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BACKGROUND OF THE INVENTION
15 [0003] Irbesartan is a potent, long-acting angiotensin II receptor antagonist that is
especially useful in the treatment of cardiovascular ailments such as hypertension and

heart failure. Irbesartan has the following structure:

HNN‘N w

and is described by Bernhart ef al., in U.S. Pat. No. 5,270,317, which is incorporated

20  herein by reference.

SUMMARY OF THE INVENTION
[0004] This invention is directed to various methods for preparing irbesartan and
intermediates thereof as recited in the claims appended hereto.
25  [0005] One aspect of the present invention provides a method for preparing a
compound useful in the synthesis of irbesartan, having the formula II, or a

pharmaceutically acceptable salt thereof,



formula 1'Vb, and optionally a conmpound of formula FVc,
+ optionally I'va IVb IVc with a conpound of fornula V,
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presence of a base and a reduci ng agent, and
optionally in the presence of a phase transfer

catal yst; and optionally, rt he conpound of
formula Il into a phacNaceuti cal
[ 0006] Anot her asp e p rRset\ i nventi on

provi des a net hod compound of fornula
I (irbesartan), or @ pha ceutl ca Iy accegt abl e salt
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in the presence of a base and a reducing agent, and optionally in the presence of a
phase transfer catalyst; and

optionally, converting the compound of formula II into a pharmaceutically acceptable
salt.

[0006] Another aspect of the present invention provides a method for preparing a
compound of formula I (irbesartan), or a pharmaceutically acceptable salt thereof,

from the compound of formula I1.
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[0007] A further aspect of the present invention provides a method for preparing a

compound of formula II in substantially pure form,
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comprising:
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al cohol NBS: N bronosucci ni nmide DEFI NI TI ONS [ 0008] The
term"alkyl" or "alk" refers to a straight or branched

chai n al)kanerystydHigecacigs tormpslindalf feonilailinyitgatflenvde solvent
to 12 carbon atons, preferably 1 to 6 carbon atons.

Eﬁ@fﬁi@‘hﬁym mapthyl Zertdiusi sther ard ereRsnpip Ziva hgampound of formula

p ropyl n-butyl, tbutyl, isobutyl pentyl,
@3§%“’Fé§ exyl, heptyl 4, 4- dinethylpentyl octyl,

2,2,4- @)yl rrwabmhgqmabhn iRt fordaBy in wﬂﬁc&sim from step (a) with

dodecyl, and the I|ike. The term"Cl-C6 al kyl" refers

t ot lgast ppeFefHentselepted ﬁr@hemetbmlafeﬁ tatld et prg oaeepapehlp give the

r adi caI rbo atons, such as
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[ 0009] The tern1"phase transfer catal yst" ers to a

s maide comantid of fofmuela fHathezdxt hafehas telqécd britem@ds t he
rate of a reaction between chem cal species located in
di fferent phases (imm scible liquids or solid and
liquid) by §ETAMEDDESERPTION OB THRINYENTDON
commonly an anion, across the interface into the other
phase so that reaction can proceed. These catal ysts

i ncl ude quaternary ammoni -éﬁ Eoniunsalts (e.q.
raal kyl ammoni um sal t's, ﬁ%ﬁﬂ%ﬁﬁl ﬁéﬁ can be sane or
dighpferent), }H P&ggﬂ@L@ﬁfcﬁ%ﬁﬁk@aﬂwor gani c cations

(e.g. crown e ers or her cryptands). The catal yst
cMTBACE s nﬂwmwMMWMEMMdImﬁbﬂum36ﬁ®m®m al t hough an
ani on_exchange q

MTBE: methyl zer t—butyl ether

IPA: isopropyl alcohol

NBS: N-bromosuccinimide
DEFINITIONS

[0008] The term "alkyl" or "alk" refers to a straight or branched chain alkane
(hydrocarbon) radical containing from 1 to 12 carbon atoms, preferably 1 to 6 carbon
atoms. Exemplary “alky!l” groups include methyl, ethyl, propyl, isopropyl, n-butyl, t-
butyl, isobutyl peﬁ;tyl, hexyl, isohexyl, hepfyl; 4,4-dimethylpentyl, octyi, 2,2,4-
trimethylpentyl, nonyl, decyl, undecyl, dodecyl, and the like. The term “C;-Ce alkyl”
refers to a straight or branched chain alkane (hydrocarbon) radical containing from 1
to 4 carbon atoms, such as methyl, ethyl, propyl, isopropyl, n-butyl, t-butyl, isobutyl,
pentyl, isopentyl, hexyl, and isohexyl.

