METHOD FOR PREPARI NG TETRAZOLE METHANESULFONI C ACI D SALTS, AND NOVEL
COVPOUND USED I N SAME FI ELD OF THE | NVENTI ON The present
invention relates to a nethod for preparing tetrazol e nethanesul fonic
acid salts and a novel conpound used therein. BACKGROUND OF THE

| NVENTI ON Phar maceutically acceptable salts of

4- 0X0- 4H- chr onene- 2-carboxylic acid [2-(2-

{4-12-(6, 7-di met hoxy- 3, 4-di hydro- 1Hi soqui nol i n-2-y1) -et hyl | - phenyl }
-2H 15 t et MEJHODFOR PRIAPARING [IHERAN ZQRENRME BH ANESEHISONIE! n

i nhi bitor, are useful nul tidr r esi n inhibitor. P
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According to the publication, as shown in Reaction Schenes 1 and 2,
nitro-based conmpounds (1 and 3) undergo hydrogenation in a sol vent
such s@as net hanol, 20 ethanol, chloroform dichloronethane,
tetrahydrofuran, ethyl ether and hexane toluene, in the presence of a
met al caFHELEX OFUEHERENNVENBEHONM pl ati num and zinc to obtain am no
conpounds (2 and 4). The resulting conmpound is then subjected to an
acyl ation using a condensi ng agent such as

1- (3-di net hyl ami_naopr 1)-3- hyl car bodi i m hydrochl ori de,

N, N- di cycl ohejﬁedi rﬁ%g% )iﬁ@%“%%s r&rai%%soptgo@ar%%mol}éﬂiﬁ gﬁea)agﬁlg tetrazole
1- cycl ohgithnds1ZodI® b Bfidal 8 %ﬁHQYA&ME;QﬂgbhHH t6ed therein.

met hyl p-t ol uenesul fonate, in the presente of a catalyst such as

4- (diaret hyl am no) pyridine in a solvent such as dichl oronet hane,
chloroform N, N-di net hyl formam de, tetrahydrofuran, and 1, 4-di oxane,
to obt ai B4 FQrNE QEAJAEANYENHON final product. 30 Reaction
Scheme 1 Reaction Schene 2 (5) 5S5However, the conventional nethod may
cause safety hazards such as explosion and fire owng to the

enpl oyment of ﬁgﬁﬁﬁ@%@icgng d%E?ﬁthbl‘é?éa‘?t’syﬁ4-bQo-'tﬁ{%ﬁroﬁﬁ &2 RPGHIcOid

Also, it furt urification process using silica gel “col um

chr omat ofgr @ -2 6 dienethox pSpadityeire- 1plisoquirioliazd!ye)-ebyPlopinchy WaHe h

is inpractical _for |arge scale production since there are |limtations
on tlhe stetrazelfSyhed,5-dimethoxyphenyl]-amine, as P-glycoprotein inhibitor, are useful

as a multidrug resistance inhibitor. PCT Publication No. WO 2005/033097

discloses a preparation method thereof.
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According to the publication, as shown in Reaction Schemes 1 and 2, nitro-
based compounds (1 and 3} underge hydrogenation in a solvent such as methanol,
20 ethanol, chloroform, dichloromethane, tetrahydrofuran, ethyl ether and hexane
toluene, in the presence of a metal catalyst such as palladium, platinum and zinc to
obtain amino compounds (2 and 4). The resulting compound is then subjected to
an acylation using a condensing agent such as 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride, N,N-dicyclohexyldiimide, N,N-
25  diisoprocarbodiimide and 1-cyclohexyl-3-(2-morpholinoethyl)carbodiimide methyl-
p-toluenesulfonate, in the presence of a catalyst such as 4-(dimethylamino)pyridine
in a solvent such as dichloromethane, chloroform, N,N-dimethylformamide,
tetrahydrofuran, and 1,4-dioxane, to obtain a tetrazole compound (5) as a final
product.
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10 colum and the anount of |oading material in colum

chromat ography. In addition, the chromatography process requires high
operational costs due to high-priced colum packing material, silica

gel, and a | arge anmobunt of eluent used for the process. 15 SUWARY OF
THE | NVENTI ON Accordingly, it is an object of the present

i nventi oRelQidd OMicss: # novel nethod for preparing tetrazole
net hanestulfonic acrd salts. 2 It is another object of the

present invention to provide a novel conmpound which c e lé,sed for
t he preparation ofzt;@;%‘trazol e net hanesul foni c aci mand a
met hod f or N osane. 5|H 8l dance v of the
present inv ion, there is providgdy go ot ho preparl ng the

tetrazol e Wt hanesul fonic acid salt o or mul'& (r, V\/r} ch conpri ses
the steps of: M acyl ating the conpound of fornula II) with the

conmpound of formula (111) to obtain the conpound of formila (I and
10addi ng net ha q@ul ni ¢ Jach to t he conpound of formﬂ
H3C0 HSCI) g EE cat. PdiC, H, 0 RN

CH,Cly, EtOH “o

(3} (@)
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5 However, the conventional method may cause safety hazards such as

explosion and fire owing to the employment of hydrogen and metal catalyst in large
scale production. Also, it further needs a purification process using silica gel
column chromatography in order to separate a pure tetrazole compound, which is
impractical for large scale production since there are limitations on the size of the
10 column and the amount of loading material in column chromatography. In
addition, the chromatography process requires high operational costs due to high-
priced column packing material, silica gel, and a large amount of eluent used for the

process.

15 SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to provide a novel

method for preparing tetrazole methanesulfonic acid salts.
2



In accordance with another aspect of the present invention, there is
provi ded the compound of fornmula (I1) which can be used for the
preparation of the tetrazole nethanesul fonic acid salt. In accordance
with a further aspect of the present invention, there is 5 provided a
met hod for preparing the conmpound of fornmula (I1) conprising the step
of reacting theiCaApRURdbRict lo?rtAb pRedet} iMbdrtioh @ %ma%@ﬁfel fcanipdud
(VI) in the presence of tTiphenyl phosphi ne and a base. DETAI LED
DESCRI PTivhikhGFanTiEndadMisNThOprepatdtioni ofatht detrazohenetiesnest] fomeacid sait, iaad
described in detail. . The preparation nmethod according to the
present #Avadked BF REApAeRG thersamsy| ati on process using a novel

conpound, 4-oxo-4H chronene-2-carbothionic acid S benzot hi azol -2-y1
ester, instead of using a condensing agent as in conventional

met hagds, to o j ?ﬁ&@l j [ Sy I
puri ?fl at a h?%ﬁdcggfdahg?gﬂh%o{lﬁtg a?fa%giﬁr‘lgsg%gliﬁgﬁib%i Eﬁgnf: g%nﬁf)civcl)gégsg
such as metidufor proparimg dgs tiayole methandsulfhrowacidisdReat foranuleqiig ehidh
bel ow, the nethod for preparing tetrazole nmethanesulfonic acid salts
accor di ngerprisesehpstopsd: | nventi on conprises: (Step 1) acylating the

d of f | I ith th f_f I | 11 t ai
he: conmpound SFFPAUNG coIREnd e ‘COPEG ) it (6 cRedRumeath bERRE: Q1D
acid to %S%I#Qiﬁletﬁgwﬁ%ﬁnﬁfoffﬁﬁﬂﬁ'ﬂa?lﬂ;@ndobt ained in the above step.

Reaction S
10 adding methanesulfonic acid to the compound of formula (IV).
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(IV)(1) wherein Me represents nethyl group. First, the
conpounds of formulas (I1) and (I11) undergo an acylation in a 5

pol ar aprotic solvent to obtain the conpound of formula (1V).
Specifically, the ester conmpound of forrmula (I1) and the compound of
formula (111) are subjected to an acylation in a polar aprotic

sol vent sel eCtIﬁ%cEéﬂihE@%lﬂfé}ﬂﬂh&%Eh&tdﬂﬁe? esdhf [HRNABRI BRI provided
tetrahydrofuran, ethyl ester, acetone, N, Ndirnmethyl for mam d

acet oni t thiel mysthurel dfyforsmld dX) ddicnchrabaruyddifor thé prqurattdtﬁoﬁﬂ&ftetrahbly

di chl oronet hane. After the acylation is conplete, methanol is added

t her et 0 Mgthangey! chdéai:&ﬁlﬁiate the renai ni ng conpound of formul a
(I'1). Subsequentl cetonels d ther ofor urification s

Lhe compound. df FSoRBEe PO v EHGopBIochuste (5, APSFnE i pRtdh o sk 1o

t |
e e et A T
based onoflreagtihy theoémpbund of CoimaL W) a¥itH ﬂferedxﬂpddrid of formula (V) in the
order to deactivate the remai ning conpound of formula (11) after the

acyl at i opresensetefitoiphesylphesphiahiayd ebpsoyed at a vol une to wei ght
ratio (v/iw) of 1 to 2, i.e., in a volunme ranging from1l to 2 nL based
on 1 g of the conpound of 20 fornmula (11). Also, acetone nay be

enpl oyed for purification in the aylation, wherein a preferable
formof the acetone is an agyeous ution nore preferably 95%
aqueous acetone. The acetore erably enployed in a vol une
ranging from 35 to 45 nlL basedyon 1 g of the conpound of fornula
(rrry. For the next step, methanesul foni ¢vacid is added to

t he conpound of 5 forrmula (1V) obtained in the previous step to yield
the tetrazol e net hanesul f onicc ACT It of formula (1).

