%réagﬁg on was
guenched to p Hamohbltrﬂmeﬁy dﬂohyﬂhumthl Dypical asidd idcludé rtnepdh adéxssuvferie

separ at ed @d e onga ani c. th et hell acet at e.

e d wi
15The conbine or’ﬁléanl cmfgy} @ngﬁﬁéﬁéﬁcﬁ% HsegéstaﬂFa ed aqueous
sodi um chl ori ddrochieic acidiatipan cpinpistionwéite belndwisf Caipethddren bdhe product

broduct air or P Ey AR By gl it 3 U0, ' 5°

12. 15 (br s |th¢)above. cBrivexsion, thd-Hilating rek@ent transigntly prafectaizhe akcbhol aid i96 (1t

(& 9=a. 7 v SRl Tl e gsh kol pbigifid ) ° 0

3H). Corrp%ﬂmdieﬁofe@nﬂ stpwdhtrebypmoeqsanme effcigrcy eighacanestsionn t he fol | owi ng
Sch . Ex I 2. I I 6. 83
cheme anpl e . F{aﬁgﬂér%“bgﬁmgt of'\@é?gégﬂ%stﬁ% c)o§i}§]dé1?5ﬁt§hﬁ]kl%e (

g) was added to trifluoroacetic aci
converted to a compound of formula 10:

11



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

m xture keeping the tenperature below 15 C. After stirring for 2 h
MI13E was added to precipitate the product. The slurry was filtered
and the product washed with additional MIBE. After drying, 9.12 g of
Compound 4 was i sol ated: NVR 10 (DVSO d6, 400 MHz) 8 12.11 (br s,
111), 7.47 (s, 111), 7.42-7.38 (m 1H), 7.14-7.08 (m 211), 6.67 (s,
111), 3.87-3.84 (m 8H). Alternatively, Conpound 4 can be prepared as
follows. 15Triethylsilane (7.50 g) was added to trifluoroacetic acid
(49.02 g) that had been pre-cooled jh an ice bath. Conmpound 3 (14, 65

g) was added to the m xture keeping stemperature below 15 C. After
stirring for 1 h a solution of 17.63 glsodium acetate in 147 nL
met hanol was added. The ni xt ur e”\WgsXKe ed to reflux for 3 hours then

cooled to 0 C The slurry was fil d_andotthe produet washed 20 with
additional nethanol. After drying 12.3!g of Conpound-4 (89.7 %yield)
was isolated: |FI NVR (DVBO d6,=2807 IVR1iQ) 8 12.11 (br s, 1H), 7.47
(s, 1H), 7.42-7.38 (m 111), * 4. 7. 08 (m 2H), 6.67 (s, 114),
3.87-184 (m 8H). Example 3: Prepar%\tiqcbn of Conpound 5a. Irnidazole
(0.42 g) and 1,1'-carbonyl diimdazole (5.49 §) were slurried in 5 30
m. of THF at aGdmpemid & @rbeatatedto Coappod hdibykreptidntithwasitabddesd i n one

ti dt ] .St i . [ til th
enct i on was cofprotel R SHhE bRy HERRROIRN P, 10 Ly ang
t he solids washeuplaiabdut MEBfEivalEhte ofpotaksilen hydrogidelean echvenensly b4 wsedConpound
5a: 111 N . 4 ) 7.41-7. 38
(m 111y, 7 S0 percaip iy Il B Syt s sy Trhdiple - 5 o
(s, 113), 3. 9ltetfahydrofyuay, methag efignol gHjopraparph of smix@Fg)thergfafhsl e 4:
Preparation ofs,{ompound iRide water, j&fhl%w F{)}rﬁoﬁag’ol% MEr@ﬁIE

1,1 -carbonyldiimdazole (5.49 g) were slurried in 30 of THF at
ambi ent t enpercAE\sriEntlyds tisa.u e Pergres of the)reagfinn camfparpnitered®yany 5 porti on

and the m xt ursgitabRSechhibic’ (€8, BIHFAM BRlniGATREMS Sl saft cAhPr S tO
forma shi ﬂ% of cgnmpound 5a. I n a separate fl ask, 91 g .of potassium

monoet hyl | duftabizaldy treqtment withian aqiddpe-piydigehlorigeeid prageticaFidinEehl ori de
(4.40 g) was assafle, abit £IQuivasid drudbe fldeat dnWeasnide iRE. thodig C for 90
m nutes. The sl U{?h%/ of Co oynd 5a was transferred to_th&rggg nesi um
chl ori de/ pot ad§tt aﬁ'ﬁ'?‘u?@?’%)’f' Hhrap-gs isplaledaising 3 syitbly eehnique at 55 C
over ni ght . Thehiinkogreshy\wo&yddieaicmol ed to room tenperature and
uenched by the dropwi se addjti on of 80, of 28 % a us H3POM.
T hoaee wer'c o U EREE St 5 mamicn M nyue Lt a0 an

successi vely WwetiystalipeciBiaddiNadistdcrydaHo@olaish thia Ealnpsieds tHeicomound he

organi ¢ phase was GoReqnLEalted bl o, oLk Ml AsR,5gHARor ated with

2005/113508 provides certain specific crystaline forms of
6-(3-chloro-2-fluorobenzyl)-1-[(S)-1-
hydroxymethyl-2-methylpropyl]-7-methoxy-4-oxo-1,4-dihydroquinolone-3-carb
20 oxylic acid. The entire contents of International Patent Application Publication
Number WO 2005/113508 is incorporated herein by reference (in particular, see
pages 12-62 therein), The specific crystaline forms are identified therein as
Crystal Form II and Crystal Form III. Crystal form II has an X-ray powder
diffraction pattern having characteristic diffraction peaks at diffraction angles
25 28(°) of 6.56, 13.20, 19.86, 20.84, 21.22, and 25.22 as measured by an X-ray
powder diffractometer. Crystal form IIF has an X-ray powder diffraction pattern

12



25 resulting solid was dissolved in 30 nL ethanol and 6 nL water.

Compound 6a was crystalized by cooling. The solid was isol ated by

filtation and the product was washed wi th aqueous ethanol. After

dryi ng Conmpound 6a was obtained: 111 NMR (DWVSO d6, 400 MHz) 67.51

(s,7,42-7.38 (m 111), 7.12-7.10 (m 211), 6.70 (s, 1H), 4.06 (g, J =

7.0 Hz, 2I1), 3.89 (s, 811), 3.81 (s, 211), 1.15 (t, J = 7.0 30 Hz,

3H). Alternatively, Conpound 6a can be prepared as foll ows.

Car bonyl di i m dazole (10.99 g) was slurried- In 60 nL of THF at

anbi ent tenper ion and

the m xture m@@@&glﬁa&r& g{t?ﬁaacﬁ%np%%squlm‘glrogtg%%gzé(gf ?§g4 Iri)n‘g)arjlito forma

slurry of corrplébﬁfidlw, 1'134,%lée%dﬂa?‘basmeaw@dbﬁaﬂ&rqpefvdepot assi um

nonoet hyl qgi%ta N i MagLp um chl ori de

(6.45 g) was a ﬁ ééﬁaﬁlg@u #@%@%FJIFF?%&%@E% rredgfdo 55 C for 5

hours. The sl Lﬁ%?lﬁﬁowﬂﬁswn@ssﬁvmﬁmaﬁ@*@mé@ntﬁﬁ t he magnesi um

chl ori de/ pog as&d%mom)ﬂgﬁ;r&\é}‘zﬁ, [@zqthg%r lilethy@.and stirred at 55 C 10
t

overnight. The m xture was t'o roomtenperature and

quenched ont o MFylRyepyBf7- %hw%oa‘qbéré@sdfwmﬁﬁﬁ olicssid thebr e

separated and Hat?eean%ﬁ@arafed&Qasgnﬁe@&rémmm@q@@%%ws‘émw%th aqueous
KHCO3 and NaCl sol utions. The organi c phase was concentrated to an

oi | and then dﬁ“é’@'&ﬁé?eétc’é'éfa‘\k?‘f‘?ﬁ@“ﬁQﬁéPWSf#Héﬂqt lessthaniabeyt €56 d was

di ssolved in l&@orﬁin 19t59@1 tagepl 12 nmL water. Conpound 6a 15was
crystalllzgd E ﬁ olid was isolated by filiation and the
product wa vva?s@é I°W2t 1 ﬁ’?—?éi]@lé [EHEFBPY™EYS drying 21.74 g
g?)rrgtiu?g 6?1% ;i&ﬂ%ipydp@l]d)mm&sy-abi@ JAnailydrédulnbivir- ﬁmldﬁmdgﬁgolvg) '
4.06 (q, J= 7. 8“‘11??“3’2%3}‘3?“55 %59135(‘3'3&9‘18‘}3“3”%*‘%’1111’("‘5&‘ ‘QPH Ao 15 (¢, J= 7.0
Hz, 3H). 20 E)P&lﬂttht@nB\ImrFBEﬂN@Q&ﬂlﬂ/nﬂSO}If A@mmgemnﬂy %process lllustﬁmfrpound 6a
(20 g) was stlr t h mde I tal, 66 g
t ol uene and 0"6 eme Eowaqmvé‘%é??rg& )i{'i‘ire ﬂitgs\ﬁﬂ%c d to 90

