PROCESS AND | NTERMVEDI ATES FOR PREPARI NG | NTEGRASE | NHI BI TORS Priority
of Invention 5This application clains priority under 35 U S.C. 119(e)
fromUnited States Provisional Patent Application Nunber 60/971, 395,
filed 11 & 2819840007, the contents of which are i ncfGFGS3008¢76002
herein in their entirety. Background of the Invention International
Pat ent Application Publication Nunber WO 2004/046115 10 provi des
certain 4-oxoqui nol one conpounds that are useful as H V integrase

i nhi bitors. The conmpounds ar 8RS AND BVHERMEIIANTES; anti - H Vv
agents. I nternati » KRIN j [ IR‘iﬁlfB‘l &fRson Nunber WO
2005/ 113508 provi des ce??giilr)\ﬁggem fi@gﬁtl;]%/‘(gwpi ne o?ms of one of

t hese 4-oxoqui nol one conpounds, Priority of Invention

6- ( 3-chl or @- 2-f | ugyobenz -1-1(S)-1-hydro t hyl - 2-< .

15net hyl pr g’py 1] - 7%?%)1(%%%3 ‘%‘Q‘{Bgsf?“ﬂl&ﬁ lﬁ@ﬁ?%@%m@l%ﬁé} QQ%IIJIH@Q;W%S

aci d. The spedrbvisiond Patedd ApgiRatddNEnRE 6002?0994, &lkdl 10 RBMEbELRRY BE
physi cal and chem cal stability conpared to other physical forns of

t he conpound. contents offwaich ajesineqrperated herein ipghsir ehtivrets. npr oved met hods

for preparing the 4-oxoqui nol O'ﬁcl?ﬁ%%%’?ﬁ% %Egg rted in International
Pat ent Application 20 Publicati } 046115 and in
| nt ernati onal Pat ehiterAgiidnabBdtern A pplidstion 2ublovatidiuNoabe \WO02I05/034 8508.

In particylar, there is need for new sypthetic hods that are
si npl er oﬁbl eV 8%%%‘08‘8‘1%‘?1?’§F ‘i?B’cPPUft‘cﬁ atﬁ;wggiasaﬁm mEseEss ed

yi el d, or thatinthitdd. TeScoktPBuMtirfepd B 5 b0 hised @Sk Eﬂti-mﬁgg&ﬁé- _Sunmary
of the Invention 25The present invention provides new synthetic

processes and synt Heerpatigint Ratens dipplicasion Rablicatien Nambed WO00pH &p08i ng

the 4- i A ted. in Ilnterpational Patent

ool R SO ISR SRR S AR L S BRNER,

Pat ent Appl i cabmpmam-qmarea-mmhzﬂmm@ﬁuga&&%ewﬂﬁgcor di ngly,
e

in one en?gdine t th? resent inventiogn provides a netho
methylpropyl]-7-methoxy-4-oxo-1,4-dihydroquinolone-3-carboxylic acid. The

specific crystalline forms are reported to have superior physical and chemical
stability compared to other physical forms of the compound.
There is currently a need for improved methods for preparing the
4-oxoquinolone compounds reported in International Patent Application
20  Publication Number WO 2004/046115 and in International Patent Application
| Publication Number WO 2005/113508. In particular, there is a need for new
synthetic methods that are simpler or less expensive to carry out, that provide an
increased yield, or that eliminate the use of toxic or costly reagents.
Summary of the Invention
25 The present invention provides new synthetic processes and synthetic
intermediates that are useful for preparing the 4-oxoquinolone compounds
reported in International Patent Application Publication Number WO
2004/046115 and in International Patent Application Publication Number WO
2005/113508.
30 Accordingly, in one embodiment, the present invention provides a method

for preparing a compound of formula 10



for preparing a conmpound of fornula 10 10 or a pharmaceutically

acceptabl e salt thereof,

or a salt thereof is prepared and converted into a conpound of
formul a 10Y953'¥3P14Lt eri zed in that the conpound of f orREA/ES2808{036002
prepared froma conpound of fornula 15 0 15 or a salt thereof,

the steps of

repl aci ng the hydroxyl group with a h
enbodi ment the invention provi des/da CQ

10

gen atom 101 n anot her

repl acing the brom ne at w th a carboxyl group, and
y
nmppund of fornula 15:

10

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

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

formula 15
MeO OMe
o

Br

94
c 15

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

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

MeO OMe
HO O

Br

g4
Cl 15

I n which a conpound of formula 4 0 OH 0 C

by

4



or a salt thereof. I n anot her enbodi nent the invention provides
a nmethod for preparing a conpound of formula 15: 5 or a salt thereof
conprising_converting a correspondi ng conpound of fornmula 14: 14 to

the conpoul® B B&¥hul a 15 or the salt thereof In anot RET/ERBET SR
t he invention provides a conmpound of fornula 15a: 10 15a that is

useful as an |imtaealderate for preparing the 4-oxoqui none conmpounds.

I n anot her enbodi nent the invention provides a_conpound of formula
16: 16 15 that igﬁﬁ%“i’ fe&é’ogﬁm%ﬂ’éﬂ%aﬁl%mwéﬁs gnethad fos grapadng a

4- oxoqui none CRRRBURISE formula 15:
MeOQ OMe
o A

Br

g4
c 15

5 or asalt thereof comprising converting a corresponding compound of formula 14:
MeO ID:OMG
Br Br
14

to the compound of formula 15 or the salt thereof

In another embodiment the invention provides a compound of formula
15a:
10

15a
that is useful as an intermediate for preparing the 4-oxoquinone compounds.

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

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

Ul



The invention al so provides other synthetic processes and synthetic
i nt er nedi at es di scl osed herein that are useful for preparing the

4- oxoqui ri on ounds. Detailed Description 5The follo

definiti ong 03@‘@ unl ess ot herwi se described: hal o ]f%T”ﬁ%%‘f"&GOM
chl or o, brorm, or |odo. Al'l cyl denotes both straight and branched

groups, but ref ereride ibwention dlswprevidaadtheraghibedic Hucdses andE@iHtic
enbraces only the sira chain radical, a_branched_chain isoner
such as isopr dpym F@‘%‘g@&?h‘i’%‘é‘ltﬁﬁ apedpsgff &1 pregaringyibe 4ugxppuipgne
appreci ated byeoldpefgsski | led in the art that a conpound having a
chiral center may exist in and be isolated in optically active and

racemic forms. Some conpounds nayDetalledDescpiptigmor phi sm is to be

or epar i ng.dny.r acents CRSRg AT ens A BeC a@?&??%ﬁﬂﬁ?%%f%%fénéﬁ? B or

st er eoi somer i didosd, mfhloﬁo“ bronxd, bt RYo.1 ALty aérdeds bof suﬁlgﬁpéﬂaodiMh&P?ﬁﬁ hbed
herein, it belhﬂg known in the art howto prmgare opti cal

active forns (e "éﬁ%‘?ﬁ‘l’énmgy’“}‘@]s@ﬂ{?ﬁ yah & propid € Eﬁéﬁﬁ@lY@!eW@ght
recrystallizatd %”f | ve
starting materia §£(ﬁ %ﬂl raFd syn %@égﬁsﬁwﬁlﬁ%ﬁ%ﬁgo}%

separati on usne@rradtnhl ral stationary phase). 20Specific and prefer-red
val ues I| ed bel ow f radi cal subst.i t uent and ranges, are for
illustrati g’n only; \fﬁwik)’cc?apﬁalﬁteaﬁea%%ﬂsf?f&ntﬁ%ﬁ%@mw&g B‘F"”@ﬁﬁher
val ues within dﬂﬂmldaﬂ@r 3PS ih Ad biSolhRE iR alEbiSt B Jab R

Speci fically, - Csal kyl can be nethyl, ethyl, "‘propyl, I sopropy

butyl, iso- butsyi’l'ne coBpopRfsypay egsbwbttwblyn@mﬁnylt is brbemdgdstoocizﬁm @pem fic
valuefor t. itfLc. v i S met A
specific vaI u Sg& %“F% ir?cgﬁli’asasesb?m esye%\f%rppéﬁqaﬁl% APar br Ris
ethyl. In one ognmm:mavﬂ, polyhﬁr;ﬁﬁd;rmwmbrnf orf SidréBitotnedicForma of littuicher eof
is 30 prepared b%/qfrT(Sftal ating. the_caonpound of fornula 15 or a salt

thereof and t i 3 gomporag ¢rserived dered ithsing sl ke wnrie thegridwwria of

formula 3: prepare optically active forms (for example, by resolution of the racemic form by
recrystallization techniques, by synthesis from optically-active starting materials,
by chiral synthesis, or by chromatographic separation using a chiral stationary
phase).

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

Specifically, Ci-Cgalkyl can be methyl, ethyl, propyl, isopropyl, butyl,
'~ iso-butyl, sec-butyl, pentyl, 3-pentyl, or hexyl.
25 A specific value for R, is methyl.
A specific value for Ry, is methyl.
A specific value for R, is 1-imidazolyl.
A specific value for R is ethyl.
" In one embodiment, the compound of formula 4 or a salt thereof is
30  prepared by metalating the compound of formula 15 or a salt thereof and treating

with carbon dioxide to provide the compound of formula 3:



3 or a salt thereof, and then converting the conpound of formula 3

into a conpound of fornula 4. The conpound of forrmula 15 or a
salt thereof n% bei for exanple, a salt of 5 fornula 15a 15a I n
anot her enBdPHEA% t he conpound of formula 15 is convd{EP2P§{056042

conmpound of forrmula 16 16 10 which is then netal ated and treated

wi th carbon dioxide to afford a coie® gfOMor mul a 4. It wll
be appreciated that the step of rep the bromne atomwth a
carboxyl group is a carboxylation. ™1 S y conveniently be
effected by netal ation, for exanple lbygptrentnent with

i sopropyl magnesi um chl ori de or 15 ir opyl magnesi um chl oride |ithium
chl oride conplex, followed by treathen c i th carbon di oxi de. I t
will also be appreciated that the step of replacing the hydroxyl
group with a hydrﬁgﬁn attNg%m i s a dehydroxylation. This step may be

ef fected by t PEafHEHEreOhpRGthgn sanverting theicdompaundsefdermuda 3 infea eRpRRAUNG Ne
conveniently ijpedheidy esence of trifluoroacetic acid. In

anot her enbodi nent of the invention the conmpound of formula 15 or a
salt thereof is cBevenipednd of farrmdap® ongsabf théresfidyebe3 for ] 2salflof

5  formula 15a
MeO OMe
CIMgO O

Br
94

Cl

15a

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

MeO E OMe
Br
<4

Cl
16

compound of formula 16

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

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

15 isopropylmagnesium chloride lithium chloride complex, followed by treatment
with carbon dioxide.

