1 DESCRI PTI ON METHOD FOR PRODUCI NG 3- SUBSTI TUTED 2- CHLORO 5- FLUORO PYRI DI NE
OR ITS SALT 5 TECHNI CAL FI ELD The present invention relates to a novel

met hog for producing a 3-substituted 2-chloro-5-fluoro-pyridine or its
salt, such as 2-chloro-5-fluoronicotinic acid or its 10 salt. The
3-substituted 2-chloro-5-fluoro-pyridine or its salt is a conpound useful
as an internediate for pharmaceuticals or for agricultural chem cals and
further as an internediate or the |like for production of various
functional materials. 15 BACKGROUND ART Wth respect to a nmethod for
producing a 3- substituted 2-chl or oPBSERUBFECRyridine or its salt, the
foll ow ng nmet hods have heretofore been proposed. 20 (1) A nethod wherein
2, 6-di chl oro-5- quoronicotinic acid is used as the starting material, and
it is converted to an eth ester of 2,6-dichloro-5- fluoronlcotlnlc aci d

and t hen reactM@Fﬁ@?hF%%dP U@EN%n%tﬁ%??BET?BEBb¥a?HL@Bﬂyﬁ -FLUO

2-chloro-5-fluoro-6 25 nethylthionicotinate, and further t he nethylthio
gr oup PYRIDINE OR ITS SAL

TECHNICAL FIELD

The present invention relates to a novel method for
producing a 3-substituted 2-chloro-5-fluoro-pyridine or
its salt, such as 2-chloro-5-fluoronicotinic acid or its

10 salt. The 3-substituted 2-chloro-5-fluoro-pyridine or

its salt is a compound useful as an intermediate for
pharmaceuticals or for agricultural chemicals and further
as an intermediate or the like for production of various

functional materials.

15
BACKGROUND ART
With respect to a method for producing a 3-
substituted 2-chloro-5-fluoro-pyridine or its salt, the
following methods have heretofore been proposed.
20 (1) A method wherein 2,6-dichloro-5-fluoronicotinic

acid is used as the starting material, and 1t is
converted to an ethyl ester of 2,6-dichloro-5-
fluoronicotinic acid and then reacted with sodium
thiomethoxide to obtain ethyl 2-chloro-5-fluoro-6-

25 methylthionicotinate, and further, the methylthio group
at the 6-position is reduced in the presence of a Raney

nickel catalyst to obtain ethyl 2-chloro-5-fluoro-



at the 6-position is reduced in the presence of a Raney nickel catalyst to
obtain ethyl 2-chloro-5-fluoro 2 nicotinate (U S. Patent 5,250,548
(Exanmpl es 180A to C)). (2) A nethod wherein 2-hydroxy nicotinic acid is
used as the starting material, and the 5-position is nitrated, then the
2-position is chlorinated, then the 5 nitro group at the 5-position is
reduced in hydrochloric acid by nmeans of tin(ll) chloride to obtain

5-am no-2- chl oroni cotnic acid hydrochl orede, which is then diazotized by

means of tetrafluoroborlc cid and sodium nltrlte t nyert th position
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chloronicotnic acid hydrochloride, which is then
diazotized by means of tetrafluoroboric acid and sodium
nitrite to convert the 5-position to diazonium

10 tetrafluoroborate, followed by thermal decomposition in
1,2-dichlorobenzene to obtain 2-chloro-5-fluoronicotinic
acid (European Patent No. 634413A1 (pages 12 and 13)).

(3) A method wherein 2-chloro-3-methyl-5-

nitropyridine is used as the starting material, and the

15 nitro group is reduced and then diazotized in HPF¢ to
convert the 5-position to diazonium hexafluorophosphate,
followed by thermal decomposition to obtain 2-chloro-5-
fluoro-3-methylpyridine, which is further oxidized with
potassium permanganate to obtain 2-chloro-5-

20 fluoronicotinic acid (Frank L. Setliff, Gary O. Rankin,
“J. Chemical and Engineering Data”, (U.S.A.), 1972, Vol.
17, No. 4, p. 515).

However, the above-methods have the following

drawbacks.

25 In the method (1), the reaction for introducing a
methylthio group is a reaction accompanying a bad odor.

Further, in that method, after substituting a hydrogen



However, the above-nethods have the followi ng drawbacks. 25 In the nethod
(T), the reaction for introducing a nethylthio group is a reaction
acconpanyi ng a bad odor. Further, in that nethod, after substituting a
hydrogen 3 atom by a nethylthio group, the nethylthio group is again
substituted to a hydrogen atom by a reduction reaction, and as such, the
method is inefficient. Further, there 1is an additional drawback that the
yield in such a 5 reduction reaction is |éw at a |level of 30% The nethod
(2) has a drawback that the_reaction proc Furt her,, after

ss is.long. .
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(2) has a drawback that the reaction process is long.
Further, after synthesizing an unstable diazonium salt,
the diazonium salt is thermally decomposed at a high
temperature, and accordingly, the method has a drawback
10 that the overall vield is low. The method (3) also has a
drawback that the reaction process is long. Further, it
has a drawback that the yield in the oxidation reaction
is so low that the method is poor in practical
applicability.
15
DISCLOSURE OF THE INVENTION
The present invention has been made to solve the
above problems and to provide a method for producing in
good yield a 3-substituted 2-chloro-5-fluoro-pyridine or
20 its salt which is useful as e.g. an intermediate for
production of pharmaceuticals, agricultural chemicals and
various functional materials, from a starting material
which is industrially readily available, through a short
process under mild reaction conditions using a reagent
25 which is easy in handling and simple in the reaction

operation.

Namely, the present invention provides the



20 its salt which is useful as e.g. an internediate for production of
pharmaceuticals, agricultural chemcals and various functional materials,
froma starting material which is industrially readily available, through a
short process under mld reaction conditions using a reagent 25 which is
easy in handling and sinple in the reaction operation. Nanely, the present

i nvention provides the 4 following. (1) A nethod for producing a conpound
represented by the following formula (2) 8r its salt, which conprises

sel ectively % QEC|ng a chlorine atomat the 6- p03|t|on of 5 a conpound

repr esent ed RE* Srlomﬁng formula (1) or its salt, provided that in the

wneroin each of k1. rtEhet %ﬁcﬂgﬁéifsl?ﬂ%igggéaﬂg%e%sseaﬁéﬁﬁg isa
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sel ectively reducin ne a om a position conmpound
5 a compound represented by the following formula (1) or
its salt, provided that in the following formulae, 2z' is
a group represented by -CO,R!', -CONR’R® or -CN, wherein
each of R', R? and R?® which are independent of one

another, is a hydrogen atom, an alkyl group, an alkenyl

10 group, an aryl group, an aralkyl group or a cycloalkyl

group:
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(2) A method for producing a compound represented by
the following formula (2), which comprises selectively
15 reducing a chlorine atom at the 6-position of a compound
represented by the following formula (1), provided that
in the following formulae, Z' is a group represented
by -CO,R', -CONR’R® or -CN, wherein each of R', R? and R®
which are independent of one another, is a hydrogen atom,
20 an alkyl group, an alkenyl group, an aryl group, an

aralkyl group or a cycloalkyl group:



represented by the followng formula (1), provided that in the follow ng
formulae, Z1 is a group represented by -CO2R1l, -CONRZR3 or -CN, wherein each

of RI, R2 and R3 which are independent of one another,

20 an al kyl
cycl oal kyl

is a hydrogen atom

group, an al kenyl group, an aryl group, an aral kyl group or a

met hod according to any one of (1) to (3)p2 5 wherein the reduction is

carried out by letting a protic solvent act in the presence of a netal

netal salt.

reduction is ca e
zinc. 10 (6) A nebh
fornmula (4) orCltsNsal
reaction of a conpound

(5). The
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, Wwhich copr€kes carrying out a substitution

group: 5 F 2zt Cd I NI (1) (2) (3) The method according to (1)
or (2), wherein Z1 is -CO2Rl (wherein Rl is as defined above). (4) The

or a

t hod agcordinglto any one of (1) to (4), wherein the
f protic solvent act in the presence of
for produgi a conpound represented by the follow ng

represented by the fornula (2) or its salt obtained

by the nethod as deéfined in any(@ne of (1) to (5), to 15 substitute the Z1
group at the 3-position by a Z2 group,

10

15

20

(3) The method according to (1) or (2), wherein z*
is -CO,R' (wherein R! is as defined above).

(4) The method according to any one of (1) to (3),
wherein the reduction is carried out by letting a protic
solvent act in the presence of a metal or a metal salt.

(5) The method according to any one of (1) to (4),
wherein the reduction is carried out by letting a protic
solvent act in the presence of zinc.

(6) A method for producing a compound represented by
the following formula (4) or its salt, which comprises
carrying out a substitution reaction of a compound
represented by the formula (2) or its salt obtained by
the method as defined in any one of (1) to (5), to
substitute the z? group at the 3-position by a Z° group,
thereby to obtain a compound represented by the following
formula (4) or its salt, provided that z? in the
following formula is a group different from z!' and is a
group represented by -CO3R>, -CONR®R’ or -CN, wherein R’
is an alkyl group, an alkenyl group, an aryl group, an
aralkyl group, or a cycloalkyl group, and each of R® and
R’ which are independent of each other, is a hydrogen
atom, an alkyl group, an alkenyl group, an aryl group, an

aralkyl group or a cycloalkyl group:



thereby to obtain a conpound represented by the following fornmula (4) or
its salt, provided that Z2 in the following fornula is a group different
fromZ<l and is a group represented by - CO2R5, -CONR6R7 or -CN, wherein R5
20 is an al kyl group, an al kenyl group, an aryl group, an aral kyl group, or
a cycl oal kyl group, and each of R6 and R7 which are independent of each
other, is a hydrogen atom an alkyl groug, an al kenyl group, an aryl group,
an aral kyl group or a cycloal kyl group: (7) The nmethod according to (6),
wherein fromthe conpound of the fornula (2) or its salt wherein the Z
group is a gr ogp repgﬁsented by -COON or -COOR10 (wherein 5 R10 is an al kyl
group), t he conpogn ) wherein Z2 is a -000R5 group (wherein R5 is as

defi ned above), Ws_Agbtained by an esterification reaction in a case where
Z is a -COH gr@hp,lor by an ester exchange reaction in a case where Z
is a -COCR10 gro%ﬁ (wherein R10 is as 10 defined above). BEST MODE FOR
CARRYI NG QUT THE NVENTICN In this specification, the conpound represented
by the formula (1) nay be referred to also as the conpound 15 (1). The

same applies to pfhefhLHPAWSacddrdihg Shecs || CahePSin" BRoRl K& group” may
be linear or branched. Unless otherw se specified, the

compound of the formula (2) or its salt wherein the 7t

group is a group represented by -COOH or -COORY (wherein

5 R!YY is an alkyl group),the compound (4) wherein Zz? is a

-COOR® group (wherein R® is as defined above), is

obtained by an esterification reaction in a case where Zz'

is a —-COOH group, or by an ester exchange reaction in a

case where z' is a -COOR! group (wherein R'? is as

10 defined above).

