WD 98/ 35963

PCT/ US98/ 02412 PROCESS FCR PREPARI NG EPROSARTAN 5 -

FI ELD-OF THE | NVENTI ON The present invention relates to a process for
prepari ngv@IFB8%Pt an. This conpound is described in U.S. PEFEW?9 4z -
5,185,351 as being an angiotensin Il receptor antagonist useful in the -
treatnent of hypertension, congestive heart failure and renal failure. 10

BACKGROUND OF THE | NVENTION U.S. Patent No. 5, 185, 351 descri bes processes

for the preparation of im W‘ TANpcesses descri bed
in this application is thegrﬁeagﬁ on o lT‘lﬁaﬁyde W|th a substituted

hal f-acid, half-ester derivative of a 15 mal onate. Al though this process
produces thg i m dazol es cl ai med m%ﬂﬂw need to i nprove this
process when prepar;l;vr‘ij“g| conpounds, as eprosartan, .on com‘reﬁ.Ej al
scale. It has now bedhPRSHHPYCAULD ERAIGHIQRPEPFEES rgéepﬁp%gprgm ifcting
4-[(2-[err]- bubmbeuixdfmdcsphbecﬂjd-wmaammo F;1855)35¢ ab pethp an angioteasin fl or t he

131 et hy 1 bedeapiet dneapiERtia e deanfiizRiictioniing Boffsind bhar il

( 2-t hi enyl net hynd pnebfalessi oi ¢ aci d, nono-ethyl ester to produce eprosartan
efficientlygin high yield and high purity. The efficiency of this process

and the quality and yield of ¢ dazql e.n 1G articularly
| nportant when preparing sai u%t?\, (ﬁ: "F = o\,a-fbbpor t herapeutic use.

25 DESCRI PTI ON OF THES. IMﬂﬁt\ﬂﬁb(}JISﬁéde&ssam prmesms' rfmthppmpaxdam of process
(8- 25 2! S ABSR Clbo  kyr s
yl ] net hyl ene] - zeacn%gﬁmdiwew |acsuasﬂte#=d a om\&e%«fr degivativepf @l ) .
CO2H [err]19r andidrateratieichpi it prooess Ppidulbesthe hidazdley @sined therein, there
was a need to improve this process when preparing compounds, such as eprosartan,
on a commercial scale.
It has now been found that eprosartan can be prepared by reacting 4-{(2-n-
butyl-5-formyl- 1H-imidazol- 1-yl)methyl]benzoic acid or the bisulfite addition
20 compound of 4-[(2-n-butyl-5-formyl- 1H-imidazol-1-yl)methyl]benzoic acid (PCT
' Application WO 95/32189) with (2-thienylmethyl)propanedioic acid, mono-ethyl
ester to produce eprosartan efficiently in high yield and high purity. The efficiency
of this process and the quality and yield of the imidazole product are particularly
important when preparing said product on a large scale for therapeutic use.

25
DESCRIPTION OF THE INVENTION
The present invention provides a process for the preparation of eprosartan,
which is (E)-a-[{2-butyl-1-[(4-carboxyphenyl)methyl]- 1 H-imidazol-5-
yllmethylene]-2-thiophene propanoic acid, a compound of formula (I):
30 '

COH

or a pharmaceutically acceptable salt thereof,



WO 98/ 35963 : _
PCT/ US98/ 02412 -2- which process conprises reacting a conpound of forsula
(11):-oHYPPPSM3  or an acid or a base addition salt ther®cFUSSHOEH2a -
cofrpound of formul'a (111): [err] 10 V\/ﬂfl‘ei n Rerr] is (Jerr] alkyl, at™
~reduced pressure in the presence of a cat’al yst, such as piperidine or

pi peridi ni um propionate in an excess of propionic acid, and thereafter
hydr ol yzi ng twhichRproesss compnisgs tgattingaédmypdund o fgmalap(iBr maceutical |y -
acceptable salt. Alternately, a fornmula (I) conpound can be prepared by
reacting a 15 conpound of formula1V): HOgg H N (I'V) with a
formula (111) conpound ah b duced n the presence of a catal yst,
20 such as pi peridine P [ [onate in an excess of
propionic acid, and thereafter hyarol yzNme’t h@SR,Hester and optional ly
form ng a pharnaceutically acc e Acid addition salts of fornula
(1) and (11) conmpounds are formed with e 25 appro mate | norgani c or
organi ¢ acids by nmethods known in the art. Representative exanpl es of
suitable acids are maleic, fumaric, acetic, succinic, hydrochloric,
hydr obr or 8i ¢ or subdidof & pbaspladdiibn saltthereofiet hanesul fonic. Preferably, the

phar maceut i iV B&Bff}’“ﬂﬁi ¢mpddition salt for the formula (1) conmpound
is the methanesuaifom acl agitlon'salt._ :

s COR'
W
CO,H

(1)

10 wherein R'is Cj_4alkyl,
at reduced pressure in the presence of a catalyst, such as piperidine or piperidinium
propionate in an excess of propionic acid, and thereafter hydrolyzing the R' ester
and optionally forming a pharmaceutically acceptable salt.

Alternately, a formula (I) compound can be prepared by reacting a
15 compound of formula (IV):

o
H_OOC—< >—\
- N H
A~
| N )

with a formula (IIT) compound at reduced pressure in the presence of a catalyst,

20  such as piperidine or piperidinium propionate in an excess of propionic acid, and
thereafter hydrolyzing the R’ ester and optionally forming a pharmaéeutically
acceptable salt.

Acid addition salts of formula (I) and (IT) compounds are formed with the
25  appropriate inorganic or organic acids by methods known in the art. Representative
examples of suitable acids are maleic, fumaric, acetic, succinic, hydrochloric,
hydrobromic, sulfuric, phosphoric or methanesulfonic. Preferably, the

pharmaceutically acceptable acid addition salt for the formula (I) compound is the
methanesulfonic acid addition salt. -



WD 98/ 35963 - .