[0009] The term “phase transfer catalyst” refers to a small quantity of a chemical
agent that enhances the rate of a reaction between chemical species located in
different phases (immiscible liquids or solid and liquid) by extracting one of the
reactants, most commonly an anion, across the interface into the other phase so that

reaction can proceed. These catalysts include quaternary ammonium or phosphonium
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occur. [0010] The conpounds of present invention nmay
formsalts which are also within the scope of this
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through V herein is understood to include reference to
salts thereof, unless otherwi se indicated. The term

" salth (. terradiydampinoyiveh fuits eivinereid @lloll esn BesathcCoralifférefit), or
basic salts fornmed wi.ith inorganic and/or organic acids
arfgena dad compley dRRrerTE R Catigha (-& %’@Wﬁ) stliaes @ otheachPtasds)h The

grca?aﬁs? ceg[%;n% Xot glﬂngds gﬂé reg&tlo dl{ﬂo{lglgaﬁ ngn g)\((!haﬂéengoes

an aci
| igectzed to a carboxyllc aci d, zvmtterlons ("inner
salts") ma e fornmed and are included within the term

" 5[9010(] s) " Thg C%E@mdé pépieserpiiientienimey &ai splta sdegit arp Rlso within

(i t oXi ¢ oIo |caII ept,ab
T g T R A O s
€. Herein istinde@tcidit6 hoMideltefetdnics & da0H ek @ISuids GthdiRie Bfiicated.
nggloyed during pregw ration. Salts of the conpounds
&

efernt Grakesd,, af empeoyadperein, denotesaasidipand/erdesic salts formed with
ounds such as ,an

C DG Bndaf Srafibic TR B Bleef TR R fen 2 Fipidi ontains

t hRits@bdsiPheftRishéd £ hof inAH RAURRIBIininbR! hethcidic
by | yophilization. [0011] The conpounds of present

i meiplyisoeh aslyutinot hmged tosa earbdxydic weidi 2vijtenbnof tener salta)dnay be

Qo B o ide L B e Rl st P e gecstifally
U OhPACEL!, hioRGbEe, Th95ioRERATY Q@cegfabfe k'élfs‘%&‘@ﬁfe!f&red although

acid), adipates, alginatesS, ascorbates, aspartates,
bextiry atlesare bisn zaeﬂfek;. algf,om wblaslpn bi pmhﬂicaﬂhea ,stepswaiohsmay be

bum?aytgﬁtdaﬂééivr@%?%ﬁa? ek %ﬁ%@%ﬁ%& By B rormed foF example,
dq’J %geﬁ: Itﬂc@& €Smp &Q\Fi?/ce omroap £of acflélJB?lB S%Ph as an equivalent

gl tc anoat es, ates, hem si
h eaptoanoat emediumx arvhats @a¢ in which the salt precipitates or in an aqueous

medium followed by lyophilization.

[0011] The compounds of present invention may form salts with a variety of
organic and inorganic acids. Exemplary acid addition salts include acetates (such as
those formed with acetic acid or trihaloacetic acid, for example, trifluoroacetic acid),
adipates, alginates, ascorbates, aspartates, benzoates, benzenesulfonates, bisulfates,
borates, butyrates, citrates, camphorates, camphorsulfonates,
cyclopentanepropioﬁates, digluconates, dodecylsulfates, ethanesulfonates, fumarates,
glucoheptanoates, glycerophosphates, hemisulfates, heptanoates, hexanoates,
hydrochlorides, hydrobromides, hydroiodides, hydroxyethanesulfonates (e.g., 2-
hydroxyethanesulfonates), lactates, maleates, methanesulfonates,
naphthalenesulfonates (e.g., 2-naphthalenesulfonates), nicotinates, nitrates, oxalates,
pectinates, persulfates, phenylpropionates (e.g., 3-phenylpropionates), phosphates,
picrates, pivalates, propionates, salicylates, succinates, sulfates (such as those formed
with sulfuric acid), sulfonates, tartrates, thiocyanates, toluenesulfonates such as

tosylates, undecanoates, and the like.
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nmet hanesul f onat es, napht hal enesul fonates (e.g.,
2- napht hal enesul fonates), nicotinates, nitrates,

06012} €S, THRAGMjdah&Sof Pedeittnt aithe mBhasy fpmaaltowahsvariety of
(e.qg., 3-phenyl propionates), phosphates, picrates, )
piowgahigtand ingsgan¢ bargs-eExemplpiydyasigtsalis inslyde prapqadum salts, alkali
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The conpounds of present invention bn;?ll_ also formsalts

wiamines) sneh ke bgnzathinasgdinydokerslaminssghyrrebasziness(formed with N,N-
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=S s R R B T S
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megnesi um sal'ts, salts with organic bases (for
edikerpBasic vitrygen-cordainmggrounsahayalss drefeznized wel agents such as lower

géﬁé’@%‘%@g? |§ {rrli}er’g]zflﬁ;ﬁ 2%%%2]??%§ut§dfc%ﬁcg? es,vgrgrrllli&l’s ggcll ?ogdides),

NafgRky Xﬁlfd%sg(te}gl‘? a8, dibyE bty DG AT IdaFatel); Ritb)hain

am neés, - and salts wth am no acids such” as argi ni ne,

I jasliicgae (apdiechle laluhg,etnyﬁitsli andrsicdaryd gbloridem baimidegjargl iodidss),

na uat erni_zed .w agen such .a ower al kyl

ha%iﬂafilggl(@.s Ze.-g-rh_@flmha,ngé’b %}ﬁgf%\;‘ﬁ)’ %#tﬁ%w ’

c " de : e . L .