BEST MODE FOR CARRYING OUT THE INVENTION

In this specification, the compound represented by

the formula (1) may be referred to also as the compound
15 (1). The same applies to other compounds.

In this specification, “an alkyl group” may be
linear or branched. Unless otherwise specified, the
alkyl group is preferably a C;.¢ lower alkyl group. As an
example of the alkyl group, a methyl group, an ethyl

20 group, a n-propyl group, an isopropyl group a butyl
group, an isobutyl group, a sec-butyl group, a tert-butyl
group, a pentyl group or a hexyl group may, for example,
be mentioned.

*An alkenyl group” may be linear or branched. Unless



al kyl group is preferably a C1_6 |ower al kyl group. As an exanple of the
al'’kyl group, a nethyl group, an ethyl 20 group, a n-propyl group, an

i soprepyl group a butyl group, an isobutyl group, a sec-butyl group, a
tert-butyl group, a pentyl group or a hexyl group may, for exanple, be
ment i oned. "An al kenyl group” may be linear or branched. Unless 7 otherw se
specified, the alkenyl group is preferably a C2 6 al kenyl group. As an
exanpl e of the al kenyl group, an allyl gfoup, an isopropenyl group or a

3- but enyl 9r8919em'3?¥e yﬁé cfER 'etthaTEQLgQ”SPﬁuﬁ é‘”P%ﬂer%ﬁ p, means a

nmonoval ent aromati ¢ rocar on group, group is p eferred. "An

ar al kyl grougzsngggénﬁﬁeny¥M§ gggygﬂ§qg§£?%y%ggf Furt ﬁggl g§ﬁ As the

aryl group nol ety, group 1s pre er, al kyl group

moi ety 10 '”aﬁhgl #y&ugrogg 1@054 §ea§5ygr9a9uer'§ 9t%ﬁ%éh9@ g®Bupah
exanpl e of the ar group, a benzyl group, a benzhydryl group, a trityl

group or a pﬁgpylggpyéxgﬁgy@ Hgymeﬁggoﬁégnple be nentioned. "A cycl oal kyl
group” means an at | east nbered 15 cyclic alkyl group, and a 3- to

8- menbered cycl oahkykyry@r guBubs RE8hEr kedonhsadBnexamhi et the cycl oal kyl
group, a cyclopentyl group, a cycl ohexyl group or a
hydrocarbon group, and a phenyl group is preferred.

“An aralkyl group” means an alkyl group substituted
by an aryl group. As the aryl group moiety, a phenyl
group 1is preferred. Further, as the alkyl group moiety

10 in the aralkyl group, a Ci.4 alkyl group is preferred. As
an example of the aralkyl group, a benzyl group, a
benzhydryl group, a trityl group or a phenylethyl group
may, for example, be mentioned.

“A cycloalkyl group” means an at least 3-membered

15 cyclic alkyl group, and a 3- to 8-membered cycloalkyl
group is preferred. As an example of the cycloalkyl
group, a cyclopentyl group, a cyclohexyl group or a
cycloheptyl group may, for example, be mentioned.

In the compound (1) or its salt, z! is a group

20 represented by -CO,R!, -CONR?R?® or -CN, preferably -CO,R!
or -CN from the viewpoint of availability, particularly
preferably -CO,R' from the viewpoint of the yield and the
efficiency in the post treatment after the reaction.
Here, each of R}, R? and R’ which are independent of one

25 another, is a hydrogen atom, an alkyl group, an alkenyl

group, an aryl group, an aralkyl group or a cycloalkyl

group. R! is preferably a hydrogen atom or a lower alkyl



cycl oheptyl group may, for exanple, be nentioned. In the conpound (1) or its
sdlt, Z1 is a group 20 represented by -CO2R1l, -CONR2R3 or -CN, preferably
-CO2R1 or -CN fromthe viewpoint of availability, particularly preferably
-COZR1 fromthe viewpoint of the yield and the efficiency in the post
treatnment after the reaction. Here, each of Rl, R2 and R3 which are

i ndependent of one 25 another, is a hydrogen atom an al kyl group, an

al kenyl group, an aryl group, an aralkyl8group or a cycloal kyl group. Rl
is preferably a hydrogen at
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conpound 1) y usu y aval as it is

wi thout carr }fgghga&oagw gtc%rsi,oge%ytlhgrohbéeoﬁe%wl Qe dhdpg compound (1)

IS commercl a

The compound (1) as the starting material in the
present invention is commercially available or can easily
be obtailined by a usual preparation method. For example,

10 it can be produced by the method disclosed in e.g.
European Patent 333020 or U.S. Patent 5,204,478. As the
compound (1), one having a purity usually available may
be used as it is without carrying out purification or the
like. A salt of the compound (1) is commercially

15 available or can easily be obtained by a usual
preparation method. As such a salt, one having a purity
usually available may be used as it is without carrying
out purification or the like.

The following compounds may be mentioned as specific

20 examples of the compound (1).

2,6-Dichloro-5-fluoronicotinic acid, methyl 2,6-
dichloro-5-fluoronicotinate, ethyl 2,6-dichloro-5-
fluoronicotinate, isopropyl 2,6-dichloro-5-
fluoronicotinate, butyl 2,6-dichloro-5-fluoronicotinate,

25 2,6-dichloro-5-fluoronicotinonitrile, 2,6-dichloro-5-
fluoronicotinic acid amide, 2,6-dichloro-5-

fluoronicotinic acid dimethylamide, 2,6-dichloro-5-



15 avail able or can easily be obtained by a usual
sdch a salt,

preparation nethod. As
one having a purity wusually available may be used as it is

wi thout carrying out purification or the like. The foll owi ng conpounds nay
be mentioned as specific 20 exanples of the compound (1).

2,6-Di chl oro-5-fluoronicotinic acid, nethyl 2,6-

di chl oro-5-fluoronicotinate, ethyl 2,6-dighloro-5- fluoronicotinate,
i sopropyl

2, 6-dichloro-5- fluoronicotinate, butyl
2, 6-di chl or osbublupt esteat tnated d%e2h61dineBEQr and- bl, yodarhaetricnsni tril e,

2,6-dichloro-5- fluoronicotinic acid am de, 2,6-dichloro-5- fluoronicotinic

aci d di met hyFagbde-32¢c6atbophlkatant .9 Al tios orbmpediumnd c (AL d2deet hyl am de,

2,6-dichloro-5- f lucro-3 -cyanopyridine. As the conpound (1) , 2, 6 -
di chl or o- 5- f Buehdbaireceti filacachdcbsipief ariddisi peefietrriesl sriead liy dwai |l abl e

and easy to handle. 5 The salt of the conmpound (1) may, for exanple, be a

hydr ochl ori decadihyt rateélablsubhdt easgntacbeatiéde.a formate, a
trifluoroacetate or a phosphate, of the above conpound. In the present
i nventiorg the chlherisaétabdmtae tcospbingt pdsi magn dfort kexaogripourze (al) or its
is selectively reduced. For such a reduction reaction, conditions for

sal t
a

10

15

20

25

hydrochloride, a nitrate, a sulfate, an acetate, a
formate, a trifluoroacetate or a phosphate, of the above
compound .

In the present invention, the chlorine atom at the
6-position of the compound (1) or its salt is selectively
reduced. For such a reduction reaction, conditions for a
common reduction reaction may be employed. For example,
the method for reducing the carbon-halogen bond as
disclosed in “Shin Jikken Kagaku Kouza (New Experimental
Chemistry) 1l4-Yukikagoubutsu no Gousei to Hannou
(Syntheses and reactions of organic compounds) (I),
published by Maruzen” may, for example, be employed. The
reduction reaction of the present invention can be
carried out under usual reduction reaction conditions,
but only the 6-position is selectively reduced among
chlorine atoms at the 2- and 6-positions. As a specific
example for such a reduction reaction, any one of the
following methods 1, 2 and 3 is preferred.

Method 1: A method wherein catalytic hydrogenolysis
is carried out by using hydrogen in the presence of a
metal reduction catalyst such as 5% Pd/calcium carbonate

(one poisoned with lead, so-called Lindlar catalyst), Pd-

and



common reduction reaction may be enpl oyed. For exanple, the nethod for
réduci ng the carbon-hal ogen bond as di sclosed in "Shin Ji kken Kagaku Kouza
(New Experinental 15 Chem stry) 14-Yuki kagoubutsu no Gousei to Hannou
(Synt heses and reactions of organic conpounds) (1), published by Maruzen”
may, for exanple, be enployed. The reduction reaction of the present

i nvention can be carried out under usual 6eduction reaction conditions, 20
but only the 6-position is selectively re%uced anong chlorine atons at the

2- and 6- pospbhhQRs A3 fateledd-icc Xl fr@rexeuch a reduction reaction,
any one of the following nethods 1, 2 and 3 is preferred. Method 1: A

met hod wherei n catraloHii rtHRpeanoluisd samalint o atliéd agetal Hydwst ign hydr ogen
in the presence of a netal reduction catalyst such as 5% Pd/ cal ci um
carbonate (eBneapgissoned paeifle da®@dd, fsencal.lledd ivoll atasesd,al yst), Pd 10
barium sulfate, Pd-C, or Raney nickel. In this nethod 1, the anopunt of the

met al reduct particatlalst pre fprefdyalflinon nomd.30 sk meesd?d omartie cul arly
preferably from1l to 30 mass% based on the S compound (1) or its salt.

Furt her, % hecempauindof(l)hydr dgen sad tpr eFerahky, athkeeasbuhtt ofe by nol, nore
preferably from1l to 100 tines by nol, particularly preferably from1l to 10
ti mes by nol hydelogienve st prieiferably at least 1 time by mol, more

preferably from 1 to 100 times by mol, particularly

preferably from 1 to 10 times by mol, relative to the

compound (1) .

10 Method 2: A method wherein reduction is carried out
by letting a protic solvent act in the presence of an
alkali metal such as sodium or lithium; a metal such as
magnesium, aluminum, tin, copper, zinc, iron or nickel,
or an alloy thereof; or a metal salt such as lithium

15 1lodide or tin(II) chloride.