C for 4 holirs cry'ﬁhlkz&ﬁlto(pmwée @@ﬂal&?henmo;ﬂmbladdmﬁhnalmimnont(egper ature and
5.8 25 g (9)- %vxtﬁﬂt%}%émorr?m}a 1on o no teggqr?l)lmbo\rl\qb %as ta] lporrnllaiﬁ| gLure was

stirred at anbien ure For e Beéi ng cbhcent r at ed
to a thick oi wathﬁltmdmhetﬁmmfﬂerétﬁﬁﬁgw),mﬂa@@ﬂaﬁﬁm oride (1.8 g)
and bisftrimethyl sil ] I xture
was warnmed to 90 éhf%rgaﬁlﬁh&%ﬁbgnﬁgg? ﬁt;eg)h\?\%@ a%og@gigrqu %%%otr Q&‘d:@‘

t enper at ur e artwifonn ptehleatidyr bise saltg tgOnygntitinglsp mowdtstﬂmésuch I ute
hydrochl orjgde aghfinds? $udd salts@rﬁ?iagus H@eﬁn&%&%%&’mﬁi@ For FhaeiHg ©
stirred at anbi ent ten&:r ature 256 ases were separated
and the or ganisthsprapan §X%w%qﬁeﬂus§@b%@%'§¢lwpggawﬁ@%ﬁ’ﬁ'@?sa“ﬁqueous

sodi um bi car hopad ﬁltmﬂisvﬁitrﬁ&nplé_ If@yl&@'n%@ﬁﬁesﬂﬁﬁat@)ﬁgéwgiﬁget 0
acetonitrile and the volume was adjusted to 1 mL. The mixture was

heated to cl aflopate, tastaraisesussinaipn bangoatesasentbaip, ﬁﬁ%f"gi%?‘%dm@ o crystallize

Conpound 9a. %@o&ﬁ&fébﬂhﬁtcV@ﬁtalblﬂﬂbx%&;ﬁ@sa@miﬁahs%'bélfohﬁ)éﬁl AQcueshed with
addi ti onal__col nitrile. Vacuum dryi ngb af forded 5 Conpound

9a: NMR (Dl\?éo bglroc, B@U Wﬁa‘cerll%at%@cv@nmﬂff}’dc oge galfs. 1H), 7.45 (t, J=

7.4 Hz,7.26 (s, lHalts haydoitaidét vsity stenbiard proc&iurt®wélDnowd thithethrt; £2 (br S,

111),
) example by reacting a sufficiently basic compound such as an amine with a

suitable acid affording an anion. Alkali metal (for example, sodium, potassium,
or lithium) or alkaline earth metal (for example calcium or magnesium) salts of

30  carboxylic acids, for example, can also be made.
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4.18 (g, J= 7.0 Hz, 2H), 4.03 (s, 2H), 3.96 (s, 3H), 3.92-3.84 (m
111), 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, 311). 10

Al ternatively, Conpound 9a can be prepared as foll ows. Conmpound
6a (50 g) was stirred with 17.5 g dinethyl formam de di net hyl acetal,
90 g DMF and 0.2 g glacial acetic acid. The m xture was warnmed to 65
C 15 for 3 hours. The m xture was then cooled to anbient tenperature
and 14.5 g (S)-2-am no- 3-net hyl -1-butanol and 25 g tol uene were
added. The m xture Ny I : 8; r ni ght

bef ore being concerﬁ?@?@gbiﬁﬁgf‘gﬁ@P%?gtﬁﬁ&lggs?g@s tgr%qgﬁ{r%ri de (4.5 g)
and bi s(tri met Bxamsles.in)infegsasa nhiisor Bfrmpulay}0 s baprepdred ds ilvitratehia mi xt ur e
was war med to @0sfndink sdiefle ;.The M xture was cooled to room 20
tenperature and dil uted with 250 g dichl oronet hane. Dilute

hydrochl oride acid (110 g of-1N) was added and the m xture stirred at
anbi ent tenpergipgeior 30 mn. The phases were separated and the
organi ¢ phase was washed successively with water, aqueous sodi um

bi car bonate and water.]The sol vent exchan%ed tolacetonitrile by
distillation. Th% 'are_vs@s’he o clgrit gol ed slightly, 25
seeded and cool ed b ryst al Ho despL othic T Was

i solated by fil ffati onland washked t;Nit addi ti naIF 2l d acetonitrile.
Vacuum dryi ng af forded®48.7 g % y
(DVSO d6, 400 MHz) 63.61 (s, .86 (s, 1IN, 7.45 (t, J= 7.4 Hz,
111), 7.26 (s, 1H), 7.23-7.14 (m Cgll), 5.10 (br g, 111), 4.62 (br s,
111), 4.18 (q, J= 7.0 Hz, 211), 4.03 (s, 211), 3.96 (s, 311), :
303.92-3.84 (m 1H), 3.78-3.75 (m 111), 2.28 (bra, 1H), 1.24 (t, J =
7.0 Hz, 3H), 1.12 (d, U = 6.4 Hz, 311}, 0.72 (d, J = 6l4 Hz, 311).
Exampl e 6: Preparatret? TORS 9 +¥92 g) was
slurried in 36

{ assi um

hydr oxi de (2.04 456 wt % so utli:o )las added|and the W xture
warmed to 40.C er B hours | &ti al acetivef acPd %as added 5
the m xture seg&g with 10 ng'a gnpound 10. 1 Xxture was cool ed

in an ice bath for @ hours and the's lid was isolat®d_ by filtration.
The cake was washed®with aqueous isoﬁr opanol and dri etf to gi ve
Compound 10: NWVR (DVSO d6, 400 MHz) 5 15.42 (s, 111), 8.87 (s, 1H
8.02 (s, 1H), 7.48-7.45 (m 211), 7.23 (t, J= 6.8 Hz, 111), 7.17 (t,
J= 7.8 Hz, 1H), 5.18 (br 5, 111), 4.86 (br s, 1H), 4.10 (s, 10211),
4.02 (s, 3H), 3.97-3.96 ( H, 3.7d?§JE\ (m 1H), d%%%%(bf s, 111),
1.14 (d, J= 6.3 Hz, 311), Q7% (d, J= 6.B" Mz, 311). Exanple 7:

e

Preparati on of CompourdOl3NHThe »q of Co to Conpound
9a descri bed i—ﬁ-Exa 18 5 gbove producéd agseto t.obhat was
believed to resul tf fTomit hg presenfe of

(S) - 2-am no- 4- e F1- penpanol gyt (B)-2- ani <fretPy 1° 1- but anol

reagent. As illu
13 was carried ou

at ed below, a ndependent sy is of Conpound

tel confirmthe Tdefitity of the secdnd product.

8a 9a 10-

Example 1:  Preparation of Compound 3

10 Compound 2 (10 g) was combined with 192 mL of THF and cooled to

-20 °C. The mixture was treated successively with 21 mL of I M
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1213 20 Conpound 13 was prepared from Conpound 12 using a procedure
anal ogous to the preparation of Conpound 10 in Exanple 6 above.

Fol | ow ng the workup descri bed, the product was extracted into

ani sol e. The desired product was isolated as a foam after renoval of
the solvent: 11-1NVR (DMSO d6, 400 25 MHz) 5 8.80 (s, 111), 8.02 (s,
1H), 7.48-7.44 (m 211), 7.23 (t, J =1.2 Hz, 1H), 7.16 (t, J= 7.6 Hz,
H), 5.19 (hr s, 1H), 4.09 (s, 2H), 4.00 (s, 311), 3.77 (hr s, 2H),
1.94-1.87 (m 11-1), 1.82-1.75 (m 114), 1.43 (hept, J = 6.4 Hz,
11-4), 0.89 (d : Z . The

i ntermedi ate dlb&mmg%lé?'?%som%jopf"he%r %ﬂc{ngﬁ]l?f’&%%“gﬁ%é nmpound 12
was prepared fmmmrhpvmmﬂhlbanmmgthctpmmdwtemhﬁm ogous to the

preparation ofg _q_Jlﬂg
(S)- (+) 2-am no@fj}{m rO%F"ZB@%]? anoT3 g?/vas aﬁds'?de dthe m'lxmre auo?ledm
(S) - 2- ami no- 3-wemhyP °C. zb%ﬁrahwrs at Thalderopemiuretie moudmmsmhqubmhat ed as a
foam after 40 C el O
drynees: 115 NAE{DNEO a6 b0 b PR Bt yobsdybihlhe © )
7.46-7.43 (m orgenic phase s qxigactepl with 92 mLppetmy] aoptafemThogombinedorganic( hr s
IH), 4.20-4.164 Fﬂ\ve?ehéalshed%ﬁ@Z ﬁﬁ..:of %'ﬁprated?éql%éus(s%ahué%ﬂ-ﬁwmde?’TKg’ (br S,
211), 1.83-1.8 : 1H), 3 (hept, J= 4Hz
1H), 124 (t, JOfSWP&asHZaS felf&f)trafeéa@shmdqumlwwdwthe@PE)OHO@OM (d, J=
6.4 Hz, 311). ABEHERQUNG sy wes tigRA k4 tﬁeﬁar@ﬂcﬂr\e{rmb%ﬁﬂ@%ﬁ péuRi bi tor
as descrl bed in,lnternational Patent }Aﬁp(g i cation Publication Nunber
\¢;