(@ 3 7 e ﬁ‘;”g%%ﬁotlﬁ@% b3 e C,’ung% gt éﬁklgﬁﬁ%lso

s ubiitempk)ed Heerig Thatenmhaldidies’ asengploydddytein danotesla compound
ristyl and stearyl chlorides, brom des and i.odides

a PP RAIMTHEERTIOR ty2 SHRIRCH INASFRPeh PRETUPHPPITRAN Q% §}e?téb01ic or
a@ﬁen?itcg]igfr&e Q04 %elc? 50%%&&935 gfle ?’&z{n\{ﬁe{ Edr &, 1t\h,% a salt and/or
conpounas Ofs the’i nvention are also conte at eé

hesleate thef&ud. 1Selviates pif datr dogipoasdsstitbeyed I eoedhnV dectodee for
a conpound that, upon adm nistration to a subject,
uﬁ%ﬁ?ﬁ@ééydé%%ﬂm cal conversion by netabolic or cheni cal

8?&%1?!? Ze:(gérgp%drrl@lf gtr" i @gﬁmgfth%uéhh@, Jn(arsgﬂé &IC}COE %Spegé?st in
their tautomeric form (for example, as an amide or imino ether). All such tautomeric
forms are contemplated herein as part of the present invention.

[0015] All stereoisomers of the present compounds (for example, those which
may exist due to asymmetric carbons on various substituents), including enantiomeric
forms and diastereomeric forms, are contemplated within the scope of this invention.
Individual stereoisomers of the compounds of the invention may, for example, be
substantially free of other isomers (e.g., as a pure or substantially pure optical isomer
having a specified activity), or may be admixed, for example, as racemates or with all
other, or other selected, stereoisomers. The chiral centers of the present invention
may have the S or R configuration as defined by the [UPAC 1974 Recommendations.
The racemic forms can be resolved by physical methods, such as, for example,
fractional crystallization, separation or crystallization of diastereomeric derivatives or

separation by chiral column chromatography. The individual optical isomers can be
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sol vate thereof. Solvates of the conpounds of fornula
I through V include, for exanple, hydrates. [0014]
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thereof, may exist in their tautoneric form (for

exanpl e, as an amde or imno ether). Al such

t aabtain®y fremfiigy MmBeraktes by atesiiable etbtiiet, @idudisg pahbutdfmitation,
the present invention. [0015] All stereoisoners of the

preosEsRtionsTpetheds Syahae, éﬁqémée sel feanaion atithany osicplly active
d%s :@H@@X@Eﬁ%@%@n?%EQQnS on various substituents),
u

i nel i'ng en er i C fornms and di astereoneric forns,

arfeorent eApil cah aghratibil fsohltes SR Eordpodnds Sf tha\peekehOilvention are
I ndi vi dual stereoisoners of the conmpounds of the

i repaienipdiedraithertip pdmicdvgsi s in bereouBehstantinBy ph}reffe@e Bhe

r.iso st an
oo e i on R s BE i pdlpn AR bp ! oY At rams
adilitong Ghonfed, a8 %Rk Gis add taAs RIRALIRK I ﬁ}fﬂlr@afbdﬁtdﬂ ®kterocyclic
or other selected, stereoisomers. The chiral centers
oftingie pr esent i nvention may have the S or R

i o b e H PG tstarsy GPh D Byttt By be

Phsécnab pFRAOGSble fidedtiedand &Siﬁ sxagpl e, fractional
crystalli zatl on, separation or crystallization of

di ast ereomeric derivatives or separation by chiral
| h h R Ceal i
can beobt ai ned 1r oiEREGs FEPEEERARIONT apie