In the method 2, it is preferred to employ a metal,
particularly a metal in a powder form. Further, as the
metal, tin, copper, zinc or iron is, for example,
preferred, and zinc is particularly preferred.

20 In the method 2, the amount of the metal or metal
salt is preferably from 0.1 to 1,000 mass%, particularly
preferably from 0.2 to 300 mass%, based on the compound
(1) or its salt. Further, the amount of the protic
solvent is preferably an amount whereby the compound (1)

25 or its salt can be dissolved, dispersed or suspended, and

it is preferably from 0.5 to 100 times by mass,

particularly preferably from 1 to 10 times by mass,



conpound (1). 10 Method 2: A nmethod wherein reduction is carried out by
| etting a protic solvent act in the presence of an alkali nmetal such as
sodiumor lithium a netal such as nagnesium alum num tin, copper, zinc,

iron or nickel, or an alloy thereof; or a netal salt such as l[ithiumis
iodide or tin(ll) chloride. In the method 2, it is preferred to enploy a
netal, particularly a netal in a powder f rm Further, as the netal, tin

copper, zinc or ironis, for exanple, ©preferred, and zinc is particularly

preferred. 20.ipctihe a8t BRE dompBEnamunt oef ithesgetal or metal salt is
preferably from0.1 to 1,000 nmass% particularly preferably from0.2 to 300

mass% based on the geBpadndolibhtOlin ttheSaletthodunt ey a tdun t of the
protic solvent is preferably an anount whereby the conmpound (1) 25 or its

salt can be @ghssnpl well Bespehsadogensuspendetdn and rieduics iphefrematliynf rom
OSto 100 times by mass, particularly preferably from1l to 10 times by
mass, 11 rehnadli ve docbhpoaadpeupeab(t) odr betiagsal EolVkatprhet ithesol vent in
the nethod 2 is a conmpound which will be a hydrogen source in the reduction
reacti on s andeastaonoapouhd papabhe dhvbeicngna sbéveathia phetbereacti on of
t he present invention. As such a protic
solvent, various solvents may be employed which are
useful for reduction reactions. For example, water, an
acid (hereinafter an acid as a protic solvent will be
referred to as an acid (A)), an alkaline aqueous
10 solution, an alcohol solvent, an ester solvent, a
hydrocarbon solvent, an ether solvent, or a solvent
mixture thereof, may, for example, be employed. As a
specific example of such a solvent, an acid (A) such as
acetic acid, formic acid, propionic acid or hydrochloric
15 acid; an alcohol solvent such as methanol, ethanol, 2-
propanol or t-butanol; or an aqueous alkaline solution
such as an aqueous sodium hydroxide solution or an
aqueous potassium hydroxide solution, may be mentioned.
The protic solvent is preferably an acid selected from
20 acetic acid, formic acid and hydrochloric acid, or an
aqueous solution of such an acid; an alcohol solvent such
as methanol, ethanol, 2-propanol or t-butanol; a solvent
mixture having an acid (A) such as acetic acid, formic
acid, propionic acid or hydrochloric acid, added to such
25 an alcohol solvent, particularly preferably methanol, or

a solvent mixture of methanol with acetic acid.

In a case where a solvent mixture having two or more



sol vent, various solvents may be enployed which are wuseful for reduction
reactions. For exanple, water, an acid (hereinafter an acid as a protic
solvent will be referred to as an acid (A)), an al kaline aqueous 10

* solution, an alcohol solvent, an ester solvent, a hydrocarbon solvent, an
ether solvent, or a solvent mxture thereof, may, for exanple, be enployed.
As a specific exanple of such a solvent,_ gan acid (A such as acetic acid,
form c acid, propionic acid or hydrochloriC 15 acid; an al cohol solvent such

as methanol , ehRapels mdxdd,0RaANQlsd ds BHaR ot 1 f-Adueous & kal i ne
solution such as an aqueous sodi um hydroxi de solution or an aqueous

pot assi um hy yAxicGhe S @ait ighdb1 idih 436 INEHd igbd, e tHOLssbvppd 1S
preferably an acid selectéed from 20 acetic acid, formc acid and

hydrochl ori ¢ sahv@nt® iy RS ISPIBY iu tathan-&dhorns wd €ahol
sol vent such as nethanol, ethanol, 2-propanol or t-butanol; a solvent

m xture havi pghd@amis@d Ak Gk A% iasetdyistam do ffr G asiekntpr opi onic acid
or hydrochloric acid, added to such 25 an al cohol solvent, particularly
preferably matibandle. otn a sakeerheliexthee sofl veRthanedt uset Hsagetic acid. In

a case where a solvent m xture having two or nore 12 solvents mxed, is
used as the pidtientsalivanire sifchan sdlamdrils gEywarelwitinam lgychbe Mxed, or
t he respective
the acid (A) is preferably added lastly to the reaction
system to form a solvent mixture, whereby the operation
efficiency will be good.

10 The amount of the protic solvent is preferably from
0.5 to 50 times by mass, particularly preferably from 2
to 10 times by mass, relative to the compound (1) or its
salt. In a case where a solvent mixture of an alcohol
solvent with an acid (A) is used as the solvent mixture,

15 the amount of the acid (A) is preferably from 0.1 to 10
times by mol, more preferably from 0.5 to 2 times by mol,
particularly preferably from 1.0 to 1.3 times by mol,
relative to the compound (1) or its salt.

The method 2 is preferably carried out by either one

20 of the following operations methods.

Method 2-1: A method wherein the compound (1) or its
salt is dissolved, dispersed or suspended in a protic
solvent, and then, a metal or a metal salt is added and
reacted. In this method, the metal or the metal salt may

25 be added all at once at the initial stage of the reaction

or may be added dividedly in a plurality of times.

Method 2-2: A method wherein a metal or a metal salt



solvents may separately be added to the reaction system and m xed in the
reaction systemto forma solvent 5 mxture. In a case where the sol vent

m xture is a solvent mxture of an al cohol solvent with an acid (A), the
acid (A) is preferably added lastly to the reaction systemto forma

sol vent m xture, whereby the operation efficiency wll be good. 10 The
anount of the protic solvent is preferablné from 0.5 to 50 tinmes by nass,
particularly preferably from2 to 10 ti by mass, relative to the

d (1 hol
conpound (1) jor 4 d:iﬁci)cil K ufedfi%@% r§<§’éd’eﬂ§ c{“ﬁ‘{-é‘tff 0f o PPt CONO

sol vent with an aci nt m Xt ur e, t he anount of

the acid (A) 4§ q{}f‘é‘lﬁr 8f_t}{ey ddmdhd fﬂ 3& {4 Tes, py @'dr&@frfs@r&flééém y

fromO0.5 to 2 tinmes partlcu arly preferably from1.0 to 1 times

by mol, rel aéﬂa/eréa%ézf CQEEP%H@ wbkhed,i g sal ;premenrga hod 2 dise

pr ef erably carried out by either one 20 of the follow ng operations

met hods. Met hoghsulia A(lmetctlodla@egﬁ@ Medﬁ%mwda&éédqnl&ﬁe Bath b8

di ssol ved, dispersed or suspended in a protic solvent, and then, a netal or

a metal salt 4 saddedansd diesdresh o rl:litlhit%mmg1at§'§ot£@& akoDiehhe Netal

salt may 25 be added all at once at the initial stage of the reaction or

may be added wHesdgdlhd nrehdd 8@l Hdat dad ip@Ssupbtdoge@:- 2. A method wherein
a nmetal or a netal salt

The method 2 is preferably carried out by the method
2-2, whereby the operation is good, and control of the
reaction will be easy.

10 Method 3: A method for a reaction with a hydride
reactant, such as a metal hydride such as a trialkyltin
hydride or a trialkylsilane, or a metal/hydrogen complex
compound such as sodium borohydride or lithium aluminum
hydride.

15 In the method 3, the amount of the hydride reactant
is preferably from 0.6 to 10 times by mol, particularly
preferably from 0.8 to 5 times by mol, relative to the
compound (1) or its salt.

The reduction method of the present invention is

20 carried out preferably by the method 2 among them.
According to the reduction reaction of the present
invention, the chlorine atom at the 6-position of the
compound (1) or its salt, is selectively reduced to form
the compound (2) or its salt. However, depending upon

25 the structure of the compound (1) or its salt as the
starting material, and reaction conditions, the following

compound (3) having both chlorine atoms at the 2- and 6-



13 is dissolved, dispersed or suspended in a protic solvent, and then, the
cdonpound (1) or its salt is dropwi se added and reacted. In this nethod, it
is preferred that the conpound (1) or its salt is dropwi se added in the
- formof 5 a solution or suspension diluted with a protic solvent, whereby
the reaction heat can be suppressed. The nethod 2 is preferably carried out
by the method 2-2, whereby the operation;js good, and control of the
reaction will be easy. 10 Method 3: A matpiod for a reaction with a hydride
reactant, sughsa% iddEhRlGUBLY | RS WdhasSink d Bl ftddd adydrigle or a
trial kylsilane, or a netal/hydrogen conplex conmpound such as sodi um
borchydri de @rddudt upralwiidaibhdtydr'i da. the Fprieangbhodnd, thie amount of
the hydride reactant is preferably from0.6 to 10 tinmes by nol,
particul arly fpmefler abl)y ifs @R .St drdupgress y mBl theelfatrimeg at o 1he
conpound (1) or its salt. The reduction nethod of the present invention is
20 carried owowerefrer ahl v addhavhetdhathe? wathing itdremeadcimi digig to t he
reduction reaction of the present invention, the chlorine atomat the
6- posi ti on oOfcatdid edc @yrolyd the) nathdd Salit iss pedeiddlieoay swaoegst o form
t he conpound (2) or its salt. However, dependi ng upon

the production of the compound (3) as a by-product.

Among the method 2, particularly preferred is the method

2 wherein a metal is employed.

1
F. | N Z ;
) 3)
N
10 The reaction temperature for the reduction reaction

of the compound (1) or its salt is preferably -20 to
+100°C, particularly preferably from -5 to +50°C. The
reaction time is not particularly limited. The
termination of the reaction may suitably be changed,

15 usually, by analyzing the progress of the reaction by
means of high performance liquid chromatography
(hereinafter referred to as HPLC) or the like, and the
reaction time is preferably from 0.5 to 72 hours,
particularly preferably from about 1 to 25 hours.

20 The crude reaction product obtained as a result of
the reduction reaction may be subjected to purification
treatment, as the case requires. As a method for such
purification treatment, filtration, evaporation of
solvent, extraction, washing, high performance liquid

25 chromatography, recrystallization and distillation may,

for example, be mentioned.



