Description Method for Producing 2-Brono-4,5-D al koxy Benzoic Acid
Technical Field [0001] The present invention relates to a

nmet hod for producing a 2-brono-4,5-di al koxybenzoic acid which is
useful as a synthesis internediate for pharmaceuticals, etc.
Background Art [0002] 4,5-Di al koxy-2-hydroxybenzoic acid (3) is known
as a raw material or synthesis inter of various

phar maceuti cal s and agricul tural &%ﬁﬁﬁigﬁgguﬁn a known net hod for
produci ng 4, 5-di al koxy- 2- hydr oxybenzoic acid (3), as shown in the
foll owi ng reacti on schene: [0003] R10CO0OHLew s aci dR1OCOOH [ 0004]

wh f acl
getﬁggbng%gﬁg gtogﬁe %Hgél %%?H% 3 g %ﬁsakshéiben20|c aC|2P(a) IS

sel ectively denethyl ated by cau5|ng the acid to react with a Lew s
acid in an ester, ketone, or am de solvent (Patent Docunent 1).
Prior Art..DecypBAt Raggnt Document [0005] Patent Docunent 1.
W2006/ 022252 Pat ent Docunent 2: JP-A-2003-252826 Summary of the

I nventioggg1]

The present invention relates to a method for producing
a 2-bromo-4,5-dialkoxybenzoic acid which is useful as a
synthesis intermediate for pharmaceuticals, etc.
Background Art
[0002]

4,5-Dialkoxy-2-hydroxybenzoic acid (3) is known as a
raw material or synthesis intermediate of various
pharmaceuticals and agricultural chemicals. In a known
method for producing 4,5-dialkoxy-2-hydroxybenzoic acid (3),

as shown in the following reaction scheme:

1
R OI ICOOH Lewis acid R1O: : :COOH
R?0 OCH»

Ester solvent, etc. R0 OH

[0003]

(a) (3)

[0004]

(wherein each of R' and R? represents a lower alkyl group),
the methoxy group at the 2-position of 2,4,5-trialkoxybenzoic
acid (a) is selectively demethylated by causing the acid to
react with a Lewis.acid in an ester, ketone, or amide solvent

(Patent Document 1).



Probl enms to be Solved by the Invention [0006] However, the

af orenenti oned nethod involves a problemin that production of
2,4,5-trial koxybenzoic acid, serving as a raw material, requires an
intricate process, resulting in cost increase. In addition, the

met hod requires enploynent of a netal -containing reagent (e.g.,
titani umyetraghlorjd (alum num chloride) in a stoichiometric
anount or “more’TSi ice suc a metal -containing reagent exhibits |ow
reS|stan%3t%%tw%%%h e%ge met hod nust be carried out in a non-aqueous
system i.¢€ € ng% od requires careful control of the reaction
system thod al so involves a problemin that an organic sol vent
must be Jseg ifn a large anount. In view of the foregoing, an

obj ect of, Egﬁtpgggg&gnkn}e %g%%ds dd% grOV|de a method for

effectivel: y producing a al koxy- hydroxyben20|c acid froman

|nexpensbg@e5§wbgghﬁghgl o .MgNs, @M 1S8lswighg the Probl ens [0007]

In order to achieve t aforenmenti oned obj ect, the present inventor

has focugggmgggao%,ﬁhglgh%géxq@9g0|c acid serving as an inexpensive
raw materi al d has conducted studies on neans for selectively

'”trOdUCbBabéeH%dngﬁb goavRdt & th%eﬁzag%bk'%% of the conpound.
Specifically, the present inven has conducted studies on a nethod
i ncl udi ngpgakgegenati on of the 6-position of a 3, 4-di al koxybenzoic
acid serving as an inexpensive raw material, and hydrolysis of the

hal ogenat ed ceopReWRE:., khed deumdmrtiRetd Hﬁz‘t@ﬂﬂ‘aﬂﬂmﬁe@(& ibfed he
6- position of a 3, 4- dlalkoxyben20|c acid is carried out in an organic

sol vent sychhas prbalegesat ed hydrecarhenkoabenieic G, b@ethieg as
acid, or an ester (Patent Docunent 2). However, in the case of this
method, Rakagenatienaal, seeploeeedanatind riesittl @&o@teks@,r, e 1ttHeigb-in
position of the benzoic acid, and the resultant by-products are

di fficul tobe tampeaseresthtadditionn theaheshadt peyuyiresdefpbovent
78% . Thus, the present inventor has conducted further studies, and
as a result ahastbhuednthahinguireegenexgecyedl ¢itehdmm Riexrachloride
hal ogenati on reaction is carried out by use of bromne in

concent r aredlhmdnaahkbhibeidei d inhiagblty isdlieckitvd ch nowundt ioan mocse .
achieved at the 6-position of a 3,4- dial koxybenzoic acid at high

yi el d. Thénpeesenh mnwmentdrcbasadhsogf aceadentiaexhhien tishd oweselstimttance
2-brono-4,5- dial koxybenzoic acid is hydrolyzed in the presence of a
copper cbapwahdranthenmetniing vospobedcaarhieghoptr iity a4 nen-agueous

di al koxy- 2- hydr oxybenzoic acid is produced at high yield. The present
i nvent i oayhasmbeéneaccohpl inshbddometne rieasicereff ulhesa tirioddiofgshe

[ 0008] Accordingly, the present invention provides a nethod
for produebagian2syedan- 4, Bheli neékoxgbahzoi tnvueldes epresehied by that

followng fornula (2): [0009] R10COCH
an organic solvent must be used in a large amount.

In view of the foregoing, an object of the present
invention is to provide a method for effectively producing a
4,5-dialkoxy-2-hydroxybenzoic acid from an inexpensive raw
material.