PCT/ US98/ Q24 -3- Base addition salts of forrmula (1) and @,ﬁﬂ nds
are fornewaza]aﬁﬁgﬁshe appropriate inorganic or organic basesgﬁé‘% ogg known,
inthe art. Cationic salts are prepared by treating the parent conpound
with an excess of an al kaline reagent, Slch as hydroxi de, carbonate or -

al koxi de, containing the appropriate cation; or wwth 5 an appropriate
organi ¢ am ne. RePasexadditiohiszies affarmmile ¢I) ahd (I8tdompouadscark formelilavith th¢ err ] ,

Cerr]f[err], . : . | h ormul a
(rr) corrpouné’i‘%l%sﬁgg\‘1 Tg%mtl}% ggéahlecr%?%, Wéﬁ %@é‘?ﬁqﬁ.‘é’ﬁ‘] Igltﬁe%@rré%%)gicasﬁh | kyl
group of 1-4aeprensres byyreating the parent pempanr avith ayf exceys[afan pikaligd reagent.udes
met hyl, et hyluchfas By@oXide, dafttinaylalkoRideUdobkainihg eelpplophiafd daribiiloy bwithThe
preferred Rlerr] Jerr er.r]ri%linlal roup i.s eth i \t/gl cally Lhﬁ process is
carried out BY2 3ify PFGANC PENC, _ F-tgg‘feo‘?"ﬁ?%-es tions are’Lit, Na™,

1H i m dazol - KtyCytretMigt aedWHiyt. The greferradrsaltiforsnfdrithefommidiat(Ilpn conpound of
4-1(2- - n-but &rﬁ?’l}nﬁriml -1H i m dazol -1-yl ) net hyl ] benzoic acid with

(2-thi enyl methy 3 propanedi oi ¢ acid, nmono-ethyl ester in a suitable
solvent, such as toluene, in the presence of a catalyst, for exanple, in

t he presence of piperidinium gropi onate | an excess of propionic acid, at
a suitabl e tenperatureHO00 @ m\tenpgrature of 20 about 75[err]C to
about 100[err]C, preferably at=a/tenpeLgrur ©S,N8D[ err] C-85[err] C, at

reduced pressure, such as at | nall pressure reduced to about 9-13

I nches of Hg, preferably 11 4nches o The ester precursors to the
formula (1) conmpound are hydrolyzed to the corresponding formula (1)
carboxyl 1@ acid using base, such as aqueous sodi um or pot.assi um hydr.oxi de.

descrbed abova: AL LeEa AN SR g of L Bfup bt IV epfnk 1EREA AL o'
1-yl) met hy| | Bebeshe Soiarlky! wﬂed%i%ﬂxli b s prem SQREPRYA ArBmtyk,
4-[ (2- n- but ylsobutybandytbutyit The grefared R' ¢ )alkylproigisednic acid and (2
thienyl met hyl) pr O??ﬁ@:ﬂiﬁh& p&%&s%’is Chied &Et%l co%ﬁ)tit(xa’xflg 4-[(2-n-butyl-5-formyl-
15  1H-imidazol-1-yl)methyl]benzoic acid or the bisulfite addition compound of 4-[(2-
n-butyl-5-formyl- 1H-imidazol- 1-yl)methyljbenzoic acid with (2-thienylmethyl)-
propanedioic acid, mono-ethyl ester in a suitable solvent, such as toluene, in the
presence of a catalyst, for example, in the presence of piperidinium propionate and
an excess of propionic acid, at a suitable temperature, such as at a temperature of
20  about75°C to about 100°C, preferably at a temperature of 80°C-85°C, at reduced
pressure, such as at an internal pressure reduced to about 9-13 inches of Hg,
preferably 11 inches of Hg. The ester precursors to the formula (I) compound are
hydrolyzed to the corresponding formula (I) carboxylic acid using base, such as
aqueous sodium or potassium hydroxide. Thereafter, pharmaceutically acceptable
25  salts may be prepared as described above. '

Alternately, 4-[(2-n-butyl-5-formyl-1H-imidazol- 1-yl)methyl]benzoic acid
or the bisulfite addition compound of 4-{(2-n-butyl-5-formyl-1H-imidazo}-1-
yDmethylJbenzoic acid and (2-thienyimethyl)propanedioic acid, mono-ethyl ester
are reacted to give (E)-o-[[2-butyl-1-[(4-carboxyphenyl)methyl]- 1H-imidazol-5-

30  yljmethylene]-2-thiophene propanoic acid by heating the two substrates in toluene
at reflux under reduced pressure and in the presence of piperidine as catalyst
followed by hydrolysis of the intermediate ester ethyl '(ethyl (B)-o-[[2-butyl-1-[(4-
carboxyphenyl)methyl]-1H-imidazol-5-yljmethylene]-2-thiophene propanoate). In
this preparation, 4-[(2-n-butyl-5-formyl- 1H-imidazol-1-yl)methyl]benzoic acid or




are reacted to gi ve _
(E)-[err]-[[2-butyl-1-[(4-carboxyphenyl)nethyl]-1Him dazol-5- 30 . .

yl ] met hy| ®ie98/3963hi ophene propanoi ¢ acid by heating the tV\/(!’C@G@QWMﬂks i-n
tol uene -at reflux under reduced pressure and in the pr esence of piperidimne-
as catalyst followed by hydrolysis of tié-internediate ester ethyl (et hyl
(E)-[err]-[[2-butyl-1-[(4- carboxyphenyl)nethyl]- 1

' ZH mzdazgl lﬂ&ELiEﬁIﬁWlh&{]iﬁ_rlné’oﬁ uaalaemq mﬁ-geﬁnsq&&a yl- IHLirhighsH1RL epar at i on,
-98E 25923 utyls l)Sr;letﬁylﬁrl;/en_zonc a}n enyfme¥h))l)pr a};ec}xolg r:«‘léx?il &ogg-legp@p;%@ 02412
-4- the bisul lfoihteﬁe atid:hhngedntmglpmindd@feel vessel and are initially heated to 55-60 °C