VO 2004/ 0484 155 ARG GIMRG-ge: 400REHz) 2 nlER B8 (Brids7de & -Cofound 13
or a salt thergoim), S weld 608, Tef, hqéﬁ,fgﬁsn&,e@srd s, Paseenpgd s 13 or a

salt thereof. Th | nv?ntl on also pro osition conprising
Conpound 10 or~ ‘ét Bz, D500 & o= 2 éﬁhﬁéﬁﬁ&*@@ﬁ sgtda salt thereof,
as well as a conpositions conprising Conpound 9a or a salt thereof
and Conpound 12 or i sal t thereof  Su h Co 05|t|ons are useful for
preparing i nt egr as@ Y HY: CoPEowd 3 g4 58‘89“1‘ & fllgPhat i onal Pat ent
Appl i cati ois Publ i catl on Nunber WO 2004/ 046115. Alternatively,

Fol Lowi ng 111 ust e VBV PLE By Hilt 0 wRfiotroopaieg s

starting mat erCallhe mlxture was treated successwe]y wuh 75.93 g mL of

butylethylmagnesium-butanol adduct (BEM-B) solution in heptane and 35.08 g of
28 wi% t-butyllithium solution in heptane while maintaining the temperature at
20 =20 °C. 3-Chloro-2-fluorobenzaldehyde (15.80 g) was added and the mixture
allowed to warm to 0 °C. After 2 hours at that temperature the reaction was
quenched by the addition of 2M hydrochloric acid. The phases were separated and
the organic phase was extracted with ethyl acetate, The organic phase was dried
over sodium sulfate and the product was precipitated by the addition of MTBE.
25  The slurry was filtered and the product air dried to yield Compound 3 (18.00 g;
69.1 % yield): "H NMR (DMSO-ds, 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 (1, /= 7.8 Hz, 1H), 6.77 (s,
1H), 6.09 (d, J = 4.7 Hz, 1H), 5.90 (d, 7 = 4.9 Hz, 1H), 3.84 (s, 3H), 3.80 (s, 3H).
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Exanpl e 8. Preparation of a Conmpound of Fornula 3. 01. BuMgEt, THF
Br 0 Conpound 2 C9 HATO, ' MOL Wt.: 261.07 CI  5Conpound 2 is

conbi ned wi th anhydrous tetrahydrofuran and warned to forma sol ution
or thin slurry. The m xture is cooled to -20 to -30 C and

but yl et hyl magnesi umin heptane is added. In a separate reactor
n-butyllithiumin hexane is conbined with cold (-20 to -30 O

t et rahydr of uran. The conpound 2/ butyl et hyl mangesium slurry is
transferred to the n-butyllithium 10 sol ution while keeping the

m xture at -20 to - ne hlun1 tion is
noni t ored for corrplcggpoqmdg ° PR as@%%la lrlcipegfﬂsom e?%?\meof

3-chl oro-2-fl uorobenzal dehyde in tetrahydrofuran ifs add
hour the m xture |$¢ewar edot@ O C and nonitored by HPLC fofj rg
conpl etion. Once conpl @ the reactPBeGEGuenchad WINRaduasty;

hydrochl oric 15 aci g;4© gl tO 3. qepar at el
aqueous phase is extracted tw ce ijtbﬁqgg?ﬂéf@acet atle. Th @
organi ¢ phases are drief with sodium sulfate at 18 to 2
removing the sodiumsulfate by filtration the solyent is exchanged {to
MIBE and the resulting slurry cooled to 0 C. The product i'® jsol atéd
by filtration, washed with cold MIBE and dri eq,@t ofd Cto yield
20 Conpound 3. Material MW
i-PrMgCLLiCl HO

or i-PrMgCl then CO,

Compound 14 (10 g) was combined with 28 mL of THF and 9 mL of
5  bisdimethylaminoethy! ether before being cooled to 0 °C. Isopropylmagnesivm
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. After stirring at ambient
10 temperature for 2 hours 38.6 g of a 14 wi% THF solution of isopropylmagnesium
chloride lithium chloride complex was added. After stirring overnight at ambient
temperature COz 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,
15 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: "HNMR (DMSO-dg, 400 MHz) & 12.15 (br s, 1H), 7.81 (s, 1H),
742 (t,J="72Hz, 1H), 7.26 (t, J=6.8 Hz, 1H), 7.15 (t, / = 7.8 Hz, 1H), 6.77 (s,
20 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).
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W. Ratio Mole Ratio Conpound 2 261.07 1.00 1.00 TI-IF 72.11 11.4
BuEt My (15% W w in heptane) 110.48 -1.8 0.55-0.6 n-BuLi (in hexane)
64.06 -1.9 1.8 Al dehyde 158.56 0.79

Compound 3 can also be prepared as illustrated in the following Scheme.

M“’°°Me -PrMgCILiCl
BT ér or=PiMgClthen:

3-chloro-2-fluorobenzaldehyde -

Ly

14

i~PrMgCI-LiCl

15

Y

or i-PiMgCl then CO,

Example 2:  Preparation of Compound 4.

5 Triethylsilane (6.83.g) was added to trifluoroacetic acid (33.13.g) that had
been pre-caoled in an ice bath. Compound 3 (10 g) was added to the mixture
keeping the temperature below 15 °C. After stirring for 2 h MTBE was added to
precipitate the product, The slurry was filtered and the product washed with-
additional MTBE. After drying, 9.12 g of Compound 4 was isolated: 'H NMR

10 (DMSO-dg, 400 MHz) 6 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, SH).

Altemnatively, Compound 4 can be prepared as follows.

15 Triethylsilane (7.50 g) was added to trifluoroacetic acid (49.02 g that had
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

20  with additional methanol. After drying 12.3 g of Compound 4 (89.7 % yield) was
isolated: -'H'NMR (DMSO-ds, 400 MHzY 3 12:11 (br s, 1H), 7.47 (5, 1Hj},
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1.3 2M HC 36.5 3.8 37% HCl

142.04 2 MIBE 88.15 9.5

10

15

20

25

30

7.42-7.38 (m, 1H), 7.14-7.08 (m, 2H), 6.67 (s, IH), 3.87-3.84 (m, $H).

Example 3:  Preparation of Compound 5a, - -

Imidazole (0.42 g) and 1,1°~carbonyldiimidazole (5.49 g) were shurried in
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 (DMSQ-ds, 400
MHz) 6 7.99 (s, 1H), 7.52 (s, 1H), 7.41-7.38 (m, 1H), 7.30 (s, |H), 7.12-7.08 (m,
2H), 7.04 (s, 1H), 6.81 (s, 1H), 3.91 (s, 2H), 3.90 (s, 3H), 3.79 (5, 3H).

Example 4: Preparation of Compound 6a.

Imidazole (0.42 g) and 1,1’-carbonyldiimidazole (5.49 g) were slurried in
30 mL of THF at ambient temperature. Compound 5a (10 g) was added in one
portion and the mixture was stirred at ambient temperature for 4 hours to form a
shurry of compound 5a. In a separate flask, 8.91 g of potassium monoethyl
malonate was slurried in 40 mIL of THF. Magnesium chloride (4.40 g) was added
and the resulting slurry was warmed to 55 °C for 90 minutes. The slurry of
Compound 52 was transferred to the magnesium chloride/potassium monoethyl
malonate mixture and stirred at 55 °C overnight. The mixture was then cooled to
room temperature and quenched by the dropwise addition of 80 mL of 28 wt%
aqueous H3PQ4. The phases were separated and the organic phase was washed
successively with aqueous NaHSO,;, KHCO; and NaCl solutions. The organic
phase was concentrated to an oil and then coevaporated with ethanol. The
resulting solid was dissolved in 30'mL ethanol and 6 mL water. Compound 6a
was crystalized by cooling. The solid was isolated by filtation and the product was
washed with aqueous ethanol. After drying Compound éa was obtained: 'H
NMR (DMSO-dg, 400 MHz) & 7.5% (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 (5, 2H), 1.15(t,J=7.0
Hz, 3H).

18
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1. Charge 1.00 kg Conpound 2 and 8.7 kg THE to the reactor (1).