Speqkflcally the tetrazol e conpoupd/ef fornula 6 %P obtalned in the
previous step is dissolved in an organic sol vent*sudch as chl orof orm
and net hanol, followed by addi ng nmet hanesul fonic acid thereto. Then
et hyl acetate and acetone 10 are added thereto, in sequence, for
purification so that the tetrazol e nethanesul fonic acid salt of

formul a |eIded in a safe and effective way. In the
above prBEJAILIGRIDES KON QF ENEFIONs a conjugate acid of
t he conpound of fornula (I\O IS preferably enpl oyed in an anobunt of 1
to 1.5 equival ents based on 1 equival ent of the conpound of formula

(I'V)15 Hereinafter, the present invention is described in detail.

The preparation method according to the present invention employs an
acylation process using a novel compound, 4-oxo-4H-chromene-2-carbothionic acid
S-benzothiazol-2-yl ester, instead of using a condensing agent as in conventional
methods, to obtain tetrazole methanesulfonic acid salts with a high purity at a high

20 yield, without an additional purification process such as a column chromatography.
| As shown in Reaction Scheme 3 below, the method for preparing tetrazole
methanesulfonic acid salts according to the present invention comprises: (Step 1)
acylating the compound of formula (II) with the compound of formula (III) to
obtain the compound of formula (IV); and (Step 2) adding methanesulfonic acid to

25 the compound of formula (I'V) obtained in the above step.



15Further, ethyl acetate and acetone may be used for purification.
The ethyl acetate is preferably enployed in a volune ranging from1l
to 5 nL based on 1 g of the conmpound of formula (1V). The acetone may
be enpl oyed in an aqueous sol ution, preferably 95% aqueous acet one,
in a volune ranging from15 to 25 nL based on 1 g of the compound of
formul a REMtiord9Aensd ated in the above, the inventive nethod using

t he conpound o ornula (I1) for preparing the tetrazole

nmet hanes onic acid salt may enpl oy nmet hanol and acetone only,

wi t hout fY a® col utm chr omat ogr aphY, o] i n_the conpoun f

formula (I g\vét 2T gh.purifep "ﬁi@‘yﬁg%gf are g‘ﬁ’q .

conparison with tional g§2 conpri si ng acylation using a
OMe

condensi ng agent such as 1- "5

(3-di net hyl am mppropyl) - 3- et hyl car bodi i n#gle, N, N-di cycl ohexyl di i m de,
N, Ndi i sopr ocar bodi i m de and

1- cycl ohexyl- 3-(2- (nmor phol i noet hyl ) carbodi i m de

met hyl - p- t ol uengat te, g i nventive netho can"fﬂn:. hax e /aNhi gh
purity pr’@&@n (@Mi fiad t 1 @tebmn, éﬁmg, pr oVvi .‘/@ Q
a cal\f.

very cost.e jve and conv ent mMethod "sutd H or |arge s
production. 30 o. Meanwhi | e®the conpound of f 113 enpl oyed
in the above afyljati (Step 1) nay be prepared by le ng the
conmpound of fornuhg wi th the conpound of fornulag(Vvl) in the

presence of triphehyl phosphine and a base, as shown in Reaction

Schene 4 below. 5 action Schene 4 (V) (V1) Specifically,

4- ox0- 4H- chr onene- 2¥car bot hi oni ¢ acid S-benzot hi azol - 2-9)1 10 ester of

formula (11) be prepared by reacting chrononic acid of formula
(V) with 2,2 [‘T’g%/qrﬁi“cﬁ%s@%ﬁwﬁmeég &0YP- formula (V) in an organic

I ' hes: b i ' PPHR). at
Termerature 1 SiBenact raRpa o o et P ARRYAYIBRGah AEYRCR s
orgary ¢ s6lhy gfotic SoBRING &6 EBtall & dodgH Lt ﬁﬁﬁﬁlaﬁl‘é/?g of

di chl or onet hane (CH2C12), diethyl ether, ethyl e , tetrahydrofuran
15 and a mi xt wpecifivatlgpfthe wstef ecabpoumt] @il foromda HEDeandirthle tdompassl of

Epb G TR L R ARG R
(V) 2 ol S5 AR BB U el d B, N
bypr OdUC&iﬁaethylformamide, acetonitrile, dimethyl sulfoxide and a mixture thereof,
10 preferably dichloromethane. After the acylation is complete, methanol is added
thereto in order to deactivate the remaining compound of formula (II).
Subsequently, acetone is added thereto for purification so that the compound of

formula (IV) with 98% or more purity can be yielded naturally and efficiently.
In the acylation, the compound of formula (II) is preferably employed in an
15 amount of 1 to 5§ equivalents based on 1 equivalent of the compound of formula

(11D).

In order to deactivate the remaining compound of formula (II) after the
acylation, methanol is preferably employed at a volume to weight ratio (v/w) of 1 to
2, i.e., in a volume ranging from 1 to 2 mlL based on 1 g of the compound of

20  formula (II).

Also, acetone may be employed for purification in the acylation, wherein a
5



20In the reaction, the amount of the conpound of formula (VI)
enployed is preferably 1 to 2 equival ents based on 1 equival ent of
the conmpound of formula (V). Also, the triphenyl phosphine is
preferably enployed in an anount of 1 to 2 equival ents based on 1
equi val ent of the conmpound of forrmula (V). The base is
prefera ' i

i val cpi OIS e OTEACATRER oo G, KB CRRRE IS pioks
conpounda@ftorier Mikeaédtbhg is\prefbrabdy vapibwsl @ stvalimeganghgrfr@ah INtd 46
i nventive nmethod for preparing the tetrazol e nmethanesulfonic acid

sal t maymbebasedparled obyhe eempowndaf fynmda (8D, as shown in Reacti on

Sch 5, i sj,ng: (St 1 bj ing the. f I
It a oyt ot Bt Sy i bATRReT Hand o0 1S GUREdoto Rbe raPRd of
compondtosiif, SETP SURnGY i MIBIidusdep A B heabBE ok ifonic
met al angcidRaleif dornRgagr). on Schenme 5 10(I' X) wherein Me represents

met hyl group. ~_ First, the conpounds of fornulas §VI 1) and (Vi)
under go cycl i Apecdically, dhe afetrazole npompophéngf foemukz ¢1'€) cahipimeddimfthe
formula (1IX

. Specifically, .the compound of formul VI.1) is allowe
o eactDRENIGH TGS it AisSehvEd iBRAnsorAnty Hlestsuh i cﬁglé';oée%v SPAdmS RO,
in an a | Uliison, %: | utn '
i azon; CNTEATRO RS mEHnes dRAE RO, [ rhal e ARR D acefang
thergf o sadhddkd thd@etoMh keqBaCa] R Pubiichiién 56 #eitithe tdtRIFBRY RletaRedll fHE
or lower. The reaction mxture is heated to roomtenperature and

further aidsaleof foimmsevdanibe2yibldedhiy drsathind effectiiedwsyl uti on, sodi um
bi carbonate and water, 20 and then extracted with dichl oronget hane.,
After the. or gahithe plgis Progesse mstancspionigqeid wau ag conjugate acid of

or oduct PP A0 Pl B ERAKR Ry PR el IR 17
Japan, Vequi¢Rerits bad&Pn 1 BRital&tOflthe compound of formula (IV).
15 Further, ethyl acetate and acetone may be used for purification. The ethyl

P—1

acetate is preferably employed in a volume ranging from 1 to 5 mL based on 1 g of
the compound of formula (IV). The acetone may be employed in an aqueous
solution, preferably 95% aqueous acetone, in a volume ranging from 15 to 25 mL
based on 1 g of the compound of formula (IV).