25 the structure of the conmpound (1) or its salt as the starting material,
and reaction conditions, the followng conmpound (3) having both chlorine
atons.at the 2- and 6 14 positions reduced, nmay sonetines be forned as a
by- product (provided that Z' in the fornula (2) and the formula (3) is the
same group as Z' in the fornula (1) However, in a case where the reduction
reaction is 5 carried out by the nethod 2 is possible to suppress the
production of the conpound (3) as a by- proéuct Among the nethod 2,

particularly prefgfred iredility ot hatk -adhsiei thaedeidh, | eHPiPYEQn N 10
The reaction tenperature for the reduction reaction of the conpound %1) or

its salt is phefekalltivi2q 0¥ th0MCgrpapt heukael ¥ -poefierabl wf k@@ -5 to
+500C. The reaction tinme'is not particularly limted. The term nation of
the reacti onosaposid all)y die ichangad, obka itsdlby .ty anatey ztdWh dtheopr ogr ess
of the reaction by neans of high performance |iquid chromatography
(hereinaft er degfceriicgd theas'HBkEhpomat/hBel thaveanddt ke aheatieiroRyriduge i s
preferably from0.5 to 72 hours, particularly preferably fromabout 1 to 25
hour s. 205Thqzﬁrgdeupeacheoébprﬁduptodhbalnhd @slaowesdl toabpournlde (reduction
reaction may be subjected to purification

or its salt.

2
o
N 1
“4)
In the formula (4), Z® is a group different from Zz?

and is a group represented by -CO,R>, -CONR°R’ or -CN.

10 From the usefulness of the compound (4) or its salt, 72
is preferably -CO,R>. Here, R® is an alkyl group, an
alkenyl group, an aryl group, an aralkyl group or a
cycloalkyl group, and each of R® and R’ which are
independent of each other, is a hydrogen atom, an alkyl

15 group, an alkenyl group, an aryl group, an aralkyl group
or a cycloalkyl group. R’ is preferably a lower alkyl
group, particularly preferably an ethyl group. Each of
R® and R’ which are independent of each other, is
preferably a hydrogen atom, a methyl group or an ethyl

20 group, and it is particularly preferred that both R°® and
R’ are hydrogen atoms, methyl groups or ethyl groups.

As the method for converting the compound (2) or its
salt to the compound (4) or its salt, a known or well

known method may be employed and may suitably be selected



treatnment, as the case requires. As a nethod for such purification
treatment, filtration, evaporation of solvent, extraction, washing, high
performance |iquid 25 chromat ography, recrystallization and distillation
may, for exanple, be nentioned. 15 1In the nethod of the present invention,
by. utilizing the reactivity of the Z' group at the 3-position of the
conpound (2) or its salt obtained by the ove reduction reaction, the Z
group may be converted to another group s (Z2 group) thereby to produce the
foll owi ng cowpeunde( Hepe@dinks updnt thedkyivest kg fOr gHhazt4), Z2 is a group
different fromZzZ and is a group represented by -C02R5, -CONR6R7 or -CN. 10
From t he useful nesy @fxanfa omrurbI(1hwidly idsnsaldd @a) i 5. prefies abl y
-C02R5. Here, R5 is an al kyl group, an al kenyl group, an aryl group, an
aral kyl groupogpoandcyeal) oathlerle igr @ipisandoerth of Rbs agal R7 wbmhcbear e
i ndependent of each other, is a hydrogen atom an al kyl is group, an al kenyl
group, an ar plrogueed, byn aar alskylr igriewn ioor reaeytdloealddy |ltigy digl 1l d¥b i
preferably a | ower al kyl group, particularly preferably an ethyl group.
Each of &6 andpBhndhi(ch-ane ii.rdepdrdenmpefurehcl? Jotwierseiirs Zr éker ably a
hydrogen atom a nmethyl group or an ethyl

-COOH, or its salt, or by an ester exchange reaction of

the following compound (2a-2) i.e. the compound (2)

wherein Z' is -COOR!® (wherein R'® is an alkyl group), or

its salt.
5 10
F\(\/[ZOOR F\E\/ECOOH F\(j:ZOOR
N? Nl N? >l N2 a1
10 (4a) (2a-1) (2a-2)

The esterification reaction of the compound (2a-1)
or its salt can be carried out by the following method 4-
1l or 4-2, preferably the method 4-1, whereby the
reactivity is good.

15 Method 4-1: A method wherein the compound (2a-1) or
its salt is reacted with a chlorination agent to obtain
the following compound (5) or its salt, and the compound
(5) or its salt, and a compound represented by the
formula R°0OH (wherein R® is as defined above) are

20 subjected to an esterification reaction.

Method 4-2: A method wherein the compound (2a-1) or
its salt, and a compound represented by the formula R°OH
(wherein R®> is as defined above) are subjected to an

esterification reaction.



20 group, and it is particularly preferred that both R6 and R are hydrogen
at'omrs, nethyl groups or ethyl groups. As the method for converting the
conmpound (2) or its salt to the conmpound (4) or its salt, a known or well
known met hod nay be enpl oyed and nay suitably be selected 16 for use
dependi ng upon the types of Z' and Z2. For exanple, the follow ng conpound
(4a) i.e. the conmpound (4) wherein Z1 is,~COOR5, or its salt, can be
produced by an esterification reaction of the follow ng s conpound (2a-1)
i.e. the compoundf~{ 2y Vn 22 is -COOH, or its salt, or by an ester
exchange reaction of tlhe follow ng conpound (2a-2) i.e. the conmpound (2)
wherein Z1 is - A rein RO is an al kyl group) , or its salt. 10
COORS FI NCOOHF |1 COORIO N '"A NI NI (4a) (2a-2) (2a-1) The
esterification reacqggn of the compound (2a-1) or its salt can be carried
out by the followng nethod 4- 1 or 4-2, preferably the nethod 4-1, whereby
the reactivity iThgaddiorination agent in the method 4-1 is

preferably thionyl chloride or oxalyl chloride,
particularly preferably thionyl chloride. The amount of
5 the chlorination agent is preferably from 1 to 10 times
by mol relative to the compound (2a-1) or its salt,
particularly preferably from 1 to 2 times by mol, since
the post treatment is thereby simple.
The chlorination reaction may be carried out in the
10 presence or absence of the solvent, preferably in the
presence of a solvent. The solvent may suitably be
selected from solvents inert to the chlorination
reaction, and an aromatic hydrocarbon solvent such as
toluene or xylene, or a halogenated hydrocarbon solvent
15 such as methylene chloride or HFC-225, may, for example,
be mentioned. Among these solvents, an aromatic
hydrocarbon solvent such as xylene or toluene is
preferred.
Further, in order to let the chlorination reaction
20 proceed smoothly, it is preferred to add N,N-
dimethylformamide. The amount of the N,N-
dimethylformamide is preferably from 0.001 to 1 time by
mol, particularly preferably from 0.001 to 0.5 time by-
mol, relative to the compound (2a-1) or its salt.

25 The temperature for the chlorination reaction is



is Method 4-1: A nethod wherein the conpound (2a-1) or its salt is reacted
wi'th a chlorination agent to obtain the follow ng conpound (5) or its salt,
and the conpound (5) or its salt, and a conpound represented by the formula
R50H (wherein R5 is as defined above) are 20 subjected to an esterification
reaction. Method 4-2: A nethod wherein the conmpound (2a-1) or its salt, and
a conpound represented by the formula R50kly (wherein R5 is as defined above)
are subjected to an esterification reaction. 17 F COCI N1 (5) The

chl ori nati on pagsErayl t erdmetdyigd b 1160 ° @f edpraddyl 441 pryte bt givige or
oxalyl chloride, particularly preferably thionyl chloride. The amount of s
t he chl ori natfir@m agenttd srqeferably from1 to 10 tinmes by nol relative to
the conpound (2a-1) or its salt, particularly preferably from1l to 2 tines
by nmol, since thHeheosimdriat ned ¢lsldhenabiosi nphet idhemapl suinhabilgn
reaction may be carried out in the 10 presence or absence of the solvent,
preferably i e htharess etmeeroiiray spparenthe gt yend £ nelye stedabi gnpe

sel ected fromsolvents inert to the chlorination
5 and it is preferably from 1 to 24 hours, particularly
preferably from 5 to 15 hours, in an industrial
production.
In the esterification reaction of the compound (5)
or its salt, and the compound represented by the formula

10 R°0OH (wherein R’ is as defined above), the amount of the
compound represented by the formula R°OH is preferably
from 1 to 100 times by mol, more preferably from 1 to 20
times by mol, particularly preferably from 1 to 10 times
by mol, relative to the compound (5) or its salt.

15 The esterification reaction may be carried out in
the presence or absence of a solvent, preferably in the
presence of a solvent. The solvent may be suitably
selected from solvents inert to the esterification
reaction, and an aromatic hydrocarbon solvent such as

20 toluene or xylene; an aliphatic hydrocarbon solvent such
as hexane or heptane; a halogenated hydrocarbon solvent
such as HCFC-225 or methylene chloride; or an ether
solvent such as diisopropyl ether or tert-butyl methyl
ether, may, for example, be mentioned, and an aromatic

25 hydrocarbon solvent such as toluene or xylene is

preferred.

The temperature for the esterification reaction is



reaction, and an aromati c hydrocarbon sol vent such as toluene or xylene, or
a "hal ogenat ed hydrocarbon sol vent 1s such as nethyl ene chloride or HFC 225,
may, for exanple, be nentioned. Anong these solvents, an aromatic

hydr ocar bon sol vent such as xylene or toluene is preferred. Further, in
order to let the chlorination reaction 20 proceed snoothly, it is preferred
to add N, N- dinmethyl formam de. The anount,g9f the N, N- dinethylfornmanide is
preferably from0.001 to 1 tine by nol, particularly preferably from0.001
to 0.5 tine hyefralablyelfatdny e 300 tdhe Immmunth (t2acul)a Ky igse Satdbl@5 The
tenperature for the chlorination reaction is 18 preferably from+20 to
+100C, parti cudear |47 0prtef erSlslG. from +50 to +90C. The tinme for the
chlorination reaction may suitably be changed dependi ng upon the progress
of the reaction, For daiftk iastierpriefarabt yrédaamdn t ccl28 towpsyungalksi cakrarly
preferably from5 to 15 hours, in an industrial production. In the
esterificati afs eaditi arscdfattete fommpdled qB)de gredatsi gralsglunidbn he conpound
represented by the fornula 10 R50H (wherein R5 is as defined above), the
amount of 5t hebdemyadhdyr dfree sdstved Byl arhiadftagranu | zeaRBAPN snagyr dfeer abl y

employed, or the crude reaction solution may be employed
as it is. In the latter case, the reaction may be
carried out by using the same reactor as the reactor used
for the chlorination reaction. As an example of the

10 latter method, a method may be mentioned wherein the
compound (2a-1) or its salt is dissolved or suspended in
a solvent, and a chlorination agent is added, followed by
heating to obtain the compound (5) or its salt, and then
the compound represented by the formula R°OH is dropwise

15 added thereto.