4-1 (2-n- butyI g ﬂf’ﬁlﬂ:l I @g

(2-thi enyl met 1 °g‘§ g}éénge’%é (I?ch aci , Tr?g)r%gag?% %@?ﬁg&g‘iﬁ@ﬁ W@%@I‘%re
charged td a @pa@snm isdgated tereflys ARTS aﬂl?\)dltléceredmempattssgrehaaﬂmd to 55-60

[err]C to af fwnm@nbmdwwsmursmﬁ hm&é-:ﬁl@@uffglrh Lé') pﬁ;hg'r ne)

i s added and 5 ta@ eatlone{tﬁ eate éﬁ%

reduced pr esstPB 9 ¥ frstetis @d F‘ES’P“Z’D“B@ HELVatennd

addi ti onal (Zandkuqaegdsrsadxhgﬂ)ydrqamdqaaedﬂedmﬂmmﬁkcl amdthe fetabtydn mixtae | s added.
Once the reac |de are added
to the vesselﬁé%(?alttﬁe reafh:%lt on %Eﬁ &%&PY% ?h§e 1 UXx E%%[ Bt nospheric
condi t i onkf f odeemed cp@plete whendthe leyel of @l‘h}'il @h@-[ﬁ-@l@ﬂﬁﬁ%@rﬁﬂxﬁﬂ;@nﬁlﬁen t he
level of ethypefh -m-hﬁxaaiumyynzﬂet 1&@%&@@1& panoate is less than 2.0%.

thyl]-1H h t I th l
>0%  The rea qaréﬁiqog i e O SE'C, i B MBI o, RE G RGeS SBRTES O gani
phases separ aTkatoluthephast isadiscapdeds Etliagolds addedde the aﬁuém.lwhasesanddtbed to the
aqueous phasesghiihn lbscl&ﬁhwmquéomp@otg\sﬁcm:&nnepé@si%%wgs%?' oric acid

until a pH o mai_nt eénper ature at

50- 55 [ er¥9 C. achiyed,maipiaining the jampesatucs 3 éGSémG éFhPaWéacttSéﬁrausm@l@d 10- 15
[err]C for 2 #@uliowed Bestiarad 0015 °C3'oﬂ$ﬁdnﬁ§e’lih 8t tid isbld@atyon, washed and

descri bed abogpRAREED ind SPtea TSRS phepmasr SR S dazo -
1- 20 vyl ) nemhybd prspared as énscdquraboma b| sulfite addition corrpound of
4-[(2-n-butyl-5-  The reaction between 4-[(2-n-butyl-5-formyl-1H-imidazol-1-

20  yl)methylJbenzoic acid or the bisulfite addition compound of 4-[(2-n-butyl-5-
formyl-1H-imidazol-1-yl)methyl]benzoic acid and (2-thienylmethyl)propanedioic
acid, mono-ethyl ester catalyzed with piperidine can be run successfully in solvents
(and/or solvent systems) other than toluene; these solvents include cyclohexane,
cyclohexane:dichloroethane (12:5 or 1:1), cyclohexane:pyridine (12:5), and '

25  cyclohexane:ethyl acetate:pyridine (8:3:1).

Other catalysts which successfully promote the reaction between 4-[(2-n-
butyl-S-fonnyl-lH—imidazol-l-yl)methyl]benzoic acid or the bisulfite addition
compound of 4-{(2-n-butyl-5-formyl-1H-imidazol-1-yl)methyl]benzoic acid and
(2-thienylmethyl)propanedioic acid, mono-'cthyl ester in toluene under reduced

- 30  pressure besides piperidine include morpholine, 1-methylpiperazine, and
pyrrolidine.

The invention is illustrated by the following examples. The examples are
not intended to limit the scope of this invention as defined hereinabove and as
85 claimed hereinbelow. '



fornyl -1 Himdazol - 1-yl.) net hyl ] benzoi ¢ acid and

(2-thienyl met hyl ) propanedi oi ¢ acid, nmono-ethyl ester cat all,&ﬁ% o¥bi 412

pi peri di WO BAYEe run successfully in solvents (and/or solvént syst ens)...
other than toluene; these solvents inclyde cyclohexane,

cycl ohexane: di chl oroet hane (12:5 or 1:1), cycl ohexane: pyridine (12:5), and
25 cycl ohexane: ethyl acetate:pyridine (8:3:1). Qther catalysts which
successfully pronote the.reaction between 4-[(2-n-

butyl -5-fornyl -1 Hi m dazol - 1- yl)mthwl c acid or the bisulfite

addi tion conpouynd of, 4- -n-h | - or I : . rre rgyl ] benzoi c
aci d and (2-t hi-SRa a2t M+ S OdaR T o6 —at “+~f ol uene
under reduced 30 d ety lged i 2dthiophegrcpropanofc aond (Eptesal

| - met hyl pépera2| ne, and pyrrol i d| ne. The | nventl onisil I ustrated by the
f ol | owi ng” exanpl es. The exanpl es ‘are not intended to limt the scope of
t hi s inventi faagentscad wRYENEer ei nabove and as 35 clai ned herei nbel ow.
EXAMPLES WO 98/ 35963

PCT/ US98/ 02412

-[ (4-car boxvphengl)ﬁﬁ@'ﬂﬁgﬂ*‘F&‘PﬂE eﬁ%ﬁyﬂor}§ @ﬁ%@ﬁ@i@f lgu‘f‘ﬁ iﬁé‘ne
propanoi ¢ aci d ( Epr od)metiyijbehzdieagent s and2f kgent s 2B.82 olssi| f | te addi tion
18 o L& B L SO forblyl Tt Rhaoi- by ool D! © 2! d
4-[ (2- n- but yl - 5-2.or rfp{Thisaylmethypsppanedivicacids pangeathid ester diSP ke (80.9%

