PROCESS AND | NTERVEDI ATES FOR PREPARI NG | NTEGRASE | NHI Bl TORS
S5Priority of Invention This application clains priority under
35 U S C WwdYesigzom United States Provisional Patent ppgibd26@lor8y
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 H integrase inhibitors. The conpounds
are reported to be useful as anti-HV agents. International Patent
Application Publication NunPROCESS AGMOINTEFMEDLETES ovi des certain

specific crystaline fo ﬁ{lapw él@ Qqui nQl one conpounds,
6- (3-chl oro-2-fl uorobeﬁggk =1 Esm ﬁé‘f’ )}Togismet hyl propyl1] - 7-
met hoxy -4-o0xo- 1, 4-di hydr oqui nol one- 3-carboxylic acid. The specific
crystalline fornms are reported tq have _superior physical and chem cal
stability gorrpar ed to other 20 pﬁ?—@ﬁ@éﬁwg‘ﬁ% of the conpound.

There is” current! yrna pRetidiHlaihSpHoRvkamdEras osls. If191'e) P68 DRftédWatéshe

4- oxoqui nol ong conpqQunds reported in Lnternational Patent plication
PubI | cat i on NEHHEPOINSE AP Beaan Bumbra S0 H4 N0 B2 Sspiamben3p o nd

Appl i cation Pgbhivagtd StitedNeHIRS6naY EuHR AppHchBGOumbeR 607905, 366 Wlearo7 t here
is a need for_ new 25synthetic nethods that are sinpler or |ess
expensi ve to MachgO¥ut , that provide an increased yield, or that

elimnatejjhe use of toxic orpggRsbl JraRIfRhGn Summary of the

I nvention The present invention provides néw synthetic processes and
synt heti c i nt er nedntgmationglPatenhppligation Erblicationgfuatbar W2 004846115

4- oxoqui nol ong. & : i i

Appl i cation Blﬁﬁ%g? i%gﬁ§ﬁu%élgﬁg%éﬁ%ggéh@%%&l%g%m%ﬁw ﬁt& rnational
Pat ent Appl i ciatibisers.Flitsl domapindnarkicapbiged tW: 2EbAsIan8 SUE agents.
Accordingly, in onge.QRQAKTIRA! ApfCadoR BERIAR Wil 520854 5B Of

formul a 3:
15  provides certain specific crystaline forms of one of these 4-oxoquinolone

compounds,

6-(3-chloro-2-ﬂuorobenzyl)-1-{(S)-1-hydroxymethyl-Z-methyIpropyl]—7jmethoxy

-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 Applic;'_gion-
Publication Number WO 2004/046115 and in International Patent Applicatipn
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 are 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.



3 or a salt thereof. 5In another enbodi nent the invention provides a
conpound of fornmula 5a: b5a or a salt thereof. I n anot her
enbodi ment wigh@ogiasssat i on provi des a nethod for prepari n@raskéhzo7s157
conmpound of forrmula 3: 3 or a salt thereof conprising converting a
correspondi ng conpound of formula 2: O 2 or a salt thereof to the
conpound of forrmula 3 or the salt thereof. I n anot her

enbodi nent the invention provides a nethod for preparing a conpound

of formula 9:

Accordingly, in one embodiment the invention provides a compound of

formula 3:

or a salt thereof.

Sa;

In another embodiment the invention provides a compound of formula

or a salt thereof,

In another embodiment the invention provides a method for preparing &

10 compound of formula 3:

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

[

e 0
OH
Br
0
2

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



ORF 00 C9 wherein Ris Cl-Coal kyl, conmprising cyclizing a
correspondi ng conpound of 5 formula 8: In another enbodi nent the

i nventi on wovsdessa conpound of fornula 15: 10al5 or gcGalsbocblaaneof .
I n anot her enbodi nent the invention provides a conpound of formula
15a: 15 15a In another enbodi nent the invention provides a conpound
of formula 16: 16 51 n anot her enbodi nent the invention provides a
nmet hod for preparing a conpound of formula 15: MAOMVe

In another embodiment the invention provides a method for preparing a

compound of formula 9:

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

5 formuia8:

10

or a salt thereof.

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



HO ail ci 15 or a salt thereof conprising converting a correspondi ng
compound of fornula 14: MeO a Owe 14 10 to the conpound of formla
15 or the walbhosigasszeof . The invention al so provi dggnib&rehisis7
synt hetic processes and synthetic internedi ates discl osed herein that
are useful for preparing the 4-oxoqui none conmpounds. Detailed
Description The follow ng definitions are used, unless

ot herwi se described: halo is fluor, chloro, bronmo, or iodo. Alkyl
denotes both straight and branched . reference to an

i ndi vi dual radicall such as propyl only the straight 5chain

radi cal, a branched chain isoner eMeb. as##sqpropyl being specifically
referred to. It will be appreC|.te¢ by "those skilled in the art
that a conpound having a chiral centef way exist in and be isol ated

in optically active and racem c form, Some conpounds may exhi bit

pol ynmorphism It is to be understood that" the 10 present invention
enconpasses processes for preparing anyaracem c, optically-active,

pol ynor phic, tautoneric, or stereoisonmeric form or mxtures thereof,
of a compound de&wienErbodEReat the inventign proyidese comppwref fosmpkd6:ar t how t o
prepare optically active forms (for exanple, by resolution of the
racemc formby recrystallization technl ues by synthesis from
optically-active starting mat eri &8 sPMEhi r al synt hesi s, or by

chr omat ogr aphi ¢ separation using a al stationary phase).

Specific and preferred values |istéd bel 8w for radicals,

substituents, and ranges, are for Bistration only: they do not

excl ude ot her defined val ues or ¢y val ues within defined ranges
for the radicals and substituents. 208ecifically, Cl-C6allcyl can be
met hyl, ethyl, propyl, isopropyl, butéyl,

5 In another embodiment the invention provides a method for

preparing a compound of formula 15:

MeQ OMe

Br

94
ca 15

or a salt thereof comprising converting a corresponding compound of formula 14:
MeO OMe
14
10 to the compound of formula 15 or the salt thercof.
The invention also provides other synthetic processes and synthetic

intermediates disclosed herein that are useful for preparing the 4-oxoquinone

compounds.



| so-butyl, sec-butyl, pentyl, 3-pentyl, or hexyl. A specific value
for Ra is nmethyl. A specific value for Rb is nethyl. A specific value

for Ra is wol20asehd33@éyl . 25A specific value for Ris et mdrrmszom/o-;s]gﬂ
one enbodi nent, the invention provides a nethod for preparing a

conmpound of fornula 3: 0 2 or a salt thereof to the conmpound of
formula 3 or the a salt thereof. As illustrated 5 below, the reaction
can conveniently be carried out by conbining Conpound 2 with a pol ar
aprotic solvent (e.g., tetrahyd J r c?@ﬂ coollng the m xture bel ow
roomtenperature (e.g., to about== ) 01 0 CD) 2 Bl M ~=Li

B2 M= MgX, X = hadthe followidy definitions are used, unless otherwnse described: halo is

fluoro, chloro, bromo, or iodo. Alkyl denotes both straight and branched groups,
but reference to an individual radical such as propyl embraces only the straight

5  chain radical, a branched chain isomer such as isopropyl being specifically
referred to.

It will be appreciated by those skilled in the art that a compound having a
chiral center may exist in and be isolated in optically active and racemic forms.
Some compounds may exhibit polymorphism. It is to be understood that the

10 present invention encompasses processes for preparing any racemic,
optically-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,

15 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.

20 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.

25 A specific value for R is-ethyl.

In one embodiment, the invention provides a method for preparing a

compound of formula 3:



This m xture can be treated with a first organonetal lic reagent

(e.g., a dial kyl magnmesi um di al kyl zi nc, an al kyl magnesi um hal i de, a
trial kyl al woi2ossmsssde a netal hydride reagent) to form secaaresnrase
salt. For exanple, the m xture can be treated with about 0.5
equi val ents of di butyl magnesi um or 15 butyl et hyl magnesi um or about
one equi val ent of butyl et hyl magnesi um but anol adduct, to afford
Compound A. The resulting m xture can be conbined with a second
organonetal lic reagent (e.g., an aIkyIIithﬂun1or al kyl magnesi um
halide) to forman organonetallic _eQnpQuums (Conpound DI or 132).
Typically, this is perfornmed at a red g tenperature to affect

net al / hal ogen exchange. For exanpi@ytH& weSll ti ng nmi xture can be
conmbi ned with about 1.2-2.2 equival dgts ofgan alkyl lithium(e.g.,
about 1.8 equivalents n-butyllithigin-r tert-butyllithium at 5 about
-50 50 Cto afford an organo-IlithMum~genpound (Conpound 131). In one
enbodi rent of the invention netal/hal oggn exchange reaction can be
carried out at a tenperature of about -20 20 C. The progress of the
met al / hal ogenoreaéel Bstgel soamweisinpepnrertingyecomsipordingpmpgungef favinkadb| e
technique (e.g., by HPLC). Upon conpletipn of the reaction,

3-chl oro- 2-fl uorobenzal dehyde (abaut 1.3 10 equival ents) can be
added. The progress of the addition action can be nonitored by any
sui tabl e technique (e.g., by HPLG) o@fld 3 can be isol ated by any
sui tabl e technique (e.g., by chromatography or crystallization). This
met hod avoi ds any contam nation issues, and the cost associated with
the use of other reagents (e.g. transition netals such as pall adi um

reagents). 150 saleeptiotherrempowt of foemylad enthe o prltithrscof ofvp Bluitrteds
formula 2 eor I i : ] ¥
2. 4 et hoy BangaE Ay e AR SR o P B b Sorpeond 2,
st andard br onVite paer apetiel balveoh.g., tetrahydrofurpmy apgheoolingthe mizdwe belpwt he
invention a c b salt thereof is converted to a
conpound of f%?ﬂg E@L%E&%qgggygiefggr a salt thereof About | to 5
hydri de equival ents of a silane reducing agent (e.g.,
phenyl di met hyl si | ape, ppel ymet hyl hydr ogi | gxane, qQr
chl or odi net hyls] e, orf aywpal Kyl si | ane/su s trietlhyl silane) are
conbi ned vvith;@‘;galﬁm(e@ﬁgﬁz ML ﬁug eE)cMa* id, triflic
acid or acetic acidl). The reactipp cap coRvenientl/y be |carried out by
using about 1.2 t?0 2.0 hydride equival ents of triethyldilane and
about 255 to 10 equivalents ofgtrifluoroac8 M=lcid. To this mxture
i s added Conpound 3 or a salt thereof. Cbnﬁbﬂhﬂ“ggéfhﬂ°salt t her eof
can conveniently be added to the l J;j\
. cl ]

10
This mixture can be treated with a first organometallic reagent (e.g., a
dialkylmagnesium, dialkylzinc, an alkylmagnesium 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 mixture can be combined with a