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



53 or a salt thereof For exanple, the conmpound of formula 15 or a
salt thereof can be converted to the conpound of fornula 3 or a salt
thereof by netal ating the conmpound of fornula 15 or the salt thereof
(e.g. by tYQAPWEAMShit h i sopropyl magnesi urn chloride) A 4S280749p2
wi th carbon dioxide to provide the 10 conpound of fornula 3 or the
salt thereof with anaikybilamybetiaseithydilaid) onverently Prhé peseaeapound of
formula 3 or the salt thereof is converted to a conpound of fornula
4: 4 or a d4flporpifstieand. I n anot her enbodi nent of the
i nvention the conp j .S . conP of
formul as' : 5' gfggnggfﬁﬂéﬁg%ggﬁ}h é%g%ﬁ%%%kpgggﬁfggS|ng g?@%ﬁ
(such as hal o selt therdofiiscanwdried Yo a ddmpanad bbfoyhila 3aci d functi onal group
of Conpound 4 can be converted to acti v%&d species, for exanple
an acid chloride or an acyl imdazolid conpound 5') by treatnent
with a suitable reagent, such as, Hf 2P| el t hi onyl -chl ori de,
oxal yl 5chloride, cyanuric chloride pr 1,1'lrcarbonyldiimdazole in a
sui tabl e solvent (e.g., toluene or &hydt of uran). Any suitable
| eaving group R can be incorporate nto the nol ecul e, provided the
conpound of forrmula 5 can be subsequently converted to a conpound of
formul a 6. >The reaction can conveni ently bedcarried out usi ng about 1
equi val ent of &a&ﬂt&éﬁe@ﬂ%r@k&ﬂﬁlé{ﬁﬁ@%ﬁnﬂoﬁn& Sffbﬁﬂmgrlgfoyléé‘a?tméﬁ?iﬂ&none
0

enbodi ment, the conpound of formila i'S a conpoun ornmul a b5a.
be converted to the compound of formula 3 or a salt thereof by metalating the

compound of formula 15 or the salt thereof (e.g. by treatment with
isopropylmagnesium chloride) and treating with carbon dioxide to provide the
10 compound of formula 3 or the salt thereof.
In.another embodiment of the invention the compound of formula 3 or the sait

thereof is converted to a compound of formula 4:

_0 0

or a salt thereof,

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

15  converted to a compound of formula 5°;

_0 o)




5a The compound of formula 4 may be converted to the compound of

formula 5a by treatnent with 1,1'-carbonyl diim dazol e. In
anot her f the |nvent| on a conpound of fornula

salt 15 t@ﬁ%@g(@gﬁ be converted to a compound of forn"tﬁ%”sém’s’"’76082 or
a salt thereof, wherein Ris Cl-C6alkyl. In one enbodinent, the

conpound of fcﬂfm&PlathSreofMh@mﬁw&ise&avmgmpémbwhaiborfl—fmidml)di) @hby
treatnent wt oL e ond no al k | onate salt. An ex | e
of a nono- al k;ﬁa}%& %CI Ctéoéllapgff)'ép%o(f%%q%ﬁﬂ? g IR 10 AR AV ﬁgg
exanpl e, a corspedien)ferfexiraploh aci@ chiéAfde HnGePkinitRdolMel(CoRBOM b kO 5
equi val ents of a nonoal kyl nalonate salt and about 1 to equi vaI ents

of a magnesi urifeddnent witha suiighieaspeent sheheast for ml@wvhﬁhlordemb'bund
of formulas5 €c a v.al SR of.assi um
nonoet hyl r?al ocﬁgc?gga %&3@&9&@&21“?@% gfd[anﬁ L%”éﬁ & u%sgh}f)%t(agé A

sui t abl e base,toluene @xarqhydrofmmei h\,nyamabfe ledving groaleR Odaf), be ¢@drpeeateided
to the reactian. .The caICtl on ca convenl ently be carried out at an

el evat ed t enpdP R mokecyle, provided e compaynd shfopnuls & caohe TubregRentiy _
conpl etion by RfVerHitd @@érﬁp&tﬁﬁ BPFAMEIalE 1ohe aeﬁﬁof?&%nve%ﬂ}égigm@& Ion

of the reaction, Conpound 6 can be isolated using any suit
t echni que (e. g)ut ugiyg @N)tﬂbhﬁqwgﬂqphf/l b’r—ca:lqutdalkﬂldmaleumm):rahydroﬁnanl in
anot her enhodi nen t he..i nventlo ound of fornul a 6 or a
salt ther g[gf O(ggn;ng 8}}\,8’&08}511)9181 Oftém‘ias%gﬁﬂic%p%ﬂﬁg uRrSat or ol a
7. Ra. fib O NOR

o]
-~

The compound of formula 4 may be converted to the compound of formula 5a by

treatment with 1,1°-carbonyldiimidazole.
In another embodiment of the invention a compound of formula 5° or a salt

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

_0 o)

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

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



F 00 A 107 wherein Ra and Rb are each independently Cl-Coal kyl; and
Ris C-Caallcyl. Conmpound 6 can be converted to an activated

all cylidene anal og, such as Conpound 7, by treatnent with a formate
gr oup donowog%’ﬁmggl a di et hyl f or mami de di al kyl acet al Rtd/{§p2008/076002

di et hyl f or mam de di met hyl acetal) or a 15triallcylorthoformte. The
reacti on can kecopwonidkef fomulad’ @hdeabmtintd mitk bt e doaivglentsalfout 100

50 €. This reagti.on m e accelerated by the addition of an acid
catal yst, suc }Pogags,mgmdporéggmé?m%a@' iaﬁto]i‘%ecﬁ‘é‘fagﬁmsd’f%Eﬁ‘Hn shlpgde. 5
sul fonic acid Arsuitablé BREdbr dGdle ABBYEMRRAD: RRMaAle, talbakfih fo @Ei d can

conveniently be used. The progress of the reaction can be nonitored
by any sui t ablreactigl:hHagjgectioa can conypnipwiyHie c@yried Cohgs @n ekt vated tempemture

i solated or it/ ga i . epare_a_gonpoun f _formula
8 as describe e%é?%(%?lwggo ?(;15 %ﬁ%‘%ﬁnel{rog%ﬁﬁf)gqnﬁ@%t%ongwrggﬁéul%R%et?ﬁhiuﬁﬁet he
conmpound of f de.gLbpHPLEANUDen eonmlationed theded oA SRR b 2eh BORMawad of
formul a 8: wherein R s C -C6allcyl. Conpound 7 can be conbi ned
with (S)-2-am'i5e8onag Iie-t‘Fc-hB’lﬂP%lf?og-: Yysheppgtogsaphy 05 gystalfization).
equi val ents) to preyifg, - Gl can
be nonitored by an;%y Sui teggllggg%iﬂlg%c fﬁ%ﬁg&?@ﬂ%}%%g@ﬁ%{ﬁ@%&eh 8fa
conpound of f calbthereof cembe bmvertal takedrespondinglcatiponad b foaujariepare a
conmpound of forrmula 9 as described bel ow. I n anot her enbodi nent,
the invention provides a method f%r prep r'?af-@ba conpound of formula
9: HOHL-To% OR F 00 CI9 10 whereiny RY’s - C6al kyl , conpri sing

¢ goR: Conpound 8 can be
ith a silylating reagent

cyclized to provide Conmpound 9 by [treat
etant deb

Cl
10 7
wherein R, and Ry, are each independently C;-Cgalkyl; and R is C;-Cealkyl.
Compound 6 can be converted to an activated alkylidene analog, such as
Compound 7, by treatment with a formate group donor such as a
dimethylformamide dialkyl acetal (e.g., dimethylformamide dimethyl acetal) or a
15 trialkylorthoformate. The reaction can be carried out at elevated temperature
(e.g., about 100 £ 50 °C). This reaction may be accelerated by the addition of an
acid catalyst, such as, for example, an alkanoic acid, a benzoic acid, a sulfonic acid
or a mineral acid. About 500 ppm to 1 % acetic acid can conveniently be used.
The progress of the reaction can be monitored by any suitable technique (e.g., by
20 HPLC). Compound 7 can be isolated or it can be used directly to prepare a
compound of formula 8 as described below.
In another embodiment of the invention the compound of formula 7 can be

converted to a corresponding compound of formula 8:



15 N, O-bis(trinethylsilyetrifluoroacetam de or

hexanet hyl di si | azane). The reaction can be conducted in a polar
aprotic sol vent (ﬂ("e ., dinmethyl formam de, dinethyl acet ar ai de,

N- et hyl pyYPFH ¥ ﬂége or acetonitrile). A salt (e.g., pPETAS2P$H76002
chloride, lithiumchloride, sodiumchloride or nagnesium chl oride)
can be added to accelerate the reaction. T9piqally, about 0.5

equi valents of a salt such 5 as potassi um% i de is added. The
reacti on may be conducted at elevated terperhture (e.g., a
tenperature of about 100 20 C) i ' Ho obtain a convenient
reaction time. The progress of the r
sui tabl e technique (e.g., by HPLO[

used to hydrolyze any silyl ether :
O1T1

cag be nonitored by any

at formdue to reaction of the

silylating reagent with 10 the a noi ety of conpound 8 Typi cal
acids include mneral acids, sultonaitgacids, or al kanoic acids. One
specific acid that can be used is aqueows hydrochloric acid. Upon
conpl etion of the hydrolysis, Conmpound 9 can be isol ated by any
sui t abl e net howheran B is Cp{salkylo fampgrntdbhgandre doynbineg sithl | i zation). I n

t he above conveysi 4 i hatring eagent tr ientl ot ect.s the
al cohol and i s(gflgsa@aﬁoe% E%Hﬁ ;%ﬁﬁearrﬁg)l\;{gg\?&ﬁf’ gg%ll?i?ﬁﬁeﬁg]tvg%nﬁ]t@ Pﬁ%"é@f f or
separ at e pr ot eomipomd8) dTlaRoGEROF tRteation san B BloRiNed BE 18ARItRK: t he
efficiency _of the. conversiaon. n anot her enbodi nent of the

I
i nventi on” the SR8 -1y HbkeiThe omeouas ff Bannile & con e irokatesiardisest
formul a 10: : Spg@g . ound 10 by
treatment w ﬁlanlghé&iot abl e%@c@g@%?é%?ﬁ%nﬁé@&%&ﬁde, sodi um
hydr oxi de or | i t hinamothgderobadaesnt, the inventiomprevidataaniéthdd Br pppicigl 2nt S
of potassium hydroxi de._can.conveniently be used. This reaction may be
conducted in & Vpgﬁfdtogg?@'%% 'vent, such as, for exanple,
t et rahydr of uran, nethanol, ethanol oer;sgpropanoI, or a mxture
t hereof. The 25 solvent can also incl udai\ ter. A mxture of
i sopropanol and water can conveniently be used. The progress of the
reaction can be nonitored by any/o vl Ne  t echni que (e.g., by
H PLC). The initially formed carbo
treatment with an acid (e.g., hydrfochlTorflc gcid or acetic acid). For
exanpl e, about 1.5 equivalents o eff i cOaci can conveniently be
used. Follow ng neutralization, pound 10 can be isol ated using any
sui tabl e technique (e.g., by 5chrofategrapgy or crystallization).
I n anot her enbodi ment of the invention the conpound of fornula 10 can
be cryst allPi zatherpin Rdwi nGsadkyd.aothprising cxdlizing axosespondiog corhpiund @fipr i ses
t he conpound ?‘E{BIU?J |l a 10. International Patent Application
Publ i cati on Nunber 2005/ 113508 provides certain specific
crystalline fornms of OH

‘\\k.