20 As stated in the above, the inventive method using the compound of formula
(II) for preparing the tetrazole methanesulfonic acid salt may employ methanol and
acetone only, without using a column chromatography, to obtain the compound of
formula (IV) with a high purity at a high yield. Therefore, in comparison with
conventional methods comprising an acylation using a condensing agent such as 1-

25  (3-dimethylaminopropyl)-3-ethylcarbodiimide, N,N-dicyclohexyldiimide, N,N-
diisoprocarbodiimide  and 1-cyclohexyl-3-(2-(morpholinoethyl)carbodiimide
methyl-p-toluensulfonate, the inventive method can prepare a high purity product
through a simple filtration, and thus, it provides very cost-effective and convenient
method suitable for large scale production.
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Herein, the conmpound of forrmula (VII) may be prepared, as shown in
Reaction Schene 6 bel ow, by reacting the conmpound of formula (X) with
the conmpound of formula (XI) to obtain the conpound of formula (XI1),
foll owed by 5 reducing the conmpound of forrmula (XII) using a netal
and an acid. Reaction Schene 6 (X) (XI1) (xii) wherein Me
represents nmetNghn@hidsPthe ¥oaRRantd Gforinuld U? e@pReEddinathe fabofd ladylatibn

is subjected to a reaction with the conmpound of formula (XI) in a

sol vent &tep Bs ndyNbdi prephneidf by nehckety dbe | compaingr of éhooauls (¥hhwdh oths
pot assi um bi carbonate (K2 .and sodi um i qdi.de (Nal t a

t enper at €918PP |OEQEOFIF’HE\ %ﬁgﬁ i S peesane Ogttl’lphﬁ"ﬁﬂNS]fl%ﬁPglﬁlea?ﬂd @hhase, as
ni trobenge i I ! of formula (XII). Then the dried
conpound‘zr}%)&?%ﬁ%#gyﬁs%r@?%gm&gbj ected to a reduction using a

met alg and an acid in an aqueous solution, e.g., 50% ethanol solution,
to obtain the am nobenzene isoqui noline conpound of formula (VII),
wher ei n Rbactioet 8¢hdmse 4el ected from the group consisting of iron, tin,
zinc and nickel, preferably iron, and the acid is selected fromthe
group consi sting,.of hydrochloric acid, nitric acid, furic acid,
acetic acid apd m xt ur e ,t heneg 0 The reduction

for 3 ho HAf{-er{gBhe(’éi on—t0% aqueous s

sodi um ¢ d® may be added tSher€fo? or neutralization, and
through a Celjite pad. After the organic |ayer is renoved, the fesidue
is solidifiedPwith ethyl ether to obtain the compound of formfPa

(M1). In thepgpeduction, the | may be enployed in an anopynt of 2
to 10 equi val ér%ts based on 9 mﬁ"? MP

Specifically, 4-oxo-4H-chromene-2-carbothionic acid S-benzothiazol-2-yl
10 ester of formula (IT) may be prepared by reacting chromonic acid of formula (V)
with 2,2'-dithiobis-benzothiazole of formula (VI) in an organic solvent in the
presence of a base and triphenylphosphine (PPHj;) at a temperature ranging from 20
to 25 °C for 1 to 3 hours, wherein the organic solvent is selected from the group
consisting of dichloromethane (CH,Cl,), diethyl ether, ethyl ester, tetrahydrofuran
15 and a mixture thereof, preferably dichloromethane, and the base is selected from the
group consisting  of  triethylamine  (NEt;), pyridine, 1midazole,
diisopropylethylamine (DIPEA), 4-dimethylaminopyridine (DMAP) and a mixture
thereof, preferably triethylamine. If the reaction time exceeds 3 hours, there may
form impurities as byproducts.
20 In the reaction, the amount of the compound of formula (VI) employed is
preferably 1 to 2 equivalents based on 1 equivalent of the compound of formula (V).
Also, the triphenylphosphine is preferably employed in an amount of 1 to 2
equivalents based on 1 equivalent of the compound of formula (V).
The base is preferably employed in an amount of 1 to 2 equivalents based on

25 1 equivalent of chromonic acid of formula (V).



1 equival ent of the conpound of fornmula (XIl), and the acid may be
enployed in an anbunt of 0.1 to 0.5 equival ents based on 1 equival ent
of the conpound of formula (XIl). 5Further, the conpound of formnula
(VI1'1) may be prepared, as shown in Reaction Schene 7, by reacting

t he compound of formula (XI11) with the conmpound of formula (XV).
Reaction Schenpyher, thhesBpHulE of ERMRASTIE) WRidLY s WHe@UR-a starting material
Specifically, the conmpound of formula (XII1) is subjected to &

r eact i oninvihishnvéraiveanpthieddooprdparinglthe (Stadpld metiahasudfomdt acid salt may be
tenperature ranging from70 to 80 C, followed by filtering and drying
pr ocesseBrepareshby;the dadowsng st drasi shaven fiy Beactipn Schess SserepaisHg!

Ito et a | l.etin of. the Chem ¢ Soci f _Japan.,. Vol 49(7) .
1920 19265 Syay et ting the Pl Efomals FUih fha PR AigRT oo vt the
for a F & hesi ' r CAd

usi ng o TR ORL BT RERALA (FED 13 ob i o SR & o g P S )
(Step 2)reducing thSpeanpinaal by foitnmelaq@Kp abtgined 1h ahenprevibhXktapsby using a
subjected to a reduction using a netal in an acid to obtain the
conmpoundmgtal fapdmmagid.1 1 1), wherein the metal is selected fromthe
group consisting of iron, tin, zinc and nickel, preferably iron, and
the acid is selected fromthe group consisting of hydrochloric acid,
nitric aghghs SHifdsic acid, acetic acid and a mxture thereof,
pref er ab Cadh élg, e.g., 50% aqueous acetic acid. The
reduction is preferably conducted at 80C for 3 Qo After the
reducti on, thﬁ‘@lﬂégn gymxture is filtered tpng\m Celite pad,

and then neutrfaliZed. » @ olshe or_gani c &8l vent of ® renoved, Stente
Ngnol to obtain t

residue is stirred in methgn conpound of ~formuta™
(1'11). 5In the reduction, the netal nay “8& énpt®yed in an amount of 5

to 15 (Vi (v
N=N N=N
) N 3 N
MeomN'N@ C%__}\om Step 2 Meo:@\/’*N'N@J— :b*om
—_—
MeO NO, DMe MeQ NHz OMe
10 (1) (1

wherein Me represents methyl group.
First, the compounds of formulas (VII) and (VIII) undergo cyclization to
obtain the nitrophenyl tetrazole compound of formula (IX).
Specifically, the compound of formula (VII) is allowed to react in the
15 presence of sodium nitrite and hydrochloric acid in an aqueous solution, e.g., 50%
ethanol solution, to obtain a diazonium salt. The compound of formula (VIII) and
pyridine are added thereto and stirred while maintaining the reaction temperature at
10°C or lower. The reaction mixture is heated to room temperature and further
stirred, rinsed with 2.5 N hydrochloric acid solution, sodium bicarbonate and water,
20 and then extracted with dichloromethane. After the organic layer is removed,
methanol is added for crystallization to obtain the compound of formula (IX) as a
“final product [see Suketaka Ito et al., Bulletin of the Chemical Society of Japan, Vol
49(7), 1920-1923 (1976)].



equi val ents based on 1 equival ent of the conpound of formula (IX),
and the acid may be enployed in a volunme ranging from2 to 5 nL based
on 1 g of the conpound of fornmula (IX). The present invention, as
stated in the above, enploys a nmetal and an acid in 10 reduction
process during the production of the conmpounds of fornulas (I11) and
(VIl), instead of using palladium and gaseous hydrogen as in
conventional nethods, so that it can reduce the reaction tinme as well
as risk of exfl@simnthdueompoand iofpforieda (MBL yagf be herepasde tasoshown in
15Accordi ng to anot her aspect of the present invention, there is,

pr ovi dedReadsicio debemeg Hfbalowmbyarqarting vihe cepmpowrske Of| formuly X ruith dtie

f the tet I h i i |t of f I |-

20Fur t hefoMPRBIG of SOBRE: e 1 e FoP ISEgers b (RoPpBiRast by
f . S i d of f I
(V) i £ Ho R Ao o e eGP haser
Hereinafter, the present invention is described nore specifically by

the follow ng exanples, but these are provided only for illustration
pur posesReagitbn behepaeéent i nvention is not limited thereto. 5

Exanpl e: Preparation of Br

N-(2-(2- (4-NeP-( B mﬁl‘,aoxyl_- 3, 4- rof’soqui noline- _

2(1H) - yfl et hyl I phenyl) - 211- t'et -yl) - 4, 5-di met hoxypheny1) - 4- oxo-