ﬁ? 4. i ’@Hé ﬂf&gs ?Uotﬁil%éhlr_}% 'cgﬂnf)@ﬁr*dg %F f&HﬂYaefﬁddquljﬁ ﬂall%Strated in

s, suc ormation wt
ophé ﬁﬁlbwwyachemes oldertn Itémpmatutrg mressstea) dndzdhdraeaction
[001 conf j guration | SONer s, e conpounds, of
t 170 L@%ﬁqﬁy maéléxﬁg? Siechy se%rrﬁcéﬁ?ﬁ la@la&}ﬂqlelmth%?rt.%artmg

ql?% 1544 &e Qb rd 4 laﬁ ? h$ ﬁ&ﬂhy g}ei)é{reﬁ %ﬁ%nfe QF B}du-lg?f skill in the

ni'tion of conp un venti on

emhraces both cis (2 and trans (E) al kene isoners, as

h 6[9‘& gi y g’lﬂi?q:gorl]rgpgurn% rg)% fctril?lrlra?lr (Slrbggart%%)cclzalncb ehp¥gpra?§da£c?:gpdn?£ to
Scheme 1. Compound 1 can be brominated to give a mixture of mono-brominated
product IVa and di-brominated product IVb using a brominating reagent, such as Br,
or NBS, in an organic solvent, such as CCls, CHCl3 or CH,Cl,, and optionally in the
presence of UV light or a catalytic amount of benzoyl peroxide. A tri-brominated
product IVc may also be generated if a larger excess of bromine is used. Br can be |
generated in situ by reacting NaBrO; or H,O, with HBr in water. The mixture of
compounds IVa and IVb, and optionally IVc, can be mono-alkylated upon treatment
of compound V or a pharmaceutically acceptable salt thereof, in the presence of a
base, such as NaH, and in the presence of a reducing reagent, such as dialkyl
phosphite (i.e., diethyl phosphite) to provide the compound of formula II. When an
aqueous base such as aq. KOH or aq. NaOH is used, a phase transfer catalyst such as
tetra-alkylammonium chloride is also used in addition to the reducing reagent such as
dialkyl phosphite (i.e., diethyl phosphite). Here, the reducing regent selectively

reduces di-brominated compound IVb (or tri-brominated compound IVc¢) into mono-
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rings. [0017] Throughout the specifications, groups
and substituents thereof nay be chosen to provide
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[0018] The nethods for preparing conpounds of fornmula

| and Il are illustrated in the follow ng schenes.
SHry@itiated dogifRei@ IV ®hile PIRPGINAEY a iedlklylated€s provadel the Besired
conditions may readily be selected by one of ordinary

sknono-alkylatien prioguctSiThis peifodeandyq apded iea wdrr oficamippunds
il AR B 8F f%’g’iglf'[ %g&g&g‘g&geﬂbﬁva?ﬁ?gog% Q%! AGHN 98 Kbdd 10 99%

intahe art. onpound” of " fornul’a™l
(i:rnbgsmrddaijonCis Bethpd eRaREkABGRE prekhct of SEhEABunt of compound
ﬁggpound 1 can be bromnated to give a m xture of

6

- Bivally reeragupd dawga e Feagtedrviition drdmicagandduph atiyels, to give
I usin r.om nating reagent, such as Br or NBS, in
axg%?%cg%ﬁﬁifmﬁéfsuch as Cd4, CHO 3 or CH2O 2, and
optionally in the presence of UV light or a catalytic
anmount of benzoyl peroxide. A tri-brom nated product

JVC may al so be generated i Schemest ger excess of
brom ne is used. Br2-can_be generated_in situ by
CN CN . Cll\l'I _

nond-"al Kyl at ed upon pound V or a

phar mateutical ly acceptd® e salt ther®bf, in the cptionallylVe
presence of a base, such as NaH, and in the presence

of a reducing reagent, such as dial kyl | phosphite

(i.e., diethyl phosphite) to prgxﬁqgﬁt g\cgzzg:;d of
formula H When an aqueous base SWGRu@sS| ad. r aq.
NaOH i s used, a phase transfer catal yst such as

tetra-al kyl ammoni um chloride is also used inwaddition
to the reduci ng reagent such as

N _N o N k/jéN
’@y 50 = o) ve

[0020] The features and advantages of the present invention are more fully shown

by the following examples which are provided for purposes of illustration, and are not

to be construed as limiting the invention in anyway.

EXAMPLES

HPLC condition:

Column: Alitima C18 (Alltech 88050) 15.0cm in length x 4.6mm in internal diameter
and 5 micron particle size;

Column temperature: 40 C;

Solvent A: Buffer solution A 1.1g of heptanesulfonic acid in 1 liter of water and
adjust the pH to 2.5;

Solvent B: Methanol Flow rate: 1.2mIL/min;

Gradient Elution Condition:



di al kyl phosphite (i.e., diethyl phosphite). Here, the
reduci ng regent selectively reduces di-brom nated