Means for Solving the Problems
[0007]
In order to achieve the aforementioned object, the

present inventor has focused on a 3,4-dialkoxybenzoic acid
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[0010] (wherein each of 122 and R2 represents a | ower al kyl group),
t he net hod conprising causing a 3, 4-di al koxybenzoi c acid represented
by the following formula (1): [0011] R1I0COON (1) R20 [0012] (wherein
R1 and R2 have the same neani ngs as defined above) to react with
brom ne in concentrated hydrochloric acid. [0013] The present

i nvention _al rovi_des _a h for._produci.ng a
%Viglgﬁ? r 8-)%)/ E_élr?%{gl%%lsq_%e =1 m%.q: eq:leag 'b){/intdh é’lafsolclonducted

4,5-dialf§xy acid represent OW Nng

formul a Q%Lﬁiggo%ﬂ ﬂgg%sR%%r gg%ééé?vé%? ﬂﬂ%ygaucing a hydroxyl group

to the 6-position of the compound. Specifically, the present
inventor has conducted studies on a method including
halogenation of the 6-position of a 3,4-dialkoxybenzoic acid
serving as an inexpensive raw material, and hydreolysis of the
halogenated compound. In a known method, halogenation
reaction of the 6-position of a 3,4-dialkoxybenzoic acid is
carried out in an organic solvent such as a halogenated
hydrocarbon, an ether, a carboxylic acid, or an ester (Patent
Document 2). However, in the case of this method,
halogenation also proceeds at a position other than the 6-
position of the benzoic acid, and the resultant by-products
are difficult to remove, resulting in an unsatisfactory yield
(about 78%). Thus, the present inventor has conducted
further studies, and as a result has found that, quite
unexpectedly, when this halogenation reaction is carried out
by use of bromine in concentrated hydrochloric acid, highly
selective bromination is achieved at the 6-position of a 3,4-
dialkoxybenzoic acid at high yield. The present inventor has
also found that when the resultant 2-bromo-4,5-
dialkoxybenzoic acid is hydrolyzed in the presence of a
copper compound and an amine compound, a high-purity 4,5-
dialkoxy-2-hydroxybenzoic acid is produced at high vyield.

The present invention has been accomplished on the basis of
these findings.

[0008]



(wherein R2 and R2 have the sane neani ngs as defined above), the
met hod conprising causing a 3, 4-di al koxybenzoi c acid represented by

the following fornula (1): [0016] RO RR2o COOH (1) [0017] (wherein

R2 and R2 have the sanme neani ngs as defined above) to react with
brom ne in concentrated hydrochloric acid; and hydrol yzing the

resul tant 2-brono-4,.5-di al koxybenzoi ¢ aci d represented. by the
follow ng for A r(df)n:g YOOll%gaey pre[st?ﬁ’lch]lrtvvﬁwnetrleclmn Valndcia ﬁnaevteh?c}'ue
sanme neani_ngs efi ned . abov i,nt e ce of. a_c 0
and an a%Fﬁgpggﬁﬁoﬁﬁgl%EFFE%Fﬁkﬁﬁ’Pﬁgiﬁﬁ§§hiﬁéiﬁ%%bdfggp%%ﬁ%éggﬁgga

Accordin h of r nt invention, high-purity
%yg%g% %oﬁ%&ﬂ&%ﬁ ﬁ&ym%l% %?g

2- br ono- met'hoxybénzaoi ¢ acid ‘produced, under industrially

advantag%%%%9reaction conditions, from 3, 4- dinmethoxybenzoic acid,
whi ch is an iAexpensive raw material, at high yield, and al so

hi gh-purity 4, 5-dinet hoxy-2- pydroxybenzoic acid is produced in an

qdi
i ndustrially R'O Co0
(2)
R0 Br

[0010]
(wherein each of R and R® represents a lower alkyl group),
the method comprising causing a 3,4-dialkoxybenzoic acid

represented by the following formula (1):

R'0 COOH
U (1)
R20

(wherein R and R® have the same meanings as defined above)

[0011]

[0012]

to react with bromine in concentrated hydrochloric acid.

[0013]

The present invention also provides a method for

producing a 4,5-dialkoxy-2-hydroxybenzoic acid represented by

the following formula (3):

rR'O COOH
U (3)
R0 OH

[0014]

[0015]



advant ageous manner. Modes for Carrying Qut the Invention [0021]

The met hod of the present invention is represented by the follow ng
reacti on schene: [0022] R10COCHBr 2R10COOH Hydrol ysis Conc. HC R20
(Step 1) (2) Copper conpound R200H Ami ne conpound (3) (Step 2)
[0023] (wherein 121 and R2 have the sane neani ngs as defined above).

002 s s 3.4 di i '
10020] | SRt pabtsS SR o %808, ALAOIREEE 60 PEATE qncv,

%er the aci € referred

2 o oo rkbhol (e G586 W AT ARG SONG A
acid rEp&%%E%5§%53¥L%8;F%%gg%ahc&ngbeE%%%hﬂ%-HH%=aC'd may be referred

to as

HCO

oun
[0016]

R'O COOH
U (1)
R20

(wherein R' and R? have the same meanings as defined above)

[0017]

to react with bromine in concentrated hydrochloric acid; and
hydrolyzing the resultant 2-bromo-4,5-dialkoxybenzoic acid

represented by the following formula (2):

R0 COOH
T @
R%0 Br

(wherein R' and R? have the same meanings as defined above)

fo018]

[0018]

in the presence of a copper compound and an amine compound.
Effects of the Invention
[0020]

According to the method of the present invention, high-
purity 2-bromo-4,5-dimethoxybenzoic acid is produced, under
industrially advantageocus reaction conditions, from 3,4-
dimethoxybenzoic acid, which is an inexpensive raw material,
at high yield, and also high-purity 4,5-dimethoxy-2-
hydroxybenzoic acid is produced in an industrially
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In fornmulas (1) to (3), each of RL and R2 represents a | ower alkyl
group. Exanples of the |lower alkyl group include d to C6 |inear or
branched al kyl groups. Specific exanples of the | ower al kyl group

i nclude nmethyl, ethyl, n-propyl, isopropyl, and n-butyl. Particularly
preferably, both RL and R2 are a nethyl group. [0026] Conmpound