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



m xture at a reduced tenperature, for exanple, about 0 10 C. The
progress of the reaction can be nonitored by any suitable technique
(e.qg., by wiBlxg)sossyeen conpl etion of the reaction, Conpaundusdo@foris?
salt thereof can be isolated using any suitable technique (e.g., by
chromat ography or crystallization). Conpound 4 or a 5 salt thereof
can al so be prepared by adding trifluoroacetic acid to Conpound 3 in
a suitable solvent and then adding a silane reduci ng agent to provide
Conpound 4. g Al Nalif, . of can be
prepared by foornrrrliarrllg g%l&(r:or r'£°s°§}6’ﬁ%‘f“§86@‘?@§ﬁ%§rle?’;?‘ﬁi 2%01%31] 2@%\ from
Conpound 2 anperfooaet 4t pgeduded tebipemhyatoaffedt aletal/talegenpobagewFsrh Conpound
11: G 11 whergel Nyl .suitabl e |eavin LOUu o Ll flate,
nmesyl at e, tos%/ a leef th%)?es tr"(]%r?/ At e é‘f %QISb}[%d%l & ouf ﬁ'zghzoetqﬂlé’?lerg%%tgdi ment
of the invent amwalky lthiunofeo ubit .8 efidvabantsa-bhtydlithiamsoa kebz-bundlitkiom) ats
converted to co f rmula 5.:. 0 Re F 1 155, aor .a salt
Cher cof - Cwhor BRCIVRI0 RagoRiag Srgbestpibieamesr (gPiandBll oot | onal
group of ConpeantdindencafithdifiveneityRethiflokén bhangd lexAibe chnhd artiedout f Or
exanpl e an acid, chl oride. or yl, .},m dazol i de ound 9') by
roat mont wt o M AR a0 B Y SRR ordhe reRUiRpe cx hedan
chloride, oxafeydtiofi BanWeirbiitore€ Ypaty shiablMdcaRiy sk e 4 )bPHPLC). Upon

1,1 -carbonyl dii m',dazpée in a sulitable sol vent é&q}g t ol uene or

t et r ahydr of ur SHHPICAR o the epction.-shlosoPilyorpewaldehydefabayb L8 nc or por at ed

into the mol egfuhvalentsycday békided. NBe proplRQAWRthe AddidddréRdlich dan b&@bnilfed
subsequently converted to a conpound of formula 6. The reaction can

conveni ent | y Ben¥ giitable dechriguefenby Hbdk Compennd gpm by iselated by any

1, 1" - car bony| gyt fas@fue (d.8), ByRhfoRiAdeiapiy-tr @ stallization). Thistedat her
enbodi nent of the invention a conpound of formula 5" or a salt
t her eof can b¥OKsARNSOplBEINaBoisueTATE thebotfasogiated with ghe use giiRtter 00 C

reagents (e.g. 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:

_0 0

20  orasalt thereof. About I to 5 hydride equivalents of a silane reducing agent (e.g.,
phenyldimethyisilane, polymethylhydrositoxane, or chloredimethylsilane, or a
trialkyisilane 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 trifluoroacetic acid. To this mixture is added Compound 3

or a salt thereof. Compound 3 or a salt thereof can conveniently be added to the



56 or a salt thereof, wherein Ris Cl-C6al kyl. For exanple, a
compound of formula 5 can be conbined with about 1 to 5 equivalents

of a nonoawioydogmbganat e salt and about Ito 5 equi val entsgerafsaé7/078157
magnesium salt in a suitable solvent. Conveniently, a conpound of

formula 5° can be conbined with about 1.7 equivalents of 10 potassium
nonoet hyl mal onate and about 1.5 equival ents of nagnesium chloride. A
sui tabl e base, for exanple triethylam ne or imdazole, can be added

Lo e react o] U ARG LRI GERUSILSABLD 0 £205) gt o
conpl eti on bythamactimicambd mortitersh by epyesuitablegechnigye (dligl, Gy HPLBprUponpl et i on

of the reactign nd 6. c be i,sol at 15usi . a sui tabl e

t echni que (e. ‘éqrr?pleb%?ggﬁﬁ%%(g%@@%}‘?ﬁ""gﬂ 05??2@?7‘)?%%?658;;& usmgany)

anlot heL em?dimmeLedfniqtth.g.my&ﬂd iohﬁt’@gﬁabl@&@ﬁﬁt@lgzaiioﬂ)‘. doﬁfpamﬂéiao]?a]?r a I
salt therepf, n converted tp a corresponding. conpound qf fornula
7. Ra. . %ﬁitl%ﬁf?ogc ?Sel%""?re%@f iaﬂgll%mglﬁgmﬁﬁt“é?‘@ 1"1‘%‘%ﬁ’pi’"ﬁ"(‘]épl’éndent ly
Cl- G6al kyl ; amshitible Solfeht 430 ek Whding?dsileiITRRIME afentRPrdvRicCRMpBIHded to an

activated al kxl i dene anal og, such as Compound 7, by treatnment with a
formate group*™donor such as a di net hyl formam de di al kyl acetal (e.g.,

di met hyl f onnam de AdicpBfihy), C%F{S\ﬁh 4 oP4 sag tﬁc’i‘éo@!:iﬁﬂegfeijg}a% Eeyfgﬁﬁlﬁg a The

reaction can be carried out at elevated tenperature .g., about 100
50 C). This r®@aetopdingergansmctalic sprepogndfion Compeunddand feasiingthean aci d

catal yst, 1§UCHa@Rdmefafi c6 i ic acid, a benzoic acid, a
sul fonic acid %r ge%ﬁngraﬁdﬁg%ﬁgl?@g}g@&éﬁggo ppmto 1 %acetic acid can

conveni ently be used. The progress ofRthe reaction can be nonitored
by any suitable technique (e.g., byls5 HPLC). Conpound 7 can be
isolated or it can be used directl prepare a conpound of formula
8 as descri bed bel ow. In a [ enbodi nent of the invention
the conpound of formula 7 can be converjged to a correspondi ng

conmpound of f@ﬁc‘i@’fﬁ ﬁy 8a S!gjbg l%n%eﬁp &Qg, a triflate, mesylate, tosylate, or

brosylate, etc.).
In another embodiment of the-invention the:compound of formula 4 or

a salt thereof is converted to a compound of formula 5:

_0 0

15 5
or a salt thereof, wherein R. is a leaving group. The carboxylic acid functional
group of Compound 4 can be converted to an activated species, for example an
acid chloride or an acyl imjdazolide (Compound 5°) by treatment with a suitable
reagent, such as, for example, thionyl 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 into the molecule, provided the

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



Cl 10 wherein Ris C-C6allcyl. Conmpound 7 can be conbined with
(S)-2-am no-3-net hyl -1-butanol (S-Valinol, about 1.1 equivalents) to
provi de cowpQuisth3sis The progress of the reaction can begmrhiosdsby
any suitable technique (e.g., by HPLC). The conpound of formula 8 can
be isolated or used directly to prepare a conmpound of formula 9 as
descri bed bel ow. I n 15 anot her enbodi nent, the invention provides a
net hod for preparing a conpound of formula 90 HOHI OR F 00 C9
wherein Ris Cis o r.isi cvclizin rres kNgQ
conmpound of fgr 1&]1%61.24‘:5& ¢ané§'ﬁ%’(’)‘ﬁ'§s{lﬁgc ré?f{ ueu%'%ca\%f"gtecf q?‘b’gg‘?gti de
Conmpound 9 byl eaionpldlimideidie ia tahizhydtadiirhmg r eagent (e.g., N

, 0-bi s(trinethylsilyDacetam d N, . . ,

0-bi s(trimethyl si | yBePrreoBPadneratiaimgronasmeend PPeRag 8h8) . The
reacti on 5cansaieheenfeintte@Bnveftedto @@bsouaPsfibintulS@l vent (e. g.,

di et hyl f or mam de, di net hyl acet am de, met hyl pyrrolidi none or
acetonitrile). Asalt (e.g., potgssj urr;)\t:hl oride, lithiumchloride,
sodi um chl ori de or magnesi um chf offf 3 can be added to accel erate the
reaction. Typically, about 0.5 eguiya @f a salt such as

pot assium chloride is added. Thejre ctfon may be conducted at

el evated 10 tenperature (e.g., enperature of about 100 20C) if
necessary to obtain a convenie ction tine. The progress of the
reacti on can be nonitored by any su'tgbl e technique (e.g., by HPLC).
Duri ng t he® wor kup, an acid can be used to hydrolyze any silyl ethers
t hat f or m dueortagalt tharebf, ehereih R ib €,-Cgdlkyl. cftar eghmpag esiiponnd &f forhmlaal cohol
noi ety of conpound 8. . Typical acids include.m neral, acids, sulfonic
Tonci . o ab gy B F R R 53 eqoleny o Ao SHongs SR | o
aqueous hydr ogHlioirto & egivalentd fFamnagaiithic i saftabldw@hieyid Kohyeiently,

Compound 9 can be ispolated by any sujtaple nethad (e.g., by

chr omat ogr aph¥/cogrPopid @S%’P!i‘lqylc i°8‘ﬁ§‘¥‘e$"i‘l‘g’t%Butgﬂo‘?ﬂé“’ﬁlg?ﬁ%’?si on, the
silating neaggidssitihathb&@mil kialoR4td briCibsut il BRqal AT nRBsksium chltbigequent | y
removed. This elimnates the need for separate protection and

20depr ot ect i oft LtiRsbass, frexyypls thigthylaming gt imidazele.fcag peadded tgthe; pe

conversi on.  reaction. The reaction can conveniently be-carried-out at an elevated temperature

(e.g., about 100 + 50 °C ) and monitored for completion by any suitable technique
(e.g., by HPLC). Upon completion of the reaction, Compound 6 can be isolated
15 using any suitable technique (e.g., by chromatography or crystallization).
In another embodiment of the invention the compound of formula 6 or a

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

| Ra, Ro
e 0 _N

wherein R, and R, are each independently C,-Cgalkyl; 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

9



I n anot her enbodi nent of the invention the conmpound of formula 9 is
converted to a conpound of forrmula 10: 10 Conpound 9 can be
converted wo 2ommpssdand 10 by treatnment with a suitabl e hggast®7878157
pot assi um hydr oxi de, sodi um hydroxi de or |ithium hydroxide). For
exanpl e, about 1.3 equival ents of potassium hydroxi de can
conveniently be used. 5This reaction may be conducted in any suitable
sol vent, such as, for exanple, tetrahydrofiiran nmet hanol , et hanol or
i sopropanol , gr ereof . The splvent ¢ cl.ude
P N T S T
The progress aofid datadyst, a@ab b, ﬁ:nemmlebmmmlémﬁcﬁdbéamlaagd amulfcmlmlaeld
techni que (e. ) d carboxylate salt can
be 10 neutra |%‘Bg"6&7°{ar @Qf”ﬁgﬁ?p %FJ/ ﬁgeélsﬁ‘ag%é' GrVEnSy r'%?dﬁ‘fdtsjrl c acid
or acetic aci e prégaess Gf(tgﬂﬁhﬁll,o;lahﬂittmohlt5‘c@5blthn¥aﬁlﬁﬁte366ﬁﬁlqmeEjd by aci d
can convenjen use Fol | qw ng neutral i zati on ound 10 can
be isol at e%i u]térﬁ;%? PP 7 594 e Isoltgdor fgan ‘(eélsgda‘}"ewtemea fography or
crystallizat i @mpouddofdsilubeasaeseastamell. of the invention the conmpound
of formula 10 can 15 be crystal ized by adding a seed crystal to a

sol ution that conpripgathe g@bedimens afhe rention e cempoynd ifeapulat $a8nal

Pat ent  ADp! 1 Cd BB J GALORIBRBLEr BRARL 313508 pr ovi des cer tai
specific crystaline forns ofp 3-chl oro-2-fluorobenzyl)-1-[(S)-1-
hydr oxymet hyl - 2- net hyl propyl ] - 7- net hoxy Oh. dxo- 1, 4- di hydr oqui nol one- 3-
carb 20 oxylic acid. The entire conten *~ nt er nati onal Patent
Application Publication Nunber W 200 11 08 is incorporated herein
by reference (in particular, sée Haod S ¥p-62 therein). The specific
crystaline fornms are identi fied as-Brystal Formll and
Crystal Forml1ll. Crystal form I X-ray powder diffraction
pattern having characteristic ¢ fact on peaks at diffraction angles
2520() of 6.56, 13.20, 19.86, 2 34, 21.22, and 25.22 as neasured by
an X-ray powder diffractoneter. Cryst I formIII has an X-ray powder
diffraction pattern having characteristic diffraction peaks at

di ffracti th awigresR200,-Chalksl. 2bmphdndTZan bbcoabjined Withe,  17. 24, 24. 16,

d . b di.ff
P ot onay CREREES B A0 £ SRR oo Sl T B APROE 5685 113508

al so descri bersmipowdtao Tme eraress o tieryssii@l dambe irm;nimmf by any suitable