_0 O _NH

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



106- ( 3-chl or o- 2-f |l uor obenzy1) - 1-[ (5) - 1- hydr oxynet hyl - 2- et hyl propyl ] -
7- et hoxy- 4- oxo- 1, 4- di hydr oqui nol one- 3-carboxylic acid. The entire
contents of International Patent Application Publication Nunber WO
2005/ 11350%01229%(%¢18t por at ed herein by reference (i n parfGTEAHN28/07608%
pages 12-62 therein). The specific crystalline fornms are identified
therei n as Cryst bt corguaed in apdarGpysic ablvai (Egr, dinethylfofnaymsidal form | |
has an X-ray powder. diffractio attern having characteristic

i ffraction palRengpcepmpify Nmoy g lidigons 6fostde: ABIAEe- 10, 6,

20. 84, 21.22, rapdsid-cRidrids 1#Mas LhRAdEYodIm$hloBiMe BOMASEsium chioride) can
diffractonmeter. Crystal formIll has an X-ray powder diffraction
pattern havi ndeéadadde aeaelesate the deaptiom chyipialipabie Ot equivilentsof b salt amby| es

20() of 8.5%4, : : , wil.24. 24, 16, and .20 25.74.as
reabured by ad RoRajuSigte fA0 ThErafioriar e ol uieRuded O
Appl i cation Pusthperattiieqa.glNd dagperatide 20 a5oul 185080 o i@ nete skt 1o @btaltoav t 0
prepare a crystalline form :

of . .
6- ( 3- chl or o- 2-PPYRSIGbEALIPD)me. [ Theprogress af the yeastion fanhstmspitered By 1ay 7- me
t hoxy- 4- oxo- 1 4i4H irngl C i i g
ext r apol at ed gﬁ§£¥@%§%%g#é?§?gyg?Lg%agt fé%%¥%g?@é%1ﬂg?%mggYﬁ%ﬁﬁto 25
prepare a seedydolyze ahy silyVethers thap forintdpe ¢f reactiontodiithecdlylating teegemt withn

g??gf c EPOOA:J 8'_62 ?I%Ir %%&%Léﬂ@goﬁ%pﬁgéﬁdﬁ sTy(I)Jflcal acids include mineral acids, sulfonic

hydr oxynet hyl adrds®ir Aikaigio Boilld. -nd Behifx ¥dd SePeah i dgR@ué nol one- 3-¢
arb oxylic acid can optionally be prepared as described in

| gt er.nat i ona: hpdrogiderioend.i Eper WHMWioﬁmeiMdfohﬁﬁbﬁﬁmVM(?fI@ﬂb13508d
A . . | ‘ ;
e r o xt u S PO SRR Hedid (43,10 B mlalbaERE Pt - BANGBR YD (€

provi de Cryst dhe dbovercdnvirsiving the silatiag eédgm mahsigntlyi groeéat thedlcohsl.a@d is

wi t hout tQﬁ prior formation oﬁyanother ol ynprph such as Crystal Form
11, or wi tRoutUSEMENEY FrREtoved: Bhis elimgmatss 4 o5 §e03EAtg Protegiorsidnpl e 6
bel ow. liBpBReEeh HOR! BB RENALSR: thg%ﬁtaiénbﬁgfmeegﬂv@m?&n.e
sufficiently basic or acidic to formstable acid or base salts, the

i nvention al so provildesothed embodimegticfths invempauthelsomBuoh offokmgla®dy be
useful as internediates, for ex I or purifying such conpounds.
Exanpl es of u§8‘ﬁﬁwiéﬂ%%”W%?Pﬁﬂgggpéaﬁﬁt aci d addition salts forned
with acids, for exanple, tosylate, mechagepul fonate, acetate,

citrate, malonate, tartarate, succinat&.fbenzoate, ascorbate,

a- ketoglutarate, and a-glycerophogphate. Suitabl e inorganic salts may
al so be forned, including 10hydroct I sulfate, nitrate,

bi carbonate, and carbonate salts. S8| L4 npy bgyobtai ned using
standard procedures well known in[the arli, flor exanple by reacting a
sufficiently basic conpound such. 2 #@ne with a suitable acid
affording an anion. Al kali netal pr exanpl e, sodium potassium or
lithium or alkaline earth netal {forciexanpl e cal ciumor nmagnesi um
salts of 10

20 Compound 9 can be converted to Compound 10 by treatment with a suitable base
(e.g., potassium hydroxide, sodium hydroxide or lithium hydroxide). For
example, about 1.3 equivalents of potassium hydroxide can conveniently be used.

This reaction may be conducted in any suitable solvent, such as, for example,
tetrahydrofuran, methanol, ethanol or isopropanol, or a mixture thereof. The

25  solvent can also include water. A mixture of isopropanol and water can

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

10



15 carboxylic acids, for exanple, can also be nade. The

invention will now be illustrated by the foll ow ng non-Iibm'ting g
Exanpl es. I ntegrase inhibitor of formula 10 can be prepare
as illust r‘gf)@aog'f%ﬁmtﬁﬁe fol | owi ng Schene 1. Exanpl e 1:PE/EP3YE47408h

of Conmpound 3 1- PrMgCbLi Cl or i-PrMgCl then CFBA 15a 3
Conpound 14 ( 1svitgdle wabniganisignédg HAL®). T8e imitiallydbrnidicarboglylte Rkt & be

neutralized by treatment with an acid (e.g., hydrochloric acid or acetic acid). For
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

5  chromatography or crystallization).

In another embodiment of the invention the compound of formula 10 can
be crystallized 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 crystalline forms of

10 6-(3-chloro-2-fluorobenzyl)-1 -[(S)-1-hydroxymethyl-2-methylpropyl]-7-
methoxy-4-0x0-1,4-dihydroquinolone-3-carboxylic acid. The entire contents of
International Patent Application Publication Number WO 2005/113508 is
incorporated herein by reference (in particular, sec pages 12-62 therein). The
specific crystalline forms are identified therein as Crystal Form II and Crystal

15 FormIIL. Crystal form II has an X-ray powder diffraction pattern having
characteristic diffraction peaks at diffraction angles 28(°) of 6.56, 13.20, 19.86,
20.84,21.22, and 25.22 as measured by an X-ray powder diffractometer, Crystal
form III has an X-ray powder diffraction pattern having characteristic diffraction
peaks at diffraction angles 26(°) of 8.54, 14.02, 15.68, 17.06, 17.24, 24.16, and

20 25.74 as measured by an X-ray powder diffractometer. International Patent
Application Publication Number WO 2005/113508 also describes how to prepare
a crystalline form of 6-(3-chloro-2-fluorobenzyl)-1-{(S)-1-hydroxymethyl-
2methylpropyl]-7-methoxy-4-oxo-1,4-dihydroquinolone- 3-carboxylic acid that
have an extrapolated onset temperature of about 162.1 °C, as well as how to

25  prepare a seed crystal having a purity of crystal of not less than about 70%.
Accordingly, seed crystals of 6-(3-chloro-2-fluorobenzyl)-1-[(S)-1-
hydroxymethyl-2-methylpropyl]-7-methoxy-4-oxo-1 :4-dihydroquinolone-3-carb
oxylic acid can optionally be prepared as described in International Patent
Application Publication Number WO 2005/113508. Advantageously, the process

30 illustrated in Scheme I below provides a crude mixture of Compound 10 that can

be directly crystallized to provide Crystal Form III without additional purification

11



5 bi sdi met hyl am noet hyl et her before being cooled to 0 C.

| sopropyl magnesi um chloride (22.9 m, of a 2.07 Msolution in THF)
was added ‘%ﬁd the m xture was allowed to warmto roomtenperature
over ni ght . ASHPH®PHELI i sopropyl magnesi um chl oride (5 i MOT/YRLO4aNEY
to i nprove conversion before 3-chl oro-2-fluorobenzal dehyde (4.4 i)
was added. Af t(eg. without thegriat foarbti @il ad@hérguheiorsiisueh hOCryatahPorfsIlL3B. 6
g of a 14 wt % THF sol ution of isopropylmagnesi umch]oride [ithium
chl ori de conpl‘%'kho\wg%on%?ﬁg forgg ?é‘?rpoéPW‘iL“iaH@“)oVérEﬁﬁﬁﬁle oeloyrhi ent

tenperature CO2 gasn wass Wb E&HpduRlifidbRBick %%%Hhagﬂsdﬂi&&ﬁ[ygogslv\é\;@fﬁbngc M

conversi on was conplete the reaction was quenc to p
hydr ochl ori c deiferm sihle gridherchasqwalts, thejpaentiosdlsapbvides saltsgdnicch phase

was extracted w h tate. 15The conbined arganic |ayers were
washed wi ttﬁ sac\tMﬁlﬁjﬁ e%’ %ﬁi‘%%ﬁssm%%'a‘? ‘ﬂfﬁ{ﬂg?ﬁ %&Fﬂﬁi}at%gorg?‘ﬂﬁﬁfa@% "8as
concentrat ed anch ¢dnepopndsd (Bxiamples of Meti kAt ildudeltRoaitticid At SMIBE.

The slurry wa f|'|te{hed_ nﬁ%ﬁ%he product air dried to yield Conpound

3: 11-1 NMR ( dog! Yample, sosyRite; piethgnesuifanate, acegate, (cifratey H) |
7.42 (t, J= 7.9 L - (1 1.5 t, J =7.8
Hz, 1H), 6.77 (s‘,h%tzeOlll) ,te7’§.o‘9n("1 ok °£e’%$@%@ﬁ%°,é1@@%’s("& J=4.9
E|zo , 11121 , 3. $4{-glsqer<|3rhg?pha@. sgiugge inBtgpnic sﬂgsgﬂagd alsade i&?iﬁqﬂahﬂtddmg_ of .
nmpoun f t S a . S a o tri uor oaceti c acl
(33.13 g) Ap, 2t¥ ré’g_}/l%“ eeé‘ﬂ%’ﬁ‘%é‘_!“cﬁgeog%é’af\ggw%ﬁngeaégmwjt%onpound 3 (10g)
was added to the misxiisrhgy iadRiing s sfaﬁﬁﬁ?&?%éﬁu?es%ll%ogvﬁ iffthe Ak fof
stirring for 2 h MIBE was added to precipitate the product. The

slurry was fi [EE@re byrraciinga swilieientty basis herdpouind Isuchdian iaovire WitlTBE.