(1), serviqn [ aw rial, is readily available. Particularly,
3, 4-di rre?]ﬁi(‘)’%y%% %&u% 36 Eril%lJi'n whi ch both R2 and R2 are a net hyl

group, | 3eal Il eal )i 8t L002knrion N the present

i nventi on, eréaction corresponding to step 1 is carried out in
concent rﬁto%gl ydrochloric acid. Currently, this reaction is carried
out in an organi c solvent such as ethyl acetate (see Patent Docunent

2), and it haswno Ep_.q,ﬁ;a r-q.g;etﬂ' | S iE‘é:_Lq %g i n
i norgani ¢ sol \s;fgﬁr{t trnsuc a?}g\gr%l(?te%?rea%%% ﬁly r oct%r?%ir islcs'cg{.:éllj ) e ed by’
hydr ogenghl gbilgg“ﬁglgl ent, @f Lhesneentrated hydrochloric acid

e

enpl oyed 1s preferabl’y 30% or nore, nore preferably 33% or nore, even
nore prefigpabhy 33 to 40% [0028] The amount of brom ne
enpl oyed is preferably 1.0 to 2.0 equivalents, nore preferably 1.0 to

1.5 equi vdbents. padoteul agly pr efera COGH 1Hyjdregssi val epps, With oo

respect to cdg nd (1) —This.reacti fficiently proceeds e
when t he 3oy of brom e%@)mégﬁg' small_as 1.0 to 1.1
equi val ef¥®, ard producef"sigd | unt s of Bpy- FPBBRICPOPOUd 0260 OH

The reaction tenperatur€Step 1pr ef er abl 0 to 45Gingamipoond ar |y
preferably 10(1b 35C. The aforenenti OXE reaction 8596 eds at sudB)a
tenperature (i.e., anbient tenperature) w thout réqu?r ng application
of any energy. The reaction time, which may vary with reaction
scale, etc., is 2 to 10 hours or 4 to 8 hours. Wien the reaction tine
falls within_such a range, satisfactory results are obtained. [0030]
The aforéﬂr@ﬁ@joned reaction sel ectively produces a high-purity

2- brono-4, 5-di al koxybenzoj ¢ acid.. According to this reaction,

br o nat {1 BACEF TG 0Nt T oA MERHAG S STEA T FETRY -
Ther ef ore[' S Il amounts of byproducts are produced, and a

hi gh- purip)g g?oduct of interest is produced at high yield. [0031]

[ Step 2] n step 2, conpound (2) is hydrolyzed in the presence
of a copﬁgFegor]ré)ound and an am ne conpound, to thereby produce a

4, 5-di al koxy- 2- hydroxybenzai g agci d,represent.ed by §q

(hereinafter the acrd ray bé re Srr e gngglccgnﬁourﬁ?%u(%)%e)%@e[do@ﬂ
Banpl s epbghle 198PGheaTRaNed cupLokeddl nelude cappel auliate
) u e, (o]

cuprous C r'c "ChRl"ori cuprous m-de,” "cupric Brom de,

cuprous Qébﬂ?oﬁ}i}f’g?g "?Xi:'_gec{aﬁ%@ﬁgr&ﬁ%%%% ewiﬁgldb QpRGL Rowder. O

t hese, coppe s particu preferred. anples of the

o oL AELACE RS5O LR, LY AT OBz prone-
pyridine, diglkykam Ben-BR6PEeLHNeepReBehdNSy BYHRhdI (38,
(hereinafter the acid may be referred to as "compound (2)").
fo025]
In formulas (1) to (3), each of R' and R? represents a
lower alkyl group. Examples of the lower alkyl group include
Cl to C6 linear or branched alkyl groups. Specific examples
of the lower alkyl group include methyl, ethyl, n-propvl,

isopropyl, and n-butyl. Particularly preferably, both R' and



pi perazine, and trial kylam ne. O these am ne conpounds, pyridine is
particularly preferred. [0033] The anmount of the copper
conpound enployed is preferably 0.01 to 1.0 equivalent, particularly
preferably 0.05 to 0.1 equivalents, with respect to conpound (2). The
anount of the am ne conpound enployed is preferably 0.1 to 5.0

equi val entks art| ferably 0.5 to 1 equivalent, with
respect to %B%p%ungg%§ ¥ g § The hydrolysis reaction is

pr ef er abl %O%%grled out in the presence of an al kali. Exanples of the
al kal i on d include sodi um car bonat e, potassiunlcarbonate sodi um

BX?QSE?E%‘E‘LSS?%@?’& P e R R ﬁﬁﬁd%l”meln@pﬁée%i 1y, o
preferab a&lgbﬁ% 3. 9a££?§?1afggt' Uha&EMeQESLﬁﬁg ¥1é 35150 1n which

tines, corpound ysis reaction is

carried gyt AR, SO Al HLe! erably, 504, 100G 0w cost .

partlcularly pre |y at e reaction tine
preferablpypd-4o 8 hours, particularly preferably 1 to 3 hours. [ 0036]
After conpletlon of the reaction, a product of interest can be

purified throygh t@ieC%'P@%rérfteq_Wéiﬁcﬁycrt@ MANiNG, corresponding to
recrystal lization, or any chronatography technique. [0037]

Accordi ngtkg thesmebhedeof Suke ipr eSplenitiueRE PR IHIG-RUEHHY .
4, 5- di al koxy- 2- hydr oxybenzoi ¢ acid (conmpound (3)) is produced from an

'neXpenSbﬁ%réﬁﬁﬂgat%hh@|rbﬁ%@ﬁ%& a sSicERIre <R 0685 S rAlarh ity ayi®l Golvent
Through, for exanple, the nethod described in W2006/ 022252, conpound

(3) can BachorredchiloaceBend se) patingh Dogumeeftul2)as adddrity HBleChot
as an enterokines is-inproving agent. [0038]
been known that the reaction is carried out in an inorganic
golvent such as concentrated hydrochloric acid. The hydrogen
chloride content of the concentrated hydrochloric acid
employed is preferably 30% or more, more preferably 33% or
more, even more preferably 33 to 40%.
[CG028]

The amount of bromine employed is preferably 1.0 to 2.0
equivalents, more preferably 1.0 to 1.5 equivalents,
particularly preferably 1.0 to 1.1 equivalents, with respect
to compound (1). This reaction sufficiently proceeds even
when the amount of bromine employed is as small as 1.0 tc 1.1
equivalents, and produces small amounts of by-products.