56- ( 3-chl 2 fl 5)-1-
met Elyl Srog;f)] gepn WE‘{") 3’%@&6@% '%‘io rox °8P| e§%ﬁt§? B i ¢ acid

t hat have an cﬂbébt[}&b@ireﬁiredc&ﬂﬁﬂhdbﬁmﬁﬁlﬂaﬁﬁaléfdescﬁﬁedaﬁmﬂ 162.1 @ as well
as howtolgr are a ed crystal  havin stal of not

f
| ess than th‘?‘(ﬁ%b% Iy @'F I (g §E’(¥E]’g§:3r Vg‘u d é%a?par lgé 4 Compoun

of formula 9;

ed.

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

formula 8:
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106- ( 3-chl oro- 2-fl uor obenzy1) - 1-[(S) - 1- hydr oxynet hyl -

met hyl propyl ] - 7- net hoxy- 4- oxo- 1, 4- di hydr oqui nol one- 3- car boxylic acid
can opti ongbl2gosmdssps epared as described in I nternati onacTRaberinrsisy
Application Publication Nunber WO 2005/113508. Advant ageously, the

process illustrated in Schene | bel ow provides a crude m xture of
Compound 10 that can be directly 15crystallized to provide Crystal
FormlIll wthout additional purification (e.g. wthout the prior
formati on of anot her pol ynorph such as stal Form 11, or wthout
some other formof prior purification), Exarrple6be|ow In
cases where conpounds identified hereip ufficiently basic or
acidic to formstable acid or hasg ®s NH’I he i nvention al so provides

salts of such 20 conpounds. Such {
i nternedi ates, for exanple, for
useful salts include organic acj d|¢| o salts forned with acids,
for exanple, tosylate, nethanegul ffonate, acetate, citrate, nal onate,
tartarate, succinate, benzoate,NaSg§rbate, a-ketoglutarate, and

a- gl ycer ophosphate. Suitable inorganig salts nay al so be forned,

i ncl udi ng 25hydrochloride, sulfate, nitrate, 'bicarbonate, and

car bonat e sal C@mp@aﬁsminw@izecbﬂomaivhb@ombm 9ty smeetment withgcedur es wel |
known in the Le ficiently basic
conmpound suchﬁgamé%'%ga%ng&ggpwpéméu %&gacgtgll% ®af f or di ng an ani on.

Al kal i net al (Vﬁbbls(&mﬂwﬂsdyl)taﬂdormtammbas]saxmnqthyddisilaimh] Uit reaetionl kal i ne
earth netal ( i um.or lts . f 30 carboxylic
aci ds, forgex%lar'}% 8011%@36%1?1&&&?8&5) r?ﬂf(i%lverg?e ‘“@H’?’z@ nven(fl on will now
be il I ust r at edimbthyldeeandidd, Namtlmgpymndlhonmot- acepnifcdanl @t (e.&n | nt egr ase

Fol | owi ng ScHEREom eubes BuntorB R ShEim Msidgst BarPuiR st SedshBLna 5
10Conpound 2 geldddgi)to uslearithd eetom TypicdiBatvhit 0F eqhiNalents df cabket to - 20
G outy1 mgnece ARSI T EE Tk Sihe el e o

n-butyl Ii tdi Utﬂ?nﬁ&lithfel(th] 4 RmpaxaRef whut morm;jorvtgiimbdagsaiyh@omaﬁaer ature

at -20 C. 3-Chl orop-2-fl uorobenzal dehydgt was added. and the
m xture al | ov@AVENSILEERTiPR e Ere papgress o hﬁ@éﬁt@“&%“‘leﬁ%i’t““?ré 4t ure the

reaction was @uefCRamidAY &by ALY Dindip thf warkupYhn £id ¢n Wk hdiochl oric

acid. The phases were separated and the organic phase was extracted

with 92 ni of vatohge agcdylkathers ﬂm@f@dh'ﬁ?orfé@“@ﬂ efdbs %Wlatmg reagent with

the alcohol moiety of compound 8. Typical acids include mineral acids, sulfonic

hy %e useful as
ch conpounds. Exanples of

15 acids, or alkanoic acids. One specific acid that can be used is aqueous
hydrochloric acid. Upon completion of the hydrolysis, Compound 9 can be
isolated by any suitable method (e.g., by chromatography or by crystallization). In
the above conversion, the silating reagent transiently protects the alcohol and is
subsequently removed. This eliminates the need for separate protection and

20  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:
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| ayers were washed with 92 nlL of saturated aqueous sodi um chl ori de.
The organi ¢ phase was concentrated and the product precipitated by

t he additiwp 20488/0383s "L hept ane. The slurry was filteredanssbdiBrsisy
product air dried to yield Conpound 10 3: | HNVR (DMSO d6, 400 MHz)
812.15 (br s, 1H), 7.81 (s, 1H), 7.42 (t, J=7.2 Hz, 1H), 7.26 (t, J=
6.8 Hz, 1H), 7.15 (t, J =17.8 Ft HD, ,6.77 (s, 1H, 6.09 (d, J = 4.7
Hz, 1H), 5.90 (d, J 4.9 Hz, 3. 84 (s, 3H), 3.80 (s, 3H

Al ternatively, Corrpound 3 can be prﬁ ared as follows. 15

Compound 2 (20 g) was conbined with nm. of THF and cooled to -20
C. The m xture was treated successi vel th 75.93 g nL of

but yl et hyl magnesi um but anol adddfet-tBEM.B) sol ution in heptane and
35.08 g of 28 wt%t-butyllithium @ﬁ‘ igy hept ane whil e

mai ntai ning the tenperature at 20 - '
3- Chl oro- 2-f | uor obenzal dehyde 30 g@ was added and the m xture
allowed to wvarmto 0 C After 2 _hpurs at that tenperature the

reacti on was quenched by the addrtren of 2M hydrochloric acid. The
phases were separated and the organic Phase was extracted with ethyl

P oduct was peinds PR Sl AR At caimpRER 109 Rl Yirh FBeaBIRele
filtered and les ppiasdmchydmxrdemodmnk hydroyidebditi@anpepdroid). Far8. 00 g; 69.1
% | d 11-1 N 1 7.8 ,
o1, L dyll RO U005 o e, (o

7.8 Hz, 1Hj, 6hiTeattion nidy)be c&lcm&e({ﬁlan)ﬂsu'halﬁe EOI\HZII;, sikhips, fc’frc%n;(ld J= 4.9
Hz, 1H), 3.84

3 ca e prepared
st oar bk, BeRael s prorabol g g mixtg bt orme 1 h 10
9) hwasbc]?nbl rmi);dzem dali\achf%mglhdaf:atéEHﬁ xﬁiﬂdu@oﬂiﬂolpl@f;an‘él amdsdttdﬁeanl hyl gm ?oet hyl
et her before bein ed,t | sopr opy. siumchloride (22.9
T of a2, 07 WPLGHaY o PO G e O SO P as &l | oved
t (r)n war (rjn t 0 r oitblerpRi@E W€, WHRLD).OTie inifeld tbhx%ﬁ@krbb@(ﬁ%’ﬁﬁ}tiﬂ&QHESI um
chl ori de to j nprove conver
3-chl or o- g fﬂfﬁ?%'l%s%@&rﬁwaw L 381 -2 Efaa%efn et agid). }Hf ng at

anbi ent example, about 1.5 equivalents of acetic acid can conveniently be used. Following

neutralization, Compound 10 can be isolated using any suitable technique (e.g., by
chromatography or crystallization).
In another embodiment of the invention the compound of formula 10 can

15 becrystalized by adding a seed crystal to a solution that comprises the compound
of formula 10. International Patent Application Publication Number WO
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 I has an X-ray powder
diffraction pattern having characteristic diffraction peaks at diffraction angles

25 26(°) 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
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10 tenperature for 2 hours 38.6 g of a 14 wt % THF sol ution of

i sopropyl magnesi um chloride |ithiumchloride conplex was added. After
stirring owerpisgBiszat anbi ent t enperature CO2 gas was hghlalaeh7iord197
the reaction m xture. Wen conversion was conplete the reaction was
guenched to pH <3 with 2 M hydrochloric acid. The phases were
separated and the organi c phase was extracted with ethyl acetate.
15The combined organic layers were washed with saturated aqueous

di um chl oride, The trat ¢ duct
T £ ot o g SRR R BRAS R RRRERADLE A B4 RR0ET 00UC
product air drs.ei17.06,y7.04,24TEMRORSIT &:mdafukddViR af BMBOpalGler 400 M-z) 8
12.15 (b 7.26 (t,
R S0 dgabtombie? iyl metey Afppiggion pabiafon Mg 40 6 0604
J= 4. 7 HZ 1@00551%86@0@1;&1%3%W%preb&fb)acrﬁta&ﬂefbﬁnoﬁll) 3.80 (s,

31-1). obe repared as illustrated in the

fol | owi ng ch‘g&e"hiﬁ%ggb’f”’é’% b Eﬁéﬂé‘ﬁ’SBWhy&rrpound 4.

5Tri et hyl si | agieh¥ipdsyl 7rﬂ6ﬁ1%x3aﬂidﬁ¢1 H-@l]ﬁ&bﬁdm&éﬁééﬁﬁﬂjoﬁy@(ﬁbﬂ ta83. 13 Q)
t hat had been pre-cooled in an ice bath was added

to the mixt ur@"?{%‘b‘fi‘i"ﬁ%o'%t?%mﬁ%‘fgﬁﬁ’ﬁ@f”fﬁ%fab‘é}tégg)ll§ G‘W?é“tsélf’w)é‘?l rring for

2 h MIBE was géetecs debd qyd hilidgdd firib 2 cRERAIGE lest Bfan Sbouf Togs.VAS
filtered and theﬁgﬂroduct washed wi t'h additional MIBE. After drying,

9.12 g of Conptsarinaly: sesd cvstels et ed: 114 NVR 10 (DVBO-d6, 400 MHz) 8
12.11 (br g, é.tj)ahlo?e-ﬂ]u&%ben%#ﬁ-a [(E)-‘i-% Jmﬁlﬁléﬂﬂ 21H), 7.14-7.08 (m
211), 6.67 (s, 1H), ternatively, Conmpound 4 can
be prepar ed a@ethsdpm@%?'-mf@m—%ﬁml éﬂ;haﬁeqt(lmlcs@-3goﬁrt\%§lcaad &M to

trifluoroacetj in an ice
bat h. Corrpound)(‘:I o@a@l?[@e gégar%sg&&l ﬂ?&naﬁﬁ%ﬁ%ﬁiﬁ?& I?g(glpl ng the

t enper at ur e Hélbbwtlsn@N@nbe&fW@20@11550%@@@&3&0%[ o pgedspilugifated 7. 63 g
sodi um acet at; eat ed
to reflux forlﬁgb gaeﬁs%elghgﬁ%g{ﬂ%dto &%W@I@t}%@%y}ﬁ?ﬁg ed and
the produtl wastedlite®® paotide (érwalﬁ*“bmnﬁlwiﬂmtltwldiﬁbnal pirifenticadr(g.gng 12.3 g
of Conpound % vi.el d S i ted 400 MHz)
8 12.11 (br s 4‘”“'%86‘?3 ‘?‘.‘%5"”“&'}"%}3‘,““ %‘“‘?‘1’5?"%‘ I\/B'i’éﬁ?%?“ Ber, 08 (m
2H), 6. 67 (s,witlibil)som8 ofiér Brd4f frivr ptﬂ‘l-ﬁ)catmn), see Example 6 below.