2. Heat the mxture to 45-50 Cto dissolve all solids or until a
thin, uniformb5slurry is formed with no heavy solids resting on the
bottom of the reactor. 3. Cool the contents of the reactor (1)
to -20 to -30 C. 4. Charge BuEtMy (15% wW w in heptane) (-1.8 kg; 0.6
eq.) to reactor (1) maintaining the tenperature of the reaction

m xture below -20 C during the addition. 105. In a separate reactor
(2) charge 2.6 kg THF and cool to -20 to -30 C. 6. To reactor (2)

charge n-BuLi (in 1.8 eq. l.nt ai ni ng the
t enper at ure bel ow ﬁ% %%g‘ﬁ’rélbrr?é’mfn a?&%’??@%’%ﬁd‘g.&% Ansfer the contents
of reactor (1) to reactor (2) maintaining the tenperature below -20 C

during the additi Oﬁabg’rg'%‘il é%zo]e@ﬁ:gég%u%:ggl?meaai g@mﬁ ?T f(tgsnb-n_t]E and

cool to -20 to -30 ran Feac Y0 reactor
(1) then on t cempaatirer Cqnounist (20 gyashaddet inandportioDandppmosearedsel y 15

mutes after e kSAELAtBAENSAIEYS B FOIPLASYa 3 RLe [he

reacti on m xture an naI corrpr'iet i on of
| i t hi unt hal ogeﬂqvae@t‘tﬂﬁakl@fen gﬁfypxasslamlnypnodﬁai malpmatelwad sWiried inC6pbund 2

remai ni n | f f sanpl e the
reacti ongagal anaf ter gd&l eglél??%@@ﬁhﬂw%sb&dﬁor e %ul{l#asﬂm%dlé% i ogl
n-BuLi). 11. |wermed taphtGOior b haves. dbmllaryméﬂommm %W@trmfdtrgdbfmal dehyde
and 0.79 kg TIvaEesmn'l]c%lon@@oﬁﬁﬁurﬁﬁmﬁ ?ﬂ%ﬁna@cfnatrc RGO MaRliR& at §2t he

reactor. Maintain the tenperature o reaction mxture below -20 C
during additi dﬂe"mﬂ‘} Theyrixtrewvastien pasked t4 1opm femperature and quepghedoneor 1 h

then warmto 0126:mL of 28 wi% é]qﬁeougiﬁ’m hl“ﬁer})ﬁasﬁse@&tg éegaﬁ'atm a6l e Brgliic @dj usti ng
the pHwth 2 MHC (-18 kg) 5to a pHo 15 eparatethe

phases. 16. B @es Vashedsucresively wﬁlag%lew Kﬁcé’s @dMCEiO@AeDS

organic phase was concentrated to an oil and then coevaporated with ethanol. The
resulting solid was dissolved in 100 mL ethanol and 12 mL water. Compound 6a
15 was crystallized by cooling. The solid was isolated by filtation and the product
was washed with aqueous ethanol. After drying 21.74 g Compound 6a (89 %
yield) was obtained: "H NMR (DMSO-d;, 400 MHz) § 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
Example 5:  Preparation of Compound 9a.
Compound 6a (20 é) was stirred with 6.6 g dimethylformamide dimethyl
acetal, 66 g toluene and 0.08 g glacial acetic acid. The mixture was warmed fo
90 °C for 4 hours. The mixture was then cooled to ambient temperature and 5.8
25  g(S)-2-amino-3-methyl-1-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 (29.6 g) were added and the mixture was warmed to
90 °C for 1 h. The mixture was cooled to room temperature and diluted with 200
30  gdichloromethane. 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
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17. Extract the aqueous phase with 2.3 kg EtOAc. 18. Discard the
aqueous phase. 1019. Conbi ne organi c phases and dry with 2 kg of
Na2SO4 for at least 1 h. The tenperature of the organic phase shoul d
be 20 - 25 C before Na2SO4 additi on. 20. Filter the slurry to
remove Na2SO4. 21. Concentrate the conbi ned organi c phases by
vacuumdi stillation to -1.5 15L (should forma thick slurry).

22. Charge 2.8 kg nethyl t-butyl ether (MIBE) to the slurry.

23. Concentrate the m xture to -1.5 L. 24. Charge 2.8 kg MIBE
to the slurry. picarbonat ' . 2026.
Charge 1. 6 ky Nt gt HRRARALEREG LS Fhctidlffle b dicvofimy: 70

i sol at e Conpouties adiugied tp 16G mbt Themixteg wasitestad foslevitys eboleth dichilst i | | at i on
vessel with 1-@&%@1Mm§§(ﬂﬁ%g&ﬂ ! 19, Gr a0 bhRr the cake
until a granul ar §glid s o_ta?ﬁggw& e %ufﬁf?’dﬁ“@%@pn%gﬁnd 3 can be
i nproved i f nelE¥ionpyd wphadedihadditjonplieold asetsiniimfies Vesturg Srying affesfadene: HOAC.
30. Dry theswetonfRle ddnUefaia@D.-Alaos M) £5.61 EXREPLE 1afmapar ation

of a Conmpound of "Formul a 4.
(t, J=17.4Hz, 1H), 7.26 (5, 1H), 7.23-7.14 (m, 2H), 5.10 (br 5, 1H), 4.62 (br s, 1H),
4.18 (g, 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 (brs, 1H), 1.24 (£, J = 7.0 Hz, 3H), 1.12(d, J = 6,4 Hz, 3H), 0.72 (d,

J =64 Hz, 3H).

10

Alternatively, Compound 9a can be prepared as follows.

Compound 6a (50 g) was stirred with 17.5 g dimethylformamide dimethyl

acetal, 90 g DMF and 0.2 g glacial acetic acid. The mixture was warmed to 65 °C

15  for 3 hours. The mixture was then cooled to ambient temperature and 14.5 g
(5)-2-amino-3-methy!l-1-butanol and 25 g toluene were added. The mixfure was
stirred at ambient temperature overnight before being concentrated by distillation.
Potassium chloride (4.5 g) and bis(trimethylsilyl)acetamide (80.2 g) were added
and the mixture was warmed to 90 °C for 2 h. The mixture was cooled to room

20  temperature and diluted with 250 g dichloromethane. Dilute hydrochloride acid
(110 g of ~IN) was added and the mixture stirred at ambient temperature for 30
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 by distillation. The mixture was heated to clarity, cooled slightly,

25 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-ds, 400 MHz) 5 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 (q, J = 7.0 Hz, 2H), 4.03 (s, 2H), 3.96 (s, 3H),

30 3.92-3.84 (m, 1H), 3.78-3.75 (m, 1H), 2.28 (brs, 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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5Conpound 3 is conmbined with trifluoroacetic acid and stirred to form
a solution, The solution is cooled to -3 to 3 Cand triethylsilane is
added while maintaining the tenperature at NMI 15 C. The reaction is
nonitored for conpletion by HPLC. Once conplete, MIBE is added to
preci pitate Conpound 4 and the mxture is cooled to 0 C. The product
Is isolated by filtration, washed 10 with MIBE and dried at NMI 60C
to yield Conpound 4. Material MW W. Ratio Mdl e Ratio Conpound 3
340.73 1.00 1.00 MIBE 88.15 5.6 TFA 114.02 1.7

Example 6:  Preparation of Compound 10.

Compound 9a {6.02 g) was slurried in 36 mL isopropanol and 24 mL of
water. Aqueous potassium hydroxide (2.04 g of 45 wt % solution) was added and
the mixture warmed te-40-°C, After3-hours 1.13-g glacial-acetic acid was added

5 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 jsopropanol and dried to give Compound 10; 'H NMR (DMSO-d,
400 MHz) 8 15.42 (s, 1H), 8.87 (s, 1H), 8.02 (s, 1H), 7.48-7.45 (m, 2H), 7.23 (8,
J=6.8 Hz, 1H), 7.17 (t, J = 7.8 Hz, 1H), 5.18 (br s, 1H), 4.86 (br s, 1H), 4.10 (5,

10 2H), 4.02 (s, 3H), 3.97-3.96 (m, 1H), 3.79-3.76 (m, 1H), 2.36 (br s, 1H), 1.14 (d,
J=6.3 Hz, 3H), 0.71 (d, J = 6.3 Hz, 3H).

Example 7:  Preparation of Compound 13.
The conversion of Compound 7a to Compound 9a described in Example
15 5above produced a second product that was believed to result from the presence
of (§)-2-amino-4-methyl-1-pentanol in the (8)-2-amino-3-methyl-1-butanol ~
reagent. As illustrated below, an independent synthesis of Compound 13 was

carried out to confirm the identity of the second product.