[0029]

The reaction temperature is preferably 10 to 45°C,
particularly preferably 10 to 35°C. The aforementioned
reaction proceeds at such a temperature (i.e., ambient

temperature) without requiring application of any energy.
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(3)(4) RLOCONN R200H (6) CONN R200H (8) [0039] (In the

af orenenti oned schene, R3 represents a |lower al kyl group, and R and
R2 have the sane neani ngs as defined above.) [0040]

Specifically, conpound (3) is caused to react with phenol or

tri phenyl phosphite, to thereby produce conpound (4); conpound (4) is

caused t g, req g)c\eqﬁsata FORGUD) el LS SRLPLAdNGS ORI (B

and conpound caused to rea er'eby

produce FLQWBO %,‘6} &ls O?fal Lt (he %fur " M[:llég 4§f}éere§§tfﬁ?{n time

preferab kyT~ group. anp ‘es e present

i nventiog ﬁ’&lsl wq«ggltmbgu@ﬁsgr 'gi%%g,el rl‘?sf% %'r‘y DY @Y Of x@@ﬂ?ﬁaﬁ%ed.

whi ch shou not be construe I ng t nvention theret

[ 0042] Eﬁ%@@b? 1

The aforementioned reaction selectively produces a
high-purity 2-bromo-4,5-dialkoxybenzoic acid. According to
this reaction, bromination of the 6-position proceeds in a
highly selective manner. Therefore, small amounts of by-
products are produced, and a high-purity product of interest
is produced at high yield.

[0031]
[Step 2]

In step 2, compound (2) is hydrolyzed in the presence
of a copper compound and an amine compound, to thereby
produce a 4,5-dialkoxy-2-hydroxybenzoic acid represented by
formula (3) {(hereinafter the acid may be referred to as
"compound (3)").

[0032]

Examples of the copper compound employed include copper
sulfate, cuprous chloride, cupric chloride, cuprous bromide,
cupric bromide, cuprous oxide, cupric oxide, copper acetate,
and copper powder. Of these, copper sulfate is particularly
preferred. Examples of the amine compound include secondary
amines, tertiary amines, and aromatic amines. Specific
examples of the amine compound include pyridine,
dialkylamine, morpholine, piperidine, pyrrolidine,

piperazine, and trialkylamine. Of these amine compounds,



(Conpound (1) -* Conpound (2)) 3, 4- Di nret hoxybenzoi ¢ aci d
(25.0 g) was suspended in concentrated hydrochloric acid (35% (500
m.), and bromne (23.0 g, 1.05 equival ents) was added dropwi se to the
resul tant suspension at 25C. Subsequently, the resultant m xture was
stirred for seven hours. Water (500 nL) was added to the m xture, and

EP&[“JE% R L e g R s e T eucea prossure. o

t her eby B e crude crystal s of 2-brono-4, 5-di net hoxybenzoi c acid
(34.47 ) ? | d: 96.2% . 1H NVR(DVMSO-d5, 5): 3.79(s,3H), 3.84(s,3H),

7.21(s, 1H), ) %D}:p anme
reaction as descrfagm}i"]nébgvfe]t\:/)hvaeg r ed ﬁlﬁﬁ%eﬁmp&?xegen% reaction
conditio ( e t, of h f%t]_lé{

and the ggﬁﬁ%ﬁf@eﬁwg@&aﬂ e u‘l F: (Jeintt eb ovvs tl(t%& yeel at1ons r}/
bet ween reagt ikon candihi;ons ARd y'vﬁlt‘ill ﬂéze,pE%tH & obconfSourPT @9ent §he.
3- brono4, 5-di net hoxybehzoi ¢ acid; "B" 3,4-di met hoxybénzoic acid; "C

1, 2- di br gapstht>oH FRlhaxthen é@ﬁgjodh% etpl A 3P rheFerably 0.1 to

di met hoxybenzoi c acid; and 6- di brono-4, 5- di met hoxybeénzoic

aci d. [0G44)] ehﬁahadaqe%ﬂts( eghh rATRYN L Ak, @'x@flé}%bﬁw@w e (pivHimt,
(0/0) A B C Conpound

with respect to compound (2) .
[0034]

The hydrolysis reaction is preferably carried out in
the presence of an alkali. Examples of the alkali employed
include sodium carbonate, potassium carbonate, sodium
hydrogencarbonate, potassium hydrogencarbonate, sodium
hydroxide, and potagsium hydroxide. The amount by mole of
the alkali employed is preferably 1.0 to 3.0 times,
particularly preferably 1.25 to 1.5 times, that of compound
(2).

[G035]

The hydrolysis reaction is carried out in an aqueous
solution at preferably 50 to 100°C, particularly preferably
at 90 to 100°C. The reaction time is preferably 1 to 8
hours, particularly preferably 1 to 3 hours.

[0036]

After completion of the reaction, a product of interest

can be purified through a common technicque such as washing,

recrystallization, or any chromatography technique.

[0037]



Yield (0/0) EF 2.0 Roomtenperature 1.8 1/4.0 't COD C 1/40 ,-i 1.3
85.5 4.3 6.5 1.1 Roomtenperature 1.8 3.2 90.3

According to the method of the present invention, a
high-purity 4,5-dialkoxy-2-hydroxybenzoic acid (compound (3})
is produced from an inexpensive raw material through a simple
process at high yield. Through, for example, the method
described in W02006/022252, compound (3) can be formed into
compound (8), which is useful as a drug such as an

enterokinesis-improving agent.