In cases where compounds identified herein are sufficiently basic or acidic

to form stable acid or base salts, the invention also provides salts of such

20 compounds. Such salts may be useful as intermediates, for example, for purifying
such compounds. Examples of useful salts include organic acid addition salts
formed with acids, for example, tosylate, methanesulfonate, acetate, citrate,
malonate, tartarate, succinate, benzoate, ascorbate, a-ketoglutarate, and
a-glycerophosphate. Suitable inorganic salts may also be formed, including

25  hydrochloride, sulfate, nitrate, bicarbonate, and carbonate salts.

Salts may be obtained using standard procedures well known in the art, for
example by reacting a sufficiently basic compound such as an amine witha
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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Exanpl e 3: Preparation of Conpound 5a. |Im dazole (0.42 g) and

1,1 -carbonyldiimdazole (5.49 g) were slurried in 5 30 nL of THY at
ambi ent t ewpeneosssss Conpound 4 (10 g) was added in oneda@fish@a7aed
the m xture was stirred at anbient tenperature until the reaction was
conplete by HPLC. The resulting slurry was filtered and the solids
washed with MIBE. The solids were dried to yield Conpound 5a: 1H NWR
(DVBO-d6, 400 MHz) 87.99 (s, 1H), 7.52 (s, IH), 7. 41 7.38 (m 1H),

130 (5 10, 1 Cal il R R i ek, )

Conpound 6a. Examples! A theepebeinkibitet 2f Hmulndo aa,nbepfemrbd)aylhdtrataﬂ mlazol e
(5.49 g) were sIf rleg bn 30 nL of THF at anbi ent tenperature.
Compound 5a ( "35" in one 15 portion and the m xture was
stirred at anbient terrperature for 4 hours to forma slurry of
conmpound 5 é&mgparate flask, 8.91 g of potassium nonoet hyl

mal onat e s din 40 nL of THF. Magnesium chloride (4.40 g)
was added and the resylting slurry wag warned to 55 ¢ for 90 m nutes.
The slurry of Co 5a was .t¢ansiePred to the gAesi um

chl ori de/ potassiu noetfryt 20 mxt ur d irred at 55 C
overni ght. The g rerAds tHa tot?' f Zc%re and
guenched by the dropwgse additi of &0 nmL of Mt Y©aqueous H3PO4.
The phases were sepagrated and g or gani ¢ ph was washed
successively wth aqueous Na #HCO3 and Na¥l ~eiol uti ons. The

or gani ¢ phase was concentrated to an oil and then goevaporated with
et hanol. The 25 resulting solid was dissolved.in 30 nL ethanol and 6
mL water. Conpound 6a was crystalized,by cooling. The solid was

i sol ated by flléat|0n|and the pgod ctcl,vvas washed with ague S

a2 %

O

et hanol . After” un ; ! 03 d6, 400
MHz) 67.51 (s, M2 7. 3 S aR=7>40 ‘-g 213t 70 (s,
111), 4.06 (q, . 0llHz, 2H) s, 8 j 1.15 (t
J= 7.0 30 Hz, ' APternatl ] e p?epgred as

fol | ows. bonyl di i m dazghe (10 99 9) @ rried in 60 nL of

THF at anbi ent tenperature. Conpou(r:ld 4 (20 g) was added in one
portion and the mXture was 5 stirre® at anbi ent t empeffature for 30
mnto forma slurry of conmpound 5a. In a separate flask 15.72 g of
pot assi um nonoet hyl mal onate was slurried in 100 nL of TI-IF.

Magnesi um chl ori de (6.45 was added and the resulting slurry was
warnmed to 55 C for 5 hour§! E;e sl urr $#Qok rrpound 5a sHt ansferred
to the magnesi um chlori ge ssi um nonogt mal onate m e and

stirred at 55 C 1§ i ghty- The ol L& Was t hen @Qohedn o room
tenperature a.quu pnto 1230 28| W % agaleo oHe

phases were separg 3
wi th aqueous KHCCE iansg The

concentrated to @ The

resul ting solid g ROO~aL ~ imL wat er .
Conpound 6a 15was crystallized by cooling. The solid was isolated by
filiation and the pr oduct was washed wigah aqueous et hanol® After
drying 21.74 g Conpound 6a (89% vyield) was obtained: 111 NMR
(DVBO-d6, 400 MHz) 37.51 (s, 1H), 7.42-7.38 (m 1H), 7.12-7.10 (m
211), 6.70 (s, 1H), 4.06 (g, J= 7.0 Hz, 2H), 3.89 (s, 811), 3.81 (s,
211), 1.15 (t, J= 7.0 Hz, 3H). 20 Exanple 5: Preparation of Conpound

aCl sol ut

9a. 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 1 M
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Compound 6a (20 g) was stirred with 6.6 g di nethyl fornmam de di net hyl
acetal, 66 g toluene and 0.08 g glacial acetic acid. The m xture was
war med to WO 200sfodsszd¢ hours. The m xture was then cool e@drasasibomity
tenperature and 5.8 25 g (S)-2-am no-3-net hyl -1-butanol was added.
The m xture was stirred at anbient tenperature for 1 hour before

bei ng concentrated to a thick oil. D methylformam de (36 g),
potassium chloride (1.8 g) and bi s(tri nmet hyl si | ypacet am de (29.6 )

wer e added an 0.C he m xture
was cool ed toﬁLlP Btgﬁna%e mglrsg 'bmilﬁ‘ﬁa"& %&e%mhof %9%6 poutllithiuin
di chl or onet haﬂﬂntxoﬁ)udheb;mewmemhk@ﬁmgiﬁeﬁmpdatﬁﬂétgo °gbout 1N) was added

and the m xtu red er for, 20 The phases
were separ at e?f%gf? ﬂ8°r8€e§)‘ﬁaﬂ$t§y‘%ﬂg§ ‘&%sad%g H‘%ﬁ’@ﬂ@ﬁ‘@ MR with
wat er, agqueousamndiolq) AlfeCBidaaaihe: tehsbratit Sk readiith vae hvtticd bR the

t he vol upe _was adjusted to 160 nL. The

exchanged o agcetoni

m xt ure \I\ﬂé h%dg{ 1@80 é){ 'E‘i;ﬁff P’ﬁ"yd'@ﬁlﬁPré“cchir |T5ﬁP*fa965 wegsRARtEd A 5ol ed to
crystallize Cogn@idseddas ediiRichwHH 92 Inl Wi SthiiSedat. eﬂleQ)szfahEcM icon and
washed with addl tional cold acetonitrile. Vacuum dﬁ/ o, 8 orded 5

Conpound 9a: FFIGVIETE PRSed Witk 92 mbof sawgtediguepps podium % (s, 111),
7.45 (t, J= 7olﬁad"$7-phaélalﬂa)s conZen%@teﬁ nd tﬂé?mdu&(g?e%rp?tatgdlby(tﬁ& additib of 250 10 (br
s, 111), 4.62 (br s, 111 8 (q 2H) 3 (s, 2H),
3.96 (s, 311)™ éex%ﬁl%TBwhermqurﬁ)lterezkarviah@rv@c(%ﬁ dr@iit)ylelécegpwﬁ s,
111) 1. 249 (t3.! (Onige- #injj D742 (d J
= 6.4 Hz, 4%112 i]{1}?3!\/%ternac%ﬁ’lsdg\?é Y, g%@d@ ng'?%lggz e)%?% é]reézas

fol | ows. 1z, GGt 6.8 189 1Y), A4t ét=|7r8r1@dlw,ﬁﬁ7157175),909 (d,J

di met hyl f or meui, (of gI acial acetic
acid. The m xt u?g{%lg?\%gyhég %ﬁg% 1%93%4%1{26 81’ ‘The m xture was
then cooled to anbient tenperature and 14.5 g

(S)-2-am no- 3- net - noI wer e added. The

m xture was stirre Jeré%‘ ‘rj?{‘n en?ouf'dgcaenﬁ’aet%relp%reovgs“ sht bef ore being
concentrat®d by distillation. Potassiumchloride (4 5 g) and

e med Lo 60 ¢ 1 PoBIRra S pvie e o o S 2 ot ey at ur

and diluted wiG IThe olixtgredias tasdan@bsnvelp withi7b.93 g ntiyadr ochl ori de acid

110 f dded dth t d, at anbj
'E e rrpe?a’? ure w&lﬁy\i\%@hﬁ?gﬁgsmfﬁ E@? @ﬁ%@%ﬁ'ﬁﬁr‘iﬁ%& B&’éqﬁ'g a‘E‘Jn}grbB E§hni ¢

phase was V\/as‘ise;d%stbmsqelaﬁmhﬁ%blﬁuw ih Repté@it SMhile RGN (FO@hpdratieanr bonat e
ed to acetonitril e by distillation.