4H- chr onend¥e® c&r bokani de met hafiesul fonic acid salt

10St epl- 1) 6, 7- di p@t hoxy- 2- (4-ni trophe®® hyl ) -1, 2, 3, 4-

t et rahydr oi soqui nol i ne 5 L of N, N-di nethylfornmam de
2- (4-nitrophenyl) et P

. dvde (1.0 kg, 4.35 end N
6, 7-di met hoxy:- 1, 2, 3y4- @ ahydr o=tsotgutnot nenﬁly e | IEyMelS
1.0 kg, 4.3 ) "~ adde®Meo a reactor, and stirred. Potassidm

car bonat Q,z,q > kg, 13 nol) and sodiumiodide (780 g, 5.20 nol pbmaere
added thefeto, the reactor was heated to 100C, and further stirred
for 12 hours. After (gmecking conpletion of the reacti oqvmy thin | ayer

chromat ography (eluent: chloroform nethanol = 15/1), the reaction
m xture was couhardint MerrepresespesthyLgenp.
10 Specifically, the compound of formula (X) is subjected to a reaction with the

compound of formula (XI) in a solvent such as N,N-dimethylformaldehyde in the
presence of anhydrous potassium bicarbonate (K,CO;) and sodium iodide (Nal) at a
temperature ranging from 70 to 100 °C with stirring to obtain the nitrobenzene
isoquinoline compound of formula (XII). Then the dried compound of formula

15 (XII} is subjected to a reduction using a metal and an acid in an aqueous solution,
e.g., 50% ethanol solution, to obtain the aminobenzene isoquinoline compound of
formula (VII), wherein the metal is selected from the group consisting of iron, tin,
zinc and nickel, preferably iron, and the acid is selected from the group consisting
of hydrochloric acid, nitric acid, sulfuric acid, acetic acid and a mixture thereof.

20 The reduction may be conducted for 3 hours at 80°C. After the reduction,
10% aqueous solution of sodium chloride may be added thereto for neutralization,
and filtered through a Celite pad. After the organic layer is removed, the residue is
solidified with ethyl ether to obtain the compound of formula (VII). In the

reduction, the metal may be employed in an amount of 2 to 10 equivalents based on
9



2020 L .of cool water was added to a separate reactor and then the
reaction m xture obtained in the previous step was slowy added
thereto, followed by stirring for 4 hours. The resulting m xture was
filtered, washed with 3 L of water, and then dried with hot air at
4OC in an oven to obtain the title conmpound (1.34 kg, 909%.
" H NIVR( ﬁﬁva&bnt%f H @bm slnd df f’tﬁﬁﬁ}la@ﬂ% zﬁlcﬁtﬁé%cidlh%gtﬁ: énip l%éreékﬁan
253 87(s , 3.85(s, , 3.66(s, 2H) 03(t, 2H) 82-2.78(m
amouﬂt epl.1 tﬁ)O 5 equlvalents based on 1 equ1valent of the compound of formula
4 (2 (Gnéﬁﬁl met hoxy- 3, 4- di hydr oi soqui nol i ne-2(1H)-y1)-ethyl)-
benzena of 50% aqueous et hanol were added to a reactor, and
stirred for 1 hour at 80C. :
6, 7- di met hoxy- 2- (4-ni trophenet hyl)-1, 2, 3, 4-t et rahydr oi soqui nol i ne
(1.3 g, 3.91 mPihkr, Oﬂfea’c&ﬁﬂotﬁkl feRriula W%II?' Bbeaﬁl%ﬁgrédh%rseﬂﬁ)ﬁﬁ)fin
one hour, followed by stirring for 3 hours a C. After checking
conpl et i Readtfort $ehenen? f hyoreabting thencdnpeayet of foromda Q¥HEpwyth (the vempound
chl orof orm met hanol = 15/1), the reaction m xture was cooled to room
t enper at & @IMEB(XIGE di chi or onet hane and 5.3 L of water were added
thereto, the reaction m xture was neutralized by adding 804 nL of 10%
aqueous sodi um hydroxi de. The resulting m xture was filtered through
a Celi t%@@&{'ﬁn&wd with 3 L of methyl enechl oride. The organic
| ayer was colfected, 10 dried over nagnesium sul fate, and then
filtered. The solvent was renoved under reduced pressure, and ]
with hot air at 4gCin an oven to obtaln the title corrpound"'(l kg,

90%) . 1H NVR( CRGL 7.02(d, 2H), 6.65-6. GE(PIAH) ,
3.84(s, 30 (H 3H4 3uA3( H) , 3—57s> 2H) Me@_g4 (m 8H)
15 Step 2)e Myl hoxy- 2- nlotﬁk -p-t ol uenesul f onyl hydglazgne

12.5 L of ethanol, p-toluenesulfonyl hydrazi de (1 k#¥eo 7 ¥l ) and 6-

nitroveratral dehyde (1.2 kg, 5.907 nol) were added to a reactor, and
then gheated to(al) 80C, fol | owed™dy stirring for 6 hours(Viafter
checking conpletion of the reaction by thin |ayer chronatography

(el uent: chl oﬂ’dfetsclml\’fetrﬁpnmnt&mﬁhﬁ)gmupe reaction nixture was cool ed

to room tenperatur resul ting xture filter d vvashe
19.5°0of ot haspspiicahay et od Toitu A issubiefit o ig bt

5. 455, 'IEy rpb G OP Tty G,y cffn 3‘)%582@‘%5?%%@% Jigm 70 to
7.33(d, @H)°C,4didiwed B Liltedn&rfl dﬁj’ih% %o%éés‘és t%"%btaﬁi &he Hompound of

4- 0x0- 4H chr onene- 2- car bot hi oni ¢ acid enzot hi azol - ?/1 ester
15 formula (VIII) [see Suketaka Ito et al., Bulletin of the Chemica

Vol 49(7), 1920-1923 (1976)].

Society of Japan,

In Reaction Scheme 5, the compound of formula (IX) obtained in Step 1 is
then subjected to a reduction using a metal and an acid to prepare the compound of
20  formula (III) (Step 2).
Specifically, the compound of formula (IX) is subjected to a reduction using
a metal in an acid to obtain the compound of formula (III}, wherein the metal is
selected from the group consisting of iron, tin, zinc and nickel, preferably iron, and
the acid is selected from the group consisting of hydrochloric acid, nitric acid,
25 sulfuric acid, acetic acid and a mixture thereof, preferably acetic acid, e.g., 50%

aqueous acetic acid.
10



(1.47 kg, 4.42 nol), triphenyl phosphine (1.16 kg, 4.42 nol) and 14.7
L of dichloronmethane were added to a reactor, and stirred.
Triethylamne (616 nL, 4.42 nol) in 2 L of dichloronethane was sl owy
added to the reaction m xture, and stirred for 6 hours. After
conpletion of the reaction, the resulting mxture was 5 filtered,

washed w th 4'1Lheﬁfre(ﬁﬁ: ang, Oungﬁggogghﬁgdm%[t /g&@tfoglg 1#uréOCAIFRr dRe

oven to obtain the'title co

1H NVR( lelaﬁloﬁl th8 rééildng hidkturé 1slﬁltéred1thi)oug& zOGJéHte and 1188 deutidtzed.
7.70(d, 1H), 7.61-7.31(m 3H), 7.15(s, 1H) 10Step

2- (4- (5- (\a‘ﬁ;eﬁﬂ@h fmamgo ventiis repheer; lble pedidust ﬁﬁmedznamtba@@leﬂombtam the

6, 7- di met hox go l!i @r hydr oi soqui nol i ne
4-(2- (6 ‘?OIHP f( X I dr0| soqui nol i ne-2(1H)-y1) - et hyl ) - benzenam

i ne ( .0 kg, i ped ] f. OO

et hanol and %%2‘%‘%3#’@8%?@?. Qféag}egal é@% lr]!r%?ml@ ge&) )%\A%?g}bglggﬁdsttg %15
reactor &%m@ﬂ@n@t lba’séécblfitl ivab@ietl oMbl ddrhpur@ef férmaa JIXP| and the3aAd
mt of water was slowy added to the reaction mxture, and stirred

for 3 hommay.be emploged-idi astdhaxg- @nging ¢rqm tDitaehasll lbamsil omyldreopbribe
(1.2 kg, 3.2 nmo ) bta| n?ﬁ@' n Step 2 and 12 L of pyridine were added
to a 20 fOIRBERY ol ed 20 to OC. The mixture fromthe

esctor A ves ﬁsxe@sﬂ&&t@ﬁeaf T A W W TN

thind aygdu@ﬁé@"éﬂ%b%& aRiind fe' Briductibh WO &bﬂlﬁ@&ﬁk&”@f fonﬂaﬁ/aé-)(III} hRd

reaction mxture was subject to an extraction wth

di chl or offéllhanstead df 18ng palladame and Ehseons @gdmgdna@en masemmﬂadzmmﬂods
washed three times with 18 L of 2.5 25 N hydrochl aC|d and washed
with a stithah Bi car Bediceetheoraaetion timpcasomginas rlSiy@f sxRlosin sye tanan
distill ed under, rfé%é Fﬁ’g ssure. The residue was m xed with 10 L of
met hano! MRIRY® @tg"il 4 TCQUEETFs. The resul ti ng mxture was filtered
and drled with hot air at 40Cin an oven to obtain the title conpound
(1.08 kg, 629 . 1H NWVR(CDC13) d: 8.08(d, 2H), 7.66(s, 1H), 7.45(d,
2H) ,157. 32(s, Wdordin@aoSfother2dpectdoDfdlespresdilt, inBerd s  théie)is BoGited, the
2H), 3.01(m 2H), 2.84( 6&—}%. 14 X .

