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2-chl oro-4-nitroi m dazol e . BACKGROUND ART

2-Chl oro-4-nitroi m dazol e represented by the formul a
(1) is a conpound useful aslan internediate for

synt hesi s of various nedicines esticides, etc., in
particular, as an intePHBERAPEIPr production of an

antitubercul ous_agent . As_a_proc fo Lon_of
2 BRI o8 £ 0R; EROPITAAOBI OF prodcosds SHOMROTH IPRGOLE
followi ng reaction formula-1 and reaction fornul a-2
have been conventionally known, for exanple (Jerzy
SUW NSKI, Ewa SALW NSKA, Jan WATRAS and Maria W DEL
Pol i sh Journal of Chem stry, 56, 1261-1272

( agtEpp fornula-1 (2) (3) Nitric acid/ acetic
a%ﬁé%%%%gﬁmg By Shiorination (1)
The present invention relates to a process

for production of 2-chloro-4-nitroimidazole.

BACKGROUND ART

2-Chloro-4-nitroimidazole represented by the
formula (1) is a compound useful as an intermediate for
synthesis of various medicines, pesticides, etc., in
particular, és an intermediate for production of an

antituberculous agent.

As a process for production of 2-chloro-4-
nitroimidazole, processes shown in the following
reaction formula-1 and reaction formula-2 have been
conventionally known, for example (Jerzy SUWINSKI, Ewa
SALWINSKA, Jan WATRAS and Maria WIDEL, Polish Journal

of Chemistry, 56, 1261-1272 (1982)).



Reaction fornmula-2 Nitric acid Sulfuric acid (6) (1)
However, these processes have various drawbacks and
W@e@oiossappr opri ate as an i ndustrial producti on PCDIRS6Y/018230
For exanple, in the process shown in the reaction
formul a-1, the conpounds (4) and (5) as reaction
internedi ates are chenical |¥ unstabl e conpounds, and
are at risk of being exploded due to an inpact by
fReactiepcteHRUlatt. Further, an industrial nass
production of the target conpound involves a high
ri sk, because conversion of conpound (4) into conpound
(5) by heatjng (at about 130 OC ) is carried out at
above T nperature of No Return:/a Ht 60 to 70C
t he maxjlmumpt enper at ure which allomalgﬁg&cowp und to
be dl eg'wi th safety in an apparatusNin a chem cal
process) og conmpound (4) . The process 3homn in the
reaction @drmula-2 is a reaction of ni®lation of the
conpound (6) . This nitration gives the conmpound (1)
only in a | omtMeellyy and is industrial ljy witric acid/

~di sadvant €0USiceddb SGLEBURE OF | NVENTI acetic anhydride
/NOz
N Heatin NH
A2 —

Y ~—N0

0N N OgN/g)— ’
(4) | (5)

Chlorination

A -
0N 'N/ Cl
(D

Reaction formula-2

[NE)H—Cl — /[?)H—m

Nitric acid OZN
Sulfuric acid

(6) W

However, these processes have various

drawbacks and are inappropriate as an industrial



An obj ect of the present invention is to provide a
process for production of high-yield and high-purity
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saf er manner involving a low risk of explosion or the
like. A s a result of conducting extensive studies for
a safer and easier process Bor production of 2-
chloro-4-nitroimdazole in order to achieve the
abbYedesePNhRYCEEf8ct, the present inventors have

found thatthe object._can, be_achieved b eact
1 aIkoxyaIk?Pr £5W8ﬁ5141ﬂ|F38|hF§8?8Fg ESW%oaﬁgt%e

SRR rar S rrEh e ML BRRERRE (a) ORIH! 2sf Tk 1
a5588§£55h$9t99§8919@e§ugPe c§5ﬁ§hg@ Tnﬁseggg%nt

I nventi on proviaes a pProcess C 1 on

cggﬂﬂﬁaeﬁadé ngha%%dé%0£§skeeﬁe§@%@de%lb%df QLR an
conpfising a reaction of

liﬁbgeﬁyaykfbiz bEeBt 4onNi tEei. M dazeher, ephesanted u1

t he gener al formul a (7): wherei n Rl represents a | ower

ahkyk gredpctadd Bfrepeesenystanchpbeger iofrolviee 3 high

wi th hydrogen chloride. In the present invention,

exanpl ebechushecbawersabkybfgrompoundl d¢ Hntearcompound
branched al kyl
(5) by heating (at about 130°C) is carried out at above
TNR (Temperature of No Return: about 60 to 70°C, the
maximum temperature which allows the compound to be
handled with safety in an apparatus in a chemical
process) of compound (4).
The process shown in the reaction formula-2

is a reaction of nitration of the compound (6). This

nitration gives the compound (1) only in a low yield,

and is industrially disadvantageous.

DISCLOSURE OF INVENTION

An object of the present invention is to
provide a process for production of high-yield and
high-purity 2-chloro-4-nitroimidazole by a simple
operation in a safer manner involving a low risk of
explosion or the like.