W@ o09po23389 | Vb (or tri-brom nated conpound | Vc)PECHUS2005/029879
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nmonobr om nat ed conmpound | Va while conmpound |Va is

al kyl ated to provide the desired nono-al kyl ati on
producttimé®y s methiggd can besBpplied to a mxture of
conmpounds IVa, IVb in any ratio, i.e., the ratio

bet wee® Miga : | Vi50can vary 0rom 1% : 99%to 99% : 1%
I n addi |on th| nmet hod alggo works in the presence of
any am? of cofilgound rvVc. "Finally, conpound Il can
bepdigast 240 it h an azi de reagent, such as NaN3, to

g| ve the conpound of fornula |I. Scheme 1 Bronination
\Yajecf\@mbmm@rﬂé]ﬂy | Vc Sinultaneous reduction and

gﬁg&rﬁl Jgﬁt%l}fo%hi}lgﬁ??cghﬂgﬁsﬁg tures @nd advant H]élless

f@tﬁ&msego%anpl es which are provi ded for purposes of
illustration, and are not to be construed as limting
the invention in anyway. EXAMPLES HPLC conditi on:
Colum: Alltima O 8 (At r;g?éogm 15.0cmin length
X 4.6nmmin internal di anet ér*®M®s nicron particle

S I 8paratlol 3 Coripifinat 6f fornfila Ba and IVD:

CN CN CN
1 IVa IVb
about 80-90% about 10-20%

[0022] A jacketed 1,000 mL 3-neck flask was charged with 4’-methylbiphenyl-2-
carbonitrile (Compound 1, 100.0 g) and CH,CI, (500 mL) under nitrogen. To a 500
mL Erlenmeyer flask with magnetic stirrer, sodium bromate (NaB1rOs; 31.2 g) was
dissolved in water (170 mL). The NaBrOs solution was transferred to the 1,000 mL
flask and the reaction mixture was cooled to about 5 °C or less. Aqueous HBr
solution (48 %, 105.0 g) was added to the 1,000 mL flask and the resulting reaction
mixture was recycled though a UV lamp reactor. The reaction mixture was kept at 0-
20 °C and the recycling was continued until the reaction was deemed complete by
HPLC. Optionally, additional sodium bromate and hydrogen bromide may be added.
The relative amounts of Compound 2 and Compound 3 were about 80-90% and about
10-20% respectively. Aqueous sodium metabisulfite solution (2.0 g of in 10 mL
water) was added to the reaction mixture. Allow the phases to settle and the
methylene chloride phase was washed with water and used in the next step without

further purification.



Solvent A: Buffer solution AIl.lg of heptanesulfonic
acidin 1 liter of water and adjust the pHto 2.5;
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Elution Condition: Time% A %% 0 mn 50 50 35 mn 15
85 Detector: 240 nm Injection volume: 10 uL. [0021]
The above HPLC condition i g en the follow ng
exanpl es unl ess otherw se noted. Exanple 1 Preparation
ofPrepanation 9 Compayngila 1 va and | Vb: 1 IVa | Vb about
80- 90% about 10-20% [ 0022] A jacketed 1,000 nL 3-neck
fl askeswas char ged Nth 4' - I.HcZ- I/nﬁ/

caMe (Co , 100 0 ¥ 500

un geh.” W Er Lenneer %14 @w@—/
magneihCc stirrer, S@sdl um bromate (NaBrO3; 3172

di s¥ot%&d i n vvater’m"(ll?’@i m.). The NaBr O3 sol uti on wa¥

tr err t

0P o' AT Sap et W8 snad R RV, 360 AgpAC (5.0
s @) ahd GHLCH 81 mLPmdDe@) tovaStoaite dAh aqiidoas do1066h s1KOH (182.6
flask and the resulti n%preacti on mi xture was recycled

t oDgh2 aﬂwaﬂeb)ﬁﬁ%raéé@% lemqém thépskomdhs raeido @peramre was

t(ﬁ(gltot ) ta<_ . tl%g or1 %ﬂ uttlgn %f &%ﬁlp%&nd ‘L\? aen% o pound
IVb from Example 1 was added to the reaction mixture slowly, while maintaining the
temperature at 0-10 °C. Diethyl phosphite (39.66g) was added drop wise at 0-10 °C.
Check the reaction mixture for compietion of the reduction reaction, and additional
diethyl phosphite may be added.
[0024] The reaction mixture was allowed to warm to ambient (20-30 °C) and
agitated until the reaction was deemed complete by HPLC. Water (150 mL) was
added and the phases were separated. The organic layer was extracted with water
(230 mL) and polish filtered.
[0025] The methylene chloride (which contained the crude Compound II) was
distilled off and exchanged with about 400 mL of methyl fert-butyl ether (MTBE)
(optionally, the MTBE recycled from washing below can be used here). Upon
cooling, crystallization occurred (optionally seeds were added) and after further
cooling to below 25°C, crystals of Compound II were isolated, washed with MTBE
and dried in vacuum at a temperature of less than 60°C. HPLC retention time: 18.126
min. Typically, the yield was about 85 to about 88%. Alternatively, IPA could be
used as the crystallization and washing solvent.
[0026] Optionally, the solvent (i.e., MTBE or IPA) used to wash the crystals of
Compound II above can be recycled and used to crystallize the crude Compound II in
the next batch. Since the washed solvent contains Compound II as well as impurities,
it was surprisingly found that the washed solvent can be recovered and used again in
crystallizing the crude compound of formula II in the next batch without sacrificing its

purity while increasing its yield.