[0038]

R'O COOH R'0 coo—@
T — XX

R?0 OH R?0 OH

(3) (4)

S
HzN“‘( /
N
(5)

Y

COOR3 ] S
R(i][::I:CONH—Yiéz
R20 OH COOR®

Pr
HaN(CHg) 2N

s
7 T R'o CoNH—( )
:@: N JiPr
R?0 OH CONH(CH2) 2N

\ =

iPr

Y

(8)
[0039]
(In the aforementioned scheme, R’ represents a lower alkyl
group, and R' and R® have the same meanings as defined

above.)
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2.0 1.3 1.05 Roomtenperature 0.8 1.9 92.5 2.3 1.4 1.05 20 to 30C
-92.1 - -

[0040]

Specifically, compound (3) is caused to react with
phenol or triphenyl phosphite, to thereby produce compound
(4) ; compound (4) is caused to react with compound (5), to
thereby produce compound (6); and compound (6) is caused to
react with compound (7), to thereby produce compound (8) or a
salt thereof. In this case, R’ is preferably a Cl to C6
alkvl group.

Examples
[0041]

The present invention will next be described in more
detail by way of examples, which should not be construed as
limiting the invention thereto.

[0042]
Example 1

{Compound (1} — Compound (2)})

3,4-Dimethoxybenzoic acid (25.0 g) was suspended in
concentrated hydrochloric acid (35%) (500 mL), and bromine
(23.0 g, 1.05 equivalents}) was added dropwise to the
resultant suspension at 25°C. Subsequently, the resultant
mixture was stirred for seven hours. Water (500 mL) was
added to the mixture, and the mixture was stirred for one
hour. Thereafter, the precipitated crystals were filtrated,
and then dried under reduced pressure, to thereby produce
crude crystals of 2-bromo-4,5-dimethoxybenzoic acid (34.47 g)
(vield: 96.2%).
'H-NMR {DMSO-ds, &): 3.79(s,3H), 3.84(s,3H), 7.21(s,1H),

11



1.05 40 to 45C - - 82.6 - - [0045] As is clear from Table 1,
when conpound (1) is caused to react with brom ne in concentrated
hydrochl oric acid, high-purity conpound (2) is produced at high yield
under mld reaction conditions. As is also clear from Table 1, when

t he amount of bromine enployed is 1.0 to 1.1 equivalents,

satisfacto results. ar tai.ned. According to the Exanpl e of Patent
Docunentgzgxéﬁozgﬁé 1§(??3 gq&%Salents) is added to conmpound (1) in
et hyl ac§5§t§ and reaction is allowed to proceed at 65C for seven
hours, t A Feby produce conpound (2) at a yield of 78% These data

i ndi cat e that th .t ! & ;
e Cal o 23S R bRl che B R AU s oue
pocument faek O48kerent EC-20A! Haklaal10hst Ne 8LT S¢l O epngenly at ed

hydrochl orrc acid concenfration, t af'orementi'onéd Teaction was

carried Bgﬁsamﬁﬂger rhie r%%'ckﬁ%”%e&%%%‘é%%l%g 0% '&gﬁ]{gie U QUG il Trere

equi val en réaction tenperature: 0 . reaction tine:
t hree ho il o] ratio r d i.C
R R R TS T e R

conditions and yield. In Table 1, "A" represents 3-bromo-
4,5-dimethoxybenzoic acid; "B" 3,4-dimethoxybenzoic acid; "C"
1,2-dibromo-4,5-dimethoxybenzene; "E" 2,3-dibromo-4,5-
dimethoxybenzoic acid; and "F" 2,6-dibromo-4,5-

dimethoxybenzoic acid.

[0044]

[Table 1]
(eq) (hr) | (%) Compound (2)

Amount of , 10

bromine Temperature Time| A B C Yield (%) E F

2.0 Room temperature 3 1.8 | 0.6 | 1.3 85.5 4.3 | 6.5
1.1 Room temperature 7 1.8 | 14 | 3.2 90.3 20| 1.3
1.05 Room temperature 7 0.8 | 1.0 | 19 92.5 23|14
1.05 20 to 30°C 5 - 1.4 - 92.1 - -
1.05 40 to 45°C 5 - 4.6 - 82.6 - -

[0045]

As is clear from Table 1, when compound (1) is caused
to react with bromine in concentrated hydrochloric acid,
high-purity compound (2) is produced at high yield under mild
reaction conditions. As is also clear from Table 1, when the
amount of bromine employed is 1.0 to 1.1 equivalents,
satisfactory results are obtained.

According to the Example of Patent Document 2, bromine

12



[ Table 2] (Yield % Product Concentrated hydrochloric acid
concentration 30% 31% 32% 33% 34% 35% A 1.13 1.24 1.37 1.25 1.09
1.05 B 8.65

(1.8 equivalents) is added to compound (1) in ethyl acetate,
and reaction is allowed to proceed at 65°C for seven hours,
to thereby produce compound (2) at a yield of 78%. These
data indicate that the method of the present invention is
more industrially advantageous than the method described in
Patent Document 2.

[0046]

For evaluation of the effect of concentrated
hydrochloric acid concentration, the aforementioned reaction
was carried out under the following conditions (amount of
bromine: 1.1 equivalents, reaction temperature: 20 to 30°C,
and reaction time: three hours), while the concentration of
concentrated hydrochloric acid employed was varied. The

results are shown in Table 2.

[0047]
[Table 2]
{(Yield %)
Product Concentrated hydrochloric acid concentration
30% 31% 32% 33% 34% 35%
A 1.13 1.24 1.37 1.25 1.09 1.05
B 8.65 4.6 4.17 4.04 2.16 0.47
C 10.83 6.12 4.4 3.13 2.79 1.84
Compound (2) 75.55 82.37 85.39 89.14 91.11 95.64
E 1.77 2.47 1.78 1.16 1.19 0.75
F 2.07 3.22 2.89 1.28 1.66 0.25
[0048]

As is clear from Table 2, the higher the concentrated
hydrochloric acid concentration, the higher the yield of

compound (2). Even in the case where 30% concentrated

13



4.6 4.17 4.04 2.16 0.47 C 10.83 6.12 4.4 3.13 2.79 1.84 Conpound (2)
75.55 82.37 85.39 89.14 91.11 95.64 E

hydrochloric acid is employed, when the reaction time is
prolonged, the yield of compound (2} is further increased.
These data indicate that the concentrated hydrochloric acid
concentration is preferably 33% or more.