and water,. The. s exchan

The m xt uf® \Ag%‘ﬁ ﬁglaf%mﬁﬁa rohengalchyds 61 5t 2 pagptdpd andshe mixife g and
cool ed to cryglbabd ﬂo&@m%’@ﬂﬂ@ﬁe%hm}!ﬂ&tm &ﬂiﬂsﬁtuﬂﬂﬁe ﬂe&@nbﬁitvﬁﬁ by
filtration and glﬁb? h addi ti onal acetonitrile. Vacuum

dryi ng affor o°é'aﬂ the idélilon/efy%wyocblpnmﬁipJ&]wagfé wereReidandis, 400
MHz) 5 8.61 (iBs or%%ﬂc) pha;e ef(t%a;ctea %V:{'t)l eth?] aééaté tThe%r%aZrc?)hﬂE waQ-éHe)i 7.26
(s, 1H), 7.23-7 br s, 111), 4.18
(q, J= 7.0 Hzovefzsfil)lm Salf@%ar(déhe quduzt)waszvre%lt{t@d byghe adflitiog gBMIBES. 84 (m
111)2 ( g 7%5_3 - The sﬁlfﬂz wllﬂilster&} 8 tlfe%?odﬁct aljrliné& to yljcidZéSn(ﬁoundJli ('18 60 8 HZ 3H),
Prepar at i on cﬂ9 Idémlﬂl)md{m (DMSO-drCé)Qﬁd‘dHn)cﬁ Pal 5((B. 0PHy Y- SW\/ésle)L urried

in 36 nL iso r u S drOX|de
(2.04 g of 42 AT e B inEY SR 1 N R T TR THEP AL a0c
After 3 hour siH) 6® (d, by 4GiHx| 1H)cE00 @, Ae 4@ HmtHpddé d, T), B8O (5 3ur e
seeded with 10 ng of Conpound 10. The m xture was cooled in an ice
bath for 2 hours and the solid was isolated by filtration. The cake
was washed wi th aqueous isopropanol and dried to give Conmpound 10:
11-1 NWMR (DMSO-d6, 400 MHz) 5 15.42 (s, 11-1), 8.87 (s, 1H), 8.02 (s,
1H), 7.48-7.45 (m 2H), 7.23 (t, J=6.8 Hz, 1H), 7.17 (t, J= 7.8 Hz,
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.1=6.3 Hz, 3H), 0.71 (d, J= 6.3 Hz, 311). Exanple 7: Preparation of
Compound 13. The conversion of Conmpound 7a to Conpound 9a descri bed
i n Exanpl ewd20és/0383ye produced a second product that wggraghieNadst O
result fromthe presence of (S)-2-an no-4-nethyl-1-pentanol in the
(S)-2-am no-3-net hyl-1-butanol reagent. As illustrated bel ow, an

i ndependent synthesis of Conpound 13 was carried out to confirmthe
identity of the second product. 20 Cbnpound 13 mas prepared from
Compound 12 using r oc, dure apal ogo 0 th rati of
Conpound 10 in Exa%??ﬁ{l)%“’@ B elso eFQfFFI% i%h “’E“E?@ @C’H%%&i‘eﬂ‘éd, t he
product was extracted into anisole. The desired pr duct isolf ed
as a foamafter rq@gyal of he solvent: 111 NWR ( O d A 251
5 8.80 (s, 11-1) , 7. 48+PIMgCILIgl 2H) , .Zam@b A2 Hz,
1H), 7.16 (t, J=7.6 10, 519

311), 3.77 (br s, ), 94 1. 8”71-1%%%@_{16 %B& g2l 1.
1.43 (hept, J = 6. 4 FEI4111) 0.89 (d, J = 6 4 Hz, | 311), 85 (d J—|
6.8 Hz, 3H). The internediate Conpound 12 was preppred as folfows. -
5 a. Conpound 12 was prepared from Conpound 6a usinpg a procesghure
anal ogous to the preparation of Conpound 9a, excep
(S)-(+)-2-am no-4-net hyl -1-pentanol was used iMe
(S)-2-am no- 3- net hyl - 1- but ang esired pggdu
foam after 10 concentratin h@ﬁirﬁ§ﬁ Oﬂl%?
dryness: 1H NMR (DWVSO d6, 4Q ) 54 (s, 1
7.46-7.43 (m 1H), 7.25 (T @?{Hg‘fh .14 (m 4.97 (br s, 1H),
4.20-4.16 (m 2H), 4.03 (s, 211), 3. 95 (s, 3H), 8. 73 (br s, 211),
1.83-1.82 (m 1H, 1.72-1.69 (m 1H), 1.43 (hept, Jz 6.4 Hz, 1H),

1.24 (t, J = 7.2 Hz, 31-1), 0.88 (d, J= 6.4 Hz, 3117, o 84 (d, J= 6.4
Hz, 31-1). 15Conpound 13 is useful as an HV integrase inhibitor as

described in Intecempmﬂah (Foed) vat cofititel! Gath RO MLRIFTHIFGAE b @il Jfunber WO

2004/ 0461 Accor di ngl the i nventjon also provides Conmpound 13 or
a salt th d:Fs ?laegh)g%r%pgethyl ether before being cooled to 0 QC Isopropylmag;rgsmm

chloride (22.9 mL of a.2.07 M.solution in THF) was added and the mixture was

}§olated as a

F.86 (s, 11-1),

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 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.

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) 5 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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as nethods for preparing Conpound 13 or a salt thereof. The invention
al so provides a conposition conprising Conpound 10 or a salt thereof
and Conpouwd 28¢%/03339r a salt thereof, as well as a considd:6P878157
conpri sing Conpound 9a or a salt thereof and Conpound 12 or a salt

t hereof. Such conpositions are useful for preparing integrase

I nhibitors described in International Patent Application Publication
Nunmber WO 2004/ 046115. Alternatively, Conpound 10 can be prepared
from Conmpound 2 a n_the fol t' Exanpl es
512 thar are basSITBRCE Lgnare b mH lf"%ﬁ”%eﬁg te foé@ g
Preparation of a Conmpound of Formul a 3.

Mol . W : 261.&zoijawa n hefQMg%chq C
Br B or=PrvigClthen .

' 3-chloro~2-fluorobenzaldehyde

14

i-PrMgCI-LiCl

15

Y

or i-PrMgCl 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-cooled 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-ds, 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, SH).

Alternatively, 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-dg, 400 MHz) 5 12.11 (br s, 1H), 7.47 (s, 1H),
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5Conpound 2 is conbined with anhydrous tetrahydrofuran and warmnmed to
forma solution or thin slurry. The m xture is cooled to -20 to -30 C

and butyl eybyhésmgsasi um i n heptane is added. In a sepamgirysaRRtaAs7
n-butyllithiumin hexane is conbined with cold (-20 to -30 O

tetrahydrofuran. The conpound 2/ butyl et hyl mangesium slurry is
transferred to the n-butyllithium 10sol uti on while keeping the
m xture at -20 to -30 C. The lithium hal ogen exchange reaction is

- ohl or 0-2- 11 G5F oRe btk el in- 260 BT B e T e or 1

hour the m xture is warnmed to O C and nonitored by HPLC for reaction
conpletion. Once conplete, the reaction is quenched wth aqueous
hydrochl ori c Bxampid3d t Brepamationtob6C@npolihdéSphases are separated and the

aqueous phase is t W ] WiE ; | ned
or gani ¢ phases ar Z%E’?%’g%@%ztg#“?gd% ﬁ%ﬁ%glﬁ'ﬁdf%}l%a%%? E%?e%) gggglu%?%t er
renovi ng the 3Hodl ohiTBE bffaatb@nblgmpérithrea Compountid (Bod) wantddedinamehanged to
MIBE and t he og&ulti s| u

urry cool.,ed t.a C. The pr.poduct .is isol ated
oy r Tee ot e ot B it ol SR G ok e e5perhie (HRERE ot s 01 2]
20 Conpound 3compididbitycFIal. e VWsulhg slitag was fiMated afbthe elidowmhedwlitt? 261. 07
1.00 1.00 THR {1 tnddbtids were dried to yield Compound 5a: 'H NMR (DMSQ-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,

10 2H), 7.04 (s, 1H), 6.81 (s, 1H), 3.91 (s, 2H), 3.90 (s, 3H), 3.79 (s, 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
15 portion and the mixfure was stirred at ambient temperature for 4 hours to form a
slurry of compound 5a. In a separate flask, 8.91 g of potassium monoethyl
malonate was slurried in 40 mL 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 5a was transferred to the magnesium chloride/potassium monoethyl
20  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 H;PO,. 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
25 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 6a was obtained: 'H
NMR (DMSO-ds, 400 MHz) 3 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, /= 7.0
30 Hz 3H).
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BuEtMy (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 1.3 2M HCl 36.5 3.8 37% HCl 36.5

0.33 WO 2008/033836 PCT/US2007/078157

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
5 stirred at ambient temperature for 30 min to form a slurry of compound 5a. In a
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 Sa was transferred to the
magnesium chloride/potassium monoethyl malonate mixture and stirred at 55 °C
10 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
phase was washed successively with aqueous KHCO; and NaCl solutions. The
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-ds, 400 MHz) 8 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, §H), 3.81
(s, 2H), 1.15 (t, /= 7.0 Hz, 3H).
20
Example 5:  Preparation of Compound 9a.
Compound 6a (20 g) was stirred with 6.6 g dimethylformamide dimethyl
acetal, 66 g toluene and 0.08 g glacial acetic acid. The mixture was warmed to
90 °C for 4 hours. The mixture was then cooled to ambient temperature and 5.8
25  g(8S)-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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Et OAc 88.11 4.6 Na2SO4 142.04 2 MIBE 88.15 9.5 1. Charge
1.00 kg Conmpound 2 and 8.7 kg THF to the reactor (1). 2. Heat

the m xturwot200s4bsf® C to dissolve all solids or until mwrd¥h7078157
uniformb5slurry is fornmed 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% W w in heptane) (-1.8 kg; 0.6 eq.) to
reactor (1) nmaintaining the tenperature of the reaction m xture bel ow

-20 C duri 4 i.thon. 5 . 2.6
o re " Sob R B 158 ol SR8 LB e BT © 5
hexane) (1.9 kesadinst@deqlo) niai T aiixtie gvat heted enganitatcasled Dightwy - 20 C

during the additi.on., 7. Transfer the contents of reactqr (1) to
reactor (2) r‘r%ﬁe#tda?ﬁllF%&edttﬁgyft@ﬁﬁéoﬁpﬁ?@%eI% rogist ‘Cfast)‘ﬂ‘ﬁ"i‘tﬁ’gb t he
addi ti on. filtration and washed with additional cold acetonitrile. Vacuum drying afforded

5  Compound 9a: 'H NMR (DMSO-dg, 400 MHz) 5 8.61 (s, 1H), 7.86 (s, 1H), 7.45
(t,J="7.4 Hz, 1H), 7.26 (s, IH), 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 (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).
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-methyl-1-butanol and 25 g toluene were added. The mixture was
stirred at ambient temperature overnight before being concentrated by distillation.
Potassium chioride (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 tb crystallize Compound 9a. The product was isolated by
filtration and washed with additional cold acetonitrile. Vacuum drying afforded
48.7 g (81 % yield) of C.ompound 9a: 'H NMR (DMSO-ds, 400 MHz) & 8.61 (s,
1H}), 7.86 (s, 1H), 745 (t, /= 7.4 Hz, 1H), 7.26 (s, 1H), 7.23-7.14 (m, 2H), 5.10
(br s, 1H), 4.62 (br s, 1H), 4.18 (g, 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 (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).

20



158. 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 vwehrodsasywsd. 10. Approximately 15 m nutes af terrddag7iogast or
contents have been conbi ned, sanple the reaction m xture and anal yze
by HPLC to determine 20 conpletion of |ithiunm hal ogen exchange.
(Typically there is 1-8 % of Conmpound 2 remaining. If the anmount of
Conmpound 2 is greater than 8 % sanple the reaction again after at

| east 30 mn. c n-BuLi). 11. In an
appropriate CEPH @J@r g%h%htmoge%b%%ﬂ al dehyde and 0.79 kg THF.

12. Charge content@)nmbunct%(éomg)awaaelurried1ﬁJﬁenLésapxbpnnoldvai2mtmiqﬁ t he

tenperature of the reaction m X l,0 u n. 13.
agi Lat o the r Labt ReRSRrMARamLbUE: QB8P Fliionl Pl fbdind

14. Quench thmenﬁambmmemmum@ Myera(ﬂbursl nhg ghtial apéﬁc\hbiﬂhanadﬂhd—lCl
(-3.8 kg) b5to

of 0.3, 15, hases Extract
t he aqueou pﬁlfg ref?f%'icf%‘ﬂkg)lﬁgﬁf@ @x&?’%@? t‘frﬁga%&fﬁggﬂ’sanphase
with 2.3 Eg Ec@l@ﬂlafoéShoka Sr(dalih dkollhlﬁaﬁ%égdﬁj f’?ﬂ?@i‘éﬁ TH AR wﬁ@fﬁﬁle_?_ﬁ
organi ¢ phases,and dry wit or, at e e
tenperature oVitf plleRjls é%ﬂ‘i%%ﬁ%[é%“%%@@f"& Compaind 1 @ﬁ%@%‘ilgo "2 Sas
addi tion. 400 MH2® 15021(§, EIH) i85 (§|1H5 rs)OztﬂHﬁWXﬂ%S@ﬁ 723 (t, 21.