St ep5) 2- ¢ampaund-¢is fsmam@et( yBch- i mgerdi soopiichaation- of 1Hpe tetrazole

Cet hyl )phe%n%su%'f_'ﬁgtacr:%zsatéf%nhufl &) di met hoxybenzenam ne

Cm@

20 Further, there is provided a method for preparing the compound of formula

(In)

(II}) comprising the step of reacting the compound of formula (V) with the

compound of formula (VI) in the presence of a base:

© (V)

N
{s<1), -

11



5lron (433 g, 7.76 nol) and 5.4 L of 50% aqueous acetic acid were
added to a reactor, and stirred for 1 hour at 80C

2-(4-(5-(4, 5-di met hoxy-2-ni trophenyl)-2H etrazol - 2-yl ) phenet hyl ) -6, 7-
di met hoxy-1, 2, 3, 4-tetrahydroi soqui noline (1.06 kg, 1.94 nol) obtained
in Step 4 was slowy added thereto for two hours, followed. by
stirring for 1 hour. After checking conpletion of the reaction by
thin layer 10 chromat ography (eluent: chlorofornf nethanol = 15/1),

t he reactor wdicrennified the pessont ametiahuise deseribeld afore NWpecdicailyn bypdhe
2.4 L of water were added thereto and the resulting m xture was
filteredfalowog rﬁxanmécs,tln.lt phese ageprovisiedi enly Hfpe illwdsation pwpeses, agdehe
of saturated so n1b1car@. sol ution was slowy added thereto
with stiPESHY FERPQGHS AR ?ﬁ HefelQ: col | ected, and the aqueous |ayer
was fdairther 15 extracted using 1.25 L of chloroform The resul ting
organi c | ayer was dried over magnesium sulfate, and then distilled
under r eEﬂﬁﬂﬂ)l@r PEGpHration dfle{ZI%e(ZS(ﬂ,’W-@lﬂMetH'd)@—-B asdihydroRe qiingihe-
with 10.6 of net hanol stirrin The resulting m xture

was fil t%(rléﬂ-ylaeﬂhy&i)ph@nylr)rlﬂ ﬂetjtazal-ﬁ-ﬂ) 4gﬁ}d:lmntlmxy<phenyl:)fﬂ—obt»ﬁﬂ-lr t he
title compound ) 3) d: 8 14(d, 2
7 75(s, @ ‘#nel‘“‘gtg bogml‘zﬁﬁlﬁﬁ%ﬁﬂi@&%ﬂé (5 34(H21 2H)

3.97(d, 6H), 3.89(s, 6H), 3.72(s, 2H), 3.06(t, 2H) 2 91- 2.84(m 6H)
Step6) N- (2-(2-(4-(2-(6, 7-di net hoxy- 3, 4-di hydr oi soqui nol i ne-2(1H)- 25
yfl etchyl ) phenygidp 2Ht et r agoly 5-y1) - 4, §7cdimRihexypiamiddpLleriey it H 10
mene-2- car boxam de

2- ( 2- ( 4-ferahgdrpigtigmedimey - 3, 4- di hydr oi soqui nol i ne- 2( 1H) - ypet hyl ) pheny
1)- 2H-tetrazol -5-yl1)-4, 5-di met hoxybenzenam ne (850 g, 1.6 nol)
obtained in Step 5, 30 4-o0xo-4H chronene-2-carbot hionic acid

S- benzot hi azol o I i i p,

and 17 L of dl%% é?(}ﬁ’ﬁﬁ é&&gfp g@%d”?-éhéﬁ&g%ﬁ%w 'ﬁ%ﬂ tnﬁ?lrgeg?’q &&
6 hours mssrlﬁ@maharmwcﬁﬁl@ﬂﬁ)xyéi D2, 458P4KIdRG- i SR SOy dbchIBFde (DTIH
reaction by thin layer chromatography (€l uent: chl orofornf met hanol =

15/ 15 11.0 kg,cf.3Semdlaveds adied3®. & réactdr, @hdostiguedo u P otassivon earkmatea ld8a
stirring for 16 hours at room

E Qﬁ{og gtleé 21 S%qwﬂ)e?i% Lﬁo];lﬁinlgo %F%ggvﬁs 5.20 1mpah) ayer dthgrate, thegrepcigy
acet one, h%%eaﬂ é(t) hlé)?%? 2hd /e Strkdl fF YR8k %qgtea}" c%e%ﬁ%gté mﬁetlon

conpound

1H NVR( ) 2 -
77704, Q?QEB}@, rchh&?b?%ﬁ la%%hfgnﬁ%g%apwelu&t §ﬁl‘$rof%'fﬂ1:/m§théagi6}i 1@7@)
4.01(s, mld)rcac‘tmn'iﬁ(tare whi coc&ed@cﬁsooxﬁlt&mp@ra@lﬂ(et 2H), 3.02-2. 83(m
6H) Step7)N-(242-(4- (246, 7-di net hoxy- 3, 4-di hydr oi soqui noI i ne-2( 1H) -

yfl &yl ) phemZQ) qui ¢qalrwater veasyagdeq, & m&%m&&mﬁm% thegy theqrgaghien

mene- 2- mp%ure 0 ame uq%g %Peevsigﬂlg S Qf) (\:Nagcsiowlsy aéded thereto, followed by stirring

for 4 hours. The resulting mixture was filtered, washed with 3 L of water, and then
dried with hot air at 40°C 1n an oven to obtain the title compound (1.34 kg, 90%,).
'H-NMR(CDCI;) d: 8.17(d, 2H), 7.43(d, 2H), 6.62(s, 1H), 6.54(s, 1H),
25 3.87(s, 3H), 3.85(s, 3H), 3.66(s, 2H), 3.03(t, 2H), 2.82-2.78(m, 6H)

1-2)  4-(2-(6.7-dimethoxy-3.4-dihydroisoquinoline-2(1H

benzenamine

30 Iron (1.27 kg, 23.48 mol), hydrochloric acid (127 mL, 1.54 mol} and 6.7 L
12



15 N-(2-(2-(4-(2-(6, 7- dinethoxy-3,4- dihydrois o quinoline-2 (1H)-
yl) ethyl)phenyl)-2Htetrazol -5-y1)-4,5- dinethoxyphenyl)-4- oxo-4H
chronene-2- carboxam de (1.06 kg, 1.54 nol) obtained in Step 6 was
di ssolved in a m xed solution of 18.1 L of chloroformand 1.06 L of
met hanol , and the resulting m xture 20 was filtered. Methanesul fonic

aci d (103f Bhy, hqdouPithahdl weR HEd&f tcﬁhméhct%i;eérﬁi @tn\f'@é £8t QV‘Fld/uraﬁdWC

thereto for 30 mnutes. 3.95 L of ethyl acetate was sl owy added

t her et o b6@rditndthony-2f@hhiopticigthgi4 I, 2 B tdtahydfoifmpmsolaie r(do?m kg, 3.91
tenperature. The resulting mxture was filtered, washed with 1 L of
ethyl acBiod} ebtaimed dmiStep wi-f iwasslawly addehtharatoafprooes hops Tfdlowed by

nd T nen g Rgs Mo gl 30y A ekEhiha SBalE0a L IR RS fin
at 40L i P cﬁi’cﬁﬂato?fﬁi)h?f {efgbriOLhR (Yﬁ?m%@ﬂﬁ%?d 191% #18CRAkon mixture

recrysta I zation u m xed SO

(di chl ormtdm@mﬂ/ tmtrdsmmﬂehqjehafchracei atIe of dlzm&dmeﬂmmmrﬂl §.3al of water
crystalline solid. To renove the residual solvent, i.
di chl or owstthadded ﬂmaet@;t«b\aa@actmsmmm@wm mnu@&l%add)mdrbag S0408L.orfel 0%