After drying, ; 4 ..solated: | H NVE O-d6, 400
MHz) 5 12.11 (sﬁrt"&J s?ﬁ&i‘%‘ffogﬁ}gggy%g?nﬁ?@‘?e%i@?Fmﬁ S%%?%?.os
(m 2H), 6. 67 of Bthiuhi)d)alkaBnddar{h rietal((for eRakiple cAMiln@rop afden@ium) seeapound
4 can be ggepar%d q.s f.%l | ows. Hi et h%l silane (7.50 g) was added to
trifluoroatet CEFCHOMG g fgpexgple, san fsobemadseen pre-cool ed in an ice
bat h. Conpound 3 (%#e fiReftion ] kNGt he

t enperature bel ow 15 C Aft\gﬁﬁsnt%??d?iqlrl]%ﬂ?{g?%iH}]e&gﬂiﬁpg'??lg%ﬂ%@éb. 63 ¢
sodi um acet at Expmpled7 L net hanol was added. The mixture was heated

to reflux for 3 hoyr hen .cool ed to O The slurr filtered and
the product was hedy‘\?mﬁ?t%gr %Sc?df’% %?{ﬁftf%“ﬂ?aqr{’o‘fafl%ﬁﬁe@?mé F&%@“ﬁ% BHE of
Conmpound 4 (8%lbvwhgyselethe Invas 20i sol ated: 11-1 NMR (DVBO d6, 400 MHz)
5 12.11 (br s, 111), 7.47 (s, 111), 7.42-7.38 (m 1H), 7.14-7.08 (m
211), 6.67 (s, 1H), 3.87-3.84 (m 8H). Exanple 3: Preparation of
Compound 5a. Im dazole (0.42 g) and 1,1 -carbonyl diim dazole (5.49 g)
were slurried in

12



25 30 m. of THF at anbient tenperature. Conpound 4 (10 g) was added
in one portion and the m xture was stirred at anbient tenperature

until the s conplete by HPLC. The resulting slurry was
filtered dﬁggﬁﬁgﬁggrads washed with MIBE. The solids mé%%“?ﬁ#hﬂ?ﬁ%p

yield Conmpound 5a: |I-1NVR (DVMBO d6, 400 MHz) 37.99 (s, 111), 7.52
(s, 111), 7.41SGHBREmM 1H), 7.30 (s, 111), 7. 12 7.08 (m 302H), 7.04
(s, 1H), 6.81 (s, 1H), 3.91 (s, EQ 3.90 (s, 3 3.79 (s, 3H
Exanpl e 4: Prep%égtlon of Conpoun Inldade@ (Ox42°% and
1,1 -carbonyl dii 5 49 g)uo or 4 rried in 30 THE at

anbi ent t enper at ur nmpound—5a (14 g) wag added i d
the m xture was &t'irred mt anbi ent erature for 4 forma
5 slurry of conpoung 5a. In a sepq p flask, 8 91 g potaSS|um
nonoet hyl mal onate was slurried i n™ b 19f THF. Magné |un1chlor|de

(4.40 g) was added and the resulting slurry was war med to'55 £ for 90
m nutes. The slurry of Conpound 5a was, transferred to the nagnesi um
chl ori de/ pot assi um nonogt hyl nqionatedhixture and stirred at 55 C
overni ght. The .n? %as t heh upore ;

guenched by the dr
The phases were s e
successively w agueogls NaH
organi ¢ phase W oncentrate

@ an oil and t toevaporated with
&8  dgssol ved in 30

et hanol . The resy Eg solid 8 &thanol and 6 nL
wat er. Conpound 6a ¥5 " was crystaliggd by cooling. The golid was

i sol ated by filtati of and the product was washed with aqueous

et hanol . After drying Conpound 6a was obtaigwed; 111 NWR ( 6, 400
MHz) 87.51 (s, 1FD 7.42-7.38 (m 111), 7. IE?I\ 10 (m 211) m\O (s,
1H), 4.06 (g, Jg- 0 L) . 3.89 (s Bl ), 3.81 (s, 2 5 (t,
J = 7.0 He, 3F§ 50 Wt efnati vel 0 ‘ 0

foll ows. L0 Nbelazeke (

THF at anbi ent § d. Conpoupd

portion and the ureé wes 25 sti

mnto forma ry of conpound
pot assi um nonoé&thylc) mal onat e was s
Magnesi um chl ori de (6z45 g) was addedchnd the resulting s urry was
warmed to 55 C for 5 hours. The slurry & Conpound 5 was trgnsferred
to the magnesi um chl ori de/ pot ggsi.um nonoet hyl mal onate m xture and
stirred at 55 C 30 overnight. Tng‘ I Xxture was then cooled to room
tenperature and quenched onto 12 of 28 wt % aqueous 113PO4. The
phases were separated and®the phase was washed successively
wi t h agueous KHCO3—and NaCl . The organi ¢ phase was

i FThen g ((¥6rated wi th ethanol. The
resulting solid was dissolved: i mL ethanol and 12 inL water.
Conmpound 6a was crystall by coollng The solid was isol ated by
filtation and the produ >Was washed wi th aqueous ethanol. After
drying 21.74 g Conpound 6a (89% vyield) was obtai ned: 1H NVR ( DMSO- d6,
400 MHz) 5 7.51 (s, 1H), 7.42-7438 (m 1H), 7.12-7.10 (m 2H), 6.70
(s, 1H, 4.06 (g, J= 7.0 Hz, 2H), 3.89 (s, 8H), 3.81 (s, 211), 1.15
(t, J= 7.0 Hz, 3H).
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10 Exanpl e 5: Preparation of Conpound 9a. Compound 6a (20 g)
was stirred wwth 6.6 g di nmethyl formam de di net hyl acetal, 66 g

t ol uene an@o@u&%&sﬂl acial acetic acid. The m xture was warned to 90
C for 4 holrs. 1he mixture was then cooled to anmbient t¥EHERYBEIE%ANd
5.8 g (S)-2-am no-3-nethyl -1-butanol was added. The m xture was
stirred at anbient 15 tenperature for 1 hour before being

concentrat ed tExampihl:ck Posplaratibh oRChyipumdidani de (36 g), potassium
chloride (1.8 g) and bis(trinmethylsilyOacetam de (29.6 g) were added
and the mxture was warnmed to 90 C for 1 h. The mixture was cooled to
roomtenperature and diluted with 200 g di chl or orret haneved) |4

hydr ochl ori de Medg Oyle about 1P Irgﬁ ded ang the 20 m
stirred at anbient per at ure frjﬁirhﬁr mL?]a The ,phas MR gPagat eq

and t he organi cBy Bas WashedpaieCeds ¥Ry W tth water J agueous
sodi um bi carbonate gnd water. The sol vent was exg¢hanged
acetonitrile and tH€ vol une was adjusted to 160 ijnL. Theym Xf,ure was
heated to clarity, cooled slightly, seeded and cqgoled to crystallize
Compound 9a. The product was isolated by 25 filtnati on angsavashed
with additional cold acetonitrile. Vacuum drying afforded Conpound ~
9a: 111 NMR (DVSO-d6, 400 MHz) 8 8.61 (s, 110 6-@e, 1H), 7.45
(t,J=7.4 Hz, 111), 7.26 {( #19‘4 7.23-7.14_(m g10 (br s,
1H), 4.62 (br s, 1ii). 2 BME S0 203 s, 2H), 3 96
(s, 311), 3.92-3.84 (m 111), 3.78-3.75 (m 1EA__2.2% (br s, 1H),
1.24 (t, J= 7.0 Hz, 31P/-PMag@thepCOx 6.4 Hz [ 311), 0.72 (d, 30 J=
6.4 Hz, 311). Alternatively, Conpound 9a canhe~p{epared as foll ows.
Compound 6a (50 g) was stirred with 17.5 g di net hyl f ormam de di net hyl
acetal, 90 g DM and 0.2 g glacial acetic acid. THe m xture was
warnmed to 65 C5 for 3 hours. The m xture was then cool ed to anbi ent

t t d 14,5 - 2. ani no- 3- met hyl - 1- but anal _and 25

o e wer e added Cormeil 61D 8 Ras itz Hhisi S ik 8F ur e
vl rrred . .

overnig e (bfsﬁlnlgﬁlhcfflﬁllu‘ﬁ@ﬁﬁﬁ@lfeﬁt)iﬁgreﬁiéfn%'C%Ble!:l hag b@.?gﬁ@b%l?ﬁ%ﬁgna dded

chloride (4.5 i is(trinethylsilyl)acetam de
and the m xt urelorige (A meaf & 8.03 M ®lhtgon ip THF) Free addedtand chemxtwooked t 0

room 10 tenpe i with 250 i aronethane. Dilute
hydr ochl ori de%g%‘?%ﬁ ¢ %gd llc(# lj‘ﬁ%‘p %‘Exeaodﬁ@gg}g'n‘gg‘%"ﬁgnﬁsﬁi’@?gl“?ﬂ?ers}% at
anbi ent t enpechibtide(5frok) B8 aAdtied to Therdve 608G RfSepar at ed and the

or gani ¢ phase %Wgﬁped successively with water, aqueous sodium

bi car bonat e and REY-érivosebenzaliehyde (4 danLlewasddert cAfres sHmpE@himbiente by
distillation. tehiRrdi r o j . i.qht | 15
seeded and coo[ﬁgg %éggﬁoﬁgﬁggﬁ%%ﬁﬁg ﬂﬁgﬁ%?%ﬁﬁrg?}lﬁéﬁ esttim

i sol ated by f Filprida lithiwnpgidorideshmglewivias addidi tA fen atirring boeraight 0 Binblent €.

(DVB0. . 00 B8 CGT Bp ik fybied oy Tycractog miigs Wihen Somucrsion, 1
1H), 7.26 (s, wisBompletd thehedfioh Mas @nche'@l-t&%ll{)@ gﬁ%%%ydr%ﬂ?&i&a@fd. S,

1H), 4.18 (q,.J = 7.0 Hz, 2H), 4.03 (s, 2 : s,
203. 92- 3. 84 ( e Abpess wese sapargierlgng the ofgemic phasegas(estracsed With §thylbegdte( t |

J = 7.0 His 3Hhe cdmibi | - 0.72 (d J = 6.4 Hz, 311).
Exanmpl e 6: Prepgrf: at ?‘%ﬁé grfgatégl'a grgﬁvgt%gﬁ%nmp%&ﬁtarag% 398°PS S " Ras
slurried in 3éleide Jdipoopaivghasiwhs24ndehtrattd 240] e beductHaegtdted by the

| ution) was added and t he

pot assi um hydr oxi de of 45 wt _% s . ad |
m xture war medf TE4Y Nl ?E‘“r sty g Gltered andfhe praghetir e fevigldi d was
added the ni xcw&m@%M@%M%o‘f@ﬁ@?’%ﬁ rs, 1?;?{32&9%13),""33

cooled in an ice bath for 2 hours and th S 1S

filtration. Thé2dake 7z u&Bk26 (it 68die d . 1. Koprbpasdiz, aHY 6d7ied t o
gi ve Compayind, g obld, MR GRYPas 5,00 (0, 0 = 4.9 1z, 171, 3.84 (s, 3H), 3.80 (s, 3H).
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30400 MHz) 5 15.42 (s, 111), 8.87 (s, 1H), 8.02 (s, 1H), 7.48-7.45
(m 21-1), 7.23 (t, J= 6.8 Hz, 1H), 7.17 (t, J= 7.8 Hz, 1H), 5.18 (br

s, 1H), 4. 11-1), 4.10 (s, 2H), 4.02 (s, 3H),_3.97-3.96 (m
1H), 3. 79-%%9%"%&61%0, 2.36 (br s, 1H), 1.14 (d, J = G?Céf’ﬁlﬁz?“f‘é’ﬂﬁ",‘é

0.71 (d, J = 6.3 Hz, 3H). Al ternatively, Conpound 10 can be
prepared from Conpound 4 as 5described in the following illustrative

Exanpl es 7-9. ampl e, 7., Preparatj.on of a Conpound of Fornula 6a.
Car bony! di i m dﬁ%%@e—g‘nd Hr?ﬁaﬁ%%lotbﬁwo’“ﬁ’&rﬂ)i ned with anhydrous
tetrahydrofuran. Conpound 4 is added to this m xture to form Conpound

5 and the reaction is nonitored by HPLC. In a separate reactor
pot assi um nonoet hy| Trthdlene (6830) viss addedip trifluomacettnadidiBaul A g) theflade

anhydr ous I ! s added e .mai nt ai.ni t.he
t enper at ur ?Nl\;fl'%gg?éc. IﬁhgJl %!scgi%?éljhgc%rsqpﬁlrl?&;@tls() Wraﬁ%%‘%f%og’g“&x%ed hel d
for at |east tkesphgtircselipdrame Heloev Cotquoafict sbirmigdor? @ NIFBBAAS dded he

reaction is nonitored. b PLC. . Once the formation of Conpound 5 is
conpl ete, the W?P‘E?F%th{e}ércg%tr e slyrry gvag Eltonsd and, the paesweigwashedhwite ous

phosphori ¢ aci ghditRnQUATBE: AFREAQIG2RL S - RS 5&@5&%901%&-*“}?{%1\4;{

aqueous sodi um bi sul fate, brine; potasSium bicarbonate and brine
sol utions bef dPM$idagtOpMHE)ND FA.11t @r £d H).The7 ol N m42im3sexghanged for

anhydr ous h ter.l d n mxture is warmed to

di ssol ve slgﬂti 3’39‘1'28%%5%3&22@&%8’%gg‘geae@hu th Conmpound 6a and
cooled to 0 to 5 C. The product is filtered, washed with cold
aqueous et hanol and dried at NMI 40 C to yield Conpound 6a. Materi al

MW W. Ratio Ml é\lirmatigelgdheropaudd 4 can be prepared as follows.