]
0 o

20
Compound 13 was prepared from Compound 12 using a procedure

analogous to the preparation of Compound 10 in Example 6 above. Following the
workup described, the product was extracted into anisole. The desired product
was isolated as a foam after removal of the solvent: 'H NMR (DMSO-ds, 400

25 MHz)6 8.80 (s, 1H), 8.02-(s, 1H), 7.48-7.44 (m, 2H), 7.23 (t,J = 7.2 Hz, 1H),
7.16 (t,J = 7.6 Hz, 1H), 5.19 (br s, 1H), 4.09 (s, 2H), 4.00 (s, 3H), 3.77 (br s, 2H),
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5 Et3SiH 116.28 0.4 12 1. Dissolve 1.00 kg Conpound 3 ml .7 kg TFA
2. Cool the reaction mxture to -3 to 3 C 153. Charge 0.4 kg
triethylsilane to the reaction mxture. Maintain the tenperature of
the reaction mxture less than 15 C during this addition. 4. Sanple
the reaction mxture 30 mnutes after the addition of the
triethylsilane and anal yze by HPLC to verify the conpl ete conversion
of Conpound 3 to Conpound 4. 205. Charge 4.0 kg MIBE to the reaction
m xture maintaining the tenperature of the mxture bel ow 15C during

addition. 6. j gjt f asgt, 30 mn.
7. lsolate Cbggg%%gyﬁhgyﬁﬁg?ﬁgéﬁ%gﬁfgggﬂﬁﬁ§%_?%gz#e c%béﬁ9v§sse
forward wi th 1HS 3Ky ONFBEJ=8.8 I, §HE he Conpound 4 obt ai ned under vacuum
at < 60 C. 5 Note: The purity of Conpound 4 may be inproved by
reslurry in 4 volunes of acetone. The slurry is warned to 40 C for 2
hours and cool ed t dhd@tetreedie Cnfpound 12 waguerareth et folievsf-i | t r ati-on and
washing with two 1 volunme portions of acetone. Exanple 10.
Preparati on of a Compound of Formula 6a. Carbonyl diim dazole and

i m dazole are %orrbicnmglmmﬂtlhwm]mdtd)ﬁl@n Compoptd Giging e procsire Conpound 4
is added to t {and the reaction is
noni t ored by Eﬁ@%&JF&Hﬁéméﬂ g{e regaﬁHagﬁgi ssi um nonoet hyl nmal onat e
i's conbi ned mn@hﬁﬂéﬁmwﬁyﬁmdﬁﬂﬂawmbﬁﬂwﬁ@mdmhydmoﬁs magnesi um chl ori de

i s added whil g Sﬂﬁhﬂrna's%eag{lﬁ gtf%o?nﬁﬁaéh ?odma &?]mTaQQfJaﬁ%Hért' ng

slurry is wanted to 50C and for at Feast ours before the
Conpound 549 ni sepaspteating the fiaed acetonile pelution fagkyriess: %WMPMSO -ds, 400

MHZz) & 8.54 (s, 1H), 7.86 (s, 1H), 7.46-7.43 (m, 1H), 7.25 (s, 1H), 7.22-7.14 (m,
2H), 4.97 (br s, 1H), 4.20-4.16 (m, 2H), 4.03 (s, 2H), 3.95 (s, 3H), 3.73 (br s, 2H),
1.83-1.82 {m, 1H), 1.72-1.69 (m, 1H), 1.43 (hept, J=6.4 Hz, 1H), 1.24 {t,/=7.2
Hz, 3H), 0.88 (d, J = 6.4 Hz, 3H), 0.84 (d, J = 6.4 Hz, 3H).

15 Compound 13 is useful as.an HIV integrase inhibitor as described in
International Patent Application Publication Number WO 2004/046115.
Accordingly, the invention also provides Compound 13 or a salt thereof, as well
as methods for preparing Compound 13 or a salt thereof. The invention also
provides a composition comprising Compound 10 or a salt thereof and Compound

20 13 ora salt thereof, as well as a compositions comprising Compound 9a or a salt
thereof and Compound 12 or a salt thereof. Such compositions are useful for
preparing integrase inhibitors described in Intemational Patent Application
Publication Number WO 2004/046115.

Alternatively, Compound 10 can be prepared from Compound 2 as
25  described in the following illustrative Examples 8-12 that are based on 1 kg of

starting material.
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20 by HPLC. Once the formation of Conpound 5a is conplete, the

m xture is cooled to 18 to 25 C and added to aqueous phosphoric acid
to quench. The organi c phase is washed wi th aqueous sodi um bi sul fate,
bri ne, potassium bicarbonate and brine sol utions before being polish
filtered. The solvent is exchanged for anhydrous ethanol. Water is
added and the m xture is warnmed to di ssolve solids, cooled to about
40 C, seeded with Conpound 256a and cooled to O to 5 C. The product
is filtered, washed with cold aqueous ethanol and dried at NMI 40 C

ERLEE T T D T

~0 0 1, BuMgEt, THF -0 0
Br OH 2 pRuli © HO OH
{in hex)
0 3.
Compound 2 O O
CoHaBrO, cl
: F

Mol. Wt.; 261,07 Compound 3

015 H14C]F05

Cl Mol. Wi.; 340,73
5 Compound 2 is combined with anhydrous tetrahydrofirran and warmed to

form a solution or thin slurry. The mixture is cooled to ~20 to ~30 °C and '
butylethylmagnesium in heptane is added. In a separate reactor n-butyllithium in
hexane is combined with cold (-20 to -30 °C) tetrahydrofiran. The
compound 2/butyiethylmangesium slurry is transferred to the n-butyllithium

10 solution while keeping the mixture at -20 to -30 °C. The lithium/halogen
exchange reaction is monitored for completion by HPLC. Once complete, a
solution of 3-chloro-2-fluorobenzaldehyde in tetrahydrofuran is added. After 1
hour the mixture is warmed to 0 °C and monitored by HPLC for reaction
completion. Once complete, the reaction is quenched with aqueous hydrochloric

15 acidto pH 1 to 3. The phases are separated and the aqueous phase is éxtracted
twice with ethyl acetate. The combined organic phases are dried with sodium
sulfate at 18 to 25 °C. After removing the sodium sulfate by filtration the solvent
is exchanged to MTBE and the resulting slurry cooled to 0 °C. The product is
isolated by filtration, washed with cold MTBE and dried at NMT 40 °C to yield

20  Compound 3.
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CDl 162.15 0.55 1.10 ICEM 170.2 0.89 1.70 MyC1l2 95.21 0.44 1.50 H3PO4
(85 wt9% 98.00 2.3 NaHSO4 120.06 0.24 KHCC3

Material M.W. Wt. Ratio Mole Ratio
Compound 2 261.07 1.00 1.00
THF 72.11 114
BuEtMg (15% w/w in heptane) |  110.48 ~1.8 0.55-0.6
n-BuLi (in hexane) 64.06 ~].9 1.8
Aldehyde 158.56 0.79 1.3
2ZM HCI 36.5 3.8
37% HCI 36.5 0.33
EtOAc 88.11 4.6
Nap,SO4 142.04 2
MTBE 88.15 9.5

1. Charge 1.00 kg Compound 2 and 8.7 kg THF to the reactor (1).

2. Heat the mixture to 45-50 °C to dissolve all solids or until a thin, uniform
5 slurry is formed with no heavy solids resting on the bottom of the reactor.

3. Cool the contents of the reactor (1) to -20 ta -30 °C.

4. Charge BuEtMg (15% w/w in heptane) (~1.8 kg; 0.6 eq.) to reactor (1)
maintaining the temperature of the reaction mixture below-20 °C during
the addition.

10 3. Ina separate reactor (2) charge 2.6 kg THF and cool to -20 to -30 °C.

6. To reactor (2) charge n-BuLi (in hexane) (1.9 kg, 1.8 eq.) maintaining the
- temperature below -20 °C during the addition.

7. Transfer the contents of reactor (1) to reactor (2) maintaining the
temperature below -20 °C during the addition.

15 8. To reactor (3) charge 0.5 kg of THF and cool to 20 to -30 °C.

9. Transfer contents of reactor (3) to reactor (1) then on to reactor (2) as a
wash forward,

10. Approximately 15 minutes after the reactor contents have been combined,
sample the reaction mixture and analyze by HPLC to determine
20 completion of lithium/halogen exchange. (Typically there is 1-8 % of
Compound 2 remaining. If the amount of Compound 2 is greater than §
% sample the reaction again after at least 30 min. before charging
additional »-BuLi),

11. In an appropriate container combine 0.79 kg of aldehyde and 0.79 kg THF,
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100. 12 0.50 NaCl 58.44 0.48 SDA 2B-2 EtOH (0.5% heptane) 46.07 -10
kg Procedure: |. Charge 0.55 kg CDI and 0.042 kg i m dazole to
reactor 1. 52. Charge 2.67 kg THF to reactor 1 and agitate to forma
slurry. 3. Charge 1.00 kg Conpound 4 to reactor 1 in portions to
noderate the CO2 offgas. This addition is endotherm c 4. Charge 0.89
kg KEMto. reactor 2. 5. Charge 4.45 kg THF to reactor 2 and agitate
to forma slurry. 106. Charge 0.44 kg MgCl2 to reactor 2 (can be
added in portions to noderate exotherm. 7. Warmthe contents of

reactor 2 to 50 {5 e ARhEAL & R cohdRlr of AERELA WiabrudiPhe Rinplra@Rt WO

hours. of the reaction mixture below -20 °C during addition.
13. Agitate the reaction mixture at -20 °C for 1 h then warm to 0 °C.

14, Quench the reaction mixture by adjusting the pH with 2 M HCI (~3.8 kg)
5 toapHof ] to 3.

15. Separate the phases.

16. Extract the aqueous phase with 2.3 kg EtOAc.
17. Extract the aqueous phase with 2.3 kg EtOAc.
18. Discard the aqueous phase.