Concentrate the conbi ned organi c phases vacuum di stilfation to

-1.5 15L (sho{ir &% ﬂth7t1H|(fa;~K 18Uz Y1), 518(brs IH) 286 Ehadle 4406 kg
met hyl t - gt YiH)eIt b?{s iﬁﬁ'@&) 38 (ch,N@Dn S WA Y6 (m, 11D, 2.36 (43; 1EONEL@L rat e

the m xture
J 63Hz3H) 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 5 above produced a second product that was believed to result from the presence
of (8)-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.

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)5 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, LH), 4.09 (s, 2H), 4.00 (s, 3H), 3.77 (br 5, 2H),
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24. Charge 2.8 kg MIBE to the slurry. 25. Concentrate the
m xture to -1.5 L. 2026. Charge 1.9 kg MIBE to the slurry. 27. Cool

t he sl urrywbeossthssssend i sol ate Conpound 3 by filtrati omperd200N859357
forward the distillation vessel with 1.9 kg MIBE pre-cooled to -0 C

29. Deliquor the cake until a granular solid is obtained. The purity
of 25Conmpound 3 can be inproved if necessary by reslurry in 6 vol unes
of 85:15 toluene: HOAc. 30. Dry the wet cake under vacuumat < 40 C

conti ned wi tn 0787 [orisGe- PR aPRAGS cer FRa e 1y APSRERP A on.

The sol ution Hs, 3DA.85dfb=63 Hzp3K. C and triethylsilane is added while
mai ntai ning the tenperature at NMI 15 C. The reaction is nonitored
for conpletion by HPLC. Once conplete, MIBE is added to precipitate

Conpound 4 and t herh@iintérkie@iate Tofnf sxlnadz Hefared BRRIBWEMUCt is isol ated
by f||trat|on washed 10 with BE and dried at NMI 60 C to vyield

Conpound 43 Nhterlal MW W. Ratio
a. Compound 12 was prepared from Compound 6a using a procedure

analogous to the preparation of Compound 9a, except
(8)-(+)-2-amino-4-methyl-1-pentanol was used in place of
(8)-2-amino-3-methyl-1-butanol. The desired product was isolated as a foam after

10 concentrating the final acetonitrile solution to dryness: 'H NMR (DMSO-ds, 400
MHz) & 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, IH), 1.72-1.69 (m, 1H), 1.43 (hept, J=6.4 Hz, 1H), 1.24 (1, /=72
Hz, 3H), 0.88 (d, J = 6.4 Hz, 3H), 0.84 (d, /= 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 or a salt thereof, as well as a compositions comprising Compound 92 or a salt
thereof and Compound 12 or a salt thereof. Such compositions are useful for
preparing integrase inhibitors described in International 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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Mol e Rati o Conmpound 3 340.73 1.00 1.00 MIBE 88.15 5.6 TFA 114.02 1.7
5 Et3SiH 116.28 0.4 1.2 1. Dissolve 1.00 kg Conmpound 3 inl.7 kg TFA

2. Cool thworeesusigan M xture to -3 to 3 C. 153. Char ge g&rfudsahriersis?
triethylsilane to the reaction mxture. Maintain the

Example 8.  Preparation of a Compound of Formula 3.

-0 o 1. BUMgE!, THF ~0 o
Br OH 2 nBuli ~ Ho OH
{in hex)
3.

O
Compound 2 0%
CoHgBrO, cl
: F
Mol. Wh.: 261.07 Compound 3
cl Mol. WA.: 340.73
5 Compound 2 is combined with anhydrous tetrahydrofuran 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) tetrahydrofuran. The
compound 2/butylethylmangesium 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

13 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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tenmperature of the reaction mxture less than 15 C during this

addi ti on.

4. Sanple the reaction mxture 30 mnutes after the

addi ti on ofvotoss/dssgzet hyl sil ane and anal yze by HPLC t o gfinfsgod7/ags1s7

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
the mxture to 0 C and

m xture bel ow 15 C during addition.
| sol ate Conpound 4 by filtration and

agitate for at
wash the reacti on vessel

| east 30 m n.
forward with 1.6 kg MIBE. 8. Dry the

7.

6. Cool

Conpound 4 obhtained under vacuumat < 60 C. 5 Note: The purity of
Conpound 4 may_be i npVetesad by resl ur rM.Wn 4| VUL Ras bf Maledtatine| The
slurry is wafned to Ghhpbudd® 2 houf s smng7copl ed.opo 1B t01.8p C for 12
hours before(filtrati opgrnd washi ng wyf i twp 1iyal ung portions]of
acet one. ExanpBEEHAS (13% SPAAHcp@it) O @ 16a8POLNa .9k FO[ 1) §5-68-

Car bonyl di i midazol,eeai¢inhBRaH8Z01 € AT EcL@YTOI Ned ot h Annyqrgdus 15
tetrahydrof uran. CoNpaaisd TS added sgsg i 5 mpggure[ To figrm Conpound
5a and the r¢action imwltoreu by HREG a pgparpre reacto

pot assi um nofroetyt TRZATRCE 1S con imf,;gi with te ahyprofuram bef ore
anhydr ous ITB.()IIUDI unmrC d Cd$8 .T e ||ui4‘| a1y the
tenperature | : y S Q‘H s—watredrto SCAE and Eel d
for at |east Hwo—hHotr or-e—theCorphphd panixdurb—+s—addedy The
reaction is .mn.tcrcd@\ﬂa" HPLC. .cbgﬁ he—forration-of—Conpound 5a
is conplete, the mxture is cooled to 18 to 25 C and added to aqueous
phosphoric acid,t he or vvashe vmth aqueous
sodi um bi sul faté %tl)’r |g"2585%{38’§%?“6 {%’?E@'ﬁl‘i}g@t ‘chrcﬁa%?r e sol utions
before being_pob! sfafihd h&kitho 4?3% é%eﬁsgafveaﬁso%g aﬁgm fi0Lnifbay dr ous
et hanol . Water %51 g&g 196 ke U% d;f N sol | ds
cooled to about 4 vmth oun Ba an coo

C. The product asdobitt]@mémsw@é@%aw(mo%tq _Afr¢eous et hanol "and

dried at NMI 40 Cto yield

Mble Ratio

10

15

20

4.

10.

Conpound

6a.

Mat eri al

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.

In a separate reactor (2) charge 2.6 kg THF and cool to -20 to -30 °C.

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

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

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

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

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

11. In an appropriate container combine 0.79 kg of aldehyde and 0.79 kg THF.

24
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Conpound 4 324.73 1.000 1.00 THF 72.11 7.11 | m dazole 68.08 0.042
0.20 CDI 162.15 0.55 1.10 KEM 170.2 0.89 1.70 MyCb
WO 2008/033836 PCT/US2007/078157

10

15

20

25

12. Charge contents of the container to the reactor. Maintain the temperature
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)
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.

19. Combine organic phases and dry with 2 kg of Na,SO, for at least 1 h. The
temperature of the organic phase should be 20 — 25 °C before Na;S04
addition.

20. Filter the slurry to remove NaySOy4.

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

22. Charge 2.8 kg methyl s-butyl ether (MTBE) to the slurry.

23. Concentrate the mixture to ~1.5 L.

24. Charge 2.8 kg MTBE to the slurry.

25. Concentrate the mixture to ~1.5 L.

26. Charge 1.9 kg MTBE to the slurry.

27. Cool the slutry 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
Compound 3 can be improved if necessary by reslurry in 6 volumes of
85:15 toluene:HOAc.

30. Dry the wet cake under vacuum at < 40 °C.

25



95.21 0.44 1.50 1131'04 (85 wt% 98.00 2.3 NaHSO4 120.06 0.24 KHCC3

100.12 0.50

NaCl 58.44 0.48 SDA 2B-2 EtOH (0.5% hept ane) 46.07

WO 2008/033836 PCT/US2007/078157
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15

20

Example 9.  Preparation of a Compound of Formuia 4.

_0 0

HO

Compound 3 Compound 4
C16H14CIF05 C15H14CIF04
Mol. Wt.: 340.73 Mol. Wt.: 324.73

Compound 3 is combined 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
with MTBE and dried at NMT 60 °C to yield Compound 4.

Material M.W. Wi. Ratio Mole Ratio

Compound 3 340.73 1.00 1.00

MTBE 88.15 5.6

TFA 114.02 1.7 3

EtsSiH 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.

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.

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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-10 kg Procedure: 1. Charge 0.55 kg CDI and 0.042 kg i m dazole to
reactor 1. 52. Charge 2.67 kg Tiff to reactor 1 and agitate to forma
slurry. 3.wghassasssts 00 kg Conpound 4 to reactor 1 in p@chips7odis7
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 MyCl2 to reactor 2 (can be
added in portions to m)derate exotherm). 7. Warmthe contents of

reactor 2 to 50 C hat tenperature f.or | east, two
hours. 48@0&?89&“33“ fwashy tr?)"rCL n ??SGII s, 2
M xture w | becor?%‘th{ errporarlly if transferred very rapldly

9. Agitate the oy X hours at 50 C
10. Cool the sl gr E]‘ ‘é’fﬁﬂ@%ﬁt‘&@hta&"“m {®E]‘-’2Qjench t he
reacti on by transferrlng the reaction mxture onto 7.0 kg of 28 w %

aqueous 11313Q4, ( 2,3,k {ﬂ@%@ E@%E\Ped‘f) geslupry 48 %?Id be

20Thi ddi t
20Thi s addi t 'hﬁ’c'éhhétﬁ%% fsf{w v

agueous
NAHSOA (0. 24 215 & “ssoi”"“;)‘*ha1 sl 6‘”%"‘%’“"‘%‘?@3’“ E?“r‘i’a %pH of
aqueous | ayer should be 1-2. 13. wash the organic (top) phase with

1.2 kg of 20 MM%@M&ot9c&%péﬁ9d81fFoNﬂ.946£!i ssolved in 0.96 kg

H20)
10

-0

OEt

Compound 6a

Carbonyldiimidazole and imidazole are combined with anhydrous

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 manoethylmalonate is
cormnbined 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 by HPLC. 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 agueous 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 cocled to 0 to 5 °C. The product is filtered, washed with cold aqueous ethanol and
dried at NMT 40 °C to yield Compound 6a.
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14. Wash the organic (top) phase with 5.0 kg of 10 wt % aqueous
KHCO3( 0. 50 kg of KHCO3 dissolved in 4.5 kg 1120). Final pH of aqueous
| ayer shouwd 2063@38340. 15. Wash the organic (top) phasecidshoekorsikd
of 20 wt % aqueous NaCl (0.24 kg of NaCl dissolved in 0.96 kg 1120).