HPLC. Optionally, additional sodium bromate and
hydr ogen brom de may be added. The rel ative anmounts of

w@ovpo2assd 2 and Conpound 3 were about 80-90% apdiT/akm0$/029879
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15

20

10-20% respectively. Aqueous sodi um netabisulfite
solution (2.0 g of in 10 nmL water) was added to the
reaction mxture. Allow the phases to settle and the
net hyl ene chl ori de phase was washed with water and
used in the next step wi t hdigampleBher

|f|ct|o Preparation of Conpound I1:
fg'j‘ra opo ?g’%lxﬁl&n@"%l]gsk was charged with Conpound V

(134 0 g), MIBAC (5.0 g) and CH2A 2 ( 170 rrL) and cool
to- 5to 50 )_fqueous sol ution of
212 L er) vvas ad 5lowly to the /Nlaska

2 Was’' kept —at < 5 met Iy
chl or ; |on o Conpound FVa an IVb0
from Exanpl e 1 was added to the reaction m xture
slowy, while m#intaining the tenperature at 0-10 OC.

Il p ( V@S r 10
R A s b e S L
r @dlmlnydmte (Qeabi k@nsodand aaidd (9. Bbhhg) aﬂdé{-melthyﬂ) hpspliditene (2.07

dded 0024] The rea re was allo d

N R I au%&ugeermmgt
;
SO R SO e o
| ay eboudd§°@xintantagueons sblutian ef sod2B0 hydrpxida (3 i%J 5.8%kg) and
filtered. [0025]. The nethyl ene chloride (whic
c OYALEi @@&c&» Fercidsige %ﬁﬁﬁaﬁlﬁa DYR§ITGEs %nrgfd at Pé%}maffr?tu%ﬁwween

eié#@% (op}glbgﬁ @%r zﬁa%gf\%g%r A By u ous E}Hés\él £ dMhrded and

ona ycle |ng
behovygasio phﬁew%drda&ﬂefhth tohene (1.73 kg) and Water (5.0 kg), and stirred for

about 0.5 hours at about 20 — about 30°C. The toluene phase was discarded and the

aqueous phase was washed with ethyl acetate (1.8 kg) and treated with aqueous HCl
until pH was adjusted to about 4.8 — about 5.2. Precipitation occurred and the
resulting suspension was stirred for about 1 hour at about 20 — about 25°C. The
precipitation was collected and washed with water three times (1.0 kg x 3). The crude
wet product was recrystallized using a mixture of iso-propanol (0.393 kg) and water
(4.5 kg). HPLC retention time: 11.725 min. The yield for Compound I was about
87%.
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cooling, crystallization occurred (optionally seeds
wer e added) and after further cooling to bel ow 250C,

w@eopsHzdsg9 of Conpound Il were isol ated, washedP@i/Uk2005/029879
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MIBE and dried in vacuum at a tenperature of |ess than
600C. HPLC retention time: 18.126 mn. Typically, the
yiwigdcpasyvebout 85 to about 88% Alternatively, |PA
coul d be used as the crystallization and washi ng
solvent. [0026] Optionally, the solvent (i.e., MIBE or

| PA d t h t tal s of d. 1} ab
can be I ecych B RAOL RERTY R ERFGMH O) TR thr e
utidallyRcddpeabiesdlt thabeh. Since the washed

sol vent contains Conmpound Il as well as inpurities, it
was surprisingly found that/the washed sol vent can be
recovered and used again in li,zi ng the crude
compound of formula |£Ni wi t hout

Its

sacrificing its pu 3
yi el d. Exanpl e 3 Prepaf at of Corgpound | - p [0027] A
reactor was charged with Conpound Il ( 1 kg),

t rcofipfiying bk AYslbed Conlfbuhd 3f kehnulSOMH dHM Adinddund of
(C():. g%? k%&%ﬁgﬁ nmet hyl pyrroIIQ)i di none u2. 07 kg), andun ?

t Hernmda &Y b,omdeipsionally awempound etiformubdyet 122C under
stirripg. After conpletiopyof the reaction as

det eryi ned by HPLC, the egct' Qn mi xture was coNed to
abg 457 d aqu o@ 0 sodi u
(3‘5. ‘g)cgﬁrbof vvat‘ (3.‘ )%\/\I-%frrze added\—tfe CBr3

resul ti m xture was sti rfvgd at a tenperature between
about and about 40C for@bout 0.5 hours. THgionally Ve

o : .
R e S S L e
stirred for about 0.5 W t 20 - about 30C.
The tol uene phase was di sc%rl\lde t he
0] V,
in the presence of a base and a reducing agent, and optionally in the presence of a
phase transfer catalyst; and

further optionally, converting the compound of formula II into a pharmaceutically

acceptable salt.