Triethylsilane (7.50 g) was added to trifluoroacetic acid (49.02 g) that had
15 been pre-cooled in an ice bath. Compound 3 (14.65 g) was added to the mixture
keeping the temperature below 15 °C. After stirring for 1 h a solution of 17.63 g
sodium acetate in 147 mL methanol was added. The mixture was heated to reflux
for 3 hours then cooled to 0 °C. The slurry was filtered and the product washed
with additional methanol. After drying 12.3 g of Compound 4 (89.7 % yield) was
20  isolated: "H NMR (DMSO-ds, 400 MHz) & 12.11 (br s, 1H), 7.47 (s, 1H),
7.42-738 (m, 1H), 7.14-7.08 (m, 2H), 6.67 (s, 1H), 3.87-3.84 (m, 8H).

. Example 3:  Preparation of Compound 5a.
Imidazole (0.42 g} and 1,1’-carbonyldiimidazole (5.49 g) were slurried in
25 30 mL of THF at ambient temperature. Compound 4 (10 g) was added in one
portion and the mixture was stirred at ambient temperature until the reaction was
complete by HPLC. The resulting slurry was filtered and the solids washed with
MTBE. The solids were dried to yield Compound 5a: THNMR (DMSO-d, 400
MHz) 8 7.99 (s, 1H), 7.52 (s, 1H), 7.41-7.38 (m, 1H), 7.30 (s, 1H), 7.12-7.08 (m,
30 2H), 7.04 (s, 1H), 6.81 (s, 1H), 3.91 (s, 2H), 3.90 (s, 3H), 3.79 (s, 3H).

15



324.73 1.000 1.00 THF 72.11 7.11 |Im dazole 68.08 0.042 0.20 CD
162. 15 0.55 1.10 KEM 170.2 0.89 1.70
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Example 4:  Preparation of Compound 6a.

Imidazole (0.42 g) and 1,1’-carbonyldiimidazole (5.49 g) were slurried in
30 mL of THF at ambient temperature. Compound 5a (10 g) was added in one
portion and the mixture was stirred at ambient temperature for 4 hours to form a
slurry of compound Sa. 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 Sa was transferred to the magnesium chloride/potassium monoethyl
malonate mixture and stirred at 55 °C overnight. The mixture was then cooled to
room temperature and quenched by the dropwise addition of 80 mL of 28 wi%
aqueous H3PO4. The phases were separated and the organic phase was washed
successively with aqueous NaHSO,4, KHCO; and NaCl solutions. The organic
phase was concentrated to an oil and then coevaporated with ethanol. The
resulting solid was dissolved in 30 mL ethanol and 6 mL water. Compound 6a
was crystalized by cooling. The solid was isolated by filtation and the product was
washed with aqueous ethanol. After drying Compound 6a was obtained: 'H
NMR (DMSO-dg, 400 MHz) & 7.51 (s, 1H), 7.42-7.38 (m, 1H), 7.12-7.10 (m, 2I),
6.70 (s, 1H), 4.06 (q, J = 7.0 Hz, 2H), 3.89 (s, 8H), 3.81 (s, 2H), 1.15 (1. /= 7.0
Hz, 3H).

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

120 mL of 28 wt% aqueous H3PO4. The phases were separated and the organic

16



MyCl2 95.21 0.44 1.50 H3PO4 (85 wt% 98.00 2.3 NaHSO4 120.06 0. 24
KHCG3 100. 12 0.50 NaCl 58.44 0. 48
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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
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: 'HNMR (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, 8H), 3.81
(s, 2H), 1.15 (t, J = 7.0 Hz, 3H). |

Example 5:  Preparation of Compound 9a.

Compound 6a (20 g) was stirred with 6.6 g dimethylformamide dimethy!
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
g (S)-2-amino-3 -methyl-l-butanq] was added. The mixture was stirred at ambient
temperature for 1 hour before being concentrated to a thick oil.
Dimethylformamide (36 g), potassium chloride (1.8 g) and
bis(trimethylsilyl)acetamide (29.6g) were added and the mixture was warmed to
90 °C for 1 h. The mixture was cooled to room temperature and diluted with 200
g dichloromethane. Dilute hydrochloride acid (44 g, about 1N) was added and the
mixture stitred at ambient temperature for 20 min. The phases were separated and
the organic phase was washed successively with water, aqueous sodium
bicarbonate and water. The solvent was exchanged to acetonitrile and the volume
was adjusted to 160 mL. The mixture was heated to clarity, cooled slightly,
seeded and cooled to crystallize Compound 9a. The product was isolated by
filtration and washed with additional cold acetonitrile. Vacuum drying afforded
Compound 92: "H NMR (DMSO-ds, 400 MHz) 4 8.61 (s, 1H), 7.86 (s, 1H), 7.45
(L. /=7.4Hz, 1H), 7.26 (s, 1H), 7.23-7.14 (m, 2H), 5.10 (br s, 1H), 4.62 (br s, 1),
4.18 (g, / = 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, . = 6.4 Hz, 3H), 0.72 (d,
J=6.4 Hz, 3H).
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SDA 2B-2 EtOH (0. 5% heptane) 46.07 -10 kg Procedure: 51. Charge
0.55 kg CDI and 0.042 kg i mdazole to reactor |I. 2. Charge 2.67 kg
THF to re ar and agitate to forma slurry. 3. Charge 1.00 kg
Conpound }%b&o?gi('ﬁ@tﬂbr 1 in portions to noderate the CO%’QS‘W%&@!“'@H?S
addition is endothermc 4. Charge 0.89 kg KEMto reactor 2.
105. Charge 4.45 kAlRdRativelyr GanpandDaandbapiecpatEadlléwym a slurry. 6.
Charge 0.44 kg MJC12 to reactor 2 (can be added in portions to
noderate exothermy. 7. Warmthe contents of reactor 2 to 50 C and

agitate at that teniruld 6a {59 t%fe?:lt Ty o TT f t he
contents of reactor lﬁﬁre%gt ogr)%za.SL Xt ur e v\ng]g?ﬂr%eé@éf;gm?rﬁllc%@%n&hﬂ
temporarily i facgiehASLdMVBand/@R ¢ glamiall eldctic acid. The Bijtiraisas agm&elBBEENCS

of reactor 2 far,gf least 12 hours at 30 .C 10. GCool the slurry to

ambi ent t efper a{ ure.> T g‘ﬁﬁﬁf‘ef‘ﬁgo%g’cﬁ“? ot tRmnerae fed f4-R§ t he

reaction m xt USp2antiso-F-nibttkg-1HutR8] MS?@M@%%E% T nixt Bz W %
|

H3PO4 dissolved in 4.7 kg H20). This addition is exothermc. Final pH
of aqueous |ay5élffe§m r%gn‘mlegture overnight before being concentrated by distillation.

Potassium chloride (4.5 g) and bis(trimethylsilyl)acetamide (80.2 g) were added
and the mixture was warmed to 90 °C for 2 h. The mixture was cooled to room

10 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,

15  seeded and cooled to crystallize Compound 9a. The product was isolated by
filtration and washed with additional cold acetonitrile. Vacuum drying afforded
48.7 g (81 % yield) of Compound 9a: 'H NMR (DMSO-d, 400 MHz) & 8.61 (s,
1H), 7.86 (s, 1H), 7.45 (t, J = 7.4 Hz, 1H), 7.26 (s, 1H), 7.23-7.14 (m, 2H), 5.10
(br s, 1H), 4.62 (br s, 1H), 4.18 (q, J = 7.0 Hz, 2H), 4.03 (s, 2H), 3.96 (s, 3H),

20 3.92-3.84 (m, 1H), 3.78-3.75 (m, 1H), 2.28 (brs, 1H), 1.24 (t, / = 7.0 Hz, 3H),
1.12(d, J = 6.4 Hz, 3H), 0.72 (d, J = 6.4 Hz, 3H).

Example 6:  Preparation of Compound 10.
Compound 9a (6.02 g) was slurried in 36 mL isopropanol and 24 mL of
25  water. Aqueous potassium hydroxide (2.04 g of 45 wt % solution) was added and
the mixture warmed to 40 °C. After 3 hours 1.13 g glacial acetic acid was added
the mixture seeded with 10 mg of Compound 10. The mixture was cooled in an
ice bath for 2 hours and the solid was isolated by filtration. The cake was washed
with aqueous isopropanol and dried to give Compound 10: 'H NMR (DMSO-ds,
30 400 MHz) § 15.42 (s, 1H), 8.87 (s, 1H), 8.02 (s, 1H), 7.48-7.45 (m, 2H), 7.23 (t,
J=6.8Hz, 1H), 7.17 (t, J = 7.8 Hz, 1H), 5.18 (br s, 1H), 4.86 (br s, 1H), 4.10 (s,
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12. Wash the organic (top) phase with 1.2 kg of 20 wt % aqueous NaHSO4
(0.24 kg of NaHSO4 dissolved in 0.96 kg 1120). Final pH of aqueous

| ayer sho 13. Wash the organic (top) phase with

kg of 20 Maﬁﬁégﬁé NaCl (0.24 5kg of NaCl di ssol ved |I%T€5US§80 @&GOPFZO)
14. Wash the organic (top) phase with 5.0 kg of 10 wt % aqueous

KHCOB( 0. 50 kg ). KmmsHaimx 9€ (nj YH)43.398d76HR0 1 H),Z.36br RHHYS 1. Bfdeous
| ayer should b sh ganic (top) phase with 1.2 kg
of 20 vvt%aqueous %ﬁﬁf}?o&%ﬂfm\i’g 96%92%%@1 di ssolved in 0.96 kg 1120).
Fi nal pH of aqueous |ayer should be 7-9. 16. Concentrate the organic

phase and exchange Alha@n t ration
to -3.5 L/kgin mgl\#gg&%ﬁ%ngéal??r'éég%rfeé‘gé&lﬁ5mtd%§fg’%ﬁg 70 -
80 Cto for% ﬁ‘é¢ré&ﬂ llstlilbfnllo@nng illustrative ERmpl€od!9. t o0 40 C and seed with
0.1 wt % Conmpound 6. 21. Cool slowy to 5 C 22. Hold for at least 2
hours. 23. Filter and wash the cake with two 1.35 kg vol une

portions of 503_&tOﬂalrdﬂaﬁuf)ﬁoﬁa@gnlﬁ&mdo?@ﬁi?mﬂ@ﬂawth 1.5 kg 1120).
24. Dry the cake at less than 5