10 19. Combine organic phases and dry with 2 kg of Na,SO; for at least 1h, The
temperature of the organic phase should be 20 — 25 °C before Na;SO4
addition,

20. Filter the slurry fo remove NagSOs.

21. Concentrate the combined organic phases by vacuum distillation to ~1.5
15 L (should form a thick slurry).

22. Charge 2.8 kg methy! r-butyl ether (MTBE) to the slurry.
23. Concentrate the mixture to ~1.5 L.
24, Charge 2.8 kg MTBE to the slurry.
235. Concentrate the mixture to ~1.5 L.
20 26. Charge 1.9 kg MTBE to the slurry.
27. Cool the slurry to ~0 °C and isolate Compound 3 by filtration.

28. Wash forward the distillation vessel with 1.9 kg MTBE pre-cooled to ~0
°C.

29. Deliquor the cake until a granular solid is obtained. The purity of
25 Compound 3 can be improved if necessary by reslurry in 6 volumes of
85:15 toluene:HOAG.

30. Dry the wet cake under vacuum at < 40 °C.
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8. Transfer the contents of reactor 1 to reactor 2. Mxture w ||
beconme thick 15tenporarily if transferred very rapidly. 9. Agitate
the contents of reactor 2 for at |least 12 hours at 50 C. 10. Cool the
slurry to anbi ent tenperature. 11. Quench the reaction by
transferring the reaction m xture onto 7.0 kg of 28 wt % aqueous H3PO4
(2.3 kg 85 wt % H3PO4 dissolved in 4.7 kg R20). 20This addition is
exotherm c. Final pH of aqueous |ayer should be 1-2. 12. Wash the
organic (top) phase with 1.2 kg of 20 wt % aqueous NaHSO4 (0.24 kg of
NaHSO4 di ssolved in 0.96 kg H20). Final pH of aqueous |ayer should be
1-2. 13. Wash the organic (top) phase with 1.2 kg of 20 w % aqueous
NaCl (0.24 kg Bfampe@ drepswstioned aiCompoudboifigmiulpy) 14. Wash the
organic (top) phase with 5.0 kg of 10 wt % aqueous KI | CO3(0.50 kg of
KHCO3 di ssolve-d in 4.5 kg 1120). Final pH of aqueods |ayer should
S5be 8-10. 15. Wash the ePuefiyc®( t op): HabisFEA it Eﬁ O%g of 20 wt %
aqueous NaCl (0.24 kg wd i0RSO V@ =N . 96kkghllap). Final pH of
aqueous | ayer shoul d be 9 ' . ntraté& the organic
phase and exchange the Entoto Et OH. 1017 i t he
concentration to -3.5 L hpput. 18. Charge | umes of water. 19.
Warm 70 - 80 C to form a gl|.8ary,sol ution. 20. Cegl ta,40C and seed
with 0.1 wt% Conpound 6. ZH,cEmol slowy to 5 CeHLGRE. Hold for at

| east 2 hours. 23. FilteYo ¥xd*Wish t he cake wiMchWt:ded738. 35 kg vol une
portions of 50:50 EtOH. H20 (1.2 kg EtOH conbined with 1.5 kg 1120).

24. Dry t heS cake anr'n;?o%%d% g%cr)]mlgr?eg ‘with trifluoroacetic acid and stirred to form a

solution, The solution is cooled to -3 to 3 °C and triethylsilane is added while

maintaining the temperature at NMT 15 °C. The reaction is monitored for

completion by HPLC. Once complete, MTBE is added to precipitate Compound

4 and the mixture is cooled to 0 °C. The product is isolated by filtration, washed
10 with MTBE and dried at NMT 60 °C to yield Compound 4.

Material M.W. Wit. Ratio Mole Ratio
Compound 3 340.73 1.00 1.00
MTBE 88.15 5.6
TFA 114.02 1.7 5
EisSiH 116.28 0.4 1.2

1. Dissolve 1.00 kg Compound 3 in1.7 kg TFA.
2. Cool the reaction mixture to -3 to 3 °C,

15 3. Charge 0.4 kg triethylsilane to the reaction mixture. Maintain the
temperature of the reaction mixture less than 15 °C during this addition.

4. Sample the reaction mixture 30 minutes after the addition of the
triethylsilane and analyze by HPLC to verify the complete conversion of
Compound 3 to Compound 4.

20 5. Charge 4.0 kg MTBE to the reaction mixture maintaining the temperature
of the mixture below 15 °C during addition.

6. Cool the mixture to 0 °C and agitate for at least 30 min.
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Exanpl e 11. Preparation of a Compound of Fornula 9a. 5Conpound 6a is
conbi ned with toluene, N, N-dinethylformam de dinethyl acetal and

gl acial acetic acid before being warned to 100 C. The reaction is
nonitored by HPLC. Once the formati on of Compound 7a is conplete the
m xture is cooled to 18 to 25 C before (5)-(+)-valinol is added. The
reaction is nmonitored by HPLC. Once the formation of Conpound 8a is
conplete the 10 m xture is concentrated. The residue is conbined with
di et hyl f or mam de, potassi um chl ori de and

NO- bi st ri net hyl sil m de d ted.to 0 C.The reaction is
roni tor ed by LPLE ﬁ%%%&%{%%ge‘? B R e P i dfpsd oA

di chl oronet hane is a 'eé(. quéous hydrochloric acid is added to
desilyl ate ConpognehAfe cdhicind $AkLie3nd rsvagiﬁlﬂi Qg8 by TLC. Once
conpl ete the organi ¢ 15 phase Is vvasheé w th water, aqueous sodi um
bi carbonate and water. The solvent is exchanged for acetonitrile and
t he mi xt ur es welNsedThe bliity 6F Gdrhfiond Sm&8 dRFovad By refl@) i8d vbiomeyoyst al | i ze
Conpound 9a. Tdeetof DisblslirryiiSwanntd t6 Ak for@kdaeGndddoltd €0lsdo 2RI foni tri | e
and dried at N¥hod® béforediltsation 4id Gashpgwid tital voldiegoitidhs d¥laddon¥ . Rati o
Mol e Rati o Conpound 6a 394.82 1.00 1.00 Tol uene 92.14 4.3

Example 10. Preparation of a Compound of Formula 6a.
10

0

Compound 6a

Carboriyldiimidazole and imidazole are combined with anhydraus

15 tetrahydrofuran. Compound 4 is added to this mixture to form Compound 5a 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 Sa mixture is added. The reaction is monitored

20 byHPLC. Once the formation of Compound 5a 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

25  6aand cooled to O to 5 °C. The product is-filtered, washed with cold aqueous ethanol and
dried at NMT 40 °C to yield Compound Ga.

27



d aci al
acet al
| CC1 74.55 0.09 0.5

acetic acid 60.05 0.001 0.007 N, N-di net hyl f or mam de di net hyl
119.16 0.33 1.1 (S)-(+)-Valinol

103.16 0.29 1.1 DVF 73.10 1.8

Material MW, Wt. Ratio Mole Ratio
Compound 4 324.73 1.000 1.00
THF 72.11 7.11
Imidazole- - - 68.08- 0.042. . 0.20
CDI 162:15 (.55 1.10
KEM 170.2 0.89 1.70
MgCl, 95.21 0.44 1.50
H;PO, (85 with) 93.00 2.3
NaHSO, 120.06 0.24
KHCO, 100.12 0.50
NaCl 58.44 0.48
SDA 2B-2 EtOH (0.5% heptane) 46.07 ~I0 kg

Procedure:

1.
5 2.
3.

10 6.

15

9.

Charge 0.55 kg CDI and 0.042 kg imidazole to reactor 1.
Charge 2.67 kg THF to reactor 1 and agitate to form a slurry.

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

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

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

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

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

Agitate the contents of reactor 2 for at least 12 hours at 50 °C.

10. Cool the slurry to ambient temperature,

11. Quench the reaction by transferring the reaction mixture onto 7.0 kg of 28

20

wt% aqueous H3PO0; (2.3 kg 85 wi% HPOy dissolved in 4.7 kg H0).
This addition is exothermic. Final pH of aqueous layer should be 1-2.

12, Wash the organic (top) phase with 1.2 kg of 20 wt% aqueous NaHSO,

{0.24 kg of NaHSO, dissolved in 0.96 kg H,0). Final pH of aqueous layer
should be 1-2.
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NO- bi s(trimethylsilyflacetam de 203.43 1.13 2.2 1 N }{Cl 36.5 2.0
DCM 84.93 10 Water 18.02 8 5% Ag. NaHCO3 84.01 4 CAN

13. Wash the organic (top) phase with 1.2 kg of 20 wt% aqueous NaCl (0.24
kg of NaCl dissolved in 0.96 kg H,0)

14. Wash the organic (top) phase with 5.0 kg of 10 wi% aqueous KHCO3 (0.50
kg of KHCO:; dissolved in 4.5 kg H,0). Final pH of aqueous layer should
5 be'8-10.

15. Wash the organic (top} phase with 1.2 kg of 20 wt% aqueous NaCl {0.24
kg of NaCl dissolved in 0.96 kg H,0). Final pH of aqueous layer should
be 7-9.

16. Concentrate the organic phase and exchange the solvent to EtOH.
10 17. Adjust the concentration to ~3.5 L/kginput.

18. Charge 0.6 volumes of water,

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

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

21. Cool slowly to 5 °C.
15 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,0 (1.2 kg EtOH combined with 1.5 kg H,0).