{11t or ecatknus dorbEpoRge: i HeiesbEe, FLUsH N fBcis Lopaya Celit
16'8%' g GC ( Wﬂ@ vs%agll}gé V\lﬁg} 7]% é%‘ %%ﬁélﬁ(g‘hhe calrfid FAniCIERROL 1A,
10  dried over magnesium sulfate, and then filtered. The solvent was removed under
reduced pressure, and dried with hot air at 40°C in an oven to obtain the title
compound (1.05 kg, 90%).
'H-NMR(CDCl,) d: 7.02(d, 2H), 6.65-6.53(m, 4H), 3.84(s, 3H), 3.83(s, 3H),
3.63(s, 2H), 3.57(s, 2H), 2.84-2.86{m, 8H).
15

Step 2) 4.5-dimethoxy-2-nitro-p-toluenesulfonylhydrazone

12.5 L of ethanol, p-toluenesulfonylhydrazide (1 kg, 5.37 mol) and 6-
nitroveratraldehyde (1.2 kg, 5.907 mol) were added to a reactor, and then heated to
20  80°C, followed by stirring for 6 hours. After checking completion of the reaction
by thin layer chromatography (eluent: chloroform/methanol = 15/1), the reaction
mixture was cooled to room temperature. The resulting mixture was filtered,
washed with 12.5 L of ethanol, and then dried with hot air at 40°C in an oven to
obtain the title compound (1.47 kg, 99.6%).
25 'H-NMR(CDCl:) d: 8.48(s, 1H), 8.08(s, 1H), 7.89(d, 2H), 7.59(s, 1H),
7.42(s, 1H), 7.33(d, 2H), 4.02(s, 3H), 3.98(s, 3H), 2.44(s, 3H).

Step 3) 4-ox0-4H-chromene-2-carbothionic actd S-benzothiazol-2-yl ester

30 Chromone-2-carboxylic acid (700 g, 3.68 mol), 2,2'-dithiobis-benzothiazol
13



1H NVR(CDC13) d: 12.43(s, 1H), 11.66(s, 1H), 8.49(s, 1H), 8.17(d,
8.06(d, 2H), 7.79-7.67(m 2H), 7.54(d, 3H), 7.46(t, 1H), 7.14(s,
6.67(d, 2H),

1H),
1H),

10

15

20

25

30

(1.47 kg, 442 mol), triphenylphosphine (1.16 kg, 4.42 mol) and 14.7 L of
dichloromethane were added to a reactor, and stirred. Triethylamine (616 mL,
4.42 mol) in 2 L of dichloromethane was slowly added to the reaction mixture, and
stirred for 6 hours. After completion of the reaction, the resulting mixture was
filtered, washed with 4 L of acetone, and then dried with hot air at 40°C in an oven
to obtain the title compound (0.99 kg, 80%).

'H-.NMR(CDCl;) d: 8.30(d, 1H), 8.16(d, 1H), 8.01(d, 1H), 7.88(t, 1H),
7.70(d, 1H), 7.61-7.31(m, 3H), 7.15(s, 1H)

Step 4) 2-(4-(5-(4.5-dimethoxy-2-nitrophenyl)-2H-tetrazol-2-yl)phenethyl)-

6.7-dimethoxvy-1.2.3.4-tetrahydroisoguinoline

4-(2-(6,7-dimethoxy-3,4-dihydroisoquinoline-2(1H)-yl)-ethyl)-benzenamine
(1.0 kg, 3.2 mol) obtained in Step 1-2, 3 L of 50% aqueous ethanol, and
hydrochloric acid (850 mL, 12.5 mol) were added to a reactor A, and stirred at 0°C.
Sodium nitrite (227 g, 3.3 mol) in 330 mL of water was slowly added to the reaction
mixture, and stirred for 3 hours.

4,5-dimethoxy-2-nitro-p-toluenesulfonyl-hydrozone (1.2 kg, 3.2 mol)
obtained in Step 2 and 12 L of pyridine were added to a 20 L reactor B, and cooled
to 0°C. The mixture from the reactor A was slowly added thereto, followed by
stirring for 6 hours at room temperature. After checking completion of the
reaction by thin layer chromatography (eluent: chloroform/methanol = 15/1), the
reaction mixture was subject to an extraction with 12 L of dichloromethane and 12
L of water. The organic layer was collected, washed three times with 18 L of 2.5
N hydrochloric acid and washed with a sodium bicarbonate solution. The organic
layer was dried, and distilled under reduced pressure. The residue was mixed with
10 L of methanol, and stirred for 4 hours. The resulting mixture was filtered and
dried with hot air at 40°C in an oven to obtain the title compound (1.08 kg, 62%,).

'H-NMR(CDClL;) d: 8.08(d, 2H), 7.66(s, 1H), 7.45(d, 2H), 7.32(s, 1H),

6.59(d, 2H), 4.03(s, 6H), 3.85(s, 6H), 3.68(s, 2H), 3.01(m, 2H), 2.84(m, 6H).
14



4.78(d,
3. 04(d,

10

15

20

25

30

1H), 4.19-4.12(m 1H), 3.96-3.87(m 12H), 3.56-3.36(m 6H),
1H), 2.78(s, 3H).

Step 5) 2-(2-(4-(2-(6.7-dimethoxy-3.4-dihydroisoquinoline-2(1H)-
yDethyl)phenyl)-2H-tetrazol-5-yl}-4.5-dimethoxybenzenamine

Iron (433 g, 7.76 mol) and 5.4 L of 50% aqueous acetic acid were added to a
reactor, and stirred for 1 hour at 80°C.  2-(4-(5-(4,5-dimethoxy-2-nitrophenyl)-2H-
tetrazol-2-yl)phenethyl)-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline  (1.06 kg,
1.94 mol) obtained in Step 4 was slowly added thereto for two hours, followed_by
stirring for 1 hour. After checking completion of the reaction by thin layer
chromatography (eluent: chloroform/methanol = 15/1), the reactor was cooled to
room temperature. 5.3 L of chloroform and 2.4 L of water were added thereto and
the resulting mixture was filtered through a Celite pad. The organic layer was
collected, 6.6 L of saturated sodium bicarbonate solution was slowly added thereto
with stirring. The organic layer was collected, and the aqueous layer was further
extracted using 1.25 L of chloroform. The resulting organic layer was dried over
magnesium sulfate, and then distilled under reduced pressure to remove the solvent.
The residue was mixed with 10.6 L of methanol, followed by stirring. The
resulting mixture was filtered, and dried with hot air at 40°C in an oven to obtain
the title compound (0.87 kg, 87%).

'H-NMR(CDCl;) d: 8.14(d, 2H), 7.75(s, 1H), 7.49 (d, 2H), 6.63 (d, 2H),
6.40 (s, 1H), 5.34(d, 2H), 3.97(d, 6H), 3.89(s, 6H), 3.72(s, 2H), 3.06(t, 2H), 2.91-
2.84(m, 6H)

Step 6)  N-(2-(2-(4-(2-(6.7-dimethoxy-3.4-dihydroisoquinoline-2(1H)-

Nethylphenyl)-2H-tetrazol-5-v1)-4.5-dimethoxyphenvyl)-4-oxo-4H-chromene-2-

carboxamide

2-(2-(4-(2-(6,7-dimethoxy-3,4-dihydroisoquinoline-2(1H)-yl)ethyl)phenyl)-
2H-tetrazol—5—ylj—4,5—dimethoxybenzenamine (850 g, 1.6 mol) obtained in Step 3,

4-ox0-4H-chromene-2-carbothionic acid S-benzothiazol-2-yi ester (723 g, 2.1 mol)
15



10 Conparative Exanple A tetrazol e nethanesul fonic acid was prepared
I n accordance with the procedures disclosed in WD 2005/ 033097, which
conprise a reduction using palladiumand gaseous hydrogen, and an
acyl ation using 1l-ethyl-3-(3- 15 di et hyl am nopropyl ) carbodii m de
hydrochl ori de (EDCI) and a condensi ng agent of