The reaction time for the esterification reaction
may be suitably changed depending upon the progress of
the reaction, and in an industrial production, the
reaction time is preferably from 3 to 20 hours,

20 particularly preferably from 4 to 15 hours.

The esterification reaction in the method 4-2 may be
carried out in accordance with the esterification
reaction in the method 4-1, and in the method 4-2, it 1is
preferred to use an acid catalyst. The acid catalyst is

25 preferably a Lewis acid or a protic acid, and from the
viewpoint of the economical efficiency, a protic acid is

preferred. The protic acid may, for example, be



from1l to 100 times by nol, nore preferably from1 to 20 tinmes by nol,
particularly preferably from1 to 10 tines by nmol, relative to the conpound
(5) or its salt. 1s The esterification reaction may be carried out in the
presence or absence of a solvent, preferably in the presence of a sol vent.
The solvent may be suitably selected fromsolvents inert to the
esterification reaction, and an aromatic,fydrocarbon solvent such as 20

tol uene or xylene; an aliphatic hydrocarbon solvent such as hexane or

hept ane; a habagenatadely dudcarhen asaldyentydradth a3 HEGR 2 Ao IRiryy | ene

chloride; or an ether solvent such as diisopropyl ether or tert-butyl
met hyl et hesulfeyicl aciexarple.i fheorenikitbnaed sudfdrar ardmgt ianhd?5
hydr ocar bon sol vent such as toluene or xylene is preferred. The tenperature
for the esterbhreatiranedeactlifauriics atdd prsefoerdlryed.onThB0atmount20dC
particularly preferably from+70 to +900C. For the esterification reaction,
t he conpoundthB) acrid ichsadalstt iisolpatede rabdm tthercroud® Ir eéactli daninsolhyt i on 5
obt ai ned by the above chlorination reaction may he enployed, or the crude
reaction 3ol mpilonpeey ibalerplyopee feaqablyy ifgom @ .t0He Hoath.ér tclame byt he
reaction may be carried out by using the sane reactor as the reactor used
mol, relative to the compound (5) or its salt.
In order to let the esterification reaction proceed
smoothly, it is preferably carried out while water formed
as a by-product is distilled off from the reaction
10 system.
The time for the esterification reaction may
suitably be changed depending upon the progress of the
reaction, and in an industrial production, it is
preferably from 1 to 24 hours, particularly preferably
15 from 5 to 15 hours.
The ester exchange reaction of the compound (2a-2)
or its salt can be carried out by reacting the compound
(2a-2) or its salt with the compound represented by the
formula R°0H (wherein R® is as defined above), and can be
20 carried out in the same manner as for the esterification
reaction disclosed in the method 4-2. 1In the ester
exchange reaction, in order to let the reaction proceed
smoothly, it is preferably carried out while the compound
represented by the formula R'OH, formed as a by-product,
25 1is distilled off from the reaction system.

The reaction time for the ester exchange reaction

may suitably be changed depending upon the progress of



for the chlorination reaction. As an exanple of the 10 latter method, a

mét hod may he nentioned wherein the conpound (2a-1) or its salt is

di ssolved or suspended in a solvent, and a chlorination agent is added,
followed by heating to obtain the conpound (5) or its salt, and then the
canpound represented by the formula R50H i s dropwi se 15 added thereto. The
reaction tine for the esterification reacifon may be suitably changed
dependi ng upon the progress of the reaction, and in an industri al
production, the reaattbnn bnde ins apr dheiahlry aflr @pcducr i26h ,hdwr si,s 20
particularly preferably from4 to 15 hours. The esterification reaction in
the nmet hod 4pZeffayabéy daom adtout24 hoaesqr gendtd oamlidy yherestearadliycat i on
reaction in the nethod 4-1, and in the nethod 4-2, it is preferred to use
an acid cat afyst. 5The aéi thovatsal yst is 25 preferably a Lewis acid or a
protic acid, and fromthe viewpoint of the econom cal efficiency, a protic
acid is preferrdd thee yedotdtc acimearyiorf arf extmpessdret 2hvewntent r at ed
sul furic acid, hydrochloric acid, p-toluene sulfonic acid or

trifl uor oiret Waresthtoricorasing, (dnd iscoweshtsattéd swHaniing asiteiisalpr ef err ed.
The amount of the acid catalyst is preferably from0.001 to 1 tinme by 5
mol , parti cukhel predacer aplyy ber ¢ie0 compoyngl 62 mx By salt of the

compound (2), and when a salt of the compound (1) is used
as the starting material, the product may be the compound
(2) or a salt of the compound (2). Further, depending

10 upon the reaction conditions for the reduction reaction,
the product may be the compound (2) only, a salt of the
compound (2) only, or a mixture of the compound (2) and a
salt of the compound (2).

The same applies to the substitution reaction of the

15 present invention. Namely, when the compound (2) is used
as the starting material, the product may be the compound
(4) or a salt of the compound (4), and when a salt of the
compound (2) 1is used as the starting material, the
product may be the compound (4) or a salt of the compound

20 (4) . Further, depending upon the reaction conditions of
the substitution reaction, the product may be the
compound (4) only, a salt of the compound (4) only, or a
mixture of the compound (4) and a salt of the compound
(4). The compounds (1) to (4) and salts corresponding

25 thereto, are equivalent compounds showing similar
reactivities in the respective reactions in the methods

of the present invention.



nol, relative to the conpound (S) or its salt. In order to let the
esterification reaction proceed smoothly, it is preferably carried out
while.water forned as a by-product is distilled off fromthe reaction 10

" system The time for the esterification reaction may suitably be changed
dependi ng upon the progress of the reaction, and in an industri al
production, it is preferably from1l to 24,hours, particularly preferably
is fromS to 15 hours. The ester exchange reaction of the conpound (2a-2)
or its salt can e carddd wHdrdytHeatddiget hith ccigathod 26f 20her its salt

wi th the conpound represented by the fornula R50H (wherein R5 is as defined
above) , andpgament AGveatriced iGuta idorideRirshfrEIemasdlar t he
esterification reaction disclosed in the method 4-2. In the ester exchange
reaction, in (trederinadteat rdfemealticonloeeet rapotddmpourdd) soprefser ably
carried out while the conpound represented by the fornula R 10H, forned as
a by- product sa2$,i ©rdiastmilxdted eofthhefneafi,t he resactdeorcgypstmmd The trleacti on
time for the ester exchange reaction may suitably be changed dependi ng upon
t he progress refsp2tt iviee aogartsiromding sal tard rfdiest rdcip@rotivgyt ian, it is
preferably from1l to 24 hours, particularly preferably
conventional method. For example, as a method for
converting a free compound to its salt, a method may be
mentioned wherein an acid (hereinafter referred to as an
acid (B)) 1is reacted to the compound (2) or (4) to
10 convert it to a salt of the corresponding compound (2) or
(4) (hereinafter referred to also as an acid treatment
step). As the acid (B), hydrochloric acid, sulfuric
acid, nitric acid, formic acid, acetic acid,
trifluoroacetic acid or citric acid may, for example, be
15 mentioned, and hydrochloric acid is preferred. The
amount of the acid (B) is preferably from 1 to 10 times
by mol, particularly preferably from 1 to 2 times by mol,
relative to the compound (2).
The step of reacting the compound (2) with the acid
20 (B) is preferably carried out in the presence of a
solvent, whereby stirring and control of heat generation
may be facilitated. Such a solvent is a solvent not
involved in the reaction and is preferably water or a
water-soluble organic solvent. The water-soluble organic
25 solvent may, for example, be an alcohol solvent such as

methanol, ethanol or isopropyl alcohol; or a nitrile

solvent such as acetonitrile or propionitrile. These



from5 to 15 hours. In the reduction reaction of the present invention, 5
when the conpound (1) is used as the starting material, the product may be
the conpound (2) or a salt of the conpound (2), and when a salt of the
conpound (1) is used as the starting material, the product may be the
caonpound (2) or a salt of the conpound (2) . Further, depending 10 upon the
reaction conditions for the reduction reagtion, the product nay be the
conmpound (2) only, a salt of the conpound (2) only, or a m xture of the

conpound (2) s¥NerehtSddy He R CUMHNGA An e SHBL GPPA 65 61V
substitution reaction of the 15 present invention. Nanely, when the

conpound (2) misktuged ofaxvderstnidtd igf riean | alas the poadesit My thd he
conpound (4) or a salt of the compound (4), and when a salt of the
conmpound (2) acS disataasndie steqy t iweg gt etn adl cdiel prabuatt ney He t he
conpound (4) or a salt of the conpound 20 (4). Further, depending upon the
reacti on condidlivens afixttiree safbstdttart ieomd reeacliashol heolvaductisray be t he
conmpound (4) only, a salt of the conpound (4) only, or a mxture of the
conpound 64) rared exrrsal ,t aofd twed coonpiithndU)or Thesclonpuoumisxtfiyetof (4) and
salts corresponding 25 thereto, are equival ent conpounds show ng simlar
reactiviti es waterhemnde gpadiandg r eatthaonsi dul athey metdifogisredf t he present

i nvention.

The acid treatment step is preferably carried out by
dropwise adding the acid (B) to a solution having the
compound (2) dissolved in the solvent. If the compound

10 (2) is precipitated at the time of the dropwise addition
of the acid (B), stirring may become difficult, or the
purity of the desired compound (2) is likely to be low.