As a result of conducting extensive studies
for a safer and easier process for production of 2-
chloro-4-nitroimidazole in order to achieve the above-

described object, the present inventors have found that



groups having 1 to 6 carbon atons such as nethyl
group, ethyl group, n-propyl group, isopropyl group

w2039 @r oup, i sobutyl group, tert-butyl groRET/JP2005/018230
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n- pentyl group, and n-hexyl group. Process for

production of 2-chloro-4-nitroimdazole The reaction

of converting the conpound #epresented by the genera
formula (7) into 2-chloro-4- nitroimdazole is carried
otlei AOARCEPBRBPPE akEREBV9ENPY oF SRFERBAL 2a LsaIrerY iy L~
t he presence, of h%drogen chl ori de .. Althou%h th%
afoRReMeT 4 AU 69LH L EAF B PdeCTRRH n T REesented by the

A T T T B
2 ' I
5! ooher OB AL RLI°L k2oL AES1 AaGeRS AP

E%@gﬁlgsfggdggg_solvent used include water; |ower
al coho S

S suc met hanol, ethanol, and isopropanol;

ket ones suchngspacstape; afdniBbAYbrevivksket gRecess for
et hers such as ethyl ether, dinethoxyethane, dioxane,

t stoahydr ehupany-andoebhylenergliveak zdieetrbplcetheed by
fatty acids such as acetic acid and form c acid;

esher sosuahaaslmet hyl acetate and butyl acetate; N
, Ndi et hyl acet am de, N-nethyl pyrrolidone, and a m xed

1

comprising a reaction of l-alkoxyalkyl-2-bromo-4-

nitroimidazole represented by the general formula (7):

(CHy) ,0R"

N
/ D
0,N N/>—Br

wherein R! represents a lower alkyl group, and n
represents an integer of 1 to 3, with hydrogen

chloride.

In the present invention, examples of the
lower alkyl group include linear or branched alkyl
groups having 1 to 6 carbon atoms such as methyl group,
ethyl group, n-propyl group, isopropyl group, n-butyl

group, isobutyl group, tert-butyl group, n-pentyl



sol vent thereof. The above-described reaction suitably
proceeds typically at about 0 to 150C, and preferably

W@bwen3veom t enperature to 1000C , and i s genePEi/iBr005/018230
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conpleted in about 5 mnutes to 40 hours. The conpound
of the general formula (7) usedas a starting conpound
in the present invention isSproduced by the follow ng
process, for exanple. Reaction formula-4 (8) (10) (7)

| SRR f BRAUNaNCRY LafdOHPar e the sane as above, X1
represents a hal ogen atom and X2 represents a hal ogen
atomor a |ower al koxy group. Exanples of the | ower
Ber in |ncIu-e |IH§ar : -br%nched alkgéy

; ogduckgl 2
group, etho§¥egr§ert Br8@°é¥ngégﬂ9ng'%%%r%%%ﬁ%u%BQUp’

n- but oxy group, oXy group ent'yl oXy“group

aPQﬁPeEQ%%leaX%HgEH%p?eE mge&e%&mgmaof (7h hgn%rr@mmo@zl—

e Co rein X2 represents a hal ogen
ahPpyohpiggnenal by earkied eut LA am g@%ﬁ:@@@;@&% solvent
sol vent in thepresence or absence of a basic conpound.
Exanpl eso@f theoseokwentnusad brekedecav@malideogen
hydr ocar bons such as benzene, tol uene, and xyl ene;

chloride.

Although the amount of hydrogen chloride used
in the above-described reaction is not specifically
limited, hydrogen chloride is used typically in an
amount of at least 2 moles, and preferably in a large
excess amount per mol of the compound of the general
formula (7).

Examples of the solvent used include water;
lower alcohols such as methanol, ethanol, and
isopropanol; ketones such as acetone and methyl ethyl
ketone; ethers such as ethyl ether, dimethoxyethane,
dioxane, tetrahydrofuran, and ethylene glycol dimethyl
ether; fatty acids such as acetic acid and formic acid;
esters such as methyl acetate and butyl acetate; N,N-
dimethylacetamide, N-methylpyrrolidone, and a mixed
solvent thereof.

The above-described reaction suitably
proceeds typically at about 0 to 150°C, and preferably
about room temperature to 100°C, and is generally
completed in about 5 minutes to 40 hours.

The compound of the general formula (7) used



et hers such as diethyl ether, dinethoxyethane,

t et rahydr of uran, di oxane, and diethyl ene gl yco
wal2oveBspb0 et her; hal ogenat ed hydrocar bons suchPEEJIP2005/018230

di chl or onet hane, di chl oroet hane, chl oroform and

carbon tetrachloride; | ower alcohols such as nethanol,

et hanol , isopropanol, butanbl, and tert-butano

acetic aC|d esters such as ethyl acetat.e, neth

a8t at éta’éﬁanﬁu??mp%éfjaﬂé tRet éﬁ8§e§1&c Frné(§n§&é’lnoﬁr§

DEoRBPFHaPRe b ABLAgY S8 Poragsy Tor teanpl®. 2 ¢

N, N- di net hyl acet am de, N , Ndi net hyl f or mam de,

| - met hyl - 2- pyrrolidi none (NI\/P) , hexamet hyl phosphori c

tﬁ%%@cggn and. g qied solvent thereof. Exanples of the
I C corrpoun%1 ncl'ude i norgani ¢ bases including netal

car bonat es such as sodi um carbonate, potassium

car bonat e, sodi um bi carbonate, and potassium

bi car bonate, netal hydroxi des such as sodi um

ggg{aﬂlde, pot assi um hydroxi de, and caltium Izggr)olgmge

ydrj de, po x5api um  sodiym ank 2
nmetal al/go ates gucﬁc@z]“so@um nmet hyl a e nd sodi um
et hyl at &, gﬁd—cgr gani ¢ bases incl uding p B2 . 4 .
N