Compound Ba

10
Carbonyldiimidazole and imidazole are combined with anhydrous

tetrahydrofuran. Compound 4 is added to this mixture to form Compound 5 and
the reaction is monitored by HPLC. In a separate reactor potassium
monoethylmalonate is combined with tetrahydrofuran before anhydrous

15 magpesium chloride is added while maintaining the temperature NMT 30 °C. The
resulting slurry is warmed to 50 °C and held for at least two hours before the
Compound 5 mixture is added. The reaction is monitored by HPLC. Once the
formation of Compound 5 is complete, the mixture is c.ooled to 18 to 25 °C and
added to aqueous phosphoric acid to quench. The organic phase is washed with

20 aqueous sodium bisulfate, brine, potassium bicarbonate and brine solutions before
being polish filtered. The solvent is exchanged for anhydrous ethanol. Water is
added and the mixture is warmed to dissolve solids, cooled to about 40 °C, seeded

with Compound 6a and cooled to 0 to 5 °C. The product is filtered, washed with
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WD 2009/ 036161PCT/ US2008/ 076002 HO H N N2 L-110% S-Vali nol
Toluene, R HOL \--10 Compound 9a C25H22CI FNEBI ]Ic\/bl. V\_ld: 31_75. ?ﬁ I
5Conpound ' i ned wth tol uene, N, N-di nethyl formanm de di net hy
ace{rgl and&fgﬁiaoggl'@ﬁfggcetic aci d before being warmed to 1¥gH/EE204¥{ge002
reaction is nonitored by HPLC. Once the formation of Conpound 7a is
conpl ete the néold aqusonssetizamol el drivd AENMT A6°Colyédld CempSnd( 63.- val i nol

I s added. The reaction is nonitored by HPLC. Once the fornation of
Conmpound 8a is conplete the

Material M.W. Wi, Ratio Mole Ratio
Compound 4 324.73 1.000 1.00
THE 72.11 7.11
Imidazole 68.08 0.042 0.20
CDI 162.15 0.55 1.10
KEM 170.2 0.89 1.70
MgCl, 95.21 0.44 1.50
H;PO, (85 wt%) 98.00 2.3
NaHSO, 120.06 0.24
KHCO; 100.12 0.50
Na(Cl 58.44 0.48
SDA 2B-2 EtOH (0.5% heptane) 46.07 ~10 kg
Procedure:
5 1. Charge 0.55 kg CDI and 0.042 kg imidazole to reactor 1.

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

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

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

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

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

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

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

11. Quench the reaction by transferring the reaction. mixture onto 7.0 kg of 28
20 wt% aqueous H;PO, (2.3 kg 85 wit% H;PO, dissolved in 4.7 kg H,O).
This addition is exothermic. Final pH of aqueous layer should be 1-2.
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m Xxture is concentrated. The residue is conbined with
di met hyl f ormam de, potassium chloride and N, O-bistrinethylsilyl

acet am de to 100 C. The reaction is nonitored by HPLC.
Once conpl@pgoéf%gﬁjxture is cool ed and di chl oronet hanquTé%%%anéoa@m
Aqueous hydrochloric acid is added to desilylate 5 Conpound 9a. This
reaction is noni térWashhe prganic apkphaenpitied @ kighd 26 mabriquequi MaEISOs
washed with water, (@@ddgesNad80udisiviedibooakeHaDY Rimdl @ of hiseoaolaygnt
i s exchanged for achbddibeilid.e and the m xture warned. The m xture is
seeded and cooled to crystallize Conpound 9a. The product is
filtered, washed1¥iWhshcthé dreanie(top) shasd witland kgrof 20l wads ayMoud Na€l ton4

yi el d Conpdund 9a Iy d¥iNa€l dizkolMdWv 0M6 kgRBD)O Mol e Ratio Conpound 6a
394.82 1.00 1.00 Toluene 92.14 4.3 dacial acetic acid 60.05

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

15. Wash the organic (top) phase with 1.2 kg of 20 wt% aqueous NaC] (0.24
10 lgg ;J_ngaCl dissolved in 0.96 kg H,0). Final pH of aqueous layer should

16. Concentrate the organic phase and exchange the solvent to EfOH.

17. Adjust the concentration to ~3.5 L/kginput.

18. Charge 0.6 volumes of water,
15 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.

22. Hold for at least 2 hours.

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

24, Dry the cake at less than 50 °C.
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0.001 0.007 N, N-di net hyl f ormam de di nethyl 119.16 0.33 1.1 acetal
(S)-(+)-Vvalinol 103.16 0.29 1.1 DMF 73.10 1.8 KC1

WO 2009/036161 PCT/US2008/076002

Example 8.  Preparation of a Compound of Formula 9a.

| [ | i
_0 o} oMEDMA | ~© O _NMe,
_—_h..
OFt Toluene OEt
100 °C
cl B ct X

Compound 6a Compound 7a

CagHpoCIFOs CogHosCIFNO;

Mol. Wt.: 304.82 Mol Wit.: 449.9

HQ K
W\
NH, BSA,KCI
S-Valinol DMF, 100 °C'
Toluene, RT
Compound Ba -
Mol. Wt.: 507.98
Compound %a
CagH27CIFNO5
Mof. Wt.: 475.94
5 Compound 6a is combined with toluene, N, N-dimethylformamide

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

is monitored by HPLC. Once the formation of Compound 8a is complete the
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74.55 0.09 0.5 /V, O-bis(trinethylsilypacetam de 203.43 1.13 2.2 1 N
HCl1 36.5 2.0 DCM 84.93 10 Water 18.02 8

WO 2009/036161 PCT/US2008/076002

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
dichloromethané is added. Aqueous hydrochloric acid is added to desilylate

5 Compound 9a. This reaction is monitored by TLC. Once complete the organic
phase is washed with water, aqueous sodium bicarbonate and water. The solvent
1s exchanged for acetonitrile and the mixture warmed. The mixture is seeded and
cooled to crystallize Compound 9a. The product is filtered, washed with cold
acetonitrile and dried at NMT 40 °C to yield Compound 9a.

10
Material M.W. Wit. Ratio | Mole Ratio
Compound 6a 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 1.1
acetal
(8)-(+)-Valinol 103.16 0.29 1.1
DMF 73.10 1.8
KCl 74.55 0.09 0.5
N, O-bis(trimethylsilyl)acetamide 203.43 1.13 2.2
1 N HC] .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
1. Charge Reactor 1 with 1.00 kg Compound 6a.
2. Charge 0.33 kg N, N-dimethylformarnide dimethyl acetal (1.1 eq), 0.001 kg
glacial acetic acid and 3.3 kg toluene to Reactor 1.
15 3. Warm the mixture to ~100 °C (note that some MeOH may distill during

this operation).

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

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



5% Ag. NaHCO3 84.01 4 CAN 41.05 @S Conpound 9a seeds 475.94 0.005
1. Charge Reactor 1 with 1.00 kg Conpound 6a. 2. Cth%EKO'S? kg
N, N- di net hyl f or mar ni de di net hyl acetal (1.1 eq), O. aci a
acetic aci e?ﬁ?fmg‘?]élkg tol uene to Reactor 1. 153. War mRHEUTH0{0G082 t o

-100C (note that sone MeOH may distill during this operation). 4.
After 1 h the reéactClangesimaikg(Shercvamioetiel &y didRbiCed m2 . OhERmmRasnd 6a
apparent |y remai ni Rpactor band@kinidWitdiiod Madibidht RRRehAke.l tO 18 - 25
C.

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

5 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.
11. Reaction should be complete in ~1 h (~5% Compound 8a remaining).
12, Cool the contents of Reactor 1 to 18 — 25 °C.

10 13. Charge 10 kg DCM to Reactor 1.

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

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

15 16. Separate the phases.
17. Wash the organic phase with 4.0 kg water.
18. Wash the organic phase with 4.0 kg 5% aqueous sodium bicarbonate.
19, Wash the organic phase with 4.0 kg water.
20. Concentrate the organic phase by distillation to ~1.5 L/kg Compound 6a.

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

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

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

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

26. Dry the wet cake at < 40 °C under vacuum.
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6. Charge 0.29 kg (S)-(+)-Vvalinol (1.1 eq) dissolved in 1.0 kg

toluene to Reactor 1 and continue agitation at anbient tenperature.

7. After lﬁ&ﬁ@ 3 1%?0'“ on should be conplete by HPLC (<1 % Conpound
r

6a). 8. Concentrate the contents of Reactorl to -2 L/ kg CE&208020002,
1.8 kg DMF, 0.09 kg potassiumchloride (0.5 eq,) and 1.13 kg N,

0- bi strimet hylNo®$i1 acetamide (2.2 eq.) to Reactor 1. 10 Warmthe

m X 1

ture in Reacter tr Q- ! .. Reaction, shoul d be mpl.ete in -
h (-5% Conpound Z'a ﬁé” IriJFi'LgcJéLhn chrﬁéulﬁiﬁn}p@%m%o a%xgg%g@e@eﬁ §§&’E§§$‘n‘i to
18 -25 C. 1013. Chacgogiéal g é&\%’f‘&%@% Y $70 01 ;Ompq slaively 1 N
aqueous HCL to React®rPoIng§E, Expegments demansiraied the gddingmoessegent aide of
the mxture <35 C. c¥igndingrsagiion timgtyrically widl mop further redups theiabserved level
desilyl ate Corrpound’f@@mpmwﬂﬁ&ar the progress of desilylation by TLC. 2
1516. Separate the phases. 17. Wash the organic phase with 4.0 kg
water. 18. Wash £h Bahpé phase with 4.0 kg 5% aqueous sodi um

bi carbonate. 19. VW§hidne jo ith 4.0 kg water. 20.
Concentrate the or%glaed%g%t%zg@& l?fff;a%' on td? %%BS / kg Compound
6a. 2021. ol vent exthange 10 v di"st PP o Wt a slurry is
formed. Adjust the final volume to -8 L/ kg Conpound 6a.

Example 9.  Preparation of a Compound of Formula 10.

HO H k
1. 45% KOH, \\Y‘”

IPA, H,0 _0 N

—
OEt 2. Glacial AcOH OH
3. Compound 10
(y) seeds
Cl
Compound 9a Compound 10, Y-form
Ca5Hp7CIFNO;
Mol. Wt.: 475.94 C23H23CIFNO;
Mol. Wt.: 447.88
15 Compound 9a is combined with aqueous isopropyl alcohol and warmed to

30t0 40 °C. Aqueous potassium hydroxide is added and the reaction is monitored
by HPLC. Once complete, glacial acetic acid is added and the mixture warmed to
60 to 70 °C. The solution is hot filtered and cooled to 55 to 65 °C. The solution
is seeded (see International Patent Application Publication Number WO

20 2005/113508) and cooled to 0 °C. The product is isolated by filtration, washed

with cold aqueous isopropyl alcohol and dried at NMT 50 °C to yield Compound
10.