2. The method of claim 1, wherein said reducing agent is dialkly
phosphite.

3. The method of claim 1, wherein said pharmaceutically acceptable salt
of formula V is HCL.

4. The method of claim 1, in which at least one aqueous base is used in

the presence of said phase transfer catalyst.

-11 -



aqueous phase was washed with ethyl acetate (1.8 kg)
and treated wth agueous HO wuntil pH was adjusted to

W@bwen23%88 - about 5.2. Precipitation occurredP@ntiS1on&029879

10

15

20

25

30

resulting suspension was stirred for about 1 hour at
about 20-about 25C. The precipitation was coll ected

and wasfied VHdmu@mbe bf EIBmes, Whdte shidlagledift basPBk-aqidis KOH,
crude wet product was recryst allized using a mxture

ofagpe@sgN 1aqpe8d30Kgyaid phiasadtaester catdykdy fetiHPLC

ret egt ion 1 %1%5_ A?Ianre rémgTq%g qﬁgg aﬁﬂ}f Pﬁ?sﬁglggiaﬁ Saald

MBudallyQcapiabld dalt FfoRnRh & BREGUti cal |y
acceptable salt thereof, conprising reacting a m xture

of a compound of formula IVa and a conpound of fornula

conpous of PRkle 8 SBFPS b B e qnsYBim Sl oriz s
AGRARYVIAPLALEAN hmhRRREREnlofik, taﬁ@ sl %&@1&9%% hite %g@ﬁd

a reducing agent, and optionally in the pr sence
plrdwsephiteansf er catal yst; and further optionally,
converting the conmpound of forrmula Il into a
pharmaceutical |y acceptable salt. 2. The nmethod of

claiml,  wherRiHeh6d gfélﬁﬁpf'v@%réﬂ%ﬁgcd FnBlok kfmyla 11 is
i 3

phosphite. 3. The nethod of claim1 ereln sal
phraystalizedtir@mbt lasiooe polsditeelsettd froff ety @x-beylkd@er add iso-
The nethod of claim1, in which at | east one aqueous
b&E¥P4E used in the presence of said phase transfer
catal yst.5. The nethod of claim4, wherein said
aqueous base i s aqueous KOH,

8. The method of claim 5, wherein the compound of formula II is

crystallized from at least one solvent selected from methyl zerz-butyl ether and iso-

propanol.

9. The method of claim 7, further comprising washing the compound of
formula IT with at least one solvent selected from methyl ferz-butyl ether and iso-
propanol, and recycling the washed solvent to crystallize the compound of formula IT

as recited in claim 7.

10 The method of claim 8, further comprising washing the compound of
formula II with at least one solvent selected from methyl ferz-butyl ether and iso-
propanol, and recycling the washed solvent to crystallize the compound of formula II

as recited in claim 8.
11.  The method of claim 1, further comprising converting the compound

of formula IT to a compound of formula I, or a pharmaceutically acceptable salt

thereof,

-12 -



aqueous NaOH, or aqueous Li OH, said phase transfer
catal yst is tetraal kyl ammoni um chl ori de, said reduci ng

wW@o®no23889 di al kl y phosphite, and sai d phar nacept /081005029879

10

15

20
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acceptable salt of formula Vis HO. 6. The nethod of
claim5, wherein said t tr-all<ylamoniumchloride is
met hyl -trz-H butyl amegi umchloride, and said dialkly
phosphite is diethyIHN = thod of claim
1, wherein the compg crystallized
fromat |east one & ed{fr methyl t r
t-butyl ether and I 2 8. Ohe nethpd of claim
5, wherein the conpound of formula Il is crystallized
fromat |east one solvent selected from nethyl
tert-bytyl her .and i soprppanol .. 9...The net hod.of.
claim Ejb f uﬁhﬁéﬁle@%ﬂ%ﬁrcﬁa@ﬁngl’%ﬁ% gid ﬁf‘@%@&ﬁﬁgﬂ’ﬂds é)‘?kyl
f phodphete! | With at | east one solvent selected from
methyl ter -butyl ether and isopropanol, and recycling
the washed solvent to crystallize the conpound of

f or mul Il recjt in cl.ai 7. 10, The net hod, of
ol aim 83 1 unERartsti et Wheim s A EBRmGAY deptable sal
f ar mshid ViyHton at | east one sol vent sel ected from

methyl ter t-butyl ether and isopropanol, and
recycling the washed solvent to crystallize the

conpou of formula Il .as recited in claim8. 11, The .
ne{rﬁ od qgf c I’Ii‘f" r‘??rgf},“%f (lfjr‘ileﬁ%‘rl Ie E%Cgiahﬁait(ﬂ% BAGOHE baggds used in