(2- Thi enyl net hyl )prmgdyql C acs4)18 AlRe- et hyl ester 15.29 kg (80. 9% W w

--assay) 54.18 &ml epsl 3. dine Pi perli‘lhgli 2288§Zmoles 28. 82 nol es

4. Propionicacid 8.60L 115.28 moles
15 ‘5. Toluene S56.5L+19.0L=75.5L total
6. Sodium hydroxide 16.7 kg (50% aqueous solution) 208.75 moles
7. Water 650L : '
8. Ethanol 41.2kg
9. 6NHCl! AdjusttopH 5.0t05.2
20 10. Water 750L '
Procedure
1. Charge toluene (56.5 L) to the reactor.
25

2. Charge (2-thienylmethyl)propanedioic acid, mono-ethy! ester (15.29 kg,
80.9% wi/w assay) and bisulfite addition compound of 4-[(2—n-butyl-5-f_6rmy1-1H—
imidazol-1-yl)methyl]benzoic acid (12.03 kg, 68.57% 4-[(2-n-butyl-5-formyi- 1H-
imidazol-1-yl)methyljbenzoic acid) to the reactor and initiate stirring. Reduce the

30 internal pressure to 11 inches of Hg and heat to reflux (internal temperature of
reaction was maintained between 80-85 °C) for 1-2 h. Set the jacket temperature at
110 °C. Coliect the water in a Dean-Stark trap.

3. Charge toluene (19.0 L) followed by propionic acid (6.45 L, 86.46 mol) to a
85  second reactor. Treat the resulting solution slowly with piperidine (2.85 L., 28.82
mol) at room temperature. Stir the resulting mixture for approximately 30 min.



4. Propionic acid 8.60 L 115.28 nol es 15 5. Toluene 56.5 L +

19.0 L = 75.5 L total 6. Sodi um hydroxi de 16.7 kg (50% aqueous. .

sol uti on)WeP8BH®3npl es 7. \Water 65.0 L 8. FEthanol 41. PCRYSS/024R N HC|
Adjust to pH5.0 to 5.2 20 10. Water 75.0 L Procedure 1. Charge -
toluene (56.5 L) to the reactor. 25 2. Char ge

(2-thi enyl nmet hyl ) propanedi oi ¢ aci d, nono-ethyl ester (15.29 kg, 80.9% w w
assay) and bidsul f Mest the dirstirepstos svithitiegenfand r¢duce the jacket Empenatpe tol H-

i m dazol - 1- ylghretfuhdrbene ﬁipﬁn@iﬁilﬁn fa l:%xo%&eﬁﬁog*@& c adidsolution in toluene from

4-1(2-n-butyl - for |- | H azo benzoi ¢ aci
reactor and |‘?ﬁ feren eg‘it?’rtPld?Fg‘l"sﬁ&ﬁ?}% %‘?ﬁ’)é’c% e 1ntR Pf&?suf‘?r[@slgd?@eief 11

i nches of Hg Hghdteal totrefluxaintersal(temberatird of reaRioh akds hfaithined betiveeN80vas

mai nt ai ned b r ck eperature at
110 [err] %gwﬁgc#ﬂ% gdgetﬂefgp%}at&% }4@5“? acr’@??cf Q\Sew%% n gé&’ﬁ?ﬁ ol uene
(19.0 L) f ol ltlaped by propionic acid (6.45 L, 86.46 nol) to a 35 second
reactor. Treat the resulting solution slowy with piperidine (2.85 L, 28.82

I h | ti ' f I
Tol ) at [ OOM eMPEIAL UL (iR artouat et ASshyal K T2 AL § edeSlyt SRR IAL AR o Y 30
PCT/ US98/ 024 i DmethylJbenzoic adid)iremhhiainiin sélutieawhoibont 207 ahd thegeivuanst r educe

he j ack ' :
br op onatd- pioanelefybfobeioic Al thdior ) PR Ul sbowr 20m. o,
the first redwnaiditionakchergeraf £2-thiensimethyDpropanedisiq acid, mangestsd ester Hg and heat

to reflux (inRiesrgls.42moR)Habaddedlat RAS hedark¥@s Mai ntai ned between 80- 5
85 [err]C). Set the jacket tenperature at 140 [err]C. Collect the water in

a Dean-Stark trap. '
6. After 13.5 h, the reaction was complete and the reaction was cooled to 70

15  °C. (The amount of aldehyde remaining was about 5%.) Water (65.0 L) and
sodium hydroxide (16.7 kg; 50% w/w agueous solution) was added and the reaction
was brought to reflux.

7. The reaction was refluxed for an hour. The reaction was assayed for the

20  presence of ethyl (E)-o-[[2-butyl-1-[(4-carboxyphenyi)methyl]- 1H-imidazol-5-
yllmethylene}-2-thiophene propanoate. If any is present, reflux for an additional
half hour. Repeat assay.

8. Cool the solution to 60 C. Separate the layers and add ethanol (41.2 kg) to

25  the water layer. Slowly adjust the pH of the solution to 5.2 with 6 N HCI (temp. 60
°C). The product will start to crystallize (temp. 60 °C). Cool to room temperature
and stir for two hours. Filter and wash the product with water (2 X 37.5L).