25
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22. Heat the mxture to reflux to redissolve the solid. 23. Cool the
solution to 75 C and charge Corrpoung gal Zeeds. ] 24i Coo:c t he

I Xture to at least 2 h an o] at that tenperature for
215);; | east ﬁi}?ﬁ(}é‘g{ml sol ate Compound 9a by filtration %@%&?WW&Z
wet cake with 1.6 kg cold ACN 26. Dry the wet cake at < 40 C
under vacuum |_Notes: Matetikbk HPLC AN lof MeWai nil ndViCBatpouhddBaR it
exaggerated by a baselDongoaid 94 act. The HRPEG4i n|steppghows onlgy 2% of

Conpound 6a rel at i veldofroppiaryed 8a EXperggrpit s [demanstrafed that
addi ng nore regagent and wexfending regeti g | Tygiga iy wiit—Tmo

further reduce The ODSgEY {evei of —Gonp, 7o ta—2 ECrret hf“':
El uting sol vent 10%916 u:.&:?q ac.tdate, S y$,*05§d (“,crrpo*‘fq"éd 95 P\.'% -85
Conpound 9a Ri—0-—50— e aeelic 8Adp, opa o 100%s & colalBund| of 128 nul a
10. 1. 45% KO pAPOPl@ﬁ“B,dw(ﬂeE@Si al _AJOH447-880mhoun®00 () seeds

Lay}

Charge 1.00 kg Compound 9a to Reactor 1.

Charge 4.7 kg isopropyl alcohol 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.

- B - N T R U VO N

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

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

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

15 11. Isolate Compound 1 by filtration and wash the cake with 3 x 1S cold
isopropyl alcohol:water (6:4) solution.

12. Dry the isolated solids at < 50 °C under vacuum.

Example 10: Preparation of Compound 15
20

MeO OMe
MEOI:[OMS 1. i-PrMgCI-LiCl HO O

- Br
Br Br or i-PrMgCl then CFBA F
2. HCl O
14 Cl
15

Bisdimethylaminoethy! ether (2.84 g) was dissolved in 42 mL THF and
cooled in an ice bath. Isopropylmagnesium chloride (8.9 mL of a 2 M solution in
25  THF) followed by Compound 14 (5 g dissolved in 5 mL THF) were added slowly
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HOHL 15Conpound 9a is conmbi ned with aqueous i sopropyl al cohol and
warmed to 30 to 40 C. Aqueous potassi um hydroxide is added and the
reaction |§, ? d by HPLC. Once conplete, glacial acetic acid is
added and TRE MRt Gfe warmed to 60 to 70 C. The sol uti ofCHESAR076002
filtered and cooled to 55 to 65 C. The solution is seeded (see

| nt er nat i onal SmeehﬂIYAﬂﬂtlrmamm)waMbm&aiwarm tarbixint WEPRAREO 2R 13508)

col d aqueous <35t aiRell RGP Lk B eBlatere oo et erasadoed.
Compound 10. 2ffer sfiftingforal 1HVHNY mMbure Rad §iknbRligo FAtl PwiR IROYAH 92
475.94 1.00 product was extracted into ethyl acetate and the organic phase was dried over
5 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:

"HNMR (CD;CN, 400 MHz) 8 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 s, 1H), 3.81 (s, 3H).

10
Example 11: Preparation of Compound 15a
MeO OMe
MeQ OM
€ :@: ¢ -PrMgCl-LiCl CIMgO O 5
- T
Br Br or i-PrMgCl then CFBA F
y J
Cl
15a
15

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

20 aslurry. After stirring overnight the solid was isolated by filtration and washing
with MTBE to yield compound 15a.
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1. 00 Isopropyl alcohol 60.10 4.7 Water 18.02 4.0 45% KOH 56.11 0. 34
1.3 Gacial Acetic Acid 60.05 0.19 1.50 Conpound 10 seeds 447. 88

WO 2009/036161 PCT/US2008/076002

Example 12: Preparation of Compound 16

MeQ OMe MeO OMe
o Lo ®
Br — Br
94 I,
Cl Cl
15 16

Triethylsilane (1.2 mL) was added to trifluoroacetic acid (2.3 mL) that had
5 been pre-cooled in an ice bath. Compound 15 (1.466 g) was added to the mixture

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

10 chromatography to provide 1.341 g of Compound 16: 'H NMR (CDCls, 400
MHz) 4 7.20 (t, J=7.0 Hz, 1H), 6.99-6.91 (m, 3H), 6.46 (s, 1H), 3.91 (s, 3H), 3.81
(s, SH).

The compound of formula 16 can be carboxylated to‘ provide a compound

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

15
Example 13: Alternative Preparation of a Compound of Formula 3

Compound 14 is combined with anhydrous tetrahydrofuran:dioxane

(5:0.9), and the mixture is agitated under a nitrogen atmosphere until a
homogeneous solution is achieved. The solution is cooled to -3 °C and 1.3 eq. of

20 i-PrMgCI-LiCl in tetrahydrofuran is added. The reaction mixture is agitated at 0
°C until the formation of the mono-Grignard is complete as determined by HPLC
analysis. Next, a solution of 1.1 eq. of 3-chloro-2-fluorobenzaldehyde in
tetrahydrofuran is added. This mixture is allowed to stir at 0 °C until the
formation of Compound 15a is complete by HPLC. Next, additional

25 j-PrMgCI-LiCl solution in tetrahydrofuran (2.5 eq.) is added and the reaction
mixture is warmed to about 20 °C. After conversion to the second Grignard

intermediate is complete, the reaction mixture is cooled to 3 °C. Anhydrous CO,
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0.01 1. Charge 1.00 kg Conpound 9a to Reactor 1. 2. Charge 4.7 kg
| sopropyl al cohol and 4.0 kg water to Reactor 1. 3. Charge 0.34 kg

45% aqueo eactor 1. 54. Warmthe mxture in Re g{#o lto 30
- 40 C u@gﬁ%&g(ﬁm ydrolysis is conplete add 0.19 kg ﬁ}car Séﬁqsé?f’ﬁ“oz

acetic acid. 6, Warmthe mxture to 60- 70 C and polish filter the
sol ution to Re@ issharged o therpestiontmixtrirg atabeuti n"(RebBletroactign mixt8& is 65 C.

8. Seed with ] e t er natj onal. Pat ent . | i.cati

Publ i cation 10 eled?g\%%g’égﬁ;‘lﬁg%ﬁc 0% Elélf”ﬂlfeiafluqnﬂég‘?rﬁ%le@éygﬁgé:’of
6:4 isopropyl thtembiidn mRIeE is coolel to SRt 10 P akd Whttr i€ ch@gekBo 4Rerfch wer

at least 2 h and agitate to forma slurry. 10. Cool the m xture to

It 1 ¢ y ALY .
0 C and agitat ’83‘#’8% folloved by theadditionsf goncentated ydrshivsig lﬁ@ndi@acgyit the
filtration and,pvash .t ' ~at er
(6t 4) Sorut of T e Gls, Ml taclol mkiufedl heh SRBRARY nfl 0806 THE
Bi sdi met hyl ani phosssiayd separhted. THe.dBgandy) phasesis dolsam lexetangead td 2 ntiktoteF and

ol ut on' i n 255 PP fgphd) BB VB BEHB critna b 5 sapied sy vt rCS Thal
THF) were addegtodlcpislisolated by filtration, washed with a mixiure of isopropyl alcohol and
water and dried at about 40 °C to yield Compound 3.
10
Example 14: Alternative Preparation of Compound of Formula 4
Trifluoroacetic acid (10 eq.) is charged to a reactor and cooled to 0 °C.
Triethylsilane (1.5 eq.) is added maintaining the temperature < 15 °C and the
mixture agitated thoroughly. Compound 3 is added to the well-stirred mixture in
15 portions maintaining the temperature < 15 °C. When the reaction is determined to
be complete by HPLC, Compound 4 is precipitated by adding a solution of 5 eq.
sodium acetate in methanol (13 volumes) maintaining the temperature not more
than 45 °C. Warm the slurry to reflux and agitate for 2 to 3 h. The slurry is cooled
to about 0 °C and then agitated at that temperature for 2 to 3 h. The product is
20 isolated by filtration, washed with methanol and dried at about 40 °C to yield
Compound 4.

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

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

25 N N-dimethylformamide dimethy] acetal (1.1 eq.) and glacial acetic acid (0.026
eq.) before being warmed to about 65 °C. The reaction is monitored by HPLC.
Once the reaction is complete the mixture is cooled to about 22 °C before
(8)-2-amino-3-methyl-1-butanol (1.1 eq.) and toluene (1.2 volumes) are added.
The reaction is monitored by HPLC. Once the reaction is complete the mixture is

30  concentrated. The residue is combined with potassium chloride (0.5 eq) and
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sequentially. The m xture was allowed to warmto anbi ent tenperature
and stirred overnight. Next, 2.1 nL of 3-chloro-2-fluorobenzal dehyde
was added. _Af |rr|ngfor - I h, the mxture was quenched to

7 with 2N ﬁ@ztog%gfﬁbroduct was extracted into ethyl ace‘f%i'f"észﬁwi”?“%
organi ¢ phase was dried over 5 sodium sulfate. The sol vent was
exchange t o hefChbie(tiretpyleisilpidtahide (he eqh asieimaddo aboit XIUAGE THe

hept anes: MIBE (4:.1) .was .added orma slurry. After filtration the
solid was sl urr&?célahilsrfn?ld'f%@@’ ﬁﬁré éF‘%eth%lF‘F&"Wdﬁuﬁ?ﬁ‘EiFﬁeé]EF EYe E d
gtirlrg)ougdl éS( t lddng aﬁ@&%@@rmﬁe@&nygév)olf} 1s7ad’612d (ﬁque%bﬁ hyd?odﬁon%:ﬁ%? i€ o

(s, 3H), 3.87 qddedis C{eilhr)late Qlesilod@st m?r)reacll(on&aammedlﬂy TIF. e@aa:éihc on of

Conpound 15a RO 4 SQpr o esiumchloride (8 9
I i L B e S S e R
t enper at ur e artdeariomatewnd mathrt Thbddient @Eexclﬁnﬁ&@!tfbﬁaceﬁfnttﬁre 268 Blel gtk
anbi ent tenperature and stirring gvernight, 2.1 rriL of

3- chl or o- 2- f | UDMEBRHIZL feraHR splutigas Iﬁl&éﬁ”@rléwwop]ﬁﬁm apstallizg urry.
After Stll‘l‘ln%(ﬁ)ﬂ 498t i {@%@

washing with ﬁgmocéierdéﬁoén'%%sﬁd éw&ﬁgmcgm %Etloliyr e%gﬁd; FORt of
Conpound 16 r’Ceb lyilsCompamn@ a2 nl) was added to
trifluoroacetic acid (2.3 nL) that had 5 been pre-cooled in an ice
bat h. Conpéund 15 (A]ll pl&ﬁcgaonmgﬁteaddaﬁ paent diRuiicits Wiednde@RatB@b} he
tenperature beI h After stirring for - 2 h ice was added to
quench the reéﬁ feBﬁe off{R %M&EP%MX%W@W%W@W ahg Hygation
organi ¢ phase hagBechRR ReBedvith r@trend¥abiChlo NS0 i ed
over Na2SO4 and c%ncentrgt ed tro dlr]yness b E&pr o%%gﬁgfs\rgs pur}l}?ﬁ ?isr
silica gel colandtechoqedsr (Biva\te@gmplmuldhmpldemtmbé tHat Sy garmftloﬁcmﬂound