Fi nal pH of aqueous |ayer should be 7-9. 16. Concentrate the
organi ¢ phase and exchange the solvent to EtOH 1017. Adjust the
concentration to -3.5 L/kginput. 18. Charge 0.6 volunes of water. 19.
Warm 70 - 80 Cto forma clear solution. 20. Cool to 40C and seed
with 0.1 wt % Conpound 6. 21. Cool slowy to 5 C 152 Hold for at

| east 2 hour s, 23, FiMsategialand washi t M. Wakel vVt Ratigqyo| 1M8I Ratio yol umre
portions of $0:50 EoMpbitid4( 1.2 kg| Et32H7Eonbi neow th 1. hokg HRO).
24. Dry the cake at | eBgFthan 50C.{ Exanpl e 117.1Prepprati on of |a
Conmpound of IFornul a #aidadte@npound Ha g&osconbl n@eyaw. th t op.pene,
N, N- di met hyl 1 or mam de dppet hyl acef aligangl gf acipak aceticiagi d pefore
bei ng warned|to 100 Ckxgige reaction 1 g;pronit or g@gby HPLG 7¢0NCE| t he
formation of [CompouUNd )l S CONPI ele §4/ M XTUHE4TS [COOTEEHTO L8 to
25 C before (5)- (FILPGY (8TRi%%) S ad “ogl reacty pn s onrtored by
HPLC. Once t e TOFHHLNa(ﬂsOU Compoujnd %5‘0- S bUIIH?a:Le the—f0—mxjure is

concentrated freTe 8—|—s—c01°ﬁo1- v ch—n‘E ytHornamn-de;

pot assi um chloride a.b.lE ' ?G brstrHrethy sty t "lﬂsjt ant-de—and—war med to
100 C. The r,g £ £ oy HEEE "‘qceﬁzg‘.. rpHete—the—mKture
is cool ed ané Q.’A‘(???'Z‘;u.. @ﬁAEﬂptagea ded: ,A‘““eoﬁ'étj driochloric—-atid is
added to desujj%l %te Conmpound 9a. This reaction is nonitored by TLC.
Once conpl et fre™ Srganl c 15 phase is washed with water, aqueous

sodi um bi car bonat €hangel0.6%akge€D] dndd. (42 ky eitazbls terced@riged f or
acetonitrile and the m xture warned. The m xture is seeded and
cool ed to Trystal Charge B6AkeTHE toorsactoT handreitata ¢t foing 2 flbiry.er ed, washed
with cold acetonitrile and dried at NMI 40 Cto yield Corrpound 9a.

Mat eri al 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.

10 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
15 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.

11. Quench the reaction by transferring the reaction mixture onto 7.0 kg of 28
wt% aqueous H3PO; (2.3 kg 85 wi% H3PO, dissolved in 4.7 kg H0).
20 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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MW W. Ratio Mole Ratio Conmpound 6a 394.82 1.00 1.00 Tol uene 92. 14

4.3 Qdacial acetic acid 60.05 0.001 0.007 N, N-dinethyl fornan de
di met hyl awet:adsnddsds 16 0.33 1.1 (S)-(+)-Valinol PCT/US2007/078157
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 wt% aqueous KHCO5 (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,O). 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 clear solution.
20. Cool to 40 °C and seed with 0.1 wi% 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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103.16 0.29 1.1 DVF 73.10 1.8 KC1 74.55 0.09 0.5 N,
O-bisarinethylsilyfiacetam de 203.43 1.13 2.2 1 N HO 36.5 2.0 DCM

84. 93 WO 2008/033836 PCT/US2007/078157

Example 11. Preparation of a Compound of Formula 9a.

_0 _0 O _NMe,

O DMFDMA
— e e

OEt  Toluene OEt
100 °C
cl | Cl |
Compound 6a Compound 7a
CaoHoCIFO5 CoaHpsCIFNOg
Mol. Wt.: 384.82 Mol. WL 449.9
HQ H
\ﬂ\\\l\
NH, BSA, KCI
» —_—
S-Valinol DMF, 100 °C
Toluene, RT
Compound Ba
CagH31CIFNOg ((:3t::r;jlp0(1:Jlr;_\:r1\l %a
. Wt.: 507. 2s5Hzy 5
Mol. Wt: 507.98 Mol, WL.; 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 to 25 °C before (S)-(+)-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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10 Water 18.02 8 5% Ag. NaHCO3 84.01 4 CAN 41.05 @S Conpound 9a
seeds 475.94 0. 005 51. Charge Reactor 1 with 1.00 kg Conpound 6a.

2. Charge ®o03308@3dd N- di net hyl f or mam de di met hyl acet aIPc(TJHS;(,@g)]SIS-,.
0.001 kg glacial acetic acid and 3.3 kg toluene to Reactor 1.

cooled to crystallize Compound 9a. The product is filtered, washed with cold

acetonifrile and dried at NMT 40 °C to yield Compound 9a.

Material M.W. Wt. Ratio | Mole Ratio
Compound 62 394.82 1.00 1.00
Toluene 92.14 4.3
Glacial acetic acid 60.05 0.001 0.007
N, N-dimethylformamide dimethyl 119.16 0.33 L1
acetal
(8)-()-Valino} 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 HCl 36.5 2.0
DCM 84.93 10
Water 18.02 8
5% Ag. NaHCO, 84.01 4
CAN 41.05 QS
Compound 9a seeds 475.94 0.005
5 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.

3. Warm the mixture to ~100 °C (note that some MeOH may distill during
this operation),

10 4. Afier 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.

6. Charge 0.29 kg (S)-(+)-Valinol (1.1 eq) dissolved in 1.0 kg toluene to
Reactor 1 and continue agitation at ambient temperature.

15 7. After 1 h the reaction should be complete by HPLC (<1 % Compound 6a).
8. Concentrate the contents of Reactorl to ~2 L/kg.

9. Charge 1.8 kg DMF, 0.09 kg potassium chloride (0.5 eq,) and 1.13 kg
N, O-bistrimethylsilyl acetamide (2.2 eq.) to Reactor 1.

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

20 11. Reaction should be complete in ~1 h (~5% Compound 8a remaining).

31



3. Warmthe mxture to -100 C (note that sone MeOH may distill during
this operation). 104. After 1 h the reaction should be conpl ete by
HPLC (-2 %yvooowm4sgds 6a apparently remaining)'. 5. Cool gdyeud¥heslossiSy i n
Reactor Ito 18 - 25 C. 6. Charge 0.29 kg (S)-(+)-Vvalinol (1.1 eq)

di ssolved in 1.0 kg toluene to Reactor 1 and continue agitation at
anbi ent tenperature. 157. After 1 h the reaction should be conplete
by HPLC (<1 % Conpound 6a). 8. Concentrate the contents of Reactorl

to -2 L/kg. 9. 1.8, ki 0,09 assiumchloride (0.5
eq,) and 1.13 k?%%%?%‘i%"%%cyﬂgimg% ide (2.2 eqg.) to Reactor
1. 10. I ] jn . Reactor 1 to -100 C. 2011.

Reacti on shoul d be %ﬁg?g%ie%%t%ﬂfaﬁ%mﬁl 5% Conpound 8a renmai ning). 12.

Cool the conten I T N ; 1.0 DCMto
Reactor 1. 14. g@?ﬁ%ﬁéﬁ%ﬁ&%ﬁ&%ﬁéﬁé@%@ﬁ% lt%vgbelgg?%’?‘ﬁ?&%\?glg -15
mn, maintaining the tenperature of the m xture <35 C. 515. Agitate
the mxture for Qiagi@8ee riQurd Br & Rad 8 WiV AL SyRTRMPIGh SR, Moni tor

the progress of d@@drﬂiﬁzﬂtﬁé%u@@reg%f]ésgylgtioh(ﬁyﬂgépar ate the phases. 17.
Wash the organic phase with 4.0 kg water. 18. Wash the organi c phase

with 4.0 kg 5% a6 Sepife heghddes. bi carbonate. 1019. Wash the organic
phase with 4.0 kg water. 20. Concentrate the organi c phase by
distillation tol7Wdh thelogzatio phad nith 68 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 sfurry 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 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.

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: 0.85, Compound 9a Rf: 0.50.
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21. Sol vent exchange to ACN by distillation until a slurry is forned.
Adjust the final volune to -8 L/ kg Conpound 6a. 22. Heat the
m Xt ure towpehdsssdze redi ssolve the solid. 1523. Cool thpg/sRbilobsasy t 0
75C and charge Conpound 9a seeds. 24. Cool the m xture to 0 C over at
| east 2 h and hold at that tenperature for at least 1 h. 25. Isolate
Compound 9a by filtration and wash the wet cake with 1.6 kg cold ACN
2026. Dry the wet cake at <40 C under vacuum Notes: |. The HPLC AN
of renai ning u ais.ex erate a baseline artifact. The
HPLC in step QMI ?reﬁﬁx”@tb‘?’%g%ﬁﬁﬁ?}ﬂgegy‘?“@fﬂéﬁﬁve to 25 Compound
8a. Experinents denonstrated that adding nore reagent and extending
reaction tinme typi caII w |l not further reduce e observed | evel of

Compound 6a. 2. TLC ne Cﬂgi EI uting solvent: 100% acet at e,
30Si | yl at ed Conpound 9 85 1Caspromnd 9a RE 0 Exampl e 12.
Preparation of a Cé&h

f For mul A0 Conp6t O 5H27C| FNCb

! G
) . ) [~
va03 2\2.7.8;175. 94 Co £f oI 897751 98- @ é 23(),FNO5 Mol .
T ) 3. Compound 10
() seeds

Cl
Compund 10, y-form

Compound 9a

CasHa7CIFNO; [697761-98-1]
Mol. Wt.. 475.94 CZ3H23CIFN05
Mal. Wt.: 447.88

Compound 92 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 MW, Wi, Ratic | 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

Charge 1.00 kg Compound 9a to Reactor 1.
15 Charge 4.7 kg isopropyl alcoho! and 4.0 kg water to Reactor 1.

Charge 0.34 kg 45% aqueous KOH to Reactor 1.

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.

A e

20
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Compound 9a is conbined with aqueous isopropyl al cohol and warned to
5 30 to 40 C. Aqueous potassium hydroxide is added and the reaction

I S noni t orwe 2006/068k6. Once conpl ete, glacial acetic acigisagdesdsand
the m xture warned to 60 to 70 C. The solution is hot filtered and
cooled to 55 to 65 C. The solution is seeded (see International

Pat ent Application Publication Nunber WO 2005/ 113508) and cooled to O
C. The product is I solated by filtration, washed 10 with col d aqueous

:vggg;;)gly' al cohgl Wﬁ%ﬁ%ﬁ& M %h%ﬁgﬁ;&gm mgﬁ"é‘o

| sopr opyl alcohol

coho ‘water.
9. Cool the mixture to 18 —25 °C over at least 2 h and agitate to form a shury.
5
10. Cool the mixture to 0 °C and agitate for at least 2 h.
11. Isolate Compound 10 by filtration and wash the cake with 3 x 18 cold
isopropyl alcohol:water (6:4) solution.
12. Dry the isolated solids at < 50 °C under vacuum.
10
Example 13: Preparation of Compound 15
MeO OMe
M"OD:OM" 1 iPrMgCILICI  HO O o
Br Br or i-PrMgCl then CFBA F
14 2. HCl1 O
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 § mL THF) were added slowly
sequentially. The mixture was allowed to warm to ambient temperature and
stirred overnight. Next, 2.1 mL of 3-chioro-2-fluorobenzaldehyde was added.