7. The solid was vacuum dried (9.44 kg, 77.2%).

30  Analytical Data
HPLC - _
Column Zorbax SB-C18, 3.5 mm, 7.5 cm x 4.6 mm
Column Temperature 40 C '
Flow Rate 2.0 mL/min
Sample Preparation 8 mL of the reaction is blown down with a stream

of nitrogen and then dissolved in 2 mL of 50:50



5. After 7.5 h, the anmount of al dehyde

(4-[(2-n-butyl -5-fornyl -1 Himdazol -1- yl)nethyl]benzoic aﬁ é@ 1 ng I n
sol uti on WABZEMEH#t 20% and t he anount of 10 (2-thi enyl net ?P%UB ‘ggnedl oiC .
aci d, nono-et hyl ester renmaining was about 20% An additional charge of
(2-t hi enyl net hyl ) propanedi oi ¢ aci d, nono-ethyl ester (1.53 kg, 5.42 nole)-
was added at the 8.5 h mark. 6. After 13.5 h, the reaction was conplete
and the reaction was cooled to 70 15 -f-err] C. (The anount of al dehyde

remai ni ng was about 5% ) Water (65.0 L) and sodi um hydroxide (16.7 kg; 50%
w w aqueous sol ution) was added and the re ought to reflux. 7.
The reaction was refl|uxed for an hour. Theaa%tzba{cﬁ#ﬂgﬁa'\%gg assayed for the 20
presence of ethyl Injection Volume

(E)-[err]-[[2-butylpdtedtiof Waveleapsiphenyl ) rretjgylnhr 1H— | m dazol - 5-

yl ] met hyl ene] - 2-t hi,gphen rppanoate. If a nt flux an

addi tional half hoﬁ.gb%epglg%tgassay 8. @’&)#\f "“ U?ﬁe%ﬁe {pg‘X'Bg%:

Separ at e the | ayer SMabile phase Bt hanol (41.2 K§5Q 00215Mmoniatnsacetmy@¢¢tonitﬂe
Slowly adjust the Difa@fentgi6graml ution to 5. @rﬂntdloﬁoMuhﬂs,%ﬁf%o%ﬁﬂoﬁiﬁﬁﬂaQA

The product will start to crystallize (tenp. er é"“ﬁ foro
tenperature and stir for two hours. Filter tar’.gg’%v&%‘}?ﬂ% S&B&é{“"%ﬁrﬂ{n%‘t%r

—KD

(2 X37.51). 7. The solid was vacuum drmindte§ 8t W0%mobilephass)B, théh re-
Anal ytical Data HPLC Col um ethbaatc fozgrnlﬁﬂﬁ'tessﬁ'lgé’%’mgbxé pliiBe A
7.5 cmx 4.6 mm Col umm_Tenper at ure :
2.0 [err]L/min Sanpf® BM&parati on 15‘8‘“H§§sof the react ion is blown
down with a stream Eduilirationdfimeand t hen di ssminsed in 2 nL of 50: 50 VO
98/ 35963 Retetion time . 4-[(2-n-butyl-5-formyl- A MpP8r 02412
-7- acetonitrile wate L.

1H-imidazol-1-

yl)methyl]benzoic acid

(E)-o-{[2-butyl-1-[(4- 4.58 min

carboxyphenyl)-

methyl]-1H-imidazol-5-
yljmethylene]-2-
thiophene propanoic
acid
(2-thienylmethyl)- 4.13 min
propanedioic acid,
mono-ethyl ester
ethyl (E)-o-{[2-butyl-1- 8.43 min
[(4-carboxyphenyl)-
methyl]}-1H-imidazol-5-
yljmethylene]-2-

" thiophene propanoate

A glass-lined steel reaction vessel is charged with 4-[(2-n-butyl-5-formyl-
1H-imidazol-1-yl)methyl]benzoic acid, (2-tlﬁenylmethyl)propanedioic acid, mono-
ethyl ester (about 1.9 molar equivalents relative to assayed 4-[(2-n-butyl-5-formyl-
1H-imidazol-1-yl)methyljbenzoic acid), and toluene (about 6.3 g per gram of



I nj ection Vol une ' 2.0 nL Detection Wavel ength ‘ 235 nm

Mobi | e phase A 0.1 M Amoni um acetate (pH = 6.7) Mbjle
phase. B WO9359%63  50:50 0.1 M Anmonium acetate: acet ®OTUSIHOER ent
program- FromO to 10 minutes, from 100% nobi |l e phase A to 1060%

nobi |l e phase B in a linear gradient, 5 #-nutes at 100% nobi |l e phase B, then
re- equilibrate for 5 mnutes at 100% nobil e phase A Run Tine B

15 m nut E I [ i . . i S

4-[(2-n- gﬁt ygslég‘ll r@_:nobn WI'%%"W‘ILE‘FW%%E }'ﬂ)&%éﬁﬁﬁé Kgﬁnﬂ]t‘%‘@nz%, e g

(E)-[err]-[[&35460°C. lPIp(zrdme (dprreximately 66 Dk rblatiye to-4-[(2tnhbutyl-5-formyl-

| Hi'm dazol - 9g ,}%A -éic)ﬁxgﬁxly genzBﬂ:'ﬁm?@fddgﬂoﬁﬂﬂ@a&l&ﬁkﬁxcﬁ%eh@ﬂ?d“yl met hyl) -
edl ol C

4.13 mn propan ester )-a-[[2-butyl-1- 8.43
M n [ (4- car beeflusivethazsotrapiq emoyal Qﬂ-WQ’ﬁrdﬁ‘Qﬁqmﬁuc Ry }'112“3“?% ophene
propanoats {Pek£uré OPEW@VO-USGG i®malrindd? rTHe]rcic[thn Rithghitoréd by IPC 1

- (4- car boxpr(g_l; q-:%F q,r%/tgﬁq of gtamngrg P(i nobut?l-s ¥ormy5 tfﬁl-l%ﬁgizoglt h' ophene

propanoi ¢ ac
yl)methylJbenzoic acld If >10% of the starting 4-[(2-n-butyl-5-formyl-1H-