The compound (2) to be used for the acid treatment
step may be the compound (2) isolated from the crude

15 reaction solution obtained by the above reduction
reaction, or the compound (2) contained in such a crude
reaction solution. It is preferably the latter, since
the operation can be thereby simplified. In the latter,
in a case where the solvent to be used for the acid

20 treatment step is different from the protic solvent used
in the reduction step, it is preferred that with respect
to the crude reaction solution after completion of the
reduction step, the solvent substitution operation is
carried out, or the crude reaction solution is

25 concentrated to such a degree that it will not be

solidified, and the solvent for the acid treatment step

is added, and then, the acid is dropwise added. Whereas,



22 In a case where the product in the nethod of the present invention is a
conpound forming no salt (hereinafter referred to also as a free conpound)
or its salt, or a mxture thereof, it can be converted to the 5 respective
correspondi ng salt or free conmpound by a conventional nethod. For exanple,
as a nethod for converting a free conpound to its salt, a nethod may be
mentioned wherein an acid (hereinafter refgrred to as an acid (B)) is
reacted to the conmpound (2) or (4) to 10 convert it to a salt of the

corr espondi ngnc anMeeRd whdreott hel Hollerteivmideeuderf efdet Hed sdisd as an acid
treatment step) As the acid (B) , hydrochloric acid, sulfuric acid, nitric
acid, form ctaeadmeatetsitepadisd,the rdadneucioatat ipradid aylwdit iWwseadi th may,
for exanple, be 15 nentioned, and hydrochloric acid is preferred. The
anount of thehacireéduB)t ics: preefper aliley daiein (B)t makd ddé nesopvbysemddded
particularly preferably from1l to 2 tines by nol, relative to the conpound
(2). The st epfdaferr eantcemd ratd ropripeundyd®) neddt itde seliubi@0 {dB)sush a
preferably carried out in the presence of a solvent, whereby stirring and
control of hesgrgendhatti af widyl heotf dod |daldtdidieSuchrm Yot vanitd i 8Bla sol vent
not involved in the reaction and is preferably water or a water-sol uble
or gani ¢ sol vewty. bEhanmmvdsss lddside tor gdye crude reaction solution from

the reduction step.

In the acid treatment step, the temperature at the

time of the dropwise addition of the acid (B) is
10 preferably from +30 to +100°C, particularly preferably
from +40 to +80°C.

The salt of the compound (2) obtained in the acid
treatment step is preferably purified, as the case
requires. The purification method may suitably be

15 selected from methods such as distillation, sublimation
and crystallization, depending upon the physical
properties of the salt of the compound (2).

For example, as a method for producing a salt of the

compound (2a-1) from the compound (2a-1), the compound

20 (2a-1) is dissolved in a solvent mixture of water and
methanol under heating at a level of from +50 to +60°C,
and hydrochloric acid is dropwise added to the solution.
Then, the content is cooled to a temperature of from +25
to +35°C, whereby a salt of the compound (2a-1) will

25 precipitate. Further, the solution is maintained at that
temperature for from 1 to 24 hours to sufficiently

precipitate the salt. Then, the precipitate is separated



25 solvent may, for exanple, be an al cohol solvent such as nethanol,

et hanol or isopropyl alcohol; or a nitrile solvent such as acetonitrile or
propionitrile. These 23 solvents may be used al one or in conbination as a
solvent mxture of two or nore of them As the solvent for the acid
treatment step, water, an al cohol solvent or a solvent m xture of water and
an al cohol solvent, is 5 preferred, and er, nmethanol or a solvent m xture
of water and nethanol, is particularly preferred. The acid treatnent step

is preferabl ¥, ¢af Hired rtthddy 1 idfrRpWise Additipd heiacidh (B)1dadi &oldkion
havi ng the conpound (2) dissolved in the solvent. If the conpound 10 (2) is

preci pi t at ed cahtt& ugate sfpaiie iBmpwee agdidddmandfdtied acd didd)atstirring
may become difficult, or the purity of the desired compound (2) is likely
to be |low Theecermpeund (e t@rpuised for1)the acid treatnment step nmay he
t he conpound (2) isolated fromthe crude 15 reaction solution obtained by
t he above reduct iThe reaad ich, resctt irey cdmpousmb §iy)d cony aviveld tihe saebhda crude
reaction solution. It is preferably the latter, since the operation can be
t her eby ssnpl(B)i edn e tdeerdiad erut im the asmavhermmdhasalvenitép o used
for the acid 20 treatnent step is different fromthe protic solvent used in
t he reducti omresicging tthies qumgfcenrded(2)hatithi tthe espiett (B) . For

example, the method of converting the compound (2a-1) to

a salt of the compound (2a-1) can be employed also as a

method of converting the compound (4) to a salt of the

10 compound (4).
As a method for converting a salt of the compound to

a free compound, a method may be mentioned wherein a salt

of the compound (2) or (4) is reacted with a basic

compound to convert it to the compound (2) or (4),

15 respectively. The basic compound may, for example, be an
inorganic base, such as an alkali metal hydroxide such as
sodium hydroxide, potassium hydroxide or lithium
hydroxide, or an alkali metal carbonate such as sodium
carbonate or potassium carbonate, or an organic base such

20 as triethylamine or pyridine. From the viewpoint of the
handling efficiency and the economical efficiency, an
inorganic base is preferred, and an alkali metal
carbonate such as sodium carbonate or potassium
carbonate, is particularly preferred. Such an inorganic

25 base is preferably used in the form of an aqueous

solution.

The compound (2) or its salt, and the compound (4)



to the crude reaction solution after conpletion of the reduction step, the
sol vent substitution operation is carried out, or the crude reaction
solution is 25 concentrated to such a degree that it will not he

solidified, and the solvent for the acid treatnent step is added, and then,
the acid is dropw se added. \Wereas, 24 in a case where the solvent to he
used for the acid treatnent step is the nme as the protic solvent used in
the reduction step, the acid (B) may be dropw se added after concentrating

the crude reagtiier saluli epbthansdChya thede@epddadf idthavgdedaic be
solidified, or the acid (B) may be dropw se added to the crude reaction

sol ution fromnvihe ioeduelieo’kofipefundsh UseE ACiaE tirgadmmiti ssdeap, fdihe
tenperature at the tinme of the dropwi se addition of the acid (B) is 10
preferably fpharindeeit i+hQ@0Cagpdrdulcurarll v hemneferlahl et d.ram =40 to +800C.
The salt of the conmpound (2) obtained in the acid treatnent step is
pref erably puhtkireddiasesheocrapeoduegliicresnf T ipurd ficatt iomatet hod may
suitably be 15 selected from nethods such as distillation, sublimtion and
crystal |l i zat materdedendi ng upon the physical properties of the salt of the
conmpound (2). For exanple, as a nethod for producing a salt of the
As a preferred embodiment of the present invention,
a method for producing the following compound (4a-1) may
be mentioned. Namely, it is a method wherein a compound
(la-1) is reduced by reacting it with a protic solvent in
10 the presence of zinc to obtain a compound (2a-1), then
the compound (2a-1) is reacted with hydrochloric acid to
obtain a salt of the compound (2a-1), and then the salt
of the compound (2-1) is reacted with thionyl chloride

and then with ethanol to obtain the compound (4a-1).

F. N COOH F_COOH F N COOCH,CH;
CI” N 1 N 1 N 1

1s (1a-1) (2a-1) (4a-1)

EXAMPLES
Now, the present invention will be described in

further detail with reference to Examples, but the

20 present invention is by no means restricted to these
Examples. In the following, “%” in the analytical
results by HPLC represents area% of each peak in the
chromatogram. As the detector for HPLC, an ultraviolet

absorption detector was employed. The detection



conpound (2a-1) fromthe conpound (2a-1), the conpound 20 (2a-1) is
dissolved in a solvent m xture of water and nethanol under heating at a

| evel . of from +50 to +600C, and hydrochloric acid is dropw se added to the
solution. Then, the content is cooled to a tenperature of from+25 to
+350C, whereby a salt of the conpound (2a-1) will 25 precipitate. Further,
the solution is maintained at that tenp ture for froml to 24 hours to
sufficiently precipitate the salt. Then, the precipitate is separated 2S
fromthe nothetelcgyonh b¥sazpet hed isuckaaplbisl tir &b an a@rd rRegRirdridegal

separation, then washed and dried to isolate the salt of the conpound
(2a-1). The skepplbt.remctthgr| hénchr@eopbds (4) amtit B, t hreadedecbibB) can be
carried out in the sane manner as the step of reacting the conpound (2)
wi th the aci da{Blengoh wexagpkenmt, hendethed aok lyanverlt ivad uese weargpound
(2a-1) to a salt of the conpound (2a-1) can he enployed also as a nethod
of converti ngotrhectedpbasdd( 4h theadidlfierehcelse inl®heompeungbt(in As a
met hod for converting a salt of the conpound to a free conpound, a nethod
may be nenti opedfwhersindepsaltingofupone themsompdufi@s .or (4) is reacted with
a basic conpound to convert it to the conmpound (2) or (4), is respectively.
The basic coBPa¥REEMAy, Povepaxahpbe, ohe2anhloro-5-fluoronicotinic
acid (First Example)
Into a 50 mL round bottomed flask, 2,6-dichloro-5-
fluoronicotinic acid (1 g), acetic acid (5 mL) and water
10 (0.5 mL) were charged, and under cooling with ice, zinc
powder (200 mg) was added, followed by stirring at room
temperature for 3 hours. Then, zinc powder (200 mg) was
added, followed by stirring for one hour, and then zinc
powder (400 mg) was further added, followed by stirring
15 for 3 hours. Further, zinc powder (200 mg) was added,
followed by stirring for one hour and then by filtration
with celite and washing with ethyl acetate and ethanol.
The solvent was distilled off under reduced pressure, and
ethyl acetate (20 mL) and a saturated sodium bicarbonate
20 aqueous solution (10 mL) were added for liquid
separation. The aqueous layer was extracted three times
with ethyl acetate (20 mL). The extract was dried over
magnesium sulfate and then concentrated under reduced
pressure to obtain a reddish brown oil (400 mg). As a
25 result of the HPLC analysis, the formed reddish brown oil

was found to be a mixture comprising 71% of the title

compound, 27% of the starting material and 2% of 5-



i norgani ¢ base, such as an al kali netal hydroxide such as sodi um hydroxide,
pot assi um hydroxi de or lithium hydroxide, or an alkali metal carbonate such
as sodium carbonate or potassium carbonate, or an organic base such 20 as