6- c@N1 di"iNé, Net hyl dii sopropyl am ne(),N
di met hyl am nopyri di ne ,

(8 (10)

' (CHy) »0R'
[ ﬁ)“' Br
09N N

(M

In the formula, R! and n are the same as
above, x? represents a halogen atom, and X2 represents a
5 halogen atom or a lower alkoxy group.
Examples of the lower alkoxy group herein
include linear or branched alkoxy groups having 1 to 6
carbon atoms such as methoxy group, ethoxy group, n-
propoxy group, lsopropoxy group, n-butoxy group, tert-
10 butoxy group, n-pentyloxy group, and n-hexyloxy group.
The reaction of the compound (8) with the
compound (9), wherein X? represents a halogen atom, is

generally carried out in an appropriate solvent in the



triethylamne, 1 ,5-diazabicyclo [4 .3 .0 ]nonene-5
(DBN), 1 ,8-diazabicyclo[5.4. 0]undecene-7 (DBU), and
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conpound is preferably used in an amount of typically

1 to 5 noles per nmol of the conpound (8) . The

conpound (9) is preferably tdsed in an anount of

typically at |east about 1 nol, and preferably about 1

t Br§SABFesOperLABNCEf Ofhe @éﬁﬁ&uﬁ@mPQPn ‘The
above-described reaction is ¢ rr| out. typi 'y at .
about - 50 tEX?@Qé@Saﬁé §P8f§P BFY aﬁsﬁgo&% %§¥Q(?r°matlc
1ECE The reacthgn ti | e i s ty& ﬁ n% about 1]}0 30
hBYFEOCAR 8PEaFPC £81 PRAFRHE oF OLRE P kEVSUSH 188e

SQ un1|od| d t I ten1of
ﬁ?hngag |on éégﬁgggt%gﬁegf ?ﬁgegg%%g%ﬁg' " with

t Egtggr{g gu(:%%n %he,xéngeeaé%ﬁ%%n@ ngwolal koxy

group, erably enp oys aci ds i1 nclading sulfonic

a@hﬁétﬁyﬁhe%ﬁega”BEQbééh%QQHCh§@k6ca$%bﬂ%n%%b% QY C
acid, and p-toluenesulf onic acid in place of the

basta1608ReYRdnkn thenhabevetdeaseri badored@elingn and carbon

conditions. O these, nmethansulf onic acid is

pretesahlleride; lower alcohols such as methanol,
ethanol, isopropanol, butanol, and tert-butanol; acetic
acid; esters such as ethyl acetate, methyl acetate, and
butyl acetate; ketones such as acetone and methyl ethyl
ketone; acetonitrile, pyridine, 2,4,6-collidine,
dimethyl sulfoxide, N,N-dimethylacetamide, N,N-
dimethylformamide, l-methyl-2-pyrrolidinone (NMP),
hexamethylphosphoric triamide, and a mixed solvent
thereof.

Examples of the basic compound include
inorganic bases including metal carbonates such as
sodium carbonate, potassium carbonate, sodium
bicarbonate, and potassium bicarbonate, metal
hydroxides such as sodium hydroxide, potassium
hydroxide, and calcium hydroxide, sodium hydride,
potassium, sodium, sodium amide, and metal alcoholates
such as sodium methylate and sodium ethylate; and
organic bases including pyridine, 2,4, 6-collidine, N-
ethyldiisopropylamine, dimethylaminopyridine,
triethylamine, 1,5-diazabicyclo[4.3.0]nonene-5 (DBN),

1,8-diazabicyclo[5.4.0]undecene~7 (DBU), and 1,4-



The acid is preferably used typically in a catalytic
anount, and preferably in an anmount of 0.01 to 0.2 nol

w@enensioedf the conpound (8) . Further, P2Cb nBgT/ib2005/018230
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present in the reaction system The reaction of
converting the conmpound (10)into the conmpound (7) is
carried out in an appropri aBe solvent in the presence
of 'a reduci ng agent. Exanples of the reducing agent
uséazrRérygéondt ar 24 @cfPngs ($88C4s sodi um sul fite and
sodium bisulfite; and hydride r.educ

t .
i ncl udi ng t éfFaPeRer &° Ppﬁﬁn&ﬁiEﬁ@%%ﬁ%%ﬁg?ﬁﬁﬁ§iéf&ﬂ?n

I ' hydr.i d ' I '
AP GRY b e VPBTALH: Bus) AmiomomPEer SRyari e nd

t - n- hut ¥l anmoni um cyanobor ohydri de, sodi um
c§§ﬁ§88P§h§gerde, ['ithium cyanoborohydride, sodium

bor ohydri degpand diBorLaNg.9)Exanplesoh ke slvent an
used i nclude water; |ower alcohols such as nethanol,

egﬁ@ﬁﬁk,o§n@yE§eanqga@Qlae%%&oa%@u&uqhm@a,a@@kpne and
nmet hyl et hyl "ketone; ethers such as diethyl ether,

dprerbexp1et haser tetwallydicokyr arr hicils o apyl Eiferund
diglyme, and 1, 4- di oxane; aromatic hydrocarbons such
agsbenzene, toluene, and xylene; nitriles such as
acetonitrile and

The above-described reaction is carried out
typically at about —-50 to 200°C, and preferably at about
-50 to 150°C. The reaction time is typically about 1 to
30 hours.