imidazol- 1-yl)methyl]benzoic acid remains after 12-30 hours, additional charges of
(2-thienylmethyl)propanedioic acid, mono-ethyl ester (0.10 equivalents per charge
10 relative to 4-[(2-n-butyl-5-formyl-1H-imidazol-1-yl)methyl]benzoic acid) may be
added and the reaction continued. When IPC 1 analysis indicates that the reaction
of starting 4-[(2-n-butyl-5-formyl-1H-imidazol-1-yl)methyl]benzoic acid is
essentially complete (<10% remaining), the solution is cooled to about 60-65 °C..
The cooled solution is treated with demineralized water (6.8 g per gram of assayed
15  4-[(2-n-butyl-5-formyl-1H-imidazol-1-yl)methyl]benzoic acid) and an aqueous, 6.7
N, solution of sodium hydroxide (about 2.0 ml of solution per gram of assayed 4-
[(Z-n-butyl-S—forrnyl-lH—imidazol-l-yl)meihyl]benzoic acid) and the mixture is
heated at reflux for about 1.0-3.5 hours. The reaction is assayed, by IPC 2, to
confirm the complete conversion (<2.0%) to product. The solution is then cooled to
20  about 50 °C and the layers are separated. Ethyl alcohol (about 5.0 g per gram of
assayed 4-[(2-n-butyl-5-formyl-1H-imidazol- 1-yl)methyi]Jbenzoic acid) is added to
the agueous phase and the pH is adjusted to about 5.0-5.4 with aqueous, 6 N,
hydr;achloric acid solution. The resulting suspension is stirred at about 10-15 °C for
about 2 hours to complete precipitation. The product is isolated by centrifugation,
25  washed twice with water and the wet cake is used directly in the next step. The
corrected isolated yield of product at this stage is typically about 70-85%. Assay of
" adried sample of product on a w/w basis by HPLC versus a standard sample
typically indicates a relative purity of about 97-99%.

30  Analytical Data
IPC 1
HPLC (Gradient)
a5

Apparatus: The following equipment or its equivalent can be used:



A glass-lined steel reaction vessel is charged with 4-[(2-n-butyl-5-fornyl -
1H i m dazol -1 -yl ) met hyl ] benzoi ¢ acid, (2-thienylnethyl)pro b cid,
mono-_ et YO 9835%3 (about 1.9 nolar equivalents relative topgg@%ée%&glf .
4--[(2-n-butyl-5-fornyl- 1H i m dazol - 1-y|_)9_rret hyl ] benzoi ¢ acid), and tol uene
(about 6.3 g per gramof . WD 98/ 35963 -
PCT/ US98/ 02412 -8- assayed 4-[(2-n-butyl-5-fornyl- 1 Himdazol- 1

-yl) met hyl ] beinstoamemci dleveett Packards dMadel 585060 [err] C. Pi perdi ne
(approximately 66 nol % relative to 4-[(2-n-butyl-5-fornyl -

| Hi m dazol -1 -yl )methyl ] benzoic acid) is added. The reactign is then heated
to reflux witPimpiagsSysenc r AeRARY. IoY-RResswe mixingeradiens BAPpHELE ¢ so t hat
an internal 5 tenperature of about 70-75 [err]C is maintained. The :

reaction i nitored by IPC 1 f di. sappearance of starting -
4-[(2-n- biyrﬁﬁcg%r ny! - ‘#‘ﬁaﬁﬁpkgzgf’-lf’-?%?}%t hyl ] benzoic acid. If >10% of
the starting 4-[(2-n-butyl-5-fornyl-1H im dazol- 1 -yl)nethyl]benzoic acid

remai ns after 5 houlrg, vasiiid we ;

(2-thi enyl met hy pgopa;%gi‘gi c a%?g@%?igﬁ?f)@;egfser (0. 10 equival ents per
charge 10 relative to

4-[ (2-n-butyl ebpdigengy! - 1H-i m dazol - 1-yl ) met hyl ] benzoi ¢ aci d) may be added
and the rgaction continued. When IPC 1 analysis indicates that the reaction
of starting 4-[(2-n-butyl-5-fornyl-1Hi m dazol - 1-yl)nmethyl ]benzoic acid is
essential |y cColpmat e (<Adbex K18 h§cm x A6 row) 3:5imigrong paticlesizet 0 about

60-65 [err]C. The cool ed sol uti onMafufiduaed 8¢ RotkiBndieéinaslogies 286l Water (6.8
g per gram of ass ‘

.15 .
4-[(2-n-butyl -5-f gﬁﬁ%@ﬁﬂ!ﬂtf’ﬁ MAGMAD pnalyticely Inchenz0i ¢ acid) and an-

aqueous, 6.7 N, solution of sodium hydroxi de (about 2.0 ml of solution per

gr am of ﬁayﬁﬂué'n Mlgérﬂ' butl%{ge&%%%ﬂfr&g%{}éﬂ—# GM% -l -yl ) et hyl ] benzoic

acid) an he"nmrxture I's hea ux Tor abou x'1.0-3.5_hours. The
reaction is assayed, by IPC 2, to confirmthe conplete conversion (<2.0%

to product. Tjgﬁeﬁpbggahkpmgct gt eehidlet 0 20 about 50 [err]C and the
| ayers are separa’:)sA . Et hff cohol.%_l(labout EE%O %@per gram of assayed
4-1(2-n-butyl - 5- f oPAYAONEY: nium aestate (PR 1 %Bnzoi ¢ acid) is added to
t he agueous phase and the pHis adjusted to about 5.0-5.4 with aqueous, 6
N, 20 Mobile Phase Preparation =~ Mobile Phase A = 0.1 M Ammonium acetate

Mobile phase B = 50:50; 0.1 M Ammonium Acetate: Acetonitrile

Detection Wavelength235 nm, 0.1 AUFS
25 FlowRate 2.0 ml/min.
Temperature 40 °C
Injection Volume 20 microliters
30
Analysis Time 20 minutes
Re-equilibration Time6 minutes
35 Sample Preparation Approximately 30 mg (2 drops) of the reaction mixture is

weighed into a 25 ml volumetric flask and dried under
a nitrogen stream. The volumetric flask is then filled



hydrochloric acid solution. The resulting suspension is stirred at about
10-15 [err]C for about 2 hours to conplete precipitation. uet is
i sol ated” 98333 i fugation, 25 washed twice with water gﬁ%ﬁ?%? cake .
is used directly in the next step. The gorrected isolated yield of product
at' this stage is typically about 70-85% Assay of a dried sanple of product
on a W w basis by HPLC versus a gaqdard.&wle t%igi (EaJE@/ indicates a
relative purity of about 97-99% ‘SYPMRG M LHHOBN I PL € ¥R G ent ) 35
Appar atus: The follow ng equi pnesenicated fios 1@ qninwted adtallowrd ecast edkoom