24, Dry the cake at less than 50 °C.
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41.05 @S Conpound 9a seeds 475.94 0. 005 51. Charge Reactor 1 with
1. 00 kg Compound 6a. 2. Charge 0.33 kg N, N-di net hyl fom am de di net hyl
acetal (1.1 eq), 0.001 kg glacial acetic acid and 3.3 kg toluene to
Reactor 1. 3. Warmthe mxture to -100 C (note that some Me01ll nmay
distill during this operation). -104. After 1 h the reaction should be
conplete by HPLC (-2 % Conpound 6a apparently remaining)'. 5. Cool
the mxture in Reactor Ito 18 - 25 C 6. Charge 0.29 kg
(S)-(+)-Valinol (1.1 eq) dissolved in 1.0 kg toluene to Reactor 1 and
continue agitation at anbient tenperature. 157. After 1 h the

reaction shoul Brampledbnirepreatitnof BPb@ipqund offo@uripaind 6a) . 8.
Concentrate the contents ?f Reactorl to -2 kg. 9. Chargeyl.8 kg

DMF, 0.09 kg potasspum.chhoride (0.5 eq,) andsl. 13 kg o
0- bi strirrethylsilyfacrri de (2.LB.H£'3EC]&_Q,R 58t % e, 10. Vérm
the m xture in Reac &t C. 7204nk. Refctiou— Bbe conpl ete

in -1 h (-5% Conpouy i ni ng)100°C
Ci cl |
Compound 6a Compound 7a
 CogHagCIFOs CoaHpsCIFNO;
Mol. Wt: 384 .82 Mol. Wt.: 449.2
HQ Q4
KY\\\I\
NH, BSA, KCl
_—
S-Valino| DMF, 100 °C
Toluene, RT
Compound 8a-- .
CasH31CIFNGg Compound 9a
Mol. Wt: 507.98 C25H 27 CIFNO;
Mol. Wt.: 475.94
5 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 1o 25 °C before (8)-(+)-valinol is added, The reaction
is monitored by HPLC. Once the formation of Compound 8a is complete the

10 mixture is concentrated. The residue is combined with dimethylformamide,
potassium chloride and N, O-bistrimethylsilyl acetamide and warmed to 100 °C.
The reaction is monitored by HPLC. Once complete the mixture is cooled and
dichloromethane is added. Aqueous hydrochloric acid is added to desilylate
Compound 9a. This reaction is monitored by TLC. Once complete the organic

15 phase is washed with water, aqueous sodium bicarbonate and water. The solvent

is exchanged for acetonitrile and the mixture warmed. The mixture is seeded and
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12. Cool
to Reactor |I.

the contents of Reactor
14. Charge 2.0 kg |

1to 18 -
N aqueous HCI

1 over

25 C. 13. Charge 10 kg DCM
to Reactor

-15

nm maintaining the tenperature of the mxture <35 C. 515. Agitate

the m xture fo

r at

the progress of desilylation by TLC? 16. Separate the phases.

Wash the organic phase with 4.0 kg water.
with 4.0 kg 5% aqueous sodi um bi car bonat e.
phase with 4.0 kg water.

distillation t&)ore&tofi;nis{ahﬁe

distillation until a sl urr[?/
L/ kg Conmpound ®gtonitrile and drie HNNmééfCtmldﬂmmr@ %0 reflux to

redi ssolve the solid. 1523. Cool
Compound 9a seeds.

SRR T it

ct I§Rle

ust t

| east 10 m n to desilylate Conpound 8a. MNbnitor

17.

18. Wash the organi c phase
1019. Wash the organic
20. Concentrate the organi c phase by
.ﬁ%?sﬁeaqmwp
u

I na

to ACN by
me to -8

the solution to 75C and charge

hold at that f

wet cake at <4
Conpound 6a i$

shows only 2%
denonstrat ed {

typically wl

2. TLC net hod

24. Cool the mxture to O C over at least 2 h and
enper at unreefiglr at Teast YW, Zp.wi sailevéipaReund 9a by
filtration and wash Tigpdkl ¢faKe W N 354@2k9‘ﬁ3011g0/-\u1, 210680 y the
U C UNOe,GEuuM NOUEST of 314 THE HZEC ANTOf TEME) ni ng
eXa0Gfbal £tlic%a & Daser | sar[ [ T66)60.1 Tte ’ﬁ"ﬁbﬁ" rn st ept
i /C bUHpULIHL eri nents
ﬁ?’y adc?%ﬁ&@?gﬂﬁgg” nt ldﬂ-dlﬁ extenﬂ-ﬁhg reaction i me
not Ty ¥ 8RIRGTUCE (e @PSET VEU pgyer [of £pmpogund 6a.
ErUTT g HREvENTt — 1006 eigny akhet Circh
KCi 74.55 0.09 0.5
N, O-bis{trimethylsilyl)acetamide 203.43 1,13 22
1N 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

10

15

20

. Charge Reactor 1 with 1.00 kg Compound 6a.

glacial acetic acid and 3.3 kg toluene to Reactor 1.

this operation).

apparently remaining)’.

Cool the mixture in Reactor |

to 18-25°C.

Reactor 1 and continue agitation at ambient temperature.

Concentrate the contents of Reactor! to ~2 L/kg.

N, O-bistrimethylsilyl acetamide (2.2 eq.) to Reactor 1.

10, Warm the mixture in Reactor 1 to ~100 °C.

Charge 0.33 kg ¥, N-dimethylformamide dimethyl acetal (1.1 eq), 0.001 kg

Warm the mixture to ~100 °C (note that some MeOH may distill during

Afier 1 h the reaction should be complete by HPLC (~2 % Compound 6a

Charge 0.29 kg (S)-(+)-Valino! (1.1 eq) dissolved in 1.0 kg toluene to

After 1 hhe reaction should be complete by HPLC (<1 % Compound 6a),

Charge 1.8 kg DMF, 0.09 kg potassium chloride (0.5 eq,) and 1.13 kg

11. Reaction should be complete in ~1 h (~5% Compound 8a remaining).
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30Si Iyl ated Conpound 9a Rf: 0.85, Conpound 9a Rf: 0.50. Exanple 12.
Preparation of a Conmpound of Formula 10. Conmpound 9a C25H27Cl FNO5
Mol . W.: 475.94 Conpund 10, y-form[697761-98-1] C23H23Cl FNO6

Mol . 447.88 Conpound 9a i s conbi ned with aqueous isopropyl al cohol
and warnmed to 5 30 to 40C. Aqueous potassi um hydroxide is added and
the reaction is nonitored by HPLC. Once conplete, glacial acetic acid
I s added and the m xture warnmed to 60 to 70 C. The solution is hot
filtered and cooled to 55 to 65 C. The solution is seeded (see

| nt er nat i onal %f@#ﬂﬁgﬂkh f%@mf?? :ﬁabggg Nunber WO 2005/ 113508)
y

and cooled to O s 9 50| ate filtration, washed 10

with cold aqueou153_Cﬁ@gm&%bc@lﬁm@qnd dried at NMI 50 Cto yield
Conmpound 10. Material M W. Ratio Mole Rati o Conpound 9a 475. 94

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

5 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.
10 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.
15 23. Cool the solution to 75 °C and charge Compcund 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.

20 26. Dry the wet cake at <40 °C under vacuum,

Notes:

1. The HPLC AN of remaining Compound 6a is exaggerated by a baseline
artifact, The HPLC in step shows only 2% of Compound 6a relative to
25 Compound 8a. Experiments demonstrated that adding more reagent and
extending reaction time typically will not further reduce the observed level
of Compound 6a.

2. TLC method:

Eluting solvent: 100% ethyl acetate,
30 Silylated Compound 9a Rf; .85, Compound 9a Rf: 0.50,
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1.00 1.00 Isopropyl alcohol 60.10 4.7 Water 18.02 4.0 45% KOH 56.11
0.34 13 dacial Acetic Acid 60.05 0.19 1.50 Conpound 10 seeds 447. 88
0.01

Example 12, Preparation of a Compound of Formula 10.