4- di et hih AiHicagRSELEIBNEnd PHAPYF aiEKRROMEEIANE w Rt ARRLE (20 eaB608hd Lfirred

conpare the 1 nventive nethod conprising a reduction using a et al and

an aci d for Ghanswerdomnahpemtired Mamhaalhhgdburplm of/ theagadtior nethin
purity of product, safety and economc feasibilit reduction

pr ocesselayen c@omograahm (d@@pﬁﬁ@ioro’éo@(mqﬂn@%m /é)/sal 4t efimethanol pad

Evampl Z 3%? PePb D5 aurBis 350005 oA 1\6@% e, itEelen ) dngtence) Ritded By
S ho he L a”gef(;r l?qﬁ?}# ¢ %bhprf es Taﬁbellegﬁﬂmgaﬁﬂffur@ e al ?tll%rehd

uri owever, e re thﬂ process accordi ng

pr esent wayiest wih 43sL @lflaeeto@epﬁﬁ@@mtﬁ het hiardel0°Y ddue oven ttmﬂﬂaln the
safe, no explosion risks, and cost effective way in conparison to the

convent i Gaktompohod (1.30 kg, 97%).
'H-NMR(CDCL;) d: 12.53(s, 1H), 8.60(s, 1H), 8.23(d, 1H), 8.14(d, 2H),
7.77(d, 2H), 7.74(s, 1H), 7.50-7.44(m, 3H), 7.26(d, 2H), 6.60(d, 2H), 4.01(s, 6H),
10 3.87(s, 6H), 3.70(s, 2H), 3.08(t, 2H), 3.02-2.83(m, 6H)

Step 7} N-(2-(2-(4-(2-(6.7-dimethoxv-3.4-dihydroisoquinoline-2( 1 H)-
ylethyphenvyl)-2H-tetrazol-5-v1)-4.5-dimethoxyphenyl}-4-ox0-4H-chromene-2-

carboxamide methanesulfonic acid salt

15

N-(2-(2-(4-(2-(6,7-dimethoxy-3,4-dihydroisoquinoline-2 (1 H)-

yl)ethyl)phenyl)-2H-tetrazol-5-yl)-4,5-dimethoxyphenyl)-4-oxo-4H-chromene-2-
carboxamide (1.06 kg, 1.54 mol) obtained in Step 6 was dissolved in a mixed
solution of 18.1 L of chloroform and 1.06 L of methanol, and the resulting mixture

20 was filtered. Methanesulfonic acid (102 mL, 1.57 mol) in 300 mL of ethyl acetate
was slowly added thereto for 30 minutes. 3.95 L of ethyl acetate was slowly added
thereto for 1 hour, followed by stirring for 16 hours at room temperature. The
resulting mixture was filtered, washed with 1 L of ethyl acetate, and dried with hot
air at 40°C in an oven. |

25 The product was subjected to a first recrystallization using chloroform, and
then filtered, washed with ethyl acetate, and dried with hot air at 40°C in an oven.
The dried solid was subjected to a second recrystallization using a mixed solvent
(dichloromethane/methanol/ethyl acetate = 17/1/4) to obtain a crystalline solid. To
remove the residual solvent, i.e., dichloromethane, the product was mixed with 95%

30 aqueous acetone, followed by stirring for 16 hours. The resulting mixture was
16



Table 1

Exanpl e Conparative Exanpl e Reduci ng agent Iron/Acid

Pal | adi um’ Hydr ogen Purity of product 95% 95% Saf ety Good Expl osive
(sol vent vapors, gaseous H2) Econom c feasibility of

10

15

20

25

30

filtered, and dried with hot air at 40°C in an oven to obtain the title compound (0.84
kg, 70%).

Mass (ESI) calcd for C3gH36NgO7;

m/z 688.26 (M+H)+; found, m/z 689.32 (M+H)+

'H-NMR(CDCl,) d: 12.43(s, 1H), 11.66(s, 1H), 8.49(s, 1H), 8.17(d, 1H),
8.06(d, 2H), 7.79-7.67(m, 2H), 7.54(d, 3H), 7.46(t, 1H), 7.14(s, 1H), 6.67(d, 2H),
4.78(d, 1H), 4.19-4.12(m, 1H), 3.96-3.87(m, 12H), 3.56-3.36(m, 6H), 3.04(d, 1H),
2.78(s, 3H). |

Comparative Example

A tetrazole methanesulfonic acid was prepared in accordance with the
procedures disclosed in WO 2005/033097, which comprise a reduction using
palladium and gaseous hydrogen, and an acylation wusing 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (EDCI) and a condensing agent
of 4-dimethylaminopyridine (DMAP).

Experimental Example

In order to compare the inventive method comprising a reduction using a
metal and an acid to a conventional method using palladium and hydrogen, the
purity of product, safety and economic feasibility of reduction processes in Example
and Comparative Example were evaluated, and the results are summarized in Table
1, wherein the result of Comparative Example was referenced to 2009-2010 Aldrich
Catalog.

As shown in Table 1, both reduction processes yielded target products with
the same purity, however, the reduction process according to the present invention
was able to prepare the target product in more safe, no explosion risks, and cost

effective way in comparison to the conventional method.

17



reduci ng agent - | nexpensive (1g: 123 KRW - used in an amount of 40%
of the weightofthereactantfor preparation of the conpound of formula
(I'11) - used in an anmount of 40% of the weight of the reactant for
preparation of the conmpound of formula (VII) - Expensive(lg: 37,000
KRW - used in an anount of 10% of the weight of the reactant

Al'so, inTgydgr to conpare the efficiency of the inventive nethod
using th

MMQMQM@MWM%—
1-ethyl -3-(3- 5 dinethyl am noprﬁpmhﬁ:]@ar bodi i m de hyCdemogdrhtore Ken(plkdCl )

and 4- di A mopyT e (oA condens| ng agent, e _percent
yield, pur ffﬂ%lé'ﬁd‘gﬁ‘ﬂrrl ficati onhrﬁ%?/ of the c:)rrpou%g@adﬂ)‘fm}% ﬁﬁ?ﬁeﬁ

(I'v) in Epamg,l(ﬁ"p@@uﬁcpcrrparatlve @g%rple are sumarized irps%lble 2

bel ow. As—shown—n—TFahte2—the—t+nventtve nethopd can P - Lllc
conpound of 1gufétgrmul g (1V) wit hGaobi gher percent ail el dg’ﬁjx
on-to the cony

ri n
compari s Pt HSh S BTN

entional—nethod.Lt_also
i nventi ve nethod can chIB?’ifPeas%‘ﬁE]é RKRM)  product through
recrystdl lization only,- utkd Hout araerrd @810%sdle col um chr onat ogr aphy
process.| 15 Table 2 Ex’emghte «@onthar atdofamt EXanpl e

Economic preparation of the compound of | - Expensive(lg: 37,000 KRW)
feasibility of formula (I1I) - used in an amount of 10% of
reducing agent | - used in an amount of 40% of the | the weight of the reactant

weight of the reactant for
preparation of the compound of
formula (VII)

Also, in order to compare the efficiency of the inventive method using the

compound of formula (II) to the conventional method using 1-ethyl-3-(3-

5 dimethylaminopropyl)carbodiimide hydrochloride (EDCI) and 4-

dimethylaminopyridine (DMAP) as condensing agent, the percent yield, purity and

purification method of the compounds of formula (IV) in Example and Comparative
Example are summarized in Table 2 below.

As shown in Table 2, the inventive method can produce the compound of

10 formula (IV) with a higher percent yield and purity in comparison to the

conventional method. It also can be shown that the inventive method can obtain a

pure chemical product through recrystallization only, without an additional column

chromatography process.
15 Table2
Example Comparative Example
Compound used Compound of formula (II) EDCI/DMAP
Yield 95% 65%
Purity >98% 94%
Purification method Recrystallization Column chromatography

18



Compound used Conpound of fornula (11) EDCI/DVAP Yield 95% 65% Purity
>98% 94% Purification nmethod Recrystallization Colum chromatography
Wil e the invention has been described with respect to the above
speci fic enbodi nents, it should be recognized that various
nodi fications and changes nay be made to the invention by those
skilled in the art which also fall wthin the scope of the 5
i nvention as defined by the appended cl ai ns.