[0049]

Example 2

(Compound (2) — Compound (3))

Water (80 mL} was added to the crude crystals of 2-
bromo-4,5-dimethoxybenzoic acid produced in Example 1 (20.0
g) and sodium carbonate (10.1 g). The resultant mixture was
stirred under heating at 80°C, and a copper sulfate solution
prepared from copper sulfate pentahydrate (1.91 g), water (20
mL), and pyridine (3.1 wmL) was added to the mixture. The
resultant mixture was further heated and stirred at 90 to
100°C for one hour. The mixture was cooled to 50°C, and
concentrated hydrochloric acid (16.0 g) was added dropwise
thereto. After cooling of the mixture, the precipitated
crystals were filtrated, and then dried under reduced
pressure, to thereby produce crude crystals of 2-hydroxy-4,5-
dimethoxybenzoic acid (15.08 g) (yield: 99.3%).

'H-NMR (DMSO-ds, 8): 3.71(s,3H), 3.81(s,3H), 6.56(s,1H),
7.17(s,1H), 11.22(bs,1H}, 13.58 (bs,1lH).
[0050]

The reaction of Example 2 was repeated, except that
copper sulfate was replaced with the same equivalent of a
copper compound. The same reaction conditions as described

above were employed, except that the amount of pyridine
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137 2.47 1.78 1.16 1.19 0.75 F 2.07 3.22 2.89 1.28 1.66 0.25 [0048]
As is clear from Table 2, the higher the concentrated hydrochloric
acid concentration, the higher the yield of conpound (2). Even in the
case where 30% concentrated hydrochloric acid is enployed, when the
reaction tinme is prolonged, the yield of conmpound (2) is further

nereasedeTicas (ala udea o ML LIS gt .0 aelo

raesults in terms of yield of compound (2).

[0051]

[Table 3]
Copper catalyst Yield of compound (2)
Copper sulfate 96.80%
Copper powder 92.20%
Cuprous bromide 98.80%
Cupric bromide 93.40%
Cuprous chloride 98.30%
Cuprous oxide 97.20%
Cupric oxide 98.60%
Copper acetate 97.10%

[0052]

When the reaction of Example 2 was repeated, except
that the amount of pyridine employed was changed to 0.1
equivalents (0.62 mL), compound (2) was produced at a yield
of 83.4% (reaction time: eight hours). When the reaction of
Example 2 was repeated, except that the amount of pyridine
employed was changed to 1.0 equivalent (6.2 mL}, compound (2)
was produced at a yield of 91.5% (reaction time: three
hours) .
[0053]
Referential Example

(1) Toluene (1.5 g) was mixed with P(OPh}; (2.35 g), 2-
hydroxy-4,5-dimethoxybenzoic acid (1.5 g), and HpS0, (40.3
pL) under a stream of argon, and the resultant reaction
mixture was refluxed with stirring for 2.5 hours. The

reaction mixture was cooled, and methanol (5 g) was added,

15



( Conpound (2) Conmpound (3)) Water (80 nL) was added to the
crude crystals of 2- brono-4, 5-di met hoxybenzoi c acid produced in
Exanple 1 (20.0 g) and sodi um carbonate (10.1 g). The resultant

m xture was stirred under heating at 80C, and a copper sulfate

sol ution prepared from copper sulfate pentahydrate (1.91 g), water

ol an Wbk ol il S B e

it o "ol $584% KUl sl RGN AR s

LA ARl eyl

i Cer Rl i np A
ggﬁe Y1 :3_?%%1%%?]%/-4 SL%Q_%%]%:&OTXXEDEHZO%teea(%t. o2 )\?MatthEéIaHHe%.dz of

was repe 7 “exce t coppér e Wwas replace e sane
equivale§%$of a copper compound. The sane reaction conditions as
descri bed above were enpl oyed, except that the anount of pyridine
enployed[%%§4§hanged to 5 equivalents. Table 3 shows the results in
ternms of yiéld of conpound (2). [0051] [Table 3] Copper catalyst

L 01 SO and Bl fonen e SRR CaRReh RO D 4%
methyl 2-amino-1,3-thiazole-4-carboxylate (3.75 g), and
(PhO)3B (5.49 g) were suspended in toluene (25 g) under a
stream of argon, and the resultant suspension was stirred
under.heating at 100°C for three hours. Methanol (25 g} was
added dropwise to the reaction mixture at 70°C, and then the

resultant mixture was refluxed for one hour. The mixture was

cooled, and stirred at 30°C or lower for one hour.
Thereafter, the precipitated crystals were filtrated, and
then dried at 60°C under reduced pressure, to thereby produce
2-[(2-hydroxy-4,5-dimethoxybenzoyl)amino] ~1,3-thiazole-4-
carboxylic acid methyl ester monomethanol solvate (6.49 g) at
a yield of 96%. The 2-[(2-hydroxy-4,5-
dimethoxybenzoyl)amine] -1, 3-thiazole-4-carboxylic acid methyl
ester monomethanol solvate was found to have a purity of
99.78% as determined through HPLC (i.e., very high purity).
‘H-NMR (DMSO-ds, 8): 3.19(s,3H), 3.79(s,3H), 3.83(s,3H),
3.84(s,3H), 4.05-4.15{(bs,1H), 6.61(s,1H), 7.63(s,1H),
8.13(s,1H), 11.77(s,1H), 12.40(s,1H) .