PCT/ US98/ 02412 W8/ 35963 - 9- ln%ﬁsﬂépﬁﬁpﬁ Hewl ett Packard, Model 1050
Punpi ng System Ternary, |ow pressure m xi ng gradi ent punp, HP 1050 5

I njector - Autosanpler, HP 1050 Series Detector UV, Vari able

wavel engt Iy, - HEradfeaPprrogiaes TYNRitidl S6FentlCorkpdsition - 0% mobilé Piease §B- C18, 7.5 cm
Xx 4.6 mm 3.5 mcrons particle size, Mnufactured by Rockland Technol ogi es,
Inc. US Distributor MAC-MXD Anal ytical, Inc. 15 Dilution Sol vent 1:5
Acet oni tri | e: HPLC 23 bhiteat/@tadientfromi% @ 120% mobil’pliase Boidd Oaniattesi tri | e
Aqueous: 0. 1 M Ammonium acetate (pH = 6.7) 20 Mobi | e Phase Preparation
Mobi | e Phase A = 0. 1 M Amoni um acetate Mbile phase B = 50:50; 0.1 M
Ammoni um Acet at e: Ack ol atl0P% mehilenbasaB for emiWash235 nm 0. 1 AUFS

10 .
4.) Linear Qradient from 100% to 0% mobil_e phase B in 5 minutes
5.) Re-equilibrate at 0% mobile phase B for six minutes.
15 | IPC2
HPLC (Gradient)
Apparatus: The following equipment or its equivalent can be used:
20

Instrtument  Hewlett Packard, Model 1050
Pumping System Ternary, low-pressure mixing gradient pump, HP 1050
- 25 Injector Autosampler, HP 1050 Series
Detector UV, Variable wavelength, HP 1050 Series
Conditiops:
30 :
Column  Spherisorb SCX, 5 um, 250 mm x 4.6 mm

Dilution Solvent 1:5 Acetonitrile:HPLC Grade Water

35 Eluént Organic: HPLC grade acetonitrile



25 Flow Rate 2.0 m:/mn. Tenperature 40 [err]C Injection Volune 20
mcroliters 30 Analysis Tinme 20 m nutes Re-equilibration ghdxys es 35
Sanpl e PV&®REon ~ Approxi mately 30 ng (2 drops) of the reaction nixtuyce .
IS weighed into a 25 m volunetric flaslq.and dried under a nitrogen strean.
The volunetric flask is then filled WD 98/ 35963 -
PCT/ US98/ 02412 -10- to volunme with dilution,salvent. The s e.ls

soni cated for 10 Aﬁ“ﬁﬁ‘!%%“%ﬁ(f‘ﬁ“'%ﬁé&“‘%“%& YBEPgFBBE}ﬂsTP@ﬁﬁ? iYF%mS

G adi ent Program 1.) Initial Sod0temL wanradiistedao pH 0widhiphbsphptiese B 2. ).
Linear Gradient fromO0%to 100%n2c?||e phase B in 10 mnutes 3.) Hold at
100% nobi | e phase B for 5 mnutes Linear Gadient from100%to 0%
nobi | e phase Bin5 mnutes 5.) Re- eqU|I|brate at 0% nobi |l e phase B for six

m nut es. ﬂ»f’(i»%g garg&%@d' m&lemw@um@mmtar 1 Nbg»o#exgﬁent or

Its equi vaI ent can trupent Hewl ett Pac 050
Punpi ng System Ternary, | ow pr @Pécﬁ‘l"%% gradi ent punp, HP 1050 25

I nj ect or Aut oM olilegihase 1B =10BAISBuERRS AD$SERILOVater, 350/mLVireioahtile
wavel ength, HP 1050 Series

Detection Wavelength235 nm
10
Flow Rate 2.0 mi/min.

Temperature 60 °C
- 15 . Injection Volume 10 microliters
Analysis Time 20 minutes

Re-equilibration Time5 minutes
20 _ : .
Sample Preparation Transfer 20 mL of the IPC sample into a2 S0 mL beaker. Stir
| and, if necessary, add methanol (one to two mL) until
. o the solution is homogenous. Using a Pasteur-pipet,
transfer four drops of the IPC-sampie (50 uL) into a
25 . 25-mL volumetric flask. Dilute with 20 mL of mobile
phase B and sonicate for one minute.

Gradient Program 1.) Solvent Composition from 0 to 3 minutes: 0% mobile

phase B
30 |
2.) Linear Gradient from 0% to 100% mobile phase B in one minute
3.) Hold at 100% mobile phase B for 16 minutes
35 4.) Linear Gradient from 100% to 0% mobile phase B in 5 minutes

5.) Re-equilibrate at 0% mobile phase B for 5 minutes.



Condi tons 30 Col um Spherisorb SCX, 5 um 250 Mm% 4.6 mm Di | ution

Sol vent 1:5 Acetonitrile:HPLC Grade Water 35 Eluent Organic: HPLC

gr ade, aceWOB/38968 e WO- 98/ 35963 PCT/US98/02412

PCT/ US98/ 02412 -11- Aqueous Buffer A: 11,5 g anmoni um di hydrogenphos-phate-
di ssolved in 1000 nL water adjusted to pa 2.5 with phosphoric acid 5

Mobi | e Phase Preparation Mobi | e Phase A = 200 nL Buffer A, 700 nL water,
100 nL acetonitrile Mbile phase B = 200 [err]L Buffer A 450 [err]L water,