20 After stirring for ~ 1h, the mixture was quenched to pH ~ 7 with 2N HCI. The
product was extracted into ethyl 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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45% KOH 56. 11 034 13 d acial Acetic Acid 60.05 0.19 1.50 Conpound 10
seeds 447.88 0.01 1. Charge 1.00 kg Conpound 9a to Reactor 1. 152.
Char ge 4. iwbaoismepsepyl al cohol and 4.0 kg wat er to Reagtrarsadbz/o7s157

3. Charge 0.34 kg 45% aqueous KOH to Reactor |I. 4. Warmthe m xture
in Reactor 1 to 30 - 40 C. 5. Wien hydrolysis is conplete add 0.19 kg
of glacial acetic acid. 6. Warmthe m xture to 60 - 70 C and
polish filter the solution to Reactor 2. 207. Cool the mxture in

Reactor 2 to - . . ] ound 10 (see International
Pat ent Applicggpgﬁgg%g?ﬁﬁg?Fgﬁ ﬁﬂﬁ%%?d%§F2005/113508) as a slurry in

0. 28 volunes of 6:4 isopropyl al cohol:water.

MEODEOM" FPIMECILICE
Br Br

or i-PrMgCl then CFBA

14

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

10 aslurry. After stirring overnight the solid was isolated by filtration and washing
with MTBE to yield compound 15a.

Example 15: Preparation of Compound 16 -

15
MeO OMe MeQ OMe
o L (
Br > Br
94 X
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
quench the reaction. The product was extracted with DCM and the organic phase
was washed with aq. NaHCO;. The organic phase was dried over Na,SO; and
concentrated to dryness. The product was purified by silica gel column
chromatography to provide 1.341 g of Compound 16: 'H NMR (CDCl;, 400

25 MHz)87.20(t,J=7.0 Hz, 1H), 6.99-6.91 (m, 3H), 6.46 (s, 1H), 3.91 (s, 3H), 3.81
(s, SH).
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9. Cool the mxture to 18-25 C over at least 2 hand agitate to forma
shiny. 10. Cool the mxture to OC and agitate for at least 2 h. 11.

| sol at e CowpQauags#ds by filtration and wash the cake W tggraisfoot o4 d

i sopropyl al cohol :water (6:4) solution. 12. Dry the isolated solids
at < 50 C under vacuum 15Bi sdi nmet hyl am noet hyl ether (2.84 g) was

di ssolved in 42 mL THF and cooled in an ice bath. |sopropyl magnesi um
chloride (8.9 nL of a 2 Msolution in THF) foll owed by Conpound 14 (5
g dissolved in 5 THE) were a ded uenti al | The m xture
Sas arowed 1o var T PR R el Ape Aob R 58 e Pekat i ohe
Next, 2.1 nlL edferéhce hdrein s thobitiadioldedis alcdpbttd byeseradeleThe id@niidnt er
stirring for ; Ih, the mxture wa uenched, to 7. wi.th 2N Ha. The
product was o s 8 degFioR b eyAos o PR soFige rﬁ’?eﬁ%f‘rﬁ"é’oglﬂlégté was
dried over soaiweahsaqhésamweJaﬂet sﬁ@&lasaﬁndw@@o@mmﬁ@aaﬁﬂoﬁmaane to
preci pitat the roduct and a m xture of heptanes; MIBE (4:1) was

added to fdr ntQdidiFaiiopsmaydemade phylg ﬁeﬁlﬁ%lﬂ“t"ﬁ@t%‘bﬁlwfa %&wgq afttei ed in
tol uene, filtgradioand vacuumdried to yield conmpound 15: 251HNMR
(CD3CN, 400 MHz) 87.47 (s, 1H), 7.41-7.35 (m 21-1), 7.15 (t, J=7.4
Hz, 1H), 6.66 (s, 1H), 6.21 (hr s, 1H), 3.90 (s, 314), 3.87 (br s,
1H), 3.81 (s, 3H). 5 Conpound 14 (5 g), isopropyl magnesi um chl ori de
(8.9 nL of 2M solution in THF) and THF (56 nmlL) were conbi ned at

anbi ent tenperature and then warned to 50 C for -5 hours. After
cooling to anbient tenperature and stirring overnight, 2.1 nL of
3-chl oro-2-fl uorobenzal dehyde was added dropwi se to form 10a slurry.
After stirring overnight the solid was isolated by filtration and
washing with MIBE to yield conpound 15a. Exanple 15: Preparation of
Compound 16 Triethylsilane (1.2 nL) was added to
trifluoroacetic acid (2.3 nL) that had been pre-cooled in an ice
bat h. Conmpound 15 (1.466 g) was added to the m xture
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20 keeping the tenperature below 5 C. After stirring for - 2 h ice
was added to quench the reaction. The product was extracted with DCM
and the organi c phase was washed wth ag. NaHCO3. The organi c phase
was dried over Na2SO4 and concentrated to dryness. The product was
purified by silica gel colum chromatography to provide 1.341 g of
Conmpound 16: 1H NMR (CDC13, 400 25MHz) 67.20 (t, J' 7.0 Hz, 1H)
6.99-6. 91~ 3H), 6.46 (s, 1H), 3.91 (s, 3H), 3.81 (s, 5H).

Al'l publiCatrons, patents, and patent docunents are incorporated by
reference herein, as though individually incorporated by reference.
The inveniion has been qﬁpriqeg_mﬁth reference to various specific
and prefetred entGHIPHEN &' qHE*?&chni ques. However, it shoul d be
understood that nany variations and 5 nmgdifications may be made while
remaining wwthin the spirit and a0 the invention. dains 1. A
compound of formula 3: 1 3 or a t hereof 2. A conpound of
formula 5a: 5a or a salt therd8 OH

or a salt thereof.

2. A compound of formula 5a:

or a salt thereof,

3. A method for preparing a compound of formula 3:

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

0O 8]
Br OH
0
2
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3. A nethod for preparing a conpound of fornula 3: 3 or a salt

t hereof conprising converting a contspondi ng conpound of formula 2:

0 2 or asalt thereof to the conpound of fornmula 3 or the salt
thereof 4. The method of claim3 wherein the conpound of fornula 2
is converted to the conpound of formula 3 by netal ati ng the conpound
of formula 2 to provide an organonetal lic conmpound and contacting the

or ganomet g{d daf iPEaTS N cBin F&rﬁrm&ﬂ@a?or&kgﬁfﬁ%ezal dehyde. 5. The
met hod of claim4 wherein the organonetal lic conpound is an organo-

| ithium conmpound that is formed by a treating a conpound of formula 2
wi th a digl kyl ﬂ%ﬁF
aIkyII|tﬁ?un1cgﬁggﬁ%gﬁﬁbggﬁgﬁ§Qﬂw%ﬁl%g%ﬁggﬁxm %g epépﬁ%%ﬁgégmnhe
di al kyl magrgenndviCionpaa dyirsetaating ht regpesid vifomubid wipedtiyd mgnesi um
7. The nmethod of claim4 ei n the organonet Jllc C S ap
o gano- eGSR R COrcHOE B oRo e o RgH S RE
formul a 2WrdHensalddn &Lethylnagne3|un}butanol conpound fol | owed by
treatment with an al kyllithium conpound.
3. The method of claim 4 wherein the organometallic compound is an organo-
lithium compound that is formed by a treating a compound of formula 2 with a

dialkylmagnesium compound followed by treatment with an alkyllithium compound.

6. The method of claim 5 wherein the dialkylmagnesium compound is

dibutylmagnesium or butylethylmagnesium.

7. The method of claim 4 wherein the organometallic compound is an organo-
lithium compound that is formed by-a treating a compound of formula 2 with a
butylethylmagnesium-butanol compound followed by treatment with an alkyllithium

compound.

8. The method of claim 5 wherein the alkyllithium compound is »-butyllithium or

t-butyllithium.
9. The method of claim 5 wherein the compound of formula 2 is treated with the
dialkylmagnesium compound followed by treatment with the alkyllithium compound at a

temperature of about -50 & 50 °C.

10. The method of claim 3 further comprising converting the compound of formula

3 or the salt thereof to a compound of formula 4:
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8. The method of claim5 wherein the al kyllithium conpound is
n-butyllithiumor t-butyllithium 9. The nethod of claim5 wherein
the conpound of fornmula 2 is treated with the dial kyl mnagnesi um
conmpound followed by treatment with the al kyllithium conpound at a
tenperature of about -50 50 C. 10. The nethod of claim3 further
conprising converting the conpound of formula 3 or the salt thereof
to a conmpound of fornula 4: 4 or a salt thereof. 11. The nethod of
claim 10 wherein the conpound of sforpulg 3 is converted to the
conpound of formula 4 by treatnént a silane reducing agent in
the presence of an acid. 12. The hQd.af claim 11 wherein the
silane reducing agent is triethyl|silanelland the acid is
trifluoroacetic acid. 13. The gethdd of claim 10 further conprising
converting the conmpound of for 4 or the salt thereof to a
conpound of fornmula 5': 5 or~a &lt thereof, wherein 12, is a

| eaving group. 14.The nethod of claim 13 further conprising
converti ngot sigltaberpafund of fornmula 5° to a conpound of fornmula 6: or
a salt thereof, wherein Ris Cl-C6al kyl.

11. The method of claim 10 wherein the compound of formula 3 is converted to the
compound of formula 4 by treatment with a silane reducing agent in the presence of an

acid.

12. The method of claim 11 wherein the silane reducing agent is triethylsilane and

the acid is trifluoroacetic acid.

13. The method of claim 10 further comprising converting the compound of

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

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

14. The method of claim 13 further comprising converting the compound of

formula 5’ to a compound of formula 6:
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15. The method of claim 14 further conprising converting the conpound
of formula 6 or a salt thereof to a conpound of formula 7: Ra St, O
N OR OO0 Cl 7 wherein Ra and Rb are each independently Cr-C6al kyl .

16. The method of claim 15 further conprising converting the conpound
of formula 7 to a conmpound of formula 8: 17. The method of claim 16
further conprising converting the conmpound of formula 8 to a conpound
of fornmula 9: 18. The net hod of claln1q7 further conprising
converting the conpound of for a conpound of formula 10:

19. The method of claim 18 wherei conpound of forrmula 9 is
converted to the conpound of forp

Cl
6
or a salt thereof, wherein R is C;-Cgalkyl.
15. The method of claim 14 further comprising converting the compound of

formula 6 or a salt thereof to a compound of formula 7:

i Ra. .Rb
0]

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

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

formula 7 to a compound of formula 8:

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

formula 8 to a compound of formula 9:
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21. The net hod of claim 20 further conprising converting the conpound
of formula 9 to a compound of formula 10: 22. The net hod of claim
21 further conprising crystallizing the conpound of fornula 10 by
adding a seed crystal to a solution that conprises the compound of
formul a 10.

18. The method of claim 17 further comprising converting the compound of

formula 9 to a compound of formula 10:

19. The method of claim 18 wherein the compound of formula 9 is converted to the

compound of formula 10 by treatment with a base.

20. A method for preparing a compound of formula 9:

HOHK

wherein R is C;-Cgalkyl, comprising cyclizing a corresponding compound of formula 8:
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21. The method of claim 20 further comprising converting the compound of

formuia 9 to a compound of formula 10:

22. The method of claim 21 further comprising crystallizing the compound of
formula 10 by adding a seed crystal to a solution that comprises the compound of formula
10.
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