While the invention has been described with respect to the above specific

embodiments, it should be recognized that various modifications and changes may be
made to the invention by those skilled in the art which also fall within the scope of the

5 invention as defined by the appended claims.
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VWHAT IS CLAIMED IS: 1. A nmethod for preparing the tetrazole

met hanesul fonic acid salt of fornmula (I), which conprises the steps
of : acylating the conpound of fornmula (11) with the conpound of
formula (111) to obtain the conpound of fornmula (1V); and addi ng

net hanesul fonic acid to the conpound of formula (1V): W H3CO N
H3CONHZ wHAT I9e1RIN¥D @§: cl aim 1, wherein the acylation is
conduct et T a potar aprotic sol vent sel ected fromthe group

consi sting of dichloromethane, tetrahydrofuran, ethyl ester, acet one
N, N- di et hyl f or mani de, acetonitrile, dinethyl sulfoxide and a m x

thereof 5. AnmcthedHon pesepasing theltctrapeleansathapesufmiv asid it fJBIfmuda (I)

[1) is pr din the sencg of triphenyl phosphine and a base b
earti ng t REBEBhontres 54 SRRTAE PREmYIPROSP Y

acylating the compound of formula (II) with the compound of formula (III) to
obtain the compound of formula (IV); and

adding methanesulfonic acid to the compound of formula (IV):

=N
/0 \N,
D(L °
~o C”)
—S-0H 0—

o] D

D
N:N‘ N
HyCO S OCHs
OCH3
HiCO NH» (HI)
N=N,
- Catalntes
OCH;
H;CO
I
0 (Iv).
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(V) with the conmpound of forrmula (VI) : OH (V) 4. The met hod of
claim 3, wherein the base is selected fromthe group consisting

of triethyl am ne, pyridi ne,i m dazol e, di i sopropyl et hyl am ne, 4-

di met hyl am nopyridine and a m xture thereof 5. The method of claim 3,
wherein the reaction of the conpound of formula (V) and the conpound
of formula (VI) is conducted in an organic solvent selected fromthe
group consisting of dichloronethane, diethyl ether, ethyl ester,

t et r ahydp of THeahetlist af wlaghiin € wiHesiaahe Qic?fiﬂﬁ@nnﬁtdlﬁﬂu@iedcﬂnaa Bolar aprotic
wherein the reaction of the corrpound of formula and the conpound

of fornul a splaent iselecteddiiemeitic growp cenpsiing af élchhngnw@lafneomtmwmfa@m
with stirri for 1 to 3 hour e od of cJam

t he corrpourﬁ?‘glﬁlf $16T ndfieions, | ﬁ)ﬁldémﬁﬁé’lg)rr@@ =aaﬁ@PW(§H dﬁﬁﬁl@ﬁﬂ@fwée
steps of: #ﬁ]ate%ﬁitﬂ?eﬁl%?e gorrpound of formula (VII) to a cyclization

reaction w e conpouna  of forrmula (VIIl) to obtain the conpound
of fornmula (1X); and reducing the conmpound of formula (1X) using a
metal and an acid:

3. The method of claim 1, wherein the compound of formula (II) is prepared in the

presence of triphenylphosphine and a base by reacting the compound of formula

(V) with the compound of formula (VI) :

© (V)

N
£,

4. The method of claim 3, wherein the base is selected from the group consisting
of triethylamine, pyridine, imidazole, diisopropylethylamine, 4-

dimethylaminopyridine and a mixture thereof.

5. The method of claim 3, wherein the reaction of the compound of formula (V)
and the compound of formula (VI) is conducted in an organic solvent selected
from the group consisting of dichloromethane, diethyl ether, ethyl ester,

tetrahydrofuran and a mixture thereof.

6. The method of claim 3, wherein the reaction of the compound of formula (V)
and the compound of formula (VI) is conducted at a temperature ranging from

20 to 25 °C with stirring for 1 to 3 hours.
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8. The method of claim7, wherein the netal is selected fromthe
group consisting of iron, tin, zinc and nickel. 9. The method of
claim7, wherein the netal is enployed in an anobunt of 5 to 15
equi val ents based on 1 equival ent of the conpound of fornula (1X).
10. The method of claim7, wherein the acid is selected fromthe

group coms '”Pﬁé fRid 5y depRN %He‘f?lﬁ%:g C%ﬁ*é"”k%tﬁ r?ggbg?u%rglmé%ﬁre%fﬂ by a

acetic aci a mxture thereo erelrn

the acid |anemgu(mﬁqgrigh theadt franging from2 to 5 nL based on 1 g
of the conpound of formula (1X). 12. The nethod of claim?7, wherein

]E he CFm?%ﬁdbﬁfEﬁ§EMI®mmunﬂ 0§ fpmewalr @dl(l%;to raeaycluzvglomh?acbmpouﬁhl tgc
or mul a W a 0 al n oun
of formul acemnqlndfog“ﬁpeﬁlﬂgﬁlﬁ &8 f%th%oreﬁ ?ﬁ} and o)
using a m&@&uc@ﬂgﬂ?enccﬁﬁb&nd%mﬁlﬁ (IX)%ng § Hlekal and%ﬁ:lw

N
ng{—@—/— OCH;,

OCH;3 (VH)

(VIID)
N:N‘ N
H3°°ﬁ‘*N'N-W OCHg
OCH;
HaCO NO, (IX).

8. The method of claim 7, wherein the metal is selected from the group consisting

of iron, tin, zinc and nickel.

9. The method of claim 7, wherein the metal is employed in an amount of 5 to 15

equivalents based on 1 equivalent of the compound of formula (IX).

10. The method of claim 7, wherein the acid is selected from the group consisting of

hydrochloric acid, nitric acid, sulfuric acid, acetic acid and a mixture thereof.

11. The method of claim 7, wherein the acid is employed in a volume ranging from

2 to 5 mL based on 1 g of the compound of formula (IX).
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(XI1). 13. The nethod of claim 12, wherein the netal used in
reduci ng the conpound of formula (XIl) is selected fromthe group
consisting of iron, tin, zinc and nickel. 14. The nethod of claim 12,
wherein the nmetal used in reducing the conpound of formula (XIl) is
enpl oyed in an anbunt of 2 to 10 equival ents based on 1 equival ent of

the ol a usc meRSEHE Bt whesin MG R R Of AVRITYVED I aFaRd v

fromthe gresgimotiss sémpausd ofyfdraall X wicitd, carhpoired o€ ifdrmelal () ite
acid, acetic acid and a m xture thereof 16. The nethod of claim12,
wher ei n t heotdgindthe swanpoundeefifirnmpla (X1 ofpltowes] by reducing shg xpmpousd of

enpl oyed in. an t aof 0.1 to 0,5 equjvalents based on 1 equival ent
of the con&@l}ﬁk}mb\‘ﬂﬂg& I{l%afﬁﬂ.ld ali?gllgThe met hod. of claim 7, wherein
t he conpound of fornmula (VIII) is prepared by reacting the conpound
of formula (XIIl) with the conpound of formula (XIV): O H3CONO2

HaCOmH . HCI
H3CO

(X)
o
O2N (XI)
OCHj;
@/\/ r\wooHa
ON (X1).

13. The method of claim 12, wherein the metal used in reducing the compound of

formula (XII) is selected from the group consisting of iron, tin, zinc and nickel.

14. The method of claim 12, wherein the metal used in reducing the compound of
formula (XII) is employed in an amount of 2 to 10 equivalents based on 1

equivalent of the compound of formula (XII).

15. The method of claim 12, wherein the acid used in reducing the compound of
formula (XII) is selected from the group consisting of hydrochloric acid, nitric

acid, sulfuric acid, acetic acid and a mixture thereof.

16. The method of claim 12, wherein the acid used in reducing the compound of
formula (XII} is employed in an amount of 0.1 to 0.5 equivalents based on 1

equivalent of the compound of formula (XII).
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(Xr1rr)y (X1v)y. 18. A conpound of forrmula (11): 19. A nmethod of
preparing the conpound of fornula (I11), which conprises the step of
reacting the conpound of forrmula (V) with the conpound of fornula
(VI) in the presence of triphenyl phosphine and a base: OH 20. The
met hod of claim 19, wherein the base is selected fromthe group

consi sti 1y Phe hctiRd DY arFimer, Wdrbﬁﬁ' the cobiPdtad W feformula (1VIIIP is prepared by
di i sopropyl et hyl am ne and 4- di met hyl am no pyri di ne.

of cl ai m 19eavtieg tercanyeounshef foomulas(2cdhduith gk ¢compoumd gﬁfurmuia)(XBﬁ}
sel ected fromthe group consistingof dichloronethane, diethyl ether,

ethyl ester, tetrahydrofuran and a |m xture thereof. 22. The nethod of
claim 19, wherein the rea’é%cpmég;\ducted with stirring for 1 to 3

hours at a tenperature rangin m20 to 25 C
H;CO NO, (X1
N
HN.
//S\\
00 (XIV).

18. A compound of formulia (II): |
Y3
00
0

19. A method of preparing the compound of formula (II), which comprises the step

(I0).

of reacting the compound of formula (V) with the compound of formula (VI) in

the presence of triphenylphosphine and a base:

0 V)

N
0.



20. The method of claim 19, wherein the base is selected from the group consisting
of triethylamine, pyridine, imidazole, diisopropylethylamine and 4-

dimethylamino pyridine.

21, The method of claim 19, wherein the reaction is conducted in an organic solvent
selected from the group consisting of dichloromethane, diethyl ether, ethyl ester,

tetrahydrofuran and a mixture thereof.

22. The method of claim 19, wherein the reaction is conducted with stirring for 1 to

3 hours at a temperature ranging from 20 to 25 °C.
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