" triethylam ne or pyridine. Fromthe viewpoint of the handling efficiency
and the econom cal efficiency, an inorganic base is preferred, and an

al kali nmetal carbonate such as sodi um carhonate or potassium carbonate, is
particularly preferred. Such an inorganic 25 base is preferably used in the

formof an agueRiSn i SPUdA . adhe. canrawnd ag2). or its salt, and the conpound
(4) 26 or its salt, obtained by the nethods of the present invention, are

conpounds usef ul ‘asnMit ecvpobpt €5 {Ppm) phaseaceds i ¢abss, agrbcukt unal ,
chem cals, etc. or as internediates for production of various functional 5
materials. A a9referged erpodizent of the present invention, a nethod for
produci ng the foll ow ng conmpound (4a-1) nmay be nentioned. Nanely, it is a
met hod wher eiBKAMRIE@UNGrephaat)i ans afeduedd diry -seddiidigprdiicadidia protic
solvent in 10 the presence of zinc to obtain a conpound (2a-1), then the
conpound 62a-adid s(SsamiddE gl dlydr ochloric acid to obtain a salt of the
conpound (2a-1), and then the salt
Into a 200 mL round bottomed flask, 2,6-dichloro-5-
fluoronicotinic acid (1 g), methanol (10 mL),
triethylamine (0.96 g) and 5% Pd/calcium carbonate (one
poisoned by lead) (107 mg) were charged under cooling
10 with ice and stirred at room temperature for one hour in
a hydrogen atmosphere. The catalyst was filtered off,
and the filtrate was concentrated to obtain a crude
product (1.3 g). The concentrated filtrate was analyzed
by HPLC and found to be a mixture comprising 26% of the
15 title compound, 57% of 2,6-dichloro-5-fluoronicotinic
acid and 17% of 5-fluoronicotinic acid.
EXAMPLE 3: Preparation of ethyl 2-chloro-5-
fluoronicotinate (First Example)
Into a 500 mL four-necked flask, ethyl 2,6-dichloro-
20 5-fluoronicotinate (20 g) was put and dissolved by adding
acetic acid (190 mL) and water (10 mL). Under cooling
with ice, zinc powder (4 g) was added, followed by
stirring at room temperature for 0.5 hour. Then, zinc
powder (4 g) was added, followed by stirring for 0.5
25 hour, and zinc powder (4 g) was further added, followed

by stirring for 0.5 hour. The solvent was distilled off

under reduced pressure, and a 5% sodium bicarbonate



of the compound (2-1) is reacted with thionyl chloride and then with
efhanol to obtain the conpound (4a-1). F COOH F COOH F COOCH2CH3 C N "I
1"C,:~21 1 NI NI 15 (2a- 1) (4a- 1) EXAMPLES Now, the present
invention will be described in further detail with reference to Exanpl es,
but the 20 present invention is by no neans restricted to these Exanples.
In the following, "% in the analytical sults by HPLC represents area% of
each peak in the chromatogram As the detector for HPLC, an ultraviolet

absorption deigeRls Wl @ihoyado e deieddnn 2tetmue! engd hmwasvedd nmin
Exanples 1 to 4 and Reference Exanple. Further, in Exanples 5 and 6, the

detection waddedn@idt Masud &6 separaitddrhe @hal yhuealsvakyes we/se corrected
based on the differences in the absorption s coefficient dependi ng upon the
conpounds. EXANRPLEtEd Phwapesr atiitdn eathy2- cddearan=eb- flomomani cotmhel ©rgaciid (Fir st
Exanmple) Into a 50 nL round bottoned flask, 2,6-dichloro-5- fluoronicotinic
acid (1 g), aegtkircwas oashad widihd avdt*ersodium bicarbonate aqueous
5 solution (100 mL) and washed with a saturated sodium
chloride aqueous solution (100 mL). The solvent was
distilled off to obtain a reddish brown oil (15.6 g). It
was purified by distillation under reduced pressure to
obtain the title compound (10.6 g, yield: 62%). As a
10 result of the HPLC analysis, the purity of the title
compound was 99%.
'HNMR (CDC1l;): & (ppm) 1.43 (t, J=7.2 Hz, 3H), 4.43
(g, J=7.2 Hz, 2H), 7.91 (dd, J=7.8, 2.7 Hz, 1H), 8.39 (d,
J=3.0 Hz, 1H)
15 1?FNMR (CDCl;): & (ppm) -129.2 (d, J=7.6 Hz)
EXAMPLE 4: Preparation of 2-chloro-5-
fluoronicotinonitrile
Into a 50 mL round bottomed flask, 2,6-dichloro-5-
fluoronicotinonitrile (1 g), acetic acid (5 mL) and water
20 (0.5 mL) were charged, and reacted and post-treated in
the same manner as in Example 1 and then purified by
silica gel column chromatography (hexane/ethyl
acetate=6/1) to obtain the title compound (420 mg, yield:
52%). As a result of the HPLC analysis, the purity was
25 100%.

'HNMR (CDCl;): & (ppm) 7.76 (dd, J=7.2, 3.0Hz, 1H),

8.49 (d, J=3.3Hz, 1H)



10 (0.5 nmL) were charged, and under cooling with ice, zinc powder (200 np)
was added, followed by stirring at room tenperature for 3 hours. Then, zinc
powder (200 ng) was added, followed by stirring for one hour, and then zinc
powder (400 ng) was further added, followed by stirring is for 3 hours.
Further, zinc powder (200 ng) was added, followed by stirring for one hour
and then by filtration wth celite and hing wwth ethyl acetate and

et hanol. The solvent was distilled off under reduced pressure, and ethyl

acetate (20 nl) ardmavsaten@t ed: sodippmpi cazbonate, 297agugpus sol ution (10
m.) were added for liquid separation. The aqueous | ayer was extracted three
tines wth exadpiaretat erep@rak) ohhefexthaat 2wahldriced -over nmagnesi um
sul fate and then concentrated under reduced pressure to obtain a reddish
brown oil (4@ uiPoniAstani g exdddornd HsbeengIA)C anal ysis, the formed reddi sh
brown oil was found to be a m xture conprising 71%of the title conpound,
27% of the SEXAMBIE reatleri Brepada?%onfl oF A8 saflltueforzi-edilidras-5aci d. Yi el d:
48% | HNWR (CD30D): 5 (ppm 7.86 (dd, J=7.8, 3.0 Hz, 1H), 8.29 (d, J=2.7 Hz,
1H) EXAVPEE Z1uerreparcaitioni ofadiahl oro-5-fluoronicotinic 5 acid (Second
Exanple) Into a 200 nL round bottoned flask, 2,6-dichloro-5-
Into a 2 L round bottomed flask, zinc powder (847 g)
and methanol (4,080 mL) were charged and diépersed with
stirring. A methanol (2,720 mL) solution of 2,6-
dichloro-5-fluoronicotinic acid (1,700 g) was slowly
10 added dropwise thereto, and then, acetic acid (535 g) was
further added dropwise thereto. The internal temperature
was raised to 35°C, followed by stirring at that
temperature for 5 hours. After confirming that the
starting material became at most 3% by the HPLC analysis,
15 the residue of zinc powder was removed by filtration.
Methanol was distilled off under reduced pressure, and
then, water (3,000 mL) was added, whereby crystals
precipitated. Then, the crude reaction product
containing the crystals was transferred to a 20 L reactor
20 by means of water (3,750 mL). The internal temperature
was heated to at least 50°C, and then, 6 mol/L
hydrochloric acid (1,960 g) was dropwise added thereto.
After stirring for 3 hours as it was, the mixture was
gradually cooled to room temperature, and a precipitated
25 solid was collected by filtration and washed with water.

The obtained crystals were dried under reduced pressure

(60°C, 30.7 Pa, 12 hours) to obtain a salt of 2-chloro-5-



fluoronicotinic acid (1 g), nethanol (10 nlL), triethylamne (0.96 g) and 5%
Pd/ cal ci um carbonate (one poisoned by |ead) (107 ng) were charged under
cooling 10 with ice and stirred at roomtenperature for one hour in a

hydr ogen at nosphere. The catalyst was filtered off, and the filtrate was
concentrated to obtain a crude product (1.3 g). The concentrated filtrate
was analyzed by HPLC and found to be a mixture conprising 26% of the 15
title conpound, 57% of 2,6-dichloro-5-fluoronicotinic acid and 17'-. of

5-fl uoroni cokngbeonasicet iBXOMBEES3: (1Poepaat.i on of ethyl 2-chloro-5-
fluoronicotinate (First Exanple) Into a 500 nL four-necked flask, ethyl

2, 6-dichl oro- 20N Isgic@iheotdmate (20 t9)ofvas- Jildhlaswb & ssol ved by addi ng
acetic acid (190 nmL.) and water (10 nmL) Under cooling wth ice, zinc powder

(4 g) was addedorbealilcewedily acsid:rring at roomtenperature for 0.5 hour.
Then, zinc powder (4 g) was added, followed by stirring for 0.5 25 hour,
and zi nc powder (4NyR WaD,tocbher addesn) f el bowedd, by=st prraengaker 0.5 hour.
The solvent was distilled off under reduced pressure, and a 5% sodi um
bi carbonat e 29) ,aguacuddsolui.onz(1A0)nl) and et hyl acetate (100 ni) were
added for liquid separation. The aqueous |ayer was extracted twice with
ethyl acetate (1006 FNMR (Ular)gardi c(ppm) -130.4 (d, J=9.2Hz)
EXAMPLE 5-2: Esterification reaction of the salt of 2-
chloro-5-fluoronicotinic acid
Into a 5 L four-necked flask, the salt (1,000 g) of
10 2-chloro-5-fluoronicotinic acid obtained in Example 5-1
was put and dissolved by adding toluene (3,000 mL),
thionyl chloride (617 g) and N,N-dimethylformamide (0.95
g). The flask was heated by dipping it in an oil bath
set at 80°C. Six hours later, after confirming by the
15 HPLC analysis that 2-chloro-5-fluoronicotinic acid became
at most 5%, ethanol (2,173 g) was added. The temperature
of the o0il bath was raised to 95°C, and the reaction was
carried out for 14 hours. Then, concentration under
reduced pressure was carried out, and to the obtained
20 crude liquid, ethyl acetate (4,000 mL) and a 7.5% sodium
carbonate agueous solution (4,000 mL) were added,
followed by stirring. After confirming that the pH of
the aqueous layer was at least 8, filtration and
separation were carried out, and an organic layer was
25 recovered. An agueous layer was extracted with ethyl

acetate (2,000 mL), and the extract was put together with

the previous organic layer, followed by washing with



| ayer was washed with a 5% sodi um bi car bonate aqueous s solution (100 nl)
and washed with a saturated sodium chloride agueous solution (100 nmL). The
solvept was distilled off to obtain a reddish brow oil (15.6 g). It was
“purified by distillation under reduced pressure to obtain the title
conmpound (10.6 g, yield: 62%. As a 10 result of the HPLC analysis, the
purity of the title conpound was 99% 1H§yR (CDC13): 5 (ppm 1.43 (t, J=7.2
Hz, 3H), 4.43 (q, J=7.2 Hz, 2H), 7.91 (dd;"J=7.8, 2.7 Hz, 1H), 8.39 (d,