C HIRERACObS Jaﬁflfﬂﬂs@trﬁﬂsfércéa?d}%@npound of formula I, or
a pharmaceutically acceptable salt thereof, 12. The

nmet hod of claim 11, wherein said reducing agent is

di akyl . phosphite. : .
' aKy 19 nos qlﬁle method of claim 14, wherein said aqueous base is aqueous KOH,

aqueous NaOH, or aqueous LiOH, said phase transfer catalyst is tetra-
alkylammonium chloride, said reducing agent is dialkly phosphite, and said

pharmaceutically acceptable salt of formula V is HCI.
16.  The method of claim 15, wherein said fefra-alkylammonium chloride
is methyl-tri-n-butyl ammonium chloride, and said dialkly phosphite is diethyl

phosphite.

17.  The method of claim 11, wherein the conversion is achieved by

reacting the compound of formula IT with sodium azide.

18.  The method of claim 17, wherein said reducing agent is diakyl
phosphite.

19.  The method of claim 17 wherein said pharmaceutically acceptable salt
of formula V is HCL

-13-



13. The nmethod of claim 11, wherein said
phar maceutically acceptable salt offornmulaV is HCO .

wdaddo06/028889et hod of claim 11, in which at | eastPONES2005/029879
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15

20

25

aqueous base is used in the presence of said phase
transfer catalyst. 15. The nmethod of claim 14, wherein

sai d aq@eousTHaaehb® oBABOUE iK@Hichad ketSneMatkbusMase is used in
aqueous Li OH, said phase transfer catalyst is

t dhe prebengE fprid phase dahsfet eiéalysai d reduci ng agent is

di al kl y phosphite, and said pharmaceutically

acceptable salt of formula Vis HO. 16. The nmethod of
claim 1f, Wg{eahfihs@brlisinAbK YRR Biid AdHus bhias h§ueous KOH,
Hi ethyl -fr7-7i-butyl anmmoni um chloride, and said

diaghédug NetHE phriageedus LiDH1 $ayd plso sighsfercataFst isTlgramet hod

of .claim1l erein.the conversi.on. i hi eved .
g uHn S it SRFBRRRrY it Rty AhSsRG frd ide.
1&harthR il A cQptablAdald of formwievek mai d reduci ng

agent is diakyl phosphite. 19. The nethod of claim17
wherein said pharnmaceutically acceptable salt

o ettt ST S
S RefRASS i ANShehofifhdhtide, &ldkaidTaakrgﬁﬁ%g}sm&fis alegiyn

, Wnérein sald aqueous base 1s aqueous K aqueous
NaBbkphdte. agueous Li OH, said phase transfer catalyst is
t ef raal kyl ammoni um chl ori de, said reducing agent is
di al kl y phosphite, and said pharmaceutically

accept 3l e sl f.upfh ff)fjﬁrgﬂérﬁlg\é écﬁ‘nﬂ&d of formula II in substantially pure

form,

Lo 0

(a) crystallizing a crude compound of formula II with at least one solvent

comprising:

selected from methyl zerz-butyl ether and iso-propanol to give a compound of formula
IT in crystal form;

(b)  washing the compound of formula II in crystal form from step (a) with
at least one solvent selected from methyl zerz-butyl ether and iso-propanol to give the
compound of formula II in substantially pure form; and

(c) recycling the washed solvent collected from step (b) to crystallize a

crude compound of formula II in the next batch as recited in step (a).

24.  The method of claim 23, wherein said solvent in steps (a), (b) and (c) is
methyl ferz-butyl ether.
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22. The nethod of claim 21, wherein said e

-al kyl ammonium chloride is nmethyl- rz- -butyl ammoni um
w@hdioen2isey and sai d dial kly phosphite is diet hptT/US2005/029879

phosphite. 23. A nethod for preparing a conpound of

formula Il in substantially pure form conprising: (a)

crystalds, zi Nphean&thd@8f ALPY3 Riheddin k416 Rblvent ih st th)a('b) and (c) is

| east one sol vent sel ected fron1nethy| tert-bviy

etifeprogaadl/ so- propanol to give a conpound of fornula

Il in crystal form (b) washing the conmpound of

formula Il in crystal formfromstep (a) with at |east
one solvent selected frommethyl tert-butyl ether and
zso- propanol to give the conpound of formula Il in

substantially pure form and (c) recycling the washed
sol vent collected fromstep (b) to crystallize a crude
compound of formula Il in the next batch as recited in
step (a). 24. The method of claim?23, wherein said
solvent in steps (a), (b) and (c) is nethyl tert-butyl
et her.25. The nethod of claim 23, wherein said sol vent
in steps (a), (b) and (c) is iy-propanol.
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