An alkali metal halide or the like such as
sodium iodide may be added to the reaction system of
this reaction.

The reaction of the compound (8) with the
compound (9), wherein x? represents a lower alkoxy
group, preferably employs acids including sulfonic
acids such as camphorsulfonic acid, methansulfonic
acid, and p-toluenesulfonic acid in place of the basic
compound in the above-described reaction conditions.
Of these, methansulfonic acid is preferable.

The acid is preferably used typically in a
catalytic amount, and preferably in an amount of 0.01
to 0.2 mol per mol of the compound (8).

Further, P,0s may be present in the reaction

system.

The reaction of converting the compound (10)



propionitrile; dinmethyl sulfoxide, N,Ndinethylf
ormam de, N , N-di net hyl acetam de, NWP, and a m xed
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t he reduci ng agent, an anhydrous solvent is preferably
used. The reducing agent is preferably used in an
amount of typically at leas® 1 nol, and preferably 1
to 10 noles per nol of the conpound (10) . The .
above- HescepBraur@at! i ohSi s2EHLPRe@UbUL Py Bl caPPyoRE1ate
about 0 to 150C, and greferabl about 0 to %20 oC ,
aPel e hehr B e yPERHPIEEeBi A BBGHELRIt 8988 hour s

The reactiopn of onvegt%ﬁg th congound 10 hnto &h
conpound ( 7¥*PEY-BB Qhr dISEPCFH aﬁggﬁérg Frafec 19
solvent _jin_t o] n f...far plLe tic
T Snehe T StteT e aene. Sadhis Lrr g, g S

p@%&&ﬁkg@&?' 5,h§ﬁ%%agiygpae&hgﬁaggakga@heﬁuding tetra—

hydr oxi decar bon, iumalunin atinum platinum

oxbfler SQQQFLaﬁﬁéﬁﬂhhebQB@H?MrﬁaégeEucﬁra@a!|adium
acetate, and a fatty acid, fatty acid amoni um sal t,

Ofef abh¥tAgl Smabkahi PBtahyaaktiesuebtasetarybamaeiidnm
sodi um formate, ammoni um formate, or sodi um acetate.
Asotbeyaeluent teany-sebueplansedium dorohydride, and
tetra-n-butylammonium cyanoborohydride, sodium
cyanoborohydride, lithium cyanoborohydride, sodium
borohydride, and diborane.

Examples of the solvent used include water;
lower alcochols such as methanol, ethanol, and
isopropanol; ketones such as acetone and methyl ethyl
ketone; ethers such as diethyl ether, dimethoxy ethane,
tetrahydrofuran, diisopropyl ether, diglyme, and 1,4-
dioxane; aromatic hydrocarbons such as benzene,
toluene, and xylene; nitriles such as acetonitrile and
propionitrile; dimethyl sulfoxide, N,N-
dimethylformamide, N,N-dimethylacetamide, NMP, and a
mixed solvent thereof.

When diborane or the like is used as the
reducing agent, an anhydrous solvent is preferably
used.

The reducing agent is preferably used in an
amount of typically at least 1 mol, and preferably 1 to

10 moles per mol of the compound (10).

The above-described reaction i1s carried out



reaction using the above-described hydride reducing
agent may be enpl oyed. The catal ytic hydrogen reduci ng

W@®an3i960 used i n an anmount of typically aboutPOr/OR200¥w@8230
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0.4 tinmes, and preferably about 0.001 to 0.2 tines of
the conpound (10) on a wei ght basis. The fatty acid,
fatty acid ammoniumsalt, @0 fatty acid alkali neta
salt is used in an amount_of typically at | east about

1tymicahhd pFetepabl Y BPob? VL 1 AP Mot et ety npowf O to
the conmpound (10) . The reaction sujtabhl roceed

0 S A B (TS ER e} P L o 20

pref erably about roomtenperature to 150C, and is

genet a1y conpleted in about 1 to 30 hours.An amine

such as tri@ﬁmﬁg&@%na@@hggﬁpg%g% oppau ggguaﬁda%lm

tri-o-tolyl phosphine, or the be a to the

. A ! .
reaes! ege?éfgsﬁs&ﬁna ﬁj eqagli BB gB%EQE&eBEEPQnt Eg

conpoun into the conpound (7) may al so

Cahhi88rO4t el BoBReRPPLAPEhAt BreQbHERt offN the BrEsENes a
of 'a catal ytic hydrogen reduci ng agent. Exanpl es of

t Bgraayak ¥t hgdhygdengeadnedugi ageagesuchnakugelladium,
pal | adi um pal |l adi um acetate, pall adi unbl ack,

pahl addioment bok, palladium-bydboxi dpatdrbdenm hydroxide-
carbon, rhodium-alumina, platinum, platinum oxide,
copper chromite, Raney nickel, or palladium acetate,
and a fatty acid, fatty acid ammonium salt, or fatty
acid alkali metal salt such as formic acid, sodium
formate, ammonium formate, or sodium acetate.