350 nL acet oni tri lfeisebeaidepsioddUR! tROGVERDR 18 At Pnitddd¥ iR bodimerds N / MM
Tenper ature GH err],C 15

r.] | njectian Vol,u 0 roliters Analysis Tine
20 minutes R ﬁditﬁfeé‘ﬁ%ﬁeiﬂdrfb%nﬁ%{ﬁf@gﬁﬁ@gﬂ% esandiallon Transfer 20
[err]L of thendd¥ficasionpteming wothin the scdpelof dedollovding kclaimslis redervedcessary, add
met hanol (one to two nL) until the solution is honbgenous. Using a
Past eur - pi pet, transfer four drops of the IPC-sanple (50 [err]L) into a 25
25-[err]L volunetric flask. Dilute with 20 [err]L of nobile phase B and
sonicate for one mnute. G adient Program 1.) Solvent Conposition fromO
to 3 mnutes: 0% nobile



phase B 30 2.) Linear Gadient fromO0%to 100% nobile phase B in one mnute

3.) Hold at 100% nobil e phase B for 16 m nutes 35 4C'§H€4 r])?&rz
G adi ent WOBBDED% t 0 0% nobil e phase Bin 5 mnutes 5.) REC & ate.at
0% nobi | e phase B for 5 minutes. WO 98/ 35963

PCT/ US98/ 02412 -12- It is to be understodd that the invention is not
limted to the enbodi nents illustrated herei nabove t he

il lustrated owvioeldlaifiedisand al | nodificati ons com nEI“I““ﬂmllﬁmuﬂ e of
the followng clains is reserved. WO 98/ 3

PCT/ US98/ 02412 -13- What is clainmed is: 1. A process for the preparation
of eprosartan, a donpodwRIoesss fosthapraparatjon of eprosafiyne & cpmppund of formula

phar maceut i cr{\tl y acceptable salt thereof, which process conprises reacting
a corrpoung of formula (I1): 10 CH[err] or an acid or a base addition salt

t her eof ,

10

15

20

CO,H

D

or 2 pharmaceutically acceptable salt thereof,
which process comprises reacting a compound of formula (II):

oH
ooc—  H—
\=/" Ny’ NosoH
A~
Y

or an acid or a base addition salt thereof,
with.a compound of formula (III):

wherein R' is C1_4alkyl
at reduced pressure in the presence of a catalyst and thereafter hydrolyzmg the R’
ester and optionally forming a pharmaceutically acceptable salt.

2. The process according to élaim 1 wherein the formula (II)
compound is



‘with-a compound of formula (111): 15 [err] wherein R[érr] is

C[err][err(lal k b at reduced pressure in the presence of ‘i’cﬁ?(;s?k/xf‘tlz ‘and
¥ y .

t her eaf t & zing the Rerr] 20 ester and optionall
phar maceutically acceptable salt. 2. The process accor d| ng to cI aim 1
wherein the fornmula (1) conpound is W3-98/ 35963

PCT/ US98/ 02412 -14- [err] 3. The proce

g accordi ng to
t he pharnaceutically accept abl It of t fornula (1) ﬁ[ﬂ Im
nmet hanesul foni ¢ aci d sdﬂ@oc?@‘w progess accordi ng
the catal yst is piperidiniump onat d6%0ela’ propionic acid. 5.

The process according to cl ai i f{t he pressure is reduced to 10

about 9-13 inches of Hg. 6. The .progess according to claim1 wherein the
pressure is reduced to. 11 inches of Hg. 15 7. The process
according to claiml1 wherein the catalyst is piperidine. 8. A process
for the preparati 03‘ Of i §é’d&orcﬁn§@rﬂl&iﬁnﬂwﬁérefn%éﬂsﬁ&nﬁéamca{l@rr] or -a
pharmaceutical ly ta e sal hereo th Blroce ) cortHrl sés reacting
a conpound of 34°6P p efc[rg)'u mpound 1s the methanesulfonic acid salt.

5

4, The process according to claim 1 wherein the catalyst is
piperidinium propionate and excess propionic acid.

5. The process according to claim 1 wherein the pressure is reduced to
10 about 9-13 inches of Hg.

6. The process according to claim 1 wherein the pressure is reduced to .

11 inches of Hg.
15 7. The process according to claim 1 wherein the catalyst is piperidine.
8. A process for the preparation of eprosartan, a compound of formula
(D:
. | CO,H
/\/\'«N/ - COH
N \ S
: )/
20 @M

or a pharmaceutically acceptable salt thereof,
which process comprises reacting a compound of formula (IV):

25 N iIV)



W08/ 35963 . ’ _
PCT/ US98/, -15- or an acid or a base addition salt th hifd a

. ; 1 .
cqnpound“%ﬁ%’ﬂ%l a (I11): [err] 5 wherein Rerr] is C [e(raﬁ;i er?ﬁ’sg‘?iyl , at.
reduced pressure in the presence of a cpialyst, and thereafter hydrolyzing
the Rlerr] ester and optionally form ng a pharmaceuti e salt.

10 9. The process according to claim8 whefgei he

phar maceut i cer dnyacidoarayhasppddiden saltgheresfe fornula (1) CT'OHM&{ ' muwum
net hanesul f ogjig 2 26inPosd df fofkflla (Iihe process accordirig - & n
the catal yst 1s piperidinium propionate and excess propionic acid. 15 11.
The process according to claim8 erein the pressure is reduced to about

S

9-13 inches of Hg. 12. The pr Peﬁlg to claim8 wherein the
pressure is reduced to 20 . 11 i\hckes o . 13. The process according to
claim8 wherein the catalyst is prperidffdl (Im

5

~wherein R'is Cy.4alkyl,
at reduced pressure in the presence of a catalyst, and thereafter hydrolyzing the R'
‘ester and optionally forming a pharmaceutically acceptable salt.

10 9. The process according to claim 8 wherein the pharmaceutically
acceptable salt of the formula (I) compound is the methanesulfonic acid salt.

10.  The process according to claim 8 wherein the catalystis
' piperidinium propionate and excess propionic acid. '
15 '
11.  The process according to claim 8 wherein the pressure is reduced to
about 9-13 inches of Hg. |

12.  The process according to claim 8 wherein the pressure is reduced to
20 11inches of Hg.

-

13.  The process according to claim 8 wherein the catalyst is piperidine.