Furthermore, drying was carried out at 100°C under
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93. 40% Cuprous chl ori de 98. 30% Cuprous oxi de 97.20% Cupri c oxi de
98. 60% Copper acetate 97.10% [0052] When the reaction of
Exanpl e 2 was repeated, except that the amount of pyridine enpl oyed
was changed to 0.1 equivalents (0.62 nlL), conpound (2) was produced
at a yield of 83. 4@6(reaction time: eight hours). V%en the reaction

S SR S RS %faemh A
5%
900, BB RS PR e L SORONER): 098y

(2.35 9), % hydroxy-4,5-d|nethoxyben20|c acid (1.5 g), and H2SO™4
(40.3 Ilff Gfider a stream of argon, and the resul tant reaction

t fl d wt t .5 .h Th ctj
i Xt 6 VEHRBLPHRS A Bt Farls (X3 i HaeR) Pl By

stlrrlng f 0 nut.e u quent Ly s ,ad t
t he mxturgr1 % &ﬁﬁhegn%%tgfg %sﬁbﬁpégﬁé 1§o%¥§ﬁu?é@e f%éQ%qs 1n)
preC|p|t%b%g ?rystals were filtrated, and then dri ed under reduced

pressure, hereby produce phenyl 2-hydroxy-4, 5-di met hoxybenzoate
(2.0 9) at a W@@l%h%fzgq%b—w@§%%&y—4,5—dimethoxybenzoyl)amino]—1,3—

thiazole-4-carboxylic acid methyl ester (10.81 g) was
suspended in toluene (30 mL), and diisopropylethylenediamine
was added dropwise at 70°C under a stream of argon.
Thereafter, the resultant mixture was stirred under heating
at 100°C for five hours. The resultant reaction mixture was
cooled, and 10% (w/w) agueous sodium chloride solution (20
mL) was added to the mixture at 75°C, followed by extraction
operation. This operation was carried out once again. After
removal of the resultant agqueous layer, toluene was distilled
off under reduced pressure, and the residue was diluted with
80% (v/v) 2-propanol-water (38 mL). 35% Hydrochloric acid
(9.22 g) was added dropwise to the diluted residue, to
thereby precipitate N-[2-{(diisopropylamino)ethyl]-2-[{(2-
hydroxy-4,5-dimethoxybenzoyl)amino] -1, 3-thiazole-4-
carboxamide hydrochloride. The precipitated crystals were
filtrated and washed with 2-propanol, and then dried at 50°C
under reduced pressure, to thereby produce N-[2-
(diisopropylamine)ethyl] -2-[ (2-hydroxy-4,5-
dimethoxybenzoyl)amino] -1, 3-thiazole-4-carboxamide

hydrochloride (14.45 g} at a yield of 97%.
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(2) Phenyl 2-hydroxy-4,5-di net hoxybenzoate (5.0 g), nethyl

2-am no-1, 3-thi azol e-4-carboxylate (3.75 g), and (Ph0)3B (5.49 g)
wer e suspended in toluene (25 g) under a stream of argon, and the
resul tant suspension was stirred under heating at 100C for three
hours. Methanol (25 g) was added dropwi se to the reaction m xture at
70C, and,then_the reaagﬁant mxture was ref luxed for one hour. The

m xture V\%EN@%&P%ﬁ? st ifrred e BoE ortHDwer! 151 (G Hhik - 4EZ)
Thereafter, the._precipitated _cry | s re_filtra , and.the ried
2t 60C AR Pedii B sesurs 2t o ertBy Brofce s T
2-[ (2- hydr @xy;-.4, 5-di y zoyl ),am_nqgl~1, 3- thi le-A4- oxylic
acid net %y%é 5o AP o o 7 o AR %’.)49%g1);7qa@z'g}§i“7§l5d 5 96%
The 2-[(2- [.OXY~4, 5= _

di et hoxébgﬁggyfi}%rﬁ 11 80 (5. ) 42 3P 02724 855 ¢ci d methyl ester
nmononet hanol sol vate was found to have a purity of 99.78% as

determ ned t hrough HPLC (i.e., very high purity). 1H NVR(DMSO d5, 3):
3.19(s,3H), 3.79(s,31-1), 3.83(s,311), 3.84(s,3H), 4.05-4.15(bs, 1H),
6.61(5,111), 7.63(s,1H), 8.13(s,1H), 11.77(s,1H), 12.40(s, 1H).
Furthernore, drying was carried out at 100C under reduced pressure,
to thereby produce 2-[(2-hydroxy-4,5-

di met hoxybenzoyl ) am no] -1, 3-t hi azol e-4-carboxylic acid nmethyl ester.
1H NVR(DVSO- (16, 6): 3.79(s,3H), 3.83(s,3H), 3.84(s,3H), 6.61(s, 1H),
7.63(s, 1H), 8.13(s,1H), 11.77(s,1H), 12.40(s, 1H). [0055] (3)
The 2-[(2-hydroxy-4, 5-di net hoxybenzoyl ) am no] -1, 3-

t hi azol e-4-carboxylic acid nmethyl ester (10.81 g) was suspended in
toluene (30 nL), and diisopropylethyl enedi am ne was added dropw se at
70C under a stream of argon. Thereafter, the resultant m xture was
stirred under heating at 100C for five hours. The resultant reaction
m xture was cool ed, and 10% (w w) aqueous sodi um chl ori de sol ution
(20 m.) was added to the m xture at 75C, followed by extraction
operation. This operation was carried out once again. After renoval
of the resultant aqueous |ayer, toluene was distilled off under
reduced pressure, and the residue was diluted with 80% (v/V)

2- propanol -water (38 nmL). 35% Hydrochloric acid (9.22 g) was added
dropwi se to the diluted residue, to thereby precipitate