As the solvent, any solvent used in a
reaction using the above-described hydride reducing
agent may be employed.

The catalytic hydrogen reducing agent is used
in an amount of typically about 0.001 to 0.4 times, and
preferably about 0.001 to 0.2 times of the compound
(10) on a weight basis. The fatty acid, fatty acid
ammonium salt, or fatty acid alkali metal salt is used
in an amount of typically at least about 1 mol, and
preferably about 1 to 20 moles per mol of the compound
(10).

The reaction suitably proceeds typically at
about room temperature to 200°C, and preferably about

room temperature to 150°C, and is generally completed in

about 1 to 30 hours.
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rhodi um al um na, platinum platinum oxide, copper
chromte, and Raney nickel. Such a catal ytic hydrogen
is used in an anmpunt of typi caP¢TIRR0ENL18230
0.02 to 1 tines of the conpound (4) on a wei ght basis.
Exanpl es of the solvent used include water; fatty

aci ds such as acetic acid; 1dl cohol s such as net hanol,
et hanol , and i sopropanol; aliphatjc_hydrocarbons sgch

as n- hexaneAn afPtyR| $eChyaip obht Bb¥lafitReasd Phosphorus
cycl ohexane; eth h 4- di Ox , :
ARSI TLES 3 P T LIRS g v v
no , d di gl : t h t hyl tate,
S hyFIdEd: B oo P ande but Y7 ot v ae: aprotic polar
solvents sughoapll. Mgl ot iyghlo ot TRAT d8e Bompound (10)
; xed sol'v

, Ndi et hyl acétam de, and and a ent

t of .. T i L a PLQcC Lyphaal k
7 Lap RamASRRY 0, LB KpprecpentpipLog Lk o

a£§%£§ gepecabbyvenpl et elei Prabedte00% H0c20ahouh&.
The yd?ogen pressure is preferably about 1 to 10 atm
8l

typhieabty. rdauaihfeagach. as triethylanine is
preferably added to the reaction system The
above- descrEhetpteactf ovhadvahtagedushydprgeeedsdhying
the addition of an am ne .
agent include palladium, palladium acetate, palladium-
black, palladium-carbon, palladium hydroxide-carbon,
rhodium-alumina, platinum, platinum oxide, copper
chromite, and Raney nickel. Such a catalytic hydrogen
reducing agent is used in an amount of typically about
0.02 to 1 times of the compound (4) on a weight basis.

Examples of the solvent used include water;
fatty acids such as acetic acid; alcohols such as
methanol, ethanol, and isopropanol; aliphatic
hydrocarbons such as n-hexane; alicyclic hydrocarbons
such as cyclohexane; ethers such as 1,4-dioxane,
dimethoxyethane, tetrahydrofuran, diethyl ether,
monoglyme, and diglyme; esters such as methyl acetate,
ethyl acetate, and butyl acetate; aprotic polar
solvents such as N,N-dimethylformamide, N,N-
dimethylacetamide, and NMP; and a mixed solvent
thereof.

The reaction suitably proceeds typically at
about -20 to 100°C, and preferably about 0 to 80°C, and

is generally completed in about 0.5 to 20 hours. The
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The reaction of converting the conmpound (10) into the
conpound (7) may al so be carried out in an appropriate

sol vent, any solvent used in a reaction using the
above-descri bed hydride reduci ng agent may be

enpl oyed. Exanples of the datalyst that can be used

i ncl ude pal | adi um conpounds such as pal | adi um
alkBEEPEER| PREAFPPRoSPhPABTGRAPL 8t pRRIS 1 to 10 atm,
(tri phenyl phosphi ne) palladium Such a catalyst is
uS¥BLFALAK - amount of typically about 0.01 to 5 noles,

d f I b 0.01 1. .mol ,of th
St 15 dabiy e PR gt vy
t [ 0
YBGEEY, P chp AT OB o e L0000

. i b .
SFREEeLY, AT eLggln,bontcleb 19, B sgotion of an

preigrably added to the reaction system The
above-descri bed reacti on advant ageously proceeds by

the additi onnef rancalkyl skl asaveerpoayndhel roadohna (10)
t he above-described reductionreactions, selective
dehabogreatbapooadur§) amayhel5e pesictiranedn otite in an

i mdazole ring, so that the desired

appropriate solvent in the presence of a catalyst.

As the solvent, any solvent used in a
reaction using the above-described hydride reducing
agent may be employed.

Examples of the catalyst that can be used
include palladium compounds such as palladium acetate-
triphenylphosphine and
tetrakis (triphenylphosphine)palladium. Such a catalyst
is used in an amount of typically about 0.01 to 5
moles, and preferably about 0.01 to 1 mol per mol of
the compound (10).

The reaction suitably proceeds typically at

about room temperature to 200°C, and preferably about

room temperature to 150°C, and is generally completed in

about 1 to 10 hours.