J=3.0 Hz, 1H)512,195NWR o GRGLNid & HRPWi e1l29.52 (dha sk - & Ho i EXAVPLE 4:

Preparation of 2-chloro-5- fluoronicotinonitrile Into a 50 nL round bottoned

flask, 2, 6- digghle@i@ 2olfdtdmnixaonenitri ree( brghnidCeiveatl dald ) and
water 20 (0.5 nL) were charged, and reacted and post-treated in the sane

manner as i nd@snnhed & driet pedddert dpessidd Gt gt £ WMreddish
chromat ogr aphy (hexane/ethyl acetate=6/1) to obtain the title conpound (420

my, yield: %¥bwn Asla nesw4. oig)therbdPhEsapakigisd be dautiily awasn 25 100%
IHNWVR (CDC13): 5 (ppm 7.76 (dd, J=7.2, 3.0Hz, 1H), 8.49 (d, J=3.3Hz, 1H) 30
5 under reduced pressure to obtain ethyl 2-chloro-5-
fluoronicotinate (624.8 g). The yield from 2,6-dichloro-
5-fluoronicotinic acid was 66%. As a result of the HPLC
analysis, the purity of ethyl 2-chloro-5-fluoronicotinate
was 99%.
10 EXAMPLE 6: Preparation of a salt of 2-chloro-5-
fluoronicotinic acid (Second Example)

The reaction and post-treatment were carried out in
the same manner as in Example 5-1 except that the
internal temperature at the time of dropwise addition of

15 6 mol/L hydrochloric acid was changed to at least 60°C,
and after completion of the dropwise addition, the
internal temperature was further heated to 80°C, and
stirring was continued at that temperature for 30
minutes, whereby a salt of 2-chloro-5-fluoronicotinic

20 acid (1,000 g) was obtained.

REFERENCE EXAMPLE: Preparation of a 5-fluoronicotinic
acid

Into a 200 mL eggplant type flask, 2,6-dichloro-5-
fluoronicotinic acid (1 g), methanol (10 mL),

25 triethylamine (0.96 g) and 5% Pd-C (107 mg) were charged
under cooling with ice and stirred at room temperature

for 4 hours in a hydrogen atmosphere. After completion



19FNWR (CDC13): 5 (ppm -126.9 (d, J=7.6Hz) EXAVMPLE 5: Preparation of ethyl
2%chl oro-5- fluoronicotinate (Second Exanpl e) EXAMPLE 5-1: Preparation of a
salt of 2-chloro-5- s fluoronicotinic acid Into a 2 L round bottoned fl ask,
zinc powder (847 g) and nethanol (4,080 nL) were charged and di spersed with
stdrring. A nethanol (2,720 nL) solution of 2,6 dichloro-5-fluoronicotinic
acid (1,700 g) was slowy 10 added dropwi sg thereto, and then, acetic acid
(535 g) was further added dropwi se thereto. The internal tenperature was

rai sed to 35Gf frald ek bh$l ivdingvad tibderd @IPEf Ata@ fi0¢ Biheovase After
confirmng that the starting material becane at nost 3% by the HPLC

anal ysi s, i s udie desddiiterafedi NTheowiela ivRsl reideedrydddd twaat i on.  Met hanol
was distilled off under reduced pressure, and then, water (3,000 nlL) was
added, wher ebyhadrysddlisy HPIET i gnd ad€dth dé@nlt | htowtidideo rieacs i wixpupduct
containing the crystals was transferred to a 20 L reactor 20 by nmeans of
wat er (3, 750 cdntabheinantess el dfenper sdlses - identhebt edl ¢ompduhéashd50C, and
then, 6 nol/L hydrochloric acid (1,960 g) was dropw se added thereto.
After stisgring4orofd hathlowms-54f wasyontheotminxiwracivds gradual ly cooled to
roomtenperature, and a precipitated 25 solid was collected by filtration
and washed with water.
INDUSTRIAL APPLICABILITY
The present invention provides a method for
selectively producing a 3-substituted 2-chloro-5-fluoro-
10 pyridine or its salt by a single step reduction reaction
from a readily available 3-substituted 2,6-dichloro-5-
fluoro-pyridine or its salt. The reduction reaction can
be carried out without using a special reagent and
without employing a special reaction condition, and the
15 yield is high. Thus, the method is very advantageous for
industrial operation. Further, the 3-substituted 2-
chloro-5-fluoro-pyridine or its salt obtained by the
above reduction reaction may be subjected to conversion
of the substituent by utilizing the reactivity of the
20 substituent at the 3-position. Thus, the present
invention may provide efficient methods for producing

various 3-substituted 2-chloro-5-fluoro-pyridines or

their salts.



The obtained crystals were dried under reduced pressure (60C 30.7 Pa, 12
hours) to obtain a salt of 2-chloro-5 31 fluoronicotirlic acid (1,000 g).
NVR spectrum of the salt of 2-dichloro-5- fluoronicotinic acid: I HNWR
(cb3cocb3) ¢ 6 (ppm 8. 05 (dd, J=2. 9, 8 .2Hz, 5 1H), 8.47 (d, J=2.9Hz,
1H 19 FNWR (CDC13): 6 (ppm) -130.4 (d, J=9.2HZ) EXAMPLE 5-2: Esterification
reaction of the salt of 2- chloro-5-fluoronicotinic acid Into a 5L
four-necked flask, the salt (1,000 g) of3410 2-chl oro-5-fl uoronicotinic acid
obtained in Exanple 5-1 was put and Ived by addi ng tol uene (3,000 ni),
t hi onyl chloride (617 g) and N N—dlﬁEt#@% 167 mani de (0.95 g). The flask was

heat ed by di pin n an th. set at 800C.. Si x _hour ter, .after
Conf i g by thé MECHPECESH gﬁa% ik 2 RS SRS T i g
becane at % _et han 2 3 ) ed tel erature of the oi
bat h was rar§851? %gﬁ %Sr ég ﬁézrggc £i-6n mgg 8§%Fﬁe or° 14 hours.

Then, Concenéri‘%b%Fv@@?ﬁ&edﬁﬁ%&aee?glﬁ%%g%% godm’ %”' %gtgg&% 'no tfhe

obt ai ned 20 cru iqu b sodi

car bonat e. aqyeaus sl a3, £4:090ah), VREe B998hing AkANAd ) S 1 ng.

After con |rn1ng at t
its salt, provided that in the following formulae, z! is

a group represented by -CO,R!, -CONR?R® or -CN, wherein
each of R', R? and R® which are independent of one another,
is a hydrogen atom, an alkyl group, an alkenyl group, an

10 aryl group, an aralkyl group or a cycloalkyl group:

1 1
a” N N >l
1) ()
2. A method for producing a compound represented by the

following formula (2), which comprises selectively

reducing a chlorine atom at the 6-position of a compound
15 represented by the following formula (1), provided that

in the following formulae, Z' is a group represented

by -CO,R', -CONR?R® or -CN, wherein each of R!, R? and R’

which are independent of one another, is a hydrogen atom,

an alkyl group, an alkenyl group, an aryl group, an

20 aralkyl group or a cycloalkyl group:



t he aqueous | ayer was at least 8, filtration and separation were carried
olt, and an organic layer was 25 recovered. An aqueous |ayer was extracted
with gthyl acetate (2,000 nL), and the extract was put together with the
previ ous organic |layer, followed by washing with 32 water (2,000 nL) and
then with a 5% sodi um chl ori de aqueous solution (2,000 nL.) The organic
solvent was distilled off under reduced pressure to obtain a reddish brown
oil (1,234.7 @) . It was purified by dist?llation s under reduced pressure

to obtain ethyl 2-chloro-5- fluorqgnicotinate (624.8 g) The yield from
2, 6-di chl or 02 5- FPEOF%%@& ACOTESE s C%@%m As F r%sd‘f-gie 1} e HPLC
anal ysis, the purity, of .ethyl 2-chloro-5-fl.uoronicotinate was 99% 10
EXAVPLE 6: PngéFQF}%‘/on(w&eragjsrhlzpt Of 35cRESAESSL 3YSYani cotinic acid (Second

Exanpl e) The4rea gon al % %é&iﬁgjgtng%}eﬁgr%)ggrrg (M”Sif‘tg same
manner as i n Exanmple 5- xcept that the ntéihal teﬁ%%?ature at’the tinme

of dropw se additign _of i | /L .hydrochl ori ¢ acid .changed t.o at | east
S0, Chnd af Par e Sei 6398FTERE dPopatid St oY R Mg

temperature ugs LHE! Det heated bo.o8dh.and StiLhngMas ol iuad at that
t enperat ure %%r §g m nutes, whereby a salt o -éhloro-gnguoronlcotlnlc
5 The method according to any one of Claims 1 to 4,
wherein the reduction is carried out by letting a protic
solvent act in the presence of zinc.
6. A method for producing a compound represented by the
10 following formula (4) or its salt, which comprises
carrying out a substitution reaction of a compound
represented by the formula (2) or its salt obtained by
the method as defined in any one of Claims 1 to 5, to
substitute the z! group at the 3-position by a z? group,
15 thereby to obtain a compound represented by the following
formula (4) or its salt, provided that 7? in the
following formula is a group different from Z! and is a
group represented by -CO,R>, -CONR°R’ or -CN, wherein R°®
is an alkyl group, an alkenyl group, an aryl group, an
20 aralkyl group, or a cycloalkyl group, and each of R® and
R’ which are independent of each other, is a hydrogen
atom, an alkyl group, an alkenyl group, an aryl group, an

aralkyl group or a cycloalkyl group:



20 acid (1,000 g) was obtai ned. REFERENCE EXAMPLE: Preparation of a

5¢fluoronicotinic acid Into a 200 nL eggpl ant type flask, 2,6-dichloro-5-

fluorpnicotinic acid (1 g), nmethanol (10 niL), 25 triethylanm ne (0.96 g) and
* 5% Pd-C (107 ng) were charged under cooling with ice and stirred at room

t anper at ur e

10

for 4 hours in a hydrogen atnosphere. After conpletion
36

7. The method according to Claim 6, wherein from the
compound of the formula (2) or its salt wherein the 2z!
group is a group represented by -COOH or -COOR!? (wherein
R'Y is an alkyl group),the compound (4) wherein 7? is a
—COOR’® group (wherein R’ is as defined above), is
obtained by an esterification reaction in a case where 7!
is a -COOH group, or by an ester exchange reaction in a
case where Z' is a -COOR!® group (wherein R!® is as

defined above).