16: | FI NVR ( 400 NMHz 6, 99-

3H), 6.46 (scg‘fﬁﬁcaé"”éﬁmiy ¢ ﬁﬂe,‘%sfegim@&ngsmhm ‘l"ﬁépkpé'&f*ﬂ%i?ﬂw o o {
fornmul a 1@5carnnkatie@r boxyl ated to provide a conpound of Fornula 4
foll owi ng a net hod anal ogous to that described in Exanple 1.
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15 Exanple 13: Alternative Preparation of a Conpound of Formula 3
Compound 14 is conbined with anhydrous tetrahydrofuran: di oxane
(5:0.9), and the mxture is agitated under a nitrogen atnosphere
until a heppasheaiisedRl ution is achieved. The solution is cooled to
-3 Cand 1.3 eq. of 20 i-PrMgCl .LIiCl in tetrahydrofuran is added. The
reaction mxture is agitated at O Cuntil the formation of the

nmono-Gigpard i s conplete.as determ ned PLC anal ysis. Next, a
sol ution of ‘gf:(lm%ﬂ%nggfd% t-eé%Oﬁ%g%wpﬁgf’%%éﬂgﬁhgehyde in
tetrahydrofuran is added. This m xture is allowed to stir at 0 C
until the formati on &OComn PMe5a is conplete by HPLC. Next,
additional 25 i-PeMd . L Jolution in tetrahydrofuran (2.5 eq.) is
added and the reactHoQn e i s warnmed to about 20 C. After
conversion to the secohd G7igndird internediate is conplete, the
reaction mxture is cgQledgsto 3 T. Anhydrous CO2 (g) is charged to
the reaction m xture fbout 5 C. The reaction mxture is adjusted
to about 20 C. After carboxyl ation reaction is conplete by HPLC,
the reaction m xture ™8 cval ed to about 10 C and water is charged to
guench the reaction followed by the addition of concentrated
hydr ochl orJ ¢ i d t djust th H.to.no nore than 3. The reaction
m xture i(gljatsﬁgﬁﬁe\f\e/aorf%epgatcgmg%nlﬁfoéﬁt%&la %e phases are separated. The
organi ¢ phase is solvent exchanged to a m xture of isopropyl alcohol
and water and the rgsulting slyrry is cooled to about 0 C. The
product is isolated Ryt | on, washed with a m xture of isopropyl
al cohol and water and d at about 40 Cto yield Conpound 3. 10
Exanple 14: Alternatiy Epargat i on of Conpound of Fornula 4
Trifluoroacetic acid|(10 eq.) is charged to a reactor and cooled to O
C. Triethylsilane ..egf) is added nmintaining the tenperature < 15
C and the m xture a at ed t horoughly. Conpound 3 is added to the
wel | -stirred m xturg iA15 portions maintaining the tenperature < 15
C. Wien the reaction Is déternmined to be conplete by HPLC, Conpound 4
is precipitated by adding a solution of 5 eq. sodium acetate in
met hanol o AZowbthes) c1ami kit A% skier LefRgnaL ure not nore than 45 C.
Warmthe slurry to reflux and agitate for 2 to 3 h. The slurry is
cooled to about 0 C and then agitated at that tenperature for 2 to 3
h. The product is 20 Ml gtEeh b M| tration, washed with methanol and
dried at about 40 Cto yid Conmpound 4. Exanple 15: Alternative
Preparati on of a Gampmund Fo %yla 9a Conpound 6a is conbined with
25 N, N-di net hyl f or mai ni de di net hyl

acetal (1.1 eq.) and gl&ac
war med to about 65 C. reaction is nonitored by HPLC. Once the
reaction is conplete 'xture is cooled to about 22 C before

(S)-2-anino-3-nethyI-I?w tanwl (1.1 eq.) and toluene (1.2 vol unes)
are added. The reaction is nonitored by HPLC. Once the reaction is

conpl et e 3t Aenethod doheprisingiBeeRS LNt sBbREd of REmuRSI4due is conbined with
pot assium chloride (0.5 eq) and

MCOQOMG
Br Br
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/V,0-bis(trimethylsilypacetam de (2.5 eq.) and warned to about 100 C.
The reaction is nmonitored by HPLC. Once the reaction is conplete the
m xture is cool ed and di chl oronethane (6 vol.) is added. Aqueous
hydr ochl ofahg tregind with 2dEIeEh-1-BubRsElMldahRlelbBr OQ'T&C{H?EWM SnipRasd ben
is nonitored by TLC. Once the 5 reaction is conplete the organic
phase is W@IEW&I5i th water, aqueous sodi um bi carbonate and water. The
sol vent is exchanged for acetonitrile and the mxture is warned to
forma solution. The m xtur P eeded®mnd cooled to crystallize
Compound 9a. The product is fil washed with cold acetonitrile
and dried at NMI 40 C to y¥® & und 9a. 10Al |l publications,
patents, and patent docunments|are | nco¥porated by reference herein,
as though individually incorpQrated by reference. The invention has
been described with refereng " vari ous specific and preferred
enbodi nents and techni ques. pver, it should be understood that
many vari ations and nodi fi catons>cmay be nade while remaining within
the spirit and scope of the 15invention. Wiat is clained is: 1. A
conpound seheedletlertsOm a conpound of fornmula 15: or a salt
t hereof -and a conmpound of fornmula 16 2. A conpound of claim11, which
is asalt of fornula 15a 3. A nethod conprising netalating a
conpound foTlfeQﬁét‘BHdaof%fmmW%@ corr%?ﬁn &Weﬂ‘tﬂ% tid &(g‘n ound of formula 15 or

to provide nd of

3-chl oro-2-fl uorobenzal dehyde to provrde ovi a conmpoun
f or mul a 1the sait thereof to a compound of formula 3:

or a salt thereof.

5. The method of claim 4 wherein the compound of formula 15 is converted to the
compound of formula 3 by metalating the compound of formula 15 and treating with

carbon dioxide to provide the compound of formula 3.

6. The method of claim 5 further comprising converting the compound of formula 3 or

the salt thereof to a compound of formula 4:
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or the salt thereof. 4. The nmethod of claim3 further conprising
conveni ng the conmpound of fornmula 15 or the salt thereof to a
conpound of fornula 3: or a salt thereof. 5. The nethod of claimi4
wherein the conpound of forrmula 15 is converted to the conpound of
formula 3 by netal ating the conpound of fornmula 15 and treating with
carbon di oxide to provide the conpound of fornula 3. 6. The nethod
of claim Brfuiitiageoconpri sing converting the conpound of formula 3 or
the salt thereof to a conpound of fornmula 4: or a salt thereof. 7.
The nethod of claim®6 further conprising converting the conmpound of

formula 4 or the salt thereof to a conpound of fornula 5 : or a salt
thereof, wherein R is a leaving group. 8. The nethod of claim?7
wherein Ro is halo or 1-imdazolyl. 9. The nethod of claim8 wherein
t he conpo a conpound of formula 5a: 10. The

of fo la 5 i ,
met hod of 92?% Wﬁ@iﬂr‘?élw @ngwﬁwﬁwa converighie sompquad of frpetagtion o
the conpoyRdRihetedf tH GmRduly of fop@hABAL W th ,
1,1 -carbonyl diimdazole.” 11. The nethod of claim 10 further
conprising converting the conmpound of forrmula 5 or a salt thereof,
to a compound of fornmula 6: Qr a sal% t hereof, wherein Ris
C -Coeall cyl .

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

8. The method of claim 7 wherein R; is halo or 1-imidazolyl.

9. The method of claim 8 wherein the compound of formula 5’ is a compound of formula
Sa:

10. The method of claim 9 wherein the compound of formula 4 is converted to the

compound of formula 5a by treatment with 1,1'-carbonyldiimidazole.

11. The method of claim 10 further comprising converting the compound of formula 5’ or

a salt thereof, to a compound of formula 6:
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12. The method of claim 11 wherein the conmpound of fornmula 5 is
converted to the conpound of fornmula 6 by treatnent with the
correspondi ng nono-all cyl mal onate salt. 13. The nethod of claim11l
wherein Ris ethyl. 14. The thod of claim 13 wherein the conmpound
of formulas' i's converted to tfe conpound of fornula 6 by treatnent

wi th potassiun1nnnoefhy Alogdte.  15. The method of claim 11 further
conprising converting t -ound of fornula 6 or a salt thereof, to
a conmpound of formula  # Ra-&nd Rb are each |ndependently

G -Co6al kyl . 16. The -thod of cl aim 15 wherein the conmpound of
formula 6 is convertetiN o-the Bonpdund of fornmula 7 by treatnent with
N, N- di net hyf or mam dg 1-thy| acetal. 17. The nethod of claim 16
wherein the treat nert, wh N, N-di net hyf ormam de di net hyl acetal is
carried out in the présen& of acetic acid at a tenperature of about
10050 C. 18. The nethod of claim 15 further conprising converting

t he conpo f _ und of fornula 8: 19. The
met hod of ¢ %@ﬁ?%%ﬁaﬁéggﬁwﬁgﬂéie%@%@und of formula 7 is converted to

t he conpound of fornula 8 by treatnment with
(S)-2-am f claim18 further

0-3- et hyl - 1- but.an 0. The thod
conpri si n&-sﬁﬁm A ot ﬁwaléaﬁ%% SEPMPEY 0@%%8&%6%@%@

formul a 9%ompound of formula 6 by treatment with the corresponding mono-alkylmalonate salt.

13. The method of claim 11 wherein R is ethyl.

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

compound of formula 6 by treatment with potassium monoethylmalonate.

15. The method of claim 11 further comprising converting the compound of formula 6 or

a salt thereof, to a compound of formula 7:

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

16. The method of claim 15 wherein the compound of formula 6 is converted to the

compound of formula 7 by treatment with N,N-dimethyformamide dimethyl acetal.

17. The method of claim 16 wherein the treatment with N,N-dimethyformamide dimethyl

acetal is carried out in the presence of acetic acid at a temperature of about 100:50° C.
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21. The nethod of claim 20 wherein the conpound of formula 8 is
converted to the conpound of fornula 9 by treatnent with potassium
chloride and N,O0- bistrinethylsilylacetam de. 22. The nethod of

claim 20 further conprising converting the conpound of fornmula 9 to a
conmpound of fornula 10: 23. The nmethod of claim 22 wherein the
conpound 8. Tremmihed &f dl@mcldrfushdredmpusing eorvertnguhacahpduod nfifoamila Tty

treat ment a\(:mortngou%d%%%&‘mula 8:

15. The method of claim 18 wherein the compound of formula 7 is converted to the

compound of formula 8 by treatment with (S)-2-amino-3-methyl-1-butanol.

20. The method of claim 18 further comprising converting the compound of formula 8 to

HQ
k?{ k
m\\“‘
. N

a compound of formula 9:

21. The method of claim 20 wherein the compound of formula 8 is converted to the
compound of formula 9 by treatment with potassium chloride and N,O-

bistrimethylsilylacetamide.

22. The method of claim 20 further comprising converting the compound of formula 9 to

a compound of formula 10:
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23. The method of claim 22 wherein the compound of formula 9 is converted to the

compound of formula 10 by treatment with a base.

— ot oo - . -

36