An alkylsilane compound such as
triethylsilane is preferably added to the reaction
system. The above-described reaction advantageously
proceeds by the addition of an alkylsilane compound.

In each of the above-described reduction

A s t heCT/JP2005/018230
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conpound of the general fornula (7) can be obtained.
The target conpound obtai ned by the process of the

m xture and purified by common isolation and
purification nmeans. According to the present

i nvention, highyield and hilgh-purity

2-chl oro-4-nitroi m dazol e can be produced by a sinple
operatiensi nsalsatévendfias ofRUBFYPRgOSCPEW AEskhE o~
expl osion or the |ike. BEST MODE FOR CA Y
@R@}ﬁ1?$lQHetB?eé@hgaFH%%nFFﬁﬂ rwPPI tha %b?agﬁé&re

det th
SPEPERLE R abpredtnREPLY CAES Exadl o 11 0yAt RBBrE7EH

'Tethoxy”Eth' %aFgeg'Qr ﬁd BbE HPd%§2%ﬁ8 process

m xt ure of rono- rorm azo

7§f8u'3§0§%e5eﬁ£h§hglenélpg HE) ca@fdynmethanesyl fopi ¢

acid was stirfed under heat |ng
(Pé&@ti@ﬂpﬁiéEHké afa beri@gédlByeaeﬁhoheﬁggn@kqa@ and

hours). Further, the reaction m xture was
gagpfgggglgﬂdﬁéaﬁgduced pressure for two hours

ractional distillation colum was used) . The
According to the present invention, high-
yield and high-purity 2-chloro-4-nitroimidazole can be

produced by a simple operation in a safer manner

involving a low risk of explosion or the like.

BEST MODE FOR CARRYING OUT THE INVENTION
The present invention will be explained in
more detail below with reference to examples and

reference examples.

Reference Example 1
Synthesis of l-ethoxymethyl-2,5-dibromo-4-
nitroimidazole

A mixture of 2,5-dibromo-4-nitroimidazole
(20.0 g, 73.8 mmol), ethylal (100 ml), and
methanesulfonic acid (1.42 g, 14.8 mmol) was stirred
under heating (bath temperature: 65 to 70°C, internal
temperature: 60°C, 1.5 hours). Further, the reaction
mixture was evaporated under reduced pressure for two
hours (fractional distillation column was used). The

residue was allowed to cool to room temperature, and



residue was allowed to cool to roomtenperature,
andthen ice water (200 g ) was added, and the m xture

wor®6msi9sr ed for 10 minutes. The filtered crysPEi/sP20eyEs230
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washed with cold water and then air-dried (room
tenperature, 3 days). Thus, |-ethoxynethyl-2, 5-

di br onp- 4-ni troi m dazol e was4 produced. Yield: 23. 5¢g
(96.8%. IR spectrum (KBr) : 1532, 1491, 1464, 1397,
13650 1584 vaters (20873) 1oss adpesh  aprhéhe grigkturporas

530 oFaSF B Y SR PRSI, dooin .25, 1,
OGS TR AL U6 o, R D>

R (LE00 M Y et iesat et il Y% o |
MR TR i S s e eicanl | g, and P

42Ge1ur t ber st hegnigetyure was suspended and refl uxed
under heating (43C, 3 hours) . The reaction mxture

WaR eyaperated kpiyder reduced pressure. The residue was
allowed to cool to
1532, 1491, 1464, 1397, 1365, 1344, 1315, 1273, 1248,
1127, 1106, 1054, 1020, 830, 740cm™
H-NMR spectrum (CDCls;) Sppm:
1.25 (t, J=7.0Hz, 3H), 3.64 (g, J=7.0Hz, 2H), 5.50

(s, 2H).

Reference Example 2
Synthesis of l-methoxymethyl-2,5-dibromo-4-
nitroimidazole

A mixture of 2,5-dibromo-4-nitroimidazole
(20.0 g, 73.8 mmol), methylal (100 ml), and
methanesulfonic acid (1.42 g, 14.8 mmol) was stirred
under water-cooling, and P;0s (21.0 g, 148 mmol) was
added to the mixture at below 42°C. Further, the
mixture was suspended and refluxed under heating (43°C,
3 hours). The reaction mixture was evaporated under
reduced pressure. The residue was allowed to cool to
room temperature, and then ice water (200 g) was added,
and the mixture was stirred for 10 minutes. The
precipitated crystals were filtered, dispersed and

washed (cold water 100 ml, 0.5 hour), and air-dried



roomtenperature, and then ice water (200 g ) was
added, and the m xture was stirred for 10 m nutes. The

w@e@eiopiosmt ed crystals were filtered, di sperseRCHMRL005/018230
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washed (cold water 100 m, 0.5 hour), and

air-dried(roomtenperature, 3 days). Thus,

| - met hoxynet hyl -2, 5- di br ohd-4-nitroi m dazol e was

produced. Yield: 21. 8g (93.8% IR spectrum (KBr)

15430m) s3gperagarer45g8daysle, Ider, 1318 hpzﬁmetfwﬂ 5-

1119 1104, 1053, 1013, 912, 833, 743cm 1 1H NWR
PEPIR-CCBAtEP Ig o703 e4886s PTHIYUCeS, 46 (s, 2H)

fer gi?ﬁ&f%{’gp %%lg%rgt Zersw: tsrglf m dazol e

thox nmet hy, 5-di bronmp-4-nitroi m dazole (12.5 ¢
I%{S C)Eru)m vvaBzrdl ‘ssolved in dinethylf ormam de (100

(%éé)ﬁ”‘iéts'@e SQlat i %5‘%@5 &%t3'9”%§u7go§r 371£eC d,”91194,

arther, Water um’su

(1910 ,911049- %o@i‘a‘?' ho\&@fe%@de@mandmtj&n m Xthe was
stirred at roomterrperature 23 to 24C) for 72 hours.