HO H
(L0 N

1. 45% KOH,
IPA, HO
—_—
OEt 2. Glacial AcOH
3. Compound 10
{Y) seeds

Compound 9a Compund 10, y-form
Cz5Hay CIFNOg [697761-98-1]
Mol, Wt.. 475.94 CosHzCIFNOs
Mol. Wt.: 447.88

Compound %z is combined with aqueous isopropyl alcohol and warmed to
5 30to40°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
10 with cold aqueous isopropyl alcohol and dried at NMT 50 °C to yield Compound

10.
Material M. W, Wt, Ratioc | Mole Ratio
Compound 9a 475.94 1.00 1.00
Isopropyl alcohol 60.10 4.7
Water 18.02 4.0
45% KOH 56.11 0.34 1.3
Glacial Acetic Acid 60.05 0.19 1.50
Compound 10 seeds 447.88 0.01
1. Charge 1.00 kg Compound 9a to Reactor 1.
15 2. Charge 4.7 kg isopropyl alcoho] and 4.0 kg water to Reactor 1.
3. Charge 0.34 kg 45% aqueous KOH to Reactor 1.
4. Warm the mixture in Reactor 1 to 30— 40 °C.
5. When hydrolysis is complete add 0.19 kg of glacial acetic.acid.
6. Warm the mixture to 60— 70 °C and polish filter the solution to Reactor 2.
20 7. Cool the mixture in Reactor 2 to 55 — 65 °C.
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1. Charge 1.00 kg Conpound 9a to Reactor 1. 152. Charge 4.7 kg

i sopropyl al cohol and 4.0 kg water to Reactor 1. 3. Charge
0. 34 kg 45% aqueous KOH to Reactor |.. 4. Warmthe m xture in Reactor
Ito 30 - 40 C. 5. When hydrolysis is conplete add 0.19 kg of gl aci al
acetic acid. 6. Warmthe mxture to 60'- 70 C and polish

filter the solution to Reactor 2. 207. Cool the m xture in Reactor 2 .
to 55 -65 C. 8. Seed wth Conpound 10 (see International Patent
Application Publication Nunber WO 2005/113508) as a slurry in 0.28

vol unes of 6:4 i §OREQARW CalipaRahe ]ﬁﬂémat%n?l%tAtp mmuraau&no 18- 25

Cover at least 2 RaRfddbbaish159s| Rthity o hiumdlbr 4broble mxture
to 0 C and agit at e, Rhteld €St . I'sol ate Corrpoun 0
filtration and vvash t he cake vvlth 3 X 1S col d isopropyl al cohol wat er

(6:4) sol utjon. 2 Coqlshemptyrel8~23¢ gyesst lagfiibgad agitatetgdorm agivger
vacuum Exaﬁ'pl e 13: Preparation of Conpound 15 15
15Bi sdi net hyl am mebbiyte rﬁkﬂnertooit:%agl)amm&t&hﬁsm ved in 42 nL THF and

cooled in an ice eS|u orlde of a2 M
sol ution in THF)“??EE‘*&%‘CO“"Q r%g i Z‘Jn(%p fe ke & ‘ﬁ gdsfyag 2 THF)
wer e added sl ow ‘gs?nx(fure was allowed to warmto
anbi ent terrperatLﬂfBrsahﬁls@@tﬁt‘r&owawé@?ﬁgid@r.vamm, 2.1 m of

3-chl oro- 2441 uor obenzal dehyde was added.

Example 13: Preparation of Compound 15

MeO OMe
M"O:@:OM" 1. #-PrMgCLLiCl HO 0

- Br
Br Br or i-PrMgCl then CFBA F
. £ <
Cl
15
15 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
THF} followed by Compound 14 (5 g dissolved in 5 mL THF) were added slowly
sequentially, The mixture was allowed to warm to ambient temperature and
stirred overnight. Next, 2.1 mL of 3-chloro-2-fluorobenzaldehyde was added.

20  After stirring for ~ 1h, the mixture was quenched to pH ~ 7 with 2N HC1. The
product was extracted into ethy] acetate and the organic phase was dried over
sodium sulfate. The solvent was exchange to heptane to precipitate the product
and a mixture of heptanes:MTBE (4:1) was added to form a slurry. After filtration
the solid was slurried in toluene, filtered and vacuum dried to yield compound 15:

25 '"HNMR (CD;CN, 400 MHz) § 7.47 (s, 1H), 7.41-7.35 (m, 2H), 7.15 {t, J = 7.4
Hz, 1H), 6.66 (s, 1H), 6.21 (br s, 1H}), 3.90 (s, 3H), 3.87 (br 5, 1H), 3.81 (s, 3H).
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20 After stirring for - I'h, the mxture was quenched to pH - 7 with
2N HCI. The product was extracted into ethyl acetate and the organic
phase was dried over sodiumsulfate. The sol vent was exchange to
heptane to precipitate the product and a m xture of heptanes: MIBE
(4:1) was added to forma slurry. After filtration the solid was
slurried in toluene, filtered and vacuumdried to yield conpound 15:
25NVR (CD3CN, 400 MHz) 37.47 (s, 1H), 7.41-7.35 (m 211), 7.15 (t, J=
7.4 Hz, 111), 6.66 (s, 111), 6.21 (br s, 1H), 3.90 (s, 310, 3.87 (hr
s, 119, 3.81 ( . g), isopropyl magnesi um
chloride (8.9 B oi]e]i)i' %%aﬁﬁ%@%p#éﬁﬁand THF (56 nlL) were conbi ned
at anbi ent tenperature and then wanned to 50 C for piphour SemAfter
cooling to ambpgmt tenpg ature and stirring overnight, @ m, of
3-chloro-2-fl u%ehydg waBTMEGHEE g opwi se Cﬂ“gg 105 sl urry.
After stirring g t he ,s0) 4 sl ated by filtration and
washing with MIBE to yield cgrﬁrgﬂ(’)rhﬁgy@%a@%(anpl e 15:

Conpound 16 15164 Triethylsilane (1.2 nL) wasSedus
trifluoroacetic acid (2.3 nL) that had been pre-cooled in an ice
bath. Conpound 15 (1.466 g) was added to the mi xture 3% keeping the
tenperature_below 5 C. After stirring for -2 h ice was added to

guench the Teaction, The uct was extracted with and. t he
organi ¢ phase was &&‘&W’é‘&d\ﬁ{@ 3 .f%fs'ﬂ&%{"mfﬁ “‘lf%%ﬁFg%é@‘Ewﬂas dried
over Na2SO4 anid TEB)ane THF §icaal tverechoyibieaiat antbient Rm@ekatode andienpur i fi ed by
silica gel colyu hr, 09 hy ,to provide.1. 341 of ound 16:
1HNVR ( CDCL3, ‘ﬁ%"@gﬁﬁ@ kg% %’S( f‘fﬁe’ CONpE i %t’,“’“%i'ilie?a“g? @'&%’%@% (m
31-1), 6.46 (sqverhight, 2.8m.Dbf 8-shlor8i{luodbéhialdechydefad ydded dropwise tdhfolm
publ i cati ons, Hﬁﬁ%” yoent pncorparat.ed by

ref erence E(zrm n, 'aé %W@‘E@%Q‘?h@%%?‘gg‘% W?s'isoﬁ%%frb ﬁﬁ%ﬁ%g‘bg’gﬁ%"é er ence.

The i nventi on witMBelete yitbbempwd15d.t h ref erence to various specific
and preferred enbodi nents

Example 15: Preparation of Compound 16 .-

15
MeQ OMe MeQ OMe
HO O O
Br - Br
94 C
Cl Cl
15 16

Triethylsilane (1.2 mL) was added to trifluoroacetic acid (2.3 mL) that had

been pre-cooled in an ice bath. Compound 15 (1.466 g) was added to the mixture

20  keeping the temperature below 5 °C. After stirring for ~ 2 h ice was added to
quencﬁ the reaction. The product was extracted with DCM and the organic phase
was washed with ag. NaHCO;. The organic phase was dried over Na,SO, and
concentrated to dryness. The product was purified by silica gel colemn
chromatography to provide 1.341 g of Compound 16: 'H NMR (CDCls, 400

25 MHz)87.20(t,J=7.0 Hz, IH), 6.99-6.91 {m, 3H), 6.46 (s, 1H), 3:91 (5, 3H), 3.81
{s, 5H).
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and techni ques. However, it should be understood that many vari ations
and 5 nodifications may be nmade while remaining within the spirit and
scope of the invention. CLAIMS 1. A conpound of fornula 15: or a
salt thereof. 2. A conpound of fornula 15a: 15a 3. A conpound of
formula 16: 16 4. A nethod for preparing a conpound of fornmula 15:
MeOOVe HO Cl1 15 or a salt thereof conprising converting a
correspondi ng conpound of fornmula 14: MOOW

All publications, patents, and patent documents are incorporated by
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 -

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

invention.
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14 to the conpound of fornmula 15 or the salt thereof 5. The nethod
of claim4, wherein the conpound of forrmula 14 is converted to the
conpound of fornula 15 or a salt thereof by netalating the conpound
of formula 14 and treating with 3-chl oro-2-fl uorobenzal dehyde to
provi de the conpound of fornula 15 or the salt thereof. 6. The

met hod of claim5 , wherein the conpound of fornmula 14 is netal ated
by treatnment with isopropyl magnesi um chloride. 7. The nethod of
claim4, further conprising converting the conpound of fornula 15 or
the salt th%fiﬁwéo a conmpound of formula 3: 3 or a salt thereof

1. A compound of formula 15:

MeO OMe
o X

Br
94
cl 15

or a salt thereof.

2. A compound of formula 15a:

MeO OMe
ClMgO O

3. A compound of formula 16:

MeO E OMe
Br

94

Cl
16
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4. A method for preparing a compound of formula 15:

15

or a salt thereof comprising converting a corresponding compound of formula 14:
MCOHOMG
Br Br
14

to the compound of formula 15 or the salt thereof.

5. The method of claim 4 , 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.

6. The method of claim 5 , wherein the compound of formula 14 is metalated by

treatment with isopropylmagnesium chloride.

7. The method of claim 4, 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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