N-[ 2- (dii sopropyl am no) et hyl]-2-[(2-

hydr oxy- 4, 5- di met hoxybenzoyl ) am no] -1, 3-t hi azol e-4- carboxam de
hydrochl ori de. The precipitated crystals were filtrated and washed
Wi th 2-propanol, and then dried at 50C under reduced pressure, to

t hereby produce N-[2- (diisopropylam no)ethyl]-2-[(2-hydroxy-4, 5-

di met hoxybenzoyl ) am no] - 1, 3-t hi azol e- 4- car boxam de hydrochl ori de
(14.45 g) at a yield of 97% 1H NVR(DWVSO-d6, 5): 1.32(d, 6H, J=6. 4Hz),
1.35(d, 6H, J=6. 4Hz), 3.16-3.19(m2H), 3.59-3.67(m4H), 3.78(s, 3H),
3.82(s,3H), 6.89(s,1H), 7.50(s,1H), 7.91(s,1H), 8.74(t,1H J=5.9Hz),
9.70(s,1H), 11.80(s,1H), 12.05-12.15(bs,1H). dains 1. A

met hod for producing a 2-brono-4, 5-di al koxybenzoi c acid represented
by the followng formula (2): RIOCOOH R20 (2)

18



(wherein each of R and R2 represents a | ower al kyl group), the

met hod conprising causing a 3, 4-di al koxybenzoi c acid represented by
the following fornula (1): RI0 RRO COOH (1 ) (wherein RI- and R2
have the sane neani ngs as defined above) to react with bromne in
concentrated hydrochloric acid. 2. The production nethod
according to claim1, wherein the co&entrat ed hydrochloric acid has
a hydrogen chloride content of 33% or-fble. 3. The production

retfon accor 819 L0y SLAR Lo 2uatiSr 0,3 gTLAS S L Ne AR W1
di t. f i 1 3,...wh in t-h ti i
cccor 0 SUAE ALY B A Sy SRS CBELION 1S

to any one of clginms 1 to 4, wherein, in formulas (1) and (2), both
R and R2 are aF® 1L eugOH 6. A method for producing a
4, 5-di al koxy- 2- eNnzoi ¢ ac'té?i) represented by the follow ng

formula (3): R?QQ I_OC]—|

(wherein each of R' and R® represents a lower alkyl group),
the method comprising causing a 3,4-dialkoxybenzoic acid

represented by the following formula (1):
R'O COOH
:1::::(/ (1)
R?0
(wherein R! and R* have the same meanings as defined above)
to react with bromine in concentrated hydrochloric acid.

2. The production method according to claim 1, wherein
the concentrated hydrochloric acid has a hydrogen chloride
content of 33% or more.

3. The production method according to claim 1 or 2,
wherein bromine is employed in an amount of 1.0 to 1.1
equivalents.

4. The production method according to any one of claims
1 to 3, wherein the reaction is carried out at 10 to 45°C.

5. The production method according to any one of claims
1 to 4, wherein, in formulas (1) and (2), both R' and R® are
a methyl group.

6. A method for producing a 4,5-dialkoxy-2-

hydroxybenzoic acid represented by the following formula (3):

is



(wherein each of R and R2 represents a | ower al kyl group), the
met hod conprising causing a 3, 4-di al koxybenzoi c acid represented by
the following fornula (1): RI0O RRO COON (1) (wherein Rl and R2 have
t he sane neani ngs as defined above) to react with bromne in
concentrated hydrochloric acid; and hydrolyzing the resultant
2- brono- 4, 5-di al koxybenzoic acid represented by the followi ng formul a
(2): RLOCOOH R(@herein RO@Hd R2 have the sane nmeani ngs as defined
above) in the pres of a coppggyconpound and an ami ne conpound.
7. The productiog nethod\according to claim®6, wherein the copper
conpound is sel BCPed TTom®@fong copper sulfate, cuprous chloride,
cupric chloride, cuprous brom de, cupric brom de, cuprous oxide,
cupric oxi pper..a he ngz ¢ er. Th

S R reRnSRsEOr S, g ralehey rBrEe SV over p Byl Broup)

producti on ‘method ‘accor ai'm

conpound _i e d.di ne,, di_a:kylam r ine,
o peridi §E %‘%ﬁ%ﬁ ol ey %fll@r%,n%]an%d 3 3%@%%11%00%1&5.
The prod i r i f ghains 6 to 8, wherein
t he hydrg%%gggegggggggﬁ%%% ggp%ﬁégngﬂﬁ.ungg%'al)éline condi tions.
10. The productk@ met hod ..ﬁrding to any one of clains 6 to 9,
wherei n the conce : YGchl oric acid has a hydr ogen chl ori de
content of 30% or 141) The production nmethod according to
any one of cl ai 0, wherein bromne is enployed in an anount
of 1.0 to 1.1 equival ents. 12. The production nethod accordi ng
to any one of clains 6 to 11, wherein the 3, 4-di al koxybenzoic acid is
caused t Qyheael nWrE haRAOR Nes v ik thi®Greanings as defined above)
to react with bromine in concentrated hydrochloric acid; and

hydrolyzing the resultant 2-bromo-4,5-dialkoxybenzoic acid

repregsented by the following formula (2):

R'O COOH

R0 Br
(wherein R® and R® have the same meanings as defined above)
in the presence of a copper compound and an amine compound.

7. The production method according to claim 6, wherein
the copper compound is selected from among copper sulfate,
cuprous chloride, cupric chloride, cuprous bromide, cupric
bromide, cuprous oxide, cupric oxide, copper acetate, and
copper powder.

8. The production method according to c¢laim 6 or 7,
wherein the amine compound is selected from among pyridine,
dialkylamine, morpholine, piperidine, pyrrolidine,
piperazine, and trialkylamine.
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13. The
wher ei n,

group.

production nmethod according to any one of clains 6 to 12,
in formulas (1), (2), and (3), both Rl and R2 are a net hyl

9. The production method according to any one of claims
6 to 8, wherein the hydrolysis reaction is carried out under
alkaline conditions.

10. The production method according to any one of
claims 6 to 9, wherein the concentrated hydrochloric acid has
a hydrogen chloride content of 30% or more.

11. The production method according to any one of
claims 6 to 10, wherein bromine is employed in an amount of
1.0 to 1.1 equivalents.

12. The production method according to any one of
claims 6 to 11, wherein the 3,4-dlalkoxybenzolc acid is
caused to react with bromine at 10 to 45°C.

13. The production method according to any one of
claims 6 to 12, wherein, in formulas . (1), (2), and (3), both

R' and R?® are a methyl group.
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