5% SedR ush8E€atRonabel aq » solution (50 m) and
cold water (250 m) were added, and the organic |ayer

Was 4ext(sacBed ,wist.li cet(ryl 28get ate (250 m, twice) . The

organi c | ayer was washed wi th aqueous 5% sodi um
Reference Example 3
Synthesis of l-methoxymethyl-2-bromo-4-nitroimidazole

1-Methoxymethyl-2, 5-dibromo-4-nitroimidazole

(12.5 g, 39.7 mmol) was dissolved in dimethylformamide
(100 ml), and the solution was stirred under ice-
cooling (12°C). Further, water (50 ml) and sodium
sulfite (10.0 g, 79.3 mmol) were added, and the mixture
was stirred at room temperature (23 to 24°C) for 72

Q.

hours. % Sodium bicarbonate aqueous solution (50 ml)
and cold water (250 ml) were added, and the organic
layer was extracted with ethyl acetate (250 ml, twice).
The organic layer was washed with aqueous 5% sodium
chloride solution (250 ml, twice), and then dried
(MgS04) and evaporated (crystallization). Thus, 1-
methoxymethyl-2-bromo-4-nitroimidazole was produced.
Yield: 8.17g (87.2%)

Pale yellow crystals

HPLC 99.69%

IR spectrum (KBr):



chloride solution (250 m, twice) , and then dried
(MgS™H) and evaporated (crystallization) . Thus, 1-

woreaohosdgeet hyl - 2- br ono- 4- ni troi m dazol e was prpduTrEd05/018230
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Yield: 8 .179 (87.2% Pale yellow crystals HPLC 99. 69%

| R spectrum (KBr) :3138, 1543, 1504, 1455, 1405, 1354,
1338, 1272, 1192, 1146, 11086 1087, 1035, 989, 915,

824, 739, 668, 538cm 1 1H NWMR spectrum (CDCIg% dppm
3.24s, 131, BBY (£52H)1405,03 3%, IH3Refb¥ Eacel192,
Exanmpl e 4 Synt hesis _of 1
ey sty 1 -5y G5 8% 01 Hh a3 739, 668, 538cn
| 4Et nmet hyl - 2 , 5-di br ogro- 4-nitroi m dazole (13.1 g ,
39§7Rﬁﬁ%§?eﬁé§ua’i é&?&réh &‘?P%i met hyl f or mani de (100
m.),,and t solutj,on was, stir under. i cecool i ng
(f)zé)za.(j%ur o S b B ){'g%l G T sul it o

(10.0 g, 79.3 mmol) were added, and the m xture was
stirred at roomtenperature (23 to 24C) for 72 hours.

Shesdidinbicarhonate aqueous solution (50 m) and
cold water (250 m ) were added, and the organic |ayer

WS e AiG e Wit rebdile asat-at-& kARd- Mn i t M GRS 41 e

m, once) . The organic¢ | ayer was washed with a 5%

sodi um chl orli-d&: ragdyereis 8ol yt5 et {:296b M s n it € i da Betk
(13.1 g, 39.7 mmol) was dissolved in dimethylformamide
(100 ml), and the solution was stirred under ice-
cooling (12°C). Further, water (50 ml) and sodium
sulfite (10.0 g, 79.3 mmol) were added, and the mixture
was stirred at room temperature (23 to 24°C) for 72
hours. % sodium bicarbonate aqueous solution (50 ml)
and cold water (250 ml) were added, and the organic
layer was extracted with ethyl acetate (250 ml, twice;
100 ml, once). The organic layer was washed with a 5%
sodium chloride aqueous solution (250 ml, twice), and
then dried (MgS304) and evaporated. Thus, 1-
ethoxymethyl-2-bromo-4-nitroimidazole was produced.
Yield: 8.74g (88.0%)
Slightly yellow crystals
HPLC 98.51%
IR spectrum (KBr):
3139, 2983, 1540, 1507, 1455, 1400, 1340, 1279, 1264,
1163, 1138, 1096, 1038, 1009, 991, 828, 813, 741,
671 cm™*

'H-NMR spectrum (CDCl;) Sppm:



then dried (MgSO) and evaporated. Thus, 1-

et hoxynet hyl - 2- br ono- 4- ni t roi m dazol e was produced.

wOe@bai3so8n 749 (88.0% Slightly yell ow cryst al sP¢RI2005/018230
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98.51% I R spectrum (KBr) : 3139, 2983, 1540, 1507,
1455, 1400, 1340, 1279, 1263 1163, 1138, 1096, 1038,
1009, 991, 828, 813, 741, 6 Y cm1l 1H NVR spectrum

dppoy 1. 25:6¢, J=4,. ,0Hz, , 3...60 (
A N A O A UG
Ex I nghesd s 2-chl oro-4-nitroi m dazol e
(oﬁégp%%)l'prsgb%%]s%'ro%)l\l- protected conpound) A mixture
of |-nethoxynethyl -2-brono-4- nitroimdazole (1.41 g ,
5.96 nmol) , concentrated hydrochloric acid (7.0 m,

cancerglati on: 35%, and water (7.0 ml) was stirred
under heating (at a bath tenperature of 95 to 100C for

1S hraures)is O eR Faeelatsl N 1 4 45 B MRSz SVAP OS2 B8 UNIBE ces s

reduced pressure while maintaining the mxture at a

t érper at-ure tofctBeC.contemd)8. 4 m ) was added to the

residue, and the m xture was stirred under cooling (at

5C for 1 hod¥ nixthye efyst-alethoxymethyl-2-bromo-4-
nitroimidazole (1.41 g, 5.96 mmol), concentrated
hydrochloric acid (7.0 ml, concentration: 35%), and
water (7.0 ml) was stirred under heating (at a bath
temperature of 95 to 100°C for 15 hours). The reaction
mixture was evaporated under reduced pressure while
maintaining the mixture at a temperature of 50°C. Water
(8.4 ml) was added to the residue, and the mixture was
stirred under cooling (at 5°C for 1 hour). The crystals
were filtered and dried by blowing air (at 60°C for 15
hours) to obtain 0.641 g of the target 2-chloro-4-
nitroimidazole (yield: 72.9%) .

'H-NMR spectrum (DMSO~-dg) Oppm:

8.43 (s, 1H), 14.1 (br.s, 1H).

Example 2
Synthesis of 2-chloro-4-nitroimidazole (one-pot process
from N-protected compound)

A mixture of l-ethoxymethyl-2-bromo-4-
nitroimidazole (4.05 g, 16.2 mmol), concentrated
hydrochloric acid (20.3 ml, concentration: 35%), and

water (20.3 ml) was stirred under heating (at a bath



were filtered and dried by blowing air (at 60C for 15

hours) to obtain 0.641 g of the target 2-chl oro-4-
waoaososIvwdazol e (yield: 72.9% . 1H NVR spectr upeT/JP2005/018230

(DVSO d6) dppm 8.43 (s, IH), 14.1 (br.s, IH. Exanple

2 Synthesis of 2-chloro-4-nitroimdazol e (one-pot

process from N protected coﬁfﬁound) A m xture of

t hoxyret h 4. nit dazol e (4.05
LR %o%% ﬁ?%? ctPhy 'r’ffﬁchﬂ?r Totige (209 fpaction

t t d
nier RS R T B R ot e éﬁgggu%lzglféﬁ
1 t
ré%%‘—f:’%“ﬁp%%s[}?f P iRt of o AUCT R RSt oF o/ Qi atex

t eqe gt Urx@as‘)fac;éga E@ttq{e (20 e Waac‘n@dgﬁg lﬁlx{%ge was

residue,” and the m xture was evaporat ed Under uced

5 pr. Etddirdhels wahiefed 30-dd Jumas agdded, L0 txpé-?tefaé20

residue, and the mixture was stirred under cooling

S5@if)orwels halttdd .tolhthepregd it ethCryisd ahSxWeFE was
filtered and then dried (at 600C for 16 hours) to

olsttainrel 4Ahdeofcadiertqar get 22¢ dhlrornohdurit.r oimHedazol e
(yield: 59.0%. 1H NWR spectrum (DVBO d6) dppm 8.43
(@rqq%pltqudlqnysuﬁla}mere filtered and then dried (at

60°C for 16 hours) to obtain 1.41 g of the target 2-
10 chloro-4-nitroimidazole (yield: 59.0%).
'"H-NMR spectrum (DMSO-dg) dppm:

8.43 (s, 1H), 14.1 (br.s, 1H).

Further, the filtrate was concentrated to
obtain 0.186 g of 2-chloro-4-nitroimidazole (yield:
15 7.8%).

Total yield: 66.8%



Further, the filtrate was concentrated to obtain 0.186
g of 2-chloro-4-nitroimdazole (yield: 7.8% . Total

W@ 2@bai35966. 8%CLAIMS 1 . A process for product i BOT/@#2005/018230
2-chl oro-4- nitroimdazole represented by the fornul a:
conprising a reaction of |-al koxyal kyl -2-br ono- 4-
nitroi mdazol e represented I the general fornula:
wherein Rl represents a | ower al kyl group, and n
represents an integer of GLARIS | with hydrogen
c?[orlde. A process for production of 2-chloro-4-

nitroimidazole represented by the formula:
] NH
2—Cl
09N N

comprising a reaction of l-alkoxyalkyl-2-bromo-4-

nitroimidazole represented by the general formula:

(CHy) 0R'

[ B—Br
09N N |

wherein R* represents a lower alkyl group, and n
represents an integer of 1 to 3,

with hydrogen chloride.



